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EYXAPIXTIEX

Oa Mbeha vo ekEPAo® TIS €VYOPLOTIEC LoV OTOV emPAEmoOvVTO KaONyNT
K.Mavorn XpiotodovdAov yw v KaBoonynor kot vrootipiény Tov KOt TNV
EKTTOVN O™ QLTINS TNG EPYOCIaG .

Eniong evyapiotd dhovg Toug gikovg pov yia t cuveyn otpién kot Bondeta
OV HOV TPOGEPEPAY, TOGO GE€ EMMESO TPOKTIKO OGO KOl YOYOAOYIKO, KOTd 1T
OLApKELD TNG EVOGYOANGNG OV LE TNV gpyacia, Kal Wwaitepa TV KoAN pov ¢idn Péva
oL OAOL TOL YPOVIA TNG POITNTIKNG LoV (NG OTEKETOL OITAM [LOV.

Téhog 1Wwitepa BEL® v EVYAPIGTICM TOVG YOVEIS OV KOl TOV OYOTNUEVO
pov adeh@d Iapyo, yio 6AN v MOKN evioyvon, LIOGTHPIEN KOl OYATY] TOV LOV

TapEYOLVY anAdyEPE GE OAN Hov TN (o).
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KE®AAAIO 1. Eweayoy

H petagopd tov avBpodromv kot tov sumopevpdtov £xet e&elybel o pia
EMTOKTIKY avAykn vy KaOe kowavia avlponwv, aveédptro amd to péyebog 1 10
Babuo g avantuéeme. Oco avePaivel To TEXVOAOYIKO Kol OIKOVOUIKO EMITESO HLOG
Kowoviag 1060 peyodvtepn eivor m avdykn oe petagopéc. H unyavomoinon otov
TOUEN LETAPOPDV NTAV OVATOQELKTN e£EMEN Kot dmwg etvan avtovonto Bpicketal o

dpeon oxéon He To TEYVOLOYIKO EMITEDO.

H petagopd pe punyovikd péca €xel avamtuydel Katd TpOTO TOV Vo EMITPENTEL
™ Kivnon TovV HETAPOPIKAOV HEGHOV oTn YN, ot OdAocco Kol 6TovV aépa. Xg
OVTIOWIGTOAN HE TIS OEPOTOPIKEG UETOPOPEG Ol Aowmég  yopaktnpilovior wg

EMPOVEINKES.

H oaepomopikn petapopd £xet yiver to kbOplo cOyypovo péco petapopac. H
péytotn amoddoon kot o&io emttuyydvovtal 6tav SlovOOVTOL HEYOAES OTOGTAGCELS,
petoktvodvtal eumopedpoTa VYNANG a&iog, otav mpénet va avtpeTomiofovy dueceg
avayKeg 1 0tav 1 Totoloyio Tov €3APOVG EUTOOILEL TV E0KOAN petakivnon 1 avEdvel

GNUOVTIKA TO KOGTOG LETAPOPAS LLE ETTYELNL LEGO LETAPOPAG.

Av ko M agpopeTapopd £xel peyardtepn amdooon 6e ypoOvo Kol KOGTOG OGO
HEYOADTEPN €lval 1 SOVUOUEV OOCTOCT, MOTOCO0, a&ilel aKOUM Kol Yo OXETIKA
pikpég amootdoels. Emiong, n agpomopikn petapopd eEac@aiilel v emkovmvia M
NV TPk SovLvOoeon HETAE) OUAdMV OTOUMV GE OTOUAKPLOUEVEG Kot SVGPATEG

TEPLOYES, YEYOVOS TO OTTO10 HEPIKES POPES ATOSEIKVOETOL 1O1aiTEPA KPIGILO.

Ot aepomopkég HETAPOPESG  OMOTEAOVV  OWKOVOUIKGL  OVOTTUGGOUEVN
Bounyavia. H emPatnydg xvkhopopia (EKQpacuévn ©G TPocodo@dpa emPoto-
yopetpa) €xel avoartuybel and 10 1960 oe mocootd mepimov 9% avd €roc. Ot
petapopés eoptiov, 80% tov omolwv mpaypotomoovvior ond To emPATiKd
aePOCKAPN, Exovv eniong avontuybel oty 101a ypovikn mepiodo [10]. Zvvémeia avg
NG OWKOVOLIKNG OLVOUIKNG €ival 0 Plopnyovikdg avtdg KAAS0S va €xel peydn

onposcio Yo v ToyKOG Lo OtKovopia.
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Qot660, 1 Pounyovic TOV OEPOTOPIKMOV UETAPOPDOV OVOTTOCCETOL LE
PLOUOVG TaYVTEPOVG OO TOVG TPEYOVTEG PLOUOVG LE TOVG OTOIOVE TTAPAYOVTOL KOl
KaOEPOVOVTOL TOL TEYVOAOYIKA KOl EMLYEIPNOLOKA PIHOTO OALOTOOOVS TPOOIOL TOL
0o Peltictomomcovy TG dlepyaciec Kot TOLG xpOvoug eEummpétnomng TV

AEPOCKAP®V EVTOS TV aepodpopinv.[9]

Extypdrtar 6t o apBpdg tov ntioemv otov evaéplo yopo g Evpomaikng
‘Evoong Oa vrepdimhaciactel péypt to 2015. O vrdpyov opyaviopds Atayeipiong
Evaéprog Kvuxkhogopiag (Air Traffic Management) dev 0o eivor oe 0éon va

avteneCEADEL 6TIG OAOEVA QVEAVOLEVES ATOLTIOELG.

Ot pedhovrikég péBodot kot emyepnoets Awyeipiong Evaéplag Kvkhogopiag
o mpémer va Swbétovv peyokdtepn eveMbla mpokeévovr va  avénoovv v
KavOTNTO OPOUOAOYI®V, VO LEIMGOVV TIG KOOLGTEPNGELS e GTOYO TNV HEYOADTEP

KavOTNTO VI0BETOVY TOPEIEC TPOGEYYIONG TOV TPOTILOVVTOL OO TOVG YP|OTEC.

Xperalovtar véeg duvatOTNTES VoL VITOGTNPIEOVY EVEMKTEG OAANYEG TOPELDY,
KaO®OG emiong SUVOUIKEG TPOTOMOMCELS OTIC EVAEPIEG OLUOPOUES OVTWG (MOTE VO
avtamokpivoviol 6Tig HETAPOAEC TOGO TOV KAPIK®Y OGO KOl TOV KUKAOPOPLOK®V
ocuvOnkov. Oa ypewotel N evomoinon tev ocvvaptioemv Awuyeipiong Evaépiag
Kvrhogpopiag (ATM functions) mov apopovdv 6Tov TEPUATIKO CTUOUO LE OVTEG TOL
aPOpPovV GTO SPOLOAOYIO0, TPOKELLEVOL VO EMTEVYOEL OLLOAT] KUKAOPOPLOKT) POT| EVTOG

Kol EKTOG TV TEPLOYADV TOV AEPOCTAOUDV.

H ypnon MebBodwv IIponyuévng Teyvoroyiog ITAnpogopiag OBesmpeitor Oa
amoteléoel Pacikd KAWL oV e£EMEN TV HEALOVTIK®OV emyelpnoemv Atoyeiptong
Evoéprag Kvkhopopiag. H yprion avtav tov teyvoroyidv Ba amotehécel ™ Paon y
mv avartoln epyoieiomv  mov Ba mopéyovv oamoteleopotikny Ponbew oty
(multilevel) dwadwcacia anopdcemv kot mov Bo copmephapufdvovy TAGTOVG, EAEYKTES
€04.POVC, OEPOYPUUUEG K.0. OTO HEAAOVTIKO Tepifdiiov  Awayeipiong Evaépiag
Kvkhopopiag. ITo ovykekpyévo 6Oa  ypnopomomBoiv ot mo  eEeMyuéveg
EMOTNUOVIKA TEYVOAOYIEG TANPOQPOPIKNG Oamd TO TESIO TOV EMKOWOVIOV, TOV

OKTO®V, TNG PEATIGTOTOINGNS Kot TOV PEATIOTOV EAEYYOVL.
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H epappoyn avtov tov teyvoloyidv coe mpofinuata Awayeipiong Evaépiag
Kvkhopopiag, avarntiybnke moAd npoceata, pe apetpio tigc H.ILLA. Mropodue va
AVOQEPOVUE TNV  EQUPUOYN TEYVOLOYI®V PEATIOTOV €AEYYOL TPOKEUEVOL VO
QVTILETOMIGTOVV TPOPANUATO OT®S: aVAALGT KUKAOQOPING TOAADV 0EPOCKAPDOV,
amoeLY] GUYKPOLONG OEPOCKAP®OV HE OCTOVPOVUIEVEG TOPElES MTNONG Kot
povtelomoinon kot BEATIOTO EAeYYO TV OlEpYacI®V ELIINPETNONG £0APOVG. TexviKeg
avéivong vBpdtkdv cuoTnUaTOV Kot Bewpiog Taryviov TpdceaTe EPOPUOGTNKAY GE

TPOPANUATO EAOYLGTOTOINGNG TG ATOCTOCTG TOV KOVIVMV 0EPOTKAPAOV. [3]

Xmv mopovco epyacio Olvetar otnv apyn MWL TEPLYPAPT) TOV TPOTOL
HOVTEAOTTOINONG KOl TPOGOUOIMONG CLOTNUATOV KAOMG KOl TIG 10101TEPOTNTES TOV
KkéBe tpoémov. 'Emerta diveton po chHvioun meprypo@n TV 0gPOSPOUIOV KOl TOV
otoyelov Asttovpyiog Tovg Yo vo eEokelmbel 0 avayvdong pe TV oporoyia, TV
yopotalikn Tomofénon TV eyKataoTdcE®V KoODG Kol TIG Agrtovpyieg mOL
Aoppavoov yopo oe éva  agpodpOMIo  avaeopika pe Vv e&ummpétnon TV
aegpookapmv. Katomy, meprypdopetar 1o mpdfAnpa g avsavopevng kuklogpopiog
TOV 0EPOCKAPOV TOV HOG O0ONYEL GTNV TOPOLGINCT) TOV KUPLOTEPMOV HOVIEA®DV
eAEYYoL Kot BEATIGTOMOINONG TOV JEPYACIAOV EELTNPETNONG TOV AEPOCKAPADV GE EVOL

aEPOSPOLUO.

2TV CLVEXELD OVOTTTUGGOVUE €va aplBuNTIKO HOVIEAO TPOGOUOIoNG NG
eEumnpéong aepookaP®V o€ £va 0EPOJPOLLO, TTOV EIval Kol O OVTIKELLEVIKOG
OKOTOG TNG TAPOVCHS OIMAMUATIKNG. ZVYKEKPIUEVA, TOL GTOXEl TOV aEgpOodpopiov
povtelomolovvion ®g pnyoveG (machines), vropnyovéc (submachines) kot voldpecot

y®pot amobrkevons N otdong (buffers) pe aAAniemdpdoers.

Ta apOuntikd amoteAéopata yio dV0 SOPOPETIKOVS TPOTOVG EAEYXOL TOV
HOVTELOL KOOMC Kol Yol OPOPETIKEG TIMEG wplaiov pvOpov mpooyeuwoewv /
AMOYELMGEMY KOTAOEIKVOOLV TIC TEPUITOOELS TOV T GLYKEKPIUEVN dwdTagn Tov
agpodpopiov gpeavilel peydreg KaBvotepnoelg oty eELINPETNON TOV AEPOCKAPDOV

KoL TNV ONovpyio Tov adioympnTov.
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KE®AAAIQO 2. IIpocopoi®mon Zvetpudtov

2.1 I'evika
H évvolwn tg poviehomoinong, oty omoia Pociletor m mpocopoimon,

ypMNOoTOLEITOL £0M KOt TOALY xpdvia. Ta televtaio Opmg xpdvia TapdAAnAa pe TNV
avamTuln TV VTOAOYIOTOV ElYOUE KOL TNV YPNON TNG TPOCOUOIMoNG GE Tapo
TOAAOVG TOUELS. X YEVIKEG YPAUUESG TPOGOUOImoN eival 1 01001KAGT0 GYESIOGLOD TOL
LOVTEAOL €VOC GUOTNUOTOS Kol M OeEay®yn TEPAUATOV LE TO HOVIEAO GUTO TOV
oKOTd €YOLV EITE TNV KOTAVONOY] TNG CLUTEPLPOPES TOV GLOTHUOTOS 1 TNV OOKIUN
OlAPOop®Y  OTPOTNYIK®V Yoo TNV Agltovpyion tov ocvotiuatog. Ilpoceéper otov
OVOALTI, YEPLOTH, OYESWOTY), 1| MEAETNTH TN OLVOTOTNTO Vo EAEYYEL 106EC KO
GLAMVELS oYedoHOD 1| VO OAANAETOPE e OAOKANPO. GLGTHLATO. OGOV OPOPA TN
Aertovpyio, TNV aLOS0GN KOl TO YOPAKTNPIOTIKA TOVS XWPIg va ypelaoTel va eméufet

GTO TPOYLOTIKO GUGTNLOL.

YT1C emOUEVEG TTOPAYPAPOLS, YivETal EKTEVNG avagopd oe Pacikéc €vvoleg
Kol 0poAoyia Yo TNV TPOGOoUoimoT cvuotnpdtwv Pacn kot g Pipioypapiog [12],

[13], [14], [15] xou [16].

2.2 H évvoia Tov 60oTiuaTos
Kevtpwkn 10éa yio kabe perétn mpocopoimong eival ot TOL GLGTHLOTOG.

‘Eva cotpa opileton o¢ pion GuAAOYY OVIOTATOV (T.)Y. 0EPOTAGVA Kol Ol YMDPOL EVOG
aepodpopiov 6to omoio KvovvTal) Tov evepyoHV Kot OAANAETOPOVV, LE 6TOYO KATO0
AoyKd TeppOTIGUS. XNV TPA&N, N évvola Tov GLGTHUATOG e&apTdTol KiBe Popd amd
TOVG GTOYOVG TNG GLYKEKPIUEVNS HeAétne. H cuAddoyn ovtot)Temv mTov cuykpotohv Eva
oVOTNUO Yoo pioe peAétn, umopel va elvar povo €vo vTOGHVOAO TOL GUVOAIKOD

GLGTNUATOG V1o pio GAAN peAéT).

Opilovpe Vv KotdoTooN EVOG GLUGTINUATOS MG TN CLAAOYN TOV UETAPANTAOV
OV €IVl ATOPOITNTEG YL TNV TEPLYPOPT] TOV GUGTNUOTOS GE LI YPOVIKY GTIYUT,

AVOPOPIKA LLE TIC OTOLTNOELS TG LEAETC.
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Ta ovotquato pmopodv va tagvounfodv ce oTaTIKG KOl OLUVOUIKE. XTo
OTATIKG OV €YOVUE OAAOYT] OTNV KOTAGTOGT TOLG HE TOV YPOVO EVAD GTO OLVOLKA
1oYVeL To avtifeto. Av éva cOotnua givor duvapuko umopel va ta&vounbet avaioyo
HE TO TAOG Ot peTaPAnNTég o1 omoieg 10 meEPypApovy oAAAlOLV GTNV SLAPKEWD TOV
xpévov. ‘Etotl pmopel va givor dtokpttd 1 cuveyés. Alakpitd cvotnua gival ovtd 610
omoio ot HETAPANTEG KATAGTAONS AAAALOVY GE SLOKEKPLUEVEG OTIYLEG TOV YPOVOV, EVAD
oLVEYEG €lval TO GVGTNIA TOL 0TOI0L Ol UETOPANTEG KATAGTAONG OAAALOVY CUVEYMG

670 YpOVO.

v pdén, AMya cvotiuata givol €€’ 0AOKANPOL dloKPITA 1) GLUVEXT], OAAYL
ened” ovvnBmg pia omd TG 0V0 1010TNTES KLPLOPYEL, UTOPOVUE TIC TEPIGCOTEPES
QOopEG Vo yapaKTnpicovpe T0 GLOTNHO MG dtakpltd 1 cvveyés. Ot dywpiopol TV

GLOTNUATOV Qaivovtol 6To Xynua 2.1:

XYXTHMA

.

XTATIKO

AIAKPITO

Yympa 2.1 Awyopiopol cuotnudtoy.

Kotd ™ dudpkewn g Aertovpylag €vOC CLOTHUOTOS, TapoLGLdleTon 1
avaykn HEAETNG TOV, MOGTE VO OMOKTGOLUE YVOON Yl TIG OYECELS UETOED T®V
SPOPOV TUNUAT®V TOV, 1 Y10 VoL TPOPAEYOVLE TV GUUTEPIPOPA TOL KAT® omd VEEG,

mhavég cuvOnkec.

Av glvar dvvatov va £xovpe PLGIKT TPOGPACT] GTO TPOYUATIKO GUGTNLO Kol
VO TO AEITOLPYNCOLUE KAT® amd TS VEES GLVONKEG, TOTE OV VILAPYEL AUPIGPNTNON

vy v axpifelo g peAETng. Xmavia Opmc poag dtvetor avtr n gvkoupia, ite yuorl
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kootilel, N ywotl eivoar ToAD mBovo M Oeicdvon pog 610 cVOTNUN VO TPOKOAECEL
TPOPALLOTO. GTNV KOVOVIKY] AELITOVPYIO TOV KOl VO OALOIDGEL TOL OTOTEAEGLLOTO TNG

HEAETNG.

Otav éva ovomnuo givar ot @AoN GYESCHOD TOL 1 Oev evdeikvuTol N
QLo TPOGPacN o€ AVTO, O HOVOG EVOALUKTIKOC TPOTOC MEAETNG TOL &lval M
povtedonoinor] tov. 'Etor Aowmdv, xoatackevdlovpe €vo poviélo, to omoio Oa
avomaplotd To cvotnpa Kot Oa to avtikadiotd Kotd ) perétn. Otav ypnoyLomolode
éva LOVTELO, 1 €YKVPATNTA TOV, dNAadn o Pabuog axpifelog (e Tov omoio avamaploTd

TO (PLGIKO GLGTNHO, EIVOL TAVTA O TTO KPIGHOG TOPAYOVTOG.

‘Eva povtého pmopet va gtvan gite puowo gite pobnpotikd. To puokd poviéro
glval 1 eUOIKN AVATOPAGTACT] TOV AVTIKEWWEVOD TTOL OVTITPOSOREVEL. 1o mapdderypa
QLOIKO HOVTEAD damOTEAODV Ol HOKETEC. XLVNOMC, OHMC TA (PLOIKA HOVTEAQ
TPOGPEPOVY  TEPLOPIGUEVES TANPOPOPIEC Y TNV OMOKPION TOL GULOTHUATOS OF
dupopeg ovvOnkeg Aettovpyiag tov. ' T0 AOYo awtd, n peydin misioynoeio Tov
povtédwv etvon padnuatikd. ‘Eva podnuotikd poviélo avomopiotd 10 cOGTNUO LE
é€va. GULVOAD UETOPANTAOV TOL GLVOEOVTOL HECH EEICADGEMV KOl AOYIKOV GYECEWV, Ol
omoieg yeplopeves kot UETAPOAAOUEVEG KATOAANAQ, EMITPEMOVY VO, OOVUE TMDG
avTIOPA TO HOVTEAD Ko KOTE cLVERELD TG O avTIOpovGE TO TPAYUATIKO GVGTN L,

pe v mpodmodBeon PEPara 1L To podnuaTikd poviéro ivar £ykvpo.

Amo ™ oty mov €xel ompovpyndel éva €ykvpo pobnuoatikd poviéro, Ha
npénel va eEgtactel 0 TPOMOG YPNONG TOL (OOTE VO UTOPEL VO OMOVINGEL OTO
EPMTNLATO TTOV OGS EVOLOPEPOVY Y10 TO GUGTNLLA TTOV AVIUTPOCMOTEVEL. AV TO LOVTELOD
elvar apketd amro, glvarl duvatd vo mapovpe pio akpipr], avoAvTikn Avon PEcm evog
oLVOAOL €El0MGEMVY Ol omoleg TePtypdpovy To cvoTua. Xvvifwg, avtd cupPaivet
UOVO UE TO OTOTIKG GUGTNUATO. XTI TEPIOGOTEPEG MEPUTTMOELG 1) OVOAVTIKY] AVOM
pumopel va givol apketd mOADTAOKN Kol Vo amortel PEYAAN LTOAOYIOTIKY 16)D.
[Tavtmg, av vrdpyet avaivtikn Adon 610 padnuatikd Lovtélo Kot £ival VTOAOYIGTIKA

amod0TIKN, GLVNO®G TNV TPOTIHOVE ATO TV TPOGOUOI®OT.

2mv mepintoon mov 1o g€gTalduevo cvotnua givar moAdTAOKO, Kot glval
ToAD 6V0KOAO MG adHVATO Vo eEgVpeBovV N VoL EMALOOVY PaBNUOTIKES EICMGELS TOV

9
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Vo TO TEPLYPAPOLV, KaBE TBavOTNTO avaAVTIKNG AVong amokAeietat. TOTe To poviého
npénetl va peketn et pe apuntikn exilvon (tpocsopoimon), SNAadn He TV eKTEAEOT
opOUNTIKOV TEPAUATOV GTO HOVTELD Y1 TIC EIGOS0VE OV LOG EVOLAPEPOVY, Y10 VO
dovpe mwg ovtd emmpedlovv Tic €£6d0vg Tov cvotnuatos. H mpocopoiwon eivon
eniong mOAD YPNOUYN OTIG TEPMTMOCES MOV UmOopoVUE va  mapovpe pdvo
TPOCEYYIOTIKN OVOAVTIKY ADoN, omdte BEAove va emPBefatdcovpe TV TPociyyion,
va Bpovpe to oYeTIKO AdBog K.A.T. ZuvNB®G, TO SUVAUIKA GUOTHLOTO LEAETMOVTOL UE

YPNON KATAAANANG TPOGOUOIOTNG.

210 TopakdT® oyfua 2.2, divetol SloypOUUOTIKG O TPOTOC OVAALONG Kot

UEAETNG EVOG GLGTNUATOC.

XYXTHMA

ITIEIPAMA MONTEAOITIOIHXEH

PYXIKO MAGOHMATIKO
MONTEAO

MONTEAO
ANAAYTIKH APIOGMHTIKH
EIIIAYXH EIIIAYZH
Yympoa 2.2 Tpomot peAétng evOg GLGTNHLOTOG,

2.3 Movtéio mpoocouoiwans
‘Exovtag éva pobnuotikd HOVIEAO TOL TPEMEL VO UEAETNCOVLUE L€

npocopoinon, o mtpénel va avalntioovue KatdAANAn epyaieio Yoo T0 6KOTO avTo.
2V mpocmddela. avTn, €ivor ypNGIUO Vo TOEVOUNGOVE TO. LOVTEAN TTPOGOUOIMONG

pe Paon 1€66EPIC O10POPETIKES EVVOIEG:

10
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Yrotkd 1 Avvoukd Movtéio [lpocouoimonc

‘Eva otatikd povtélo mpocopoimong, avamaplotd €va GUoTNUO o€ pia
GUYKEKPIUEVT YPOVIKY] OTIYUN, N avamaplotd £va. GOGTNIO 6TO 0moio 0 ¥pOdvog dev
éxet onuaocio. Avtifeta, €va duvapkd HOVTELO TPOGOUOIMONG OVOTAPIoTE £val

oLOTNUA, OTMG AT e€eMaaeTal e TNV TAPOOO TOL YPOHVOV.

Nretepuwviotikd 1 Xroyoctikd Movtéia [Ipocouoimonc

Av évo poviého mpocopoimong dev  mepthapPdver "tvyoia" Tunuparoa,
OVOUALETOL  VTETEPUIVIOTIKO. XTO  VIETEPUIVIOTIKG povtéda, m  £€Eodoc  eivar
kaBopiopévn, pe O0edOUEVO TO GUVOAO TV TOGOTNTMV KOl GYECEMV €GOO0V TOL
povtédov. Oupwmg, mOAAEL  CLGTHUOTO  YPNOCLUOTOOVV  GTOXOOTIKO  LOVTEAQ
TPOcOUOimoNG, OMAaON HOVTEAX oL Ba £XOVV TOLAGYLIGTOV OPIGUEVO TUNLOTO LE
"tuyaia" eicodo. Ta mepiocdTEPE LIWOAOYISTIKA cvoTiuaTo, Tov Pacilovtol ota
CLOTAUATO  OvOUOVIG (queueing systems), YPNOULOTOOVV GTOYOOTIKG HOVTELD

TPOCOUOIONG.

Avto-0dnyovueva M Iyvo-odnyodueva Movtéra ITpocouoimonc

Xe €va aVTO-001YOVUEVO HOVTEAD, VTAPYEL WO ECMTEPIKN TNYN TLYAIOV
apBumv. Ot Tuyaiot apBpoi 0dnyodv To TUUATO TOV HOVTEAOL, dNAON YPMOULO-
TOOVVTOL Y0 TOV TPOGOIOPICUO TOV OTIYU®OV EUPOVIGEMV TOV YEYOVOT®V TOL
cvotUatog. To PaciKod YOPAKTNPICTIKO TOV OVTO-00YOVUEVOL HOVTEAOL &ivar OTL
amotelel Eva avTapKes LOVTELO To omoio dev ypetaletar eEmtepikég £10600vVG (inputs)
v va  Asitovpynoet. Avrtifeta, éva  1yvo-odnyovuevo (trace-driven) pHOVTEAO
kaBodnyeiton amd axorovbieg €10000V TOV TPOEPYOVTOL OO OEOOUEVA TTOV £YOLV
onuovpynfet omd 1 Aewtovpyion TOL  TPAYUOTIKOD GLGTAUOTOS TO ONOI0

TPOGOUOIDVOLLLE.

Ta 1vo-odnyovpeva HOVTEAD EYXOVV OPIOUEVO, TAEOVEKTNUOTO, OT®S TO
YEYOVOS OTL amo@elyovTal 01 SUOKOAES TG TBOVOTIKTG avdAvomg ov ypetdleTon yia
N (PNON KOTAVOU®MV GTNV TEPLYPOUPT] TOV E€LGOO®V TOL HOVIEAOL KOl €MIONG TO
yeyovog OtL To povtéha antd gival e0koAo va emPePfarwbovv. To mpoPAnuo pe ta
1(vo-001youuEVE LOVTEAD €ivol TO HIKPO €DPOG EQOPUOYDOV TOL UTOPOVV Vol

avtipetonicovv. Ot eQapployES avTEG TPOKTIKA meplopilovior G€ VTOAOYIGTIKE
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GLGTNUATO KOl HOAOTA HOVO Ylo TN HEAETN UETATPOTTMV GE £VO GUGTNLO TOL NN

Aertovpyet.

Yuveyn N Awkprrd Movtéha [Ipocouoimonc

Ot opopol TV cuvey®V KOl OOKPITAOV HOVIEA®V TPOGOpoimong, &ival
avlAOyol LE TOLG OPICUOVE TV CLVEY®OV KOl OlOKPITAOV GCLUCTNUATOV OV
avapEéptnkay oty Tponyovuevn mapaypaeo. Iavtwg, mpénel va onueiwdel 6t Eva
OlKprtd HOVTEAD dev YPNOLUOTTOLEITOL HOVO Y10l TNV AVOTOPAGTOCT EVOS SLOKPLTOV
GLGTNUATOG KOt £V OKPITO CUGTNUO OV OVATOPIOTATOL HOVO Omd €va S1aKpLTo
povtérlo mpocopoimong. H amdpaomn yuo ) ypnon evog dokpitod 1 £vOG GLVEYOLS
HOVTELOL Y10l V0. GUYKEKPIUEVO GUGTNUA, EEAPTATOL OO TOVS 1O10UTEPOVG GTOYOVG
™G HEAETNG. ZTo Zynua 2.3 éxovpue Eva mapAdELy Lo GLVEXOVG Kot O10KPLTOV LOVTEAOV

TPOGOUOI®ONG.

To povtého mPoGOUOI®ONG YPNOUYLOTOIOVUE GTNV TOPOVSH SUTAMUOTIKN
epyooia, o elvar drakpird, dSVVapIKO, GTOYOCTIKO Kol (LTO-00TYOULEVO dNAadN eivat
éva pLovtélo mpocopoinong dtukprtdv yeyovotwv (discrete event simulation model).
MdaAiota, 0@OVD TO VIETEPUIVIOTIKA HOVTEAD uUmopoOV va Oewpnboldv  e1dukég
TEPUTTAOGELS TOV CTOYOCTIKAOV HOVIEAWDV, OgVv Ba £xovpe AmTOAELD TNG YEVIKOTNTOG OTN

UEAETN TOV HOVTEAW®V TPOGOUOIMGONC.
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Yympa 2.3 a)Zoveyng Tpocopoimot, B)Alakpitn Tpocopoino.
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2.4 Mnyoviouog eEEAENS ypovov 6€ TPOGoOUOIWGH JIAKPITAY YEYOVOTWOY
AOY® TOV SLVOUIKOD YOPOKTNPO TOV HOVIEA®MV TPOCOUOIMONG OOKPITOV

YEYOVOT®V, TPEMEL VAL EYOVLE TN SLVATOTNTA OTOOKELONG TNG TPEXOVOAS TIUNG TOV
TPOCOUOIWUEVOV YPOVOVL, EVA YPElONACTE Kol Eva PnYoVIoHo adENong tov and o
Tiun oe plo GAAN. H petafint tov povtélov mpocopoiwong mov pog dtver v
TPEYOLGO TN TOL YPOVOVL, ovoudletal poAdt Tpocopoimong (simulation clock). H
povada xpoévov mov ypnolomolel To poAdl givar cvvnBmg M 10 pe At TOL
YPNCILOTOLOVV Ol TAPAUETPOL LGOS0V, EVMD YEVIKA OEV VIAPYEL GXEGT TOL YPOVOL TOV
KOTOYPAPEL TO POAOL, LE TO XPOVO TTOV OTOTEITAL Y10l TNV EKTEAEGT TOV TPOGOLOLMTY
otov voloylot. Katd tv mpocopoiwon Aowmdv eivar avaykaio 1 xprion Kamwoiov
UNYOVIGHOD KOTAYPAQNS TOL XPOVOL Yl VO UTOPOVUE VAL EAEYYOVUE TG OAAOYEC

KATAOTOONG GTO CLGTNHO OV peAeTdpe (o). 2.4).

Apywomnoinon

A 4

Emiloyn| emdpevov yeyovotog
Baon cvykekpiévon
punyovicpob eEEMENG xpovou

A

A 4

Extéheon
YEYOVOTOG

Ynrbpyet GAro
yeYovog v idia
XPOVIKT GTLyut;

Zovinkn
TEAOVG
oAnbng;

NAI

Yynpa 2.4 Inpoocio pnyavicpov e£EMENG Tov ypovou.

‘Exyouv emkpamioet ovo Pacwkéc pébodor yuoo v e£EMEN oL poAoylon
TPOGOLOIMGNG 01 OO0 AVOPEPOVTOL TOPAKAT.
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2.4.1 EEEMEN pe Bdon to Xpbdvo tov Emouévov I'eyovotoc

H E&MEN pe Paon 10 Xpdvo tov Emopévov I'eyovotog n ActHyypovn
[Ipocopoimon (next-event time advance, asynchronous) eivar 1 péBodog katd v
omoia To PoAdL TPOCOUOIMONG apylKoToleital 6to UNndév kol kabopilovrol ek TV
TPOTEP®V Ol GTIYUEG ELPAVIONS TOV HEAAOVTIK®V YEYOVOT®V. To polotl T0TE avEavet
GTO YPOVO EUPAVIONC TOL TLO KOVIIVOV GTO HEAAOV, amd Ta Yeyovota avtd. Tn otryun
OLTN N KOTAGTOGTN TOV GUGTNHOTOS EVNUEPMOVETOL MGTE VO TAPEL LIOYTN TNG TO
YEYOVOG TOV EUPAVICTNKE, EVD EVNUEPMVETOL EMIOGNG 1 YVOON HOG YOl TIS YPOVIKES

OTIYUEG ELPAVIONG TOV LEALOVTIKAOV YEYOVOTOV.

21N GuvEYELn, TO POAOL aVEAVEL MOTE Vo dElXVEL TN OTIYUN EUEAVIGNS TOL
VEOL TIO KOVTIVOU O©T0 WHEAAOV YeEYOvOTOG, M KATAOTOGN TOL  GUOTNHHOTOS
evnuepmvetol, kobopilovtar ot YpovikEG OTIYHEG EUPAVIONS TOV  UEALOVTIKOV
yeyovotov k.0.k. H dtadwkacio avtm eEEMENC TOL poA0Y100 TPOGOUOImONG 0d TO £val
yeyovog oto GAho, ovveyiletar péyxpt va woavomomBel kdamown mpokabopiopévn
CUVONKN TEPUOTIGUOV TNG TPOCOUOI®OoNS. Aoy OAeg Ol 0AlOYEG KOTAOTAONG
yivovtolr HOVO OTIG YPOVIKEG OTIYUEG EUQAVIONG T®V YEYOVOT®V, Ol EVOLAUEGEC
avevepyol mepiodot dev Aapdvovior VTOYN Kot T0 POAOL PLETOKIVEITOL QVTOUOTO GTN

OTIYUN ERPAVIONG TOV ETOUEVOD YEYOVOTOC.

210 Zynuo 2.5 &yovpe epeavion yeyovotav I'l, 72, T3, I'4 tic ypovikég
otiypés 0, 4, 7, 10, 13 xkou 17 avtiotoryo . XOpeova pe v e£EMEN Tov ¥POVOL UE
Bdon to enduevo yeyovog 1o poAdL Ba GTOUOTAGEL LOVO GOTIC OTIYUEG ELPAVIONG TMV
veyovotov. Ta BéAn mhveo and tov dEova tov ypdvov T dnAdvouv TiG YPOoViKEG
OTIYHEG TOV ovuPaivovy Ta yeyovota evd ta BEAN KaTm and Tov d&ova Tov YpOVov

OMADVOLV TIG YPOVIKEG GTLYLES TTOV TO POAOL CTALATE Y10t EAEYYO TOV GLGTHHOTOC.
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Il 2 I3 r4 I's re
0 4 7 10 13 17

v

[ S N A

Zympa 2.5 EEEMEN pe Baon to Xpovo tov Enopévov I'eyovotog

2.4.2 EEEMEN Xtobepnc AVENonc tov Xpdvou

H E&éMmén Ztabepnc AvéEnong tov Xpovov 1 Xbvyypovrn Ilpocopoimon
(fixed-increment time advance,synchronous ) eivar n pébodog katd v omoio ToO
poLdL Tpocopoimong e&elMooeton pe otabepéc avénoels akpPmng At povadmv ¥pdvou
Kk@Oe popd. Metd amd kabe evnuépmon tov poroylov, yiveton Evag EAEYXOG Yio Vo
eCaxpfmbel eav Ba émpeme va €yovv gueovicbel kdmolr yeyovota Kotd TO
TPONYOVLEVO XPOVIKO dtdotnua At. Av gpeavicOnkay yeyovota 6to dtdotnua ovtd,
Bewpovpe OtL avtd epeaviovior oto TEAOC TOL YPOVIKOV OlOGTNUOTOS Kol 1

KOTAGTOOT) TOV GUGTUATOC EVI|LEPDVETOL KOTAAANACL.

H tiun tov At Ba mpémet va givor pukpn| yio va £xovpe peyolvtepn axpipfeta.
Ooco mo pikpd ouwg eivor to At 1000 o apyn yivetor M TPOCOUOI®OT POV
eléyyovpe TePLoGdTEPO SlOGTHHOTA dLpKELG At KaTtd Ta. omoio mhoavoTtata vo unv
€Yovpe KATOW OAAAYY] OTO GUGTNUA. XPNOUYL GE LOVIEAOTOINGT GLGTHUATOV GTO

omoia £YOVUE EPPAVIOT YEYOVOT®V KT O1GTHUATO 6TaBEPOL peyEfovcg.

210 Zynqua 2.6 &ovpe eppdvion yeyovotwv I'l, 12, I'3, T'4 1ig ypovikeg
otiypés 0, 4, 7, 10, 13 xou 17 avtiotoro. Zopeova pe v eEEMEN otabepng avénong
TOV YPOVOL TO POAOL TNG TPOCOUOIWCNG CTOUATO GE OAEG TIC XPOVIKES OTLYUEG OV
kaBopilovtar amd 1o péyebog Tov otabfepod dtuotTratog (otTnv tepintwon avt At=1)
avedptnro and To av cvpPaivel kdmoto yeyovog N Oxt. Ta BEAN mhve amd Tov a&ova
oV Ypovov T dnAmvovv TIg YPOVIKES GTIYUEG OV GuufPaivovy o YEYovOTo VA TO
BéAn kdto amd Tov AEova TOv YPOVOL SMADVOLV TIG XPOVIKES GTIYUES OV TO POAOL

OTOHOTA Y10 EAEYYO TOV GLGTHLLOTOG,
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I'l 2 I3 r4 I's re
0 4 7 10 13 17

IR

Yympa 2.6 EEEMEN Ztabeprig AvEnong Tov Xpdvou

2.5 Bijuara uslétng mpocopoiwons
Y10 ZyMua 2.7 eaivovtol ta Brjpato wov akoAovdel pio ok peAETn evog

oLOTNUATOG [E ypNion mpocopoimong. Ta Pruota 1 émog kot 6 agopodv Vv
Katovonon Kot onpovpyio. Tov HOVTEAOV o€ BepnTiKO KOl PETE GE TPOYPOLL-
pototikd eninedo. Av avtd sivar £ykvpo mpoywpdue ota Prpoto 6 Ko 7 yo tnv
oeéoymy TV TEWPAUATOV oL HoG eVOlpEPoLY. TEAOG, TO OMOTEAEGUOTO TNG

Tpocopoimons avalvovtat katd o Prjpato 8 kot 9.

1. Awotonoon [pofanipatog N 6.Emiioyn xon Avantoén
Kot Xyedloopog Merétng Tepapdrov Ipocopoimong

\4 \4

o  2.ZvAloyn Agdopévav kot
Koartackevr Tov Movtélov

7.Extéleon Ilepapdrov

A\ 4 A 4

8.ZvuAhoyn kot Avdloon
Agdopévov EE6dov

3.ITictomoinon tov Movtélov

\4 \4

9.IMapovcioon Tav

4.Avantoén Ipoypdppatog AmoteheopdTov

\4

5.ITwotonoinon Ilpoypdupatog

Xympa 2.7 Bipoto tpocopoinong.
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2.6 Il covexTnuoto Kol HEIOVEKTHUATO THS TPOCOUOIWCHS
Ta tedevtaia ypdvia n Tpocopoimon epaprdletor oyeddv oe kabe medio TV

avOpOTIVEOV dPACTNPLOTATOV KOl TO EPAOTNUO OV OVIMG £ival TOGO OTOTELECUATIKY
YL TV (PO Tov TuYYAvel ivatl €bA0yo. Eival yeyovog 0Tl 6 TOAAEG TEPITTAOGELG M
TPOGOoUOiwon dev eivat EQaprdsiun 1 kO Kol oV givar pmopel va vapyovyv dALoL
TO10 YpNyopot Ko Onvoi tpomot enidvong tov tpoPAnuatos. Mmopel n Tpocopoiwon
va gtvor €va omd Ta To gVYPNOTO EPYOAELD YLl XPTOT| OTNV EMGTHLUN TNG LOXEIPIONG
ocvoTNUdTOV 0AAG TBaVOV Kol amd To Mo SVOKOAN G TPOG TNV CMGTH EQOUPUOYY
TOVG KOl (G TTPOG TNV ATEIKOVIOT] €00TOY®V cvumepacpdtov. ['evikd o mpénel va
avayVOPICOVLE OPIGUEVO TAEOVEKTILOTO KOl LEWOVEKTUATO Yo TNV OAN dadikacio

HLOG TPOGOHOIMONG .

Oplopéva mheovektipota stvon ta e€ng:

e H mpooopoimon emTpémel va TPOYUOTOTOOVVTIOL EAEYYOUEVOL TEIPAUATIGHOL
nhvo og éva cvotnua. ‘Eva meipapo tpocopoimong pumopet va eKTeAesTel TOAAEG
QOPEG OAAGL LE OLOPOPETIKES TILES €GOS0V Yo Vo, EEETACTEL | CLUTEPLPOPA TOV
VIO €EETOOT GLUGTNUATOS KAT® amd SPOPETIKES KAOE QOPE KOTAGTACELS Kol

GULVOTKEG.

e ’‘Eva dAAo mAeovEékTnua etvon OtL £xovpe cupmieon tov ypovov. Avtd onuaivet ot
N Aertovpyio €vOG CLGTNHOTOG 1 OTtolol SLOPKEL Y10 KOO0 EKTETOUEVO YPOVIKO
oldotnuo pmopet var mpocopolwBel péco oe Alyo Aemtd pe TNV Ypnom €vog

GLYYPOVOL VTOAOYIOTH.

o To mepiocdHTepa cHVOETO GLOTHUATO TOL TPAYHOTIKOD KOGHOL HE GTOYOOTIKES
TOPOUETPOVG, OEV UTOPOVV VO, TEPTLYPOAPOVY TKOVOTOMTIKA e KATOL0 LB UOTIKO
povtélo mov pmopel v AvBel avaivtikd. ‘Etol, n mpocopoiowon sivar cuyva n

puovn obéoun pEBodog HEAETNG.

e Emrtpémetror aviivomn g evaicOnoiag tov cuotiuatog 1 omoia amoppéel amod

SL0POPOTOMNGELG TOV UETAPANTAOV E1GOJOV.
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Agv €yovpe O0TdPOEN TOV TPAYUOTIKOD GLGTAUATOS. AVTO givol éva peyOAo
TAEOVEKTNUO. 0OV TOAAOL SloyePloTéS, avaAvTég Ogv eivanr mpodBupor va
EQUPUOCOVY TEPOUOTIKES GTPATNYIKEG GE EVOL TPOAYUATIKO GUGTNUO TO OTOI0

Bpioketon og Asttovpyia.

H mpocopoimon ivat éva amodotikd epyaleio ekmaidgvong.

Elvar owovopikn pébodog, agov eivar dvvard va viomombel o€ pikpovg
VTOAOYIGTES WLE T (PNOT YAWGC®OV TPOYPOUUATIGHOD YEVIKOD ckomov Omwe 1 C,

n C++ xoun MATLAB.

Mmopovv péco g TPOocoUoimons va. GUYKPIBOUV EVOAAAKTIKEG TPOTACELS TOGO
o€ eninedo oyedlaoHoD OGO KOl GE EMIMESO AEITOVPYIOG TOL GLGTNHOTOG, DGTE VO
mpocdloptobel n PEATIOTN AVOTM TOVL IKOVOTOIEL TIC TPOSYPAPES TOV £YOLV

oplobet.

Kdamowa amd ta petovektrpata eivar to €€1g:

Mmropei va vdpEovv un gpeavig kpictipeg vwobécelg ol omoieg va mapainedodv
HE OMOTEAEGUA VO SPOPOTO|COVV TO TPOPANUE omd Omwg &xel oTnv
npaypatikotnTa. Kdati tétoro 6o mpémer va amopBeybel xotd v Swndwkoacio
motonoinomng g dwdikaciog mpocsopoimone. Opmg ko oAt  aviyvevon pog
TETOLOG KATAOTOONG €EAPTATAL OO TNV OLGTNPOTNTO KoLl TNV EMUEAEL UE TNV

070{0l TIGTOTOLOVLE TO LOVTEAO.

O mapdipetpot evog poviéhov iomg eivon SVGKOAO va apykoromBovv. Mropei va
amoutoHv ypovoPopeg d1adIKAGIES YIoL TV GLAAOYY, OVAALGY] KOl OTOGOPNVIOT

TOVG.

Ta povtého mpocopoimong cuyvd amattovy TOAD YpOVO Kol TOPOLS Yo VO
avartvyfodv. To k0610 pag Tpocopoimwong propet va ehattmbel péoco pag €ig
BdaOog KatavONnoNng Tov GLGTNHHOTOG TOL TPOCOUOLMVETOUL TPOTOV OVOTTVYOEL TO
HOVTEAO Kot HEGO €VOG TPOGEKTIKOD  GYedOGHOD  TOL  TWEWPAUNTOS  TNG

TPOGOUOImONG.
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e O peydiog 6ykog aplBudv mov moapdyovior amd pio peAETn mpocopoimong M M
EVIVTIMOGN OV OMUIOVPYOHV 01 TUYOV YPOPIKEG TOPACTACELS TMV OMOTEAEGUATOV
™G, OLYVA evioyvovv pio Taomn va divetal UEYUAVTEPY] EUMIGTOCLVY OTA
ATOTEAEGUATO AVTE OO 000 TTPEMEL. AV TO HOVTELD Oev givor pia apKeTd £ykvpn
aVOTOPAGTOGT  TOV  GUCTNUOTOS, TO  OMOTEAECUATO TG  TPOCOUOIMOoMNG,
avegdptnto Tov TOCO EVTLTOGCWKA &ivar, Bo mpocBicovv Alyn  yprown

TANPOPOPIa Y10 TO TPOYLOATIKO GOGTI AL

2.7 Ilpocouoicwan evog cvaTtiuatos avouovis - Ovpég avauovyg
Ot ovpég avapovig elvar amd to Mo Kowvd mpoPAnuata mov epgavifoviot

TNV HOVTIEAOTOINGT) 1] TPOGOUOIMOT EVOG GLGTHLATOG Kot 0Qeilovy TV vrapén Tovg
o EMeyn moOpwv evog cvotnuotog. H amaitnon yu va avtipetomotodv ot ovpég

OVOLOVIG NTOV OVTO OV TPAYUATIKG 00NyNoe otnv avamtuén tov YAOGomV

TPOYPAULOTIGHLOD.

Mio ovpd avapovig amoteAeitor amd oviOTNTES Ol OMOIEC TEPUEVOLV Vol
eEumpetBovv amd évav 1 mEPIGGOTEPOVG EELMNPETNTES. TNV TEPIMTOON EVOG
agpodpopiov pmopovpe vo Oe®PNCOLUE ®C OVTOTNTEG TO OEPOTAGVO KOl G
eELINPETNTES TIG SLAPOPES EYKATACTAGELS TOV OEPOOPOUIOL TTOV YPNGLOTOLOVV TOL
aepomAdva. ‘Etol 6e €va aegpodplito £xovpe ELEAVIOT GLGTNUATOV OVOUOVIG OTaV
epeavifovior kabvotepnoelg Aoyw g amoitnong ypnong evog eummpemnt) omd

TEPLOCOTEPO TOV EVOG AEPOTAAVAV.

H 6An dwdwocio £xel og eENg: éxovpe apilelg agpomAdvov Ta omoia (ntovv
dueon eSumnpétnon amd KAmowv YOpo eveg oagpodpopiov (my. Oddpopo
npocyeimong), Otav o efumnpem g elvanr €AedBepog dev €yovpe avapovi), To
aepomAdvo eummpeteitol Kot HETA avoyopel omd TOV GULYKEKPIUEVO YDPO TOV
aepodpopiov (e&ummpentn). Otav o eEuanpetng eltvan KatetAnpupuévog omd £va GALO
aePOTAGVO TOTE £XOVUE avapovi) o€ ovpd (queue) péxpt avtdg va erevBepmBel. Otav
oAoKANpwOel pia eumnpétnon TOTE TO GEPOTAGAVO ONOYWPEL Gmd TO GUOTNUA
avapovis. ‘Eva amkd cvotpo avopovhg pe évov eEummpem ) mopovcstaletal 6To

Zyfua 2.8:
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EEYIIHPE-
ZTABOG)PA

THTHX >-),»-)-

AQI=H ANAMONH  EEYIIHPE- ANAXQPHXH
THXZH

Zynpa 2.8 0ot avopoving evog EumnpeTn Ty

Onwg paiverot Ko amd T0 oYM, TO CUGTIOTA OVOLOVIG OTTOTEAOVVTOL OO
otatikd ovtikeipevo ta omoior €lvor ot mopol (server, queue), omd OLVOLIKA
avtikeipeva mov gtvor ot xpnoteg (). agpomAdva), Kol amd To PEPEL TTNYES OTOV
onuovpyovvtol ot agi&elg kot Kotafofpeg OmMOL KATOANYOLV Ol ¥PNOTEG OTOV

eEumnpetnBovv.

To cvotuato avapovig £(OVV OPIGUEVO YOPOKINPIGTIKA T Omoio Kot

AVOPEPOVLE TOPAKATO:

2UVAPTNOoT TLKVOTNTOC THOVOTNTOC TOV YPOVAOV OVOLESO OTIC OPIEELC

O ypévog mov pecorafel avapeco ce dvo aiEelg pumopel vo AapPavet po
TpoKaBopiopévn Yvootn TN (VIETEPUIVIOTIKY] TTPOGEYYIon) 1| Umopel va etvon o
toyoio petofAnty mov akoAovBel kdmolo Koatavoun Omwg oavty tng Poisson
(otoyootiky mpooéyyion). Edd Ba mpémer emiong vo emdéEovpe 1o av Bo €yovue

dmelpo N memepacévo apliuod agpifewmv.

Yuvaptnon Tukvotntos mhavotntoc TeV Ypovav eéumnpéinonc

Kot €dm, o ypdvoc eEummpénong pmopet va AapPaver g mpokabopiopévn
YVOOTH T (VIETEPUIVIOTIKY TPOCEYYIOT) 1 UTOpel va. glval pol Toyodo HetaAnT

oV akoAovBel Kamola Katavoun 6mwg avutn ¢ Poisson (ctoyactikn tpocéyyion).

Ap1Ouodc mapdiiniwv eévrnpetntdv

2e UEPIKA OCULUCTNUOTO  OVOUOVIG VLRTAPYOLV  TEPIGGOTEPOL TOV  €VOG
e&umnpemtéc mov e&umnpetodv TawTdXpova T agpomidva. Ot g&umnpentés avtol
UTOPOLV VoL £X0VV OA0L TNV 1010 pliot 0vPd avoovig 1 VoL ExEL 0 KaBEvag TNV O1KLA TOL.
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ITpotepardtnTa otV 0VvpPa.

Ed® xabBopileton o TpOTOG EMAOYNE TOV ETOUEVOL GLEPOTAAVOL TOV TPOKELTOL
va eEummpemBel. H mo ocvvnbopévn vopuo sivar n ‘Ilpdtog epydpevoc mpmdTog
e&ummpetrovpevog’ (FCFS, first come first served). Ymépyovv dpmg kot GAleg vopueg
omwg 1 ‘Tehevtaiog epyduevog mpadtoc e&vmnpetovpevog’ (LCFS, last come first
served), N M Tuyaio eTAOYN TOL TEANTN TPOG eEVINPETNON, KAOMG KOl QLTH, GTNV
omoilo.  LVAPYOLV OOPOPETIKEG TPOTEPUOTNTES Yoo kKOBe oegpomAdvo (m.y. ov
TPOEPYOVTOL MO  OPOPETIKEG OVPEC OVOUOVIAG KOl KOTOANYOUV GTovV 1010

eEumnpetn) Kot 1o Kaféva eEumnpeteiton avAAOYQ [LE TNV TPOTEPAOTNTA TOL.

Méyioto gmTpendUevo UNKOC OVPAC

2TIC TEPIOGOTEPEG TOV TEPMTOSEWV Bewpeitar 6Tl 1 oLVPE avapovig pmopel
va €xel dmelpo puNnkog . YTapyouv OUmG Kol GUGTILOTO VOOV GTO OTTOiol 0 YMPOG
oL dtatiBetan Yo TV ovpd elvarl TPOoKAOOPIGUEVOS TPAYA TOL TOAAES POPES etvan

QITOPOATNTO YOl 10 PEAAIGTIKT] OVTIANYT TOVG.

[Ma 1 #wepypaen TOV  YOPOKINPIOTIKOV KAOE 0VLPAG  aVOLOVIG
YPNOWOTOlEITOL  H1o.  GuVTOpOYpagios mov  amotedeiton  amd  mEvie oLUPOAN
A/B/m/K/M. Xe aut 1 cvvtopoypapia, Ta A kot B kaBopilovv v xatavour tov
rPOVeV apiéng kot g&ummpétnong avtictorya, to m kabopilel tov aplBud TV
TapdAANA@V géummpetntov, 0 K givar 1 yopntikdtTo TG 0VPAS OVOLOVIG KOt
téA0G 10 M glvar 0 cuvolikog apBudg tov agitewv. Ta A, B dtav kabopilovion omd
exbetikég kotavopés (m.y. Poisson) maipvouv v tyun M, evad otav kabopilovrot
vretepvioTikd aipvoovv v Tun D. YroBétovpe 0Tt Yoo OAeG TIG OVPES AVOOVIG

woyvel ) mebapyio FCES.

Oo LoG OTAGYOACOVV TA TOPAUKAT® GUYKEKPIUEVO GUGTIILATO OVOLOVIG:
o M/D/I/o/M
Elvan m mepintoon omov €xovpe agifelg Paon g Katavoung Poisson evd o
xpOvog e&ummpétnong eivar 6tabepds. Emmiéov xovpe évav eEummpetnth dnepo
YOPO YO OVOLOVY KOl GLYKEKPEVO aplBpd aepitewv. H mepintoon avt

napovotdletal 6to Zynua 2.9.
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@

oraploELs

oipifes

OO .
sl eLunnpETNan

Xypa 2.9 M/D/1/ 0o /M

e M/D/m/x/
Elvan m mepintoon omov €yovpe agifelg Paon g katavoung Poisson evd o
1pOvog e&ummpétnong elvarl otabepog . Emmdéov éxovpe mepiocdtepovg 10V £VOC
eEumnpemtég e €0t® mM=3 (Tpelg eELINPETNTES), ATEPO YDPO Y10 VOOV KO
ocvykekpipévo aplBpd aeifewv. H mepimtoon avty mapovsidletor oto Zymuo
2.10.

@

apiaig OV WpLTELS

arv Loy

zEunNnpETHON

Xyfqpa 2.10 M/D/m

2.8 Karavouij Poisson
Oa mpémel va d00el 1daitepn onpacio 6TV KATAvoun TV Tuxoimv aeifewy

N omoia TEPIYPAPEL OTL GE OTOLOONTOTE OEOOUEVO XPOVIKO ddoTnua t o aplBuoc twv
apiemv givar eviehd¢ Toyaioc. o v wepimtwon TV apiEewv agPOTAAVOV GE £val

aepoOPOUIO 1| TTPOCEYYIoN UE Hio KoTavoun Poisson oavtimpocomedel yevikd v

TPAYUATIKOTNTOL.
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‘Etot n mBoavotnTta AeiEng X aepomAdvmy TNV ¥poviK mepiodo t pmopel va

000¢t amd tov TOmo NG Katavoung Poisson, o omoiog givat:

Plx)="—4 (1

pe A tov péco pvbud aeifewv kot v oandkion g Koatavouns. ‘Etor 6co
peyoAmvouy ot aplBuol oe £vo GuyKekpIévo dstypa toyaiov aplBumy Poisson 1660
UEYOAMVEL KO 1) d10oTopd TOVG.. ATtd v e&icmon (1) B€tovtag x = 0 £yovpe:
P0)=e"" (2)
Avt givan 1 mBavotTa va xovpe Undév aielg 1o ypovikd odotnua t.
Avtn givon po apyntikn ekBeTiky] cuvaptnon n omoia eaiveton oto Zynuo 2.12.

1.0 4

[TBavotnta

UNoEVIK®V 0pi&ewv

t

XPOVOG
Xypa 2.12 [MBavémra undevikadv agiewmv To xpoviko ddotnpa t

Av aparpécovpe v cuvaptnon (2) and v povdda, Exovpe TV afpoitsTiKni
mhavotta (cumulative probability) yia pio | TeprocoTepeg apiEelc KATA TO XPOVIKO

duotnua t:
Ft)y=1-¢"' 3)

Ao v Bswpio TOavoTHTOV EYOLLE:
d
ty=—F(t
J(@) % (t)

n omoia yiveTat:
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MZ%(I—e“)Z/I et @

O tomog awtdg kabopilel ™V Kotavoun tov ¥pdvov HeTalld TV api&emv.
Eivar n cuvapmnon mokvotrtag g yveotng eK0eTIKNg Katavoung pe péon i 1/ 4.
'Etol pmopovpe v opicovpe v Katavoun Tov agiemv amd tov ypoévo petabd tov

apiemv mg:

alty=Ae*" (5)

Avt eivor pio ToAD onUoavTIKy TEPIMTOOoT Y. Tovg ¥pdvovg aeitewv. H
katavoun Poisson eivol o dtokpit) katovoun oG TopapéTpov mov AdpfPdvet

Betikég axépateg TYES, YEYOVOG TTOV TNV KAVEL OTAN G€ EMIMESO PLAONUOTIKOV.

2.9 AvarTon TpoypoupdT®my IPOGOUOIMTHS

H oavértoén mpoypoupdtov mpocopoimong upmopet vo yiver pe dvo
OlpopeTikovg tpdémovg. O mPMOTOC €lvol pe TV YPNON YAWGGHOV TOL  givol
eEEOKEVIEVEG Y10 TIPOCOUOI®ON Kot O OeVTEPOG HE TNV YPNON  YAOGCHOV

TPOYPOAUUATIGHOV YEVIKNG xpNons onwg C, C++, MATLAB.

210V TPMTO TPOTO £YOVUE OVTOUATOTOINGCN TOV PBACIKAOV AETOVPYIDOV TNG
TPOCOUOIMONG OTMG TOV UNYOVIGHOD TOL ¥PAVOL, TNG TOPAYMYNS TVYai®V aplOudV,
TOV €AEYYOV CLVONK®OV TEPUATICHOD KAT. Agv mPospEépovv Oumg v gveM&ia mov
&yovpe omd Tov devTEPO TPOTO, OOV UTOPEL KAVELS v Tpoypappaticst kdbe gidovg

GUOTNHO OGO TOAVTAOKO Kot VoL Efvat.

AvtiBétmg, moAAég eEedikevpéveg  YADOoEG €xovv TNV duvatdHTNTa
EVOOUATMONG O AVTES POVTIVAV KOl VITOTPOYPOUUUATOV YPOUUEVEG GE GAAN YADGGO,
yeYovog mov divel Kot o€ avtég kamowa eveMia. Otav Oumg o aplfudg Tmv povTivev
avTOV givorl pHeydAog, N TPOTOTOINGN TOL TPOYPAUUATOS KOl 1 avixvevon TV Aadmv

yiveton aitepa SVOKOAN.
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Ta Aa6n avtd epeoavifovtar cuvB®G GtV EMKOWV®VIN TNG EEEIOKEVIEVNG
YADOGOG He TIG pouTivec Tov ypnotn. ‘Etol eivar mpotdtepo vor avamtuydel n
EQUPUOYY] EEOAOKANPOV GE UL YAMOOO YEVIKNG YPNOEMS, APOV £IGL O TPOYPULL-
HOTIOTNG €L TANPT EAEYYO TNG PONG TOL TPOYPAUIATOS KoLl TNG SGVVIESNS TMV
TUNUATOV TOV. XTNV TopoVce SUTAMUOTIKY €YVE 1 EMAOYN TNG YXPNOTNG YADOCOOG
TPOYPOUUUOTIGHOD YEVIKNG YPNONG Kot cvykekpipévo avt tov MATLAB Adyw tov

TAEOVEKTNUATOC TNG EveMETag.

[Mopaxdteo Oa wévovpe por avaopd Yo TG €EEOIKEVUEVEG YAMDOGES
mpocopoimong kKot Oa avagepbovpe edkd oe Kamoleg amd ovtés. To gupv medio
EQUPUOYDV TNG TPOGOUOIMONG ONMOVPYNCE TNV OoVAYKN Y TNV OVOATTLEN
eEeOKEVUEVOV  YAMGGMV  TPOGOUOIMONG 7OV  EMIPEMOLY  GTO  YPNOTN Vo

TPOCOLOIMVEL TO LOVTEAO TOV GUCTHUATOS TOV LE UEPIKES OMAEG EVTOLEG.

To mAeovEéKTNO AOITOV TOL TOPEXOVY Elval 1 dPAUATIKY LEIMOT TOL YPOVOL
OV OTOLTEITOL Y10 TOV TPOYPOUUATIGHO EVOS LOVTELOVL. AVTO €ivat OpKETA CNUAVTIKO
YTl EMTPEMEL GTOV OVOAVTY, TOV KAVEL XPTOT) TG TPOCOUOIWGNS OT| LEAETN TOV, VO
APIEPMGEL TEPIOCCOTEPO YPOVO OTIG OAAEG (QACELG TNG MEAETNG TOL OmMC &ivol 1M
aVAALON TOV OTOTEAEGUATOV KOl 1) ETOANOELOT TOV HOVTIEAOV TOV YPTGLULOTOLEL.
Exto¢ amd v Pondeia 6T0 616010 TOL TPOYPAULATIGHOV, Ol EEEIOIKEVUEVES YAMDOOESG
TPOGOUOIMONG TPOGPEPOVY SLVATOTNTEG LOVTEAOTOINONG LE TAPUCTATIKY KaBOOT|-
ynon oty avantuén Tov povtéAov Kot Bondela 6TV TEKUNPI®OON Kol TopovGioon

TOV ATOTELECUATOV.

Yndpyovv Opmg Kot HEOVEKTNHATO OGS TO VYNAO KOGTOG GE YPNUOTO TNG
amoKTNONG Kot cuvtipnong tovs. Emiong ot avaivtég Oa mpémel vo aplep®covv
apketd YpOVO oV eKpadnon g €Eeldkevuévng YAMGGOS TPOGOUOIMOoNG TTOV
TPOKELTOL VO YPNGLULOTOGOVY 1] eveMETD TG omoiag pmopel va eivor petmpévn Ko
avTd va. dNUovpyel Kot TeEPTEP® TPOPANHOTO. AKOLUO Ol EEEOIKEVUEVES YADOGES
TPOCOUOI®MONG £YOVV VYNAEG OMOITNOES GE VMOAOYIGTIKN oYV KOU UVAUY TOL
VTOAOYIOTN O€ GYEOT HE YAMGGES TPOGOUOIMONG TTOL OVATTOGGOVTOL TAV® GE YEVIKEG

YADGGES TPOYPOUUULATIOUOD.
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Ot efedwkevpéveg YAMOOES TPOGPEPOLV  £TOUN OPKETE oTolXElol 7OV
YPEWALOVTAL Y10 TNV HLOVTIELOTOINOT] KOl EKTEAECT] EVOC TPOYPAULOTOS TPOGOUOIMOTG.
ta o cvvniouéva and ta omoia givor:

e Amoyn Tov KOGHOV LE TPOGOUVOUTOAICUO GE YEYOVOTa, OPACTNPLOTNTES, OlEPYOCIES.

e Mnyaviopuod pong tov xpovou.

o Tevwftpa TLYOi®V TOL VO OKOAOLOOLV TNV KaTOVOU TOL TPOGOLOPileL O
XPNOTNG.

o  MnyoviopoOg GLALOYNG OEGOUEVMV TOV LLOVTELOL.

o Tlopoyn oTOLEIDMIOVE GTATIGTIKNG OVAAVOTG TV 0£d0UEVOV TTOL £X0VV GLAAEEEL.

o Tlopoyn SyvOoTIKGOV UNYAVICUOV Kot oviyvevong Aabov.

Kdamnoteg amd Tig mo onuovtikég eEedikevpuéveg YAOOOES TPOGOUOimoNG Elvat

KOl O1 TTOPOKATO:

SIMSCRIPT

AnpovpynOnke amd tov Markowitz kot Tovg GUVEPYATEG TOV TNV SEKOETIO TOV
1960 ka1 onjuepa VLAPYoLV EKOOGELS YOOV Yo KAOE £100VC VTOAOYIOTIKO GUGTI O
Yhlomowetton otig yAwooeg assembly wat C. Ot mhotedppec ywo 11 omoieg eivon
owbéoyn  eivar PC, moAég miatedpueg UNIX, kot moAld peyddo cvotiuato
dwpotpacpoy ypovov. MéBodoc Tov TPOYPOUUATIGHOD €ivol HE €VIOAES KOl 1)
owyeipton pvAung etvar ovvapikn. ‘Exet dmoyn tov kdécpov ¢ yeyovotog 1

dtepyasiog Kot To KOGTOG TG Etvat VYNAD.

MODSIM

Elvar pio yAdooo Tpocopoimong vEag Yevids. Av Kot ivol TPOGOVATOMGUEYT
TNV TPOCOUOimoT, pmopel vo ypnotpomondel Ko oG YAOOGO YEVIKNG YPNOEMG.
2uvovdalel To TAEOVEKTNUOTO TOV OVIIKELUEVOSTPAPDOV YAOCOOV HE SUVATOTNTEG
TPOCOUOIMONG SOKPITOV YEYOVOT®V. AdY® NG SuvatOTNTOS ETOVOYPNCUYLOTOINOTG
KOOIKO, TOV TPOGPEPEL, YPTCLUOTOLEITOL TEPICCOTEPO VIO TNV KOTAGKELT] UEYAA®V
OlepyacloKOV HOVTEA®V. AKOHO £XEl EVOLAUEGO LETAYAWMTTIOTH, ONANOY| OV TOPAyEL
KOO 6 YADGGO Unyovng oAAd oe Tnyoio kMoK GAANG YAOooG 1 ool gival N

C++. Eivar owbéoun yo mhoateoppeg PC o UNIX, kot 1 péBodog mpoypoyt-
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patiopol etvor pe evrodés. Atayepiletor v pviun duvopukd kot to k6otog gival

VYNAO.

GPSS
Avantoynke v dekaetio Tov 1960 aAld akdpo kot onpepa €xel TOALOHG

VTOGTNPIKTEG Kot givatl Stobéoyun yioo KAOe TAATPOPLO. VTOAOYIGTIKOD GUGTNLOTOC.

Eivon iowg n povn yAwcooco mpocopoimone mov oyedidctnke amd v apyn yu

avoAvtég ot omoiot dgv elyav kapio oyéon pe tov mpoypappatiopd. H avémroén

npoypappdtov otnv GPSS yivetar pe v mapdBeon pepik®dv amAdv EVIOA®Y TOL
kaBopilovv Vv kivnon tov ovtot)tev péoa oto povtéro. Ot Bactkég g Evvoleg
glvon 1 docoAnyia, N eykatdotact Katl 10 prAok. Ot docoAnyieg aviiototryohv 6e Eva

LEPOG TV OVTIOTHTMV TOL LOVTEAOL Kot £XOVV TOL AKOAOLON YOPOKTNPIOTIKA:

e Eivor dvvapikéc ovidmreg Tov Kivouvtol LEGH GTO HOVTEAD OTMG Y10l TOLPADELYLLOL
TO 0EPOTALVA GE VAL 0EPOSPOLLLO.

o Koatd v dudpkela g mpocopoimong, ot 00GoANYieg £pYoviotl 6To HOVTEAD Kot
@evyoLV amd 0VTO.

e Eivor duvatd va vdpyovy Tontdypova ToALEG TAPOUOLES EVEPYEG DOCOANYIES GTO
LOVTEAO.

e H «xotdotaon tov docolnyimdv, onAadn mn 0€omn TOLG OTO HOVTEAO KOl Ol
aplOUNTIKES TOVG WO10TNTEG, EVNUEPMDVOVTOL GEPLOKA OO TOV EMEEEPYOOTN TNG
GPSS.

o Ortav pa docolnyia Exet apyioet va Kveitor p€oa 6To HovTELo, 1) Kiviion ¢ and
umAok og pmhok cvveyiletar péypt va cvpPel éva and tpia yeyovota. Ilpdtov
OTaV 1 00GOANYIN EIGEPYETAL GE EVO WTAOK TTOV £XEL OC GKOTO VO TNV KPOTNGEL
exel. Aghtepov, 0tav 1 docoAnyia elGEpYETOL GE £val LTAOK TTOV £XEL MG GKOTO VoL
™V aQapécel amd 10 povtéro. Tpitov dtav T0 €mOUEVO UTAOK GTNV TOPEiR TNG

docoAnyiag apveital v €l6006 NG 0€ QVTO.

Ta pmhox elvoar mepimov oviictoryo pe TG €VIOAEG GE 0L YADGGO
TPOYPOUUUOTIGHOD HE TNV €vvold OTL O OVOAVTNAG OVOTTUGOEL TO TPOYPOUUO TNG
TPOCOLOI®ONG TOL HOVTEALOL TTapabETovTag pia elpd amd pumhok. O GKomog Tov KAbE
UTAOK givon ite 0 EAeyy0C TG Kivnomg Twv 00GOANYIDV, EITE | GLAAOYY| CTATICTIK®V

ototyelov g Tpocopoimons. Extdc amd to UTAok VIapyouV Kot EVIOAEG EAEYXOV LLE
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T1G omoieg kaBopiletor 1 GuvoAKr mopeia TN mpocsopoimong. Ot eykatacTdoels stvat
H10 KaTnyopio PTAOK TOv GKOTO £X0VV TV TAPOYT VINPECLDY TPOGS TIG O0GOANIES.

Mmopovpe va TIG OVTIOTOLYIGOVUE LLE TOVG EELMNPETNTES EVOC GLUGTNUATOS OVLPAC.

H dwayeipion tov ypdvov yivetan and tov emeepyactn g yAwocag GPSS

YOPIC Vo amotteiton Kopio TPOYPUUUATIOTIKY TopEUPAcT) amd TOV ovVaAVT Kot EYEL

TIC TOPOAKATO 1O1OTNTEG:

o  Koataypdpetl Hovo axképoteg TIHES.

e H povada tov ypdvovu sivar avbaipet kot kabopiletor amd Tov ovodlvty ovarloyo
HE TIC amalTNOELS TOV HovTéAOV. ['a Tov Adyo avtd To OTL TO POAOL KOTaypAQEL
uovo axépateg TEG Oev amoterel mpOPANUa yiouti 0 avaAvtng pmopel vo
YPTCLOTOUGEL OTTOLOONTOTE AKEPULO TTOAAUTAAGLO TNG XPOVIKNG TOV LOVASOC.

e ApyKomoleitor oTNV TN UNoEV.

o  KoaBng yivetar n evnuépmon TOL GLGTILATOS, TO POAAL TAPAUEVEL AKIVIITO OV KOl
TOPEPYETOL TPOALYLATIKOG XPOVOGC.

o Av&dhvetar Kotd ypovikd SIGTAUOTO OV €ival GLVAPTNOT TOV GLVONKAOV TOV
GUGTNHOTOG. APl O UNYOAVIGUOG XPOVOL OVTIGTOLYEL GTOV UNYOVIGHLO POTG YPOVOL

EMOEVOL YEYOVOTOG.

H ovALoyn 6TaTIoTIKOV GTOlYEI®V KOt 1] TOPOLGIOCT TMV OTOTEAECUATOV TG
npocopoimong yivetar avtopata and v GPSS. Kot o avaivtig opmg av embopet
umopel vo €104yel €01KEC €VTOAEG TOL OPOPOVV OLTEG TS evépyeles. TEAog,

vAomoteitol og YAdooa assembly kot £yel HEGO KOGTOG.
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KE®AAAIO 3. ®vowo Ipopfinpa

3.1 Xtorysia Asitovpyioc agpodpouiav

Q¢ aegpodpdo 1N aegpoluévos opiletar “omoiadnmote yepoaio 1 vOGTIVH
wepioyy, kabopiouevy e mpoln S opuodias Apyng, n omoio ypnoiuever olika N

UEPIKC, Y10. TNV TPOTYELWOY, OTOYEIWOY, KIVHON Kol ECOTNPETNON TV OEPOTKAPDV.”

Ta agpodpdua, PAon TG ATOGTOANG TOV OEPOCKAPDY TOV TOL YPT|CLUOTOI0VV,

yopilovtar 6€ TPELG KOPLEG KOTNYOPiec:

o IloMtikd agpodpopra, mov amockonmovv oty emPifacn, amoPifacn ot

dwokivnon avlpdTOV 1| Kot EUTOPEVUATOV.

o XTPUTIOTIKGA  OEPOOPOULD, TOL  YPNOLUOTOOVVTOL  OMOKAEIOTIKA Yo

GTPUTIOTIKOVS GKOTOVG.

e IdTIKG agpodpoma, mov eSumNPETOVY GKOTOVE avoyvyng 1 GAAOVE oKomovg

NG YEVIKNG aepomopiog, OTmS EPELVNTIKESG epyacies, eEumnpénon aclevav, KTA.

To m\00¢ TOV TOMTIKOV 0aepodpoiodv TOYKOOUI®S €ival GNUOVTIKO,
vrepPaiverl tig 30000. And avtd mepimov t0 55% eivor Anpodotia Kot To VTOAOTA
[dtwtikd. Movov ouwg 1000 mepimov aepodpdpa Tpospépoviat yio o1edveig mtnoels.

2V Topovcd OIMAMUATIKY] epyacio, Oa emikevipmBovie 6To TOATIKE aepodpOLLAL.

Edikdtepa, agpodpopuo givat o ydPog Kot Ol KATACKEVES TTOV £ELTNPETOVV TIG

aKOAOVOEC avaAyKES Kal dlEPYNTieS:

X€ OYEON LLE TO 0EPOGKAPN:

e IIpocysioamoyeidoels

e X1d0uevon, Katd tov ypdvo Tod deV PNGLOTOLOVVTOL

e XtdBuevon, katd tov ypoévo mov mpaypotomoteiton M emPifacn-  amoPifaon
EMPATOV KOl ATOGKEVDV

o  DOPTOEKPOPTOGCT EUTOPEVIATOV, KAT
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o Avepodolog, kabaplopds, kAT

e 'Eleyyog, cuvtnpnon Kot EMGKEVES

e oyéon pe Tovg emiPateg mod o TaEdevGoLV:

o  ZUVTOUN TOPAUOVT TOV ETPATAOV Kot GIA®V TOLG 0D TOVG GLVOIEVOVY

o 'Eleyyog soumpiov, Bapovg oamockevdv kobmg kot mopalofr| amd Toug emPATES
TOV OTOCKELMOV TOVG,

e  Meto@opd TV ATOCKEVMV KO POPTMCT] GTO OEPOCKAPT.

o 'Eleyyor acpdielog

e [IpdcOetor Edeyyot Yo TOVG EMPATES TOL EEMTEPIKOV

e Avopovn tov emPatodv péxpt g emPPaoemg

o  Metagpopd TV emPat®dV omd TOVG YDPOVG AVOLOVIG OTO ALEPOCKAPOG

o 'E&umnpétmon tov pHEc®V HETAPOPES TOV YPNGUYLOTOLOVVTIOL Y10, TNV UETOPOPE

GTO 0lEPOOPOLLO.

e oyéon pe Tovg emPateg mov taidevoay:

e  Metapopd Tovg amd T0 AEPOCKAPOS GTO YMPO TAPUANPNG TV ATOCKEVOV

o Tlopaiaf1] TV ATOCKELOV

e 'Eleyyot yuo Toug emiPdteg Tov eE0TEPIKOD

o  Xdpot avapovig yio Tovg emPdreg mov Ba cuveyicovy 1o Taidt Tovg e To 1d10 N
dALO aepoCKAPOG

e Atwokivion tTov emiPatdv Tpog To. PLEGH UETAPOPES TOVG Y10 Kol EVKOAMES Yyl TaL

péoa avtd

g oyéomn pe ta gumopedpaTa, Toyvopoueio kAT, avaroyeg (Onwg yio toug emPaTec)

avOayKeG.

Xe oyéon UE TIG EMYEPNOELS TOV LE OMOLOONTOTE TPOMO GUUUETEXOVYV TNV
KAALYT TOV TOPOTAVED AVOYKOV:
e 'Eumnpétnomn 1ov mpoconikov TV (dlaKivnon, epyacio KAT)

e 'Evmnpétnon Tov 1010V TV ETEPNCE®Y, LE YOPOLS YPUPEIDV KAT.
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Ot K0pleg KATAOKELES EVOG 0EPOOPOUIOL, N OAMMDG Ta PACIKA GTOKElD TOV

oV KOADTTOVV TIG O TAV® OvAYKeG elvar:

e O &1ddpouog N 10 cHoTUa SdPOU®Y TTOV eEuINPETEl TNV TPocyeimoN Kot
OTOYEIMOT TV 0EPOCKAPDV

o Toa ddmeda otabuedoemc, OTOV Ta AEPOSKAPN CTAOUEDOLV Yo POPTOEKPOPTOOT),
OVEPOOLAGUO KAT

e To Tpoy0dpopKd GUGTNLO TOH GLVOLEL TOV SIASPOLO 1) TO GUGTN IO SLUOPOUMY LE
T ddmeda oTafUEVGEDG

e O emPoatikodg aepootabuog mov euanpetel v dakiviion TV emPatdv HeTaEy
TOV EMPOAVELNKADV SIKTOOV HETAPOPAS KAl TOV 0EPOSKAPDV - O EUTOPEVUOTIKOG
0epooTaBLOG Yo TV O10Kivon TOV EUTOPEVUATOV

e Ot ovvdéoelg Tov (TmV) aePOcTABUMVY, T EMPAVELOKE dIKTLA HETAPOPAS KOL Ol
OYETIKEG TEPUOATIKEG EYKOATACTACELS E€EVMNPETNCEMS TOV EMPAVEINKDV HECOV
HETOPOPBLG

o O [Mvpyog 'Eleyyov

o Aowmég eykataotdoels mov g&umnpetovv v acediela yevikd (ITvpooPeotikdg
oTaludC, KAT), TNV dlakivion TV eTPUTOV, ToLOPOUEIOL KOl EUTOPEVHATMOV KOl
TOV OVEQPOOLAGHD, EAEYYOVC, KOl GUVTNPNON TOV 0EPOCKAPOV KOOMG Kol TOL

VRLOAOITOV PUNYOVIKOV £E0TAMGHOV TOV OLEPOOPOULOV.

Ta mapoandve otoyeio avayvopilovral oto oynua 3.1.

Yynpa 3.1. Kdroyn Aebvoig Agpoipéva ABnvaov “EX. Bevitéhoc”

Ta  dGpopa  YOPAKINPIOTIKE TOL  OEPOUETAPOPIKOV €pyov mov Oa
eEummpemoel 10 aegpodpOLo, emnpedlovy KaBoploTiKd T HopeY| Kot T0 péyefog twv

EYKATACTAGEMV.
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Oyt 6powc poévo 1o agpopeTaPOPIKd £Pyo, aALA Kot 0 OYKOG KUKAOQOPIOG TV
aEPOCKAPDOV, OMAdN 0 aplBuUdS TPOCEIONTOYEIMCEMY GTI HOVAdX TOL YPOVOU,
amoteAiel mOAD Pacikn mapdpeTpo. Amod avt kabds Kol TV Katavour g 6to ¥pdvo
(oTIC DPES TNG NMUEPAS, GTOVG UNVEG TOV £TOVGC) TNV JlaYPOoVIKN eEEMEN TG KOOMG Ko
amd 1o EMOIOKOUEVO (Yoo TO £€T0C-0TOY0) emimedo e&umnpetoews eSapTIETOL TO

TAN00G TV S1OPOU®V, 1| SLATAEN TOVE, TO TPOYOIPOLUKO CUGTN IO, KAT.

[Ipémer axdpa vo onpewmbel 0t T0 Oepopetaopikd €pyo av&dvel, pe ta
xpéVIa, TayOTEPA Omd OTL 0 OYKOG TNG KLKAOPOPIOS TMV 0EPOCKAPDV (YOPNTIKOTN T
aepodpopiov). O Bactkdg Adyog ivar 1 adénon tov peyEBovg TV 0EPOCKAPOY Kol M

EMYEPOVUEVT PEATIOGT TOL GLVTEAEGTI] TTANPOTNTOC.

Me t0ov 6po yoPNTIKOTNTO 0EPOOPOUion €VvOOOUE TOV aplBpd ToV
OLEPOTOPIKAV KIVICEWV OV UTOPEL Vo EELTINPETNOEL v AePOdPOO LE pio. PEom

kaBvotépnon yia Ta agpomAdva, LIKPOTEPT Ao £vo KaBopiopévo Oplo.

M agpomopikn) kivion gival po tpocyeioon N o amoyeiwon. Evvogiton 6t
otav ot appol TtV Kwnoewv avédvovtal, ovEavetor Kot 1 KoBvoTéPnorn Tov

TPOKOAELTAL OTTO TOL OEPOTAAVAL.

‘Etor opwiopévn, n  yopntkomnto yopokmmpiletor Kol G «ITPOKTIKN
YOPNTIKOTNTOY. Aloypoppotikd 1) évvola meptypdpetol oto oy.3.2. H kapumdAn deiyvet
OTL OTN TEPLOYN TNG YOPNTIKOTNTAG HIKPY OOENCT TOV OEPOTOPIKAV KIVICEWDV
cuvendyeton paydaio avénon tov kabvotepnoemy.

*Avextd dpLo

P noJUoTEPHOEWY
€0 Muep.

HaduoTEpnon
al

l
|
! flpaxTund
|
|
I

///’—*F}mpnruudTnTa
"

Xy. 3.2. Qpuodo yopnrikotmra. [1]

dep.rLv/n
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"Evag vedtepog opiopdc, mov amoympilel mv évvola g Kabvoteprcemg gival
N e&lomon ¢ YOPNTIKOTNTOS TPOS TO HEYIOTO aplOUd OEPOTOPIKMOV KIVIGEWDV TOV
umopel 10 aepodpOUto v ELANPETNOEL OTN HOVAdL TOL YPAVOL, LITO CLVONKESG

cuveyobs {nong.

Yoveyng mon onuaivel 0Tt ovaUEVEL TOVAGYIOTOV VO OLEPOCKAPOS TTOV
0éhel va mpooyeimbel 1| amoyeliwbel. Me tov opiopd avtd amodidetar KaAdTEPO N
EVVoll NG «UEYIOTNG YOPNTIKOTNTOGH, 1 «YOPNTIKOTNTOS KOPEGUOV» TOL givol

avTiGTOLYN TTPOG TNV EVVOLL YOPNTIKOTNTOS 000D.

H yopntikdémta eéoptatar and to €idog, to mAnBoc ko 1 ddtaén twv
dadpopmv kot ennpedleTor amd TAN00g TAPAUETPOV TOL EVOEIKTIKA GT|LULELDOVOVTOL:
- 1] GYE0M TPOGYEUDGEMV-UTOYEDCEMV
- T0 GVLGTNUA KOt O14TAEN TPOYOdPOU®Y OV UTopel va edaylotomotet 1 Oyl Tov Ypdvo
TOPOLLLOVIG TOL OEPOGKAPOVS GTO O180POLLO
- M emPorropevn andotacn acpareiog HeTaED 600 SLOOYIKOV OEPOCKUPDV
- 01 KOPIKEG GLVONKEG YEVIKA
- 1 duvatdtta Toemv Oyemg (VEFR) og oyéon pe Tig kapikég ocuvonkeg
- o, BonOnpata agpomioiog mov dwatifevrat Kot pdota yro ttioelg pe 6pyava (IFR)
- N melpa TV EAEYKTOV va, KaBoonyovv peydio dyko kukAopopiog
- 10 €100G T®V 0EPOCKAPAOV Kot 1 pi&n Tovg (TocoaoTtiaio Kot 61000YNC)
- 70 €100G KOl 1] £KTOCT] TV VINPESUDY TOV TVPYOL EAEYYOV
- evdgyduevol mepropopol mepiPdriovioc (BopHPov, KAT) Y TUYOV  AAAOVC

otaBéotpong 6100 pOOVG.

H mpoaxtikn yopntikdmra evdg aepodpopiov vmoroyiletor pe pabnuotikég
pueBd60vg Tpocopoidoems (Bempior ovpdV). Me awTéG VITOAOYILOVTOL Ol AVALEVOUEVES
KaBvoTepNoELS Yo dLapopeS TIHEG TANBOVG aEpOsKAPOY TOL BEAOLY Vo, aoyelmHovv
N voa mpooyewwbovv. H péon amodexty kobvotépnon mov 0o mpocdiopicer v
TPOKTIKN yopntikotto gival 1-4min yio odgopeg mepintdoelg ntnoews (IFR 7

VFR), ni€ewg, kim.
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210 duwypoppo tov oynuatog 3.3, Osiyveror ypagikd pio  Poabpido
OlKOOOUNCEMS TOL UOONUATIKOD TPOTLTOL OTNV TEPITTMOY 0EPOIPOUIOL €VOG

odpopov pe pia ££000.

Andotaon

Xyfqpa 3.3. Tomkd dibypappo xpOvouv SlovVUOUEVOV OTOGTAGEDV TMV AEPOTOPIKDV

Kivnoemv o€ éva dtadpopo. [1]

O ypdvoc oTtdbevong vog 0EpOcKAPOLS GTOV 0EPOSTABLO, eapTiéTal amo:
- 10 péyebog Tov aePOGKAPOVG
- 70 €100G NG GTAGEMG TOL AEPOGKAPOVS (EVOLAUEST 1] TEPLLOTIKN)
- ToV €£0MMGUO KO TIG EYKATOOTAGELS Yo TNV €ELNPETNON TOL ALEPOCKAPOVS Kot

TOV EMPATOV TOL TPOGPEPEL 0 AEPOSTAILOC KO YEVIKOTEPO TO ALEPOIPOLUO.

O ypbévog otdbpevong, TpocdlopileTorl AVOALTIKA e XPOVOILUYPELULOTE TOV
gldoovg Tov oynuotog 3.4. Méca 6tov Ypovo aVTo TPETEL VO TPAYLLOTOTOMBoVV Gelpd
EPYOCLAOV TOL APOPA TO OEPOCKAPOS (EAEYYOL, KADUPIGUOG, OVEPOOINGLOL, KTA) Kot
axopa n dwdwacia arofifacewc Tov emPatdv mov aeiydnkav kot  emPifaon Tov
emPatov mov Ba avaywpnoovy. Agpocskden mov apyilovv éva ta&idl katarappfdvoovy
™ 0éon otabuedoenc yw mePlocOTEPO, KATA Kavdva, ¥povo omd OTL Yo o

evolgeon oTdon.
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Xypa 3.4. Tomucd didypapipa xpdvov 6tabUedcems Yo ETPATIKE AEPOSKAPT LEGOV

neyébovug (~ 120 emP.) mov extedet evoldpecn 6Tdomn 610 dPOHOAOYLd Tov. [1]

AvoQepOEVOL TP EWVIKOTEPO GTNV OLATAEN TV 0EPOIPOLIMV AVOPOPIKA LE
NV €ELANPETNON TOV OEPOCKAPDV SLOKPIVOVTOL TPELS OUAOES GTOLYEIWV:
A. O Y®po¢ TPOCYELOATOYEIDCEMY (O140POLOL, TPOYOIPOLLOL)
B. O y®pog otabumv eEuanpemoeng (terminal)
I'. O1 gykataoTdoelg Tov EAEYXOV TNG EVAEPLUS KUKAOPOPING GTO YMPO TOv TEPIPAALEL

TO 0.EPOOPOLLLO.

AVTEG Ol TPELG OHAdEC OTOLYEI®V OTOTEAOVY TO GUGTNUO TOV 0.EPOSPOUIOV.
Kafe po pmopet va emnpedlel tnv yopnTiKOTNTO TOL GLGTHUOTOG KOl E50PTATAL OO
TIG GAAEG, €mMeWdN TPEMEL VO AETOVPYOLV appovikd petald tovg. Eivor, yuo
TOPASELYLLOL, TPOPOVDS AYPNOTO, VO VILAPYEL EVOG YDPOS VITOOOUNG HE YOPNTIKOTNTO

TPUWAAGIOL OO TV IKOVOTNTO TOL 0EPOSPOUIOV GE TPOCYEIDCELS-OTOYEUDGELC.

270 oYEdGUO EVOG aepodpopiov, divetal pia TpoTepoOTNTA 6T ToToHETHON

TOV O100pOU®V oL eAEyyeTal omd mAnBog mapapétpov. O aplBudg Tov SdpoOU®Y
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elvar ovvaptnon Tov OYKOLv KLKAOQOPING Kol TEPOUTEP® TOVL OVEUOAOYIOL 1TNg

TEPLOYNG TOV ALEPOSPOLIOD KO TOV VPIGTAUEVOV TOTOYPAPIKAOV SUVOTOTHTMV.

[ToAMG aepodpdpia (pe ap. emPatdv mov eOAvel /ol vaepPaiver To 5 000
000 xat’€10G) AElTOLPYOVV LE €VO HOVO SLAGPOLO TTOV O TPOGUVOTOMGLOS TOV givat
QOTELECUO. TNG GUVEKTIUNGEMY TOL OVEUOAOYIOL KOl TOV TOTOYPAPIKAOV GUVONK®OV
™G TEPLOYNG, OKOUN O Kot TV TepParrlovTikav cuvinkov. Otav 11 kukAogopia
elvar moAy peydAn tote ypnoyonoteital (evyog mapaiAnimv S100pOU®V TOV Uropel
va. emovéndel ko pe 3° 7 ko 4° Siddpopo. Xapaktnpiotikés dotdtelg divovror oto

oynua 3.5.

2’00T0, Ol JTAEELS 0.0 OVTIGTOLYOVV GE 0EPOOPOLLD. TOV 1) GOVOEST] NG
KUKAOQOPLOG TOVS KOl 01 GLVONKEG aVEL®V EMTPETOVY TNV O1ATaln O100POUOV LG
katevBvvone. H molhamidmra elvor amotélecua g embupiog avEncemg g
yopntikdémrog (B,y,0). Ot dwrtdéelg €, o1, { avTIoTOYOLY OTN TMEPIMTOON TOL Ol
cuvnkeg avépwv emPArAovy dadpOHoVS KOTA OlopopeTikég devBivoels. Tote ki
OTOV  EMIKPUTOVV  ELVOTKEC KOIPIKEG OLVONKEG Umopel M YPNOUOTOiNon TV
SdpOU®Y Vo YIVETOL HE KOTAAANAO GUVTOVICUO T®V KIVGE®V KOl YOPIOUO TOV
TPOCYEIMCEMY KOl ATOYELDCEMY G KAOE O140pOLO0, MOTE TEAIKA 1 YOPNTIKOTNTO TOV
GUOTNHOTOG VO OWEAVEL GE GYXECT UE TNV YOPNTIKOTNTA TOV KAOE O100pdHov podvVov
tov. Ot datdéelc n ko O avtictoyodv oe avéroyn mepintmwon, tpodmodEéTovy OUmG
KATO Kovova LEYOADTEPT ETPAVELD KO EXOVV PEATIOUEVT] YOPNTIKOTNTO GE GYEON LUE

TIG S1TAEELS €, OT Kot C.
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Xypa 3.5. Xapaktnpiotikég datdéels aepodpopiov (L: mpooyeimon, TO:

anoyeimon) [1]

O aepootabudg Kot o1 GLVOQEIS £YKATAOTACELS SLOTAGCOVTOL GTN CGLUVEXEL,
€101 O0TE €KTOC TOV OAAMV, VO TNPovvTal Ot KavOveg ac@aleiog aAld Kot vo

LELOVETOL GTO EAAYIGTO 1) O10LOPOLLT TOV OLEPOGKAPOVC.

[Ipo t0v aepootaduo Ba mpémer vo vVdpyel to dGmedO oTAOUEVGEDSG TV
aepooka@®v O0mov deEdyovior m amofifacn tov emPoatdv, n emPifaon ToV

emPaT®dV, 0 EAEYYOG KOl O TAOTG PVGEMG AVEPOOLUGLOG TOL 0EPOTKAPOVG.

H obvoeon tov dtadpoumv pe 1o danedo otabuevoemg yivetal pe v Pondeia
TV Tpoxodpdpmv. H xuptotepn Asttovpyla twv tpoyodpdpmv givar vo e&umnpetodv
™V KukAogopio peTald TV SodpOU®V KOl TOV YOPOL TOL OEPOCTOOHOD 1 TOV

VIOGTEYWV EMOKEVDV.
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Ot tpoyddpopol oyeddlovtal €161 OOTE va ghoyloTomoleitor 0 YPOVOG
YPNOCILOTOMCENMS TOV 1 TOV OadpOpV. Zuvilwe, TpoxOddpopol 6e KOG 160 Kot
TOPAAANAO HE TOV OAOPOHO AmOTEAODV TNV ADON O©E 0agPOOPOUIO. HE UEYOAN

KukAopopia.

Ye ogpodpdpo Pe HIKPY] KUKAOQOPio. ot TpoyOdpopol givar dvvatov va
mopoAeitovtal (T.y. 0EPOOPOUI TOAADY WKPAOV VNGLOV KOl ETOPYLOKDOV TOAEDV).
21 mEPInTOOoN VTN To AKPO TOL SLOPOUOV LOPPOVOVTOL LE KUKAMKT (1] MUIKVKAIKN)
damAdToven Omov 1o aEPOocKAPO; Uropel va otpagel kotd 180° kot va kivnBei eni
TOV 0100pOUOV (LETA TN TPOGYEIWMOT — KOl OVTIGTPOPO TPO TNG OTOYEIDGEMS) GOV O
O1adpopog va Ntav Tpoyddpouog (oy. 3.6). To cvomua tpoyddpouwv meplopileTon o

LIKPOVGS Kol GUVIETPLOVG KAGOOVG.

R= JomC m OR”" o

Yympoa 3.6. Zynuotikny 01dtaén aepodpopion ywpic tpoxodpdpovs. [1]

211 SUIPKELL TOV OPDV OLYUNG, SNUAVTIKO GTOLYEID Y1l TV YOPNTIKOTTO TOV
aegpodpopiov, eivar 10 mOHON ®PO PTOPEl £val OEPOTAGVO TOV TPOCYEUDVETOL VO
eykataieiyel Tov dwddpopo. '’ avtd mpémer va. mpoPfAémovion mTOAAEG €E£0d01 Kot
pdiota oe yovio, ©G TPOS TOV OAOPOHO, TOL Vo eMTPEMEL TNV €000 TOV

AEPOCKAPOVS LLE LEYAAN TOYXVTNTOL.

EE dMov ot tpoyddpopor mpémer va Ppayvvovv v O1dvvoon  tov
aepOoKAPOVS and to onpeio mov Ba eykataieiyel Tov S1Adpopo pEYPL TO dAmEDO

oTOOUEVCEMG.

IMo to amoyelodpeve 0EPOCKAPN TO GUGTILN TOV TPOYOOPOUMV TPETEL VO, TA,
ebumnpetel Katd TPOTO TOVL HE TN WKPOTEPTN OLVLOUEVI] OTOGTOGT KOl YOPIiG Vo
dwoTavpdvouy  d1ddpopo vo mpoceyyilovv to dKpo TOL OdpoOUOoVL TOL Bo

YPNCUYLOTOGOVV.
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"Etot moAAég opéc KaBe d1adpopog cuvodeveTal amd 2 1 Kot 3 Tpoy0dpOHovS
mapdAiniovc. EmmAéov, Kot autd Katd Kavova, ot cOVOEST TOV TPOYOIPOLOL LE TO
GKpo TOL SLOPOUOL TOPEUPAALETOL dATEOD OTAGEMG OVOLOVIG TOV OEPOCKAPOLG
amd Omov TO 0EPOCKAPOG pmopel va Eekvnoet vd yovio ©g mpog tov dEova Tov
OLdPOLOL KOl EMTOYVVOVTOG VAL €YYPOPEL oTov A&ova ywo. TV omoyeiwon. Tétow

SLUOPPMOT) LEIMVEL TO YPOVO KATAANYEMS TOV O100POLOV OO TO 0EPOCKAPOC.

O1 tpoy0dpdpLot S1oTdccovVToL KOTd TPOTO TOL VO EMLTPENEL:
- N ueiwon g S1adpouUng Kol ToV ¥pOvoy UETAPACEMS TOV 0EPOCKAPOVS Omd TOV
O1adpopo 610 d4medo oTafUENcENMS (Kot OVTIOTPOPM®S)
- TN UETOKIVNOT TOV 0EPOCKAPOV ET’ AVTOV Y®PIG Koo TapevOYANon TOV €Tl TOV
OLOPOL®V TPOGYELONTOYELDGEWDY
- MV €AOYIOTOTOINGT TOV YPOHVOL YPNCIUOTOMGEMS TOV SldpOHoL amd KdOe

0epooKAaPOG.[1]

3.2 Heprypaon mpofinnatoc

H agpomopikny Propnyovia €xer Ndn avomtvuybel pe évav moAd tayd pvbuo,
VYNAOTEPO OO OLEC TIC AALEC LOPPEG HETAPOPOV. AtapaiveTat, Og, OTL N LEAAOVTIKY
avamrtuén g Ba etvon axopa taydtepn. Etvor avtovonto, 6t1 660 peyalvtepn eival n

aepomoptkt| frounyovio 1660 cofapdTePO Kot TO AVTIKTLTO TG 6TO TEPPAALOV.

Meta&d tov 1970 kot Tov 1995 o apBudg tov yilopétpmv Tov dovibnkay
TOYKOGHmC and emiPdreg avéndnke and 551 oe 2537 dioekatoppvpia, adENGN TG
14Eng tov 360%. H petapopd goptiov avéndnke axopoa mepiocdtepo. Metald tov

1960 kot 1995, n avénon ota tovoyilopetpa taykospuiog nrov 2200%. [4]

AVaQopikd Tdpo PE TNV 0EPOTOPIKT Opactnprotnta otnv Evponaikn Evoon,
dtvetar 610 oymua 3.7 o aplfpdg TV 0EPOCKAPADY TOV ENLYEPOVY GTOV YDPO TNG, EVAO
ot0 oynua 3.8 mapovstdleTol 11 GLVOAIKY] KIvion TOV 0EPOCKAPAOV OVEL EVPOTAIKO

aepodOPOLIO.

Awgaiveton 0tL  TPOTN YOPO GE ApOpd aepookapdv eivor to Hvopévo
BooiAelo, pe mv Teppavio kot v FodAia vo akolovBodv pe aieOnt dtopopd.
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Qo61660, and TALLPAG KIVIONG 0EPOCKAPDOV GTO. OEPOIPOLULD TOV YOPDV OLTAV, Ol

Spopég HeTa&d Toug dev elvar peydles.

Hv.Baaikeio 1075
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OM\avdia
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NougepBoupyo 56
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Xympa 3.7. Evponaikdg 6tOAog aeposkap@v, £tog 2002.
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Copenhagen, DK
Bruxelles, B
Stockholm Arlanda, S
London Gatwick, UK
Milan Malpensa, |
Paris Orly, F

Vienna Schwechat, A
Hamburg, D
Manchester, UK
Dusseldorf, D

Nice, F

Dublin, IRL

Lyons, F

London Stansted, UK
Palma De Mallorca, E
Athens E.V., EL
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Yympoa 3.8. Zuvolikn Kivnom aeposKaQOV ove EDPOTOTKO 0EPOOPOLL0.[7]
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210 oynuo 3.9 divetor pol omewoOvVIon NG TUMIKNG KLKAOQOPING, GTOV
Evponaiko evaéplo xdpo, 6mwg avt tapovctdletot oto Evponaikd Kévipo EAEyyov
Evoéprag Kvkhogopiag (Eurocontrol). ITapovsialovtor cuvolikd 2261 aepookdon
OOV pE KOKKIVO XPOUA ONADVOVTIOL TO. AEPOCKAPT TOV EKTEAOVV TTNOT| OMOGTOOTG

Kéto tov 300nm.

Eurocontrol Ssnnn‘_’__...r-\___,..»h___v____,__4\' EurOCOntrOI o™ J
! i = A;répace Management & Nawigation Uni} -~ ¢ -
. e T Fe TR i :

ess than 30(

b Bl ¥ & ;. o 8
fAircraft: 2261 Clock: B7:26:16... Speed: .60.80 . .

Zypa 3.9. Anewcovion TumKNG aepomopikng KukAopopiog, otov Evpomaiko evaéplo

X®Opo.[5]

Oocov agopd otnv HeEAAOVTIKT avAaTTuEn TV agpouctapopmv, n Boeing, pia
amd TIG WEYOADTEPES E€TOIPIEC KATOAOKELNG OEPOCKAPADV TOYKOOUIWS, £0wce 000
avéroyo dwypaupota. ‘Etotl, oto oynua 3.10, divovton ot tumikég mpoPAéyelg tmv
TPOoc0d0POPOV EMPATOYIMOUETPV, HEYPL TO £T0¢ 2010. AkorovOmvtag o Tepiodo
vpeong 10 2001 ko dvo odoywka £t otabepdtnrog, M TAYKOGHO ETPOATIKY
OLEPOUETAPOPIKT KLKAOQOpioe mpoPAémetonr va avakdpyel pe €va €tnoo puiuod
nepinov  4%. Il ovykekpyévo, 1 HeEYOAVTEPN OVATTLEN  OVOPEVETOL VO
TpaypotonomBel ekel 6mov ot pLOUOl OKOVOMIKNG avamTuéng elvar tayeic, 6mwg N

Aocia, n avatolxn Evpodnn kot og kdmoto Babuo n Aatvikn Apepikn.

Ocov agopd ot petapopd eoptiov, oynua 3.11, akdpa kot pe v HEEoN
nov mapovcidotnke to 2001, n tvmikny TPOPAeYN vTOdeKVOEL avENCT TG TAENG TOV

50%, ota moykooping mpocodopopa ICAO tovoythiduetpa, petald tov 2003 ot
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2010. Aweaivetor dnAaon 6t N petapopd eoptimv péypt to 2010, Ba mapovcidost
TayOTEPOVG PLOUOVG awEnong amd v avtiotoyyn emPatikn petapopd. Evag Adyog
glval Tl 01 TOPAGOCIOKES LOPPES TPOPOOOGinG, OOV 1 TomKN (NTNoN KavomoleiTat
amd TNV TOMKN TPocPopd, Bo ddcovv v BEom TOVg GE TAYKOGUIES YPOUES
tpoodociag. 'Evag emmAéov Adyog eivar 41t d00 amd TIG MO TUKVOKOTOIKNUEVESG
yopes, N Kiva kot n Ivdio, odnyodviar mpog oyvupd amerevbepopéveg HOpPEg

OIKOVOUIKTNG OpOCTNPLOTNTOG.

Oa mpémetl va onpelmbel 6Tl 01 CLYKEKPIUEVES TPOPAEYELS TPOYLOTOTTOW ONKOV
t0 2002, AouPdavoviog vmoéym TIC OPVNTIKEG EMOPACELS TOV TPOLOKPOTIKOD

yromiuatog katd tov HITA, v 11" Zentepppiov.

PASSENGER
6,000

5.000 -

4,000

3.000

2,000

REVENUE PASSEKNGER KM (BILLIONS)

1,000

1970 1980 1990 2000 2010

YEAR ENDING

Yympa 3.10. IpoPreyn avénong emPatoyiiiopérpov taykocspiog. [8]
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CARGO
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Yyqpa 3.11. TIpoPreyn avénong TovoytMOoUETPOV ToyKOGHImG. [8]

H ovveydg avgavopevn evaépla kukAogopio ce ToyKOGUO EMimedo £xel ®G
amotéAleca TNV aHENCT NG GLUEOPNONG Kol TV KAOVGTEPNGEDV GTU 0EPOIPILLLAL.
O péoog ypévog tadd (amd otdbuevon oe otdbuevon) petald peyOAmV TOAE®V
glvar oAoéva avéavopevoc. o mapdoetypa o Katd péco 0po ypovog amd mTOAN o€
TOAN amd 10 aepodpopo e Bootovne oto €Bvikd aepodpdpo g Ovdoryktov

avéNdnke katd 20% amd to 1973 g o 1994.

H peyoidtepn xukhogoprakn copeopnon tov U.S. National Airspace System
(NAS) eppaviCetor ota agpodpopa. AkOpo Kot 6TV TEPITTOOT WOUVIKOV KULPIKOV
cLVONK®OV 1 SUVOIKOTNTO TOV OPIEEDV KOl OVOYWPCEDV LEIDVETOL OPOUOTIKG, EVD
TAVTOYPOVO, Ol OEPOYPOUUUES, OOVVATMOVTAG VO LEWOGOVY TN (RTnon, mpofaivovy otnv
akOpwon mtnoewv. H petopévn wovomra avoympioemy UTopel vo 0OMNYNoEL GE
HEYAAOVG YPOVOLS TPOYOIPOUNCNG £E000V GTIG MPEG ALYUNG, KAODS TO 0EPOCKAPOC
TEPUEVEL OPKETO YPOVO GTNV OVLPA TPV TNV amoyei®oT Tov. Avtol ot peydiot ypovol
TPoY0dpoOUNoNS Ot UOVO OLEAVOLV TO. GUECH AEITOLPYIKA KOOTN, OAAL cvEdvouvv

tavtodypova 10 B0pLPO KO TIG PLTOYOVES EKTOUTEG GTIV TTEPLOYN TOV ALEPOIPOLIOV.
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Elvar eppavég o1t vapyet évtovn embBopio va avamtoydet vag pnyaviopodg
7oV B0l LELDVEL T CLULEOPNOT KOl TIG OVPES avaympnoemy. H avénon g ikavdttag
TOV agpodpoiv mpocBiTovtag vEOUG dadpOIOVE TTPpooyeimoNng - amoyeimons Ha
amoToVcE VYNAG OKOVOMIKO Kol TOAMTIKO KOoToG. [ o Adyo avtd m épevva
OTPEPETOL OTIC EMYEPNOOKES PEATIOGEIS TOL VIAPYOVTOG GUOTHUOTOS WHE TNV

AVATTUEN LOVTEA®MV TTPOGOUOIMOTG KOt EAEYYOL TNG AEITOVPYING TV 0EPOIPOUImV.[6]

Ot meplocoTePeG HEAETEG Y100 TO GUGTNUO AEPOUETAPOPAOV Ogv AapPdvouy vr’
oy depyaocieg edapovg. Tlpdypott, oe TOAAE poviéda 0 XpOVOG £6GPOVG, O OTOT0g
neplhapPdvel OAeg TIG O100IKOGIEG KOU TIC OpaCTNPOTNTEG OO otdbuevon og
otdBuevon, Bewpeitoan otabepdc. H vndBeomn avt) ayvoel to govopeva ovpmdv Tov
eppaviCovior  oto.  agpodpOal KoL oL 0dNYyoOV  TIC  OEPOYPOUUES  OTIG
moALomAac1alOUEVES KOBVOTEPNGEIS KOTA TN OLUPKELNL TOV TO, OEPOCKAPN £ivol GTO
£00p0G. QoT000, 6TV TPAEN Ol OEPOYPUUUEG GLYVA TPOCTAOOVV VO LELHGOVY TOVG
YPOVOVS €JAPOVE TV KAOVOTEPNUEVOV AEPOCKAPDV, TPOKEUEVOD VO EAEYYOLV TIC

APVNTIKEG GUVETELES TOV KOBVOTEPGEDV.

3.3 Avoacrkornnen He@0OwV-UOVTEAWY TPOGEYYIOCHS

H xatackeun amlodv kot opOdv HoVTEL®Y Y10 Ta. 0ePOOPOLLOL LE TEPLUTIKOVG
otafpovg (hub airports) pmopet va amoteAésel onpavtikd €pdo10 Yo TV Kotavonon
™G SUVOIKNG TOV OEPOJPOUI®MY KOl VO TTAPEXEL ONUOVTIKEG EKTIUNCELS Yol TNV

avofAOon TOV ETLYEPNCEDY TOV 0EPOSPOUIMV.

Ta xupidtepa povtéra mpocopoimong g Asttovpyiog TV aepodpopiov 0Gov
agopd TNV eEumMPETNon TOV  TPOGYEIONTOYEIOVUEVOV  OEPOCKAPADY givol Ta
akoAovOaL:

o  Movtéha Yyning Aentopépelog 1 LIKPOGKOTIKE,
o  Movtéha [Ipocéyyiong Kabvotepioemv Atktbov

o  Mecookomikd Movtéha Agpodpoptimv
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Movtéda Yyning Aemtouspeiog 1 likpooKomika,

Térown povtéha givor to SIMMOD 1 to TAAM, mov avomapdyovy Le PEYAAN
AETTOUEPELOL TN OOUN TOL OEPOSPOLIOV, TOVG EMYEPNOIOKOVS KAVOVES Kol TN
duvopkotnTo KaOe THANG, TPOYOOPOUOL Kot LOOPOHOL ATOYEIMONG-TPOGYEIMONG Yo

Kkd0e TOTO 0EPOTKAPOVG.

Ta povtéda avtd givol ypnoito Yoo Tov EAEYX0 TOV O0OTKACTIKOV GAAILYDV
GTO OPOUOAGYLO TOV OEPOCKAPAOV GTO GLUGTHHATO TPOYodpounons. To peovéktnuo
AVTAOV TOV HOVTEAMV €lval 11 OLGKOAID Kot TO VYNAO KOGTOG TPOKELUEVOL VO, EYOVLE
KOVOTTOMTIKG Kot a&lomiota dedopéva Yo OAo To ETITEDO KOL TN GYETIKN OATOEN

TUNUATOV TOL 0EPOOPOLIOL.

Elvar Aowmdv apketd dVGKOAO var £(OVUE A 0T TO LOVTEAL YPYOPOLS Kot
a&10MIGTOVE VTOAOYIGHOVG OO TO. TAEOVEKTUATO TOV VEDMV EMYEPNOIOKDV 0Py DV

TNV KAILOKO TOV aEPOSIPOUION Yo TOAD PEYAAO XPOVIKO O1AGTN LA,

Movréda Tpocéyyions KabBvarepnoewv Aiktoov
Ta poviéha avtd Aapufavouv pio LOKPOGKOTIKY TPOOTTIKN TNG IKOVOTNTOGC
KOl TOV OTOLTHGEMY TOL AePOOPOIION KaTh TN OdPKELN LG MUEPOS KOL TAPEYOVY

VTOAOYIGUOVE TV KOBVGTEPT|GEWV.

AVTa To LOVTELD LLOG EMLTPETOVY T LEAETT) TG O1A000NG TV KOOLGTEPHGEMV
o€ EMMESO EOVIKOV EVAEPIOV GUOTNUOTOS, OAAGL 1 LOKPOCKOTIKN UEAETT OEV TOPEYEL
OPKETEC AEMTOUEPEIES Y10 TIG EMUEPOVS EMYEIPNOELS TWV OLEPOOPOUIMY TPOKEIUEVOL
Vo HEAETNICOVUE €val TAGVO EVEPYEUDV YO LEIMOT TOV XPOVAOV TPOYXOdPOUNGNS

e€ddov.

Meoookomixa Moviélo Agpodpouicv

Ye outd, T poviEdo €10000V-eE000V OO T TEPUATIKOVS GTAOUOVG TOL
aepOOPOUIOn, TOL GUOTNUATO TPOYOSPOUNONG KOl TO GLGTHUOTA TOV OLOPOU®Y
Tpooyeimonc-amoyeimong cvvumoloyilovior kKot ONUIOVPYOLV €VO LECOGKOMIKO

HOVTELO aEpOdpOimV.

46



Kovosoldxn Mapia-Nektopio Awmlopatiki Epyacio

Avtd o povtéda avoAbovv TN Sdkacio  avoympnong HE  UEYAAN
Aemtopépela Kot VTOAOYILOLV TNV  OMOTEAEGUOTIKOTNTO TOV TAOVOV  EAEYYOL
AVOYWPNOEDV LEIOVOVTAG £TGL TOVG XPOVOLS TPOY0OpOuUNonS £€600v. Tavtodypova N
amAOTNTO TOV HOVIEA®V OLTOV HOG emtpémovv  ypnyopn Paduovounon kot
EMKVPWON G€ KAOE EMPUEPOLG TUNLO TOV OAOPOUOV TPocyeiwonc-amoyeimwong. Abo
oo T LOVTEAD OTNG TNG Kotnyopiog eivat tor povtéda tov Shumsky kot to povtéia

tov Hebert.

Ta povtéda tov Shumsky ta onoio amotelohv VIETEPUIVIOTIKE HOVIEAD TOV
TPoPAETOULY TOVG YPOVOLG OMOYEIMONG TV TTINCEMV Yol TNV TAEWOYNQIL TOV
aepodpopicv. Mepikd amd to. LOVTEAD ALTE OVOTOPIOTOVY TO GUGTNUA OdPOUmY
TPOCYEIMONG-ATOYEIMONG VTOAOYISTY| £ELMNPETNONG OIKTL®Y OVP®V, TOV OTOIOL M
wavotta givar otabepn yia dwotiuate 10 Aentdv g dpag. Ze avtd To. LOVTEAN TO
aePOCKAPOG mPoceYYilel TV ovPE TOL JOPOUOL TPOCYEIWONC-OTOYEIMONG GTO
TEAOG U0G OVOUOOTIKNG Oldpoung oto ocvotnua tpoyodpounons. O Shumsky
TOPATAPNCE EMIONG [io GXECT AVALEGO GTN) GLHEOPNOT TOL AEPOSPOLLIOV KOt GTNV
EKTIUNON AVOY®PNCEDY TOL aePOdPOpiov, T0 omoio amoteAdel T PAon pog omAng

OTPOTNYIKNG EAEYYOV AVAYOPNCEWDV.

Ta povtéda tov Hebert mov avagépovtol otn dadikacio. ovoympnoe®my 61O
aegpodpopo La Guardia ko Pacilovior ce dedopévo 5 MUEPDOV TPOKEWUEVOL VL
TpoPAETOVTOL Ol KOBVOTEPNOES OVOYMPNOEMY. X€ AVLTA TA HOVTEAM 1 (nom
avoympnoewv eivor  pio  un-opoyevig dwdwkacio  Poisson kar ot ypdvoi
TPOY0dPOUNONG EEOO0V HOVTEAOTOOVVTOL MG TO GOPOIGLO TOL OVOUAGTIKOV YPOVOL
GTNV OVPA TOV OL0OPOLOV TPOCYEIMOTG-AMOYEIMONG Kol TOL XPOVOL GUVTNPNCNG GTO

duadpopo mpocyeiwonc-omoyeiwong. [6]

47



Kovosoldxn Mapia-Nektopio Awmiouotikn Epyocia

KE®AAAIO 4. Movtelomoinon

4.1 Ieprypapn uovrélov

O agpoAlpévag mov HOoVTELOTOLEITAL GTNV TTOPOVGH epyacio amoTeleitan amd
éva runway-otddpopo oV YPNOLUOTOLEITOL Yol TNV AOYEIMOT Kot TNV TPOGYEiwon
aEPOCKAP®V, £VoV taxiway-tpoyOOpOUO OV YPTGLUOTOLEITOL Y10 EICEPYOUEVO OTA
hubs ka1 e€epyopéva otovg S1adpopovg aepookdaen kot 4 hubs-emiyeieg 0éong

eELINPETNONC AEPOCKAPDV.

O agpoMpévoc avtdg LOVIELOTOIEITOL P TNV XpNon unyovev (machines) Kot
npocwpvav Bécewv amobrkevong/avapovig (buffers), oynua 4.1. H kd0e machine
AVTITPOCHOTEVEL Kot amd pio dwdwocion eEumnpénong tov aeposkdeovs (m.y.
TPOcYEI®OoT, amoyeimon, Tpoyxodpduncn tpog ta hubs kot and ta hubs, eEvmnpétnon,
ktA.). Eivow duvatd pia punyovn vo pmopel va extedel d00 SopopeTIKEG dlepyacieg
onAaon va yopiletar e dvo submachines, ®otd6c0 dtav T0 €va submachine eival og
Aertovpyio, 10 GAAO givar adpavég, dNAAdN N Unyovn Umopel vo SOVAEWYEL TPOG Lol
katevBuvon kot Gpa va ektedéoel o oepyacio.. H kdBe pnmyovn pmopet vo
eEummpemoel €va 0EPOCKAPOg TNV (opd kot yapoaktnpileTor amd tov ¥pdvo mov
amorteiton yuo va ekteléoel v dadikacio e. O kdbe buffer aviimpocmmedel Tovg
EVOLALEGOVG YDPOLE OVOLOVIG TOL OEPOCKAPOVS TPV 1 UETE TNV EKTEAECT] KATO0G
dwdkaciag. O kabe buffer umopel vo yopéoel mepiocodTEPE OMO EVal EPOCKAPT YLl

060 ¥povo yperaletar Kot yopaktnpiletal amd TNV yOPNTIKOTNTA TOL.
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TEPMATIKOI XTAGMOI
Machine A Machine B Machine C

\1)—>1—>\3)—>3 < N

2 ; 2 6 ; 4 ¢ _I\:ac:neD

AIAAPOMOZ TPOXOAPOMOZ

Machine E
> 7
Machine F
> 8

-
T,
w

Yympa 4.1. Movtehonoinon aepoApéva e TV YpNOT UNYAVAOV KOl TPOCHPLVAOV
0écemv amodnkevong/avapovic.

AxorovBmvtag TV Aoyikn por Tov oynpatog 4.1, uropovue vo mepypayovE

v dadkacio Tov avaraplotd 1 kdbe machine kot o ke buffer.

Inueiwvoovpe Tpotiotowc 6t 11 machine A wov amoteAel Tov d1GdpOUO runway
yopileton e 600 submachines tnv 1 1 omoia ypnoyomoleitan yio TV TPOGYEIMOT Ko
v 2 1 onola ypnoonoteitat yo v amoyeimon. Otov N o vrounyavy S0VAEVEL,
M AL dev pmopel vor ektelel kopd depyacio .Aniadn doviedel n pa 1 AN KAOe
@opaL.

Avrtiotoya kot 1 machine B mwov amotelel tov tpoyddpopo taxiway, yopileton
oe 0Vo submachines, v 3, n onoia ypnowonoteitar yio va i6éABovv ota hubs T
aepockaen Kot TNV 4, 1 omoia ypnoiponoteital yio va eEEABOVV 6TOVG d1dPOOVS TaL
aegpookden amd ta hubs. Kot og avt v mepintmon dovievet gite 3 submachine,

elte 1 4. AnAaodn dev umopoHV voL EKTEAEGTOVV Kol 01 dV0 OEPYUGIES TALTOYPOVOL.

Ta téooepa hubs amotehovvtal and 1€66ep1g SPOPETIKEG  pnyavés, v C,inv
D, mv E kot v F, mov pmopodv va Aettovpyncovv tavtdypova, pe dAro Adylo
TEGOEPO  OLPOPETIKA  OEPOCKAPTN HTOopovV va  cvvtnpnodv cuyypoévVOS GTOVG

TEGGEPLS SLAPOPETIKOVS GTAOUOVS YEPICUDV EGAPOVC-TEPUATIKOVS GTAOLOVG.
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Ta aepocKaEN QPIKVOLVTAL GTOV EVOEPLO YDPO TOL agpodpopiov (buffer 1) pe éva
dedopévo wpaio puOud apitemv. H yopntikdomta tov buffer 1 givar dmeipn kobmng
Oempeitar 0L 0 evagplog Y®OPOG TOL oaEgpodpopiov pmopel vo dexbel amepa
aegpookaen. ‘Enerta, to agryfévia agpookden TPOGYELOVOVTIOL GTOV OLIOPOUO TOV
aegpoAlpéva (machine 1). O duddpopog elvar Kovdg 1060 Yo To TPOGYEIWOEVTO OGO
KOl Y100 TO, TPOG OMOYEIMOT 0EPOCKAPT Kot £TG1L KAOe Qpopd pmopel va exteAeitan o
Otepyacio Oniadn va eummpeteiton £vol 0epOGKAPOS PO o KatevBuvon eglte

npocyeimon eite amoyeiwon.

Koabng e€épyovtatl Tov dadpOHov TPOGYEIDMONG EIGEPYOVTAL GTOV TPOSMPIVO
yopo avapovig (buffer 3) mpv e16éABovv cTov Tpoyddpopo (machine B, submachine
3), o omoiog givar Kot oTOG KOOG 1060 Yo To Tpooyewmbévta (submachine 3) 6co
Kol Yyl TO TPOG OmOYeElmor oepookaern (submachine 4) ko €tor umopel va
eEummpemOel éva aegpookdpog ava katevbuvon. Ta tpocysiwbévta aepooKapn HeTd
mv €£000 TOVG OO TOV TPOYOOPOUO EIGEPYOVTAL TAAL GE €va TPOSWPIVO YDPO
avopovng (buffer 4) kou mapapévoov kel péxpt vo elevBepmbet pio and tic téocepig
Spopetikég teppatikég Béoeig eEummpéong (machine C, machine D, machine E,
machine F) 6mov kot mpomBovvrat.

Metd Vv Tépodo Tov ¥povov eELTNPETNONG, TO AEPOCKAPT 0dNYOVVIOL GTOV
yopo avapovig (buffer 5) 6mov ko avapévouy péypt va elevBepmbei o TpoxdOPOLOG
(machine B, submachine 4) mov odnyet otov ydpo avapovic ywo amoyeioon (buffer
6). Exel avapévoov péxpt va ehevbepmbel o o1ddpopog amoyeiwong (machine A,
submachine 2). Metd v amoysimon to. aepoSKAPN EIGEPYOVTOL TAAL GTOV EVAEPLO

Y®Po Tov aepodpopiov (buffer 2), o omoiog £xel T dmepn yopNTIKOTNTO.

H ovykekpyévn Slopop@mon Tov aepoApEVE €XEL TO YOPOKTNPIOTIKE TOV
dtvovton otov mivaka 4.1. O Buffer 1 givon o buffer eil66d0v evdd o Buffer 2 eivar o
buffer &£6dov. H dwdpoun axorovbel tovg buffers 1—-3—4—-5—-6—2. H

aAANAOGUVOEST TV KEM®V divetal and tov mivaka 4.2.
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IMivakag 4.1. Alopdpewon aepoAtpéva Kot oAAnAocOvdeon machines-buffers

1AM 00g Machines ITAn00¢ Buffers

M=6 B=6
I12M00¢ submachines ApOpog submachine
ova machine ava machine
N(A)=2 O(A)={1,2}
N(B)=2 O(B)={3,4}
N(C)=1 O(C)={5}
N(D)=1 O(D)={6}
N(E)=1 OE)={7}
N(F)=1 O(F)={8}
ApOpog buffer entc66o0v  AprOuodg buffer e£660v
avd submachine avd submachine
B(1)={1} B.(1)={3}
B.(2)={6} B.(2)-{2}
B.(3)={3} B.(3)={4}
B.(4)={5} B.(4)={6}
B.(5)={4} B.(5)={5}
B.(6)={4} B(6)={5}
B(7)={4} B.(7)={5}
B.(8)={4} B.(8)={5}
ApOpog submachine I1AM00¢g submachines
€€0600v ava buffer €€000v ava buffer
M.(1)={1} Nu(1)=1
M.(2)={a} Nm(2)=0
M.(3)={3} Nm(3)=1
M.(4)={5,6,7,8} Nm(4)=4
M.(5)={4} Nm(5)=1
M.(6)={2} Nm(6)=1

Mivakag 4.2. AAANAOGOVIEST KEAMDV.

BUFFER PRECEDING INPUT OUTPUT
BUFFER SUBMACHINE SUBMACHINE
1 - - 1
2 6 2 -
3 1 1 3
4 3 3 5,6,7,8
5 4 5,6,7,8 4
6 5 4 2
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4.2 Yioroinon wpocouoicwonc

H mpocopoimon g Asttovpyiag tov agpoApéva TpaypatomromOnke yo. d0o
SPOPETIKOVG TPOTOVS EAEYYOV, £TGL MOTE VO, Elval OLVOTA N LETENELTA GVYKPLON TNG

QTOTELECUATIKOTNTAS TOVG.

O mpdTOoC TPpdMOG elvar pe oeplakd €leyyo, OmMov oe kibe ypovikod Priua

EAEYYETOL 1 KOTAGTOON KOl YIVETOL 1| KATOAANAN €VEPYEL GE OAEC TIG UNYOVES KO
toug buffers and v &icodo €wg v €£0do Tov cvotuatog. O éleyyog oniadn
akolovOel v Aoywkn pon emefepyaciog evog agpookdpovg amd tov buffer 1 otov
buffer 2. 'Etot, divetar mpotepaidtnta oty Agttovpyio g vrounyovig 1 évavtt g 2

KoL TNG vrropnyaving 3 évavtt g 4.

O 0e0Tepog TPOTOG €AEYYOL EYKELTOL GTNV YPNOTN KATAAANAOL KPILTNpiov
K6oToVvG [11], Yoo TV emhoyn ekeivng g vrounyoavng o€ Kae punyovn (1 1 2 kot 3 1
4) mov Bo TPEMEL VL AELTOVPYNGEL GTNV TEPIMTMOOT] TOL KOt Ol OVO VITOUNYAVEG CTNV

Ot unyovn TANpovV Tig TpoimobEcelg Asttovpyiog.

IMo plo cvykekpiévn unyovn m mov omoteAeital amd N(m) vrounyaves, 1o
Kp1Tnplo vroAoyileTon Yoo KAOE O100pOUT TOV YPNGUYLOTOLEL OTOIAONTOTE VITOUNY OV
s € O(m). O vroroylopog TS TIUNG Tov Kptrnpiov Pacileton oty dwbecipudnTo TV
nutedovg mpoidvtog, (Work-In-Progress, WIP) xabmg Kot 6to codipo eA&yyov tov
buffer e£600v ¢ d1dPOUNG. ZOUEOVA PE QTN TNV TPOGEYYIoT EAEYYOV, 1| dLodpPOUN
oL TTPOKeELTOL Vo eEVTINPETNOEL €lval avT pe TV PeEYaAVTEPT T Tov Kprenpiov. H
T ToV Kprenpiov Yoo kGBe vIoOUNYAVY] S OGS CUYKEKPLUEVNG UNYOVIG m UE § €
O(m) diveton amd v €€ng oyéon:

2
e

Ty =2 f 0 )4 25 105 ot 2y o S, 0 )+ A0 gl )+ A (e )+t 2 s

omov x;, i=1,2,...Np(s) elvan to emineda twv buffer mov mponyodvror g

vropnyavig s kou x;, i=1,2,...,N givon to enineda tov buffer mov axorobovv oty

ot dradpop|, eved 0 N vTodnAdvel T0 TANBOG TV VIOUNXAVAOV TOV OKOAOBOLV TNV
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VIOUN XAV S KOTE TNV dtadpoun e, cvumeptiapfavovtog tov buffer e£6dov. To
eningdo Tov TEAELTOiOL vmodNAdveton pe €. Ou mapduetpor A wor A eivon

ouvteleotég PapvTntog mov mpémel vo mpoodtopioBovv. H eEdptmon tov kdbe

GLVTEAESTI aTd TO § 0V AapPavetal vTOYT Yo AOYOUG OTAOTNTAG.

Ytov mapondve opiopd, M f(.) eivon pio Betikn, povotovikd av&ovoa pn-
YPOopKn cuvaptnon pe f{0)=0 ko f{c)=1, 6TOL TO ¢ AVTITPOCHOTEVEL TNV OVTIGTOLYN
yopntikoémrto tov buffer. Elvar mpoeavég 6Tt vt mn ouvvaptnon maipvel thv
UEYOAVTEPT TIUN TNG YO TNV TEPITTMOOTN HEYAANG CLGCMOPEVCNG OVTIKEIUEVOV GTOV
buffer mov Tpoodotel. Opoime, n g(.) etvar o Kotontpikr| ekdoym g f(-), pe g(0)=1
Kot g(c)=0. Avt 1 cuVAPTNOT TAPVEL TV HEYIOTN TUNG TNG €0V Ol AKOAOLOOVLVTEG
buffers givatl oyedov adetol. Me avtd tov 1pdmo, cuvinKes OT®S OTAV 0 TPOPOSOTOV
buffer givan oyeddv dde10g Ka/n ot akoAovBovvieg buffers eivor Kovtd otnv péyiom
XOPNTIKOTNTA TOLG 00N YOVV G€ HKPO J, TO 0molo e TNV GEPA TOL onuaivel OTL N

avtioToyyn odpoun oev Ba eEumnpenOei.

Ot ovvaptoelg f{.) Ko g(.) umopodv va mpoceyylsfodv ce 1KOVOTOTIKO

N . , , , 1
Babud amd petatomopéves orypogdeic cuvapmoels, Sniadn f(v) = 1o ol Kol

1 . . . o ,
g(y) = I_W’ Omov ot 6tafepéc 1 Kot v; EMAEYOVTAL £TGL OGTE VO LOYVEL T

oyéon f(c/2)=gl(c/2)=0.5.

To kprmpto J; diverl €va PETPO TS avAaykng Yol SOGIHO TPOTEPALOTNTOG TNV
tpéyovoa dwdpopr. Ta Bapn A, ko A7 pmopovv 6o va emheyfoldv ica pe v
povada, emTpEmOVTOG £T61 68 OAM T NUTEAN avTikeipeva va AneBody voyn e€icov.
Mio oepd amd ehattovpeva Bépn, odnyel oe €vo KPUTHPLO HE TOTIKO YOPOKTNPO,

Aappavovtag vwoyn ta buffers ce pia pkp| epoyn yop® Omd TNV VIOUNYOVY S.

Emimhedv, évag evarrlaktikoc opiopdg tov J; pmopet va emtevyBel B€tovtag

f(y)=Z Kol g(y)=1—l hapPavovtog A, =0 xou A, A ico pe to olwcd WIP
c

c

otav o avtiotoyog buffer éxet @Bdcel ommv YOPNTWKOTNTA TOL. X OV TNV
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TEPITTOON, dIVOVTOC TPOTEPALITNTA GTNV OLAOPOLT TTOL £XEL TNV UEYOADTEPT TLLY| TOV

J; mpokaieitan peimon tov ké6otovg WIP g mo emiPapnuévng dtadpoung.

Avrtot ot evairaxticoi opiopol Tov f(.), g(.) mapovcidlovtal 6to oxfua 4.2.

(ar) B
Yympa 4.2. evoriaxtikol opiopoi tov a) f(.) ko B) g(.).

Ot k®o1Keg Ko yoo Tic 00Vo pHeBOdoVG eAEYYoL VAOTOMONKAY GTO TAKETO
MATLAB, ¢ékdoon 6.1 g etoupioc THE MATHWORKS Inc. kot emicvvémntovron
GTO TOPAPTNHO A TNG TAPOVONG EPYACIOC. XTIG EMOUEVES TAPOAYPAPOVS TEPTYPAPETAL
OVOALTIKA 1) PIAOGOQI0 VAOTOINONG Kot dOUNoNGg Tov KAbe KMOKO KoOMDG Kot Tmv

VITOPOLTIVMV TTOL TOV AaPTILOVV.

4.2.1 T'evikéc mopadoyEC — KOWA YOPOKTNPIOTIKA VAOTOINoNC

Ot buffers e1600v (1) ko €660V (2) €yovv Amepn YOPNTIKOTNTA, EVAD OL
eowtepwkol buffers &yovv yopnrikdétta mov kobopileton omd 10 Ypnot. H
xopntotTa amodnkevetar oty petafAnt| buf cap(i). Kabe évag buffer Aertovpyet
o¢ pe ovpd FCFS (First Come First Served) kot vlomoteitor wg didvocpo e
dudotaon ion pe v yopnTikdéTTd Tov (HeTtafAntn bufi). Ot buffers 1 ko 2, Adyo® g

Amelpn g YOPNTIKOTNTAC TOLG £XOLV dLVaKA KaBopllopevn d1ioToo.
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Ye o ypovikn otiyuq o buffer i yapoktnpiletor omd to mAnBog TV
KatelAnupévov Bécewv péom g petaPAntg buf log(i) ko amd v KOTAGTOGN TOL
(0wBéoueg Béoeig N yepdrog) péow g petaPAntg buf flagi). H tyun g
petaPAntg buf flag(i) eivor 0 ywoo un yepdro buffer, evd 1 oty mepintwon tov
vepdtov buffer. H elcodoc evog avtikeyévov otov buffer i viomoteitar pe v
ocuvvdptnon push buf.m, evdd m £€Eodoc pe v ovvapmon pop buf.m mov

TEPLYPAPETAL TOPAKATO.

H vropnyavn j viomoteitor og petafint submj. Kabe vropnyovn €xst v
dvvatdtTo emeCepyociog EVOG OVTIKEILEVOL Mol OEOOUEVN XPOVIKN oTiyur. Meta&o
TOV VIOUNYAVOV MG OEOOUEVNG UNYOVIG HOVO M0l ETITPEMETOL VO Eivol OF
Katdotoon eneEepyaciag o€ pa xpovikny otiyur. H kotdotaon g vrounyovng j
dtveton amd ™ petofAnt subm_flag(j), 6mov tun ion pe 0 dnAdvel v unyovn ce

kataotaon npepiog (idle) evad Tiun ion pe 1 niover pnyoavn o€ Aettovpyia.

O ypovog emelepyaciog KAOe vounyavne j divetar amd To ¥p1oTN GE Sec Kol 1
T TOL amobnkevetal oty peTaPAnTy proc_time(j). T v «dBe vrounyovn j
opiletar n €£000¢ ™G péow g petaPintig subm out(j), dmov amobniedeTOl TO
avTIKEINEVO TOV omoiov HOAC oAokAnpwBel m emeCepyasioa tov. H vmounyovn
TOPAUEVEL G KaThoTaoT encEepyaciog LEPg 6tov to avtikeipevo anopakpuviel and
mv 8000 g, onAadn mpowbnbei otov buffer €£d6dov . O €heyyog g
eneEepyaciog UG vopMYOvVNG VAOTOlElTaL pe T ovuvdptnon subm_proc.m 7oV

TEPLYPAPETAL TOPAKATO.

Mo tig vropMyovég TOLV HOVIEAOTOOUV TOLG OOPOLOVS TPOCYEIMONG/amo-
velwong kol tovg TpoxOddpopovg dgv emtpéneton kabvotépnorn, OmAadn pe v
oAoKANpwon TG eneepyaciog To mepleYOUEVO Tovg Tpénet va tpowbnbel otov buffer
€€odov tovc. ['a va dwcporiotel  dabecipuotnta TV buffer e£660v, ot vounyavég
avtég dev apyilovv eneEepyacia av o buffer e£66ov tovg eivan yepdtoc. H mapadoym
LT AvTIKATOTTPILEL TIg TPAYUOTIKEG GLVONKEG AgtTovpYyiag EVOG 0EPOIPOLIOV, OTTOV
Kupimg Yoo Adyovg acQAAEING, TO AEPOCKAPT OEV EMTPEMETOL VO TOPAUEVOVY GTOVG
SdPOUOVG TPOGYEIMONG KOl GTOLG TPOYOOPOLOVG HETGL TNV OAOKANP®ON 1TNG
TPOCYEIMONG KOt TPOYOdPOUNGNC.
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Qo61660, Y10 TIC VTOUNYAVES TOV LOVIEAOTOLOVV TOVS TEPUOTIKOVS GTaOHONS
entyelog eumnpétnong emtpénetol kabvotépnon, eivar onAadn dvvat) 1 TOPALOVNH
TOV TEPLEYOUEVOL TNG VLROUNYOVNAG CE OULTH oKOMO Kol HET TO TEAOG TNG
eneepyaoiag, £mg 6tov yivel dtubéoog o buffer e£6dov g H moapadoyn avtn mdar

GULVAOEL UE TIC TPOYUATIKEG GLUVONKEG AEITOVPYIOG EVOC OEPOAUEVAL.

O kaddKog otV ekkivnon g ekTEAEOTG TOL apytkomolet Tovg buffers kot tig
vrounyavés. ‘Etol, oty apyr 6Aot ot buffers givat ddgtol kot OAeg o1 vounyavég o
katdotoon idle (ot petaPAntéc bufi, buf log(i), buf flag(i) xou submj, subm_out(j),
subm_flag(j) elvan ioeg pe 0).

O ypdvog mpocopoimong divetar amd tov ¥pNotn o€ sec evd 1 Pdon ypdvov

™G Tpocopoiwong tvat to 1 sec pe apykod ypovo t=1.

Or agi&eic mapdyovrat and katavour Poisson avé 60 sec. H mapdpetpog A g
katavoung kabopiletar amd tov péco apBpd aeifemv/dpa, mov €6AYETOL OO TOV
ypnotn. Emupéneton n dpién evog aepomAdvov/ientd. H €€odog g koTovoung

nepropileran pe dvo 6pro to 1 kot o apBpdc aeitewv otig 60 agi&eig/mpa.

Ké&Be agpomhdvo yopoaktnpiletor amd v ¥pOVIKY GTIYHn €16000V TOV GTO
ocvotnua (T.Y. QVTO OV EGAYETAL 6TO GVLGTNUA TO 163 Aentd yopaktnpileTon pe TOV
aplOpd 9780). H otiyun ovt) elvar Sopopetikn yioo kdbe aepomhdvo, KabdC
emrpémeton 1 apiEn/Aento. H tyun tov xpovov aeiEng yu €vo agpomAdvo gival M
minpogopio. mov dwdidetar péco oto ocvomua pécw tov buffers kot tov

VITOUNYOVAV.

O ypdvog €16600V 6TO GVGTNUA EIVOL 1] ¥POVIKT GTLYUN KOTA TNV omoia 1 véa
dpiEn ewodyetan otov buffer 1 evd o ypdvog £0d0v givor | xpovikn GTryun Kot v
omola. t0 agpomAdvo ewohyetar otov buffer 2. O ypdvog eEummpénong &vog
aePOCKAPOLS €lval M dlaPopd Tov ¥povov €£660V amd Tov YPSHVO €GOS0V TOV GTO
ocvotnuo kot vroAoyiletanr yioo kébe agpomidvo. O ypovol €16600v, €600V Kot

eEummpémong avd aepookdeog amobnkevoviar oe apyeio kewévov (.txt) petd to
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TEAOG TNG TPOGOUOIMONG, VM GE GAALO apyelo KEWEVOL omobnkedeTOL TO 16TOPIKO
OANG ™G Tpocopoimong ava 15 sec. vykekpipéva arodnkevovat:

o O ypoVviKég OTIYUEG amoOnKeEVOTG.

e Ot eomtepikoi buffers Tov cuoTipaTod.

o  OupetaPntéc buf log(i) yio 6Aovg Tovg buffers (kotetinuuéveg Bécelg).

o OvpetaPntés buf flag(i) ywa 6hovg Tovg buffers (dabecipudtra Bécemv).

o Ta mepleyOUeEV TOV LITOUNYOVAOV.

o  OupetaPntéc subm_flag(j) yio OAeG TIG LVIOUNYOVES (KOTAGTOGT VITOUNYOVNIG).

e O ovuvoAkog apBudS apiEemv oG TNV dEGOUEVN YPOVIKT GTIYUN.

e O cuvoAMKOG aplBIdS avoY®PNGEMY MG TNV dEQOUEVT XPOVIKT GTLYUN.

e O mAnbBucudc Tov cvoTiuatog (0 apBpdc TV aepomAdvmy Tov £xovv gloaybel

aALG BEV EYOVV OVaYWPNOEL) MG TNV OEGOUEVT YPOVIKY| GTIYUN OTOBNKEVOTG.
Ye ECeyoplotd opyelo kewévov omobnkevovror ywoo kdbe vmounyavr ot
YPOVIKEG OTIYUES €vaping kor ANEng emeepyaciog e, Yo OAn 1 dwbpkewn g

TPOGOUOImONG.

4.2.2 IIpocouoimon povtéiov ue ceptakd greyyo (KOQAIKAY A)

Kabe 1 sec (évag woxhoc tov Ppdyyov T0L YPOHVOL TPOGOUOIWGNC),
e€etdlovror dtadoykd ot vwounyoavég 1, 3, 5-8, 4 kot 2. Avtd onpaiver 6t Yo T1g
unxavés A kon B mov amaptiCovron and tig vmopnyavég 1-2 kot 3-4 avtictoyo,
otvetat mpotepaldTTO OTIC LITOUNYAVES 1 Ko 3, o€ ekelveg TIC TEPUTTOGELS OOV £ivat
duvat N Aertovpyia Tng EKAGTOTE PUNYOViG Kot Tpog Tig dvo katevBuveels. H puowm
onuacio avtod tov TPOTOL EAEYYOL elvar OTL G cvvONKeg mov eivor duvatn M
eEumnpémon aEPOCKAPOLS Kol TTPOG TG dVO kaTeLOHVGELS, divetan mpotepatdTNTa

OTIG OPIEELS EVOVTL TV OVOYOPTGEDV.

Ot vopmyavég 5, 6, 7, 8 (unyoavég C, D, E, F) ypnowonoovvtar pe cepd
TPOTEPOLOTNTAG omd TNV 5 mpog TV 8, ONAadn TNV Ypoviky otiyun ¢ o buffer 4
TPOPOJSOTEL TNV TPAOTN O TIG LIOUNYAVEG S-8 OV €lvar avevepyn. AV G€ L YPOVIKY
OTIYUN HETOAED TOV LITOUNYOVOV 5-8 LIAPYOLV TEPIGGOTEPEG OO O TOL £YOLV
tehewwoel v eneepyacio tovg, otov buffer 5 mpowbeitar to agpomidvo pe tov

TaAOTEPO YPOVO €16000V 610 cvotnua (prthocopio FCFS).
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4.2.3 IIpocouoimon poviérov pe Eheyyo Baoet tov kprenpiov k6otove (KQAIKAY B)

Evtog tov wdxhov mpocopoiwong pe ypdvo t eetdlovtal dadoykd ot
unyovég A, B kar C-F. Z1ig mepurtdoeilg 0mov givar duvotn 1 Asttovpyio kot Tomv 600
VIOUNXAVAOV TG Unxoving A 1 B, emidéyetar n vounyovn eketvn pe v peyodlvtepn
TN TOL KPUINPIiov KOGTOVG, OTMG OVTO TEPTYPAPNKE TPONYOLUEVMOS. AV 1 TIUN TOL
Kputnpiov elvar 01 ko yioo Tic 000 vmopnyoaveég tOte TiBeTOl O Agttovpyia M
vropnyovn mov Ppicketon oty mopeion €£600v (N vopNov) 2 Yo TV Hnxovn A Ko
N vrounyovn 4 v v punyovn B). Avtd onpaiver 6t dlvetar mpotepatdtnTa T

avtikeipeva Tov omoiwv 1 enelepyacio amd 10 GOGTNHO TANGLALEL GTNV OAOKAP®OT).

[No v Aertovpyio TV vrounyovav 5-8 wyvovv ta idto pe v mepinTmon

TPOCOUOIMONG HOVTELOL LE GEIPLOKO EAEYYO.

4.2.4 Yvviptnon push buf.m (sicodoc avrikciévov orov buffer)

H ovvdpmmon déxetor o¢ €icodo to avrikeipevo mpog €icodo (petafint
input), to TAN00¢ Katenuuévev 0écewv (buf log), tov buffer (buf) kabdg kot v
yopntikoémrto tov buffer (buf size). H €£060¢ g eivor 1o mAn0o¢ katenuuévov
0écewv petd v €icodo tov avtikelpévov (new buf log), 1 dwwbeoudtnTo Tov buffer

(new_buf flag) xon ta tepieyodpeva tov buffer petd v eicodo (new_buf).

H ocvvdptnon eréyyet av o buffer etvan yepdrog. Zmnv nepintwon avt mapdyet
éva ufvopo warning Kot emotpéeet tov buffer availoiwto divovtag new buf flag=1
(buffer mAnpng). Awpopetikd, tomobetel T0 vEO avtikeipevo 610 TEAOG TG OVPAG
(Oéon buf log+1), avEdvel Tov apOpd katenpuévov Bécemv katd 1 kot emoTpeQet,

&xovtag eréyéet kot v dabeoipdtnta Tov buffer petd v eicodo tov avrikeyévoo.

4.2.5 Yvvéptnon pop buf.m (£éodoc avursiuévov aro tov buffer)

H cuvdpmon déxetanr g €icodo to mAnboc katenuuévov Bécemv (buf log)
Kot to mepeyopuevo tov buffer (buf) evod €xel og €€0d0 10 MANO0OC KATEMUUEVEOV
0éoewv (new buf log), ™ dwbeootnta Tov buffer (new buf flag), to mepieydueva

tov buffer (new_buf) ka1 1o e€epyduevo avtkeipevo (output).
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H ocvvaptnon eléyyet av o buffer givar ddetog. v mepintoon ovtn mapdyet
éva. punvopo warning kot emotpépel new buf log=0, new buf flag=0, output="* "
ko Tov buffer availoimto. Aloeopetikd, 1 €£0d0¢ maipvel To TP®OTO GTOVKEID TNG
ovpdc (output=buf(1)), ta nepieyodpeva tov buffer omcsBaivovv katd 1 0éon mpog Ta
aprotepd kot 10 buf log peidveror katd 1. EmmAéov, to new buf flag yivetan 0

kaBmg etvar Aoywkd petd v €600 gvog avtikeévov, o buffer va punv eivar mTAéov

TANPNG.

4.2.6 Yvvaptnon subm proc.m (éleyyoc katdoraonc Acitovpyiac vrounyovic)

H ovuvéptmon €xel o¢ €icodo to mepleyOuevo viopnyavng (subm), T YPOVIKN
otiyun évapéng eneéepyaciag (proc_start time), TOV YpOVO TOL GLGTHUATOC (1) KOOMG
Kot Tov ypdvo emeCepyaciag g vrounyavig (subm_proc time). H povadwmn ££0d0g

g cvvaptnong etvar  €£080¢g ™ vroun ovNg (subm_out).

H ovvdptmon eréyyer av 10 ypovikd SdoTnuo. amd TNV YPOVIKN GTUYUN
évapéng eneEepyaciog yo TNV vropnyavn gtvor pikpotePo amd to ypdvo emeepyaciog
™ms. Av owtd ovpPaiver, n €€0doc g vrounyavng emotpépetor ¢ 0 (dev €xet
olokAnpwbel N emeepyacia) evd oe dapopetikn mepintmon (£xel oAokAnpwbei N
eneEepyaoia), TO TEPLEYOUEVO TNG LITOUNYOVIG TTpowbeitan oty ££000 TG Anladn,
elEyyel o KABe ypoviKn oTIyUn TV Kotdotaon g €000V NG EKACTOTE EVEPYNG

VTOUNXAVTG.

4.2.7 Yvvaptnon start proc.m (évapln smecepyooioc amo vITounyovy)

H ovvapmon éxet o¢ eicodo tov buffer ei6d660v g vrounyovig (ibuf), tov
apOpod katenppévav 0écemv Tov cuykekpipuévov buffer (ibuf log) ko v tiun tov
Tpéxovta xpovov (1). Ot €£0doi g €ival TO TEPLEYOUEVO TNG VIOUNYOVNG (Subm), N
KATAoTOoN NG vIounyovng (subm_flag), v ypovikn otiyun Evopéng g
enelepyaociag (start _time), tov evnuepouévo buffer e.c600v g vrounyovig (ibuf),
oV gvnuepopévo aplud  kotenppévov  Bécewv tov  cvykekpiuévov  buffer

(ibuf log) xou v evnuepopévn katdotaon tov buffer (ibuf flag).

H ocvuvéptnon avt) koAeitor epdsov 1 vwounyavn eivar avevepyn (o leyyog
aLTOG yivetar amd 10 Kupiwg mpdypopia) Kot VAOTOEL TNV oAAay] KOTAGTAONS TNG
vropunyavig and avevepyn (idle, subm_flag=0) ce evepyn (working, subm _flag=1),
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onAadn yiveton Tpo@odocia TG avevepyns vounyavng omd tov buffer e1.6ddov g, 0
omoiog mAéov Oa &xet ibuf flag=0 (tovidyiorov e kevyp Géon), xor oty oAAdlet

Kataotaon o€ evepyn. H cuvaptnon kalel v cuvaptnon pop_buf.

4.2.8 Yvvhptnon end proc.m (TepuotioioC ETECEPYOTIOC OO DTOUNYOVH)

H ovvéptmon avt) €xel og €icodo v €000 TG vITounyavig (subm_out), Tov
buffer e£60ov (obuf), Tov apBud TOV Katenuuéveoy Bécemv avtov (obuf log), v
XOPNTKOTNTA TOVL (0obuf cap), Ko TV TN ToL TPEYOVTA YXPdvov (7). Ot é€odol g
elval to mEPEYOUEVO TNG LROUNYOVNG (Subm), TNV KOTAGTOGN TNG LTOUNYOVIG
(subm_flag), v svnuepopévn €£000 TG LVIOUMYOVAG (Subm_out), TV YPOVIKN
otTiyun téhovg g enelepyaociog (end time), tov evnuepopévo buffer e£6dov (obuf),
TOV evnuepmuévo aplipd tov Kotenupuévov Bécewv avtov (obuf log) xor v

evnuepouévn Katdotaon tov (obuf flag).

H ocvvapmmon avt) kaAeiton €poOGovV 1 vrounyovn eivor evepyn Kot €xet
tedewdoel v enelepyacio g (0 Aeyyog awtdg yivetar amd to Kupimwg mpdypappa)
Kol vAomolel TV oAAayr] KATtdoToong NG vmounyovhg oamd evepyn (working,
subm_flag=1) oe avevepyn (idle, subm_flag=0), onladn mn £€E000¢ TG EVEPYNG
vrounyavig mpowbeitar otov buffer €£66ov g kal ovt) oAAdlel kaTdoTOON OF
OVEVEPYT EVM TO TTEPLEYOUEVO KoL 1 ££000¢ TG unodeviCovtatl. H cuvaptnon xoiet v

cuvaptnon push_buf.

4.2.9 Yvvéptnon find hubl.m (emidoyy tepuotinod orabuod mpoc elornpétnon)

H ovvapmon avt) éxer og 160060 T1g €£000VC TOV TEPUOTIKOV CTAOUDV
(out5, out6, out7, out§) xou ®g €£000 TOV OPOUO TOL EMAeYDEVTOG TEPHOTIKOV

oTaBpoV TPog eumnpETnon.

H ovykekpipévn cvvapmon vAomolel v €0pecT TOL OEPOGKAPOVS LE TOV
peyaAdtepo xpOvo TOPAUOVIS GTO GUGTNHA UETAED QLTAOV TOL £(OVV OAOKANPOGEL
Vv €ELANPETNON TOLG GTOVS TEPUATIKOVG oTafpovs. H cuvdptnon emotpéest Tov
aptBpd g vrounyavng mov Ba tpogodotnoel tov buffer 5. Tty mepintwon mov
Kapio vrounyavn eEumnpétnong (Teprotikoc otafpdg) dev etvar tolun, 1 GLVAPTNON

EMOTPEPEL UNOEVIKN TULT).
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4.3 Apyikéc tiuéc & dgoouéva

Ot Tipég mov téfnKav 1060 Yo ToVg YPOVOLS ENEEEPYOTiag TOV UNYovaV (Kot
VIOUNYOVAV) 6GO Yoo TNV YOPNTIKOTNTO TV buffers eival avtimpoocwnevtikég eviog
QEPOAUEVOL HIKPNG XOPNTIKOTNTOS, 0TS TEPLYPAPNKE GTA TPOTNYOVUEVA KEPAALA.
Ytovg mivakeg 4.3 kot 4.4 divovtor ot otabepéc mov ypnopomomOnKay 6To HOVIEAO

LOG Y10 TNV €V AOY® TPOGOUOIMOT) AEITOVPYIOG TOV OLEPOALUEVOL.

IMivaxag 4.3. Xpovog enelepyaciog yio ka0 machine kot submachine.

Machine Submachine

A 1 I1pocyeiwon 120
2 Amoyeioon 75
3 Tpoyodpounon (petd v mpocyeiwon) 180
B . ;
4 Tpoyodpounon (tpv v aroyeimon) 180
C 5 Emniyelo e&umnpénon 1500
D 6 Eniyeio e&ummpénon 1500
E 7 Eniyeio eEummpétnon 1500
F 8 Eniyeio e&ummpénon 1500
Elcyiot0¢ ypovog mopopovig aepookapong atov aEpolUEVa. 2055

MMivaxag 4.4. Xopnrikomra tov ke buffer.

Buffer \ Xopnrikdtto (. ) \
1 Evoéproc ydpog api&ewv °0
2 Evaépilog yadpog avaywpnoewv 0
3 Avopovn LETA TV TPOGYEIMON 2
4 Avopov yuo 0éomn eumnpénong 3
5 Avouovn Y10 TPOY0dpOUNCT) TPOG OMOYEIWMON 3
6 Avopovn Tpv Vv anoyeimon 4

H Aetrtovpyio Tov aegporpéva e€etdobnke yia 014popovg mpraiovg puOpovg
apiev (2.5 ~ 20 apiewc/h, pe Prua 2.5) yio va domotwdel moleg amd Tig dvo
wpoavagepBévieg nebddovg eléyyov cuvteEAOVCOV GTNV UEYOADTEPN OTAS00T TOL
OEPOALUEVOL ONAGOT WKPOTEPOC UEGOC YPOVOG €ELTINPETNONG OVA OlEPOCKAPOG Kot
neplocdtepa eEumNPeTNOEVTA 0EPOoKAPN 6T dtapKel £vOg 24-mpov (86400 s). Edm,
Oo mpémetl va onuetdcovpe 6Tl oty TPAEN cuvnBmS Evac aepoiiEvas oev Asttovpyet
OM0 10 24wpo pe TOV 1010 wplaio aplBUodg aPIKVOOUEVOV 0EPOCKOPOV, KOOMOG KATH
Vv O1dpKelo. ™G vOYTOG O PLOUOG OVTOG HELMVETOL KOl O KOTOEG TEPITTOCELG
undeviCetor (Aoyw emmtocemv BopHPov). O TakTIKOS YPOVOG amobrKeELONG NG

KATAOTOGNS TOV GLOTHHOTOS opicOnke ota 15 s.
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4.4 Arwotsiéouaro

Ta amoteléopoTo HETE TNV EKTELECT] TOV KOOIK®V Yo KAOe Tpdmo eAéyyov

Kol yio kéOe oploio pvOud agifewv mapatibevior TOPAKATO CE OLOYPOULOTIKN

popon, (ox.4.3 —oy.4.19).

YyoMalovtag To SyPAUUATO OVTO UITOPOVE VO LTOGTNPIEOLE OTL Kot Ol
000 TPOTOL EAEYYOV TNG AEITOLPYIOG TOV AEPOAUEVO AEITOVPYNOAY GE IKOVOTOUTIKO

Badpo.

Apyikd, ota Sypdupota tov oynuatog 4.3, TopaTnpPovpE OTL GE YEVIKEG
YPOUUES Ol KMOWKES Olvovv amodektd péco wpuaio aplBud agiewv. Ov Omoteg
dtapopég dkatorloyobvior and TV GTOYOCTIKY UGN TG Kotovouns Poisson. Avto
onuaiver 6Tt 660 peyaldTEPOS glvatl o xpovog mposopoimong toco Bo mAnclalel o
TEAMKOG HEGOG mpraiog apluog api&emv Tpog v Tl mov Bécape o€ Kabe extédeon

TOV KOOIKWOV.

210 oynua 4.4, Ttopovctdlovtol ToAD YPNCIUES Kol KPIGULEG TANPOPOPIES Yol
TV SUVOIKOTNTO TOL OEPOALUEVA. ZVYKEKPLUEVA, Kot ot 000 TPOTOL €AEYYOL
KatEANEav o€ éva Oplo amd 223 £m¢ 225 avaympouvi®mV aePOSKAPOV oE Eva 24wmpo,
dlapopd mov doev pmopel va BewpnBel onpavtikn Kot opeileTon 6TIG TVYOIESG YPOVIKEG

OTIYUES OPIEEMV TV AEPOCKAP®V 0o TNV Katavour Poisson.

‘Eva dAAo otoryeio mov TpokOTTEL 0O TNV OVAALGT OVTAOV TOV OOy POUUATOV
etvan 611 0 Kpilowog wplaiog apBpog apitewv Tov agpoipéva eivarl mepinov ota 10
aePOCKAPN ovl oOpa. AVTO, ovvadel pe ToV BepnTikd LTOAOYIGUO NG
CITOPAYDYIKOTNTOC) TOV aepoApéva, Bewpavtag ot ot unyavéc C, D, E, F dovievovv
GLUVEXMDG KOl TA AEPOCKAPT deV KaBuoTEPOVV GE Kapia amd TIG VITOAOUTEG UNYOVES KO
buffers. 'Etol, Osopntikd o aepohpévag pmopel va efumnpetel, oty KoAvtepn

nepintowon, 4 aepookaen oe ypovo 1500 sec, onradn 9.6 agpooKapn avd dpa.

[Ma pvBuove aeilemv kdtm and 10 agpookdaen ava dpa, Kot ot 6000 TPOTOL
EAEYYOV EMEDEEAV KOVOTNTA ETOPKOVS EAEYXOV TNG AETOLPYINS TOL OAEPOALLEVAL.
Ed®, Ba mpémel va vevBupicovpe, 6Tl 6TV TPAYLATIKOTNTO EVOG AEPOALLEVOS OEV

Aertovpyel 6A0 t0 24mPo pe Tov 1010 wpaio apBud aeitewv. Etot, vdpyovv ypovikd
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OLGTLOTOL TTOV O OEPOAUEVOG EYEL TOV YPOVO VO EEVTNPETIGEL KO VO OTOOEGUEVTEL
TO 0lEPOCKAPT YwPIic va avePaivel 0 TANOVGUIC TV ELGEPYOUEVOV AEPOCKAPDOV TPOG

npocyeimon kot eEumnpétnon.

[Mopatnpodvtag To oynua 4.5 TOL 0Eopd 6ToV HEGO YPOVO eELTNPETNONG VAL
aePOCKAPOG, Gaivetal 6Tt yio kdtw omd 10 agpeig/mpa, ot dVo TPOTOL EAEYYOVL 001YOLV
otov 1010 péco ypovo. Afloonueiotn elvar 1 cvumeplpopd TV eAEyywv Yo 15
QPES/DPO, OTOL elvar ovePO OTL 0 GEIPLAKOG EAEYXOC VITEPTEPEL TOV EAEYYOV pe Baom
T0 KPUNMPOo KOGTOLG kaTd 2 dpeg taydtepng eéumnpétmons. Qotdco, yuo
peyoAvTepoLg puORovs apitemv, g tdéemg Tov 20 apmv/dpa, o Eleyyxog Bdoel Tov
KpLTNpiov KOGTOVG OlaPaiveTOL VO, EIVOL OITOOOTIKOTEPOS EVAVTL TOL GELPLUKOD, OV KO
mAéov 0 ypdvog eEuvmmpétnong oe amoivtes THESG (10 dpeg ava agpookdpog) eivar

ATOYOPELTIKOG Yo eMiyelo ELTNPETNOT OEPOCKAPOVS GE OLEPOAUEVOL.

Ooov apopd Thpa 0T S10YPAULOTO GLYVOTNTOG AEITOLPYINS TWV VITOUNYOVAOV
KOl GUYKEKPLUEVOL TNG HNXOVIG A, SOMIGTOVOLLE OTL O EAEYYXOC LE PACT TO KPLTHPLo
KOGTOVG TNV EAEYYEL OMOTEAECUOTIKOTEPA. XTO Oldypoppa 4.60, @aivetar OTL 1
vrounyavy 1 (mpooyeimon) mapovotdlel peyoADTEPO SUCTHLOTO GE KOTAGTOON
OVOUOVIG, HETaED 000 Jlodoyik®v eKKvNoe®V, HE ogplakd €leyyo. Emiong,
TopOTNPEITAL 1| OHOAOTTOINGN TG GLYVOTNTAG AElToLVPYIOG UETO OO KATO0 YPOVO
mpocopoimong (t > 28000 sec). Avtd e&nyeitar amd 10 YeYovog OTL €)ovtag TAEOV
ovykevtpwbel moALd agpookdaen otov buffer 1 kou pe dedopévn g mpotepatdTTaL
Aettovpyiog ™ vrounyavng 1 €vavtt g vrouNyoevig 2, 1 TPOTN OVOUEVEL VO

adeldoet o buffer 3 yio va apnoel GALO 0EPOGKAPOS VO TPOGYELMOEL.

Ot 1d1eg mepimov d1POPES 1GYXVOVY KOl Y10, TIG VITOAOITES VITOUNYOVES, EKTOG
twv 5, 6, 7, 8 O0mov UETA amd KAMOWL YPOVIKY] OTLYUN TOPATNPEITOL 1 GLVEYNG

Aettovpyia TOLG, KOl LLE TOVG dVO TPOTOLS EAEYYOV.

E&etdlovtog v ovumepipopd tov buffers, evoweépov mapovcoialer m
ypovikn petafoin tov buffer 1. Eival mpogavig €0 n enidpacn Tov SopOpPETIKOV
eléyyov Tov cuotiuatog. O buffer 1 otov celprokd Ereyyo (oy. 4.14a) adeidlel ToAD
ypnyopa péxpt tor 23315 sec mepimov, yeyovog mov e€nyeitor amd to OTL 0 EAEYYOG
dtvel mpotepardTTa 6TV TPOcyeiwon Tewv agpockap®v. Katomw, dpwg o aptfudg
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TOV OVOUEVOVI®OV 0EPOCKAPOV av&dvel amodtopa, @Bdvovtag axopo kot o 11
0EPOCKAPT OTOV EVOEPLO YDPO. AVTIOET®G, 0 EAEYXOC LE TO KPUTNPLO KOGTOVG (OY.
4.14B), ev yéver dwutnpel cvveymdg Eva LKpO oplBud avapevovIoV aePOCKAPDV,

eOavovtag povo pa eopd oplaxd ota 10 aepookaen.

H ovumepipopd avt dkooroyeitor amd tov Tpdmo €MAOYNG NG TPOG
Aertovpylag vrounyovig (1 M 2) g unyavng A, o omoiog dev divel mdvia
npotepatdNToL otV vIopunyavn 1 Kot €tol to cvoTnuo  amocvugopileTor pe
opaAdtepo Tpémo. O éheyyog pe Pdon 10 KPTHPLo KOGTOLG SloPOiveTOLl VoL KAVEL
KaAOTEPN Srayeipton tng Asttovpyiag g unxovng A Kot kot enéktaot Kot tov buffer
1, mopatnpnon mov evioyvetal ond to dwypdupata tov buffer 2 (oy. 4.15) 6mov

BAémovpe Ot Kot o1 avay®pNoes okolovBolv mepinov to 1010 potifo.

[Mopatnpovtog ta dwypdupata Tov vroloinwy buffers dtametdvovue pia ev
vével KoAOTEPN Olayeipion Tovg amd Tov éAeyyo Pdoel Tov Kprtnpiov KOGTOLC.
Awmotdveton 6t o buffer 3 givon kot o mo Befapnpévog tov cuoThpaTog Kabmg o
TANO0C TOV 0EPOCKAPAOV GE AVTO gival cuveEXDS KOVTd otV ywpnTikdtTd Tov. H
K0Pl ation TOV TO TPOKAAEL oVTO givarl n un dabecipudmra unyoavav e&uanpétmong

KoL TPOY0dPOLOV, KOl 0VTO GUVETAYETOL VOOV TOV 0EPOCKAP®OV oTov buffer 3.

O buffer 6, mov avtmpocwnevel oyeddv 0Tl ko o 3, ombvia yepilet pe 1
aEPOCKAPOG KOl oVTO YTl amd ekel Kol PETA TAL OEPOCKAPT OV LIOPAAAOVTAL GE
kabvotepnoelg Adym e&ummpétnong kabmg sivar Non moAd Kovid otnv ££000 TOL

cvotnuatog (amoyeiwon).
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Xympa 4.3. ABpototiog apBpdc apifemv o éva 24-wpo Yo 016popovs mPLoiovg
pLOLovs apitemv: (o) pe xpron Tov Kadwka A, (B) pe xpnon tov kmodwo B.
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2.5 ac/hr 5 ac/hr 7.5 ac/hr 10 ac/hr 12.5 ac/hr 15 ac/hr 17.5 ac/hr 20 ac/hr
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B DEPARTURES 54 122 177 215 224 223 224 225
Qpraiog puOpog apitemv agpooka®v (a.c. per hr.)
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Qpraiog puOpog aitemv agpooka®v (a.c. per hr.)

Xympa 4.4. Zoykpion apfpod agienv & avaywpioewv o€ éva 24-0po Yo
Sapopovg wpilaiovg puBpove aeifewv: (a) e xpnon Tov Kodka A, (B) pe xprion Tov

Koowa B.
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Tympa 4.5. Zoykpion LG 1oToL, HEYIGTOL Kot LEGOV XPOVOL £ELTNPETNONG oV
aePOCKAPOG, 0€ £va 24-mpo Yo S1aPopovg ®wplaiovg puduovs aeifemv: (o) pe xpnon

o0V K®OOKa A, (B) pe xpnomn tov Kook B.

67



Kovooldxkn Mopia-Nektapio Awmiopatiki Epyacia

0,009

0,008

0,007

0,006

Rd
[=3
=3
g

Tuxvérnra (s™)
(=]
S
-

0,003

| J_ll_|IJlIlIlIIJlIlIlI CTUTrrrrrrrrprrrrrrnrrrrr

0,002 1 [RNCR Tl
L A
0,001 r—_' -

0,000

0 10000 20000 30000 40000 50000 60000 70000 80000
Xpoévog (s)

(o)

0,009

0,008

0,007

0,006

" |
l\
ll

Toyvétnra (s'l)

0,003

W A LS

- UUTUUU oo rorreirrguuviioy iy

0,001 =

0 10000 20000 30000 40000 50000 60000 70000 80000
Xpovog (s)

(B)

Xynpa 4.6. Zoykpion cuyvotntag Asttovpyiog vwounyavig 1, oe éva 24-opo yo
pLouod apitemv 10 apn/hr: (o) pe yprion Tov kddwka A, (B) pe ypnon tov kmdwka B.
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Xynpa 4.7. Zoykpiorn cuyxvotntag Asttovpyiog vwopnyavig 2, o€ éva 24-mpo yio
pLouod apitemv 10 apn/hr: (o) pe yprion Tov kddwka A, (B) pe ypnon tov kmdwko B.
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Xynpa 4.8. Zoykpion cvuyvotntag Asttovpyiog vwopnyavig 3, o€ éva 24-mpo yo
pLouod apitemv 10 apn/hr: (o) pe yprion Tov kddwka A, (B) pe ypnon tov kmdwko B.
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Xympa 4.9. Zoykpion cvuyvotntag Asttovpyiog vwopnyavig 4, o€ éva 24-mpo yo
pLouod apitemv 10 apn/hr: (o) pe yprion Tov kddwka A, (B) pe ypnon tov kmdwka B.
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Tympa 4.10. ZOykpion cvyvotnTog AEttovpyiag vrounxavig S, og £va 24-mpo y
pLouo apitemv 10 apn/hr: (a) pe yprion Tov kddwka A, (B) pe xpnon tov kmdwka B.
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Xypa 4.11. Zoykpion cvyvotntog Agttovpyiog vrounyavig 6, og £va 24-mpo yi
pLouo apitemv 10 apn/hr: (a) pe yprion Tov kddwka A, (B) pe xpnon tov kmdwka B.
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Tympa 4.12. Zoykpion cvyvotntog Agttovpyiog vropunyavig 7, og £va 24-mpo yi
pLouo apitemv 10 apn/hr: (a) pe yprion Tov kddwka A, (B) pe xpnon tov kmdwka B.
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Tympa 4.13. ZOykpion cvyvotntog Asttovpyiag vrounyavig 8, og £va 24-mpo yi
pLouo apitemv 10 apn/hr: (a) pe yprion Tov kddwka A, (B) pe xpnon tov kmdwka B.
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KE®AAAIOQO 5. Xvunepaopata

2NV Topovoa SITAMUATIKY] EPYOCI0 TPOGTOONGOUE VO LOVTEAOTOUGOVIE KoL
VO TPOGOUOLDCOLUE TNV AETOVPYIOL €VOG  OEPOALUEVA, YPNOLUOTOIOVTOS OVO

OLPOPETIKEG TPOCEYYIGELS ELEYYOVL.

Awmotobnke, mtpotov, 61t 10 mokéto MATLAB g vtoloyiotikd epyaleio

KOADTTEL TIG AVAYKES O10KPITNG TPOGOUOIMGNG EAEYYOV AEITOVPYIOG OLEPOALUEVOL.

Ocov apopd ™V ocvumeplpopd Kot amdd06N TOV SPOPETIKOV TPOT®V
EAEYYOV UTOPOVLE VO TOVUE OTL 0 EAEYYOC e PAoEL TO KPITNPLO KOGTOVG VIEPTEPEL
£VOVTL TOV GEPLUKOV EAEYYOV, KUPIOE ot BEpaTO dtoEip1ong TOL AEPOCKAPOLS GTIG
punyoavég ko otovg buffers. Qotdco, 1 poviedonoinon mov mapovclacOnKe ce VTN
TNV SIMA®UOTIKY VOTEPEL G€ KAmola onpeion 6 GYEoT UE TIC TPAYLOTIKES GLVONKEG
Aertovpyiog evoc aepoipéva Kabmg dev Aappdvetal vtoyn 1o yeyovog 6Tt 0 apliuog
apiemv avd mpa oev elval otabepdc Katd v ddpkela evdg 24mpov. Emiong, ot
TOPOVGA OEV PLOVIELOTOLOVVTOL 0EPOCKAPT OV GTAOUEDOVY GTOV AEPOMUEVA KOl OEV

povtedomoteiton Kot 1 aSomoTio TV unyovev (xpovog un Asttovpyiog g Unyovng

Moyw PAGPNg M cvvpnong).

Oo omoteEAOVGE EVOLPEPOV OVTIKEIHLEVO UEAETNG 1) CLUTEPIPOPE T®V VO
OVTOV TPOTMV EAEYYOL Yo TNV OllpKew €vOC €TOVG, E£YOVTOG EGOYAYEL OTNV
povtedomoinon éva un otabepd wplaio apBpd aeifewv aepookapdv oe évo 24mpo

KaBDG Ko TIC AEI0MIOTIES TV UNYAVOV.
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Kovosoldxn Mapia-Nektopio Aummdouotikny Epyacio

Al. Kodowkag povtérov pe oeprako £heyyo (KQAIKAYX A)

Al. 1. Apyeio airportla.m

% Alrport ground operations simulation model

¢ Manufacturing cell modelling

o Case study 1: airport with one runway, one taxiway and four hubs

o (eight submachines) - submachines connected with six buffers.

6 Input and output buffers have infinite capacity.

¢ Submachine processing time, internal buffer capacity and arrival
rate

% are user-defined. Arrivals follow Poisson distribution, producing
output

% every 60 sec (limited to maximum one arrival/minute).

6 Simulation time base: 1 sec, duration: user defined (in sec)

6 System state data are stored every 15 sec

RN

XX

X

o definition of constants - user iInputs - initialization of variables
% clear workspace
clear

% nr of submachines
nsub = 8;

% nr of buffers

nbuf = 6;

% user input for submachine processing times
proc_time(1)=input(°\n Processing time for submachine 1 (sec): ");
proc_time(2)=input(°\n Processing time for submachine 2 (sec): ");
proc_time(3)=input(°\n Processing time for submachine 3 (sec): ");
proc_time(4)=input("\n Processing time for submachine 4 (sec): ");
proc_time(5)=input("\n Processing time for submachine 5 (sec): ");
proc_time(6)=input(°\n Processing time for submachine 6 (sec): ");
proc_time(7)=input(°\n Processing time for submachine 7 (sec): ");
proc_time(8)=input(°\n Processing time for submachine 8 (sec): ");

% convert to column vector
proc_time = proc_time~;

% user input for buffer capacities (buffers 3-6)

% negative means infinite capacity

buf_cap(l1) -1;

buf _cap(2) -1;

buf_cap(3)=input(“\n Capacity of buffer 3: *)

buf_cap(4)=input("\n Capacity of buffer 4: *);
)
)

buf_cap(5)=input(“\n Capacity of buffer 5: -
buf_cap(6)=input(*"\n Capacity of buffer 6: -
% convert to column vector

buf_cap = buf _cap”;

% user input for arrival rate - the mean number of arrivals

% defines the Ilambda parameter (also mean value) of the Poisson
distribution

% that generates the arrivals every 1 minute

m = input(*\n Mean number of arrivals per hour (0 < mean < 60):7);
lambda = m./60;

% user input for simulation time
tsim = input("\n Simulation time (sec): ");

% initialization of buffer log vector (zero log for all buffers)

84



Kovosoldxn Mapia-Nektopio Aummdouotikny Epyacio

buf _log = zeros(nbuf,1);

% initialization of buffer full flags vector (all buffers not full)
buf_flag = zeros(nbuf,1);

% initialization of buffers (all buffers empty)

bufl = [];
buf2 = [];
buf3 = zeros(1,buf _cap(3));
buf4 = zeros(1,buf _cap(4));
buf5 = zeros(1,buf _cap(b));
buf6é = zeros(1,buf _cap(6));

% initialization of submachine flags vector (all submachines idle)
subm_flag = zeros(nsub,1);

% initialization of submachine outputs (zero output for all
submachines)
subm_out = zeros(nsub,1);

% initialization of submachines (all submachines empty)
subml
subm2
subm3
subm4
subm5
subm6
subm?7
subm8

eNoNoNoNoNoloNe

% Initialization of submachines start/end processing times storing
matrices

% column 1: time instant, column2: submachine flag - ki1,...,k8:
counters
subml proc hist(1,:) = [1 0];
subm2_proc_hist(1,:) = [1 0];
subm3 _proc_hist(1,:) = [1 0];
subm4_proc_hist(1,:) = [1 0];
subm5_proc_hist(1,:) = [1 0];
subm6_proc_hist(1,:) = [1 0];
subm?7_proc_hist(1,:) = [1 0];
subm8 proc_hist(1,:) = [1 0];
ki = 1;

k2 = 1;

k3 = 1;

kd = 1;

k5 = 1;

ké = 1;

k7 = 1;

k8 = 1;

% initialization of arrival counter and arrival vector, containing
the arrival

% times of all airplanes (in ascending order) - arrival time is
unique for each

% airplane (generation of one arrival/minute at maximum)

ar_count = 0;
ar_times = [];
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% initialization of departure counter and departure vector,
containing the departure

% times of all airplanes served (in ascending order) - departure time
is unique for

% each airplane (one airplane is using the departure runway at a
time)

dep_count = 0;

dep_times = [];

% initialization of total time vector, containing total service times
for all

% airplanes served

total_times = [];

% main simulation loop
for t = 1:tsim

% check for new arrival every 60 sec - arrivals follow Poisson
distribution
% limited to maximum one arrival/minute
if ~mod(t,60)
new_ar = poissrnd(lambda);
if new ar >= 1
new_ar = 1;
else
new_ar = 0;
end

% input of new arrival to the system (airplane arrival times are
propagated)
if new_ar
ar_count = ar_count + 1;
ar_times(ar_count) = t;
% push new arrival to buffer 1
[buf_log(1l), buf flag(l), bufl] = push_buf(t, buf _log(1l), bufl,
buf_cap(1));
end
end

% input to submachine 1: buffer 1 not empty AND submachine 1 idle
AND
% submachine 2 idle AND buffer 3 not full
if buf _log(1l) & ~subm_flag(l) & ~subm_flag(2) & ~buf _flag(3)
% pop buffer 1 to submachine 1, which changes state to processing
[subml, subm_flag(l), start_proc_timel, bufi, buf_log(1),
buf_flag(l)] = start_proc(bufl, buf log(l), t);
% submachine 1 start processing time storing
kl = k1+1;
subml_proc_hist(kl,:) = [start_proc_timel subm_flag(1)];

else
% check processing progress if submachine 1 is iIn processing
state
if subm_flag(l)
subm_out(1) = subm_proc(subml, start_proc_timel, t,
proc_time(1));
if subm out(l)
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% processing complete, push submachine 1 output to buffer 3
and change state to idle

[subml, subm_flag(l), subm _out(l), end_proc_timel, buf3,
buf _log(3), buf flag(3)] = end_proc(subm_out(l), buf3, buf log(3),
buf _cap(3), t);

% submachine 1 end processing time storing

kl = k1+1;
subml_proc_hist(kl,:) = [end_proc_timel subm_flag(1)];
end
end
end

% input to submachine 3: buffer 3 not empty AND submachine 3 idle
AND
% submachine 4 idle AND buffer 4 not full
if buf _log(3) & ~subm_flag(3) & ~subm_flag(4) & ~buf _flag(4)
% pop buffer 3 to submachine 3, which changes state to processing
[subm3, subm_flag(3), start_proc_time3, buf3, buf_log(3),
buf_flag(3)] = start_proc(buf3, buf log(3), t);
% submachine 3 start processing time storing
k3 = k3+1;
subm3_proc_hist(k3,:) = [start_proc_time3 subm_flag(3)];

else
% check processing progress if submachine 3 is iIn processing
state
if subm_flag(3)
subm_out(3) = subm_proc(subm3, start_proc_time3, t,
proc_time(3));
if subm out(3)
% processing complete, push submachine 3 output to buffer 4
and change state to idle
[subm3, subm_flag(3), subm out(3), end_proc_time3, buf4,
buf _log(4), buf flag(4)] = end_proc(subm out(3), buf4, buf log(4),
buf _cap(4), t);
% submachine 3 end processing time storing

k3 = k3+1;
subm3_proc_hist(k3,:) = [end_proc_time3 subm_flag(3)];
end
end
end

% input to hubs (submachines 5, 6, 7, 8) - starting from submachine
5, pop buffer 4
% to the First idle submachine
if buf_log(4) % buffer 4 not empty
it ~subm_flag(5) % submachine 5 idle
% pop buffer 4 to submachine 5, which changes state to
processing
[subm5, subm flag(5), start proc_time5, buf4, buf log(4),
buf_flag(4)] = start_proc(buf4, buf _log(4), t);
% submachine 5 start processing time storing
k5 = k5+1;
subm5_proc_hist(k5,:) = [start_proc_time5 subm_flag(5)];

elseif ~subm_flag(6) % submachine 6 idle

% pop buffer 4 to submachine 6, which changes state to
processing
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[subm6, subm flag(6), start proc time6, buf4, buf log(4),
buf flag(4)] = start_proc(buf4, buf log(4), t);

% submachine 6 start processing time storing

k6 = k6+1;

subm6_proc_hist(k6,:) = [start_proc_time6 subm_flag(6)];

elseif ~subm_flag(7) % submachine 7 idle

% pop buffer 4 to submachine 7, which changes state to
processing

[subm7, subm flag(7), start proc time7, buf4, buf log(4),
buf _flag(4)] = start_proc(buf4, buf log(4), t);

% submachine 7 start processing time storing

k7 = k7+1;

subm?7_proc_hist(k7,:) = [start_proc_time7 subm_flag(7)];

else
if ~subm_flag(8) % submachine 8 idle
% pop buffer 4 to submachine 8, which changes state to
processing
[subm8, subm flag(8), start proc_time8, buf4, buf log(4),
buf _flag(4)] = start_proc(buf4, buf log(4), t);
% submachine 8 start processing time storing

k8 = k8+1;
subm8_proc_hist(k8,:) = [start_proc_time8 subm_flag(8)];
end
end
end

% check processing progress i1f submachines 5-8 are iIn processing
state
if subm_flag(b)
subm_out(5) = subm_proc(subm5, start_proc_timeb, t,
proc_time(5));
end
if subm_flag(6)
subm_out(6) = subm_proc(subm6, start_proc_time6, t,
proc_time(6));
end
if subm_flag(7)
subm_out(7) = subm_proc(subm7, start_proc_time7, t,
proc_time(7));
end
it subm_flag(8)
subm_out(8) = subm_proc(subm8, start_proc_time8, t,
proc_time(8));
end

if ~buf_flag(5) % buffer 5 not full
% check ouputs of submachines 5-8 to find the oldest (in case
that more than one
% hubs are ready, the airplane with the smallest (oldest) system
input time is served first
index = find_hubl(subm_out(b), subm_out(6), subm_out(7),
subm_out(8));

if index % there is input available for buffer 5
if index == 5 % push submachine 5 output to buffer 5 and
change state to idle
[subm5, subm_flag(5), subm out(5), end _proc_time5, buf5,
buf _log(5), buf flag(5)] = end_proc(subm out(5), buf5, buf log(b),
buf_cap(5), t);
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% submachine 5 end processing time storing
k5 = kb5+1;
subm5_proc_hist(k5,:) = [end_proc_time5 subm_flag(5)];

elseif index == % push submachine 6 output to buffer 5 and

change state to idle

[subm6, subm_flag(6), subm out(6), end proc_time6, buf5,
buf_log(5), buf flag(5)] = end_proc(subm_out(6), buf5, buf log(b),
buf_cap(5), t);

% submachine 6 end processing time storing

k6 = k6+1;

subm6_proc_hist(k6,:) = [end_proc_time6 subm_flag(6)];

elseif index == 7 % push submachine 7 output to buffer 5 and

change state to idle

[subm7, subm_flag(7), subm out(7), end proc_time7, buf5,
buf log(5), buf flag(5)] = end _proc(subm out(7), buf5, buf log(b),
buf_cap(5), t);

% submachine 7 end processing time storing

k7 = k7+1;

subm?7_proc_hist(k7,:) = [end_proc_time7 subm_flag(7)];

else
% push submachine 8 output to buffer 5 and change state to
idle
[subm8, subm_flag(8), subm out(8), end proc_time8, buf5,
buf log(5), buf flag(5)] = end _proc(subm out(8), buf5, buf log(b),
buf_cap(5), t);
% submachine 8 end processing time storing

k8 = k8+1;
subm8 proc_hist(k8,:) = [end_proc_time8 subm_flag(8)];
end
end
end

% input to submachine 4: buffer 5 not empty AND submachine 4 idle
AND
% submachine 3 idle AND buffer 6 not full
if buf _log(5) & ~subm_flag(4) & ~subm_flag(3) & ~buf_flag(6)
% pop buffer 5 to submachine 4, which changes state to processing
[subm4, subm_flag(4), start_proc_time4, buf5, buf_log(b),
buf_flag(b5)] = start_proc(buf5, buf _log(5), t);
% submachine 4 start processing time storing
k4 = k4+1;
subm4_proc_hist(k4,:) = [start_proc_time4 subm_flag(4)];

else
% check processing progress if submachine 4 1is iIn processing
state
if subm flag(4)
subm_out(4) = subm_proc(subm4, start_proc_time4, t,
proc_time(4));
if subm out(4)
% processing complete, push submachine 4 output to buffer 6
and change state to idle
[subm4, subm_flag(4), subm out(4), end proc_time4, buf6,
buf _log(6), buf flag(6)] = end_proc(subm_out(4), buf6, buf log(6),
buf _cap(6), t);
% submachine 4 end processing time storing
k4 = k4+1;
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subm4_proc_hist(k4,:) = [end_proc_timed4 subm_Fflag(4)];
end
end
end

% input to submachine 2: buffer 6 not empty AND submachine 2 idle
AND
% submachine 1 idle
if buf_log(6) & ~subm_flag(2) & ~subm_flag(l)
% pop buffer 6 to submachine 2, which changes state to processing
[subm2, subm_flag(2), start_proc_time2, buf6, buf_log(6),
buf_flag(6)] = start_proc(buf6, buf log(6), t);
% submachine 2 start processing time storing
k2 = k2+1;
subm2_proc_hist(k2,:) = [start_proc_time2 subm_flag(2)];

else % check processing progress if submachine 2 is iIn processing
state
it subm_flag(2)
subm_out(2) = subm_proc(subm2, start_proc_time2, t,
proc_time(2));
if subm _out(2)
% processing complete, airplane departure
dep_count = dep_count + 1;
dep_times(dep_count) = t;
total times(dep_count) =
time for departuring airplane

t - subm_out(2); % total service

% push submachine 2 output to buffer 2 and change state to
idle

[subm2, subm_flag(2), subm out(2), end proc_time2, buf2,
buf_log(2), buf flag(2)] = end_proc(subm_out(2), buf2, buf log(2),
buf_cap(2), t);

% submachine 2 end processing times storing

k2 = k2+1;
subm2_proc_hist(k2,:) = [end_proc_time2 subm_flag(2)];
end
end
end

% simulation history storing (every 15 sec)
if ~mod(t,15)
k = t./15;
t_hist(k) = t; % storing time points
buf3 hist(k,:) buf3; % buffer3 storing
buf4_hist(k,:) buf4; % bufferd storing
buf5_hist(k,:) buf5; % buffer5 storing
buf6_hist(k,:) buf6; % buffer6 storing

buf _log hist(k,:) = buf_log~®; % buffer log storing
buf flag hist(k,:) = buf flag~; % buffer flag storing
subm_hist(k,:) = [subml subm2 subm3 subm4 subm5 subm6é subm7
subm8] ; % submachine storing
subm_flag _hist(k,:) = subm_flag”; % submachine flag storing
ar_hist(k) = ar_count; % number of arrivals history
dep_hist(k) = dep_count; % number of departures history
popul_hist(k) = ar_count - dep_count; % system population
history
end
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end % main simulation loop

% results storing to text files (simulation history, arrivals and
departures)
% simulation history
resl = [t _hist"™ buf _log hist buf flag hist subm hist subm flag hist
ar_hist® dep_hist® popul_hist"...

buf3_hist buf4_hist buf5 hist buf6_hist];
save .\airla resultsl.txt resl -ascii -tabs

% arrival, departure and total times

res2 = zeros(ar_count, 3);

res2(:,1) = ar_times";

res2(1l:dep_count,2) = dep_times~;
res2(1:dep_count,3) = total_times";

save .\airla_results2.txt res2 -ascii -tabs

% submachine processing time matrices

save .\airla_subl hist.txt subml_proc_hist -ascii -tabs
save .\airla_sub2 hist.txt subm2_proc_hist -ascii -tabs
save .\airla_sub3 hist.txt subm3 proc hist -ascii -tabs
save .\airla_sub4 hist.txt subm4 proc hist -ascii -tabs
save .\airla_sub5 hist.txt subm5 proc_hist -ascii -tabs
save .\airla_sub6_hist.txt subm6_proc_hist -ascii -tabs
save .\airla_sub7_hist.txt subm7_proc_hist -ascii -tabs
save .\airla_sub8 hist.txt subm8 proc hist -ascii -tabs
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Al.2. Apyeio subm_proc.m
function subm_out = subm proc(subm, proc_start_time,t,subm proc_time)

% Function implementing output status check of a submachine which is
in processing state

%

% The function returns the output of the submachine, which is nonzero
% in case the submachine has completed processing

%

% This function is designed to work together with the airport models
6 airportla.m, airportlb.m, airport2a.m, airport2b.m

X

timer = t - proc_start_time;
if timer < subm proc_time
subm_out = 0;
else
subm_out = subm;
End
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Al.3. Apyeio pop buf.m
function [new_buf log, new_buf_flag, new_buf, output]
pop_buf(buf_log, buf)

% Function implementing POP operation on a FIFO buffer
% designed to work together with the airport models
% airportla.m, airportlb.m, airport2a.m, airport2b.m

if ~buf _log
fprintf("\nwarning - empty buffer, pop not possible\n®)
new_buf log = O;
new_buf_flag = 0;
new_buf = buf;
output = [];
else
output = buf(l);
if buf _log > 1
for j = 1:buf_log-1
buf(j) = buf(+1);
end
buf(buf_log)=0;
buf_log = buf _log-1;
else
buf(l) = 0;
buf _log = 0;
end
new_buf_log = buf_log;
new_buf flag = 0;
new_buf = buf;
end
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Al.4. Apyeio push _buf.m
function [new_buf _log, new_buf flag, new_buf] = push_buf(input,
buf _log, buf, buf _size)

% Function implementing PUSH operation on a FIFO buffer
% designed to work together with the airport models
% airportla.m, airportlb.m, airport2a.m, airport2b.m

if buf _log == buf_size
fprintf("\nwarning - full buffer, push not possible\n®)
new_buf log = buf _log;
new_buf_flag = 1;
new_buf = buf;
else
buf(buf_log + 1) = input;
new_buf log = buf log + 1;
new_buf = buf;

if new buf _log == buf_size
new_buf flag = 1;
else
new_buf flag = 0;
end
end
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Al 5 Apyegio end proc.m
function [subm, subm flag, subm out, end_time, obuf, obuf_log,
obuf_flag] = end_proc(subm_out, obuf, obuf log, obuf cap, t)

% Function implementing the change of submachine state from
processing to idle

% (push submachine output to output buffer)

%

% The TFunction returns new submachine state and new input buffer
state

%

% This function is designed to work together with the airport models
¢ airportla.m, airportlb.m, airport2a.m, airport2b.m and

v assigns a call to function push_buf (push buffer)

XX

[obuf log, obuf flag, obuf] = push _buf(subm out, obuf log, obuf,
obuf_cap);

subm_out = 0;

subm = O;

subm_flag = O;

end_time = t;
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Al 6 Apyeio find hubl.m
function index = find_hubl(out5, out6, out7, out8 )

% Function implementing the search for the airplane with the oldest
% (smallest) system entry time among the ones that have completed

% service iIn the hubs (submachines 5-8)

%

% The function returns the index of the submachine to provide input
% to buffer 5. If no submachine is ready, the function returns zero
%

% This function is designed to work together with the airport models
% airportla.m, airportlb.m

buf5 _in = 0;

index = O;

if outs % submachine 5 ready
buf5 _in = out5;
index = 5;

end

if out6é % submachine 6 ready
if ~index % submachine 5 not ready
index = 6;
buf5_in = out6;
else % submachine 5 also ready
if outé < bufb_in % output of submachine 6 older than output of
submachine 5
index =
buf5_in
end
end
end

6;
= out6;

if out7 % submachine 7 ready
if ~index % submachines 5-6 not ready
index = 7;
buf5 _in = out7;
else % submachine 5 and/or 6 also ready
if out7 < buf5_in % output of submachine 7 older than output of
submachines 5-6
index = 7;
buf5_in = out7;
end
end
end

if out8 % submachine 8 ready
if ~index % submachines 5-7 not ready
index = 8;
buf5_in = out8;
else % submachine 5 and/or 6 and/or 7 also ready
if out8 < buf5_in % output of submachine 8 older than output of
submachines 5-7
index = 8;
buf5_in =
end
end
end

out8;
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Al.7 Apyeio start proc.m
function [subm, subm_flag, start_time, ibuf, ibuf_log, ibuf flag] =
start_proc(ibuf, ibuf_log, t)

% Function implementing the change of submachine state to processing
% (pop input buffer to submachine, which changes state to processing)
%

% The TFfunction returns new submachine state and new input buffer
state

%

% This function is designed to work together with the airport models
6 airportla.m, airportlb.m, airport2a.m, airport2b.m and

6 assigns a call to function pop_buf (pop buffer)

XX

[ibuf_log, ibuf flag, ibuf, ibuf out] = pop buf(ibuf _log, ibuf);
subm = ibuf_out;

start_time = t;

subm_flag = 1;
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A2 Koowkag povréhov pe €heyyo Pacer tov Kprrypiov
kéoTtovg (KQAIKAX B)

A2.1. Apyeio airportlb.m

% Airport ground operations simulation model

% Manufacturing cell modelling

% Cost function for dispatcing decision between conflicting
submachines

% of multiproduct machines

% Case study 1: airport with one runway, one taxiway and four hubs
% (six machines, eight submachines) - submachines connected with six
buffers.

% Input and output buffers have infinite capacity.

% Submachine processing time, internal buffer capacity and arrival
rate

% are user-defined. Arrivals follow Poisson distribution, producing
output

6 every 60 sec (limited to maximum one arrival/minute).

6 Simulation time base: 1 sec, duration: user defined (in sec)

t System state data are stored every 15 sec

XXX

X

o definition of constants - user inputs - initialization of variables
% clear workspace
clear

% nr of submachines
nsub = 8;

% nr of buffers
nbuf = 6;

% coefficients of cost functionals
% J1
111p
112p
113p
114p
115p
% J2
121m
122m
123m
124m
121p
% J3
131m
131p
132p
133p
134p
% J4
141m
142m
143m
141p
142p

wnononn
RPRRRER

o oo
RPRRPRRR RRRPRR

RPRERRR

% user input for submachine processing times
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proc_time(1)=input("\n Processing time for submachine 1 (sec): ");
proc_time(2)=input("\n Processing time for submachine 2 (sec): ");
proc_time(3)=input(°\n Processing time for submachine 3 (sec): ");
proc_time(4)=input(°\n Processing time for submachine 4 (sec): ");
proc_time(5)=input("\n Processing time for submachine 5 (sec): ");
proc_time(6)=input("\n Processing time for submachine 6 (sec): ");
proc_time(7)=input("\n Processing time for submachine 7 (sec): ");
proc_time(8)=input(°\n Processing time for submachine 8 (sec): ");

% convert to column vector
proc_time = proc_time~;

% user input for buffer capacities (buffers 3-6)
% negative means infinite capacity
buf_cap(1) -1;
buf_cap(2) -1;
buf_cap(3)=input(*"\n Capacity of buffer 3: ");
buf _cap(4)=input("\n Capacity of buffer 4: ");
)-
)

buf_cap(5)=input(*“\n Capacity of buffer 5: *
buf_cap(6)=input(“\n Capacity of buffer 6: *
% convert to column vector

buf _cap = buf _cap”;

% user input for arrival rate - the mean number of arrivals

% defines the lambda parameter (also mean value) of the Poisson
distribution

% that generates the arrivals every 1 minute

m = input("\n Mean number of arrivals per hour (0 < mean < 60):7);
lambda = m./60;

% user input for simulation time
tsim = input("\n Simulation time (sec): ");

% initialization of buffer log vector (zero log for all buffers)
buf_log = zeros(nbuf,1);

% initialization of buffer full flags vector (all buffers not full)
buf flag = zeros(nbuf,1);

% initialization of buffers (all buffers empty)

bufl = [];
buf2 = [];
buf3 = zeros(1,buf _cap(3));
buf4 = zeros(1,buf _cap(4));
buf5 = zeros(1,buf_cap(5));
buf6é = zeros(1,buf _cap(6));

% initialization of submachine flags vector (all submachines idle)
subm_flag = zeros(nsub,1);

% initialization of submachine outputs (zero output for all
submachines)
subm_out = zeros(nsub,1);

% initialization of submachines (all submachines empty)
subml
subm2
subm3
subm4
submb
subm6
subm?7

[eNeoNoNoNoNoNe]
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subm8 = 0;

% Initialization of submachines start/end processing times storing
matrices

% column 1: time instant, column2: submachine flag - ki,...,k8:
counters

subml _proc_hist(l,: [1 0O];

subm2_proc_hist(1,: [1 O];

subm3_proc_hist(1,: [1 O];

subm4_proc_hist(1,: [1 O];

subm5_proc_hist(l,: 0]1;

subm6_proc_hist(d,: [1 0O];

subm7_proc_hist(1,: [1 O];

subm8_proc_hist(1,: [1 O];
k1
k2
k3
k4
k5
k6
k7
k8

N\ o\ N\ S\ S
[ I O | A L I 1
L
=

RPRRPRRRRRRE

% initialization of arrival counter and arrival vector, containing
the arrival

% times of all airplanes (in ascending order) - arrival time is
unique for each

% airplane (generation of one arrival/minute at maximum)

ar_count 0;

ar_times 1;

% initialization of departure counter and departure vector,
containing the departure

% times of all airplanes served (in ascending order) - departure time
is unique for

% each airplane (one airplane is using the departure runway at a
time)

dep_count = 0;

dep_times = [];

% initialization of total time vector, containing total service times
for all

% airplanes served

total _times = [];

% main simulation loop
for t = 1:tsim

% check for new arrival every 60 sec - arrivals follow Poisson
distribution
% limited to maximum one arrival/minute
if ~mod(t,60)
new_ar = poissrnd(lambda);
if new ar >= 1
new_ar = 1;
else
new_ar = 0;
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end

% input of new arrival to the system (airplane arrival times are
propagated)
it new_ar
ar_count = ar_count + 1;
ar_times(ar_count) = t;
% push new arrival to buffer 1
[buf_log(1l), buf flag(l), bufl] = push_buf(t, buf_log(l), bufil,
buf_cap(1));
end
end

% Operation of machine A (submachines 1 and 2)
% Idling machine
if ~subm_flag(l) & ~subm_flag(2)
if ~buf_log(6) % buffer 6 empty -> submachine 2 cannot start
processing
if buf _log(1l) & ~buf flag(3) % buffer 1 not empty AND buffer 3
not full
% pop buffer 1 to submachine 1, which changes state to
processing
[subml, subm_ flag(l), start proc_timel, bufl, buf_log(l),
buf_flag(l)] = start_proc(bufl, buf log(l), t);
end

else % buffer 6 not empty
if ~buf_log(1l) | buf_flag(3) % buffer 1 empty or buffer 3 full
-> submachine 1 cannot start processing
% pop buffer 6 to submachine 2, which changes state to
processing
[subm2, subm_ flag(2), start proc_time2, buf6, buf_log(6),
buf_flag(6)] = start_proc(buf6, buf _log(6), t);

else % buffer 1 not empty and buffer 3 not full
% cost functions for submachines 1 and 2 - submachine with
the higher
% cost is given priority

x3 = buf_log(3)-buf _cap(3)./2;
x4 = buf_log(4)-buf _cap(4)./2;
x5 = buf_log(5)-buf cap(5)./2;
x6 = buf_log(6)-buf _cap(6).-/2;

e = buf_log(2);

J1l = 111p.*(1-logsig(x3))+112p.*(1-logsig(x4))+113p.*(1-
logsig(x5))+114p.*(1-logsig(x6))+115p.*((e."2)./(1+e."2));

J2 =
121m.*logsig(x3)+122m._*logsig(x4)+123m.*logsig(x5)+124m_*logsig(x6)+I
21p.*((e-"2)./(1+e."2));

it Jl > J2

% pop buffer 1 to submachine 1, which changes state to
processing

[subml, subm_ flag(l), start proc_timel, bufl, buf_log(l),
buf_flag(l)] = start_proc(bufl, buf log(l), t);

else % J1 <= J2 or buffer 3 is full (submachine 1 is not
allowed to start processing)
% pop buffer 6 to submachine 2, which changes state to
processing
[subm2, subm flag(2), start proc_time2, buf6, buf _log(6),
buf_flag(6)] = start_proc(buf6, buf log(6), t);
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end
end
end
% submachine 1 start processing time storing
it subm_flag(1l)

kl = k1+1;
subml proc_hist(kl,:) = [start_proc_timel subm_flag(1)];
end

% submachine 2 start processing time storing
it subm_flag(2)

k2 = k2+1;
subm2_proc_hist(k2,:) = [start_proc_time2 subm_flag(2)];
end

% Machine in processing state
elseif subm flag(l) % submachine 1 processing -> submachine 2 idle
% check processing progress of submachine 1
subm_out(l) = subm_proc(subml, start_proc_timel, t,
proc_time(1));
it subm out(l) % processing complete, push submachine 1 output
to buffer 3 and change state to idle
[subml, subm flag(l), subm_out(l), end proc_ timel, buf3,
buf_log(3), buf_flag(3)] = end_proc(subm out(1), buf3, buf _log(3),
buf_cap(3), t);
end
% submachine 1 end processing time storing
if ~subm_flag(1)

k1l = k1+1;
subml_proc_hist(kl,:) = [end_proc_timel subm_flag(1)];
end

else % submachine 2 processing -> submachine 1 idle
% check processing progress of submachine 2
subm_out(2) = subm_proc(subm2, start_proc_time2, t,
proc_time(2));
if subm out(2)
% processing complete, airplane departure
dep_count = dep_count + 1;
dep_times(dep_count) = t;
total_times(dep_count) =
time for departuring airplane

t - subm_out(2); % total service

% push submachine 2 output to buffer 2 and change state to idle
[subm2, subm_flag(2), subm_out(2), end_proc_time2, buf2,
buf_log(2), buf _flag(2)] = end _proc(subm out(2), buf2, buf log(2),
buf _cap(2), t);
end
% submachine 2 end processing time storing
it ~subm_flag(2)

k2 = k2+1;
subm2_proc_hist(k2,:) = [end_proc_time2 subm_flag(2)];
end
end

% Operation of machine B (submachines 3 and 4)
% Idling machine
if ~subm_flag(3) & ~subm_flag(4)
if ~buf_log(5) | buf _flag(6) % buffer 5 empty or buffer 6 full -
> submachine 4 cannot start processing
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if buf _log(3) & ~buf flag(4) % buffer 3 not empty AND buffer 4
not full
% pop buffer 3 to submachine 3, which changes state to
processing
[subm3, subm flag(3), start proc_time3, buf3, buf _log(3),
buf_flag(3)] = start_proc(buf3, buf log(3), t);
end

else % buffer 5 not empty and buffer 6 not full
if ~buf _log(3) | buf _flag(4) % buffer 3 empty or buffer 4 full
-> submachine 3 cannot start processing
% pop buffer 5 to submachine 4, which changes state to
processing
[subm4, subm_ flag(4), start proc_time4, buf5, buf_log(b),
buf_flag(5)] = start_proc(buf5, buf log(5), t);

else % buffer 3 not empty AND buffer 4 not full
% cost functions for submachines 3 and 4 - submachine with
the higher
% cost is given priority

x3 = buf_log(3)-buf _cap(3)./2;
x4 = buf_log(4)-buf cap(4)./2;
x5 = buf_log(6)-buf _cap(5)./2;
x6 = buf_log(6)-buf _cap(6)./2;

e = buf_log(2);

J3 = 131m.*logsig(x3)+131p.*(1-logsig(x4))+132p.*(1-
logsig(x5))+133p.*(1-logsig(x6))+134p.*((e."2)./(1+e."2));

J4 =
141m.*logsig(x3)+142m_*logsig(x4)+143m.*logsig(x5)+141p.*(1-
logsig(x6))+142p._*((e.-"2)./(1+e."2));

if J3 > J4

% pop buffer 3 to submachine 3, which changes state to
processing

[subm3, subm_flag(3), start proc_time3, buf3, buf_log(3),
buf_flag(3)] = start_proc(buf3, buf log(3), t);

else % J3 <= J4
% pop buffer 5 to submachine 4, which changes state to
processing
[subm4, subm flag(4), start proc_time4, buf5, buf _log(b),
buf_flag(5)] = start_proc(buf5, buf log(5), t);
end
end
end
% submachine 3 start processing time storing
if subm flag(3d)

k3 = k3+1;
subm3_proc_hist(k3,:) = [start_proc_time3 subm_flag(3)];
end

% submachine 4 start processing time storing
if subm_flag(4)

k4 = k4+1;
subm4_proc_hist(k4,:) = [start_proc_time4 subm_flag(4)];
end

% Machine in processing state
elseif subm flag(3) % submachine 3 processing -> submachine 4 idle
% check processing progress of submachine 3
subm_out(3) = subm_proc(subm3, start _proc_time3, t,
proc_time(3));
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if subm out(3) % processing complete, push submachine 3 output

to buffer 4 and change state to idle
[subm3, subm_flag(3), subm_out(3), end_proc_time3, buf4,

buf_log(4), buf_flag(4)] = end_proc(subm _out(3), buf4, buf _log(4),
buf _cap(4), t);

end

% submachine 3 end processing time storing

if ~subm_flag(3)

k3 = k3+1;
subm3_proc_hist(k3,:) = [end_proc_time3 subm_Fflag(3)];
end

else % submachine 4 processing -> submachine 3 idle

% check processing progress of submachine 4

subm_out(4) = subm_proc(subm4, start _proc_time4, t,
proc_time(4));

if subm out(4) % processing complete, push submachine 4 output
to buffer 6 and change state to idle

[subm4, subm_flag(4), subm_out(4), end_proc_time4, buf6,

buf_log(6), buf flag(6)] = end _proc(subm out(4), buf6, buf log(6),
buf_cap(6), t);

end

% submachine 4 end processing time storing

if ~subm_flag(4)

k4 = k4+1;
subm4_proc_hist(k4,:) = [end_proc_timed4 subm_flag(4)];
end
end

% Operation of machines C, D, E, F (submachines 5, 6, 7, 8)

% input to hubs - starting from submachine 5, pop buffer 4 to the
first idle submachine

if buf_log(4) % buffer 4 not empty

if ~subm_flag(5) % submachine 5 idle

% pop buffer 4 to submachine 5, which changes state to
processing

[subm5, subm_flag(5), start proc_time5, buf4, buf_log(4),
buf_flag(4)] = start_proc(buf4, buf log(4), t);

% submachine 5 start processing time storing

k5 = k5+1;

subm5_proc_hist(k5,:) = [start_proc_time5 subm_flag(5)];

elseif ~subm_flag(6) % submachine 6 idle

% pop buffer 4 to submachine 6, which changes state to
processing

[subm6, subm_ flag(6), start proc_time6, buf4, buf_log(4),
buf_flag(4)] = start_proc(buf4, buf log(4), t);

% submachine 6 start processing time storing

k6 = k6+1;

subm6_proc_hist(k6,:) = [start_proc_time6 subm_flag(6)];

elseif ~subm_flag(7) % submachine 7 idle

% pop buffer 4 to submachine 7, which changes state to
processing

[subm7, subm flag(7), start proc_time7, buf4, buf log(4),
buf_flag(4)] = start_proc(buf4, buf _log(4), t);

% submachine 7 start processing time storing

k7 = k7+1;

subm?7_proc_hist(k7,:) = [start_proc_time7 subm_flag(7)];
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else
if ~subm_flag(8) % submachine 8 idle
% pop buffer 4 to submachine 8, which changes state to
processing
[subm8, subm flag(8), start proc time8, buf4, buf log(4),
buf flag(4)] = start_proc(buf4, buf log(4), t);
% submachine 8 start processing time storing

k8 = k8+1;
subm8 proc_hist(k8,:) = [start_proc_time8 subm_flag(8)];
end
end
end

% check processing progress if submachines 5-8 are in processing
state
if subm flag(b)

subm_out(5) = subm_proc(subm5, start_proc_time5, t,
proc_time(5));
end
if subm_flag(6)
subm_out(6) = subm_proc(subm6, start proc_time6, t,

proc_time(6));
end
it subm_flag(7)
subm_out(7) = subm_proc(subm7, start _proc_time7, t,
proc_time(7));
end
if subm_flag(8)
subm_out(8) = subm_proc(subm8, start _proc_time8, t,
proc_time(8));
end

if ~buf_flag(5) % buffer 5 not full
% check ouputs of submachines 5-8 to find the oldest (in case
that more than one
% hubs are ready, the airplane with the smallest (oldest) system
input time is served first
index = find_hubl(subm_out(5), subm_out(6), subm_out(7),
subm_out(8));

if index % there is input available for buffer 5

if index == 5 % push submachine 5 output to buffer 5 and

change state to idle

[subm5, subm flag(5), subm_out(5), end proc_time5, buf5,
buf _log(5), buf _flag(5)] = end _proc(subm out(5), buf5, buf log(b),
buf_cap(5), t);

% submachine 5 end processing time storing

k5 = kb+1;

subm5_proc_hist(k5,:) = [end_proc_time5 subm_flag(5)];

elseif index == 6 % push submachine 6 output to buffer 5 and

change state to idle

[subm6, subm flag(6), subm_out(6), end proc_time6, buf5,
buf _log(5), buf _flag(5)] = end _proc(subm out(6), buf5, buf log(b),
buf _cap(5), t);

% submachine 6 end processing time storing

k6 = k6+1;

subm6_proc_hist(k6,:) = [end_proc_time6 subm_Fflag(6)];
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elseif index == % push submachine 7 output to buffer 5 and

change state to idle

[subm7, subm_flag(7), subm_out(7), end_proc_time7, buf5,
buf_log(5), buf_flag(5)] = end_proc(subm _out(7), buf5, buf _log(b),
buf _cap(5), t);

% submachine 7 end processing time storing

k7 = k7+1;

subm?7_proc_hist(k7,:) = [end_proc_time7 subm_flag(7)];

else
% push submachine 8 output to buffer 5 and change state to
idle
[subm8, subm_flag(8), subm_out(8), end_proc_time8, buf5,
buf_log(5), buf_flag(5)] = end_proc(subm _out(8), buf5, buf _log(b),
buf _cap(5), t);
% submachine 8 end processing time storing

k8 = k8+1;
subm8_proc_hist(k8,:) = [end_proc_time8 subm_flag(8)];
end
end
end

% simulation history storing (every 15 sec)
if ~mod(t,15)

k = t./15;

t_hist(k) = t; % storing time points

buf3 hist(k,:) = buf3; % buffer3 storing
buf4_hist(k,:) = buf4; % bufferd storing
buf5 hist(k,:) = buf5; % buffer5 storing
buf6é_hist(k,:) = buf6; % buffer6 storing
buf _log hist(k,:) = buf_log~”; % buffer log storing
buf_flag hist(k,:) = buf _flag~; % buffer flag storing
subm_hist(k,:) = [subml subm2 subm3 subm4 subm5 subm6 subm7
subm8] ; % submachine storing
subm_flag hist(k,:) = subm_flag"; % submachine flag storing
ar_hist(k) = ar_count; % number of arrivals history
dep_hist(k) = dep_count; % number of departures history
popul_hist(k) = ar_count - dep_count; % system population
history
end

end % main simulation loop

% results storing to text files (simulation history, arrivals and
departures)
% simulation history
resl = [t_hist" buf_log_hist buf_flag hist subm hist subm_flag hist
ar_hist® dep_hist" popul_hist"...

buf3 _hist buf4_hist buf5 hist buf6_hist];
save .\airlb_resultsl.txt resl -ascii -tabs

% arrival, departure and total times

res2 = zeros(ar_count, 3);

res2(:,1) = ar_times";

res2(l:dep_count,?2) = dep_times”;
res2(1:dep_count,3) = total_ times”;

save .\airlb results2.txt res2 -ascii -tabs

% submachine processing time matrices
save .\airlb _subl hist.txt subml proc hist -ascii -tabs
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save .\airlb_sub2 hist.txt subm2_proc hist -ascii -tabs
save .\airlb _sub3 hist.txt subm3 proc hist -ascii -tabs
save .\airlb_sub4 hist.txt subm4 proc_hist -ascii -tabs
save _\airlb_sub5 hist.txt subm5 proc_hist -ascii -tabs
save -\airlb_sub6 hist.txt subm6 _proc hist -ascii -tabs
save .\airlb_sub7_hist.txt subm7_proc _hist -ascii -tabs
save .\airlb_sub8 hist.txt subm8 proc hist -ascii -tabs
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A2.2. Apyeio subm_proc.m
function subm_out = subm proc(subm, proc_start_time,t,subm proc_time)

% Function implementing output status check of a submachine which is
in processing state

%

% The function returns the output of the submachine, which is nonzero
% in case the submachine has completed processing

%

% This function is designed to work together with the airport models
6 airportla.m, airportlb.m, airport2a.m, airport2b.m

X

timer = t - proc_start_time;
if timer < subm proc_time
subm_out = 0;
else
subm_out = subm;
End
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A2.3. Apyeio pop _buf.m
function [new_buf log, new_buf_flag, new_buf, output]
pop_buf(buf_log, buf)

% Function implementing POP operation on a FIFO buffer
% designed to work together with the airport models
% airportla.m, airportlb.m, airport2a.m, airport2b.m

if ~buf _log
fprintf("\nwarning - empty buffer, pop not possible\n®)
new_buf log = O;
new_buf_flag = 0;
new_buf = buf;
output = [];
else
output = buf(l);
if buf _log > 1
for j = 1:buf_log-1
buf(j) = buf(+1);
end
buf(buf_log)=0;
buf_log = buf _log-1;
else
buf(l) = 0;
buf _log = 0;
end
new_buf_log = buf_log;
new_buf flag = 0;
new_buf = buf;
end
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A2.4. Apyeio push _buf.m
function [new_buf _log, new_buf flag, new_buf] = push_buf(input,
buf _log, buf, buf _size)

% Function implementing PUSH operation on a FIFO buffer
% designed to work together with the airport models
% airportla.m, airportlb.m, airport2a.m, airport2b.m

if buf _log == buf_size
fprintf("\nwarning - full buffer, push not possible\n®)
new_buf log = buf _log;
new_buf_flag = 1;
new_buf = buf;
else
buf(buf_log + 1) = input;
new_buf log = buf log + 1;
new_buf = buf;

if new buf _log == buf_size
new_buf flag = 1;
else
new_buf flag = 0;
end
end
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A2.5 Apyegio end proc.m
function [subm, subm flag, subm out, end_time, obuf, obuf_log,
obuf_flag] = end_proc(subm_out, obuf, obuf log, obuf cap, t)

% Function implementing the change of submachine state from
processing to idle

% (push submachine output to output buffer)

%

% The TFunction returns new submachine state and new input buffer
state

%

% This function is designed to work together with the airport models
¢ airportla.m, airportlb.m, airport2a.m, airport2b.m and

v assigns a call to function push_buf (push buffer)

XX

[obuf log, obuf flag, obuf] = push _buf(subm out, obuf log, obuf,
obuf_cap);

subm_out = 0;

subm = O;

subm_flag = O;

end_time = t;
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A2.6 Apyeio find hubl.m
function index = find_hubl(out5, out6, out7, out8 )

% Function implementing the search for the airplane with the oldest
% (smallest) system entry time among the ones that have completed

% service iIn the hubs (submachines 5-8)

%

% The function returns the index of the submachine to provide input
% to buffer 5. If no submachine is ready, the function returns zero
%

% This function is designed to work together with the airport models
% airportla.m, airportlb.m

buf5 _in = 0;

index = O;

if outs % submachine 5 ready
buf5 _in = out5;
index = 5;

end

if out6é % submachine 6 ready
if ~index % submachine 5 not ready
index = 6;
buf5_in = out6;
else % submachine 5 also ready
if outé < bufb_in % output of submachine 6 older than output of
submachine 5
index =
buf5_in
end
end
end

6;
= out6;

if out7 % submachine 7 ready
if ~index % submachines 5-6 not ready
index = 7;
buf5 _in = out7;
else % submachine 5 and/or 6 also ready
if out7 < buf5_in % output of submachine 7 older than output of
submachines 5-6
index = 7;
buf5_in = out7;
end
end
end

if out8 % submachine 8 ready
if ~index % submachines 5-7 not ready
index = 8;
buf5_in = out8;
else % submachine 5 and/or 6 and/or 7 also ready
if out8 < buf5_in % output of submachine 8 older than output of
submachines 5-7
index = 8;
buf5_in =
end
end
end

out8;
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A2.7 Apyeio start proc.m
function [subm, subm_flag, start_time, ibuf, ibuf_log, ibuf flag] =
start_proc(ibuf, ibuf_log, t)

% Function implementing the change of submachine state to processing
% (pop input buffer to submachine, which changes state to processing)
%

% The TFfunction returns new submachine state and new input buffer
state

%

% This function is designed to work together with the airport models
6 airportla.m, airportlb.m, airport2a.m, airport2b.m and

6 assigns a call to function pop_buf (pop buffer)

XX

[ibuf_log, ibuf flag, ibuf, ibuf out] = pop buf(ibuf _log, ibuf);
subm = ibuf_out;

start_time = t;

subm_flag = 1;
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