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IHeptinyn

To acvppata diktvo acdnTpOV glval o TEPLOYN e LEYOAO EPELVNTIKO EV-
SpEPOV amd SLAPOPEG ATOWYELG, GE QLTI TNV EPYACia Bo pedeToovUE TPOPANLATOL
BéATIoTNG TOTOBETNONG OG VANPEGIONG GE CVPUATO SIKTLO KOt EXIONG TNV EVEP-
YEL0KT GUUTEPIPOPA AVTDV TOV SIKTOWOV. EEKIVALLE LLE LLOLYPNYOPT] ETICKOTNGT) TG
Bewplog TV Yphoov, apod dAA0GTE £va dikTLO UTopEel Vo avTITpocOTevdel amd
éva YPApo e TIG GUVOEGELG TOL (G OKWES TOV YPAPOL, Kot To onueio. GUVOECEDY
(voAoy1oTEG, acONTNPES) MG TIG KOPLEES TOL Ypdpov. Xvveyilovpe mapovcldlo-
vtag 1o 1-median TpdPAnpa Kot TL TPOYLATEVETAL GE GYECT) e TNV ToToBETNoN Liog
VANPECTIAG TAV®O 6TO OIKTLO, OEIYVOVLLE [IE OTOTEAEGLLATA TPOGOUOLDCEWMY TV YXP1)-
GUOTNTO TG AVomG Tov 1-median TpoPARaTog o€ £va STKTLO AVAPOPIKE LLE TO GL-
volMkd KOGTOG EMKOVOViag TV KOUPwV pe v vinpecia. Enctta avaidovpe yroti
N Abon tov 1-median TpoPALATOC TOV ¥PELALETAL YEVIKT YVMDOT TNG TOTOAQYIOG
TOV JKTHOVL dev gival PLOGIUN GTPATNYIKY GE achpUOTH dikTVa AIGONTHP®Y TOV
umopet va yovpe YIAddeg kOUPove Kot cuvexelg ahlayég oty tomoAoyio (LETO-
KWV GELG, TPOGHECELS KAl APUPECELS alsHNTAP@V 0t TO 31KTVO), KOl VAOTOIOVUE
L0 AELTOVPYIO LETEYKOTAGTACTG TG VINPECIOG G€ KOAVTEPES TOTODETHOELS duVa-
UIKG, PE HOVO TOTIKN TANPOPOPI0. GOV TO KPLTHPLO TNG HETAKIVIONG. APOTOVL VAO-
TOMGOLLLE TNV AELTOVPYIN LETEYKATAGTAONG, AVAADOVLLE TNV GUUTEPLPOPA TNG O
d1popeg TomoroYieg HEcw Tpocopoldoey. TeAukd, piyvovue o Potid 6To Tmg
N EVEPYELD KOTAVOADVETOL PHECH GTO OIKTLO, KOl GTO TPOPANUG TNG EVEPYELOKNG
0mNg YOp® omd Tov KOUPo vnpeciag, kot deiyvovpe 0Tt 1 PéATion TomobEétnon
gvepyelokd wAmvtag Ppiocketal otnv B€omn ¢ Avong tov 1-median mpofAnpotoc.
TeAel®VOLLE LLE TPOCOUOIDOELS PETEYKATACTAONG TG VINPEGING LE SLUPOPES TTOl-
POLETPOVS KAODG PLELETALE TNV EVEPYELNKT CUUTEPLPOPA OAOKAN POV TOV SIKTHOV,

Kot dtvoupe oKEYELG Yo LEALOVTIKES KatevBivaelg Tov Bépatoc.

A€Eeig Khedud: Bewpia ypapwv, p-median tpoAnLo, TPOPANLL EVEPYELOKNG

OTNG, LETEYKOTACTOOT VINPECING, omnet++, TPOGOUOUDGELG SIKTHMV



Abstract

Wireless sensor networks is an area with a lot of research interest, in this paper
we will study problems of optimally placing a service in wireless sensor networks
and also the energy behavior of these sensor networks. We begin with a quick
overview of some basic graph theory, since a graph is a nice theoretical representation
for a network. We move on by presenting the 1-median problem and its involvement
in terms of the placing of a service over the network. We show with software
simulation results the usefulness of the solution of the 1-median problem in a network
regarding the total cost of communication with the service node. Then we analyze
why the solution of the 1-median problem requiring general knowledge of network
topology is not a viable strategy in wireless sensor networks that can have thousands
of nodes and constant changes in topology (node additions, removals, and moving
of nodes) and we implement a service relocation mechanism to dynamically move
locations, with only local information as the mechanism criterion. Once we implement
the so-called migration, we analyze its behavior in various network topologies through
simulations. Finally, we take a look at how energy is consumed in the network
and at the energy hole problem, and we show that the optimal position for energy
starved networks is at the position of the solution of the 1-median problem. We
finish off with service migration experiments with various parameters as we study
the energy behavior of the entire network, and give thoughts on future directions
for the subject.

Keywords: graph theory, p-median problem, energy hole problem, migration,

omnet++, network simulation
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Kepaioo A°
Ewoayoym

Ta diktvo givarl n payOKOKAALL TG GUYYPOVNG KOW®@VING TNG TANPOQOPiag,
OAAG T dikTVO TNV TTPAEN Elval KATUSIKAGLEVH VO LEVOUV GTO DTOGTPMUO A~
AV TEXVOLOYIOV, £XOVTUG OEVTEPEDMV VTOGTIPIKTIKO POAO, OGO KOADTEPO KPVLL-
péveg eivar o1 ecmTEPIKEG AEITOVPYiEG EVOG OKTVOL B Adyaie OTL Elvar Kot ETITUYES.
AMG oav TNV Baon TOAADY cvoTNHAT®V Ta dikTva ¥plovv cuveyng avamTuéng
Kol e£EMENG Yoo va divouy Tig duvaTdTNTEG OE OVTA OKPPADC TA OVAOTEPU GTP®-
pota v, £€govv TV ghevbepio oV TaxdTNTO, KAOLVGTEPNGELS Kol GLUVOESIUOTNTO
7oV XPEALOVTOL Y10 VO AEITOVPYRCOVY Kol va, e£EAB0VV Kal avTd.

"Evoc topéag epeuvnTikol Kot TPaKTIKoD EVOLOQEPOVTOC Eival To acOpuata di-
KTV e THP®V, TOALAL TPOYPALLLATO ETIGTILOVIKOD KOl GTPUTIOTIKOD EVOLOPE-
POVTOC EYOLV PN LLOTOd0TNOEL Y10 TNV aAVATTLEN TETOL®V SIKTOMV KOL TNV EPOPUOYN
tovg. Ta acvpuata diktva aicdntypov gival diktvo dopunuéva amd TOAD UIKPOVG
oVTOVOLOLE KOUPBOVE oL cuVvNBmG dlackopmilovTal Ge o HEYOAN YEOYPOPIK
TEPLOYN EVOLOPEPOVTOG Y10 LETPNOT TEPIBAAAOVTOAOYIKAV TIUDV KO TOPOKOAOD-
Onon ocvuPdavtov. Tétolov TOTOV diKTLA PEPVOVVY TIC JIKEG TOVG OVGKOAIESG, OTTMG
TOV TPOTO SNUIOVPYIOG TNG TOTOAOYIOG TOV SIKTVOV, TNV EMKOWVAOVIK Kot TNV Opo-
HoAGYN oM TANPOQOPiag amd TO S1KTVLO GTOV EEMTEPIKO KOGLO, TNV EVEPYELNKT OO~
d00MN Kol CUUTEPLPOPE TOV SIKTVOL, Kol GALA. Xg ovTH TNV TTLYLOKN gpyacio Oa
OVAADGOLLLE KATOL 0td auTd To, TPOPANUATO O S1APOPES KATAGTACELS KO TOTO-

Aoyieg acvpUATOV SIKTO®V asOnTipwv.

Koodwog

O k®OKAG TOL VAOTOONKE Yo TNV TOPOVCO TTVYLOKY EPYUCIO YPTCILOTOL-

noe to epyoieio eEAEYXOL £kdOCEMV KMIKN ~git” ko pmopel va fpedel avorytd otnv



2 KED®AAAIO A’. EIZAT'QI'H

1otocerida anobetpinv git "GitHub” ota mapakdtom tpio onpeio:
https://github.com/ConstantineXipol/ssm-testing
https://github.com/ConstantineXipol/ssm-trees
https://github.com/ConstantineXipol/ssm-notebook

To amoBetiplo ssm-testing eivor To KOPLo Kot TEPIEYEL TEGGEPLG SOUKAUSDGELG
ToV KVpiov kddwka, (git branches), pia yio 1o kaOe KOpLo pEPOC TG TTVYLaKn)G (Migration,
Batteries, Events, master). To amofetfplo ssm-trees €ivor n apyikny dovAieio g
TTUYIOKNG TOV givol BaCIGUEVT G EVO TPOTOTLTTO PETEYKOTAGTACTG TTOV dOVAEVEL
whvo cg Tomoloyieg dévipov povo. Kot tehikd to amobetiplo ssm-notebook givat
YO0 TOV KMOOIKO TOPAYOYNG OADV TOV SyPUUUATOV TNG EPYACIAG, YPUUUEVO OE
python oto mepipdAlov jupyter notebook. O k®ddwag emiong pmopei va Ppedei oe
EKTUTTOUEVT] LOPPT) GTO TOPAPTNUOL TNG EPYACIOS YOPIGHEVOG GTA apyEiol TOL TOV

OTOTEAOVV.



Keparaw B’

Emokonnon Ocopiog I'papov

B.1 TI'pagor

DovTaGTEITE TOV EAVTO GOG KO TOVG PIAOVE GOG GaV £VO HIKTLO ATd AVOPOTOVG
OV EVAOVOVTOL LE SEGUOVG PIALNG, 0VTO TO OTOKAAOVIEVO KOWVMVIKO diKTVLO Umopel
OTOV TO KOITAEETE CLUVOMKE, VO TEPLEYEL ATOLLA TTOL dEV Elvar OTAOL L GOC GVYKEKPL-
péva, aALd pTopel KAmTolog d1kOG 6o MiAog va tval PIA0G avT®V, 1§ AKOUN Kol VOGS
oihog @ilov va glvarl ilog Tovg koK. Avti 1 dopn mov LOAMG meptypdyape sivat
évag ypaeoc (emiong ovopaletal ypaonuo/ypaeruata, oAAd B ypnoIonolode
™V AEEN YPAPOS Yol VO, ATOQVYOVLE TUYDV TAPUVONGELS Y10 TOPAOELYLOL [LE YPOL-
QNLOTO TV GUVAPTHGEDV), OLYPAPOL TEPLYPAPOLVV TIG GUVOESELS LETAED dLoPOPOV
EVVOLDV-OVTOTHTAOV (Y. AvOp®TOL - KOW®VIKOG YPAPOG, VTTOAOYICTES - YPEPOG TOV
SL0d1KTOOV), dNAGON TTOL0G GLUVOEETAL [le OOV Kol TwG. TInyég yia to kepdiato
givan To BiPpiia Swokprrdv padnpatikedv Liu [5] ko Korovvtlaxng [12].

"Evag ypagog G = (V, E) amoteheitar omd £vo chvoro kopvedv V' (my. G-
Opwmor) Kot Eva cvvoro akudv E (my. puo etiio peta&d 6vo avBpmmmv), To onoio
givar éva 6Hvoro amoTeEL0OUEVO amd TOAAEG TAELAOES (GVUVOLN dDO GTOotYEI®V - di-
ovvola) Tov V, mov avimpoownedel Ty chvdeon tov dvo. paeovpe V = V(G)

kot E = E(G) yuw 10 60VOA0 TOV KOPLOOVY KoL OKUOV TOL YpAeov G avticTorya.

B'.1.1 TI'pogu) avarapdctoon

YuviBwg ToAlol Ypapol ToPIGTAVOVTAL YPUPIKE MG £VE. GOVOAO TEAEIDV TOV
AVTITPOCMNTEVOLV TIG KOPLOES V, Kot avTég Tig Teleleg evavouv gvbeieg ypoappég
M KOUTOAEG YPOUUES OVALOYQ LLE TO OV VITAPYEL GVVOEST dNAadN (o okl £ mov

TIG evavel. Avt 1 avamopdotacr Ba ypnoyonomBel Kol 6e vt TV gpyacia



4 KE®AAAIO B’. EIIZKOITHXH @EQPIAY 'PAOQN

ooV TPOTOG SIEVKOADVOTG KOl OTTIKOTOINOTG, TAVIN OUMC TpEnel vo, Bupdpoote
OTL M YPNCLOTNTA TOV YPUPIKDOV TAPACTAGED®V YPAP®Y OTAVEL HOVO HEXPL EVal
oNuUeElo, YPAPOL e EKATOVTAOEG 1| YIMAdEC KOUPOLG Kot deKAOES YIMADES AKUES
dev gival vonto OTL 1] AvoTopdoTacT) TOVS YPOPLKE v dMGEL TNV ovdepio foreia

KOTOVONONG TOL YPAPOV.

Kocudg

Bryan

Kootog

yquo B'.1: Mapdderypo ypagpov G ue V = {Kootag, Bryan, INdvwne} kot £ =
{{Kdotoc, Bryan}, {Kdotoc, Koopdg}, {Kooudg, Bryan}}.

B'.1.2 Teitoveg

AV0 KopLEEG 01 0moieg cLUVOEOVTOL [LE Lol oK O AEYOVTaL YEITOVIKEG KOPLPES
N amid yeitoveg, amd to Tave mapddetypno, o Kootag eivan yeitovag pe tov Bryan
kot tov Koopd, o Koopdg sivon yeitovog pe tov Kdota adrd dev etvon yeitovag pe
tov Bryan agov dev toug evavel kapio akpn. Tig d10popeg KopueES Umopovv va
TIG GLVOEOVY TOALOTAEG aKUEG Oyl LOVO pio, OAAG Yio TNV O1dpKeELD TNG EPYUCTOG
00 aoyoAnBovLEe aTOKAEISTIKG LE EVDGELG KOPLP®V e [ povadikn axpn. Emxiong

Lo KOPLOT OEV YEITOVEDEL LLE TOV EQVTO TG TOTE EKTOG OV TO OVAPEPOVLLE.

B’.1.3 Bapn

Mo oxpn| 6ToV YpA@eo ovTimpos®neet o £vaon, vt 1 évoon propet va on-

paivel ToAAG S1OPOPETIKA TPAYUOTO GE OLOPOPETIKOVG EMGTHOVES, KATOL0G TOV
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avaADEL STKTLO PETAPOPDOV UTOPEL Vo PAETEL TIG OKUEG MG SPOUOVE TTOL EVAOVOLY
TOAELG Kot Apdiviat. ZTol 0ikTua 01 aKHES TOV YPAPOL £x0VV TNV £vvold TG cHVOECNC
1M Kot TG SLVOTOTNTAG EMKOIVMVING LETOED TV 600 KOUP®V (kopvedv). Kat ot dvo
OVTEC EPUNVEIEG TOV KATAGKEVAGHATOG TNG OKUNG EXOVV TNV 1010TNTA TOL Ppoug,
ONAad| TG OVTIGTOONG TOV OIKTVOV GE EVEPYELES, TOV KOGTOVG, DILAPYOVY TOALN
OVOLOTO KO TOPOTANGLES EVVOLES PE TNV 101 Pdom, To Bapog, Evag dpopoc umopel
va glvar o dVGROTOC 0md KATOoV AAAOV, 1| va £xEl avENUEV Kivnon og oyéon e
KGmowov dAlov, N va gival To pokpOS, pa T0 KOGTOG LETOPOPAS OO AVTOV TOV
dpouo va givar avénpévo og oyéon e kdmolovug dAiovg. To 1810 1oydel Kot oto di-
KTV, £V0, KOVOAL ETIKOVOVIOG UTOopel vo. glval KEVTPIKO, apa va el AP, TOAD
Kivnon kot peydiec kaBvuoTeEPNOELS, EVD EVOL KOVAA TOTIKO TOL TO YPTGLLOTOLOVV

TOAD Alyot va €xel TOAD YOUNAOTEPO KOGTOG LETASOONG.

B’.1.4 KatgvOuvon

"Evoc ypdopog Aéyetan katevBuvopevoc ypapog dtav ot akpEG TOL £X0VV KOTED-
Buvon oty ouvdesn Tovg (01 TAELAOEG TOV OKUADV GE OVTH TNV TEPITT®ON gival
OLOTETAYLLEVEG, GE GELPA), ONAOOT OTOV L0 KOPLET| U LITOPEL VL EVADVETAL LLE KATTOL0!
GAAN KOpLEY| V 0AAG Vo PNV 1oyYvEL To avtifeto. Av o Ypdaog dev Exel katevBuvo-
HEVEG aKUEC, TOTE AEyeTaL PN-KaTELHLVOLEVOC, KOl aVTOG €ivat 0 TOTOG Ypdapov Tov

Oa dobe og avtn TV gpyacia.

B’.2 Movondrtia ypapmv

Movondtt evog ypagov G Aéyetar pa akorovdia and kopveés V(G) (1 ok-
UéG) M omoia dev mepiéEyel emavalnyelg kopueav (1 akpov). Kabe povordtt atov
YPAPO £xEL KATO10 UNKOG, TOL PBpioketal LETPOVTAS TOV aplOpd TV Kopuemv (1
OKUMV) TOV TEPLEYEL, KOl EMIONG €XEL KO KATOL0 KOGTOG, TO 0mOoio Ppioketal pe
dvo tpémovc: abpoilovag ta EMPEPOVG KOGTN TOV OKUOV GTNVY TTEPITT®ON oV
TO LLOVOTATL KOATAGKEVAGTIKE OO OKUEG, 1] OTNV TEPIMTOOT TOL ATOTEAEITAL OO
KOPLQPES, OO TA, KOGTN TMV OVTICTOIYWOV AKILMV IOV EVAOVOLV TIG KOPLOES TOV LO-
VOTOLTIon ava d0.

[Mopdderypo Tov 110V AKPIPOG LOVOTATION EKPPAGUEVOL (KOTAGKEVOCUEVO)
LEe KOpLOES Kot e axpec: {2, 5, 7, 3} (uikog n — 1 = 3) mg xopueéc, kot {{2, 5},
{5, 73, {7, 3} } (uKog 3) og axuéc.

Ka0e povomdatt Aépe 6T1 ouvdéel” Tig dVO KOPLOES TOL PpicKovTal oTNV apyn

Kol 6TO TEAOG TNG akoAovBiog, ONAadt) TO LOVOTATL TOV TAPUOEYLLATOG GUVOEEL TIC
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KOPLOES 2 Kan 3.

B’.2.1 XvuvektikétnTo

"Evog ypdpog Aéyetal GUVEKTIKOC OTOV VTAPYEL £VO. LOVOTTATL LeTAED TOV KAOE
Cevyoug kopueav. Evag ypdepog Tov dev £ivol GUVEKTIKOS OVOLLALETOL UN-GUVEKTIKOG,.
"Evoc ypapog Aéyetor 0Tl €ivatl un-cuvekTikdg £6v VITAPYOVY VO OTOIEGONTOTE KO-
PLOEC £TGL DOTE KAVEVO LOVOTATL VO LNV VITAPYEL TOV VO, UTOPEL VOl TIG GUVOEGEL,
ovtd onuaivel oto diktva OTL Kopio emkovovia dev pmopel va vrapéetl petald
KOOIV UEPDV EVOG UN-GLVEKTIKOD YPAPOV, avTIBETMC GE £va GUVEKTIKO YPAPO,
EMKOWVOVIQ popel va veioToTol HETAED 0TOLMVINTOTE V0 KOPLP®V. XTNV Oldp-

KELOL AVTNG NG epyaciog Oa acyoAnfovpe AmOKAEIOTIKA LE GUVEKTIKOVG YPAPOVE.

B’.2.2 EAdéyicto povomdario

Ortav elodyaple TNV £VvoLo ToL HOVOTTUTION TAV®, 6V SMGOLE KATOL0 GUYKEKPL-
UEVO TEPLOPIGLLO BTNV £VVOLA TOV, TO EAAYIOTO LOVOTATL TEPLOPIlel TOV OPIGLO TOV
LOVOTOTION 6TO EAGYIGTO SLVATO UKOG Y10 TO GLYKEKPLUEVO (EVYOG KOPLPDOV TOV
ouvdéel. Av TpocBEcovile TNV Evvola TV Bap®dv aKI®V TOTE TO EAGYIOTO LOVOTTATL
amo pia kopuen u € V og pia dopopetikn kopupn z € V' opiletar og to povo-
oTL peta&d tv 600 UE TO EAAYIGTO GLVOALKO BAPOG TV OKUMV IOV TO ATOTEAOVV,
dNAadN VITAPYEL 1| TEPITTOOT) £VOL LLOVOTATL TTOV TEPIEYEL TEPIOCOTEPES KOPLPES VOL
€xel LUKPATEPO GLVOALKO PAPOG Ad KAMTOLO TOV EXEL MYOTEPEC KOPLYPES, OV Elvat
TO UNKOG TOL LOVOTATION IOV Tailel Tov poAo oA To Gbpoioa TV fopdv TV

GUYKEKPIUEVOV KDY TOV OTOTEAOVV TO LOVOTATL.

B’.3 Aévrpa

"Evag ypapog amokaAeitor Kot SEVTPO OTAV €1VOl GUVEKTIKOG KOl OEV TEPLEYEL
KOKAOVG. AnAad1| o€ €va OEVTPO VILAPYEL £V LOVAOIKO LLOVOTATL TOV GUVOEEL TO

KkG0e Levydpt KopuP@OV.

B’.3.1 Kvkior

"Evag korhog givat £va Lovomdtt ypagpov 6ov GLVOEEL Lid KOPLPN LLE TOV EQVTO
™G. AQoD £YOVE aVOQPEPEL OTL GTO LLOVOTTATLH OEV EMITPEMOVTOL Ol EXOVUAYELS
KMV, Y10 VO LTOPEGEL £VOL LLOVOTIATL VO PTAGEL TNV Kopuen ekeivn omd émov Ee-

Kivnoe Ba mpémetl va vLdpyel Lo ok 166500V, Kat o akpn €£600v amd TNV KO-
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Zymua B'.2: [Topddetypo eAAy16TOV LOVOTTATION OO TV KOPLON A GTnV KOpuen
E. Xopig Bapn {A, E}, xav pe Bapn {A, B, T, E}.

pLPT, oav eELdyIoTn TPobmdOeoT Yo TNV VITaPEN KOKAOL, APOV OV 3V VANPYOV OL
000 VTG aKUES, OV B0l LTOPOVGALLE TTOTE VOl EMLGTPEYOVIE GTIV KOPLET| AT TNV
O akpn amd ko 6mov eENABape. Xto oynua 2.2 o povordtt {E, I, B, A, E} sivat

évag KOKAOG.

B'.32 Pilu

O optopds cav pia amodidel o€ pio LOVadIKT KOPLEN GTOV YPAPO TOV pOLO TNG
avaQOPAS MG TNV TTO “VYNAN” 1EPUPYIKE KOPLET], CYNUOTIKA glval gite 1 VYNAD-
TEPT KOPLOT GTOV YpAapo, ite N yauniotepn. H pila o€ éva dévtpo givar eviehmg
£Va KOTOOKEDOOL OKO LLOG Y10 VO LLOG OLEVKOAVVEL TNV doVAEia e Ta dEvTpa, VoL
Log OMGEL VoL KOO GTUEI0 OVAPOPAS Y10 TIG TTOPOUKATM £VVOLEG TMV dévTpmv. o

Tapadery o, propove oto oynua 2.3 va 0écovpe ¢ pita v kopven H.

B’.3.3 Toveig

Ye éva 6€vTpo mov €xet pila, 0 YOVENS LoG KOPLONG Elvat 1 KOpuer| Tov gival

N enodUEVN 6TO povomdTt TPog TN pila, kdbe KopLEN 6T0 dEVTPO €KTOG amd T pila
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£xet éva povadtko yovéa. I'a va Eexabapicovpe akdun o mord o dEVIPA, KOAO
glvar va avaeépovpe 6t evo elmape Tpty 6TLn pilo Tov dEVTPOUL dev £xel yovEd anTd
dgv oNUOivEL TITOTO TO 1O1AITEPO Y10 TOV YPAPO, Y10 TOPAdELY L0, OV ETAEEOVLLE [0l
dwpopetikn pila yio o 1610 dévpo tOTE M Tk pila, oL dev giye yovéa, Oa Exet
TOPO KATO10V Yovén. XTo oynpa 2.3 0 yovéag g kopueng Z eivar n kopver| H, kot

0 yovéag ¢ kopueng E elvail n kopven A.

B’.3.4 Howdwa

IMoudid pog kopveng ovopdlovtatl OAEG 01 KOPVPESG TOL £YOVV TNV OPYLKN KO-
pLON ®G Yovéa, dnAad potpaovtar i ok e TNV Kopuen Kot gival og avtifern
@opd amd v pila Tov dévtpov. 1o oynua 2.3 ta wadid ¢ Kopveng I' eivar ot

Kopveég B kot A.

B’.3.5 Amndéyovor

"Evog amdyovog kamolag Kopueng gival 1 kdbe kopven mov givol gite moudi 1
givar (ovadpopukd) modi orolovdmoTe amd TO TALSLE TNG APYIKNG KOPLENG. ZTO
oynpa 2.3 yio wapaderypo PAEmovpe 6t pe pilo v kopven H, n kopven A sivar
andyovog Tev kopueav B, I' kot H, ka1 kopven B €xel cav amoydvoug Tic kopupég
A xor E.

B'.4 Aévtpo emxaioyng

[Mopamdve avaeépaple 6Tl o1 TPoDTOOECELS Yo Eva Ypago va eivat 3EvTpo gival
d00: Vo lval GUVEKTIKOG Kot VoL UV Topovctdlel KOKAOVG Tovbevd. Avtd onpai-
Vel OTL 0€ KABE GUVEKTIKO YPAPO, LTOPOVLE VO, SNUOVPYHGOVUE £Vl OEVTPO, TOV
TEPLEYEL OAES TIG KOPLPES, amhdg av e&aheiyovpe OAOVG TOVG KUKAOVS. AV TO KG-
voupe avtd, Tote eKEivog 0 Ypdpog mov dnuovpynoape Bo amoteleital amd dAeg
TG KOPLOEG TOL OpYLKO YPApoL, Kot dev Ba £xet kKOKAOLG, dpa Ba etval Eva dEvTpo.
Av 0016 10 3€VTpO £XEL TOV EAAYLOTO aplOd axpmV amd dAa Ta Thavd dEvTpa Tov
UTOPOVUE VO KATOGKEVAGOVUE LE AVTOV TOV TPOTO TOTE QVTO TO OEVIPO OTOKO-
Agital 0EVTPO EMKAALYNG TOV aPYIKOL YPAPOV, Yot KOADTTEL OAEC TIG KOPVOLEC
TOV YPAPOL UE TIC AyOTEPEG dUVOTEG OKUEG. Kamolog cuykekpiévog ypapog pmo-
pel va epiéyel moALaTAG dEvTpa eMKAALYNC aPoD givatl TOAD GuYVO va UTOPElg
VO KOTOOKEVAGELG TOAAUTTAL OEVTpa e TOV 1O10 EAGY1OTO aptBd aKU®OV GTOV 1010

GUVEKTIKO Ypdpo.
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Zyuoe B7.3: MTopdadetypa dévepov.

B'.4.1 Elapota dévrpa emkdivyng

To ehy15T0 EVTPO ETKAALYNG EIVOL TAPOLOLO LE TO OTAO SEVTPO EXKAAVLYNG,
OUOC e TNV 010.popd OTL TO AOPOLGHLO TV PAPOV TV KMV TOL Eival TO EAIYIOTO

duvato.

B’.5 Tvuyoaiol yeopeTpikoi ypaeor

Ddavraoteite 0L maipvere po xoOPTA 0Td PAGOAM, Kot To TeTdte OAa pall
TUYOiC 6TO TATOLO, OPEOTOV GTOUATCOVY VO KIVOOVTOL KOl KOATAGTUAGEOVY OTIC
Béoe1g ToVG, HETPATE TIC OMOOTACELS HETAED Kdbe pacoAoV, av gival KAT® 0o
£€va OP10, CTLLEUDVETE LU0 YPOULT TTOV OVTUTPOSMTEVEL TNV cVVIEST (OKUY|) LeTa&D
tovg. H dwdikacio mov poMg meprypdyope eivar pio Kok avoroyio yio To Tog
KaTooKeLALoVTaAL Ol TUY0I0L YEMUETPIKOL YPAPOL, 1 TOTOBETNON TG KABE KOPLONC
(pacoioD) yiverar fdor KATOL0G GUVAPTNONG YEVVITPLOG WEVSOTLYAI®Y aplOUdY
pali pe kamolo GuYKEKPIUEVT Katavoun mlavotntag (Y. KavoVIK/YKOovGLov,
ouo1OpoPON, eKBETIKN, KOl GALEG.) Yo va KaBOPIGEL TIG GUVIETOYUEVEG TV KOPVL-

OOV, Kol 0poD TEAEUDGEL LLE TNV TOTOBETNGN TOV KOPLO®V, KAVEL EVOL TEPAGLLOL KO
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ELEYYEL TIG EVKAEIDELEG OMOGTACELS OAWDV TV KOPLO®V, AV VUL KOTM 0O TO OPLO
OV €YEL OMGEL O 0YESIAGTNG TOL OAyopifuov, Ba dnpovpynoet cvuvdeon peta&d
TOVG, AAMMG Oyl XNV dladtkocio dSnpovpyiog evOg TuYaiov YEOUETPIKOD YPAQPOL,
VIapyel N ThavoTNTA Vo unv mopoyBel £va GUVEKTIKO SIKTVO, GE TETOLEG TEPITTM-
GELG, OV YPelalOHOoTE GUVEKTIKOTNTO, TPENEL Vo EEKIVIioOVUE TNV dladtkocio on-

Hovpyiog Tov TuYaiov YEMUETPUKOD YPAPOL omtd TNV opYN.

Zymua B”.4: Tlapddetypo toyaiov YE®UETPIKOO YPAPOV.

B’.6 ITieypotikég Tomoroyieg

H mieypotikn tororoyia etvot £va £100G YPAPOV OOV 01 KOPVEOEC SLUTACTOVTOL
O€ YPOUUES KOL GTHAES KO Ol GUVOEGELS TOV KOPLP@AV Eival ETIOTG OV YPOLUT KO
avd 6T, 0 PEYIGTOG aPLOUOG YEITOVIKOV KOUPwV og éva dIKTVO e TAEYLLOTIKN
tonoloyia givar 4 (Thvo, kdtw, de&ld, Kol aplotepd) Kot 0 EAAYIOTOC (OTIC YMViEG
Tov opBoywviov) eivan 2. To mapddetypo B .6 divel Eva amhd mopddetry o ouTiG TG

Tomoloyiag ypaowv.



B’.6. ITIAEI'MATIKEZ TOIIOAOT'IEX

Yymua B7.5: TTapddetypo P CUVEKTIKOD TUYAIOV YEOUETPIKOV YPApov.

Zymua B7.6: Tlapdadetypa ypapov TAEYLOTIKNG TOTOAOYING.

11
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Kepaiowo I'”

Mereykotaotaon Yanpeciog

I''.1 Kootog tomofeoiog

Q¢ k6610¢ ToToBEGinG ovopdlovpe To 4OPOIGLLA TOV GLVOLOL TV ATOGTACEWDY
eni v amoitnomn vanpeciog amd GAOLG TOLS KOUPOLS TPOG TOV KOUPO LANPEGING.
Aniadn drodéyovpe Tov kOUPO Yo tov omoiov BEAovpe va Bpovie T0 KOGTOG TO-
nmobeciag, petd Ppiokovpe yio KOe GALO KOO TOL SIKTVOV TO EANYIOTO LLOVOTATL
po¢ tov kOpUPo vanpeciag 1o moAlamAactalovpe e TNV amaitnon tov Kopfov,
TOIPVOLLLE TIG TIUEG aLTEG amd Kb kopPo ko Tig abfpoilovpe pali. To kdotog To-
nmobeciog oTig o TOAAES BEALOLLE VO TO EAOYLIGTOTOMGOVLLE, YIOTL AVTO GNUAIVEL
OTL Y10, OAEG TIG KIVNGELG TOV B0 KAVOLLE amd OAOVLS TOVE KOUPBOVE TOV SIKTVOV
npog Vv Tonobecia, Ba Eyovpe T0 AMydTEPO KOGTOC GLVOAIKA, TO OTTOio elvar KATL
7ov Béhovpe. Xto oynua .1 BAénovue Evav omAd VTOAOYICUO TOV KOGTOVG TG

Tom00e0ing TOV YPOUATIGUEVOD KOUPO GTO GUYKEKPIUEVO SEVTPO.

I'.2 To 1-median wpofinna

To k-median mpofinpa [3] eivan to TpdPAnua kabopiopod tmv totobecidv k
SLOPOPETIKMY EYKOTACTACEMV G OAPOPETIKEG TOTOBETIEG £TGL DOTE VO, EAUYLOTO-
nmomBei n cvvolikn Popvotaduicuévn andcotaot peTasd Tov KOuPmv {Rong Kot
g TAnciEstepng and Tig k eykardotaong vanpeciog (n Papvotabcpuévn amod-
otoo1 Pyaivel amd TovV TOAMATANGIUGLO TG ATOGTACN G EAAYLIGTOV LOVOTATION A0
ToV KOUPO TPOg TNV VANPEGia e TOV PLOUO TAPOYWYNS TAKETMY TOV GUYKEKPLE-
vou KopuPov). Xe avti Vv gpyacia Oa aoyoinbovue amorkdelotikd pe to 1-median

TPOPAN L, OV glvo 1 TPMTN Kot amAovoTepn epintwon tov k-median wpoPAinpa-

13
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Zyqpo I7.1: Tlapdaderypa evpeons k6GTovg £vOg KOUPOV GTO SiKTVLO (YPOUATICUE-
vOG). XTouG KOUPOLG HECH avaypAQETOL 1 AAITNON VANPESING , OTOV KEVIPIKO
KOpPo mov oteyAlETOL 1) LANPEGIQ, OVAYPAPETOL TO GUVOAKO KOGTOG TTOV VIOAOYi-
GTNKE.

T0G, otV omoia {nreitatl va tomobetoovpie pio poévo vanpesio o pio tomwodecia.
Eniong, éyovpe cav amaitmon 6tL n Tomobecio pmopei va, eivol povo KEmolog amod
TOVG MO VIAPYOVTES KOUPOLG TOV Ypapov, SnAadr LIAALE Yo S1okpiLTég mBavES
TOTOOETNGELG TNG VINPECING, KoL GOV YEYOVOS OTL 1] LANPEGIN OEV EYEL KATOL0 GL-
YKEKPLLEVO OPLO EMEEEPYACTIKNG 1OYVG, APl OEV VIAPYEL OPLO GTNV TaYVTNTA EEV-
7pETNONG 1 6€ GALEG HETPIKEG OTIOG TOV PlOLLO TOVTOYPOVAOV TEAUTMV TTOV UTTOPEL
va. eEVINPETNOEL

H dwatdmmon tov 1-median pofAnpotoc eivar 1 €€NG: ZKEPTOUAOTE TNV TO-
ToAOYia TOV S1KTVOL G éva un-kotevbuvopevo ypapo G(V, E) émov V givar to
GUVOAO TV KOUP®V ¢ KOPLPEG TOV YPpApov, Kot F 10 GUVOAO TV GUVIECHOV TOV
KOUP®V G AKUES TOV YPAPOV. S, fval To GHVOAO TV YEITOVIK®OV KOUP®V TOV v,
Kat (u, v) givon évag cuykekppévog cOveopog (akpr) peta&d 0o kKOpuPwv (kopo-
QmV) u KoL v (To v givor Lo At Kopuen otov Ypaeo, V gival 1o chvolo Twv Kopu-
QOV), o€ KOBE TETOLN GVVOEST) AVTIGTOLYEL KATO10 GUYKEKPIHEVO BAPOG (OKEPTOLO-
0T€ KOGTOG, AVTIOTAOT], OTNV KIiV|oT TAVMD GTNV 0KLUT) GOV TPOYHOTIKOG 0ptOuds.

Qg d(y,y) Mpe TV anOGTACT TOV V0 KOPLPDV, OTOL 1 UMOGTACT) LILOAOYICETON
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®¢ 10 GOpoloUa TOV ETUEPOVE PAPDV TOV GUVIECUMOV TOV EAAYLGTOV LOVOTOTION
TOV 800 KOPLO®OV (TPOPAVES OTL d(, ) = 0). O puOuUdS avd devtepdiento g na-
POYMYNG TOKETOV TOL KOUPOV v TPog TV vanpecio. cupPoriletar pe A, Kot Oo
OVAPEPETOL G ATALTIGELS VTN PEGIOG TOL KOUPOL v, ALTA TO TOKETA TPOOPLLOLEVOL
Y0l TV DANPESIO TOL SIKTVOV SPOLOAOYOVVTOL OO TO TPOTOKOAAO EMIKOIVMOVIOG
TOV S1KTVOV PEGH 0o £va EMEIGTO povordTt Tpog v vanpesia. Eotm Oy 1o 6v-
VOMKO KOGTOG LINPESIAG Yo OAOVG TOVG KOUPOVE TOL SIKTVOV, OTAV 1] VINPECIA

Bpicketatl oty Tomobecio Tov KOUPOL Y.

Cy= D Mdy) (r".1)
YoeV
INo va Acovpe o 1-median TpdPAnpa, Oa tpénet va fpodpe tov kouPfoy € V/
Y10 TOV 07010 TO TOPATAV® ABpoicpa eloytoTonotEiTaL. XT0 oynpa 7.2 BAémovpe

pio ot Avon tov 1-median tpoPAnpotoc.

Syquo I7.2: Mapdderypo Avong tov 1-median (o ypopatiopévog kOpUPoc). Xtovg
koupovg péoa avaypagetar to Cy 6tav TomodeTodue TV VANPEGia GTOV GLYKE-
Kpyévo koppo, divovtal ol Tt oELG VINPESiog TV KOpPoV Kkal ta Bapn Tov
OKLLOV.
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I3 ZXroyseio vanpeoiog

H vanpecio mov £yovpe avapépel TOAAES POPEG deV EXEL KATOLN GUYKEKPLUEVY
S10dpacTIKN AELTOVPYia [E TO OTKTLO, OALN SOLAEVEL MG KATOLOL E100VC GLAAEKTN
oKtV (my. THdV Beprokpaciog) amd GAovg Toug KOpUPovg, o Kabe kKOUPog oTéAveL
éva TOKETO e TPOOoPIoUd TNV LN PETia pe pLOUd avdAoyo pE TNV T A TTOL TOV

OVTIOTOUYEL.

I'''4 Mereykatactoon

H tomoBémon vampecidv oe diktva cuviBwg aviipetonileTor o¢ &va mpd-
BANUO KEVIPIKOTOMIEVNC YVAOOTG, ONAUON O GPYITEKTOVAG TOV OIKTOOV KOl TV
VANPECIDV YvOpilel To TAVTO Y100 TO OIKTLO, GE TETOEG KOTAGTAGELS 1] AVGT TOV
apoavapepévtog 1-median mpofAnpatog divel Tnv Aon oty PéATIOT TOTOOE-
TNOoT HOG HOVASIKNG VN peciag oto diktvo. Tt yivetal dpmg av dev £xovpe yvmon
Yol TNV TOTOAOY{0 TOL SIKTVLOV, 1 TO SIKTVLO LOG PPICKETAL GE KOTAGTAGT] GUYVOV
oAloy®v otV TomoAoyia Tov, 1| akdun Kol 0T To dikTvo givol TApPa TOAD e-
YaAo yio TV Abon tov 1-median TpofAnpatog, oniadn meptéyet dekdoeg YIMASES
1M KOl EKATOVTASES YIMAOEG KOUPOVG? Te TOAAEG TEPIMTOGELS, KATOLEG TTOL OVOLPE-
POLE KO TOAAEG GAAEG TTOL Oev avapEpape, dev givatl duvatd 1 BACIUO Vo 0To-
eaciletor 1 Tomobecio TG VaNPeciag HECH TETOL®V KEVIPIKOTOMUEV®V, YPOVO-
Bopwv, kot mepimAokwv Pnudtomv 6mmg gival 1 Avon tov 1-median wpoPAnpatog,
o€ TETOEG KOTOOTACELS TPEMEL VL KOITAEOVUE GTNV UETEYKOTAGTACT VINPECIOG
Mohammadi Zanjireh and Larijani [7], dnAadn oTnv SUVOLLKY LETAKIVIONC TN TO-
mobBeciag tng vnpeoiog faciopévol Thvta og TomKa dtabécyun TAnpogopia (otov

KOpPo VINPEGiNg N KOl GTOVG YELTOVIKOVG KOUBOVG TOV).

I'.5 To kprtipro peteykatdotTaong

O x6pPog 6mov oteydletan n vnpecia yperaletal anid vo topakorovdel Tov
GUVOMKO GYKO TV dedopEVOV TPoopllOLEVA Y10 TNV VIINPEGT amd TOV KAOE yelTo-
VK6 KOpUPO NG, QLTI 1) TOTIKT PETPNOT) TOV GTATIGTIK®V Kiviorg lval apKeT Yo
TNV €QOAPLOYN TOL KPLTNPIOL LETEYKOTAGTACTG KOL TNV LETAKIVIOT TG LN PEGTOG
G€ LOVOTOVIK( LKPOTEPOL KOOTOVG BETELS EGH GTO diKTVO.

[To ovykexpiuéva, ovd KATo10 KavOVIGUEVT XPOVIKT| TEPi0d0, GTOV KOUPOo v7N-

peciog, yivetar pio oTATIOTIKY HETPNOT TOV 0plBUOD TOV TOKETWV TPoopllOpEvaL



I".6. MEAETH THX I[IOAITIKHX METEI'KATAXTAXHX 17

Y0 TNV VANPESIa Ao KAOE YEITOVIKO KOUPO TNG LANPESING TOL WITOPEL VAL TPOomOT-
GEL TOKETO TPOG TV VANPESTA amd TO EVPVTEPO HIKTLO. XTO TEAOG VTG TG YPO-
VIKNC TTEPLOOOL YIvETOL O EAEYYOG TOV KPLINPIOV TNG LETEYKOTAGTACTG: OV KATOL,
0K TTOL TPOGTINTEL 6TOV KOUPO vINnpeciag £xel vYNAGTEPO ATO TO SITAGGLO POP-
Tio TOKET®V o TO AOPOIGHA OADV TMV VTOAOITMOV UKUDV TOTE TO KPLTHPLO LOYVEL
KoL vaAnpecio EEKVA o S1ad1Kacio LETEYKATAGTAGNS TOV EXVTOV TG GTOV KOUPO
7oV PploKetal 6TV GAAN GKpN TNG OKUNG.

H epoappoyn g moMtikng petakivel tnv vanpecia Tpog ) Péltiot Béom og
KkéOe Ppa, Opmc kabdg n PEATIOTN Béon pmopel va adAdEet e TNV TAPOSO TOL
LPOVOD KOl LLE S1APOPO. YEYOVATO TOV THOVAS VoL ENPEAGOVV £va SLVALULKO HIKTVO,
TOTE TOMTIKY TPocaprolel TNV mopeio TG HETAKIVIONG TNG VIINPESIOG CUVENDC

TPog TNV mapovoa PEATIGTN Béon.

I''.6 Melétn TS TOMTIKNG NETEYKOTACTAONG

Y& auto 1o omnpueio Oa peAeTioovE 0TV TPAEN TOPO TO UTOTELEGHLOTA TG TTO-
MTIKNG HETEYKATAGTOONG LEC® Oopdpwv dtoypappdatov. Ta aroteAéopata mov
YPNOWOTOMONKAY Yio TNV TApUy®yN OA®V TOV SoypapUdTov Tapdnkoy Héow
€101KOV KMOWKA [ TO pYoreio TPOGOUOIDOEMY SIKTVOV omnet++, yio T0 0noio
KOOKAG avamToyONnKe Le GKOTO TNV KOTAGKELT SIKTOOV TOTOAOYING TVUYAIOV YEm-
LETPLKOV YPAPOL, KOl TPOGOUOIMONG EXKOVAOVIOS TOV SIKTVOKMV KOUPBOV e TNV

VANPESIQ TOV SIKTVOV (1] 0TToin Eivat LOVOSIKT 6TO SIKTVO OTMG £YOVLE AVAPEPEL).

I''.6.1 XgysopeTpkoig Tvyaiovg ypaQovg

Y10 duypoppa 4.3 BAénovps v petafoAn Tov KOGTOVS TNG LANPEGING KO-
Omg petaxwveiton amd koo o€ kOpPo, pe PAomn TO KPLTNPLO HETEYKAUTAGTACNS OV
KGO0 YPOVIKO SLAGTNHN HETPNOTG OTATICTIKAOV, 0T0 Tapdderypa pog 50 dgvte-
poienta. Onmg PAémovpe n vinpesio Eekvd pe k6otog 570,000 ko petd amd 4
LLETOKIVIOELG TO KOOTOG €xel méael og 455,000, pa peimwon tng TaEng Tov 25%. Zav
EAI10TN SLVATY] TN TOL KOGTOG EYOVLLE TO KOGTOG OV £XEL 0 KOUPBOG Tov Ppioke-
Tl TNV Avor tov 1-median TpofAnuatog, o 60106 £xet To kd6oTog 323,000 (cav
Lo KOKKIVI] YPOULT), OTLOVTIKA TO YOUNAG amd Tt PAETOLLLE Yo TV LINPECiaL
pog. Oa givor addvato vo pTacovpe To K66T0G Tov 1-median kKOuPov pe ovth TV
TOMTIKT LETEYKOTAGTAONGS, AAAG E€povpe OTL Ta Prpata wov Bo kdvovpue pag oi-
VOUV L1 LOVOTOVIKT Peimaon 6To k66Tog , dnAadn Ba Exovpe o kdbe Pripa kdmoio

HETPNOUN, OGO LUKpY| Kal va gival, PHeEiwon 010 KOGTOG TNG VINPESING.
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Random Graph Topology of 500 nodes with R.C.=100
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Zyquo I7.3: Awdypappo petafoing tov k6oToug Tomodesiog g vanpesiog KoTd
™V TaPodo ToL ¥POVoL ce TVYaio YeUETPIKO Ypdpo 500 KOuPmv.

Y10 odypappo I'".4 PAEmovpe TV peTaforn Tov KOoTOVS ToTOEGi0G TG LTN-
PEGIOG 5 SLOPOPETIKMY TEIPAUATOV LLE JLOPOPETIKEC BEGEIC EKKIVNONG KOTA TNV TTA-
POJ0 TOL YPOVOL GE OO0 TVYOIO YEMUETPLKO Ypapo 500 koépuPov. Xto didypappa,
01 JLPOPETIKEG YPOUUTICUEVEG YPOLULES OVTITPOCSHOTEVOVY EVO GUYKEKPIUEVO |LE-
LOVOUEVO TIEIPO TAV® GTOV 1510 YPAPO, Kot 01 YPOUUES TEAELDVOLY OTAV TO KP1-
THPLO CTOUATAEL VA, 1oyOEL. BAETOLE OTL TO TOC0GTO peimong Tov kOGToVG e Bdon
TNV UETEYKATAGTOOT vl GUVOEIEUEVO LE TNV OPYIKT TOTOOETNON TG VAN PEGING,
KoL TV aKp1pr] TomoAoyio Tov dkTHoL, Kot givol adhvoto va TpofAéyoupe TV mo-
pelo e vnpeciog TEpa amd KAmoles ToAD PACIKES, KOl OYL TAVTO CMOOTES, TOPOTN-
PNoELS OGS TO YEYOVOGS TOL OTL OGO 1o “"KovTd” PpickeTol 1 apytkn Torodecia 610
K6670G Tov 1-median kOpPov eivar avapevopeVo vo Yivouv 0o Kot AyOTepES Le-
TAKWWNGELG Bdon Tov Kpitnpiov, Kot 660 o “HoKpld” etvat 1) apytkn torofétnon,
1060 10 TOAAEG KIVGELS Oa Eyov e TEAKE, QVTO QOIVETOL KOl GTO SLAYPOLLLLO. OTTOV
01 0pYIKEG TOTODETNGELG TOL E1vaL L0 "TTAV®” GTO SIAYPALLO, INACST EXOVV HEYa-
ADTEPO KOGTOG, Amd TNV KOKKIVT Ypoppn Tov 1-median, £xovv Kot TIg TEPIGGOTEPES

KIVNGELC.
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Random Graph Topology of 500 nodes with R.C.=100
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yquo I7.4: Adypappo petafoing tov k6ctovg Tomodesiog tng vanpesiog 5 da-
QOPETIKMV TEPAUATOV LE IAUPOPETIKEG BETELG eKkivong Katd TV Tdpodo Tov
¥POVOL G€ G010 TVYaio YE®UETPKS Ypapo 500 kopupov.

7.6.2 Xgmleypoatiki] tororoyia
Terpdyova

Y10 dtdypappa .5 PAémovpe v petafoir] Tov KOGTOVS TNG VINPEGING KOTA
™V TéPpodo Tov YPOVOL GE TETPAY®OVO TAEYLUTIKO diKTVLO dtooTdcewv 25 emi 25.
Xe oy€om LE TOVG TVYOIOVG YEMUETPIKOVG YPAPOVG EXOVUE TPOPOVDS TOPATAVED
Kwnoetg, oAAd yati? H andvrnon Bpioketal otov aptBpd tev yertdvemv Tov €xet
0 KGBe KOUPOC, GTOVG TLYALOVE YEMHETPIKOVG YPApOLS 0 KGOE KOPPOG Exet povo 4
YELTOVIKOVG KOOV, Kot £To1 1 Kivion Ba eivor oxeddv Tavta mo 1oyvpn TPog TIg
2 aKUEG TPOG TOVG YEITOVIKOVG KOUPoLG mov Ppickovtal o Kovtd otnv 8éom g
Adong Tov 1-median. Apo T0 KPITHPLO LETEYKATACTOONS £XEL TOAD MO ~“€VOKOAN”
OOVAELL 0 TAEYHOTIKEG TOTOAOYIES V10T 1] KIVION TOV TOKETOV TEPVAEL OO ALYO-
TEPEG OKUES amO OTL GE TLYALOVE YEWUETPIKOVS YPAPOLS, TOL GLVHBW®E LIAGLE Yo
TEPLOGOTEPOVS YEITOVIKOVG KOUPOVG amd TECOEPLS, GOV AMOTEAEGLLO VITAPYEL LLE-

yoAOTeEPT TOAVOTNTO Mo amd TIG OKUEG VO EXEL TO GO Kol TAVM TNG GUVOAKNG
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Square Grid Topology of 625 nodes (25x25)
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Syquo I7.5: Adypappo petafoing tov k66Toug Tomodesiog g vanpeciog KoTd
TNV TAPOS0 TOL ¥POVOL GE TETPAYMVO TAEYLATIKO diKTVLO dlooTAcE®V 25 emi 25.

Kivnong Tpog tov KOUPo Kot pa vo emaAnfeveL TO KPITHPLO PETEYKATAGTACNG,.

OpBoyovia

Av10 yivetor eviehmdg epeavec oto dtdypappa 7.7 6mov og o opBoydvia
TAEYLOTIKT TOTOAOYIO 1] VANPEGIO PETA amd TEVAVTO KIVAGELG PTAVEL TNV BEom
™G Abong Tov 1-median, yiati péypt Ko tnyv teEAevTOiO TNG Kivom 1) VN PECio AL
Béver v mheloyneia g Kivnong TakETOV omd TV akun Tov ’dgiyvel” Tpog 1o
K€VTpo ToL opBoywviov, To omoio givarl n BEon g Avong Tov 1-median wpoPAnpa-
T0G. AvTO deV O EKTANGGEL Y10TI Lol TAEYLATIKT TOTOAOYIO LE OVAYKEG VIINPEGTNG
Tov KdBe KOUPOL TapayopeveS and TBAvOTIKT cuvaptnon Ba ivorl opoldpopen”
Kot To kEVTpo Papdtnrog Tov opboywviov Ba eivar kon 1 BEATIoTN ToTOOESTIO Yo

v g&umnpétnon 6Aov Tov opboywviov, dpa kot 1 Avor tov 1-median.
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Absolute cost paths in a 25x25 Grid Topology with 100 different seeds
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yquo I7.6: Adypappo petaforng tov k6otovg Tomobeciog g vanpesiog KaTd
TNV TAPOd0 TOL YPOVOL CE TETPAYMVO TAEYHATIKO 0iKTLO dlaoTdcEwV 25 emi 25
100 S10pOPETIKOV TEPAUAT®OV GTO 1010 GUGTNLO CUVIETAYUEV@DV.

Grid Topology of 400 nodes (4x100)
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Zyqua I7.7: Adypappo petafoing tov k6otovg tomobesiog g vanpeciog KaTd
NV TApodo Tov ypdvov ce opBoymdvio mAeypatikd diktvo dactdcewv 100 exi 4.
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Kepaiawo A°

Evepyerokn Merhétn AcOpuotov
AKTOOV AleOnTipov

A’.1  Acvppota diktvo awednmypov

Q¢ ”acvpuato diktvo acnmpov” (wireless sensor network - WSN) ovopd-
Cetan pio opdda S10CKOPTIGUEVOV GUCKEVMV LLE SAPOPES SOVVUTOTNTEG LETPTOEDV
TEPPAAAOVTOG KOl DVITOAOYICUDY GE KOO0 GUYKEKPIUEVT] TEPLOYN, OLUGVVIEDE-
HEVA e aoVPUATO TPOTO GE KAMOLN SIKTLOKY TOTOAOYiO, O OKOTOG T®V OTOi®mV
glvar 1 TopakoAohONoN Kot KOToypoen d10pOpmOV HETPNCIUOV TIUOV 0T TO TE-
pIRaAAOV TOG Ko 1] EMeEepyacio Kol GLAALOYN AVTMV GE KATOL0 KEVTIPIKY apyn M
KkopPo tov diktvov [1].

To WSNs givat oamoteAovpeva amd apKeTES EKATOVTAOEG 1 Kot (SeKEOES) YIMA-
deg KopPovg, 6mov o kabévag KOUPog £xel TAV® TOV GLVHBWOE TOAAATAODS aGOn-
mpec. Kdbe tétoroc kopuPoc evoc WSN €xet tumikd ta €€ pépn, Evov mopmods-
KTN pe ecmTepikn N eEmTEPIKN Kepaia, Evav LKPO-EAEYKTA N €va Lo LeYOAo Kot
duvaTo EMEEEPYOOTY, KATOLO TOGHTNTO LLVIING Y10 TNV G007 KEVGT| TV TPOYPULL-
UAT®V EAEYYXOV, Kot TEAOG ol pukpn pratopio. Ta peyédn tov képfov tov anote-
Aovv éva WSN mowkilovv oA, ta mto dtadedopéva Loviéha Saféctpa yio TdAnon
TPOG W1DTEG Elvat cuviHBmG NG TAENG TOL peYEBovg Hog Umdpag SNUNTPLOUKOV, Kot
KATO0 GTPATIWTIKG TPOYPALLATO KATAGKEDOGOV KOUPOLG LeyEBovg evac KOKKOL
pudov [9]. Kipua yapaxmmpiotikd tov koppov evog WSN eivar 1 amelpoehdyt-
GTN VIOAOYIGTIKT] dUVATOTNTO G GYECT| LE VIOAOYIOTEG YPUPEIOV, TEPLOPICUEVN
Ko TOAAEG QOpEG Un-emavapopTiLopevn Ty evépyelog 1 xopic pratapia [10], o
EVOOUATMOUEVOS TPOYPOUUATIGHOG TNG TAATOOPLOS, 1] EXKOVOVIO OTOKAEIGTIKA
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ue acvppato tpdémo, 1 ad-hoc Tomoroyia TOL SIKTOOL KOl 1) EDKOAN EXEKTACT TOV
dwktoov, kot dAAa. Ta acOppata diktva acOntipov £xovy yprcipuonom el yio pé-
tpnon Bepuokpaciog, eSOV NYov, EMINESH TAPOVSIAG YNUKOV OVGLOV, VYPO-
olag, fapopeTpikng Tieong, GEIGUOAOYIKNG dpacTNPLOTNTOS, POICTEINKNG OPOCTN-
pLoOTNTOG, Kot dAla [2].

A’1.1 MICAz

To ”mote” (képpog arcOntpwv evég WSN) MICAz [4] sivar 1 Bdon Yo Tovg
KOpPovg ota diktva Tov Ba dodue oTa ETOUEV KEPAANLO TNG EPYOCING, OTOTE 0OG
dovpe Ta Pacikd ototyeio TOL TOV O EVOLAPEPOLV.

To MICAz emkowvovel ypnoponowwvrog to IEEE 802.15.4 npmtokoiro acvp-
potng emkowvoviag youning eppéretac (personal area wireless network - PAN)
ota 250 kbps (ovyvotnto 2.4Ghz péypt 2.9Ghz). To MICAz Baciletat otov Atmel
ATmegal28L pikpo-gheyKTi YOUNANG 10YVOG 0 0TOl0g TPEYEL TO AELTOVPYIKO G-
otnuo MoteWorks kot to S1dpopa TPOYPAUUATO YPNOTN OO TNV EVOOUUTMOUEN
pviun flash (128KB) tov. IIepiéyel 2 AA tHnov pratapieg, 0 PIKPO-EAEYKTNG KO-
tavaAmvel 8mA (milliampere) oe gvepyn Aettovpyia, 15HA (microampere) o€ Agl-
tovpyia vrvov. ['o v Aettovpyia tng kepaiog katavaidvel 20mA 6tav AapPdavet,
20mA og Aertovpyia idle, 1nA og Asrtovpyia Hmvov, kot 80mA o6tov petadidet.

‘Eva omd o peyolutepa B€pata oty EpEuva anTOV TOV dIKTOOV, AOY0 OTL O
xpovog (ong mov amodidel n pratapio otov Kabe kOUPo eivor Teploptopévog ei-
V0L 1] EVEPYELNKT] GUUTEPLPOPA Kot 1 ¥povikn dtdpketa {mng Tov diktvov. [ v
TPMT KATYOPio, Ol EPEVVEC KIVOLVTOL YOP® Ao TNV PEATIOTOTOINGT TOV J1aPO-
POV TPOTOKOAL®Y EMKOWVOVING, MOTE Ol KEPOIES VO SOVAEVOVY Yol GO AYOTEPO
duvartd, kot o eneepyasTnG Kot 01 S16(popot alsOnTpes vo ival 0G0 o EVEPYELOKYL
OTOSOTIKOL YIVETOL DOTE VA KATAVAADVOLV EAGYIOTN evEpyela. [ia T dedTEpT KO-
TNyopio., QDTN TNG EVEPYELOKNG CUUTEPLPOPAS TOL SIKTVOL GV £VEL GHVOAO DTTAPYEL
£va koplo TpdPANLa, To TPOPANLA TG EvepYELOKNG OoTtNG (energy hole problem).

A’.2  To mpoPinpo TG evEPYELOKNGS OTTNG

Yg TOALEG TEPMTAGELG £val HIKTVLO aGVPUATOV acOnTpoVv Bo amodidel o Eva
Hovadkd KO0 Tov Tov pOAo Tov KLpiov KOUPOV, 0 0moiog £xel 101KEC AetTovpyieg
KO KEVIPIKO POAO OTIV AELITOVPYIKOTNTO TOV SKTOOV. To TpdTOKOALO dpOUOAOYT-

ONG TOKETOV OTEAVEL OAO TO, TOKETOA, TTOL ONLULOVPYOVVTOL GTO HIKTLO TPOG AVTO
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Zymquo A 1: ZynUoTiKn ovamepdoTooT] TOL TPOPANLOTOS TG EVEPYELOKNG OTNG e
YPOUOTIKO KOO Y10 TO EMIMEDD TNG EVOTOUEIVOCAG EVEPYELNG TNV GTIYUN TOL
Bavatov Tov dtkTLoL.

Tov KOp1o kOpPo, kot 0 kKbplog kOpPog £xel tov pdro g petaPifoong mAnpopo-
PLOV KOl CTOTIOTIKOV GTOLEIDV 1 KOl SNUAT®V KIvOHVOL TPO¢ KATO10 £EMTEPIKO
maponmn (epdcg) yo enegepyaocia. ‘Eva diktvo aentipwv propet va £yl moh-
AQTTAOVG TETO10VG KUPIoVG KOUPOLCE, £101KA av Elvol TAPA TOAD PEYAAO KOl TEPIEXEL
YAMASEG KOUPOLS, 0ALG o€ aLT TV gpyacio Ba Ko1TdEovE OTIG TEPIMTOGELS OTTOV
dovAgvovLE L Eva POVO KOPLo kKOuPo.

H xvkhogopia tng mAnpopopiag oe éva diKTvo acOPRATOV d1GONTHPOV 0KO-
Aovbei o 6A0 Ko o cuykAivovoa mopeio, Tpog Tov KHPLo KOUPO Tov JKTHOV,
O1OL 01 KOWPOol TANCIEGTEPOL GTO KVPLo KOUPO avapeTadidovy 6io kat Bapvtepo

popTtia kKukAopopiag 660 o kovtd Ppickovial oTov KOUPo. AnAadr TPoKVTTEL, OTL
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ot KopPot Tov Ppiockoviat yopm amd Tov KOplo Ba e£avTAGovV TV EVEPYELD TOVG
7o YpNyopa amd KOUPoVg oL Ppickovtol To ’HaKpld” omd Tov Khplo KOpPo, Kot
TEAKA ovTh 1 Ypyopn e&dviinon Ba adsidoetl TNV umatapio Tovg Kot £T61 dgv Oa
pmopel va cuveyloel 1| ETKOV@Vvia Tov SIKTOOL e ToV KOPLo KOPo, Kot 610 autov
pe tov eEMTEPIKO KOG, e0M AépE OTL TO dikTVO £Yel "neBdvel”.

To oynua A’.1 avomapiotd, yPNCIHLOTOLDOVTOS ¥POUOTICLOVS Y10 TV EVEPYELNKT
KaTovaAmon Kot dglyvovtag TNy evamopeivaca evépyela 6tov Kabe koo, to Tpo-
PAnua g evepyelokng omng, pe 'K’ avapépovpe Tov KOp1o KOUPO ®¢ mpog Tov
omoio Tpowbhovvtal ta makéta. Onmg PAETovE 0 padpog KOUPOS e eninedo evép-
vewog 0% eivar axpifog dimha otov KOpo KOUPo, Kot 660 To “Hokpld” amd Tov
KOP10 KOUPO TOCO 0 LYNAL Kot To ETITESQ EVEPYELOC.

TNoti dpwg to TPdPAN U TNG eEvepyEloKN g omnG sivat TpoPAanpa? H tapatipnon
OV TPETEL va. Yiver elvat OTL VA TO SIKTVO EXEL YAOEL TNV SLVOTOTNTO AELTOVPYiOnG
TOV, AoV 1N emKovmvio £yl dStakomel Pe Tov £E KOGUO TOV SIKTVOV, 1) TEPACTIOL
mieloyneia Tov actntpov £rel akoun drieto amobepo evépyelag, eivatr povo ot
yerrovikol kOpPotl Tov Kupiov KOUPOL TOV KAOGGIKE OMEVEPYOTOLOVVTIOL TPMTOL.
Apa cov amotéAespa Eyovpe Eva opNoTELHEVO diKTLO, 6TO 0moio oYedOV OAOL
ot KopPot Tov givor Agttovpykol, Kot Gyl HOVO AEITOVPYIKOL OAAA €xovV GYedOV
OAN TNV WTaTopion TOVG YEUATY, OAAG SLOKOTTTETOL 1) AELTOVPYIO TOV OO KATO00G
UETPNUEVOLS GTO dAYTVAN KOUPOLS, 0vTo €lvar To TPOPANLLO TG EVEPYELOKNG OTTG

[8].

A’.3  Xrotki Tomof&éTnon vanpeciog

Orav Aéue ’otatikn Totofecio vanpeciog” evvoolue 6Tt 1) Tomobesio Tov K-
piov KOpPov, o omoiog £xel Tov pOAO oG v Peciag, dev aAAALEL KaTd TNV Olbp-
KELOL TOL TEPANATOG amd TNV apyikn TG TotoBétnon. Kataokevdoaye Teipaporo
Y10l VO OVOADGOVLE TNV GUUTEPLPOPE TOV TPOPANLLOTOG TNG EVEPYELNKNG OTTNG YPT-
GLILOTOLOVTOC TAA TO gpyoreio omnet++, 610 meipoua kGbe kKOPPoc-asdONTHpag
TOV SIKTVOV HE pia oTafept| mBavOTNTA TOPAyayeL Eva TOKETO avd Kdbe xpovikn
oTLYUN, T0 omoio mpombeital amd TO TPMTOKOALO SPOUOAOYNONG TPOG TOV KVPLO
KOUPO HECH TOV EAOYIGTOL LOVOTATION TTOVL EVMVEL TOVG dV0 KopPovg. Kabe popd
OV KATTO10G KOUPOG KAVEL KATOL0 AELITOVPYia, OTMG Vo evepyomombel amd tnv Aet-
Tovpyia yaumAng evépyetag (idle), va kavel kamowo HETPNON UE TOVG ooONTAPEG
TOV, VO, LETAOMOEL 1] Vo AdPel Kdmolo uivupe omd Kamowov dAAo Koo, Katava-

ADVEL KATO0 CLYKEKPIUEVO OGO evépyelng. Edd va onuewwbei 611 10 cuvpurtikd



A’.3. XTATIKH TOITO®ETHZXZH YITHPEXIAX 27

500 Node Random Geometric Topology (distance weighted)
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ymuo A”.2: Mécog 6pog evomopeivaoag evépyelag uratapiog otny otiypn Bovatov
TOV JIKTVOV GE GUYKPLOT LLE TNV OOGTOCT) TNG 0PYIKNG TomoBETnonG 0md Tov Koo
g Avomg tov 1-median.

TOGOGTO TNG EVEPYELOKNG KATAVAAMONG 6TOVE KOUPOVG elvar omodederyuéva 1 pe-
tdooon kot Aym dedopévov, dnAadn 1 Asttovpyia g kepaioc. And ovtd pmo-
POVLLE VO KOTAAGBOLLLE OTL 1] GUUTEPLPOPE TOL SIKTVLOL A0 TAELPE TNG KATAVAA®-
OMG EVEPYELOG KATOANYEL TEAKA GTO TAS 01 610(p0pot KOUPOL EXKOV®OVOHY UETAED
TOVG, KAOE TOTE, KOl TO01 LETOSIO0VV TTO GLYVA ATtO AAAOVC, KOl O1 VTOAOUTEG AEL-

ToVPYieg TV KOPPOV Hog gival oxedOV EVEPYELOKA AOAPOPEC.

Ag xortd&ovpe TOPO 6 KATOLO OO T OTOTEAEGILOTO TOV TEPAUATOV GTOTL-
KNG TomoBétnong g vanpeciag o ddpopeg BEoelg pHéoa 610 SiKTLO AGHPUATOV
aoOnTMpv. e OAa To TAPOKAT® SLOYPAULOTO O X-AEOVOC OVTITPOCMMTEDEL TNV
OmAGTOON TNG OTOTIKNG 0PYIKNG TomoBétnong (Le andoTacT] EVVOOULE O)L TNV €V-
KAglde 0AAG TO GUVOMKO KOGTOG TOV ELOYIGTOV LOVOTATION) OO TNV AVGT| TOL
I-median yia to dikTLO, 0 YPAPOG TOV SIKTHOV TOPAYETAL LE YELSOTVY OO TThAVO-
TIKO TPOTO e ToV 1010 seed apBpd kdbe popd dote va, £xovpe o otabepr] oym
TOV OIKTOOV Y To. Srarypappata. [o A To Staypdppota Thpnkay vToYn OAeg
ot mbavég Tomobetnoslg, cvumeptiapfoavouévng kot g Abong tov 1-median mpo-

BAqpotog.
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A’.3.1 Méoog 6pog evamTopEivaoag EVEPYELOG

>t0 oynua A’.2 BAémovpe T0 Ypdonua Tov HEGOV OPOL TNG EVOMOUEivacag
EVEPYELNG TNG pmatapiag OA®V TV KOUP®V Tov S1KTVOL Yo OAES TG TOAVES TO-
mobeTNoELS, N apyKn oTdBun g puratopiog kébe KOpuPov TEbnke oTIg 1 EKOTOPD-
plo povades. Ag avoldboovpe Tt PAETOVUE GTO SLAypOpLUo: YEVIKA KoToAofaivovpe
OTL KOO KO OTNV YEPOTEPT TEPIMTMON TO OIKTLO GV HEGO PO £XEL TEPITOV TO
97% TG EVEPYEWNG TOV AVEYYLYTN, OTNV KOAUTEPN Ttepintwon kottdue oto 98.4%.
Eniong a&loonpueiwto ivat to yeyovog 6t péyiotn o€ HEco OPO EVEPYELD TALPOTN-
peitor 6tav 1 apykn TomobETNon TG LANPESING £XEL ATOCTACT OO TNV ADGCT) TOV
1-median ion pe pndév, dniadr| o6tav Bpicketar atnv Abon tov 1-median &yovpue
TNV UEYOAVTEPT] EVATOUEIVOCH EVEPYELD, GTO OTKTLO, WTO eENYEiTal EVKOAN OV KO-
TaAdfovpe 6TL 1] SUVOUN TOL CNLLOTOG HETAOOGNS elvar avdAoyn Tng duvokoiiog pe-
Téooong omd KOpPo og KOUPBO, APoD TO GUVOAIKO KOGTOC OAOL TOV SIKTOLOL Elval
g\dyioto oty Aveon tov 1-median npofAnuatog, oty idwo Torobétnon eniong o
gloy1oTOTTOLEITON KOl KATOVAA®ON evEPYELag Tov diktHov. H mponyoduevn mapoti-
pNOT UTOPOVUE VO BOVLLE EDKOAN TTMG UTOPEL VO, GUVOLETAL JUE TIV LETEYKOTAGTOOT)
VINPEGLOG, POV EKEIVI 1] TOMTIKN LETAKIVEL TNV VINPEGiO TPOG TNV Avon tov 1-
median TpoPAnpoTog, 6oL Kot fpicketar 1 fEATIOTN TOTOOETNGN OO EVEPYELNKTG
amoyng.

A’.3.2 Xpovog ’0avaTov” dikTHoV

10 oynua A".3 petpdpe otov y-aEova TV amrdeTUoT TV TOToOETHCEWY Amd
v Abon tov 1-median, kot otov Y-a&ovo LETpApLE xpovo o€ devtepdienta. H Kv-
plo. Topatpnon €00 gival OTL 1 PHEYIOTN TIUN TOV YPOPNLOTOG UE TNV EANLOTN
Swpépovv potig 1%, dnAadn n tomoBétnon g vanpeciog Tdve oto dikTvo dev
nailel kavéva poro oto mote Ba mebdverl to dikTvo Pdoel Tov TPOPANUATOG TNG
EVEPYELOKNG OTNC. AVTO akpIPmg T0 Yeyovodg Ba mpoomafcovLE Vo TOAEUGOVLLE
OTNV EMOUEVT] EVOTNTA TOV KEPAAAIOV LLE TNV YPNON TNG LETEYKATAGTACNG VRN PE-
olog, pe piktd anoteAéoparta. TeMKE, T0 GUYKEKPYEVO dtdypappta dev Hog divet
KOO0, TEPUTEP® TOAVTIUN TANPOPOPIN TEPO, OO QTN TNV TOPUTNPN O, APOD

Bopiler B0pvPo Kot Oyt KATL e KATOL0 SOUNUEVT LOPPT.

A’.3.3  AlOKOpOVO EVOTONEIVOCUS EVEPYELNG

H dwokdpavon gival to 1eTpdy®vo g TUTIKNG ATOKAIoNG, OnAadn to dBpot-

OO TOV TETPAYOVAOV TNG S0POPAS TOV TIUOV KAOE emimédon puratapiog OOV TV
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yquo A”.3: Xpdvog BovaTov S1KTOOV G GUVAPTNOT UE TNV OTOCTUCT| TG OPYIKNAG
tomoBétnong amod tov kOpPo g Aong tov 1-median.
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Zymua A’.4: Ataxopoveon emmédov puratapiog oe OAo To dikTvo oty oty Ba-
VATOV G€ GUYKPLON WE TNV amdGTACT] TG OPYIKNG TOTOOETNGONG Ao ToV KOUPO NG
Ao Tov 1-median.
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Normalized Battery Variance vs Mean Battery
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Zymua A’.5: Kavovikorotnpévo amoTeAEoUaTo S10KVILOVOT EVOTOUEIVOCAG EVEP-
YEWG KO LEGOV OPOL EVOTOUEIVAGOG EVEPYELOG.

KOUPoV omd Tov PHEGo 6po Tove. Av Adfovue voyn o Sidypoappa A2 Tov HEGOV
opov pmatopiog Tote O mEpEVaLE va dovuE o avTiBeTn Topeia TG SLoKDLLOV-
O1G O7TO CVTIH TOL LEGOV OPOV, APOV 6TO dtdypoppa A3 Exovue 6t o xpovog (ong
TOV SIKTVOV €ival TEPIMOL 0 1510¢ € OAEC TIC TOTODETNGELS. Apa av EYOVE 0TAOEPD
¥pOvo Bavatov, kol OA0 HEIWUEVO PECT TN UTOTOPioG, TO GOpolspa TG dlapo-
PAG TOV TILOV HE TOV HEGO dpo Ba av&avel apa Ba avédvet kot 1 Stokdpaven 660

OTOUOKPVVOUAGTE OO TV AvoT Tov 1-median.

A’.3.4 Kavovikomompévae omoteAEoHOTO

Tehkd ag dodue pa ovtimapddeon Tov 600 TO CTUOVIIKOV ATOTEAEGUATMV,
TOV LECO OPO EVEPYELNG, KOL TNV dtoKOUavVoT evEPYeLaG. 'Eyovpe kovmvikomotoet
Kot T0. 000 GET AMOTEAEGUATOV KOl ToL avTimapabétovpe og éva didypappa podi.
Me amotéleopa va €yovpe mo kaBupd 6€ AVTO TO YPAPNLA TV GLOYETION TOV

300 AVTOV TIHDV.
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A4 Zoupavra

[IpoomaBobpe va katordpovpe Tt enidpaoct Oa giye Eva duvapukd yeyovdg oTov
TPAYHOTIKO KOGHO (Y. (o dacikn mupkaywd [11]) wve oto diktvo aietntipwv.
B0 TPOCTLELMGOVLLE OTO TO YEYOVOG LLE TOV EENG TPOTO, GE KATOLO YPOVIKT GTLYLN
t pikpoTEPN amd TOV XPOVO BavATOL TOL SIKTVOL 10 KUKAKT TEPLOYT| LEGA GTO Oi-
KTVO pe Kkdmota axtiva 7 0o dtadeytel g v weptoy] Tov cvpPavtoc. To coufav
0o avtirpocwnevbei cov Ty paydaio avEnon TG PoNG TOKETMY TPOEPYOUEVA ATTO
™V mepLoyn tov cvuPdvrog. Ta maxéta avtd dev givar Wiaitepo, amid givar me-
PLEGOTEPO. OO TOV KOVOVIKO aptpd mov Tapdyet To diktvo og péco 6po, avtod Oa
TO TETVYOVE AVEAVOVTOG TNV TOOVOTNTA O1LLovpYiaG TOKETOL avd KABE YpoviKn
otiyun oe 1 (PAéme oynqua A’.6), dnAadn kdbe xpovikn oTiyur Tov mepvd oto di-
KTVO OA0L Ol KOpPoL Tov PpiokovTol oty meployn Ba wapdlovv amd £vo TaKETO

7OV KATEVOVVETOL TTPOG TNV VANPESIO/KOPLO KOUPO.

A’4.1 Xrtotika cvpfavra

Yratikd ovopdalovpie Eva cuuPav 6Tov 1 TEPLOYN Ao OOV EEKIVA Kot EXNpedlel
mapapével atobept| o€ 160, Tonobesio, Kot aktiva Tov yeyovotog. Eivoln o amin
TEPINT®ON €VOG GUUPAVTOC KOl EIvaL KATMG 1O0VIKT, TO TPAYILATIKE YEYOVOTO G-
umepLeEpovtol duvaptkd, eéelicoovtat kot aAAAloVV cuVEXMS, TO 01010 Elvar Kot
KGTL TOV B AVOADCOVLE GTO ETOUEVO TUNLLO TOL KEPAAOIOV.

Onwg pAémovpe ota daypdupato A7, A8, A".9, kot A".10 éva 6Tatikd cup-

Bav dev emmpedlel oyedo6V KABOAOL TO ATOTEAEGLOTO TOL ELYOLE YO TNV £KOOOT

YOPig TNV TEPLOYN GLUPBAVTOG.

A’4.2 Kivovpevo copfavra

[ToAVd o evdlapépov €xovv Ta KIVOOLEVE, GUUPAVTA, GE QLTI TNV TEPIMTOON
T0 GLUPEY EgKVA OTTMC 6TAL GTATIKA GLUPBAVTO 0AAG EEKIVA Lo Topeia Kivnomg Kot
EVEPYOTOLEL TIC EMOPATELS TOV GVUPAVTOG GE OAOVE TOVG KOUPOVE TOV GLUVAVTE. X€
ot ™ edon n kivinon elvar pio amAn KukAkn Topeia mve ond ta eEnTtepcd Opto
TOV O1KTVLOV. To GVOTNUA TOV SVVAUKOV CUUPBAVIOV DAOTOMONKE [LE EMEKTAGLLLO
TPOTO £TGL MGTE JUE L0, ATTAT) YEVVITPLO TTOPEiag va umopei 0 Kabévag va dnpovpyel
v 01Kn Tov opeia kat EEMEN TG TEPLOYNS TOV SLUPAvVTOC.

Yta Swypappota A" 11 ko A" 12, A".13 cav 6ToTIKE 0TOTEAEGUOTO YPNCIUO-
TOLOVLLE TO, OMOTEAEGLOTA aTO Ta Starypappato A" 7, A'.8, kot A".9 avtictoyyo. Of-

TOVLE €L TIVOG OTMOTELEGLATMOV TO, KOVOUPYLO OTOTEAEGUATO TOV TEPAUATOV LUE
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Zymua A.6: ZynUaTiKn arEKOVIOT) Log TEPLOYNG CVUPBAVTOC, QaiveTol 1) aKTiva
K0l TO KEVTPO TOL KVKAOL 7oL opilel TNV meptoyn, kat ot ThavoTnTeg dnpovpyiog
TOKETOV OVA YPOVIKT] OTIYIT| TOV KABE KOUPOoL.
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Zymua A’.8: (Ztatikd cvuPav) Aia-
KOOV EMMES®V Umatapiog o€ OLo
T0 diKTVLO TNV oTIyuN Bavdtov.

Zyquo A”7: (Ztatikd coppav) Mé-
060G 0po¢ pmatopiag v otiyun Bo-
VATOL TOL SIKTVLOV.
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Zyqpa A"10: (Zratwko coppav) Ka-

Zymua A”.9: (Ztotikd coppdv) Xpo- vovIKOTOMUEVE AmTOTEAECUATO dld-

vog BavdTov Tov dikTHov.

KOHOVONG Kol LEGOL Opov evamopei-
VOGOG EVEPYELNG.
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500 Node R.G.G. - Static vs Dynamic Event cases
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Zyfua A’ 11: Mécog 6pog emmédov unatapiog oe OA0 1o dikTLO 6TV oTIyun Oa-
VATOV G€ GVYKPLON UE TNV amdGTACT] TG APYIKNG TOToOETNGONG amtd ToV KOUPO NG
Avong Tov 1-median yio otoTkd (aKivinTo) Kot SuVapKS (KIVOOLEVO) GUUPAY.
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500 Node R.G.G. - Static vs Dynamic Event cases
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Zyquo A% 12: Araxopovon emmédov pratopiog o€ 6Ao to diktvo oty otiyun Ho-
VATOL G GUYKPLOT LLE TNV ATOCTUGT TS OPYIKNG ToTofEtnong amd Tov KOUPo g
Avong Tov 1-median yio otoTed (aKiviTo) Kot Suvapkd (KIvovuprevo) cuuPav.

70 SVVOUIKO CLUPAV Yo e0KOAN cOYKplon. Ta dbo mpmTta drarypdppata dev pag oi-
VOUV KAmola S1apopomoinon HETaED TV 00O OTOTE UTOPOVLE VO TO, AYVOT|GOVLLE.
To dbypappa A".13 dpmg deiyvel KATL SLAPOPETIKO, Y10 TNV GTOTIKY EKS0GT) TOV
MEPANATOS, 0 ¥pOvog Bavdatov givar Yopw ota 4,070 devtepdienta, Evd Le TNV

Suvapikn €KdooT) ToV TEPALATOS, Kiveital YOpw ota 3,630 devtepOAenTaL.

Eppnveio tov anoteheopdtov duvapikov copfdvrog

To TpoPANUA Le aVTA T AmoTEAECUATO EIVOIL OTL AV TO TAPOVUE EEYDPLOTA OEV
Spépovv, dNAadn Kot ta dVo pag Aéve Tnv 101 wotopia, 6Tt dov Kot vo. Tomobe-
THGCOVUE TNV VANPESIA TAV®D 6TO JiKTLO, 0 ¥POVOC BavAaTov TOL dikTVOV Bal Elvar
6100epOg, KO Kot oV £XOVHE KATO0 GUUPAV, GTATIKO 1] OLVOULKO, 1| Kol KOO
Yopic Kamolo cupPdy O0mmg eldape o Tavm 6to dtdypappo A’.3. Edd 1 cdykpion
UTTOPEL LE oL TPMT LLOTLA VO, LG OETYVEL OTL YOV UE LELMGEL 1] AVENCEL LLE KATOLOV
tpomo v {on Tov dikTOOV, GAAG aVTd gival amAd Adboc, yloti eivat To €160¢ Tov
oupPdvtog mov dArage Kot Oyl KATL OV KAVOE EUEIC, 0VTO TOV UaG AEEL TO G
glvat 6TL Kot 6TIg 600 TEPUTTAOCELS EILACTE TO 1010 . AAAOVG TPOTOVG AHENCNC TG

Cong Tov dikTvov Ba KortdEovpe OTNY EXOUEVT EVOTITO TOV KEPAAAIOV.
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500 Node R.G.G. - Static vs Dynamic Event cases
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Zymua A7.13: Ztiyun Bavatov og GOYKPLON LE TV AmOGTACT) TG OPYIKNG TOTo0E-
ong amd tov KOpPo e Aveong tov 1-median yio otatikd (akivnto) kot Suvapko
(Kwvodpevo) copfay.
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A’.5  ZopuPavro Kor HETEYKATAGTAG VN PECLOGC

Ag enexTeiVOVLE TIC TPOCOUOIDGELS TOV KAVOLE GTIV TPONYOVLEV EVOTITA
GTO VO TEPLEYOVY KOl TOV UNYOVIGUO TNG HETEYKATAGTOONG TG VANPESiaG, dpa
TOpa Oev £OvHE HOVO Ui TEPLOYT] AVENUEVTS dpaoTNPLOTNTOS, OAAG EXOVLE KOt
Kivnon g vaNpeciag. XTo TPONYOVLEVO KEPAAALO EICAYOLE TNV EVVOLN TOV UN-
YOVIGLLOU LETEYKATACTAOTG VINPECING, eKel elyape avapépetl 0Tt o€ va Kavovikd
SikTLO M TOMTIKY peTeyKaTdoTaons Ba petaxvel Ty vanpecia 6€ TomoBeTNOELG
UELOUEVOV KOGTOVG, KOl B0 TO KAVEL LOVOTOVIKA. € YEVIKEC YPOUUUES AV LTOPOVLE
va TOOUE OTL 1) TOMTIKY PETEYKOTAGTAONG LETUKIVEL TNV LANPEGIA TPOG TNV Ao
tov 1-median TpoPARUATOG, TOTE GE QTN TNV TOPUALNYT TOV SIKTVOV UE TNV TTE-
pLoyn Tov cLUPEVTOG, LITOPOVILE VO TOVLE OTL YEVIKE, Ko aVAAOYQ LLE TNV 16D Ko
oKTiva TOL GUUPBAVTOC, 1| TOALTIKT B0 LETUKIVI|GEL TNV VINPEGIO TPOG TNV TEPLOYN
™G avENUEVNG dpacTNPLOTNTAS. AVTH 1 TOPOTPNCT OEV givarl KATL To Tapdéevo av
OKEPTOLLLE OTL oV LITOoAoYicove Eavd TNV Avom Tov 1-median TpoPARHaTOg LETA
v évapén tov cupPavtoc, n Aven Ba €xel oxeddv ciyovpa aArdtel B¢om, kot oi-
yovpa, Oa £yl TPocoEADEL Lo KOVTE GTNV TEPLOYT TOV GLUPAVTOG, Apa TAAL 1] TOAL-
TIKN TPOg TNV AOom Tov 1-median petaxvel mv vanpeoia, andd cvth 1 8Eon teivel
Vo QTAVEL OAO KAl TO KOVTE GTNV TEPLOYN TOL GUUPAVTOC 660 avEdveL 1| 16YDE TOV

N Ko 1 axtiva Emppong tov.

B0 KOLTAEOVLE TV GUUTEPLPOPE TOV SIKTHOL GE UL KALVOVPYLOL TTOPELD. LLE £Vl
Suvapko Kivoduevo cupPav. Eexvape pe to dtaypappota A".14 kol A'.15, émov
TO TPATO EIVOL JLE ATEVEPYOTOLNLEVO TOV UNYOVICUO LETEYKOTAGTACNG, KOl TO OEV-
TEPO UE TOV UNYavioud evepyomomuévo. Avtictoya givar ta dtaypdupoto A’ 16
Kot A’.17 yuo Tig SoKVHAVOELS, Ommg Kot Ta A”. 18 kat A”.19 ywo Tovg ypodvovg Ba-
VATOL TOV SKTHOV.

Y1ovg pécovg 6povg evomopeivaoag evépyelog (oynua A".14 kot oyqua A’.15)
PAémovpe 6t 1 Kivnom g TEPLOYNS TOV GLUPEVTOG GE GUVOVLAGHO LLE TOV UNYOVL-
OUO UETEYKOTAGTACTG TNG VANPESIOG oG dIVOUV TVYOio OTOTEAEGLLOTA, OEV LTO-
POVLLE VO TOL YPTCLLOTOMGOVLE Y10l KATO10 CUUTEPOUGLLO. GE OVTH TV (ACT. AKOLOL
K0l GTO TPMTO GYNLLO TOV 1) AEITOVPYI TNG LETEYKATACTOONG OEV £YEL EVEPYOTOL-
O¢i To amoteléopoto dev pag odnyovv og kavéva cuumépacpa. To 1010 propodpe
Vo TOOLLE Kol Yol TIC SUKVUAVGELS TV evepyelmv (oynpa A™.16 kot oynuo A".17)
@OV 01 TIHES TV JlaKkLIavee®V Pacifovial 6Tovg Hécovg 6povg Tov Ha mapdyet
70 3iKTVLO GTNV GTIYUN| ToL BovdTov. Kot TEAMKAE 00TE Ta AMOTEAEGLOT TV YPOVOV

{oNg TV SIKTOVOV HaG PEPVOLV TTO KOVTA GE KATOL0 GUUTEPAGHLO, Y10 TNV OTOL0-
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500 Node RGG - New Battery
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Zymua A".15: (Me peteykatdotaon)
Méoog 6pog pmotapiog.
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Zyua A'.17: (Me peteykatdotoon)
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Iuo A18: (Xoplg peteykotd- Zyfuo A'.19: (Me peteykatdotoon)
otoon) Xpoviky otiypn Bavatov.  Xpovikn otiypn Bavdtov.

A’.6  XOYKPLo1 YPOVIGUAOV NETEYKATACTAUCTG

2TV mpoNyoOLEVT] EVOTNTA, 10 OO TIG TOPAUETPOVS TOV UNYOVICUOD LETE-
YKATAGTOONG TOPEUEVE GTABEPN, 1) XPOVIKT O1APKELD GLALOYNG CTATICTIKAOV LETPT-
GEMV TNG Kivnong otnv vanpecio péxpt va mopbei n amodaon yio LETEYKATAGTOON
S péom ¢ emaAnBevong Tov Kprtnpiov HETEYKOTAGTAONG. € VTN TV EVOTNTO
B0 avaivcovpe KAmoleg SIAPOPES TILEG GE QLTI TNV TAPAUETPO, Kot Bo dovpE TmG

ovTéG ot TEG emmpedovy v Aettovpyia kol KaTAANnEn Tov SkTHOoV.

YOYKPLoN 1E 1] YOPIS HETEYKATAGTOON

Apykd dokipudcape 500 S1POPETIKEG EKOOYES, LUi0 LLE TNV AEITOVPYID TNG LETE-
YKATAGTOGNG EVEPYOTONIEVT] KOL Ui LLE TNV LETEYKOTAGTAGCT] OTEVEPYOTOUUEVT).
To Sdypappa A’.20 deiyvel To OMOTEAECUOTO KOl T@V 6VO0 TPOGOUOUDCEDY, GTNV
TEPIMTMOT TOV O UNYOVIGUOC LETEYKOTAGTACNG EIVOL OEVEPYOTOMUEVOG £YOVLLE
TO ATOTEAEGLOTO, TOV E100LpLE TOVAGYLOTOV 8V0 (OPEG TPV, SNAd OTTOL KOl VO TO-
mobetoovpe TV VANPEcia apyd dev PAEmovpe Kapio dtaupopd otov xpdvo Lwng
TOV JIKTHOV. L& KOKKLVO YPDOLO EYOVUE TO OEGOUEVO TOV ATOTEAECUAT®V Omd TIG
TPOGOUOUDGELS OOV EYOVIE EVEPYOTOGEL TNV HETEYKATAGTOOT VInpeciog. la-
pPaTNPOVUE OTL GE OAEG TIG MEPWTTMOOELS O YPpOvog {mNG TOL JIKTVOV BEATIDVETAL,
G€ KATO1EG TEPIMTAGELG EXOVLLE KOl SimAactacpd g {ong Tov diktdov. Apyikd Ha
Aéyape OTL KaTOQEPAE aVTO oV BéAapEe, OnAad va avénoovpe v {on Tov Ot-
KTOOV, ALY e AlYO TOPUTAV® GKEYT PTOVOVLE GTO GUUTEPAGHE OTL APOV dgV
PAémovpe KAmOl0 CLYKEKPIUEVO LOTIBO GTOV Ypodvo (MNG LE TNV LETEYKATACTOON
gvepYOTOINUEVT], OTL | avENON TG (NG TPoépyeTal AmAd Kot LOVO amd TNV vep-
YOTOIN O™ TOV UNYOVIGLOV TNG HETEYKATAGTACTG, KOl OO TNV PLGIKN Kivnom g

VINPEGING GE SOPOPETIKOVG KOUPOVG S1apopAGoLLE TO BApog o€ TOAAODS dlopo-
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500 Node R.G.G. - High-traffic static event
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ymuoa A”.20: Xpdvog Bovatov S1kTdov Ge SEVTEPOAETTO UE TOV UNYAVICUO LETE-
YKOTAGTAONG EVEPYOTOMUEVO KOl OTTEVEPYOTOMNUEVO GE KOKKIVO KoL UTAE OVTi-
GTOLYO.

peTikovg KOUPoLE Kot kaTd cuvéneln avEdvovpe v {01 Tov dIKTVOL.

MegrETn (POVICHAV PETEYKATAGTAUONG

Yo dwypappota A’21 kot A’.22 B€tovpe TNV TOPAUETPO TOL YPOVIGHOD TOV
unyavicpob g peteykatdaotaong o€ 400 devteporenta kot 5,000 devteporenta,
ka1 o€ 100 devtepdrenta kot 10,000 devtepodrenta avtiototya. To couPav BéteTon
oav TNV apyikn Tov ddtan, dMiadn pa otabepn nepoyn avEnuévng dpaoctnplo-
TG YPic va Kiveitat Kol yopic aAlayég oty 1oyb 6. BAEmoue 0TL cav kavova
000 TOPUTAV® TEPYUEVOVLE VO KAVOVLUE TNV UETEYKOTAGTAGCT) TG VINPEGiog KAOE
@opa oL glvar vo, EAEYEOVLLE TO KPLTNPLO, EIVOL EVEPYETIKS VO TEPLLEVOVLLE EVOL [LE-
YOADTEPO YPOVIKO SIAGTNUO TAPA HKPOTEPO, EKTOG OV AUTO TO YPOVIKO SACTI UL
Eemepva Tov ypovo Lmng tov diktHov otnv omoia mepintwon dev Ba TpordPet 1o
OiKTLO VO EKTEAECEL KON PLETEYKATAGTAON TPV TNV GTLYUT Tov HavAaTov Tov.

Ievikd PAETOLLLE OTL OTOV £YOVLE GYETIKA LUKPOVG YPOVIGLOVS GTOV UNYOVIGLO
UETEYKOTAGTAGNG GE GUYKPLIOT UE TOV YPpOVO {®NG TOL OIKTOOV, 1] LETEYKATACTOOT)
dev Ponba oty moapdract Tov ¥pdvov {ONG TOL JIKTVOV GE KATOlN BopLOTILAVTIN

yxpovikn diapkela. O AOYOS Y10 TO TPONYOVUEVO Elval AmAd OTL 1] TOAITIKY] LETEYKOL-
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High-traffic static event - Migration Timing
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Zyuoa A”.21: Xpovog Bovatov SikTOov Ge SEVTEPOLETTA LLE TOV YPOVIGLO TOV UN-
yoviopov peteykatdotaong ota 400 devteporenta kot 5,000 devtepdiental.

tdotaong o€ £va otafepd dikTvo £)XEl KATO10 GLYKEKPIUEVO aplORd PETAKIVIGEDV
OV UTopEl vaL EKTELEGEL PEYPL TO KPITNPLO TNG LETEYKOTAGTOCTG VO GTOLATHGEL VO,
mANpeite Ko vanpecia va peivel otdoun og ekeivo Tov KOO PEYPL TO TEPOS TOV
SIKTOOV. Apa. 0V 01 KIVIIGELG OAEG EKTELEGTOVY GE GYETIKG LUKPO YPOVIKO SLAGTI L0
o€ oyéon pe v cvvolkt] {1 Tov diktdov ToTE B £YouV TOAD HIKPY emidpoon

TOV® GE OVTN.

AT Avoyta epOTNRATA VL0, HEAAOVTIKY TOPELQ,

Avvoikd copfavta Kot oL EQUPUROYES 6TV TPOYUATIKOTITO

Meydin tpocoyn dMOGaE 0T SLVAUIKA YeyovoTa STt ival Baciopéva otny
TPOYLOTIKOTNTO, [0l SOGIKT TUPKAYLA OEV TAPUUEVEL GE EVa oMpeio aAAG eamAm-
VETOL KOl petakiveital, aALGlel mopeieg akoAovddvTog Tov Gvepo, Evo ToAEKO
dpuo petakiveital, moipvel 0éomn Kot otoyevel, petd aAralel v B€om Tov 610 TE-
dto g payme. Eivor n gvon tev mpayudtev va givor duvapikd kot oyl oTaTiKd,
KOl 0VTO TPENEL VO, OVOKAACTEL GTNV £pevva, KAT®G Kot vo LeAetnOel, ToALEC Tba-

VOTNTES Y10 PEATIOTOTOINGT) OCVPUATOV SIKTVOV GO THP®V VIAPYOVY YOP® ATd
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High-traffic static event - Migration Timing
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ymuoa A”.22: Xpovog Bovatov SiKTOov Ge SEVTEPOLETTA LIE TOV YPOVIGLO TOV UN-
yoviopov peteykatdotoong ota 100 devteporenta kat 10,000 devtepoienta.

ovTdV ToV TopéaL.

Hopatacn xpovov {mNg aoVPRATOV SIKTV®V d1cONTp®V

O ypdvog Lmng evoc diktHOL aoONTpwV €lval {GOC TO MO CNUAVTIKO GTOL-
yelo Beltiotonoinong tov mov vdpyel [6], otV gpyacio avtn gidape O6TL o1 ap-
ykég tomobetnoelg vou pev fonbodv ota evepyslokd amodépato Tov SikTHoL Gov
oUVOAO, OALG TO TPOPAN A TNG EVEPYELOKNG OTTNG KAOIGTA 0T TO YEYOVOS GYpn)-
GTO TPOKTIKG apov T0 dikTvo TEBaivel TOAD To Ypryopa omd ATl KOTAVOADVETOL
1 GUVOAIKN EVEPYELD TOV VITAPYEL GE OAOVG TOVG KOUPBOLG Tov. O pNYaVIGUOS pe-
TEYKATAGTOONG aLEAVEL TOV Ypdvo NG TOL dIKTVOV GAAG TO 1510 Ba Exave KoL M
Tuyoia kivnon g vanpeciag, dpo PPLoKOUacTE TOAL 0o EKEl TOV OpyicapLE, LE TO
TPOPAN U TG EvEPYELOKNG OMNG va PplokeTon umpootd pog. Edwd av wAncovpe
Y10 TOMTIKEG EMAVAPOPTIONG, TOAAATAES VN PEGIES, AAANYEG TOTOAOYING, KTA, TOTE

TPOPAN U YiveTon TOAD o Ttepimhoko aAld ypriCel Abonc.
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Keparaw E’
YOUTEPACNUTA

g VTN TV TTUYL0KY EPYOCio KaTapEpae vo Abcovpe To 1-median TpoAnpo
0€ TVYOOVG YEMUETPIKOVS YPAPOVG, TAEYUOTIKEG TOTOAOYIES, KOl OEVTPO., (PTOLULO-
TolOVToG TV PAodnkn Tpocsopowwcemy Omnet++. To acvppato diktva ocOn-
TPV €ivar 1 apyETumn HLOpPN VOGS SLUVOUIKOD SIKTOOV UE TAPO TOAAOVS KO-
Boug, 6pm¢ 1 SLGKOATLD KOl 1] 1N TPAKTIKOTNTO 6TV AVon Tov 1-median pofAn-
LOTOG G€ TOAD Heyddo Kot Suvapkd dikTua 0nmg autd, pog £€0ecav o€ mopeia va
Bpovpe dAhovg tpoéTOLG BedTioTOmOINGNG TG TOTOBETNONG TG LINPETING G £val
diktvo. YAomomcape AOOV ToV PUNXavIoUd TNG LETEYKATAGTAONG VINPESIG, O
01010¢ HECH GTATIOTIKAOV UETPNCEWV TNG EI0EPYOLEVNC KivNong Tpog Tov KOUPo
NG VANPECING EAEYYEL TO KPITNPLO UETEYKATAGTOONG KOl LETAKIVEL TNV VANPECiQ
oamd kOpPo og KOUPO SLVOUIKA Kol avAAOYO LE TNV Kivnon Tov TakéTmv, G Ho
LOVOTOVIKA @Bivovso KapmuAn KOGTovg Tonobesiog yio tnv vanpeoia. Tpéope
TEPALATO TOV UNYOVIGLOD HETEYKOTAGTOONG 0 O18popeg TOTOAOYiEG ACVPUATOV
SIKTO®V Kot BpNKapLe OTL OVIMG O UNYOVIGLOC Ko TO KPITNPLo amodidouv dpapatt-
KEG UELDGELG GTO KOGTOG TNG VANPECING PE TNV 0To100MToTE ThAVT 0Py IKT| TOTTO-

0£1non Kot €101KA 6€ TAEYLOTIKEG TOTOAOYIES.

"Enerta kowrtdEope amd TL amoteleitan Eva acVPHOTO SIKTVO aleOnTpV, Kot
T TPOPAALATO TTOV OVTILETORILOVV Ol GYESNGTEG TOVG GE GYECT LLE TNV KOTAVE-
AMGT) EVEPYELNG TV KOUP®Y KoL TO TPOPANLA TN EVEPYEINKNG OTTNG KOl TO 0010
Tpocopoldcope Kot Tpocmadncape va kataidfovue. Tpé€ape Telpduatao yo my
UEAETT) TOVL TTPOPANLLOTOG TNG EVEPYELNKNG OTTNG OPYIKA LLE AMAEG OTOTIKEG TOTOOE-
THOELG KO TOPOTPHGAUE OTL OTOV 1) TomoBET oM TG VAN PEGiag YiveTal oTov KOUPO
™G Ao Tov 1-median TpofAOTOC, 1) EVOTOUEIVOCO EVEPYEL KOL T SLOKDLLOVGT)

™G NTav M PEyleTt Ko eAdytotn avtictowya. Omote pog éfole 6TO POVOTATL TOV
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VO TPOCTOONGOVLLE VO EVAOGOVLE TV TPOTYOULEVT] OVAELD TTAV® GTOV UNYOVIGHO
UETEYKATAGTOGNG TG VANPECIOG KOL GTNV EVEPYELNKT UEAETT] TOV SIKTVOL aGON-
THP®V, UE KT OTOTEAEGLLOTAL.

Tehkd vAomoMoauE Eva UNYOVICUO Tapay®myNG oupPavtov”’, dniadn duvopt-
KOV 0AALOYDV 6TV dpacTnpLOTNTe CUYKEKPLUEVOVY TEPLOYDV TOL SIKTHOVL, T OTTOi0L
glvar ghevBepa va kvnBovv kot v aAAGEoVY 1oY0 KaTd TNV S1apKELN TG TPOGO-
poimong, kot Pprxape dedOREVA Y10 OAOVS TOVG CLUVOVUCUOVE TOV TEPUTTMCEMY
OTOTIKOV Kol SUVOUIKDV YEYOVOTOV, 0AAG KOl OTATIKMOV TOTOHETCEDY Kot Evep-
YOTOUUEVNG TNG LETEYKATAGTAGNG, AAANL KOl S10POPETIKADV YPOVIGLDY TOV PNYAVL-
ooV TG peteykatdotaons. Kieicaple e To d00 mo oNUAVTIKA avoryTd EpOTHLOTO
™G €pyaciog, avTd Tov ¥povov {mNGg TOL JIKTVOV Kol TMV SVVOLUKOV GLUBEVTOV
YeViIKd, Tov xpHovv TEPATEP® AVATTLENG KOl EPEVVNTIKNAG TPOCSTAOEING MOTE VOl

UmopEcouvv va KotavonBobv oe peyolutepo Padoc.
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esting

1 NODE.CC

#include
#include
#include
#include

#include

#define
#define
#define
#define

TRAFFIC_MSG 40
TRAFFIC_GEN 41
RELOCATE 52
CALCULATEROUTING 147

using namespace omnetpp;

class Node : public cSimpleModule

{
publ

prot

priv

ic:

Node () ;

virtual “Node();

double batteryLevel();

void changeDemand(double) ;
void activateService(Nodex) ;
void shutdownService();

void findRouting(Node* serviceNode = nullptr);
void scheduleMigration();
bool serviceActive;

cGate* routingCache;

ected:

virtual void initialize(int) override;

virtual int numInitStages() const override { return 4;};
virtual void handleMessage(cMessage *) override;

ate:
OVERSEER *The_QOverseer;
cTopology *overseerTopo;

double timeToCheckMigrate;

int totalTrafficCount;
std::vector<int> trafficStats;
cMessage* SrvDemandMsg;
cMessage* relocationMsg;

double demandProbability;
double battery;

bool migrationLogs;
bool batteryLogs;

}; Define_Module(Node) ;



void Node::initialize(int stage)

migrationLogs = getAncestorPar("migrationLogs").boolValue();

batteryLogs = getAncestorPar("batteryLogs") .boolValue();

timeToCheckMigrate = getAncestorPar("timeToCheckMigrate") .doubleValue();
battery = getAncestorPar("battery").doubleValue(); WATCH(battery);
demandProbability = par("mydem") .doubleValue(); WATCH (demandProbability) ;
totalTrafficCount = 0; WATCH(totalTrafficCount) ;

serviceActive = false; WATCH(serviceActive);

relocationMsg = new cMessage('"relocation self event", RELOCATE);

getDisplayString() .setTagArg("i", 0, "misc/town2");

if ( getAncestorPar("migrationActive") .boolValue()){
scheduleAt (simTime () +timeToCheckMigrate, relocationMsg);

SrvDemandMsg = new cMessage("Traffic generation timer", TRAFFIC_GEN);
scheduleAt (simTime ()+1, SrvDemandVMsg);

check_and_cast<0OVERSEER *>(getParentModule () ->getSubmodule("The_Overseer"));
&The_0Overseer—>topo;

scheduleAt (simTime ()+0.01, new cMessage('"routing initialize", CALCULATEROUTING));

{
if (stage == 0){
WATCH_VECTOR (trafficStats);
routingCache = nullptr;
if (par("init") .boolValue()){
servicelActive = true;
}
3
}
if (stage == 2){
The_Overseer =
overseerTopo =
}
if (stage == 3){
if (par("init") .boolValue())
}
}

Node: :Node ()
{

SrvDemandMsg = nullptr;
relocationMsg = nullptr;

Node: : "Node ()
{

cancelAndDelete (SrvDemandMsg) ;
cancelAndDelete(relocationMsg) ;



void Node::handleMessage(cMessage *msg) {
if (msg->getKind() == TRAFFIC_GEN) {
scheduleAt (simTime ()+1, SrvDemandMsg) ;

if (serviceActive)
return;

if ( !'(uniform(0,1) < demandProbability))
return;

send(new cMessage("Traffic", TRAFFIC_MSG), routingCache);
if ( battery-- < 0){
if (getAncestorPar("batteryLogs") .boolValue()){

if (getAncestorPar("migrationActive") .boolValue())
The_Overseer->writeBatteryScalars();

else
The_0Overseer->writeBatteryScalars();

3

endSimulation();

}

else if (msg->getKind() == TRAFFIC_MSG){
if (serviceActive)q{

totalTrafficCount++;
bool incremented = false;
for(int i = 0; i < trafficStats.size(); i+=2){

if (msg->getArrivalGateId() == trafficStats[i]){

trafficStats[i+1]++;
incremented = true;
}
}

if (!incremented) {

trafficStats.push_back(msg->getArrivalGateId());
trafficStats.push_back(1);

}
delete msg;
}
else {
bubble("routing message");
send(msg, routingCache);
}

if ( battery—- < 0){
if (getAncestorPar("batteryLogs") .boolValue()){
if (getAncestorPar("migrationActive") .boolValue())
The_Overseer->writeBatteryScalars();
else



}

The_Overseer->writeBatteryScalars();

}
endSimulation();
}

else if (msg->getKind() == RELOCATE){
if (serviceActive){

int maxIndex = -1;
int maxTraffic = -1;
int maxGateld = -1;
for(int i = 0; i < trafficStats.size(); i+=2){
EV << "GateID: " << trafficStats[i] << ", Traffic Counts: " << trafficStats[i+1] << endl;

if ( trafficStats[i+1] > maxTraffic ){
maxTraffic = trafficStats[i+1];
maxIndex = i;
maxGateld = trafficStats[i];

3

int outGateIld = gateBaseId("port$o") + (maxGateId - gateBaseId("port$i"));
if ( (2 * maxTraffic) < totalTrafficCount){
scheduleAt (simTime () +timeToCheckMigrate, relocationMsg) ;
totalTrafficCount = O;
trafficStats.clear();

}
else{
Node* neighbour = check_and_cast<Node *>(gate(outGateld)->getNextGate()->getOwnerModule());
shutdownService() ;
activateService(neighbour) ;
}
}
else

throw cRuntimeError("Non-service node tried to relocate");

3

else if (msg->getKind() == CALCULATEROUTING){
Node* tempNode = check_and_cast<Node *>(getParentModule()->getSubmodule("node", getAncestorPar("starter"
findRouting(tempNode) ;

void Node::activateService(Node* node)q{

3

node->serviceActive = true;

node->getDisplayString() .setTagArg("i", 0, "misc/town2");

if ( node->getAncestorPar("migrationActive") .boolValue())
node->scheduleMigration() ;

findRouting(node) ;

void Node: :shutdownService(){

serviceActive = false;



totalTrafficCount = O;
trafficStats.clear();
getDisplayString() .setTagArg("i", 0, "misc/node_vs");
The_Overseer->hop() ;
}

void Node::findRouting(Node* serviceNode){

int numNodes = getParentModule()->getSubmodule("node", 0)->getVectorSize();
Nodex* service = serviceNode;
if (service == nullptr){

for(int i = 0; i < numNodes; i++){

service = check_and_cast<Node *>(getParentModule()->getSubmodule("node", i));

if (service->serviceActive)
break;
}
}

overseerTopo->calculateWeightedSingleShortestPathsTo (overseerTopo->getNodeFor (service)) ;

Node* node = nullptr;
cTopology: :Node *topoNode = nullptr;
for(int i = 0; i < numNodes; i++){
node = check_and_cast<Node *>(getParentModule()->getSubmodule("node", i));

if ( node == service ){
node->routingCache = nullptr;
continue;

}

topoNode = overseerTopo->getNodeFor (node);
node->routingCache = topoNode->getPath(0)->getLocalGate();

3

double Node::batteryLevel(){
return battery;

3

void Node::changeDemand(double newDemand){
if ( newDemand < O || newDemand > 1)
throw cRuntimeError (" (changeDemand) Invalid demand value range.");
demandProbability = newDemand;

3

void Node: :scheduleMigration(){
Enter_Method("scheduleMigration()");
scheduleAt (simTime () +timeToCheckMigrate, relocationMsg);

2 NODE.h



#ifndef NODE_H_
#define NODE_H_

#include
using namespace omnetpp;

class Node : public cSimpleModule
{
public:
Node () ;
virtual ~“Node();
double batteryLevel();
void changeDemand(double);
}
#enda f

3 OVERSEER.cc

#include
#include
#include

using namespace omnetpp;
#include

class OVERSEER : public cSimpleModule
{
public:
OVERSEERQ) ;
virtual ~“OVERSEERQ);

cModule* findMedian();
cModule* findMedian_o0ld();

void writeScalars(double);

void writeVectorCost(double);

void writeBatteryScalars(cModulex) ;
void writeBatteryScalars();

void hopQ);

void calculateSteps(double, double);
void eventCalcAffected();

void eventRestoreAffected();

void eventStep();



cTopology topo;
cModule* median;
cModulex* prevMedian;

protected:
virtual void initialize(int) override;
virtual int numInitStages() const override { return 4;};
virtual void handleMessage(cMessage *msg) override;

private:
int hops;
cOutVector costVector;

int pointsOfMovement;

int movingToPoint;

double currentX;

double currentY;

int numSteps;

double stepX;

double stepY;

double eventSpeed;

double eventMoveFreq;

double eventRadius;

cMessage* eventMoveMsg;

std: :vector<int> affectedNodes;
std::vector<double> pathPoints;

}; Define_Module (OVERSEER) ;

void OVERSEER::initialize(int stage)

{
if ( stage == 0){
hops = 0;
median = nullptr;

prevMedian = nullptr;

double myPoints[] = {1.0, 0.5, 0, 0.9, 0.35, 0.1, 1.0, 0.5, 0, 0.9, 0.35, 0.1, 1.0, 0.5, 0, 0.9, 0.35, O
pointsOfMovement = (sizeof (myPoints)/sizeof (*myPoints)) /2;

std: :copy(&myPoints[0], &myPoints[sizeof (myPoints)/sizeof (*myPoints)], back_inserter(pathPoints));
movingToPoint = O;

eventMoveMsg = nullptr;

currentX = 0;
currentY = O;
eventRadius = 0.2;
eventMoveFreq = 8.
eventSpeed = 0.01;

0;



currentX
currentY

1;
1

scheduleAt (simTime ()+300, new cMessage("Event", 707));

}

if (stage == 1){
findMedian();

}

void OVERSEER::handleMessage(cMessage *msg)

{
if ( msg->isSelfMessage() && msg->getKind() == 808){
findMedian() ;
}
if (msg->getKind() == 707){
eventCalcAffected();
}
}

void OVERSEER::eventStep(){
currentX = currentX + stepX;
currentY = currentY + stepY;
eventRestoreAffected();
eventCalcAffected();

void OVERSEER::calculateSteps(double targX, double targY){

int numStepsY = int(round(abs((targY-currentY)/eventSpeed)));
int numStepsX = int(round(abs((targX-currentX)/eventSpeed)));

if (numStepsX == numStepsY) numSteps = numStepsX;
else if (numStepsX < numStepsY) numSteps = numStepsY;
else numSteps = numStepsX;

stepX = (targX - currentX)/numSteps;
stepY = (targY - currentY)/numSteps;



EV << "Number of Steps: " << numSteps << "\nStep X: " << stepX << "\nStep VY: "<< stepY << endl;

3

void OVERSEER::eventCalcAffected(){

double X = currentX;

double Y = currentY;

int N = getAncestorPar ("numNodes") .intValue();
Node* node = nullptr;

for(int 1 = 0; i < N; i++){

node = check_and_cast<Node *>(getParentModule()->getSubmodule("node", i));

if ( sqrt(pow((X - node->par("xcoor").doubleValue()), 2) + pow((Y - node->par("ycoor").doubleValue()), 2
affectedNodes.push_back(i);
node->changeDemand (1) ;
node->getDisplayString() .setTagArg("i", 1, "gold");

void OVERSEER: :eventRestoreAffected(){

int vSize = affectedNodes.size();
Node* node = nullptr;
for (int 1 = 0; i < vSize; i++){

3

node = check_and_cast<Node *>(getParentModule()->getSubmodule("node", affectedNodes[i]));
node->changeDemand (node->par ("mydem") .doubleValue()) ;
node->getDisplayString() .setTagArg("i", 1, "white");

affectedNodes.clear();

void OVERSEER: :writeBatteryScalars(cModule* caller){

recordScalar("Time of Network Death", simTime());

int numNodes = getParentModule()->getSubmodule("node", 0)->getVectorSize();
double batterySum = O;

Node* tempnode = nullptr;

for(int n = 0; n < numNodes; n++){
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tempnode = check_and_cast<Node *>(getParentModule()->getSubmodule("node", n));
batterySum += tempnode->batteryLevel();

double Mean = batterySum / numNodes;
recordScalar("Network battery average', Mean);



double meanDiffSum = O0;

tempnode = nullptr;

for(int n = 0; n < numNodes; n++){
tempnode = check_and_cast<Node *>(getParentModule()->getSubmodule("node", n));
meanDiffSum = pow((tempnode->batterylLevel() - Mean), 2);

}

recordScalar("Battery level variance", meanDiffSum / (numNodes -1));
topo.calculateWeightedSingleShortestPathsTo (topo.getNodeFor (median)) ;
recordScalar("Weighted (Cost) Distance to Median", topo.getNodeFor(caller)->getDistanceToTarget());

topo.calculateUnweightedSingleShortestPathsTo (topo.getNodeFor (median)) ;
recordScalar ("Hop Distance to Median", topo.getNodeFor(caller)->getDistanceToTarget());

void OVERSEER::writeBatteryScalars(){

3

recordScalar("Time of Network Death", simTime());

int numNodes = getParentModule()->getSubmodule("node", 0)->getVectorSize();

double batterySum = 0;

Node* tempnode = nullptr;

for(int n = 0; n < numNodes; n++){
tempnode = check_and_cast<Node *>(getParentModule()->getSubmodule("node", n));
batterySum += tempnode->batteryLevel();

¥

double Mean = batterySum / numNodes;

recordScalar("Network battery average', Mean);

double meanDiffSum = O;

for(int n = 0; n < numNodes; n++){
tempnode = check_and_cast<Node *>(getParentModule()->getSubmodule("node", n));
meanDiffSum = pow((tempnode->batterylLevel() - Mean), 2);

}
recordScalar("Battery level variance", meanDiffSum / (numNodes -1));
cModule* originalPos = getParentModule()->getSubmodule("node", this->par("starter").intValue());

topo.calculateWeightedSingleShortestPathsTo (topo.getNodeFor (median)) ;
recordScalar("Weighted (Cost) Distance to Median", topo.getNodeFor(originalPos)->getDistanceToTarget());

topo.calculateUnweightedSingleShortestPathsTo(topo.getNodeFor (median)) ;
recordScalar("Hop Distance to Median", topo.getNodeFor(originalPos)->getDistanceToTarget());

void OVERSEER: :writeScalars(double final_cost){

recordScalar("Hops", hops);
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double initCost = getParentModule()->getSubmodule("node", this->par("starter").intValue())->par("cost").doub
recordScalar ("Absolute Cost Reduction", (initCost - final_cost));

recordScalar("Percent Cost Reduction", ((initCost - final_cost)/initCost)*100);

recordScalar("Time to descend", simTime());

}

void OVERSEER: :writeVectorCost(double cost){
costVector.recordWithTimestamp(simTime (), cost);

3

void OVERSEER::hop(){
hops++;

3

cModulex OVERSEER: :findMedian(){

topo.extractByProperty("topoIncl", "yes");
int numNodes = topo.getNumNodes();

double sumPathCost = 0;

double minPathCost = INFINITY;

int minN = -1;

cTopology: :Node *current_node = nullptr;
for( int n = 0; n < numNodes; n++){
current_node = topo.getNodeFor (getParentModule () ->getSubmodule("node", n));

double tmpw = O;
for (int i = 0; i < current_node->getNumInLinks(); i++) {
if (current_node->getLinkIn(i)->isEnabled()){
tmpw = current_node->getLinkIn(i)->getRemoteGate()->getChannel ()->par("weight").doubleValue();
current_node->getLinkIn(i)->setWeight (tmpw) ;
}
}
for (int i = 0; i < current_node->getNumOutLinks(); i++) {
if (current_node->getLinkOut (i)->isEnabled()){
tmpw = current_node->getLinkOut(i)->getLocalGate()->getChannel ()->par("weight") .doubleValue();
current_node->getLinkOut (i) ->setWeight (tmpw) ;
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cModule* Temp;
cModule* Temp2;
cTopology: :Node *targetnode = nullptr;
cTopology: :Node *node = nullptr;
double demand = O;
for( int n = 0; n < numNodes; n++){
Temp = getParentModule()->getSubmodule("node", n);
targetnode = topo.getNodeFor (Temp) ;
topo.calculateWeightedSingleShortestPathsTo(targetnode) ;
for (int i = 0; i < numNodes; i++) {
Temp2 = getParentModule()->getSubmodule("node", 1i);
demand = Temp2->par ("myden") .doubleValue();
node = topo.getNodeFor (Temp2) ;
if (node->getNumPaths () == 0){
if (i == n) continue;
throw cRuntimeError("Critical Error! Disconnected Network.");

}

sumPathCost += (node->getDistanceToTarget() * demand);

}

if (sumPathCost < minPathCost){

minPathCost = sumPathCost;

minN = n;
}
Temp->par("cost") .setDoubleValue (sumPathCost) ;
Temp->getDisplayString() .setTaghArg("t", 0, sumPathCost);
sumPathCost = 0;

if ( minPathCost > 0 ){
recordScalar("Median", minN);
median = getParentModule()->getSubmodule("node", minN);
median->getDisplayString() .setTagArg("i", 0, "misc/house");
return (median);

}

throw cRuntimeError("Critical Error! Couldn't calculate median.");

cModule* OVERSEER::findMedian_old(){

if ( median !'= nullptr ){

prevMedian = median;

prevMedian->getDisplayString() .setTagArg("i", 0, "misc/node_vs");
}

topo.extractByProperty("topoIncl", "yes");
int numNodes = topo.getNumNodes();
double sumPathCost = 0;
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double minPathCost = INFINITY;
int minN = -1;

cTopology: :Node *current_node = nullptr;
for( int n = 0; n < numNodes; n++){
if ( getParentModule()->getSubmodule("node", n) == nullptr ){

std::string strTmp = "node["+ std::to_string(n) +"]";

const char* ¢ = strTmp.c_str();

if ( getParentModule()->getSubmodule(c) == nullptr ){
cRuntimeError (" (FindMedian) Cannot find Module");

}
else{
current_node = topo.getNodeFor (getParentModule () ->getSubmodule(c));
}
Yelsed{

current_node = topo.getNodeFor (getParentModule ()->getSubmodule("node", n));
}

double tmpw = O;
for (int i = 0; i < current_node->getNumInLinks(); i++) {
if (current_node->getLinkIn(i)->isEnabled()){
tmpw = current_node->getLinkIn(i)->getRemoteGate()->getChannel()->par("weight").doubleValue() ;
current_node->getLinkIn(i)->setWeight (tmpw) ;

}
}
for (int i = 0; i < current_node->getNumOutLinks(); i++) {
if (current_node->getLinkOut(i)->isEnabled()){
tmpw = current_node->getLinkOut(i)->getLocalGate()->getChannel ()->par("weight") .doubleValue();
current_node->getLinkOut (i) ->setWeight (tmpw) ;

}
}

for( int n = 0; n < numNodes; n++){

cModule *Temp = nullptr;
for (int i = 0; i < numNodes; i++) {
cModule *target_module = getParentModule()->getSubmodule("node", 1i);
if ( target_module == nullptr ){
std::string strTmp = "node["+ std::to_string(i) +"]";
const char* ¢ = strTmp.c_str();
target_module = getParentModule()->getSubmodule(c) ;
if ( target_module == nullptr )
cRuntimeError (" (FindMedian) Cannot find Module");
}
cTopology: :Node *targetnode = topo.getNodeFor (target_module) ;

topo.calculateWeightedSingleShortestPathsTo (targetnode) ;
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cTopology: :Node *node = nullptr;
if ( getParentModule()->getSubmodule("node", n) == nullptr ){
std::string strTmp = "node["+ std::to_string(n) +"]";
const char* ¢ = strTmp.c_str();
if (getParentModule()->getSubmodule(c) == nullptr ){
cRuntimeError (" (FindMedian) Cannot find Module");

}
else{
node = topo.getNodeFor (getParentModule () ->getSubmodule(c));

}
}
else{

node = topo.getNodeFor (getParentModule () ->getSubmodule("node", n));
}

if (node == nullptr){
EV << "This module: (" << getFullPath() << ") is not included in the topology.\n";
}
else if (node->getNumPaths() == 0){
if( i ==n ){
continue;
}
EV << "No path to destination. (Unreachable)\n";
throw cRuntimeError("Critical Error! UNCONNECTED NETWORK!!!");
endSimulation();
}
else{
Temp = node->getModule();
double demand = topo.getTargetNode () ->getModule () ->par("mydem") .doubleValue() ;

sumPathCost += (node->getDistanceToTarget() * demand) ;
EV << "=TRAVERSING PATH=: " << node->getModule()->getFullName() << " to " << topo.getTargetNode(

EV << node->getModule()->getFullName();
while (node != topo.getTargetNode()){
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cTopology: :LinkOut *path = node->getPath(0);
EV << " -> " << path->getRemoteNode () ->getModule () ->getFullName() ;
node = path->getRemoteNode() ;

}
EV << endl;
}

if ( sumPathCost < minPathCost ){

minPathCost = sumPathCost;

minN = n;

EV << "minN: " << minN << ".. minPathCost: " << minPathCost << endl;
}
EV<< "COST OF NODE[" << n << "] = " << sumPathCost << endl;

Temp->par("cost") .setDoubleValue (sumPathCost) ;
Temp->getDisplayString() .setTagArg("t", 0, sumPathCost);
sumPathCost = 0;
}
if ( minPathCost > 0.1 ){
recordScalar("Median", minN);
if ( getParentModule()->getSubmodule("node", minN) == nullptr ){
std::string strTmp = "node["+ std::to_string(minN) +"]";
const char* ¢ = strTmp.c_str();
if ( getParentModule()->getSubmodule(c) == nullptr ){
cRuntimeError (" (FindMedian) Cannot find Module");

}
else{
median = getParentModule()->getSubmodule(c);
median->getDisplayString() .setTagArg("i", 0, "misc/house");
return (median);
}
}
else{
median = getParentModule()->getSubmodule("node", minN);
median->getDisplayString() .setTagArg("i", 0, "misc/house");
return (median);
}
}
return (nullptr);
}
OVERSEER: : OVERSEER ()
{
eventMoveMsg = nullptr;
}
OVERSEER: : "OVERSEER ()
{
cancelAndDelete (eventMoveMsg) ;
}
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4 OVERSEER.h

#ifndef OVERSEER_H_
#define OVERSEER_H._

#include

using namespace omnetpp;
class OVERSEER : public cSimpleModule
{
public:
OVERSEERQ) ;
virtual ~OVERSEER();

void dynamicNodeCreate(int);
int getCreatedNodes();

void setCreatedNodes(int);

void addCreatedNodes(int);

void subtractCreatedNodes(int);
void incrementCreatedNodes();

cModule* findMedian();

cModule* returnMedian();

void writeScalars(double);

void writeVectorCost(double);

void hopQ);

void writeBatteryScalars(cModulex) ;
void writeBatteryScalars();

cTopology topo;

protected:
virtual void initialize();
virtual void handlelMessage(cMessage *msg);

};
#enda f

5 Node.ned

simple Nodef{
parameters:
@topoIncl("yes");
double xcoor = default(0);
double ycoor = default(0);
bool init = default(false);
double cost = default(0);
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double mydem = default(0);
gates:
inout port[];

6 OVERSEER.ned

simple OVERSEER

{
parameters:
int starter = default(-1);
@display("p=0,0;i=abstract/penguin");
¥

7 RandomGraph.ned

import Node;
import OVERSEER;
import ned.DelayChannel;

network RandomGraph
{
parameters:

int starter;
int numNodes;
double rc;
double timeToCheckMigrate;
bool migrationActive;
bool eventActive;
bool movingEvent;

bool migrationlLogs;
bool batteryLlogs;

double battery;
types:
channel Channel extends ned.DelayChannelf{
delay = 1000ms;
double weight = default(0);
bool weightSet = default(true);
@display("tt=$weight;");

submodules:
node [numNodes] : Node{
@display("p=$xcoor,$ycoor;i=misc/node_vs;");
}
The_0Overseer: OVERSEER;

connections allowunconnected:
for i = 0 .. numNodes -1, for j = i + 1 .. numNodes - 1{
node[i] .port++ <--> Channel {weight = sqrt((node[i].xcoor - nodel[j].xcoor) 2 + (nodel[i].ycoo
if ( sqrt((node[i].xcoor - nodel[j].xcoor)~2 + (node[i].ycoor - node[j].ycoor)~2) <= rc );
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8

omnetpp.ini

[Config RandomGraph]
network = RandomGraph
seed-set = ${seed=6}

*%

* %
* %
* %
* %
* %

*k

* %
* %
* %
k%

* %
* %

timeToCheckMigrate = 5000 # how many seconds to gather traffic data for migrat

.xcoor = uniform(0, 1)
.ycoor = uniform(0, 1)
.numNodes = 500

.rc = 0.08

.mydem = uniform(0, 0.05) # demand of each node

starter = ${initN = 0..250%} # used in Overseer module for cost calculations (eg. final cos
.init = (index == ${initN}) 7 true : false # where is service initially

.migrationlLogs = false # record vectors/scalars about migration (descending cost p
.batteryLogs = true # record scalars about mean battery left, network

.migrationActive = ${migration = true, false}
*k

eventActive = false

.movingEvent = false
.battery = 1000000

# MICA2 (MPR400CB) mote

#** . battery = 5760000 # 800 mAh * 3,600 = 2,880,000 mAs per AA battery, X2 = 5,760,000

#**.msgSize = 30720 # binary picture resolution 100x100p = 30KB

#**. datarate = 19660 # bits per second. (38.4 kbaud * 1024) / 2 = 19660 (manchester encoding)

#** . transTime = (IN NED) # the delay of the channel ( in milliseconds )

#*x . transmitCost = 42.2 # (msgSize / datarate) * cost of 1 sec of transmission => 6400 / 19,660 * 27 mA = 8.8
#x*xx, receitveCost = 15 # same as above, but * 10 md

#**.processingCost = 0 # 48 mA for 1s camera usage of waspMote camera module
#**_ activeCost = 8 # per time unit ( second )
9 BinaryTree.ned

import Node;
import OVERSEER;

import ned.DelayChannel;

network BinaryTree

{

parameters:
int levels = default(6);

types:
channel Channel extends ned.DelayChannelf{
delay = 100ms;
double weight = default(0);
bool weightSet = default(false);

18



submodules:
The_Overseer: OVERSEER;
node[2"1levels-1]: Node { gates: port[3]; };

connections allowunconnected:
for i=1..sizeof (node)-1 {
node[i] .port[0] <--> Channel <--> nodel[int(floor((i-1)/2))].port[1+i%2];
}

10 Grid.ned

import Node;
import OVERSEER;

import ned.DelayChannel;

network Grid
{
parameters:
int columns;
int rows;
double rc;
bool performanceMode = default(false);
bool knownMedianMode = default(false);
int medianNodeNum = default(-1);
double timeToCheckMigrate = default(100000) ;
double battery;
double msgSize;
double datarate;
double transmitCost;
double receiveCost;
double processingCost;
double activeCost;

types:
channel Channel extends ned.DelayChannelf{
delay = 100ms;
double weight = default(0);
bool weightSet = default(false);
X
submodules:

The_0Overseer: OVERSEER;

node [columns*rows] : Node {
@display("p=, ,matrix,$columns");
gates: port[4];

connections allowunconnected:
for i=0..rows-1, for j=0..columns-1 {
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node [i*columns+j] .port[1] <--> Channel <--> node[(i+1)*columns+j].port[0] if i!=rows-1;
node [i*columns+j] .port[3] <--> Channel <--> node[i*columns+j+1].port[2] if j!=columns-1;

11 (old) NODE.CC

#include
#include
#include
#include

#include
#include

#define TRAFFIC_MSG 40
#define TRAFFIC_GEN 41
#define SERVICE_MIGRATION 50
#define RELOCATE 52

#define POLICY_STAT 51

using namespace omnetpp;

class Node : public cSimpleModule
{
public:
Node() ;
virtual ~“Node();
double batteryLevel();
void changeDemand(double) ;

protected:
virtual void initialize(int) override;
virtual void handleMessage(cMessage *) override;
virtual int numInitStages() const override { return 4;};
Targ_msg* generateTrafficMessage(int mode, int source = -1);

private:
OVERSEER *The_Q0verseer;

cTopology topo;
cTopology *overseerTopo = nullptr;

bool serviceActive = false;
double timeToCheckMigrate;

int totalTrafficCount;

std: :vector<int> trafficStats;
cMessage* SrvDemandMsg;

cGatex* routingCache;
int servicePosforMsgGenerator;
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double demandProbability;
double costToTransmit;
double batteryCap;
long numRouted;
double battery;

double rc;

double msgSize;

double datarate;

double transmitCost;
double receiveCost;
double processingCost;
double activeCost;

cModule* medianli;
}; Define_Module(Node) ;

void Node::initialize(int stage)
{
if (stage == 0){

timeToCheckMigrate = getAncestorPar("timeToCheckMigrate") .doubleValue();
battery = getAncestorPar("battery").doubleValue(); WATCH(battery);
batteryCap = battery;
msgSize = getAncestorPar("msgSize").doubleValue();
datarate = getAncestorPar("datarate").doubleValue();
transmitCost = getAncestorPar("transmitCost").doubleValue();
receiveCost = getAncestorPar("receiveCost").doubleValue();
processingCost = getAncestorPar("processingCost") .doubleValue() ;
activeCost = getAncestorPar("activeCost").doubleValue();

rc = getAncestorPar("rc").doubleValue();

numRouted = 0; WATCH(numRouted) ;

totalTrafficCount = 0;

WATCH(totalTrafficCount); WATCH(serviceActive); WATCH_VECTOR(trafficStats); WATCH(demandProbability);
routingCache = nullptr;

SrvDemandMsg = new cMessage('"demand timer", TRAFFIC_GEN);

demandProbability = par("mydem") .doubleValue();

servicePosforMsgGenerator = -1;

if (par("init") .boolValue()){
getDisplayString() .setTagArg("i", 0, "misc/town2");
servicelActive = true;
scheduleAt (simTime () +timeToCheckMigrate, new cMessage("relocation self event", RELOCATE));

}
elseq{

scheduleAt (simTime ()+1, SrvDemandMsg) ;
}

}
if (stage == 1){

cGate *gate = nullptr;

for (cModule::GateIterator i(this); !'i.end(); i++) {
gate = *i;
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if (gate->getChannel() == nullptr || gate->getType() == cGate::INPUT){
continue;

}

else{
if (!gate->getChannel () ->par("weightSet") .boolValue()){

double rdn = uniform(3, 100);

std::string str;

str = "ls=white,2;t="+ std::to_string(int(rdn));
const charx ¢ = str.c_str();

cChannel *tempchannel = gate->getChannel() ;
tempchannel->setDisplayString(c);
tempchannel->par("weight") .setDoubleValue (rdn) ;
tempchannel->par("weightSet") .setBoolValue(true);

tempchannel = gate->getNextGate()->getOwnerModule()->gate("port$o", gate->getNextGate()->get
tempchannel->par("weight") .setDoubleValue (rdn);

tempchannel->par("weightSet") .setBoolValue(true);

tempchannel->setDisplayString("ls=vwhite, 2");

}
if (stage == 3){

The_Overseer = check_and_cast<OVERSEER *>(getParentModule ()->getSubmodule("The_Overseer"));
overseerTopo = &The_Overseer->topo;

Node: :Node ()

{
SrvDemandMsg = nullptr;

}

Node: : “Node ()

{
cancelAndDelete (SrvDemandMsg) ;

void Node::handleMessage(cMessage *msg) {
if ( msg->getKind() == TRAFFIC_GEN ) {
EV << "TRAFFIC_GEN SELF MESSAGE RECEIVED \n";
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battery -= activeCost;

if ( serviceActive ){

}

EV << "Active Service so no real traffic generation, returning. \n";
if ( uniform(0,1) < demandProbability){

battery -= processingCost + transmitCost;
}
scheduleAt (simTime ()+1, SrvDemandMsg);
return;

if ( !(uniform(0,1) < demandProbability) ){

3

scheduleAt (simTime ()+1, SrvDemandMsg);
return;

battery -= processingCost;

Targ_msg *trafficMsg = generateTrafficMessage(1);
if ( trafficMsg->getDestination() == 99999){

EV << "[Can't find service node] DELETING TRAFFIC PACKET... \n";
delete trafficMsg;

routingCache = nullptr;

scheduleAt (simTime ()+1, SrvDemandMsg);

return;

if (routingCache == nullptr){

cModule *targetModule = getParentModule()->getSubmodule("node", int(trafficMsg->getDestination()));
if (targetModule == nullptr) {

std::string str = "node["+ std::to_string(trafficMsg->getDestination()) +"]";
const char*x ¢ = str.c_str();
targetModule = getParentModule () ->getSubmodule(c) ;

cTopology: :Node *targetNode = overseerTopo->getNodeFor (targetModule) ;
overseerTopo->calculateWeightedSingleShortestPathsTo(targetNode) ;
cTopology: :Node *node = overseerTopo->getNodeFor (this);

if (node == nullptr) {
EV << "ROUTING ERROR: This node (" << getFullPath() << ") is not included in this topology.\n";
throw cRuntimeError ("ROUTING ERROR: This node is not included in this topology.");
} else if (node->getNumPaths() == 0) {
EV << "ROUTING ERROR: There exists no path to the destination from this node.\n";
throw cRuntimeError ("ROUTING ERROR: There exists no path to the destination from this node.");
} else {
routingCache = node->getPath(0)->getLocalGate();
send (trafficMsg, routingCache);
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}
else {

EV << " GENERATION - ROUTING WITH CACHE " << endl;
send(trafficMsg, routingCache);

battery -= transmitCost;

numRouted++;

if ( battery < 1 ){
battery = 0;
The_Overseer->writeBatteryScalars(this);
endSimulation();

}

scheduleAt (simTime ()+1, SrvDemandMsg);

}

else if ( msg->getKind() == TRAFFIC_MSG ){
battery -= receiveCost;

Targ_msg *trafficMsg = check_and_cast<Targ_msg *>(msg);
if ( serviceActive ){
bubble("Reached!");

totalTrafficCount++;

bool incremented = false;

int vSize = trafficStats.size();
for(int 1 = 0; i < vSize; i+=2){

if (int(trafficMsg->getArrivalGateId()) == trafficStats[i]){

trafficStats[i+1]++;
incremented = true;
}
¥

if (!incremented) {

trafficStats.push_back( int(trafficMsg->getArrivalGateId()) );
trafficStats.push_back(1);
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numRouted++;
battery -= transmitCost;
if (battery < 0){
battery = 0;
The_Overseer->writeBatteryScalars(this);
endSimulation();
}
delete trafficMsg;
}
else {
std::string strTmp = "node["+ std::to_string(trafficMsg->getDestination()) +"]";
const char* ¢ = strTmp.c_str();
if (this == getParentModule()->getSubmodule(c)){
EV << "we used to be an active service point, but this message didn't get rerouted in time" << e
delete trafficMsg;
return;

cModule *targetModule = getParentModule()->getSubmodule("node", int(trafficMsg->getDestination()));
if ( targetModule == nullptr ){
std::string strTmp = "node["+ std::to_string(trafficMsg->getDestination()) +"]";
const char* ¢ = strTmp.c_str();
targetModule = getParentModule () ->getSubmodule(c) ;
if ( targetModule == nullptr )
throw cRuntimeError("Cannot find Module");

Node* target = check_and_cast<Node *>(targetModule);

if (target->serviceActive == false){
routingCache = nullptr;
int oldSource = trafficMsg->getSource();
delete trafficMsg;

trafficMsg = check_and_cast<Targ_msg *>(generateTrafficMessage(l, oldSource));
if ( trafficMsg->getDestination() == 99999){
delete trafficMsg;
return;
}
targetModule = getParentModule()->getSubmodule("node", int(trafficMsg->getDestination()));
if ( targetModule == nullptr ){
std::string strTmp = "node["+ std::to_string(trafficMsg->getDestination()) +"1";
const charx ¢ = strTmp.c_str();
targetModule = getParentModule () ->getSubmodule(c);
if ( targetModule == nullptr )
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throw cRuntimeError("Cannot find Module");

if ( routingCache == nullptr ){
cTopology: :Node *targetNode = overseerTopo->getNodeFor (targetModule) ;
overseerTopo->calculateWeightedSingleShortestPathsTo(targetNode) ;
cTopology: :Node *node = overseerTopo->getNodeFor (this) ;
if (node == nullptr) {
EV << "ERROR: This node (" << getFullPath() << ") is not included in this topology.\n";

} else if (node->getNumPaths()==0) {
EV << "ERROR: There exists no path to the destination from this node.\n";

} else {
bubble("routing..");

routingCache = node->getPath(0)->getLocalGate() ;
send(trafficMsg, routingCache);

}

}

else{
bubble("routing..");
EV << " ROUTING WITH CACHE " << endl;
send (trafficMsg, routingCache) ;

}

numRouted++;

battery -= transmitCost;

if (battery < 0){
battery = 0;
The_0Overseer->writeBatteryScalars(this);
endSimulation();

}

}

else if ( msg->getKind() == RELOCATE ){
if ( serviceActive ){

EV << "RELOCATING" << endl;

int maxIndex = -1;
int maxTraffic = -1;
int maxGateld = -1;
int vSize = trafficStats.size();
EV << "TrafficStats vector size: " << vSize << endl;
for(int i = 0; i < vSize; i+=2){
EV << "GateID: " << trafficStats[i] << ", Traffic Counts: " << trafficStats[i+1] << endl;

if( trafficStats[i+1] > maxTraffic ){
maxTraffic = trafficStats[i+1];
maxIndex = i;
maxGateld = trafficStats[i];
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}

The_0Overseer->writeVectorCost (par("cost") .doubleValue());

int outGateld = gateBaseId("port$o") + (maxGateId - gateBaseId("port$i"));

if ( 2 *maxTraffic < totalTrafficCount){

EV << "MIGRATION POLICY NOT MET. WILL NOT MIGRATE. ATTEMPT AGAIN IN X SECONDS. STATISTICS RESET
scheduleAt (simTime () +timeToCheckMigrate, new cMessage("relocation self event", RELOCATE));
totalTrafficCount = 0;

trafficStats.clear();

The_Overseer->writeScalars(this->par("cost") .doubleValue());

delete msg;
return;

}
elseq{
The_Overseer—>hop();

cModule *neighbour = gate(outGateId)->getNextGate()->getOwnerModule();
EV << "MOVING TOWARDS NODE: " << neighbour->getFullName() << endl;
cMessage* srvcMove = new cMessage('"migrating..", SERVICE_MIGRATION);
send (srvcMove, outGateld);

serviceActive = false;

routingCache = nullptr;

totalTrafficCount = 0;

cDisplayString& dispStr = getDisplayString();
dispStr.setTagArg("i", 0, "misc/node_vs");
trafficStats.clear();
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else EV << "ERROR: Service already deactivated." << endl;

delete msg;
}

else if ( msg->getKind() == SERVICE_MIGRATION ){
bubble ("MIGRATION COMPLETE");

if ( !'serviceActive ) {
servicePosforMsgGenerator = this->getIndex();
routingCache = nullptr;
serviceActive = true;
cDisplayString& dispStr = getDisplayString();
dispStr.setTagArg("i", 0, "misc/town2");

} else

{
EV << "ERROR: Service already active.\n";

}

scheduleAt (simTime () +timeToCheckMigrate, new cMessage('"relocation self event", RELOCATE));

delete msg;

Targ_msg* Node::generateTrafficMessage(int mode, int source)

{

int src;

if ( source == -1)
src = getIndex();

else

src = source;
bool activeServicel = false;
if ( servicePosforMsgGenerator > 0 ){
Node* target = check_and_cast<Node *>(getParentModule()->getSubmodule("node", servicePosforMsgGenerator)
if (target->servicelActive)
activeServicel = true;

int dest = 99999;

if ( mode == 1){
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if (activeServicel){
dest = servicePosforMsgGenerator;
Yelsed{

int numNodes = getParentModule()->getSubmodule("node", 0)->getVectorSize();
for(int 1 = 0; i < numNodes; i++){
Node* target = check_and_cast<Node *>(getParentModule()->getSubmodule("node", 1i));
if (target->serviceActive)q{
servicePosforMsgGenerator = i;

dest = i;
break;

}
}else throw cRuntimeError("wrong message generation code.");
char msgname[100]; sprintf(msgname, "route n[}d]->n[%d]", src, dest);
Targ_msg *msg = new Targ_msg(msgname, TRAFFIC_MSG);
msg->setSource(src) ;
msg->setDestination(dest) ;
return (msg);

}

double Node::batteryLevel(){

return battery;

void Node: :changeDemand(double newDemand){

if ( newDemand < O || newDemand > 1){
throw cRuntimeError("Invalid Demand value range.");

3

demandProbability = newDemand;

12 (old) OVERSEER.cc

#include
#include
#include

using namespace omnetpp;

#include
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class OVERSEER : public cSimpleModule
{
public:
OVERSEERQ) ;
virtual “OVERSEER();

// Dynamic Node Creation

void dynamicNodeCreate(int);
int getCreatedNodes();

void setCreatedNodes(int);

void addCreatedNodes(int);

void subtractCreatedNodes(int);
void incrementCreatedNodes();

// 1-median functions
cModule* findMedian();
cModule* findMedian_o0ld();
cModule* returnMedian();
void buildTopology();

// Scalar/Vector writing functions
void writeScalars(double);

void writeVectorCost(double);

void hopQ);

void writeBatteryScalars(cModulex) ;

// Event functions

void eventStep();

void eventStop();

void eventStart(double, double);
void eventSetSpeed(double);

void eventSetMovementFreq(double);
void eventSetRadius(double);

void eventCalcAffected();
void eventRestoreAffected();

void calculateSteps(double, double);

cTopology topo;

protected:
virtual void initialize(int) override;
virtual int numInitStages() const override { return 4;};
virtual void handleMessage(cMessage *msg) override;

private:
int createdNodes;
int hops;
cModule* medianli;
cModule* prevMedianl;
cOutVector costVector;
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int pointsOfMovement;

int movingToPoint;

double currentX;

double currentY;

int numSteps;

double stepX;

double stepY;

double eventSpeed;

double eventMoveFreq;

double eventRadius;

cMessage* eventMoveMsg;

std: :vector<int> affectedNodes;
std::vector<double> pathPoints;

}; Define_Module (OVERSEER) ;

void OVERSEER::initialize(int stage)
{
if ( stage == 0){
hops = 0;
createdNodes = 0; WATCH(createdNodes) ;
medianl = prevMedianl = nullptr;

double myPoints[] = {1.0, 0.5, 0, 0.9, 0.35, 0.1, 1.0, 0.5, 0, 0.9, 0.35, 0.1, 1.0, 0.5, 0, 0.9, 0.35, O
pointsOfMovement = (sizeof (myPoints)/sizeof (*myPoints)) /2;
std: :copy (&myPoints[0] , &myPoints[sizeof (myPoints)/sizeof (*myPoints)], back_inserter(pathPoints));

EV << "POINTS OF MOVEMENT: " << pointsOfMovement << endl;
movingToPoint = O;

eventMoveMsg = nullptr;

currentX = 0;

currentY = 0O;

eventRadius = 0.1;

eventMoveFreq = 8.0;

eventSpeed = 0.01;

calculateSteps (pathPoints [movingToPoint*2], pathPoints[movingToPoint*2 +1]);
eventMoveMsg = new cMessage("Event", 707);
scheduleAt (simTime () +eventMoveFreq+0.2, eventMovelMsg);

}
if ( stage == 2){
if (getAncestorPar ("performanceMode") .boolValue()){

buildTopology () ;
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elseq{

findMedian();

void OVERSEER::handleMessage(cMessage *msg)

{
if ( msg->isSelfMessage() && msg->getKind() == 808){
}
if (msg->getKind() == 707){
if (numSteps == 0){
movingToPoint += 1;
calculateSteps (pathPoints[movingToPoint*2], pathPoints[movingToPoint*2 +1]);
3
eventStep() ;
numSteps--;
scheduleAt (simTime () +eventMoveFreq, msg);
3
¥

OVERSEER: : OVERSEER ()
{

eventMoveMsg = nullptr;

}

OVERSEER: : "OVERSEER ()
{

cancelAndDelete (eventMoveMsg) ;

}

void OVERSEER::eventStep(){
currentX = currentX + stepX;
currentY = currentY + stepY;
eventRestoreAffected();
eventCalcAffected();

}
void OVERSEER::calculateSteps(double targX, double targY){

int numStepsY = int(round(abs((targY-currentY)/eventSpeed)));
int numStepsX = int(round(abs((targX-currentX)/eventSpeed)));
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if (numStepsX == numStepsY) numSteps = numStepsX;
else if (numStepsX < numStepsY) numSteps = numStepsY;
else numSteps = numStepsX;

stepX = (targX - currentX)/numSteps;

stepY = (targY - currentY)/numSteps;
EV << "Number of Steps: " << numSteps << "\nStep X: " << stepX << "\nStep VY: "<< stepY << endl;

3

void OVERSEER::eventCalcAffected(){

double X = currentX;
double Y currentY;
int N = getAncestorPar ("numNodes") .intValue();
Node* node = nullptr;
for(int 1 = 0; i < N; i++){
node = check_and_cast<Node *>(getParentModule()->getSubmodule("node", i));
if ( sqrt(pow((X - node->par("xcoor").doubleValue()), 2) + pow((Y - node->par("ycoor").doubleValue()), 2
affectedNodes.push_back(i);
node->changeDemand (1) ;
node->getDisplayString() .setTagArg("i", 1, "gold");

void OVERSEER: :eventRestoreAffected(){

int vSize = affectedNodes.size();

Node* node = nullptr;

for (int 1 = 0; i < vSize; i++){
node = check_and_cast<Node *>(getParentModule()->getSubmodule("node", affectedNodes[i]));
node->changeDemand (node->par ("mydem") .doubleValue());
node->getDisplayString() .setTagArg("i", 1, "white");

}
affectedNodes.clear();

void OVERSEER::writeBatteryScalars(cModule* caller){

recordScalar ("Time of Network Death", simTime());
int numNodes = getParentModule()->getSubmodule("node", 0)->getVectorSize();

double batterySum = O;
Node* tempnode = nullptr;
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for(int n = 0; n < numNodes; n++){
tempnode = check_and_cast<Node *>(getParentModule()->getSubmodule("node", n));
batterySum += tempnode->batteryLevel() ;

¥

double Mean = batterySum / numNodes;

recordScalar("Network battery average', Mean);

EV << "Network battery average: " << batterySum << endl;

double meanDiffSum;

for(int n = 0; n < numNodes; n++){
tempnode = check_and_cast<Node *>(getParentModule()->getSubmodule("node", n));
meanDiffSum = pow((tempnode->batteryLevel() - Mean), 2);

recordScalar("Battery level variance", meanDiffSum / numNodes -1);

topo.calculateWeightedSingleShortestPathsTo(topo.getNodeFor (medianl));
cTopology: :Node *node = topo.getNodeFor(caller);

double omnetWeightDistance = node->getDistanceToTarget();
topo.calculateUnweightedSingleShortestPathsTo(topo.getNodeFor (medianl));
double omnetNumOfHops = node->getDistanceToTarget();

recordScalar ("Hop Distance to Median", omnetNumOfHops) ;

recordScalar("Weighted (Cost) Distance to Median", omnetWeightDistance) ;

void OVERSEER::writeScalars(double final_cost){
recordScalar ("Hops", hops);
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double initCost = getParentModule()->getSubmodule('"node", this->par("starter").intValue())->par("cost").doub
recordScalar ("Absolute Cost Reduction", (initCost - final_cost));

recordScalar("Percent Cost Reduction", ((initCost - final_cost)/initCost)*100);

recordScalar("Time to descend", simTime());

}

void OVERSEER::writeVectorCost(double cost){
costVector.recordWithTimestamp(simTime (), cost);

}

void OVERSEER: :hop(){
hops++;

}

int OVERSEER::getCreatedNodes(){

if (createdNodes >= 0){
return (createdNodes);

b
else
throw cRuntimeError("Major Error! Created nodes counter is negative!");

void OVERSEER: :setCreatedNodes(int value){

if ( value > 0){
createdNodes = value;

}
else
throw cRuntimeError("Error! Cannot set created nodes counter to a negative value!", value) ;

void OVERSEER::addCreatedNodes(int value){

if (value > 0){
createdNodes += value;

by
else
throw cRuntimeError("Invalid value %d. Must be a positive integer, use subtractCreatedNodes for subtract
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void OVERSEER::subtractCreatedNodes(int value){

if (value < 0){
if (createdNodes - value > 0){
createdNodes —-= value;
}
else
throw cRuntimeError("Error! Subtracting Jd from createdNodes puts it below zero!", value);
}
else
throw cRuntimeError("Invalid value %d. Must be a negative integer, use addCreatedNodes for subtraction o

void OVERSEER::incrementCreatedNodes(){
createdNodes++;

}

void OVERSEER: :buildTopology(){
topo.extractByProperty("topoIncl", "yes");
int numNodes = topo.getNumNodes();
double sumPathCost = O;
double minPathCost = INFINITY;
int minN = -1;

cTopology: :Node *current_node = nullptr;
for( int n = 0; n < numNodes; n++){
if ( getParentModule()->getSubmodule("node", n) == nullptr ){

std::string strTmp = "node["+ std::to_string(n) +"]";

const char* ¢ = strTmp.c_str();

if ( getParentModule()->getSubmodule(c) == nullptr ){
cRuntimeError (" (FindMedian) Cannot find Module");

}
else{
current_node = topo.getNodeFor (getParentModule ()->getSubmodule(c));
}
Yelse{

current_node = topo.getNodeFor (getParentModule () ->getSubmodule("node", n));
}

double tmpw = O;
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for (int i = 0; i < current_node->getNumInLinks(); i++) {
if (current_node->getLinkIn(i)->isEnabled()){
tmpw = current_node->getLinkIn(i)->getRemoteGate()->getChannel ()->par("weight").doubleValue();
current_node->getLinkIn(i)->setWeight (tmpw) ;

}
}
for (int i = 0; i < current_node->getNumOutLinks(); i++) {
if (current_node->getLinkOut(i)->isEnabled()){
tmpw = current_node->getLink0Out (i)->getLocalGate()->getChannel()->par("weight").doubleValue() ;
current_node->getLinkQOut (i) ->setWeight (tmpw) ;

cModule* OVERSEER: :findMedian(){

topo.extractByProperty("topoIncl", "yes");
int numNodes = topo.getNumNodes();

double sumPathCost = 0;

double minPathCost = INFINITY;

int minN = -1;

cTopology: :Node *current_node = nullptr;
for( int n = 0; n < numNodes; n++){
current_node = topo.getNodeFor (getParentModule () ->getSubmodule("node", n));

double tmpw = O;
for (int i = 0; i < current_node->getNumInLinks(); i++) {
if (current_node->getLinkIn(i)->isEnabled()){
tmpw = current_node->getLinkIn(i)->getRemoteGate()->getChannel()->par("weight").doubleValue() ;
current_node->getLinkIn(i)->setWeight (tmpw) ;
}
}
for (int i = 0; i < current_node->getNumOutLinks(); i++) {
if (current_node->getLinkOut(i)->isEnabled()){
tmpw = current_node->getLinkOut(i)->getLocalGate()->getChannel ()->par("weight") .doubleValue();
current_node->getLinkQOut (i) ->setWeight (tmpw) ;
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cModule* Temp;
cModulex* Temp2;
cTopology: :Node *targetnode = nullptr;
cTopology: :Node *node = nullptr;
double demand = O;
for( int n = 0; n < numNodes; n++){
Temp = getParentModule()->getSubmodule("node", n);
targetnode = topo.getNodeFor (Temp) ;
topo.calculateWeightedSingleShortestPathsTo(targetnode) ;
for (int i = 0; i < numNodes; i++) {
Temp2 = getParentModule()->getSubmodule("node", 1i);
demand = Temp2->par("mydem") .doubleValue();
node = topo.getNodeFor (Temp2) ;
if (node->getNumPaths() == 0){
if (i == n) continue;
throw cRuntimeError("Critical Error! Disconnected Network.");
}

sumPathCost += (node->getDistanceToTarget() * demand);

3

if (sumPathCost < minPathCost){

minPathCost = sumPathCost;

minN = n;
¥
Temp->par("cost") .setDoubleValue (sumPathCost) ;
Temp->getDisplayString() .setTaghArg("t", 0, sumPathCost);
sumPathCost = 0;

if ( minPathCost > 0 ){
recordScalar("Median", minN);
medianl = getParentModule()->getSubmodule("node", minN);
medianl->getDisplayString() .setTagArg("i", 0, "misc/house");
return (medianl);

3

throw cRuntimeError("Critical Error! Couldn't calculate median.");

}
cModulex OVERSEER: :returnMedian(){

return medianli;

}

cModule* OVERSEER::findMedian_old(){

if ( medianl != nullptr ){
prevMedianl = mediani;
prevMedianl->getDisplayString() .setTagArg("i", 0, "misc/node_vs");
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topo.extractByProperty("topoIncl", "yes");
int numNodes = topo.getNumNodes () ;

double sumPathCost = O;

double minPathCost = INFINITY;

int minN = -1;

cTopology: :Node *current_node = nullptr;
for( int n = 0; n < numNodes; n++){
if ( getParentModule()->getSubmodule('"node", n) == nullptr ){

std::string strTmp = "node["+ std::to_string(n) +"]";

const char* ¢ = strTmp.c_str();

if ( getParentModule()->getSubmodule(c) == nullptr ){
cRuntimeError (" (FindMedian) Cannot find Module");

}
else{
current_node = topo.getNodeFor (getParentModule ()->getSubmodule(c));
}
Yelse{

current_node = topo.getNodeFor (getParentModule()->getSubmodule("node", n));
}

double tmpw = O;
for (int i = 0; i < current_node->getNumInLinks(); i++) {
if (current_node->getLinkIn(i)->isEnabled()){
tmpw = current_node->getLinkIn(i)->getRemoteGate()->getChannel ()->par("weight").doubleValue();
current_node->getLinkIn(i)->setWeight (tmpw) ;

}
}
for (int i = 0; i < current_node->getNumOutLinks(); i++) {
if (current_node->getLinkOut(i)->isEnabled()){
tmpw = current_node->getLinkOut (i)->getLocalGate()->getChannel () ->par("weight") .doubleValue();
current_node->getLinkOut (i) ->setWeight (tmpw) ;

}
¥

for( int n = 0; n < numNodes; n++){

cModule *Temp = nullptr;
for (int i = 0; i < numNodes; i++) {
cModule *target_module = getParentModule()->getSubmodule("node", 1i);
if ( target_module == nullptr ){
std::string strTmp = "node["+ std::to_string(i) +"]";
const char* ¢ = strTmp.c_str();
target_module = getParentModule()->getSubmodule(c) ;
if ( target_module == nullptr )
cRuntimeError (" (FindMedian) Cannot find Module");
}
cTopology: :Node *targetnode = topo.getNodeFor (target_module);
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topo.calculateWeightedSingleShortestPathsTo(targetnode) ;

cTopology: :Node *node = nullptr;
if ( getParentModule()->getSubmodule("node", n) == nullptr ){
std::string strTmp = "node["+ std::to_string(n) +"]";
const char* ¢ = strTmp.c_str();
if (getParentModule()->getSubmodule(c) == nullptr ){
cRuntimeError (" (FindMedian) Cannot find Module");

}
else{
node = topo.getNodeFor (getParentModule () ->getSubmodule(c)) ;

}
}
else{

node = topo.getNodeFor (getParentModule () ->getSubmodule("node", n));
}

if (node == nullptr){
EV << "This module: (" << getFullPath() << ") is not included in the topology.\n";
}
else if (node->getNumPaths() == 0){
if( i ==n1n ){
continue;

}

EV << "No path to destination. (Unreachable)\n";

throw cRuntimeError("Critical Error! UNCONNECTED NETWORK!!!");
endSimulation();

}
else{
Temp = node->getModule();
double demand = topo.getTargetNode ()->getModule () ->par("mydem") .doubleValue() ;

sumPathCost += (node->getDistanceToTarget() * demand) ;
EV << "=TRAVERSING PATH=: " << node->getModule()->getFullName() << " to " << topo.getTargetNode (

EV << node->getModule () ->getFullName() ;
while (node != topo.getTargetNode()){

40



cTopology: :LinkOut *path = node->getPath(0);
EV << " -> " << path->getRemoteNode () ->getModule () ->getFullName () ;
node = path->getRemoteNode () ;

}
EV << endl;
}

if ( sumPathCost < minPathCost ){

minPathCost = sumPathCost;

minN = n;

EV << "minN: " << minN << ".. minPathCost: " << minPathCost << endl;
}
EV<< "COST OF NODE[" << n << "] = " << sumPathCost << endl;

Temp->par("cost") .setDoubleValue (sumPathCost) ;
Temp->getDisplayString() .setTaghArg("t", 0, sumPathCost);
sumPathCost = 0;
}
if ( minPathCost > 0.1 ){
recordScalar("Median", minN);
if ( getParentModule()->getSubmodule("node", minN) == nullptr ){
std::string strTmp = "node["+ std::to_string(minN) +"]";
const char* ¢ = strTmp.c_str();
if ( getParentModule()->getSubmodule(c) == nullptr ){
cRuntimeError (" (FindMedian) Cannot find Module");

}
else{
medianl = getParentModule () ->getSubmodule(c);
medianl->getDisplayString() .setTagArg("i", 0, "misc/house");
return (medianl);
}
}
else{
medianl = getParentModule () ->getSubmodule("node", minN) ;
medianl->getDisplayString() .setTagArg("i", 0, "misc/house");
return (medianl);
}

3

return (nullptr);

void OVERSEER::dynamicNodeCreate(int numToCreate){
cModuleType *moduleType = cModuleType::get("Node");
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int createdSoFar = getCreatedNodes();
int originalNumberOfNodes = getParentModule()->par ("numNodes").intValue() ;
double radiusOfConnectivity = getParentModule()->par("rc").doubleValue();

for (int i = originalNumberOfNodes+createdSoFar; i < (createdSoFar + originalNumberOfNodes + numToCreate); i
incrementCreatedNodes () ;

std::string str = "node["+ std::to_string(i) +"1";
const char* ¢ = str.c_str();

cModule* module = moduleType->create(c, getParentModule());

double xcoor = uniform(0,1000);

double ycoor = uniform(0,1000);
module->par("xcoor") .setDoubleValue (xcoor) ;
module->par ("ycoor") .setDoubleValue(ycoor) ;
module->par("init").setBoolValue(false);

module->finalizeParameters();

cChannelType *channelType = cChannelType::get("Network.Channel") ;
cChannel *channel = nullptr;

cModulex tM = nullptr;
int numConn = 0;

for ( int z = 0; z < originalNumberOfNodes+createdSoFar; z++){
tM = getParentModule()->getSubmodule("node", z);
if ( tM == nullptr ){

std::string strTmp = "node["+ std::to_string(z) +"]";
const char* ¢ = strTmp.c_str();
tM = getParentModule()->getSubmodule(c);
if ( tM == nullptr )
cRuntimeError ("Cannot find Module");

}

if ( sqrt(std::pow((xcoor - tM->par("xcoor").doubleValue()), 2) + std::pow((ycoor - tM->par("ycoor")
EV << "CONNECTING!" << endl;
numConn++;
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module->setGateSize("port", numConn);

tM->setGateSize("port", tM->gateSize("port") + 1);

module->gate("port$o", numConn -1 )->connectTo(tM->gate("port$i", tM->gateSize("port") -1), chan
tM->gate("port$o", tM->gateSize("port") -1)->connectTo(module->gate("port$i", numConn -1), chann

module->buildInside();
module->calllnitialize();
module->scheduleStart (simTime());

void cTopology::calculateWeightedSingleShortestPathsTo(Node *_target)
{
EV << "Weighted Shortest Path To: " << target->getModule()->getFullName() << endl;
if (!_target)
throw cRuntimeError (this, "..ShortestPathTo(): Target node is nullptr");
target = _target;
for (auto & node : nodes) {
node->dist = INFINITY;
node->outPath = nullptr;
X
target->dist = 0;
std::1list<Node *> q;
q.push_back(target) ;

while (!q.empty()) {
Node *dest = q.front();

q.pop_front();
ASSERT (dest->getWeight () >= 0.0);

for (int i = 0; i < dest->getNumInLinks(); i++) {
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if (!(dest->getLinkIn(i)->isEnabled()))
continue;

Node *src = dest->getLinkIn(i)->getRemoteNode();
if (!src->isEnabled())
continue;

double linkWeight = dest->getLinkIn(i)->getWeight();
ASSERT (1inkWeight > 0.0);
EV << "Link weight " << dest->getModule()->getFullName() << " --> " << dest->getLinkIn(i)->getRemote

double newdist = dest->dist + linkWeight;
if (dest !'= target){
newdist += dest->getWeight();
EV << "dest != target: newdist = " << newdist << endl;

}

if (newdist != INFINITY && src->dist > newdist) {
EV << "it's a valid shorter path from src to target node" << endl;
if (src->dist != INFINITY)
q.remove(src) ;
src->dist = newdist;
src—>outPath = dest->inLinks[i];

std::list<Node *>::iterator it;
for (it = q.begin(); it != q.end(); ++it)
if ((*it)->dist > newdist)
break;

q.insert(it, src);

ssm-testing

13 NODE.CC

#include
#include
#include
#include

#include
#include
#define TRAFFIC_MSG 40
#define TRAFFIC_GEN 41

#define SERVICE_MIGRATION 50
#define RELOCATE 52
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#define POLICY_STAT 51
using namespace omnetpp;

class Node: public cSimpleModule {
public:

Node () ;

virtual “Node();

cTopology topo;

bool serviceActive = false;

protected:
virtual void initialize() override;
virtual void handleMessage(cMessage *) override;
Targ_msg* generateTrafficMessage(int mode, int source = -1);
void dynamicNodeCreate(int numToCreate);

private:
OVERSEER *The_QOverseer;
cMessage* SrvDemandMsg;
int totalTrafficCount;
std: :vector<int> trafficStats;
};
Define_Module(Node) ;

void Node::initialize() {
SrvDemandMsg = new cMessage('"demand timer", TRAFFIC_GEN) ;
totalTrafficCount = 0; WATCH(totalTrafficCount);
WATCH(serviceActive) ;
WATCH_VECTOR (trafficStats);

if ( par("service") ) {

serviceActive = true;

cDisplayString& dispStr = getDisplayString();

dispStr.setTagArg("i", 0, "misc/town2");

scheduleAt (simTime ()+15.3, new cMessage('"relocation self event", RELOCATE));
}
else scheduleAt(simTime()+5.0, SrvDemandMsg) ;

cModule *targetModule = getParentModule()->getSubmodule("The_Overseer");
The_0Overseer = check_and_cast<OVERSEER *>(targetModule);

for (cModule::GateIterator i(this); !i.end(); i++) {
cGate *gate = *i;
EV << gate->getFullName() << ": " << "id=" << gate->getId() << ", ";

if ('gate->isVector())
EV << '"scalar gate, ";

else
EV << "gate " << gate->getIndex() << " in vector " << gate->getName() << " of size " << gate->getVec
EV << "type:" << cGate::getTypeName (gate->getType()) << endl;

45



}

Node: :Node() {
SrvDemandMsg = nullptr;
}

Node:: Node () {
cancelAndDelete (SrvDemandMsg) ;
}

void Node::handleMessage(cMessage *msg) {
if ( msg->getKind() == TRAFFIC_GEN ) {
EV << "TRAFFIC_GEN SELF MESSAGE RECEIVED \n";
if ( serviceActive ){
EV << "Active Service so no traffic generation, returning. \n";
return;
b
Targ_msg *trafficMsg = generateTrafficMessage(1);
if ( trafficMsg->getDestination() == 99999){

EV << "[Can't find service node] ABORTING... \n";
delete trafficMsg;

scheduleAt (simTime ()+5.0, SrvDemandMsg) ;

return;

}

topo.extractByProperty("topoIncl", "yes");
cModule *targetModule = getParentModule()->getSubmodule('"node", int(trafficMsg->getDestination()));
cTopology: :Node *targetNode = topo.getNodeFor (targetModule) ;
topo.calculateUnweightedSingleShortestPathsTo(targetNode) ;
cTopology: :Node *node = topo.getNodeFor (this);
if (node == nullptr) {

EV << "ERROR: This node (" << getFullPath() << ") is not included in this topology.\n";
} else if (node->getNumPaths()==0) {

EV << "ERROR: There exists no path to the destination from this node.\n";
} else {

cTopology: :LinkOut *path = node->getPath(0);

send(trafficMsg, path->getLocalGate());
}

scheduleAt (simTime ()+5.0, SrvDemandMsg) ;
}

else if ( msg->getKind() == TRAFFIC_MSG ){
Targ_msg *trafficMsg = check_and_cast<Targ_msg *>(msg);

if ( serviceActive ){
bubble("Reached!");

totalTrafficCount++;

bool incremented = false;

int vSize = trafficStats.size();
for(int 1 = 0; i < vSize; i+=2){
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if (int(trafficMsg->getArrivalGateId()) == trafficStats[i]){

trafficStats[i+1]++;
incremented = true;
}
¥

if (!incremented) {

trafficStats.push_back( int(trafficMsg->getArrivalGateId()) );
trafficStats.push_back(1);

if (trafficMsg->getDestination() == getIndex()){

EV << "Case 1, the service node is currently active, and the message was routed successfully to
X
else if (trafficMsg->getDestination() != getIndex()){

EV << "Case 2, the service is active, but the message hasn't had an update in its routing yet" <

X

delete trafficMsg;
} else
{

if (trafficMsg->getDestination() == getIndex()){
EV << "we used to be an active service point, but this message didn't get rerouted in time" << e
delete trafficMsg;
return;

}

topo.extractByProperty("topoIncl", "yes");
cModule *targetModule = getParentModule()->getSubmodule("node", int(trafficMsg->getDestination()));

Node* target = check_and_cast<Node *>(targetModule);
if (target->serviceActive == false){
int oldSource = trafficMsg->getSource();

int oldServiceNode = trafficMsg->getDestination();
delete trafficMsg;

trafficMsg = check_and_cast<Targ_msg *>(generateTrafficMessage(l, oldSource));
if ( trafficMsg->getDestination() == 99999){
EV << "[Can't find service node] Setting Destination to: " << oldServiceNode << endl;

trafficMsg->setDestination(oldServiceNode);

}
targetModule = getParentModule()->getSubmodule("node", int(trafficMsg->getDestination()));

cTopology: :Node *targetNode = topo.getNodeFor (targetModule);
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topo.calculateUnweightedSingleShortestPathsTo(targetNode) ;
cTopology: :Node *node = topo.getNodeFor (this);
if (node == nullptr) {
EV << "ERROR: This node (" << getFullPath() << ") is not included in this topology.\n";

} else if (node->getNumPaths()==0) {
EV << "ERROR: There exists no path to the destination from this node.\n";

} else {
bubble("routing..");

cTopology: :LinkOut *path = node->getPath(0);
send(trafficMsg, path->getLocalGate());

3

else if ( msg->getKind() == RELOCATE ){
if ( serviceActive ){

EV << "RELOCATING" << endl;

int maxIndex = -1;
int maxTraffic = -1;
int maxGateld = -1;
int vSize = trafficStats.size();
EV << "TrafficStats vector size: " << vSize << endl;
for(int i = 0; i < vSize; i+=2){
EV << "GateID: " << trafficStats[i] << ", Traffic Counts: " << trafficStats[i+1] << endl;

if ( trafficStats[i+1] > maxTraffic ){
maxTraffic = trafficStats[i+1];
maxIndex = 1i;
maxGateId = trafficStats[i];

if ( maxTraffic < totalTrafficCount-maxTraffic + 10*((totalTrafficCount-maxTraffic)/100)) {

scheduleAt (simTime ()+15.3, new cMessage("relocation self event", RELOCATE));
}
else{

cModule *neighbour = gate(maxGateId + 1)->getNextGate()->getOwnerModule();
EV << "MOVING TOWARDS NODE: " << neighbour->getFullName() << endl;
cMessage* srvcMove = new cMessage('"migrating..", SERVICE_MIGRATION);
send(srvcMove, maxGateId + 1);
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serviceActive = false;

totalTrafficCount = 0;

cDisplayString& dispStr = getDisplayString();
dispStr.setTagArg("i", 0, "misc/node_vs");
trafficStats.clear();

EV << "Restarting traffic from this node" << endl;
scheduleAt (simTime ()+5.0, SrvDemandMsg) ;
b

X
else EV << "ERROR: Service already deactivated.\n";

delete msg;

}

else if ( msg->getKind() == SERVICE_MIGRATION ){
bubble ("MIGRATION COMPLETE!!!");

if ( !'serviceActive ) {
servicelActive = true;
cDisplayString& dispStr = getDisplayString();
dispStr.setTagArg("i", 0, "misc/town2");

} else

{
EV << "ERROR: Service already active.\n";

}

scheduleAt (simTime()+15.3, new cMessage('"relocation self event", RELOCATE));
delete msg;

dynamicNodeCreate(2) ;

Targ_msg* Node::generateTrafficMessage(int mode, int source)

{

int src;
if ( source == -1){
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src = getIndex();

}
elseq{

Src = source;
}

int dest = 99999;
if ( mode == 0 ){
int n = 62;
do {
dest = intuniform(0, n);
} while(dest == src);
}
else if ( mode == 1){

int numNodes = getParentModule()->getSubmodule("node", 0)->getVectorSize();
numNodes += The_Overseer->getCreatedNodes();
for(int i = 0; i < numNodes; i++){

cModule *tempModule = getParentModule()->getSubmodule("node", 1i);

if (tempModule == nullptr) {

std::string str;

str = "node["+ std::to_string(i) +"1";

const char*x ¢ = str.c_str();

tempModule = getParentModule()->getSubmodule(c);
}
Node* target = check_and_cast<Node *>(tempModule) ;

if (target->serviceActive){
dest = target->getIndex();

}

char msgname[100]; sprintf(msgname, "route n[%d]->n[%d]", src, dest);

Targ_msg *msg = new Targ_msg(msgname, TRAFFIC_MSG) ;
msg->setSource(src) ;

msg->setDestination(dest) ;

return (msg);

void Node::dynamicNodeCreate(int numToCreate){

cModuleType *moduleType = cModuleType::get("Node");

int levels = int(getParentModule()->par("levels"));
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int originalNumberOfNodes = int(pow(2, levels)) -1;

int createdSoFar = The_Overseer->getCreatedNodes();
for (int i = originalNumberOfNodes+createdSoFar; i < (createdSoFar + originalNumberOfNodes + numToCreate); i
The_0Overseer->incrementCreatedNodes () ;

EV << "levels: " << levels << endl;
EV << "OriginalNumberOfNodes: " << originalNumberOfNodes << endl;

std::string str;
str = "node["+ std::to_string(i) +"]";
const char*x ¢ = str.c_str();

cModule *module = moduleType->create(c, getParentModule());

module->par("service") = false;
module->finalizeParameters();

cChannelType *channelType = cChannelType::get("Network.Channel");
cChannel *channel = nullptr;

cModule *tempModule = getParentModule()->getSubmodule("node", int(floor((i-1)/2)));
if ( int(ik2) == 0 ){
EV << "CONNECTING LEFT! \n";
channel = channelType->create("Channel");
module->gate("parent$o")->connectTo(tempModule->gate("left$i"), channel);
channel = channelType->create("Channel");

tempModule->gate("left$o")->connectTo(module->gate("parent$i"), channel);
}
else if ( int(i%2) == 1 ){
EV << "CONNECTING RIGHT! \n";
channel = channelType->create("Channel");
module->gate("parent$o")->connectTo (tempModule->gate("right$i"), channel);
cChannel *channel = channelType->create("Channel");
tempModule->gate("right$o")->connectTo(module->gate("parent$i"), channel);

module->buildInside();
module->calllnitialize();
module->scheduleStart (simTime());
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14 OVERSEER.CC

#include <omnetpp.h>
using namespace omnetpp;

class OVERSEER : public cSimpleModule
{
public:
OVERSEERQ) ;
virtual ~“OVERSEER() ;

int getCreatedNodes(); // returns the number of dynamically created nodes so far
void setCreatedNodes(int); // sets number of created nodes
void addCreatedNodes(int); // adds a specific number of created nodes

void subtractCreatedNodes(int); // subtracts a specific number of created nodes
void incrementCreatedNodes();

protected:
virtual void initialize();
virtual void handleMessage(cMessage *msg) ;

private:
int numNodes;
int createdNodes;
cTopology overseer_topo;

}; Define_Module (OVERSEER) ;

void OVERSEER::initialize()
{
createdNodes = 0; WATCH(createdNodes) ;
/*
overseer_topo.extractByParameter("topo_incl");
numNodes = int (topo.getNumNodes()); WATCH(numNodes) ;

for (int © = 0; 4 < numNodes; i++) {
cTopology: :Node *node = overseer_topo.getNode(z);

EV << "Node t=" << ¢ << " 4s " << node->getModule()->getFullPath() << endl;
EV << " It has " << node—>getNﬂm0utLinks() << " conmns to other nodes\n';
EV << " and " << node->getNumInLinks() << " conns from other nodes\n";

EV << " Conmmections to other modules are:\n";

for (int 7 = 0; j < node->getNumOutLinks(); j++) {
cTopology: :Node *neighbour = node->getLinkOut (j)->getRemoteNode();
cGate *gate = node->getLinkOut (j)->getLocalGate();
EV << " " << neighbour->getModule()->getFullPath()
<< " through gate " << gate->getFulllName() << endl;
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void OVERSEER::handleMessage(cMessage *msg)
{
delete msg;

}

OVERSEER: : OVERSEER ()
{

}

OVERSEER: : "OVERSEER ()
{

}

int OVERSEER::getCreatedNodes(){

if (createdNodes >= 0){
return (createdNodes);
3
else
throw cRuntimeError("Major Error! Created nodes counter is negative!");

}

void OVERSEER::setCreatedNodes(int value){

if ( value > 0){
createdNodes = value;
}
else
throw cRuntimeError("Error! Cannot set created nodes counter to a negative value!", value);

}

void OVERSEER::addCreatedNodes(int value){

if (value > 0){
createdNodes += value;
}
else
throw cRuntimeError("Invalid value %d. Must be a positive integer, use subtractCreatedNodes for subtract

3

void OVERSEER: :subtractCreatedNodes(int value){

53



if(value < 0){
if (createdNodes - value > 0){
createdNodes -= value;

}
else
throw cRuntimeError("Error! Subtracting %d from createdNodes puts it below zero!", value) ;

b
else
throw cRuntimeError("Invalid value %d. Must be a negative integer, use addCreatedNodes for subtraction o

3

void OVERSEER::incrementCreatedNodes(){
createdNodes++;

}

15 OVERSEER.h

#ifndef OVERSEER_H_
#define OVERSEER_H_

#include
using namespace omnetpp;

class OVERSEER : public cSimpleModule
{
public:
OVERSEERQ) ;
virtual “OVERSEERQ);

int getCreatedNodes();

void setCreatedNodes(int);

void addCreatedNodes(int);

void subtractCreatedNodes(int);
void incrementCreatedNodes();

protected:
virtual void initialize();

virtual void handlelMessage(cMessage *msg);

private:
int numNodes;

54



int createdNodes;
cTopology overseer_topo;

};

#enda f

16 Network.ned

import ned.DelayChannel;

network Network
{
parameters:
int levels = default(4);
types:
channel Channel extends ned.DelayChannelf{
delay = 100ms;

}
submodules:
node[int(2"levels-1)]: Node;
The_0Overseer: OVERSEER;

connections allowunconnected:
for i=1..sizeof(node)-1 {
node[i] .parent <--> Channel <--> nodel[int(floor((i-1)/2))].left if int(i%2)==0;
node[i] .parent <--> Channel <--> nodel[int(floor((i-1)/2))].right if int(i%2)==1;

}

simple Node {

parameters:
bool service = default(false);
@topoIncl("yes");
@display("i=misc/node_vs");

gates:
inout parent;
inout left;
inout right;

}
simple OVERSEER
{
@display("p=1000,0;i=abstract/penguin");
gates:
input in @directlIn;
X
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17 omnetpp.ini

[Generall]

network = Network

seed-set = 1112

Network.levels = 4

** service = (index == 2" (levels)-2 ) 7 true : false

18 targmsg.msg

message Targ_msg {
int source;
int destination;
int hopCount = 0;

19 Python Notebook

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from scipy.optimize import curve_fit

def parse_if_number(s):
""" Returns float64 pandas value from string,
else returns boolean values if string is a
representation of a boolean value. '''
try: return float(s)
except: return True if s=="true" else False if s=="false" else s if s else None

def parse_ndarray(s):
''"'" Returns numpy array into the pandas dataframe
from space seperated values in strings. '''
return np.fromstring(s, sep=' ') if s else None

def mycsvread(s):
""" Custom pandas .csv reading function, uses the above two parsers
tmp = pd.read_csv(s, converters = {
'attrvalue': parse_if_number,
'binedges': parse_ndarray,
'binvalues': parse_ndarray,
'vectime': parse_ndarray,

L]

'vecvalue': parse_ndarrayl})
return tmp

vec = mycsvread('vecOResults.csv')

vectors = vec[vec['type']l == 'vector']

for index, vector in vectors.iterrows():
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plt.plot(vector['vectime'], vector['vecvalue'])
plt.title('Absolute cost paths in a 25x25 Grid Topology with 100 different seeds')

vectors['vecvalue'] .map(len) .max()

avg = [0] * vectors['vecvalue'].map(len).max()
nval = [0] * vectors['vecvalue'].map(len).max()

for index, vector in vectors.iterrows():
i=20
for value in vector['vecvalue']:
avg[i] += value
nval[i] += 1
i+=1

for i in range(0, len(avg)):
avgli] = avg[i] / nvall[i]

plt.style.use('ggplot')
plt.title('Average absolute cost path in a 25x25 Grid Topology (Node 0)')
plt.plot(range(0, 50*len(avg), 50), avg, marker='o', markerfacecolor='white', markeredgecolor='red', linestyle='

count = 0
for vector in vectors['vecvalue']:
prev = 10000000000
for i in vector:
if (i > prev):
count += 1
print('error: '+str(int(i))+'>'+str(int(prev)))
prev = i

print('errors:', count)

sca = mycsvread('batteryScalars2.csv')

sca = scal(scal'type'] == 'scalar') | (scal'type']l == 'itervar')]
sca = sca.assign(qname = scal['attrname'].combine_first(scal['module'] + '.' + scal['name']))
scal['value'] = scal['value'].combine_first(sca.attrvalue.astype('float64'))
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del scal'attrname']
del scal'attrvalue']
del scal'module']
del scal'name']

sca['gname'] .unique()

sca_wide = sca.pivot('run', columns='qgname', values='value')
sca_wide.head ()

sca_wide.plot.scatter('RandomGraph.The_Overseer.Weighted (Cost) Distance to Median', 'RandomGraph.The_Overseer.N
plt.title('500 Node Random Geometric Topology (distance weighted)')

plt.ylabel('Mean Battery Level')

plt.xlabel('Cost distance to l-median')

plt.style.use('ggplot')

plt.show()

sca_wide.plot.scatter('RandomGraph.The_Overseer.Weighted (Cost) Distance to Median', 'RandomGraph.The_Overseer.B
plt.ylabel('Battery Levels Variance')
plt.xlabel('Cost distance to l-median')

plt.style.use('ggplot')
plt.show()

sca_wide.plot.scatter('RandomGraph.The_Overseer.Weighted (Cost) Distance to Median', 'RandomGraph.The_Overseer.T
plt.ylabel('Time of Network Death')

plt.xlabel('Cost distance to 1-median')

plt.ylim([4020,4080])

plt.style.use('ggplot')

plt.show()

s1 = 'RandomGraph.The_Overseer.Network battery average'

sca_wide[s1l] = (sca_widel[s1]-sca_widel[s1].min())/(sca_wide[s1] .max() - sca_widel[s1].min())
s2 = 'RandomGraph.The_Overseer.Battery level variance'

sca_wide[s2] = (sca_wide[s2]-sca_wide[s2] .min())/(sca_wide[s2] .max() - sca_wide[s2].min())

axl = plt.plot()

plt.scatter(sca_wide['RandomGraph.The_Overseer.Weighted (Cost) Distance to Median'], sca_wide['RandomGraph.The_O
plt.scatter(sca_wide['RandomGraph.The_Overseer.Weighted (Cost) Distance to Median'], sca_wide['RandomGraph.The_0
plt.title('Normalized Battery Variance vs Mean Battery')

plt.ylabel('Mean Battery Level')

plt.xlabel('Cost distance to l-median')

plt.ylim([-0.1,1.1])

ax2 = plt.gca() .twinx()

plt.ylabel('Battery Variance')
plt.ylim([-0.1,1.1])
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plt.style.use('ggplot')
plt.show()

temppivot = sca_wide.pivot_table(index='rc', columns='seed', values='RandomGraph.The_Overseer.Network battery av
temppivot.head()

temppivot.plot.line()

plt.show()

import pivottablejs as pj
pj.pivot_ui(sca)

grid35[grid35['name'] == 'Percent Cost Reduction'][['name','value']].head(10)
grid0[gridO['name'] == 'Percent Cost Reduction']['value'].describe()
grid0[gridO['name'] == 'Hops']['value'].describe()

grid35[grid35['name'] == 'Hops']['value'].describe()

scalars = gridO[gridO['name'] == 'Percent Cost Reduction']['value']

scalars2 = grid35[grid35['name'] == 'Percent Cost Reduction']['value']
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