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(ITAHY), kot To. Aowd amoteAéopata g oviiotoyns Amlopotikng Epyaciag (ITE) o-
motelovy cuvidtoktnoia Tov EAIT kot tov gortntn, 0 kabévag amd Toug 0moiovg £xEL TO
Swaimpo aveEapTnTNg XPNONG KOl VaTOpay®ynS Toug (010 GHVOAO 1 TUNUATIKG) Yol dt-
JOKTIKOOG KOt EPELYNTIKOVS GKOTOVGS, 6€ KAOE TEPIMTMON aVUPEPOVTAG TOV TITAO KoL TO
ocvyypapéa kot to EAIL 6mov ekmoviOnke n Authopatiky Epyacia, kabhg Kot tov emt-

BAémovTa ko TNV emTpomy Kpiong.
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Hepiinyn

H évvoun emiyvwon mAaiciov (context-awareness) avoQEPETaL 6TV IKAvOTN T V-
TNPECIOV Kivntov voAoylopob (mobile context-aware applications) va, petpotv, va
OVAKTOVV KOl VO GUUTEPAIVOVY TANpo@opia TANIGIOV (ToAVdIdoTUTA dESOEVR) O
10 TTePIPAAdov Tov gvepyel o ypNoTng kot va mpocapudlovial oe avtd. ‘Eva faciko
0épa Tov oyetiletar pe TNV AEITOVPYIKOTNTO TV VINPECIOV AVTOV Eival 1) ovaKdAL-
yn mAnpoeopiag mhatsiov (contextual information - context) o€ ad-hoc acvppoTa
diktva kvntav kopuPov. Koplog 6tdyog v Kivntdv KOUPOV TOL avapEPOVTOL MG
«omadoi» glval N HETOKIVIGN TOVE GE YDPOLE OTTOV 1| TOLOTNTO VINPEGING LEYIGTO-
noteitat.

21oy0¢ ovtng g AtmAwpotikig Epyaciog eivatin edpeon KAmoimv pnyovicav/oi-
yopiBuwv wov Ba fonBovdv otV avakdAivyn g TAnpoeopiag TAaiciov. Evag tétotog
UNYOVIGHOG OV V100eTOnKe TPOC avTV TV KatedBuvon Kot emektdOnie 1 Agttovp-
YIKOTNTA TOV GTO TTESI0 TNG XPOVIKNG EYKLPOTNTOG TG EKTIUNONG TOL TAULGIOL, YopO-
KTNPileTon amd TN «CLVEPYUTIKN CLUUTEPLPOPE TV ovToTHT®V (agents 1 particles)
IOV CUUUETEYOVV TPOKELUEVOL VoL eMLTEVYOEl 0 6TOYOG, KO givar o particle swarm
optimization (PSO). OvclootiKd TpdKettal yio, ol fro-fUUnTIKN TPOGEYYIoT] TOL UN-
YOVIoLOoU 6oV Komadin EUPLov dvtov (TovAd, yaplo, LUPUAYKIL) OVOKOADTTOUV
TNV TPOPN TOVC.

Yoppova pe v Bedpnon ovtr, ot omadol Kol Ol TNYEG ATOTEAOVV KIVOULLE-
VOUG «OpYOaVIoCHLOUG» (particle) kol KIvoOUEVT] TPOOT|, OVTIGTOLYM, GE EVO KGUNVOS)
(swarm) M+N opyavicpmv. H mthonynon tov onaddv péca oto medio g ekaoTo-
T€ EPOPHOYNG KIVITOV VITOAOYIGLOV TPOKELLEVOD VO, OVOKTICOVV ETLKOIPOTONUEVOL
m\aicia, Paciletonr oy TpocoTIKN eunelpia ke KOUPOV-0Tad0D (VTOKEWUEVIKOG
Tapayovtog) oAAG Kl 6T YVAGCT) TOL 0VTOG OTOKOMILEL amd GALG, LEAT TOV GUAVOLG
(aVTIKEYEVIKOG TTOPAYOVTaG).

Me m Bondeia g mAatpdpuag tpocopoinong J-Sim éyer avantuybel éva 2D
LOVTEALO IOV OVLCLAGTIKG VAOTOLEL [0l «GUVEPYATIKY] GUUTEPLPOPE» TV KOUPwV-
OTOOMV HETATPENOVTAG TOVG G «co-operative huntersy pe ) fonfeta tov PSO, €161

MOOTE VO AVOKTIGOLY OGO TO dLVATOHV TO eMiKopn TANpoPopia and TIg TNYEG TOL
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v Kotéyovv. EEetdotnke 1 GUUTEPLPOPE TOL LOVTEAOV VIO GUVTNPNTIKY TOALTI-
K1 avaKdALYMG, 1o V0 SLPOPETIKES TOPALETPOVS EVOG TETOLOV GUGTNUATOG KIVT)-
TOV VIOAOYIGLLOV (7). AVTO-0PYAVAOUEVES POUTOUTOTIKEC GUOKEVEG, EMOKENTES EVOC
povoegiov gpodiacpévol pe PDA’s, opuripvn UUV «hn), 6nwg o Pabuog kivntikdtn-
TOG TOV TNY®V Kot 1o péyefog yertoviag (axtiva dpdong) Tov KOUP®V-0mad®V Kot
Bpétnkav kamoteg PéATIOTEG TIUEG Pabpovd KivnTikOTNTAG KO akTivag dpdonc. Télog
£YIVE GUYKPLTIKY OVAALGT) TNG CUUTEPIPOPAS TOV HOVTEAOL Yia TVYaia Kivnon Tov
KOUP®V-0Tad®V G€ GYEON LE TNV TEPITTM®OT OV cvToi TAoTyovvTat Bdoet Tov PSO.

AéEarc-kreond: Eniyvoon [Miaiciov, Acvpuata Alktva AteOntipov, Avakdiv-

yn [Inpogopiag IThaisiov, AkyopiBog PSO, Kwwntog Yroloyiopdg

Mepreyopevo:Keipevo, mpdypappa og yAdwooao Java, Tpoypapupa oe yadwooa Tcl,
oyt
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Abstract

The concept of Context-Awareness refers to the ability of mobile context-aware
applications to measure, regress and infer contextual information (mutli-dimensional
data) from user environment and to adapt to it. An essential issue related to the
functionality of mobile context-aware applications is the discovery of contextual
information in ad-hoc wireless networks of mobile nodes. The aim of such mobile
nodes refer to as ’followers” is to move to areas where the quality of service is
maximised.

The aim of this thesis is the establishment of mechanisms/algorithms to utilize the
discovery of contextul information. A mechanism that has been adopted towards this
direction and its functionality has been extended to the field of temporal validity of
context estimation, is characterised by the ”co-operative” behaviour of the participating
entities (agents or particles) to achieve the goal and is known as Particle Swarm
Optimisation (PSO). It is actually a bio-inspired approach of the mechanism where
bird flocking, fish schooling or social insects strive to discover their food.

According to these assumptions, ”followers” and ”sources” consist mobile ”organisms”
(particles) and food respectively, within a swarm of M+N “organisms”. The navigation
of the "followers” within the field where the context-aware mobile application is
executed, in order to regress valid contexual information, is based on the subjective
experience of each “follower” (cognitive factor) and the knowledge that each follower”
retrieves from other swarm members (social factor).

A 2D model has been developed based on the simulation platform J-sim, which
actually builts a ”co-operative” behaviour for the ”follower” nodes by trasnforming
them into ”co-operative hunters” using PSO, utilizing them to regress valid contextual
information from sources.

Model behaviour has been investigated for a conservative foraging policy, regarding
two parameters of a context-aware system (e.g. self-oranised robots, museum visitors
equipped with PDA’s, UUV swarms etc) like degree of source mobility and neighbourhood
size (sensing radius). Optimal values have been calculated. Finally a comparative
analysis was carried out regarding model behaviour for random navigation of ”follower”

nodes with regards to the case where PSO was used.
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Evyaprotieg

®a NBeha va evyaplotiom Tov enifAémovto Xtdon Xatlnevbouidon mov pov gumi-
oTeVONKE TNV EKTOVNOT TNG TAPOVGOS ATTAM®UATIKNG OAAG KOt Y0l TIG YPT|CLLES 0OT)-
yieg TOV KOTA TN SLAPKELD TNG EKTOVNONG.

Eniong Ba 0eha vo uyaploTicm KoL TNV OIKOYEVELD LLOV Y10, TNV VOOV TNG KOTA

T 01GpKELO TOV GTOLOMVY OV KAl GTNV OTTOL0L OPLEPMOVETOL VTN 1) EPYACIOL
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1 Ewoayoyn

Ta diktvo KvNTOV AcOppaTEV KOPPOV Y0pic cuykevipoTikn doun (mobile ad-hoc
networks) Bpiokovv apKeTEC EPAPUOYEG OTMG OE CTPATIOTIKEG EMLYEPTOEL, GLOTNH-
LOTO KOTOVEUNUEVOL DTOAOYIGHOD, SIKTLO OGVPUATOV eOnTHpoV Yo on - line
monitoring, K.A.T.

Mo vo pmopécovy auTd T0. GLGTHLOTO VO AELTOVPYOVV OGO TO dVVATOV TLO AV-
TOVOLLO YPig TNV cLUPOAT Kot TN SIUUEGOAAPNCT TV XPNOTOV Kol Vo, Aapfdvovy
amd POV TOVG ATOPACELS £TCL MOTE VL LTOPoVV va BempnBovv edypnota, ypioiLe
Ko pe ovhpomokevipkd yapoktipa epyareio Oa tpénet va £xovv avtd mov ovopdle-
Tl «EMLYvmon TANpoeopiag TAoiciovy.

O 6pog «emiyvmon TANpoeopiag TAUGIOLY OVOPEPETAL GTIV KOVOTNTA EVOG G-
GTHLOTOG VO, AVOKOADTTEL, VO EpUNVEVEL va a&lomotel Kot va cuALoyileTan BAcel Tng
TANPOPOPIAG Yio TNV TEPIPPEOVOA. KOTAGTAOT] YOP® Omd pio ovtoTnTa (YpHoTNg, -
QOPLOYN) HE TEMKO GKOTO VO AGPEL OTOPAGELS KOl VO TPOGOPLOGTEL GO TO duVOTOV
ypnyopotepa o€ ddpopeg kataotdoel [1]. Eropuévag o tpdto o1ddio yio va emt-
TeVyOel amd Eva COUGTNLA 1 «ETYVOGCT TNEG TANPOPOPING TAAIGIOV» Elval 1 Ypryopn
avaKAALY™ TOL PEca 0To TEPIPAALOV 6T0 omoio Kiveitatl. H avaykn yia ypiiyopn ava-
KéAvym g TANpopopiag TANIGIoV cuPadilel TOGO e TNV TEPLOPIGUEVT) EVEPYELOKN
OVTOVOLLIO TETOLMV CUCTNUATOV OGO KO LLE TNV Amoitnon TG GECT|G TPOGAPLOYTG
0T0 UETAPAALOWEVO TEPPAALOV.

2TOY0¢ EMOUEVMG 0VTNG TS AmA®poTikiG Epyaciag sivot 1 edpeon Kamolwv pn-
yoviocudv/odyopifuwmv mov Ba fonbodv oty avaxkdivyr g TAnpoeopiag TAMGT-
ov. ‘Evag tétotog punyavicpdc mov Ba edeyybel mpog avtiv v Katevbvvon yopa-
kmnpiletatl and Tn «oLVEPYATIKN» CLUTEPLPOPA TV ovtoThHTeV (agents 1| particles)
OV GUUUETEYOVV TPOKEUEVOL Vo, EMTEVYOEL 0 6T0Y0G. OVCOTIKA TPOKELTAL YL
Qo PLo-ppn Tk TPOoGEYYIoT TOL UNYOVIGUOD OOV KOTAdH EUPLmv OVTI®V (TovAid,
YapLo, LUPUNYKLO) AVOKOADTTOUV TNV Tpop1 Toug. O alyopiBpog Pertictonoinong
nov £xet avantuydel yio va aviyetoniloviol tétolov gidovg mpofAnuata givol o
particle swarm optimization (PSO).

H évvouwn Tov «mhaisiovy avaeépetol cuvnbmg otn B€on mov PpiokeTot pia ov-
TOTNTA, O1 YEITOVIKEG TPOG QUTIV OVTOTNTEG OTWS EMIOTG KOl 01 BEGELG TV OVTOTHTOV
7OV KaTéYoLV TNV TANpoopia. Oumg 1 B€on eivar po Ldvo amd TG GLVICTMOGEG TOV
«mhoiciovy to omoio yopaktnpilel v nepppéovoa Katdotaom, Kabag propel ka-
veig va avagépel To PETPO NG aKkpifelag Tng TANPOQopiag, TN YPOVIKY EYKVPOTNTA
¢ (TpoécPaTn N amapyotopévn) koK. ['ia Toug oKomovg VTG TG Epyociog Emt-
AéyONKE M AVOTAPACTACT TNG «TANPOPOPING TAUIGIOVY LE LU0 CLUVICTAGO, VTV
NG XPOVIKNG EYKLPOTNTOC.

H duapBpwon ¢ Aumhopatikig Epyaciag sivat ) axdAovdn:

Xt devtepn evotnta yivetar Adyog yia Tig Evvoleg mAnpogopio TAosiov”, Ve-

Tyvwon TAnpoeopiag TAacsiov”, Kol TapaTifeTal aVOALTIKA 1] APYITEKTOVIKY] EVOC
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GLGTNHATOG ENLYVOONG TANPOPOpiag TAociov Kabdg emiong kot péBodot povrero-
ToINoNG TNG TANPOPOPLC TAUGIOV.

Ot o dnpoireig adkyopiBuot Nonpoovvng Zunvovg (Swarm Intelligence - SI),
o Ant Colony Optimization kot o Particle Swarm Optimization, Teptypdpovtol otnv
Tpitn evotnTo pali PE TIC EPOPLROYEG AVTOV TV adyopifuwv o mepifdilovta Kivn-
ToV vVIoAoYIGOV. 'ivetat emiong cv{ftnon kat yio to Biodoyikd Availoyo avutdv Tomv
alyopiBuwv, divovtog oTotyeio Yo To «KOWVOVIKA EUfia OvToy (LuppniyKia, TovALd,
YapLo) oo TNV GLUTEPLPOPA TV omoimv Eemnoncav ot adyopifuot SI.

2TV T€TOpTr EVOTNTO SIVETOL OVOAVTIKY TEPLYPAPT] TOL LOVTEAOD TTOL KOTO-
okevaoOnke oA Kol TG TOMTIKNG avakdivyng TAoisiov. Téhog oty méuntn &-
vomTa Topatifevtol T GEVAPLE TOL EKTEAECTNKOV GE GUYKEKPIUEVTG OOUNG TTEPL-
Bairovta KivnToh voloyiopod pali pe To amoTeEAEGUATO KoL GTNV EKTN EVOTNTO. TOL
GUUTEPAGLOTO KO Ol TPOTAGELS Y10, TEPULTEP® Epevva. Zta [apariuata A ko B

napotifevrol AMoteg ToOL KOOKA TOV avortyyOnKe 1 TpomomoOnke.
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2 Xvomuota Entyvoong ITinpogopiog

ITAowsiov

2.1 IIknpogopia ITAomciov

H évvowr tov [TAausiov (context) £xet ypnoyromomBel Kotd KOpov ce S1APopeS EML-
OTNUOVIKEG TEPLOYEC, OTWC OTN YAMGGOAOYI, PIAOGOGIN, TEYNMVNTH VONUOoHVY, ETL-
Kowmvieg K.a. Xt BifAoypagia vadpyovv didpopeg epunveieg yio tov 6po IThaicto.

To Ae&ikd Meriam-Webster [1] opilel wg mAaiclo Tig «0AANAOGYETILONEVES GUV-
Onkec péoa otig omoieg vapyeL 1 cvpPaiver kdt. Zoupwva pe tov Dey[2] «mhai-
010 amOTEAEL OTTOLONTOTE TANPOPOPID LITOPEL VAL ¥PNCLLOTOINOEL Y10 VoL YopaKTn-
pioet po oviotTa M pia katdotaon. H ovidmra propel va eivan kdmoto avtikei-
pevo, Tpodcmno 1 tonobecio mov oyetileTon pe TV aAAnAenidpacn evog ¥pNoTr Kot
LG EQAPLOYNG, CUUTEPIAAUPBAVOUEV®V TOV XPNOTN KOl TNG EQOPROYNS». Katd toug
Schilit kot Theimer[3]to mAaicio avaeépetal «mg 1 BEom KoL 1) TOVTOTNTA YELTOVIKOV
MG TPOG 0L OVTOTNTA AVTIKEILEVOV KOl TPOCHOTWYV, KABMS emiong Kot ot aAAayEC TOV
ovppaivovv og avtd To avtikeipevay. Ot Brown et al[4]epunvevet 1o mAaiclo g «to
ototyeia Tov TEPPAALOVTOC EVOG XPNOTN YO TA OTOI0, O VITOAOYIGTHG TOL XPNoTN o
npénetl vo yvopilew. Télog katd tovg Schmidt et al[S] To mAaicio opiletar mg «n
YVOOT GYETIKA [LE TNV KOTAGTACT EVOG YPNOTN Kol TNG GVOKEVTG TOV, GUUTEPIAOL-
Bavopevov Tov TEpiyvpov Kol T®V GVVONKOV OTIG 0ToieC BpiokovTary.

Kowd yopoaktnplotikd TV Topamdved OpIGHOV ATOTEAEL O TEPIYLPOS UIKG OV-
TOTNTOG KOl EMOUEVAOG TO TAXIGL0 EIVOL OVGLACTIKA O,TL LLOG TEPIPAALEL KOL O OPOG OlL-
TOC XPMOLOTOLEITOL KVPIWG GE GYECT LE TO PVGIKO KOGUO OV TEPPAALEL i KIvTH
GLGKELN, oL EQOPpoYN 1 Eva 0AdKANpo cvotna. H évvola tov mhiaisiov apyucd Po-
c1fotav o€ Tpia Bépara: Tov BpickeTat 0 xpNoGTNG, TOL0L EIVAL 0L YVP® TOL ¥PNOTEG KO
Toieg elval o1 YEITOVIKEG TTNYEG TANPOPOPIAG TOL KOl OVTIKEIPEVA. AV KO 1] TANPOPO-
pia Béong elvar facikd GLOTATIKO YO TNV TEPLYPOUEN TNG TEPPPEOVCAS KATAGTOONG
TOV ¥PNOTN, eV UTOopel OUMG VO EVTOTIGEL TVYXOV OAAAYEC TOV TTEPPAAAOVTOG TOL
YPNOTN N SVVOLUKEG OVOKOATATAEELG TOV YEITOVIKMV OVTIKEWEVOV TOV ¥pnoth. Etot
1 €Vvola TOV TAULGIOV ETEKTEIVETOL GE LILA TT1O YEVIKN Bedpnon TG TANpoPopiog Tov
UTopEl VO TEPLYPAYEL TNV KOTAGTAGCT] TOL YPNOTI CUUTEPIAULPOVOIEVOL EKTOC TG
TANpoeopiag BEonc Kot TANpoPopic OTTMC, yiot TOPASELYLLO, ETITESO POTEVOTNTIC,
enimedo BopvPov, dabecipudtnra TpdsPacng oe SIKTLO Kol KOWVOVIKA YEYOVOTO.

Yty emoun g [IAnpoeopikng die&dyetar TepaoTior Epevva YOP® amd TNV EV-
vola, TG «mAnpoeopiag Tiaiciov» (contextual information) ko o katd T6G0 pumopel
va a&lomom el otV avarTLEN «EPUPLOYDY KIVITOD LTOAOYIGLODY» (mobile application)
Kol 6T O1KTLO TOL AUECOV HEAAOVTOG YEVIKOTEPO. XuyKeKpIpéva, otnv IIAnpopopt-
KN, 1 évvola TAnpoeopia TAoiciov eivar 16odvvaun pe Ty £vvola TAAG1o, EPOCOV
TAPOLGLALEL EVOLAPEPOV 1] TANPOPOPTIC TOV TTEPLYPAPEL TNV TEPPPEOVGO KATAGTOOT).

[MopdAinia eppaviCeTot Kot 1 ovaykn yio ToV KOTEAANAO TPOGO10pIGHS TOL TANLGI-
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0V O€ GLOYETION LLE TIG OVAYKEG KABE EQAPLLOYN.

Ady® TG GVVOETNC LENG TNE EVVOLAG AN POPOPLa TANIGTIOVY KO TNG OVOLLOLOYE-
VOUG XPNONG TNG O OLAPOPO. EMGTNLOVIKA TTedia, elval avaykaio vo Kot yoplomom-
BovV Ta SLAPOPA YOPAKTNPLOTIKA TNG, ETCL MOTE VAL VO, YIVOLV E0OLAKPLTA EKEIVO TTOV
UTopovV va ypnoytorotnfovv oto medio ¢ [IAnpopopikic kot Tov Emkovovidy.

Muo T€T010, K0T YOPLloToinoT akoAovEl mopakdTm.

e Tomog IThorciov
* XopaKInploTikd TANpoeopiog TAoisiov Yo avlpamvo ypnotn: [epiyv-
pog ypnotn (Béon, tavTdTTO, KINTIKOTNTO, J100ECGIUEG GUOKEVEG KAT),
Dduoikn ovtotTa ypot(TaLTOTNTO, GLUVAOELES, 1IGTOPIKO KAT)

* XapoKINPloTIKE TANpopopiag TAaiciov yia cuckevn: Atevbuvon IP, IP
Mask

* Xopaktnpiotikd TAnpopopiag TAaisiov yia diktvo: Tovtdtnta diktdov,
gVPLLOVIKOTNTO, TOLOTNTO VANPECLDV, ETIMENO OCPAAELNS, KAADYN KAT
e Eppoviy
* Xtafepd (dev amarteitar evnuépwon): ITAaiclo to omoio dev eEehicoe-
Tal pe o Ypdvo, TOPaUEVOVTOC oTabfepd e OAN TN SLApKELD TNE VTAPENG
Tov(m.y. dvoua, Ap. TAVTOTNTAG KAT)
* [Ipocmpwvo (amarteitan evnuépmaon): LEPOS TN TANPOPOpiag TAaGiov pe-
tafdrdeTor pe To ypdvo (0€om, poptio dedopévav oe dSPOUOAOYNTEG)
o E&&Mén: 1o mpocwpivo mhaicro
* Ztotko: [Thaiclo To onoio dev eeriooetal pe 1o xpodvo TOAD ypryopa
(Beppokpacio Teppdrlovtog)
* Avvapukdé: IThaioo to omoio eEghicoetan pe To Ypdvo ToA ypriyopa (B€om
001 YO0 OVTOKIVITOV)
e Merpnoypétnro
* ®vowo (petpnoo): [Miaiclo To omoio dev givatl 0mpocdioploTo Kol To-
pei va petpnBel (m.y. pe aodntpeg) (yeoypapikn 8éon, vypaoia, Beppo-
Kpooio, TOPol S1IKTHOV)
* Ampocodtoptoto (un petprioyo pe ) Pondeta puokmv pueyebwv): Ioapa-
detypato TéTotmv TAaisiov (6voua, cuvideleg, hobby kAm)
o YuvoeopnétnTo pE vanpecio M Epappuoyn
* Avoykoaotnto: Mépog g mAnpoopiag mAoiciov givor amapaitnto vo o-
vaktn0el oamd Kamolo vINPEGia 1 EPAPUOYN Y10 VO AELTOVPYNGEL GOOTA.

* Mn avaykaio: EmimpocsOetn mAnpogopio mhaiciov mov dev givorl amapai-
TN Yo T Agrtovpyia Kamoag vanpeciog aALd pmopel va anofet ypnot-

p.
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o Xpovikég cuvOnKeg

* IMaperBov: Avti 1 katnyopio avaeépetal 6 TANPOPOpia TAUIGIOV amd
10 TapeABOV, SNAdN o€ Eva 1IGTOPIKO TANPOPOPInG TANLGIOL Yo KATO10
YPOVIKO O1AGTN O TOV TPOGPATOV 1] ATMTEPOV TAPEABOVTOG,.

* [Tapdv: Avti 1 KoTnyopio ovapEpeTal oty TPEXOVGA TAPOPOPia TANL-
clov (m.y. Béon otV omoia Ppickopat avT ™ GTIYUN)

* MéMov: Avti 1 katnyopio avaeEpeTal 6 TAAIGLO TOV OVOPEPOVTOL GE
nmpokabopiopéva 1 TpoPAéyipa yeyovota 6to ALV (T.y.Tonobesio av-
pLOVIG cLVAVTNONG) MTopovv va ypnooronBobv e VINPEGieg 1 EQOp-
HOYEC XPNOT®V OTOV YiveTol TPOPAEYN LEAAOVTIK®Y YEYOVOTMOV KOl AVTOV
ToV €i00V¢ Ta TAaioo, Elval 1d1aiTEPA YPNOILO GE YPNOTES TOL OAAGLOVY

tomobecieg N yivovtol cuvOpouNTEG OE KALVOVPYIEG VI PEGIEC.

o Allniemiopaon TNy@V TANpoPopiac mhuiciov pe katafodpeg Tinpogopiag

TAOLGi0V

* QOnon mhaiciov: Ot Tnyéc TAUGimV TEPLOSIKE EVILEPDVOLV TIG KOTO-
BoOpeg pe ppéokia mAnpoopia.
* Avaktnon miaiciov: Ot katafobpeg meplodikd 1 OTaV TAPUCTEL AVAYKT

OLITOOVTOL EVIUEPOUEVOV TAULGI®OV TANPOPOPIG OO TIC TN YEC.

A6 TNV TOPATAV® TEPTYPUPT] TOV OI0THTOV TNG TANPOQOPIaG TAUIGIOV KOt THG dV-
VOTOTNTOC EVOMUATMOONG TOL 6€ TEPPAALOVTO EQAPLOYDV KIVITOD VTOAOYIGHOV, Yi-
VETOL OVTIANTTO OTL EIVOL OTAPALTN T 1] GLGYETIOT YPOVOCSEPAYId®V, TEPLOSMV EYKV-

poTNTaG 1 OKOUN Kot KATO00 HETPOV TOLOTNTOG,

2.2 Emiyvoon IIinpogopiog ITharciov

O1 gukolhieg Tov umopovv va Tapacyedovv 6 £va GUOTNUO OTAV AVTO £YEL TANPT
«emiyvoon» tov Tt supPaivel yopw tov givan tepdotieg. H minpogopio mov to enn-
pedlet etvat oyavne Kot eKTEIVETAL OO YMPIKES KOl YPOVIKEG TOPOUETPOVS MG KoL
TaPAyOVTEG OV OV €ival TAVTO TOGO TPOPOVELS OALA pmopel va amoderyfodv kpict-
pot. Av évo GOGTI O UTOPECEL VO, PTAGEL 6TO oNpeio va «tpocappoletany kabe popd
070 TEPIPAALOV TOV KL 0KOUN GTOVS I310VC TOL TOVG ¥PNOTES e a&lOTIGTIO KOt TPO-
vontikotta, tote Bo pmopovpe va PAGE Yo £V TPOYUATIKE 0PN OTO, YPNCILO,
KaTd 10 SLuVaTHV SLoBEGLO Kl avOP®TOKEVTPIKO TPOTdV TEXVOLOYiagG.

Méyiot onpocio, Aomdv, SIVETOL GTNV £VVOL0. TG KETIYVMOGNGC TOL TANLGIOL)
(context awareness). H eniyvoon mhaiciov uropei va opiotel wg:
«M KovOTNTA EVOG GLGTILLOTOG VO OVOKOADTITEL, VO SIEPUNVEVEL, VO GOUTEPAIVEL, VO
a&lomotel Kot vo cvAloyileton PAcEL TNG TEPPPEOLGUC TANPOPOPING DGTE VO AdLpL-
Bavel amopdoeig, va mtpoPaivel 6e mpokabopiopéveg evépyetes Kot va tpocapudletal

o€ O18POPEG KATAGTAGELS) [6].
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Me o TPOoEKTIKN Kot SOUNUEVT EI0AYMYT TNG KEMLYVOOTG TAOIGIOL» GTNV V-
TOAOYIOTIKN TKOVOTNTA TOV JEMEL TNV KAONUEPIVOTNTA O, TOAAEG OPUCTNPIOTITEG
LUTTOPOVV VO, YIVOLV TTOAD MO AAES KOl OTOSOTIKEG e EAGYLOTT CLULLPOAT KOl SLOUECO-
AGPnon tov yprotn. H duvatdmra yio emkovovia pmopet 6yt povo vo dtevkorvvoet
OAAG KoL v Ve mpUaT®BE e puotko Tpomo ot (N Hoc. AVTd To 600 dEVOVTAL LIE GU-
veyn Kot S1épavo TPOTO EYOVTOC MG GVVIETIKO KPIKO TO TANIC10, TNV AVATOPACTACT
TOV, TNV ENLYVMOOCT| TOV, TOV GUUTEPAGLO TOV, TNV TPOGAPLOYT TOV GTIG KATOGTACELS
ToL ¥PNoTN / diKTOOL KAOMS Kot TNV EyKaupn TpOPAEYT| TOV.

H eniyvoon nlaisiov akovyeton dyoyn otn Bewmpia Kot givot ovTIKEILEVO ETIOTN-
LOVIKNG £pEVVOC TO TG Ba UTopéael va evompotodel mpaypatikd os po «Eeappo-
v Exnlyvoong [Miowoiov» -EEII- (context-aware application). Znuavtikd givat, yo
napdaderypa, to TpoPfAnpata mov oyetifovtal pe v aAAnAeniopoon avlpdmov Kot
vroloylot. Méow tov mhaisiov, 1 oyéon AvOpmmog-vToAoyIoTHG opileTal GYeddV
ek véov. I1dg Bo pmopoldoe o xpNoTng vo acOAVETOL OCPAANG Kol LKOVOTOUULEVOG
OTEVOVTL GTO TPEYOV GUGTNUA TOV EVA TOLTOYPOVA TO TELELTAIO VO TaipVEL OGO TO
dUVaTOV TTEPLGGOTEPES KOl OGO TO SLVATOV TILO TPMOUES OTOPAUCELS;

Ac dovpe éva amhd TOPASELYILO OOV i TOIKIALL TEXVOAOYL®V avaliTnong Kot
enefepyaciag mAnpogopios Oa propovcay va a&romonBovv yio va vroPondcovy
dpaocTNPIOTNTA PNOTOV TOL EXOVV AVAYKT ard «VTINpecieg faciopéveg oty BEon»
kot TV kivnon toug (location-based services). Ag avtacToOpE Piot KIVITH GUOKEL
TIOV EMTPETEL GTOV (PTOTN TNG VO KIVEITOL GE EVOL GUVESPLOKO YDPO amd aibovoa 6g
aiBovca, va £yel TpocPacn oTic TANpoPopieg mov oyetifovral dpeca pe To onueio
o710 omoio Ppioketarl (m.y., BEpa cvlRTong, por TaPOVCIAGE®V), V. KPATH 1GTOPIKO
™G O100POUNG KoL TV onpeimv 6oV 0 ¥pNoTNg £J€1EE TO LEYOAVTEPO EVOLOPEPOV
(eme10n iowg oTaONKE gKel Yo TEPIGGATEPO XPOVO) KOl VOL TOV EVILEPDVEL Y10 T1) Opai-
oTNPOTNTO TOV GLVUSEAP®OV TOV (TomoBecia TOVg, Tl Bedpnoay ekelvol evolapEpov
Kol 6TanKay vo Tapatnprioovy). I'ivetatl evkoia avTIAnTTd, Aomov, OTL 1| ENlyvmon
T ouciov givat Eva wdaitepa evpv BN Kol Y1’ aVTO £xEL KoL EVPL PACLE, Be®PoEMV.

Ouwg avtikeipevo £pguvag eivat Kot to RTnHa g «ovomapdotoono» (representation)
Kot «epunveiogy (interpretation) Tng TAnpogopiog miaiciov. H mAnpopopia mov cui-
Aéyeton omd mOAES (S1aPOPETIKEG) TNYEC epUnvevETaL dLopopeTikd and kibe EEIL
Enopévag, avantdosoviol Unyavicpol HEco TOV 0ToimV To TAAICIOo EAEYYETAL KoL

gpunvevETUL KATAAANAQ BAoEL TG LEALOVTIKNG TOL YPNOTNG Kot a&tomoinong.

2.3 Apyurektovikn Xvotypatos Eniyvoong IIinpogopiog

IMAowciov

"Eva Zoompo Entyvoong [TAnpogopiog [TAaiciov (ZEIT) 6a mpémet va €1 tpetg Pa-
o1KEG Aettovpyiec: TG aioBnong (sensing) g mePpEOVGUS KATAGTOONG, TG OKEYNG
(thinking) petagopikd kot tng dpdiong (acting). Xto Zynua 1 gaivetol n apyltekto-

vikn evog XEIL I va propécovy va tpocAidfouv minpoeopia and 1o TAaiclo 6to
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applications ' Adting Subsystem
storage/managemant ! Thinking
| Subsyste
preprocessingreasoning uhsyslem
raw data retrieval |
| Sensing
Subsystem
SENSOrS |

Yymqpo 1: Apyrtektovikn evog Zvotpatog Eniyvoong Iinpoeopiog [TAaciov

omoio Bpickovtat (tepiPdAlov, Tepippéovoa KATAoTACN) EXOVV TNV aVAYKN va e£0-
TAMOTOOV pE E101KOVEC aaONTNPES KOt TYES TANPOPOPTGNG TOV TOVS EMTPETOVY VO,
&yovv TpocPaot otnv TAnpoopia avty. Ot aicntpeg eivar e&gidikevpéva e&ap-
LLOLTO, T 07010, OEV £XOVV GOV TPMTICTO GTOYO TNV VILOAOYIGTIKY IKAVOTNTO, OALG TNV
TPOGANYN TOV TAPAUETPOV TOV TEPPAALOVTOC GTO HOVTEALD TOV VTOAOYIGLOV.

O1 KivnTEG CLOKEVEG TTOV £YOVV EVOMUATOHEVEG SVVATOTNTEG AUECG EMYVOONC
TAoGTIoV S1aB€TOVY TOAAATAOVG ancOnTpeg Kot alyoplBpovg Yo v eneepyacio
TOV 0E00UEVOV TTOV AdpPavouv amd to meptBdilov ce dedopéva ypnoipa (a&tomot-
GO Y10l TIG AELTOVPYIEG TOVC.

O aicOntpeg Béomng Tapéyovv mAnpogopia Tov oyetileTon e tnv tomobesio ooy
ave&apTnTo aAld Kol Wiaitepa ¥pNoio dedopévo. Zoyvd, PERata, dev givar 1 tomo-
feoio mov cLVIGTA POV TNG dueca a&lOTOMGIHO SEG0UEVO ALY OE GUVOVLOCUO LE
emnpdcbetn TAnpoeopio mov propei va mapoydet (1.y. o1 dpot mov givar drabéoipot
o€ kamoto onueio). Emiong, ot dtapopég petpnioeig amd aiodntipeg propodyv va opi-
GOVV [ 70 GOVOETN avamapioTOoT| KOl EXYV®mon Tov TAaiciov (7)., N KOTAoToo
TUPKOYLAG EXAYETOL OO PETPNGEIS OGO TNPp®V KaTvoD, Beplokpaciog Kot Vypaci-
0G). Akoun, ot KAUEPES TaPEYOLY dVVNTIKA TOAD TAOVG10 LAKO, ard To omoio ivat
duvatov va eEopuytel ) amapaitnTn TANpoPopia.

T'o va pmopéoet éva ZEIT va Adfetl eikOva TG Teplppéovcas Katdotaong HEoa
oo TIG LETPNOELG TOV oGO TNPOV Kol VO, UTOPAGIGEL Y10 TEPULTEP® EVEPYELES, Bl
npénel va, eE0pUEEL BVTEG TIC TTANPOPOPIEG pe TN PorBeta LaONIATIKOV LOVTEA®MY Kot

ueb6dwv[7]. Tétow povréda eivor o akdAovOa:

o Duowd podnpoticd povtéia (Kalman filetring)

e Pattern recognition, neural networks,cluster algorithms
e Cognitive based models, fuzzy logic

Katd 1o tpito 61dd10 ¢ Aettovpyiog evog ZEIL, Ba mpénel va mpaypotonombody

OLAPOPES EVEPYELEG Y10 VA LKAVOTOINOOVV Ol OVAYKES TG EPOPLOYNG TNV OTtolo &-
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Eumnpetet 10 ovykekpiévo XEIL. Avtég ol evépyeleg UTOPEL VO TAPUTEUTOVY AKOUN
Kol o€ EMPOSOETN GLAAOYN OedopEvVaV Kat Ba TPEmeL va, TPoyLaToTotnBohV apKeTd
YPRYOPQ £TGL MOTE VoL £Y0VV VOM LA Kot Vo cpPBadilovv pe T mepippéovoa KatdoTo-
on. [a mwapdadetypa, £6Tm pio EPOpUOYN 1) OTOl0 GTEAVEL SLOPTLUGELS LECT, OO EVOL
aoVPUATO SIKTVO GTO KIVITO TNAEP®OVO EVOC ¥PNOTN, TOIPVOVTAG VTOYLY T B€0T TOV
YPNOTN KAOMG aVTOC KIveital. Av 0 ¥pNOTNG KIVELTAL APKETA YP1YOPa, 1| TO COGTNLLO
etvar ToAd apyd oto va Ppet Kot v YpNGILOTOWoEL TNV TANpopopia BEong mov amo-
Tehel KoL TV TANPOPOPio TAAUGIOV TG EQOPUOYNG, TOTE Elvar TBAVOV 0 YpHOTNG VO
unv AopPaver £yxoipo Tig dStapnpicelc.

Ta ototyeio mov mpémetl va AneBodv voyw yo o oyedacud evoc ZEIT oyerti-
{ovtal [E TN 6®OTH AEITOVPYIO TV TPIOV GTASIOV TOL AVaPEPOT KUY TUPATAV®, TT
OMGCTN ETIA0YN TNG TANPOPOPIaG TAUIGIOL AALY KL TNV OVOYVAOPLOT) TNG TEPLPPEOL-
oag KaTdotaong wov Ha TepIBArAEL TO VIO GYESIOGHO GUGTI LA,

Enopévag ta embBountd yopaxtmpiotikd yio Eva XEIT givon To axdiovba:

AeredvtikétnTo (pervasiveness). No pmopel vo cuvepydletat ToAd TO amotere-

GLOTIKA LLE TOVG XPTOTES TOV KO VAL PO LTOVOLLD GTIG OTOLTOVUEVEG EVEPYELEC,

[po-dpactikoTnTo (proactiveness). No pmopel vo Tpolapfaver Tig avaykeg mov
0o TaPoVGIIGTOVY 6TO KOVTIVO UEAAOV KOl KOT ETEKTOCT VO TPOGAPUOGTEL
KOTOAANAQ TPOKELEVOL VO TIG OVTLLETOTICEL,

Ixavétnta Zopnepaopot Ihaisiov (inference). No pmopei va endyst copmepdopa-
Ta, 0O TO TANIGLO TOV (TEPALTEP® TANPOPOPIN KOl EXAVENCT) YVAGNC), VO LITO-
pel Oyl LOVOV VO GUAAOYIOTEL Y10 TNV TEPIPPEOVGO. KATACTOOT OAAG KOl Vol

mopEYEL TOAD 10 EEEIOIKEVEVEG VIINPEGIEG GTOVG YPT|OTES TOV.

Amo v GAAn TAevpd, dtdpopa (nTHpaTe avadhovTol KOTd T0 6YESoUO EVOG
2EIL Evdeiktikd:

e Hminpooopio mhaisiov tpénet va avorapactadei kotdAAnia (context representation)
pe kabopiopéva «povtéda avarapdotacns thaiciovy (context model) dote T0
EKAOTOTE PHOVTEAO YVAOT|G TOV TANIGIOV VO avTIKOTOTTPILEL TO TPEYOV TAMIG10
KOLL V0L ETLTUYYAVETOL O KATAAANAOG cuumepacuods (context inference) kot GA-

Aoyopog Tov (context reasoning).

o Ot1ovokevég/ cuoTnuaTo TPEREL VO O100£TOVY KATAAANAOVG OVIYVEVTES V1oL TV
TPOGANYM NG ovayKaiog TAnpogopioc 10660 and 10 TePPaAlov 66O Kol omd
TOVG YPNOTEG L EEVTTVO Kot S1aVTO TPOTO (ONANOT e 0G0 TOV SLVOTO AyOTEPN
emépPaon tov yxpnotn).

e HmAnpopopio mov GuAAEYETOL 0O TO GUGTN L KOIL TOVG OVIXVEVTEG TOV vl g
peydo Pabpo etepoyevig kot €161 ToAAEG pEBodOL Kot olyopiBpot «abvinéney
(context fusion) kot «cvvaBpoiong TAatsiov» (context aggregation) Propovv

va avortoyfovv.

o H «ta&ivounony (classification) kot «xpoPreyn» (prediction) Tov mhouciov &i-

Vol Kuplmog avaykaio 6€ CUGTAILATO [LE VITOAOYIOTIKEG IKAVOTNTEG, TPAYLLO TO
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omoio e16ayel £va cHVOLO OAYopiOU®Y OV HITopohV va xpNoioTotnfovv (.y.,
aAyopOpor Mnyoavikng Mdadnong).

e H «expdbnony» (training) kai 1 «wpocapuoyi» (adaptation) amd tnv mhevpd
TOV GUOTNUOTOG TPEMEL VO YIVETOL GE TPAYLLATIKO XPOVO Kol Oyt VoL ETETOL TNG

KaTAoTAoNG TNV Omoio KOAEITOL VO S1EVKOADVEL.

e H «olnAemidpaon» (user interaction / user intervention) LE TO ¥PNOTH TPEREL
Vo Petvel o€ younAo eminedo Kol OTMGONTOTE VO OIEKTEPALDOVETOL OGO TO V-

VOaTOV O OLOKPLTIKA.

YUveEn®C, 1 eniyveotn TAociov eival TAEOV €Va AVOTTUGGOUEVO EPEVVITIKO TEDIO.
"Eva peydio (ntodpuevo eivarn eEloopponnon avapeso oty TopeUBort amd TAELPAg
XPNOT KoL TNV OVTOVOLLI KOt TPOVOTIKOTITA OV 0QEiAEL va dglyvel To cVOTNLO.
Kawotopa cvetmpata tov faciloviol 6to TAaiG10 88 UTopovV Vo, KATAGKELAGTOVY
av Ogv EIGAYOLV GTNV OPYLITEKTOVIKT] TOVG UNYAVIGLODS TPOGUPUOYNG Kot TPOPAe-
YNNG TOL TAALGIOL Y10, TNV KOTUAANAT EKUETAALEVOT) TNG TOPAYOUEVNG KOl ETAYOLLE-
vng mAnpogopiag. Eniong, og yvootdv, o avBpomog Paciletor otn cuviBeia Kot dpa,
TIG TEPLGGATEPEG POPES, PACEL GLYKEKPIUEVAOV TPOTHTTWV CUUTEPLPOPAS. ALGPOPES
HEBOOOL avayvdPLoNG KOl TPOGIOPIGHOD KATAGTAGE®MY VIOBETOVVTAL TNV ENMYV®-
on mAaiciov. ‘Eva cbotnpo mov ekpetaddedeTon T€Tot0 TpoOTLTO TPEMEL VO, pLobai-
VEL OVTOUATO TIC GLVNBEIEG TV XPNOTMOV TOV Kol VA TPOSUPUOLETOL OUVOHIKE OTI
orrayéc Toug. TIpémel, emopévmg, va otnpiletal oTn Yvdon g «CLUTEPLPOPAS TOL
naperB6vtocy (historical context) yia vo TpofAEYEL KOl VO TPOCUPHOCTEL GE GLLTE-
PLPOPEG TOV LEAALOVTOG. AV TTAAL 1| TPOooTAOelo TPOPAEYTG ATOTVYYAVEL, 1] ATOTLYIN
T TPENEL VoL avayvopiletat kot vo AapBAveToL LITOYN Y10 TIG EMOUEVES OTOTELPES

TPOYVOONC Kol TPocsupLoyng (context adaptation).

2.4 Movtehomoinon IIinpogopiog ITrarciov

H Movrtehonoinon [Thasiov etvan pua teproyn Epgvvog tng Eniyvaoong [Mioisiov mov

eotialel otV pelétn tov e&Ng TpoPAnudtov:

e 7ola €ival 1 KATOAANAOTEPT TANPOPOpia TANIGIOV (Y., LETAPANTES, TapApLE-
TPOL, YVOPIoUATO) TOV UTOPEL VO OVOTAUPOCTOEL 0G0 TO dLVOTO KUAVTEPO
™V TAnpoopia (m.x., ypodvoc, 8€om, TepiParloviikd peyéon, Evvoleg, dpaotn-
PLOTNTEG) Yo £VO. GUYKEKPIUEVO EMGTNHOAOYIKO Tedio (.., Location-based
Services). Ot petafAntég avtég KoAoVVTOL KGVVICTMOES) (contextual ingredients)
NG TANPOPOPIaG TAOLGTIOV EPOGOV PUVIAGTOVLLE TO TAAIGLO G £Va TOAVIIAGTO-
70 ddvvopa (multivariate context vector 1) context vector) og £va S1vOGLOTL-
K0 Y®po kaBop1lOUEVO amd HETAPANTES TOV OVOTOPIGTAVOLV TNV TATPOPOPia
TOV EKAOTOTE EMOTNUOAOYIKOV TTEdion. A&ilel va onuelmbel 6TL aTov Ydpo TV

SLVUGUATOV aVT®V 01 HETAED TOVE GLVIGTMOGES dgVv gival ave&aptnTeg TAvTa.

e To1e¢ £lval 01 EVAYOVGEG Kol vITdpyovoeg e&aptnoelg — cvoyetilelg HETaED TV

GUVICTOGOV OVTOV (T.)., YPOVIKEG EEAPTNOELS, OYECELS eKAEnTUVOTG / €Eet-
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dikevong Kot yevikevong, e€aptnoelg HEPOVG-OA0 / LepeOLOYIKES, eE0pTNOELS

ovpPotdtnrag, eEupTNOELS TEPLOPIGUOV, ETEPO-CVUGYETICELS), KL,

e 7oteg glvar ot péBodot expabnong, TaEvounong Kot TPoGapLOYNS TOV dlovy-
GLOTOC TOV TAOLGIOL EQOCOV 0VTO Kpivetar avoykaio. O KOPLOG GKOTOG QLTS
¢ Ammlopatikng epyaciog eotidleTon 6To PHEPOC EKEIVO TOL GYESOOUOD €-
vog ZEIT mov avagépetatl oty €E0GQAAIOT) GLVEXOLEVNG KOL XPOVIKA £YKVPNC
TANPOPOPING TAALGIOV TOL TPOPOSOTEL KATOLO EPAPLOYN(TT.). CVOTNLLO TOPOL-
KoAOVONoNG KLVKAOPOpPiag, TapakoloHONon dUCIKOV EKTAGEMV Y10, TPOANYN
TVPKAYLDV) £TGL OOTE VO AVTIOPA AUECO GE TAYVTATO LETAROAAOLEVEG TTEPLP-

PEOVOEG KOTAOTAGELS.
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3 Nonpoovvn Xpunvovg (Swarm Intelligence) og
IHeprpariovra Kivntov Yroroyiopov

3.1 To Broloyik6 Avdairoyo

Ta évtopa mov fovv o amoikieg (LOPUNAYKLO, LEMGGEG, GONKES, TEPUITES KTA.) AAAL
KoL T0 S1dpopa €101 YapldV Kot TOVAIGV Tov Kivobvior og Koradia (flocks) frav
navta avtikeipevo Bavpacpod yio tov avlpomo. At wov anyalovv Kol IO Vo~
TTUGGOVTOL Ol OPYUVOUEVES CUUTEPLPOPES TMV KOWVMVIKAV gviopmv; Kabe éviopo
o€ [ omotkia Kot kB TovAl 6To CUVOG TOL QAIVETOL VO £YEL TN O1KT| TOL NUEPTCLAL
oudTaén Kot SpmG Gov GLVOAO delyvouV o LYNAOL emTédov opyavmaon. [lpopavmg
oVTH 1 AOPATH OAOKANP®CT TOV HELOVOLEVAOV OPUCSTNPLOTHTMV OEV amolTel KAmoio
gmomteia.

H pehé mg cuumepLpopas TV KOWVOVIK®V EVIOU®MV ATOKAAVYAY OTL 1] GLVEP-
yooia o€ eninedo amoikiog eival o peydro fabUd oLTO-0pYOVOVOUEVT: GTI LEYAAN
TAELOYNPi0 TOV TEPITTOGEDV TPOKVTTEL OO OAANAETIOPACELS PETAED TOV LEUOV®-
HEVOV aTOU®V. AV KO 0VTEG 01 GAANAETIOpAoELS pTopel va etvar amAég (.. Eva pop-
YKL amA®G akoAovBel To povomdtt mov yapa&e Eva aAAo), OAec pali uropovv va
Adcovv dvokora TpofAnpata (OTmg 1 £€HPEST TOL GLVTOUOTEPOL SPALOV OVALECH
0€ QUETPNTES OLVOTESG OLAOPOUEG TTPOG TNV TPOPN). AVTH 1| GLAAOYIKY] GLUTEPIPOPA
IOV TPOKVTTEL OO LU0l OUAO0 KOVOVIKMV EVTIOL®MY OVOUACTNKE «VOTILOGUVY] CUT-
VOUG».

Mia 076 TIC TPOUYEG LEAETEG TNG VONUOGVVNG GUAVOLG aieyoAnOnke pe v avo-
Mmon tpoeng amd ta puppyKia. ATESEIEE, OTL 0L YPOUUES LUPUNYKL®Y 1OV PAETOV-
pe ouyvé ot evon 1 oty Kovliva pog ivatl amotéleoua TG EKKpLong amd To pop-
YKL oG ¥NIUKAG OVGT0G TOV TPOGEAKVEL TOL GAAL LVPUNYKLO, TNG OEPOUOVIG
(pheromone). H peAétn emonpave, exiong, 6tin Stodikacio Tng EKKPLoNg EPOLOVIG
Y T dNpovpyic EVOC LOVOTATION, TOV UTOPOVV VO, KOAOLOGOVY T AAAD £VTO-
Lo, etvot ol KaAT GTPOTNYIKT Y10 TNV EDPECT] TG GLVTOUOTEPNG SIUOPOUNG AVALESOL
TN POALY KOl GTNV TPOPT.

e oyxetika mepapoto (PA. Zynpa 2) dnpovpynnkay ovAapesH 6T oA Kot
TNV TPOON TOV HLPUNYKIDOV TEGGEPLS SLUOPOUES SLOPOPETIKOD UKoV, Méoa e pe-
PG AETTA 1 amotkio cuVNOWG eméleye To cuVTOpOTEPO dpouo. Ta TpdTa popunyKio
IOV EMECTPEPAY GTI WAL AT TNV TOTOBEGIN TNG TPOPNG NTOV EKEIVA TOL L0V O
KOAOVONGEL TO GVVTOUO dPOHO TOGO GTOV TNYEWUD, OGO Kol 6T Yupiopd. Emeldn avtm
1 Stadpopn| fTav 1 TPOTN TOL gixe dUTAO {YVOg PEPOUOVNG, TO AAAL LLLUPUAYKLO TV
TPOTILOVGAY, WE ATOTEAECUO VO EVIGYLOEL KL AAAO Kat va, yivel 1 000¢ TpoOcPaonc
TPOG TNV TPOP).

To HLGTIKO TNG CEMTLYNUEVNC) SIEKTEPUIMOTG CLAALOYIKMV EPYOCLOV KOl LLAAL-
ota pe PEATIoTO TpdTO Ppioketar onv avto-opydvoon (self-organization-SO) twv

EVIOLOV. ZTO LOVTELD 0LTO-0pYAV@GNC YiveTai 1 Pacikn Oedpnon 6T 1o K4Be dTopo-
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2 |

3
Typae 2: 1) To tpodto popunykt emAagyet pia dadpour mpog v tpoen (F) ot
emotpépel ot oAl (N) apnvovtag tyvn eepopdvng 2) ta GAAo LopunyKlo o-

KOAOVOOVV Koo Ao TIC TEGGEPIS OLOPOUEG 3) 1) OLOPOUN LE TNV HEYOAVTEPT
evamobeon pePOPLOUNG, TOV EIVOL KOl | GUVTOUOTEPT|, YIVETOL TPOTIUNTEN

évtopo elvar £vag amAdg «TpaKTopac» (agent) TOL Pmopel Vo SIEKTEPULMDGEL LOVO O
A éc Aertovpyieg. H Becdpnon avt dev Aappdvel vmoym v mepimhokr dour Tov pe-
povopévou evtopov. [No mapddetypa, oto SO poviéAa ovuTd ToL £xEl onpacia sivolm
petaxivnon g péAooag petalhd ovo onueiov Kot Oyl TO avTd TPOYUATOTOWONKE,
onAadn o aicOnTplo HESA ¥PNOYLOTOINCE 1) LEMGGO. Y10 TOV EVIOTIGIO TG BEomng
NG KOl TOL GTOYOV NG, oV EXEL MEPLOPIGLEVT KAVOTNTO LVIUNG KTA. Opoing, oTIc
OTOIKIEG TOV HVPUNYKIOVY TO PACIKO YOPAKTNPLOTIKO TOV AapBdvouy vaoyn ta SO
HOVTEAQ, €lval OTL TOL LUPUYKLD, LTOPOVV Vo aKoAoVON GOV e Kamola mhavotnTa
&va 1yvog PePOUOVNG KOL VOL TO EVIOYDGOVY YMPIC VO EVOLOPEPEL TMG OVIYVEDETUL TO
fyvog avtd, TG AapPAaveToL 1 ATOEACT] OO TO PVPUNYKL VO TO akoAlovBnoet 1 oyt

KoL TEAOG LLE TTOLOV TPOTO EVIGYVEL TO 101 VILAPYOV 1YVOG PEPOLOVNG.

Ta SO povtéda wov €yovv avortuybel pe Bdon v mopandve Bedpnon deiyvouv
OTL glvat dSuvaTOV VO ERLPAVIGTOVV TEPITAOKES GUAAOYIKEG GUUTEPLPOPES GE LU0 O
TOKiO EVIOU®V. AVOAVTIKOTEPA, 1| AVTO-0pYAvmon [9] eival Eva GUVOLO dVVALUK®OV
UNYOVICU®V LE TOVG 0moiovg oynuatifovtal SoUEC o€ £va GOOTNUO OO OAANAETL-
dpdoelg TV cuVIeTOo®V Tov. Ot aAANAemdpacelg avtég otnpiloviat Kabapd o€ To-
TKEC TANPOPOPIES YPig Vo AapPavouy vdYN TOVG T GUVOAIKT EIKOVO.

AvTég o1 Topatnpnoelg amd to {mkd Pacilelo 00MyNcaV G€ VTOAOYIGTIKES TPO-
GOUOIMGELS APYIKE e TNV TEXVIKN TNG eEATIoNng TG Pepordvng, dmov dnpovpyn-
Onkav amotkieg amd EKOVIKA LUPUNYKLL KOt TNYEG TPOPNC OE SLAPOPETIKY OTOGTACN
oo TN POALL TOVG. ZTNV aPYN], TO EIKOVIKA LUPUNYKLO EEEPEVVNGAV TO YOPW YDPO LE

VYOO TPOTO. XT1 GUVEYELN ATOKATEGTIGOV LLOVOTTATLO TOV GUVESENV OAEG TIC TTNYEC
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TPOPNG e TN QOALL. MeTA S10THpN GOV LOVO TO LLOVOTATLO TTPOG TG TANGLEGTEPEG |-
YEC TPOPNG, L€ ATOTEAEGLOL TT) OTASLOKT EEAVTANOT T®V TNY®V aLTdV. OTAV 1) TPOOT
eEovTANONKE, TO EKOVIKA LVPUIYKLO GPYLoAY VO 0ELOTOLOVV TILO LLOKPLVES TNYEG.
Av16 TO POVOLEVO TNG GVYKMONG 0€ KATOLa BEATIOTN ADOT ald KATOLES APYIKES
YOOTIKEG GUVONKES LECH TNG OVTO-0PYAVOOTNG, 00N YNGE TOALOVG EPEVLVNTEC, KLPIWC
omd 1o xdpo ¢ IIAnpopopikic kot tov Enikotvovidv, vo BepeAdoouvy Kot va ypnot-
LOTOM oLV TETOL0VG PBro- epmvevcpévoug (bio-inspired) alyopiBpovg oe TpoPArna-
ta feltioTomoinong (.. SPOLOAOYNONG GE OGVPUOTO SIKTLEA) KOl AVTO-0PYAVOCNC
(T, ounvn poumoT) pe eEalpeTikn enttuyio. AVO OO TOVG TO CNUAVTIKOVG Kot O1-

po@tAeic olyopiBpovg TeptypapOVIOL GTNV ENXOLEVT EVOTNTO.

3.2 AkyoprOpor Nonpoovvng Xunqvoug
3.2.1 O akyopiOpog Ant Colony Optimisation (ACO)

O aAiyopBpog avtdg emvondnke and tov Dorigo [8] otnv tpoondbeid Tov va emi-
ADoEL e KATO0 EVAALAKTIKG aAyOp1OLo TO Yvmato TpoPinpa tov [epumhavmpevou
[MwAnt (Travelling Salesman Problem), dniAadn va Ppet v eAdyiotn dtadpopn Tov
TPENEL vaL SOTPEEEL O TOANTAG TPOKEEVOL VO EMOKEPOEL OAEG TIG TOAELG amd pia
@opd. ['a avtd Kot 1 TEPLypapn tov aryopibpov Ba Paciotel mdvw ot Avorn ov-
700 ToV TTpofAnpotoc. Tov eumvedoTnKe amd SIAPOPES LEAETEG TTOV AVAPEPOVTOY OTN|
GUUTEPLPOPE KOL GTNV QUTO-0PYAVOGT] OMOIKIDY LUPLNYKIDV GTNV TPOSTAOELN TOVG
va o PaAicovy TPOQ.

H xd6e Adon yuo to TSP oynuoatiletot pe ) dtodoyikn HeTafoon Tov «ynelo-
KOV» HOPUNYKIOV amd TN Uio TOAN oty GAAN pe kdmota mihovotnta. To «ta&idw
OAOKANPAOVETOL OTOV TO «YNPLOKO» LUPUNYKL ETOTEYEL TNV 0pYIKT TOAN. ToTE Pab-
poAoyeitar 1 AVOM OV EYEL EMTVYEL LE KPITHPLO TO CLVOAIKO UNKOG TNG SLOPOUNG
Kol TPpooTiBeTOL 1 avAAOYN PEPOUOVT] GTO LOVOTATL TOV akoAovOnce. H mapamdve
dwadikacio emavolopPaveral yio KOs dropo g amoikiog péxpt va cupminpmbei o
MTodpevog apBuog ETaVOANWEDV.

To popunykio TotoBetovvTon gite TuYOi GTIG TOAELS ite TO Kabéva og o dto-
(QOPETIKT TOAN ®¢ apetnpio TG Stadpoung tovc. H moAn avtn kataypdeetol g vov-
UEPO «EVOY 0TI AloTO TNG LVAUNG KAOE LUpUNYKLOD £TG1 MOTE VO, UTOKAEIGTEL OO TIC
emopeveg emAoyEG Tov. H emdoyn g emdpevng moAng tnv omoio Oo emckepbel kabe
popunykt opifetat and po mhavotnta petdfacng 1 omoia e£aptdTal amd TNV «opa-
TOTNTO» TOL KAOE popUn YKo (0patdTnTo 0pileTOl MG TO AVTIGTPOPO TNG OTOCTUCTG
peta & 5vo mOAewv Kot Apa lodyet peydan mbovotnta otov Kavova HeTafaong 6Gov
aPOPA TIG KOVTIVEG TOAELS) KOl GTO TOGOGTO TNG PEPOLLOVIG OV £xel evamotedel otnv
KkéOe dradpoun ekppalovtag TNV eumelpio TNG VTOAOITNG ATOIKIOG.

A@ob 6Aa TO LUPUNYKIOL OAOKANP®MGOUY O «To&idton Toug og kdbe emoviin-
Y, TOTE TPOOTIBETAL PEPOLOVI GE KAOE LOVOTATL OVAAOYA. [LE TNV ETIO0CT TOL KAOE

LUPUNYKL0D. ZNUOVTIKOG TOPAYOVTOS otV OAN dladikacio elval Kot 1 ele0ymyn vOg
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TAPAYOVTO GYETIKOV LE TNV eEATIIION TG Pepopdvnc. KaTd ovTtdv ToV TpOTO amopen-
YETOL 1 EVIGYLOT TOV OPYIKOV TUYoimV dtokvpdvoewy. Ta BApate tov alyopifpov

ACO givor to oxkOAovOo:

Bijpa 1o: ®ftovpe ™ @epopdVN oTNV GPYIKN TNG TIUN (€1TE GE Lidt TOAD LIKPT) TN
glte o€ oL Toyoio TI) o€ OAC TO LLOVOTATIO TOV GUVOEOVV TIG TOAELS LLETO-
&v toug. Yrohoyilouvpe 6Agg TIc omootdoslg Twv ToAemv. Emiléyovue (Tuyaia)
™V TOAN-aPETNPia TNE SLAOPOUNG KAOE LUPUNYKIOV Kot TV Tomobetovpe otnv
MoTo, TG LVAUNG TOVL.

Bijpa 20: T'o k@0e popunykt, emAéyovpe TV enopevn TOAN mov Oa emiokeTel pe
Béon tov tuyaio avoroywd Kavova PeTdfaong LEyPL vo. OAOKANPAOGEL TN d10-
dpoUT TOV EMOKENTOUEVO KAOE TOAN pio LOVO POPA Kot TEAKA VoL EMGTPEYEL
oTNV aQeTNpia TOL.

Bipa 30: Koataypdeovpue v kaidtepn dadpopun mov Bpébnke.

B1pa 40: Avavemvovupie T @ePOUOVT GTA LOVOTATLH TTOV EMCKEPTNKAV TO LLUPUNY-
Ko P féion Tov Kavova ovavE®ONS TNG PEPOUOVNG

Bipa So: Eravaiapfdvovopue ) dwdikacio and to Prine 2 péypt oG 0TOL OAOKAN-
pwBei évag ovykekpipévog apluog eravorlnyemv 1 emtevydel éva Kpitiplo

cuYKMoTG.
Hoporrayég [12] B/xon tpononomoels ([10],[11]) tov mapordve aryopibuov Exovv

emiong avantuyOel yio vo AVTILETOTIGOVV TV EMIAVGT) GUYKEKPLLEVOV TPOBAN ATV

1M va BEATIOCOVVY TNV 0TOS0GT) TOV apyLKoD ahyopiBpov Tov LOALG TEPLYPAPTKE.

3.2.2 O akyopiOpog Partcile Swarm Optimisation (PSO)

O aiyopBpoc PSO ypnoomoteital oe moALEG epopuroyéG PeATioTOMOINONG, OTTMG
OpPOLOAOYNOT KUKAOQPOPING OE TNAETIKOWVOVIOKA GUGTHUATO, oXeOIAGHO alyopid-
LV Y10 EAEYYO OVTOVOU®Y POUTOT KAT., Baci{OIEVOG TNV OAANAETIOPACT] OVIOTH-
TV PeTa&d TOVG LEGH GE L 0YEAT COUATIOIMY.

H apyicn 6éa dnuovpyndnke amd toug Eberhart kot Kennedy [ 13] ko feAticndn-
ke and toug Clerc ko Kennedy[14]. AmoteAel petapopd Tov BroAoyikod avaidyov
NG KOWMVIKNG CUUTEPLPOPAS KO QLTO-0PYAVAGCTG SLOPOP®V EWBDV OVTOTHTOV (0
YELES Yap1HV Kot TOVALDV). Ot ovtoTNTEG VTEG TOTODETOVVTIOL GE £val XMDPO OTOL
opiletan po cuvépTnon kot ektereitan and kabe ovtoTa avalytnon tov Bécewv
OOV TPAYLOTOTOLEITOL LEYIGTOTOINGT QLTS TNG GLVAPTONG KoL TIC OTTOIES Y PN OL-
LOTTO00V Y10l TV TEPAULTEP® TAON VTGN TOVG LEGH GTO YDPO, e GKOTO VO LEYIGTOTOL-
NOOVV OKOUN TEPIGGOTEPO T GUYKEKPIUEVT] GLVAPTNON KOl VO TEIVOVV TPOG TNV/TIG
mYyég Tpoens. O TAnpogopiec Tov GLAAEYOVTOL Omd TNV KABE ovTOTNTA YPNGLO-
TOLOVVTOL Ol HOVO Y10 TN O1KN TOLG TAONYNOT, OAAG dtoyéovtar Kot 6 GAA PLEAN
™G ayéAng mov VOV Bpebobv 6T YEITOVIA TOVE EMOEIKVDOVTOG L0 GUVEPYATIKY

ocoumepupopd [15].
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Onwg avapépbnke mponyovpévog o aiyopiBuog PSO mpocopoumvel T cupme-
PLPOPA LIAG OYEANG TOVADV 1} WopL®dVY. AG QOVTAGTOVUE TO 0KOAOVOO GEVAPLO: Lo
opada ToVAOV avalnTd TPOPN GE LK TEPLOYN TETAOVTAS UE TUYOi0 TpOTO. YapyEL
Uovo Ui TocdTNTO TPOPNG OTNV TTEPLOYN KoL TA TOVALA dev Yvmpilovv Tov akpifmg
Bpioketar aAAd yvopilovy mOG0 pakpld and v Tpoen Ppickovial o kae ypoviky
oTyUN. Apa ot €ivar 1) KOADTEPN GTPATNYIKN Yo £va LEAOG TOV GUIVOUG VoL Bpet
v Tpo@1]; H o amotelecpatiki Avon givat va, akoAovBncel To TovAl mov Bpioketon

7O KOVTA GTNV TPOPN.

() (€) (or)

Yympa 3: EnideiEn tov aiyopibpov PSO yu 40 copartidw, Rosenbrock fitness
function. H dompn ypapun avimmpocsonedel To minimum tng GuvAapTnong (Tpoen)
070 0moi0 TEMKA GLYKAIvOLV Ta copoTido. [16]

O ahyop1Bpog PSO givor epmvenopévog amd ovtd T0 GEVAPLO Kot YPTCLULOTOLEITOL
vy T Avon TpoPfAnpdtev Pertiotonoinong. Xtov PSO pia Adon sivor évo «movi-
» 0T0 YOPo avalfTnong Kat o omoio ovopaletal «couatidon (particle) | Tpdkto-
pag(agent). Ol to copatidlo Katéyovy Kamotes TIEG KataAinAdtntag (fitness values)
ol omoieg emaAnfevovtal amd T CLVAPTION TOL TPENEL va peyiotonomBel. ‘Eyovv
emiong SlovOHCUATA TOXVTATOV TOL Ta KATELHLVOLV GTO «TETAYHO» TOVG. To cmpo-
Tid10 «TETOVVY LEGA GTO YMPO TOL TPOPANUATOC TPOG PEATIGTONOINGT) Kol OKOAOL-
000V T0 copatioln pe Tig PEATIOTES TIES KATAAANAOTITAG (G EKEVN TN OTIYUN. ZTO
yquo. 3 dlvovton kdmotlo oTiyutdtumo amd TN O10d1KaGio. GUYKAIGNG TOV adyopi-
pov vy opnvog 40 copatdioy. Qg cuvaptnon KATAAANAOTNTAG YPNCILOTOLEITOL 1)
cuvaptnon Rosenbrock mov dtveran omd v f(x,y) = (1 — )% + 100(y — xz)g.

O aiyopBpoc apyucomoteital pe pio opddo Toyoiov copatidiov (Acemv) Kot
Katomwy avalntel fEXTIoTEG ADGELS EVIIILEPDVOVTUG GE KAOE YPOVIKN oTIyUT. Xe KaOe

EMOVAANYM evnpepdvovTol dvo PeTaPANnTég Yo kdOe copatidio wov ovopdloviot
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«KoATEpEC TIHESY (best values). H mpdtn petafAnt avaeépetol 6Ty KaAvtepn AV-
o1 OV avakdAvye £va coUATIO g ekeiv T oTiyuN| (Zpocwpivi urelpio N vwo-
KELUEVIKOS TTOPAYovToS) Kol ovopdletal pbest kot 1 0g0TEPT LETOPANTH ovapEPETAL
OTNV YETOVIA HE TNV KOADTEPT AVoN (aviikeyuevikos mapayovag) Kol ovoudleTot
gbest.

e k@Be emavdAnym tov alyopiBpov 1 taydnTa Kot  0€on kdbe copatidiov

EVNUEPDOVOVTOL GOUPOVA LE TIG akOAoLOES EEI0MTELS
v=uv+cy-rand() - (pbest — present) + ca - rand() - (gbest — present) (1)

present = present + v 2)

6mov v M TaydTTa TOV copATiOV, present 1 Tpéxovoa O<on, rand() yevvi-
Tpua toyaimv apdudv mov € (0, 1) kot ¢1,¢2 ouvteheotés fapdv. O alyoppog PSO

cuvoyiletar 6Tov akdAovbo yevdokmoka:

V (copatiolo)
Apywonoince copatiotw
END
DO
V (copatiow)
YmoAoyloe TN KATOAANAOTNTOG
Av 1 T KataAinidtrog etvan kaAdtepn and pbest
®¢oe TpeYOVoU TN KATOAANAOTNTOG G pbest
END
Aldreée T0 cOUATIOW pE TO KOADTEPO gbest
V (copatiow)
YmoAdyloe To0TNTO COUATIOI0N cOppva pe v (1)
YmoAdyioe Béon copuatidiov cuuPova LE TV (2)
END
While péyiotog apifpodg eravornyemv 1 etaindevon kpirnpiov cOyKAoNC.
O aAyopBpoc PSO givar modd dnpoeidng yio v enilvomn mpofinpdtov PeAtt-
oToTOINoNG AOY® TNG AmANG KOl EDKOANG VAOTOINGNG, TOV AlY®V TOPAUETPOV TOV
OoTovVTOL OAAG Kot TG E0KOANG AOY® TG PVOTG TOV, TPOGUPLOYNS TOV GE TEPL-

BAAAOVTO TOPAAANA®DY OPYLITEKTOVIKMV Yio TNV EXIALGT cOVOET@V TPOPANUATOV.
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3.3 Eogappoyéic AkyopiOpwv Nonpocsovic Xunvovg

Ta televtaio ypovia, av&avovial S10pKdG Ol TPOSTADELES EPEVPESNS TPOTOV Y10 TV
EPAPLOYN TNG VONUOGHVNG GUNVOVG G€ ToKIALD TpoPfAnudtov. H avalitnon tpoerg
0t0 TO LOPUN YKL EYEL 00N YNOEL G [ VEX LEBODO Y10, TNV avOdPOLOAGYTON TG KL-
KAopopiag ota cuyypova ThAemkovoviakd diktva. H cuvepyatikn aAinienidpaon
TOV LOPUNYKIDOV TOL TPOSTAdovV Vo LETAPEPOVY VAL LEYAAO KOLUATL TPOPTG LITO-
pel va, 00NYNOEL GE MO OMOTEAEGLATIKOVS ahyopiBiovg Yo ypiom o€ poprot. Kot
0 Kotapeplopds epyaciog avapecsa otig LEMOGEC 10w¢ Pondncel 6€ OmMOTEAEGLOTL-
KkoTEPEG dradkacieg oTig Propnyavieg pe aAvcida cuvapporloynong.

Ot kup1otepeg epappoyég Tov aryopidpov ACO og achOppata diktvo Yopig Guy-
kevipotikn doun] (MANET) ta onoio e£GANOL amoteAoDV Katl TNV KVPLOTEPT TAUT-
QOPLLOL YLOL EPAPLOYEG KIVITOD VIOAOYIGLLOV apOopohV 6NV 0peoT HeBOS®V amotele-
ouatikng Spoporoynong. Apketoi alyopiBpot £xovv avamtuydel To TeEAgvTaio Ypovia
Baocwopévorl otov ACO v v e€dhetym tov TpofAnpdtov dpopordynong mov ep-
eavifovtar ota diktva MANET eéattiag tng kivnrikdttog tov anyomv. O alyopio-
poc AntHocNet[17] givar évag vppidikdc adyopBpog mov dnpovpyel apytkd Toug
TIVOKEG SPOUOAIYTONG KOl KATOTLY (PTOLUOTOIEL TPAKTOPES (LUPUAYKLL) Y10 TV G-
veyn a&lodloynon tov povomatidv. O adydpibuoc ARA (Ant colony-based Routing
Algorithm) [18] eivar évag kotd amaithorn (on demand) adyopiBuoc mwov apkeitol
6TV €0PEGT TOL GLVTOHOTEPOV HOVOTATION AVAUESH 6TOVS KOUPovg dtav {ntnbei
YPNCLOTOLDVTOG TO TAKETO ESOUEVAOV (OC TPAKTOPES Y10 VO, LYVIAATICOVV T GUV-
TOHOTEPO LLOVOTATLAL.

e aalec mepurtmoetg([19], [20]) xpnOOTO100VTOL TPAKTOPES Y10 VOL O10TPEEOVY
70 diKTLO TLYEiN, YYNACTOVTOG TO LOVOTATIO TTOV XPTCLUOTOINGAV oo TNV TNyN
TPOG TOVG KOPPovg. AAydpiBuotl voroyiopob 0éomng pe tn Pondeia tov ACO éyovv
emiong ovapepOel [21]6mov 01 TPAKTOPEG SLoYEOVLV TNV TANPOPOPI0. SPOHOAOYNOTSG
7ov €yovv avaktioel. 'Evag vBpdikog alyopiBuog mov cvvdvalel tov ACO pe 1o
npwtékolho AODV [22] ypnoyonotel TpdrTopeg TOL dloTpEYovy TV TO diKTVLO
KOl KPOTOVV TTANPOQOPIEG Y10 TOVG N KOUPOVG TOV EMOKEPONKAV TEAEVTAIOL EVILE-
PMOVOVTOC TOLG TIVAKEG OPOLOAOYNONG KOTAAANAQ.

Apxketol axopa adydpiBuot Exovv mpotadei yio tn Spopordynon o diktvo MANET.
O)ot avtoi ot adydpiBpot TapekkAivouy amd Tig apyéc Tov ACO mpootaddvTag vo
OVTILETOTIGOVV TIG IOLOLTEPOTNTEG ALTAOV TOV SIKTVMV, KOl Ol TEPLCCOTEPOL OO OLV-
TOVG OV SLOPEPOVY TEAKA Atd KOWVOOG KATA amaitnon alyopifuove dpopordynong.
Ba mpémetl va avoeepbel akdun ot Exovv ypnoononel mapailayés tov ACO yio
TNV OTOTEAEGLLUTIKOTEPT] EVEPYELOKT] dLoYEIPLON TOV 0oOPUAT®V SIKTO®V [23] Kot ot
OTOIEG OMOGKOTOVV GE OMOTEAEGUATIKOVG aAYOpiBovg SpooAdyNoNg Yio T CMOTH
dlaxeiplon TV EVEPYEINKDV TOP®V TOV SIKTLOV.

O ahyo6p1Buog PSO éyxet Bpet extetapéveg epaployés oe TpofAnipoto PEATioTo-
oinong Kot avto-opydvmong 6cov agopd diktvo MANET. [T cuykepkipéva Exovv

npotadel péBodot dpopordynong [24] aAlrd ypnoyoroidvrag «bird-flocking™> teyvi-

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

k&G [25], 0nwg emiong Kot LéB0do1 avTo-0pYAvaeon g TETOOV SIKTO®V[ 26] eottiog TG
GUVEPYATIKNG CUUTEPLPOPAG TOV GLYKEKPLUEVOL aAyopiBov. MdAota o Babpog g
OLTO-0PYAVMOGNG TOV EMTELYONKE Le TNV @appoy”n Tov PSO dev améyel kot woAd a-
76 10 Pabud avto-opydvmong mov Ba eiye To 1010 diKTVO GE MEPITTMOT KEVIPIKNG
dwyeiptonc. O adyopBpog PSO €yxet Bpet epapoyn Kot oty evepyelokn dtayeipion
TV KOUPov evog diktoov MANET[27] pe t dnuovpyia clusters yio e&okovounon
EVEPYELOG OCOV APOPE TN GLAAOYY dedoUEVMV o Tovg KOUPovG-atsntipeg.

"Evag kavovpylog topéag otov omoio Bpickovv epappoyn ot adyopifuor Non-
poovvng Zunvovug etvon o Xpivn Popmdt (Swarm Robots). H xprion swarm robots
Yo TNV SLEKTEPAiWOT) SPOPMV EPYUCIDOV TAPOLGIALEL TOAAG TAEOVEKTIHLATA OTTOG
OTAOTNTO KOTOOKELNG POUTOTIK®Y HOVAd®V, DYNAN Tiotdtta (Hkpn mhovotnta
AGBovg) Kot pikpd K66106. ‘Eva opnvog popndt umopel vo mpoy Lo tomooel ToA-
TAOKEG EPYACIES TOV €ivol SVGKOAEG OKOUT KoL Y10l TO TOPAOOGIOKY POUTOTIKG G-
otuoto. 'Eva tétoto povtého[28] éxet mpotabel yio nv avakdAvyn Kot amoeuyn ep-
modiwv pe 1 Pondeia tov PSO. Al povtéha swarm robots £yovv eniong mpotabel
v avBektikotnTa amotvyiog (fault tolerance) [29], [30] kot cuvepyatikr| avalitnon
[31].

®a mpémel va avaeepdel téhog Kot 1 ypnoomroinon tov PSO oe opnvn UAV
(Unmanned Aerial Vehicles) ka1t UUV (Unmanned Underwater Vehicles) oniodn pn
EMOVOPOUEVOV EVOEPLOV KOl VTTOPPOYLOV OYNUATOV TOL YPNCULOTOLOVVTUL KUPIMmG
Y10 GTPOTIOTIKOVG 6KOToVG. Tpia té€Tota mopadeiypota givaln epappoyn tov PSO yia
™G gvpeot PEATIOTNG S1adPOUNG TPOC TO GTOYO OE TPELS OAGTACELS, EVOG GUNVOVC
and UAV €101 BOTE va amo@e0YouV EUTOdL0, EXOPIKES OMEIAEG [LE TNV TOVTOYPOVN
KOTAVAA®ON EAGYIoTOV Kavoipmy [32], g xpnotponoinong tov PSO and éva oun-
vog UAV 10 onofo pHécm tng cuvepyaciog Kot TG ovTo-opyavmaons Vo TPOGTATEVEL
GUYKEKPILEVO YDPO Ao exOpicég amelég [33], OTmg emiong Kol TG 0VTO-0pYAveOoT|g
kot mhonynong opnvoug UUV pe ) Ponbeia piog Bertiopévng ékdoong tov adyo-
pibpov PSO [34].

AlAeg TUTIKEG eQOpLOYES gival To covering (e&epedvnom og exBpikd £6a¢pog),
patrolling (pOAaén povoeimv amd KAomég), environment manipulation(éieyyog Kv-
KAopopiag), self-assembling(emavapvOuldpueva pourot) ko localization(PeAtimon
TPocdopIopov Béonc). EmmAéov onpavtiky gpguvntikn ovAeld £xel emevovbel 6to
oYE0CUO GLOTNUATMOV CGUVOVG Yo TNV EEEPELVNON TTEPLOYDV YVOOT®V 1] Ayvm-
GTMOV.ZTNV TAEIOVOTNTO TOVG Ol TPONYOVLEVEG EPEVVNTIKEG EPYACIES OYETIKEG LE GL-
GTHLLOTO VO LOGUVIG CUVOVG Bempohv TIg TNYEC TAN POQOPIOG OTOTIKEG EKTOG EALYL-
OTOV TEPUTTAOGEWDY OOV 01 TPOSTABELES alpopoVV duvaukd teptfariovra.([35],[36],
[37]). H[38] avagépetar o duvapkd teptBdiiovia oAid dev Oiyel BEpata eykopoTn-
TOG TAULGIOV.

O1 g@appoyég mov umopet va, Bpet 1 VONUOGHVI GUNVOLS EIVOL OTLLOVTIKES Kot
aQOPOVY TOALOVG Topelc. Ol EMOTAOVEG OV EEPOVV OAEG TIG AETTOUEPEIEG TOV OA-

MIAemOpAcemV PEGO GTA GUNVI] KOWVAOVIK®V EVIOU®V KOl Y®PIG AVTES TIG TANPOPO-
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pieg dev UTOPOVV VO KOTAGKELAGOLV AOYIGHIKO TTOV VO TIG TPOGOUOIMVEL. EmumAéov,
1 VO OGOV GUAVOVE GTEPEITAL LLLAG YEVIKNG BEDPNONG TOV TPAYLATOV Kol £TGL OV
umopei vo, epaplocTel 6 TPOPANLATA TOV ATATOVY bl CLAALOYICTIKTY).

AT TNV TOPATAVE ETIGKOTNOT YIVETOL QOVEPO OTL OEV VITAPYEL TPOTYOVLEVT] ELL-
newpia oto Oepaticd medio o omoio TpaypaTedeTOL 1) TOPOVCA SMAGUATIKN EPYACio
onAadn| g dnpovpyiag evog UNYOVIGHOD avaKAALYNG TNG TEPLPPEOVLGUS KOTAGTA-
ong o¢ éva diktvo MANET pe ) PonBeia Swarm Intelligence adyopiBuwv.

3.4 Mnyoviopog Avaxkaioyng ITanpo@opiog ITAarsiov

3.4.1 Koatavepnpuéva cuoTipoto VONRocUVIIG GUIVOUS
(Swarm Intelligence (SI) distributed systems)

H mteployn tov moAv-mpakToptk®v cuatnudtov (multi-agent systems) KUtoveUnUEVOD
vroAoyopol €xet avamtuydel paydaio ta tehevtaio ypovia. [ToAdég vinpeoieg ki-
YNTOV VITOAOYIGHOV YPNGUOTOOVV TEYVIKES LE TOAAATAOVG TPAKTOPEG 1 opnvn. H
Baocikn 10éa mov KpHPeTOL ToW 0O TO TOAV-TPAKTOPIKA GUCTHUOTO EYKELTAL OTNV
OTOTEAEGLOTIKOTEPT] OLEKTEPAIMOT TOV EPYUCIDOV UG EPAPUOYNS KIVIITOD VITOAO-
YIGLOV OO TOAAOVG, ATAOVG OTH SOUN KOl CVTOVOLOVS TPAKTOPES TAPd amd Evay
HOVOSIKO Kol TEPITAOKO GTN AELTOVPYio Kl KOTOoKELN TpdKTopa. TéTolo cvoTi-
LaTo €ivol TEPLOCOTEPO TPOGUPLOCTIK, ETEKTAGILO KOl OVOEKTIKA 0md avTd oL
otpilovrotl og £vay Kot LoVadIKd VYNAGV dSUVATOTNTMV TPAKTOPAL.

"Eva oot o vonpoohvng spivous pmopet va optoBel og pia opddo autdovoumy
TPAKTOPOV (COUATIOIMV) YOPig KEVTPIKT dtoryeipton Le amAt) dOpY| KOl TEPLOPIGUEVECS
VROAOYIGTIKEG duvatdTNTES. O ToAAATAOL TPpAKTOPEG TTPEMEL VO, cuvepyalovTon EEv-
VO, Y10 TNV EMTEVEN TV GTOY®V TOV GUIVOLG,.

Epevvovpe yo éva pmyoviopd mov 0o eKpeTOALEDETAL T GUVEPYATIKY GUUTE-
PLPOPA TOV TPAKTOPDV TPOKELEVOD VO OVTILETOTICTEL TO TPOPAN O, TNG OVOKAAL-
yng mAnpogopiag mhaiciov (Context Discovery Problem - CDP). [Tio cvykexpiéva
oto CDP évag mpdaxtopog (7). Kivntog KOuPog) ypetdleTol vo avakaADWEL Kot Vo
pocdlopicetl T BEom ¢ amattovpevng mAnpopopiag TAatsiov (m.y. mepPariovti-
KEG TMOPAUETPOL OTIMG Bepokpacia, VYPAGia, KATOUCTAGES OTWS EECTOGLO TVPKOL-
Y14G) TPOKEEVOL VO TPOPOSOTHGEL TV LANPEGTO KIVNTOV VITOAOYIGLOV LIE ENLYVOOT)
Tov Tepiyvpov (context-aware mobile application) OT®G .Y, 0 EAEYYOC LLOG OLASOG
poumor.

H vonpoobvn ouivovug €16ayet pio SUVOULKT Kot KOWVOTOUO 100 Yol TNV KOTOo-
OKELN KOTOVEUNUEVOV GUGTNUATOV OTTOL 1] GUVOAIKT AELTOVPYIKOTNTA TOovg e&ap-
Taton and TV OAANAETIOpOoT] TOV TPOKTOPOV PETAED TOVG OAAR Kol LE TO TEPL-
BaAlov toug. Avtol ot mpdkTopeg GLVTOVILOVTOL YPTCLLOTOIDOVTOS OMOKEVTIPMOUEVO
€leyyo Kol avto-opydvaot. To cLGTALATE VONHOGVUVNG GUVOUG EUTEPIEXOVY O
TN UGN TOVE TAPOAANAIGUS OTNV EKTEAEGT] TV EPYUCLOV Kol TAPOLSIALOVY LYMAN

ovOEKTIKOTNTO Kol 0ELOTIOTIO.
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To KOpLa yopoaKTNPLoTIKA £vOG SI- Katavepnpuévou cLGTHLATOG ivat:

o Agv mopovctdlovy tepapyikn SopN EVIOAMY Kot EAEYYOV LE ATOTEAEGLO, VOL UMV
VILAPYEL GVYKEKPIUEVO anpeio duarettovpyiag 1 TpoToOTNTOG. Ot TPAKTOPES El-
VoL YEVIKA 0mAol Kol TO GLVOMKO GUIVOG €K UoEMG £ival éva cuoTN O avOe-
KTIKO oT1g amotuyieg (failure tolerant) ko amotedeiton and Evav apBud wavo-
HOLOTLTV LOVAS @V TTOV AEITOLPYOVV (StotoBdvovtol Ty TAnpo@opic TAAGIOV
omd to mepPdArov Ty, oeONTpeg) Ko suvepydlovrat (avtarlidcovy TAaicila)
moapaAAnio. Avtifétwoe, ouvleta GLUUPATIKE KATOVEUNUEVO GUGTILLOTO OOl

TOUOV OMLOVTIKN TPOCTADELD OYESIAGILOD Y10 TNV OTOPLYT OTOTUYLOV.

o H onpavtikdtepn apyn evog SI-katavepunuévov cuoTirotog ival n arAdTn-
TO TOV TPAKTOPOV TOV (T.Y. £va KIVITO TNAEP®VO [E osOnTpeg). AvEdvov-
TOG OATADG TOV OPLOUO TOV TPAKTOP®V TOV GUUIETEXOVV Y10 TNV EMITEVEN EVOG
oToYoV dev PEATIOVOLLE OmAPALTNTO KO TNV ATOO00T] TOV GUGTHHOTOC (0TO-
dotwkdtnTa Kat a&lomiotia). Ot TpdKTopeg cLVEPYALOVTOL AVTAALAGOVTOS YP1-

GULEG TANPOPOPIEC TPOKEWEVOD VO OVOKTHCOVY TO OTOLTOVLEVO TAIG1O.

e Y& £vo OAOKANPOTIKA KaTaveUNUEVO TEPIPAAAOV Ol TPAKTOPEG cuvepYalov-
TOL YLOL TNV OVOKAADYT TAOLGI®V GUYKEKPIUEVIG EYKVPOTNTAS (OYETILONEVIG
HE YPOVIKOVE 1| 0P1KoVG Teploptopotc). To mAaicto meplodikd amapyoimdve-
TOL KO OTOLTEITOL 1) EMIKOLPOTTOINGT| TOV OVA TOKTA YPOVIKA O10GTHILATO LLE TN
dtadkacio TG ovaKaALYNG Kot TG avaktnons. Emmiéov ot moépot tov mpa-
KTOP®V €ivol TEPLOPIGUEVOL (O TPOG TN KVIUN - DITAPYEL TEPLOPIGUEVO 1GTOPTL-
KO KaTaypoens, ™g Tpog Tig duvotdtnteg aictnong (sensing capabilities) - yio
TPAKTOPEC TOV KIVOVVTOL GUVEXMDG 1 0TIV dPACGNG TOVG LITOPEL Vo eivart pLkpn
GYETIKA LE TNV TEPLOYN KAALYTG KOt £TGL VO, YGVOVTOL XPTOLUES TAT|POPOPiES
KON KOl OO YEITOVIKOVG KOUPOVG, Kol TEAOG (G TPOG TOVS EMIKOVOVIAKOVG
TOPOVG - OLTOL 01 TOPOL YPNGUOTOIOVVTOL ATOKAEICTIKA Yo T HETOPifaon

TANPOPOPIaG 6TO GUNVOG.

3.4.2 Emhoyn pnyovicpov

H npoomdBeta yio avaxdioymn éykvpmv Thaiciov mAnpoeopiog og £va TepPAAAOV Ki-
VNTOV VTOAOYIGLOD TPOGOUOLALEL KATA £va, LEYOAO TTOGOGTO GTNV TPOCSTADELD TV
éuprov 6viov mov TpoavapEpnKav(£vTopa, TovAd, Yaplo) Vo, avaKOADYOLY TNV
Tpo@n tovc. Emopévag n emhoyn evoc and tovg dVo adyopibovg mov meptypdenkov
umopel va amotelécel T Paomn yuo va Bepelimbel Evog TET010¢ UnNyoviopoc. ZInyv me-
pPITT®ON OV 01 TNYEG OV KIVOOVTOL KOl £YOVLE Lol TANPOG EXPAETOUEVT KOTAGTO-
o1 OA®V TOV KOUPOV TOTE O UNYOVIGLOG AvaKAALYTG TAAGTOV Opotalel KaTd TOAD
ue tovg aAryopibpovg Ant Colony Optimization. [Tapdra avtd 6pmg vEapyovy Po-
G1KEG O10p0PEG e TOVG aAYopiBovg 0TS (OTME AVaPEPOVTAL KOl TUPUKAT®).XTO
TPOPAN L TNG avaKAALYNG TANPOQOPiag TAatsiov Tpénel va AneBodv voyy To -

KOAovOa:
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1. devvopiotataimn Evvolo Tov TANPOVG EAEYXOV OAWDV TV KOUP®V, KATL TOV 1GYVEL

o€ MEPIPAAAOVTA KATOVEUNLEVOL EAEYXOV KAl S1AYVLTOV VTOAOYIGUOV,

2. n mnpooopia mov avalnreitor dev pmopel va extiun et kaBolkd e&icov amd
OAOVG TOVG KOUPOVG, KATL TOV 1GYVEL GE VOl CLGTNLA KATA TO 0Toio 0 KAOe
KOUPOG 0VTOVOLOL EKTILLA KOt BETEL TIC S1KEG TOL TPOTIUNGELG KOl TEPLOPIGILOVG

EYKVPOTNTAG TAULGIOV,

3. M ektipnon yuo v TANpoeopia TAaGiov HETOPAALETOL XPOVIKA EPOGOV 01 GU-

VIoT®OGEG TAOLGTOL petafdAlovTotl eniong,

4. ormnyég dev gival Tavta axivnteg, dpo pmopei vo avakoivedel pdvov pia Tpo-
copwvd PEATIGTN ADGT, KATL TOL VPIcTATAL 68 SOLVOUIKA TEPPAALOVTO GTA O-
mola 1 KvNTIKOTNTA OmOTEAEL AVATOGTOGTO HEPOG TG OVVOLUKNG GUUTEPLPO-
PAg TV TEPIPAALOVI®V OVTMV, KO,

5. ot kouPot dev umopohv va £xOVV TAVTO TANPT GUVEPYOTIKY GUUTEPLPOPA. Ev-
d€yeTon voL LITAPEEL 0L NULLI-GVVEPYOTIKT] GUUTEPLPOPE.

Me Baon to o Tve YopaKTNPLeTIKG 0 KATOAANAOTEPOG OAYOPIOUOG Yio TO U)o~

VIGUO aVOKAADYNG TANpo@opiag TANGIOV TOL BELOVIE VO SNUIOVPYHGOLLE EIVOL O
PSO.
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4 Movtého Tpooopoimong Yo TV AvaKdivyn

IHAnpooopiog ITAarciov

4.1 Aom Movtédlov

H mhoteoppa mpocopoinons mov ypnopomombnke sivar to J-sim [39] pe v e-
TEKTOOT TOL aovppatov akétov (wireless package) yio v mpocopoimon dikto-
ov MANET. [Ipocopoiddnkav 600 €0dv kOpuPot, ot kOpPpor-tnyég kot ot kopPot-
0ma001. Zynuotikd Stoypappata yio to 6o (o1 KouPmv eaivovtal 6to Zynuo 4.

H dopn t@v mnydv kot Tov oraddv £ival TapOpolo Kol OVOQEPETAL GTN XPNoN
£TOUOV GLGTUTIKMY TOV TOKETOL Y10 TNV TPOGOUOIMOT) TOV O10POP®V EMTEOMV K-
té OSI, tov gAéyyov g Kivnong, g yerroviag Tov KOUPoV aAAd Kot TOV HEGOL
duadoong (acHpuato kovai). Xpnoomodnke eniong Kot 1o TpmtoKoAlo AODV
(Ad-hoc On-Demand Distance-Vector) katdAANAOL Yio T1 OpOUOAOYNON OVAIESH
6TOVG KOUPOVE TTOL YAVOLV TIG CLVOEGELC LeTa&D TOLg AOY® TG Kiviiong otav Ppe-
Bovv extdc eppéretag. Ocov apopd To LOVTEAD Kivnomg, Yo T TNYES XPT OOl
Nnonke to RandomWay mov eumepiéyetol 610 TAKETO, EVM YL TV TEPIMTMOOT TOV
omodmv viobeTNONKe Eva Kavovpylo LovtéAo Kivnong Pactopévo otov aiyopiiuo
Particle Swarm Optimization (PSO) o omoio¢ TeptypAaQpeTOL AVOAVTIKG GE OLTH TNV
EVOTNTA KOl EVOOUATOONKE 6TO TaKETO J-sim petd TNV LAOTOINGN TOV.

AvVOALTIKA 1] SO TOL HOVTELOL (OIVETOL TAPAKAT®:

Trace file — Packet Generator

To cvykekpiévo cvotatikd dafdalel pa ypovoakorovdia amd éva apyeio (trace
file) ko TaPAyEL XPOVOGPPAYIGUEVE, TTOKETO GTIC CUYKEKPIUEVES YPOVIKEG GTIYIES TG
npocopoimong. I'a kébe KOPPo-mN YR ¥PNCYLOTOL0VVTOL SLOPOPETIKES XPOVOUKOAOV-
Biec (apyeia) yo va amoeevybel kdmola mBovi mpokateinuuévn (biased) mpookdi-
Anon onaddv 6€ GUYKEKPIUEVES TNYEC KOTA T Slodtkacio avakdAvymg TAnpogopiog
ka1 60yKAlong Tov PSO adyopifuov.

TCP
YAomotei to Transport Protocol kat eykafiotd pra TCP cuvoeon petald dvo koppfmv,
YOPIG Avorypa Kol KAEIGILO TNG oUVOESTG OTMG EMiong Kot Tov 3-way handshaking,
ta omoia BEPara dev evOlaPEPOLY GTN GLYKEKPLUEVT Tpocopoimwon. o N mtnyéc ko
M onadotg dnuovpyovvtar omd to povrédo N x M TCP cuvdéoels.

Pkt Dispatcher
Ylomotei 1o [P layer.

LL
Ylomotei éva pépog tov Link layer.

Queue
Ylomoteil Tnv ovpd g acvpuatng kKaptag 0mov yivovto buffered ta maxéra.

AODV

Yiomotei 0 Ad hoc on Demand Distance Vector mpmtoKoAho dpoporAdyNoNg TOoL
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Pkt Generator
[T
| Pkt Dispatcher ———  AODV
[t
[ aue

Mac 802_11 | Energy Model ‘
Free Propagation Wimleﬂ'—| Mobility(Random Walk) |

| Wireless Channel }—{ Node Position Tracker|

i

1

1]

Medium

TCP

| Pkt Dispatcher ———  AoDV
[ ¢
Qu

Mac 802 11 | Energy Model
Free Propagation Wirele@—| Mobility{Particle Swarm Optimisation)

| Wireless Channel }—{ Node Position Tracker|

@

1

Medium

i)

Xyfqpa 4: Aopn KopPov - 1) Inyég ii) Onadoi
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éxel oyedlootel e1dkd yio dikTva acVppoTOV KOUPBwOV. YTdpyovy dvo @Acels Tov
TPOTOKOAAOV, 1] PAoT) TNG avakdAvyng dtadpopnc (route discovery phase) 6mov €vog
kopPog otédvel RREQ maxéta kot ovapével omdvtnon and TpooKeilevous kOppoug
TPOKEEVOL VO ONLoVpyN Ol 6OVIEST Kat 1) Aot TG dlatipnong dtadpoung (route
maintenance phase) 07ov a@alpodvtal yolaopuéveg cuvdéaelg (broken links) amd ta

routing tables TV KOUP®V.

Mac 802 _11
YAomotei To Mac mp@TdKoALO Kot ToPaAGUBAVEL TOKETA OO TNV OVPE TPOKELLEVOL
VO GTOAODV PECH TG KAPTOG OTO KOVOAL, OT®G EMioNG Kot TopaAapPivel TokETao
OO TO KOvAAL yio va o Tpombfoel ota vyniotepa emineda. Emiong aviyvedel ta
broken links Adym trng kivnong tov kouPmv kot gwdonotel o AODV cvotatikod yo
TIG TEPULTEPM EVEPYELEC. L€ OVTO TO GLGTATIKO VAOTOLEITOL ETIOTG KOl 1) AELTOVPYiO, €-
Eowcovounong evépyetog (Power Saving Mode) kain omoia ivar evepyomompévn 6to
napov povtéro. To PSM Aettovpyel pe tn fonfeto mAaiciov beacons to omoio eKmép-
TOVTOL GTNV apy1 KATO1mV OUOIOUOPPOV XPOVIKGOVY dlactnudtov (beacon intervals)
Kol 0€ TEPIMTOOT TOV 0 KOUPOS dev TTAPEL amoKplon Yo dtdotnpe ico pe o ATIM
window size pmoivel og save mode (koiudrar) yio o vrdélouro Tov beacon interval,

ooV beacon interval > ATIM.

Wireless Card
Amotelel TV 60VOEST] TOV KOUPOV LLE TO OGVPLOTO KOVAAL KOl VAOTOLEL TIG AELTOVP-
vieg TNC acVPUATNG KAPTAG TOV KOUPOL OT®S TNV 1631 TOV GNLLOTOG TOV TANLGIOV TOV
mapolappdveral yio vo vroAoylsbei ) eykopoTTO TOL.

Energy Model
To evepyelokd LOVTELO €Vl EYKOTESTNUEVO GTO GLGTOTIKO TNG AGVPLOTNG KAPTOG
Kol TAPOKOAOLOEL TNV EvePYELOKT KATAoTOoN TOL KOUPov. To cuykekpiuévo evep-
YEWKO LOVTELO TaipveL LTOYIV LOVOV TO, TOGA TNG EVEPYELNG TOV KATOVOAMDVOVTOL
AOY® EKTOUTNAG KOl AYNE TOL KOUPOL aAAG Oyt Kot TNV Katavailmon evépyetog e&at-
tiog g kivnong tov kopfov.

>to [Mapaptpo B mopatiBeviot ot petaforég oTov KmdiKa Tov EVEPYELOKOD HO-
vtéhov (EnergyModel.java) kou g acvppotng kaptag (WirelessPhy.java) mpoxet-
UEVOL Vo AapPBAVETOL VITOWIV Kol 1] KOTAVAA®GT evEpYELag AOY® TNg Kiviiong. Avtod
&Yve yuo va VapEEL VOT|LLOL 0TV EQPOPLOYT TOV TOMTIKOV OVOKAALYG TATPOQOpi-
0G, £T01 OOTE €vag KOUPOS e YoUnAo amdbepa eVEPYELNG KO OTOPYOLMUEVO TANIGIO
VO TOPOUEVEL OKIVITOG TIPOKEWEVOL VO UMV KOTOVUADVEL EVEPYELN, EVEATIGTOVTOGC
TNV EULPAVICT] KATO0V KOUPOV pe £YKLpo TAAIGIO GTN YELTOVIA TOV Y10 VO, TO 0VOi-

KTNOEL

Free propagation

YAomotei to Free Space Model yia ) petddoon tov padtokvpdromv. Emdéydnke yloti
glvar To amAoHoTEPO HOVTELOD KO OEV EMNPEALEL TN CLYKEKPLUEVT TPOCOUOIWOT.
Mobility Model

To cLYKEKPEVO GLGTATIKO givat VITELOVVO Yia TV Kivion TV KOUP®V. Yhpyovv
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dvo e1dmv povtéia, To Random Walk émov ot képpot petaxivodvtar oe Toyaieg 0celg
OV TOPAYEL TO LOVTEAO Ko TO Trajectory based 6mov ot k6pPot kivodvtar Bdon evac
npokabopiopévou apyeiov cuvtetaypévey. Ia vy kivnon tov KOuPov-tnydv ent-
AéyOnke To Random Walk yia va vdpyetl Toyodmta otny Kivion Kot opotdpopen
KGAVYM GTNV EKTOUTN TANPOPOPIOG GTO TAEYLUA TNG TPOCOLOIMONG. L€ OVTO GULL-
BaAAel Kot To yEYOVOG OTL £xouv emheyOel Kot Tvoyaieg apykég OEcelg ekkiviong Yo
TOVG KOPPOVG.
Advanced Mobility Model

Ocov apopd Toug KOUPOoVG-0Tad0VG, VAOTOMONKE (10, ETEKTACT] TOV TPONYOVUEVOL

povtédov pe v ovopaoio AdvancedMobilityModel kot to onoio mepthapfdvet tnv
epapuoyn tov aryopibuov PSO ywo v mhonynon tov omaddv. Xto mapdptnuc B
(QOIVETAL O KAOSIKOG Y10, TO GUYKEKPIUEVO GLGTOTIKO.

Wireless Channel

Av10 10 GLGTOTIKO TPOGOLOUDVEL TO OLALULOPALOEVO acVppaTo Kavail. OAot o1 KOp-
Bot mpémel va ouvdeBoHV 61O KOVAA TPOKEWEVOD VO GTEAVOLY Kol Vo Aapfdvouvy
naxéta. Eniong Aappdaver avagopd and tov Node Position Tracker yio tn yeitovid
ToV KAOe KOPPoL INAAdN OA®V gkelvaV TV KOPUP®V OV LITOPOoHV VO 0KOVGOVY TO
acvpuato interface tov kdépPov. H yertovid evdg kopPov kabopiletal oe povadeg
TAEYULATOG.

Node Position Tracker

Amotelel Tov eheykt TG Béonc Tov KB KOPPOL KAODC VTOG Kiveital 6To TAEY LA
KoL EMOUEVMG €lval eVvILEPOC Yo T B€om TOv omolovdNTOTE KOUPOL GE OTOLNON-
TOTE YPOVIKN OTIYUN. Alpel TNV TEPLOY TPOCOUOI®MONG G HKPE opHoymdvia Kot
Aappaver cuveyelg evnuepooelg amd to Mobility Model oyetikd pe 115 6éoe1g tov
KOUP®V 6T0 TAEYUA. AVOQEPEL TOVG KOUPOVS TTOL YEITOVEDOLV LE VO GUYKEKPIUEVO
kopupo Paocet g Tipng mov kabopileton and to Wireless Channel.

To povtélo mov €xet avomtuydel yio TV TPoGopoime ival TANPOG TUPOUETPO-

Tompévo 0mmg eaivetar oto [opdaptnua A. Ot TopdpeTpotl Tov Hoviéov gival:
* aplOude Tnymdv

* aplOpdc omadov

* OULVTETOYLLEVES TEPLOYTG TPOCOLOIMONG

* néyeBog otoryeiov mAEYHATOG

* TOPAUETPOG YeITOViag KOUPmV

* gvepYeloKES oTabepéc mov kaBopilovy TV KOTAVAAMGN Yol EKTOUTT, AYN Kot

Kivnon kopupov
* beacon interval koaw ATIM window size
* TOYVTNTO KOUPOV
* gUPELEID. ACVPUATOV KUPTOV

* seed values ywa 11 8€oe1g exkivnong twv KOpuPwv.
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1o [Tapdptnpa B divovral ta lisitngs Tov cueTATIKOV TOL TAKETOV J-sim To omoio
€yovv TpomomonBel ylo TIC avAYKeEG TNEC TOPOVCAG TPOGOUOIMONG. LUVOTTIKA ava-

QEPOVTAL TOPUKAT® 01 KUPLOTEPEC TPOTONKES/ LETATPOTEG TOL KABE GVOTATIKOD.

AdvancedMobilityModel.java - IIpocOnkn 6 véwv ports yia TNV aroBnkevon tov
OTOGTAGE®V TV 0TAd®V amod Tig TNyEC (outPort), Tng Katdotaong Twv onaddv
(statusPort), Tng on-line amekdvionc twv tpoyldv Tovg (plotPort), Tne evnuépw-
GG TOV EVEPYELOKOD LOVTEAODL Y10 TNV Kivion Tov omadmv (movhisPort), tng
eneEepyociog g yertovidg Tov kKouPov (trackPort) kot téhog tng Aqyng tov
0écewv Tov KOUP®V (valndxPort).

ITpocOrikn uebddwv yio v enetepyacio tov tAaiciov (dataArrive AtUpPort(),
context_validity()), Tng cvvepyatiKinG CLUTEPLPOPAS TV KOUP®OV e TNV €0-
PEGT YELTOVIAG KO TNV OmOKTNGN OVTIKELLEVIKNG KOl DTOKELLEVIKNG YVMDONG
(Process Neighbors()), tnc evnuépmong tov davocpatog kiviong (updatePSO
Position(), setPSODestination()), tng evnUEP®ONG TG KOTAGTUCNG T®V KOU-
Bov (setNode Status()), Tov VTOAOYIGLOD TNG OTOCTUCTG OTAdDV-TTN YDV (Source
FollowerDistance()) ka1 tng moArtikng avaxdivyng(UtilityFunction()).
[pocappoyég Exovv yivel emiong kot oTig HeBOS0VE XPOVIGHOD TOL GVGTUTIKOD

(timeout ko reporting).

WirelessPhy.java IIpocOnkn evdg véov port (movhisPort) yio tnv evnuépmon g
Kivnong tov kOupov.
[TpocOrikn g nebddov calc_energy mov() 1 omoia vToAoyilel To TOGOGTO TG

Katovalmong evépyelog e€ottiag g Kivnong.

EnergyModel.java IIpocOnkn tng pneBodov updateMovEnergy mov evnuepdvet 1o

EVEPYELOKO LOVTELO Y10 TNV KATAVAAWDOT] EVEPYELNG AOY® TNG Kivnomng.

NeighborQueryContract.java AvofdOuion ot popen tov unvOHoTog Tov 6TéA-
vet to ovototikd NodePositionTracker otovg k6pPovg, pe tn dnuovpyio evog
KOLvoUPY1LoL constructor £T61 MGTE Vo, OMOGTEALOVTOL O BECELS TV YELTOVIKGDV
KOPP@V Kot TO TAOIGLO TTOL KATEXOLV, EKTOC A0 T1 AGTO TV YEITOVIKMV KO-

Bov.

NodePositionTracker.java IIpocOnin evog véov port (valndxPort) yia tnv amocto-
M Tov Bécemv Tov KOPPOV.
[pootnim kot tng avtictoryng peboddov processVallndex() mov enelepydleton
Ta dedopéva Tov JoKIVOHVTOL 0O TO GUYKEKPLLEVO POTt.
To ovortatikd NodePositionTracker 6nmg £xet avapepbei kot vopitepa og ov-
TAV TNV EVOTNTO, EVIUEPAOVEL OTOLOVONTOTE KOUPO GE OTOONTOTE YPOVIKN
OTLYMN GYETIKA UE TO moloi givar o1 yertovikol Tov kopPot dnAadn ekeivol ot
koppot mov Ppickovior evtdg TG TEPLOYNS YOP® amd Tov KdpUPo mov opilel n
TOPAUETPOG Tov peyEBovg yertoviac. Ot petaforég mov £yovv yivel ovGLOGTI-
K6 avafobpilovy 10 GUYKEKPYEVO CLGTATIKO TPOKELUEVOL VO EVI|LEPDVEL ETTL-

A0V Y10 TIG B€0ELg TV KOUP®V OT®G £TIOTG KO Y10l TO TAAIGLOL TTOV KOTEYOLV
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o€ KABE YPOVIKN OTLYUN.

PositionReportContract.java Avafda0pucn tng Lopeig Tov UnvoLaTog Tov PN ol-
pomoteitarl omd Tovg KOUPOLE Yo TNV avapopd e BEone Tovg 6T0 GLGTATI-
k6 NodePositionTracker, pe ™ dnuovpyia evoc katvovpylov constructor €161

MOTE VO OVAPEPOVTOL KO TO TAAIGLO TOV KATEXOVY GE KAOE YPOVIKT| GTIYUN.

4.2 Yhomoinon aryopiOuov PSO

"Exovtag cav Bdon tn yevikn apyn tov aiyopifuov PSO mov meprypdonke oty no-
paypao §3.2.2 TpocmafodLE VO STUIOVPYHGOVE VAV UNYOVIGUO OVOKGAVYNG TTAOL-
ciov og TepPdAlovta S1éyVTOL VTTOAOYIGHOD, OTME JIKTLO ACVPLOTOV asONTAPOY,
emeKTeEIVOVTAG TN AEITOVPYiO TOV GTO TEDIO TNG YPOVIKNG EYKLPOTNTOG TNG EKTIUNOTG
TOL TAALGI0V. ZOHE®VA e TNV Bedpnon avTn, ot 0Tadol Kot 01 TNYEG ATOTEAODV Ki-
VOULEVOUG «OpYOVIGHOVS» (particles or agents) Kot KIVOULLEVT TPOQY|, AVTIGTOLYO., GE
pia «oy€Any (swarm) M+N opyaviopdv. XToY0g €ivol: «0t KIVOUEVOL OpYOVIGHOL vaL
EVIOTGOLV TIG TNYES TPOPNS. O TPOGIIOPIGUOG TNG TPOPNC EMTVYXAVETOL LLE GUVE-
YOLEVEC LETABOAEC TOV d1VOGHOTOC TNG KatevBuvong kiviiong (dievbuven, eopd kot
HETPO TOYOTNTOC) EVOC OPYOVIGHOD TPOKELLEVOL VO TEIVEL GE EKEIVOV TOV OPYOVIGLLO
7OV E1VOIL TTLO KOVTA (T.)., YOPIKA) TNV TNYN TPOPNGN.

O PSO aiyopBpog givor emavolnmticog kat, og Kabe Pripa tov, evromileton 1
LEYPLS TOTE TANGIESTEPT] YWPIKN B€om tng mnyng. 'Etol, n emduevn petafoln tov
dtavdopatog Kivnong evog opyavicpot / omadov Paciletar 6yt LOVoV GtV TpEYOVCH
ektipnon Béong, mov eivan kabopiopévn amd Tov Kabe opyavicpO avTOVOLLe, OALG KoL
O7tO TNV EKTIUNGT TOV TPOKVTTEL Ao TNV (YOPIKN) YEITOVio TOL KAOE OpyaVIGHOD.
H mp@tn ektipnon amotelel T TpEYOVGH «TOTIKO» KAADTEPN EKTIUNGT TOL VITOAO-
yiletar and évav omadd (vwokeyeviKn ekTipnon 6Tt mAnodlel v myn). H dgvte-
p1 eXTipNon VIOAOYILETOL A0 TIC VIOKELEVIKEG EKTIUNGELS TOV YEITOVIKOV OTAODV
(avtikeyevikn eKTipnon g Yerrovids evog omadov). O cuvovacldg TG TPMOTHG Kot
NG 0€VTEPTG EKTIUNGNG CUVEIGOEPOVY GTIV GLVOAIKN EKTIUNGN KOl TPoGdloplopd
TOV OVOGHOTOC KIVIOTG TOL OO0V,

ZUYKEKPLLEVQ, TO BAPOG TNG ATOPACTG Y1 TNV LEAALOVTIKT] KATEVOBVVOT TOV KO-
Bov Paciletol TGO GTNY TPOCOPIVI VITOKEYEVIKT OGO KOl GTNV TPOSMPIVY OVTIKEL-
uevikn ektipnon. Ipocdiopilovron £tot dvo Papn onuaviikdTtag 6mov Kabopilovv
T0 TOGOGTO UETAPOANG TOL dtovOGUATOG Kiviong.

To vrokeevikd Bapoc, Tov avaeépeTol oty Piproypapio ®g 0 TAPAYOVTOS
«vonone» (cognitive factor). To Bépog avtd BETEL TNV ONUOVTIKOTNTO TNG VITOKELLE-
VIKNG EKTIUNGONG Y100 TNV LEAAOVTIKT] ATOPAGT] TOV OTTAO0D MG TPOG TO. TOL Oat Ktvn Oel.
2y mepintmon g avakdAvyme TANIGIo, 1) VTOKELEVIKT EKTiUNoT elvon petafai-
Adpevn epdcov eEaptdtot amd Vv kivion tov omadov, TV Kivnon g nnyng, v
Kivnon TV YEITOVIK®V KOUP®OV TOV 0Tado0 Kol TNV £YKLPOTITO EKTIUNGNG TOL TAML-

olov.
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To avtikelpevikd Bépog, Tov avagépetal oty PIPAoypaeio MG 0 KKOWVMVIKOG)
napdyovrog (social factor). To Bdpoc avtd BETEL TNV ONUAVTIKOTNTO TNE EKTIUNONG
TOV YEITOVIKOV OTOOMV Y10, TV LEALOVTIKT 0TOPACT. TNV TEPITTMOT TNG AVAKAAD-
Yne TAoGiov, 1 AVTIKEEVIKY] EKTIUNOT eivan peTafarlopevn epdcov egaptdrton -
7O TNV Kivnon Tov YEIToviK®v KOUPoV Tov omadod Kot TNV yKupOTNTO EKTIUNGONC
TOV TAdLGioV, Tov kabopiletal amd TOVG YEITOVIKOVS KOUPOVE TOVL 0OTadOV, OTTMS Ba
avapepbel mapaxdto. Ta dvo avutd Papn Kot 6€ GUVELACUO e TNV TPEXOLG O KATED-
Buvon tov opilovv TV peAdovTikn KatevBuven tov omadol otov ympo. Emiong, o
UNYOVIGHOG OVaKAALYTG LEAETA KOl TO KOUUATL NG PedTioTtomoinong e avalnTn-
oMG TOV TANGIOV PACEL TEPLOPICUDV OIS EVEPYELNG EMKOVOVIOG HETAED KOUPwV
KoL EVEPYELOG SLOTNPNOTNG TOV OTAd®OV KOUP®OV TPOG TIG TPEYOVGES TTNYEG TAPOPO-
piog TAaiciov.

Opileton [40] o ypoppkn covaptnon andctacng ypdévov U(t) n omoia amap-

YOLDVETOL YPOUUKE [LE TO XpOVO Kot ovopdaletal Babpog eykupoTnTag TANGIon

U(t) = elt=0im) 3)

OmOV B, TO XPOVIKO KOTOPAL TEPQ OTO TO OTOI0 L0 TN TOL PETPinke
xpovik otyun t — 0y, Bewpeitar anapyoiopévn. To cuykekpipévo kKatmeit opileton
Yo £VOL GUYKEKPIUEVO PoOIO £YKVPOTNTOG 7] TOL OVOUALETAL KATMOPAL EYKVPOTNTOG,
oA, o Tyn Bempeitar Eyxopn yro U < 1 6mov 1o 05y, opiletoryio U = 1.

Opileton g deiktng eykvPOTNTOG TANIGIOL X EVOG KOUPOV i, giz (k), TV YpOVIKA
ottyun k o péyiotog Pabpog eykupdtnrag OA®mV TMV CUVIGTOCMY TOL X LE KATMOAL
EYKLPOTNTAG, 1);,,, 100 LE TO EAEYIOTO KATMPAL EYKVPOTNTOG TOV CLVIGTOCHOV X [40].

Xopig PAAPN ™G YEVIKOTNTOG KAl Yio AOYOVG AAOTNTOC, OTL TPOGOUOIDGCELS
pog, Bepodpe 0Tt kKibe TAAIG10 amoTEAEITOL OO LI0 GUVIGTMGA, VTH TNG YPOVIKNG
a&lomotiog kol emopéveg o Pabudc eykupoTnTog Kot 0 OgikTng eyKvupdTNTOS TAL-
tilovtal Kot pmopodv va ypnoiponombovv 1codvvapa. Erxiong Bsmpodpe 6t 6Aot
ot KopPot BEtovy 10 1010 KOTOGAL EYKVPOTNTOAG CTNV EKTIUNGN TNG OEIOMIOTING TV
miosiov. H cuvaptnon tov deiktn 1 fabpod eykupdttog amotelel T cuvaptnon
KATOAANAOTNTOC TTOV TPENEL VO, PLeyioTomomBel (LeydAn moldtnta TAoiciov) Tpokel-
LEVOL VO TPOKVLYOLV 01 AVGELG TOV avalnTovVTaL ONA. 01 TEPLOYEG [LE PPECKO TAAIGIOL
COUP®VO. LE 60a Eyovv cu{ntnBel oty mapdypapo §3.2.2.

Y& OTMOWONTOTE YPOVIKT] OTIYUN TNG TPOcopoimong Kabe kOpPog cuAréyel amd
TOVG YEITOVEG TOV TO TANIGLH TOV KOTEXOLV KOl ATOKOUILEL YVMOT Y10l TO KAAVTEPO
VTOKEEVIKA TAAIG10 TTOV KATEYEL KATO10G YeiTOVAS, amobnkevovTag TapdAinia Kot
TIG YOPIKES TANPOPOPIES YO TNV KOADTEPH DTOKELUEVIKA YELTOVIA TOV AVTIGTOL(OVV
oTOV YeiTOVA LE TO KOAVTEPO TANICI0 MG ekeivn T otiyun. Emmpocbitmg cuiiéyel
TANPOPOPIES Y10 TN LECT TN YNG EYKVPOTNTOS TOV TANIGI®V amd TN YELTOVIH TOV,
omoKOpILOVTOG AVTIKEWEVIKT] EKTIUNON Y10 TNV KOADTEPT) YEITOVIA KOl 0moOnKeveL T
B¢om tov, g BEom KOAVTEPN AVTIKEWEVIKNG EKTIUNONG ¢ ekelvn T otyun. H peta-

Kivnor Tov 6TV EXOUEVT YPOVIKT GTIYUY] Ba yivel Tpog TV KatevBuvon g kaAvTe-

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia



Miyon 2. Nikntiong,

‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

PO VITOKEUEVIKTG KO KOADTEP OVTIKEYEVIKNG YVAOOTNG, AT0didovTag To KOTAAANAN

Bapn yo Ta dv0 €10M YVDONG.

Y10 Zynuo 5 diveton mopaoTaTiKd 0 TPOTOC TAOYNOTG EVOG 0Ad0D PACEL TV
dtavuopdtev 861G TOV AVTIGTOLYOVV GTNV VTOKEEVIKT KO OVTIKEWEVIKT YVOGT).
Ot koTaoTtdoelg oTig onoiec pmopel va, meptéAdet évag omadoc Katd T dtadikacio
ovaKaALY”NG TAALGIOV givol ot 0KOAOLOES:
"Emlog — Ilepiéyet amapyoiopévo miaicto (g; > n;)
Toppripaoipog — Ymapyel KAmo10g YEITOVIKOG OTOOOC TOV £XEL KAADTEPO TANIG1O OTd

avTdV oArG OxL aTO TOL TPAYpaTIKE (T (N); < g5 < gn)

Ixavomowmpévog —Eyet Bpet To katdAAnio yio avtév mhaicto (g; < M; < gn)

—
o OO @®
() omudic i @ oedic e 1o Tomed kel Epo Thilon
(7 Beom) ps TV VT IKELLEVIRT KOADTEPT) ERTLUTE
( 1! 1 H 1 o 28 |

Yympa S: Tponog mAonynong evog omadov 1 BAGEL TOV SLIVOCUATOV [i;, A; KOL W;

Avoivtikd to, fpato tov adyopifuov givar ta akdAovba:

* Apyomoinon Tov BEcEMV KAl TOV TAYLTHTOV TOV TNYOV KOl TOV 0TSOV GTO
TAEYHO, Tpocopoimone. Oplopdg Tov otabepdv ¢ Kat co Yo to. Bapn mAo-
NYNONG NG VRTOKEWEVIKNG KOl TNG OVTIKEWEVIKNG Yvdong avtiotorya. Eivon

c1,c2 € (0,1)

* KoaAvtepn avtikepevikn 8o (1) = Kakdtepn vrokeypevikn 0éon (w) = Apykn
0¢om kopPov (N), Katdortaon képpov (K) — "Ewrog
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* ZVAAOYN amd TOVG YEITOVEG TV TAOLGIMV TOVG KOl VTOAOYIGHOG TG OVTIKELE-

VIKNG EYKUPOTNTOS JOBS = Fmean (0) Y100 TN XpOVIKT 6TLYHN 0, 67OV TO Grnean

glval 0 PEGOC OPOC TNG EYKLPOTNTOC TOV TAALGIOV TOV YEITOVOV

*  YTOAOYIOHOG TG VIOKEWEVIKNG eYKLpOTNTAS gsBs = Min(g,(0)),n=1...7

OTOL j 0 aplOUOG TV YEITOVOV.

Eravadnmtuog Bpoyyos yio 6A0VG Tovg omadods HéXpt va eKTANpwOodv cuykekpl-
UEVEG GLUVONKES (TT.%. EVEPYELOKEG GE GUVOVAGUO LIE TNV KATAGTAGT TOL 07t0.d00). Edd
epapuoletan to Utility function wov Oa avagepBel otnv Tapdypagpo §4.3 Ta mopa-
KATO Puato yio A0Youg amAoTnTog avopEPOVTOL GE EVAV KOUBO TN XPOVIKY GTIYUN
t.

* Anpovpyia tuyaiov dtvvopdtov Bapodv 0éong 1,72 € (0, 1)

* Evnuépwon tov dwavioparog kiviniong v(t) = v(t — 1) + erri(o — A(t)) +
cara(p — Mt))

* Evnuépwon tov davvopatog Béong tov koppov A(t) = A(t — 1) + v(t)

* Evnuépoomn tov avtikellevikod mapdyovia 4V goBs > Gmean TOTE gOBS =
9mean KO (L = }"( (t)

* Evnuépwon tov vmokeyevikod mapdyovia v gsps > min(g,(0)),n =

1...510t€ gsps = min(gn(0)),n =1...7 konw = A, (1)
* Ed&v g > n 1016 K +— éwhog
* BEavn < g < gsps t0te K +— ocvppipaoipog
* Bdv g <1n < gsps 101€ K +— wavornompévog

*x Evnuépwon g, gsps, goss

Oa mpénetl va avapepbet 0Tt av o1 kopPor-omadol dev Ppickovion viog epPErelas
TOV TNYOV TPOKEWEVOD VO AAPovv @péoka TAaiolo amd ovTEG KATA TN SIEPKELD TNG
npocopoimong (amapyoimpuéva Tiaicla) 1 oy apyn ™ (dev €xetl Kovéva Aneosel
m\0ic10), epapudletar To povtéro Tuyaiag kivnong Tv koppwv-onadov (Random
Way Point) npokeipévon va “BpeBodiv’ mnyéc kar oradol petalhd toug yio vo Eekivi-
o€l 1 AMym mhauciov Kot £Tot vo avaAdpel v mAonynon tov otadov o PSO mpo-
KeWEVOL avTtol va 0d1ynBovv 6e TeployEs e PpEcKa TAAIGLOL.

Téhog Ba Tpémet va, yivel capég 6Tt 1o didvucpa BEong w; OOV AVOPEPETOL OTIV
TPEYOVGO VITOKELEVIKT] EKTIUNGT) TOL 0Tad0D Y10 TO TANIGLO Kot TO dtdvucpo BEong
i Ogv givonl mavta to id10. [ mapadetypa, é0tm OTL o€ pia yertovid pe 3 omadovg, 0
omaddg 1 mepiéyet ppéoko mhaicto, dnhadn, g1z (k) < 1, kot ot vrdlourot 2 onadoi
anopyompévo, dniadn, gaz(k), gsz(k), > o - 1, yio kdmow a > 1. Tote, n yertovid
oTH Vo pev Tepiléyel Tov omado 1 pe 1o ppéoko mhaicto, 0AAL 1) GLVOAIKY eKTiUNoN
g yerwoviag g1z (k) + gex (k) + gsx(k) > n, (Yo o ol peyddo) avapépeton og
omopyompévo TAaiclo. PavtacTeite o YEITOVIA OTTOL Ol TPELS 0ad0l £xovV Tepi-

7oV PpEoko Thaioto, nhadn, g1x(k) = gox (k) = gsx(k) ~ 1, Zvvolkd n yertovid
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avth etvon kahbtepn and T Tpoavapepbeica yertovid, epdoov,giz(k) + gox (k) +
g3x(k) = ny. AN, Op®C, N TPAOTN YELTOVLA TEPLEYEL TOV OTAdO LE TO PPESKO TAO-
o10. Eto1, 0 omadog 1 Ba mpémet va AaPet vtd Oyiv Tov OTL L PETaKivon TPOg TNV
TPOTN YELTOVIL UTOPEL Vo 00N YNOEL 6€ BEGEIC OTTOV dEV VIAPYOLYV OTADO1 LLE PPECKO
TAOUG1O EKTOG OO TO TPEYOVTO OMASO TTOV TTEPIEYXEL TO PPECKO. ATO TNV GAAT, L0
UETAKIVION OTNVY dVTEPT YEITOVIE B0l AITOGKOTEL GE 110 GUVOALKA KOAVTEPT] YELTOVIHL
0AAG, OU®G, dev Ba AVOKTNOEL PPECKLO TANPOPOPIn amd KATOOV 0T0d0. ZUVETMG,
1 OVTIKEWUEVIKT UETPIKT JOBS OV OVOPEPETOL GTO OAVUGHO L; TAilEl ONUAVTIKO

POXO Y10 TNV TAOTYNOT] TOL OTASOV GTIV OVAKAAVYT TANIGIOV.

4.3 Homtikn Avakarvyng IThameciov

H xatdotaon evog kOpPov-0madod 660V apopd TIg TEPALTEP® EVEPYEIEG TOL GTO KV-
ViYL éyKupov TAotciov, yopoaktnpileTat kupimg omd 600 TAPUUETPOVE, TO EVEPYELNKO
amofepa Kot To deiktn gykvupotntag mAaisiov. To evepyelokd andbepa og kdbe ypo-

VIKN] GTLYUN UTopel vor eEKQpacTEl ¢

U = (1 — ¢Fnax ) )

Xpnotponoteitor KOTIKN CLVAPTNGTN KOl OYL YPOUUIKT] TPOKEWEVOD GTO, LLEYOAL O
moBépata evépyetag va vapéet scale down ¢ cuvelo@opdg oto Utility function yio
o eleyyopevn dayeipion tov amoBépatog. Xto Yo uMAd amofEpoTo VITAPYEL GV~
TTOOT| UE TN YPOULUIKT] GUUTEPUPOPAL.

Emnopévag to utility function umopei va opiobet mg 1 Guvorlkn cuvelspopd amod
TOVG 000 TPOUVOIPEPBEVTEC TAPAYOVTEC LLE T VA0 BAPT L1 KOL L2 KATA OVOAOYiOL
pe to [41].

U= mUg + p2g(t) )

omov p1 + pg = 1.

Opilovtag éva katdeAt yio To U mov 1o ovopdlovpe Uyp, pmopodie va opicovpie
Y10 TO LOVTEAO OV €xEl kKataokevaodel oto J-sim omov dev AapPdvetor vioyy 1 to-
YOTNTA GTNV KOTOVAA®OT EVEPYELNG Tapd povo 1 kiviion o6ty U < Ugp, 0 KOUPOG
— omadO¢ TOPAUEVEL OKIVIITOG AVOUEVOVTOG KGO0 KOUPO Ue o £yKupo TANIGIO Vo
Bpebei ot yeITOVId TOL TPOKEUEVOD VO, TO OVOKTAGEL %€ JUPOPETIKY TEPITTOOT)
omov U > Uy, 0 kKOpPog omadog cuveyilet va kiveitot yio ovakaAvym minpoeopiog
ovpowva pe tov PSO.

Ot ToATiKég avakaAvyng oL £QopUOLEL £vag KOUPOG-0TadOG KATd TNV S1apKELL
g avaltnong TAaciov e£apTd@vTal amd TV EXA0YN TOV oTafepdVv 11 Kot to. [at
peydreg tipég Tov py (w1 > 0.7) o kOUPoc-0madds divel peyoAnTepn EUPACT GTO
evepYELoKd Tov amdBea Topd GTNY TOWOTNTO TOV TAUGIMV, TPOTIUADVTOS VO, LEtVEL
axkivnrog otav Eenepdoet 10 katoeM U < Uy, avapévovtag kOpPovg pe opéoxio
TANPOPOPIC GTN YELTOVIAL TOV TPOKEWEVOD VO, TO, OVOKTIOEL, KO ETOUEVAOS UTOPEL VO

YOPOUKTINPIOTEL COVINPNTIKOG.

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

To puepég tipég tov g (1 << 0.3) o képPog omadoc divetl peyardtepn EUeoon
TNV TOLOTNTA TV TANGI®V TOL Kol ETOUEVMS cuveyilel vo Kiveital adlopopmvtag
Y10 TO EVEPYELAKO TOV OODELN TPOKEYEVOD VO AVAKOADYEL TAOIGLOL [LE OAOEVOL KoL
UEYOADTEPT] TTOLOTNTA OO CLTHY TTOV £XOVV Ta, TAAIGLH TToL 1101 KaTEYEL 'Evog Té€Totog
KkOpPoc-omadog yapaktnpiletar aninorog. TELOC VILAPYEL KOLT) EVOLALEST) KUTAGTAON
omov( 0.3<41<0.7) 610V 0 KOUPoc-0maddC divel ovAAOYT GNLOGIN KOl GTO EVEPYELOKO

ToV amoOepa OAAG KAl GTNV TOLOTNTO TOV TAUGI®YV.
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5 Egappoyéc Movtérlov Avakaioyng
IHAnpogopiac IHAimoiov og Ilgprfariovra Kivntov

Ymoloyiopov

5.1 IIgprypaen Heprparrovroc Kivntov Ymoroyiopov

AG QavTaoTOOUE £VOL GUVOAO VOLASIK®OV KOUP®OV TOV EKTEAODV EQOPLOYES GUVEP-
YoTiKng emlyvmong mhaiciov (collaborative context awareness). Ot koppot avtoi dev
€xovv 0Lot 10 1010 akplPAOG chVoro cucONTNP®V N 01 PePOLEVOL ocONTPES ELPO-
vilouv ovyvd daxomég ot Aettovpyia tovg. Tote ot kduPor «avalntodvy emikoipn
1N ToloTkd kKaAvTepN TAnpoeopio mhaiciov. H molotikn mapdpetpog mpocdiopileton
Kot TEPITTOON COUPMVA LE TG WOUTEPITNTES TOV EKAGTOTE TPOPANLATOS.

H avalitmon Baciletar otn dvvatdmra eviomiopot g 0éong Tov d1abétn g
TANpoeopiag mhalsiov (Tnyn), tov evdlapepopévou (hunter) kabmg Kot oe 0dOUN-
T dikTvaKkn emkovevia pikpng epPéretog (ad hoc short range communications). Xe
KOO0 GLYKEKPLUEVO YDPO OOV AVOTTOGGOVTAL OAOL 01 KOUPOL, Ol EVOlapEPOUEVOL
TPOCOPTMOVTOL GE TNYEG 1 KOUPOLG LE EMIKAPO TEPIEXOUEVO Kot EPapUOLovV didpo-
PEC TOMTIKEG Yol TNV e£0GQPAAGT TG KOAVTEPTG dLUVOTHG TTANPpoPopiag Thaiciov. H
avadytnon avtn opotdlet pe v avadntnon KeAdtepng 1600 CLOTOS GF Lio emt-
KOW@Vvia Kivntdv TNAEP®OVOV 1 TV avalitnor akpiPovg TAnpopopiog HeTa&d Tov
GUUUETEYOVTOV OE Uio KOW@VIKT ekdnAwmor. Ag eEetdoovpe deEodikoTepa To Te-
Aevtaio mopaderypa. Olot ot kaAecpévol o kdmola ekdNA®on Ppickovial oe pio
peyain aiBovca kot petaxvovvrol eAedBepa mpog OAES TG KOTELOVVGELS. EAPVIKA,
eEamlmvetor UM Yo KATO10 GLYKEKPLUEVO Yeyovdg. Ot dpeca evolapepdeVol
poonafovv vo katevBuvBodv oe meployEg TG aiBovcag OOV VTAPYEL GUYKEKPIUEVT]
TAnpoopia yia to yeyovos. 'Etot dtapopedvovror Boiaxec («mnyaddikion) 6mov av-
TOALAGETOL QLT 1] TANPOPOPIaL.

AvtioTtoryo Topadetyplo LTopoOLLE VO POVTOCTOVLE OTH AEITOVPYIO, POUTOTIKMOV
GUGKELMVY TOV GLUVEPYOTIKA EMADOVY KATOLO GUYKEKPILEVO TPOPAN LA GE CUYKEKPL-
HEVO YDPo. XNV apyn KivoOvTol Tuyoio PEYPL VO EVIOTICOVV TI GUYKEKPIUEVT TTE-
ployn evotopépovtog (ROI). Otav KAmTo10¢ amd Tovg pOUTOTIKOVE KOUPOLS EVIOTIGEL
10 ROL, pécwm emkowvoviav Bpayeiog KMpokog petadidel oeTikn TAnpopopia og o-
PLOUEVOLG OO TOVG AVETTVYHEVOLG KOUPBOVG 01 omoiot Tpootpéyovv o€ Porbeta. Ot
vroAomol kopPot cuveyilovv T Tuyaia Kivnon Toug LEXPL va eviuepwBolV Yo Tov
gvromopd tov ROI 1 va gvtonicovv kdmoto véo.

Yty Qkeavoypagio eival ToAAEG popéc amapaitnt 1 e&gpedvion Tov fubovd oe
apkeTd peydho Bdon dvompdoita Yo Tov AvOpwmo, 1 YOPTOYPAENGT LOAVGUEVEOV
Borhdooiov Teploy®dv 1 VTOBOALGGIOV KOITAGHATOV TETPEAAIOL. ZUVY UN ETOV-
dpapévav voPpoylov oxynudteov (Unmanned Underwater Vehicles - UUV) e&omAt-

CUEVOV LE OLOONTNPESG, AKOVGTIKEG GLOKEVESG EMKOVMVING Yo TO PuBd Kat padioe-
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TIKOW®OVIOKE LEGO Y10 TNV EMLPAVELN CVTO-0PYUVMVOVTOL KOl AVIAUUBAVOLY OVTEC
TIG OVGKOAEG Y10 TOV AVOP®TO 0m0GTOAEG. MEGa amd TV EXIKOVOVIO KOl T GLUVEP-
YOTIKT CUUTEPLPOPE GUIVT] VITOPPLYI®Y GVYKEVIPOVOVTUL LLE TNV TAPOS0 YPOVOL GE
onueia Tov PuBov pe GLYKEKPIUEVO EVOLOQEPOV (T, KOPAALL LLE TAPAEEVO YPOUD),
o€ onueia e peydin meptPailoviikn LoAVVGN 1| 6€ TEPLOYES TOL PuOoD pe ThavoTn-
To OTOPENG KOTUGUATOV TETPEAAIOV.

O\a to TpoavapepHévta mapadeiypoto HTopodV vo, OToTeEAEGOVV TESI0 EPEVVOG
Y10 TV EQAPLLOYT] TOV UNYAVIGHOV OvVOKAALYNG TANpOoQopiag TAaisiov mov Tpotel-
vetal oty mopovoa AmAopatiky. Metaeopikd enouévmg, ot koppot-oradoi Tov
GOHE®VO UE TO HOVTELO TTOVL avomTuYXONKE 6TV §4 aTOTEAOVV TOLG EVOLUPEPOLLE-
voug (hunters) ywo tnv TAnpo@opia, pmopei va givar Kivntd ThAEPOVA, POUTOTIKES
GLOKEVEC, EMOKENTEG VOGS LOLGEIOV gpodlacpévol pe PDA’s, ouivn UUV ki

H avéivon tov amoteAepATOV amd TV EQUPLOYNA TOL HOVTEAOL/UNYAVIGILOD
OVAKAADYNG ETTIKOIPOV TAUGI®V 0 TEdI0 EPAPLOYDV KIVITOV DITOAOYIGLOV ETIKEV-
TPOVETAL OTNV avarapdotact tng EvkAeidiag andotaong TV omadmv amd Tic TnyEC
OT®G EMIONG KOl TN HETAPACT] KATACTAGEWDY KAOE 00000 KaBdg Kiveital 6To TALY-
LLOL TPOCOLOIMONG TPOKEWEVOD VO AVAKTIGEL PPESKO TANIGLO Q¢ LETPO TN CUYKAL-
O1G TOV OTOOMV GE KATOEG TNYEC YPTCLLOTOLEITOL 1] TUTIKN OTOKAIOT Ao TO UEGO
0po M omoia divel pa gwkova tov Padpod dwukdpavong (degree of fluctuation) tng
amooTaong Kot divetor and Tn oyéon

S ©
N -1
H avanapdotacn tov 10606Ton Tov ¥pOvou Yo TO 0moio Evog omadds fpioketal o€
Hio GLYKEKPIUEVT KaTAoTaoN divel po eikdve Tov Babpod tkavomoinong tmv oTadmv
GTNV TPOCTAOELN TOVG VO OVOKTIIGOVY PPEGKLO, TAT|POPOPIdL.

H mapovoa avdivon emikevip®dvetol oe dVO amd TOLG KATO TEKUNPLO OPKETOVS
TOPAYOVTEG TOV LITOPOVV VO EMNPEAGOVY TNV OVOKAALYT TANpo@opiag TAaiciov og
éva WSN mov Bewpovvrat icmg mo onpavtikol. [Tio cuykekpipéva otnv KivnTikoTn-
TOL TOV TNYDV ETAEYOVTOG TECOEPH CEVAPLO, LLE LEYIOTES TaOTNTEG TNYOV 2,10,20 Ko
50 avtioTotya, OTm¢ emiong Kot 6To péEyedog TG yeltovidg kdbe KOUPov amd 6ToL av-
TAgitonn TANpoopia yio TV TAONYNOT TOL KOUPOL LEGH GTO TAEYLLO TPOCOLOI®MONC
(aryopBpog PSO) kat to omoio péyebog yertoviag omoteAet kot LETPO TNG TUKVOTNTAG
TOV TAEYHOTOC 0oV Kabopilel nv epPéleta otny onoia KAOe 0madOg avTAEl TANPO-
eopio amd Tyég 1 amd GAAOVG OTTadOVG.

Emiiéybnkav técoepa oevapia mpocopoinong pe péyebog yerroviog 2,3,4 ko 5.¢e-
VO 1 HEYLOTT T OTNTO TOV TYOV GE ALTA ToL GEVAPL 0pictnke og 2 kot emA&yOnke
®¢ M PEATIOTN AO TV AVAALGT TNG KIVITIKOTNTAG TMV TNYMV OV TPonyHonKe Kot
0o Topotedel mopoKaTm.

Télog mapatiBetar Kot Eva oevaplo 6mov ot Koot Thonyovvrol HEca 6To medi-

0 tov Kwvntov Ymoloyiopot Bdacet evoc tuyaiov poviélov kivnong (Random Way
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Model) yia d1dpopeg Tipég Tov pey€Boug yeltoviag Kot To 0moio ¥pNoLOTOIEITOL GOV
Baon ovykpiong yuo v a&lordynon g anddoonc tov aiyopifuov PSO ¢ mpog ™

YPNOLOTNTA TOV Y10 TV AVOKAALYT QPPECKMV TAULCI®V TANPOPOPLaG.

5.2 Xvopmeprpopd Movtélov 6€ 6YEOT PE TNV KIVIITIKOTNTO

Tov [Inyov IIAnpogopiag

O k0Opieg mapbpeTpol g tpocopoinong eaivovral otov Iivaxa 1. Ocov agpopd T1g

IMivakag 1: TTapapetpotl Tpocopoimong - Zevaplo KvnTikoTntog Tnydv

H HapapeTpor H Twég H
ApBudg myov 4
ApBudc omadmv 6
MéyeBog mAéypartog tpocopoinong X 100
Méyebog mAéypartog tpocopoiowons Y 100
MéyeBog ototyeiov mAéypatog X 20
Méyebog otoryeiov mAéypatoc Y 20
MéyeBog yertoviog 2
Katoeoh gykvupodtog mAaiciov 0.2
Ytafepd cl (PSO) (Subjective) 0.8
Ytafepd c2 (PSO) (Objective) 0.2
Ytafepd pl (Utility function) 0.8
Ytafepd pl (Utility function) 0.2
Katoeh (Utility function) 0.2
Méyiot taydmra otaddv (Random way) | 0.5

Tipég tov Ilivaxa 1 Ba mpémel va avaeepbel 0Tt N LEYIGTN TOXVTNTO OTAODV OVaL-
oépetarl 6to Random Way Model 1o onoio gpapuoletor otny nepintmon mov koppot
Kol TYEG Exovv yabel PETOED TOVG (TOL TANIGLO TOV KOTEYOLY EXOVV APy oLmOET)
€101 MOTE PE TNV ovaKaTATUEN ovTh va VTapEetl EovA EMIKOIVOVIOL KOt Vo, TAOT Y-
Bovv mAéov Bacel Tov PSO. Ot drakomég avTég eival OTMG OVOLEVETOL TO GUYVEG
vy pikpd péyebog yertoviog (ikpn euPéreto mNydv Kot oTad®dv) Kol peydio medi-
o Tpocopoimong. Mmopel ev pépet va epeavilovor Kot yio TnNyEg Tov KIvoUVToL [E
peydn toyvtntae. Ot amdTopeg LeTafAcElg Tov ePPavilovTal TOG0 oTo SL0YPALLLOTO
0TOGTACNG OGO KOl GE AVTH TNG HETAPOOTG KATAGTAGE®DV (PA. TAPAKAT® T LOTO)
AVTIOTOLYOUV OKPIPMG GE AVTEG TIG SIOKOTEG EMKOVOVIOC.

O1 otabepéc yia to Utility function éyovv emheyel va givan biased g mpog tov
evepyelokd 0po dnA. n ToMTikr Kabe kOuPov va ctapatiosl | vo cvveyilel va Ki-
vettal yo v avokdAvyn tiaciov va ennpedletot Katd peyoivtepo Babud and to
gvepyelokd tov amdBepo Tapd omd TNV TOLOTNTO TOL TAUGIOL TOL KATEXEL (GLVTINPT-
TIKN TOAMTIKY] avakdAvync mAatsiov). Téhog o uéyebog yertoviag opiletar oe 2 mov

avtiotoyyel og mukvotnto TAypatog 50,2%. I[Hopakdtm eoivovtol Ta StoypappoTo
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NG OTOGTAOTG OO TIG TNYES KOt TG LETAPOONS KOTOGTAGEMY Yl TOV KOUBo-0mado
4 xot yo KéOe TN TG LEYIOTNG TOYVTNTOS TOV TNYADV TOL TPOGOUOIDONKE. )

Yta Zyquota 6, 7, 8 kou 9 mapotnpovpe OTL 1 SLOKOUAVON TNG OTOCTOOTS
OTAODV-TN YOV 00N YEITAL GE PEYOADTEPEG TYEG LE TNV ADENGT TNG KIVITIKOTITOG TOV
TYOV Y10 LEYLOTT TaYVTNTO TNYOV iom pe 50 SuGKOAEDOVTAG TH GVYKAIGT) OTOOMV-
anyov. [apdro avtd 10 T060GTO TOL YPOHVOL TOV £VaG 0TASOG EIVOL IKAVOTOUNIEVOG
a7to TNV TOOTNTO TOV TAALGI®V TOV £)EL AVOKTHGEL OEV XEPOTEPEVEL UE TNV oOENOT
NG KWWNTIKOTNTOG TV TNYDOV 0TS LTopoVLLE v cupmepdvov e amd To Zynpa 12 yio
™V TEPInT@on Tov 0madov 4. O Ady0g £YKELTOL GTO YEYOVOG OTL O LEYOAES TOYVTITES
LLE T1G OTOIEG KIVOUVTAL Ol TNYEG EMTPETOVY THV OLOLOLOPET S1iYLCT PPECKLNG TAN-
poopiag og OA0 TOo TAEY LA KOO’ OAN TN S1dpKELD TNG TPOGOHOImoNG (01 TNYEG KIVOUV-
tat pe o Random Way Model kot emopévag o tétoto vedBeon pumopei vo Bewpndet
€V0TAONG) UE ATOTELEGLO Ol OTTOOO01 VO UTOPOVV VO, BVOKTOOV PPECKA TANIGLOL 0d
TIG TNYEG AAAG KLPIWE O QVTEG TIG LEYAAES KIVTIKOTNTES A0 TOVG AALOVG OTTOO0VG,.

Ba mpénel va onuelmbel 0TL ota SlypAUpHOTO LETAPAONS KATAGTAGEMV O TULES
1,2 xkou 3 otov d&ova twv Y avtiotoyodv otig katactdoels ' Eolog, Zuppipdaciog
kot [kavorompévog avtictoya. [Tapatnpovpe amd o SoypaAUUOTO TOV ZYNUATOV
6,7, 8 Kau 9 oAl ko amd Ta Zynpoto 12 ko 13, 611 o k6pPog dev petafaivel otnv
Kkatdotaon cvuPipacipog. O Tpoeavng Adyog yia avtd givar Tl omadoi dtatnpodv
£yxupa TAaiclo Katd T SLiPKELN TG TPOGOUOIMONS, EVO 1) TPOVTTOHES Y10, vaL Yopa-
ktnpilotel Evag kopuPog cupPidcipoc sivol vo katéyet un £yKvpo TA0ico aALE o
KaAOTEPO amd aVTO TV Yertdvmv tov. Kdtt 1€1010 @aivetatl va coppaivel povo oty
nepintmon 6mov £xel poppootel 1o Radnom Way Model yio tovg omadovg e€attiog
NG SLOKOTNG EMKOVOVING TOVG e AAAEG TTNYEC 1 OTTOOOVG KOl KATEYOLV W1 £YKLPO
TAOUG10 €KEVN TN OTIYUN OAAG TOOVOV KOAVTEPO A0 TO, TACIGLN TOV YELTOV®V TOV.

Amd 10 Zyfuo 11 gaiveton 6T 1 pikpoTepn dtokvdpaven epeaviletar otny mepi-
TTOGT OTTOL 1) PHEYLOTY] TOYLTNTA TOV TNY®V givar 2. Zuvévdlovtag Kot to Zynuae 13
OOV POIVETOL 0 EGOG OPOG Y10t OAOVG TOVG OTAOOVG GYETIKG LLE TO TOGOGTO YPOHVOL
7ov PpiokovTol o€ o KOTAGTAOT GaiveTal 0TL 1] ETAOYN TNG HEYLOTNG TOVTNTOGC
myav iong pe 2 stvor Kok tpokeyévon va peetn el kou n enidpaocr tov dAlov
TAPAYOVTO TTOL OVOPEPONKE TPONYOLUEVDS, ONA. TOV LEYEBOLG TG YELTOVIAG,.

Ba Tpémel TEL0G Vo onpelmbel 6TL 1 TPOYIE TOV TNYDV TANpoPoping KaTd TNV Ki-
VNG TOVG 0o £va oM UEID TOV TEGIOL TPOCOUOIMONG GE KATO10 AAAO OEV £VaL CUVE-
NG OAAGL TPOLYLOTOTTOLEITO GTLYLLOA0 LUE OTOTEAEGLO O1 OTTAO0T VAL YAVOLV TIG TTNYES
OTN XPOVIKN OTIYUN TOL OVTEG LETOKIVOLVTOL Kol £TGL VO TAPOVCIAleTal 6Ta d10-
YPAUHOTO 0TOGTOCTG, 1) EIKOVO, TOV SL0O0YIKOV GLYKAIGEDY TNY®OV-0maddv. AvTh N
WB1oTEPOTNTO TOL EPYOAEiOV TPpocopoimong (J-sim) umopel va Unv avtamokpiveTol
EMOPKMG GTNV KiVNo™ TOV TNYDV TANPOoPopiog o€ £va TPayHoTkd TEPPAALOV Kivn-
TOV VIOAOYIGLOV AAAG O€ TEPLOPIlEL TNV OLVOTATNTA TOL TPOTEWVOUEVOL UNYXOVIGHOV
vo 0dnyel 6€ GOYKAIOT OTAdOV-TNY®OV Kol GTNV OVAKTNGT QPECKIOG TANPOPOpPiag

TAOLGTOL.
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AtrooTtacn otradou 4 arrd TIC TThYEC
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Atréotacon otradou 4 atrod TIC TTNYEC
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[MocooT10 X¥pdvou KATAaoTACEWY KOMPBouU
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5.3 ZXvpmeprpopd Movtéhov o oxéon pe 1o péyedog yerro-

viag Tov Koupov

O oLYKEKPIIEVOS TTOPAYOVTAG EXEL GILEST OYEGN UE TNV TUKVOTNTA TOV TAEYUATOG
ooV 1 Televtaia petaaAleTol ite pe T LETOPOAN TOL apOLOD TV TNYDV KOl TOV
omodmv gite pe TN petaforn tov peyéboug yertovioc. Emiéyovue téocepa peyeon
verroviog 2,3,4 Kal 5 Tov avTIGTOLY0VV o€ TUKVOTNTEG TAEYHOTOC 12.6, 28.3, 50.2 ko
78.5% cOuemva pe ™ oxéon mr? / Egrig Omov 1 aktivo mov opilet T yetrovid kat
FE¢riq To epfado tov mediov mpocsopoinong. Zrov [livaka 2 paivoviot ot mapdpeTpot
NG TPOCOUOIMANG.

2V mepinTmon Tov peyEBong yertoviag 2 VTAPYOVY OPKETEC SLOKOTEG ETIKOLVO-
viag mov avaykdovv Tovg omados va BplokovTol 6TV EMA0 KOTAGTACT] Y10 LEYAAO
YPOVIKO S1AGTNLLO KOL TO TOGOGTO ¥POVOL KATH TO 0010 £VOC 0madOG eival KATA LEGO
OpO IKOVOTOUUEVOG glvar TO PIKPOTEPO Kol Ao Ta TEGoEP oevapa. (BA. Xy 21).
Omnodte M mepintoon avtov Tov peyébovg yertoviog dev ivat 1 10avikOTeEPT Yo EAEYYO
SPOPOV GAA®V TOPAUETPOV TG TPOCOHUOIMANG.

To 1010 oyvel Kal Yo TV TEPIMTOOT PeYEO0LE YerToviag 5 6oV 0VCLUoTIKG KO-
Aomteton oyedov 1o medIo Tpocopoimong Kot Evag omaddg Exel ueydn mbavotnta
va AaPet «mhaicla oo To cHVOAO GXEGOV TOV TNYHDV Kol OTUO®V apov OAO TO TEGI0
Tpocopoimong mepimov Bewpeitar yertovid tov. H dtokdpaven eivor og kaAd emine-
da 6mmg emiong kot 0 LEGOG XPOVOG IOV £vag omaddG VOl TKOVOTOMNHEVOS (ZymLa
21) Emopévemg o1 dAdeg 300 TEPITTOGEIS POVTALOVV WOAVIKOTEPEG UE TNV TN 4 va
EYEL TPOTEPAULOTNTA AOY® TOL KOADTEPOV TOGOGTOV TNG IKAVOTOUIEVIG KATAGTACNG

omwg poiveron Ko amo to Zynpo 21.

IMivaxoag 2: [apdpetpot mpocopoimong - Levapio peyéBoug yertoviag

H HapapeTpor H Twég H
ApBuog myov 4
Ap1Bp6g omaddv 6
Méyebog mAéypartog tpocopoinong X 200
MéyeBog mAéypatoc Tpocopoivwong Y 200
MéyeBog otoryeiov mAéypatog X 20
Méyebog otoryeiov mAéyuatoc Y 20
Katoeph gykvupodtog mhaiciov 0.2
Ytabepd c1 (PSO) (Subjective) 0.8
Ytafepd c2 (PSO) (Objective) 0.2
YtaBepd pl (Utility function) 0.8
Ytafepd pl (Utility function) 0.2
Katoei (Utility function) 0.2
Méyiot taydmra ontaddv (Random way) | 0.5
Méyiot taydtnto Tnydv 2

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog
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AtréoTtaon otadou 4 atrod TIC TTNYEC
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5.4 XZvopmeproopd Movtélov Yo TVl Kiviion TOV KOuB®v-
0TAODV

To TopoKATO OTOTEAECUOTA OVAPEPOVTOL GE TTPOCOUOIMOT| LLE TUPUUETPOVS OLOTLEG
pe owtég Tov IMivaka 2 kot yia to id1a peyébn yeitoviog 0TmG 6TO TPOTYOVUEVO GE-
vapio pe povn dtapopd 6Tl 6E LTV TNV TEPITTOOT) 01 0t0d01 Ao YOUVTOL PAGEL TOL
Random Way Model cOpowva e to omoio Kivobvtal Kot ot TNyEg Kot Oyt GOUG®VOL

pe tov aiyopidpo PSO.
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Xyfqna 23: Méyebog yerrtoviag 3 - 1) Andotaon i) Metdfoon Kataotdoewy

Ta KuprdTepa cvumepdopata givor To e&Ng:

1. H d1Gpkeia g Tpocopoimons 6e ovtd T0 GEVAPLO EIVOL CNUOVTIKE LEYOAD-
TEPT Y10 TO 1010 Evepyelakd amdbepa Tov KOUPwov. Avtd cupPaiver yloti oty
nepinton mov ot kOpPot owadoi Kivovvtal BAcel TuYOTNTOG PpicKovTol ToAD
7O GLYVA GE TEPLOOOVG SLOKOTNG EXIKOVMVIOG METAED TOVG KO [E TG TTNYEG
( 10 evepyelokd amdBepo petdveror povo Aoy® g Kivnong o€ auTEG TIC mePL-
TTOCELS) Kol £TOL EYOVV T duvaTdTNTA Vo avalnTovV TAaiGLO Y10, LEYOADTEPO
ypovikd ddotnua. AvtiBeta pe v mAonynon Pacet tov PSO 6mov ot képpot

001 YOUVTOL GE YEITOVIEG e PPESKA TAAICLY LEGH OO TN GLVEYN EMIKOVOViOL
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Yympoa 24: MéyeBog yertoviog 4 - 1) Andotoon 1) Metdfaon kataotdoewy
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KO TNV TPOCKOAANGY| TOVG OE TNYEG.

2. Onwg eaivetat Kot oo T S1oypEULOTO ATOCTAGEDY KOUP®V-0TaddY VITAP)EL
HeYAA0G Bafpog S10KVOUOVOTG OTMG OVAUEVOTAY GE GYECT LE TNV TEPIMTMOOT)
tov PSO, mov dev mpodidel TV TpocKOAANGT KATOI®V TNY®V Kot omad®v. 1To
OLYKEKPLUEVA OTTMG paiveTal Kot 610 Zynpa 30 o Babpog g daxvpoveng o-
VALESN GTIC dVO TEPITTAGELS TAPOVSLALEL pia dtapopd TG TAENG Tov 30%. Ze
oVTO GLVNYOPEL KOt TO 16TOPIKO Kivnong tov koppov 4 (BA. Zynua 31) émov
KaTd TV TAONYNon Ue Tov adyopifuo PSO oaivetal va vdpyovv dvo meptlo-
¥€C (Lo kpOTEPT] KoL Lol LEYOADTEPT]) LE LEYAAT GUYKEVTPMOT TPOYLDV TOL
OVTIGTOLYOVV GE TEPLOYEG OPAONG TNYDV KoL TIG OTOlEG QOIVETOL VO, 0lkOAOVDET
0 omad6G 4. Xe avtifeon pe Vv Tuyoic TAONYNGCT VIAPYEL IGOTPOTT KOTOVOL

TPOYLDV GE OAO TO TESIO OTMG OVAUEVOTAV.

3. Ocov a@opd TO TOGOGTA KAVOTOINoNG TV KOUP®V OTMG POivETAL KOl OTO
Zymuata 28 kot 29, KopoivovTot 6€ ToAD LEYUADTEPES TILEG Y10 TV KOTACTAON
£0A0G CUYKPITIKA [LE TNV TTEPITTM®OT TNG TAOTYNoTS Le Tov PSO. Apa ot kdpfot
0ma001 HEVOLV OVIKOVOTTOINTOL OGOV 0pOPd TNV OVAKTNGON PPECKOV TAUGI®V
ywoti 1) Toyaio Kivnon Tovg 6gv UTOpEl va TOLG 0ONYNOEL Pe PeYAAN TavOTn-
T OE YELITOVIEG PPECKMV TAOIGI®MV KOl VO TOPAUEIVOVY GE OVTEG Y10 LEYAAO

YPOVIKO OLAGTIOL.

4. Ano6 1o oynuato 21 ko 29 cvvdyeton 0TL 0 PEGOC YPOVOS KATA TOV 0Toio
évag kopPog Ppioketar otn copPifdoiun katdotoon givol peyoldtepog oTNV
TEPITTWOT TOL TVYALOV LOVTEAOL KIVIONG T®V TNYDV. AvTo cupPaivet yotin
mBavomTa va Exel évog kouPog pn £ykvpo mhaicto (amapoitntm npoimddecn
y1o. TN SVUPIPACIIO KOTAGTAOT) Elval LEYOADTEPT GTNV TEPITTMGT TOL TVLYAIOV

LOVTELOV.

5. Téhog mpémer va avapepdel (Zynuota 26 kot 27) 0t o fabudg droxvpavong
TapapEVEL oxedOV oTabepdc Yo OAES TIG TEPITTOCELS HeyEBoVg yertoviag Kot
delyvel O0TL giva TpakTiKa ave&dptnTog omd T Yertovid. Avtd umopei va Bem-
pnOel avapevopevo Kabmg 1 Kivnomn Kol ToV Tnymv Kol Tov oraddv faciletol
670 1010 TUYaio pHOVTEAD TTOV TTaPOoVOIdLEL 1oTpomia 6TV Katehhvven g Ki-
ynong o€ avtifeon pe v tepintmwon kivnong pe tov PSO émov 1 emthoyég g
Kivnong elvar biased mpog exeiveg Tig KOTELOVVGEIC TV YELTOVIDVY LE PPEGKOL

mAoicto Ko eEoptdvtal kot amd to péyedog g yertovidg (Zynmua 8)
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ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia



@ Muyani 2. Nikntiong,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

[MoocooTd ¥pOvou KATAOTATEWY KOLBou

Omradac 4
100
— 80
=
2
g 60
(=N
=
o 40
(=}
=]
3 20
0 —l
2 3 4 5
) ) B Ewhog
MéyeBag yemoviag B [kavotTainuévag
Xypa 28: ITocooto ypdvov katactdcewy onadov 4
NocooTO XPOVOU KATACTACEWY KOMBOU
METoC Opog oTTad WY
100
_ 80
=
|
S 60
]
=1
=
R
5 40
]
S
— 20 l
L »
0 2 3 4 5 B Ewhog
O ZupBIBdoiuog

MeyeBog yerToviag W | ovoTToinpévag

Xyqpa 29: ITocooto ypdvov katactdoewv. MEcog 6pog omaddv

ElJnviko Avowkto Havemornuio: TIAHY - Aitdwuotixy Epyacio



‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog
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2UyKpion Alakupavong
Random Way vs PSSO
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Yympae 31: Iotopud kivnong koppov 4 1) PSO ii) RandomWay
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6 Xvunepacporo

"Exovtag cav Bdon tov adyopiBuo Particle Swarm Optimization (PSO) mov amoteiet
Bro-pipnrtikn Tpocéyyion Tov Tpoémov e Tov omoio «opunvn movAmvy (bird flocks)
OVAKOADTTOVV TNV TPOPN TOLG Kol YPNCULOTOLEITAL Y10 TV EMIAVCT] TOAVTAOK®V
wpofAnudtov Bertiotonoinong, Bepeldbnke Kot vAoromOnke Evag punyaviondg -
VOKGALYNG EMKALPOTOINLLEVN S TAN pOoPOpiag TANIGioV BactlOpEVOC OTN «CLUVEPYATI-
K1 GUUTEPLPOPEY KATOL®mV KOUPV Tov ovoudlovtal «omadoi», oe mepipdriovta Ki-
YNToU VIOAOYIGLOV (HIKTLO KIVITOV TNAEPOV®V, POUTOTIKEG CUOKEVEG, EMIOKENTES
evog povaeiov epodtacuévol pe PDA’s, ounvn UUV kAr) ta omoio amoteAovvToL o-
76 TINYEG OV KATEXOLV/UETPOHV TNV TANPOPOpPie TAAUIGIOL Kot KIvoOVToL Tuyaio 6T
nedio NG KNG €QOPUOYNS Kol amd KOUPovus - omadovg ot omoiol macyilovv va
OVOKOADYOVV 0G0 TO SLVATOV TO KPPECKLL TANPOGOpPia.

E&etdotnke apyikd 1 copmeptpopd Tov LovtéAov o€ oyxéon e To Pabud Kivnrti-
KOTNTOG TOV TNYAOV KOl TIO GLUYKEKPIUEVA Y10l ToxOTNTES TNYDdV 2,5, 10 kot 50. O a-
PLOUOG TOV TYDOV Kot TV 0TaddV 0picOnke o€ 4 Ko 6 avTioTouyo Yo, OAEG TIG TPOGO-
LOLDGELS, EVD TO péyedog yettoviog (axtiva dpdong Tmv otaddv) opicnke og 2 wov
avtiotolyel og mokvotnta TAEypatog 50.2%. H droxvpaven g amdctaong omadmyv-
TN Y®V 001 YEITAL O€ PEYUADTEPES TIUEG LE TNV ADENON TNG KIWNTIKOTNTOG TOV TNYOV
Yo LEYIoTn T OTNTO TNY®V iom pe 50 SuoKoAgvOVTAG TN GUYKAIGT OTASOV-TTY®V.
[aporo avtd 10 TOGOGTO TOL YPOVOL MOV £vas OmMadOG vl IKAVOTOMUEVOS OO
TNV TOOTNTA TOV TAUGI®V TOL EXEL AVOKTHGEL OEV YEPOTEPEVEL PE TNV AOENOT TG
KvynTikotntag v tnyov.O A0yog EyKeltal 6To Yeyovog OTL Ol HEYAAES TOYVTITES LUE
T1G OTTOlEG KIVOUVTOL O TNYEG EXTPETOVY TNV OLOLOUOPPT S1AYVOT PPECKLOG TATPO-
eopiag og 6A0 To TAEYHA KB’ OAN TN dtdpKeLn TNG TPOGOHoimoNG (01 TN YEG KivovvTat
pe to Random Way Model kot emopévog pa tétota vtddeomn pnopet va BewpnBel -
oTaO1G) LE ATOTEAEGHE Ol OTTOOO01 VO LITOPOVY VA, avOKTOOV PPECKN TAAICLY O TIg
MYEG AAAG KUPImG GE AVTEG TIC PHEYAAEG KIVNTIKOTNTEC OO TOVG AAAOLS oTtadovg. H
BértioT TYWN Yo To BaBIO KVNTIKOTNTOG TOV TNY®V EKTUNONKE o€ 2.

H cvumepupopd tov povtédov o oyéon pe to péyebog yertoviag e&etdobnie emt-
Aéyovtag TiéG 2, 3, 4 ko 5 yio to péyefog yertoviag mov avIIGTOLYoVY G TUKVOTTO
T éypatog 12.6,28.3,50.2 kot 78.5%. H ktvntucdtTo T00v Ty dv emAExOnke va Etvan
2 oopugpmva pe ™ PEATIoT T oL vrohoyicOnke. H Bértiotn Tipn mov vroloyi-

obnke givan 4.

Téhog emAéyOnke va TAonynBHovv o1 kopPot-oradoi dcel Tov Tvyaiov LOVTELOL
kivnong Random Way ywa axtiveg dpdong 2, 3, 4 kot 5 kot va yivel 6uykpion 6Gov
aQOPE TNV IKAVOTNTO AVAKTNONG TAUGI®V G€ GY€or Le TNV TAonynon pe tov PSO.
Onwg avapevotay o Babpog oakdaveng g andcTacnS TNYOV-0Tad®V eival Katd
30% peyaldTEPOG OTNV TEPIMTMOT| TNG TVYOLG KIVNoNG TV 0TAdDV EVA TO, TOGOCTA

KOVOToinong twv KOUP@V eivol yapnAdTePQ Y10 TNV TEPIMTOOT TNG TVYOLNG Kivnong.
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Xtov enthoyo avthg TG ATAUATIKNG epyaciog Ba mpénet va avagepbei 0Tt TO
HOVTELD TTOV avamtHyOnke Yo vo ypnotpomombet cav Bdon evoc unyovicpod avo-
KdAvymc TAnpopopiog oe TePPAALOVIA KIvTOO VITOAOYICHOV Umopel va emektabel
GTOV TPLGOIAGTACTO YMPO KOl VO KUAVWYEL ETIONG KL TANPOPOPIN TAOLGIOV LE TEPLO-
GOTEPEC OO LK GVVICTMGES EKTOG TNG YPOVIKNG, TPOGPEPOVTUS £TGL TN dSVVATOTNTO

Yo LEAAOVTIKT SOVAELA 6TO TEGI0 TOV TPOYULATEDONKE 1] GUYKEKPIUEVT) AITAOUOTIKT.
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ITAPAPTHMA A: Xevapro TCL

puts “Particle swarm in wsn”

set ns 4; # number of sources

set nf 6; # number of followers

set maxgx 100.0; # max x coordinate of sim area

set maxgy 100.0; #max y coordinate of sim area

set mingx 0.0; # min x coordinate of sim area

set mingy 0.0; # min y coordinate of sim area

set gsizex 20.0; # grid zize along x axis

set gsizey 20.0; # grid size along y axis

set nbgrid 3; # define as neighbours, nodes that are within nbgrid grids
set seeds 1111; # seed for uniform class generating random initial node positions for sources
set seedf 1111; # seed for uniform class generating random initial node positions for followers
#set tx_range 0.00085872; # wireless card range of 40m

#set tx_range 0.007214; # wireless card range of 100m

set tx_range 0.2818; # wireless card range of 250m

set cons_tx 0.30; # amount of energy consuption during tx

set cons_rx 0.25; # amount of energy consuption during rx

set cons_idle 0.0; # amount of energy consuption when node is idle

set cons_off 0.0; # amount of energy consuption when node powers off’
set cons_mov 0.2; # amount of energy consumtion at each movement
set b_int 2.0; # beacon interval

set atim 1.0; # atim window size

set src_vel 2.0; #source node velocity

set fol_vel 5.00; #follower node velocity

mkdir drcl.comp.Component siml; # Root component
cd sim1
# Creating source nodes

Sfor {seti0} {$i<$ns} {incri} {

puts ”Creating source node $i”
mkdir drcl.comp.Component s$i
cd s$i

mkdir drcl.net.traffic.SimpleTrace TCP trci

! trci setReader [java::new java.io.FileReader [concat trace$i]]
set PD [mkdir drcl.inet.core.PktDispatcher dispatch]

mkdir drcl.inet.core.queue.FIFO fifo

mkdir drcl.inet.mac.FreeSpaceModel free

mkdir drcl.inet.mac.MobilityModel mob

mkdir drcl.inet.mac. WirelessPhy phy

for {set j $ns} {8$j < [expr $ns + $nf]} {incrj} {
mkdir drcl.inet.transport. TCP tcp$j
}

set mc [mkdir drcl.inet.mac.Mac_802_11 mac]
mkdir drcl.inet.mac.LL 11

set ID [mkdir drcl.inet.core.Identity id]

set RT [mkdir drcl.inet.core.RT rt]

$PD bind $ID

$PD bind $RT

! fifo setCapacity 40

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia

72



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

! fifo setMode packet”
! dispatch setRouteBackEnabled true

mkdir drcl.inet.protocol.aodv.AODV aodv

connect —c aodv/down@ —and dispatch/103@up
connect aodv/.service_rt@ —and rt/.service_rt(@

connect aodv/.service id@ —and id/.service id@
connect aodv/.ucastquery@ —and dispatch/.ucastquery(@
connect mac/.linkbroken@ —and aodv/.linkbroken@

! aodv enable _link_detection

connect mac/.linklayer@ —and 1I/.mac@
connect mac/up@ —and fifo/output@

connect mac/down@ —and phy/up@

connect 1l/.mac@ —and mac/.linklayer@
connect —c ll/up@ —and dispatch/0@down
connect 1l/down@ —and fifo/up@

for {set j $ns} {$j < [expr $ns + $nf]} {incrj} {
connect —c trci/down@ —and tep$j/up@
connect —c tep$j/down@ —and dispatch/17@up
}

connect —c dispatch/0@down —and 1l/up@
connect fifo/output@ —and mac/up@

connect free/.query@ —and phy/.propagation@
connect mob/.query(@ —and phy/.mobility@
connect phy/up@ —and mac/down@

connect phy/.propagation@ —and free/.query@
connect phy/.mobility@ —and mob/.query@

Jor {set j $ns} {$j < [expr $ns + $nf]} {incrj} {
! tep$j setPeer $j

! tep$j setMSS 512

puts "Peering with $j”

¥

mkdir drcl.net.tool. TrafficMonitor tm

connect —c dispatch/0@down —to tm/in@

set rndx [java::new java.util.Random $seeds]

set rndy [java::new java.util.Random $seeds]

set rndx0 [$rndx nextDouble]

set rndy0 [$rndy nextDouble]

set maxgxx [expr $maxgx / 1.0]

set maxgyy [expr $maxgy / 1.0]

set rndx1 [expr $rndx0 * [expr Smaxgxx — $mingx]]
set rndy1 [expr $rndy0 * [expr Smaxgyy — $mingy]]

! mob setTopologyParameters $maxgx $maxgy $mingx $mingy $gsizex $gsizey 0.0
! mob setPosition $src_vel $rndx1 $rndyl 0.0
! mac disable PSM

#! mac enable PSM

connect mac/.energy@ —and phy/.energy@
set nid $i

! 1l setAddresses $nid $nid

! mac setMacAddress $nid

! phy setNid $nid

! mob setNid $nid

!'id setDefaultID $nid
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! mac setRTSThreshold 0
! mac setBeaconlInterval $b_int
! mac setATIMWindow $atim

set em [! phy getEnergyModel]
$em setEnergyConsumption $tx_range $cons_tx $cons_rx $cons_idle $cons_off $cons_mov

java::new drcl.inet.mac. TSFTimer $mc 0

mkdir drcl.inet.mac. ARP arp
connect 1l/.arp@ —and arp/.arp@
! arp setAddresses $nid $nid

! arp setBypassARP true

cd ..

# Creating follower nodes
Sor {setiS$ns} {$i < [expr $ns + $nf]} {incri} {

puts ”Creating follower node $i”
mkdir drcl.comp.Component f$i
cd f$i

set mc [mkdir drcl.inet.mac.Mac_802 11 mac]
mkdir drcl.inet.mac.LL 11

set PD [mkdir drcl.inet.core.PktDispatcher dispatch]
mkdir drcl.inet.core.queue.FIFO fifo

mkdir drcl.inet.mac.FreeSpaceModel free

mkdir drcl.inet.mac.AdvancedMobilityModel mob
mkdir drcl.inet.mac.WirelessPhy phy

mkdir drcl.inet.transport. TCPSink sink

mkdir drcl.inet.application.BulkSink bsink

set ID [mkdir drcl.inet.core.Identity id]
set RT [mkdir drcl.inet.core.RT rt]
$PD bind $ID

$PD bind $RT

! fifo setCapacity 40

! fifo setMode “’packet”

! dispatch setRouteBackEnabled true
set nid $i

!' 1l setAddresses $nid $nid

! mac setMacAddress $nid

! phy setNid $nid

! mob setNid $nid

!'id setDefaultID $nid

connect mac/.linklayer@ —and 1l/.mac@
connect mac/up@ —and fifo/output@

connect mac/down@ —and phy/up@

connect 1l/.mac@ —and mac/ linklayer@
connect —c ll/up@ —and dispatch/0@down
connect 1l/down@ —and fifo/up@

connect —c dispatch/0@down —and ll/up@
connect fifo/output@ —and mac/up@

connect free/.query@ —and phy/.propagation@
connect mob/.query(@ —and phy/.mobility@

connect phy/up@ —and mac/down@
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connect phy/.propagation@ —and free/.query@
connect phy/.mobility@ —and mob/.query@
connect —c sink/down@ —and dispatch/17@up
connect bsink/down@ —and sink/up@

connect —c dispatch/17@up —and mob/17@up
mkdir drcl.inet.protocol.aodv.AODV aodv

connect —c aodv/down@ —and dispatch/103@up
connect aodv/.service rt@ —and rt/.service rt@
connect aodv/.service id@ —and id/.service_id@
connect aodv/.ucastquery@ —and dispatch/.ucastquery(@
connect mac/.linkbroken@ —and aodv/.linkbroken@
! aodv enable_link_detection

mkdir drcl.net.tool. TrafficMonitor tm

connect —c dispatch/17@up —to tm/in@

set rndx [java::new java.util. Random $seedf]

set rdy [java::mew java.util. Random $seedf]

set rndx0 [$rndx nextDouble]

set rndy0 [$rndy nextDouble]

set maxgxx [expr $maxgx / 1.0]

set maxgyy [expr $maxgy / 1.0]

set rndx1 [expr $rndx0 * [expr $Smaxgxx — $mingx]]

set rndy1 [expr $rndy0 * [expr Smaxgyy — $mingy]]

! mob setTopologyParameters $maxgx $maxgy $mingx $mingy $gsizex $gsizey 0.0
! mob setPosition $fol_vel $rndx1 $rndy1 0.0
! mac disable PSM
#! mac enable_PSM
connect mac/.energy(@ —and phy/.energy@
! mac setRTSThreshold 0
! mac setBeaconInterval $b_int
! mac setATIMWindow $atim

set em [! phy getEnergyModel]
$em setEnergyConsumption $tx_range $cons_tx $cons rx $cons_idle $cons off $cons mov

java:new drcl.inet.mac. TSFTimer $mc 0

mkdir drcl.inet.mac. ARP arp
connect 1l/.arp@ —and arp/.arp@
! arp setAddresses $nid $nid
! arp setBypassARP true
connect mob/.movhis@ —and phy/.movhis@
! mob setThreshold 2.0
! mob setValidContextThr 0.2
! mob setPSO 1
! mob setNoSrc $ns
! mob setInitFactors 1.0 1.0 0
! mob setPSOFactors 0.8 0.2
! mob setnGrids $nbgrid
! mob setUtilityFunctionFactors 0.8 0.2 0.2
! mob setDset] $i

set file [mkdir drcl.comp.io.FileComponent f1]
$file open out$i
connect —c mob/.out@ —to $file/in@
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set filel [mkdir drcl.comp.io.FileComponent f11]
$filel open status$i
connect —c mob/.status@ —to $filel/in@

cd ..

)

# Creating Channel and Node Tracking
puts ’Creating Channel and Node Tracking”
mkdir drcl.inet.mac.Channel Chn
mkdir drcl.inet.mac.NodePositionTracker npt
! Chn setCapacity [expr $ns + $nf]
connect Chn/.tracker@ —and npt/.channel@

puts ”Attaching source nodes to the Channel”

for {seti0} {$i<$ns} {incri} {

connect /sim1/s$i/mob/.report@ —and /sim1/npt/.node@
connect /sim1/s$i/phy/down@ —to /sim1/Chn/.node@

! Chn attachPort $i [! /sim1/s$i/phy getPort .channel]

puts ”Attaching follower nodes to the Channel”
Jor {seti$ns} {$i<[expr $ns + $nf]} {incri} {

connect /sim1/f$i/mob/.report@ —and /sim1/npt/.node@
connect /sim1/f$i/phy/down@ —to /sim1/Chn/.node@
connect /sim1/f$i/mob/.tracker@ —and npt/.channel@
connect /sim1/f$i/mob/.valndx@ —and npt/.valndx@

#! Chn attachPort [expr $m + $i + 1] [! /sim1/f8i/phy getPort .channel]
! Chn attachPort $i [! /sim1/f$i/phy getPort .channel]

! npt setGrid $maxgx $mingx $maxgy $mingy $gsizex $gsizey
! npt setNoSrc $ns
! Chn setnGrids $nbgrid

mkdir drcl.comp.tool.Plotter plot

setis

! plot setYLabel 1 "Distance / Grid Diagonal %”
! plot setTitle 1 [concat Source—Follower$i distance]
! /sim1/f$i/mob setDsetl $i

connect —c /sim1/f$i/mob/.out@ —to plot/0@1
connect —c /sim1/f$i/mob/.status@ —to plot/0@2
! plot setTitle 2 ”Status history of follower $i”
! plot setXRange 2 0 5

! plot setYRange 20 5

! plot setXLabel 2 ”Time”

! plot setYLabel 2 ”Status”

Sor {seti$ns} {$i <[expr $ns + $nf]} {incri} {
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connect —c /sim1/f$i/mob/.plotpos@ —to plot/0@$i
! plot setTitle $i "Movement history of follower $i”
! plot setXRange $i $mingx $maxgx

! plot setYRange $i $mingy $maxgy

! plot setXLabel $i X"

! plot setYLabel $i ”Y”

1

set sim [attach_simulator .]

run .
rt . stop 10000
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ITAPAPTHMA B: Java Code listings

AdvancedMobilityModel

/* Original MobilityModel modified by MS Nikitidis March 2009. Renamed to AdvancedMobilityModel

Particle Swarm Optimization algorithm implemented in addition to random walk and trajectory*/

// @(#)MobilityModel.java 1/2004

// Copyright (c) 1998—2004, Distributed Real—time Computing Lab (DRCL)

// All rights reserved.

/7

// Redistribution and use in source and binary forms, with or without

// modification, are permitted provided that the following conditions are met:

/

// 1. Redistributions of source code must retain the above copyright notice,

// this list of conditions and the following disclaimer.

// 2. Redistributions in binary form must reproduce the above copyright notice,

// this list of conditions and the following disclaimer in the documentation

// and/or other materials provided with the distribution.

// 3. Neither the name of "DRCL” nor the names of its contributors may be used

// to endorse or promote products derived from this software without specific

// prior written permission.

/7

// THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS~
// AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

// IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
// ARE DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR
// ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL

// DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
// SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER

// CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
// OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
// OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

package drcl.inet.mac;

import drcl.comp.*;

import drcl.inet.data.*;

import drcl.net.*;

import drcl.inet.transport.*;/*msn 19—11—2008*/
import drcl.inet.*; /*msn 19— 11—2008%/

import drcl.data.*;/*msn 19— 11—08%/

/**

* This class simulates the movement of the mobile nodes. The position of

* the node is periodically updated and reported to the <code>NodePositionTracker</code>
* component. The coordinates can be either (longitude, lagitude, height) or (X, Y, Z).

* There are two different modes. If a trajectory array is installed, the mobility

* model assume the mobile node move from one point in the trajectory to the

* next point at a constant speed. Otherwise starting from the original

* position, the node randomly chooses a position in the simulated area as the destination,

* and moves in a straight line to that destiona point at a constant speed which is

* uniformly distributed between 0 and Max_Speed. Whenever the node arrives at the destination,
* it chooses the next position and repeats the procedure again.

*

* @see WirelessPhy

* @see NodePositionTracker
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* @author Ye Ge
*/

public class AdvancedMobilityModel extends drcl.net. Module implements drcl.comp.ActiveComponent

{

/* *
* This field is defined to keep the node Id instead of requesting such kind of
* information from other components which may incur extra simulation overhead.
*/
public long nid;
public double timesmp; /*msn 19— 11—2008*/
public int ds,ds1; /*msn 23— 11—2008*/
public long movent; /*msn 23—11—08%/
public double threshold_validity; /msn 26—11—08
public double VCT; // msn 18—12—08
public double best_cognitive val; /msn 18—12—08
public long[] nodeList;/msn 19—12—08
public int PSO_flag;//msn 22—12—08
public int NoSrc; //msn 12—1—09
public double mean_neighbor_context; /msn 12—1—09
public double best_neighbor_validity;/msn 12—1—09
public double OBS_validity; /msn 12—1—09
public double SBS_validity; //msn 12—1—09
public double Xcf, //msn 12—1—09
public double Ycf, //msn 12—1—09
public double Xst; //msn 12—1—09
public double Ysf, //msn 12—1—09
public double cl, c2; //msn 18—1—09
public int nGrids; // msn 18—1—09
public double MyContext_validity; /msn 18—1—09
public double Xsrc[] = new double[NoSrc];//msn 25—1—09
public double Ysrc[] = new double [NoSrc);/msn 25—1—09
public int status; //msn 26—1—09
public double best_neighbor context;
public double SBS_context;
public double OBS_context;
public int start_sim;
public double Xsrcp[] = new double[20];//msn 25—1—09
public double Ysrcp[] = new double [20];//msn 25—1—09
public double Xfol[] = new double[NoSrc);//msn 25—1—09
public double Yfol[] = new double [NoSrc];//msn 25—1—09
public double best SBS X,best SBS Y;
double m1,m2,UF _thres;

Vi

* Sets the nid.
*

*@param nid_ the id of the mobile node.
*/
public void setNid(long nid ) { nid=nid ; }

/** Gets the nid. */
public long getNid() { return nid; }

/* configurate the ports */
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private static final String REPORT _PORT _ID = ".report”; // connect to the mobile nodes’ wirelessphy
private static final String CONFIG_PORT ID = ".config”;
private static final String QUERY PORT ID = ".query”; // connect to the channel component
private static final String OUT_PORT _ID = ".out”; /*msn 19—11—08*/
private static final String PLOT_POS_ID = ".plotpos”;/*msn 19—11—08%*/
private static final String MOV_HIST_ID = ”.movhis”; /*msn 23—11—08*/
private static final String TRACKER PORT ID = ".tracker”; //msn 19—12—08
private static final String VALINDEX PORT _ID = ”.valndx”; //msn 9—1—09
private static final String STATUS _PORT _ID = ".status”; /msn 13—2—09

/** the port which should be connected to the mobility tracker. */
protected Port reportPort = addPort(REPORT_PORT _ID, false);

/** the config port */
protected Port configPort = addPort(CONFIG_PORT ID, false);

/** the query port which should be connected to the WireleePhy component. */
protected Port queryPort = addPort(QUERY _PORT 1D, false);
protected Port outPort = addPort(OUT_PORT ID, false);/*msn 19— 11—08*/ // parameters same as those in
NodePositionTracker
protected Port plotPort = addPort(PLOT_POS_ID, false);/*msn 19—11—08%*
protected Port movhisPort = addPort(MOV_HIST _ID.false);/*msn 23—11—08%
protected Port trackPort = addPort(TRACKER_PORT _ID.false);//msn 19—12—08
protected Port valndxPort = addPort(VALINDEX PORT ID,false);//msn 9—1—09
protected Port statusPort = addPort(STATUS_PORT _ID,false); //msn 13—2—09

/** The largest x coordinate value of the simulated area */
public double maxX;
/** The largest y coordinate value of the simulated area */
public double maxy,
/** The largest z coordinate value of the simulated area */
public double maxZ;
/** The smallest x coordinate value of the simulated area */
public double minX;
/** The smallest y coordinate value of the simulated area */
public double minY;
/** The smallest z coordinate value of the simulated area */
public double minZ;
/** The grid size along X—axle */
public double dX;
/** The grid size along Y—axle */
public double dY;
/** The grid size along Z—axle */
public double dZ;

/** The x coordinator of the node’s current position */
public double X
/** The y coordinator of the node’s current position */
public double Y;
/** The z coordinator of the node’s current position */

public double Z; // current position

/** The x coordinate of the node’s previous position */
public double X0,

/** The y coordinate of the node’s previous position */
public double YO,

/** the z coordinate of the node’s previous position */

public double Z0; // position at the last update time
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/** The x coordinate of the destination position */
public double destX;
/** The y coordinate of the destination position */
public double destY;
/** The z coordinate of the destination position */

public double destZ; // destination position

/** The moving speed along the x—axle */
public double sx;

/** The moving speed along the y—axle */
public double sy;

/** The moving speed along the z—axle */
public double sz;

/** The moving speed */

public double speed; // (sx, sy, sz) is the normalized direction of the movement

/** The maximal speed for generating a random speed heading to the next random direction */

public double Max_Speed; // Max_Speed for generating a random speed heading to the next random direction

ACATimer reportPositionTimer; // the object to keep the reference to the ACATimer so that we can cancel it if
necessary
ACATimer changeDestinationTimer;

/** The last time (X,Y,Z) is updated */

private double positionUpdateTime; // the last time (X,Y,Z) is updated

/** The interval between automatic position updates */

private double positionReportPeriod; // automatic position update period time
// position update may also be triggered by the query

/** The time period between two destination points */

double changeDestinationPeriod; // the time between two destination points

/** The index of the current starting position in the trajectory array. */

int nCurrentTraj; // index of the current starting position

/* *

* Number of points on the trajectory.
*/

int nTrajectory;

/**

* An two dimensional array represents the trajectory of the mobile node.
*/

double[][] trajectory; // arrys of ( time, longitude, latitude, altitude )

Vil
* The random number generator. The default seed is set to 11111.
*/

static java.util.Random rand = new java.util. Random(11111);

/** Installs a trajectory array. */

public void install Trajectory(double[][] trajectory ) { // the trajectory point array derived from SDF file
trajectory = trajectory ; // set the trajectory ( arryr of states in SDF file )
nTrajectory = trajectory.length;
nCurrentTraj = —1;

1

JEx

* Constructor.
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*

*@param nid_ the id of the mobile node.

*/

public AdvancedMobilityModel(/ong nid ) {
super();
nid =nid_;
X=0.0,Y=0.0,Z=0.0;
X0=0.0; YO=0.0; Z0 = 0.0,
sx =0.0; sy =0.0; sz=0.0;
speed = 0.0;
queryPort.setType(drcl.comp.Port.PortType SERVER);
positionReportPeriod = 1.0;

removeDefaultDownPort();
removeDefaultUpPort();

/**

* Constructor.

*/

public AdvancedMobilityModel( ) {
super();
nid = —1;
X=0.0,Y=0.0,Z=0.0;
X0=0.0; YO=0.0; Z0 = 0.0,
sx =0.0; sy =0.0; sz=0.0;
speed = 0.0;
queryPort.setType(drcl.comp.Port.PortType SERVER);
positionReportPeriod = 1.0;

removeDefaultDownPort();
removeDefaultUpPort();

/**
* Set topology parameters
*
* @param maxX _largest x coordinate value of the simulated area
* @param minX_smallest x coordinate value of the simulated area
* @param maxY _largest y coordinate value of the simulated area
* @param minY _smallest y coordinate value of the simulated area
* @param dX _ grid size along X—axle
* @param dY _ grid size along Y—axle
* @param dZ_ grid size along Z—axle
*/
public void setTopologyParameters(double maxX_, double maxY _, double minX_, double minY _, double dX_,
double dY _, double dZ ) {

maxX = maxX_; maxY =maxY_; maxZ = 10.0;

minX = minX_; minY = minY_; minZ = 0.0;

dX=dX ;dY=dY_;dZ=dZ_;
)

/**

* Set topology parameters
*

* @param maxX _largest x coordinate value of the simulated area

* @param minX_smallest x coordinate value of the simulated area
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* @param maxY _largest y coordinate value of the simulated area

* @param minY _smallest y coordinate value of the simulated area

* @param maxZ_largest y coordinate value of the simulated area

* @param minZ_smallest y coordinate value of the simulated area

* @param dX_ grid size along X—axle

* @param dY _grid size along Y—axle

* @param dZ_grid size along Z—axle

*/

public void setTopologyParameters(double maxX_, double maxY , double maxZ _, double minX_, double

minY _, double minZ _, double dX_, double dY _, double dZ ) {

maxX = maxX_; maxY = maxY_; maxZ = maxZ_;
minX = minX_; minY = minY_; minZ = minZ_;
dX=dX ;dY=dY _;dZ=dZ ;

i

/**
* Sets the initial position of the node.
* @param Max_Speed — maximum moving speed
* @param X _— initial X coordinate
* @param Y _ — initial Y coordinate
* @param Z_ — initial Z coordinate
*/
public void setPosition(double Max_Speed_, double X_, double Y _, double Z_) {
X=X:;Y=Y;Z=7Z;
X0=X ;Y0=Y ;Z0=Z ;
Max_Speed = Max_Speed ;

//public void putPosition() {
//debug("X="+X+"Y="+Y+"Z="+2);
Vi

protected void _start () {
//randomPosition();
//System.out.printin(”MobilityModel _start()”);
if (trajectory == null ) {

if (PSO_flag == 1)//msn 22—12—08

status = 1;

Xcf=X;

Yef=Y;

Xsf=X;

Ysf=Y;
reportPSOPosition(true); // the position of the node must have been set in tcl file
setPSODestination();
positionUpdateTime = getTime();

}
else
{
//reportPosition(true); // the position of the node must have been set in tcl file
reportPSOPosition(true);
setRandomDestination();

positionUpdateTime = getTime();

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia

83



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

}
else {
setTrajectoryDestination();
reportPosition(frue);
positionUpdateTime = getTime();

1

protected void _stop() {
if (reportPositionTimer != null) cancel Timeout(reportPositionTimer);
if (changeDestinationTimer != null) cancel Timeout(changeDestinationTimer);

protected void _resume() {

// Why comment out this?

//if (reportPositionTimer == null) updatePosition();
}

Vel
* Sets this mobile node to a random generated position.
*/

public synchronized void setRandomPosition() {

X =minX + rand.nextDouble() * ( maxX — minX );
Y = minY + rand.nextDouble() * ( maxY — minY );
Z = minZ + rand.nextDouble() * ( maxZ — minZ );

reportPosition(true); // force it to report
positionUpdateTime = getTime();

i

/**

* Sets a random generated destination to move to

*/

public synchronized void setRandomDestination( ) {
double dist;

updatePosition(); // calculate the current position

// speed = Math.random() * Max_Speed;
speed = rand.nextDouble() * Max_Speed;

destX = minX + rand.nextDouble() * (maxX — minX);
destY = minY + rand.nextDouble() * (maxY — minY);
destZ = minZ + rand.nextDouble() * (maxZ — minZ);

sx = destX — X;
sy =destY — Y;
sz =destZ — Z;

dist = Math.sqrt((sx * sx) + (sy * sy) + (sz * sz));

if (destX =X || destY !=Y || destZ!=Z) {
sx = sx/dist*speed;
sy = sy/dist*speed;

sz = sz/dist*speed;
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if ( speed > 1.0e—20 )
changeDestinationPeriod = dist / speed;
else
changeDestinationPeriod = dist / 1.0e—20;

// why cancel?
//if ( changeDestinationTimer != null ) cancelTimeout(changeDestinationTimer),;

changeDestinationTimer = setTimeout(”ChangeDestination”, changeDestinationPeriod);

/**
* Sets the next destination according to the installed trajectory.
*/
public synchronized void setTrajectoryDestination( ) {
double dist;
double now = getTime();

if (nCurrentTraj == —1) { //first time calling, initiate
nCurrentTraj = 0;
X = trajectory[0][1]; Y = trajectory[0][2]; Z = trajectory[0][3];
X0 = trajectory[0][1]; YO = trajectory[0][2]; ZO = trajectory[0][3];
}
else {
X = trajectory[nCurrentTraj][1]; Y = trajectory[nCurrentTraj][2]; Z = trajectory[nCurrentTraj][3]; // set the

current position to the destination

positionUpdateTime = now;

if (nCurrentTraj < (nTrajectory—1) ) {
sx = (trajectory[nCurrentTraj+1][1] — trajectory[nCurrentTraj][1]); // this is not direction yet
sy = (trajectory[nCurrentTraj+1][2] — trajectory[nCurrentTraj][2]);
sz = (trajectory[nCurrentTraj+1][3] — trajectory[nCurrentTraj][3]);
dist = Math.sqrt(sx*sx + sy*sy + sz*sz);
changeDestinationPeriod = (double) ( trajectory[nCurrentTraj+1][0] — trajectory[nCurrentTraj][0] ); // time
to the next update time
speed = dist / changeDestinationPeriod;
sx = sx / changeDestinationPeriod; // velocity in x direction
sy = sy / changeDestinationPeriod,

sz = sz / changeDestinationPeriod;

destX = trajectory[nCurrentTraj+1][1];
destY = trajectory[nCurrentTraj+1][2];
destZ = trajectory[nCurrentTraj+1][3];

nCurrentTraj = nCurrentTraj + 1;

//if ( changeDestinationTimer != null ) cancelTimeout(changeDestinationTimer);

changeDestinationTimer = setTimeout(”ChangeDestination”, changeDestinationPeriod);
}
else {

dist = 0.0; speed = 0.0;

changeDestinationPeriod = 1000000000.0;

sx =0.0; sy = 0.0; sz=0.0;

// no more trajectory update timeout event scheduled

1
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JEx
* Calculates the current position upon timeout or query
*/
public synchronized void updatePosition() {
double now = getTime();

double interval = now — positionUpdateTime; // the time from now to the next timeout
if (interval == 0.0 ) return;

X =X+ sx * interval,
Y =Y + sy * interval;
7 =7 + sz * interval;

// adjust the position if it exceed the destination point

if ((sx >0 && X > destX) || (sx < 0 && X < destX)) X = destX;
if ((sy>0&&Y >destY) || (sy <0 && Y <destY)) Y = destY;
if (sz>0 && Z > destZ) || (sz < 0 && Z < destZ)) Z = destZ,;

positionUpdateTime = now;

if (X !1=X0 && Y !=Y0) movent = movent + 1; /*msn 23—11—08%*/
}

/**

* Sends position report to the <code>NodePositionTracker</code> component.

* If falseReport is set to true, the report is generated immediately.

*/

public synchronized void reportPosition(boolean forcedReport) {

if (forcedReport == frue || (X—X0) >=dX || (X0—-X) >=dX || (Y=Y0) >=dY || (YO-Y) >=dY || (Z—Z20) >=

dZ || (Z0—Z) >=dZ) { // if not forced report, report only if the change of position has exceeded the
boundary

reportPort.doSending(rnew PositionReportContract.Message(nid, X, Y, Z, X0, Y0, Z0));

plotPort.doSending(rew XYData(nid,X,Y));/ *msn 20— 11—08%*/
movhisPort.doSending (movent); /* msn 23—11—08*/}

if (start_sim == 1)
getSourcePosition();

public synchronized void reportPSOPosition(boolean forcedReport) {

if (forcedReport == true || (X—X0) >= dX || (X0—-X) >=dX || (Y—Y0) >=dY || (YO-Y) >=dY || (Z—Z0) >=
dZ || (Z0—Z)>=dZ) { // if not forced report, report only if the change of position has exceeded the
boundary

reportPort.doSending(new PositionReportContract.Message(nid, X, Y, Z, X0, YO0, Z0));

plotPort.doSending(rew XYData(nid,X,Y));/ *msn 20— 11—08%*/
movhisPort.doSending (movent); /* msn 23—11—08*/}

// reportPort.doSending(new PositionReportContract. Message(nid,timesmp)),//msn 22—12—08
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X0=X;Y0=Y;Z0=Z/*%
ProcessNeighbors();/msn 19—12—08

setNodeStatus(); // mns 26—1—09

JEE
* Handles timeout events.

*/

protected synchronized void timeout(Object data ) {

if ( data_.equals(”ChangeDestination™) ) {
if (trajectory == null ) {

if (PSO_flag==1){ //msn 18—1—09

if ( context_validity(timesmp) <= 2.0¥*VCT && context_validity(timesmp) > 0.0 &&
start_sim == 1)

{

setPSODestination();

reportPSOPosition(false);

1

else if ( context_validity(timesmp) > 2.0¥*VCT || context_validity(timesmp) == 0.0 ||
start_sim == 0)
{
setRandomDestination();
reportPosition(false);

i

}

else{
setRandomDestination();

reportPSOPosition(false); }
//reportPosition(false),}
// timeout is scheduled again in setRandomDestination

}

else {
setTrajectoryDestination();
reportPosition(false);
// timeout is scheduled again in setTrajectoryDestination
}

}
else if ( data_.equals(”ReportPosition”) ) {

if (trajectory == null ) {
if (PSO_flag == 1) //msn 18—1—09
{

if ( context_validity(timesmp) <= 2.0¥*VCT && context_validity(timesmp) > 0.0 &&
start sim==1))
{
updatePSOPosition();
reportPosition(false);
reportPositionTimer = setTimeout(”ReportPosition”, positionReportPeriod);

1
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else if ( context_validity(timesmp) > 2.0*VCT || context_validity(timesmp) == 0.0 ||
start sim==0)
{
updatePosition();
reportPosition(false);
reportPositionTimer = setTimeout(”ReportPosition”, positionReportPeriod);

1

}

else {
updatePosition();
//reportPosition(false);
reportPSOPosition(false);
reportPositionTimer = setTimeout(”ReportPosition”, positionReportPeriod);}
}
else {
updatePosition();
reportPosition(false);
reportPositionTimer = setTimeout(”ReportPosition”, positionReportPeriod);

}

protected synchronized void processOther(Object data_, Port inPort ) {
String portid_ = inPort_.getID();

if (portid_.equals(MOV_HIST _ID)){//msn 24— 11—08
NeighborQueryContract.Message msg = ( NeighborQueryContract.Message) data_;
if (msg.getEnergy() <= 0.0 || (UtilityFunction(msg.getEnergy()) < UF_thres ) ){
setNid(msg.getNid());
setPosition(0.0,X0,Y0,Z0);
}

return ;

}

if (portid_.equals(QUERY_PORT_ID))
processQuery(data_);
else

super.processOther(data_, inPort );

/**
* Processes the position query from <code>WirelessPhy</code> component.
*/
protected synchronized void processQuery(Object data ) {
updatePosition();
queryPort.doSending(new PositionReportContract.Message(X, Y, Z));

/**

* Sets the seed of the random number generator.
*/

public void setSeed(long seed) {
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rand.setSeed(seed);

public String info()
{
return current=""+ X+ +Y + 7"+ Z +”)\n”
+7 prev=("+ X0+ 7, + Y0+ 7,7+ Z0 + ")\n”
+” speed=(" +sx + 7,7 + sy + 7, + sz + ”)=" + speed + "\n”
+” toward=(" + destX + 7, + destY + ”,” + destZ + ”)\n”;

J/F R R R R R R R

//Section added by MS Nikitidis to implement PSO algorithm

/A sk sk sk sk sk sk sk sk sk sk ok ko ok Rk Rk kR

protected synchronized void dataArrive AtUpPort(Object data_,Port inPort)
{

TCPPacket tcppkt = (TCPPacket)((InetPacket)data ).getBody();
timesmp =tcppkt_.getTS();

start_sim = 1;

MyContext validity = context_validity(timesmp);

/*Set dataset no for XYData*/
public void setDset(int set )
{ds=set ;}

/*Get dataset no for XYData*/
public long getDset()
{ return ds; }

public void setDset] (int setl )
{dsl =setl ;}

public long getDset1()
{ return dsl; }

//Calculates context validity of frames for each node
public double context_validity(double timesmp_)//msn 2—12—08
{

double time_elapsed;
double con_val_indx;

time_elapsed =( getTime() — timesmp_ ) / 60.0;

con_val_indx = Math.exp(time_elapsed — threshold_validity);

return con_val_indx;
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//sets and gets threshold time for context validity
public void setThreshold(double threshold) { threshold validity = threshold; }/msn 2—12—08

public double getThreshold() { return threshold validity; }

public void setValidContextThr(double VCT ) { VCT = VCT_; }//msn 18—12—08

//sets initial value for cognitive factor context validity

public void ProcessNeighbors()
{
//msn 19—12—2008
int i,jj;

NeighborQueryContract.Message msgl;
NeighborQueryContract.Message msg;/msn 19—12—08

long nl[];// msn 19—12—08
double cffl];
int i_best=0;

msg = (NeighborQueryContract.Message)trackPort.sendReceive(new NeighborQueryContract. Message(nid
, X, Y, Z, nGrids));

nl = msg.getNodeList();

msgl = (NeighborQueryContract. Message)valndxPort.sendReceive(rnew NeighborQueryContract. Message(
nid, X, Y, Z, nGrids));

cff = msgl.getcf();

Xfol = msgl.getXfol();
Yfol = msgl.getYfol();

mean_neighbor_context = 0.0;
if (nl.length > 0)
best_neighbor validity = 1.0;/context _validity(cff[0]);

OBS_validity = context_validity(OBS_context);
SBS_validity = context_validity(SBS_context);/*}*/

=0

for (1=0;1i<nllength;i++) {

if ( nl[i] >= NoSrc && cff[i] 1= 0.0 ){

mean_neighbor context = mean_neighbor context + cff[i];
if ( context_validity(cff[i]) < best_neighbor validity )
{
best_neighbor validity = context_validity(cff[i]);
best_neighbor context = cffi];
best SBS X = Xfol[i];
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best SBS_Y = Yfol[i];
i_best=1;}
Jitts}

}
if(jj>0)
mean_neighbor context = mean_neighbor context/ jj ;
if (context_validity(mean_neighbor context) < OBS_validity && jj !=0){
OBS_context = mean_neighbor_context;
OBS_validity = context_validity(OBS_context);
Xsf=X;
Yst=Y; }
if (best_neighbor validity < SBS_validity && jj !=0 ){
SBS_context = best_neighbor context;
SBS_validity = context_validity(SBS_context);

Xcf=best SBS_X;
Ycf=best SBS Y;}

if (context_validity(timesmp) > best_neighbor_validity && best_neighbor _context !1=0.0 )

// MyContext = context_validity(best_neighbor_context);
timesmp = best_neighbor_context;

}
else if (context validity(timesmp) <= best_neighbor_validity && best neighbor context !=0.0
)
{
Xcef=X;
Yef=Y;
}

reportPort.doSending(rnew PositionReportContract. Message(nid,timesmp));

SourceFollowerDistance();

public void setPSO(int PSO_flag )/msn 22—12—08
{ PSO_flag=PSO flag ;}

public void setNoSrc(int NoSrc_)/msn 12—1—09
{ NoSrc =NoSrc_; }

public void setlnitFactors ( double bsf, double bet , int start_sim_)/msn 12—1—09
{ SBS_validity = bcf;
OBS_validity = bsf;
start_sim = start sim_;}
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public synchronized void updatePSOPosition() /msn 18—1—09

{
double now = getTime();
double interval = now — positionUpdateTime;
if (interval == 0.0 ) return;
X=X+ sx;
Y=Y +sy;
positionUpdateTime = now;
if (X !=X0 && Y !'=Y0) movent = movent + 1
}
public synchronized void setPSODestination()/msn 18—1—09
{
double dist;
updatePSOPosition();
speed = rand.nextDouble() * Max_Speed;
sx = rand.nextDouble() * ¢l * (Xcf — X) + rand.nextDouble() * ¢2 * (Xsf — X);
sy = rand.nextDouble() * ¢l * (Ycf — Y) + rand.nextDouble() * ¢2 * (Ysf — Y);
dist = Math.sqrt((sx * sx) + (sy * sy));
if ( speed > 1.0e—20)
changeDestinationPeriod = 1.0; //dist / speed;
else
changeDestinationPeriod = dist / 1.0e—20;
changeDestinationTimer = setTimeout(”’ChangeDestination”, changeDestinationPeriod);
}
public void setPSOFactors ( double cl_, double c2_)//msn 18—1—09
{cl=cl_;
c2=c2_;}

public void setnGrids ( int nGrids_) //mns 18— 1—09/home/msn/jsim/src/drcl/inet/mac/
AdvancedMobilityModel.java:653: cannot find symbol

{

nGrids = nGrids_;

}

public void SourceFollowerDistance()

{
int jj;
double distance[]= new double[30];
double griddiagonal = Math.sqrt((maxX — minX)*(maxX — minX) + (maxY — minY)*(maxY —
minY));
double travel distance;

travel distance = getSourcePosition();

JSor (jj=0;jj < NoSrc; jj++)
{
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distance[jj] = Math.sqrt((Xsrc[jj] — X)*(Xsrc[jj] — X) + (Ysre[jj] — Y)*(Ysre[jj] — Y));
distance([jj] = (distance[jj] / griddiagonal) * 100;}

if (nid == dsl )//&& travel_distance != 0.0 )
JSor (jj=0; jj < NoSrc; jj++)
outPort.doSending(new XY Data(jj,getTime(),distance[jj]));

public void setNodeStatus() /msn 26—1—09
{

if ( context_validity(timesmp) > VCT) // node eolos
status = 1;

if ( context_validity(timesmp) > VCT && context_validity(timesmp) < context_validity(

SBS _context)) //best _neighbor validity ) //node compromised
status = 2;

if ( context_validity(timesmp) < VCT && (VCT < context_validity(SBS_context) ||
context validity(timesmp) < context_validity(SBS_context) ))/best neighbor validity ) //
node satisfied
status = 3;

if (nid == ds1)

statusPort.doSending(new XY Data(ds1,getTime(),status));

public double getSourcePosition()
{
int jj;

double travel distance = 0.0;

NeighborQueryContract.Message msgl;

msgl = (NeighborQueryContract. Message)valndxPort.sendReceive(rnew NeighborQueryContract. Message(
nid, X, Y, Z, nGrids));

Xsrc = msgl.getXsrc();/msn 25—1—09
Ysre = msgl.getYsrc();/msn 25—1—09

JSor (jj=0; jj <NoSrc; jj++)
{

travel_distance = travel_distance + Math.abs(Xsrc[jj] — Xsrcp[jj]) + Math.abs(Ysre[jj] — Ysrcp
LiDs

Sor (jj=0; jj <NoSrc; jj++)
{
Xsrep[jj] = Xsre[jjl;
Ysrep[jj] = Ysre[jjl;

return travel _distance;

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia 93



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

public double UtilityFunction(double Energy )

{
double U1,U;

Ul = (1 — Math.exp(—(Energy /1000.0)));
U=ml * Ul + m2 * context_validity(timesmp);
return U,
public void setUtilityFunctionFactors ( double m1_, double m2_,double UF _thres )/msn 18—1—09
{ml=ml_;

m2=m2 ;
UF _thres = UF _thres_; }

}/*end of class*/
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WirelessPhy

/* Modlified by MS Nikitidis March 2009%/

// @(#) WirelessPhy.java 1/2004

// Copyright (c) 1998—2004, Distributed Real—time Computing Lab (DRCL)

// All rights reserved.

/7

// Redistribution and use in source and binary forms, with or without

// modification, are permitted provided that the following conditions are met:

/7

// 1. Redistributions of source code must retain the above copyright notice,

// this list of conditions and the following disclaimer.

// 2. Redistributions in binary form must reproduce the above copyright notice,

// this list of conditions and the following disclaimer in the documentation

// and/or other materials provided with the distribution.

// 3. Neither the name of "DRCL " nor the names of its contributors may be used

// to endorse or promote products derived from this software without specific

// prior written permission.

/7

// THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
// AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

// IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
// ARE DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR
// ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL

// DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
// SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER

// CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
// OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
// OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

/7

package drcl.inet.mac;

import drcl.data.*;

import drcl.comp.*;
import drcl.net.*;

import drcl.inet.*;

import drcl.inet.contract.*;
import java.util.*;

import drcl.comp.Port;
import drcl.comp.Contract;
import java.io.*;

import java.util.StringTokenizer;
import java.lang.Math;

/**
* This class simulates many functions of a wireless physical card. It piggy—backs
* various information (ie. location of the sending node, the transmission power
* of data frame etc.) to the mac layer data frame and passes that fram to the channel.
* While receiving a data frame from the channel component, it determines whether
* that frame can be decoded correctly by consulting <code>RadioPropagationModel</code>
* and passes the decodable frame to the mac layer. It also contains a <code>EnergyModel</code>
* component to track the energy consumption.
* @author Ye Ge
*/
public class WirelessPhy extends drcl.net. Module implements ActiveComponent {
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long nid; //this may be removed later. right now, it is same at the node id.

private static String STATUS_SEND = ”SEND”;
private static String STATUS_RECEIVE = "RECEIVE”;
private static String STATUS_IDLE = "IDLE”;

//private static int totalCachePutNum = 0;

private static int numAODV = 0;
private static int numACK = 0;
private static int numRTS = 0;
private static int numCTS = 0;
private static int numUDP = 0;

private static int numOthers = 0;

ACATimer idleenergytimer = null,

private String status;
private long cur_mov_cnt; // msn 24—11—08
private long prev_mov_cnt;// msn 24—11—08

// Assume AT&T’s Wavelan PCMCIA card —— Chalermek

// Pt = 8.5872e—4, // For 40m transmission range.

// Pt =7.214e—3; // For 100m transmission range.

// Pt =0.2818; // For 250m transmission range.

// Pt = pow(10, 2.45) * le—3; // 24.5 dbm, ~ 281.8mw

// Pt_consume = 0.660; // 1.6 W drained power for transmission
// Pr_consume = 0.395; // 1.2 W drained power for reception

// P_idle = 0.035; // 1.15 W drained power for idle

/** The energy model installed */
EnergyModel em;

/** Transmitting power */
double Pt;

/** The last time the node sends somthing. */

double last_send_time;

/** When the channel be idle again. */
double channel become idle_time;
/** The last time we update energy. */

double last_energy update_time;

/** Frequency. */
double freq; // frequency

/** Wavelength (m) */
double Lambda; // wavelength (m)
// double L = 1.0; //system loss factor

/** receive power threshold (W) */

double RXThresh; // receive power threshold (W)
/** carrier sense threshold (W) */

double CSThresh; // carrier sense threshold (W)
/*¥* capture threshold (db) */

double CPThresh; // capture threshold (db)

/* configurate the ports */
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public static final String CONFIG_PORT _ID = ".config”;

public static final String CHANNEL PORT ID = .channel”;

public static final String PROPAGATION_PORT ID = ”.propagation”;

public static final String MOBILITY_ PORT _ID = ".mobility”;

public static final String ENERGY_PORT _ID = ”.energy”;

public static final String ANTENNA_PORT _ID = ".antenna”; // Chunyu
public static final String MOVHIS _PORT ID = ".movhis”;/*msn 24—11—08%*/

protected Port configPort = addPort(CONFIG_PORT ID, falise);

/** the port receiving packets from the channel */

protected Port channelPort = addPort(CHANNEL PORT _ID, false); // the port receiving packets from the
channel

/** the port to query the path loss */

protected Port propagationPort = addPort(PROPAGATION_PORT _ID, false); // the port to query the path
loss

/** the port to query the current position of myself */

protected Port mobilityPort = addPort(MOBILITY PORT _ID, false); // the port to query the current position
of myself

protected Port energyPort = addPort(ENERGY_PORT ID, false);

/** antenna port */
protected Port antennaPort = addPort(ANTENNA_PORT _ID, false); //Chunyu
protected Port movhisPort = addPort(tMOVHIS_PORT 1D, false);/*msn 24—11—08%*/

/* antenna —— Chunyu™/
Antenna antenna = new Antenna();
ACATimer lockTimer;

// simulate the energy model and antenna model
double Gt = 1.0; // transmitting antenna gain, should be moved to attenna component later

double Gr = 1.0; // receiving antenna gain, should be moved to attenna component later

/** bandwidth */
double bandwidth;

/** use this cache to speed up the simulation by avoiding unnecessary propagation loss calculation */

private Hashtable pathLossCache; // use this cache to speed up the simulation by avoiding unnecessary
propagation loss calculation

private double Xc = 0.0; // my previous position

private double Yc = 0.0;

private double Zc = 0.0;

private double tc = —1.0; // my cached position and the last time I consult the mobility model.

private static double tp = —1.0; //last time I print the statistics

/** Below are the tolerance of coordinate for hashing,
*i.e., if any distance change (in any one dimension) exceeds the
* tolerance below, the path loss will be recalculated,
* otherwise, it will be just pick from the cache.
* Notice the tolerance for Cardesian system and longitude—latitude
* system is different. */
// At the equator, the circumference of the earth is 40,003 kilometers
7/ (10.0/40003000.0)*360.0 = 9e—5
private double xyz_tol = 10.0;
private double long_lat_tol = 0.00009;

/** A sample card */
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static class SampleCard {
static double freq = 900000000;
static double bandwidth = 2000000.0;
static double Pt = 0.2818; // for 260m transmission range?
static double Pt_consume = 0.660;
static double Pr_consume = 0.395;
static double P_idle = 0.0;
static double P_sleep = 0.130;
static double P_off = 0.043;
static double RXThresh = 0.2818 * (1/100.0) * (1/100.0) * (1/100.0) * (1/100.0);
static double CSThresh = 0.2818 * (1/100.0) * (1/100.0) * (1/100.0) * (1/100.0) / 8.0;
// static double RXThresh = Math.pow(10.0, —20.0/10.0) * 0.001,;;
// static double CSThresh = Math.pow(10.0, —30.0/10.0) * 0.001;;
static double CPThresh = 10; // (db)
SampleCard() {};

/** tank to soldier card for NMS demo */
static class Demo_TSCard { // tank to soldier card for NMS demo
static double freq = 2400000000.0;
static double bandwidth = 6000000.0;
static double Pt = Math.pow(10.0, (21.94 + 0.15 )/10.0) * 0.001; // for 260m transmission range?
// added 0.15 is Gt — cable loss
static double Pt_consume = 0.660;
static double Pr_consume = 0.395;
static double P_idle = 0.0;
static double P_sleep = 0.130;
static double P_off = 0.043;

static double RXThresh = Math.pow(10.0, —68.0/10.0) * 0.001;;
static double CSThresh = Math.pow(10.0, —78.0/10.0) * 0.001;;
// static double RXThresh = Math.pow(10.0, —20.0/10.0) * 0.001;;
// static double CSThresh = Math.pow(10.0, —30.0/10.0) * 0.001;;
static double CPThresh = 10; // (db)

Demo_TSCard() {};

/** tank to tank card for NMS demo */
static class Demo_TTCard { // tank to tank card for NMS demo
static double freq = 2400000000.0;
static double bandwidth = 2000000.0;
static double Pt = Math.pow(10.0, (40.0 + 0.15)/10.0) * 0.001; // for 260m transmission range?
//the added 0.15 is Gt — cableloss = 2.15 — 2.0
static double Pt_consume = 0.660;
static double Pr_consume = 0.395;
static double P_idle = 0.0;
static double P_sleep = 0.130;
static double P_off = 0.043;

static double RXThresh = Math.pow(10.0, —68.0/10.0) * 0.001;;
static double CSThresh = Math.pow(10.0, —78.0/10.0) * 0.001;;
// static double RXThresh = Math.pow(10.0, —20.0/10.0) * 0.001,;
// static double CSThresh = Math.pow(10.0, —30.0/10.0) * 0.001;;
static double CPThresh = 10; // (db)

Demo_TTCard() {};

/** tank to uav card for NMS demo */
static class Demo_TUCard { // tank to uav card for NMS demo
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static double freq = 2400000000.0;

static double bandwidth = 3000000.0;

static double Pt = Math.pow(10.0, 42.0/10.0) * 0.001; // for 260m transmission range?
static double Pt_consume = 0.660;

static double Pr_consume = 0.395;

static double P_idle = 0.0;

static double P_sleep = 0.130;

static double P_off = 0.043;

static double RXThresh = Math.pow(10.0, —68.0/10.0) * 0.001;;
static double CSThresh = Math.pow(10.0, —78.0/10.0) * 0.001;;
// static double RXThresh = Math.pow(10.0, —20.0/10.0) * 0.001,;;
// static double CSThresh = Math.pow(10.0, —30.0/10.0) * 0.001;,
static double CPThresh = 10; // (db) xxxxxxxxok

Demo_TUCard() {};

public void _start() {
idleenergytimer = setTimeout(”IdleEnergyUpdateTimeout”, 10.0);

}
/**
* Constructor. Sets some parameters according to a simple card.
*/

public WirelessPhy() {
super();
pathLossCache = new Hashtable();
freq = SampleCard.freq;
Pt = SampleCard.Pt;
bandwidth = SampleCard.bandwidth;
Lambda = 300000000.0 / freq; // wavelength (m)
RXThresh = SampleCard.RXThresh;
CSThresh = SampleCard.CSThresh; // carrier sense threshold (W) //
CPThresh = SampleCard.CPThresh; // capture threshold (db)
last_send_time = 0.0; // the last time the node sends somthing.
channel become idle time = 0.0; // channel idle time.
last_energy update time = 0.0; // the last time we update energy.
em = new EnergyModel();

}
/**

* Configures the card parameters.
*/
public void configureCard(String card_) {
if (card_.equals("Demo_TSCard”) ) {
freq = Demo_TSCard.freq;
Pt =Demo_TSCard.Pt;
bandwidth = Demo_TSCard.bandwidth;
RXThresh = Demo_TSCard.RXThresh;
CSThresh = Demo_TSCard.CSThresh; // carrier sense threshold (W) //
CPThresh = Demo_TSCard.CPThresh; // capture threshold (db)
Lambda = 300000000.0 / freq; // wavelength (m)
}
else if ( card_.equals(”Demo_TTCard”) ) {
freq = Demo_TTCard.freq;
Pt=Demo_ TTCard.Pt;
bandwidth = Demo_TTCard.bandwidth;
RXThresh = Demo_TTCard.RXThresh;
CSThresh = Demo_TTCard.CSThresh; // carrier sense threshold (W) //
CPThresh = Demo_TTCard.CPThresh; // capture threshold (db)
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Lambda = 300000000.0 / freq; // wavelength (m)
}
else if ( card_.equals("Demo_TUCard”) ) {
freq = Demo_TUCard.freq;
Pt =Demo_TUCard.Pt;
bandwidth = Demo_TUCard.bandwidth;
RXThresh = Demo_TUCard.RXThresh;
CSThresh = Demo_TUCard.CSThresh; // carrier sense threshold (W) //
CPThresh = Demo_TUCard.CPThresh; // capture threshold (db)
Lambda = 300000000.0 / freq; // wavelength (m)

public EnergyModel getEnergyModel()

{ return em; }
public String getName() { refurn ”WirelessPhy”; }

public void duplicate(Object source ) {
super.duplicate(source );
WirelessPhy that = (WirelessPhy) source_;
Pt = that .Pt;
RXThresh = that .RXThresh;
CSThresh = that .CSThresh;
CPThresh = that .CPThresh;
freq = that_.freq;
Lambda = that_.Lambda;
bandwidth = that .bandwidth;

// need to duplicate the energy model?

public Port getChannelPort() { return channelPort; }

/**
* Sets the node id.
*/
public void setNid(long nid ) { nid =nid ; }

/**
* Gets the node id.
*/
public long getNid(long nid ) { return nid; }

/** Sets the transmission power */
public void setPt(double Pt ) { Pt=Pt ; }

/** Sets the power level. */
public void setPwl(int pwl ) {Pt=Pt/pwl_;} /* power level in decending order, 1 — maximum */

public void setRxThresh(double RXThresh ) { RXThresh = RXThresh_; }
public void setCSThresh(double CSThresh ) { CSThresh = CSThresh_; }
public void setCPThresh(double CPThresh ) { CPThresh = CPThresh_; }

/** Sets the frequency */
public void setFreq(double freq ) { freq = freq_; Lambda = 300000000.0 / freq; }

public void setBandwidth(double bw_) { bandwidth =bw_; }
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/xR
* Processes data frame coming from MAC component.
*/

protected synchronized void dataArriveAtUpPort(Object data_, drcl.comp.Port upPort ) {

if ( 'lem.getOn() || em.getSleep() )

return; // packet can not be transmitted, drop siliently

//Decreases node’s energy

if (em.energy > 0) {
double txtime = ((Packet) data_).size * 8.0 / bandwidth;
double start_time = Math.max(channel_become_idle time, getTime());
double end_time = Math.max(channel become idle_time, getTime()+txtime);
double actual_txtime = end_time — start_time;

// decrease the energy consumed during the period from the last energy updating time to the start of
the this transmission
if (start_time > last_energy update_time) {
em.updateldleEnergy(start_time — last energy update time);
last_energy update_time = start_time;
}
double temp = Math.max(getTime(), last_send_time);
double begin_adjust_time = Math.min(channel become idle time, temp);
double finish_adjust_time = Math.min(channel become idle time, getTime()+txtime);
double gap_adjust_time = finish_adjust time — begin_adjust_time;
if (gap_adjust_time < 0.0) {
drcl.Debug.error(”Negative gap time. Check WirelessPhy.java! finish=""+ finish_adjust_time +
”, begin="+ begin_adjust_time + "\n”);

if ((gap_adjust_time > 0.0) && (status == STATUS_RECEIVE)) {
em.updateTxEnergy(—gap_adjust_time);
em.updateRxEnergy(gap_adjust_time);

}

em.updateTxEnergy(actual_txtime);

if (end_time > channel _become_idle time) {
status = STATUS_SEND;
}
last send_time = getTime() + txtime;
channel become idle time =end _time;
last_energy update time =end_time;
if (fem.getOn()) {
// logEnergy();

}
else {
// siliently discards the packet

return;

double t;
t = this.getTime();
if (Math.abs(t — tc) > 1.0 ) { // the least position check interval is one second to speed up simulation
PositionReportContract. Message msg = new PositionReportContract.Message();
msg = (PositionReportContract. Message) mobilityPort.sendReceive(msg);
Xc =msg.getX();
Yc =msg.getY();
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Zc = msg.getZ();
tc=t;

}

downPort.doSending(new NodeChannelContract. Message(nid, Xc, Yc, Zc, Pt, Gt, data ));

//Add by Honghai for debugging
if (isDebugEnabled() ) {
if (t —tp>1.0){
printPktStat();
p=t
}
String pktType = ((Packet)data ).getPacketType();
if (pktType.equals(’AODV”) ) numAODYV ++;
else if (pktType.equals("MAC—802.11_ACK_Frame”) ) numACK++;
else if (pktType.equals("MAC—802.11_RTS_Frame”) ) numRTS++;
else if (pktType.equals("MAC—802.11_CTS_Frame”) ) numCTS++;
else if (pktType.equals("UDP”) ) numUDP++;
else {
numOthers++;
System.out.println(’type <” + pktType + 7> );

void printPktStat() {
StringBuffer sb_ = new StringBuffer(toString());
sb_.append(”AODYV packet: ” + numAODV);
sb_.append("\tRTS packet: ”” + numRTS);
sb_.append("\tCTS packet: ” + numCTS);
sb_.append("\tACK packet: ” + numACK);
sb_.append("\tUDP packet: ” + numUDP);
sb_.append(\tOther packet: ”” + numOthers);
debug(sb_.toString() );

void logEnergy() {
3/ drcl.Debug.debug(” At time: "+ getTime() + ” Node” + nid + ” remaining energy = ~ + em.getEnergy
() + "movements” + (mh—mhl) + "enred” + em.geten() + "\n");

/* *
* Processes the received frame.
*/
protected synchronized void dataArriveAtChannelPort(Object data_) {
double Pr;
double Loss;
double Pt_received; // Pt of the received packet
double Gt_received; // Gt of the received packet
double Xs, Y, Zs; // position of the sender

boolean incorrect = false;
Packet pkt;
double t;

= this.getTime();
if (Math.abs(t — tc) > 1.0 ) { // the least position check interval is one second to speed up simulation

PositionReportContract. Message msg = new PositionReportContract.Message();
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msg = (PositionReportContract. Message) mobilityPort.sendReceive(msg);
Xc =msg.getX();

Yc =msg.getY();

Zc = msg.getZ();

tc=t;

NodeChannelContract.Message msg2 = (NodeChannelContract.Message) data_;
Xs =msg2.getX();

Ys =msg2.getY();

Zs = msg2.getZ();

Gt_received = msg2.getGt();

Pt _received = msg2.getPt();

String type = antenna.QueryType();
Antenna.Orientation incomingOrient = new Antenna.Orientation(0, 0);
if (Itype.equals("OMNIDIRECTIONAL ANTENNA”)) {
// add by Chunyu —— calculate the gain from uni—/omni—directional antenna gain
// 1. calculate the incoming angle
incomingOrient = CalcOrient (Xc, Yc, Zc, Xs, Ys, Zs);
// 2. get the antenna gain in dBi and convert it to absolute value
Gr = Math.exp (0.1 * antenna.getGain_dBi(incomingOrient) );

Long sid = new Long(msg2.getNid());

boolean cacheHit = false;

Loss = 1.0; // Loss will be set to proper value below, here I set it to 1.0 to avoid the compiler’s complaint

if ( pathLossCache.containsKey(sid) ) {
CachedPathLoss ¢ = (CachedPathLoss) (pathLossCache.get(sid));
if (RadioPropagationModel.isCartesianCoordinates()) {
if (Math.abs(c.xs — Xs) <= xyz_tol &&
Math.abs(c.ys — Ys) <=xyz_tol &&
Math.abs(c.zs — Zs) <=xyz tol &&
Math.abs(c.xr — Xc) <=xyz_tol &&
Math.abs(c.yr — Yc) <=xyz_tol &&
Math.abs(c.zr — Zc) <=xyz tol) {
cacheHit = true;
Loss = c.loss;
}
} else {
if (Math.abs(c.xs — Xs) <=long_lat _tol &&
Math.abs(c.ys — Ys) <=long_lat tol &&
Math.abs(c.zs — Zs) <= xyz_tol &&
Math.abs(c.xr — Xc) <=long_lat tol &&
Math.abs(c.yr — Yc) <=long_lat tol &&
Math.abs(c.zr — Zc) <= xyz tol) {
cacheHit = true;
Loss = c.loss;

if ( cacheHit == false ) {
RadioPropagationQueryContract.Message msg3 = (RadioPropagationQueryContract. Message)
propagationPort.sendReceive(new RadioPropagationQueryContract.Message(Lambda, Xs, Y's,
Zs,Xc,Yce, Zc));

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia

103



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

Loss = msg3.getLoss();
CachedPathLoss ¢ = new CachedPathLoss(Xc, Yc, Zc, Xs, Ys, Zs, Loss);
pathLossCache.put(sid, c);

-

Pr =Pt _received * Gt_received * Gr * Loss;

// if the node is in sleeping mode, drop the packet simply
//Rong’s comment: it is possible that the interface overheard other’s communication
if (lem.getOn() ) {
//debug(”Packet is dropped at node” + nid + ~ because the node is not on”);
return;
}
if (em.getSleep() ) {
//debug(”Packet is dropped at node” + nid + ” because the node is sleeping”);

return;

pkt = (Packet) msg2.getPkt();

if ( Pr < CSThresh/1000 ) {

return;

if ( Pr <RXThresh) {
// can detect, but not successfully receive this packet.
// marks the packet erro;

incorrect = true;

//if modulation is simulated, mark packek decoding error here

/*
* The MAC layer must be notified of the packet reception
* now — ie; when the first bit has been detected — so that
* it can properly do Collision Avoidance / Detection.
*/

/*
* Decrease energy if packet successfully received
*/
double rcvtime = (8. * ((Packet) pkt).size) / bandwidth;

// no way to reach here if the energy level < 0

double start_time = Math.max(channel become idle time, getTime());
double end_time = Math.max(channel become idle_time, getTime() + rcvtime);
double actual_rcvtime = end_time—start_time;

if (start_time > last_energy update_time) {
em.updateldleEnergy(start_time—last_energy update_time);
last_energy update time = start_time;

em.updateRxEnergy(actual_rcvtime);
if (end_time > channel become idle time) {
status = STATUS_RECEIVE;

channel become idle time =end_time;
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last_energy update_time = end_time;

if (em.getOn()) {
// logEnergy();

/* added by Chunyu Aug. 05, 2002
* 1. lock on the signal if the antenna is not locked
* 2. if lock succeeds, recalculate Graphics= antenna.getGain() and Pr
* 3. set a timer to unlock the antenna, which times out at end_time
*/
if ( !type.equals(’OMNIDIRECTIONAL ANTENNA”)
&& Pr >= RXThresh && !antenna.isLocked()) {
antenna.lockAtSignal (incomingOrient);
Gr = Math.exp (0.1 * antenna.getGain_dBi (incomingOrient) );
// incomingOrient.azimuth + ”. Gr = " + Gr); //for debug
Pr=Pt_received * Gt_received * Gr * Loss;
lockTimer = setTimeout (”AntennaLockSignal TimeOut”, end_time—getTime());
} /fendif

// MacPhyContract.Message is defined to convey all necessary information to the MAC component.

MacPhyContract.Message msg4 = new MacPhyContract. Message(incorrect, Pr, CPThresh, CSThresh,
RXThresh, pkt);

upPort.doSending(msg4);

/* added by Chunyu —— 08.08.2002
* Calculate the orientation of the sender (Xt, Yt, Zt) in regards to
* the receiver’s position (Xr, Yr, Zr)
*/
JEx
* Calculates the orientation of the sender (Xt, Yt, Zt) in regards to
* the receiver’s position (Xr, Yr, Zr)
*
*/
protected Antenna.Orientation CalcOrient (
double Xr, double Yr, double Zr,
double Xt, double Yt, double Zt)

double delta_x, delta_y, delta_z, delta_xy;
double alfa =0, beta = 0;
Antenna.Orientation orient;

delta_x = Xt—Xr;
delta y=Yt—Yr;
delta z=Zt—Zr;
delta_xy = Math.sqrt(delta_x*delta_x + delta_y*delta_y);

if (delta_x==0) {
if (delta_y==0) alfa = 0;
else if(delta_y>0) alfa = 90;
else alfa=270;
}else {
alfa = Math.toDegrees (Math.abs (Math.atan(delta_y/delta_x)));
if (delta_x>0 && delta_y>=0) ;
else if (delta_x<0 && delta_y >=0) alfa = 180—alfa;
else if (delta_x<0 && delta_y <0) alfa = 180+alfa;
else if (delta_x>0 && delta_y < 0) alfa = 360—alfa;
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if (delta_xy==0){
if (delta_z==0) beta = 0;
else if (delta_z>0) beta = 90;
else beta = 270;
} else {
beta = Math.toDegrees (Math.abs (Math.atan(delta_z/delta_xy)));
if (delta_xy>0 && delta_z>=0) ;
else if (delta_xy<0 && delta_z >=0) beta = 180 — beta;
else if (delta_xy<0 && delta_z >=0) beta = 180 + beta;
else if (delta_xy>0 && delta_z < 0) beta = 360 — beta;

return new Antenna.Orientation ((inf)alfa, (inf)beta);
} //end CalcOrient

/**
* Configures the node’s antenna from assigned port.
*/

protected void configAntenna (Object data )

{

String args = ((String)data_).toLowerCase(), value;

/* create an antenna */

if (args.startsWith(”create™)) {
String ant = args.substring (args.indexOf(”create”)+ 6);
ant = ant.trim();

if (ant.equals(”antenna”)) {
//antenna = new Antenna();

return;

if (ant.equals(’switchedbeam antenna”)) {
antenna = new SwitchedBeamAntenna();

return;

if (ant.equals(”adaptive antenna”)) {
antenna = new AdaptiveAntenna();

return;

System.out.println ("FORMAT erorr! shall be <create antenna/switchedbeam antenna/adaptive
antenna>"");
return;
} Vendif “create”

/* Query the antenna type*/

if (args.startsWith ("querytype”)) {
System.out.println (antenna.QueryType());
return;

} Mendif " QueryType”

/* initialization work */

int index;

if ( (index = args.indexOf (’=")) != —1) {
value = (args.substring(index+1)).trim();
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if (value.equals(null)) {
System.out.println (¢kis + :: pls. use the format such as <height = 1.5>”);
return;

} /endif value

if (args.indexOf ("height”)!=—1) {
float height = Float.parseFloat(value);
antenna.setHeight (height);
System.out.println (’set height = > + antenna.setHeight(height));
return;
} //endif "height”

if (args.indexOf ("omnigain_dbi”)!=—1) {
float omniGain_dBi = Float.parseFloat(value);
antenna.setOmniGain_dBi(omniGain_dBi);
System.out.println ("set omniGain_dBi = ” + antenna.getGain_dBi());
return;

} /endif "omniGain_dBi”

if (args.indexOf (”azimuthpatterns”)!=—1) {

try {

BufferedReader in =
new BufferedReader (new FileReader(value));

in.close();

} catch (java.io.JOException e) {
System.out.println (zhis + :: error in opening ” + value);
return;

} /endtry

if (antenna.initAzimuthPatterns (value))
y//System.out.println (this + “Successfully initialize the azimuth pattern file!”);
else
System.out.println (this + “Failure in initializing the azimuth pattern file!”);
return;
} /endif "azimuthPatterns”

if (args.indexOf (“elevationpatterns”)!=—1) {

try {

BufferedReader in =
new BufferedReader (new FileReader(value));

in.close();

} catch (java.io.JOException e) {
System.out.println (¢kis + :: error in opening ” + value);
return;

} /endtry

if (antenna.initElevationPatterns (value))

System.out.println (zhis + ”Successfully initialize the elevation pattern file!”);
else

System.out.println (zhis + “Failure in initializing the evlation pattern file!”);
// antenna transmission gain, should be moved to attenna component later
return;

} /endif “elevationPatterns”
System.out.println (” Wrong format: no such initialization item!”);

Y Hendif ... =...°

System.out.println ("Wrong format to communicate with the Antenna component!”);
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} /fend configAntenna

protected synchronized void processOther(Object data_, Port inPort ) {
String portid = inPort_.getID();

if (portid_.equals(CHANNEL PORT ID)) {
if (!(data_ instanceof NodeChannelContract.Message)) {
error(data_, ”processOther()”, inPort_, unknown object”);
return;
}
dataArriveAtChannelPort(data ); // a packet is "heard” from the channel

return;

if (portid_.equals(ENERGY_PORT ID)) {
if (data_ == null) // this is a query message
energyPort.doSending(em);
else if (data_ instanceof BooleanObj) {
em.setSleep(((BooleanObj) data ).getValue());

updateldleEnergy();
}
else
drcl.Debug.error(”WirelessPhy.processOther()”, "Unrecognized contract”, true);
return;
}
/* antenna —— Chunyu */

if (portid_.equals (ANTENNA_PORT _ID)) {
configAntenna (data );

return;

if (portid_.equals(MOVHIS_PORT _ID)) {/msn 24—11—08
//drcl. Debug.debug(”At time: "+ data_ + "\n”);

calc_energy mov(data );

return;

super.processOther(data_, inPort );

/**
* Preriodically timeout to update energy consumption even if it is in idle state.
*/
public synchronized void timeout(Object data_) {
if (data_ instanceof String ){
if (((String) data_).equals(”IdleEnergyUpdateTimeout™) ) {
if (em.getEnergy() > 0 ) logEnergy();
updateldleEnergy();
idleenergytimer = setTimeout(”IdleEnergyUpdateTimeout”, 10.0);
}
else if ( ((String) data ).equals(”AntennaLockSignal TimeOut”)) {

antenna.unlock();
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/xR
* updates energy consumption during the idle state.
*/
protected void updateldleEnergy() {
if ( getTime() > last_energy update_time) {
if{em.getOn()) {
if(em.getSleep())
em.updateSleepEnergy(getTime() — last_energy update time);
else

em.updateldleEnergy(getTime() — last_energy update time);

}

last_energy update_time = getTime();
}
/if (em.getEnergy() > 0 ) logEnergy();

}

protected void calc_energy _mov(Object data_) // msn 24—11—08
{

prev_mov_cnt= cur_mov_cnt;
cur_mov_cnt = (Long) data_;
em.updateMovEnergy(cur_mov_cnt—prev_mov_cnt);/msn 23—11—08
/I if (em.getEnergy() <= 0.0) movhisPort.doSending(nid);
movhisPort.doSending(rnew NeighborQueryContract. Message(nid, em.getEnergy()));

//if (nid ==5) drcl. Debug.debug(” At time: "+ getTime() + ~ Node” + nid + ” remaining energy =~ + em.
getEnergy() + "movements” + (mh—mhl) + “enred” + em.geten() + "\n");
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EnergyModel

/* Modlified by MS Nikitidis March 2009%/

// @(#)EnergyModel java 1/2004

// Copyright (c) 1998—2004, Distributed Real—time Computing Lab (DRCL)

// All rights reserved.

/7

// Redistribution and use in source and binary forms, with or without

// modification, are permitted provided that the following conditions are met:

/7

// 1. Redistributions of source code must retain the above copyright notice,

// this list of conditions and the following disclaimer.

// 2. Redistributions in binary form must reproduce the above copyright notice,

// this list of conditions and the following disclaimer in the documentation

// and/or other materials provided with the distribution.

// 3. Neither the name of "DRCL” nor the names of its contributors may be used

// to endorse or promote products derived from this software without specific

// prior written permission.

/7

// THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
// AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

// IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
// ARE DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR
// ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL

// DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
// SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER

// CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
// OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
// OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

/

package drcl.inet.mac;

/**
* The class implements a simple energy model.
* @author Rong Zheng
*/
public class EnergyModel extends drcl.DrclObj {
/** Creates a new instance of Energylnfo */
double Pt =0.2818; // transmitter signal power (W)
double Pt_consume = 0.660; // power consumption for transmission (W)
double Pr_consume = 0.395; // power consumption for reception (W)
double P_idle = 0.0; // idle power consumption (W)
double P_off = 0.043;
double P_sleep = 0.130;
double P_mov = 0.362; // msn 23—11—08

boolean isOn = true;

boolean isSleep = false;

double energy = 1000;
long ml;
public EnergyModel() {
H

/** Set energy consumption

* @param Pt_signal power

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia 110



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

* @param Pt_consume_ power consumption of transmission
* @param Pr_consume_ power consumption for reception
* @param P_idle idle power consumption
* @param P_off shutdown energy consumption
*/
public void setEnergyConsumption(double Pt_, double Pt_consume , double Pr_consume_, double P_idle ,
double P_oft , double P_mov ) {//msn 23—11—08
Pt=Pt ;
Pt_consume = Pt _consume ;
Pr_consume = Pr_consume _;
P _idle="P idle ;
P off =P off ;
P_mov =P _mov_;/msn 23—11—08
H

public String toString()
{

return “EnergyModel:t_signal power="+ Pt + ”,t_consume="+ Pt_consume + ”,r_consume="+
Pr_consume + ”,idle_consume="+P_idle + ”,P_off="+P_off + ”,P_mov="+P_mov;
Y/msn 24—11—08

protected void setOn(boolean is_on) {

isOn =1is_on;

protected void setSleep(boolean is_sleep) {
isSleep = is_sleep;

protected void setEnergy(double energy ) {
energy = energy_;

protected boolean updateldleEnergy(double time) {
energy —= P_idle*time;
if (energy <=0) {
energy = 0;
isOn = false;

return isOn;

protected boolean updateTxEnergy(double time) {
energy —= Pt_consume*time;

if (energy <=0) {

energy = 0;
isOn = false;
}
return isOn;

protected boolean updateRxEnergy(double time) {
energy —= Pr_consume*time;
if (energy <=0) {
energy = 0;
isOn = false;
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return isOn;

protected boolean updateSleepEnergy(double time) {
energy —=P_sleep*time;
if (energy <=0) {
energy = 0;
isOn = false;

return isOn;

protected boolean getOn() {

return isOn;

protected boolean getSleep() {

return isSleep;

protected double getEnergy() {

return energy;

protected boolean updateMovEnergy(long mov ) {// msn 19—11—08
energy —=P_mov * mov_;

ml=mov_;
if (energy <=0) {
energy = 0;
isOn = false;
}
return isOn;
}
// public double geten()
Vs
// return (P_mov *ml);
"}
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NeighborQueryContract

/* Modlified by MS Nikitidis March 2009%/

// @(#)NeighborQueryContract.java 1/2004

// Copyright (c) 1998—2004, Distributed Real—time Computing Lab (DRCL)

// All rights reserved.

/7

// Redistribution and use in source and binary forms, with or without

// modification, are permitted provided that the following conditions are met:

/7

// 1. Redistributions of source code must retain the above copyright notice,

// this list of conditions and the following disclaimer.

// 2. Redistributions in binary form must reproduce the above copyright notice,

// this list of conditions and the following disclaimer in the documentation

// and/or other materials provided with the distribution.

// 3. Neither the name of "DRCL " nor the names of its contributors may be used

// to endorse or promote products derived from this software without specific

// prior written permission.

/7

// THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
// AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

// IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
// ARE DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR
// ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL

// DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
// SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER

// CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
// OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
// OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

/7

package drcl.inet.mac;

import drcl.data.*;

import drcl.net.*;

import drcl.comp.*;
import drcl.util.ObjectUtil;
import drcl.util.StringUtil;

/**
* The NeightbourQueryContract contract. This contract defines the commands
* and the message format between <code>Channel</code> component
* and <code>NodePositionTracker</code> component.
*
* @see Channel
* @see NodePositionTracker
* @author Ye Ge
*/
public class NeighborQueryContract extends Contract

{
public static final NeighborQueryContract INSTANCE = new NeighborQueryContract();

public NeighborQueryContract()
{ super(); }

public NeighborQueryContract(int role )
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{ super(role ); }

public String getName()
{ return “Position Report Contract”; }

public Object getContractContent()
{ return null; }
/**
* Queries the neighbours of the sender whose current positionis (X , Y , Z ).
*/
public static Object query(long nid_, double X_, double Y _, double Z_, Port out )
{ return out_.sendReceive(new Message(nid , X ,Y ,Z)); }

/**
* Sends back a reply through the out _port
*
*@param nodeList _an array of the nid’s of neighboring nodes.
*@out_the port through which a reply message should be sent back.
*/
public static void reply(long[] nodeList_, Port out )
{ out_.doSending(new Message(nodeList )); }

public static class Message extends drcl.comp.Message
{

long nid;

double X, Y, Z,

long[] nodeList;

double[] cf, //msn 9—1—09

double[] Xsrcy//msn25—1—09
double[] Ysrcy//msn 25—1—09
double[] Xfol;/msn25—1—09
double[] Yfol;//msn 25— 1—09
double Energy;

— /= =

// All nodes in nGrids away subareas are considered as neighbours.

// By default, nGrids is set to 1, which means all nodes in 9 adjacent

// subareas (including the subarea where the sender is located) are neighbours.
int nGrids = 1;

public Message () { }

/**
* Constructor. Assumes nGrids is 1.
*
*
*@param nid_ the id of the querying node.
*@param X _the x coordinate of the node current position.
*@param Y _the y coordinate of the node current position.

*@param Z_the z coordinate of the node current position.
*

*/
public Message (long nid_, double X_, double Y , double Z, )
{
nid = nid_;
X=X;Y=YZ=Z;
nodeList = null;
nGrids = 1;
}
Vi
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* Constructor.
*

3k
*@param nid_ the id of the querying node.
*@param X _the x coordinate of the node current position.
*@param Y _the y coordinate of the node current position.
*@param Z_ the z coordinate of the node current position.
*@nGrids_ the nGrid value.
*/
public Message (long nid_, double X_, double Y _, double Z_, int nGrids_)
{
nid =nid_;
X=X;Y=Y_Z=Z_;
nodeList = null;
nGrids = nGrids_;

/**
* Construct. Constructs a reply message containning only a node list.

*

*@param nodeList _the list of all neighbour node id.
*
*
public Message (long[] nodeList )
{
nid = —1;
X=0,Y=0,Z2=0;
nGrids = nGrids;
nodeList = nodeList ;

* Constructor. Constructs a message
*
* @param nid_ the node id
* @param X _the X coordinate of the querying node
* @param Y_the Y coordinate of the querying node
* @param Z_the Z coordinate of the querying node
* @param nodeList _the id list of all neighbour nodes
* @param nGrids_the value of nGrids
*/
public Message (long nid_, double X_, double Y _, double Z_, long[] nodeList , int nGrids )
{
nid =nid_;
X=X;Y=YZ=Z;
if (nodeList_!=null) {
int n = nodeList_.length;
nodeList = new long[n];
for (inti=0;i<n;i++)
nodeList[i] = nodeList_[i];
}
else
nodeList = null,
nGrids = nGrids_;

public Message (double[] cf , double[] Xsrc_, double[] Ysrc_, double[] Xfol ,double[] Yfol ) //msn
9—1—-09 //revised 25—1—09
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nid=—1;
X=0;Y=0,Z=0;
nGrids = nGrids;
cf=cf ;

Xsrc = Xsrc_;
Ysrc=Ysrc_;

Xfol = Xfol ;
Yfol=Yfol ;

public Message (long nid_, double Energy )

f
RS

nid = nid_;
Energy = Energy_;
}
/** Gets the node id */
public long getNid() { return nid; }
/*¥* Gets the X coordinate */
public double getX() { return X; }
/*¥* Gets the Y coordinate */
public double getY() { return Y; }
/** Gets the Z coordinate */
public double getZ() { return Z; }
/** Gets nGrids */
public int getnGrids() { return nGrids; }
/**Gets cf*/
public double[] getcf() { return cf; }//msn 9—1—09
public double[] getXsrc() { return Xsrc; }//msn 25—1—09
public double[] getYsre() { return Ysrc; }//msn 25—1—09
public double[] getXfol() { return Xfol; }//msn 25—1—09
public double[] getYfol() { return Yfol; }//msn 25—1—09
public double getEnergy() { return Energy; }

/** Gets node list in the message */
public long[] getNodeList() {
return nodeList;

-

public Object clone()
{ return new Message(nid, X, Y, Z, nodeList, nGrids); }

public Contract getContract()
{ return INSTANCE; }

public String toString(String separator_)
{

String str;

str = "Neighbor Query:” + separator _+ “nid="+ nid + separator_+ ”X="+ X + separator _+ ”Y="

+Y + separator_ + ”Z="+ Z + separator_ + “nodeList =";
if (nodeList != null)
if (nodeList.length =0 )
for (inti=0;i<nodeList.length; i ++)
str = str + nodeList[i] + ;
str = str + separator_ + “nGrids=" + nGrids;

return Str;
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NodePositionTracker

/* Modlified by MS Nikitidis March 2009%/

// @(#)NodePositionTracker.java 7/2003

// Copyright (c) 1998—2003, Distributed Real—time Computing Lab (DRCL)

// All rights reserved.

/7

// Redistribution and use in source and binary forms, with or without

// modification, are permitted provided that the following conditions are met:

/7

// 1. Redistributions of source code must retain the above copyright notice,

// this list of conditions and the following disclaimer.

// 2. Redistributions in binary form must reproduce the above copyright notice,

// this list of conditions and the following disclaimer in the documentation

// and/or other materials provided with the distribution.

// 3. Neither the name of "DRCL " nor the names of its contributors may be used

// to endorse or promote products derived from this software without specific

// prior written permission.

/7

// THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
// AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

// IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
// ARE DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR
// ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL

// DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
// SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER

// CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
// OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
// OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

/7

package drcl.inet.mac;

import drcl.comp.*;
import drcl.net.*;

import drcl.inet.*;

import drcl.inet.contract.*;
import java.util.*;

import drcl.comp.Port;
import drcl.comp.Contract;

/**

* This component divides the X—Y plane of the simulated space area into multiple

* subareas. Each mobile node’s <code>MobiltiyModel</code> periodically reports
* its position to <code>NodePositionTracker</code>.

* When a <code>NodePositionTracker</code> receives a neighboring node inquery from
* the <node>Channel</code> component, the <code>NodePositionTracker</code>
* first finds out which subarea that sender node is located and

* returns the nid’s of all mobile nodes which are currently located in all neighbouring
* subareas.

*

* @author Ye Ge

* @see Channel

* @see MobilityModel

*

*/
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public class NodePositionTracker extends drcl.net.Module {

/* configurate the ports */
private static final String NODE_PORT _ID = ".node”; // connect to the mobile nodes’ wirelessphy
private static final String CONFIG_PORT _ID = ”.config”;
private static final String CHANNEL PORT ID = ”.channel”; // connect to the channel component
private static final String VALINDEX PORT _ID = ”.valndx”; //msn 9—1—09
private Port nodePort = addPort(NODE_PORT ID, false);
private Port configPort = addPort(CONFIG_PORT 1D, false);
private Port channelPort = addServerPort(CHANNEL PORT _ID);
private Port valndxPort = addServerPort(VALINDEX PORT _ID);/msn 9—1—09
{
removeDefaultUpPort();
removeDefaultDownPort();
removeTimerPort();

/** The grid size along X—axle */
public double dX;

/** The grid size along Y—axle */
public double dY;

/** The largest x coordinate value of the simulated area */
public double maxX;

/** The largest y coordinate value of the simulated area */
public double maxy,

/** The smallest x coordinate value of the simulated area */
public double minX;

/** The smallest y coordinate value of the simulated area */

public double minY;

/** Number of subareas along the X—axle. */
public int m;
/** Number of subareas along the X—axle. */

public int n;

/* *
* Each element of this two dimensional array is
* a vector to hold the ids of all mobile nodes
* currently are located in that subarea.
*/
public Vector g[][];
double cf[] = new double[30]; //msn 22—12—08
long[] nodeList;//msn 9—1—09
public int NoSrc; //msn 25—1—09
double Xsrc[] = new double[30];//msn 25— 1—09
double Ysrc[] = new double [30];/msn 25— 1—09
double Xfol[] = new double[30];//msn 25—1—09
double Yfol[] = new double [30];//msn 25—1—09
/* *
* Construction function.
*
* @param maxX _the largest x coordinate value of the simulated area
* @param minX_the smallest x coordinate value of the simulated area
* @param maxY _the largest y coordinate value of the simulated area
* @param minY _ the smallest y coordinate value of the simulated area

* @param dX _the grid size along X—axle

* @param dY _the grid size along Y—axle
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*/
public NodePositionTracker(double maxX_, double minX_, double maxY _, double minY _, double dX_,
double dY ) {
super();
maxX = maxX_; minX =minX ;dX=dX_;
maxY =maxY_; minY =minY ;dY =dY_;
m = ((inf)((maxX — minX)/dX)) + 1;
n = ((inf)((maxY — minY)/dY)) + 1;
g = new Vector[m][n];
//System.out.println(’’size of g "+m+" "+n);
Sor (inti=0;i<m;i++)
for (int§=0;§<n;j++)
g[i][j] = new Vector();

}
public NodePositionTracker( ) {
super();
}
public String info()
{
StringBuffer sb0= new StringBuffer();
sb0.append(”Xrange/dX =" + minX + ”——"+ maxX + 7/ + dX + "\n”);
sb0.append(”Yrange/dY =" + minY + ”——"+ maxY + /" + dY + "\n”);

StringBuffer sb= new StringBuffer();
Sfor (int i=0; i<m; i++)
Sor (int j=0; j<n; j++)
if (glil[jl-isEmpty() {
sb.append(” (" +1+7" +j+7)7);
for (Iterator it=g[i][j].iterator(); it.hasNext(); ) {
sb.append(it.next() +” ”);
}
sb.append(”\n”);
}
if (sb.length() == 0)
return sb0 + ”No node has reported position.\n”;
else
return sb0 + ”Node Positions:\n” + sb;

/**
* Sets the grid parameters to divide the simulated area into subareas.
*
* @param maxX _ the largest x coordinate value of the simulated area
* @param minX_ the smallest x coordinate value of the simulated area
* @param maxY _ the largest y coordinate value of the simulated area
* @param minY _ the smallest y coordinate value of the simulated area
* @param dX_the grid size along X—axle
* @param dY _ the grid size along Y—axle
*/
public void setGrid(double maxX_, double minX_, double maxyY , double minY _, double dX_, double dY ) {
//System.out.printin(”’setGrid maxX_ ="+ maxX + "minX ="+ minX + "max¥_ ="+ max¥ +"”
minY =" +minY +7dX="+dX +7dY ="+dY );
maxX = maxX_; minX =minX ;dX=dX_;
maxY =maxY_; minY =minY ;dY =dY_;
m = ((int)((maxX — minX)/dX)) + 1;
n = ((inf)((maxY — minY)/dY)) + 1;
g = new Vector[m][n];
Sor (inti=0;i<m;i++)
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Jor (intj=0;j<n;j++)
g[i][j] = new Vector();

public String getName() { refurn ”NodePositionTracker”; }

public void duplicate(Object source )

{
super.duplicate(source );
NodePositionTracker that = (NodePositionTracker)source_;
maxX = that .maxX; minX = that .minX; dX = that_.dX;
maxY = that .maxY; minY = that .minY; dY = that_.dY;

m = ((inf)((maxX — minX)/dX)) + 1;
n = ((inf)((maxY — minY)/dY)) + 1;
g = new Vector[m][n];
Sor (inti=0;i<m;i++)
Sor (intj=0;j<n;j++)
g[i][j] = new Vector();

protected void processOther(Object data_, Port inPort )

{
String portid_ = inPort_.getID();

if (portid_.equals(NODE_PORT _ID)) {
/*
if (!(data__instanceof PositionReportContract.Message)) {
error(data_, “processOther()”, inPort_, “unknown object”);
return;

}

*/
processReport(data_, inPort_);
}
else if (portid_.equals(CHANNEL PORT ID)) {
/*
if (!(data__instanceof NeighborQueryContract.Message)) {
error(data_, “processOther()”, inPort_, "unknown object”);
return,
}
*/
processQuery(data_, inPort_);
}
else if (portid_.equals(VALINDEX_PORT _ID))/msn 9—1—09
{
processVallndex(data_,inPort_);

}

else
super.processOther(data_, inPort );

/* *

* Processes the position update reports sent from the <code>MobilityModel</code>
* of the mobile nodes

*/

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia 120



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

protected void processReport(Object data_, Port inPort ) {
//debug(”’received position report” + data_.toString());

if ( !(data_ instanceof PositionReportContract. Message) ) {
error(data_, ”processReport()”, inPort_, “unknown object”);
return;

}

PositionReportContract.Message msg = (PositionReportContract. Message) data_;

long id;
double X, Y, Z, X0, Y0, Z0;

id = msg.getNid();

X =msg.getX();

Y =msg.getY();

Z = msg.getZ();

X0 = msg.getX0();

YO0 = msg.getYO0();

Z0 = msg.getZ0();

cf[(int)id] = msg.getCF();/msn 22— 12—08
// drcl.Debug.debug ("node” +id + "X+ X+ Y+ Y+ "n”
if ((inf)id < NoSrc && X 1= 0.0 && Y!=0.0)/msn 25—1—09
{
Xsre[(inf)id] = X;
Ysre[(inf)id] = Y;
}

if ((inf)id >=NoSrc && X = 0.0 && Y !=0.0)

{

Xfol[(in)id] = X;

Yfol[(int)id] = Y;

/ffor (jj = 0; jj < nodeList.length; jj ++)

//drel.Debug.debug ("node” + id + "xfol” + Xfol[(int)id] + "\n");
}

inti, j, i0, jO;

if ( X=X0&& Y ==YO0) {//first time or not moved yet
//System.out.printin(’minX "+minX+ 7 X "+X+" dX "+dX);
//System.out.printin(’minY "+minY+ 7Y "+Y+" dY "+dY);
i = (int)((X—minX)/dX);
j = (int)((Y—minY)/dY);
//System.out.println(”’i "+i+"j "+j);
if ( g[i][j].contains(rew Long(id)) == false )
gl[i][j].insertElementAt(new Long(id), 0);
}
else {
i = (int)((X—minX)/dX);
j=(@int)((Y —minY)/dY);
10 = (in?)((X0—minX)/dX);
j0 = (int)((YO—minY)/dY);

g[i0][j0].remove(new Long(id));
g[i][j].insertElementAt(new Long(id), 0);

// drcl.Debug.debug ("Node” + id + "cf=" + cf[(int)id] + "\n"),;//msn 22—12—08
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/**
* Processes the neighbouring node inquery.
*/
protected void processQuery(Object data_, Port inPort ) {
if ( !(data_ instanceof NeighborQueryContract. Message) ) {
error(data_, ”processQuery()”, inPort_, “unknown object”);

return;

NeighborQueryContract.Message msg = (NeighborQueryContract.Message) data_;

long id;
double X, Y, Z,

// long[] nodeList; msn 9—1—09
int nGrids;

X =msg.getX();
Y = msg.getY();
Z = msg.getZ();
nGrids = msg.getnGrids();

int i, j, il, ir, jl, jr;

i = (inf)((X—minX)/dX);
j=(@int)((Y —minY)/dY);

il = Math.max (0, i—nGrids);

ir = Math.min(m— 1, i+nGrids);
jl = Math.max(0, j—nGrids);
jr=Math.min(n— 1, j+nGrids);

int nn = 0;
int ki, kj, kk, kv;
Sfor (ki=il; ki<=ir; ki ++)
Jor (1= jl; kj <=jr; kj ++)
nn = nn + g[ki][kj].size();
nodeList = new long[nn];
kk =0;
Sfor (ki=il; ki <=1ir; ki ++) {
Jor (kj =]l kj <=jr; kj ++) {
Sfor (kv =0; kv < g[ki][kj].size(); kv ++) {
nodeList[kk] = ((Long)(g[ki][kj].elementAt(kv))).longValue();

kk=kk + 1;
}
¥
¥
/ debug("query X ="+ X+ "Y="+4Y+ "il="+il+"i="+i+"ir="+ir+"jl="+jl+"j=
Y +j+ "jr="+jr+ "nodeList size ="+ nn);

channelPort.doSending(new NeighborQueryContract.Message(nodeList));

protected void processVallndex(Object data_, Port inPort_)/msn 9—1—09
{
int jj; //msn 9—1—09
double[] ctt; //msn 9—1—09
//double[] Xsrcl;
//double[] Ysrcl;
double[] Xfoll;
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double[] Yfoll,

cff = new double[nodeList.length];//msn 9—1—09
// Xsrel = new double[nodeList.length];
//Ysrcl = new double[nodeList.length];
Xfoll = new double[nodeList.length];
Yfoll = new double[nodeList.length];

for (jj = 0; jj <nodeList.length; jj ++)
{

cffljj] = cf[(inf)nodeList[jj]];
//Xsrel[jj] = Xsrc[(int)nodeList/jj]];
//Ysrel[jj] = Ysrc[(int)nodeListfjj]];
Xfoll[jj] = Xfol[(int)nodeList([jj]];
Yfoll[jj] = Yfol[(inf)nodeList[jj]];

valndxPort.doSending(new NeighborQueryContract.Message(cff, Xsrc, Ysrc, Xfoll, Yfoll));/revised
25—1-09

public void setNoSrc(int NoSrc_)/msn 25—1—09
{ NoSrc =NoSrc_; }
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PositionReportContract

/* Modlified by MS Nikitidis March 2009%/

// @(#)PositionReportContract.java 1/2004

// Copyright (c) 1998—2004, Distributed Real—time Computing Lab (DRCL)

// All rights reserved.

/7

// Redistribution and use in source and binary forms, with or without

// modification, are permitted provided that the following conditions are met:

/7

// 1. Redistributions of source code must retain the above copyright notice,

// this list of conditions and the following disclaimer.

// 2. Redistributions in binary form must reproduce the above copyright notice,

// this list of conditions and the following disclaimer in the documentation

// and/or other materials provided with the distribution.

// 3. Neither the name of "DRCL” nor the names of its contributors may be used

// to endorse or promote products derived from this software without specific

// prior written permission.

/7

// THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
// AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

// IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
// ARE DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR
// ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL

// DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
// SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER

// CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
// OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
// OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

/

package drcl.inet.mac;

import drcl.comp.*;
import drcl.data.*;

import drcl.net.*;

import drcl.util.ObjectUtil;
import drcl.util.StringUtil;

/**
* The PositionReportContract contract. This contract defines the message format
* between <code>MobileModel</code> and <code>NodePositionTracker</code> as well as
* between <code>MobileModel</code> and <code>WirelessPhy</code>.
*
* @see MobilityModel
* @see NodePositionTracker
* @see WirelessPhy
* @author Ye Ge
*/
public class PositionReportContract extends Contract

{
public static final PositionReportContract INSTANCE = new PositionReportContract();

public PositionReportContract()
{ super(); }

public PositionReportContract(int role )
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{ super(role ); }

public String getName()
{ return “Position Report Contract”; }

public Object getContractContent()

{ return null; }

/* *
* Constructs a position report message and sends it through out _port.
*
*@param X _the x coordinate of the reporting node current position.
*@param Y _the x coordinate of the reporting node current position.
*@param Z_the x coordinate of the reporting node current position.

*@out _the port through which to send the constructed message.
*

*/
public static void report(double X _, double Y , double Z,_, Port out )
{ out_.doSending(new Message(X_,Y ,Z)); }

/** The position report message. */

public static class Message extends drcl.comp.Message

{
long nid; // node id
double X, Y, Z; // new position
double X0, Y0, Z0; // original position
double cur_frame; // msn 22— 12—08 best frame by node
public Message ()
{
/** Constructor
sk
*@param nid_ the node Id
*@param X_ the x coordinate of the node current position
*@param Y_ the y coordinate of the node current position
*@param Z_ the z coordinate of the node current position
*@param X0 _ the x coordinate of the node previous position
*@param Y0 _the y coordinate of the node previous position
*@param Z0_ the z coordinate of the node previous position
*/
public Message (long nid_, double X_, double Y _, double Z_, double X0 _, double YO _, double 70 )
{
nid=nid ; X=X ;Y=Y ;Z=7 ;X0=X0_;Y0=Y0_;Z0=70_;
}
/**
* This is only used while MobilityModel responding WirelessPhy’s query and reporting its own position.
*/
public Message (double X_, double Y _, double Z. )
{
nid=—1;
X=X;Y=YZ=Z;
X0=X;Y0=Y ;Z20=Z_;
}

public Message (long nid_, double cur_frame )/msn 22—12—08
{

ElJnviko Avoikto Hoavemortiuio: TIAHY - litdouotixn Epyocia 125



Muyyonl 2. Nikntioyg,
‘Mnyoviouos Avoxdloyne HAnpopopiog I1loiciov ue ypnon AxyopiQuwv Aiayvons IAnpopopiog

nid =nid_;

cur_frame = cur_frame ;

}

public long getNid() { return nid; }

public double getX() { return X; }

public double getY() { return Y; }

public double getZ() { return Z; }

public double getX0() { return XO0; }

public double getYO() { return YO0; }

public double getZ0() { return Z0; }

public double getCF() { return cur_frame; }/msn 22—12—08

/*
public void duplicate(Object source_)
{
Message that = (Message)source_;
nid = that_.nid; X = that_X; Y = that .Y; Z = that .Z; X0 = that_.X0; Y0 = that .Y0; Z0 = that .Z0
}
*/

public Object clone()
{ return new Message(nid, X, Y, Z, X0, Y0, Z0); }

public Contract getContract()
{ return INSTANCE; }

public String toString(String separator )
{
return “Position Report:” + separator_ + ’nid="+ nid + separator _+ ”X="+ X + separator_+’Y="+Y +
separator_ + ”Z="+ Z + separator_ + ”X0="+ X0 + separator_ +’Y0="+ YO + separator_ + ”Z0="
+Z0;
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