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Iepiinyn

H dwbeoipomra tov yeoyopikodv dedopévav avsavetor kadnueptvd, Koblotdvtog
amopoitnTn) TNV ovATTLEN EQOPUOYDV Tov emesepydlovion dedouéva UEYIA®V TEPLOYDV
€00povg o vynAn evkpivela. H avdivon omtikod mediov €ivor o amd TG £QAPUOYEG
eneepyaciog yemyopikdv dedopuévmv, 1 omoia £l 6TOYO TOV VITOAOYICUO TNG OPATOTNTA TOV
onueimv evog YyneakoH VYOUETPIKOD LOVTEAOD ot £VOV TOPOTNPTH Y10l Lo TPOKOOOPIGHEVT
neployN. Amotelel Lo EQOPLOYN LLE EVPELR YPNOT GE TOALA EMGTNHOVIKA TESTA Y10 £pYQ, TOGO
TPOKTIKNG, 060 Kot acOntikng a&ioag. ['o mapdderypa, n avédivon un dyAnong ontikol mediov
TOV TTOPATNPNTH OLEVKOADVEL TN Y®OPOHETN O TEPLOY DV, GTIG OTOIEG 1] OPATOTNTO GTO TOTIO eV
eumodiletar and avOpwmoyeveic KOTAOKEVEG. ATOTELEGO EIVAL O EVIOTIGUOC TEPLOYDV TOV
TAPOLGIALOVY GTAVIO, PUGIKT OLLOPPLH, EMTPETOVTOS TNV EKUETAAAEVGT) TOVG Yol TNV KAALYM
avaykov avoyoyns. [apd tn ypnowdtta g TE(VIKNIG LG, 01 aAydpBuol avdivong
OTTIKOV 7edIOV amatovy VYNAY enegepyaoTikn 1oyx0, OAAG Kol ovEnuévo ypovo yia Tnv
eKTELEDT TOVG, TTEPLopilovTag £TGL TNV XPNOIUOTNTA TG EPAPUOYNS. AapPavovTac VoY TOVG
TEPLOPICUOVS OVTOVG, GTNV TOPOVCO SIMAMUOTIKY OVATTOYTNKE £vag aAyOplOlog aviivong
ontkoV mediov mov meTVYaivel awENUEVN axpifela, evd Towtodxpova dratnpet ypryopo xpdvo
EKTENEONC

O kddwag mov dnpovpynonke Exet og Pacn v puébodo tov Van Kreveld [1], n oroia
TapExeL LYNAT 0mdd0oT Kot EvoToYio 68 cVYKpLon pe Tapopoteg peboddovs. H mapaiiayr mov
EPAPUOCTNKE APOPE GTN XPNOT NG TEYXVIKNG TNG TOPEUPOANG Y10 TOV VITOAOYIGUO TOV VYOVG
TV ONUEIDV TOL VYOUETPIKOV HOVTEAOV, HE 6TdYO0 TN PerTivon ¢ axpifelag Tov alyopifuov.
Tavtoypova, tpomomomOnke o alyopiBuog, dote va ivol cuuPatoc e TEYVIKEG TaPAAANAOL
npoypoppatiopod. H teyvikn mov emidéymnke agopd otn Peitictonoinon g SlEemaeng
petapifoong pnvopdtov (MPI) metvyoivovtag onuovtiky peiowon oto YpOvo EKTEAEGTC.
Amotéleopa etval €vag adyoplOpog mov mapéyel akpiPég amoTELEGHO GE PEAMOTIKO YPOVO

EKTEAEOTC, OKOLLOL KOl LE LEYOAO OYKO OEGOUEVMV.

AéEerg khardrd: Teyvun mapepPoing, AlyopiBuog Van Kreveld, Avédivon ontikod nediov, ITapdiinin
enekepyacia, Atemapn Metafifoaong Mnvoudtov, Ipapun opatdtrog
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Abstract

The availability of geospatial data is increasing daily, making the development of
applications that process data for large areas in high definition necessary. Viewshed analysis is
one of the applications that processes geospatial data to calculate the visibility of every point
of the digital elevation model from an observer for a predetermined area. It is an application
widely used in many scientific fields for projects with practical and/ or aesthetic value. For
example, analysing the disturbance of the field of view facilitates the recognition of areas,
whose visibility is not blocked by anthropogenic constructions. As a result, the detection of the
areas that exhibit rare natural beauty allows their exploitation for recreational purposes.
Regardless of the great benefits of the visual analysis, there is a major drawback in the usability
due to the requirements of advanced processors and the increased time required to derive the
results; thus, limiting their practicality. Aim of this study is to develop an algorithm that
optimizes high accuracy while minimizing the time necessary to achieve it.

The developed algorithm is based on Van Kreveld's [1] method, which is most
effective in reaching high performance alongside precision, when compared to similar
algorithms. Meanwhile, the interpolation technique is used in order to calculate the exact
altitude of every available spot, which leads to maximizing the precision of the algorithm.
Furthermore, we succeed in decreasing the execution time by implementing parallelization
techniques with the use of message passing interface (MPI). This results in an algorithm that

manages both precision and realistic execution time, which is practical for everyday use.

key words: Interpolation technique, Van Kreveld’s algorithm, Viewshed analysis,

Parallelization, Message Passing Interface, Line of sight



AMroon Ilveopotikov Aikoropatmy

Anhdve pntd 011, suuemva, pe to apdpo 8 Tov N. 1599/1986 ko ta dpbpa 2,4,6 map.3
tov N. 1256/1982, n mapovca Aimhwpatiky Epyacio pe titho: “Avédivon ontikod mediov yua
NV VROGTNPIEN OIKOGUGTNKNG VANPEGIOG Yoo avayvyr” KobdG Kot To NAEKTPOVIKA apyeio
Ko TNYoiol KOJIKES TOV ovatHy Koy 1] TPOTOTOMONKAY 6T TAAIGLO QLTS TNG EPYOACTOG Kot
AVaPEPOVTOL PNTAOG LEGA GTO KEILEVO TTOL GLVOSELOLY, Kat 1| omoia £xel ekmovnOel oto Tunua
Hlextpordywv Mnyovikov kot Mnyovikeov Ymoioyiwotdv tov Ilavemotnpiov AvTiknig
Moxedoviag, o v enifreyn tov péAovg tov Tunuatog k. Mnva Aacvyévn KoL Tov gpevvnTi
tov EOvikov Kévipov ‘Epevvog kot Teyvoroywng Avamtuéng k. Iodvvn Mavdakov, anotehet
OTOKAELGTIKA TPOIOV TPOGMOMIKNG £PYOciag Kot 0ev mPocsPaAiel kA HOPPNG TVELLOTIKA
OKOOUOTO, TPITOV Kol gV €ival TPOIOV UEPIKNG 1| OMKNG OVTIYPAPNS, Ol TNYEC OE TOL
ypnopomomOnkayv meplopilovion otig PipAoypapikés avapopés kot povov. Ta onueio 6ToL
EY® YPNOWOTOMCEL 106€C, Kelpevo, apyeior /Kot myEg GAAOV GLYYPUPEDY, OVOPEPOVTOL
EVOLIKPLTA GTO KEILEVO LE TNV KATOAANAT TOPOTOUTY| KOl 1] GYETIKN avapopd epthapPaveral
0TO T TOV BIPAOYPUPIKOV aVOQOP®V LE TANPT TEPTYPUPT|. ATOyOpeDETOL 1] AVTLYPOUPY],
amoffKeELOT Kol SlovOUN TNG TTOPOoVcas epyociog, €50AOKANPOVL 1N TUNUOTOS OLTNG, Yo
eumopikd okomd. Emrpémeron mn oavoatdmmor, amobnikevon Kot Ovoun Yoo GKOTO U
KEPOOOKOTIKO, EKTOLOEVTIKNG N EPEVVITIKNG GUONG, VIO TV TpobimdOeon va avagépeTol 1
TNy TPoEAEVONG Kol va dtatnpeitan To mopdv uivopa. Epotipato mov agopodv ) xpromn g
€PYOCiOg Y1oL KEPOOOKOTIKO OKOTO TPEMEL VoL amevhuvovtotl Tpog Tov cuyypapéa. Ot amdyelg

KOl TO COUTEPAGILATO TTOL TTEPIEXOVTOL GE AVTO TO £YYPAPO EKPPALOVY TOV GLYYPOPEN KOl LOVO

Copyright (C) Xpnotog MyonA , Mnvac Aacvyévng, lodvvng Mavakog 2020, Kolavn

Yrnoypapn Qo



Evyoprotieg

Oepuég evyaprotieg otovg Ap. Mnvé Aacvyévn kot Ap. Iodvvn Mavéko y v
ONUOVTIKOTOTI ap®YN] Kol KaBodynon oty eKnOvinon g mopovcoc HeAétng. Emiong,
avaeopd mpémel vo yivelr otov k. Marco Heurich, emikepoln tov Tunuatog diayesipiong
EMICKENTMV Kol TOpaKoAovOnong tov eBvikov maprov ¢ Bavapiog yio v mapoympnon tov
YNELIKOD DYOUETPIKOL HOVTEAOL, TTOV YPTCLLOTONONKE Yo TOV EAEYYO TOV OMOTEAEGUATOV
0V aAyopiBuov. Télog, 06Am va evyapioticm tov K. ['idpyo Kopdéra yia v cupfoir tov o

TEXVIKA {NTNHOTA TOL TPOEKLY OV KOTA TV GLYYPOQY| THG TAPOVGAS EPYUGIOGC.
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Kepdararo 1

Ewcaymy

210 ke@dAao 1 avanthoceTol T0 TPOPANUA TOV KOAEITOL VO EMAVCEL 1] OUTAMUATIKT
gpyocion Kot ovoeEPOVTOL TOPOUOLES VAOTOMGELS OV £YOLV £QAPUOGTEL MO amd GALOvLG
epeuvntéc. Téhog, avarveTon 1 doun g epyaciog Kot e€nyeital To TEPEYOUEVO TV KEPAAUI®MV

OV OKOAOLOOVV.

1.1 Opropog Tov mpofinqpatog

Ta yeoywpiko Oedopéva mov cLAAEyovtar kabe ypoévo katodapPdavovv OAo Kot
HeyaAvTEPO HEPiOO TOV peydAwv dedouévav (big data). H avdmntoén avt tpokimtet, Kabmg n
GLALOYY] YE@YOPIKAOV Oedopévav elvar TAEOV €PIKTO vo. Tpoypatomondel pe mo omAég
uebodovg, dmmg v ypnon drone [2] N kot PHECH POTOYPOPLOV OO TO HECH KOWVMOVIKNG
dwktvmong [3]. TMapdtt n TpodcPfoocn oe YeOYOPIKA dedopéva, gival To TPOGITH Omd TOTE, 1
a&lomoinon tovg amotehel mpoOKANom e€attiog Tov OYKov dedouévmv, Tov omoio KaAlgiton va
dwelprotel omoradnmote epappoyn npoonmadel va ta eneEepyaotel. H avaivon ontucod mediov
amoTeLel Lol amd TIG EPUPLOYESG TOL ACYOAEITAL e TNV EMEEEPYATIiR TETOLOV E100VG OEOOUEVMV.

H avéAivon ontikov mediov ivor n dtadikasio Tov ypNGUYLOTOLEL TO VYOUETPIKO LOVTELO
LG TTEPLOYNG, MOTE VOL VITOAOYIGEL TIG TEPLOYES TOL £OAPOVE TTOV Eivar 0paTéG amd £va onueio
napatipnong [4]. H avdAivon ontikod mediov ypnowomoteiton pe 800 Pooikéc mapailayss.
v tpd™ Taporiayn], epopuoletar oe va onueio, yio to omoio vroloyilovtar Ta onueia
ot omoio. €yel opoTOTNTO. XTN OVTEPT TMOPOAANYN, epopudleTon Yoo To kdbe KeM puog
0AOKANPNG TEPLOYNG, DOTE va Bpedel 0 aplBudg Towv KeMdV ota omoia Exel opatotrto. H mpot
HEBOSOGC YPNOUOTOLEITAL Y10 EQAPLOYEG TTOV OTOLTOVV TNV OPATOTNTO GE GUYKEKPIULEVO GTLLELD.
H debtepn péBodog ovopdletar cuGGMPELTIKN AVAALGN OTTTIKOD TTESGIOV Kot PN CLUOTTOLEITOL
Y10 EPOPUOYEG TOV avalnToVV TO GNUEIO TOV TOPEYXEL OPATOTNTA GTN UEYIOTN SVVOTH TEPLOYN,
omowg ot kepaiec miemkowvoviav [5]. H avdlvon ontikod mediov amotedel o dadikacio
eEaPETIKA YpOVOPOPa KOl TOLTOYPOVO OTOLTNTIKY OE EMEEEPYOOTIKY 1oyV. H xprion g apopd
EPOPUOYEG acONTIKNG @VUONG, OAAL KOl TPOKTIKES £QOPUOYES KOl Xpnolomoleitar oe €va

peydAo €0pog epevvnTIKOV TEdimv [6].
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[ToAAEC amd TIG O TPOAKTIKEG EQAPLOYES TNG AVAAVCTG OTTIKOV TTediov oyetiCovTon pe
épya mov AapPdvovy xdpo 610 aotikd TepPaiiov. ['a mapdderypa, cvyvd epapuoletol ot
KOTOOKELT OPOU®V, LE GTOYO TNV PEATIOON TNG OPATOTNTO TOV OONYDV OGTE VO, TEPLOPIGTOVV
TO AVTOKWVNTIOTIKG Svotuynuata [7]. Mo akdpo epappoyn g, oeopd otnv tomobémon
KOUEPDV OCPOAEING O KINPLYL, MOOTE VO KOADTTOLV TO HEYIGTO OLVOTO ONTIKO TEDIO,
OLVELOPEPOVTOG £TGL 6T pelmon g eykAnuatikoémrog [8]. Enpaviikd poro €xel kot otnv
tomofétnon eotofoltaik®dv, vwoloyilovtag Ty B€on Tov TPOGPEPEL TNV HEYIOTN ATOd00T,
Aopfavovtag veoyn v Béorn tov nAiov Katd ™ ddpkela g Nuépog [9]. Axdua kot oty
VoBpo vhpyovy TOAAG Epya pEYOADTEPNG EKTAOTG, TOV EXMPEAOVVTAL OO TV AVAALGN
ontko¥ mediov. 'Eva amd avtd oyetiCeton pe v tomofétnon nhipywv TAETIKOWOVIOV. TV
TEPIMTMOOTN AT UTOPEL Vo ovadei&el To onUeElo OV TTAPEYEL OPATOTNTO GTN UEYIOTY OLVATN
TEPLOYT, ATOPEVYOVTOG £TOL T EUTOSI0. TOV B duoyépavav v amddoon og kepaiog [10].
E&ioov yprioyun sivar Ko n epappoyn g yo Ty tomofétnon mopywv dacomvpdsPeong oe
onueloa mov mapéyovv aveumddiotn 0o oe mEPLOYES LYNAOD KIVOLVOL YO TLPKOYES,
OULVEIGQPEPOVTOC £TCL OTNV TPpootacia. Tov ddcovg [11]. EmmAéov, o&iler vo avagepbel n
YPNOUOTNTA TG AVAALGNG OTLTIKOV TEGIOV GTOV YMPO TNG APYOLOAOYING, OOV YPNOLUOTOEITON
oLYVE, TOGO Yo TNV AVEDPEST] aPYAi®V KATUCKELOV, 0G0 Kol Yo va ekTiunfel n mboavn g
xpron Tovg [12]. TéLog, 0 VTOAOYIGUOG TNG OPATOTNTOG KPIVETOL OTOP LTI TOS Y10 GTPOTIOTIKES
EPAPLOYES, EQPUPLOYEG OPYLITEKTOVIKNG, OAAGL KoL Y10 TV OVATTUEN NAEKTPOVIKMV TOLYVIOLDV
[13]

E&lcov omupavtikég elvor kor ot €pappoyés ouoOnTikng @OOMNG OTIG OMOlES
¥pMNOLoTOoEiTOL 1 avdAvon ontikol mediov. H ypriomn tng pmopei va avadei&et, 1060 Ta puoiKd
tomio pag meployns, 660 ko ta a&obéata ™e. H avdivon omtucod mediov avoyvopilet
tomofecieg TOvV £YovV OPATOTNTA GE TEPLOYEG OV TOPOLGLALOVY PLGIKY opopPLd. Baoikn
YPNOM TNG TEYVIKNG &ivor M avayvoplon KotdAAnA®v onueiov yio Tnv  KotooKewn
€YKOTOOTAGE®V OV Bo TapEYOLVV VINPEGiES avayLyNe. Mo akdpo epoproyn g eival ot
KOTOOKELY] HOVOTATIOV 7OV TOPEYOLV B0 6TO TPAGIVO TG TEPOYNG Tov dtacyilovv,
AVOOEIKVOOVTOG £TOL UE TOV KOADTEPO TPOTO T0 ToTio oToV emtokéntn [14]. H avdlvon ontikod
nediov umopel ovvovOoTEL KOl HE EMMALOV OMTIKOVG OEIKTEG, OLELKOAVVOVTOS £TCL TNV
aélomoinon tov mepoy®v avtdv [15]. O deiktec avtol apopodv GTotyEio OTWS, 1| LOPPT TOL
€04poVE, 0AAG Kot M TapovGio avOpOTIVEOV KATACKEVMV OV EMNPEALOVY TNV OLOPPLE TOV
tomiov. O1 avOpOTIVES KATOOKEVES OMOTEAODV OTULAVTIKO EUTHO10, KAONDS AAAOIDOVOLV TO TOTIO
pewdvovtag £tol v aicntikn a&ia tov [16]. H mapovsio TV KOTOOKELOV QUTOV UTopEel vo

EVIOTIOTEL PE TNV YPNOT TNG AVAAVONG OTTIKOV Ttediov, mote va Bpefovdv Tonobeaieg paxkpid
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oo TETO1EG KATAGKELES 1 va Bpebovv katdAAnieg BEaelg, amd T1g omoieg 1 Ba ota Tomtio TOV
dev gumodileton and TI¢ Kataokevég avtég [17].

H avéivon ontikod mediov dadpapatilel onuovtikd poA0 Kot 6TV TPOCTAGIH TOV
TEPPAALOVTOG, SIEVKOADVOVTOG TNV HEAET TOV OIKOGUGTHOTOS LE TTO TPOKTIKEG EQUPLOYEG
™m¢. Mo €Qopproyn ™G avaAvong OnTIKoL TEGIOV apopd TNV EKTIUNGN TOV TANOLGUOL TV
dyprov OV pog meptoyngs, xopig va amortel v uoikn mapovcio avlporwv. H pétpnon tov
TANOLGLOV TV KOTOOIDOV TPOYLOTOTOLEITOL EAEYYOVTOS TO VYOS YVOGTOV LOVOTUTIOV KOTA
™ ddpketa ¢ Nuépag kar evronilovtag £totl tov aplfud tov {dwv mov ta dtacyilovv [18].
E&ioov ypnowun eivar dpwmg, kot 66ov apopd tn PAdctnon, Kabng e€etdlel To Vyog Kot TNV
napovsio PLacTNong Otav ypnoyonombel e GuVOLACUO HEe GALES TEXVIKES TTOL EAEYYOLV,
€KTOG amd TO VYOG, TNV TOLOTNTO TOL £3GPoVG [19]. Me avtdv ToV TpOT0 aAoTolEITOL O EAEYYOG
KOl 1] KOTaypoen Tng Katdotoong Tov otkoovotnudtov. H epappoyn avtn) sivor dwitepa
YPNOUN Y10 TOV EAEYYO LEYAAMV TEPLOYDV Y1 Tapdvoun viotopio [20].

Evd 6pwmg,  avédlvon ontikod mediov epapuodletarl og moALOVG TOELS, Topovctdlet
&va oNUOVTIKO TEPLoplopd. H moAuTAOKOTNTO TV LETPCEMY TOL ATOLTEL, EXEL WG ATOTEAECLLOL
0 YpOvoG eKTéAEOMG NG va elvol 1dwitepa HEYOAOS, €VA TOVTOYPOVO amontel HEYAAN
enefepyaotikn woy0. T vo avTipetomiotel 0 TEPOPIGUOS AVTOS, £XOVV OVOTTVYTEL TOALOT
aAyOpOpol Kot TEYVIKEG, e OTOYXO TNV EMTAYLVGT TOL 0AYOPiBLOV, 01 KUPLOTEPOL OO TOVG

0moioVg aVAPEPOVTAL GTO ETOUEVO VITOKEPGAaL0 [21].

1.2 IlgputTtMOELS TOPOUOLMV EPEVVITIKAYV EPYMV

Y7rdpyovov opkeTEG O0POPETIKEG VAOTOMGELS OAyopifuwv 7oV TPOYUATOTOLOVV
avdAvon omtikoy mediov pe otdyY0, gite TNV avénon g akpifelag, gite v emTdyvvon g
TayvTTog eKTELEONC TOL aAyopiBuov. TMapakdtem ovoaeépoviar GLUVOTTIKA Ol Mo PocKEG
pébodot ko mieovektnuato g kobepiog. ITo ektetapévn avdivon tov mapokdto pedddwv
yiveton 610 KeEQAALO 2.7.

O olyopBpog R3, o dmotog teprypdonike and tovg Franklin [22], arotelel tov o anid
alyopiBpo avdAivong ontikov mediov. O adyopBuog avtdg VITOAOYILEL TNV YPAUUN 0pATOTNTOG
ToV TopatnPNTH TPog KAOe KeAl. H nébodog avtr odnyel o€ emavoAYELS TV DVITOAOYIGUMV TNG
opaTOTNTOG Yot TO KAOe KeM, omaTaA®VTAG £T6L YPOVO GE VTOAOYIGHOVS, TTOL £YOLV NN
npaypatorondel. Emopévag, o R3 metvyaivel vymAn axpifeta, aAld votepel onpaviikd 6to

YPOVO EKTELEOTG GE GYEOT LLE TOVG OAYOPLOLOVS TTOL AKOAOVOOVV.
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O adyopBuog R2 meprypdonke kot modt and tovg Franklin x.é. [22], pe otoyo va
UELOOEL TNV TOALTAOKOTNTA TOVL aAyopiBuov R3. IMa va metvyel kokdtepn amddoon o R2
LELDVEL TIG EMOVUANYELS TV VTOAOYICU®V oL cLpPaivouv otov R3. T'a Tov vroAoyiopd g
opatoTNTOg, o€ avtifeon pe tov R3, vroloyilet T ypopp| opatdTTOS Yo To KEAY oTaL dkpal
m¢g ewdvos. Qotdco, mapdAo Tov M amoddoor PeAtudverar, e€axkoAovBodv vo yivoviou
TOALOTTAOL VTTOAOYIGLLOL Y10 TNV OPATOTNTO TOV 1010V KEADV Y10l To KEAA TOV Bpickovtal Kovid
otov moapatnpnt. O R2 &xel koA oxkpifeio kol ivor mo ypnyopog amd tov R3, aAld dev
meTvyaivel peyain Pedtioon oty TaydTNTO EKTEAECTG.

O aiyopBpog XDraw oyedidotnke and tovg Franklin k.d. [22] kou amotehel Evav mo
amodoTkd alyopduo avdivong ontucol mediov. O arydpBpoc avtdc vroroyiler Ta keAd
TEPYETPIKA OO TOV TOPATNPNTH OE TETPAY®OVO dayTUALd. [0 TOV VTOAOYIGHO TV KEMDV
K6Oe OayTLAOOD YPNOUOTOlEL HOVO TNV UETPNOT OV KOTAYPAPETOL GTO TPONYOVUEVO
doyTuAidL. Ta VyM TOV KEMADV, TOL OV TEUVOVTOL OO TNV YPOUUN 0pOTOTNTAS GTO KEVTIPO
TOVG, LLOAOYILoVTOL amTd TO HEGO PO TOV VYDV TOV TANCLESTEPWV KEAMDV. To TpoPAnua wov
napovotldletar otov XDraw agpopd ce mbava AdOn mov dnpovpyobhvtol Katd ToV VITOAOYIGUO
oV VYoug TV KeAdv. Kdbe avaxpifeta 010 Hiyog evOg KEMOV LETAPEPETOL OTIG LETPNOELS TOL
eEOTEPIKOV OO TLALO0V, TPOKAADVTOG OMAELD axkpifelag otov vVToAoyIGHo opatotntag. O
alyopBpoc avtdg elvar o ypnyopog amd tov R2, apob ot HeTpNoelg Tov Hyous yio KaOe kel
amofnkevovtar kol EovoypnoILOTOoVVTOL Yol TO EMOUEVO OUYTLAISL, OmOPEVYOVTOS TIG
TOAMOTAEG LETPNOELS Y10 KAOE KEA TOV cuuPaivovy 6ToVG TPOTYOVIEVOLS aAyOopifovG.

O aAyopiBuoc mov mepryphonke amd tov Van Kreveld mapéyst ypryyopn toydmra
ektéleong e evotoyia mapopota pe avti Tov R3 [1]. Xtov adyopbpo avtd, 6T®S Kot yio Tov
R3, e&etdletor n ypopuun opatdtog Yoo Kabe otoryeio g ewkovag. O aiydpiBuog avtdg
Swpépel amd tov R3, 0pov eKUETOAAEVETAL TNV GEPA EKTEAECTG TMOV YEYOVOT®V, MOTE VO,
ATOPVYEL TOVG TEPITTOVE VTOAOYICHOVG TTOV Yivovton 6tovg adyopibpovg R2 ko R3. T va
TETOYEL TN UELOOT] LT CLYKPOTEL GE Lo dOpT| OEQOUEVMV T, oTOoLKEln KABE KeEAMOV péypt va
VTOAOYIOTOUV OAEG Ol ypappés opatdtnrag mov to mepiEyovv. Otoav olokAnpwbel o
VTOAOYIGHOG Y10 OAEC TIG YPOULES OPATOTNTAG, OTIC 0Toieg meptAapPdvetol To ototyeio, TOTE
apopeitot omd tn dopr|. H dopn avtn dratnpeiton pe elcoymyssg, 6tav fia Ypouun opatodTnTog
Tépvel éva véo Kel, kot eEaymyég, 0tav M ypouun otapotd vo to tépvel. Kotd cuvéneln
TaPOAEITOVTOL O TEPLTTOL VITOAOYIGHOL TTOV YivovTal 6Tov aAyopBno R2, metvyaivoviag £Tot
Ko amddoon kat vynin axpipela, kabiotdvrag tov adyopiBuo tov Van Kreveld évav amd

TOVC 7O OMTOTEAEGLOTIKOVS 0AYopiOovg avaivong ontikon mediov.
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2T0V¢ TOPATAVE OAYOPOHOVG, O VTOAOYIGHOG TOL VWYOLS TV KEAIMV, TOL OEV
TEUVOVTOL OO TNV YPOUU OpPATOTNTOC OTO KEVIPO TOVLG, €MNPedlel OpOCTIKA TOCO TNV
axkpifela, 660 Kot v TayvTa Tou. Avtd cvppaivel Kabmg T0 VYOG ToL KABE KEAOL TOV
TAPEYEL TO VYOUETPIKO LOVTEAD ALPOPA TO KEVTPO TOV KEAL0V. QUG AMOTEAEG IO, OTOV LLLOL Y POLLLUN
dev mepva amd 10 KEVIPO TOL KEAMOV, T0 Vyog vtohoyiletat mpoceyylotkcd. H mpocéyyion avty
epapuoleton pe apketég maporiayés, Kot ennpedlel v okpifela TOV AmTOTELECUATOV TOV
olyopiBumv. Ot alyopiBuol pmopohv va TETLYOVY KAAVTEPT] aKpiPela ¥PNOILOTOLDOVTOS TNV
TEYVIKN TNG TAPEUPOANG Yo KAOE OTOXEIO [E UEIOVEKTNO OU®G TN CNUAVTIKY €mdpuven
oToV Ypovo ektédeons. Evolhaktikd, pepikéc vhomomoelg dev mpoceyyilovv 10 VYog, aAld
BewpovV T0 VYOG 6€ OMOLOINTOTE GTUEI0 TOV KEAMOV 1010 e aVTO TOL KEVTIPOL TOV KeAov. H
TEAELTALN TPOGEYYIOT UITOPEL VO EPUPUOCTEL PE EMTLYIO GE TEPUTTMOGELS TOV TO KAOE KeEAL
OVTUPOCMOTEVEL TOAD WIKPN €KTOoT. YTAPYOLV OPKETEG OKOUO, TPOCEYYIGELS Yo TOV
VTOAOYIGUO, LEPIKEG OO TIG OTOIEG (PN CLUOTOLOVV TO HEGO VYOG TMV KOVIIVOTEPMV GTOYEIDV
1N T0 PEYIOTO VYOG amd To KOVTIVOTEPQ GToLYElD, OVAAOYQ LLE TNG AVAYKEG TNG KAOE EQUPLOYNC.

o 11 mapamdve pebdoovg €xovv vAomonbel apKeTég TOPAALAYES, UE GTOYO TNV
EMTAYLVOT TOV YPOVOL €KTEAEGTG TV aAyopiBumv. Mo puéBodog mov €yxel ypnoipomoindel
Baciletor otV xpNnom G KAPTOG YPOUPIKAOV YO TOLG VTOAOYIGHOVS OpPATOTNTOG, LE
AMOTEAEG O, TNV EMLTAYLVON TNG anddoong [23]. Mia aAAn maporiayn epapudlet mopdriinin
emeEepyacio ¥pNOHOTOIDOVTAS TOALOVS EMeEepyaoTés, Mote va avénbel 1 eneEepyacTikn 16 VG
Kot vo. Bedtiobel n todvTa. tov aAdyopiBuov [24]. Ot teyvikéc owtéc €rovv TOIKIAOVG
TEPLOPIOUOVG, Kot Kabepio omd avTég elvarl KATdAANAN Yo Stoupopetikovg okyopiBpovg. O R3
kot 0 R2 éyovv mapoariniomomBet pe v ypnomn g KAPToS YPUEIK®Y, apov 01 VITOAOYIGHOT
ToVG etvan ave&dptntol peta&h Tovg Kot OmOTEAOVV 100VIKEG TEPITTAOGELS Y10, TNV LEB0SO avT.
Avtibétmg, o adyopiBuoc tov Van Kreveld, Loyo tng doung tov, eivor katdAiniog uovo yia
TopoAANAOTOINoT HE TNV XPNON ENEEEPYACTAOV, OPOV TO YEYOVOTO TOVL £E0PTMVTOL OO TNV
oelpd extéleong toug [25].

Y7dpyovv apkeTéG OAPOPETIKEG TPOGEYYIGELS, TOV YPNGUYLOTOOVV TOVG TOLPOTAVED
alyopiBovg e GUVOVOGUO LE TIG TEYVIKEG TTOL avapEépOnkay. [Tapoakdtm avapépoviot peptkég
and TG mpooeyyicelg avtég, Kol devkpviCovtal ot dpopég mov mapovosidlovy. Ot
TPOGEYYIGELS, OV avopépovtal, €xovv ®¢ Pdon tov alyopibuo tov Van Kreveld, agov
amotelel vav amd TOvg o ONUOPIAEIG ahydplOlovs Yo TETOOL €I00VE VAOTOMGELS, Ko

ypnoporomdnke og Pdon otov adydpidpo mov eEeliybnke oTNV TOPOVCO, SITAMUATIKY.
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O aAy6p1Bpog avaivong onTikov Tediov Tov vAoromonke and tovg Ferreira k.d. [26]
ypnoonolel tov okyopiduo tov Van Kreveld, oe cuvévacpod pe v texvikn e mopiAning

eneéepyaciog.

—
] -

Zynpa 1 Atyopiopds TV TOPEDY TOV XPTCLLOTOLOVVTOL Y10 TV TAPAAANAN eKTELEOT TOL aAYOPIOLO TmV
Ferreira k.6.3

Onwg paiverol 610 Tynua 1, 0 VIOAOYIGHOS TNG 0pATOTNTOS Sty wpileTon 68 KOUUATLO,
pe Baon ) B€om Tov TapaTNPNTY, TETLYOIVOVTAG LE AVTOHV TOV TPOTO PEATIOOT GTNV TAXOTNTA
extéheonc tov oiyopiBuov. O odyopluog avtdg, mopdro mov metvyaivel Peitioon g
amddoong, dev VTOAOYILEL pe axkpiPr) TPOTO TO VYOG TV KEAIMV Kol KATH GUVETELN TOPOLGLALEL
EMheyn otV axpifela tov.

‘Evag akdpa, odyopiBuog aviilvong omtikol mediov, viomombnke amd tov Gokhan
Yilmaz [21]. O aAyopiBpog tov Gokhan Yilmaz Eeympiler and ekeivo tov Ferreira, kabog yio
TIG LETPNOELS TMV YEYOVOT®VY TOL EPOPUOLEL TApAAANAN emeEepyaciao Le TNV xpNON TNG KAPTOG
YPoEK®V. O ahydp1BpHog avTOG, OTMS Kol 0 TPOTNYOVUEVOS, 0V LITOAOYILEL pe axpifeta v Tyun
TOV VYOLS TOV KEMMV, HE amoTtéAecpa T pelwon g akpifelog tov adyopifuov. Emumiéov,
amoTel TN XPNON TS KAPTO YPOPIKAV Y10 LEPOG TOV VITOAOYIGUAV, TOL Y10 TOALOVS YPTOTES
dev elvat dtabéoiun Adym Tov KOGTOLG TNG.

TéNog, 0 adyopOuog avdivong ontikod mediov, mov vAoromOnke and tov Haverkort,
H.J. ,Toma, L. xou Zhuang, Yi [27], epapudlel teyvikég dwyeipiong uvnung. Ltoxog tv
TEYVIKAOV OVTAOV VL VO OEGUEVTEL YMPOG GTNV ECMOTEPIKN LUV TOL VTOAOYIOTY, KOOMG
TAPEYEL YPNYOPOTEPO YPOVO TPOCTEANCNG TV UETAPANTOV. ATOTELEGLO TNG TEXVIKNG 0TS
elvan va emtayvvlodv dladikacieg, OTmg N TaSvounomn Kot 11 GAPWGN, Ol OTOIEG ATOTELOVV
dopkd otoyeio tov ahyopiBuov. Ztov aAyoplOpo avtdv, OV YPNOUYLOTOIOVVIOL TEYVIKES
napoAinAiomoinong, aAld Stoywpiletor To TPOPANUA GE KOUUATIO TOV UTOPEl va, dtoelploTel

1 ECOTEPIKT VI TOL VTOAOYIGTNH. TNV VAOTOINGT 0VTH, apyIKd VTOAOYILETOL 1] LVIUT TTOV

3 IInyn tov oyfuatoc sivan 1) Sypocisvon [26]
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etvar draBéoun oTov LIOAOYIGTY], Kot Olay@PIleTal O VITOAOYIGUAC OpaTOHTNTAG GE KOUUATIO
OV UITOPOVV VO YOPEGOVY TNV Uviun tov. O alyopiBuog avtdg amoterel ) Pdon tov
aAyop1Buov mov exteleiton oto Geographic Resources Analysis Support System (GRASS), to
omoio amotelel pio TAUTPOPHO AOYIGUIKOD TOV aVOAVEL YEWY®PIKA dedopéva. O alyopOpog
nov etvan draBéopog oto GRASS mepthapfavet, emmhéov, mo akpiPr] VIOAOYIGUO TOL VYOVG
TOV KEMMOV HE TNV ¥pNoN TS TEXVIKNG TS moperPoing. O aiydpiBuog avtdg elvar, TOG0
akppng, 660 Kol ypnyopoc, aAld dev epapuolel TeVIKEG mopaAANAOTOinonG, o1 omoieg Oa

UTOpoVGaV Vo BEATIOCOVV TEPAUTEP® TO XPOVO EKTEAECTG TOV.

1.3 Kivntpa kon 16301 YAomoinong

H avéivon ontikod mediov mapéyel amapoitnTes VINPECiEG G€ TOAAEG EPUPLOYES TOV
aQopovv TOGO oTNV KadnuepvotnTa, 060 Kol 6g £pya KOwne oeéletag. o avtd Tov Adyo
TEPLYPAPOVTOL GE APKETES ONUOGLEVGELS OAYOPIOLOL TOV TTPAYUATOTOLOVV OVIAVCT) OTTIKOV
nediov. Evod opmg vapyovv moArol pébodot vhomoinomng, dev vapyet avirloyn dubesotnTa
elevbepov  kmOKa, €WK Yoo aAyopiBuovg mov  epapuolovy  TEXVIKEG TOPAAANANG
enelepyaciag. Emouévog, mpotapywkd xivnpo ng epyaciog sivor m dmuovpyio evog
AOYIGUIKOV avoryTOL KMOIKA oV Ba 51e0KOADVEL TNV TEpaLTEP® PEATiON TOL AAYOPiBLOVL, EVHD
TanTOYpova Ba emTpémel EAeVBePN XPNOT TOL Y10 OTOLOONTOTE EPAPLLOYY).

O 616106 TOL AYOPOLOL TTOV dNoVPYNONKE Elvar va cuvOLAGEL LYNAN akpifela Kot
ypnyopo ypovo ektéheonc. o v emitevén g emrdyvvong Tov YPOVOL EKTEAEONC, O
alyopBpoc epappoler mopoaiiniomoinon pe v ypnon ¢ Aemaeng Metafifaong
Mnvopdatov (Message Passing Interface - MPI) [28], n onoio avijkel otnv Topaiinionoinon
e TV ypnom moAlamAdV emeEepyact®v. O alyoplOuog mov emAEyTKe givar avTOG TOL
npotdOnke amo tov Van Kreveld, apod mapéyet ypriyopo xpdvo ektéheong kat n dour| Tov gival
coppatn pe v teYVIKN ovth. Emmpoéceta, otov akydpiBpo epapuoletor n TEXVIKY NG
TAPEUPOANG Y10l TOV VTOAOYIGUO TOV KEALDV OTOV €V TEUVOVTOL OO TN YPOLLLUT 0POTOTNTA GTO
KEVIPO TOVC, PEATIOVOVTOG £TOL ONUAVTIKA TNV aKpifela Tov alyopiBuov. I'a v epappoyn
KO T®V OVO TEYVIKOV QTOLTOVVTOL TPOTOTOGELG 6Tov alyopiOuo tov Van Kreveld, ot omoieg
Tov dwywpilovv and ta £pya mov Erovv NON vAomombel. Ot Tpomomooelg owtég aAhalovv
OPACTIKA TNV OUN TOL AAYOPIOOL, BGTE VA YIVEL EPIKTN 1 EPAPLOYT TOV TOPOALLY DV OLTAOV.
O akppng tpdémog Aettovpyiag tov aiyopiBuov Kot T®V TOPUAAAYDV TOVL TEPLYPAPOVTOL

AEMTOUEPDC OTO KEQPAANLO 3.
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1.4 AvapOpmon keipévoo

To keipevo amoteleiton amd téccepa KePdAaia, T0 KabEva and To omoia avaAvEL P
YN TOL OAYOpPIOUOL oL VAomOMONKE. LT EMUEPOVS KEQAAOO TOPOVCIALETOL Ko
avaAvetot 1 neBodoAoyia oL EPAPUOGTNKE, OVOPEPETAL TO AOYIGHIKO TTOV YPNCILOTOMONKE,
EVO 010 TEAeLTAi0 KEPAAOO €EETALOVTOL TPOPALOTO TTOV TPOEKLYOV KOL 1] CVTIUETMOTION
TOVG.

210 mopOV KEPAAOLO, OVAPEPOVTAL HEPIKEG OO TIC EQPAPUOYES TOL aAyopiBuov mov
vAomomOnke, mopPovoIALovTol TOPOUO EPEVVNTIKA £pya Kol €ENyodvtal ol GTOYOL TOL
npoonabel o akydpiOpog va meTHyEL

210 dg0TEPO KEPAAOLO, avaAVETAL TO BePNTIKO LTOPABPO KoL EENYOVVTAL O TEYVIKES
opoAoyiec Kot o1 Pacikég €vvoleg, TOV glval AmOPUITNTES Yol TV TTEPLYPAPT] TOVL aAyopifov.
To kepdioro avtd elvarl amapaitnTo Yo TNV KATovonon Tov Hebddwv mov ypnoomomonkoy
OTO TOPAKATO KEQPAAOLAL.

210 Tpito KEPAALO, TOPOLGLALETAL TO AOYICUIKO TNG £PYAGIOG, ovoAvovTal Ol HéBodot
OV YPNCoTOONKAV Kot €ENyovvTol Ot TAPUAAXYES TOV EPAPUOCTNKAV GTOV aAydpifpo,
wote vo emrtevydel N TapaAANAN extédeon Tov. To Ke@dAao avTd avaAvEL KAOE KOUUATL TOV
KOO, eV Olvovtol Kol Ypoeikd moapadelypoto yio tnv Katovonon tov puedodmv mov
PN CLOTOONKAV.

To tétapto kepdiowo amoterel Tov emihoyo G epyaciog. Xt0 KEQAAOO OVTO
Topovoldlovial To OmOTEAEGUOTA TOL OAYOplOUoL, oavaEépovTol T TPOPAAUATO TTOV
OVTILETOTIGTIKOV Kot 01 AVGELS TOV, Kot TEAOG £€€TAlovTon TOAVEG BEATIOGELS Y10l LEALOVTIKEG

EMEKTAGELS TOVL OAYyopiOpov
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Kepaiaro 2

OewpnTiKo vTofadpo

270 TOPAKATO KEPAAOLO TOPOVGIALOVTOL OAM TO EPYOAELD TTOV XPNCUOTOM O KOV GTNV
vAOTOINoM TG TAPOVGUS TTLYLNKNG EPYOCING. AVAPEPOVTOL TO AOYIGHIKO KOl Ol TEYVIKES TOL
ypnoomomOnkay, Ko eEnyodvtal ot AEEElg KAEWOW, MOTE VO UITOPEL O AVAYVOOTNG VO

KOTOVOTOEL KOADTEPQ T KEPAALL TTOL Oar akoAovOnGoLV.

2.1 Agvtpiki) oo

2m Bewpio ypapnudtov, ¢ 0evIpikn dour 1 d€vipo opiletar £va. GUVEKTIKO KOt [N
katevhuvopevo ypaenua to omoio dev mepiEyel kKuklovg [29]. H devrpikry doun eivar évog
TpOTOG Vo avomapactodel ypapikd 1 epapyio pog doung. Elvar n doun dedopévav mov
amoteAeiTon amd €va cUVOAO KOUP®V oL GuVOEovTol HE OKUES. Xe KAOe pio TeEmePAGUEVN
OEVOPIKT OOUN VILAPYEL O AVAOTATOS OPYIKOG KOUPOC, amd Tov omoio Eekvael 1 SKAAOWOT, Ko
ovopaletor piCa tov dévipov. Ot kOpPol mov d0ev OAKAAIDVOVTOL TEPAITEP® OVOUALovTal
@OAA TOV 0€vTpov. Ot KOpUPOL HETAED TOVG £X0VV GYEGELS YOVIOU - Tandlov. Kdbe mondi Eyxet

pévov éva yovid. Mo dopr| d€vIpov €xel TV HOPEY| TOV TOPOVGLALETOL GTO Zyfpa 2.

AN

Zyquo 2 Hopdderypo 1coppomnuévon Svaducod dévrpov™.
Mo vrokatnyopio dEVIp®V AmOTEAOLV T SVAOIKA dEVTPA, T omoia £xovv HEXPL dvo TodLd

avd kOpPo, Kot To 16oppomNUEVE. OEVTPA, TOV TO. GUAAL TOVG £XOVV HEYLETN O1apopd BdOovg

évav xoppo.

4 TIpyq tov oyfuotog eivar m 1otocelido  https://math.stackexchange.com/questions/2856956/binary-tree-
equation-describing-path. H eriockeyn éywve otic 11/5/2020
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2.2 AkyoprOpog avalntnong

"Evag akydpiBpog avalntmong eivoe 1 dtadikacio e omoiag 6tdy0g ivat 1) edpeot evog
OVTIKELLEVOD LE CUYKEKPIUEVES 1010TNTESG, LETOED UIOG GUAAOYNG AVTIKEIUEV®YV, IOV PploKeTal
amofnkevpévn oe pia doun ocdopévev. To mo amhd €idog aryopiBuov avaltnong eivor n
ypoppkn M ogplaxkn avalntnon. H ypoppkn avalnmon €xel og (6000 T0 aVTIKEIIEVO TOV
avalnteital, 10 omoio 6T GLVEKELD GLYKPIveETal e OAa To. oTolyelo TG AMoTag, Kot divel mg
£€0d0 v Tun true, av 1o ototyeio Ppébnke ot Alota kar v Ty false, av dev Ppédnke [30].

H dvadwmn avaltnon elvar pa mo ypryopn péBodog avalninong, mov £xel v idw
€lcodo Kot €000 pe TV ypopky] avalntnon, kot ivor wiaitepa ypioyn otav e€etdleton
peyarog 6ykog dedopévmv. Baowkn npobmodbeon g dvadikng avalntnong eivar n AMota otnv
omoia. epapudletar, va eivor tawvounuévn. Xt dvadkn ovalntmomn ovykpiveror To
avTIKEILEVO OV avalnteital e To pecaio ototyeio g Motoc. Amd T GOYKPIoN LT, OV TO
pecoaio otoyyeio eivan 1010 pe to otoyyeio mov avalnteital, Tote TeppatiCeTon n avalTnon Kot
emoTpépel Tiun true. Av 1o pecaio ototyeio etvan peyakdtepo amd to otoryeio mov avalnreiton
Kol 1 taSvounon €xel yiver pe avéovoa cepd, TOTE emOvVOrlaUPaveTal 1 OdKAGio Yo TO
LEGOIO0 GTOLYELO TOVL aPLETEPOL UIG0D NG AloTag. Av To pecaio ototyeio elval KpOTEPO amd
10 otoyeio mov avalnteitar, tote yivovron ot idieg evépyeteg oto 0l od g AMotag. Av
dradtkacio ot KataAnEel 6g Uio VTOAMGTO, TOL ATOTEAEITOL ATO £Va GTOLYELD, KOl TO OTOLXELD
avto dev givon avtd mov avalnrteital, tote emotpépeton n T false [30].

Yvykpivovtog Tig ovo ueBodovg N dVadIKY avalTNon TOPOLGLALEL TOAVTAOKATTA
O(logn), evd n oceplakn avalnnon €xet molvmiokotnta O(n). Akdua kol ot YePoOTEPT
nepintoon oe o AMota pe N ototyeio 1 oelplokn avalntnon amottel N ETOVIANYELS, EVO M
dvadkn avaltnon amattel 1o ToAD N/2+1 eravolnyels, KabloTdVTag TV TOAD 7O OT0d0TIKN

€101Ka Otav epapudleton oe peydieg AMoteg.

A

t 5> 3 a4 s 6 7 & e 10 1 12 13 14 s w6 17 s
[aTeTcTolelFleTnl o TxTtIm[wToTrTalx]

Binary Search - Find 'G' in sorted list A-R

\nnannn

1 12 16 17 s
[aTe[cToleTrTelnl T Tkt [m[noTr al«]

Tymua 3 Avalnitnon tov ypaupotog G o tavopmuévn Aota pe dvadikn avaliTnon Kot Le GEPLoKN
avolfnon®.

® TInyn tov oyruatog eivon 1 16tocerida https://algorithms.tutorialhorizon.com/linear-search-vs-binary-search/. H
eniokeyn &ywe otig 11/5/2020
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2.3 Ynowuxo Yyopetpiko Movtéro

Qg Ynowxd Yyopetrpwd Movtérho 1 Digital Elevation Model (DEM) opiletar €va
GUVOAO YMOWKOV KOTAypoe®V 1oL omewkoviCovv ta dyn pwog emedvewns. Otav
xpPNopomoleitan 0 6pog avTdg, TPEMEL VO OPIOTEL KO Y10l TTOL0L ETLPAVELN EYOVV KATOYPAPEL O
Tég [31]. Avo €idn DEM givor 1o Ynoerokd Movtéro Eddgovg 1 Digital Terrain Model (DTM)
kot 70 Ynelakd Movtého Emoaveiog 1) Digital Surface Model (DSM)

Q¢ DTM opiletar £&va GUVOAD YNOLOKOV KOTAYPOPOV TOL amekoviCouv Tn ynvn
emoedvela. Etvar dndadn &va ynelokd VWOUETPIKO HOVIEAO TNG YOUVNG YNNG empaveiog,
Y®Pig eumodia OTmS KTipla Kot dévrpa [31].

Q¢ DSM opiletar og £va GHVOAD YNOLaK®V KOToypap®V, oL aretkovifouv to vy Tmv
QVTIKELUEVOV TOV KOADTTOLV TN YN empaveto. (BAdotnon, omitia, dpopot k.An.) [31].Xto

Tyuo 4TapovctdaleTon kol oxynuatikd Tt teptapfPdver to DTM kot 1o DSM.

Digital Surface Model
Digital Terrain Model

Zynpa 4 Tpoeikn ameidvion TV TEPLOYDY TOV £36POVG oL TEPLAULPAVOVTAL 6TOV VTOAOYIGHO Tov DTM Kot
Tov DSME.

"Eva DEM anobnkedetar cuvnbwg o dedopévo tomov kavapov (raster). Eva raster sivon
éva mAEypo omd KeAd Omov KAOe KeAl avTITPOCMORELEL £vo KOUUATL TNG TEPLOYNG TOV
nepropPavetar oto DEM. Kdbe éva amd ta keEMd £xel G TN TO VYOUETPO AO TNV TEPLOYN
nov kKoAvTteL. To péyebog twv keMav kaBopilel TNV akpifelo TOV VYOUETPOL Y10 TNV TEPLOYN
pe pkpotepo teTpdyova avdvetor - axpifelo g pétpnong (av Kot 1 TLUKVOTNTO TMV
TPOYLOTIKOV TIUOV LETPNONG TO EMTPENEL), AAAG pEYOA®VEL TO péYebog Tov apyeiov [32].

2NV avAALGT| OTTIKOV TTEHIOV, 1] YPTOT) TOV VYOUETPIKOV LOVTEAOV OTOTEAEL GNUAVTIKO
dopko ototyeio Yo Tov vroloyioud g opatdtrag. To DSM meptlappdvet to Hyyog yior OAN

v meployn mov eEetaletan Kabmg mepthapPdvel T0 VYog Kot TV EUTOdimV Tov ennpedlovv

€ TIny tov oyfpatog eivon  1otocelido https://en.wikipedia.org/wiki/Digital_elevation model . H emickeyn
éywve otig 11/5/2020
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v opatotTa, eved 10 DTM ypnoonoteiton dote va vroloyiotel 1o Hyog Tov TapATNPNTH

TOV 07010V TO VYOG Elvar aveEAPTNTO OTd TO EUTOSLOL TOV £0GPOVG TOV TTEPLEYOVTAL 6T0 DSM.

2.4 Opilovrag

Opilovtog givar n vont ypapun mov daywpilel To £dapog amd Tov ovpavo [33]. H
amooTaon Tov opilovta and ToV TAPATNPNTH JPEPEL AvAAOYQ LE TO VYOG TOV, KOOMOG OGO
ymAdTepa BpickeTon 0 TapaTPNTNS, T000 amouakpvvetol o opiCovtag. H andotaom péypt tov
opilovta vroAoyileTon amd TOV TOPAKAT® TUTO, O OTOI0G TPOEKVYE OO TNV EPOPLOYT TOV

TuOaydpeIoL BEWPNLOTOC, OTMG TOPOVCIALETOL GTO TyHpa 5:

Amnodotaon peypt tov opilovia = \/ 2 X WEPIUETPOCS TNG YHS X HWYOG TOL TOPATNPNTH @

Zymua 5 M€Bodoc voAoyiopob g amdcTacng omd Tov opilovta e Ty xpron mubaydpelov Bempnpotog dmov
GO 1 andotoon péypt Tov opilovia, h o vyoc Tov moponpent Kot R 1 mepinetpoc ™ yme.’
Epappoyéc mov mpaypatomolovv EAeyyo opatdTTag, ¥PNCYLOTOo0V ToV opilovta, apov Ta
onueia mov Ppickovror o paxpld and tov opilovta dev gival opatd GTOV TOPATNPNTH OV OEV

Eemepvovv TO VYOG TOV, OTTMG PaiveTol 6To Zyua 6 [33].

Critical light path

h,
51 <5\2A/

h;

Synpa 6 Tapdadetypo g nppong TNy 0patdTNTo ToL 0pilovta 6Ta onpeia Tov Ppickovtat paKpld amd Tov
mopopnThe.
Me avtd tov TpOMO, 01 OAYOPIOLOL TOV TPUYLATOTOLOVV OVAAVGT OTTTIKOV TTEdion, umopohv va

TOPAAELYOVV TOVG VTOAOYIGHOVE Y10l TNV 0pATOTNTO TOV onueiwv mov kpvPet o opilovrag [33].

" TInym tov oyfuatog etvan n 1otoceAida https://aty.sdsu.edu/explain/atmos_refr/horizon.html. H enickeyn éywe
ot 11/5/2020

8 TInyn tov oyfratog eivor N wtocerida https://www.johngiovannis.com/content/distance-horizon. H enickeyn
&ywve otig 11/5/2020
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2.5 I'pappn Opatotnrog

Q¢ ypapun opatotntag 1 Line Of Sight (LOS) opiletat wg 1 vont ypappn mov evovel
dvo onueio, pe oTOXO TOV VIOAOYIGUO TNG OPATOTNTAG UETAED T®V onueinv avtdv. Onwg
Qoivetal 6to Iyqua 7. Av oplotel évag mapatnpnng oto onpeio O, o mapatnpntng Ba €xet
opatotnta 610 onpeio A, 6tav n LOS dev cvvavid kdmoto onpeio pe peyodlvtepn kiion
avdpeoa oto O kor 10 A. T ta onpeio mov e&gtalovtan diveton dvadkn T 1, av vehpyet
opatdtra, kot 0 av dev vdapyet opatodtnto [34]. T neputtOOEC OOV O TAPATNPNTHG OEV
&xel opatodTTa Elvarn epikto va petpnel oo mpémet va ovénbel To VYog Tov, MOTE Vo TaPEYEL
opatdtta 6to onueio mov e&gtaleton [32]. tov vroroyiouod g LOS ypnowonoteitor n khion
Kot Oyt T0 Vyog TV kelwv, kabdg Poacikdc mapdyoviog eivor Kot 1 amdGTOCT) TOV

eEetaldpevou onpeiov amd Tov TopaTNPNTY.

v

Symua 7 TTapaderypo ypoppnig opotdTnNTog, 0TOV 0 TopoTNPNTMC Ppicketal oto onueio O.
Kat axépa wov wpémet v Anedet vdym, eivor n kopmvAdTTO TS EMQavelag TG Yne. Ommg
TopoTNPEiTAL Kol 0T0 Zyqua 8, OGO amopokpvvetol to onpeio mov e&etdleton amd ToOv
TaPATNPNTH, TOGO UELDOVETOL TO avTANTTd VYog Tov. H peimon avt) ™ vroloyileton and tov

napakdto tomo [32]:

__ (ambotaocn ané Tov mapatnpnt)? @)

OE p
2X (TePIPETPOS TG YTS)

0

Zymua 8 Tapdaderypa g EXpPoNg TG KAUTLAOTNTAG TNG YNG GTO 0paTd VYOG EVOG GNUEIOL GE GYEDT LE TNV
OmOGTOON OO TOV TOPUTIPNTH.
TéNog, MOY® ™G KAUTLAGTNTOC TNG YNNG, ONLOVPYELTAL £VOG ETTAEOV TEPLOPIGUAC GTNV
HEYLOTY amOGTOCT TOV VIEAPYEL 0paTOTNTO. O TOPATNPNTNG OEV UTOPEL VAL TOPATNPGEL GNUELD

mov Ppickoviar kGt omd tov opifovta. To vyog tov opilovia (Vipog opifovia,) v
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mopotnpNt oto onpelo g pe Vyog (VPOUETPO,) Kou onueio maparipnong o U pe Hyog

(vypopuetpo, ) 6tav anéyovv uetald tovg andctoon (aTdoTac, )eivar [27]:

VPOUETPOG—VPOUETPOy, (3)

Yyoc opiovta, = archtan
l/) S p{ q andaTaAcyq

2.6 Hopeppoirn

H mopepporn elvar po teyvikn mov avikel 6To Tedio TG aptOuUnTiKig avaivong, Kot
YPNCLOTOEITOL Y10 VoL EKTIUNOEL TPOCEYYIGTIKA 1) TN EVOG ONUEIOD, LE TNV ¥PNON TOV TIUDV
TOV YEITOVIKOV Teploydv. O aplBuog tov onueiov mov ypnoipomotodvtal, PEATIOVEL TV
TPOGEYYIoN, OAAG KAvel Tov vIOAOYIopO mo ovvOeto. o mapdderypa, n wapepPoin mwov
xpnoonolel dvo onueio ovopdletor Kol ypoppKy TopEUPOA] Kot TPOKLATEL Amd TOV
TOPaKAT® TOTO, OTTOL YpNcromotovvTot Ta onpeia (X1, y1, hl) ko (X2, y2, h2) yuo va extyun el
n TN v to vyog h oto onpeio (X, y) [35]:

h=|x—yl|*xh2+|x—y2|*hl (4)

H teyvucn avt ypnowyonoteital cuyvé otnv avaivcn ontikoy mediov, Kobmg 1 Tég mov
dtvovton and o DEM, agopodv 10 kévipo Tov KaBe KeEMOV, evd cuvnBmg dev eEetdleTon TO

KéOe KeM 6TO KEVTPO TOVL.

2.7 Avaivon oTtTIKov Ediov

Avéivon omtikov mediov (viewshed analysis) eivor 1 dwdikacio otnv omoia
vroAoyiCovtar Yo €vo oMpelo, Ol TEPLOYES OTIC OTOTEG TO GLYKEKPIUEVO onpeio Exel opatdTnTOL.
Apyd opiletan oe mowo keAl tov DEM, Bpioketar o mapatnpntig ko e€etdletar n ypouun
0paTOTNTOG A0 TO KEAL TOL mOPOTNPNTN TPOS OAa T VOAOUTe KeEMA, kot evromilovtal To
KeMG 670 oToia £xel 0 TapoTNPNTHG OpoToTnTa [4]. TN CGLVEXEL, TOL KEAG GTAL OTTOi0, VITAPYEL
opatdTNTO TOUPVOLY TNV TN éva, Kot Ta vrdAowta v Ty undév. To amotéheoua sivor va
dnuovpyeiton Evag xapTg opatdTNTOS, 6TOV 0moio ol paivovtol Pdvo ta KeAd Tov givor opatd
oo TOV TOPUTNPNTN. X& MEPIMTMOON TOL £va onueio dev glvatl opatd amd TOV TOPATHPNTY,
pmopel va. vohoylotel 10 amoapaitnTo VYOG TOL onpeiov, MGTE Vo EYEL O TOPATNPNTNG
opatdétra oe avtd [1]. Mo emmdéov Bacikn mapailayn TG OTOTEAEL 1| CLGCOPEVTIKN
avéAlvon ontikol Tediov, oty omoia ekteEAEiTOL OVAAVOT OTTTIKOD TTEdIOV Y1 KAOE GTOLYEL0 TNG
ewovog mov e&etdleton [5]. H pébodog avtn ypnouonoteital yio vo eVIoniotovy Tomodecieg
OV TOPEYOLV OPATOTNTO GTO TEPICTOTEPQ SLVATOHV GTUELN KO YPTCLLOTOLEITOL GE EQPAPLOYES

Omw¢ N tonobétnon mopywv tAemikovmvioy [36]. Znuavtikd sivarl va 600l Tpocoyr 6to Hyog
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TOV TTOPATNPNTY, KAODS TO VYog Tov dev givat 1010 pe TNV T TOL KEALOV 6TO omoio PpiokeTa,
oAAG voAoyileTanl ™G TO ABPOICHO TNG TIUNG TOL KEALOD KOl TOL VYOLS TOL Tapotnpnty. H
aviAvon onmTiKoL eSOV amoTeAel L Sladtkacio ypovofopa, OAAN Kot EEQPETIKE QTOLTNTIKT)
o€ ENEEEPYOOTIKTN oYV, Wtaitepa OTaV EQOPUOLETaL ETAVENUUEVE, OTTMG GTNV TEPIMTMOOT TNG
GLGOMPEVTIKNG avdAvong omtikol mediov. H taydmmrta kot m akpifeia tov aiyopifuov
eCaptovror and 1o péyedog TV keAwv Tov DEM kabmg, 660 peyardtepa sivor ta ked, 1660
HIKpOTEPT eivar M akpifela TOL AMOTEAEGLOTOG Ko TOGO YpNyopoTeEPT £ivar 1 TayhTnTo TOL

aAyopiBuov [32].

Zympa 9 Anewdvion avaivong ontikov mediov, oty omoia 1 B€om Tov TApaTpPNTH PpickeTol 6To oNpEeio ToL

deilyvel To kitpwvo BéAog, Ta opatd onpeio PaivovTal e TPAGIVO, KOL TO. (1] 0POTA e KOKKLVO.

2.7.1 Aky6pOpog R3

O olyoplBpoc tov R3 eivor évag adydpiBuog ovéivong omtwkold mediov mov
neptypdotnke omd tovg Franklin x.4. [22]. O R3 givar évog duecog tpdmog VITOAOYIGHOD, TOV
TETLYOUVEL VYNAT aKpifela pe cuVETELD Vo, ETPPAdHVETOL O XPOVOG EKTEAEGNC TOV OlyopiOpov.
O aiyop1Buog vroAoyilel TV YpOUU) 0patdTNTAG TOV TOPATNPNT TPog Kabe KeAl. T kébe
KEAL OV OV TEUVETOL GO TNV YPOUUY] OPOTOTNTAG OTO KEVIPO TOL KEAOV, TO VYOG

vroAoyileton pe Bdom to onueio oto omoio TEUVETAL.
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Zympo 10 Eta aplotepd ameikovilovtat ot Topels kabe KEA0D OV XPTGYLOTOI0VVTOL Y10 TOV VTOAOYICUO TV

crossings o Se€1 To, X ko y crossings®.
Onwg eaivetor Kot 610 Iyque 10, av to keAl tépvetonr otig meproyés |, 1V, V 1 VIII tote
YPNOUOTOIELTAL ) TN} TOV X-CrosSing, 0mmg @aivetotl 6eE16 610 Tyiua 10, EVO Y10 TIC VITOAOUTES
TEPLOYEG M TN TOV Y-Crossing. H tun yuo to X-Crossing 1 y-crossing mpooeyyiletatl omd to
LEGO OPO TOV VYOS TV dVO KOVIIVOTEPMV CLUEI®MV LLE TNV XPNOT TNG TELVIKNG TNG TAPEUPOANS.
Enopévac, o R3 givat o povadikog adydpiBpog mov divel amoteréopata axpipeiog, ot vrdioumot

alyopiBpotl Tov akolovBovv givarl TpoceyyIoTIKOL.

2.7.2 AkyépOpog R2

O oAyopBuoc R2 meprypdotnke kou oAt and tovg Franklin x.é. [22], ue otdyo va
HELDoEL TNV ToALTAOKOTNTA TOV ahyopiBpov R3. O R2 dgv vmoroyilel tnv ypopLpn opatdtTog
v kbBe kel OTTmG 0 R3, avtifétmg vroroyilel Lovo TIg YpappES opatdOTNTOC TOL apyilovy amnd
TOV TOPOTNPNTN KOl KATOAYOUV GTA KPAL TNG EIKOVAS, OTIMG POIVETOL KOl GTO TOPAKATM yypo
117100 TIG YPOUUEG 0paTOTNTOG OV TEAELOVOLVY oTa onueic A kot B. Mg avtd tov tpdmo, o
aAyOp1OOC amoPEDYEL TOVS SUTAATLTOVS VITOAOYIGLOVG Y1d T KEALH OV PpickovTol Kovtd ota

dxpa TG ewovag, Bertidvovtag v amddoon tov og oyéon pe tov R3.

9 IInyn tov oyfuatoc sivan 1) Spocisvon [43]
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Zynuo 11 Mapdaderypa vroAoYIGHOD TOL VYOLGS Yo Tov 0AyopBuo R2 pe tnv xpron Crossings yio Tig ypoppeg
opototnag 4 kot B,
O vrohoyiopdg Tov HYoug, Yo kébe KeAl TOV M YPAUUT 0pATOHTNTAG JEV TELUVEL GTO KEVTPO TOV,
Tpoypotonoleitar otav cvpPaivel X-Crossing i y-crossing kot vmoloyiletor pe Pdon v
andotaot ond o Kovivotepo KeAl. Onwg paivetol 6To Tynua 11, Yo TV YOI 0patdTNTOG
A 10 X-Crossing oto onueio mov anéyet dA amd o C to Vyog Ba £xet to Vyog Tov onpeiov C,
emeldn givar 10 TANGIECTEPO ONUEID 6TO Crossing. Avtog o TpOTOC VIOAOYIGHOD PEATIOVEL TN
TayOvtTNTo TOL OAyopiBupov, pe KOOTOC otV akpifela Tov, Kabmg o aiyoplBuog yivero
poceyyoTikoc. H axpifeia tov alyopiBuov pmopet va Bertiowbel tpomomoimvTag ToV TPOTO

VITOAOYIGUOV TV CroSSINgs.

2.7.3 AhyoprOpog Van Kreveld

O olyopBuog avarvong ontikov mediov mov mpotdbnke amd tov Van Kreveld [1],
neTvyaivel vyMAn akpifeta kol ypryopo xpovo ektédeons. O alydpiBuog avtdg, ypnoipomotet
pa nuevdeio mov apyilet amd 10 keAl mov PpioKeTOL O TAPATNPNTNG KOL KATOANYEL GTA Opla.
tov DEM. H nevbeia neprotpépeton katd 360 poipeg, domov va nepdoel Tvo amd to KEAA
nov g&etdlovrat. Otav n nuevdeia tepvd Taved omd to KEVIPO TOL KAOe KeEAOD, yiveTol o

VTOAOYIGUOG TG OPATOTNTOG TOV KEAMOV.

Symua 12 Azeucovion g YPOUUUNIG 0pOTOTNTAG OV TEPIGTPEPETOL YOP® OO TOV TOPOATIPTTI KO TPOYLLOTOTOIEL

™ chpwon Twv kKeMdv ooV odydpduo tov Van Kreveld??,

19 TInyn tov oyfpatog eivar n dnpocisvon [43]
1 Iy tov oyuatoc sivar 1) Snpocisvon [1]
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Onwg anewovileTon Kot mopamdve, N Nuevdeio Kveital aviioTpoea amd Tovg OEIKTES TOV
POAOYLOV, KOl TO KEMA 7OV TEUVEL OAMOTEAOVV TNV YPOUUY OpaTOTNTOC KAOE OTIyUn NG
neplotpoPng e Katd v mepiotpoen g nuievbeiag, to dYN TOV KEAMOV TOL TEUVEL
amofnkevovTal o€ £va IGOPPOTNUEVO SLASIKO SEVIPO LE KPP0 TNV ATOCTOCT TOL KAOE
KEALOU OO TOV TOPATNPNTY, £T6L OGTE TO KEALL OV €lval MO KOVTO GTOV TOPUTNPNTH Vo
TEPLEYOVTOL GTA OPLoTEPA PUAAN. EmmAéov, yiao KaBe vwodévtpo amodnkeveTal 6to KOUPO TOV
TOTEPO M TIUN TOV AmOyOVOL UE TNV HEYAAVTEPT KAloT. AkolovBmvtog ) dtadikasio o,
a6 To QUA TOL OEVTPOL £mG T pila, amodnkeveTan 6TO apLoTEPO TOdi TOV KAOE KOUPOL TN
peyoAvtepn kAion yw ™ LOS, and tov mopoatnpnti pEYPL TO KEAL OV AVTITPOCHOTEVEL O

KOUPOG, 0TS POIVETOL KO GTO TOPOUKATO Tyfua 13.

Synupa 13 Mapdderypa eicoymyng Tmv oNpUei®v g YPAUUNS opatdTnTag o€ duadko dEvipo e Baon v
amOGTACY OO TOV TAPATHPTTH .
210 0évTpo yivovtan elcay®yES Ko eE0yYEG OTav cupPaivel KAmolo yeyovog yio To KEAL Tov
e€etdletar. ['a ke ke VITapYOLY TPLOV EWVBOV YeYOVHTAL:

e Ta yeyovota 16650V oV cupPaivovv 6tav 1 nevdeio cuvavtdet Yo TpMOTN Popd Eval
KeAl: TOTE mpooTifeTanl 6To SEVTPO TO KEAL Pe TNV TIUT TG KAIo™G TOV.

e Ta yeyovota e£600v ov cupfaivovv 6tav 1 Nuevdeio dev Tépvel TAEOV Eva KeAL: TOTE
apopeitot To kKeAl omd o OEVTPO.

e Ta yeyovéta kévipov mov cvuPaivouv 6tav 1 nuevbeio Tepva and T0 KEVTIPO €VOG
KEAOV. Xe aVT TNV TEPIMTWOOT, TPUYLATOTOIEITOL OLASIKN avalRTNoN Yo TO KEM OTO
O€VTPO, Kot cuykpiveTon N KAMO™M TOV HE AVTO TOV OPIGTEPOV TTad1oV. AV 1) TN Y10 TO
keAl mov e€etdleton eivon peyordtepn amd ovT TOL APLETEPOV TV, UOVO TOTE

VILAPYEL OPOTOTNTA GTO KEAL.

22 Iy tov oyipotog sivar 1) Snpoacisvon [21]
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2g TEPIMTMOOT TOV SEV VILAPYEL OPATOTNTA OE £V KEA, €fval eIKTO VoL VTOAOYIOTEL TO EAAYIGTO
VYOG TOV TOPOTNPNTH, OOTE Vo £xEl opotdTnTa 0T0 KEAl ov e€etdletarl. Télog, a&ilel va
onuelmdei, 611 o akydpiBuog tov Van Kreveld ypnoyonotel yio t1ov vmoAoyiopd tov Hyouvg Tmv
KEALDV, TO VYOG 0td T0 KEVTPO KAOe KeA100, akdpa kot 6tav 11 LOS dev nepvd akpipog and 1o
KévTpo Tov kehMo¥ [1]. Emopévmg, pumopei va emnpeactel  akpipeto tov aiyopibpov, edikd
otav peletdron raster pe peydla keld. I'a va avtipetomiotet o meplopiopdg avtog, yperdletal
va. tpomomomBel n péBodoc mov vmoAoyiletoaw TO VWog TOov KAOE KEAOD, DOTE VA

dwpopormoteitoanr avdioyo pe 1o onpeio mov téuveton t0 KABe KEAL, YPNOYWOTOLOVTIOG TNV

TEYVIKT TNG TOPEUPOANG.

2.7.4 AkyéprOpog XDraw

O AlyopiOuog XDraw oyedidotnke amd tovg Franklin k.é. [22], kou metvyaivel
KaAOTEPN omddoomn amd tovg aiyopiBuovg R2 kot R3. O alyopiBuog avtdc vroroyilel v
0paTOHTNTA TOV KEMOV GE TETPAY®OVO o TLAISI YOP® amd Tov TapatnpnTy, apyilovioag amod

TANGLEGTEPO OO TVAIOL KaTaAyovToG 6T dkpa Tov DEM, kou 6mtmwg paivetanr 6to mopakdto

oxfApe (Sypo 14).

13
Iynuo 14 Amewovion tov adyopifpov XDraw yia tov vroloyiopd tov onpeiov (5, 2) pe tnv xpron crossing
peta&d tov onueiov (2, 1) kot (3, 1).

Ta keMd K4Be Sy TLALO10D S1aTPOVV TO PEYIGTO VYOGS TNG YPOLUNG OPATOTNTAG TOV KATOANYEL
o€ aTd. ETopévmg, 0 vmoloyiopog g opatdtTog TV KEAM®V KABe vEOU daryTVAMO10D amontel
TNV GUYKPLoT] TOL VYOLS TOL HOVO LE TO VYOG TOV KEAMDV TOV TPOTYOVUEVOL doyTLAO0V. Me
Vv 1€B0d0 ot amatteiton Lovo po cLYKPLoN Yo KABe KeAL, eV TavTdYpPOVa, ATOPELYOVTOL
01 SUTAOTLTIOL VITOAOYIGHOL TOV TPOKLITOVY GToVG alyopiBuovg R2 ko R3. v mepintwon

OV 1 YPOUUT OpATOTNTOS EVOG KEALOD OEV TEPVA A0 TO KEVTPO TOV KEALOV TOV TPOTYOVUEVOL

13 Iy tov oymuatoc sivar 1) Snpoacisvon [43]
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dayTLAO10V, OTC cupPaivel 6to keM, pe ocvvtetaypuéves (5.2) 610 mopomTave oxRua (Zmua
14), 10 Vyog mpooeyyileton pe fdon To 6Vo TANGIECTEPA KEALA, TOV GTNV TEPITTOOT 0TI Eivol
To KEMA pe ovvretaypéveg (2, 1) kat (3, 1). O vmoloyiopde pumopet va yivel pe Ty xpnon tov
peyiotov VYoug and To TANGIESTEPA KEALH, TO LEGO OPO TOV VYAV TOV KEAIDV 1 LLE TNV TEYVIKN
™G TapeRPoANG Yia Ta dvo onpeia. Kabe pa amd T mapoariayéc avtéc emnpedlet Ty akpifeia
0V oAyopiBpov, aArd kot v amodoor tov. To mpdPfinua mov mapovstalel o arydpduog
XDraw agopd mbovd oedaipato ot HETPNOES TV onueiov mov  vmoAoyilovral
mpoceyyotiKd. Kade avaxpirg mpocéyyion tov Hyovug o€ Eva dayTUAMOL, £xEl OC AMOTEAEGHLAL
T0 AGOOG v PHETAPEPETOL GTOL VITOAOITO OO TLAIOL, OMOVPYDOVTAG £TGL OTOAELD aKpiPetog

oTov aAyOp1Bo, akdpa Kot av To bidAoura kel viroAoyilovton pe axpifeta.

2.8 Epyaleio mov ypnopomon|Onkay

2.8.1 Python 3

H Python eivar o yAdooa mpoypappatiopod vyniod emmédov, 1 omoia
dnuovpynnke and tov I'kivto Pav Pécsovp (Guido van Rossum) [37] kot kukho@opnoe to
1991. H Python divel éupoon otV avoyvOoILOTNTO TOV KOSIKA, TOL EMITPEMEL EVKOAN
GULVTNPNOT], TOV Kot TOVTOYPOVa EmLTayHVEL TNV TayOTTa eKpabnone. H cvvtaén g emtpénet
TNV CLYYPAPT KOOKO GE AYOTEPES YPALLES GE GUYKPLoT Le OAAEG YADooES. H meplekticotnTaL

TV BA0ONK®OV TG TV Kab1oTd gvéliktn Yo éva. peydAo edopa epapuoymv [38].
2.8.2 Avemapn Metafipaocng Mnvopdrov

H Awenapnq MetaBifaong Mnvopdtov (Message Passing Interface - MPI) givan éva
pdTLTO P1PA0ON KN TOV YPNCIHOTOIEITOL, MOTE VO EMLTELYOEL TAPAAANAN ene&epyacia L TNV
EMKOVOVIO LETOED TAOV OEPYOUCLOV LEC® TNG ovTaAayNg unvopdtov. O 6tdyog tov MPI elvat
v Kafiepdoel éva gopntd, amodoTIKO Kol ELEMKTO TPOTLTO Y0 TO HUOVTEAO TAPUAANAOL
TpoypoppoTiopod mov Paciletor ot petafifacn unvopdtev [28]. o cvykekpipéva, to MPI
eKTELEL TOV 1010 KMOKA GE OLAPOPETIKES OLEPYAGIES KO YPNOUYLOTOLEL TNV EMKOWVOVIN AVAIESH
TOVG Y10 VO TETVYEL TNV CLYKEVIPMOT] TOV OMOTEAECUATOV TOV dlEPYAcidV. Me avtov Tov
TPOTO Hopaletal 0 POPTOC PYAciag 6e TOAAOVG EMEEEPYAGTEG KO EMLTAYHVETUL O OAYOPLOLOC.
Tavtdypova, n xprion tov MPI givar apketd nepimiokn, KOOGS TPENEL O TPOYPOUUULATIOTHS VOL

evromicel mov umopel vor epappootel mapdAANAn emeepyacio Kol vo TNV €QAPUOCEL LE
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KatdAANAO tpomo. O adydp1Ouog TPEMEL VoL S0y ®PIOTEL KATAAANAN, DGTE TO OTOTEALEGLLO TOV
alyopiBuov va unv Baciletar 6TV GEPLOKT EKTEAECT] TOV OLEPYACIDV, APOV 1) GEPA EKTEAEONG
Tovg d0ev eivan mpokabopiopévn. Emmiéov, og mepintmon mov TPoyHOTOTolEital TOAD GuYVN
emkowvmvia petald depyaciov, 1 xpnon tov MPI uropei va odnynoet oe mo apyn ektéleon
amod TovV oEPlaKo mpoypappatiopd. Qg ek tovtov, 1 ypnon tov MPI amotehel po mo
TPOYWPNUEVT TEYVIKT TPOYPUULOTIGLOV, TOV UTOPEL OUMG VAL TPOSPEPEL ONUAVTIKN PeATioon

OTOV YPOVO EKTEALECT|C TOV KAOOIKO.

[Moapaxdto, avapépovtor Peptkés amd TIG To PACIKES EVIOAEG TOL (PN CLULOTOIOVVTOL.
Apyikd, mptv MV YPNON OMOCONTOTE GAANG EVIOAG OmOUTEITOL 1 EVIOAN
MPL.COMM_WORLD, n onoio. dnuovpyel pio opddo amd depyocieg mov EMKOVOVOHV
peta&v toug. H evtohn mpémet vo mponyeitat and t1g vroroumes evrodég tov MPI, kot n cbvtaén

NG PAIVETOAL 6TO TOPAKAT® oYU (Zyjua 15).

comm = MPI.COMM_WORLD

Zynua 15 Xovtaén g eviodig MPLCOMM WORLD yia v apywonoinon tov cuvaptioemv tov MPI tov Oa
ypnoomomBodv oty cuvéyeln Tov akyopibpov.

Avo omd T mo Paocikés ocvvaptioelg tov MPI givar ot comm.Get_rank() kou m
comm.Get_size(), ot onoieg emoTpéPovy Tov aplBud Tng dlepyaciag mov eKTEAEITAL KOl TO

GLVOAMKO 0p1OUO TOV SEPYACIAOV TOV EKTEAOVVTAL OVTIGTOLYAL.

comm.Get_rank()

= comm.Get size()

Zymua 16 Hapdderypo kKinong tov cvvaptmoeny comm.Get _rank() kot comm.Get_size() kot amodrkevon tov

TILOV, TOV EMOTPEPOVV OTIC LeTaPANTEG rank Ko size avtioTotya.

310 TopomTAve oYU (Zxiuo 16) Ol GUVAPTNOES KAAOVVTOL Kol OtOONKEVOVV TIG TIUES TTOV
EMOTPEQOVV oTIG petaPAntég rank kou size. Ot cuVAPTNCEIS OVTEC EIVOL ATAPAITNTEG GTOV
TPOYPOULLATIOTH], OCTE VO, SIOMICTMOCEL TOV 0PLOLO TV OEPYOUGUDY TOL (PN GLUOTOIOVVTOL OO
TOV XPNOTN HE TNV HETAPANTN SiZe Kot Vo, KaTavEIIEL avidoyo Tov eopto TV petaPfintn rank.

Mo Tov cuvtovViGHd TV dlEPYUCLDY YPNCIUOTOLEITOL 1) EMKOV@VioL amd onueio e
onueio (point to point communication) 1 n cvAloyikn extkovovia (collective communication).
H emwowvovia amd onueio oe onueio oaeopd omnv ovtodioyr] O0£00UEVEOV UETOED OVO

dlepyacidv, Kot T omoia M pa depyocio otéAvel dedopéva ko 1 0evTeP Too AapPdver. H

37



amooToA dedopévav Tpayuatonolgital pe Ty evtoin comm.send() ko n ANy Tov dedopéEvav

yivetal pe tnv xpnion tng comm.recv().

if rank==0
comm. send((variable, dest:l,tag:@b

if rank==1
variable?=comm.recv(source=0,tag=0)

Synua 17 IMapdderypo emkowvmviog and onpeiov og onueio pneta&d g diepyaciog Undév Kot £va. Le TIC EVIOAES
comm.send() xox comm.recv().

270 TopomAvm oxfuo (Zyuo 17) Tapovctaletat 1 amooToAn TG TIUNG T petafintng variable
amd TV dlepyacio undév otny diepyosia Eva, 6mov anobnkevetan oty petaPintn variable2.
H ovlhoyin emikotvovia Tov S1epyacidv apopd GTNV oVTOAAYT 0E0OUEVMV TOAADY
depyacidv pe pio eviod). H cvAloyikn emkowvovia e@aproletot pe opkeTEG O0POPETIKES
EVTOAEG, TOGO Y10 VoL LOPAGEL i dlepyacio Ta SEGOUEVO TNG OTIG VITOAOITES, OGO Kol Yl VoL
oLYKeEVTP®OOOLV T dEdOUEVE OA®V TV dlepyactdV o€ ua. [apakdto, Tapovcidletaln evioan

comm.bcast().

data = comm.bcast(data, root=0) |

Eynuo 18 IMapdadetypa GLAAOYIKNG ETKOWV®VIAG pe TV gvtoAn; comm.bcast() pe tnv onoia 1 diepyacio undév
otéhvel Ty T g petafintig data otig vdAoweg diepyacisc.

H evtoAn comm.bcast() otélverl v tiun g petafAntig data amd v diepyacio undév oe OAES
TIG VIOAOUTEG OlEpYasies. TNV KATNYOPio. TOV EVIOADV GUAAOYIKNG EMIKOWVMOVING VITAPYEL
axopo 1 evrtodrn; comm.scatter(), n onoia popdlet évov mivaka oe ico kopudtia yio kGbe pio
amd Tig depyacieg,  evtodn comm.gather(), Tov Aertovpyei avTioTPOEO KOl GUYKEVTPOVEL TIG
TWéG and OAec TG diepynoieg o pio depyacia, kot n evrodr; comm.allgather(), xoatd v
extéheon Tng omoiag OAec ot diepyaocieg oteilovv pio  petaffAnt) o€ OAeG TIG LVTOAOUTES

dlepyooies.
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Kepaiaro 3

YLomoinon tov A0YIGpIKOU HEPOLS
210 Ke@dAao mov akoAovBel avaivetor n pEBodog mov ypnolpwonowdnkKe yo TV

vAomoinon tov aAyopiBuov Kot avarvetan kébe Koppdtt Tov AoYiopKOD.

3.1 I'evik1] EMGKOTN 6] TOL AOYIGUIKOV

O aAyopBpog mov ypnoonoteitor £xel og Paon tov adlydpidpo tov Van Kreveld [1], o
omoiog amotedeitan amd dvo PaciKE GTAOLN. XTO TPADTO GTAALO TPAYUATOTOLEITAL 1) GAPMGT TOV
DEM [31], mov divetan cov apyeio 166600 Tov aiyopibupov. o tnv vAomoinon g capmong
xpMNOoLoTotEiTonl po nuevdeia, mov apyilel and v BEom TOL TOPATNPNTH KOl KATOANYEL OTA
bxpa tov DEM. H muevbeio axolovBel @opd avtictpoen amd avt Tov poroylov Kot
TEPLOTPEPETOL UE TNV OEPA KOl OTO TEGGEPO TETOPTNUOPL, KATOAYOVTOG OTO omMueio
apetnpioc e. Katd v cGpwon kataypaeoviol ot LETPNGELS TV TPLDV EOMV YEYOVOT®OV TOV
ovpPaivouv yia to kdBe keAl. Ta €idn TV yeyovdtwv Tov KAOe KeEAMOVL givan Ta yeyovota
€160000, KEVTpOV, Kal €£600V, oL cupPaivouy avticTotya 6To onueio TOV TEUVEL Yo TPMTY
@opa N Nuevbeio 10 KeAL, 6TO KEVIPO TOL KEALOV, Kot OTOV 1 Npevdeia GTAUATA VO TEUVEL TO
KkeM. Ot petpnoelg mov KaTaypaeovtal yio To Kabe yeyovog etval n andotacn Tov onueiov mov
ocvpPaivel To kéBe YeEyovog amd To KEVIPO TOL KEAOD TOV TOPOTNPNTY, I YOVIa TNG Nevdeiog
010 onueio mov ovuPaivel To Yeyovog Kot 1 KAIGT TOL VYoug and TOV TapUTNPNTN TPOG TO
onueio. Ta yeyovota avtd tomobetodviol o€ pio AMota Tov o€ KAOE Ypoppun TePEXEL T0 €100G
TOV YEYOVOTOG UE TIG avtioToryes petpnoelg tov. H Aota ovopdleton Alota clpmong kot
taivopeital pe Paon v yovio, Katd v omoia cvpPaivel to kaOe yeyovoc. H ocdpwon
TPONYELTOL TOL VTOAOYICHOV 0PATOHTNTOG, OPOV omarteitan Tagvounon g AMotag, cOUP®VA
pe v yovia Tov kdbe yeyovaTog, Tptv TNV YPNoN NS Yo TO EVTEPO GTASLO TOL alyopifLov.

210 deVTEPO GTAOLO YIVETUL O VITOAOYIGUOC TG 0pATOTNTAG Yol TO KOs keA. Katd Tov
VTOAOYIGUO TNG 0PATOTNTAS YPNOLUOTOIEITOL 1] AloTO GAPWONG, amd TNV omoia dtafdlovTon pe
TN GEPA TO YEYOVOTO, KOl YivOovtol €VEPYEEG AVAAOYO LE TOV TOMO TOL YEYOVOTOC 7OV
ocvvavtdtal. Me tov 1pdémo avtd ompovpyeiton po véa Alota, n AMota opatdtmtoc. H Aota
OpOTOTNTOG EVNUEPMVETAL HE EG0YWYES Kol eEaywyég Ko mepthapPdvel to KeAld mov
Bpiokovtonr oty nuevdeia yia kdbe yovia g mepiotpoepns ™. Ewcaymyég ko eEaywyég

yivovtal 6tav cupPaivel yeyovog €160d0v kot eE60ov, avtictorya. H opatdtta yio to kabe

39



kel vroloyiletan dtav cvpPaivel yeyovog kévipov. EEodog tov akyopiBuov etvar évog mivakog
oL TEPIEXEL UNOEV Yo KAOE KEM GTO OTO10 O TaPATNPNTNG OEV £XEL OPATOTNTA, KOL EVOL YU

ké0e KeM o10 omoio £xel opatTdTNTO.

3.2 Eic0d0g aiyopiOpov

IMa v Aettovpyio Tov adyopiBuov amartovvron Eva apyeio pe 1o DEM ¢ meproyng
nov e€etdletat. To apyeio avto eivor g popenic TIFF (Tagged Image File Format) ko mepiéyet
TO LYOUETPO TOV €JGPOVS Yo TO KEVTIPO TOL KAOe ewkovootoryeiov (pixel) g ewdvag.
Emumiéov, mpénel va mpocdiopiotodv ot cuvtetaypéves g 0éong tov mapatnpnty. Téhog,
amapoitnto eivor évo apyeiov kewévov (plain text), to omoio mepiéyer ™V TR TOL
TPocaprOlel To VYOG TOV TapaTPNTH, OGTE TO VYOS TOL Vo Bpioketon 1,65 pétpo mave and

TNV EMPAVELD TOL EGAPOVG.
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Zymua 19 Mepucég and tig oeipég tov apyeiov TIFF mov mepiéyet Ta dedopéva 16630V Yo To VYOS TOV KEMMDY
GE HOPON EVOVAYVOOTN and GvOp@mo.
To apyeio mov mapovstdleTor 6To TOPATved oyNua (Zyua 19), Tepiéyel Evav d1od146TATO

mivaKa, TOL 0To1ov 01 YPUUUES Kol 01 GTHAEG OmOTEAOVV TIC GLUVTETAYUEVES y Kal i Tov DEM.

Kd&B¢e kehl Tov mivaka mept€yel Tnv Ty ToV VYOLG TOV KEAMOV LE TIG OVTIGTOL(EC GUVTETAYLLEVEG.

3.3 Lapwon meproyns

H cdpwon g meproyng amoteAet 10 Tp®@TO 6TAS10 TOV ahyopiBuov kot 6tdyog TG ivat
N HETPNOT TOV YOPOKTINPICTIKOV TOL KAOE KEALOV, OV €lval OmapaiTnTo GTNV GLVEYELD TOV
alyopiBpuov vy TOV vmOAOYWoHO TG opatotntas. H odpworm eivor avaykaio vo
TpaypotoronOel TPy Tov LIOALOYIGUO TNG opaTOTNTOC, KAOMG TAPEYEL TNV GEPA EKTEAECTG
TV YEYOVOT®OV ota omoio Paciletonr o adydplOpoc 6to deVTEPO GTAOIO TNG EKTEAEGNG TOV.
Agdopéva 166600 Yia T odpwaon gival Ta Dy 1oV KEVIPOV 0LV ToV KeEAMmV, 1| 06on kot To
VYog Tov mopatnPNTy. 26 ££000, EMGTPEPEL pia AloTa 1) 0Toin TEPLEYEL GE KAOE YPOUUT TNG TO

€100G TOV YEYOVOTOG KO TIG LETPNGELS TOL.
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Iynua 20 Amekovion g GEPAEG VTOAOYIGHOD TV KEALMY KUTA TV GAPMCT OTN GEPOKT| EKTEAECT] TOV

aAyopifpov oV ovaTTOYTKE.

3.3.1 Yroloywopog 0éong yeyovotog
Mo k60e keAl ovpPaivovv tpdv €OV yeyovota, kabéva amd to omoio omartel
OULYKEKPIUEVEG LETPNOELS, Ol omoieg aAAGlovv cOpemva pe T B€orm tov Kabe yeyovotog. Ot
GUVTETAYIEVEG QVTEG OTOTEAOVV TO TPAOTO GNLELD, 6TO 0010 N NevOeia TéUVeL TO KEA KaTd
TNV TEPLOTPOPT] TNG Y10 T YEYOVOTA E1GOO0V, TO KEVTPO TOL KEMOV Y1 TOL YEYOVOTU KEVIPOU
Kol To TeElevTaio onueio Tov N Nevbeia tépvel to ke yua Ta yeyovota e£66ov. O TpdTOC TOL
vroAoyiCovtan o1 cuvteTayUEVES Yo TO KABE yeyovog e€aptmvtal amd tn 0€om tov KEA00 o€
oyxéon pe tov mapotnpnTn Kot oAAACEL yio kdOe teTaptrdplo YOp® omd avtdv, OTwg eoivetal
KOl 0T0 TOPOKAT® oyxfpata. o éva kel pe cuvtetaypéves (X, Y) Tov aviket:
® GTO TPMOTO TETAPTNUOPLO, TO OMOi0 EUEAVIETOL GTO Tynua 21pe KOKKIVES YPOUUES, TO
Y€YOVOG £16000V cvpPaivel oto onueio (X+0.5, y-0.5) kot to yeyovog e£600v 6T0 onpeio

(x-0.5, y+0.5).

exit event

center event

enter event
A /

/
o
2

TyAua 21 Oéoeig yeyovotmv g16080v (enter), e£6dov (exit) kat kévtpov (center)yio kel 6To TpdTO

TETAPTNLOPIO.

e 070 OEVTEPO TETAPTNUOPLO TO KEA £xEL YEYOVOS 16000V oto onueio (X+0.5, y+0.5) kot
10 Yeyovog e£0d0v ato onpeio (x-0.5, y-0.5).
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enter event

center event M

A
exit event \.\

‘-..-.‘\
\Q O

Tynuo 22 Oéoeig yeyovotov 100d0v (enter), e£6dov (exit) ko kévipou (center) yio kehi oto devTEPO
TETOPTNLOPLO.
e 070 Tpito TETAPTNUOPLO TO KEM £)EL YEYOVOG €16000V oTo onueio (X-0.5, y+0.5) kot o

yeyovog e£6dov oto onpeio (X+0.5, y-0.5).

4
/]

enter event

center event

exit event

Iyfua 23 Oéoelg yeyovotmv g16080v (enter), e£6dov (exit) kat kévtpov (center) ywo keAl oto Tpito TETOPTNUOPIO.
®  GTO TETOPTO TETOPTNLOPLO TO KEM EYEL YEYOVOG €16050V 670 onueio (X-0.5, y-0.5) ko 1o

yeyovog e£600v 6to onueio (x+0.5, y+0.5).

(0]
w-—-_‘-""-——.__

==y exit event

\ center event

enter event

ynuo 24 Oéoelg yeyovotav €160d0v (enter), e£6dov (exit) ko kévrpou (center) yio kel oto Té€TOPTO

TETAPTNLLOPIO.

Me dropopetikd tpdmo vroroyilovton kot To KeAA Tov PBpickoviotl 6Toug AE0VEG X KoY

avdAioya pe tn 0Eom 1oL KEAOV OC TPOS TOV TAPATNPNTH. AV TO KEAL AVIKEL:
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®  OTOV GEOVA Y HE Y>Y Voone tapatnpenty » TOTE TO KEAL £xEL YEYOVOG £16080V 670 oNuEio
(x+0.5, y-0.5) a1 t0 Yyeyovog €€6dov oto onueio (x-0.5, y-0.5). Evd, yo y<y
Yotone mapampny EXEL YEYOVOG €16600V oto onueio (X-0.5, y+0.5) kar o yeyovog

e€o0dov oto onueio (x+0.5, y+0.5).

exit event center evententer event

Ag

A

A

enter event center event exit event
Zynuo 25 Oéoeic yeyovotav g160d0v (enter), e£6dov (exit) ko kévtpov (center) yuo kehi Tov Bpicketar oTov
agova .
®  0T0V GEOVO X UE X>X Varone naparnpn s TOTE TO KM £xel yeyovog €1606300 6T0 onpeio
(x-0.5, y-0.5) xor 10 yeyovog €€66ov oto onueio (x-0.5, y+0.5). Evd, yuo X<x
Yotone mapamnpnty EXEL YEYOVOG €16060V oto onpeio (X+0.5, y+0.5) ko 10 yeyovog

e&odov oto onueio (x+0.5, y-0.5).

enter event exit event

center event

b

center event

exit event
enter event

Yynuo 26 Oéoeis yeyovotav g160d0v (enter), e£6dov (exit) ko kévtpov (center) yuo kehi Tov Bpicketar oTov

agova y.

3.3.2 YoAoylop6g HETPIOEMV YEYOVOTOV
Me Bdaon T1¢ ovvieTaypéveg mOL  VWOAOYioTNKOV Yyl TO  KGOe  yeyovadg,
wpaypoatomolovvtol ot €€Ng petpnoeic. I ta yeyovata kévipov ko £660v vroroyiletor n

yovid oty omoio. TpokOATOVY Kol omodnkeveton otnv Alota odpwong pali pe Tig
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GULVTETAYIEVEG TOV KEVIPOV TOL KeA0V. [l ToL YeyovoTa £16000V KOTOYpAQOVTOL KOt Y10, TO.
TPl YEYOVOTO TOV KEALOV, O1 GUVTETOYUEVESG TOV KEALOD, 1 YOVIO TTOV TPOKVTTOLV KOl TO VYOG
touc. Ta yeyovdta €10000V TPAYUATOTOOVV TNV OTOONKEVCT TOV UETPNOE®V GTNV dOUN
dedopévmv. Eropévmg, omoladnmote H€Tpnon amotteitan yio Tov VTOAOYIoUO TOV VTOAOIT®OV
YEYOVOTOV EIGAYETOL HECH TV YEYOVOT®V €16000V. [ va vtoAoyiotel To Vyog Tov KEAOV O
aAyopiBuoc Tov Van Kreveld ypnoponotei yioo OAa ta yeyovota, to Dyog amd To KEVTIPO TOV
KeEAMOV, pe amotélespa va vITdpyel amdAeln okpifeag, dtav n nuievdeia dev mepvdel amd 10
KEVTPO TV KeM®V. ['a avtd tov Adyo, 6TOV TopdY aAYOPIOLO ¥PNOUYLOTOLEITAL 1) TEXVIKN TNG
napepPfoine. Me v teyvikn avty], 10 Dyog Kabe yeyovotog vmoroyiletol TPOsEYYIOTIKA, WE
OOTELEGUO Y10 TO, YEYOVOTA TOL {010V KEAOD Vo Kataypdeovy dtagopetikd Hym. o va
VIOAOY10TEL TO VYOG 6T YEYOVOTO 16000V Kot GO0V YPNGLOTOOVVTAL T TEGGEPQ YEITOVIKA

KEMQ, OT®G POIVETOL KO GTO Zyfpo 27 e KOKKIVEG KOVKIOEC.

(b)
Zynua 27 ETloy Tov KeEM®V He KOKKIVEG KOVKIOES Y10 TOV VITOAOYIGUO TOV VYOLG Y1a TO KAOE YEYOVOS e TV
Tevich T mopepBoincté.

Onwg eoivetor kol TOpAmAvV® 1 TEXVIKY NG TOPEUPOANG YPNOLOTOLEITAL 1oL TO YEYOVOG
€16000V Kot T0 YeYOVOG €000V, KaBMOG T YeYovoTa KEVIPOL GLUPAIVOLY GTO KEVTPO KEAOD TO
Vyog Tov omoiov To DEM mapéyel v axpipng tyun. Ta keMd mov ypnoiporotobvtol yio v
mapepPorn elval Ta TEGGEPA TO KOVIIVA KEVIPO KEAIDV o1 BE€om TOov YEYOVOTOG €16000V 1)
€£6dov. H emhoyn tov keMdV Tov ypnotpomotovvtol aALalel aviloya pe ™ B€om Tov KEAMOV
o€ oxéon Ue T B€om Tov TopaTNPNTY, OTWS TEPLYPAPETAL Kot 6T0 ke@AAato 3.3.1.0 tHmog mov
YPNOUOTOIELTAL Y100 TAPEUPOAN TEGOGP®Y onueimv gival o mapakdtm, 6mov hl, h2, h3, h4 ta

VY1 TOV YOP® KeEM®V Kot h 1o Dyog yo to omoio yiveton n Tpocyyion:

h = h1+h2+h3+h4 (5)

4

14 IInyn tov oymuatoc sivar 1) Sypocisvon [32]
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O tOmog awtdg amotedel pior amAOTOMUEVT HOPPY| TOL AN PN TOHTTOV, KAODS Ta onueio ThvTo
améyovv ion amdotaocn petaéd tovc. Emmpocbeta, n yovia mov cvppaivel 1o kdbe yeyovog
(Yoviayeyovsrog) Me ovvietaypéveg (x1,yl) oe oyéon pe 10 kel TovL mapaTnpnT ueE
ovvtetoyuéveg (X0,y0) vroroyileton amd tov TOTO:

) y1-y0
F(onOlygyovérog = tan (xl—xO) (6)

210V Mopamive TOmo 1 eElCmON NG EQAMTOUEVNG EMOTPEPEL TIWEG amd T €C —m, e
QOTEAEGLO, VO OTTOLTELTO LETOTPOT Y10 YOvieg peyaAdtepec tov « rad, agol to yeyovota
emeEepydlovton pe faon v yovio oty omoia cupPaivovy. Ot HeTpNoELg TOV KOTOYpAPOVTOL
Kataywpovvtol og o Alota, 1 omoia ovopdletar Aiota chpwong. Kdabe ypapun g Aiotog
oOpOONG TEPLEYEL VAL YEYOVOG KOl TIG LETPNOELS TOL TOV AVAAOYOUV. XN GLVEXELD, M| AMoTta
avtn tagivopeital pe Pdon v yovia mov copPaivel 1o k4B yEYovog Kol YPNCILOTOLEITOL G
Baon yo Tov vroroyiopd g opatdTTas. [ va emitevydel | cwot ekTéAESN TV YEYOVOTOV
Aoppdvetar vedyn Kot N ATdGTOCT TOV KEADV OO TOV TapaTnpNTY, Kabmg Kamolo yeyovota
cvpupaivovv oty dwa yovia, Kot eTopévag, ektelodvtar pe Bdomn v amdcTacT TOVg amd ToV
TOPUTNPNTH. ZTNV TEPIMTMON LT EKTEAOVLVTOL TPAOTO TO YEYOVOTA TOL Ppiokovrol

TANGLEGTEPO GTOV TTOPOTIPTTH KO GTI GLUVEYELD TOL TTLO OTTO LOKPVGEVAL.

3.4 E)eyy0g 0potoTNTOS

IMa Tov €éAeyyo ™¢ opatdtTTog TV KEMMV £Qapuoletar | pebodoroyio tov aryopifuov
tov Van Kreveld pe kémoteg mopariayéc pe otdyo va Pertimbet n akpifelo tov adyopiduov.
I"o va vmoloyiotel n opatdTNTA YpNOLOTOLEiTOL o evBeia e apy To KEVTPO TOL KEAOD
TOV TTOPATNPNTN Kot TEAOG Ta dkpo Tov DEM, mov mepiotpépetat aviiotpopa amd T popd Tov
poroyov. Ta otoyeio mov téuver N Nuevbeio amobnrevovtal o po Alota mTov ovopdleTon
AMota opatomtag. H Aot opatdttog evnuepmvetor pe oaymyés Kot eaywmyéc, Otav
cuppaivovv yeyovoto €16050v kot €660V, evd vroloyiletar N opatdTNTO TOL KEAOV, OTAV
ocvppaivet yeyovog kévipov. H nuevbeia Asttovpyel sov LOS mov apyilel omd tov mapoatnpnty
Kol KatoAyel o Oha Ta vrorowta keMd. H pébodog avtr metvyaivel kaddtepn amddoomn and
ToVG olyopiBpovg mov R2 kot R3, kabmg ot petproeic kdbe kelod dev emavorapupdvovtar yio
kd0e LOS mov to téuvet. Katd cuvéneia, o1 HeETPNGELS Yo TOL KEA Topapévouy dtaféoipec ot

Mota opatdtnTog péXPLs 6Tov To KeAl dev meprhapPdveton oe GALES YPAUES OPATOHTNTOG.
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3.4.1 Apykomoinon

H Alota opatdtrog etvan apyikd kevi Kot yperaletor va eicayfodv g autr Ta yeyovoto
TOV KEAOV Tov TEUVEL 1 Nuevbeia, otav apyilel ) capwon. H apywonoinon g Alotag
opaToOTNTOG Elval amapaitnty, Kabde To yeyovota dev cupfaivouv avd Tomo yeyovotoc, dAla
oOUPMVO Le TNV Yovia, otV omola TpokvnTovy. Emopévms, av cupPel £va yeyovag yio kel
nov dgv Ppioketal ot Alota opatdtnTag, 0 aAyOpOHog KaTaAyel 6 c@AApa. [ va yivel n
OPYIKOTOINGN YPNOUOTOLEITAL 1 YOVio EKKivoNG TG 6ApmOoNG, 1 OTTOoid Yo TNV GEPLOKN
extéLeon Tov alyopiBpov etvar n undevikn yovia, Kot 1 e&icmon g evbeiag mTov eaivetot oTov
TopaKaT® TOTO 01OV (Xg, Vo ) M BE0M TOL TOPATNPTH KoL A YOVia EKKIVIONG TNG TEPLGTPOPTS.

y=2Ax—=x0)+yo (7)

Apywcd, e€etdleton n yovio ekkivnong g clpmong, 1 omoia Yo TV GEPLUKT| EKTEAEST] TOV
alyopiBuov eivar n yovia undév popadv. Me v Ty g yoviag avayvopiletor oe molo
TeETOPTNUOPLO aviKeL 1 evBeia kot vrodoyilovion 1660 Ta Opla tov DEM yia 1o tetapnuopio,
0G0 Kot 0 TPOMOG VLTOAOYIGHOD TMOV GCUVIETAYUEVOV TOV YEYOVOTOV TMV KEAMV, 7OV

TEPLYPAPETAL TTLO OVOAVTIKE 6TO KeEPdAato 3.3.1.

l,_/r-- . « [ -

Ty

\\
o N IR N =

Yynuo 28 IMapdaderypa apyuconoinong. o tnv TopTokaAl ypoppny 0patdTNTOG OPYIKOTOLOVVTOL TO KEALYL LUE
HoOpo TEPTYPOLLLLAL.
Xpnowonowwvtag To onueio topung g gvbeiag pe to 6po tov DEM, 6mwg @aiveton kot 610
TOPATAVED GYAUO (Zyqua 28), Yo TNV TOUN NG KOKKIVNG KOl TNG TOPTOKOA YPOUUNGS,
VTOAOYICETOL TO TTO OMOUOKPVGHUEVO OMUELD OO TOV TAPUTNPNTH TOL TEUVETOAL OO TNV €VOEia
apywonoinons. O evtomopog Tov onueiov avtol gival amapaiTnTog Yo TOV TEPUATIGUO TNG
apyKomoinong pe tov axpiPn aptduod yeyovotwv g evbeiag. O vrorloyiopds TV KEMMV TG
apywonoinong opyiler and ta KeMd mov Ppiockovior TANGIESTEPE GTOV TAPOUTNPNTH KOl
teppotilel 6tav cvuvavtioel To keM mov Ppioketor ota Opra Tov DEM, 6mtm¢ amewcoviletol oto
Tymue 28. T Tov vroAoyiopd Tov KeAdv mov Ppiokovior oty gvbeia ypnoipomotodvtal 1

eElomon g evbeiog Ko o1 cuvTETAYUEVEG TG BE0MC TOVL TTApOTPNTY.

46



= =

- }/ - " -
Al h
Fa
T (C; o] \|
2NN EEEE )-,.| R
- - O'" b -
\ - . . -]
\ i
* i
A L
B

- BN . O . O R A

=
. 0 D

~e | o | | = [ | =

Tymuo. 29 Topdderypo oepds e apykomoinong. e kdbe Pripo vroroyilovtot To KEME (e S10POPETIKO YPDLLOL

apyiCovtog omd T0 KOKKIVO KEAL KOl KATAAYOVTOG OTO KITPLVa.
Onog gaivetol Kol 6T0 Tapamave oynua (yua 29), yo Kabe Ty Yy Tov avikel oty gubeia
apykomoinong vroroyiloviot ta kel mov Téuvovtal amd v gvbeio Kot mpootifevror ot
AMota opototntag. Kdabe ypopa tov keMdv Tov oynuatog 29 (Syiuo 29) avTimtpoo®redet o
KEAMA IOV €16GyovTon Yoo KAOe dtapopeTikn Ty Y g evbeiog. X10 mopakdtm oyfua (Zymua
30) mapovolaletal 0 VITOAOYICUOS TOV GUVIETAYUEVOV TOV KEAMMY TOL TEUVOVTOL OO TNV
evbeio apykonoinong yia kébe ypappur. Onwg eaivetor Kot 610 Zyfua 30, Y10 TOV EVIOTIGUO
TV KEADV oL Bpickovtatl LETaEL ToL Y Kot Tov Y+1 vroroyileton To X Kot X' ¢pNGULOTOIDVTAG
TIg TéG Y ko Y+1 oty elowon g gvbeiog apykomoinone. Apov vTOAOYIGTOVV Ol TIES
aVTEG, apytkomolovvTal Ta KeMd amo (X, Y) éog (X', Y), kol ot cuvéxela 1 d1ad1kacio. oVt
emavorapBavetor yio ta Kehd peta&d y+n kot y+(n+1), uéypt va vwoAoyotodv Oro KEALE TOL
téuvovtar amd v evbeio. Xto oynuo (Tyjue 30) mov akolovbel, ta keMd mov Bpickovtat

petaly y ko y+1 ansucoviCovron pe kitpvo ypopa.

(x'.y+1

(x,}_‘)/ /

0//

Zymua 30 Hopdderyo VTOAOYIGUOD TOV KEADV OV TEUVOVTOL OO TNV YPULUT 0PUTOTNTOS Y10 KAOE Ypopun
OV TEUVEL 1] YPOLUN 0paTOTNTOG.
IMa kGBe keEA OV TEUVETOL TPOYLOTOTOLEITOL LOVO O VTOAOYIGLAG TOL YEYOVOTOG EIGOI0VL TOL
KEAMOV, OGTE Vo gtvar dtafEatpa Ta Sed0UEVA TOL Y10 TOLG AAAOLG TOTTOLG YeYOVOT®V. OTav éva
KEAL TEUVETOL OTI GUVIETAYUEVEG TOL YEYOVOTOG 5000V TOV, TOTE 1) EICAYMYN TOV GTOLYEIOV
etvon meptrTn, EVO avTioTOUNO OV TEUVETOL GTO KEVTPO TOL TO YEYOVOS KEVTPOL Ba vToAoyioTel
aKpPOG HETA TV apyKomoinot. ZNUavtikd givor vo onueiwdel otL 1 apykomroinon amoutel
amoivtn akpifeta yio ta KeAd Kot ta yeyovota mwov meptlappavel. Kabe keAl £xet akpifog tpia

YEYOVOTQ, ETOUEVOS GE TEPIMTMGT TOL KOTE TNV OpYLKOTOiNoM Tpocsteovv yeyovaTta £1GOS0V
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Kot €€000V 1 KEMA TOL OEV OVIKOLV OTNV YPOUU| 0PYIKOTOINoNG, TOTE dNtovpyovvIot
OAGTLTTO, YEYOVOTO, LLE OTOTEAEGLO VO TPOKOAEITOL ONULOVTIKT OTOKALOT 0TV akpifela Tov
amoteAéopatoc. o avtd To AOY0, T YEYOVOTA 16000V Y1d TO KEAMA TOV £YIVE 1) ap)IKOTOiNoT
npénel vo TapaAneOet omd T Alota chpmong mpv apyicet 1 ektédeon Tov yeyovotmv. TELOG,
a&ilel va onuelmbel 6T yio Adyovg caenvelng avti yio pio 016dtdotatn Aloto opatdOTNTOg
ypnowonomdnkav Eexymprotég Aloteg yio v k0Be pETPNON TOL TPOYUATOTOWONKE
(omdoTOom, Yyovia, vyouetpo). Oleg ot AMoteg tavopovvtar pe Bdon tnv amdoTacn omd Tov

TOPOUTNPNTY.

3.4.2 Avaowkn avalntnon

H avalnmon amotelel avandonacto KOPPAtt g avdivong ontikod mediov, kabag
amorteitot yio Tov vroAoYIG o kébe yeyovotog. H dvadikn| avalnnon elivan amapaitn yuo v
e0peon TV KEADV TNV AloTa 0patdOTNTaS, KOOMG 0 HEYAAOS OYKOG dEQOUEVDV EMPPAOVVEL
onuavtikd ™ ogprokn ovolnmon. H amddoon g dvadikng avalnmong eivor copmg
KoAOTEPN, 0@oV mapovoldlel moilvmlokotnta O(logn) oe oyéon pe TN GEPLOKT TOL
napovotaler O(n). Axdpa Kot otn YEPOTEPN TEPITTOON NG, Yo Mo MoTa N 6To(Eimv M
dvadikn avalitnon ypedletar N/2+1 eravalyerg, 0Tav TNV avAA0Yn TEPITTOOT 1| GEIPLOKN
avalntnon omottel N cvykpicels, KAOGTOVTAG TNV TOAD TO ATOJOTIKN Y10 UEYAAEG AOTEG.
INUovtikn mpobmdheon yioo MV €Qappoyn g Ovadwkng avalntnong sivor vo  givot
ta&wounuévn n AMota, otnv omoia epappoletat. O adydpiBpog mov avamthyTnke el g £16060
™V T ov avalnteitol Kot v AMota, otnv onoio avikel To ototyeio, Kot ££0d0 ™ B€om Tov
otoyelov ot Alota. Apyikd, cvykpiveror to ototyeio mov Ppioketot otn pecaio BEomn g
AMotog pe 1o otoryeio mov avalnteitol Kot 6T cuvEKELN:

e Av 10 otoreio givan ico pe avtd mov avalnteital, TOTE 0 AAYOPIOUOC TEAELDVEL Kol
emotpéPel TNV Béon oty onoia Bpioketor 10 oTOKEO.

e Av 10 otoyeio elval pikpotepo amd ovtd Tov avalnteitor Téte 0 aAyopBuog
YPNOOTOlEL TO Aved Hed TG Alotag, smavaiapPavel tnv chykpion otn HECN TOV
KOMUMOTIOU TNG AloTOg.

e Av 10 otoygio sivor peyordtepo amd avtd mov avoalnteitor, 10TE 0 OAYOPIOUOG
YPNOUOTOEL TO KAT® GO TNG AloTag, emavolapuPavel Tnv cOykKpion o1 UECT) TOL

KOUUATION TNG MOoTog.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[afefclofelefsfu]i[s]x[r[m|[n]ofr[afnr]

Binary Search - Find 'G' in sorted list A-R
Zyfuo 31 Epappoyn Svadikic avalfimong, pe 6téyo to ypdupo G
H dvadkn avalnmon epappdletal oy Aloto 0patdTNTOG TOL TEPIEXEL TNV OTOGTACN OO TOV
TopATNPNTH, N Omole. TOPOUEVEL TAVTO TOEWVOUNUEVT, KAOIOTOVTOG £Tol TNV duvadiKn
avalntnon Wovikn yio TNV TepinTmon.

H gpappoyn g ovadikng avalnmmong o€ cuvdvacud pe v Alota opatdTnTg
netvyoivel to 1010 amotéhecpo pe v avolntnon o€ &va Ovadtkd OEVIpo TOGO OTNV
TOALTAOKOTNTO TNG, OGO KOl GTNV GEPE VITOAOYIGHOV T®V cTotyeimv ¢ Alotag. o avtd 10
AOYO xpNoOTOLEITAL £VOVTL TOV SVASTKOD OEVIPOV TOV TEPLYPAPETOL GTOV aAYOPOL0o Tov Van

Kreveld.

3.4.3 Yroloyiopog yeyovotmv

X ovvéyewn, omd TN Alota cdpwong owpalovrol pe TN CEPA TO YEYOVOTO KOl
TPOLYLLOTOTOLOVVTOL EVEPYELEG AVAAOYW LLE TOV TUTO TOL YEYOvOTOG. [0 T YeyovoTa £16000V
evromiletal n B€om, oV omola TPEMEL vaL Yivel 1) E10ay®YT| TOV KEALOD 6TV AlGTo 0pOTOTNTAG,
YPNOLLOTOLOVTOGS TN HETPNON TG ATOGTACNG amtd TOV TapotnpnTY. [ va yivel o evtomiepoc
¢ 0éomg ypnoomoleiton pia TapoAlay] TG SVASIKNG avalnTnong. TV TopoAAAYT TOV
ypnopomoteiton  avalntnon teppotiletol dtav 0ev VILAPYEL GTOLYELO TOV VA TNV IKOVOTOLEL
Kot EMOTPEPEL TNV TeElevtaio B€on mov vmoloyiotnke. H 6éon avtn deiyvel 10 onueio oto
omoio, av Yyivel 1 €100Y®OYN TOL YEYOVOTOG, 1 EMOUEVY TN OTn Aloto €xel peyaALTEPT
OmOGTACT), EVM TO GTOLEI0 OTNV TponyovuevT Béomn g AloTag £xel LIKPOTEPT AmOCTUCN UE
amoTéAECO. VO, TPEiTOL I TaSvOUNon TNG AMoTag.

IMoa ta yeyovota e£6d0v evtomileton 1 Béomn oy omoia mpémet va yiver | e€aymyn tov
KEAOV amd TN AloTo 0paTOTNTOC, YPNOUOTOLOVTOS dVadikn avalnitnorn ot Aloto mov
amoOnkevETAL 1| LETPMOT TNG OMOGTACTG OO TOV TAPUTHPNTH. ZTH CLVEYELD SLOYPAPOVTOL TO

otoyeio g BEong avtng amd dAeg TIC AloTES.

15 TInyA tov oyuatog eivar 1 16tocehida https://algorithms.tutorialhorizon.com/linear-search-vs-binary-search/.
H emiokeyn &ywve otig 11/5/2020
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Téhog, oTOL YEYOVOTA KEVIPOL TPOYUOTOTOIEITOL O VROAOYIOUOG TNG OPATOTNTOC.
Apykd, gvtomileton ko Al 1 B€on Tov KeEAOD Yl TO omoio cvuPaivel To YEYOvOg KEVTPOL
YPNOUOTOIOVTOS SVASIKT avalTNon oty MoTto Tov amofnKevETAL 1] LETPTOT TNG OTOCTOCNG
a6 tov mopatnpnt. H 6£om 100 kEA00 ¥pNGILOTOIEITOL DGTE VO GTAUOTGEL O VITOAOYIGHOG
TOV LETPNCE®V Y10 TO KEMA oL Ppickovial To pokpld and to KeM mov eEetdletat, apov 10

VYOG TOVG dgv emNPedlel TNV 0paTOHTNTA TOV TOG POIVETOL GTO TOPAKATO GYNUO (Zxnua 32).

E® &

Zypa 32 Mopdderypo vTOAOYIGHOD 0paTOTNTOS Yo TO KEAL X. O VIOAOYIOUOC OpatdTNTOG YivETAL HLOVO Yol TOL
TPACIVOL KEAMG, TTOV TEUVEL 1) VPO 0pATOTITAG.
IMoa k60e keA Tov BpiokeTor GTNV YPOUUN OPATOTNTOS, TPV TO KEAL Y10 TO omoio cupPaivel To
YEYOVOS KEVTIPOL, TPAYHOTOTOIEITAL GVYKPLoN TOL VYous Twv KeMav. H cepd pe v onoia
vroroyifovtot Ta KeMd PacileTor oV amdGTAGT TOLG OO TOV TAPOTNPNTH, OTMOS POIVETAL

KOl 6TO TOPAKAT® oYL (Zyqua 33).

Mo 33 Ameicovion g opag pe v omoia VToAoYIlETOL | OPATOHTNTA TOV KEAMMDY OTAV GUUPOIVEL YEYOVOG
KEVTPOV.
H ocepd mov epapudletor €xel otox0 Vv Peitioon g anddoong. Av omolodnmote kel
Tapovctdlel VYog HeyoADTEPO amd aVTO TOov KeEAOD TOL omoiov eEetdleTan, TOTE dgv €lvan
OmoPOiTNTOG 0 VTOAOYIGUOG TOV VTOAOUT®MV KEAIMV, APOV 1 0paTdTNTU 6TO KEAL Epmodiletal.
Xe autd 10 onueio Ol VITOAOYIGHOL TNG AmOGTACTG YivovTol e TN XPNON HOVAd®V UETPNOTG
amooTaoNG Kot Oyl KEMMV, EMEWN YPNOUOTOOVVTOL Yoo TNV PETPNON NG KAiong. Avtod
ocuppaivel KaBdg elvar BV Ta KEAMA, EVO £(OVV TN LOPPT TETPUYDVOL VO, OVTITPOCOTEVOVY

TEPLOYEG UE OLOUPOPETIKO PNKOG Kot TAGTOS. Ot TAevpég Tov KaBe keAoh vroloyilovtal og
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HETPO, MOTE VO VITAPYEL KOWVI HOVAdH HETPTONG KOl GTOV VITOAOYICUO TOL HWYOLS TOV KEAOV
o€ oYEoN Ue TNV KaumvAdTNTO TG YNS. H Kapmuidtto e yng mpokaiel peimwon oto Hyog tov
KkéBe KeEMOV, dmmg QaiveTal Kot GTOV THTO TOV AKOAOVLOEL.

(amboTaon keAov amo Tov TapatnpnTn)? (8)
(2%6370997)

VYOS 1626 = VPOSeri00 —

[Ma tov vToAoyIGHO ™S 0paTOHTNTOG OEV GLYKPIVETOL TO VYOG TOV KEADV, dALa 1 KMo Tov
onpovpyei 1o ke TOL TOpaTNPNTA HE TO KEAL Yia To omoio eEetdletar. H pétpnon g khiong

etvar o a&omio, aeod Aappdvel vIOY”N TS EnNPedlel N ATAOGTACT TNV OPATOTNTAL.

Synua 34 Ameikdvion g EXPPONG TG OTOGTAGNG OtO TOV TOPOINPNTH OTNV 0PUTOTITO OE GXECT] LE TO VYOG
TV eunodiov. To pmie gumdd10 Exel peyaAdtepo VYOGS, 0ALY LKpOTEPT KAIOT AOY® TNG ATOGTAGNG TOL OO TOV
TOPOTNPNTY.

Onmg amewcoviletor Kot 6T0 Tynue 34, EVO TO UTAE EUTOO10 £xEl peyahbTEPO VYOG amd TO

TPAcvo, aALG BpiokeTon mo poxpid and tov mapotnpnt. Katd cvuvénela, n kiion tov givon
LIKPOTEPT KO O TOpATNPNTNG Oev €xel opatdtnto o€ awtd. 'Evag axdpo mapdyovtag mov
emnpedlel TIG LETPNOELG OMOTEAEL TO OTUELO TTOV TEUVEL T YPOUUN 0paTOTNTOGS TO KAOE KEA. XTIg
TMEPLOGOTEPEG MEPMTMOELG TO KEALHL TOL TTPONYOHVTOL GTNV Aot amd To KeAL Tov e€gTaleTON
dgv TépvovTon amd TV Nuevdeia 6to k€vrpo tovg. Emopévag, to vyog toug dev elvar avtd mov
dtveton amd to DEM. T'a avtd 10 AdY0, KATA TOV VTOAOYIGUO TOL VYOVS TPOYLLOTOTOLEITOL 1oL
EMMALOV TTPOGEYYIOT TOV VYOLS UE TNV TEXVIKN TNG TOPEUPOANG. € VTN TNV TPOCEYYIoN
xpNoonoleitat, gite 10 yeyovotog e1c6dov pe cvvretaypéveg (X0,y0,h0) ko yovia (00), site
10 yeyovotog €000V pe cvvtetoyuéves (X2,y2,h2) kot yovia (a.2), avéAioyo pe tnv omdcToom
amd 1o onueio mov mpooeyyiletal, to omoio €xel cvvtetaypuéves (X,y,h) ko yovia (a). tov
ToPOKAT® TOMO Oempeitoar TANGCIESTEPO TO YEYOVOS €106000V, OAALA HE aVAAOYO TPOTO
vroAoyileton kKot 0Tav etvarl TANGECTEPO TO YEYOVOG ££000V:

vlpogrrpoaéyymn = hl+ |h1l — hO| * (al-ah (9)

(la1-aol)
Me avtd ToV TpOMO SlveTar po T Yoo TO VYOS TOL KEAOU UETAED TV TGV TOV dV0
YEYOVOT®V, TOV £ivoil avAAOY™ LE TO TTLO KOVTIVO YeYOVOG 6T0 onueio Toung g LOS pe 1o ke,
IMa Tov vmoAoyioud NG opaTdOTNTAG, GLYKPiIvETOL N KAloN Yo TO KEAL Tov cuuPaiverl yeyovdg
€10000V, LE TNV KMOo™ TV VToAoiTmV KeEM®V NG AloTag opatotntog apyilovtag amd v apyn

g AMotog Kot tedeldvovtag Tptv T B€om tov KeAoD Yo To omoio cupPaivel yeyovag kévipov.
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Av 10 KeM £xel TNV peyaAvTEPN KAIOT GE GUYKPION e OAO T KEALL TOV TTPOTYOUVTAL, TOTE O
TapaTNPNTAG €XEL 0OPATOTNTO GE OWTO KOl TOL diveton Twn 1, evd av vrdpyel kel pe
peyoAvtepn kAion maipvet tiun -1.

IMo tov meplopioprd TV VITOAOYIGUAOV VTLAPYOVY dVO dikAeide mov epapudlovtal. Me
TG S0 YWYEG Kot EE0ymYES TV KEMMV Onpuovpyeitot pa Aota mov meptAapPivet ylo o kabe
KeAl T péytotn T Hyog mov pmopel va tapel omotodnmote yeyovog tov. H péyiot kihion ond
KkéOe ke, Tov Tponyeitar 61N Ao, cLYKPIvETAL e TO VYOS TOL KEAMOV Y10 TO 0Tt0{0 cLpPaivet
TO YEYOVOG KEVTIPOV, TPV YIVOUV OVOAVTIKOT DTTOAOYIGHOL Y10 TO KEAL. X€ TEPIMTMOT TOL TO KEAL
LE TO YEYOVOS KEVTPOL £xel KMOM HeYOADTEPN AO OVTH TNG AIOTOC, TOTE VILAPYEL OPOTOTNTA

070 KeM, Y0pig va mpayotonomBobv Teputtépm HETPNGELS.

07

Zymua 35 [pocappoyn Tov PEYIGTOV VYOS TOL KEAOD AVAAOYA [LE TO OTLEID TOUNG TOL GO TNV YPOLLUN
opatoTog. Otav cupPet 10 yeyovdg K€VTpov, 6To oNUELD TOUNG TOV TPLYOV®V, TO HEYIGTO VYOS TOL KEAOD
gnavanpoodiopiletar pe Pdon o Vyog Tov yeyovotog e£650v.

H péyiomn mbavr] kiion vmoloyileton ovarioyo HE TNV YoVIK TEPIGTPOPNG TNG YPOLUNG
opatdmrag. Onmg aneikovileTot Kot Tapamave (Zmua 35), 0 VITOAOYIGUOS Y10, TO HEYIGTO VYOG
SlpEPEL TPV KOl PETE TO YEYOVOS kEVIpov Tov KABe keAo¥. o yovio pkpodtepn tov
YEYOVOTOC KEVTPOUL KABe KEAMOV, N HEYLOTN KAlo™ voAoyileTat amd TNV GOYKPIoN TNG KAIONG
yio v 0€om Tov YEYOVATOG €16000L e TNV KAGT Tov Yo TV BEom Tov YeYOovOTOG KEVTPOU.
Ortav ovpPaivel to yeyovog k€vipov kdbe KeAov, Kot a@oh LTOAOYIGTEL 1| OPOTOTNTA TOL,
YIVETOL ETOVOTPOCIOPIGUOG TNG Heyiotng TNG Tov KeAov. H peyio tun g kiiong yua 1o
KeM amo to onueio avTd Kot PeTd LITOAOYILETAL OO TN GVYKPIoN TNG KAIONG TOV KEALOV Y10l TV
B¢om ToV YEYOVOTOC ££000V Kot TNV KAIoT TOL Yo TV B€om Tov YeyovoTog Kévtpov. H devtepn
dwdelda epappoletar 6tav oo omolodnmote KeAl, mpv to keM mov efetdleton, Ppedel
HEYOADTEPN TN DYOLG. ZE QTN TNV TEPIMTMOOT, O VIOAOYIGUOG OPATOTNTOS YO TO YEYOVOG
SLOKOTTETOL KO OEV LITAPYEL OPOTATNTO 6TO KEM. ME TOV TPOTO OLTO AITOPEHYOVTAL TEPLTTOL

VTOAOYIGHOL Yo ToL VITOAOUTO KEALH TNG gVvOEiog.
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3.5 llapaiinromoinon

IMo v TopdAAnAn extédeon tov adyopibpov ypnoponoteitor to MPI [28]. To MPI
KAVEL YpNoT OlEPYOCLOY OV EMIKOVOVOVV UETOED TOVG HE OTOYO TNV EMITAYVVOTN TNG
eKTELEONC TOV KOOWKA. Ot depyacieg eKTEAODV TOV 1010 KMOOKA LE TN CEPLOKT EKTEAECT KoL
Bacilovtal 6ToV TPOYPUUUOTIOTH VL 0piGEL SpOPETIKN €10000 Yo TV KGO diepyacia, dote
va tapdyet O1apopeTikd amotedéspata. Ot empuépoug eicodot yia Kabe diepyasio kabopilovtan
HE TNV emKotvovia Hetald Tov depyastdv AapBdvovtoc vToyn Tov aplud Tomv depyacidv
oL YPNOoTolEl 0 KABe xpotne. INUavtikd eivor 1 emKowvmvio HeTall TV depyoacidv va
amopevyeTaL, oV Ogv givar amapaitntn, Kob®OG eTPPadvveL TNV EKTEAEST TOL KMOIKO. XTOV
napovto adyoplBpo amorteitor  ypron tovAdyiotov dvo depyacidv. H mpdn depyasio
YPTCULOTOLEITOL Y10 VO GUYKEVIPMOVEL TOVG VTOAOYICHOVG TOV GAA®V SlEPYUCLDY, EVA Ol
vroéAOuEG Olepyaciec avaAapBdvouy Tovg VTOAOYIGHOVE TNG OPATOTNTAG. APYIKA, Yo TNV
€16000 TV diepyacimv yopiletar to DEM og koupdrtio pe ico pPadd, ta onoio popalovtan
o€ OAeg TIG Olepyaoies, EKTOG amd v mpdTn. Kdbe diepyacio extedel tov adlyopiBpo yio to

KOUUATL TOV €Yl avaAdPet kot viroAoyilel TNV opatdTNTA TOV.

h ] A

/
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Yynuo 36 Mapdaderypa dwympiopov tov DEM yia v mapdAinin ektéieon tov og akyopibuov oe topeic A, B,

C, D, E pe Bdon tov mapatnpnt oto onpeio O.
O dwywpiopds TV Koppatiodv yio ke diepyacio yivetor pe faon tn B€om Tov mapoatnpny,
KaOdS 0 VIoAoyopdg eEaptdtal, TOCO GTNV OMAGTACN Amd TOV TapATNPNTH, OGO Kol GTNV
yovio TEPIGTPOPNS TG Nuevdeiog mov cupupaivovv ta yeyovota. O dtoymploprog anetkovileTo
07O TOPOTAVD oyNua (Zyjua 36) yio o kopudtia A, B, C, D, E. Kabe diepyacio avorappavet
éva and to mopamave Koppdrtio kKot vrohoyilet M opotdTnTa OAMV TOV KEADV TTOV
nepthopPavet. ‘Enetta, kd0e depyacio emoTpEQEL TIG TIHEG TOL VTOAOYIOE, Y10, TO KOUUATL TOV
éxel avaldaPel, omv mpotn oepyosio. Téhog, n TPMOTIN OlEPYNCIO CLYKEVIPMVEL T
amoteAéopaTo Kot £xel oG ££000 T KEALN TTOL EIVOL OPATA GTOV TOPOTNPNTY] Y10 TO GUVOAO TOV

DEM.
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3.5.1 Awoympropds icov KoppaTIOV

2KOTOG TOL JLYWPIGLOV Elval Vo LolpacTtovv ta KeAld Tov DEM, wote kdbe diepyacio
va eneEepydleton 6o apBud kehav. ‘Etot, ot diepyacieg mvia dtotnpovv mopoLolo eopto,
Kot dev kabvotepel o depyacio pe dvocavarioyo pHeYOAN €lG000 TOV TEPUATIGUO TOV
alyopiBuov. Emutiéov, o d1aympiopdg TV EMUEPOVS KOUUATIOV EIVOIL GNUOVTIKO VoL Yivel pe
TPOTTO TTOV TO KOOIGTA QVTOVOLO Y10 TOV VITOAOYIGUO TG OPOTOTNTOC, MGTE VO amoPeLyOel M
emKowvmvia PETaEL TV depyoasidv. Eropévog, ta koppdtio mpémet va apyilovv amd tov
TOPOTNPYTH Kot Vo KaToAyouv ota dxpa tov DEM. Avtd cvpPaivet, yati n pébodog pe v
omoio. vmoAoyiletar M opatdnta, Pocileror o yovie TOL M YPAUU] OPATOTNTOG
TEPLOTPEPETOL YOP® OMO TOV TOPATNPNTN KOl TNV amdOSTACN omd TOV TopoTnpnty. Q¢ &K
10010V, Ywpiletor o DEM cg apBud xoppatidov avarloyo pe tov aplBpd TV dlepyasidv Kot
pe Baon m Béon tov mapoatnpnT MOV OpilEL 0 YPNOTNG. APYIKA, 1| GLVAPTNON OEXETOL MG
€loodo 1o gupfadod tov DEM kot ™ 0éom tov mapatnpnty, Kot vroAoyiletar o euPadd mTov

avaroyel oty kdBe diepyacia amd Tov TOTO:

56 _ eufado DEM
EMB A0 10 s1cpyacias = (aptBué Siepyaoicv — 1)

To oynuo Tov Koppatod mov avarappavel kébe oepyocio eoptator and v BEon ToL
TOPOTNPYNTH KOL TOV GUVOAIKO aplOUd TOV SEPYUCLDY. TVVETMS, 6€ KAOE KOUUATL TO oYL
OV TPOKVTTEL, OV €xel otabepd oplOud mAevpov. e va vmoAoyiotel 10 epfadd yuo
OTOLOONTTOTE GYNLOL TOV KOUUATL TG KAOE depyaciog, YIVETal 0 VITOAOYIGUOG TOV EMUEPOVG
TPLYOVOV oo o omoia amotedeital. Ta tpiywva autd Exovy g fAon KOUUATIO 00 TIC TAELPESG
tov DEM «oit mhevpéc Ta 000 ypappo tuipota wov apyitovv amd ) faon yio Tov Tpiymvo Kot
KataAnyovv ot 0€om 10V TOPATNPNTY. XTO Iyua 37YIvVETOL O SO MPIGUOG TOV TEVIATAELPOV

ABOI'A ota tpityova AOB, BOI', I'OA.
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Yynpa 37 Yrnoloyopdg tav keEModV mov mepiéyet o topéag ABOT'A. Apykd, dwaympiletotl o Topéng og EMUEPOVG

Tplyova Kot 6N cvvéysta vroAoyilovTat Ta keAd Tov TEPLEYOVV Ta Tpiywva, vToAoyilovtag To enPadd Tovg.

IMo va vroAoytotovv Ta epPadd TV ETUEPOVS TPLY®VOV Ypetdletor va Bpebdel ) Bdon Tov ke
prydvov. o 1o xoppdtt ABOI'A mov @aivetol 6to mopandve oynuo (Tynua 37), apyikd,
vroAoyiletat To epPfado yia o Tpiymvo mov dnpovpyeital Le KopueEg T BEom Tov TapaTPNTI
o010 onueio O, oto onueio 4 Ko oto onueio B, kot omewoviletor pe KOKKIVO ypdua. XN
ouvéyela, apapeitol omd to pepidto mov €xel avarapetl n diepyasia, to EUPadd TOL TPLYDOVOL
AOB. H dwodikacio eravorappaverol £0¢ 6tov to guPadd Tov Tpiymvo mov dnovpyeital pe
Baon v emdpevn mievpd tov DEM va givon peyordtepo and 1o pepidio mov avaroyet ot
diepyaocio. TNV TEPINT®ON TOL TAPOVSIALETAL 6TO TAPATAV®D GYNUO (Zxmua 37), N dadikacio
apyiler amd T0 KOKKIVO TPly®vo Kot EMOVOAAUPAVETOL Y10 TO TPAGIVO KOl TO UTAE TPIY®VO.
Kotd tov vmoAoyiopd tov umie tptydvov, 1o epfadd mov avoroyel oe oAOKANPN TNV TAELPA
oV givor peyoAdTepo amd avtd TOV amOUEVEL 6TO HePidlo NG depyaciag mov vroloyileTat.
21 mepintwon avty xpnopomoteitan éva péEPog g mievpds tov DEM, to omoio €xet epfadod
{00 pe 10 voLowmo pepidlo g depyaciog, OTmS yiveTton 6To Zynua 37y 10 Tpiywvo 104, T'a

TOV VIOAOYIGHO TNG Pdong Tov TELELTAIOV TPLYDVOV, XPNCLOTOLEITOL O TOPUKAT® TOTTOG :

Yy . 2*xumbdAoimo uepidio Siepyaocia
Eufado fdaong tprywvov = rep PYEoes (10)

amoéoTaon TAEVPAS ATTO TOV TAPATN PNTH

"Emetta, vroAoyiletal to onpeio 6To omoio TEAEUDVEL TO PEPIDdIO TNG SlEPYUTING, APULPOVTOS TN
Baon Tov tprymvov amd v mAevpd tov DEM, 10 omoio cupfaivet yio to Zyfue 37 610 onpeio
A. XpNoIHOTOIdVTOS TO CNUEID 0VTO, 68 GLVOLAGHO UE TV e&icmon ¢ evbeiag, vmoloyiletan
N yovio oty omoia teAEldveL T0 pepPidto g depyasiog. O vmoroylopog tepuatilel ot

npoteLeLTAin OlEpYacia, Kot EMOTPEPOVTOL O1 YMVIES EKKivong KAOe diepyaciog.
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3.5.2 Xdpowon kemdv
Q¢ GLVETELN TOV TTOPOATAVE® OO OPICUOV, LELDMVETOL TO GUVOAO TMV KEAMMDV TMV OTOI®mV
vroAoyiCovtan o1 HeTPNOELS Yo KAOE Olepyacio oe GYECN LE TNV GEPLIKT] GAPWON TOV KEMOV.

Enopévag, tpomomoteitan kot o Tpdmog mov vroroyilovtat Ta KeAd yio TNV KOs diepyacia.

Zympa 38 IMapdderypo cdpmong evoc topéa yio TNV mapdAInAn ektédecn tov aiyopifpov. Movo ta apBunpéva
KeAd vroAoyifovTon kot 1 cépwon Tpaypatomoteital pe v oepd s apibunong pe Pfdon to tetapmudplo.
Onwg goaivetar oto Topandve oyfuo (Zyqua 38), yio TV TapdAAnAn encepyacia, 1 chpmon
dpépel omd TN oelplokt, kabmg kabe diepyacio vwoAoyilel LOVo o, KEAA TOV TEPLEYEL TO
KOUUATL TOV €)Yl 0VOAAPEL. ZVVETMGS, Y10, VO VITOAOYIGTOVV TO, KEALH, OTOLTEITOL O VTOAOYIGHOG
TV 0pimVv ToL Koppatod ke depyacios. O vroroyiopds TV opimv Tpayatomoteital e v
YPNOT TOV YOVUDV TOV VIOAOYIGTNKOV 6TO KEQAAAL0 3.5.1 o€ cuvovaGUd e TNV e&lowon TG
evBeiag kot n B€on tov mapatnpnTn. [ kdbe Koppdti vroAoyilovtan Ta kKeAMd Tov BpioKovton
petald twv dvo evbeimv. Ta keMd ota Opla Tov Kabe KOPHTION TOL dev PpickovTol LETAED
TV VeIV, OAAE TEUVOVTOL TOVAGYLIGTOV Omtd pia amod Tig vbeieg, meprhapPdvoviot oTa KeAd
mov voAoyilel n depyacio. O VIOAOYIGUOC TOV OpiwV TOV KOUUATIOV, LE TNV XPNOTN NG
eElomong g evbelag €xel wg amotédeopa ta dpla v vToAoyilovton 6E TPoyHOTIKOVS 0plOovg,
eved ot Béoelg TV KEMMOV va avTIGTOYOVV o aképatovg apBuovc. Emopévag, yioo 6Aa ta
KOppATioe vToAoYileTon KOPPATL HEYOADTEPO OO TO AMOLTOVUEVO Kot Eva kKeA oTov A&ova
Koty yio Ta dkpa Tov Koppatod. H adénon avt) epappoletor kot yio Tovg 600 aEoves, Kabdg
oQAALOTO TPOKVTTOVY OTAV 1) YOVIO TEPIGTPOPNG TPOceEYYILet TIG Yovieg T Kot 31/2 Ko Yo Tov
d&ova Tov y, Kot 0tav 1 yovia TeEpIoTpoPng Tpoceyyilel Tig yovieg undév Kot T Kot yio TovV
d&ova tov . H mapamdveo dtadikacio mpoyatomoteitol TE vo unv TopaAn@del kdmolo Ked,
EVO TOVTOYPOVA YIVETAL EAEYYOC DOTE VO LNV LIAPYOLY NTAGTLTA Vi TO KEAMA GTa OploL TV
Koppatiov. o v aeaipeon TV SIMAOTLVITOV YEYOVOT®OV TPAYUATOTOIOVVTOL OV0 EVEPYELES.
Ta yeyovota mov ovppoaivouv ce pkpdTEPN YoVia omd OVT TNG YOVIOG EKKIVIIONG
TOPOAEITOVTAL, VO TOLTOYPOVA N AVAYV®OGN TG AloTog odpwong dtakonteTol av Eemepactel

N Yovio TEpLOTIGHOD TG K0BE depyacio.
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IMo Tov VTOAOYIGUO TOV KOUUOTIOV MG £I0000C AmOITOLVTOL T OEOOUEVE TOV dEXETOL
N GEPK ohpmor, Vo eivarl amapoitnn Kot 1 yovio otnv onoia apyilel kol otnv omoia
TEAEIDOVEL TO KOUUATL. Mg v xpfion v 600 avtdv Yyoviov kol v eEicmon g gvbeiag,
vroAoyifoviot ot GuVTETOYUEVES TV OMUEI®V TTOL Ol dvo gvBeieg TéUvoLY Ta dkpa tov DEM.
21 cuvéyela, vmoroyifovtot ta KeMd avdAoya pe To TETaPTNUOPLO 610 omoio Ppickovtal. H

TPOTN TEpinTon cvpPaivel dtav To Koppdtt fpickeTar 0OAOKANPO GE £val TETAPTNUOPLO.

1318
12117
1116
1015
914

TN
[d el il
i |2

Yynpa 39 Mapdderypo cdpmong topén mov Ppiocketat LOVO G Eva TETAPTNUOPLO, O VTOAOYIGHOG
TPOYLLOTOTOLELTOL LLE TNV OVOYPUPOLLEVT] GELPA.

Onmg eaivetal Kol 6To Topumave oynua (Zyjue 39) 6Tav To KOppdtt Tov vroloyiletar dev
Eemepvd Ta Op1a EVOG LOVO TETAPTNUOPIOV O VITOAOYIGHOG YIVETOL LETOED TV dVO EVOEIDV, EVD
tautoOpova yivetar EAeyyoc ote va unv Eemepactovv ta Opro tov DEM. O vroioyiopdg tov
KeMAV apyilet amd to Kovtivotepo onpeio e TpmdTng evBeing GTOV TOPATNPNTH KOl TEAEIDOVEL
otav etaoel To onueio ota Opto g ewovas. Onwe mapovoidletatl Kot 610 Zyjua 39, yio KaOe
otoyeio g moptokai evbeiog vroAoyilovton Ta KeAMA oTnV 1010 GTAAN, oL PpicKovtal TV
omd TN YPOUUN OVTH, Kol TOVTOYPOVE KAT® Omd TNV TPAGIVY YPOUUN. XT0 KAOE KopuudTt
OVIKOLV KoL T KEAA oV TERVOVTOL amd TIG dVo gvbeieg, akOpa Kot av To LeEYOADTEPO LUEPOG
TOVG dev PplokeTar EVOLAUESA TOVG.

H debtepn mepintmon cvpPaivel dtav to Koppdrt Bpicketor TaVTOYPOVO GTO TPMTO KO
OEVTEPO TETAPTNUOPLO. ZTNV TEPITTMST VT VTOAOYiLovTon To KEAMA HETAED TV dV0 gvhelmv
kot to 0pto tov DEM. Mg avédroyo tpomo vmoAoyilovtar to koupdtio mov Ppickovrol

TAVTOYPOVO. GTO TPITO Kol TETUPTO TETAPTNUOPLO.
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Zynua 40 Hapdderypo capmong Topéa mov Ppioketal TOLTOYPOVE GTO TPITO Kot TETAPTO TETAPTNUOPLO, O

VIOAOYIGHOG TPUYLLOTOTOLEITOL LLE TV OVOYPOPOLEVT] CEPA.
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Onog @aiverol Kot 610 Topomave oynua (Zyjuoe 40), Otav 1o Koupdtt mov vroAioyiletot
Bpioketol TOLTOYPOVA GTO TPITO Kol GTO TETOPTO TETAPTNUOPLO, O VTOAOYICUOG OV YivETO
HETOED TV 000 gVBEIDV OAAG peTalDy g KaOe gvbeiag Kot ta dpla tov DEM. v mepintmon
vt 0 VIOAOYIoUOS TV KeEM®V opyilel amd TO MO OTOUOKPLGUEVO omMueio omd TovV
TOPATNPNTH TNG TPDOTNG gVOElG Kat deV TEAEUDVEL T BEGT TOL TOPATNPNTY], AALL GLVE)ILETON
0 VtoAoYIopOG amd 1o onpeio Topng Twv dvo vV PEYPL TO TEAOG TG devTEPNS VBEiNG.

H televtaia mepintwon cvpfaivel 6tov 10 KOPUATL TEPLEYEL TNG dlEPYACING TO TPiTO
KOl TO TETOPTO TETAPTNUOPLO. 1€ QTN TN TEPIMTO®ON YivETAL YPNON TOV TAPAUTAVED HEBOIWV,
£to1 ®ote vo, vToAoyiloviot To KEAMG 6TO TPMTO KOt OEVTEPO TETAPTNUOPLO KOl GTT) GUVEYELL

670 TPITO KOl TETAPTO TETOPTNUOPIO.

W (09 |t

Tymua 41 Mopdderypo capmong topéa mov Ppioketar petald de0TEPOV Kal TPITOL TETOPTNUOPIOD, O
VTOAOYIGUOG TPUYLOTOTOLEITOL [LE TV OVOYPOPOLEVT] GEPA.
Onog Qaivetal Kol 6T0 TOPOTAV® Gy (Tyfue 41), Yo TOV DTOAOYIGHO KOULOTUDV 7TOV
apyiCovv amd yovia pikpotepn tov T rad Kot KateAnyovy o€ yovia ueyoAdtepn tov w rad
npoayporonoteitat Eexwplotd 0 VToAoyIoudS Yo To TR pEXPL T rad, Kot yio. avtd Tov gival
peyaAvtepo tov nt rad. Omotadnmote amd Tig dVo uebddoVE oV avaPEPONKAV TapaTdve ival
KOTOAANAT Y10 TOV DTOAOYIGUO T®V KEM®V ToL kdBe Koppatiov. Ot vTodoyiopol Tov kdbe
KOUPOToH ephapPfévouy ektdc and to KEAG Tov TePEXovTaL o€ KAOE KOpUATL Kot ovTd 10V
amAd tépvovtar amd Tig evbeieg. Emopévag, yia va amopevyBel n ecaywyn SmAdtummv
YEYOVOT®V £ivol amapaitnTo Vo LOpacTOOV HOVO GTO VO, KOUUATL TA KEALN TTOV TELVOVTOL OO
v evbeia pe yovia 7 rad, kabog téuvel keAd mov mepthapuPdvovtal Kot 6To 600 KOUUATLA.
Onwg amswkovileTon Kot 6Ta TOPOTAVEO oYNUoTe (Zyua 41), T0 KEAMA TOL TEUVOVTOL Od THV
gvbeia, otav Bpioketar otnv yovia 7 rad vroloyiCovtal pe 10 Koppdtt wov PpickeTon 61O
OEVTEPO TETOPTNUOPLO KO TOPOAEITOVTOL OTIS UETPNOCELS TOVL TPiTOL TETOPTNUOPLOL. Me
AVALOYO TPOTO YIVETAL KO O VITOAOYIGUOG TOV KEMMV Yo TNV Yovio undév rad. O vroloyiopuog
TOV KEM®OV OTN TEPIMTMOOT QLT TPAYLOTOTOLEITOL [UE TO KOUUATL TOL PPICKETOL GTO TPADTO

TETOPTNUOPLO Kol TapaAEimovTal omd TV TeAevtaia diepyacio Tov Tepiéyel v yovia 2w rad.
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3.5.3 Zuykévrpmon amoTeEAEGHATOG

Televtaio e g Tapaiiniomoinong tov alyopifuov amotelel 1 CLYKEVIP®OT TOV
VTOAOYIGUAV TOV EMUEPOVGS dlepyactdV. [ va emttevyel 1 GLYKEVTP®OGT TOL ATOTEAEGLLOTOG
amorteiton emkovmvio peta&h TV SIEPYUCUDY TOV EKTEAOVY TOVS VTOAOYIGHOVS LE TNV TPOTN
depyacio. H mpdtn diepyacio dev ektedel vTOAOYIGUO OpATOTNTOG, OALL GUYKEVIPMVEL TO
OTOTEAEGLLATO TOV VIOAOITWV dlepyactdV oe pio dtedtdotatr Alota. H emkowvmvia peta&y
TOV VTOAOWT®V SEPYACIOV HE TNV TPAOTN OlEPYOUCIO TPAYUATOTOIEITOL WHE TIG EVIOAEG
comm.send kot comm.recv. Ot digpyooieg, EKTOC amd TNV TPMTH, XPNOLUOTOIOVV TNV EVIOAN
comm.send. H evtoA avth 6Télvel TV AMoTo oV TEPIEYEL TA UTOTEAEGLOTOL TOV VITOAOYIGHOD
opatotntag Yoo kdbe depyaciog omv mpotn depyacic. H eviodr; comm.send éyet
TOPAUETPOVG TN OlodldoTaTn AMoTo, TOL TEPAAUPAVEL TIC GLVTETAYUEVEG X KOl Y TOV KAOE
KEAMOD 7OV LTOAOYIOTNKE, Kol UNOEV N €vaL TOL LITOJEIKVOEL TNV OPATOTNTA TOV KEALOD KO
npooplopd v depyacio undév. H diepyacio undév ypnoiponotel v €viodny COMm.recv cg
éva Bpdyo e mapdpetpo v kdOe depyacio omd v omoio d€xetan emkovovia. H evtoAn
OLTT OTOOEYETOL TNV EXIKOVOVIO A0 TIG VITOAOUTES dlEPYNTIeES Kot amodnKeveL TNV Aot Tov
OTEAVOLV GE £Va O1601A0TATO VKO, GTOV OTTOI0 GUYKEVTIPDOVOVTOL TO ATOTEAEGLLOTO OAWDV TOV

dlEpyaciav.

Zynpa 42 T'pa@ikh anetkovion Tov omoTeAESHOTOG oL VToAoyilet pia pdvo diepyacia. Me KOKKIVO
amewcovifovtat Ta KeMd mov dev etval opatd amd Tov TOPATNENTY, LE TPAGIVO T KEMA OV ivorl 0patd amd Tov
TOPATNPNTH, EVO UE LOOPO TAPOVSlAlovTal To KEMA Tov voAoyilovTatl and GALeg diepyacieg kat dgv
vroAoyiletal 1 0pUTOTNTA TOVG.

270 Iyfua 42, TapovctdleTal 0 VTOAOYIGHOG 0paTdTNTOS TOL TPayLaTtomolel KEOe depyacio yia
TO KOUUATL TOV €YEl avordPet. Me mpdotvo amewcovilovtol ta keAd mov gival opatd omd Tov
TOPATNPNTY, HE KOKKIVO 0T OV dgv ivan opatd, v pe Ladpo eivar To KEAMA Yo T OToia
dev VTOAOYIoTNKE 1 0PATOHTNTO OO TNV TAPOVSA JEPYOTI Kol OV LITAPYOLV GTOLXELD Y10 TNV
opatotnTo Tove. H d1epyacio undév mpayatonolel TV GuyxOVELGT TOV ETUEPOVG KOUUOTIOV,

ONUIOVPYDOVTOG £TGL TO GLVOAKS OTOTEAEG LA V1ot OAOKAN PO To DEM.
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O @b6ptog gpyaciog g depyaciog Unoév av&avetor availoyo He ToV aplOpd twv
SlEPYACIOV TOV YPNCILOTOOVVTIOL KATA TV EKTEAEST TOV aAyopiBuov. T va amopevyDel 1
GLUPOPTON GTNV dlEPYacio UNdEV ivorl amapaitnTn N APOiPEST TOV TEPITTOV KEAIDV OO TNV
¢€000 TV emuépovg depyoactmv. To KeAd Tov dev MEPLEYOVYV UETPNOELS VOl OWTA TOV
ametkovilovtal 6To Tynua 42 PE LOPO ¥pOdUa Yo TNV KaOe diepyacia. ' va tapaineBovv ta
KeAd ovtd Tpocapproletat n doun g Alotag mov otédvetal otny depyacio undév. H Alota
oL dNUovpYEiTIL o€ KAOE depyacia, amodnkevel o€ KAOE Ypapun TG TOGO TIC GUVTETAYUEVEG
TOV KEAOV, OGO KOl TNV OPOTOTNTO TOL UE UNOEV 1 €val, TAPUAEITOVTOG £TCL TO TEPITTA KEALN

K0 diepyaciog kot PEATIOVOVTOG CNUAVTIKAE TV 0mdd00T TOV aAyopifpov.

3.6 "E€000¢ aiyopidpov
O aAy6piBpog koatd v oAokANpwon Tov dnpovpyel pio diedidotarn AioTo TOL
nepéyetl Oda ta ke tov DEM. H Aota mepiéyet yio kabe keAl nv T undév av o ypnotng

dev €xel opatdTNTO 6TO KEA Kat £va av 0 XpNoTNG €xEL opatdTNTa.

Yynuo 43 Amotélecpa g avaAvong oTTiko TESio, 0oL e TPAcIvo amekovifovtol Ta KeAG Tov givat opatd
oo TOV TOPUTNPNTY, HE KOKKIVO amekovi{ovTot To KeME mov dev givat opatd, Kol o TopatnpnTig Ppioketal 6to
onpeio mov delyvet 1o kitpwvo Pérog.

Onwg paivetor 610 Tyiua 43 To KEALE OV dgv €ivar opatd amd Tov mapatnpnTn £XOVV KOKKIVO
YPOUO EVO TA KEALL TOL €lvar opoTd Topovotdlovion Ue TPAGIVO YPMUO. ZMUOVTIKO vl Vo
avaeepBel mmwg o mapaTnpnG dev PpiokeTon TAVTO GTO KEVIPO TOV GYNLOTOG. TNV TEPITTMON
TOVL TOPOTAV® GYNUATOS (Zyfua 43), 0 TapATNPNTNG PpiokeTal 6T0 TAVD APIGTEPH HUEPOG TOV

oYNUOTOog, 6To onpeio mov delyvel To kitpvo BELOG.
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Kepaiaro 4

LUUTEPACULATA KXL LEAAOVTIKEG BEATLWOELG

270 TOPOKATO KEPAANLO KOTOYPAPOVTUL TO ATOTEAEGLLOTO, TG TTOPOVCOS EPYOUGIG. TN
OULVEYELD, OVOQEPOVTAL TO TPOPANUATO 7OV TOPOVCIAGTNKOV KOTQ TNV GLYYPOQN TOV
Aoyopkov. TELog, avapépovtat LEALOVTIKESG ETEKTACELS TOL B0l LTopovCaY VoL EVEOUOT®OOVY

OTNV EPAPLOYYT] TOV LAOTOWONKE.

4.1 Amoteléopato

2V Topovca Epyacio xpNCILOTOMONKE TO YNELOKO VYOUETPIKO LOVTELO, TO OTOI0
mpoépyetor omd Tov eBvikd dpvud e Bavapiag. H amdktnon tov mpaypatomo|dnke pécw g
cuvdpoprg Tov k. Marco Heurich®, ¢ Soxeipioti Tov dpupov, kon tov EKETA. H meproyn
mov e€etdleton efvon To £0vikd mdpko tov Sdcovg tg Bavapiog, mov kaldmrer 243,69 km? ko
Bpioketon ota cvvopa 'epuaviog ko Togyiog. To vyouetpikd poviého, Tponibe and evaépila
Mym oV TPayUATOTOONKE 6TO Ao TPLOV NuePdV Tov Tovvio Tov 2012. H AMjym tov
dedopévav Eyve and v gtoupion Milan Flug GmbH pe v xpnon tov Aéilep capot Riegl
680i. To mapamav® VYOUETPIKO LOVTELO OOTELEL TNV €160J0 TOV Olyopidpov Yo Ta oyfuaTo
OV OKOAOVOOVV, OALA Kol Y10 TIC LETPNOELS TOL VITOKEPOAaiov 4.1.1.

O ady6p1Bpog mov avamTOYTNKE EXEL WG GTOYO VO TPOGPEPEL LI YPNYOPN Kol okpPn
puébodo mov mpayupatomolel avdAivon omrtikod mediov. H axpifeio tov aAdyopibpov mov
vAomomOnke, av cuykpdei pe avt Tov Pacikov akyopibupov tov Van Kreveld [1], eivon modv
KOADTEPT), POV 1 LETPNGT TOL VYOG KABE KEAOV yiveTon pe TV TeXVIKY| TG mopepfoAns. Ta
oynuoto 44, 45 xor 46 amewoviCovv KOUUATL TNG TEPLOYNS TOL YNOLUKOD VWYOUETPIKOV
povtédov pe éxtoon 7,2 km?. H meployfy emdéytnke yio Adyovg evkpivelog, kabdg M
OTEIKOVIOT] OLOKAN POV TOV TTAPKOL Bal EKove SVGKOATN TNV OVOyVMOPLoN TOV KEAL®V AOY® TOL

peyéfovug g kovoc.

16 ETKe@oANG TOL TUNHOTOG SL0EIPIONG EMOKENTAOV KOl TapakoAovOnong tov eBvikov mapiov g Bavapiog
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Zynpa 44 Apotepd to amotédecpa Tov aayopifpov Tov Van Kreveld, de€1d o aiydpiBpog mov viomou)Onke

otV mapovoa dSmhopatikny. O mapatnpntig Ppicketal 6To onpeio mov deiyvel o Kitpvo BEX0G, Ta Tpdcva

KEMG OVTITPOCMTEDOV T0L OPATE KEME KOL T0 KOKKIVEL KEMG OVTITPOGMTEDOVY T0l 1) 0paTé KEALGL.
H andéxiion avt dnuovpyeiton e&artiog e doung tov adyopibuov, kabmg éva oo Kotd
TOV DTOAOYICUO TOL VYOG €VOG KEAMOV emnpedlel OAa ta KEALD TOV TO TEPIAAUPAvovY GtV
YPOUUN opatdTTOS TOVS. [l avTd TO AOYO, M LYNAN akpifela amoterel TPOTEPALOTNTA TOV
aAyopiBpov, kabdc KpES aAAAYEC GTOV VITOAOYICUO SNUIOVPYOVV EKTETAUEVT] OGTOYIO OTIG
LLETPNCELS.

O alyopiBuog mov vAomomOnke mapovoldlel axpifeld mopduolo peE VTR TOL
aAyopiBuov mov ypnowomoteiton oto GRASS (Geographic Resources Analysis Support
System) [27], o omoio eivar £va S1EBVAOG avoyvopPIGUEVO AOYIGUIKO TTOV XPTCLUOTOLELTOL V1o

NV ENeEEPYOTIO YEOYMPIKDOV OESOUEVMV.

Zympa 45 Aptotepd T0 amoTEAECSHA OO TOV OAYOPOLLO avAAVOoNG OTTIKOD TEGIOV TTOL YPNCLLOTOIEITOL OO TO

GRASS «ot 0e&1é to omotéleoio Tov alyopibpov wov viomombnke oty mopodoo dSumhopotiky. O
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mapatnpnTig Ppioketar 6To onpeio mov detyvel to Kitpvo PELOC, TO TPAGIVA KEAMA OVTITPOCOTEVOLV TO. OPUTA

KEALA KOl TO, KOKKIVO, KEME OVTITPOSMTEVOVY TO, 1] OPOTA KEALA.
Onwg mapovstdletol Topamive, To ATOTEAEGUOTO TOV OAYOpOHO oV VAOTOMONKE GTNV
napovoa epyacia kot Tov akyopifuov oo GRASS oyed6v tavtiloviat. XTo vVToKEPHANLO TOV
aKkolovBel meptlapufavoviol HETPNCES Yo TNV 7O OKPPNS GUYKPIoN TOV TOPATAVED

alyopiBuwmv.

4.1.1 Metpioeig

Kabodg o adyopiBuog mov viomomOnke €xel opKkeT] amdOKAoN amd TOV TPOTOTLTO
aAyopiBuo tov Van Krevel, eivor arapaitnta va e€etactel, ov 1 andkAon oL TPOKLITEL ivat
OTOTELEG O GOUAUAT®OV GTO OAYOplOpo Tov vVAOTOmONKE 1 opeileTon og EALEWYT akpifelog
10V Bacikod aiyopiBuov tov Van Kreveld. Eropévac, mapakdto ektehobviol 6u0 GUYKPIoELC.
H mpod ovykpion €xel otdyo va dei&el v EMAetyn akpifetog Tov mpwtdTLTTOL OAYOpPiBpon
tov Van Keveld cg oyéon pe tov mo akpipr adyopifuo tov GRASS. H devtepn ovykpion xel
o100 vo dgigel Ot To. amoteléopato Tov akyopifuov mov vAiomomOnke givor opBd, apov
toptdlovv pe avtd Tov 0oAyopilBuo tov GRASS. ZTig petpnoelg mov  akoAovBovv
ypnowomomnke  éxtoon 63,76 km?  tov  vyopetpikod  poviéhov.  Iapaxdro,

TPOYLLOTOTOLELTOL T) TPDTT GVYKPLon HETAED TOVL TpOTOTLTOV akyoptBpov Tov Van Kreveld pe

tov alyopiBpo tov GRASS.
Opatd KeMd Mn opotd KeMd Evotoyia
GRASS GRASS xpNo™
Oporé kehd Van Kreveld 87332 3712 0,95922
Mn opatd kehd Van Kreveld 85222 6888733 0,98777
Evcrtoyia mapaywyod 0,5061 0,9995
Yvvtedeotn K 0,666 YvvoAikn akpifeta 0,9874

ITivaxoc 1 Xuykpion Pacikov aryopiBuov pe tov aiyopbuo tov GRASS

To cvunépacia mov TPoKHTTEL Ad TOV Tapandve mivaka (mivaxag 1) eivol Tmg 0 TpOTOTLTTOG
aAyOopOpoc mapovstalel GNUOVTIKY AcTOYio ¢ TPog TNV akpifeia Tov. Evd ta keMd mov dev
elvar opotd evtomilovton pe emtvyia, to KEME oTO OToiol O TOPATNPNTNG EXEL OPATOTNTA
napovotdlovv onuavtikny andkion. H andxion avt aviikatontpiletor Kol oty TN ToV
ovvteleotn K. O ovvieleotng K amotelel pa petaPAnty, mov ekepdlel v opodtnTa TOV
OTOTELECUAT®V, KOl 0 avTiBeoT pe TNV GLUVOMKT akpifela, TepIAaUPAvEL OTIG LETPOELS TOV
v mhovoTnTa T KOWd onpeia Tov TpokvTovy va Bpébnkav tuyaio. H Tyun tov kxopaivetot

HETOEL TOL €va kot Tov peiov Eva. Otav maipvel v Tiun £vo VITApYEL TANPTG OHOLOTNTO, EVED
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v TV TN petov éva vdpyet TAnpng avtifeon petafd TV anoteAEGUATOV. TNV TEPITTOON
7oL 0 oVvTeEAEoThC K £xel T pundév, TOTE OTOONTOTE OUOIOTNTO TV ATOTEAECUATOV Elval
toyaio. o kaOe T peyadbtepn tov undevog, To OmOTELEGHATA TOV cLVTEAESTN K 01 yo0V
o€ dpopeTikd Pabud coppwviac. o Tpég amd 0 éwg 0,2 vrdpyel pikpn cvopeovio, petald
TV anotelecudtov, yio Tipég amo 0.21 wg 0,4 vrdpyetl apket copemvia, yio Tipég amo 0,41
¢mg 0,6 vapyetl pétpro suppwvia, Yo TréS and 0.61 £wg 0,8 vdpyel ovoOING onpacio Kot
v Tipég and 0,81 £mg 0,99 vrdpyetl oyeddv tédeta cvpemvio [39].0 nivakag mov akolovbel
(mivokag 2), mepthapPavel T HETPNOELS Y10l O10POPETIKES BECELS TOVL TTOPATNPNTH, DOOTE VO,
egetaotel n akpifelo tov aAdyopiBpov katd péco 6po. Xtov mivako 2 yivovior ot 1d1eg
ovykpicelg v Toyaieg Béoelg tov mapatpnry, @ote va egakpPwbel 011 M actoyio. Tov
napatnphnke dev givor Toyxaio. Ot mapakdtw BEcelg Tov mapatnpnT) EMAEYTNKAY ad £vol
GUVOAO TV OOV TYAV, DOTE VO TOPOVGLALOVV HEYAAO TANOOG TOGO 0OpATAOV OGO Kol LT OPOTMV
KEAMOV Kot va dtatnpn et 1 akepotdOTTo TOV 0moteAecudtov. To chvoro TV TuyainV TIHGV

vroloyioTnke pe v xpnomn g Ppiodnkng random g Python.

Oéon mapompnT Evotoyio xpfom | Evotoyio xpiom ya | Evotoyia mapayoyod | Evotoxia mapoywyod | Tuvieheotig K
10 0parTh KeMG: 1 0poTé KEMG 10 0parTh KeM6: 10 pn 0path KeMé
(1900,2125) 0,943 0,9997 0,5537 0,9997 0,712
(1450,606) 0,974 0,9958 0,58 0,9998 0,7324
(1577,2169) 0,9115 0,9998 0,4228 0,99998 0,594
(675,341) 0,92659 0,999 0,5939 0,9998 0,7448
(45,951) 0,9818 0,9982 0,5820 0,9999 0,7349
(1454,1297) 0,9876 0,9910 0,5590 0,9998 0,7130
(1640,1641) 0,9624 0,9973 0,4192 0,9999 0,5896
(1593,1898) 0,9613 0,9999 0,5710 0,9999 0,7269
(506,1667) 0,9863 0,9985 0,5281 0,9999 0,6905
(1057,1648) 0,9840 0,9870 0,5354 0,9999 0,6915

[Mivaxoc 2 Xroryeio yio Srowopetucéc Oéonc mapatnpont via tov Bacwd Van Kreveld
Onwg paivetotl Kot 6tov mapondve tivaka (mivakag 2), o adyopiBpog tov Van Kreveld cuyvd

dev gvtomilel keMd, ota omoio £Yel 0PATOTNTO O TAPATNPNTYS, TAPOLO TOV TETVYAIVEL KOAT
akpifela oto KeEMA oV dev givarl opatd Yoo OmodNTOTE Omd TIG BECES TOV TOPATNPNTY.
AvtiBeta, o akydpiBpog, mov viomodnke oTNV TOAPOVGH SITAMUATIKY], TETVYOIVEL CTULAVTIKT
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Bedtioon omv okpifela, kot eEac@arilel amoteAéopoTo TAPOUOW LE TOV GAYOPIOHO TOV

GRASS. X10 mivaka 3, ocvykpivetor o oiyopiBuoc tov GRASS pe tov aAyopiBpo mov

viomomdnke o1 mopovoa SUTAMUOTIKY epyacia, kot efetdletor M akpifeln TV

OTOTELEGUATMV TOV.

Opatd KeMd Mn opotd KeEME Evoctoyia ypriom
GRASS GRASS
Opotd KeEME alyopiOpov duThoOpaTIKNG 171167 172 0,9989
Mn opotd KeMG alyopiOpov SUTA®pPATIKNG 1387 6892273 0,99979
Evotoyia mapoaywyod 0,992 0,999975
Svvtedeotng K 0,9919 Svvolkn akpifeia m

[Mivaxac 3 X0ykpion Tov odyopifuov mov viAoromdnke ue tov alyopduo tov GRASS

Eivorl amapaitnto dpmg, va e£etactodv apketd dtopopetikd onpeia, yio vo eEacpoliotel n

OKEPALOTNTO TOV AMOTEAEGUAT®V TOL Tapovatdloviot moparave. O mivakag, Tov aKoAovdet,

(mivaxog 4) cvykpivel TIC LETPNOELS 0d HEPIKA TVYaio onueia Yo Tov dVo alyopiBuovg. Ot

0éoe1g Tov TapaTNPNTH EMAEYTNKAY, OTMG KoL Y10 TOV TPOTYOVUEVO TIVaKa, amd £va GUVOLO

TUYOHIOV TILAOV, OCTE Vo TEPLEYOVV LEYAAO TANBOG, TOGO amd opatd, 0G0 Kol amd un opatd

KEA.
®¢on mapatpnrn Evortoyia ypriom Evoroyia ypniotm Evoroyia Evortoyia Svvteleothc k
Yo opaTé KEAMA Y0 un opoTd KEALL TAPAY®YOD Yo TOpAy®YoD Yol un
opatd keMd opatd kel
(1900,2125) 0,984 0,9999 0,997 0,9999 0,9986
(1450,606) 0,9962 0,99996 0,9968 0,99996 0,9984
(1577,2169) 0,9953 0,9999 0,979 0,9999 0,9889
(675,341) 0,9951 0,9999 0,9961 0,9999 0,9980
(45,951) 0,9947 0,9999 0,9981 0,9999 0,9973
(1454,1297) 0,9954 0,9999 0,9997 0,9999 0,9976
(1640,1641) 0,9939 0,9999 0,9803 0,9999 0,9969
(1593,1898) 0,9799 0,9999 0,9970 0,9999 0,9898
(506,1667) 0,9792 0,9999 0,9998 0,9999 0,9894
(1057,1648) 0,9912 0,9999 0,9998 0,9997 0,9954

[Tivokac 4 Xtovyeio yia dwopopetikéc 0éonc Tapotnpnti vio Tov alyopiduo tov vAoromOnke

Onwg mapotnpeital, ot LETPNGELS TAPOUEVOLY 0KPIPELS Y100 OAES TIC BEGELG TOV TTOPATNPNTY, LE

Tov ouvtereoth K va maipvel Tyég moAd Kovid 6to Eva.
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E&icov onuovtkod eivar va eggtaotel kKo 1 PeATioon g amddoong mov TETVYAIvEL M
TAPAAANAN ekTédeoT) TOL aAyopiBuov. H texyvikn avt eoptdton amd 1o péyedog e ekovag,
™V eneEePYNOTIKY| 10YD TOL VITOAOYIGTI] TOV YPNCLUOTOLEITON, AAAE Kol TO TOCO €VdLAKPLTAL
etvan ta opatd kehd. [To cvykekpipéva, o TELELTAIOC TOPAYOVTOS 0POPE TOGO HeYAAES givat
01 SLPOPES VYOUG OVALESO OTO KEALH. AV TO KEAG TEPYETPIKA TOL TOPATNPNTY| Elval TOAD
YynAOTEPQ 0O OAa TOL LITOAOUTA KEALE, 0 VITOAOYIoUOG glvan eEapeTikd Ypyopos. Avtifeta, v
o KeEMA €yovv Ol TO 1010 VYOG, O VTOAOYIGUOC eivar xpovoPopog, ool amaitovviot
avVOALTIKOT VTOAOYIGHOT Y10t TO GOVOAO TV KEADV.

Mopoakdte, mopovcidletor o ¥pdvog eKTEAEONG GE OYEON UE TIG OlEpYacies MOV

YPTCLLOTOLOVVTAL, KOl GUYKPIVETOL O XPOVOG EKTEAEONS LLE AV TOV TOV akyopiBuov tov GRASS.

Atepyocieg 1 15 30 45 60 75 90
Xpodvog akyopiBpov | 540sec | 85sec 48sec 35sec 28sec 22sec | 19sec
NTAONOTIKNG
Xpovog GRASS 55sec

[Mivaxag 5 Metpnoeig ypdvov T mopIAANANC EKTEAEGNC TOV 0AYOPiOon TS SIMAMUOTIKNAC
H amdéxAion otov xpovo mov TopovctaleTaol, OQEIAETOL OTIC TEXVIKEG OloyEIpIoNG VUG OE

ocuvdvooud pe TN ypNon OEKTAV, mov epopuoloviar otov adyopiipo tov GRASS. O
alyopiBpoc tov GRASS eivar ypappévog oe C++, n omoio mopéyel T dvvatdHTNTO GTOV
TPOYPOLLOTIOTH VO SIAYEPIOTEL TNV SOEGUN VAN TOV VTTOAOYIOTH, EVD avtibeta, 1 Python
nepropilerar amd to GIL (Global Interpreter Lock). Katd cuvéneia, otnv Python n mopéufoon
TOV TPOYPOLUATIOTH] OTN WU dnpovpyel wpoPAnuata, agod moapepfaivel otn dwayeipion
LVMUNG mov ektedeitar amd tov depunvéa (interpreter). Tavtoypova n C++ vroompilel v
xPNoN SEKTOV, pio dopn dedopévav Tov KATOAAUPEVEL TOAD IKPOTEPO YDPO GTI UV 0T
TOVG TTivakeg mov givan dtabéoiot otny Python.

Ano tov mapoambve mivaka (Ilivakag 5), evromilovion kor ot meplopiopol tng
TapdAANANg enetepyaciag. Omwg @aivetal kot otov mivaka 5, 0 xpovog ekTédleonc dev sivat
aKPIPOG aVALOYOG TV dlEPYACIOV OV Ypnotponotovvtal. 'Evag mapdyovtog mov ennpedlet Tig
emdooelg Wwitepa og peydrlo aplBpd depyacidv elvar or mePopiopol Tov LAWKOD TOV
VTOAOYLOTH OV TPEYEL TOV KMAKA. O Mo Pacikdg mapdyovtag, OU®S, EXEL VO KOVEL LE TNV
@VHon tov alyopiBuov. To TpoPAnua yopiletar og akpPag icovg Topeig pe 1010 aplpd keMdv,
oALG KEOe Topéag dev amattel ico ¥pdvo yia v avdAvor| tov. [lapdra awtd, dev eivan dvvatd
VoL YOPLETOVV TO KOUUATIO AVAAOYOL LLE TOV XPOVO VITOAOYIGHOV TOVG, 0POV Y10l VOL VALY VOPIGTEL

0 QTTOTOVIEVOG XPOVOC TOL KAOE Topén Eivat omapaitnToC TPAOTA O VITOAOYIGUOS TOV TOUEQ.

66



Yynpa 46 I'paikn anekovion ToL POPTOL Yo VO KoL TPELG TOUEIS 6TV TopIAANAY EKTEAEGT] TOV OAYOPiOLLOV
7OV VAOTOMONKE.
Onog anewcoviletor Kot 6To Zyfua 46 lvar dSuvatd ol Tpelg Topelg va £xovv xepotepn amdO0o

a6 Tovg 6V0. H mepintmon avt mpokhnTEL, 0TV TO KOUUATL TOL 0VOAOYEL GTOV TOUEN TEPLEYEL
KeEAMA pe mapopoo VYog, KaoTdVTOS TOV LRTOAOYIOGUO Tov Topéa mepimAoko. Omwmg
ameovileTal Ko 6To Zyfpo 46 Y10 TPELG TOUELS, O TOUEAG OVO TEPIAAUPAVEL TEPIGTOTEPA OPATHL
KEAMQ, KOl KOTA GUVETELD, OOLTEL TTLO TTOAD YPOVO Y10 TOV LITOAOYIGUO TOV OTd TOVG LITOAOUTOVG
topelg. Avtifeta, 610 Zynpa 46 yio 000 TOpEIS, To 0patd onpeio dSaywpilovtal o€ o KOUUATLA,
popalovtog €tot Kalvtepa to eopTo Tov kabe Topéa. Kébe véa diepyasia Pedtiddver Tov xpovo
VTOAOYIGHOV TNG To apyng olepyosiog, péExpt to onueio mwov 1 Peitioon avt) OBa givor

apeEANTEQ.

4.1.2 Xopmepaopara,

O KOIKOG OV OVOTTUYTNKE TOPOLGLALEL TAEOVEKTLOTO GE GUYKPION LE TAPOUOLEG
VAOTOMGELS Yo EQAPUOYES TTOV emeepydlovTan pHeydeg ekTaoelg £ddpoue. O adydpBpog etvan
100VIKOS Y10 TOV VTOAOYIGUO UEYAA®V TEPLOYADV, OPOL JUCTAEL TO TPOPANLO GE KOUUATLOL
popdlovtog £tol Kot Tov @OPTO Tov VIOAOYIoHoV. H teyvikn tng mapoariniomoinong eivon
waitepa eEumnpetikt, 0tav 0 ahyopOpog ekteLeitan omd Eva GHVOAO LITOAOYIGTAOV UIKPOTEPTG
eneEePYAOTIKNG 1OYVG, KAOIOTOVTAG TOVS 7O OOJ0TIKOVG Omd €vav TOAD 7O 1oYVpo
voloyiot. ‘Eva emumAéov mheovéktmua eivar n vynAn akpifeia tov adyopibpov, apov
vroloyilet pe S10popeTikd TPOMTO, TOGO TO VYOG Y10l TO YEYOVATO E1GOJ0V Kot ££050V, OGO Kat
v Tig evolaueces 0éoeig Tov keMav. H akpifeta etvar amd tovg mo Pactkos mapdyovteg yio
TIG TEPIOCOTEPEG EPAPLOYEG TOV aAyopiBpov Kot elvarl amopoitntn WO0iTEPO GE EPAPUOYEG
atoOntikng a&ioc. H Beltioon tov anotedéopatog oe oyéon pe tov factkd adydpiBuo tov Van

Kreveld eivon eppavnig, 6nwog uropel va mapatnpndei Kot 6to Tyjuo 44.
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O petatpomnég mov £ytvay 6Ttov odyoplipo dnUovpyovv Kot TPoPANLOTO GE OPIGUEVES
TEPWMTMOOELS. ApYKd, 0 S ®PIGUOS TOV OmOLTEITAL Y100 TV TAPOAANAOToinoTn 0dnyel o€
UIKPEG KaBLOTEPNGELS Y10 TOV VTOAOYICUO KEMAOV HETOED ODO KOUUOTIOV KOl Yo TNV
dwdikacio Tov daympiopoV. Eropévag, o akydpiBuog dev givar o Bértiotog dvvotdc doov
aQOPA GTOV LTOAOYICUO WIKPDV Tteploy®v. Emmpocheta, ot vmoloyicpol mov yivoviot yio ta
KEALA £x0VV OpaoTIKT EMiOpacT 6T doun Tov aAdyopiBuov. O aryopBuog Bucsialet apket| amd
NV ar0d00T TOL Yo Vo TPosPépel Bedtion oty akpifeta,. Tavtdypova, AOy® ToV dAloydV
7OV aontoHVTaL, gV €ivat SLVOTA 1) EDKOAN LETATPOTY] TOV Y10 OTOLONTOTE GAAT TPOGEYYIoN
OV 0POPE TN HETPNGT TOV VYOLS, KABMOG dev YiveTor TAEOV 1 ¥PNOT TOL dEVIPOV, OV Eivat
Bacikd Koppdtt Tov apykod alyopifupov.

O oAyop1Buoc, mov viomomonke, divel Epeacn TNV okpiPEl TOV LETPICE®Y, OPOD
KpIVETOL amapaitnTn OTIS EPAPUOYEG TOV YPNCIHOTTOIEiTOL 1) avdAvon ontikoy wtediov [40]. H
axpifeta Tov adlyopibupov amotelel facikd otdyo TOV aAyopiBuov, dOTL pKPES aAlayEg ivat
mhavd va GAAOUOGOVY GNUAVTIKAE TNV opatotnTa TG B€omg mov eEetdletat. Emopévmg, otov
alyopiBuo Eywve xpron g TEXVIKNG TG TapPeUPOANG, 1 otoia eEac@arilel Tnv akpifela twv
OmOTEAECUATOV TOV OAyopiOupov, ywpic va amoutel T XPNON VYOUETPIKOL HOVIEAOL UE
pikpotepa keMd. Tovtoypova, Kabmg 1 avdAvor onTikod TeEdiov YPNOIUOTOIEITOL GE £VOL EVPV
QAGLO EPAPLOYDV, TOALEG ad TIC OTTOLES AVOPEPOVTAL KOt GTO KEQAALO 1, cuyva cuvdvdleTon
LE QALEG TEYVIKEG OVAAOYOL LLE TIG OTTOLTNGELG TOV £pYOL 6T 0moio epapudletat. Katd cvvéneia,
N YADGGO TPOYPOUUATIGHOD 6TV 0mtoio bAomomOnKe 0 adyoplfog opeilel va avtomokpiveTot
OTIC AVAYKEG Y10 TNV TAEOYNQi0 TV £pymv avtdv. Etot, 1 yprion g Python emdéynke Aoy
™m¢ eveMéiog mov mapéyet [41]. Ou Biprobnkec mov eivar dabéoueg oty Python tny
KaO16TOHV 100VIKY Yo YPNOT OE UEYUAN TOKIAD EPAPUOYDV, KOODS UTOPOLV VAL EKPPAGOVY
obvOeToLC OlyOp1OoVE TOAD Ypiyopa. ITio cuykekpuéva, 1 Python vrootnpiler Biiodnkeg
v Vv eneepyacio yewympikav dedopévav, omme 1 shapely, n rasterio kot i gdal ot omoieg
SEVKOAVVOLV TNV aVATTLEN GNUAVTIKOV gpapproydv, 6mwc ¢ Open Data Cube. H avénon
Oumg g anddoong mov mopéxel 6Tov mpoypappatioty n Python, €xel g amotéleoua ™
peiwon g amddoomng tov aryopifuov. To cuykekpiuévo TpoPAnua propel va petplachei péow
NG TOPAAANANG EKTEAEOTG TOV aAYOPiOLOL, OTOV YIVEL XPNION OPKETAOV SIEPYACIDOV. ZVUVOMKA,
0 olyopBpog dttnpel por 1ooppomio PETOED AmOdOCT G KOl XPNOTIKOTNTOG, Kol UTOPEL va
TPOCUPUOGTEL TEPAUTEP®, DOTE VO KOADWEL OTOOONTOTE TPOPANUA TPOKVWEL HUEAAOVTIKA,

a@ov 0 TNyaiog kmowkag datiBetar ehevOepa (Open source).
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4.2 TIpofApota IOV GVTIHETOTIGTNKAV KOTE TV VAOTTOINON

Onwg gtvar puoiko og Eva €pyo €100V peyEBovg Katd tv vAomoinon Tov adyopifuov
vpéav mpoPAnuota mov dvokdAeyav v Tpoodo TG epyoacioc. Kabog m epyoacia
amoteAEiTol HOVO omd AOYICUIKO TOL TPOPANUOTA TOV TPOEKLYOV OEV ATTOTEAOVGOV EUTOOLO
otV Aeltovpyio Tov KMOOKO, 0ALL TPOKOAOVGOV OTUOVTIKES KAOVGTEPNOELG OTNV EKTEAEDT).
opoakdto availvovtor to TPoPANUATO KoL O TPOTOS TOV AVTILETOTIGTNKAY.

‘Eva and to mpodTto mpoPANUOTE TOL TPOEKLYE OQPOPOVSE TNV TEPICTPOPN TNG
nuevdeiog Tov meprypapeTan amd Tov arlyopduo tov Van Kreveld. H nuievbeia mepiotpépetan
YOp® amd TOV TOPATNPNTH Kot OTAV TO KEAL TEUVETOL 6T KaTtdAAnAa onueio coppaivovv to
YEYOVOTO TOL KEAOV. XTIV 0PYIKT LOPPY] TOL KMOKA 1 TEPLGTPOPT TPAYLATOTOOVVTAY OO
évav Bpdyo mov oe KABe emavdAnym avéave TIC poipeg meEPOTPOPNG NG Muevbeiog, won
voAOY1Ce Yo KaOe yovia o€ molo onueio TEUVEL Ta KEALD YpNoHOTOI®VTOS TV EICMON TG
evbeiog. Kabmg eivar amiBavo n yovia mov divetor amd to Bpodyo va cuvavtd akplPdc To onueio
nov cvpPaivovy ta yeyovota Kabe keAlov 1 pEB0S0G avT amatovoe Yo KAOe ke va eAEyyeTon
1060 Yo TOPAANYEL, OGO Kol Yo STAOTLIAL YEYOVOTA. ALTH 1| LAOTOINGT ONUIOVPYOLsE
onuavTikny kabvotépnon oy ektéhecn Tov aAdyopifpov, e101kd yio peydio DEM xabdg, 660
LEYOADVEL 1] ATOCTACT] OO TOV TOPATNPNTH, TOGO TPETEL VO LIKPVVEL TO Pria Tov Bpodyov yia
VO KOADWYEL TO, TTLO OTTOLOKPVOUEVOL KEALEL.

Brjuo. 4
Brjuo 3

Bijua 2

Brijua 1
/r

||

Tymua 47 Ao vion TV KEMMV Tov TEPvovVTaL omd kdOe yovio TepIoTPoPng, To KEAA OV Ppickovtol Kovid

GTOV TAPATNPNT TEUVOVTOL TOAAATAEG POPEG EVD TOL TLO OTOUOKPVGUEVO, LOVO 1L POPE.
Onwg paivetol Kot 610 Tyqua 47, 1o KeM B, enedn etvor mo kovtd otov mapatnpntr, TEUveTIL
amo v nevbeio Kot ota t€ccepa Pfripata Tov Ppdyov evd To keAl A téuvetar pdvo and to
Bruata 2-4. Katd cvvénela, avcdvovtal ot eTavalnyels Tov Bpdyov, VO ToTOYPOVA Y10, TO.
KEMO KOVTE 6T0 TTopotnpnty| eravalappavovion mepirtég petpnoes. H Avon oto mpdfinua
d00nke 6tav GAAace o TPOTOC TPooLyyiong tov mpoPAnuatos. Onmg avaidetor Kot 610
kepdAaio 3.3. Xtov mapdv arydpiBuo vmoroyilovtar m yovia, oty onoio cupfaivovv ta
yeyovota yio 10 KaOe KeA Kol 6T GLVEXELX TO YEYOVOTO TASIVOLOVVTOL KOTA YoOVvid, BGTE Vo

emrevyfel To {nTovpevo amotédlespa ympig TEPITTOVS VITOAOYIGHOVC.
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‘Eva axopo TpofAnpa mov dnpovpyndnke apopd to dvadikd dEVTpo mTov mePtypapeL o
aAyopiBuoc tov Van Kreveld. H Python dev éyet xdmown emionun Piprodrkn mov va
ypnopomoleitar gvpéwg yia v onuovpyio dévipwv. Emopévog, omovpyndnke yu tov
aAyOPOLO Eva SEVTPO YPNOILOTOLDVTOG KAUGELS Yol TO OEVIPO KO TOLG KOUPOLG TOV, OTMG
&yel vaomomOel ko o€ GALeG epyacieg [42] kot KaTGAANAEG GUVOPTHGELS Y10l TIG TEPIOTPOPES
OV AOLTOVVTOL PETA TIC E1GOYWYEG Kot TIS e&0y@yég KOUPwv. ATotéhespa NTav, Oyt LOVo va
glval o dVoYPNoTN M XPNON TNG OOUNG OEOOUEVAV, OOV OTOLONTOTE emeSepyacion TNG
OTOLTOVGE VO YPOPTEL amd TNV apyn KATAAANAT cuvapTNOT|, OAAG TOLTOYPOVA VO ETPPASHVEL
KoL TOV 0AYOP100 AOY® TOV TEPIGTPOP®V TOV amantovVTaL Y10, Vo dtatnpnoet n) icoppomio Tov
dévtpov. O Pacikdtepog AdYOC, OLmS, Tov KaBIGTA TO 0EVTPO TEPLTTO, Elval Ol TAPAAAAYES TTOV
gpappoomkay otov Pacikd adyopdpo tov Van Kreveld. O poérog tov dévpov ftav vo
opyavmBodv ta Hym TV KeEM®V, OcTE Pe pio avalntnomn Tov dEVIPOV ylo TNV EVPECT TOL
KEAL0V, Vo ap€yeL Kot To0 PEYIoTo HYog £m¢ To KeEAM mov avalnmbnke. Me tov 1poémo avtd
EMTOYVVOVTAY CTUOVTIKA O VITOAOYIGUOC T®V YEYOVOTOV KEVTIPOL. XTO YEYOVOTO KEVIPOL M
OUYKPIGT] TOL VYOLG TOV KEMOU HE TO UEYIOTO VWYOC EMECTPEPE TO OMOTEAECHO YOl TNV
opatdTNTO pE por povo ovuykplon. To mpofAnua mov ompiovpyeiton otnv TEPITTOGT TOV
alyopiBuov mov viomomOnke eivar T¢ Ta kKeEMA oev Exovv €va otabepd Vyog yia OAN TV
TEPLOYN OV KOADTTOLV, OPOV TO VYOG TOLG LIOAOYILETOL HE TN YPNON TNG TEYVIKNG TNG
TAPEUPOING. ZVVETMG, OKOU Kol OTAV TPOyUATOTon0el 1 avdAoyn GOYKPLoT|, TO VYOG OV
elvarl amobnkevpévo amoterel o péyioro mbovo Hyog yia 1o KeAl. Emouévag, to kel pe to
péyioto Hyog g Alotag avTng, oev Ba eivan amapaitnta 1o 1010 pe To KeM oL £)EL TO PEYIOTO

oV Tpoypatomondel Aemtopepng pETpnon.

-l

Symua 48 IMapdderypa tomucoy péyiotov mov 0dnyei oe Adbog cvumépacpa. To Tpdcvo KeAl el TOMIKO HEYIOTO
70 3 aALG M) TR TOV KEAMOV OTOV VITOAOYIOTEL e akpifela teivel oto 1.

Onog paivetal Topamdvm, To KEALD HE TOPTOKOAL ypdUa £XOoVV UEYIGTO VYOS dVO, EVA TO
npdotvo kel €xel péytoto Hyog tpia. Av dev mpaypatomoinfodv akpieic pHetpnoelg, Ommg
ocvppaivel oty doun dévpov tov alyopiBuov tov Van Kreveld, to mpdoivo keli Ba Oempnbel
opatd. Me o o koA TpocEyyion Tov VYoLg Tov givotl Opmg Eekdbapo 6Tt To KeM Telvel 6T

éva Kol Oyl 6To TPia, Kot EMOUEVAS Ogv lvar opatd. Apa, Yo kdBe ypauun opatdtntog eival

70



OTOPOATNTOL Ol VTOAOYIGHOL Yo OAQ TOL KEAWL TNG YPOUUNG OPaTOTNTOS UE HEYIGTO VYOG
HEYOADTEPO OLTOVL TOL KeEAMOV Tov eetalertal. I'a tovg mapamdvm Adyoug, To SLAOIKO dEVTPO
avTikotaotalnke ond pio Mota yio tnv omoia epappdletor dvadikn avalntnon povo yio v
€0pEeSN TOL KEALOV.

[poPAnpata Tpodkuyay GImMG Kot KOt TNV HETATPONTN TOV GEPLOKOD adyopiBpov ce
ToparAinro, kabdg to yeyovota tov akyopiBuov tov Van Kreveld s&aptdviol amd ) oepd
extéleong Tovs. Emopévmg, o dtoympiopoc Tmv KOUHOTIOV TPEMEL va Yivel pe Bdon v yovia
7ov cupPaivovy yia va dtatnpndei n cvveyeia TV yeyovotwv. Emeldn dpmg n ta&ivounon kotd
Yovio TpoyLATOTOLEITAL 0OV OAOKANP®OEL 1] GApwon apyikd, o dtoywplopds Tov aryopidpov
oT1G dlepyaocies ywotav og 600 onueia. [Ipv v capwon yopldtav to DEM ot ica koppdrtio
TOL OTTO10L LETA TOV VITOAOYIGUO TNG CAPMONC GLUYY®VEDOVTOY Kot Eavapolpalotay 6 KopudTio
Y10 TOV VTOAOYIGHO TNG OPATOTNTOG. XE VTN TNV TPOGEYYIon dnuovpyeiton kabvotépnon
avdAoyn pe to TAN00G TV SEPYACIOV TOV YPNGILOTOIOVVTAL, ETELDN OTALTEITAL ETKOVMVID,
petald tov depyastdv o 600 onueia. o va avipetomiotel ovtd to {RTnua, dnpuovpynonke
1 GLVAPTNON TOL TEPLYPAPETOL 6TO KePAAao 3.5.1. H cuvdptnomn avtn doywpilel Ta Koppdtio
™G obpwong pe Pdon Tic yovieg Toug, MOTE va punv ypetdletal emtkovovio TOV dEPYACIOV
péxpt to TéA0g tov adyopifuov, apov N chpmon Kot 0 Eleyyog opatdTNTAS £EETALEL TOL 1d10L
Koppdrio.

‘Eva. axopo mpdPfAnua mov dvckoreye v ow0pbworn tov akyopifuov apopd tov
S OPIGUO TOV KOUHOTIOV Y1 TV TOpIAANAN eneéepyacia kot oxetileton pe Tov aplfud towv
YEYOVOT®V TOL KGO KEMOV. AV 0 aAydpiBpog Katd ™ odpmorn 1 TV opyIKOToincmn Tov
alyopiBuov dev ektedécel kKAOe YEYOVOC TV KEAMMV aKpIOG pia popd, dnpiovpyeitot actoyio
OTO OMOTEAEG LA 1] OLOKOTTETOL OLOKANPOG 0 aAyOp1Bog. H draomn g Aettovpyiag cvpfaivet
av T0 YEYOVOG E160J0V VO KEAMOV Ogv Tpaypatorom e, 1 av cupuPel to yeyovog e£6d0v Yo To
1010 KeEM TTEPIGGOTEPEG OO it POPES. TNV TEPITTMOT LTI, KATA TNV EKTEAECT) TOV YEYOVOTOG
€€6d0v dgev Ba Pfpebel To KeM ot Aot opatdTNTOS Kot 0 aAYOp1Oog Oa drakdyel T Aettovpyia
T0V. Actoyio 010 amoTéAleca OMUOVPYEITAL 6TV TEPITT®ON OV TTParypatomoinfodv dvo
YEYOVOTO E1GOO0L 1) 0&V EKTEAECTEL TO YeYOVOG ££000VL Y1a. £va keM. Tote, 10 keA Ba mapapeivet
Yoo OAOKANPM TNV TEPLOTPOPT TS Muevbeiog otnv AMota opatdtntog, ennpedloviag To
amotéleopa. o to TpOPANUE 0VTO, AKOUO KO OTOV OVOYVOPIGTNKE 1) o1Tiol TOV GOAALOTOG,
ntav ypovoPoépa 1 emilvorn TOL, POV 1 ACTOYI0 GTO AMOTEAECUA YIVETOL OVTIANTT OTO
EMOUEVO, KEMA, LOVO OTOV TPOYUOTOMOLEITOL 1) AMEIKOVIOT] TOV OMOTEAECUOTOS, KOOMS dev
eumodlle v exktédeon tov alyopibuov. Emopévmg, de dtakpivetol 1o mpoPAnuo oto onueio
OV OMUIOVPYEITOL KOl O HOVASIKOG TPOTOG va Ppebel To cpdApa eivar pe OOKIUES. Xe TOAAESG
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TEPIMTMOGELG TO CPAALLO Popel var unv yivel opatd av apopd KeAL e TOAD YOUNAO VYOGS, TOL
dgv emnpedlel GNUOVTIKA TV 0pATOTNTO.

TéNog, mpoomdbeia £yve otov ahyopBpo va copmepAneHel ko ypron vUatoy yio tnv
enitevén mapoAiniiopov o€ cuvovaoud pe to MPI [28] . To mpofAnua pe Ty xpriion vnudtov
otV Python oyetiletar pe tov petappactn mc. O petoppactig g Python yia va metdyet mv
acQOAN xpnon tev vinudtov, o teplopilel, MOTE Vo EKTEAOVVTOL EVa TN OpA. ATOTEAEGHA
givon  xpnomn Tovg, eite va. unv oAAalel Tov ypdvo extéleong, ite va tov emiPpadver [25].
Av10 ocvpfaivel KaBmg ta vipato, oyt HOVO EKTEAOVVTOL GEIPLOKA, OAAL TPOYLATOTOLOVVTOL

Kot EVOALOYEG HETOED TOVG, KABLGTEPDOVTOG £TGL TOV OAYOPLOLO.

4.3 MeALOVTIKEG EMEKTAGELG

Onwg avapépetal Kot Topamave 1 avaAven ontikoh tediov ¥pnooTotEiToL Yo, Eva
peyaro paopa epappoymv. Koatd cuvéneia elvar avopevopevo va xpetacTtodV ETEKTACELS GTOV
Tapovta adyopBpo, mov Ba eSumnpetodv T anoitnoslg kdbe epappoyne. Emouévamg, sivon
oNUAVTIKO 0 alyop1Buog va tpocappdletar ebkoia otig avaykeg kKabe Epyov mov Oa kKAnOel va
avorapel. T avtd to AOYyo M mapovoa vAomoinom Owoywpilel TOVG VTOAOYIGHOVG OE
ave&aptnteg peta&d toug cuvaptoels. Kabe cuvdptnon pmopet va addagel apkel va mapéyet
v Ot €000, divovtag £Tot TV dLVOTOTNTA Y10 EDKOAN OAAXYN 1) EMEKTOGT) OTOLOVONTOTE
HEPOLG TOL aAyopiOuov.

Mia teyvikn mov pmopel va metvyel v Pertioon g anddoomg Tov akyopibpov apopd
TNV XPNOT| TEYVIKOV TOPUAANAOTOINGNG LE TNV XPNON TNG KAPTOS YPaPKdV. To koppdtt mov
pmopel va vAomomBel pe avt TV TEYVIKY €ivar ovtd NG odpwong, kabdg amoteleital amod
VTOAOYIGHOVE oL eivan aveEaptntot o évag and tov dAro. H vAomoinomn avtn Ba amotelovoe
pe vepkn mapaAinAiomoinon Tov aiyopiBuov, kKabmdg 0 VIOAOYIGUOS NG OPOUTOTNTOG
ypelaletar va yivel Le GUYKEKPLUEVT] CGELPA KoL OV vt 10aviKOg Yo T néBodo avT.

Yrdpyovv OpmG Kot EMEKTAGELS YEVIKOV TOOL oL Ba eEummpeTovsay Tovg ypnotes. O
Tap®OV oaAyopOpog divel Tiun undév N éva, avaAoya e TO av VITAPYEL OpATOTNTO 1} Ol GE £val
onueio. H eméktaon a@opd tov VTOAOYIGUO TOL OTOPOLITNTOV VWYOVLS, (OOTE VO EYEL O
napatnpnTHg opatdtTa o Eva onueio. H £€€0d6o¢ tov akyopiBuov ypetdletar va aAlaéel omd
undév kot 6 vav aptBpd Tov avTITPOSOREVEL TO OTAPAITNTO VYOS, MGTE TO onueio va eivor
opatd and Tov moapatnpnt. Avt n enéktaor Ba eEunnpetovoe ypnoteg mov eEgTAlovy TV
opatdHTNTO LETAED VO GNUEI®V Vo BPOVV EVKOAOTEPO TO OTALTOVUEVO VYOS, MOTE VO EYXEL O

TOPUTNPNTNG OPATOTNTO GTO GNUEiD.
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Mia akdpa enéktaot tov adyopifuov arotedel Kot 0 VITOAOYICUOG TG GLGCGMPEVTIKNG
avdAvong ontikov mediov. H cucscmpevtikt avdivon ontikov mediov amotehel 10 GUVOAO TV
VTOAOYIGUAV TNG OVAALGNG OTTTIKOV Ediov Yo OAa Ta otoryeion tov DEM mov peAetdrton. Tho
OLYKEKPIUEVD, eKTEAElTOL avdAvon omTkoh mediov pe mapotnpntiy t0 kdbe otoyeio g
ewovag. Kdébe extédeon amoBnkevel oto KeM pe TIG GUVTETOYUEVES TOVL TAPOTINPNTH, TOV
aplBpd TV KeEMAOV ota omoia €xel opaTOTNTA. ATOTEAEGUO TNG GUGCMOPEVTIKNG OVAAVLOT
OTTIKOV Ediov eivan KdOe KeM va €xetl Tiun amd Unoév €mg 1o TAN00¢ TV kKeAlwv tov DEM. H
péBodoc avtn deiyvel ta onpeio pe TNV PEATIOTN OpATOTNTA GTNV EIKOVA KoL XPNCIUOTOLEITOL

Y0 EQAPUOYES, OTMG 1) TOTOBETNON TVPY®V THAETIKOWVMVIDV.

Legend

Y DGB sites
~— 700 m contour
Visibility of gridded tiles
# of DGB observing cells

Yynuoa 49 Apiotepd Topadey Lo GUGEOPEVTIKNG AVAAVGNG OTTTIKOD TTESiov Kot de&18 TopAdery Lol amAng

avdivong ontiko mediov?’.
H ocvcocmpevtiky] avdivon ontikod mediov ameikoviletar oty aplotepd 610 Tyiua 49. Kdbe
KeAL £yl ypapa ovéloyo e To TAN00¢ TV onueiov oto onoia To kKeAl £yl opatdtra. H amin
avélvon ontikoy mediov mov omewovileton 0e€ld €xel OC TOPATNPNTH TO TPLYOVO Kot
amoteleitan omd dVo ypoduaTo, Kabévo amd o omoia Seiyvel av LVIAPYEL OPATOHTNTA OO TOV

TOPOTNPNT OTO KEAL

7 TInyn tov oyfuotoc eivon m otosehida https:/journals.plos.org/plosone/article?id=10.1371/journal.pone.0112191. H
eniokeyn éywe otig 11/5/2020
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Hopaptnuo

08NyleC EYKATAOTAGG KL XP1IONG TOU aAyoplOpov
I'o v ektéheon tov akyopiBuov amorteitol n eykotdotacn g Python 3 and v

totooelida https://www.python.org/download/releases/3.0/ oAAG kot 1 xprion EVOC apyeiov Tov

TEPLEYEL TO YNOPLOUKO LYOUETPIKO HOVTEAO piag meployne. [a va exteleotel o kMoo givor

OTOPOITNTEG O1 TOPOKAT® PLA1001KEG:

1. Math
2. PIL
3. Rasterio
4. Time
5. Mpidpy

H eykatdotaon tov BiPA0ONKOV TpayLoToTolEiTol YEWPOKIVITA LE T XPNOT) TNG EVTIOANG PIP
install kot o ovopa g BrpAtodnKNC.

Emumiéov, elvar amapaitto 10 0pyeio Pe TO VYOUETPIKO HOVTEAO TNG Teployns. To
apyeio avto givan g popoeng TIFF (Tagged Image File Format) kot mepiéyetl o vyopeTpo tov
€00(POVG Y10 TO KEVTPO TOL KABe onueiov g ewkdvag. To apyelo mpémel va Bpioketar 6To
(QAKELO TTOV TEPLEYEL TOV KMOKO, KO Vo, £xel To ovopo, «DSM_Test.tif». Evaldaxtikd, propet
va yivel aAloyn 6To dvopa Tov opyeiov e TIg KATAAANAES aAAOYEG OT YPOUUN 52 TOV KOJIKA,

OT®G POIVETOL TOPOKATE.

with rasterio.open('D

Zymua 50 Ameicdvion ™G YPOUUNG KoL TOV OVOLLOTOG TOV apyEion OV TEPIEYEL TO YNPLOKO VYOUETPIKO LOVTEAD
KoL YPNOULOTOELTOL OG £1G000G TOV ahyopifiov.

Mo va devkpviotel 1 Béon Kot 10 VYOS TOV TOPATNPNTH UITOPOVV VO, TPOTOTOINBovv ot
OLVTETAYUEVES Yo T Alota VP, n omoia PBpioketar ot ypapur 30 Tov aiyopiBuov, 6mmg

(QOIVETOL GTO TOPOKATOD oYU (Tyfua 51).

vp = |[[2847 ,785, 0]

Synpa 51 Ameicdvion g YPORUNG KoL TOV OVOLOTOG TG AMOTOG TOL TEPLEXEL TIC GUVTETAYHEVES TOL TOPOTNPNTH
OV YPNCoTOLEiTAL MG £{0060G TOL aAYOopiBuOv.
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Ortav oAokANp®O0vV o1 Tapamdved 0dnyieg 0 aAyOplOUog eKTEAEITOL LLE TNV EVTOAY «Mpirun —n
X python example.py», 6mov X givat o aptOpog tov eneéepyactdv mov Oa ypnotpuomotnfovv kot

example.py eivat To dvopa mov apyeiov pe Tov olyopopo.
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Meprypa@n Aettovpyiag ToOv KWSIKa

O kddwag mov viomomOnke ywpiletar oe Tpia apyeia, Kabéva amd Ta onoia mepLEyet
GLVOPTNCELG TOV KOADTTOVV SLOUPOPETIKA TUNILATO TOV aAYOopifLov.

To mpmto apyeio ovopdleton parl.py, kot amoterel T Pdomn Tov aryopiBuov. Ot Tiuég
OV OITOLTOVVTOL Y10 TV EKTEAEGT TOV apyEiov elvar To ke mov Ppioketar 0 TapOTNPNTNG UE
TIG GLVTETAYUEVEG TOV (), ¥), Kol T0 Vyog Tov mapatnpnty. To apyeio parl.py cvvrovilet tig
depyaoieg, Ko kaAel Tic cuvaptioels and ta dAlo apyeia, OcTe va yivel N GApmon pe g
oLVOPTNOELS TOL Bpiokoviol 6To apyeio par2.py, Kot 0 VIWOAOYIGHOS TNG OPATOTNTOS ME TNG
oLVOPTNOELS TTOL Ppiokovtal oto apyeio par3.py. Emopévag, mepiéyet extdg amd T main povo
™ ovvdaptnon split. H é€0d0g tov apyeiov yiveton Katé TOV TEPUATIGHO TOL aAYOpiOpov, Kot
etvan évog mivakag o omoiog divel T éva oTo KEAE TOL €ival opatd Kot UNOEV GE QVTE TOL
dev elval opatd.

H ovvaptnon split() eivanw n pdtn cvvaptnon mov exteleitorl. Eicodog g givat o
apBpdc tov kKeMmv mov mepiéyel to apyeio TIFF. H cuvaptnon vroroyiletl to pepidto kébe
depyaciog avaroya pe Tov aplipud tov depyaciav, Kot £xel og ££000 pio AMota Le Tig Ymvieg
oT1g omoieg apyilel to koppdrtt mov Oa vmohoyicer n kdOe depyasio. H dadikacio mov
aKohlovBel kKataypdpeton oto ke@aAao 3.5.1.

H ocvvéptnon mov ekteleitar ot ovvéyeln, givar i rotation(), n omoio. avikel oto
devtepo apyelo pe oOvopo par2.py. H ovvdpmmon ovt) déxetor og €i6odo t0 apyeio
TIFF(Tagged Image File Format), mov mepiéyet 10 VYOUETPO TOV £3GPOVS V1oL TO KEVTPO TOV
KGOe g1kovooTotyeiov Kot Tig TIwéG omd ) Alota mov mpoikvye arnd ™ split(). H cvvéaptnon
vroAoYilel T GAPWON TG TEPLOYNS YO TOV VTOAOYIGUO TMV OESOUEVOV TOV KEAMMV, OTMG
neptypapetat 6to kKeediato 3.3. 'EEodog tng eivor n AMota cdpwong Kot 1 AloTo 0paTdTNTOS
LLETA TN OPYLKOTTOIN G TNG.

Méoa omd T cuvaptnon rotation kaAeiton apyikd n cvvéptnon gridx() pe opiopora
yovio, eKKivong Kot ™ yovio TEPHATICHOD TOL KOUUOTION TTov £xel avardfel n depyasio.
AxolovOei n gridy(), n onoia oe cvvdvacud pe ) gridx() KaToypaeetl TIg GLVTETAYUEVES Vi
T KoOAMA tov Ba eEetactodv. H te)viKéS TOL ¥pNGILOTOI00VTOL TEPLYPAPOVTUL GTO KEQPAAOLO
3.4.1. Ta opiopata tng gridy() eivon ta idror pe g gridx(), eved mepthoufavel akdpo T Tun ¥
TV KeEMoV mov eetdlovtal, T petafAntn currentpace mov eivar to frpa yio tov fpdyo mov
ypnowonoteital, kot Tig fs kan flag. Ot 600 tedevtaiec amotelodv petafAntéc onuaieg mov

dtevkpvilovv oo TEPITTOOT EYEL TPOKVLYEL OO OVTEG TOV OVOPEPOVTAL GTO KEPAAato 3.5.2.
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"EE000¢ TN cuvdptnong etvar pio Alota pe TIG GUVTETAYUEVES (X, i) TOV KEADV TOV TEPIEXEL TO
KOUUATL TOV GOPDOVETOL.

¥t ovvéyewn, ektekeiton 1 ovvaptnon pixelcalc(), n omoio €yel w¢ €icodo TIg
OULVTETOYUEVES (X, ) TOV KOUUATION oL vrohoyiotnke ot gridy(), to dedopéva Tov apyeiov
TIFF ko T1¢ yovieg ekkivnong kot teppaticpod tov koupatiov. H pixelcalc() vmoroyilet ta
onueta, ota omoia cvpPaivovv Ta yYeyovoTa TOV KEAOD pe BAGT TO TETAPTNUOPLO, GTO OO0
Bpiokovtal, O6Tm¢ meptypapetol oto kKepdioto 3.3.1. 'EEodog g cuvdptnong eivor n Alota pe
T YEYOVOTO TOV KAOE KEALOV.

H tedevtaia cuvaptnon mov ekteleitonl péoa ot rotation() eivon n initlist(), n onoia
Oéxetar g €icodo T Alota cdpwong kot T yovie exkkiviong. H ovvdpmmon avtm
TPOYULATOTOLEL TNV apyLKOTOiNoT TG AloTOS 0paTOTNTOS. XE AVTO TO ONUEID TEAEIDMVEL 1] KANON
g Visibility() ko n pon emotpépet ot main().

Axolovbei, 1 ovvaptnon Vvisibility(), n omoia Ppioketor oto apyeio par3.py, mov
npaypatonolel tov €deyyo opatodtnrog. H visibility() éxet og €icodo tn Alota cdpwong, v
OPYIKOTOMUEVT MOTOL 0paTOTNTOG, TN YOVIOL EKKIVIIONG KO TEPLOATIOUOD TOV KOUUOTIOV, TN
0éomn kol To VYOG TOL TMOPATNPNTH. XTOXOG TNG CGLVAPTNONG OVTHG €ivol EKTEAEST TV
YEYOVOT®V, LLE OMOTEAECLO TOV VTOAOYICUO TNG OPATOTNTAG TOV KEAIDV, OTWS TEPTYPAPETAUL
010 kepdAaio 3.4.3. 'EEodog ¢ emopévmg, eivar pia Aota, oty omoia yio Kabe keAl maipvet
TN €va oV VITAPYEL OPATOTNTO GTO GLYKEKPLUEVO KEAL.

Méow tg ovvaptnong Visibilty() xoleitor yio ta yeyovoto €16680v 1 cuvapTnon
maxbisearch() pe opicuata évov wivaka Kot pio et AN, Kot erotpépet T BEon oty onoia
N endpevn PETAPANTY €XEL LEYOADTEPT TUUN, EVA TAVTOYPOVO 1] TPONYOOUEVT HETAPANTY £XEL
HKPOTEPT TIUN. AVTioTOlK, TO YEYOVOTO KEVIPOL Ypnotpomotovv tn bisearch(), n omoia
Tpaypoatomolel pe To 10w opiopato dvadikn avoltnon, kot emoTpépel Tn Béom g
HETAPANTNAG IOV dEYETON MG €16050. Me ToV TEpuatTIoUd TG cuvdptnong Visibility(), n por Tov
aAyopifuov emotpépel oty Main(), omod GUYKEVIPAOVETOL TO ATOTEAEGLLO TOV OAyopifov Kot

oTN cvvE el 0 aAyOp1Bog TeppatileTot.
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