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Mg oTopIKr) pou uBUvn Kol yvwpifovTog TIG Kup®aoeig ), TTou TpoBAEToVTaN a6 TNG SINTAEEIG TNG TToip. 6 Tou GipBpou 22
Tou N. 1599/1986, dnAwvw oTI:

1.

'

Aev mapabérw xoupdtia Pifliwv 1 dplpwy 1 epyacidv diiwv avroleel ywpic va Ta mepikieivw o€
EIOOYWYIKA Kal ywpic va avapépw 1o ovyypagéa, ™ ypovoloyia, ) oerida. H avroleéel mapdBeon ywpic
gloaywyikd ywpic avapopd omy myy, eivai loyoxiom. Iépav e avroieel mapdbeonc, Aoyokiomy) Oewpeiral
Kal 1 mapdepacy edapiwy amo Epya dllwv, CUUTTEPIAGUBAVOUEVWY KAl EPYwY TUUPOITHTWY UOoV, KaBw¢ Kal 1
mapdBeon ororyeiwy wov didol ovvéleéav 1 ermelepyacinkay, ywpic avapopd oty Tnyy. Avapépw mavrote ue
TAnpoTHTa THY TV KATW QIro Tov mivaka 1 oyédio, omwe ora mapaléuara.

Néyouar 611 n avroleéel mapabeon ywpic sioaywyikd, akdua ki av ovvodeveral amd avaQopd oTyy Tyl oe
Kdmoio dAdo onueio Tov Kewwévov N oro TéAog Tov, gival avriypapy. H avapopd orny mnyn oro TéAo¢ m.y. piag

mapaypdpov 1 uiag oeridag, Oev Oikaioloyel acvppapn edapiwv Epyov dilov ovyppapéa, éotw Kal
TAPAPPACUEYWY, KAL TTAPOVOIATH) TOVS w¢ OIKY [OV EPYaTia.

Aéyoual 0T1 VITApPyEL ETIONG TEPLOPIOUOS OTO UEYEBOC Kai oy OUYVOTHTA TWV TAPABEUATWY TTOV UTOPW VA
evraéw omy epyacia pov evroc eloaywyikwyv. Kdbe uepdlo mapdbeua (m.y. oc mivaka 1 miaioio, kim),
npovmobérer e1dikés pvbuioeig, kar otav dnuooteveral mpovimohérer Ty ddeia Tov ovyypapéa 1 Tov ekdoty. To
010 ka1 o1 mivakeg kai Ta oyédia

4. Aéyouar 6Aeg Tic OVVETELEC O€ TIEPITTWON AOYOKAOTHS 1) AvVTIypaQHC.

Huepopnvio: ... /.....120......

(Yroypogry)
(1) «Omolog v yvwoeL Tou dnAwWvel Ypevdn yeyovdta 1§ apvel{tal A amokpOMTEL Ta aAnBwd ue
éyypaen vmevbuvn 6riAwon touv dpbpouv 8 map. 4 N. 1599/1986 Tuwpeitalr pe QuAGKLON
TOLAAYLOTOV TPLWY PNVWVY. EAv 0 umaitiog autwv Twv NMPpdEewv okdmeve va MPoomoplosL GTov
€aLTOV Tou 1} o AAAov meplovalakd 6@eANog BAdnTtovTag Tpltov 1 okdmeve va BAdyel dAAov,
TIHwpPEelTOL HE KABELPEN HéXPL 10 €TWV.
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ITEPIAHYH

AvTi 1 TTTLXLOKT] EPYQOIA OKOTIO €XEL TNV TTAPOVOIAOT] KO TIPOKTIKT U0 TTPOTAONG, TTOV YA TIPWTN
@opa TPoTAONnke autd TOov K. Gavaon AovkomovAo, yia T PeEATiwon Tov aAyopiOuov exTOMONG
TpaKTOpwY (agent eviction algorithm'). Tha Tn dokiuf kot oLYKPION TNG TPOTAONG UE T
QITOTEAEOUOTAL TOV LTTAPXOVTOG ahyopiOuov, vAomoleiton Tpoypaupa oe C++ 1oV TTPOOOUOIWVEL TNV

KOTavouT) Kol UETOKIVON TWV TTPAKTOPWV 0TO diKTLO.

X1o 1° kepdahato yivetan pia erlcaywyn ota Aotpuata Aiktoa AtoOntnpwv (AXA), divetou o
0P1OUOC TOVC TTIPOPANUATOC TNG PEATIOTNC KATOVOUNG TIPAKTOPWV KL AVOPEPOVTAL EPEVVEG TTOV 110N
gxovv tponynOei yia Tov idio 1 Tapeuepr oKomod

Yto 2° xepahoto mapovotaletoan o ohydpiBuog Single Agent Migration (SAM) kot ot
TIEPIOPIOUOT TTOV EUPAVICOVTAL OTNV EQUPLOYT TOV O€ TTPAYUOTIKA ALA

Y10 3° ke oto avohDeTan 1) 1€00JOG TWV EKTOMIOEWV agent

Y10 4° Ke@OAaio YivVETHl Tapovoioon Tng kovoLpiag uefodov, yiw METAKIVIOEIS UE
Apvntiko Kootoc (Negative Evictions)

Yto 5° kepdahaio diveton pia eEnyeiton n Aoyikr mow ortd TOV KWOIKA IOV LAOTTOLONKE,
OLVOWILOVTAL T QUTOTEAEOUNTA TNG TIPOOOUOIWONG Kal eEXYOVIN OLUTEPAOUNTH OE OVYKPIOT UE
OAAoLC ahyopiOuovg

Y10 TEAOG TNC EPYOTING TTAPATIOETO TTOHPAPTNUA UE TOV KWOIKA TNG EQPAPLOYNS

1 Nikos Tziritas, Petros Lampsas, Spyros Lalis, Thanasis Loukopoulos, Samee Ullah Khan, Cheng-Zhong Xu,
“Introducing Agent Evictions to Improve Application Placement in Wireless Distributed Systems”



KEDAAAIO 1

EIXATQI'H

Y10 KEPOANIO AUTO JIVETOL O OPIOUOC TOVG TTPOPRATILATOG TTOV TIPAYUATEVOUNOTE KAOWS Kot TO
OVLOTNUN OTO OTIOI0 AVAPEPETAL. LTNV TEAELTAIA EVOTNTA, TTAPOVOIALOVTO TAPOUOIEG UEAETEG TTOV

gytvavy 0To TaperAboOv kot 01 d1POPES TOVG PE TNV TTAPOVO.

Kepaiono 1.1. Acvppata Aiktoa AtoOntipwv (AAA) kou Mobile Agents

Aovppata  Aiktoa  AoOntrpwv (AAA) civon OikTva UTO  AVTOVOUOULG CIOONTNPEG TTOVL
ovvepyaCovTal Ko PEPOLV EI0IKA OpyavaL IKAVA var OLAAEYOLV, emeEepyalOVTaL KOl VO LETOPEPOLY
ocdouéva ortd ke ywvid Tov OIKTLOV UECW OLVEPYAOING Ot pia ovykekpiuévn tomobeoia. Ot
ooOntpec pali ue Tov e€omhiond Touvg (UIKPOEmMeEEEPYAOTNG, UTOTAPIR, PUOIOTOUTTODEKTNC)
OLVOETOVY TOVG KOUBOVE TOL DIKTVOV, OPYAVWUEVOVG UE KATAVEUNUEVT APXITEKTOVIKT), APOL Eival
OLXVA EMPPETEIG OE OUTOTLXIEG KO pia kevrpikn doun Oa kateppee ovxva. Emiong, avaloya pe to
oKOoTO Kot TNV Tommofeoia Tovg, To uéyeboc Kat To KOOTOC TOUG TTOIKIAEL, OETOVTAG TTEPIOPIOUOVG OF

UV UN, VITOAOYIOTIKT) 10XV, EVEPYELX KO OTO EVPOC LWVNG TWV PASIOETTIKOIVWVIWV.

Ta AAA xpnoiuomolobvTal yiot TNV UTOUAKPUOUEVN TTAPATHPNOT QLOIKWY 1 TEEPIPAAAOVTIKWYV
ovvOnkwv omwg Oepuokpacia, VYPAOIA, EVTNOT OVEUWY, EAEYKTEG ToXVLTNTOG KTA. TToAAEC popég
uatota, n tpdéopaon oe avtd dev eivar eVKoAT. 'ETot1, n eEaopahion pakpoxpoviag frwotudtnTog
TV KOUPwV eivon KABOP1OTIKT Yot TO KOOTOG KOl TN OLVOAIKT Tovg Agrtovpyia. O xpovog Cwng

evog kouPov Ppioketon o€ Gueon eEAPTNON UE TNV KATAVAAWOT &EVEPYEING TOL (E101KX O€



OLOTNAUNTA TTOV 1] OV TINYN EVEPYEIAG TOVG EIVON UTTHTAPIEG) KO AUTH UE TN O€1pd TNG e€apTaTon
o€ Ueyaro Paduo armd Tov QopTo emkolvwviag Twv Koufwv, ONAadT To TG00 OUXVA AVTOAAAOCOLY

unvopato HETAEL TOLG.

[

O O Sensor Node

; O 0 O Gateway

-------- Sensor Mode

Ewkova 1.a. Tumikr) apxitektoviki AAA

Mia otd TIG TEXVIKEG IOV TIPOOAPUOOTNKE OTNH AerTovpyiot Twv AAA eivon aUTH TWV KIVNTWV
mpakTOpwv (mobile agent programming). ['evikd, o1 mpakTopec (software agents) eivor ouvOLAOUOG
AOYIOUIK®WV TIPOYPAUUATWV KOt OEDOUEVWY, TTOV AEITOVPYOLY Kot AANAETIOPOVV UE TO TEPIPUALOV
TOVG XWPIg TNV ovveXOUEVN avOpwrivn TtapeuPaon 1) emiPAeyn. LUYKEKPIUEVEC TTPOYPOUUUATIOTIKEG
TEXVIKEG EXOLV avoutTLXOel OV emTpeEmoLY TNV dnUIoLPYIA agents 1KAVWV VO UETAKIVOUVTAL O0TO
unxavnua oe unxavnua (otnv OI1KN UOG TTEPITTWON otd KOUPo o koufo) kol va TapauEvovy
TANPWG Aertovpytkoi. Tnv crto@aon yia To mov Kat TOTe XPelaleTan va HeTaK1vnOoby Tnv aipvouvy
UOVOL TOVG, EKTIHOVTOS Tt Ot NTAV TT10 TOdOTIKO YIA TO OKOTIO TTOL €XOLV TIpoypaupatiotei. Otav
évag agent crtoPOOiCeEL VA LETAKOUIOEL, AUTOONKEVEL TNV TTPOVON KATAOTAOT TOV, TN UETAPEPEL LaCi
ue OAa T dedopéva Tov XeIPileTol OTOV VEO KOUPO KO OLVEXICEL TNV EKTEAEOT) TOV OUTO EKEL TTOVL

OTUUATNOE.

10



H epappuoyn tovg ota AAA yévvnoe kouvoUpleg duvatoOTNTEG. ALUPOPES EPUPLOYES TOTTOOETOV VTN
0TO OIKTLO XWPIOUEVEG OE VTOTEAT) agents Tov CLVEPYALOVTIO KO AEITOVPYOLV OOV U1t OAOTNTAL.
O1 agents avtoAA&dooovv UETAEL TOLG dedouéva OEIOMOIWLVTUG TOVG WUNXOAVIOUOUG TIOU TOUG
TTOPEXOVTAL ouTO TOV KOUBO TTOL TOVG PIAOEEVEL Y1 UTO KAt 1 KATAVOUT) TOVG OTO diKTLO EmnPEdCel
T0 POPTO emKovwviag. Mia cwotdtepn TormodeTnon Oa peiwve Tov aptdud TWV PUNVLUATWY TTOV
OTEAVOLV O1 agents KOTA TNV EMKOIVWVIO TOVG Gpa KAl TNV Katavoiwon evepyeras. 'Etol, av n
apyikn TomoO&tnon Twv agent dev eivon n PEATIOTN, 1| av Exovv TpooTedel véor, n uébodog mmov
eEetaCovue o€ autn N OlarpiPn Ponda otov TPoodioploud UIaG ATOdOTIKOTEPNG KATAVOUTG TOVG

pEoa oTo OiKTLO.

Kepaioio 1.2: To Movtéro Twv EQappoywv kot tov XvoTijpatog ko
Opropog Tov IlpoPinpatoc

Yav OLVOAO TIPAKTOpPwV HEoa 0 AAA, i epoapuoyn ovoAaufaver ootd Tn OLAAOYN TWV
UETPNOEWV TWV uoONTAPWV UEXPL TNV UETOPOPA TOVG OTOV TEAIKO TOLG Ttpooptopd. Or agents
okopmiCovtaun uEoa 0To dikTLO Kot OrkpivovTal 0 DO KATNYOPIEC AVAAOYX UE TN AEITOVLPYIN TTOV
emtedovv. H mpwtor givou ekeivor 1ov yeipiCovron Tovg ouoOntipec. Avtoi PéPoua, givon
eEaptnuévol Kol OUETAKIVTOL omd TOLC KOUPOLG OTOVG OToiovE PPIOKETAL O AVTIOTOIXOG
ooONTPAG KAl 1o AUTO TOVG OVOUACOVUE ovpkekpiuévwy kKoufwv (node-specific). Metatpémovv
TIC UETPNOEIS TV aiodnTnpwv oc ynelaka dedouéva. O1 devtepor a&lomolovvTal yia Tnv
emelepyaoia TwV OedOUEVWV TTOV CLAAEYOVTOL OUTO TOLG QOONTPEG KO yia TNV AfYPn OXETIKWV
oaropaoewv. Eivon vrevOuvor yia tnv emkolvwvia UE TOUG GAAOLG agents Ko 1 AEITovpyia Touvg
givo aveEaptnTn artd TN B0€on Tovg OTO dIKTLO, YI AVTO KO TOVG KOAOVUE avelapTnTwy KOufwy

(node-neutral).

To obvolo Twv agents UI0G EPAPUOYNS Eivar OOUNUEVO oav Eva DEVTPO, TTOL OVOUALOVUE OEVTPO

EPAPLUOYHC KOl XAPTOYPAPEL TN UETAED OVOXETION TOLC. MOvVo 01 ovyyeveic (TTaTépag, TToudik)
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QVTOAAGAOOOLY UNVOUATH LETAED TOVG. ETa @UAAX TOV BpiokovTan O1 cUYkekpIuévwy Koufwv agents
evw oTa YnAoOTEPQ emimeda o1 aAAol. Kabe agent Exel Eva popro emkoivwviag, mov kabopileTon oav

T0 TTAN00G TWV LOVAOWY DEOOUEVWYV TTOV OTEAVEL OTOVG OLYYEVEIG TOL avi LovAadd XxpOvou.

Ymv ekova 1.f @aivetoan eva TETO0 TTOpAdeIyua dévipov agent. AmeikoviCer éva vmoOeTiko
oLOTNUA QVTOUATOV PPEVAPIOUNTOC TOV OUTOKIVITOV Yo TNV aoto@uyn mmlovic tpookpovone. Ta
QUAAXL TOV QVOUTAPIOTOUV OLYKEKPIUEVWY kOuPwv agents, mov xeipifovion Tovg auoONTrpeg
Toxbtntag 1 omrdéotaonc. Ot vmdlowror agent eivon oveEapThTwv KOUPwv kot pmopoldv va
petakivnBovv. Or apiBuoi petall Twv agent eivan Ta dedouéva TOL AVTOAAAOOOLY UETAED TOVE OV

povado xpovou.

O1 a1oOnTNpec eyyLTNTAC EVNUEPWVOLYV TOV EKTIUNTH Yt TNV ardoToon outd mooave eumodia
UmpooT 1 mow otd TO QUTOKIVNTO. AV 1 UTOOTAON TOU QUTOKIVITOUL OO EVOl OVTIKEIUEVO
UeTPNOEi KOTW QUTO €Vt OP1O, O EKTIUNTAC EYYVTNTAG EVNUEPWVEL TOV root Agent. AvTioToIX(, O1
TIUEG TTOV OTAVOLV OTOV eKTIUNTH TAXLTNTAC outd To GPS Kkou Tovg cuoOntrpeg meptoTpoPng Twv
TPOXWV, TOV ETMITPENOVY VO EVTOTIOEL OV TO QLTOKIvNTO €ivon 1ndn otabuevuévo 1) TPOC TTO10
katevOvvon ko pe Tt ToxLTTA Kiveitan. ‘Emerta, evnuepwver Tov root Agent mov arro@aoiler pe
Baon oA Tor Oedopéva TTOL EPTACNV, OV TO CUTOKIVNTO €&xel TOpeEiat OoVYKPOLOoNng HE OAAO
OVTIKEIUEVO, OTTOTE KOl EVEPYOTTOIEL TAL PPEVAL 1] OV KOTI GAAO KATELOLVETON TTPOC TO AVTOKIVNTO

OTIOTE KA1 AVOUTUPOLYEL TIPOEIOOTTOINTIKO NXNTIKO OTUdL.

12



Root Agent

agent . agent
EKTIUNONG EKTIPNONC

EYYUTITOG TOYNOTNTOC

oaodntinpog

agent agen ooOnTnpog

g TOXVTNTOG
PTPOOTIVOD omigHiov agent

TEPLOTPOPIG
PUTPOCTIVWOV

TOOTNTOG

o0 i pa ouoOnTipa 0E00NEVWOV TEPLOTPOPIC

EYYUTITOC omio01wy

TPOY WV

TPOYWV

Ewkova 1.p. AévTpo eQaplUoyng AUTOUATOL PPEVUPIOUATOC AVTOKIVITOV

Ipooapuoouévor otovg koupovg evog AAA, ot agents aflomolovV TOLG UNXAVIOUOUE TTOU
TIOPEXOVTL UTO TOV KOUPO TTOL PIAOEEVOLVTOL YIA TNV EMKOIVWVIN TOVG UE CUTOUAKPLOUEVOLG
agent. O1 koufor ovvdéovtar UE TOVG LTTOAOWTOVG UE povadikd povomatia. 'Etol, n avrodiayn
UNVOUATWY UETAED OLYYEV@V agent TIEPVAL OVOYKOOTIKA ootO OAOVG TOVG KOUPBOVC OTO LOVOTTOT
IOV OLVOEEL EKEIVOVG TTOL TOVG PIA0oEevoly. AvTO (ue eEdipeon TNV TEPHTTWOT TTOV Ol OUYYEVEIC
agent @iho€evobvtan Ot yeitoveg KOUBOLG) odnyei Ot OmaTOAn evépyelag, KaOwe avoykalet
eEVOIUEOOVG, AOXETOVE UE TA UNVOUOTO TTOV AVTOAAAOCOVTAL, KOUPOULE va AEITOLPYOLV Yl VO
petafifaCovy unvouoara. AnAadr, 600 10 KOVTA PPIOKOVTINL Ol OUYYEVEIG, TOOO UEIWVETOL KOL O

OLVOAMKOG POPTOG. AVTOG €ival KAl O OKOTIOG TNG £PYOiNG Hog!

YmoOétovtag mwg n apxikr) TomofETnon Tovg oTovg KOUPBOVE Tov ovoThuaTog dev eivon 1) BEATIOTN,
EKTEAWVTOC U0 OEIPA OUTO UETOTOTTIOEIG AVACTOVUE U10 KOADTEPT KATAVOUT TOVG OTO OikTvo. Me

OQUTOV TOV TPOTIO UEIWVETAL TO EVEPYEIAKO KOOTOG TTOV TIPOKAAEL 1 EMIKOIVWVIQ TwV agent.
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Kepaiono 1.3: Ilapoporeg Meréteg

Y1o maperbov, Exovv mpotadei kou ahrotr pebodor emavaromobeTnone agent. Ouwg, avribeta pe Tnv
TTOPOLOA EPYNTIal TTOL OTOXEVEL OTNV UEIWON TOV QOPTOL TOL TIPOKOAel N uetaL Twv agent
EMKOIVWVIA, 01 0KOTTo1 1) Kot 1 dout) Twv dAAwv gpevvwy drapepovy. Tlapaderypa to [1] aoxoreitan
UE TNV KOHALTEPT TOTTOOETNON d1EPYNO1WV O€ JIKTLO torus yia TNV toQuyr awtoovUEOpnonG. Xto [2]
0l OLYYPAPEIC KoTouTivovTon Ue To TTpoPAnuara aotodoxng Twv agent yi Tnv €€ao@diion Tng
pakpolwiog evog AAA. Katavoun diepyaotwv avapepeton emiong ota [3], [4], [5] aalé oe NoC
ovotnuata, evw oto [4] avaeépetar n KAALTEPN TOMOOETNON VIINPECIWY YL TNV UEIWON TNG

kaBvoTépnong mov avriuetwrilouy o1 clients o virtual networks.

Lxetikt ue T AAA, 0710 [6] TTPOTEIVETA KATAVOUT) TWV EPAPUOY®V YO UIKPOTEPT KOATAVOAWON
EVEPYEING, OAAA TO HOVIEAO EQPUPUOYNG TIOV XPNOIUOTOIEITON €ival d1aPopeTiko. Y10 [14]
mpoTeiveTon N dnuiovpyia vog BEATIOTOL OEvTpov drdoong dedopuevwy evw oto [15] ovlnTieTan n

UETOKOU1OT agents 0AA( UE OKOTIO TNV EVPEON BEATIOTWV HOVOTIATIWV OUAAOYNG OEQOUEVWV.

Télog, va onuelwOei, 6TI LITAPXOLY TTOAAX CLOTHUATA TTOV LITOOTNPICOLY TNV AEITOLpPYid KOt TNV
ueTakivnon autovouwv epapuoywmv (Bréme Agilla'”, SensorWar™, Mobile-C", MagnetOS"”,
Pleiades'", DFuse'"” xou Rovers'™). Tlapoha autd, Ta TEPICOOTEPX APT)VOLY TO TTOADTTAOKO €PYO
NG TomofETnong Twv agent oTov Tpoypaupatiotr. Puoikd, £To1 uelovekToLV O€ vEMEi, KHOWG OF
meptrtwon  avadiatagng 1 Tpoodnkng TEPIOOOTEPWY KOUPwv oTo OikTvo, TO OLOTNUA OEv
xpetaCetou va tpoypaupartiotei Eava. H mapovoa pelétn, apoplt TEPIOOOTEPO OLOTIUATA OTTWE TO

POBICOS"*, mov avadétovv v xatavoun v agents oto middleware.
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KEDAAAIO 2

O AATOPIOMOZYX SINGLE AGENT MIGRATION

O aAyop1Ouog mov xpnotpomoleital oov fAon ToV TTPOTAOEWV AUTHC TNG epyaoiag eivar o Single
Agent Migration kot n éviagn oc autov pefodovg EKTOTIGEWY. AVTO TO KEPOANIO OXOAEITAL UE

TNV AVAALOT) QLTWV KAOWE Kot HEBOD WV EVPECNC TWV KAAVTEP WV EKTOTICEWYV.

Kepadaio 2.1: O AlyopiOpog Single Agent Migration (SAM)

Ye autdv Tov aAyopiOuo agents HETAPEPOVTAL DIAPKWS OTOV IO EMWPEAT] Y10 LETAKOUIO YEITOVQL
KOUPBO TOVG PE OKOMO TTOAVTA TN UEIWOT TOV CLVOAKOD (POPTOL TOL OLOTNUATOC. O1 PHETAKIVIOEIG
Twv agent yivovtan eva Pripa Tn @opd (1-hop migrations), dnAadn aurd yeitova o€ yeitova koufo.
ITio ovykekpiuéva, koupfor tov dikTLOL, TTOL TPV PpioKOVIAY OE AOPAVEIA, EVEPYOTIOIOLVTNI
TUXAH KO EMIAEYOLVY TTO10V QUTO TOLG agents 7ToL PIAo&evolv Bal TPooTadNoOoLY VL LETAPEPOLY KO
oe motov yeitova. [ va givon o€ O€on va emie€ovy, o1 koOupot yvwpifouv 1) tov tomkd pipro ko
2) Tov amouakpvouévo @opro. O TPOTOG Eival O QOPTOC EMKOIVWVIAG METAED Tov KOOE
¢@1hofevolbuevoy agent Kol TWV OVYYEVQV TOL (TTATEPNC 1 TTaudIdl OTO OEVIPO EPAPUOYNG) OTNV
TTAPOLOA TOTTOOETIN TOVG, EVW O ATOUAKPVOUEVOS AVAPEPETAL OTOV POPTO TOL Ot x€ av 0 agent

uetakouile o€ evay yeitova koupo.
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Ievika, o @oOpTOC EMKOIVWVING diveTan outd TOV TUTTO:

localLoad(a,)= Y, (totalData(a,r)*distance(a,r)) (1)

reRel(a)
ooV a;: agent ihofevovuevog otov koupfo k,

Rel(a): obvolo mmov TrEpIEXEL OAOVG TOVG OVYYEVEIC TOV a OTO OEVTPO EPAPUOYTIC,

r: ueTafAnTn mov Ttaipvet TiLES outo 1o Rel(a),

totalData(a,r): 1o afpoiopa Twv dedoUEVWY TTOL AVTHAAACOOVTOL VA LOVADX XPOVOL UETAED TWV a
Kou r

ko distance(a,r): To TANO0C Twv PNUATWV WOTE va TAOEL 0 a artO Tov KOUPo 1mov Tov erhoevei (k)
uéxpt Tov kOuPo mov PIA0EEVEL TOV I, AKOAOLOWVTOG TO HOVADIKO LOVOTIXTI TTOL TOUG eVWVEL [N
agents ov @1Ao&evolvtou otov idto koufo distance=0.

AQAIpOVTAC TOV OUTOUAKPLOUEVO OUTO TOV TOTIIKO (QOPTO® TPOKVITTEL TO képOOC UETAKOUIONE TOV
kale agent. Avaoya av avto givon OeTiko 1 Oxt ot Koot yvwpilovv av avTIOTOIX! EIVO ETWPEATC
N Un n UETaKOUION EVOC agent KAl THLTOXPOVA, OLYKPIVOVTOG Ta didipopa K€D, EEpouV TT010¢ aUTO
TOVGC PIAOEEVOVUEVOUG TOVG agent €xel TTPOTEPAOTNTA Vo LeTakivnOei. [Ma avtdv, otéAvovy aithon
piloeviag (host request) OTOV TO EMWPEAN YeEITOVA KOUPO TOVG KO EKEIVOG EAEYXOVTOG TNV
eAevOepN pviun mov dadeTer vt av TEAIKA Ptopei va aatodexTel Tov agent (0mmOTe ko apyier n
Oladikaoia HETAKOUIONG TOV) N Oxl. Xta akoAovOa mapadeiypota Oewpovue OTL N puviun Twv

KOuPwv eivon doterpn ko Oev eUmodiCeTa KOUIA LETAKIVNON AOYW TETOLWYV TIEPIOPIOUWY.

2 Képdoc = 1omKdC pOPTOC — QUTOUAKPVOUEVOC POPTOC (2)
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Ny

Ewkova 2.a. mavw: dévtpo epapuoyrg. Ot apiBuoi eivan to hnog Twv dedouévwy
IOV AVTOAAGOTOULY 01 agents peTa&l Tovg. Katw: Apxikn Tomobetnon tov dévrpov

EPOPUOYNG 0€ DIKTLO KOUPWV.

H Aertovpyia Tov aryopiOuov eaiveton kaboapa otig eikoveg 2.a ko 2.0. X1o mtapaderypa Tne
TOPOUTAVW EIKOVOG HOVO Ol agents a; kal o, €ivor avefaptitwv koufwv Kot UmopoLv va
petakivnOovv. 'Eotw om1 evepyomoteitan Tuxaia o koupog ny. Avtdg @iroevei uovo Tov agent a,,
apa 0 POPTOG emKkovwviag kabopileton ortod To TTAN00C TV dEDOUEVWY TTOV AVTAAAACOEL AVTOG UE
TOVG OVLYYEVEIG TOV (ay, O, O) Ko divetan aurd Tov Tummo (1). [N Tov TOmKO POPTO EMKOIVWVINAG
(o1mov n B€on Tov o, eivan 0 kOUPoc 4) 1oxvEt:

TommkO¢_@odpToc=totalData(o,,a;)*distance(on, o )+totalData( o, o) *distance (o, o) +totalData( o, o)

*distance(o,,05)=1%2+4%2+4%2=18. I'la Tov curopakpvouévo, Bewpovue O6TL 0 o, BpiokeTo OTNV
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Cntovuevn 0¢on (koupog n;) kot 1oxVEL:

omouakpuouévoc eoptoc=totalData(o,,a;)*distance(on, o )+totalData(o,,o5) *distance(a,, o) +totalDa

ta(on, o) *distance(o,,os)=1*1+4*1+4*1=9,

Apa TO KEPDOC=TOTMIKOC POPTOC — WTOUAKPVOUEVOC @OPTOG = 18-9 =9, dnAadn >O0.

To OeTik0 KEPDOG, OLVETAYETAL PUEIWON TOV POPTOV EMIKOIVWVING TOV OLOTHUATOG Kol dEiXVEL OTOV
KOuPo OTI UITopEl VoL TTPOXWPTNOEL OTN UETAKOUION TOL agent TOV, KATAANYOVTOG OTNV HOPQT) TTOV

eaivetal otnv erkova 2.0.

Ny

Eikova 2.p. tehikn TomoféTnon Twv agents Tng e1koOvag 2.0 LETA ato

epapuoyn Tov Single Agent Migration azyopiOuov.

Ytov SAM o1 peTakiviOElg agent yivovion Tavtoxpova, ONAadm Tnv idia xpovikn OTIyun mov o d,
petakouiCer otov kOUPo n; O prropovoe kAt 0 a; vo PeTaPePOei 0TOV N;7. AVTO OUWC B rTopovoe

va dnutovpynoet mpofAnuata kot adie€oda. Ag kort€ovue v 2.y.
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Ewkova 2.y. ovvexdueveg avtahAayég agent autd Toug KOUPOUG ng kot ny. Ot ny

KOl Ny EXOLV APKETI UVIUN WOTE VO EKTEAOVVTAL O1 LETOKOUIOELG OVEUTTODIOTOAL.

TNa ™ ovykekpiuevn tomobeTnon Twv agent oto dikTLO, AV EvEpyomonOovv TavTOXpOva Ot KOUOo!t
1 ko 4 e€et@alovv v mMOAVOTNTA PETAKOUIONG TwV agent Tovg. [t TOV o O EMWPENNC

TIPOOPIOUOC Eiva 0 KOUPOG Ny, UE KEPDOC=TOTIKOC-QUTOUAKPVOUEVOC ©OpToc=4 — 3=1. ["1a Tov a,

képOdoc=13 — 12=1. I'vwpiCovrag avtd, o1 kOUPor ocuroaoifovy TNV 101 XPOVIKN OTIyur vo
UETOKOUIOOLY TOUG O O KOl OOV OEV VTTAPXOLV TIEPIOPIOUOL UVIUNG OAOKANPWVOLV TIC
UETOQOPEG. XTn véa dwta&n o1 o Kot o, éxovv avtadlafer 0éoeic. O OLVOAIKOC QOPTOC

EMKOIVWVING TOV OLOTNUATOC OUWG OV €xel pelwbel kaBOAOVL, aPOV TTOA1 TOTIIKOC POPTOC oy = 4

KOl TOTIIKOC @OPTOC oy = 13! AuTo €ivan Aoyiko yiari 1 arrdotaon Twv dvo agents Oev HeIwONKE.

I[Noa v ogropuyn TV TAHpoTTavew EQPAPUOCETO UNXAVIOUOS QUTOTPOTTNG AVTOAAXYywV oTtov SAM.
'Evag xoupog (oto mtponyovuevo mapadetyua o ny) mov arroPaoilel va HETAKIVIIOEL KuTolov agent
T0V (0L) O€ yeitova KOUPo (ny), OTEAVEL TIPWTA unvvua eléyyov ov eEeTAlel OV OE QAUTOV TOV
YEITOVOL TIEPIEXETA KOTTO10G OLYYEVNC TOL agent Tov (a;) TTov €xel emAexOel va UETAKOUIOEL OTO
UEPOC TOL. AV vat, TOTE OTT010¢ 0uTO TOVG OVO agents ival TATEPOS (O) UETAKOUICEL KAVOVIKA EVQ O
OANOG TTEPIUEVEL OTNV apxikn Tov 0¢omn. BéPoua, pe avtdv tov Tpdmo ot kOuPor avoaykaloval va

OVTOAAQOOOLY dVO pnvopaTa yia Kabe UETAKOUIOT, TTOV UTTOPEL VO PAIVOVTAL AUEANTEX OAAKX O€
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Eval ueyaho OiKTLO UE TTOAAEC QITIOEIC Yot UETOKOU1O0T DeV Eiva.

Telkd, n peiwon Tov EOPTOL KATOIX OTIYUN OTADEPOTTOIEITAl OTOV OEV LITAPYOLV TTIOL ETTWPEATG
UETOKIVIOELC OTO diKTLO, 1) UE GANX MOy OTAV 01 agents TomoOeTovvTOn otV BEATIOTN OE0N TOLG
0710 Oiktvo. O ap1OudG TWV UETOKIVIIOEWY Eivon AOYIKO val €ival UETPTOIULOG EQPOOOV APEVOC EXEL
eEoherpOei n mOavOTNTA QTEIPWV AVTAANXY®V KO APETEPOV OTAV N HETAKivVNON kdurolov agent
TTPOC pa kateLOvvon Exel OPEAOC X ONUAIVEL OTI HOAIC OAOKANPWOEL OAX Ta Pripara mov Oa
UEIWOOLV TO POPTO KATA X UOVADEC OTOINONITOTE TTAPATEPA UETAKIVNON Oa £xEl pvNTIKO KEPDOG
(onueiwveTal OTI Y10t X HOVAOEG O HEYIOTOC aplOUOC PuaTwy 1TV UTTopEL va akoAlovOnoel eivar x
Bruara pe kepdoc=1 yia to ke Eva). Otav KAl 0 TEAELTAIOC KOUPOG douTIoTWOEL OTL DEV LTTAPXEL
EMWQPENNG TIPOOPIOUOG YIL TOLG agent 7oL @ihoEevei dev OTéEAvOvVTOL OANX UnvOpOTA Yyid

OVOKATOVOUT) TwV agent Kot To OiKTLO NPEUEL.

Kepadowo 2.2: Ilepropriopoi Mviung otn Asrtovpyia tov SAM

Ta aocvppata diktva ccOnTpwy dev daOETOVY CUTEIPT UVNUT OTIWE OUTAOVOTELTIKA Ocwprooue
OTNV TIPONYOVUEVT] VITOEVOTNTA. XTNV TIPAYUATIKOTNTA €ivon CNTNUA KATOOKELVAOTIKOD KOOTOUG 1
uvhun Kot givon meEpPlopiouévn. Avtd ovvemayetal OTt Ogv WITOPOLV OAEG O1 UETUKIVIOEIS VO
EKTEAEOTOLV. AKOUO KO OV EIVOl ETTWEEANG 1 UETAKIVNON KOITolov agent TIPEMEL O KOUPOC
TIPOOPIOUOC va O1a0éTel apketr) eAelBepn uviun wote va Tov erhoevioet. ' va pmopei Aotov o
SAM va TipooapUOOTEL O€ AUTEC TIC KATAOTAOEIS avourtuxOnkay dvo uebodor mov epapuolovral

outO TOLVG KOUPOVE TOL DIKTVOV WOTE VUL EXOLV EMIYVWOT TNG O1OECIUNG UVAUNG TWV YEITOVWV TOVG.

H mpwn eivon n Inquire-Lock Before (ILB). Katd avtnv, o1 xoufor tpotol curopaoicovv mmov Oa
UETAPEPOLY TOV agent OV €MEAEEAV, OTEAVOUV O€ OAOVG TOVG YEITOVEC aUTNON OEOUELONG UVIUNG
iong ue 1o peyebog Tov agent. Av Oev JIAOETOVV QPKETH UVHUN OTTOVTOVV UE OXETIKO UNVULU,

OAMWG EVIUEPWVOLY Y10l TO TTOOO €AEVOEPO XWpPOo &€xovv ko deoUELOVY OO0 XPEINCETAl YL VO
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ekteAeOTEl N peTakivnon. Yotepa ootd outo, o1 KOUPol €xovv uia AOTO TWV YEITOVWV OTOVG
omoiovg Ba eivon e€aoportouévn n peTakdUlon Twv agent mov eméle€av. Omoiog péoa otd Tn
MoTto €ival 0 IO EMWPEATIC TTPOOPIOUOC TEAIKO TIPOTIUATOL EV®W OTOVG LITOAOWTOVG OTEAVETAL

OXETIKO UNVLUA Y10 VO TEAEVOEPWOOLVV TO XWPO TTOV DECUEVOAVY KAl 1) AIOTO D10y pAPETAL.

Xtn devtepn uedodo, tnv Inquire-Lock After (ILA), ot xoufor diatnpobv povipwg i Aota, pe
TOAVOTATA QUTOPXOIWUEVA, UT) EYKLPO OTOIXEIA Yot TOV EAEVOEPO XWPO OAWV TWV YEITOVWYV TOUG.
Apxixd, n Aota Ocwpei 0T 001 ExovV (utelpn eAeLOepn puvnun. Baon avtng, otEAvovTon auTrOELg
OEOUEVONG XWPOL OE OOOVG YEITOVEG EUPAVICOVTION VA €XOLV QPKETN EAELOEPN UvAun yiad va
@1ho&evnoovy Tovg emAgYUEVOULG Yia LeTakouion agents. O1 YEITOVEG QUTAVTOLY OTIWG TIPLV UE TOV
O100E01U0 TOVC XWPO KOl ETO1 EVNUEPWVETAL 1N AlOTA UE TA KouvoLupia Oedouéva. Aoyw Twv
QUTAPXOWUEVWY OTOIXEIWY OTN AloTa, €ivon TTOvOV oplouévol KOUPO1 TNG v Unv emAEyovTol yid
UETOKOULOT], EVW OTNV TTPAYUXTIKOTNTA Vo dta0éTovy 000 Xwpo xpetaletal. I't avtd T0 AOYO, UE
K&urolo ovvteheotn mOavOTNTAG, KAOE POpA Op1oUéVOL artd Tovg koupouvg Bewpeitanr 611 dabéTovy
OAN TOVG TN Uvrun eAeLOEPN KAl OLYKATUAEYOVTO OTOVG TTOAVOLE TTPOOPIOUOVG QUTOOTOATG TOV
agent pog UETOKOUION. AV, TEMKA, EMAEXOEl Evac ortO AUTOVG OOV TTIO ETWPEATC TTPOOPIOUOG
QUTOPPITTTEL TNV AUTNON Yia Grhoevia Tov agent Ko oTavId UE TOV O1AOEOIUO TOL XWPO WOTE VO

avavewbei n AMiota Tov KOUPOL TTOV PrAoEevel avTOV TOV agent.

Kot yia otig dvo pebodovg (ILA, ILB) n peiwon tov @OPTOL EMKOIVWVING OTAUXTA KOUTO1A OTIYUN
podi ue Tig peTakivnoeig. Xe avtifeon ouwe UEe mpty, Tov OV LITHPXAV TIEPIOPICUOL UVIUNG Kot O1
agents Tafidevav erebOepa 600 PPIOKOTAV KOTOIOG EMWQEANG TIPOOPIOUOS, €DW OCLVAVTOLV
eutodia otV mopeiat Tovg. O 7710 EMWPEATC TTPOOPIOUOC TOVG UTOPEL VAL UNV EXEL XWPO VO TOUG
@1A0EeVNOEL KO vl UnNV Hropolyv va TOV GTAO0LY. LUVETTWE, EVR LTTAPXOLV TTPOOTTTIKES TIOPOUTEPXL
UEIWONG TOL OUVOAKOD POPTOL eV AEI0TOIOVVTAL AOYW AUTOV TWV TTEPIOPIOUWY OTN Uvijun. L1o

EMOUEVO KEQPAANIO EICOYOVTAL TPOTTOL VA TIPOOTIEPAOTOVV AUTEG 01 OVOKOAIEG UEOA QUTO EKTOTTITEIG.
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KEDAAAIO 3

EKTOIIIXEIX

Ye autd TO KEPOANO AVOAVETAL 1| EQapUOYT UEDOdwV ekTOomioEwV OTOV OAyopiOuo Single Agent
Migration, ®wote va EEmePAOTOLV €UTOdIA TTOV EIOQYOVTAL AOYW TIEPIOPIOUWY UVAUNG Kol VX
emtevx0el LEYUADTEPT UEIWOT TOL POPTOV EMKOIVWVING. XTO TEAOC, YIiVETOL U1A OLYKPIlON TWV

QITOTEAEOUATWV UE AUTA TWV UEBODWV TTOL avaurtLXONKav ota Tponyovueva kepahaia (ILA, ILB).

Kepaiono 3.1: H M£0odo¢ Twv Extommioswv (evictions)

Ye éva OewpnTiko dikTLO KOUPWY UE GUTELPN UVAUN O1 agents UTOpPoLY va TAEIDEWYOLV UEXPL TOV TTIO
EMWEPEAT] TOUGC TIPOOPIOUO OVEUTTODIOTA. LTIV TPAYUATIKOTNTA OUwG, ot KouPor OrxdéTovv
OVYKEKPIUEVO amoONKeLTIKO Xwpo Ko k&Oe agent Tov QrhoEevolv katahaupaver Eva uépog Tov. Xe
KOOe XPOVIKN OTIyun, aQapOVIOG To UEYEOn OAwv Twv agent 1oL @iAo&evolv Bpiokovv Tov

eAebOePO XWPOG TOVG.

Ytov adyopiOuo poc (SAM), yia va umopel val EKTEAECTEL ) UETAKOUION KOITO10V agent Ut TEITO O
koupog mov Oa Tov Taparafer vo O1a0€TeL apkeTr) EAELOEPT UVIUN VIO VO TOV LTTODEXTEL KO TTPETTEL
VoL EIVOIL TOVAO(IOTOV 000 TO Heye0og Tov agent. AvTto Ouwg dev eivan Tavtote eP1kTod. [ToAAEC POpég
evew eivar weehipo (dnradr kepdoc>0) va upetakivndei €vag agent dev vmapxer dabéoiuog
erelBepog xwpog va @iloEevnOei! Aedouévwv UAAMOTA, TOOO TNG OAPXIKNG Un PEATIOTNG

Tomo0eTNONG, 000 KO TWV TOALAPIOUWY OAAXYWV TTOU TTPOKOAOUVTOL KOTA TNV EKTEAEON TOUL
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oAyopifuov, 1o TTPOPANUA avTO TTApovoIaleTal TTOAD ouvxva. ['a Tnv emAvon ToLv KATAPEVYOVUE
otn xpnon exromioewy. O1 kOUPor dwyxvovv dnAadn agents TOL TOVG dECUEVOLY UVNUT, OE AAAOVG,
YEITOVEC WOTE VA EXOVV APKETO XWPO va LITOJEXTOLV KTOl0V agent yiat Tov 07oio EAafav aitnon

@1\ ogeviac.

Eikova 3.a. O agent a; evw givan w@élipo va petakivndei otov n,. To
TPOPANUA givan 0TI 0 KOUPOG N, JeV EXEL APKETT UVTIUN YK VO PIAOEe-

VI OEL TAVTOXPOVA KUL TOV O KOl TOV (L.

H avaykn yia extomioeig paiveton kabopa otnv eikova 3.0 Xe TETOIEC TIEPUTTWOEIS, O HOVOG
TPOTTIOC Y1a va TiporypatortoinOei 1 UETAKIVNOT TOL o OTOV N, €IVAl O O, VA EKTOMOTEL OTOV KOUPO
n;. Avto BEPona ovvermayetal dvo mepTTwoels. Eite n petapopd Tov o, 0tov n3 o eivonr w@EAun
eite Ox1. [evikd, To k€pdog TG exTOMONG EVOC agent 1o ovoualovue movy (penalty), Goxeta av
eivon OeTiko 1) apvnTIKO. AV 1 TTOIVN] Elva APVNTIKT VITOONAWVETNL OTL 1] HETOKIVNON TOL b (AOYW
extomong) dev eivon weeAun. Iapola avtd, n OUVOAIKT UEIWON TOL POPTOV EMIKOIVWVIAS TOV
oLVOTNUOTOG TTOV O eMEADEL 0UTO TN PETAKIVNON TOL O UITOPEL VA EIvol LEYOAVTEPT OUTO TNV TTOIVT
IOV E10AYEL 1] EKTOTION TOV O,. 'ET01, 0TNn u€EO0dO TTOV TTPOTEIVOVUE, EMAEYOVUE VO TTPOXWPTIOOVUE
O€ EKTOTIOEIC OF KOTOOTOOEIC TTOV TO OUVOAIKO KkKépDOC TOV TIPOKULITTEL autd TO (OpoIoUd TOV

KEPOOLC ueTATOMONG + TO (MOPOIoUN TWV TTIOIVWV TWV_EKTOTTIOEWVY TTOV TIpOKAAEde autn givon >0.

Avtifeta, av 1o OUVVOAIKO kEPOOG civan <=0 i petakoupion Oev Oewpeitan WEEAIUN Kot

QKVPWVETOL.
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Ewcova 3.p. Awadikaoia ektomong. O o, “Siwyvetan” oTtov KOUBO n3 AQrvovTog
OPKETO XWPO OTOV O VO OAOKANPWOEL TN UETAKOUIOT) TOV OTOV KOUPO n,.

Ac dovue peoa autd Eval IO AVAALTIKO TTAPAOEIYUN TTWG AEITOVPYEL O OAYOP1OUOC UE TIC EKTOTTIOELS.

®OewpoLUE TO DEVTPO EPUPUOYNG TNG EIKOVAG 2.0 TomoOeTnUéVO 0TO diKTLO OTIWG PaiveTal oTny 3.y.

Ny

Ewcova 3.y. Mn BérTiotn apxikn Tomobetnon SEVIpov epapuoyng
o€ OikTvo 7 KOuPwv.

24



Apxikd, o uovog aAhog aveEaptnTov koufov agent, o a; eivanr otn BEATIOTN TOL B€0N APOL TO
kEPOOC UETAKIVNONG TOVG O€ omolovdnmoTe yeitova dev egivan Oetiko. I Tov a, 10 KEPDOC

UETOKOUIONG TOV OTOV N Eivan KEPOOG=TOTIKOC POPTOG — QUTOUaKPLOueVOC = 17 — 8 =9, duwc dev

LTTIaPXEL EAEVOEPOC XWPOS Yiot v PIA0EEVNOEi. AoV MooV, eEETAOTEL AV 1) EKTOTION TOL o, Ot
otodEOUEVOEL OON UVNUN xpetaleTor, avalnTeiton €KEIVOG O yeEiTovag TOL N, OTOV OTI0i0 1
UETAPOPA TOV Oa dwoer Tn pwkpotepn moivr). H pikpoTtepn morvr) divetan ootd TNV EKTOMION TOL O
o1ov ng ko ivar 0. Apa, Byaivel To COUTEPAOUN OTI N EKTOTTION TOV O, AKOAOVOOVUEVN QO TNV
UETAKOUIOT TOV Q, OiVEL OTO OLOTHUA CLVOAKO KEPOOC (ONAKDT) UEIWOTN TOL POPTOV EMIKOIVWVIOG)

9 -0 =9 ko €101 ePapuoleTon n dadikaoiot OTTWG ouTelKoviCeTan oTnv erkova 3.p.

Kepaiono 3.2: MéBodo1 Emroyng twv mo Qeéipwv Extomioswy

Otav epu@avioTel N avaykn eKTOMIONG YO TNV OAOKANPWON TNG UETAPOPAG KOUTO10L agent ivoun
mOavo va LITAPYOLY TTEPIOCOTEPOL (UTO EVAG agent LITOWN @101 i EKTOmIOT. EmmAeov, eévag koufog
iowg va eivon avUITopog val EKTOTTIOEL KOUTO10V agent Tou AOYw TIEPIOPIOUEVNG EAEVOEPNC UVNUNG
oT1ov yeitova tpoopioud. Tote xperaleton va yiver uia akoua, O1doxIKn EKTOMON oTO ALTOV TOV
YeiTova TTpooptoud yia va vrtodexTel Tov ekTormouévo agent. H mpwtn extomon, mov mpolévnoe n
aitnon UHETOKOUIONG KOuTolov agent, ovopdaleton kvpia, €VW Ol LTOAOWTEC TIOVL TPOKVITTOLV
TOPOKATW outd TNV ovAayKn JEKTTEPUIWONC TNE KUPLUG EKTOMONG Aéyovton devrepetovoec (EIKOVAL

3.9).

N4 N» N3 N4

L .
= ]

Eikova 3.0. [Na tnv peTOKivnon Tov a; OTOV N, LITAPYXOLV TTAVW outd Evag agent diadEoipot
yia ekTomon (o, o). [TapdAAnia, yia va oAokANpwOEL n EKTOTION TOV O, 1} TOV 0, XPEIALE-
TOL VO EKTOTTLOOVY TIPWTN TOV s 0TOV KOUPo ny. H exktdmon tov a, 1) (Tov o) mov auronteiton
Y10 TN UETAKIVION TOV o TNV OVOUACOVUE KUPLA EVE TNV EKTOTTION TOV 05 TTOV QUTOITEITOU
yiot voL OAOKATNPWOEL 1 EKTOTTION TOV O 1) TOV O3, TNV OVOUALOLUE DEVTEPEVOVLOAL.
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[Na v emioyr ToV KATAAANAOTEPOL (1) KATOAANAOTEPWV) agent TTPOG EKTOMION WOTE N IOV va
eivanr n ehiotn, mpoteivovranr 2 peédodor o Single Path (SP) xou o Network Flooding (NF). H
Baoikrn Stapopd TOVg eVTOMLETA OTOV TPOTIO TTOV LITOAOYILOVV TNV TTO1vN) KAOE EKTOMIONG KOl OTO
XEPIOUO TV autnoewv @ihofeviag. Mia aitnon @irofeviag TEPIEXEL TA OTOIXEIX TOL agent TTOV
emdtwkeTon va peTokopioet (UEyebog k.a.) KaOWS Ko TO EKTILWUEVO OPEAOG UETAPOPAS TOV, OTTWG

TTPOKVITTEL 0uTO TOV TUTTO (2).

Y1ov SP o koufoc mov avaykaletal vo EKTOTTIOEL EKTIUA yia KAOE agent TOU TOV TTPOOPIOUO TTOL Ot

Owaoel TNV EAAXIOTN TIO1VT), OVUPWVA UE TOV YVWOTO UG TUTTO TOTKOC — QUTOUNKPVOUEVOC POPTOC

(2). Avtr), PEPoua, givar povoa pia vtdOeon TG a&iag TNG TOIVNAG, APOL N 101A 1 EKTOTTION WITOPE]
EITE VoL UNV Eival EQPIKTN €ITE VA TTPOKAAEOEL Kot AAAEG devTepevovoeg. 'Emerta, pue faon avtnv tnv
TIUN KOTOTAOOEL TOVG agents TOL Ot abfovoa Oelpd Ko UE TETOIN TTPOTEPALOTNTA aBpoilel Ta
UEYEDN TOVC UE TOV LITAPXOVTO EAEVOEPO XWPO KO TIC TTOIVEC UETAED TOVLC UEXPL TO TTPWTO CLVOAO
va givat TOLAOIoTOV 100 pe To péyedog 1) To deltepo va Eemepvaet To OPeNOC VTTOSOXNC TOL agent
10V autnONKe PrhoEevia oTov KOUPO. AV 01 TIOIVEC EIVUL TIEPIOOOTEPES OUTO TO OPEAOG AKVPWVOVTOL
Ol EKTOTTIOEIC, DIOPOPETIKA OTEAVOVTOL QUTNOELG QIAOEEVIAG YO TOVEC LITOWNPIOVE TIPOC EKTOTION
agents Ko TPOOWPIVAL “KAEIDWVETAL” 000G EAEVOEPOG XWPOG LTTAPXEL KO OO0G dNUIOVPYEITOL OUTO
TIG MOAVEG EKTOTTIOEIC. XE TIEPITTTWOT TTOL €0TW KO MO EKTOTTION OUTOTUXEL,TA TTAVTO OKLPWVOVTOL
Kal 0 KOUPOG OTEAVEL unvoua aototuxiag vrodoxrc. Xtov SP dnAadn ot exTomioeig emAéyovion Oxt
UE PAON TNV TPAYUATIKT] TOVG TTOIVI] OAAX U10G EKTIUNOTG TNG. LTO mtapadetyua Tng e1kovag 3.0 o
koupog Ba kaboOp1le oy OV TOL O TO KEPDOC 1 TN CNUId 11OV O TTPOKAAOVOE 1 EKTOTTION TOV 0UTO
TOV N, OTOV N3, XWPIC vau ovvummoAoyilet TNV emmpOOoOeTN OV OUTO TNV EKTOMION TOV 05 OTOV N.

AvTI0ETWG, auTtd akp1fwg katapépvel va Eexwpioet otov NF!

O NF extelei eikovikd OAeC Ti¢ devrepeovoes ekrormioeic (AUTEC TTOL CUTOITOVVTON VIO VO UTTOPEL VOl
oAOKANpwOEl e GAAN exTomon). 'Etol umopei va kpiver apevog av Evag LITOPNPIOG Yo EKTOTTION

agent (0L, 03) UTOPEL VAL OAOKANPWOEL TNV EKTOTION TOL KOl APETEPOV VAL KATATAEEL TOLE agent TOV
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ue paon v payuotikn (ko Ox1 vroBeTikn 0w o SP) Tovg morvry. Méxpt ekei e€avrhobvTon Ko

o1 d1popeEG Twv dVo UeBOOWV.

A7td TNV GAAN, Kova ko oTig dvo peBOOOVG Ot KOUPO1 UETAPEPOLY UTO YEITOVA OF YEITOVA TTOV
EUTTAEKETN OE EKTOTTIOEIG TO APXIKO KEPDOG + TNV TTO1VT), OTTWS SLUOPPWONKE UEXPT AVTOVC. ALX.
€0TW 1 UETOKOUIOT TOL O OTOV N, aoteepe KEPOOG 10 Xwpig TIG TOIVEG Y TIG EKTOTMIOELS TTOV
xpeiaotnkov. 'Eotw 611 n ekTOMON TOL O, OTOV KOUPO N3 EICGYEL U1d TTO1VT] 6, TOL oz 7 KO TOU Ois
OTOV N, TO1VN 2. AV TEAIKA EKTOMICOTAV O O, TOTE OTNV TTPOOTINOEIN TOV VA EKTOTTIOEL TOV o5, O TOV
EVNUEPWVE OTL UEXPL Twpa 1 Srtapopd kEpdog — mmotviy = 10 - 6 =4. Twpa, o os yvwpilel Twg av n

EKTOTTION TOV TIPOKAAEOEL TTOIVT TTOVW ouTO >=4 eV eivall WPENUO VAL EKTOTTIOTEL O OL,.

Kepaiono 3.3: Xoykpion Amotereopatwv Extomioewy pe ILA

Onwe xou otov ILA, 1o ammotedéopoara twv NF xou SP otabepomotovvton petd outd moAAOG
KUKAOVG EQAPUOYTG TOVG. AEV ONUAIVEL OUTAPAITNTO AUTO OUWG, OTL O1 agents EPTAoOV OTOV TTI0
EMWPEAT] TTPOOPIOUO TOVG, OTO 1010 dNAADT IOV O KATEANYAV AV OEV LTI PXAY TIEPIOPIOUOL UVIUNC.
[Ma kaorolov agent umopei akopa va dro@aiveTon OQPeA0G ot pia moavn UETAKOUION TOV AAANX Ot
EKTOTIOEIC TTOV QuTaTOLVTAL Vo TV ko1otovv un kepdopopa yia to ovotnua. [lapora avta,
TAPUTN PEITO P10 ONUOVTIKT UEIWOT TOL POPTOL EMIKOIVWVIAS ot TNV epapuoyn Twv NF ko SP n

OTT010 TTLPOVOTACETO OTO TIOPAKATW YPAPT) LOTAL.

Ta e1pduota TOL TTAPHYUYaAV TO WTOTEAEOUNTA TWV 3.€ kot 3.0T éyivay o€ diktva 50 kOuPwv, mov
mepieiyav Tavtoxpova 15 dagpopetikec epapuoyes (5 twv 50 agent, 5 Twv 20 agent kot 5 Twv 10
agent). Kabe popa emiyeipobvtay avEnon tng xwpntikotnTog Tov kade koupov (ava 2, 5, 10, 20,

40, 80 popec To peco uéyebog Twv agent) Ko KATOypAPOVTAY 1 O10POPAL.
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Eikova 3.0t. Metafolr) Tov uéoov apiOuod HETAKOUICEWV/EKTOTIIOEWY AV TTO0O
av&nong e xwpnTikotNTOG (50 KOpPOLIIAPOPWV TTANOGOVY agent).
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Y10 ypaenua tng 3. eivor @oavepo OTi ot PHéB0dO1 EKTOTMOEWY PEPVOLY UEYUAVTEPT UEIWOT TOV
(POPTOL EMKOIVWVING TOV ovotnuatog oo Tov ILA 000 1 ortoOnKevTikn Uvun Ttwv KOuPwv
mepropiCetat. Xe oprouéva onueia eival kate 330% ueyahbTepn Kat ivan AOYIKO yiaTi yia Uikpog
XWPOLE EKTEAOVVTON TIEPIOOOTEPES UETAKOUIOEIC-EKTOTTIOEIG OTTWG deixvel kat 1 3.01. Oty n uvrun
givol HeyahUTeEPT OLVETTOYETO OTI O1 METAKIVIOEIC YivovTal 10 eAeV0epa. AIYOTEPEG EKTOTTIOEIC

XPEIACOVTOL KO Y1 AUTO TO CUTOTEAEOUOTA KOl TWV 3 ueBOOWY OLYKAIVOUV OTO TEAOG.

AKOUO VL OTOLXEIO TTOV TIPETTEL VAL TIPOOEEOVUE Eival 1) GUTOKALOT TWV TIUWV TIAPAYOVTOL OTd TOV
NF «ou amto Tov SP. Eivon Eexabapn n kartwtepotnTa Tov Network Flooding kot rtnyadet ourod v
idle ™ @von Tov OaAyopiOuov. Ye UEYOANG EKTAONG OLOTNUXTA TTOAAOI agents OTEAVOULV
TowTOXpOova it oelg. Xtov NF moAAEC autd AUTEC QUTOPPITTTOVTON YIXTi O1 agents €iva TTEPIOCOTEPN
wpa armd o1t otov SP ammaoyoAnuévor (AOyw ovaliTnong Twv TPAYUOTIK@WY TOIVIV) KOl opo
Myotepn wpa dabéotuor yia extomioels. 'Etor dAAwote, e€nyeitan mwg o SP katagépvel

TEPIOOOTEPEC UETAKOUioEIG/ekTOTTIOEIC (BA. 3.0T).

29



KEDAAAIO 4

EKTOIIIXEIY ME APNHTIKO KEPAOX

Ye aUTO TO KEQOANIO YIVETAL TTOAPOLOINOT TNG KAtvouplag HeBOdOL TTOV TPOTEIVOVE KOl TOV OKOTTOU
™Me. Apopd Tov Tpdmo Tov Evag agent ammo@aoileton av O petakivnOei 1 Ox1 Kot OUYKEKPIUEVAL

g10ayet Tn SLVATOTNTA EVAG agent VoL LETAKTVEITO OKOUA KOt av TO KEPDOG TOL Eivall ApvnTIKO.

Kepaiono 4.1: Metakopion Agent pe Apvntiko Képdog

Eidaue ota mponyovueva ke@aAond Twg 0 CLVOAMKOG POPTOG EMIKOIVWVIOS TOV CLOTHUATOS AOYW
NG emKolvwviag peTtald Twv agent, umopei va peIwOEl PEPVOVTOG TOVG OO0 TTIO KOVT YiVETOAL.
Eidaue akoua, mwg péoa aurd eKTomoelc umopei va emtevx0ei KaALTEPN TOmMOOETNON TOVG OTO
dikTvo. X100 TOEidl TOUG UEXPL TO TTIO WEEAIUO TIPOOPIOUO TOVLE, Ol agents av OLVAVTNHOOLYV OTN
dtdpoun kaurotov kouPfo mov Oev propei va Tovg @ihoeviioet (¢otw Tpoowpive) e€aTiog
TIEPIOPIOUWY UVNUNG, OVTE UTTOPEL va TTpofel O¢ eKTOMMIOEIC AOYW UEYOANG TTOIVAG, OTOUATAVE TNV
mopeia Tovg ekei. H pébodoc mmov mPOTEIVETA OE QTN TNV EPYNOINt OTOXEVEL OKPIPWC OTN
Onuiovpyia Tpodimoféoewv WOTE va TTPOOTTEPAOTEL 0 KOUPBOC-euTodio, xwpic va mapafialetar n 1-

hop @1roocoia Tov aryopiOuov SAM.

H xouvovpia pebodog Aowtdv, n Negative Eviction (NE), apyiCet ekei mov otaparovv o1 NF kou SP.

[Tio avorvTikd, a@ol n HETAKOUION €VOC agent ouroTuXEL, dokiualovTon ekTomioels. Otav n moivn
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TOUG Eivan UEYAADTEPT OUTO TO OPEAOC TNG UETAKOUIONC, YIOL VO UNV €ival apvnTiko To kKEPOOG ouToO
N dadikaoia, o NE Oa dokiudoer va extormioer peptkovg agent o GAAOVG KOUPOVG OAAXL HOVO
mpoowptva! XTI kouvoUpleg Tovg TOommoDeoieg, o1 exTomouévol agents Oa  TopouEivovy
OUETAKIVNTOL UEXPIG OTOV VA PTOOEL OXETIKO UNMVUUA YIOL TNV ETOVOPOPA TOUG OTOV APXIKO TOVG
koupo. O apxikoc Tovg kOuPog eivor Twpa eAevOepoc var LITOdeXTEL TOV agent Tov TOL ATNONKE
euogevia. Ipwta, otnv TApovoa Tov B€on deouedeTo XWPOG i00¢ UE TO Héyedog Tov. MeTd TOL
(PEVYEL, TO EMOUEVO PBripa eivon va eEETAOTEL av €iva EQIKTO KO WPEAIUO VO LETAKOUIOEL Evi O€
OAAO YEITOVO TIAPAKATW KOt av vat, akolovOeitan Eava n diodikaoia HETUPOPAG TOV OE ALTOV
(otélveTon aitnomn erhoeviag, EAEYXETUL AV LTTAPXEL APKETN UVHUN 1 XPEIACOVTOL EKTOTTIOEIC K.ATT).
Ye autd TO onueio vrtapxovyv uovo dvo emAoyEg yia tov agent. Eite O ohokAnpwOei n petagpopa
OTO VEO TIPOOPIOUO, €ite O coTOoTUXEL KOt TEAIKA Ot vayKOOTEL VA EMIOTPEPEL OTOV APXIKT| TOV
0¢on oo Tnv omoia kou oTIC dVO TEPITTWOEIC CUTEAEVOEPWVETA O XWPOG TOVL Eixe deOoUELTEL
TEPIUEVOVTUG TNV amavtnon Tov. O evdiduecog kOuPog Exer moh O1OECIUO XWPO VO LTTOOEXTEL
O00UC EKTOTIOE KOl Yl OUTO EVNUEPWVEL TOVC TIPOOWPIVOLG TOVUC KOUPOLC OXETIKA. XTO

Pevdokwdika ToL aKoAovOel TeptypdpeTon 1 Asrtovpyia Tov NE.
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To TPpWTOKOALO TTOV EKTEAEITAL OTOV APYLKO KOUPBo

I'TA xaOe agent pe agent.state!=TENTATIVE{
I'TA xa0e yeitova koupo{
EAEYXOG OPEAOVG LETAKOUIONC TOL agent oTov KOUPO;
EVIUEPWOT) TNG TTIO ETTWPEATIG LETOKOUIONC;
}
AN agent.state=NE TOTE{ //state=ASLEEP, TENTATIVE=0tav ¢xe
EKTOTIOTEL TTPOOWPIVA, NE= O0Tav €xel ueTaKOUIOEL TIPOCWPIVA
OPIOUOC WG TTIO ETMWPEANC YIX LETAKOUIOT) agent;
break;
}
EVNUEPWOT TOV TTI0 EMWPEAT Y10 UETAKOUION agent;
}
AN vrtapyet petakouion pe kEpdog>0 TOTE{
arrooToAT adTnong eiroeviag (agent, OPENOC);
avouovr amavtnong; //aotavtnon=0etikr), apvntikn, Oetikn_ue_NE
AN oamavrnon=0etiky TOTE
Eexiva petakouion;
AN agent.state=NE TOTE
Eekiva emotpoen Twv TENTATIVE agents;
AAAIQY._AN amavrnon=0etikn_ue_NE TOTE({
agent.state=NE;
Eexiva ueTakouion;
déouevoe puvhun ion e agent.size;
}
JAAAIQYE AN agent.state=NE TOTE
Eexiva emMOTPOPN OTOV APX1KO TOL KOUPO;
Eekiva emotpoen Twv TENTATIVE agents;
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To TpwTOKOALO TOV EKTEAEITAL OTOV KOUBO OV AapPaver

aitnon @rroEeviac(agent, 0@eroc), av o@eroc >0

AN ehevOepoc_ywpog >= agent.size TOTE
EIIEXTPEWYE outavtnon (0etikn);
AAAIQY_AN ovvohikn_uvhun_xoupPov>=agent.size TOTE{
korarage Tovg TOmKOVG agents o€ Aot ue eOnvovoa oeipd moivig; /*Me NF 1) SP. H
MoTa mrepiéxel (agent, 1oV, TO_EMWQPEATNC_KOUPOG_UETAKOUIONC) */
ovvohko_ueyefoc=0; ovvorikr_morvin=0;
EITANAAABE({
eméle€e emOuEVO TOmIKO agent outd ThALOTA
OLVOAIKO_ueyeboct=TomKog_agent.size;
OLVOMKT_TTO1VI|+=TOmKOC_agent.7totvn;
}MEXPI(ovvoliko_peyedocterevOepog_xwpog >= agent.size 'H
AMoTta dev Exel AN OTOIXEIQ);
AN ovvohiko_péyefocterevBepog_xwpog < agent.size TOTE
EINEXTPEWYE omtavtnon (apvntikn);
AAAIQE]
Moto=AioTta-{ 06001 Tormkoi agents dev emAEXONKAV };
I'TA k&Oe agent otnv AoTof
oteile aitnon erhoeviag (agent, OPEAOG-TTOIVT)) OTOV
TTO_EMWEEA_KOUPO_UETAKOUIONG; //EKTOTTOEIG UE TTOIVI<OPEAOG
OVAUOVT] CITAVTNOTG;
}
AN éotw pia amavtnon = apvnrikny TOTE EIIEXTPEWYE otavinon (apvntikn);
AAAIQYE{
AN ovvoAikn_motvn < operoc TOTE({
Eexiva ekTOMMiOEIC;
EIIEXTPEWE outavrnon (Oetikn);
JAAAIQY{
Eexiva exTormioeic ko 0¢oe yio ke pia
agent.state=TENTATIVE;
EITEXTPEWYE omtavtnon (Oetikn) ue NE);

}
JAAAIQE

EMEOTPEYE outavTnoNn (apvnTIKN);
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na

Eikova 4.0 Emdve: n apyikr) tomo0€tnon 1wv agents oto diktvo. O n, miepiéxet ehevBepo
XWPO HOVO yia VoL pIA0EeVIOeL ToV O, To k€PDOC UETAKIVIONG TOV O OTOV N, EIVAL APVNTIKO

AOYW eXTOMIONG TOL 0. Katw: BEATIOTN TomoOETNON® 0 O0) 1)POE TTI0 KOVTIA OTOV Q.

H eixova 4.a eivan xapaktnp1oTikn Tov mpofAnuatog pag. O ouvoAlKOG OPTOS TOL CLOTHUATOG Ot
petwdei av o oy TANO1AOEL TOV 0. ['10 vau TOV TTpooEYYioetl, 0 KOUPOG N, OTEKETA EUTOD10, POV OEV
O100ETEL APKETO EAEVOEPO XWPO VA PINOEEVIOEL TIPOTWPIVAL TOV 0. AKOUA XEIPOTEP, T TIOLV) OUTO
TNV EKTOTIION TOV O, (TTOV OEV EXEL OLYYEVEIX UE TOV O 1) O3) Eiva UEYOADTEPT QUTO TO OPEAOG TNG
UETAKOUIONG TOL O OTOV Ny. Xe avto Tto onueio ot NF ko SP Oa axvpwvay tn petakouton. Me tnv
u€00d0 TWV EKTOTIIOEWY OUWE, O O TTPA TO APVNTIKO kKEPDOG ekTomifeTan OTOV N3 (e€eTACOVUE OTNV
EMOUEVN EVOTNTA TNV TIEPITTWOT VA EKTOTIIOTEL OTOV Ny) KL O O KAVEL EVAL TIPWTO PriLa TAVOVTAG

otov koufo n, (eikdova 4.p).
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sikova 4.p. O o, EXTOTTIOTNKE TTPOOWPIVA OTOV N3 Y1 v “avoiel dpouo” yia Tov o.

Tavtoxpova, o agent o, pmaiver oe g €101k kardotaon adpavelas (state=TENTATIVE otov
PELOOKWOIKA) UTOTPETOVTOG TOV CUTO TO VO UETAKIVNOEL 1) v EKTOMOTEL Evw o1 kOuPor n; kot n,
deopgbovy 600 ortd TOV EAEVOEPO TOVC XWPO XPEIALETAL VIO TNV OUOAT ETIOTPOPT TWV O KO O
avriotorxya. Otav o0 kMmoot XPOVIKY OTIYUT] apyotepa O kOUPog n, oa@umviotel, Oivel
TIPOTEPAIOTNTA OTN UETAKIVION TOL ;. AV 0 o ueTakIvnOei 0 omolovdfmoTe yeitova koufo* ToTe
0 Ny OTEAVEL EIOIKO UNVLUO OTOV N3 YIOL TNV EMOTPOPT) TOV O KAl O N; TOOECUEVEL TO XWPO TTOV
KpaTaye yia tov o;. Av OUWG EVIOMOTEL TWG 1 UETOKIVNOTN TOL @ €ival advvartr), TOTE 0 KOUPOC n;
TOV “emMOTPEPEL” OTOV KOUPO N; KO TOTE EKTEAEITAN 1) EMIOTPOPT) TOL agent o, OTTWE TTEPTYPAPETAL

TaApaKkoTw (e1kova 4.y).

'Eto1, afiomoiwvtag avth ™ pué0odo, paiveTon eQIKTr Uit akouo KoAbTepn tormoféTnon agent 01O
OiKTVO, EMTPETOVTOG OTOV O VO TIPOOTIEPAOEL TO EUTOOI0 TOL KOUPOL N, Ko TNV idia oTIyun va

unv dnuiovpyroet TPOPANUA UE TOVG KOUPOVE TTOV TIEPIEXEL.

3 Av 10 péyebog touv b eivan peyodvtepo aotod 1o uéyebog Tov a o 2 deouedet size(b)-size(a) ourd Tov EAEVOEPO TOV
XWwpo. AAMWG, av size(b)<=size(a) Oev xperaleTal va deOUEDOEL XWPO, POV O QUTHPAITNTOG XWPOS YO TN
@1ho&evia Tov b Ba curelevOepwOei poAiG peTakivnOei o a.

4 TIpogavwc o a dev Oa emheyel va petakivnOei iow otov 1 ourd omov 1pbe, apol n peTaxivnon Tov LaKkpLe aTo
auTOV gixe OeTikO OPeELOC. Apa, N EMOTPOPT TOL Ot EXEL APVNTIKO.
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na

gikova 4.y. O a; dev ntav duvatd Vo UETAKOUIOEL KOUTOV AAAOD TTIEPA OUTO TOV N, OTTOTE
EMOTPEPEL OTOV N KO EVIUEPWVETL O O VUL ETTICTPEPEL TTOAL OTNV APXIKT) TOL OEO.

Y10 TIpONYOVUEVO TIAPADEIYUN Ol KATHOTOOEIC €ivor 10aviKEG yioo TNV emitevén Tov PBEATIOTOV

agtoteAéoparoc. T1 Oa yivotav Ouwe av o o, TUXVE Vo eKTomoTel oTov KOUPo ny (e1kova 4.0);

O xopfoc n, dev PImoOpPEL €K TWV TPOTEPWYV va YVwpilel Tnv “karevOvvon” Tov agent a;. AnAadn dev
umopei mp1v va toporafer tov o va yvwpilel mmotog 0a var o emOUEVOS TTPoopPIonog Tov (0TO
mapaderyua NG e1kdva o ny). 'Eto1, givon moAd mbavo, va eKTOmOoEl 0 aUTOV TOV o, EUTTOdILOVTAC
OLOINOTIKA TOV O QUTO TNV TIPOOEYYIOT TOV O3 KOl avOoyKALovTaG TTAL LTOV VA ETTIOTPEPEL OTOV
KOUPo n; Kot ToV A, 0ToV Ny, OA0 aUTO, WITOPEL Vo €E10GYEL OTO OVOTNUA AVETIOVUNTEG UETOKIVIOELC

Kot KAOLOTEPTOEIC TTOV UOAIOTA, dEV oTOKAEIETAN Vo emmavahauBavovton Eava ko Eava.

N4 N2 Ny Ns

na

gikova 4.8. O o, exTormioTnke 0ToV KOUPO TT0V NOEAE O Oy VO PTAOEL KOt TOV EUTTODICEL.
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KEDAAAIO 5

ITPOXOMOIQYH KAI AITIOTEAEXMATA

Ye autod TO KEQPAANIO TTPOLOIAleETON OVVOTTTIKA N epappoyn oe C++ mov avoarrtuxOnke yia Tn
TTpooouoiwo™n Tov dikTLOL kot TG Aertovpyiag Tov Negative Eviction adyopiOuov mmov mpoteiveTon
0¢ AUTNV TNV epyaoio. AkOpa, HEoH autd ypapnuato ekTiOevion Ta OUTOTEAEOUOTA OTO TNG

TIPOOOUOIWOEL KO TO OVUITEPAOUATO TTOV TTPOKVITTOVY 0UTO AVTEC,

Kspalaio 5.1: Avarrrvén Eeappoync yia Tnv Ipaktiki Aokipn

Ideatd, yia n dokiun TN kouvovplag uefOdoL TTOV TPOTEIVEL AUTH 1 EpyAoia, Oa TTPEME va eixaUe
mpoéoPacn o€ Eva TPAYUATIKO JikTVO a1oONTpwWVY, TETOI0 TTOV VA TTANPEL TA XOPOAKTNPIOTIKA TTOV
TEPIYPAPN KAV OTA TIPWTA KePOAoua. Emeidr, opwe, kit T€T010 Oev NTAV EQIKTO N €EETOON TWV
QUTOTEAEOUATWV EYIVE HEOA autd TTpooOUOIwoelS. Tooo 1 eikovikn avarrtuén tov dikTvo GoO Kot
TWV WTOTEAOVUEVWYV OUTO agents, EpapuUoywv, bAomolfOnke oe yawooo mpoypappatiopov C++. Xto
TAPAPTNUA OTO TEAOG TNG EPYAOTiNG TTopaTiOeTO OAOKANPOC O KWOIKAC.

Mo v avamapoTaon TG AAANAOCVOXETIONG TOVG aveuTTUXONKE e@apuoyrn Tov ONUIOVPYEL Kol
QITOTUTTWVEL O€ Eva apxeio “.txt” Tto devrpo Twv agents. Ouola oe GAAO apxeio, DEVTEPN EPUPLOYN

KOTAOKEVALEL TO yplpo Tov O1kTOOV, aKoAovOmvVTAC TOV oAydpiOuo Tov Kruskal!

yia v
orrouyn Onuiovpyioag kVKAWY. Kabe @opd 11ov TPEXOLY AVTEC O1 EPAPUOYEC TTAPAYOLV KAVOLPIAL,
pevdo-Tuxaia aroteAéopara. TeAog, n KLPIA EQPAPUOYT, OAPWVEL TIC TTANPOPOpPiEC autd ToL VO

ouTd apxeio Ko TG a&10ToLEl Y10t TNV KATAOKELT) TNG TTPOOOUOIWONG.
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Ynv kbpia epapuoyn, o1 agents kot o1 Koufot maipvouvv “odpka kot ootd’. Karaokevalovron agent
kot node structs e ta faoika yvwpiopata Tovg (e1koveg S.a, 5.p). 'Emerta, o1 agents tomoOetovvTon
péo 0TovG KOUPOVG OVUPWVA UE TIG LITOJEIEEIG TWV .tXt APXEIWY KAl APXIKOTTOIOVVTAL UE TUXOHES

TIUEG UeyeDwV.

struct agent{
int ID;
int size;
int state;
int parentAgentID;
list childrenAgents;

Eikova 5.a. Baoikéc petafAntég yio Tov opiopo Tov agent struct.

struct node{
int ID;
int size;
int mode;
int freeSpace;
list agentsContained;
list neighbourNodes;

Eikova 5.p. Baoikég uetafAnTég yioe Tov opiopo Tov node struct.

‘Ocov agopd Tn AerTovpyia TOvg, 01 KOUPBOor givan 1KOvoi val OTEAVOLV Kol VoL AXUBOVOLY QITNOEIG

UETAKIVNONG agent Kol UOAIOTA  TALTOXpOvVA. Me  QvTOAAQYEC KATOAANAWY  UNVUUATWV
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OLVEPYALOVTU OPUOVIKA KOl EVIUEPWVOVTAL VIOt TO OV U1 UETAKiIvVNON €ival @ikt 1 Ox1. 'Eva
unvopa petakivnone (sendHostRequest(agent, destinationNode, benefit)), @eper 1n dievOvvon
TOV agent TTpog UETOKivNO™M, TOov KOUPO TTPooploud kot To kEPDOG peTakivnong. Av To unvoua
OTEAVETOI YIQL TNV EKTOMION KOuTolov agent b, wote va xwpéoer oTov KOUPO TOV KOTTO10G A, TOTE
benefit=k&épdoc_uetakouionc_a — mowvr)_ektomong_b. 'Etot, o€ kaOe hostRequest yia ektomon, 1o

benefit OTEAVETAN UEIOVUEVO KATH TNV TTOIVT) EKTOMIONG TOL agent.

EmmAéov, éva onuavtikO KOUUATL TNG AEITOVPYING TOL €IKOVIKOD JIKTOOL Eivor n €vvola TOv
XPOvov. Xwpig avTd OVTE 01 XPOVIKEG KAOVOTEPNOEIS TTOL TTPOKAUAOVY O1 UETOKIVIOELG TwV agent Oa
NTav UETPNOIUEC, OVTE Kot Oa UTOPOVOOUE VA TIPOOOUOIWOOVUE TNV TAVTOXPOVN Opion Twv
kouPwv. T avtd 10 OKOMO, TO TIPOYPAUUN EKTEAEITO O KLKAOUG EKTEAEONC (time), TTOVL
OVTITPOOWTIELOVY UOVAOEC XPOVOL Ko OnuiovpyeiTon uioe dour] Ovplc TTOU OUTOTEAEITON CUTO

timeHeap structs (eikova 4.y).

struct timeHeap{
int time;
int commandID;
list command Arguments;
struct timeHeap* next;

Eikova 5.y. Opiouog tov timeHip struct.

Kade timeHeap struct mepigxer Tnv wpa mov avtimipoowneVel (time), gt evroAr] (commandID)
TIPOG EKTEAECT) YIOL EKEIVI TNV WPA KO T opiopata 10000V TNG eVIOA¢ (commandArguments).
Y1nv ovpd pag, umopei va vrtpyxovv moAda timeHeaps pe idia wpa ektéheong. Xapv arthdTNTOC, N

wpa givor aothoi axépotot ap1Ouoi.
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To ovotnua vioBetei event-driven @ihooo@ia. AnAadr), TTHPAUEVEL AOPAVOTIOINUEVO KAl 1) pOT) TOV
ovvexiCetan 1), KOALTEPA, TTPOWOEITAl QuTd unvopaTa (T.X. oTHOoeIg PIAOEEVING) TTOV OTEAVOLVY Ol
kOupotr otovg yeitoveg tovg. ITio ovykekpiuéva, 1o TPOypapuua EEKIVA HE OAOLG TOVG KOUPOLG O€
kataotaon (state) ASLEEP. Xe kafe kvkho ektéleong (time) n epapuoyn “Eumvé” 4 Tuxaiovg
KOuPovg ko ekeivor epapuolovv tov aryopibuo NE oTEAVOLV QUTNOEIC OE YEITOVEC TOVG Yl VO
UETAKOUIoOLY KAITO10V oTd TOUG agents 1OV PIAOEEVOLY. AVTO OALOIOWTH, 0ONYEL OTNV QUTOOTOAT
U1UG OEIPAC VEWV AUTNOEWV (TT.X. Y10 EKTOTNOEIC) TTOV ouTELOVVOVTAL KOl EVEPYOTTOIOVY KOl OAAOLG
adpavortoinuevouvg koupovs. Ta unvouata, amodnkebovranr oav evrorég kourolov timeHeap struct
Kol o€ k&g KUKAO, TO TTPOYPUAUUN AVATPEXEL OTNV oLpA artd timeHeaps, ekTehei OAEC TIC EVIOAEC
10V BpiokovTal EKEL UE time 100 PE TN OLYKEKPIUEVT XPOVIKT OTIYUN KO TIC OPALPEL 0UTO TNG OLPAL.
H Aertovpyia tov tereiwver votepa oaotd6 RUNTIME kvkAovg exktéleong, mov opiloviar ortd TOv
xpnotn. XTI OIKEC HAC TTPOOOUOIWOEIG (PPOVTIOAUE VO EIVAL OPKETEC WOTE VA TIPOAXPOLY Vo

EKTEAEOTOVV OAEC O1 EPIKTEC LETAKOUIOELG.

Téloc, mpemer va avagepOei, 0Tt n epapuoyn viomolei To Negative Eviction oiyopiOuo, pe
a&omoinon tng Network Flooding uefddov yia Tov mpoadioptoud Tng motviG Tov TPOKAAEL 1 kAOe

EKTOTTION).

Kepaiono 5.2: Xoykpion Meiwong ®optov Emikorvwviag

YInv evOTNTA QT PEOA OUTO YPAPTUATO, AVOTTTDOOOVTNL Ol EKTIUNOEIC OTO TOL UTOTEAEOUATA TNG
EKTEAEONG TNG TTpooouoiwone. H olbykpion yiveton avaueoo 0To 0UTOTEAECUATA TG TIPOOOUOIWOTNG
Tov Single Agent Migration aiyopiBuov pe Network Flooding, mov 6a avagépetan oto €€ng oav
Possitive Eviction (PE) xou tov id10 oAyopiOuo pe e@apupoyr Tng O1K1AC UHAG TTPOTAONG Yl

petakouion ue oapvnTikdo képdogc NE. Tpiwv edwv mepauata die€nxdnoav. Ta kabe éva

40



dnutovpyoLvTal Kovoupla Tuxaia SEvTpa epapuoywy kot diktva KOUPwv. O HEoog 0pog artd OAEC

TIG TUXQUES TTEPUTTWOELS DIAUOPPWOE T OEDOUEVA TTOV KATUYPAPOVTUL OTIG TIAPAKATE EIKOVEG.

Mo k&Oe diktvo kar dEvipo kOUPwv mov dnuiovpyndnkav, n uebBodog dokiuaotnke Ue TIG idieg
TOUPAUETPOVS, ALEAVOVTOC UOVO TNV XwpnTikOTNTA Twv KOouPfwv 1,2,3,4 ko 5 @opég To UEOO
uéyebog Twv agents Tov OEVIPOL EPAPUOYWV. AUTH 1 TPOOEYYIOTN, TIPEXEL UEV OTOLG agents
UEYOADTEPT] EUXEPEIN UETAKIVNONG OTO OiKTLO, OAAA OTNV TIPOYUOATIKT Cwrf OLVEMOYETOL
KOTAOKELT KOUPWV UE UEYOAADTEPO CUTOONKEVTIKT 1KOUVOTNTA KOt AOENOT TOL KOOTOVC KATOOKELTC
Tovc. Eivan avouevouevo, TwC TTPOXWPWVTAC O TOAD UEYOAN avEnon TNnNg uvAung T
amroteAéopata Twv dvo aAyopiOuwyv O TavTtiCovtal, agol o1 agent Oa UTOPOLY val UETAKIVOLVTAL

eAel0epa, XWPIc TNV AVAYKT EKTOTTIOEWYV.

PE vs Ne

60
50
40

30 —e— PE
== NE

avg load reduction %

20
10

0
05 1 15 2 25 3 35 4 45 5 55

surplus capacity[x avg agent size]

Ewkova 5.0. 10 agents o€ diktvo 20 kOufwv. Meiwon @OpTov EMKoIVWViag
OLOTIHUOTOG O OXEOT UE TN XWPNTIKOTNTA TV KOUPfwV
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PE vs NE
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Eikova 5.¢. 25 agents o€ diktvo 50 koufwv. Meiwon eoptov emkotvwviag
OULOTNUOATOG O€ OXEOT UE Th XWPNTIKOTNTA TWV KOUPWV.
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Eikova 5.0t. Atapopa tan0n agent (10, 25, 50) o€ diktvo 50 koufwv. Meiwon
POPTOV EMKOIVWVING OVOTNUATOC OE OXEOT UE TN XWPNTIKOTNTH TWV KOUPWV.

42



Ao ta Tpia Elpauata (1koveg 5.9, 5., 5.0T), QAVEPWVETAL CLVOAKA UIKPOTEPN UEIWON TOV

@OPTOL EmKOIVWVIAG epapuoloviag v KaivoLpia uébodo. Av kai vmapxovv eEapéoelc O€

OPIOUEVEC TEPITTWOELG OTTOV 1) KauvoLpla HEO0OOG TTAPOVOIALEL VA UEIWVEL TOV POPTO, TA TIPOY AT

eivan mo Eexkdboapa amd TA QUTOTEAEOUATH TOVL TPiTOL TElpauaroc (5.01T) 70L  OoLVOLALEL

dlapopeTik TANON ko dok1uACer peyaAvTEPO ap1Ouo agents.

Kepadaio 5.3: Xoykpion AvEnong Metakivijoswy Twv Agent

Me v av€non Tov peyébouvg Uviung Twv KOuPwv ota TEPAUATE, dNUIOLPYOLVTOL UETUBOAEC

oTov apiOuod Twv HETAKIVIOEWVY Twv agent. Ot emoueveg e1koveg (5., 5.1, 5.0) coroTuTWVOLV AVTEG

TIG OANAYEG OTTWE TIPOEKLYPAY OITO TAL TIPOTNYOVDUEVA TIEIPAULATAL.

PE vs NE
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Ewcova 5.C. 10 agents oe diktvo 20 koufwv. Metafoin Tov mAH00UG HETAKIVIOEWV

o€ Ooxgon ue v ab&non xwpnTKOTNTUC TWV KOUPWV.
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avg total migrations
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TIANOOVG UETAKIVIIOEWY OE OXEOT UE TNV ALENON XWPNTIKOTNTAG TWV KOUPWV.
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Ievikd To aoroteléouata  TTopovoldlovy  ab&non Twv UETAKIVIIOEWV OO0 UEYOAWVEL 1)
XWPNTIKOTNTA TWV KOUPWV Kot Heiwon Tov puouoL av&nong yioe ueyaha eyEdn uvung, mouv giva
EMOUEVO POV UE TEPIOOOTEPN UVAUN AYOTEPEC HETOKIVIOEIG eumodiCovtal. Tavtoxpova, 0
Kauvoupta péBodoc PaIVETOl VA TIPOKAAEL TIEPIOOOTEPEC UETOKIVIOEIG UEOK OTO OIKTLO TIOV
OVVETAYETA TEPIOOOTEPO XPOVO Yt TNV avorormofétnon Twv agent oto dikTLO, GAAX KO
KOTAVOAWOT]  EVEPYEING uTd TOUG KOUPOLC TOV OLOTHUATOG Yi TNV OIEKTEPAIWON TWV
emmpOo0eTwv  petakivioewyv. Efetdlovrac ko To oomoTEAEOUATO OO TN OLYKPION TWV
oryopiOuwv SP kot NF (BA. kepahaio 3.3), o1 meproodtepeg petakouiosig otov NE eivon Aoyikec,
a@OV 0 KAVOLPIOG HAC OAYOPIOUOC TIPOXWPA O€ TTEPIOOOTEPEG KAl TTI0 OVVOETEG UETAKIVIOELS OUTO

Tov NF mtpokalwvtag €tol meproootepa conflicts.
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EITIAOI'OX

LOUTEPAOUATIKA, 1 TIPAKTIKN €EETAON artéppiye Tig OewpnTikég exTiunoeic. H kauvolpia uébodog
IOV avouTTLXONKE EQWOE PEV TNV dLVATOTNTA O€ agents va TPOOEYYIOOLV AKOUQ TIEPIOOOTEPO TIG
BeATIOTEG DEOEIC TOVC, OMTWE AVTEG LITODEIKVVOVTAL QITO TNV EQAPLOYN TOov aiyopibuov Single Agent
Migration Gvev TEPIOPIOUWYV UVAUNG, OGAAG Ot emmAeov TtOpot (agents, koufor) mov deouebovton
KATd TN AE1TOoVpYyia TNG 0dNyolv 0€ OLYKPOVOEIC KO QUTEC UE TN OEIPA TOUG O€ UIKPOTEPTN UEIWON

TOV POPTOL EMKOIVWVING autd o Tr) ToV Ot reTO)uve o PE.
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ITAPAPTHMA

Application Tree Generator

File: appTreeGeneratot.cpp

#include<time.h> //definition of time

#include<iostream>

#include<stdlib.h> //definition of rand, srand, malloc, free,atoi
#include<stddef.h> //definition of NULL

#include<fstream> //file handling functions

#include<string>

using namespace std;

int MAX_AGENTS;

typedef struct tNode *treeNode; //forward decleration

treeNode* addressTable;

typedef struct 1Node{

int ID; // treeNode address;

struct Node * next;
} * listNode;

class list{
listNode head;

int length;
public:

list(); //constructor

int getlLength(){return length;};
void addListNode(int tNodeAddress);

int getNodeID(int position);
int removeNode(int position);

void printList();
string listToString();
void init();

};

list::list(){
head=NULL;
length=0;

void list::init(){
head=NULL;
length=0;

}

void list::printList(){
listNode temp=head;
if (temp==NULL)
cout<<"empty list!\n";
while(temp!=NULL){
cout<<temp->ID<<"|";
temp=temp->next;

cout<<"\n";

}

string list::listToString(){
listNode temp=head;
string returnString="";
char tempString[5];
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if (temp!=NULL){
while(temp!=NULL){
sprintf(tempString, "%d",temp->ID);
returnString.append(tempString);
returnString+="|";
temp=temp->next;
}
)
return(returnString);

}

void list::addListNode(int tNodelID){

/* insert node at the top of the list */
listNode temp;
//----- create new node to insert--------
temp=(1listNode)malloc(sizeof (1lNode));
temp->ID=tNodelID;
//----- insert----------
temp->next=head;
head=temp;
length++;

}

int list::getNodeID(int position){
if(position>=length)
return -1;
else{
listNode temp=head;
for(int i=0;i<position;i++){
temp=temp->next;

return temp->ID;
b
}

int list::removeNode(int position){

/* removes from list node in position 'position' and decreases by 1 the value of length

returns the node->ID if removal was succesfull.
*/
if(position>=length)

return -1;
else{
int nodelD;

if(length==1){
nodeID=head->ID;
free(head);
head=NULL;

}else{
listNode current=head;
listNode previous=head;
for(int i=0;i<position-1;i++){

previous=previous->next;

if(position==0){
current=previous;
head=current->next;
b
else
current=previous->next;
nodeID=current->ID;
previous->next=current->next;
free(current);

b
length--;
return nodelD;
b
}

typedef struct tNode{
int ID;

else returns -1

50



int size;
list childrenList;
} * treeNode;

class tree{
treeNode root;
public:
tree(); //constructor
void printTree();
void printTreeToFile();
};

tree::tree(){

list buffer; //list of nodes to be grouped as children
int i, random,randomTimes,offset;

treeNode node;

int idCounter=1;

int limit;

//========initialize hash table
offset=2*MAX AGENTS-1; //==worst case scenario
addressTable=new treeNode[offset]; //initialize addressTable
for(i=0;i<offset;i++) //empty addressTable

addressTable[i]=NULL;
//

buffer.init();
for (i=0;i<MAX AGENTS;i++){ //create first MAX AGENTS children
node=(treeNode)malloc(sizeof(tNode));
node->size=rand()%1001+100;
node->ID=idCounter;
node->childrenList.init();
addressTable[idCounter-1]=node;
buffer.addListNode(node->ID);
idCounter++;

}

do{ //division in groups of 5 until one root parent is
created
offset=0;
while(offset<buffer.getLength()){
if (buffer.getLength()-offset<=2){ //if there are only two or one nodes left,
node=(treeNode)malloc(sizeof(tNode)); //create a parent node
node->size=rand()%1001+100;
node->ID=idCounter;
node->childrenList.init();
addressTable[idCounter-1]=node;
idCounter++;
while(offset<buffer.getLength()){ //and add them (in both cases) to parent's
children list
node->childrenList.addListNode (buffer.removeNode(offset));

)
buffer.addListNode (node->ID); //add newly created parent node to buffer list

offset++; //exit from outer while loop
}else{

if((buffer.getLength()-offset)<5) //if there are 3 or 4 nodes left

limit=buffer.getlLength()-offset; //form a group of childer with maximum
(limit) 3 or 4 members

else
1imit=5;

node=(treeNode)malloc(sizeof (tNode)); //create a parent node

node->size=rand()%1001+100; //assign random value size of agent

node->childrenList.init();

addressTable[idCounter-1]=node;

node->ID=idCounter; //assign an incrementing ID number;
idCounter++;

randomTimes=rand()%(limit-1)+2; //random value in [2,limit-1] = number of nodes to add as
children
for(i=0;i<randomTimes;i++){

random=rand()%(limit-i)+offset; //random value in [offset,offset+(5-1i)]
node->childrenList.addListNode (buffer.removeNode(random)); //get info of buffer node
at position 'random' and then remove it from buffer
}
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offset=offset+(limit-randomTimes) ; //since we removed 'randomTimes'

nodes

(out of the

first group of 5) from buffer, offset must point to the beggining of the next group of 5 nodes in

buffer

buffer.addListNode(node->ID); //add newly created parent node to buffer list

offset++;

}

b
}while (buffer.getlLength()>1);
root=node;
root->size=rand()%1001+100;
root->ID=idCounter-1;

MAX_AGENTS=idCounter;

void tree::printTree(){

int i=0;

cout<<"root ID="<<root->ID<<"\n";

while(addressTable[i]!=NULL){
cout<<i+l<<"="<<addressTable[i]<<":";
addressTable[i]->childrenList.printlList();
it++;

}

}

void tree::printTreeToFile(){
int i=0;
ofstream myfile;
myfile.open("appTreeFile.txt");

myfile<<root->ID<<"\n";

while(addressTable[i]!=NULL){
myfile<<i+l<<":";
myfile<<addressTable[i]->childrenList.listToString()<<"\n";
i++;

}
myfile<<"$\n" ;
myfile.close();

int main(int argc,char* args[]){
//args[l]==number of agents
if(argc<=1){
cout<<"not enough parameters!!\n";
}else{
srand (time(NULL));
MAX_ AGENTS=atoi(args[1]);
tree t;
t.printTree();
t.printTreeToFile();
}

//system("Pause");

return 0;

}

Network Generator
File: networkGenerator..cpp

#include<time.h> //definition of time

#include<stdlib.h> //definition of rand, srand, malloc,free,atoi
#include<stddef.h> //definition of NULL

#include<math.h> //sqrt function

#include<iostream> //definition of cout
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#include<iomanip> //setw()
#include<fstream> //file handling functions
#include<string>

using namespace std;

#define endLine
o0 ] U = \n"

//**********decleration Of arguments*****************

int PLANE_MAX; //=80
int MAX_ NODES; // =20
int e distance; //euclidean distance =30

string filename="";

//******dynamic Array definition**********************

typedef struct dynamicArrayNode{//dynamic list containing connecting nodes
int ID;

int distance;
struct dynamicArrayNode* next;

} *daNode;
class dynamicArray{ //1list
daNode head; //head of list
int length; //size of list
public:

dynamicArray();

void addEntry(int nodelD,int d);
void rmEntry(int nodelID);

void printArray();

int getNodeID(int pos); //returns ID of node in 'pos's position of the list
int getNodeDistance(int pos); //returns distance of node in 'pos's position of the list
int getLength(){return length;};
void init();
}i
dynamicArray: :dynamicArray(){
head=NULL;
length=0;
}
void dynamicArray::init(){
head=NULL;
length=0;

}

void dynamicArray::addEntry(int nodeID,int d){
daNode temp=head;
daNode newNode;

//----- initialize new node---------------
newNode=(daNode)malloc(sizeof (struct dynamicArrayNode));
newNode ->ID=nodelD;
newNode->distance=d;
newNode ->next=NULL;

[/-=---- add new node to the list-------
if (temp==NULL){

head=newNode;

}else{
while(temp->next!=NULL) //move to the end of the list
temp=temp->next;
temp->next=newNode; //ad ne node
length++;

}

void dynamicArray::rmEntry(int nodelD){
daNode previous;
daNode current;
int flag=0;
if (head!=NULL){
if (head->ID==nodelD){
head=head->next;
flag=1;
}else{
current=head->next;
previous=head;
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while(current!=NULL && flag==0){
if(current->ID==nodelID){
previous->next=current->next;
free(current);
current=NULL;
flag=1;
}else{
current=current->next;
previous=previous->next;
b
b

3
if(flag==1)
length--;
b

}

void dynamicArray::printArray(){
daNode temp=head;
while(temp!=NULL){
cout << temp->ID<< " distance= "<<temp->distance<<"
temp=temp->next;

cout << '\n';

}

int dynamicArray::getNodeID(int pos){
daNode temp=head;
int i=0;
while(i<pos && temp!=NULL){
temp=temp->next;
i++;

b

if (temp==NULL)
return -1;

else
return temp->ID;

int dynamicArray::getNodeDistance(int pos){
daNode temp=head;
int i=0;
while(i<pos && temp!=NULL){
temp=temp->next;
i++;

b
if (temp==NULL)
return -1;
else
return temp->distance;

}

//************node definition*************************

typedef struct NODE{
//---agent space-----
int agent;
int nodelD;
int x;
int y;
//--pointers to other nodes (maximum MAX NODES) - -
dynamicArray connectingNodesList;
}* node;

//********node network definition**********************
class node network{
node *nodeAdresses;
public:
node_network() ; //constructs a random node network
void printNodeDetails();
void createMinimumSpanningTree();
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};

node_network: :node_network(){
int plane[PLANE_MAX][PLANE_MAX];
int i,j,m,n,k,limit, result;

int distance;

node temp;
nodeAdresses=(node *)malloc(MAX NODES*sizeof(node));
//------ fills plane with zeros---------------------------

for(i=0; i<PLANE_MAX;i++)
for(j=0; j<PLANE_MAX; j++)
plane[i][j]=0;

//----- fills random positions of the aray with numbers from 1-MAX NODES -----
srand(time(NULL)); //initialize rand function
// srand(2);
for(i=1;i<=MAX NODES;i++){
do{
m=(rand()%100)

(PLANE_MAX-1); //get randmom position on the table
n=(rand()%100) ;

(PLANE_MAX-1);

o° o°

}while(plane[m][n]!=0); //if random position is already occupied, get new
random position
plane[m][n]=1i; //fill random position with numbers from 1 to
MAX_NODES
b
Yy R prints graph----------cmcommmi

for(i=0; i<PLANE MAX;i++){
for(j=0; j<PLANE_ MAX; j++)

cout<<plane[i][j]<<" ";

cout<<'\n';
}
[/ mmmmm e */
//create node network
for (m=0;m<PLANE_MAX;m++) { //for every row
for (n=0;n<PLANE_MAX;n++) { //and every column of plane
if(plane[m][n]!'=0){ //if it is currently hosting a node
temp=(node)malloc(sizeof (struct NODE)); //create a new node
nodeAdresses| (plane[m][n]-1)]=temp; //save it's adress in the addresses Array
temp->nodeID=plane[m][n]; //define its ID. e.g. node 2
temp->x=m;
temp->y=n;

temp->connectingNodesList.init();

//---find connecting nodes-----------
//search only the nodes that are located not further from the euclidean distance
i=m;
k=0;
distance=0;
do{
result=(int)sqrt((e_distance-1)*(e_distance-1)-(k*k));
limit=(n+result);

if (limit>=PLANE_MAX) { //ensures that limit won't exceed PLANE_MAX (end of array)
j=PLANE_MAX-1;

}else
j=limit;

while(j>=(n-result) && j>=0){
if(plane[i][j]!'=0 && ((i==m && j==n)==false)){ //1if there exists

nodes in distance lower than euclidean distance [exept from itself (i,j)==(m,n)]
distance=(int)sqrt((j-n)*(j-n)+(i-m)*(i-m));
temp->connectingNodesList.addEntry(plane[i]l[j],distance); //add to connecting nodes

list
}
-
'
1--3
k++;
}while(i>=0 && k<e distance);
i=m+1;
if (1<PLANE_MAX) {
k=1;
do{
result=(int)sqrt((e_distance-1)*(e _distance-1)- (k*k));
limit=(n+result);
if (1imit>=PLANE_MAX) //ensures that limit won't exceed PLANE MAX (end of
array)
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j=PLANE_MAX-1;

else
j=limit;
while(j>=(n-result) && j>=0){
if(plane[i][j]!=0){ //if there exists nodes in distance lower

than euclidean distance
distance=(int)sqrt((j-n)*(j-n)+(i-m)*(i-m));
temp->connectingNodesList.addEntry(plane[i][j],distance); //add to connecting

nodes list
}
i++;
k++;

}while (i<PLANE MAX && k<=e distance);
}
b
b
}
}

void node network::printNodeDetails(){
int i=0;
for (i=0;i<MAX_ NODES;i++){
cout << "node "<<i+l<<" ("<< nodeAdresses[i]->x<<","<<nodeAdresses[i]->y<<")"<<":\t";
nodeAdresses|[i]->connectingNodesList.printArray();
endLine;
}
}

void node network::createMinimumSpanningTree(){
int i,j,k,1,tree, temp,temp2, counter=0;
for (i=0;i<MAX NODES;i++){
for(j=0;j<nodeAdresses[i]->connectingNodesList.getLength();j++){

temp=nodeAdresses[i]->connectingNodesList.getNodeID(j); //find connected vertexes. E.g.
vertex ID 20

nodeAdresses|[temp-1]->connectingNodesList.rmEntry(i+1); //remove dublicates

}

counter=counter+nodeAdresses|[i]->connectingNodesList.getlLength();
}

int connectionTable[4][counter];

counter=0;
for (i=0;i<MAX NODES;i++){
if (nodeAdresses[i]->connectingNodesList.getlLength()>0)
for(j=0;j<nodeAdresses[i]->connectingNodesList.getlLength();j++){
connectionTable[0] [counter]=i+1;
connectionTable[1l] [counter]=nodeAdresses[i]->connectingNodesList.getNodeID(j);
connectionTable[2] [counter]=nodeAdresses[i]->connectingNodesList.getNodeDistance(j);
connectionTable[3][counter]=0;
counter++;

[/ bubblesort------------------
for(i=1;i<counter;i++)
for(j=(counter-1);j>=i;j--){
if(connectionTable[2][j]<connectionTable[2][j-11){
for(k=0;k<3;k++){
temp=connectionTable[k][j];
connectionTable[k][j]=connectionTable[k][j-1];
connectionTable[k][j-1]=temp;
b
b
b

tree=1;
for(i=0;i<counter;i++){

56



//----check if a circle is formed------

temp=0;
temp2=0;
j=0;

while(j<i && (temp==0 || temp2==0)){ //(temp==0 temp2==0) while no circle is formed
if (temp==0&&(connectionTable[0][i]==connectionTable[0][]j] || connectionTable[0]

[i]==connectionTable[1][j]))
temp=connectionTable[3][j];

if (temp2==0&&(connectionTable[1][i]==connectionTable[0][j] || connectionTable[1]

[i]==connectionTable[1][]j]))
temp2=connectionTable[3][j];
j++;

’

}
if (temp==0 && temp2==0){ //if this pair is not connected with any other tree

connectionTable[3][i]=tree; //create new tree and add it

tree++;
telse if((temp==0 || temp2==0)&&(temp!=0 || temp2!=0)){ //(one==0, one!=0) else if one node
of this pair is part of an existing tree
if(temp!=0) //1if temp is the one !=0. temp shows the tree the connected pair belongs to
connectionTable[3][i]=temp; //add this pair in 'temp' tree
else
//else if temp2 is the one !=0
connectionTable[3][i]=temp2; //add this pair in 'temp2' tree
telse if(temp!=temp2 && (temp!=0 && temp2!=0)){ //temp!=temp2 && temp!=0 && temp2!

=0. if both nodes of this pair are parts of different existing trees
if (temp<temp2){ //if temp is the smallest value

connectionTable[3][i]=temp; //add this pair to the smallest
tree
for(k=0; k<i;k++){ //for each pair up to j
if(connectionTable[3][k]==temp2) //with value
==temp2
connectionTable[3] [k]=temp; //add to

the smallest tree

h
if (temp>temp2){ //if temp2 is the smallest value

}else
connectionTable[3][i]=temp2; //add this pair to the smallest
tree
for(k=0;k<i;k++){ //for each pair up to j
if(connectionTable[3][k]==temp) //with value ==temp
connectionTable[3] [k]=temp2; //add to
the smallest tree
}
}
}
/* [/-----mm-- print connection table----------------

if(connectionTable[0][i]==4 && connectionTable[1l][i]==37){
// if(i==83){
for(j=0;j<=1i;j++){
for(1=0;1<=3; 1++)
cout<<setw(2)<<connectionTable[l][j]l<<"|";
cout<<'\n';

}
cout<<i<<"[H\n";
Y/
}

[/===-mmmen- bubblesort------------------
for(i=1;i<counter;i++)
for(j=(counter-1);j>=1;j--){
if(connectionTable[0][j]<connectionTable[0][j-1]){
for(k=0;k<=3;k++){
temp=connectionTable[k][j];
connectionTable[k][j]=connectionTable[k][j-11;
connectionTable[k][j-1]=temp;
}
)
}

ofstream myfile;
myfile.open(filename.datal());
tree=1;

k=1;

while(k!=0){
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k=0;
for(i=0;i<counter;i++)
if (connectionTable[3][i]==tree){
myfile << connectionTable[0][i]<<"-"<<connectionTable[1l][i]<<":"<<connectionTable[2]
[i]<<"\n";
k++;

)
if(k!=0)
myfile<<ll#ll<<ll\nll;
tree++;

}
myfile<<"$"<<"\n";
myfile.close();

Y e print connection table----------------
for(i=0;i<4;i++){
for(j=0;j<counter;j++)
cout<<setw(2)<<connectionTable[i][j]l<<"|";

cout<<'\n';
}
*/

}

int main(int argc,char* args[]){

if(argc<4){
cout <<"not enough arguments!\n";

}lelse{
filename.assign(args([1]);
cout<<filename<<"\n";
PLANE_MAX=atoi(args[2]);
MAX_NODES=atoi(args([3]);
e_distance=atoi(args[4]);
cout<<PLANE_MAX<<" "<<MAX NODES<<" "<<e distance<<"\n"; //print arguments
node network m;
m.createMinimumSpanningTree();

return 0O;

}

// system("Pause");

}

Main Simulation.

Dynamic List Definition. File: dynamicListHeader.h

#ifndef WHATEVERA_H_INCLUDED
#define WHATEVERA H_INCLUDED

#include<iostream>

#include<time.h> //definition of time

#include<stdlib.h> //definition of rand, srand, malloc, free,atoi
#include<stddef.h> //definition of NULL

#include<math.h> //sqrt function

#include<iostream> //definition of cout

#include<iomanip> //setw()

#include<string>
using namespace std;

//*******DYNAMIC ARRAY DEFINTITIOQN? %k skokkskokkskokkkokk



typedef struct dynamicListNode{//dynamic list containing connecting nodes

int ID;

int distance;

struct dynamicListNode* next;
} *d1Node;

//list
//head of list
//size of list

class dynamicList{
dlNode head;
int length;

public:

dynamiclList();
void init();
void addEntry(int nodelID,int d);
int addEntryInOrder(int nodeID,int d);

position:starting position==0
void addEntryAt(int nodeID,int d,int pos);
void rmEntry(int nodelD);
void rmEntryFrom(int pos);
void printArray(int mode);
int getNodeID(int pos);
int getLength(){return length;};
int getNodeDistance(int pos);
int getNodeDistance2(int nodeID);
void setDistance(int pos,int d);
int contains(int ID);
int contains2(int ID,int d);
int contains3(int d);

}i
dynamiclList::dynamicList(){
head=NULL;
length=0;
}
void dynamicList::init(){
head=NULL;
length=0;
}

//in increasing order of distance values.return

//returns ID of node in 'pos' position of the list

//returns distance of node in 'pos' position of the list
//returns distance of node with ID =nodelD

void dynamicList::addEntryAt(int nodeID,int d,int pos){

//strarting position 0
int i=0;
dlNode current=head, previous=head;
dlNode temp;
if(head!=NULL && pos>=0){
while(i<pos && current->next!=NULL){
if(current!=head)

previous=previous->next;

current=current->next;
i++;

’

h
if(pos==0){

temp=(dlNode)malloc(sizeof (struct dynamicListNode));

temp->ID=nodelD;
temp->distance=d;
temp->next=current;
head=temp;
length++;

telse if (i==pos || pos==length-1){

temp=(dlNode)malloc(sizeof (struct dynamicListNode));

temp->ID=nodelD;
temp->distance=d;
temp->next=current;
previous->next=temp;
length++;

}else if(length==pos){

//add it at the end of the 1list//20/11/2015

temp=(dlNode)malloc(sizeof (struct dynamicListNode));

temp->ID=nodelD;
temp->distance=d;
temp->next=NULL;

while(current->next!=NULL)
current=current->next;

current->next=temp;
length++;

}
}else if(head==NULL && pos==0){
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}
}

head=(dlNode)malloc(sizeof (struct dynamicListNode));
head->ID=nodelD;

head->distance=d;

head->next=NULL;

length++;

void dynamicList::addEntry(int nodeID,int d){
dlNode temp=head;
dlNode newNode;

————— initialize new node---------------

newNode=(dlNode)malloc(sizeof (struct dynamicListNode));
newNode ->ID=nodelD;

newNode->distance=d;

newNode - >next=NULL;

//

----add new node to the list-------

if (temp==NULL){

head=newNode;

}else{

}

while (temp->next!=NULL) //move to the end of the list
temp=temp->next;
temp->next=newNode; //add new node

length++; //increment length

}

int

dynamicList::addEntryInOrder(int nodeID,int d){

dlNode previous=head, current=head;
dlNode newNode;
int i=0;

//

----initialize new node---------------

newNode=(dlNode)malloc(sizeof (struct dynamicListNode));
newNode ->ID=nodelD;

newNode->distance=d;

newNode - >next=NULL;

//

----add new node to the list-------

if (head==NULL){

head=newNode;
length++; //increment length
return(i);

}else{

}
}

while(current->next!=NULL && current->distance<=d){
if(current!=head)
previous=previous->next;
current=current->next;
i++;

if(current==head){ //if newValue is the smallest
newNode->next=head; //add it at the beginning of the list
head=newNode;

}Yelse if(current->distance>=d){ //else if a position somewhere in between the list was found
newNode->next=current; //place it between current and previous
previous->next=newNode;

}else{ //else if newValue is the greatest
current->next=newNode; //add it at the end of the list (case current->next==NULL)
i++;

b

length++; //increment length

return(i);

void dynamicList::rmEntry(int nodelID){
dlNode previous;
dlNode current;
int flag=0;
if (head!=NULL){

if (head->ID==nodeID){
head=head->next;
flag=1;

60



}else{
current=head->next;
previous=head;
while(current!=NULL && flag==0){
if(current->ID==nodeID){
previous->next=current->next;
free(current);
current=NULL;
flag=1;
}else{
current=current->next;
previous=previous->next;
h
h

b
if(flag==1)
length--;
}

}

void dynamicList::rmEntryFrom(int pos){
//starting pos=0
int i;
dlNode current,previous;
if(head!=NULL){
current=head;
previous=head;
i=0;
if(pos==0){
head=head->next;
length--;
}telse{
while(current!=NULL && i<pos){
if(current!=head)
previous=previous->next;
current=current->next;

1++;

}

if (i==pos){ //if found
previous->next=current->next;
length--;

}
}
}
}

void dynamicList::printArray(int mode){
//if mode ==1 print ID and distance
//if mode ==0 only print ID
dlNode temp=head;
while(temp!=NULL){
if(mode==1)
cout << temp->ID<< " distance= "<<temp->distance<<'
else
cout <<temp->ID<<", ";
temp=temp->next;

cout << '\n';

}

int dynamicList::getNodeID (int pos){
//from pos 0 to length-1
dlNode temp=head;
int i1=0;
while(i<pos && temp!=NULL){
temp=temp->next;
i++;

b
if (temp==NULL)
return -1;
else
return temp->ID;
}

int dynamicList::getNodeDistance(int pos){
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dlNode temp=head;

int i=0;

while(i<pos && temp!=NULL){
temp=temp->next;
i++;

b
if (temp==NULL)
return -1;
else
return temp->distance;

}

int dynamicList::getNodeDistance2(int nodelD){
//returns 0 if nodeID not in list, else returns distance
dlNode temp=head;
int result=0;
if (temp==NULL){
return(0);
}else{
result=temp->ID;
while (temp!=NULL && result!=nodelD){
temp=temp->next;
if (temp!=NULL)
result=temp->ID;

3
if(result==nodelD)
return(temp->distance);
else
return(0);
b

}

void dynamicList::setDistance(int pos,int d){
dlNode temp=head;
int i=0;
while(i<pos && temp!=NULL){
temp=temp->next;
i++;

b
if (temp==NULL)

cout<<"limits exceeded!\n";
else

temp->distance=d;

}

int dynamicList::contains(int ID){

//returns position[starting position=position 1] in list if ID is contained, else returns -1
dlNode temp=head;
int result=-1;
int counter=0;

while (temp!=NULL && result!=1 && counter<length){
if (temp->ID==ID)
result=1;
counter++;
temp=temp->next;

if(result==1)
return(counter);
else
return(-1);

}

int dynamicList::contains2(int ID,int d){
//returns position[starting position=position 0] in list if ID is contained, else returns -1
dlNode temp=head;
int result=-1;
int counter=0;
while(temp!=NULL && result!=1 && counter<length){
if(temp->ID==ID && temp->distance==d)
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result=1;

else{
counter++;
temp=temp->next;

h

if(result==1 && counter<=length-1) //21/11/2015
return(counter);

else
return(-1);

}

int dynamicList::contains3(int d){
//returns position[starting position=position 0] in list if distance is contained, else returns -1
dlNode temp=head;
int result=-1;
int counter=0;
while(temp!=NULL && result!=1 && counter<length){
if(temp->distance==d)
result=1;
else
counter++;
temp=temp->next;

if(result==1)
return(counter);
else
return(-1);

}

#endif

Application Tree Class and Relative Functions. File: appTree.h

#include<iostream>
#include</dynamicListHeader.h>

#include<time.h> //definition of time

#include<stdlib.h> //definition of rand, srand, malloc,free,atoi
#include<stddef.h> //definition of NULL

#include<math.h> //sqrt function

#include<iostream> //definition of cout

#include<iomanip> //setw()

#include<string>

#include<fstream> //file handling functions

#ifndef WHATEVER H_ INCLUDED

//===========DEFINITIONS
#define appTreeFREE 0
#define appTreeBUSY 1
#define appTreeEVICTION 2

//

#define WHATEVER H INCLUDED

using namespace std;

//¥FRRRRRk R APP TREE  CLASS ¥k ok ok otk ko 4ok
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typedef struct APPLICATION TREE NODE{

int ID;

int size;

int parentID;

dynamiclList childrenList;

int state; //FREE, BUSY, EVICTION

int nodesChecked;

int maxBenefit;

int mostBeneficialNode;

int agentBeingChecked;

int sum;

int totalBenefit;

int benefit;

int migrations;
int isRootAgent; //0 no, 1 yes
int restorationFlag;
int parentAgent;

dynamiclList evictionsChecked;

dynamiclList tempEvictions;

dynamiclList benefitsArray;

dynamiclList evictionPath;

dynamiclList previousNodes;

dynamicList agentsOccupied;
dynamicList migrationsAttempted;
dynamiclList attemptCounter;
dynamicList nodesToRestore;

}* appTreeNode;

class appTree{
int rootlID;
appTreeNode* appTreeAddressTable;
int numberOfElements;
public:
appTree();
void printAddressTableTree();
int setApplicationTraffic(appTreeNode root);
int getNumberOfElements(){return numberOfElements;};
appTreeNode getAgentAddress(int ID);
int getParentID(int agentID){return(appTreeAddressTable[agentID-1]->parentID);};
void printAgentValues(int agentID);

}i
void appTree::printAgentValues(int agentID){
agentID--;
cout<<" \n";

cout<<"For agent "<<appTreeAddressTable[agentID]->ID<<":\n";
cout<<"size="<<appTreeAddressTable[agentID]->size<<"\n";
if (appTreeAddressTable[agentID]->state==appTreeFREE)
cout<<"state=FREE\n";
if (appTreeAddressTable[agentID]->state==appTreeBUSY)
cout<<"state=BUSY\n";
if (appTreeAddressTable[agentID]->state==appTreeEVICTION)
cout<<"state=EVITION";
cout<<"nodesChecked="<<appTreeAddressTable[agentID]->nodesChecked<<"\n";
cout<<"maxBenefit="<<appTreeAddressTable[agentID]->maxBenefit<<"\n";
cout<<"mostBeneficialNode="<<appTreeAddressTable[agentID]->mostBeneficialNode<<"\n";
cout<<"agentBeingChecked="<<appTreeAddressTable[agentID]->agentBeingChecked<<"\n";
cout<<"sum="<<appTreeAddressTable[agentID]->sum<<"\n";
cout<<"totalBenefit="<<appTreeAddressTable[agentID]->totalBenefit<<"\n";
cout<<"benefit="<<appTreeAddressTable[agentID]->benefit<<"\n";
// int migrations;
cout<<"evictionsChecked length="<<appTreeAddressTable[agentID]-
>evictionsChecked.getLength()<<"\n";
cout<<"tempEvictions length="<<appTreeAddressTable[agentID]->tempEvictions.getlLength()<<"\n";
cout<<"benefitsArray length="<<appTreeAddressTable[agentID]->benefitsArray.getlLength()<<"\n";
cout<<"evictionPath length="<<appTreeAddressTable[agentID]->evictionPath.getLength()<<"\n";
cout<<"previousNodes length="<<appTreeAddressTable[agentID]->previousNodes.getlLength()<<"\n";
cout<<"agentsOccupied length="<<appTreeAddressTable[agentID]->agentsOccupied.getlLength()<<"\n";
cout<<"migrationsAttempted length="<<appTreeAddressTable[agentID]-
>migrationsAttempted.getLength()<<"\n";
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cout<<"attemptCounter length="<<appTreeAddressTable[agentID]-

>attemptCounter.getLength()<<"\n";

cout<<" \n";

//======define application traffic========

int appTree::setApplicationTraffic(appTreeNode root){
int i,length,sum,traffic,CH;
sum=0;

le
if

ngth=root->childrenList.getLength();
(length==0){
return(rand()%5+1);

}else{
for(i=0;i<length;i++){ //for each child
CH=root->childrenList.getNodeID(1i); //get child ID

traffic=setApplicationTraffic(appTreeAddressTable[CH-1]);
root->childrenList.setDistance(i,traffic);//define traffic between current node and ith child
sum+=traffic;

}
return(sum);
}
}
//=============constructor APP TREE CLASS
appTree: :appTree(){
ifstream myfile("appTreeFile.txt");
string line,temp;
int i,j,pos,X,CH;
srand(1);
getline(myfile, line);
rootID=atoi(line.c_str());
numberQfElements=rootID;
appTreeAddressTable=new appTreeNode[numberOfElements];
while(getline(myfile,line) && line!="$"){
//====1line consists of X:CH1|CH2...=======
//get X
pos=(int)line.find(":");
temp=1line.substr(0,pos);
X=atoi(temp.c str());
//initialize appTreeNode
appTreeAddressTable[X-1]=(appTreeNode)malloc(sizeof (struct APPLICATION TREE NODE));
appTreeAddressTable[X-1]->ID=X;
appTreeAddressTable[X-1]->parentID=0;
appTreeAddressTable[X-1]->migrations=0;
appTreeAddressTable[X-1]->size=rand()%901+100; //set random size from 100-1000
appTreeAddressTable[X-1]->childrenList.init();
pos=(int)line.find(":");
line=1line.substr(pos+1,line.length());
pos=(int)line.find("|"); //retreive data until |
while(pos!=-1){ //extract data from children list chl|ch2].....
temp=1line.substr(0,pos);
CH=atoi(temp.c str()); //convert it to int
if(temp!=""){ //if children exist
appTreeAddressTable[X-1]->childrenList.addEntry(CH,0); //add them to children list
line=line.substr(pos+1l,line.length()); //get line from | and later
pos=(int)line.find("|"); //retreiva data until |
}
}
//======intialize parentIDs===============

for(i=0;i<rootID;i++){//for each agent

appTreeAddressTable[i] ->state=appTreeFREE; //also initialize it's state
for(j=0; j<appTreeAddressTable[i]->childrenList.getLength();j++){ //for each of his children
appTreeAddressTable[appTreeAddressTable[i]->childrenList.getNodeID(j)-1]->parentID=i+1;

//======define application traffic========
setApplicationTraffic(appTreeAddressTable[rootID-1]);
myfile.close();
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=======print app tree function===============

void appTree::printAddressTableTree(){
int i=0;

cout<<"
while(

root ID="<<numberOfElements<<"\n";
i<numberOfElements){

cout<<i+l<<"-"<<appTreeAddressTable[i]->parentID<<". size="<<appTreeAddressTable[i]->size<<":";
appTreeAddressTable[i] ->childrenList.printArray(1l);

i++;
}
}

cout<<"\n";

appTreeNode appTree::getAgentAddress(int pos){
return(appTreeAddressTable[pos]);

’

#endif

Network Node Class and Relative Functions for Network Flooding, SAM algorithm. File:
networkNodeHeader.h

#include</appTree.h>

#include<time.h> //definition of time

#include<stdlib.h> //definition of rand, srand, malloc, free,atoi
#include<stddef.h> //definition of NULL

#include<math.h> //sqrt function

#include<iostream> //definition of cout

#include<iomanip> //setw()

#include<string>

#include<fstream> //file handling functions

#ifndef

#define
#define
#define
#define
#define

#define
#define

#define
#define

WHAT_H_INCLUDED

=====DEFINITIONS
MAX_NODES 20
ENDLINE " \n"
TESTLINE "test \n"
INVALID -1

RUNTIME 100000

AVG_SIZE MULTIPLE 3

agent state definitions-------
FREE 0

BUSY 1

EVICTION 2

//----node mode definitions-----------

#define
#define
#define
#define
#define
#define
#define

ASLEEP -1

AWAKE ©

BUSY 1

MIGRATING 2

EVICTING 3 //node is available for those agents in the node hosting agentBeingServed
PRE_EVICTING 4

PRE_ASLEEP 5

//----Hip commands definitions-----------

#define
#define
#define
#define
#define
#define

SEND _HOST REQUEST 0
MIGRATE 1

MOVE AGENT 2

ANSWER 3

EVICT MIGRATE 4
SETMODE 5
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#define SET STATE 6
#define NEXT MODE 7
#define RESTORATION 8
#define SET AB SERVED 9
//

#define WHAT H INCLUDED
using namespace std;

string fileName="testFile";
appTree a;

//*******NETWORK NODE DEFINITION*****************
typedef struct NETWORK NODE{
int ID;
int size;
int remainingSpace;
int mode;
int agentsChecked;
int agentBeingServed;
int nodeBeingServed;
int isMostBeneficialFor;
dynamiclList reservations;
dynamiclList benefitsArray;
dynamiclList agentList;
dynamiclList childrenList;
dynamiclList agentsYetToCheck;
dynamicList nodesOccupied;
}* netNode;

class network{
netNode addressTable[MAX NODES]; //hash array of nodes addresses
int outputValue;
public:
network();
void initializeAgent(int agentID);
void initializeNode(int nodeID);
void setupNetwork();
void printNetwork();
void simulation();
int getNumberOfHops(int startID,int parentID,int destinationID,int result);
int getLoad(int agentID,int nodelID);
int calculateRemainingSpace(int nodelD);
void sendHostRequestNFL(int agentID,int nodeID,int benefit,int timeHip);
void moveAgentToNode(int agentID,int nodeID,int timeHip);
void notifyNode(int agentID,int nodeID,int benefit,int timeHip);
void migrationCheck(int agentID,int nodelD,int benefit,int timeHip);
void checkForEvictions(int agentID,int nodeID,int timeHip);
int getTotallLoad();
int getTotalMigrations();
void printNodeValues(int nodelID);
void setOutputValue(int value){outputValue=value;};
void printOutputValue(){cout<<outputValue<<ENDLINE;};
+

network n;

//*********HIP CLASS DEFINITION******************
typedef struct HIP NODE{

int timeHip; //timeHip

int command; //command to execute. SEND HOST REQUEST

dynamicList args; //
struct HIP NODE* next;
}* hipNode;

class hipClass{

hipNode hip;
public:

void init();
void addToHip(int timeHipValue,int commandValue,dynamicList arguments);
void executeHipCommands (int time);
void printHipQueue(int time);

}i



hipClass h;

void hipClass::init(){
hip=NULL;
}

void hipClass::addToHip(int timeHipValue,int commandValue,dynamiclList arguments){
//add command to hip queue in order of timeHip
hipNode temp,current,previous;
//=====initialize new hipNode
temp=(hipNode)malloc(sizeof (struct HIP_NODE));
temp->timeHip=timeHipValue;
temp->command=commandValue;
temp->args=arguments;
temp->next=NULL;

//

if (hip==NULL){
hip=temp;

}else{

current=hip;
previous=hip;
while(current!=NULL && current->timeHip<timeHipValue ){
if(current!=hip)
previous=current;
current=current->next;

if(current==hip){ //if it is to be inserted at the beggining of the list
temp->next=hip;
hip=temp;

}else{ //else isert between previous and current
previous->next=temp;
temp->next=current;

}

)
}

void hipClass: :executeHipCommands (int time){
//execute all comands in hip queue that are to be executed in timeHip==time
hipNode current,previous;
current=hip;
previous=hip;
if (current!=NULL){
//--------- reach timehip commands----------------
while(current->next!=NULL && (current->timeHip < time) ){
if(current!=hip)
previous=current;
current=current->next;

}
if(current->timeHip>=time) {
//-------- execute them------------------------

while(current!=NULL && current->timeHip==time){
if(current!=hip)
previous=current;

//==============execute command and remove it from hip queue
if(current->command==SEND HOST REQUEST){ //case 1: command for SEND HOST REQUEST
n.sendHostRequestNFL(current->args.getNodeID(0),current->args.getNodeID(1),current-
>args.getNodeID(2),time);
}else if(current->command==MIGRATE){ //case 2: command for migration
n.migrationCheck(current->args.getNodeID(0),current->args.getNodeID(1), current-
>args.getNodeID(2),time);
}else if(current->command==MOVE AGENT) { //case 3: command move agent to node
n.moveAgentToNode (current->args.getNodeID(0),current->args.getNodeID(1), time);
}else if(current->command==ANSWER) {
n.notifyNode(current->args.getNodeID(0), current->args.getNodeID(1),current-
>args.getNodeID(2),time);
}
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if(current==hip){
hip=hip->next;
free(current);
previous=hip;
current=hip;

}else{
current=current->next;
previous->next=current;

}

}

o e

void hipClass::printHipQueue(int time){
hipNode current;
if (hip==NULL){
cout<<"no commands in hip at time: "<<time<<"\n";
}telse{
current=hip;
while(current->next!=NULL && current->timeHip < time)
current=current->next;
cout<<"time: "<<time<<",commands:\n";
while(current->next!=NULL && current->timeHip==time) {
cout<<current->command<<" | ";
current->args.printArray(0);
current=current->next;
3
if(current->timeHip==time){
cout<<current->command<<" | ";
current->args.printArray(0);
3
}
}

network: :network(){

int i,pos,offset,X,Y,Z,lastEntryID=-1;
string line,temp;

ifstream myfile(fileName.c str());

for (i=0;1<MAX NODES;i++) //initialize addressTable
addressTable[i]=NULL;
do{
while(getline(myfile,line) && line!="#" && line!="$"){ //read results of netork generation

algorith from file 'myfile'’

//get X
pos=(int)line.find("-");
temp=line.substr(0,pos);
X=atoi(temp.c_str());

if(addressTable[X-1]==NULL){ //if a node with this ID was not created
addressTable[X-1]=(netNode)malloc(sizeof(struct NETWORK NODE)); //create
addressTable[X-1]->ID=X; //and initialize it
addressTable[X-1]->size=0;
addressTable[X-1]->agentList.init();
addressTable[X-1]->childrenList.init();

}

if(lastEntryID!=-1){ //if there were more than one minimum spanning tree formed

(see Kruskal's algorith)
addressTable[lastEntryID-1]->childrenList.addEntry(X,10); //add the current spanning tree to
a node of the previous one
lastEntryID=-1;
}

//g9et Y

offset=pos+1;
pos=(int)line.find(":");
temp=1line.substr(offset,pos);
Y=atoi(temp.c_str());

if(addressTable[Y-1]==NULL){ //if a node with this ID was not created
addressTable[Y-1]=(netNode)malloc(sizeof(struct NETWORK NODE)); //create
addressTable[Y-1]->ID=Y; //and initialize it
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addressTable[Y-1]->size=0;

addressTable[Y-1]->agentList.init();

addressTable[Y-1]->childrenList.init();
}

//get Z

offset=pos+1;
pos=(int)line.length();
temp=1line.substr(offset,pos);
Z=atoi(temp.c str());

addressTable[X-1]->childrenList.addEntry(Y,
addressTable[Y-1]->childrenList.addEntry (X,
}

lastEntryID=Y;
}while(line!="$");

Z);
Z);

)

for (i=0;1<MAX NODES;i++){
if(addressTable[i]==NULL){//if there are nodes that are not part of the tree

addressTable[i]=(netNode)malloc (sizeof(struct NETWORK NODE)); //create
addressTable[i] ->ID=i+1; //and initialize it
addressTable[i]->size=0;
addressTable[i]->agentList.init();
addressTable[i] ->childrenList.init();
addressTable[lastEntryID-1]->childrenList.addEntry((i+1),10); //add it to the tree
addressTable[i]->childrenList.addEntry(lastEntryID,10);

}

//addressTable[i] ->state=SLEEP; //put all nodes to sleep

}

myfile.close();

//=========print addressTable===========
for(i=0; i<MAX NODES;i++){
cout<<"ID="<<i+l<<": ";
if(addressTable[i]!=NULL){ //=======put all nodes to sleep
addressTable[i]->childrenList.printArray(1);

else{
cout<<"NO!'\n";
}
*/
}

int network::calculateRemainingSpace(int nodelD){
//calculates the remaining space
int i, totalSize=0,length,chID;
length=addressTable[nodeID-1]->agentList.getLength();
for(i=0;i<length;i++){ //for each agent in network nodeID
chID=addressTable[nodeID-1]->agentList.getNodeID(1i);
totalSize+=a.getAgentAddress(chID-1)->size;

return(addressTable[nodeID-1]->size-totalSize);

}

void network::printNodeValues(int nodeID) {
int reservedSpace,i;
nodelD--;
cout<<" \n";
cout<<"for node "<<nodeID+l<<":\n";
cout<<"size="<<addressTable[nodeID]->size<<"\n";
cout<<"remaining space="<<addressTable[nodeID]->remainingSpace<<"\n";
reservedSpace=0;
for(i=0;i<addressTable[nodeID-1]->reservations.getlLength();i++)
reservedSpace+=addressTable[nodeID-1]->reservations.getNodeDistance(i);
cout<<"reservedSpace="<<reservedSpace<<"\n";
if(addressTable[nodeID] ->mode==ASLEEP)
cout<<"mode=ASLEEP\n";




if(addressTable[nodeID]->mode==AWAKE)
cout<<"mode=AWAKE\n";
if (addressTable[nodeID]->mode==BUSY)
cout<<"mode=BUSY\n";
if(addressTable[nodeID]->mode==MIGRATING)
cout<<"mode=MIGRATING\n";
if(addressTable[nodeID]->mode==EVICTING)
cout<<"mode=EVICTING\n";
if(addressTable[nodelID]->mode==PRE_EVICTING)
cout<<"mode=PRE_EVICTING\n";
cout<<"agentsChecked="<<addressTable[nodeID] ->agentsChecked<<"\n";
cout<<"nodeBeingServed="<<addressTable[nodeID]->nodeBeingServed<<"\n";
cout<<"agentBeingServed="<<addressTable[nodeID]->agentBeingServed<<"\n";
cout<<"benefitsArray length="<<addressTable[nodeID]->benefitsArray.getlLength()<<"\n";
cout<<"agentsYetToChecklength="<<addressTable[nodeID]->agentsYetToCheck.getLength()<<"\n";
cout<<" \n";

}

void network::setupNetwork(){

int i, random,j,totalSize=0;

int currentAgent;

srand(1);
a.getAgentAddress(i)->totalBenefit=0;

n.setOutputValue (INVALID);
for(i=0;i<a.getNumberOfElements();i++){

random=rand () %MAX_ NODES;
addressTable[random]->agentList.addEntry(i+1,0);
addressTable[random] ->size+=a.getAgentAddress (i) ->size;
totalSize+=a.getAgentAddress(i)->size;
a.getAgentAddress(i)->agentsOccupied.init();

}

for (i=0;i<MAX NODES;i++){
addressTable[i]->size+=AVG SIZE MULTIPLE*totalSize/a.getNumberOfElements(); //set
network nodes size=size+average agent size
addressTable[i]->remainingSpace=calculateRemainingSpace(i+1);
addressTable[i]->mode=ASLEEP;
addressTable[i] ->agentsChecked=0

addressTable[i] ->benefitsArray.init();
addressTable[i] ->agentBeingServed=INVALID;
addressTable[i]->agentsYetToCheck.init();
addressTable[i]->nodesOccupied.init();

addressTable[i]->reservations.init();
//--------- initialize agent parameters----------------------
for(j=0;j<addressTable[i]->agentList.getLength();j++){ //for each agent in currentNode
currentAgent=addressTable[i] ->agentList.getNodeID(j);
a.getAgentAddress(currentAgent-1)->attemptCounter.init();

a.getAgentAddress(currentAgent-1)->nodesChecked=0;
a.getAgentAddress(currentAgent-1)->isRootAgent=0;
a.getAgentAddress(currentAgent-1)->restorationFlag=0;
a.getAgentAddress(currentAgent-1)->parentAgent=INVALID;
a.getAgentAddress(currentAgent-1)->mostBeneficialNode=INVALID;
a.getAgentAddress(currentAgent-1)->maxBenefit=INVALID;
a.getAgentAddress(currentAgent-1)->agentBeingChecked=INVALID;
a.getAgentAddress(currentAgent-1)->totalBenefit=INVALID;
a.getAgentAddress(currentAgent-1)->agentsOccupied.init();
a.getAgentAddress(currentAgent-1)->migrationsAttempted.init();
a.getAgentAddress(currentAgent-1)->tempEvictions.init();
a.getAgentAddress(currentAgent-1)->benefitsArray.init();
a.getAgentAddress(currentAgent-1)->evictionsChecked.init();
a.getAgentAddress(currentAgent-1)->nodesToRestore.init();
}
}
}
void network::printNetwork(){
int i;

for (i=0;i<MAX_NODES;i++){
if(addressTable[i]->agentList.getLength()!=0){
cout<<"node "<<i+l<<" has size:"<<addressTable[i]->size<<" and includes agents: ";
addressTable[i]->agentList.printArray(0);
}else
cout<<"node "<<i+l<<" has size:"<<addressTable[i]->size<<" and includes no agents";

cout<<" and connects with the nodes: ";
addressTable[i]->childrenList.printArray(1);
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cout<<ENDLINE;

}
}

int network::getNumberOfHops (int startID,int parentID,int destinationID,int result){
//returns the number of hops needed to reach destinationID starting from startID
int pos,i,tempResult=0;
if (startID==destinationID){
return(0);
}else if((addressTable[startID-1]->childrenList.getlLength()==1)&&(addressTable[startID-1]-
>childrenList.getNodeID(0)==parentID)){//if we reached a node only connected to it's parent
return(0);//this node does not connect with the one we are looking for, so return 0

}lelse{ //else
pos=addressTable[startID-1]->childrenList.contains(destinationID);
if(pos!=-1){ //if destinationID node is startID's children

return(result+1);
}else{ //else

for(i=0;i<addressTable[startID-1]->childrenList.getLength();i++){ //keep searching in this
node's childrenList
if(addressTable[startID-1]->childrenList.getNodeID(i)'!=parentID){
//for all nodes except parent
tempResult+=getNumberOfHops (addressTable[startID-1]-
>childrenList.getNodeID(i),startID,destinationID, result+1);

}

}

if (tempResult==0) //if destinationID was not found in childrenList
return(0);

else

return(tempResult);
}
}
}

int network::getLoad(int agentID,int nodeID){
//returns load if agentID is placed in nodelD
int i,pAgentID,k,hops,load=0,traffic,length,chlD;

//========find load associated with parent agent===========
pAgentID=a.getParentID(agentID); //find parentAgent ID
if (pAgentID==0) //if it is the root agent
traffic=0;
elseq{ //if it is not the root agent
traffic=a.getAgentAddress (pAgentID-1)->childrenList.getNodeDistance2(agentID);//get traffic
between current agent and it's parent

k=0;
while (k<MAX NODES && addressTable[k]->agentlList.contains(pAgentID)==-1)//scann network nodes
untill pAgentID is found
k++;
k++; //k shows the ID of the network node that contains pAgentID

hops=getNumberOfHops (nodeID, -1,k,0);
load+=traffic*hops;

//=======find load associated with children agents========

length=a.getAgentAddress(agentID-1)->childrenList.getlLength();

for(i=0;i<length;i++){ //for each child of agentID in appTree
chID=a.getAgentAddress(agentID-1)->childrenList.getNodeID(1i);

//------- find network node that contains child agent--------
k=0;
while (k<MAX_NODES && addressTable[k]->agentList.contains(chID)==-1)//scann network nodes untill
pAgentID is found
k++;
k++; //k shows the ID of the network node that contains chID



}

}
/

hops=getNumberOfHops(nodelD, -1,k,0)
traffic=a.getAgentAddress(agentID-1

load+=traffic*hops;

/

)->childrenList.getNodeDistance(i);

return(load);

void network::initializeAgent(int agentID){

}

[N ORI RE O RNS RN )

a
a
a
a
a
a.
a
a
a
a
/

agentID=agentID-1;

.getAgentAddress (agentID
.getAgentAddress (agentID
.getAgentAddress (agentID
.getAgentAddress (agentID
.getAgentAddress (agentID
getAgentAddress (agentID
.getAgentAddress (agentID
.getAgentAddress (agentID
.getAgentAddress (agentID
.getAgentAddress (agentID
/int migrations;

->state=FREE; //FREE, BUSY, EVICTION

->nodesChecked=0;
->restorationFlag=0;
->maxBenefit=INVALID;

->mostBeneficialNode=INVALID;
->agentBeingChecked=INVALID;

->sum=0;
->totalBenefit=0;
->benefit=0;
->parentAgent=INVALID;

a.getAgentAddress(agentID)->isRootAgent=0;

.getAgentAddress(agentID) ->evictionsChecked.init();
.getAgentAddress(agentID) ->tempEvictions.init();
.getAgentAddress(agentID) ->benefitsArray.init();
.getAgentAddress(agentID) ->evictionPath.init();
.getAgentAddress(agentID) ->previousNodes.init();
.getAgentAddress (agentID) ->agentsOccupied.init();

a.getAgentAddress(agentID)->migrationsAttempted.init();
a.getAgentAddress(agentID) ->attemptCounter.init();
a.getAgentAddress(agentID)->nodesToRestore.init();

void network::initializeNode(int nodelID){

}

nodeID=nodeID-1;
addressTable[nodelD]
addressTable[nodelD]

->mode=ASLEEP;
->agentsChecked=0;

addressTable[nodeID]->agentBeingServed=INVALID;
addressTable[nodeID]->benefitsArray.init();
addressTable[nodeID]->agentsYetToCheck.init();

addressTable[nodeID

->nodesOccupied.init();

addressTable[nodeID]->nodeBeingServed=INVALID;

|
|
addressTable[nodeID]
]

->reservations.init();

addressTable[nodeID] ->isMostBeneficialFor=INVALID;

void network::moveAgentToNode (int agentID,int nodeID,int timeHip){
//moves agent to node and removes from nodes remainingSpace agentID's size

int parentNode=0,1i;
dynamiclList templList;
tempList.init();

a.getAgentAddress(agentID-1)->migrations++;

//----- find current network node hosting agentID

while(addressTable[parentNode]->agentList.contains(agentID)==-1)

parentNode++;

if (parentNode==nodeID-1)
a.getAgentAddress(agentID-1)->migrations--;
if(addressTable[parentNode]->nodeBeingServed==INVALID && a.getAgentAddress(agentID-1)-

>isRootAgent==1){

for(i=0;i<addressTable[parentNode]->nodesOccupied.getlLength();i++){
n.initializeNode(addressTable[parentNode] -

>nodesOccupied.getNodeID(1i));

}

if((addressTable[nodeID-1]->mode==ASLEEP

| | ((addressTable[nodeID-1]->mode==EVICTING

|| addressTable[nodeID-1]-

>mode==MIGRATING) && addressTable[nodeID-1]->nodeBeingServed==parentNode+l))

rootAgent.

&& parentNode!=nodeID-1){

//av o nodeID dev mepléxel KAmoilov

n.initializeNode(nodelD);

//if this is the node who send the initial host request. AVon oto conflict 9.
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n.initializeNode(parentNode+1);
}else{
if(a.getAgentAddress(agentID-1)->previousNodes.contains(nodelID)!=-1){ //if
it is moving to a path back to it's initial position
a.getAgentAddress(agentID-1)->previousNodes.rmEntry(nodelID);//remove
it from previousNodes list
telse{
a.getAgentAddress(agentID-1) -
>previousNodes.addEntry(parentNode+1,0);

}
//=========delete agentID from current network node=============
addressTable[parentNode] ->agentList.rmEntry(agentID); //remove agentID from this network

node
addressTable[parentNode]->remainingSpace+=a.getAgentAddress(agentID-1)->size; //free the space
it was occupying in network node

//===========add agentID to network node
addressTable[nodeID-1]->agentList.addEntry(agentID,0); //add agentID to nodeID's agent list
addressTable[nodeID-1]->remainingSpace-=a.getAgentAddress(agentID-1)->size;//reduce nodelD's

remaing space by agentID's size
addressTable[nodeID-1]->reservations.rmEntry(agentID);

//
if(a.getAgentAddress(agentID-1)->previousNodes.getLength()>0){
i=a.getAgentAddress (agentID-1)->parentAgent;
tempList=a.getAgentAddress (agentID-1)->previousNodes;
n.initializeAgent(agentID);
a.getAgentAddress(agentID-1) ->parentAgent=i;
a.getAgentAddress(agentID-1)->previousNodes=tempList;
telse{

}

n.initializeAgent(agentID);

}

void network::checkForEvictions(int agentID,int nodeID,int timeHip){

//have to initialize sum=0 and agentBeingChecked=-1,tempEvictions

int
currentAgent,i,j,parentNode=0, currentNode,position, flag,aBCheckedBenefit, penalty, tempParentNode;

int timer=timeHip+1;

int tempCurrentNode, reservedSpace;
int aBChecked=a.getAgentAddress(agentID-1)->agentBeingChecked;
dynamiclList arguments;

J/RFFRIRRRRR L sk 3k K ok 3k ok ok K
while(addressTable[parentNode]->agentlList.contains(agentID)==-1)
parentNode++;

if(addressTable[parentNode] ->mode!=BUSY)
addressTable[parentNode] ->mode=EVICTING;
if(addressTable[nodelID-1]->mode!=BUSY) / /¥ skt oo HorkokokoRof X
addressTable[nodeID-1]->mode=EVICTING;
position=a.getAgentAddress(agentID-1)->tempEvictions.contains2(aBChecked,nodelD);

if(position!=-1){ //if agentBeingChecked is in tempEvictions
a.getAgentAddress(agentID-1)->sum+=a.getAgentAddress (aBChecked-1)->size;
if(a.getAgentAddress(aBChecked-1) ->mostBeneficialNode==parentNode+1){ //av

ektoniletal kOuBog otn Hikid pov 6€on.
if (addressTable[parentNode] ->agentBeingServed!=INVALID)
//MPENEL va EVNUEPWOW Tov agentBeingServed pov ytla avtd
a.getAgentAddress(addressTable[parentNode] ->agentBeingServed-1) -
>sum-=a.getAgentAddress (aBChecked-1)->size;

if (addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1]-
>mode==EVICTING
&& addressTable[a.getAgentAddress(aBChecked-1) ->mostBeneficialNode-1]-
>agentBeingServed==aBChecked && a.getAgentAddress(agentID-1)->restorationFlag==1){
addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1] -

>agentBeingServed=INVALID;
}

if (addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1]-
>reservations.contains (aBChecked)==-1)
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addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1] -
>reservations.addEntry(aBChecked,a.getAgentAddress (aBChecked-1)->size);
tempParentNode=0;
while(addressTable[tempParentNode]->agentList.contains(aBChecked)==-1)
tempParentNode++;

a.getAgentAddress(agentID-1)->tempEvictions.rmEntryFrom(position); //remove from
tempEvictionsList

aBCheckedBenefit=a.getAgentAddress(agentID-1)->benefitsArray.getNodeDistance(position);

a.getAgentAddress(agentID-1)->totalBenefit+=aBCheckedBenefit;

a.getAgentAddress(agentID-1)->benefitsArray.rmEntryFrom(position); //also remove from benefits
array

for(i=0;i<a.getAgentAddress(aBChecked-1)->evictionsChecked.getLength();i++)
{//mpoobétw oto evictionsChecked tov agentID to evictionsChecked tov aBChecked
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.contains2(a.getAgentAddress (aBChecked-1) -
>evictionsChecked.getNodeID(i),a.getAgentAddress(aBChecked-1) -
>evictionsChecked.getNodeDistance (i) )==INVALID){
a.getAgentAddress(agentID-1) -
>evictionsChecked.addEntry(a.getAgentAddress (aBChecked-1) -
>evictionsChecked.getNodeID(i),a.getAgentAddress(aBChecked-1) -
>evictionsChecked.getNodeDistance(1i));
}
}
for(i=0;i<a.getAgentAddress(aBChecked-1)->nodesToRestore.getLength();i++){
if(a.getAgentAddress(agentID-1)-
>nodesToRestore.contains(a.getAgentAddress (aBChecked-1) ->nodesToRestore.getNodeID(1i))==INVALID){
a.getAgentAddress(agentID-1) -
>nodesToRestore.addEntry(a.getAgentAddress (aBChecked-1) ->nodesToRestore.getNodeID(1i),nodelD);
b

}
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.contains2(aBChecked, nodeID)==INVALID){
a.getAgentAddress(agentID-1) -
>evictionsChecked.addEntry(aBChecked,nodelID);//add it to the evictionsChecked list

}
if(a.getAgentAddress(agentID-1)->nodesToRestore.contains(nodeID)==INVALID)
a.getAgentAddress(agentID-1)->nodesToRestore.addEntry(nodeID,nodeID);
if(a.getAgentAddress(agentID-1)-
>nodesToRestore.contains(a.getAgentAddress (aBChecked-1)->mostBeneficialNode)==INVALID){
if((addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1]-
>mode ! =BUSY && addressTable[a.getAgentAddress(aBChecked-1)->mostBeneficialNode-1]->mode!=EVICTING
&& addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-
1]->mode!=PRE_EVICTING)
| | (addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1] -
>mode==EVICTING
&& addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1] -
>nodeBeingServed==tempParentNode+1))
a.getAgentAddress(agentID-1) -
>nodesToRestore.addEntry(a.getAgentAddress (aBChecked-1) ->mostBeneficialNode, nodelID);
}
reservedSpace=0;
for(i=0;i<addressTable[nodeID-1]->reservations.getLength();i++)
if (addressTable[nodeID-1]->reservations.getNodeID (i) !=agentID)
reservedSpace+=addressTable[nodeID-1] -
>reservations.getNodeDistance(i);
//----- also move aBChecked to most beneficial destination----------- //moved it here
from above.
tempCurrentNode=a.getAgentAddress (aBChecked-1) ->mostBeneficialNode;
n.moveAgentToNode (aBChecked, tempCurrentNode, timer) ;
a.getAgentAddress (aBChecked-1) ->mostBeneficialNode=tempCurrentNode;

if((/*a.getAgentAddress(agentID-1)->sum+*/addressTable[nodeID-1]->remainingSpace-
reservedSpace)<a.getAgentAddress(agentID-1)->size){ //if still haven't freed enough space

a.getAgentAddress(agentID-1)->agentBeingChecked=-1; //get new agentBeingChecked
checkForEvictions (agentID,nodeID, timer);

}else{ //if eventually, enough space could be freed
//------- SEND HOST REQUEST of agentID to nodeID--------------- J/RERRRRRRR
kK kK kok ok k
//------- and initialize all agents from tempEvictions of agentID--------
VVEEEEEEEE add nodeID's nodesOccupied list to parentNode's list.-----------

for(i=0;i<addressTable[nodeID-1]->nodesOccupied.getLength();i++){



if(addressTable[parentNode] -
>nodesOccupied.contains(addressTable[nodeID-1]->nodesOccupied.getNodeID(i))==-1)
addressTable[parentNode] -
>nodesOccupied.addEntry(addressTable[nodeID-1]->nodesOccupied.getNodeID(i),nodelD);

timer++;
if (addressTable[parentNode] ->nodeBeingServed==INVALID &&
a.getAgentAddress(agentID-1)->isRootAgent==1){ //if this is the rootAgen.Avon oto conflict 9.
arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodelD,0);
h.addToHip (timer++,MOVE_AGENT,arguments) ;
a.getAgentAddress(agentID-1)->totalBenefit=0;
addressTable[parentNode] ->mode=MIGRATING;
addressTable[nodeID-1]->mode=MIGRATING;
if(addressTable[nodeID-1]->reservations.contains(agentID)==-1)
addressTable[nodeID-1]-
>reservations.addEntry(agentID,a.getAgentAddress(agentID-1)->size);
}else{ //if this is not the rootAgent//*¥¥¥d¥kx___ ... Hokokkok sk kok
if(a.getAgentAddress(agentID-1)->restorationFlag==0){
for(i=a.getAgentAddress(agentID-1)-
>evictionsChecked.getlLength()-1;i>=0;i--){ //for every eviction done.
position=a.getAgentAddress(agentID-1)-
>nodesToRestore.contains2(a.getAgentAddress (agentID-1)->evictionsChecked.getNodeDistance(i),nodelD);
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodelD
|| position!=-1){
currentAgent=a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeID(1i);
[/-------- restore migration of
currentAgent----------------
arguments.init();
J/RRRkRekokok L L ok >k ok Kok Kk

arguments.addEntry(currentAgent,0);

arguments.addEntry(a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeDistance(1i),0);//fffffddrk - Fokokokkok kK
h.addToHip (timer,MOVE_AGENT,arguments);
timer++;
addressTable[a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeDistance(i)-1]->mode=MIGRATING;
a.getAgentAddress(currentAgent-1) -
>migrations=a.getAgentAddress(currentAgent-1)->migrations-2;

if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodelD)
a.getAgentAddress(agentID-1)->sum-
=a.getAgentAddress (currentAgent-1)->size;
tempParentNode=0;
while(addressTable[tempParentNode] -
>agentList.contains(currentAgent)==-1)
tempParentNode++;
if((addressTable[tempParentNode] ->mode!=BUSY
&& addressTable[tempParentNode] ->mode!=EVICTING && addressTable[tempParentNode] ->mode!=PRE EVICTING)
| | (addressTable[tempParentNode] -
>mode==EVICTING && addressTable[tempParentNode]->nodeBeingServed==nodelID) ){
addressTable[tempParentNode] -
>mode=MIGRATING;

}

}

if((addressTable[a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode-1]->mode!=BUSY && addressTable[a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode-1]->mode!=EVICTING

&& addressTable[a.getAgentAddress (aBChecked-1) -

>mostBeneficialNode-1]->mode!=PRE_EVICTING)

| | (addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->mode==EVICTING && addressTable[a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode-1]->nodeBeingServed==nodelD)){
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addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->mode=MIGRATING;

}

arguments.init();

arguments.addEntry(agentID,0);

arguments.addEntry(nodelD,0);
arguments.addEntry(a.getAgentAddress(agentID-1)->totalBenefit,0);
h.addToHip(timer++, ANSWER, arguments) ; J/XFEERRRRR Ll

}

3k 5k >k >k okok >k

a.getAgentAddress(agentID-1)->totalBenefit=0;

}
for(i=0;i<a.getAgentAddress(agentID-1) -

>tempEvictions.getlLength();i++){

position=addressTable[parentNode] -
>nodesOccupied.contains(a.getAgentAddress(agentID-1)->tempEvictions.getNodeID(1i));

if(position!=-1)

addressTable[parentNode] -

>nodesOccupied. rmEntryFrom(position);

n.initializeAgent(a.getAgentAddress(agentID-1)-
>tempEvictions.getNodeID(1i));

}
a.getAgentAddress(agentID-1)->tempEvictions.init();
a.getAgentAddress(agentID-1)->benefitsArray.init();

//

telse{ // if agentBeingChecked not in tempEvictions
list

//

position=0;
flag=0;
while(position<a.getAgentAddress(agentID-1)->tempEvictions.getLength() && flag==0){ //check in
tempEvictions of agentBeingServed
if(a.getAgentAddress(agentID-1) -

>tempEvictions.getNodeDistance(position)==nodelD){ //1if there are evictions refered to this
node
flag=1;
//raise flag
}else
position++;
if(flag==1){ //if there are still agents in tempEvictions of agentBeingServed

not yet checked
a.getAgentAddress(agentID-1)->agentBeingChecked=a.getAgentAddress(agentID-1) -

>tempEvictions.getNodeID(position); //get the next agentBeingChecked from benefitsArray
aBChecked=a.getAgentAddress(agentID-1)->agentBeingChecked;
a.getAgentAddress(agentID-1)->tempEvictions.rmEntryFrom(position);

//and remove it from tempEvictions
a.getAgentAddress(agentID-1)->benefitsArray.rmEntryFrom(position);

//and from benefitsArray

penalty=getLoad (aBChecked,nodelID)-getLoad (aBChecked, a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode); //estimate penalty of such migration
aBCheckedBenefit=a.getAgentAddress (aBChecked-1) ->benefit+penalty;
if (aBCheckedBenefit>0){ //if it is a beneficial migration
arguments.init(); //send host request
arguments.addEntry(aBChecked,0);
arguments.addEntry(a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode,0);
arguments.addEntry(aBCheckedBenefit,0);
if(addressTable[a.getAgentAddress (aBChecked-1)->mostBeneficialNode-
1] ->mode!=BUSY) JRRRkekokokok L L Hook ok ok ok koK
addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->mode=EVICTING;

tempParentNode=0;
while(addressTable[tempParentNode] -
>agentList.contains(aBChecked)==-1)
tempParentNode++;

if(a.getAgentAddress(aBChecked-1)->mostBeneficialNode!
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=addressTable[tempParentNode] ->nodeBeingServed){ // av o mostBeneficialNode dev mepiéyxet Tov
agentBeingServed tov tempParentNode
//6nAadf av o aBChecked 6ev otéAvel aitnon oe mponyovuevo node
if(addressTable[a.getAgentAddress (aBChecked-1) -

>mostBeneficialNode-1]->mode!=BUSY &&

addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->nodeBeingServed==nodelD){

addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->agentBeingServed=aBChecked;

}

}
a.getAgentAddress(aBChecked-1) ->benefitsArray.init();
a.getAgentAddress(aBChecked-1) ->tempEvictions.init();
a.getAgentAddress(aBChecked-1) ->restorationFlag=1;

h.addToHip (timer,SEND HOST REQUEST,arguments); //get it's benefit

}else{ //if it is not a beneficial
migration
arguments.init(); //send invalid reply
arguments.addEntry(aBChecked,0);
arguments.addEntry(a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode,0);
arguments.addEntry (INVALID,0);
h.addToHip (timer,ANSWER,arguments) ;

}

}else{// if((a.getAgentAddress(agentID-1)->sum+addressTable[nodeID-1]-
>remainingSpace)<a.getAgentAddress(agentID-1)->size){ //1if enough space couldn't eventually
be freed

i=a.getAgentAddress(agentID-1)->evictionsChecked.getlLength();
while(i>=0){ //for every eviction done.
position=a.getAgentAddress(agentID-1) -
>nodesToRestore.contains2(a.getAgentAddress (agentID-1)->evictionsChecked.getNodeDistance(i),nodelD);
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodeID
|| position!=-1){
currentAgent=a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeID(1i);
[/)-------- restore migration of currentAgent----------------
arguments.init(); Y R Fokokokokokokok
arguments.addEntry(currentAgent,0);
arguments.addEntry(a.getAgentAddress(agentID-1) -

>evictionsChecked.getNodeDistance(i),0);//f s ffffs oo ARk
h.addToHip (timer,MOVE_AGENT,arguments);
timer++;

a.getAgentAddress(currentAgent-1)->migrations=a.getAgentAddress(currentAgent-1)->migrations-2;
//25/1/2016

addressTable[a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeDistance(i)-1]->mode=MIGRATING;

if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodelD)
a.getAgentAddress(agentID-1) ->sum-
=a.getAgentAddress(currentAgent-1)->size;
tempParentNode=0;
while(addressTable[tempParentNode] -
>agentList.contains(currentAgent)==-1)
tempParentNode++;
if((addressTable[tempParentNode] ->mode!=BUSY &&
addressTable[tempParentNode]->mode!=EVICTING && addressTable[tempParentNode]->mode!=PRE_EVICTING)
| | (addressTable[tempParentNode] ->mode==EVICTING &&
addressTable[tempParentNode] ->nodeBeingServed==nodelD) ){
addressTable[tempParentNode] ->mode=MIGRATING;

}
a.getAgentAddress(agentID-1) -
>evictionsChecked. rmEntryFrom(i);
}else{

}

i--;
}

a.getAgentAddress(agentID-1)->totalBenefit=0;
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/)= notify agentID migration was not possible------------
arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodelD,0);
arguments.addEntry(INVALID,O0); //INVALID benefit
h.addToHip(timer, ANSWER, arguments) ;
Y
for(i=0;i<a.getAgentAddress(agentID-1)->tempEvictions.getLength();i++){
//30/10/2015
position=addressTable[parentNode] -
>nodesOccupied.contains(a.getAgentAddress(agentID-1)->tempEvictions.getNodeID(1i));
if(position!=-1)
addressTable[parentNode] -
>nodesOccupied.rmEntryFrom(position);
n.initializeAgent(a.getAgentAddress(agentID-1)-
>tempEvictions.getNodeID(1i));
}
a.getAgentAddress(agentID-1)->tempEvictions.init();
a.getAgentAddress(agentID-1)->benefitsArray.init();

}
}

void network::notifyNode(int agentID,int nodelID,int benefit,int timeHip){
//notify node currently hosting agentID (parentNode)
dynamicList arguments,tempList;
int sum,parentNode=0,1i,j,currentAgent,temp,tempBenefit, length, currentNode;
int flag=0,position,localBenefit,maxBenefit,maxNode,aBServed,tempParentNode;
a.getAgentAddress(agentID-1)->nodesChecked--; //inform agentID that a node (to which he
previously sent a HOST REQUEST), has returned an answer
while(addressTable[parentNode]->agentList.contains(agentID)==-1)
parentNode++;
if(addressTable[parentNode]->nodeBeingServed!=INVALID){
tempParentNode=addressTable[parentNode] ->nodeBeingServed-1;
}else
tempParentNode=INVALID;
if(addressTable[parentNode] ->agentList.contains(addressTable[nodeID-1]-
>isMostBeneficialFor)!=-1)
temp=1;
else
temp=0;

if(a.getAgentAddress(agentID-1)->nodesChecked<0){ //1if function call was triggered by
checkForEvictions
if (benefit!=INVALID){ //if eviction is beneficial

a.getAgentAddress (addressTable[parentNode] ->agentBeingServed-1) -
>agentBeingChecked=agentID; J/RFARRRRR L Fokokokkkokok

temp=a.getAgentAddress(addressTable[parentNode] ->agentBeingServed-1) -
>benefitsArray.addEntryInOrder(agentID,benefit); //add inOrder and get position

a.getAgentAddress (addressTable[parentNode] ->agentBeingServed-1) -

>tempEvictions.addEntryAt(agentID, parentNode+1,temp); //add it to tempEvictions of
agentBeingServed

addressTable[nodeID-1]->isMostBeneficialFor=agentID;

checkForEvictions(addressTable[parentNode] -
>agentBeingServed, parentNode+1,timeHip) ;

}else{ //else if eviction was invalid
addressTable[nodeID-1]->agentBeingServed=INVALID;
JRRRkkokokok L L ok >k ok >k ok Kk ok

cout<<parentNode+1<<ENDLINE;
position=a.getAgentAddress(addressTable[parentNode]->agentBeingServed-1) -
>tempEvictions.contains(agentID);
//------- restore all nodes to EVICTION or ASLEEP mode.31/11/2015--------------
i=0;
while(i<a.getAgentAddress(agentID-1)->nodesToRestore.getLength()){
//for every node that needs to be restored.
if(a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeDistance(i)==nodelID){
if(addressTable[a.getAgentAddress (agentID-1) -
>nodesToRestore.getNodeID(i)-1]->mode!=BUSY)
if (temp!=1){
n.initializeNode(a.getAgentAddress(agentID-
1) ->nodesToRestore.getNodeID(1i));
}else{
addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(1i)-1]->mode=EVICTING;
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addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(i)-1]->agentBeingServed=INVALID;

}
currentNode=a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(1i);
for(j=0;j<addressTable[currentNode-1]-
>agentList.getlLength();j++){ //also restore their agents
n.initializeAgent(addressTable[currentNode-1]-
>agentList.getNodeID(j));

}
a.getAgentAddress(agentID-1)->nodesToRestore.rmEntryFrom(i);
}else{
i++;
b
}
F R T e

if (a.getAgentAddress(agentID-1)->nodesToRestore.getLength()<=0)
n.initializeAgent(agentlID);
a.getAgentAddress(addressTable[parentNode] ->agentBeingServed-1) -

>agentBeingChecked=INVALID; //new agent has to become agentBeingChecked
checkForEvictions(addressTable[parentNode]->agentBeingServed, parentNode+1, timeHip); //call

check for evictions

}
//

}else{

//

if(a.getAgentAddress(agentID-1)->maxBenefit<benefit){ //1if

benefit/agentSize of this migration/eviction is greater than currently maxBenefit
a.getAgentAddress(agentID-1)->maxBenefit=benefit;
if (a.getAgentAddress(agentID-1)->mostBeneficialNode!=INVALID){ //if there
is a currently most Beneficial Node
if(a.getAgentAddress(agentID-1)->mostBeneficialNode!
=tempParentNode+1 && temp!=1//if currently most beneficial node 6ev ypnotipomoteitat and KEmoilov
OUYKA&TO1KO agent
&& ((addressTable[a.getAgentAddress(agentID-1)->mostBeneficialNode-
1]->mode!=BUSY && addressTable[a.getAgentAddress(agentID-1)->mostBeneficialNode-1]->mode!
=EVICTING
&& addressTable[a.getAgentAddress(agentID-1) -
>mostBeneficialNode-1]->mode!=MIGRATING) //kat dev eival BUSY
|| ((addressTable[a.getAgentAddress(agentID-1)->mostBeneficialNode-
1]->mode==EVICTING
|| addressTable[a.getAgentAddress(agentID-1)-
>mostBeneficialNode-1]->mode==MIGRATING) //rj av eivat EVICTING r} MIGRATING tote
&& addressTable[a.getAgentAddress(agentID-1) -
>mostBeneficialNode-1]->nodeBeingServed==parentNode+1
&& addressTable[a.getAgentAddress(agentID-1) -
>mostBeneficialNode-1]->agentBeingServed==agentID))){ //av o nodeBeingServed tov €ivat o
parentNode
i=0;
while(i<addressTable[parentNode]->nodesOccupied.getLength())

{
if(addressTable[parentNode] -
>nodesOccupied.getNodeDistance(i)==a.getAgentAddress(agentID-1)->mostBeneficialNode) {
//20/11/2015
n.initializeNode(addressTable[parentNode] -
>nodesOccupied.getNodeID(1i));
addressTable[parentNode] -
>nodesOccupied. rmEntryFrom(i);
}else
i++;

n.initializeNode(a.getAgentAddress(agentID-1)-
>mostBeneficialNode); //free and put currently most beneficial node to SLEEP

i=0;
while(i<a.getAgentAddress(agentID-1)->evictionsChecked.getLength()){
position=a.getAgentAddress(agentID-1) -
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>nodesToRestore.contains2(a.getAgentAddress (agentID-1) -
>evictionsChecked.getNodeDistance(i),a.getAgentAddress(agentID-1)->mostBeneficialNode);
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==a.getAgentAddress(agentID-1)->mostBeneficialNode
|| position!=-1){
a.getAgentAddress(agentID-1) -
>evictionsChecked. rmEntryFrom(i);
}else
1++,;

}

b
a.getAgentAddress(agentID-1)->mostBeneficialNode=nodeID;//and set this node as the currently
most beneficial for the agent to MIGRATE
}else if(nodeID!=tempParentNode+1 && ((addressTable[nodeID-1]->mode==ASLEEP)
|| ((addressTable[nodeID-1]->mode==EVICTING || addressTable[nodeID-1]-
>mode==MIGRATING) && addressTable[nodeID-1]->nodeBeingServed==parentNode+1))){
if(temp!=1){
i=0;
while(i<addressTable[parentNode]->nodesOccupied.getLength()){
if(addressTable[parentNode] -
>nodesOccupied.getNodeDistance(i)==nodelD){
n.initializeNode(addressTable[parentNode] -
>nodesOccupied.getNodeID(1i));
addressTable[parentNode] -
>nodesOccupied. rmEntryFrom(i);

}else
i++;
b
if(addressTable[nodeID-1]->mode!=BUSY)
n.initializeNode(nodelD); //free this node
i=0;

while(i<a.getAgentAddress(agentID-1)->evictionsChecked.getLength())

{
position=a.getAgentAddress(agentID-1) -
>nodesToRestore.contains2(a.getAgentAddress (agentID-1) -
>evictionsChecked.getNodeDistance(i),nodelD);
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodelD
|| position!=-1){
a.getAgentAddress(agentID-1) -
>evictionsChecked. rmEntryFrom(i);
}else
i++;

i=0;
while(i<a.getAgentAddress(agentID-1)->nodesToRestore.getlLength()){
//for every node that needs to be restored.
if(a.getAgentAddress(agentID-1)-
>nodesToRestore.getNodeDistance(i)==nodelD){
if(a.getAgentAddress(agentID-1)-
>mostBeneficialNode==nodelID){
if (addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(i)-1]->mode!=BUSY)
addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(i)-1]->mode=EVICTING;
addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(i)-1]->agentBeingServed=INVALID;
}else{
if(addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(i)-1]->mode!=BUSY)
if(temp!=1){

n.initializeNode(a.getAgentAddress(agentID-1)->nodesToRestore.getNodeID(i));
}else{

addressTable[a.getAgentAddress(agentID-1)->nodesToRestore.getNodeID(i)-1]->mode=EVICTING;

addressTable[a.getAgentAddress(agentID-1)->nodesToRestore.getNodeID(i)-1]-
>agentBeingServed=INVALID;
}
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currentNode=a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(1i);
for(j=0;j<addressTable[currentNode-1]-
>agentList.getLength();j++){ //also restore their agents
n.initializeAgent(addressTable[currentNode-1]-
>agentList.getNodeID(j));

}
a.getAgentAddress(agentID-1)->nodesToRestore. rmEntryFrom(i);
}else

i++;

}

[/ = m e e e e e e e e e e e

if(a.getAgentAddress(agentID-1)->nodesChecked==0){ //if agent got response from
all nodes to which he send hostRequests.
addressTable[parentNode] ->agentsChecked- - ; //notify

node that max benefit of agentID has been found
tempBenefit=a.getAgentAddress(agentID-1) -
>maxBenefit*1000/a.getAgentAddress (agentID-1)->size; //(*1000 so the outcome is an integer)
if(a.getAgentAddress(agentID-1)->maxBenefit!=INVALID){ //if there was a
possible eviction
addressTable[parentNode] -
>penefitsArray.addEntryInOrder(agentID,tempBenefit); //add it to the benefitsArray of parent node in
increasing order
addressTable[a.getAgentAddress(agentID-1) -
>mostBeneficialNode-1]->isMostBeneficialFor=agentID;

}else{
if(a.getAgentAddress(agentID-1)->state==BUSY){
n.initializeAgent(agentID);
a.getAgentAddress(agentID-1)->state=BUSY;
a.getAgentAddress(agentID-1) ->isRootAgent=1;
}else
n.initializeAgent(agentID);
b

}
if(addressTable[parentNode]->nodeBeingServed!=nodeID && addressTable[nodeID-1]-
>agentBeingServed==agentID){ //av 6&v otéAvel aitnua otov mponyovuevo kouPBo kot o nodeID egumnpetet
Tov agentID
addressTable[nodeID-1]->agentBeingServed=INVALID;
}

if(addressTable[parentNode]->agentsChecked==0){ //1if all agents of parentNode have returned
their maxBenefit
if (addressTable[parentNode] ->benefitsArray.getLength()>0){ //if there was at least one
possible eviction
if (addressTable[parentNode]->agentBeingServed!=INVALID){

//1if agentID is not the rootAgent

tempParentNode=0;

while(addressTable[tempParentNode] -
>agentList.contains(addressTable[parentNode]->agentBeingServed)==-1) //get parentNode of
agentBeingServed.

tempParentNode++;
for(i=0;i<addressTable[parentNode] -
>benefitsArray.getlLength();i++){ //for every possible eviction

currentAgent=addressTable[parentNode] -
>benefitsArray.getNodeID(1i);

a.getAgentAddress(addressTable[parentNode] -
>agentBeingServed-1)->tempEvictions.addEntry(currentAgent,parentNode+1); //add it to
tempEvictions of agentBeingServed

a.getAgentAddress(addressTable[parentNode] -
>agentBeingServed-1) ->benefitsArray.addEntry(currentAgent,a.getAgentAddress(currentAgent-1) -
>maxBenefit);

if (addressTable[tempParentNode] -

>nodesOccupied.contains(a.getAgentAddress(currentAgent-1)->mostBeneficialNode) !=-2 //fake!
4/12/2015
&&
((addressTable[a.getAgentAddress(currentAgent-1)->mostBeneficialNode-1]->mode!=BUSY
&&

addressTable[a.getAgentAddress (currentAgent-1)->mostBeneficialNode-1]->mode!=EVICTING)
'l
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(addressTable[a.getAgentAddress (currentAgent-1)->mostBeneficialNode-1]->mode==EVICTING
&
addressTable[a.getAgentAddress (currentAgent-1)->mostBeneficialNode-1]-
>nodeBeingServed==parentNode+1))){
addressTable[tempParentNode] -
>nodesOccupied.addEntry(a.getAgentAddress(currentAgent-1)->mostBeneficialNode, parentNode+1);

}
a.getAgentAddress (addressTable[parentNode] -
>agentBeingServed-1) ->agentBeingChecked=INVALID;
checkForEvictions (addressTable[parentNode] -
>agentBeingServed, parentNode+1, timeHip) ;
}else{ //if agentID is the one who sent
the initial host request [ L Rl
cout<<"That never happens!\n";
}

}else{ //else if there weren't any possible evictions
addressTable[parentNode]->benefitsArray.init();
if (addressTable[parentNode]->nodeBeingServed!=INVALID ||
a.getAgentAddress(agentID-1)->isRootAgent==0){ // if this is not the rootAgent
arguments.init();
//return benefit INVALID to agentBeingServed
arguments.addEntry(addressTable[parentNode] -
>agentBeingServed,0);
arguments.addEntry(parentNode+1,0);
arguments.addEntry (INVALID,0);
h.addToHip (timeHip+1, ANSWER, arguments);
aBServed=addressTable[parentNode] ->agentBeingServed;
//******** ______________ >k kK kK kK ok
n.initializeAgent(agentID);
}else{ //if this is the rootAgent
//----find parent of agentID------- initialize--
parentNode=0;
while(addressTable[parentNode] -
>agentList.contains(agentID)==-1)
parentNode++;

addressTable[parentNode] -
>agentsYetToCheck. rmEntry(agentID); //remove this agent from agentsYetToBeChecked list (as it
failed to return a valid result)

for(i=0;i<addressTable[parentNode] -
>nodesOccupied.getlLength();i++){
n.initializeNode(addressTable[parentNode] -
>nodesOccupied.getNodeID(1i));

addressTable[parentNode]->nodesOccupied.init();

if((addressTable[nodeID-1]->mode==ASLEEP)
| | ((addressTable[nodeID-1]->mode==EVICTING ||
addressTable[nodeID-1]->mode==MIGRATING) && addressTable[nodeID-1]->nodeBeingServed==parentNode+1))
n.initializeNode(nodelD);

arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(parentNode+1,0);
h.addToHip (timeHip+1,MOVE_AGENT,arguments);
F A

}
}
}
}

void network::migrationCheck(int agentID,int nodelD,int benefit,int timeHip){
int parentNode=0;

dynamicList arguments;

arguments.init();

while(addressTable[parentNode]->agentList.contains(agentID)==-1)
parentNode++;

if(a.getAgentAddress(agentID-1)->state!=EVICTION){

)
arguments.addEntry(agentID,0);
arguments.addEntry(nodeID,0);
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h.addToHip (timeHip+1,MOVE AGENT,arguments);
timeHip+=2; J/FEFRERRFRRK skokskokok ok ok

if (addressTable[parentNode]->mode==MIGRATING){ //6nAadr} étav o agentID ywpd ywpig
eviction oto nodeID
addressTable[parentNode] ->mode==BUSY;

}
}else{ //if agentID state==EVICTION
if(addressTable[nodeID-1]->mode==ASLEEP && addressTable[nodelID-1]-
>agentBeingServed==INVALID){ // la va amogevyxfeil n mepintwon 6mov o nodelD
addressTable[nodeID-1]->agentBeingServed=agentID;
//fTav BUSY kot €xel pOAlg amogoaoiotel Tl Ba yivlétav Kot €ylve maAt ASLEEP

if (addressTable[nodeID-1]->mode==MIGRATING) { //if nodeID was ASLEEP before
agentID's hostRequest

}
arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodelD,0);
arguments.addEntry(benefit,0);
h.addToHip (timeHip+1, ANSWER, arguments);
}

addressTable[nodeID-1]->mode=EVICTING; / /s sokokok oo oo oo Hkokokkokkok

}

void network::sendHostRequestNFL (int agentID,int nodelID,int benefit,int timeHip){

int previousTimer=0,currentTimer=1,parentNode=0,number0OfAgents, currentAgent,position, reservedSpace;

int
i,j,numberOfNodes,penalty,temp, currentNode,agentServed, flag=0, flag2=0, flag3=0,PEflag=0,invalidFlag=0
H //PEflag==PRE_EVICTING FLAG

dynamicList arguments;

arguments.init();

numberO0fAgents=addressTable[nodeID-1]->agentList.getlLength(); //get number of agents hosted in
nodeID

[/----------- find node hosting agentID------------------
while(addressTable[parentNode]->agentList.contains(agentID)==-1)
parentNode++;
[ oo
agentServed=addressTable[nodeID-1]->agentBeingServed; //set agentServed as the agent Being

Served by nodeID
// cout<<parentNode+1l<<" mode="<<a.getAgentAddress(agentID-1)->state<<ENDLINE;

if(addressTable[nodeID-1]->mode==AWAKE) / /bt oo HAA K
addressTable[nodeID-1]->mode=ASLEEP;
//----raise flag in case agentID is sending host request to the node hosting the agent currently
trying to evict agentID(previous in path node)----
if(nodeID==addressTable[parentNode]->nodeBeingServed) //##fxkoksok oo ook K
flag=1;
if (addressTable[nodeID-1]->nodeBeingServed==parentNode+1){ //#*k*ksks_ oo A
if (agentServed!=agentID && agentServed!=INVALID) //if nodeID is busy
serving another agent inside parentNode
flag2=1;

//raise flag2

else
//else if agentBeingServed by nodeID is agentID, or no agent is currently beingServed by nodeID(€éxet
kAnee{ amdé tnv checkForEvictions)

flag3=1;
//raise flag3
}
if (addressTable[parentNode]->mode==PRE_EVICTING) {
PEflag=1;
addressTable[parentNode] ->mode=MIGRATING;
}

if(a.getAgentAddress(agentID-1)->attemptCounter.getNodeDistance2(nodeID)>140){

KoKk ok kKKK _ _ L L L L. koK ko ok ok ok ok
//

a.getAgentAddress(agentID-1)->attemptCounter.rmEntry(nodelD);
invalidFlag=0;

if(addressTable[nodeID-1]->mode==ASLEEP){
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for(i=0;i<addressTable[nodeID-1]->agentlList.getlLength();i++){
if(a.getAgentAddress(addressTable[nodeID-1]-
>agentList.getNodeID(i)-1)->state!=FREE){
flag2=1;
}

}
reservedSpace=0;
for(i=0;i<addressTable[nodeID-1]->reservations.getLength();i++)
if(addressTable[nodeID-1]->reservations.getNodeID (i) !=agentID)
reservedSpace+=addressTable[nodeID-1]->reservations.getNodeDistance(1i);

if((addressTable[nodeID-1]->mode==MIGRATING ||flag2==1
|| addressTable[nodeID-1]->mode==PRE_EVICTING) && invalidFlag==0){ //1if node is busy
migrating, or is currently doing eviction of another agent of parentNode
if(PEflag==1){ //in case parentNode has sent host requests to other nodes as well,
apart from nodeID, so it needs to be in mode=EVICTING//28/11/2015
addressTable[parentNode] ->mode=PRE_EVICTING; //19/12/2015
}

temp=a.getAgentAddress(agentID-1)->attemptCounter.getNodeDistance2(nodeID)+1;
J Rk L L >k ok k ok >k ok ok %k

a.getAgentAddress(agentID-1)->attemptCounter.rmEntry(nodelID);
JRRRRRkkk L sk 3k 5k ok ok Kk K

a.getAgentAddress(agentID-1)->attemptCounter.addEntry(nodelD, temp);
JRRRkkokokok L L ok >k ok >k ok Kk ok
arguments.addEntry(agentID,0); //wait and try again in next timeHip
arguments.addEntry(nodelD,0);
arguments.addEntry (benefit,0);
h.addToHip (timeHip+1,SEND HOST REQUEST,arguments);
telse{ //1if nodeID mode =ASLEEP, BUSY, (EVICTING && flag==1)
if(((addressTable[nodeID-1]->remainingSpace-
reservedSpace>=a.getAgentAddress(agentID-1)->size) && invalidFlag==0) &&
(addressTable[nodeID-1]->mode==ASLEEP || addressTable[nodeID-1]->mode==BUSY
|| (addressTable[nodeID-1]->mode==EVICTING))){//case 1: migration is possible
a.getAgentAddress(agentID-1)->attemptCounter.rmEntry(nodelD);
JRRRRskokokok L >k 3k 5k ok >k kK %k
if(addressTable[parentNode]->mode!=EVICTING){
addressTable[parentNode] ->mode=MIGRATING; //set
parent to migrating so if some agent send hostRequest to this node he will have to resend the
request
}

if(flag3==1 && addressTable[nodeID-1]->agentBeingServed==INVALID)
//av o nodeID €xel nodeBeingServed tov parentNode kot &ev Tov amaoxoAei KAEMO10G OLYKATO1KOG
18/11/2015
addressTable[nodeID-1]->agentBeingServed=agentID;
if (addressTable[nodeID-1]->mode==ASLEEP) {
addressTable[nodeID-1]->agentBeingServed=agentID;
addressTable[nodeID-1]->nodeBeingServed=parentNode+1;
addressTable[nodeID-1]->mode=MIGRATING;

if (addressTable[nodeID-1]->reservations.contains(agentID)==-1) //av o
nodeID 6ev €xel Adn beopevoel YWpo yla Tov agentID. 8/11/2015
addressTable[nodeID-1] -
>reservations.addEntry(agentID,a.getAgentAddress(agentID-1)->size);
arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodeID,0);
arguments.addEntry(benefit,0);
h.addToHip (timeHip+1,MIGRATE, arguments);
}else if(addressTable[nodeID-1]->size>=a.getAgentAddress(agentID-1)->size && flag!=1 &&
invalidFlag==0
&& (addressTable[nodeID-1]->mode==ASLEEP || (addressTable[nodeID-1]-
>mode==EVICTING && flag3!=0))){ //case 2: migrations might be possible after evictions
a.getAgentAddress(agentID-1)->attemptCounter.rmEntry(nodelD);
J/RFRFRRRRR L sk 3k K ok ok Kk K
addressTable[nodeID-1]->agentsChecked=0; //initialize agentsChecked
addressTable[nodeID-1]->benefitsArray.init(); //initialize array with the maximum
benefit of each agent
a.getAgentAddress(agentID-1)->agentsOccupied.init();
for(i=0;i<numberOfAgents;i++){ //for each agent in nodeID
currentAgent=addressTable[nodeID-1]->agentList.getNodeID(1i);
if(a.getAgentAddress(currentAgent-1)->state==FREE &&
a.getAgentAddress(currentAgent-1)->childrenList.getLength()>0
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&& a.getAgentAddress(currentAgent-1)->parentAgent==INVALID){
//avoid trying to MIGRATE BUSY && node specific agents
n.initializeAgent(currentAgent);
numberOfNodes=addressTable[nodeID-1] -
>childrenList.getLength();
for(j=0;j<numberOfNodes;j++){ //for every node
that connects with the current
currentNode=addressTable[nodeID-1] -
>childrenList.getNodeID(j);
penalty=getLoad(currentAgent,nodeID) -
getLoad(currentAgent, currentNode); //estimate penalty of such migration
flag=0;
if(addressTable[currentNode-1]-
>nodeBeingServed==nodelID) { //if currentNode already serves an agent of nodelID
flag=1;

if(benefit+penalty=>0 &&

addressTable[currentNode-1]->mode!=PRE_EVICTING) { //and if it is Beneficial to keep doing
evictions

a.getAgentAddress(currentAgent-1) -
>nodesChecked++; //increment number of nodes that have been checked and they could lead to a
possible eviction

a.getAgentAddress(currentAgent-1) -
>state=EVICTION; //make agent unavailable to MIGRATE

a.getAgentAddress(currentAgent-1) -
>benefit=benefit;

a.getAgentAddress(currentAgent-1) -
>parentAgent=agentID;

arguments.init();

arguments.addEntry(currentAgent,0);

arguments.addEntry(currentNode,0);

arguments.addEntry(benefit+penalty,0);
arguments.addEntry(agentID,0);

h.addToHip (timeHip+currentTimer,SEND HOST REQUEST,arguments); //send host request at the following
timeHip
previousTimer=currentTimer;
}
}
}
if(previousTimer==currentTimer){ //if at least one

hostRequest was sent for this agent

a.getAgentAddress(agentID-1) -
>agentsOccupied.addEntry(currentAgent,0); //add current agent to the list of agents that agentID
keeps occupied

if (addressTable[parentNode] ->nodeBeingServed!
=INVALID) //if agentID is not the rootAgent

addressTable[parentNode] ->mode=EVICTING;

addressTable[nodeID-1]->agentsChecked++;

currentTimer++; //send next host request to
the next timeHip

}

if (previousTimer==0){ //if size of node was not enough and evictions couldn't be made
//ATTENTION: add condition to check if total size of possible to evict agents is greater or equal to
agentID->size.
//if not no reason to proceed to evictions
if(addressTable[nodeID-1]->mode==ASLEEP)
addressTable[nodeID-1]->nodeBeingServed=parentNode+1;
addressTable[nodeID-1]->agentBeingServed=agentID;
if(PEflag==1){ //in case parentNode has sent host requests to other
nodes as well, apart from nodeID, so it needs to be in mode=EVICTING//28/11/2015
addressTable[parentNode] ->mode=EVICTING;
b

arguments.init();

arguments.addEntry(agentID,0);
arguments.addEntry(nodeID,0);

86



arguments.addEntry (INVALID,0);
h.addToHip(timeHip+currentTimer, ANSWER, arguments);
}else{ //1if at least one eviction was possible
addressTable[nodeID-1]->nodeBeingServed=parentNode+1;
addressTable[nodeID-1]->agentBeingServed=agentID;
//set this node to serve agentID
if(addressTable[nodeID-1]->mode==ASLEEP){ //#ffsksiok ...
3k 3k >k >k ok k ok ok
addressTable[nodeID-1]->mode=PRE_EVICTING;
//cout<<nodeID<<ENDLINE;
}

}else{ //case 3: if agentID can't fit in nodeID's space even after evictions
if(addressTable[parentNode] ->nodeBeingServed==INVALID &&
a.getAgentAddress(agentID-1)->isRootAgent==1){ //6nAabf o agentID eivatl rootAgent. AvVon conflict 9.
18/11/2015
addressTable[parentNode] ->mode=MIGRATING;
b
if (addressTable[nodeID-1]->mode==ASLEEP) {
addressTable[nodeID-1]->mode=MIGRATING;
addressTable[nodeID-1]->nodeBeingServed=parentNode+1;

if (PEflag==1){ //in case parentNode has sent host requests to other nodes
as well, apart from nodeID, so it needs to be in mode=EVICTING
addressTable[parentNode] ->mode=EVICTING;
}

arguments.init();

arguments.addEntry(agentID,0);

arguments.addEntry(nodelD,0);

arguments.addEntry(INVALID,0); //send INVALID ANSWER
h.addToHip (timeHip+currentTimer,ANSWER, arguments);

)
}
}

void network::simulation(){
dynamiclList arguments;
arguments.init();
int iterations,random, i,j,k,l,numberOfAgents,agentID,pAgentID;//parentAgent ID
int currentBenefit,movinglLoad,traffic, hops,length,flag;
int nodelD,mostBeneficialAgent,mostBeneficialNetworkNode;
int timer=0,benefit, currentNode, maxBenefit, localBenefit,parentNode;
int nodesToWake=4;
int used[nodesToWake*2];

srand(1);
while (timer<=RUNTIME) { //number of times to repeat scanning of network
//===========find all possible benefits==========
h.printHipQueue(timer);
//====excute all comands in hip queue that are to be executed at this timeHip=====
h.executeHipCommands (timer);
// then
for(i=0;i<nodesToWake*2;i++)
used[i]=-1;
//=============wake up and nodes and send hostRequests==============

for(i=0;i<nodesToWake;i++){ //number nodes to wake
random=rand ()%MAX_NODES; //random+l=current network node ID
maxBenefit=INVALID; currentNode=random; mostBeneficialAgent=-1;
numberOfAgents=addressTable[currentNode]->agentList.getLength();

flag=0;
for(j=0;j<nodesToWake;j++){ //23/11/2015
if(used[j]==random+1)
flag=1;

}
if(addressTable[currentNode] ->mode==ASLEEP && flag==0){
addressTable[currentNode] ->agentsYetToCheck.init();
for(j=0;j<numberOfAgents;j++){ //scann all agents contained in
node with nodeID=currentNode
agentID=addressTable[currentNode]->agentList.getNodeID(j);
if(a.getAgentAddress(agentID-1)->childrenList.getLength()>0
&& a.getAgentAddress(agentID-1)->state==FREE
&& a.getAgentAddress(agentID-1) -
>previousNodes.getlLength()==0){//if it is a node neutral agent
localBenefit=INVALID;
for (k=0; k<addressTable[currentNode] -
>childrenList.getlLength();k++){//for every connecting network node
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nodeID=addressTable[currentNode] -
>childrenList.getNodeID (k) ; //connecting network node ID
benefit=getlLoad(agentID, currentNode+1) -
getLoad(agentID,nodeID); //find benefit of migration
flag=0;
for(1=0; l<nodesToWake*2; 1++) {
if (used[1l]==nodeID)
flag=1;

}
if (benefit>localBenefit && flag==0)
//find maximum benefit among agentID's possible migrations to connecting network nodes
localBenefit=benefit;
VVAREEEEEE decide which migration is the most
Beneficial---------
if (benefit>maxBenefit && flag==0){
//find maximum benefit among all agentIDs' migrations
maxBenefit=benefit;
mostBeneficialAgent=agentID;
mostBeneficialNetworkNode=nodelD;

addressTable[currentNode] -

>agentsYetToCheck.addEntryInOrder(agentID, localBenefit); / / I A
}
if (maxBenefit>0){ //if currentNode contains a

beneficial to MIGRATE agent

R initialize that agent's
variables-----------------
.initializeAgent (mostBeneficialAgent);
.getAgentAddress (mostBeneficialAgent-1)->state=BUSY;
.getAgentAddress (mostBeneficialAgent-1)->nodesChecked=1;
.getAgentAddress (mostBeneficialAgent-1) -

Q9 QY >S

>mostBeneficialNode=currentNode;
.getAgentAddress (mostBeneficialAgent-1)->isRootAgent=1;

~ Qo
~

if (addressTable[mostBeneficialNetworkNode-1]->mode==ASLEEP)

J/RRRkkokokok L ok >k ok Kok Kok
addressTable[mostBeneficialNetworkNode-1]-

>mode=AWAKE ;
//----send Host request from

mostBeneficialAgent--------------
arguments.init();
arguments.addEntry(mostBeneficialAgent,0);
arguments.addEntry(mostBeneficialNetworkNode,0);
arguments.addEntry(maxBenefit,0);
arguments.addEntry(40,0);
h.addToHip (timer+1,SEND HOST REQUEST,arguments); //send

command to hip queue
A R
used[i]=mostBeneficialNetworkNode;
used[i+nodesToWake]=currentNode+1;
n.initializeNode(currentNode+1);
addressTable[currentNode] ->mode=BUSY;
addressTable[currentNode] ->agentsChecked=1;

b
b
}
//
timer++;

}
}

int network::getTotallLoad(){
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int i,j,sum=0;
for (i=0; i<MAX NODES;i++){

for(j=0;j<addressTable[i]->agentList.getLength();j++){

node

sum+=getlLoad(addressTable[i]->agentList.getNodeID(j),i+1);

}
}

return(sum);

}

int network::getTotalMigrations(){

int i,

result=0;

//for each node
//for each agent in the

for(i=0;i<a.getNumberOfElements();i++){
result+=a.getAgentAddress(i)->migrations;

//cout<<i+l<<" MIGRATEd "<<a.getAgentAddress(i)->migrations<<" times!\n";

}

result=result;
return(result);

}

void testNetwork(){

int i;

for(i=0;i<a.getNumberOfElements();i++){
cout<<i<<" size="<<a.getAgentAddress(i)->size<<"\n";

}

#endif

//add it's load to sum

Network Node Class and Relative Functions for Network Flooding, SAM WITH NEGATIVE
EVICTIONS algorithm. File: networkNodeHeaderV2.h

#include</appTree.h>
#include<time.h>
#include<stdlib.h>
#include<stddef.h>
#include<math.h>
#include<iostream>
#include<iomanip>
#include<string>
#include<fstream>

#ifndef

#define
#define
#define
#define
#define

#define

WHAT H_INCLUDED

=====DEFINITIONS

//definition of
//definition of
//definition of
//sqrt function
//definition of
//setw()

//file handling

time
rand, srand, malloc, free,atoi
NULL

cout

functions

MAX_NODES 20
ENDLINE "

TESTLINE "test

\nu
\nn

INVALID -1
RUNTIME 100000

AVG_SIZE MULTIPLE 3
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//------ agent state definitions-------
#define FREE 0

#define BUSY 1

#define EVICTION 2

//----node mode definitions-----------

#define ASLEEP -1

#define AWAKE 0

#define BUSY 1

#define MIGRATING 2

#define EVICTING 3 //node is available for those agents in the node hosting agentBeingServed
#define PRE _EVICTING 4

#define PRE_ASLEEP 5

//----Hip commands definitions-----------
#define SEND HOST REQUEST 0

#define MIGRATE 1

#define MOVE AGENT 2

#define ANSWER 3

#define EVICT MIGRATE 4

#define SETMODE 5

#define SET STATE 6

#define NEXT MODE 7

#define RESTORATION 8

#define SET AB SERVED 9

//

#define WHAT H INCLUDED
using namespace std;

string fileName="testFile";
appTree a;

typedef struct NETWORK NODE{
int ID;
int size;
int remainingSpace;
int mode;
int agentsChecked;
int agentBeingServed;
int nodeBeingServed;
int isMostBeneficialFor;
dynamiclList reservations;
dynamiclList benefitsArray;
dynamiclList agentlList;
dynamiclList childrenList;
dynamicList agentsYetToCheck;
dynamiclList nodesOccupied;
}* netNode;

class network{
netNode addressTable[MAX NODES]; //hash array of nodes addresses
int outputValue;
public:
network();
void initializeAgent(int agentID);
void initializeNode(int nodelD);
void setupNetwork();
void printNetwork();
void simulation();
int getNumberOfHops(int startID,int parentID,int destinationID,int result);
int getlLoad(int agentID,int nodelD);
int calculateRemainingSpace(int nodelID);
void sendHostRequestNFL(int agentID,int nodeID,int benefit,int timeHip);
void moveAgentToNode(int agentID,int nodelID,int timeHip);
void notifyNode(int agentID,int nodeID,int benefit,int timeHip);
void migrationCheck(int agentID,int nodeID,int benefit,int timeHip);
void checkForEvictions(int agentID,int nodeID,int timeHip);
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int getTotallLoad();

int getTotalMigrations();
void printNodeValues(int nodelD);
void setOutputValue(int value){outputValue=value;};
void printOutputValue(){cout<<outputValue<<ENDLINE;};

};
network n;

/ /FRRRRkookkHT P CLASS DEFINITIQN s kskskskskododofofofokokokok ok ok
typedef struct HIP NODE{

int timeHip; //timeHip

int command; //command to execute. SEND HOST REQUEST

dynamiclList args; //
struct HIP_NODE* next;
}* hipNode;

class hipClass{
hipNode hip;
public:
void init();
void addToHip(int timeHipValue,int commandValue,dynamicList arguments);
void executeHipCommands (int time);
void printHipQueue(int time);

+i
hipClass h;

void hipClass::init(){
hip=NULL;
}

void hipClass::addToHip(int timeHipValue,int commandValue,dynamicList arguments){
//add command to hip queue in order of timeHip
hipNode temp,current,previous;
//=====initialize new hipNode
temp=(hipNode)malloc(sizeof (struct HIP NODE));
temp->timeHip=timeHipValue;
temp ->command=commandValue;
temp->args=arguments;
temp->next=NULL;

//

if (hip==NULL){
hip=temp;

}else{

current=hip;

previous=hip;

while(current!=NULL && current->timeHip<timeHipValue ){
if(current!=hip)

previous=current;

current=current->next;

b

if(current==hip){ //if it is to be inserted at the beggining of the list
temp->next=hip;
hip=temp;

}else{ //else isert between previous and current
previous->next=temp;
temp->next=current;

b

}
}

void hipClass::executeHipCommands (int time){
//execute all comands in hip queue that are to be executed in timeHip==time
hipNode current,previous;
current=hip;
previous=hip;
if(current!=NULL){
//--------- reach timehip commands----------------
while(current->next!=NULL && (current->timeHip < time) ){
if(current!=hip)
previous=current;
current=current->next;



if(current->timeHip>=time) {
/)-------- execute them----------mmmmmion
while(current!=NULL && current->timeHip==time){
if(current!=hip)
previous=current;

/ /==============execute command and remove it from hip queue
if(current->command==SEND_HOST_REQUEST){ //case 1: command for SEND_HOST REQUEST
n.sendHostRequestNFL(current->args.getNodeID(0),current->args.getNodeID(1),current-
>args.getNodeID(2),time);
}else if(current->command==MIGRATE){ //case 2: command for migration
n.migrationCheck(current->args.getNodeID(0),current->args.getNodeID(1), current-
>args.getNodeID(2),time);
}else if(current->command==MOVE AGENT){ //case 3: command move agent to node
n.moveAgentToNode(current->args.getNodeID(0), current->args.getNodeID(1), time);
}else if(current->command==ANSWER){
n.notifyNode(current->args.getNodeID(0),current->args.getNodeID(1),current-
>args.getNodeID(2),time);

if(current==hip){
hip=hip->next;
free(current);
previous=hip;
current=hip;

}else{
current=current->next;
previous->next=current;

b

}

}
}
}

void hipClass::printHipQueue(int time){
hipNode current;
if (hip==NULL){
cout<<"no commands in hip at time: "<<time<<"\n";
}else{
current=hip;
while(current->next!=NULL && current->timeHip < time)
current=current->next;
cout<<"time: "<<time<<",commands:\n";
while(current->next!=NULL && current->timeHip==time) {
cout<<current->command<<" | ";
current->args.printArray(0);
current=current->next;

if(current->timeHip==time) {
cout<<current->command<<" | ";
current->args.printArray(0);
}
}
}

network: :network(){

int i,pos,offset,X,Y,Z,lastEntryID=-1;
string line, temp;

ifstream myfile(fileName.c str());

for (i=0;1<MAX NODES;i++) //initialize addressTable
addressTable[i]=NULL;
do{
while(getline(myfile,line) && line!="#" && line!="$"){ //read results of netork generation

algorith from file 'myfile'’

//get X
pos=(int)line.find("-");
temp=line.substr(0,pos);
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X=atoi(temp.c str());

if(addressTable[X-1]==NULL){
addressTable[X-1]=(netNode)malloc(sizeof (struct NETWORK NODE));
addressTable[X-1]->ID=X;
addressTable[X-1]->size=0;
addressTable[X-1]->agentList.init();
addressTable[X-1]->childrenList.init();

}

if(lastEntryID!=-1){
(see Kruskal's algorith)

//if a node with this ID was not created
//create
//and initialize it

//if there were more than one minimum spanning tree formed

addressTable[lastEntryID-1]->childrenList.addEntry(X,10); //add the current spanning tree to

a node of the previous one
lastEntryID=-1;
}

//get Y

offset=pos+1;
pos=(int)line.find(":");
temp=1line.substr(offset,pos);
Y=atoi(temp.c str());

if (addressTable[Y-1]==NULL){

addressTable[Y-1]->ID=Y;
addressTable[Y 1]->size=0;
addressTable[Y-1]->agentList.init();
addressTable[Y-1]->childrenList.init();
3
//get Z

offset=pos+1;
pos=(int)line.length();
temp=1line.substr(offset,pos);
Z=atoi(temp.c_str());

addressTable[X-
addressTable[Y-
}

lastEntryID=Y;
}while(line!="$");

1]->childrenList.addEntry(Y,Z);
1]->childrenList.addEntry(X,Z);

for (i=0; i<MAX NODES;i++){

//if a node with this ID was not created
addressTable[Y-1]=(netNode)malloc(sizeof (struct NETWORK NODE));

//create
//and initialize it

if(addressTable[i]==NULL){//if there are nodes that are not part of the tree

addressTable[i]=(netNode)malloc(sizeof (struct NETWORK NODE));
addressTable[i] ->ID=i+1;

addressTable[i] ->size=0;

addressTable[i]->agentList.init();

addressTable[i] ->childrenList.init();
addressTable[lastEntryID-1]->childrenList.addEntry((i+1),10);
addressTable[i]->childrenList.addEntry(lastEntryID,10);

b
//addressTable[i]->state=SLEEP;
}

//put all nodes to sleep

myfile.close();

//=========print addressTable===========
for(i=0;i<MAX NODES;i++){

cout<<"ID="<<i+l<<": ";

//create

//and initialize it

//add it to the tree

if(addressTable[i]!=NULL){ //=======put all nodes to sleep
addressTable[i]->childrenList.printArray(1l);
}
else{
cout<<"NO!'\n";
}
Y/

}

int network::calculateRemainingSpace(int nodelD){
//calculates the remaining space
int i,totalSize=0,length,chID;
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length=addressTable[nodeID-1]->agentList.getLength();

for(i=0;i<length;i++){ //for each agent in network nodeID
chID=addressTable[nodeID-1]->agentList.getNodeID(1i);
totalSize+=a.getAgentAddress(chID-1)->size;

return(addressTable[nodelID-1]->size-totalSize);

}

void network::printNodeValues(int nodelD) {
int reservedSpace,i;
nodelD- -;
cout<<" \n":
cout<<"for node "<<nodeID+l<<":\n";
cout<<"size="<<addressTable[nodeID]->size<<"\n";
cout<<"remaining space="<<addressTable[nodeID]->remainingSpace<<"\n";
reservedSpace=0;
for(i=0;i<addressTable[nodeID-1]->reservations.getLength();i++)
reservedSpace+=addressTable[nodeID-1]->reservations.getNodeDistance(1i);
cout<<"reservedSpace="<<reservedSpace<<"\n";
if(addressTable[nodeID]->mode==ASLEEP)
cout<<"mode=ASLEEP\n";
if(addressTable[nodelID] ->mode==AWAKE)
cout<<"mode=AWAKE\n";
if(addressTable[nodeID]->mode==BUSY)
cout<<"mode=BUSY\n";
if(addressTable[nodelID]->mode==MIGRATING)
cout<<"mode=MIGRATING\n";
if(addressTable[nodeID]->mode==EVICTING)
cout<<"mode=EVICTING\n";
if (addressTable[nodeID] ->mode==PRE_EVICTING)
cout<<"mode=PRE_EVICTING\n";
cout<<"agentsChecked="<<addressTable[nodeID]->agentsChecked<<"\n";
cout<<"nodeBeingServed="<<addressTable[nodeID]->nodeBeingServed<<"\n";
cout<<"agentBeingServed="<<addressTable[nodeID]->agentBeingServed<<"\n";
cout<<"benefitsArray length="<<addressTable[nodeID]->benefitsArray.getLength()<<"\n";
cout<<"agentsYetToChecklength="<<addressTable[nodeID]->agentsYetToCheck.getLength()<<"\n";
cout<<" \n";

}

void network::setupNetwork(){
int i, random,j,totalSize=0;
int currentAgent;
srand(1);
a.getAgentAddress(i)->totalBenefit=0;
n.setOutputValue (INVALID);
for(i=0;i<a.getNumberOfElements();i++){
random=rand () %MAX_NODES;
addressTable[random] ->agentList.addEntry(i+1,0);
addressTable[random] ->size+=a.getAgentAddress (i) ->size;
totalSize+=a.getAgentAddress(i)->size;
a.getAgentAddress(i)->agentsOccupied.init();
}

for(i=0; i<MAX NODES;i++){
addressTable[i]->size+=AVG _SIZE MULTIPLE*totalSize/a.getNumberOfElements(); //set
network nodes size=size+average agent size
addressTable[i]->remainingSpace=calculateRemainingSpace(i+1);
addressTable[i] ->mode=ASLEEP;
addressTable[i] ->agentsChecked=0;
addressTable[i] ->benefitsArray.init();

]
addressTable[i] ->agentBeingServed=INVALID;
addressTable[i] ->agentsYetToCheck.init();
addressTable[1i] ->nodesOccupied.init();

addressTable[i] ->reservations.init();
//--------- initialize agent parameters----------------------
for(j=0;j<addressTable[i]->agentList.getLength();j++){ //for each agent in currentNode
currentAgent=addressTable[i]->agentList.getNodeID(j);
a.getAgentAddress(currentAgent-1)->attemptCounter.init();
a.getAgentAddress(currentAgent-1)->nodesChecked=0;
a.getAgentAddress(currentAgent-1)->isRootAgent=0;
a.getAgentAddress(currentAgent-1)->restorationFlag=0;
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a.getAgentAddress(currentAgent-1)->parentAgent=INVALID;
a.getAgentAddress(currentAgent-1)->mostBeneficialNode=INVALID;
a.getAgentAddress(currentAgent-1)->maxBenefit=INVALID;
a.getAgentAddress(currentAgent-1)->agentBeingChecked=INVALID;
a.getAgentAddress(currentAgent-1)->totalBenefit=INVALID;
a.getAgentAddress(currentAgent-1)->agentsOccupied.init();
a.getAgentAddress(currentAgent-1)->migrationsAttempted.init();
a.getAgentAddress(currentAgent-1)->tempEvictions.init();
a.getAgentAddress(currentAgent-1)->benefitsArray.init();
a.getAgentAddress(currentAgent-1)->evictionsChecked.init();
a.getAgentAddress(currentAgent-1)->nodesToRestore.init();
b
}
}
void network::printNetwork(){
int i;
for(i=0;i<MAX NODES;i++){
if(addressTable[i]->agentList.getLength()!=0){
cout<<"node "<<i+l<<" has size:"<<addressTable[i]->size<<" and includes agents: ";
addressTable[i]->agentList.printArray(0);
}else
cout<<"node "<<i+l<<" has size:"<<addressTable[i]->size<<" and includes no agents";
cout<<" and connects with the nodes: ";
addressTable[i]->childrenList.printArray(1l);
Cout<<ENDLINE;
b
}

int network::getNumberOfHops (int startID,int parentID,int destinationID,int result){
//returns the number of hops needed to reach destinationID starting from startID
int pos,i,tempResult=0;
if (startID==destinationID){
return(0);
}else if((addressTable[startID-1]->childrenList.getlLength()==1)&&(addressTable[startID-1]-
>childrenList.getNodeID(0)==parentID)){//if we reached a node only connected to it's parent
return(0);//this node does not connect with the one we are looking for, so return 0

}else{ //else
pos=addressTable[startID-1]->childrenList.contains(destinationID);
if(pos!=-1){ //if destinationID node is startID's children

return(result+1);
telse{ //else

for(i=0;i<addressTable[startID-1]->childrenList.getLength();i++){ //keep searching in this
node's childrenList
if(addressTable[startID-1]->childrenList.getNodeID(i)!=parentID){
//for all nodes except parent
tempResult+=getNumberOfHops (addressTable[startID-1]-
>childrenList.getNodeID(i),startID,destinationID, result+1);

}

b

if (tempResult==0) //if destinationID was not found in childrenList
return(0);

else

return(tempResult);
b
}
}

int network::getlLoad(int agentID,int nodelD){
//returns load if agentID is placed in nodelD
int i,pAgentID,k,hops,load=0,traffic,length,chID;

//========find load associated with parent agent===========
pAgentID=a.getParentID(agentID); //find parentAgent ID
if (pAgentID==0) //1if it is the root agent
traffic=0;
else{ //if it is not the root agent
traffic=a.getAgentAddress (pAgentID-1)->childrenList.getNodeDistance2(agentID);//get traffic
between current agent and it's parent

//------- find network node that contains pAgent--------

k=0;

while (k<MAX NODES && addressTable[k]->agentList.contains(pAgentID)==-1)//scann network nodes
untill pAgentID is found
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hops=getNumber0fHops (nodeID,-1,k,0);
load+=traffic*hops;

//=======find load associated with children agents========

length=a.getAgentAddress(agentID-1)->childrenList.getLength();

for(i=0;i<length;i++){ //for each child of agentID in appTree
chID=a.getAgentAddress(agentID-1)->childrenList.getNodeID(1i);

k=0;

whiie(k<MAX_NODES && addressTable[k]->agentList.contains(chID)==-1)//scann network nodes untill

pAgentID is found
k++;
k++; //k shows the ID of the network node that contains chID

hops=getNumberOfHops(nodelD,-1,k,0);
traffic=a.getAgentAddress(agentID-1)->childrenList.getNodeDistance(i);
load+=traffic*hops;

}

//
return(load);

}

void network::initializeAgent(int agentID){
agentID=agentID-1;
a.getAgentAddress(agentID
a.getAgentAddress(agentID
a.getAgentAddress(agentID
a.getAgentAddress(agentID
a.getAgentAddress(agentID
a.getAgentAddress(agentID
a (
a (
a (
a (
/

->state=FREE; //FREE, BUSY, EVICTION
->nodesChecked=0;
->restorationFlag=0;
->maxBenefit=INVALID;
->mostBeneficialNode=INVALID;
->agentBeingChecked=INVALID;

.getAgentAddress(agentID) ->sum=0;
.getAgentAddress(agentID) ->totalBenefit=0;
.getAgentAddress(agentID) ->benefit=0;

.getAgentAddress (agentID
/int migrations;
a.getAgentAddress(agentID)->isRootAgent=0;

->parentAgent=INVALID;

a.getAgentAddress(agentID)->evictionsChecked.init();
a.getAgentAddress(agentID) ->tempEvictions.init();
a.getAgentAddress(agentID) ->benefitsArray.init();
a.getAgentAddress(agentID)->evictionPath.init();
a.getAgentAddress(agentID)->previousNodes.init();
a.getAgentAddress(agentID)->agentsOccupied.init();

a.getAgentAddress(agentID)->migrationsAttempted.init();
a.getAgentAddress(agentID) ->attemptCounter.init();
a.getAgentAddress(agentID)->nodesToRestore.init();

}

void network::initializeNode(int nodeID){
nodeID=nodelID-1;
addressTable[nodeID] ->mode=ASLEEP;
addressTable[nodeID] ->agentsChecked=0;
addressTable[nodeID]->agentBeingServed=INVALID;
addressTable[nodeID]->benefitsArray.init();
addressTable[nodeID]->agentsYetToCheck.init();
addressTable[nodeID]->nodesOccupied.init();
addressTable[nodeID]->nodeBeingServed=INVALID;
addressTable[nodeID]->reservations.init();
addressTable[nodeID]->isMostBeneficialFor=INVALID;
}

void network::moveAgentToNode (int agentID,int nodelID,int timeHip){
//moves agent to node and removes from nodes remainingSpace agentID's size
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int parentNode=0,1i;

dynamiclList templList;

tempList.init();
a.getAgentAddress(agentID-1)->migrations++;

//----- find current network node hosting agentID---------

while(addressTable[parentNode]->agentList.contains(agentID)==-1)
parentNode++;

F R

if (parentNode==nodeID-1)
a.getAgentAddress(agentID-1)->migrations--;
if(addressTable[parentNode]->nodeBeingServed==INVALID && a.getAgentAddress(agentID-1)-
>isRootAgent==1){ //1if this is the node who send the initial host request.

for(i=0;i<addressTable[parentNode]->nodesOccupied.getlLength();i++){
n.initializeNode(addressTable[parentNode] -
>nodesOccupied.getNodeID(1i));

}

if((addressTable[nodeID-1]->mode==ASLEEP

| | ((addressTable[nodeID-1]->mode==EVICTING || addressTable[nodeID-1]-
>mode==MIGRATING) && addressTable[nodeID-1]->nodeBeingServed==parentNode+1))

&& parentNode!=nodeID-1){ //av o nodeID bev mepléyxel kAmoiov
rootAgent.

n.initializeNode(nodeID);
)
YR

n.initializeNode(parentNode+1);/
telse{
if(a.getAgentAddress(agentID-1)->previousNodes.contains(nodeID)!=-1){
//if it is moving to a path back to it's initial position
a.getAgentAddress(agentID-1) -
>previousNodes.rmEntry(nodeID);//remove it from previousNodes list
}else{
a.getAgentAddress(agentID-1) -
>previousNodes.addEntry(parentNode+1,0);

}
/=========delete agentID from current network node=============
addressTable[parentNode]->agentList.rmEntry(agentID); //remove agentID from this network

node

addressTable[parentNode] ->remainingSpace+=a.getAgentAddress(agentID-1)->size; //free the space

it was occupying in network node
//

//===========add agentID to network node

addressTable[nodeID-1]->agentList.addEntry(agentID,0); //add agentID to nodeID's agent list
addressTable[nodeID-1]->remainingSpace-=a.getAgentAddress(agentID-1)->size;//reduce nodelD's

remaing space by agentID's size
addressTable[nodeID-1]->reservations.rmEntry(agentID);
//

if(a.getAgentAddress(agentID-1)->previousNodes.getLength()>0){
i=a.getAgentAddress(agentID-1)->parentAgent;
tempList=a.getAgentAddress(agentID-1)->previousNodes;
n.initializeAgent(agentlID);
a.getAgentAddress(agentID-1)->parentAgent=i;
a.getAgentAddress(agentID-1)->previousNodes=templList;
}else{

}

n.initializeAgent(agentlID);

}

void network::checkForEvictions(int agentID,int nodeID,int timeHip){
//have to initialize sum=0 and agentBeingChecked=-1,tempEvictions
int

currentAgent, i, j,parentNode=0,currentNode,position, flag,aBCheckedBenefit, penalty, tempParentNode;

int timer=timeHip+1;

int tempCurrentNode, reservedSpace;
int aBChecked=a.getAgentAddress(agentID-1)->agentBeingChecked;
dynamiclList arguments;

JRRRRskokokok L >k 3k 5k ok >k Kk %k
while(addressTable[parentNode]->agentList.contains(agentID)==-1)
parentNode++;

if(addressTable[parentNode] ->mode!=BUSY)
addressTable[parentNode] ->mode=EVICTING;

if (addressTable[nodeID-1]->mode!=BUSY) / /s kkttdr ... Fokodokkkok ok
addressTable[nodeID-1]->mode=EVICTING;
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position=a.getAgentAddress(agentID-1)->tempEvictions.contains2(aBChecked, nodelD);

if(position!=-1){ //1if agentBeingChecked is in tempEvictions
a.getAgentAddress(agentID-1) ->sum+=a.getAgentAddress (aBChecked-1)->size;
if(a.getAgentAddress(aBChecked-1)->mostBeneficialNode==parentNode+1){ //av
ektonifetal kéuBog otn H1kid pov 6£on.
if (addressTable[parentNode] ->agentBeingServed!=INVALID)
//TMpEMEL va EvNUEPWOW Tov agentBeingServed pouv yia avtd
a.getAgentAddress(addressTable[parentNode] ->agentBeingServed-1) -
>sum-=a.getAgentAddress (aBChecked-1)->size;

if(addressTable[a.getAgentAddress (aBChecked-1)->mostBeneficialNode-1]-
>mode==EVICTING
&& addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1]-
>agentBeingServed==aBChecked && a.getAgentAddress(agentID-1)->restorationFlag==1){
addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1] -
>agentBeingServed=INVALID;
}

if(addressTable[a.getAgentAddress (aBChecked-1)->mostBeneficialNode-1]-
>reservations.contains(aBChecked)==-1)
addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1] -
>reservations.addEntry(aBChecked,a.getAgentAddress (aBChecked-1)->size);

tempParentNode=0;
while(addressTable[tempParentNode]->agentList.contains(aBChecked)==-1)
tempParentNode++;

a.getAgentAddress(agentID-1)->tempEvictions.rmEntryFrom(position); //remove from
tempEvictionsList

aBCheckedBenefit=a.getAgentAddress(agentID-1)->benefitsArray.getNodeDistance(position);

a.getAgentAddress(agentID-1)->totalBenefit+=aBCheckedBenefit;

a.getAgentAddress(agentID-1)->benefitsArray. rmEntryFrom(position); //also remove from benefits
array

for(i=0;i<a.getAgentAddress(aBChecked-1)->evictionsChecked.getLength();i++)

{//mpocbétw oto evictionsChecked tov agentID to evictionsChecked touv aBChecked

if(a.getAgentAddress(agentID-1) -
>evictionsChecked.contains2(a.getAgentAddress (aBChecked-1) -
>evictionsChecked.getNodeID(i),a.getAgentAddress(aBChecked-1) -
>evictionsChecked.getNodeDistance(i))==INVALID){

a.getAgentAddress(agentID-1) -

>evictionsChecked.addEntry(a.getAgentAddress (aBChecked-1) -
>evictionsChecked.getNodeID(i),a.getAgentAddress(aBChecked-1)->evictionsChecked.getNodeDistance(i));

}

}
for(i=0;i<a.getAgentAddress(aBChecked-1)->nodesToRestore.getLength();i++){
if(a.getAgentAddress(agentID-1)-
>nodesToRestore.contains(a.getAgentAddress (aBChecked-1) ->nodesToRestore.getNodeID(i))==INVALID){
a.getAgentAddress(agentID-1) -
>nodesToRestore.addEntry(a.getAgentAddress (aBChecked-1) ->nodesToRestore.getNodeID(1i),nodelID);
}

}
if(a.getAgentAddress(agentID-1) -
>evictionsChecked.contains2(aBChecked, nodeID)==INVALID) {
a.getAgentAddress(agentID-1) -
>evictionsChecked.addEntry(aBChecked,nodeID);//add it to the evictionsChecked list
}
if(a.getAgentAddress(agentID-1)->nodesToRestore.contains(nodeID)==INVALID)
a.getAgentAddress(agentID-1)->nodesToRestore.addEntry(nodeID,nodelD);
if(a.getAgentAddress(agentID-1)-
>nodesToRestore.contains(a.getAgentAddress (aBChecked-1) ->mostBeneficialNode)==INVALID) {
if((addressTable[a.getAgentAddress (aBChecked-1)->mostBeneficialNode-1]-
>mode ! =BUSY && addressTable[a.getAgentAddress(aBChecked-1)->mostBeneficialNode-1]->mode!=EVICTING
&& addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-
1]->mode!=PRE_EVICTING)
| | (addressTable[a.getAgentAddress (aBChecked-1) ->mostBeneficialNode-1] -
>mode==EVICTING
&& addressTable[a.getAgentAddress(aBChecked-1) ->mostBeneficialNode-1] -
>nodeBeingServed==tempParentNode+1))
a.getAgentAddress(agentID-1) -
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>nodesToRestore.addEntry(a.getAgentAddress (aBChecked-1)->mostBeneficialNode, nodelID);

reservedSpace=0;
for(i=0;i<addressTable[nodeID-1]->reservations.getlLength();i++)
if (addressTable[nodeID-1]->reservations.getNodeID (i) !=agentID)
reservedSpace+=addressTable[nodeID-1]-
>reservations.getNodeDistance(1i);
//----- also move aBChecked to most beneficial destination----------- //moved it here
from above. 27/11/2015
tempCurrentNode=a.getAgentAddress(aBChecked-1) ->mostBeneficialNode;
n.moveAgentToNode (aBChecked, tempCurrentNode, timer);
a.getAgentAddress (aBChecked-1) ->mostBeneficialNode=tempCurrentNode;

if((/*a.getAgentAddress(agentID-1)->sum+*/addressTable[nodeID-1]->remainingSpace-
reservedSpace)<a.getAgentAddress (agentID-1)->size){ //1if still haven't freed enough space

a.getAgentAddress(agentID-1)->agentBeingChecked=-1; //get new agentBeingChecked
checkForEvictions(agentID,nodeID, timer);

}else{ //if eventually, enough space could be freed
J) - SEND HOST REQUEST of agentID to nodeID--------------- J/REEEEEEE
Sk >k ok ok ok ok ok K
//------- and initialize all agents from tempEvictions of agentID--------
//-------- add nodeID's nodesOccupied list to parentNode's list------------

for(i=0;i<addressTable[nodeID-1]->nodesOccupied.getLength();i++){
if(addressTable[parentNode] -
>nodesOccupied.contains(addressTable[nodeID-1]->nodesOccupied.getNodeID(i))==-1)
addressTable[parentNode] -
>nodesOccupied.addEntry(addressTable[nodeID-1]->nodesOccupied.getNodeID(i),nodelD);

timer++;
if(addressTable[parentNode]->nodeBeingServed==INVALID &&
a.getAgentAddress(agentID-1)->isRootAgent==1){ //if this is the rootAgen.AvUon oto conflict 9.
arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodeID,0);
h.addToHip (timer++,MOVE_AGENT,arguments);
J Rk sk 3k 5k ok ok Kk K
a.getAgentAddress(agentID-1)->totalBenefit=0;
addressTable[parentNode] ->mode=MIGRATING;
addressTable[nodeID-1]->mode=MIGRATING;
if(addressTable[nodeID-1]->reservations.contains(agentID)==-1)
addressTable[nodeID-1]-
>reservations.addEntry(agentID,a.getAgentAddress(agentID-1)->size);
}else{ //if this is not the rootAgent//*****xx*_______ ... Fokokokokokokok
if(a.getAgentAddress(agentID-1)->restorationFlag==0){
for(i=a.getAgentAddress(agentID-1)-
>evictionsChecked.getLength()-1;i>=0;i--){ //for every eviction done.
position=a.getAgentAddress(agentID-1) -
>nodesToRestore.contains2(a.getAgentAddress (agentID-1) -
>evictionsChecked.getNodeDistance(i),nodelD);
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodelD
|| position!=-1){
currentAgent=a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeID(1i);
//-------- restore migration of
currentAgent----------------
arguments.init();
JRRRkkokokok L L kK >k ok >k ok Kk ok

arguments.addEntry(currentAgent,0);

arguments.addEntry(a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeDistance(1i),0);//ffsdkokkk oo Fokodok ok kok
h.addToHip (timer,MOVE AGENT,arguments);
timer++;
addressTable[a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeDistance(i)-1]->mode=MIGRATING;
a.getAgentAddress(currentAgent-1) -
>migrations=a.getAgentAddress(currentAgent-1)->migrations-2;

if(a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeDistance(i)==nodelID)
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a.getAgentAddress(agentID-1)->sum-
=a.getAgentAddress (currentAgent-1)->size;
tempParentNode=0;
while(addressTable[tempParentNode] -
>agentList.contains(currentAgent)==-1)
tempParentNode++;
if((addressTable[tempParentNode] ->mode!=BUSY
&& addressTable[tempParentNode] ->mode!=EVICTING && addressTable[tempParentNode] ->mode!=PRE EVICTING)
| | (addressTable[tempParentNode] -
>mode==EVICTING && addressTable[tempParentNode]->nodeBeingServed==nodelID) ){
addressTable[tempParentNode] -
>mode=MIGRATING;

}

}
if((addressTable[a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode-1]->mode!=BUSY && addressTable[a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode-1]->mode!=EVICTING
&& addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->mode!=PRE_EVICTING)
| | (addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->mode==EVICTING && addressTable[a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode-1]->nodeBeingServed==nodelD)){
addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->mode=MIGRATING;

}
}

arguments.init();

arguments.addEntry(agentID,0);

arguments.addEntry(nodeID,0);
arguments.addEntry(a.getAgentAddress(agentID-1)->totalBenefit,0);
h.addToHip (timer++, ANSWER,arguments) ; J/RFEREEEK L L

>k 3k >k 3k >k K >k k
a.getAgentAddress(agentID-1)->totalBenefit=0;

for(i=0;i<a.getAgentAddress(agentID-1)->tempEvictions.getlLength();i+
+){
position=addressTable[parentNode] -
>nodesOccupied.contains(a.getAgentAddress(agentID-1)->tempEvictions.getNodeID(i));
if(position!=-1)
addressTable[parentNode] -
>nodesOccupied. rmEntryFrom(position);
n.initializeAgent(a.getAgentAddress(agentID-1)-
>tempEvictions.getNodeID(1i));
}
a.getAgentAddress(agentID-1)->tempEvictions.init();
a.getAgentAddress(agentID-1)->benefitsArray.init();

/7

telse{ // if agentBeingChecked not in tempEvictions
list

position=0;
flag=0;
while(position<a.getAgentAddress (agentID-1)->tempEvictions.getLength() && flag==0){ //check in
tempEvictions of agentBeingServed
if(a.getAgentAddress(agentID-1)-

>tempEvictions.getNodeDistance(position)==nodeID){ //1if there are evictions refered to this
node
flag=1;
//raise flag
}else
position++;
if(flag==1){ //if there are still agents in tempEvictions of agentBeingServed not

yet checked
a.getAgentAddress(agentID-1)->agentBeingChecked=a.getAgentAddress(agentID-1)-
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>tempEvictions.getNodeID(position); //get the next agentBeingChecked from benefitsArray
aBChecked=a.getAgentAddress(agentID-1)->agentBeingChecked;
a.getAgentAddress(agentID-1)->tempEvictions.rmEntryFrom(position);

//and remove it from tempEvictions
a.getAgentAddress(agentID-1)->benefitsArray.rmEntryFrom(position);

//and from benefitsArray

penalty=getLoad (aBChecked,nodelD)-getLoad (aBChecked, a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode); //estimate penalty of such migration
aBCheckedBenefit=a.getAgentAddress (aBChecked-1) ->benefit+penalty;
if (aBCheckedBenefit>0){ //if it is a beneficial migration
arguments.init(); //send host request
arguments.addEntry(aBChecked,0) ;
arguments.addEntry(a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode,0);
arguments.addEntry(aBCheckedBenefit,0);
if(addressTable[a.getAgentAddress (aBChecked-1)->mostBeneficialNode-
1] ->mode!=BUSY) JRRRRokekkok L L >k 3k 5k 3k ok Kk K
addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->mode=EVICTING;

tempParentNode=0;
while(addressTable[tempParentNode] -
>agentList.contains(aBChecked)==-1)
tempParentNode++;

if(a.getAgentAddress(aBChecked-1)->mostBeneficialNode!
=addressTable[tempParentNode]->nodeBeingServed){ // av o mostBeneficialNode bev mepiéxetl ToOv
agentBeingServed tov tempParentNode
//6nAadf av o aBChecked 6ev otéAvel aitnon oe mponyovuevo node
if(addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->mode!=BUSY &&
addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->nodeBeingServed==nodelID) {
addressTable[a.getAgentAddress (aBChecked-1) -
>mostBeneficialNode-1]->agentBeingServed=aBChecked;

}

}
a.getAgentAddress(aBChecked-1)->benefitsArray.init();
a.getAgentAddress(aBChecked-1) ->tempEvictions.init();
a.getAgentAddress(aBChecked-1) ->restorationFlag=1;

h.addToHip (timer,SEND HOST REQUEST,arguments); //get it's benefit

}telse{ //if it is not a beneficial
migration
arguments.init(); //send invalid reply
arguments.addEntry(aBChecked,0);
arguments.addEntry(a.getAgentAddress(aBChecked-1) -
>mostBeneficialNode,0);
arguments.addEntry (INVALID,0);
h.addToHip (timer,ANSWER,arguments);

}

}else{// if((a.getAgentAddress(agentID-1)->sum+addressTable[nodeID-1]-
>remainingSpace)<a.getAgentAddress(agentID-1)->size){ //1if enough space couldn't eventually
be freed

i=a.getAgentAddress(agentID-1)->evictionsChecked.getlLength();
while(i>=0){ //for every eviction done.
position=a.getAgentAddress(agentID-1) -
>nodesToRestore.contains2(a.getAgentAddress (agentID-1) -
>evictionsChecked.getNodeDistance(i),nodelD);
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodelD
|| position!=-1){
currentAgent=a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeID(1i);

[/-------- restore migration of
currentAgent----------------

arguments.init(); J/RFERRRRR L Fkokokkokkok

arguments.addEntry(currentAgent,0);

arguments.addEntry(a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeDistance(1i),0);//ffssdddk oo Fokokokkofokok

h.addToHip (timer,MOVE_ AGENT,arguments);

timer++;

a.getAgentAddress(currentAgent-1)->migrations=a.getAgentAddress(currentAgent-1)->migrations-2;
//25/1/2016
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addressTable[a.getAgentAddress(agentID-1) -
>evictionsChecked.getNodeDistance(i)-1]->mode=MIGRATING;

if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodeID)
a.getAgentAddress(agentID-1) ->sum-
=a.getAgentAddress(currentAgent-1)->size;
tempParentNode=0;
while(addressTable|[tempParentNode] -
>agentList.contains(currentAgent)==-1)
tempParentNode++;
if((addressTable[tempParentNode] ->mode!=BUSY &&
addressTable[tempParentNode]->mode!=EVICTING && addressTable[tempParentNode]->mode!=PRE_EVICTING)
| | (addressTable[tempParentNode] ->mode==EVICTING &&
addressTable[tempParentNode] ->nodeBeingServed==nodelD) ) {
addressTable[tempParentNode] ->mode=MIGRATING;

a.getAgentAddress(agentID-1) -
>evictionsChecked. rmEntryFrom(i);

}else{
i--;
}
}
a.getAgentAddress(agentID-1)->totalBenefit=0;
[/--------- notify agentID migration was not possible------------
arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodelD,0);
arguments.addEntry(INVALID,O0); //INVALID benefit
h.addToHip (timer,ANSWER,arguments);
Y R

for(i=0;i<a.getAgentAddress(agentID-1)->tempEvictions.getLength();i++){
position=addressTable[parentNode] -
>nodesOccupied.contains(a.getAgentAddress(agentID-1)->tempEvictions.getNodeID(1i));
if(position!=-1)
addressTable[parentNode] -
>nodesOccupied. rmEntryFrom(position);
n.initializeAgent(a.getAgentAddress(agentID-1)-
>tempEvictions.getNodeID(1i));
}
a.getAgentAddress(agentID-1)->tempEvictions.init();
a.getAgentAddress(agentID-1)->benefitsArray.init();

}
}

void network::notifyNode(int agentID,int nodelID,int benefit,int timeHip){
//notify node currently hosting agentID (parentNode)
dynamiclList arguments,tempList;
int sum,parentNode=0,1i,j,currentAgent,temp,tempBenefit, length, currentNode;
int flag=0,position,localBenefit,maxBenefit,maxNode,aBServed,tempParentNode;
a.getAgentAddress(agentID-1)->nodesChecked--; //inform agentID that a node (to which he
previously sent a HOST REQUEST), has returned an answer
while(addressTable[parentNode]->agentList.contains(agentID)==-1)
parentNode++;
if(addressTable[parentNode]->nodeBeingServed!=INVALID){
tempParentNode=addressTable[parentNode] ->nodeBeingServed-1;
}else
tempParentNode=INVALID;
if(addressTable[parentNode] ->agentList.contains(addressTable[nodeID-1]-
>isMostBeneficialFor)!=-1)

temp=1;
else
temp=0;
if(a.getAgentAddress(agentID-1)->nodesChecked<0){ //1if function call was triggered by
checkForEvictions
if (benefit!=INVALID){ //if eviction is beneficial
a.getAgentAddress (addressTable[parentNode] ->agentBeingServed-1) -
>agentBeingChecked=agentID; J/RFARRRRR L Fokokokkkkok
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temp=a.getAgentAddress(addressTable[parentNode] ->agentBeingServed-1) -

>benefitsArray.addEntryInOrder(agentID,benefit); //add inOrder and get position
a.getAgentAddress (addressTable[parentNode] ->agentBeingServed-1) -

>tempEvictions.addEntryAt(agentID, parentNode+1,temp); //add it to tempEvictions of
agentBeingServed

addressTable[nodeID-1]->isMostBeneficialFor=agentID;

checkForEvictions (addressTable|[parentNode] -
>agentBeingServed, parentNode+1, timeHip) ;

telse{ //else if eviction was invalid
addressTable[nodeID-1]->agentBeingServed=INVALID;
J/RFFRRRRR K ok ok ok o ok

cout<<parentNode+1<<ENDLINE;
position=a.getAgentAddress(addressTable[parentNode]->agentBeingServed-1) -
>tempEvictions.contains(agentID);
//------- restore all nodes to EVICTION or ASLEEP mode--------------
i=0;
while(i<a.getAgentAddress(agentID-1)->nodesToRestore.getLength()){
//for every node that needs to be restored
if(a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeDistance(i)==nodelID){
if(addressTable[a.getAgentAddress (agentID-1) -
>nodesToRestore.getNodeID(i)-1]->mode!=BUSY)
if(temp!=1){
n.initializeNode(a.getAgentAddress(agentID-
1) ->nodesToRestore.getNodeID(1i));
}else{
addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(i)-1]->mode=EVICTING;
addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(i)-1]->agentBeingServed=INVALID;

}
currentNode=a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(1i);
for(j=0;j<addressTable[currentNode-1]-
>agentList.getLength();j++){ //also restore their agents
n.initializeAgent(addressTable[currentNode-1]-
>agentList.getNodeID(j));

a.getAgentAddress(agentID-1) -
>nodesToRestore.rmEntryFrom(i);
}else{
i++;

if (a.getAgentAddress(agentID-1)->nodesToRestore.getLength()<=0)
n.initializeAgent(agentID);
a.getAgentAddress(addressTable[parentNode] ->agentBeingServed-1) -
>agentBeingChecked=INVALID; //new agent has to become agentBeingChecked
checkForEvictions(addressTable[parentNode]->agentBeingServed, parentNode+1, timeHip);
//call check for evictions

}

//

}else{
//

if(a.getAgentAddress(agentID-1)->maxBenefit<benefit){ //if
benefit/agentSize of this migration/eviction is greater than currently maxBenefit
a.getAgentAddress(agentID-1)->maxBenefit=benefit;
if(a.getAgentAddress(agentID-1)->mostBeneficialNode!=INVALID){ //if there
is a currently most Beneficial Node
if(a.getAgentAddress(agentID-1)->mostBeneficialNode!
=tempParentNode+1 && temp!=1//7/11/2015.if currently most beneficial node dev ypnoipomoteital amnd
KAMo1ov oLYKATO1KO agent
&& ((addressTable[a.getAgentAddress(agentID-1)->mostBeneficialNode-
1]->mode!=BUSY && addressTable[a.getAgentAddress(agentID-1)->mostBeneficialNode-1]->mode!
=EVICTING
&& addressTable[a.getAgentAddress(agentID-1) -
>mostBeneficialNode-1]->mode!=MIGRATING) //kat bev eivat BUSY
|| ((addressTable[a.getAgentAddress(agentID-1)->mostBeneficialNode-
1]->mode==EVICTING
| | addressTable[a.getAgentAddress(agentID-1)-
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>mostBeneficialNode-1]->mode==MIGRATING) //f av eivat EVICTING fj MIGRATING téte
&& addressTable[a.getAgentAddress(agentID-1) -
>mostBeneficialNode-1]->nodeBeingServed==parentNode+1
&& addressTable[a.getAgentAddress(agentID-1) -
>mostBeneficialNode-1]->agentBeingServed==agentID))){ //av o nodeBeingServed tov €ivat o
parentNode //16/11/2015
i=0;
while(i<addressTable[parentNode]->nodesOccupied.getlLength())

{
if (addressTable[parentNode] -
>nodesOccupied.getNodeDistance(i)==a.getAgentAddress(agentID-1)->mostBeneficialNode) {
n.initializeNode(addressTable[parentNode] -
>nodesOccupied.getNodeID(1i));
addressTable[parentNode] -
>nodesOccupied. rmEntryFrom(i);
}else
i++;
n.initializeNode(a.getAgentAddress(agentID-1) -
>mostBeneficialNode); //free and put currently most beneficial node to SLEEP

i=0;
while(i<a.getAgentAddress(agentID-1)->evictionsChecked.getLength()){
position=a.getAgentAddress(agentID-1)-
>nodesToRestore.contains2(a.getAgentAddress (agentID-1) -
>evictionsChecked.getNodeDistance(i),a.getAgentAddress(agentID-1)->mostBeneficialNode);
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==a.getAgentAddress(agentID-1)->mostBeneficialNode
|| position!=-1){
a.getAgentAddress(agentID-1) -
>evictionsChecked. rmEntryFrom(i);
}else
1++,;

}

}
a.getAgentAddress(agentID-1)->mostBeneficialNode=nodeID;//and set this node as the currently
most beneficial for the agent to MIGRATE
}else if(nodeID!=tempParentNode+1 && ((addressTable[nodeID-1]->mode==ASLEEP)
|| ((addressTable[nodeID-1]->mode==EVICTING || addressTable[nodeID-1]-
>mode==MIGRATING) && addressTable[nodeID-1]->nodeBeingServed==parentNode+1))){
if(temp!=1){
i=0;
while(i<addressTable[parentNode] ->nodesOccupied.getLength()){
if(addressTable[parentNode] -
>nodesOccupied.getNodeDistance(i)==nodelD){
n.initializeNode(addressTable[parentNode] -
>nodesOccupied.getNodeID(1i));
addressTable[parentNode] -
>nodesOccupied. rmEntryFrom(i);
}else
i++;

}
if(addressTable[nodeID-1]->mode!=BUSY)
n.initializeNode(nodeID); //free this node
i=0;
while(i<a.getAgentAddress(agentID-1)->evictionsChecked.getLength()){
position=a.getAgentAddress(agentID-1) -
>nodesToRestore.contains2(a.getAgentAddress (agentID-1)->evictionsChecked.getNodeDistance(i),nodelD);
if(a.getAgentAddress(agentID-1)-
>evictionsChecked.getNodeDistance(i)==nodelD
|| position!=-1){
a.getAgentAddress(agentID-1) -
>evictionsChecked. rmEntryFrom(i);
}else
1++,;
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i=0;
while(i<a.getAgentAddress(agentID-1)->nodesToRestore.getLength()){
//for every node that needs to be restored
if(a.getAgentAddress(agentID-1)-
>nodesToRestore.getNodeDistance(i)==nodelID){
if(a.getAgentAddress(agentID-1)-
>mostBeneficialNode==nodelD){
if(addressTable[a.getAgentAddress(agentID-1) -

>nodesToRestore.getNodeID(i)-1]->mode!=BUSY)

addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(1i)-1]->mode=EVICTING;

addressTable[a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(i)-1]->agentBeingServed=INVALID;

}else{
if(addressTable[a.getAgentAddress(agentID-1) -

>nodesToRestore.getNodeID(i)-1]->mode!=BUSY)

if(/*a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID (i) !=nodelD

|| (a.getAgentAddress(agentID-1)-
>nodesToRestore.getNodeID(i)==nodeID && */temp!=1){

n.initializeNode(a.getAgentAddress(agentID-1)->nodesToRestore.getNodeID(1i));
}else{

addressTable[a.getAgentAddress(agentID-1)->nodesToRestore.getNodeID(i)-1]->mode=EVICTING;

addressTable[a.getAgentAddress(agentID-1)->nodesToRestore.getNodeID(i)-1]-
>agentBeingServed=INVALID;
}
}

currentNode=a.getAgentAddress(agentID-1) -
>nodesToRestore.getNodeID(1i);
for(j=0;j<addressTable[currentNode-1]-
>agentList.getLength();j++){ //also restore their agents
n.initializeAgent(addressTable[currentNode-1]-
>agentList.getNodeID(j));

a.getAgentAddress(agentID-1) -
>nodesToRestore. rmEntryFrom(1i);

}else
1++;
}
F R e
if(a.getAgentAddress(agentID-1)->nodesChecked==0){ //1if agent got response
from all nodes to which he send hostRequests.
addressTable[parentNode] ->agentsChecked- -; //notify

node that max benefit of agentID has been found
tempBenefit=a.getAgentAddress(agentID-1) -
>maxBenefit*1000/a.getAgentAddress (agentID-1)->size; //(*1000 so the outcome is an integer)
if(a.getAgentAddress(agentID-1)->maxBenefit!=INVALID){ //if there was a
possible eviction
addressTable[parentNode] -
>benefitsArray.addEntryInOrder(agentID, tempBenefit); //add it to the benefitsArray of parent node
in increasing order
addressTable[a.getAgentAddress(agentID-1) -
>mostBeneficialNode-1]->isMostBeneficialFor=agentID;

}else{
if(a.getAgentAddress(agentID-1)->state==BUSY){
n.initializeAgent(agentID);
a.getAgentAddress(agentID-1) ->state=BUSY;
a.getAgentAddress(agentID-1)->isRootAgent=1;
telse
n.initializeAgent(agentID);
}

}
if(addressTable[parentNode] ->nodeBeingServed!=nodeID && addressTable[nodeID-1]-
>agentBeingServed==agentID){ //av 6ev oTéAvel aitnua otov mponyovuevo kopBo kat o nodeID egumnpetet
Tov agentID
addressTable[nodeID-1]->agentBeingServed=INVALID;
}

if(addressTable[parentNode]->agentsChecked==0){ //if all agents of parentNode have returned
their maxBenefit
if (addressTable[parentNode] ->benefitsArray.getLength()>0){ //if there was at least one
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possible eviction
if (addressTable[parentNode]->agentBeingServed!=INVALID) {
//1if agentID is not the rootAgent
tempParentNode=0;
while(addressTable|[tempParentNode] -
>agentList.contains(addressTable[parentNode]->agentBeingServed)==-1) //get parentNode of
agentBeingServed

tempParentNode++;
for(i=0;i<addressTable[parentNode] -
>benefitsArray.getlLength();i++){ //for every possible eviction

currentAgent=addressTable[parentNode] -
>benefitsArray.getNodeID(1i);

a.getAgentAddress(addressTable[parentNode] -
>agentBeingServed-1) ->tempEvictions.addEntry(currentAgent, parentNode+1); //add it to
tempEvictions of agentBeingServed

a.getAgentAddress(addressTable[parentNode] -
>agentBeingServed-1)->benefitsArray.addEntry(currentAgent,a.getAgentAddress(currentAgent-1)-
>maxBenefit);

if (addressTable[tempParentNode] -

>nodesOccupied.contains(a.getAgentAddress(currentAgent-1)->mostBeneficialNode) !=-2 //fake!
&&
((addressTable[a.getAgentAddress(currentAgent-1)->mostBeneficialNode-1]->mode!=BUSY
&

addressTable[a.getAgentAddress (currentAgent-1)->mostBeneficialNode-1]->mode!=EVICTING)

N
(addressTable[a.getAgentAddress (currentAgent-1)->mostBeneficialNode-1]->mode==EVICTING
&
addressTable[a.getAgentAddress (currentAgent-1)->mostBeneficialNode-1]-
>nodeBeingServed==parentNode+1))){
addressTable|[tempParentNode] -
>nodesOccupied.addEntry(a.getAgentAddress(currentAgent-1)->mostBeneficialNode, parentNode+1);

}

a.getAgentAddress (addressTable[parentNode] -
>agentBeingServed-1)->agentBeingChecked=INVALID;

checkForEvictions (addressTable[parentNode] -
>agentBeingServed, parentNode+1, timeHip) ;

}else{ //1if agentID is the one who sent the

initial host request J/RRRRRRRok Fokokokokokokok

cout<<"That never happens!\n";

}else{ //else if there weren't any possible evictions
addressTable[parentNode]->benefitsArray.init();
if(addressTable[parentNode]->nodeBeingServed!=INVALID ||

a.getAgentAddress (agentID-1)->isRootAgent==0){ //conflict 9 solution 18/11/2015. if this is not the
rootAgent
arguments.init();
//return benefit INVALID to agentBeingServed
arguments.addEntry(addressTable[parentNode] -
>agentBeingServed,0);
arguments.addEntry(parentNode+1,0);
arguments.addEntry (INVALID,O);
h.addToHip (timeHip+1, ANSWER, arguments);
aBServed=addressTable[parentNode]->agentBeingServed;
J/RRRkkekokok L L ok >k ok Kok Kok
n.initializeAgent(agentID);
Yelse{ //if this is the rootAgent
//----find parent of agentID------- initialize--
parentNode=0;
while(addressTable[parentNode] -
>agentList.contains(agentID)==-1)
parentNode++;

addressTable[parentNode] ->agentsYetToCheck.rmEntry(agentID);
//remove this agent from agentsYetToBeChecked list (as it failed to return a valid result)

for(i=0;i<addressTable[parentNode] -
>nodesOccupied.getlLength();i++){
n.initializeNode(addressTable[parentNode] -
>nodesOccupied.getNodeID(1i));
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addressTable[parentNode]->nodesOccupied.init();

if((addressTable[nodeID-1]->mode==ASLEEP)

| | ((addressTable[nodeID-1]->mode==EVICTING ||
addressTable[nodeID-1]->mode==MIGRATING) && addressTable[nodeID-1]->nodeBeingServed==parentNode+1))

n.initializeNode(nodelID);

// addressTable[parentNode] -
>nodesOccupied.addEntry(nodelD, -1);

arguments.init();

arguments.addEntry(agentID,0);

arguments.addEntry(parentNode+1,0);

h.addToHip (timeHip+1,MOVE_AGENT,arguments);

}
}
}
}

void network::migrationCheck(int agentID,int nodeID,int benefit,int timeHip){
int parentNode=0;

dynamiclList arguments;

arguments.init();

while(addressTable[parentNode]->agentList.contains(agentID)==-1)
parentNode++;

if(a.getAgentAddress(agentID-1)->state!=EVICTION){
arguments.addEntry(agentID,0);
arguments.addEntry(nodeID,0);
h.addToHip (timeHip+1,MOVE_AGENT,arguments);
timeHip+=2; J/FFERRRRK L. sk sk ok ok 3k ok ok k

if(addressTable[parentNode] ->mode==MIGRATING){ //6nAabn 6tav o agentID ywpd Ywpic
eviction oto nodeID
addressTable[parentNode] - >mode==BUSY;

}
}else{ //if agentID state==EVICTION
if (addressTable[nodeID-1]->mode==ASLEEP && addressTable[nodeID-1]-
>agentBeingServed==INVALID){ //24/12/2015. lia va amnogevyxBel n mepintwon 6mov o nodelD
addressTable[nodeID-1]->agentBeingServed=agentID;
//ATav BUSY kot €xel pOALG amogaciotel Tl B yivoétav kot €yive mdAl ASLEEP

if(addressTable[nodeID-1]->mode==MIGRATING){ //if nodeID was ASLEEP before
agentID's hostRequest

}
arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodeID,0);
arguments.addEntry(benefit,0);
h.addToHip (timeHip+1, ANSWER, arguments);
}

addressTable[nodeID-1]->mode=EVICTING; //##x*skdk oo Fokokok ko kok

}

void network::sendHostRequestNFL(int agentID,int nodelID,int benefit,int timeHip){

int
previousTimer=0,currentTimer=1, parentNode=0,numberO0fAgents, currentAgent,position, reservedSpace;

int
i,j,numberOfNodes,penalty,temp, currentNode,agentServed, flag=0, flag2=0, flag3=0,PEflag=0,invalidFlag=
0; //PEflag==PRE_EVICTING FLAG

dynamiclList arguments;

arguments.init();

number0fAgents=addressTable[nodeID-1]->agentList.getLength(); //get number of agents hosted in
nodelD

[/ find node hosting agentID------------------
while(addressTable[parentNode]->agentList.contains(agentID)==-1)
parentNode++;
R
agentServed=addressTable[nodeID-1]->agentBeingServed; //set agentServed as the agent

Being Served by nodeID
// cout<<parentNode+1l<<" mode="<<a.getAgentAddress(agentID-1)->state<<ENDLINE;

if (addressTable[nodeID-1]->mode==AWAKE) //##ksokorn oo Hokokokokkokok
addressTable[nodeID-1]->mode=ASLEEP;
//----raise flag in case agentID is sending host request to the node hosting the agent currently
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trying to evict agentID(previous in path node)----

if(nodeID==addressTable[parentNode]->nodeBeingServed) //##fskofsok oo FoARoK
flag=1;
if(addressTable[nodelID-1]->nodeBeingServed==parentNode+1){ //*tsksksk . Rk Ak
if (agentServed!=agentID && agentServed!=INVALID) //1if nodeID is busy
serving another agent inside parentNode
flag2=1;

//raise flag2

else
//else if agentBeingServed by nodeID is agentID, or no agent is currently beingServed by nodeID(€éxet
kAnee{ amdé tnv checkForEvictions)

flag3=1;
//raise flag3
}
if (addressTable[parentNode]->mode==PRE_EVICTING) {
PEflag=1;
addressTable[parentNode] ->mode=MIGRATING;
}

if(a.getAgentAddress(agentID-1)->attemptCounter.getNodeDistance2(nodeID)>140){
J/RRRRkekokok L ok >k ok Kk Kk
a.getAgentAddress(agentID-1)->attemptCounter.rmEntry(nodelD);
invalidFlag=0;

if(addressTable[nodeID-1]->mode==ASLEEP){
for(i=0;i<addressTable[nodeID-1]->agentList.getlLength();i++){
if(a.getAgentAddress(addressTable[nodeID-1]->agentList.getNodeID(i)-
1)->state!=FREE){
flag2=1;

}
//
reservedSpace=0;
for(i=0;i<addressTable[nodeID-1]->reservations.getLength();i++)
if(addressTable[nodeID-1]->reservations.getNodeID (i) !=agentID)
reservedSpace+=addressTable[nodeID-1]->reservations.getNodeDistance(i);

if((addressTable[nodeID-1]->mode==MIGRATING ||flag2==1
|| addressTable[nodeID-1]->mode==PRE_EVICTING) && invalidFlag==0){ //if node is busy
migrating, or is currently doing eviction of another agent of parentNode
if(PEflag==1){ //in case parentNode has sent host requests to other nodes as well,
apart from nodeID, so it needs to be in mode=EVICTING
addressTable[parentNode] ->mode=PRE_EVICTING;
}

temp=a.getAgentAddress(agentID-1)->attemptCounter.getNodeDistance2(nodelD)+1;

KoKk kK okokoK _ _ L L L L. skok ok ok ok ok ok
//

a.getAgentAddress(agentID-1)->attemptCounter.rmEntry(nodelD);
//******** k5K kK koK ok k

a.getAgentAddress(agentID-1)->attemptCounter.addEntry(nodeID, temp);
J/RRRkkokokok L L ok >k ok Kok Kok
arguments.addEntry(agentID,0); //wait and try again in next timeHip
arguments.addEntry(nodelD,0);
arguments.addEntry(benefit,0);
h.addToHip (timeHip+1,SEND HOST REQUEST,arguments);
}else{ //1if nodeID mode =ASLEEP, BUSY, (EVICTING && flag==1)
if(((addressTable[nodeID-1]->remainingSpace-
reservedSpace>=a.getAgentAddress(agentID-1)->size) && invalidFlag==0) &&
(addressTable[nodeID-1]->mode==ASLEEP || addressTable[nodeID-1]->mode==BUSY
|| (addressTable[nodeID-1]->mode==EVICTING))){//case 1: migration is possible
a.getAgentAddress(agentID-1)->attemptCounter.rmEntry(nodelD);

JRRRRekokokok L ok >k ok Kok Kok
if (addressTable[parentNode]->mode!=EVICTING){
addressTable[parentNode] ->mode=MIGRATING; //set parent
to migrating so if some agent send hostRequest to this node he will have to resend the request
}
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if(flag3==1 && addressTable[nodeID-1]->agentBeingServed==INVALID)
//av o nodeID é€yel nodeBeingServed tov parentNode kat 6ev tov amaoXoAe{ KAMO10G OCUYKATO1KOC
addressTable[nodeID-1]->agentBeingServed=agentID;
if (addressTable[nodeID-1]->mode==ASLEEP) {
addressTable[nodeID-1]->agentBeingServed=agentID;
addressTable[nodeID-1]->nodeBeingServed=parentNode+1;
addressTable[nodeID-1]->mode=MIGRATING;

if (addressTable[nodeID-1]->reservations.contains(agentID)==-1) //av o
nodeID 6ev €xel Adn beopevoel YWpo yla Tov agentID.
addressTable[nodeID-1] -
>reservations.addEntry(agentID,a.getAgentAddress(agentID-1)->size);
arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodeID,0);
arguments.addEntry(benefit,0);
h.addToHip (timeHip+1,MIGRATE, arguments);
}else if(addressTable[nodeID-1]->size>=a.getAgentAddress(agentID-1)->size && flag!=1 &&
invalidFlag==0
&& (addressTable[nodeID-1]->mode==ASLEEP || (addressTable[nodeID-1]-
>mode==EVICTING && flag3!=0))){ //case 2: migrations might be possible after evictions
a.getAgentAddress(agentID-1)->attemptCounter.rmEntry(nodelD);
J/RFRFRRRRR L sk 3k K ok ok Kk K
addressTable[nodeID-1]->agentsChecked=0; //initialize agentsChecked
addressTable[nodeID-1]->benefitsArray.init(); //initialize array with the maximum
benefit of each agent
a.getAgentAddress(agentID-1)->agentsOccupied.init();
for(i=0;i<numberOfAgents;i++){ //for each agent in nodeID
currentAgent=addressTable[nodeID-1]->agentList.getNodeID(1i);
if(a.getAgentAddress(currentAgent-1)->state==FREE &&
a.getAgentAddress(currentAgent-1)->childrenList.getLength()>0
&& a.getAgentAddress(currentAgent-1)->parentAgent==INVALID)
{ //avoid trying to MIGRATE BUSY && node specific agents
n.initializeAgent(currentAgent);
numberOfNodes=addressTable[nodeID-1] -
>childrenList.getlLength();
for(j=0;j<numberOfNodes;j++){ //for every node
that connects with the current
currentNode=addressTable[nodeID-1] -
>childrenList.getNodeID(j);
penalty=getLoad(currentAgent,nodelD) -
getLoad(currentAgent, currentNode); //estimate penalty of such migration
flag=0;
if(addressTable[currentNode-1]-
>nodeBeingServed==nodelID){ //if currentNode already serves an agent of nodelD.
flag=1;

if (benefit+penalty>0 &&

addressTable[currentNode-1]->mode!=PRE_EVICTING) { //and if it is Beneficial to keep doing
evictions

a.getAgentAddress (currentAgent-1) -
>nodesChecked++; //increment number of nodes that have been checked and they could lead to a
possible eviction

a.getAgentAddress(currentAgent-1) -
>state=EVICTION; //make agent unavailable to MIGRATE

a.getAgentAddress(currentAgent-1) -
>benefit=benefit;

a.getAgentAddress(currentAgent-1) -
>parentAgent=agentID;//20/12/2015

arguments.init();

arguments.addEntry(currentAgent,0);

arguments.addEntry(currentNode,0);

arguments.addEntry(benefit+penalty,0);
arguments.addEntry(agentID,0);

h.addToHip (timeHip+currentTimer,SEND HOST REQUEST,arguments); //send host request at the

following timeHip
previousTimer=currentTimer;

109



if(previousTimer==currentTimer){ //if at least one

hostRequest was sent for this agent

a.getAgentAddress(agentID-1) -
>agentsOccupied.addEntry(currentAgent,0); //add current agent to the list of agents that agentID
keeps occupied

if (addressTable[parentNode] ->nodeBeingServed!
=INVALID) //if agentID is not the rootAgent

addressTable[parentNode] ->mode=EVICTING;

addressTable[nodeID-1]->agentsChecked++;

currentTimer++; //send next host request to
the next timeHip

}

if (previousTimer==0){ //if size of node was not enough and evictions couldn't be made
//ATTENTION: add condition to check if total size of possible to evict agents is greater or equal to
agentID->size.
//if not no reason to proceed to evictions
if(addressTable[nodeID-1]->mode==ASLEEP)
addressTable[nodeID-1]->nodeBeingServed=parentNode+1;
addressTable[nodeID-1]->agentBeingServed=agentID;
if(PEflag==1){ //in case parentNode has sent host requests to other
nodes as well, apart from nodeID, so it needs to be in mode=EVICTING
addressTable[parentNode] ->mode=EVICTING;
b

arguments.init();
arguments.addEntry(agentID,0);
arguments.addEntry(nodeID,0);
arguments.addEntry (INVALID,O0);
h.addToHip (timeHip+currentTimer, ANSWER,arguments);
}else{ //if at least one eviction was possible
addressTable[nodeID-1]->nodeBeingServed=parentNode+1;
addressTable[nodeID-1]->agentBeingServed=agentID;
//set this node to serve agentID
if (addressTable[nodeID-1]->mode==ASLEEP){ //*#fffsok ..
5k K >k K 5k K %k >k
addressTable[nodeID-1]->mode=PRE_EVICTING;
//cout<<nodeID<<ENDLINE;

}

}else{ //case 3: if agentID can't fit in nodeID's space even after evictions
if (addressTable[parentNode]->nodeBeingServed==INVALID &&
a.getAgentAddress(agentID-1)->isRootAgent==1){ //6nAabf o agentID eival rootAgent.
addressTable[parentNode] ->mode=MIGRATING;

b

if (addressTable[nodeID-1]->mode==ASLEEP){
addressTable[nodeID-1]->mode=MIGRATING;
addressTable[nodeID-1]->nodeBeingServed=parentNode+1;

if (PEflag==1){ //in case parentNode has sent host requests to other nodes
as well, apart from nodeID, so it needs to be in mode=EVICTING
addressTable[parentNode] ->mode=EVICTING;
b

arguments.init();

arguments.addEntry(agentID,0);

arguments.addEntry(nodeID,0);

arguments.addEntry (INVALID,0); //send INVALID ANSWER
h.addToHip (timeHip+currentTimer, ANSWER,arguments);

}
}
}

void network::simulation(){
dynamicList arguments;
arguments.init();
int iterations,random, i,j,k,l,number0OfAgents,agentID,pAgentID;//parentAgent ID
int currentBenefit,movinglLoad,traffic,hops,length,flag;
int nodeID,mostBeneficialAgent,mostBeneficialNetworkNode;
int timer=0,benefit, currentNode, maxBenefit, localBenefit, parentNode;
int nodesToWake=4;
int used[nodesToWake*21];
srand(1);
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while(timer<=RUNTIME){ //number of times to repeat scanning of network
//===========find all possible benefits==========
h.printHipQueue (timer);
//====excute all comands in hip queue that are to be executed at this timeHip=====
h.executeHipCommands (timer);
// then
for(i=0;i<nodesToWake*2;i++)
used[i]=-1;
//=============wake up and nodes and send hostRequests==============
for(i=0;i<nodesToWake;i++){ //number nodes to wake
random=rand ()%MAX_NODES; //random+l=current network node ID
maxBenefit=INVALID; currentNode=random; mostBeneficialAgent=-1;
numberOfAgents=addressTable[currentNode]->agentList.getlLength();
flag=0;
for(j=0;j<nodesToWake; j++){
if(used[j]==random+1)
flag=1;

}
if (addressTable[currentNode] ->mode==ASLEEP && flag==0){
addressTable[currentNode] ->agentsYetToCheck.init();
for(j=0;j<numberOfAgents;j++){ //scann all agents contained in
node with nodeID=currentNode
agentID=addressTable[currentNode]->agentList.getNodeID(j);
if(a.getAgentAddress(agentID-1)->childrenList.getLength()>0
&& a.getAgentAddress(agentID-1)->state==FREE
&& a.getAgentAddress(agentID-1) -
>previousNodes.getLength()==0){//if it is a node neutral agent
localBenefit=INVALID;
for (k=0; k<addressTable[currentNode] -
>childrenList.getLength();k++){//for every connecting network node
nodeID=addressTable[currentNode] -
>childrenList.getNodeID (k) ; //connecting network node ID
benefit=getLoad(agentID, currentNode+1) -
getLoad(agentID,nodeID); //find benefit of migration
flag=0;
for (1=0; l<nodesToWake*2; 1++){
if(used[1]==nodelID)
flag=1;
)
if(benefit>localBenefit && flag==0)
//find maximum benefit among agentID's possible migrations to connecting network nodes
localBenefit=benefit;
//-------- decide which migration is the
most Beneficial---------
if (benefit>maxBenefit && flag==0){
//find maximum benefit among all agentIDs' migrations
maxBenefit=benefit;
mostBeneficialAgent=agentID;
mostBeneficialNetworkNode=nodelID;

addressTable[currentNode] -

>agentsYetToCheck.addEntryInOrder(agentID, localBenefit); / /i
}
b
if (maxBenefit>0){ //if currentNode contains a

beneficial to MIGRATE agent

VR initialize that agent's
variables-----------------

n.initializeAgent(mostBeneficialAgent);

a.getAgentAddress (mostBeneficialAgent-1)->state=BUSY;

a.getAgentAddress (mostBeneficialAgent-1) ->nodesChecked=1;

a.getAgentAddress (mostBeneficialAgent-1) -
>mostBeneficialNode=currentNode;

a.getAgentAddress (mostBeneficialAgent-1)->isRootAgent=1;
//conflict 9 solution

[/ m e oo

if(addressTable[mostBeneficialNetworkNode-1]->mode==ASLEEP)

//******** ______________ 3K >k 3k ok K kK >k ok
addressTable[mostBeneficialNetworkNode-1]-
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>mode=AWAKE ;

mostBeneficialAgent---

command to hip queue

//

//----send Host request from

arguments.init();
arguments.addEntry(mostBeneficialAgent,0);

arguments.addEntry(maxBenefit,0);
arguments.addEntry(40,0);

(
arguments.addEntry(mostBeneficialNetworkNode,0);

(

(

h.addToHip (timer+1,SEND HOST REQUEST,arguments);

used[i]=mostBeneficialNetworkNode;
used[i+nodesToWake]=currentNode+1;
n.initializeNode(currentNode+1);
addressTable[currentNode] ->mode=BUSY;
addressTable[currentNode] ->agentsChecked=1;

timer++;
}
}

int network::getTotallLoad(){

int i,j,sum=0;

for(1=0; i<MAX_NODES;i++){
for(j=0; j<addressTable[i]->agentlList.getLength()

sum+=getLoad(addressTable[i] ->agentList. getNodeID( ),i+1);

}
b
return(sum);

}

int network::getTotalMigrations(){

int i,result=0;

for(i=0;i<a.getNumberOfElements();i++){
result+=a.getAgentAddress(i)->migrations;

//cout<<i+l<<"

result=result;
return(result);

}

void testNetwork(){
int i;

for(i=0;i<a.getNumberOfElements()

MIGRATEd

;i++) {

//for each node

73+ A //for each agent in the node

"<<a.getAgentAddress(i)->migrations<<" times!\n";

cout<<i<<" size="<<a. getAgentAddress(l)—>size<<"\n";

}
}

#endif

Main function of simulation. File: simulation.cpp

#include</appTree.h>

#include</dynamicListHeader.h>
#include</networkNodeHeader. h>

#include<time.h>
#include<stdlib.h>
#include<stddef.h>
#include<math.h>
#include<iostream>
#include<iomanip>

//definition of
//definition of
//definition of
//sqrt function
//definition of
//setw()

time

rand, srand,

NULL

cout

malloc, free,atoi

//add it's load to sum
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#include<string>
#include<fstream> //file handling functions
using namespace std;

#define MAX NODES 20

#define ENDLINE " \n"
#define TESTLINE "test \n"
#define INVALID -1

int main(int argc,char* args[]){
int result, first;

double percent;

h.init();

n.setupNetwork();
first=n.getTotallLoad();
cout<<"no simulation load="<<first<<"\n";

n.printNetwork();

n.simulation();
n.printOutputValue();

result=n.getTotallLoad();
percent=((double)result*100/first);

cout<<"total Load="<<result<<", %="<<percent<<", reduction="<<100-percent<<"\n";

result=n.getTotalMigrations();
cout<<"total Migrations Per Agent="<<result<<"\n";

cout<<ENDLINE;
// system("Pause");
/*

//testNetwork();
*/
return 0O;

}
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Sample file of application Tree. File:
appTreeFile. txt

13

9:

10:
11:9|10|7]6]8]
12:2|3|5]

13:11]12|1]4]

$
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Sample file of network Tree. testFile

//nodeID -(connected with) nodeID: distance
1-19:8
1-11:12
2-19:8
2-5:8
2-12:16
3-6:2
3-9:13
3-14:13
3-10:18
4-7:3
5-14:6
7-13:13
8-18:7
9-15:4
12-17:13
13-15:23
16-20:5
17-20:15
18-20:5
#

$
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