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PerÐlhyh

H fìrtwsh epibathg¸n kai forthg¸n oqhm�twn se ploÐa pou leitourgoÔn dromolo-
giakèc grammèc gÐnetai akolouj¸ntac sugkekrimènouc kanìnec pou èqoun na k�noun
perissìtero me thn asf�leia tou plou kai ligìtero me thn apotelesmatik  ekmet�lleush
tou q¸rou st�jmeushc twn oqhm�twn sto ploÐo. Oi nauphgoÐ twn ploÐwn prospajoÔn
na prosfèroun ìso gÐnetai perissìtero q¸ro st�jmeushc qwrÐc ìmwc na proteÐnoun
k�poia sugkekrimènh mejodologÐa fìrtwshc. Oi ploiokt triec etaireÐec prospajoÔn na
ekmetalleutoÔn ìso gÐnetai kalÔtera to q¸ro st�jmeushc oqhm�twn sta ploÐa pou lei-
tourgoÔn axiopoi¸ntac thn empeirÐa tou proswpikoÔ tou epifortismènou me thn ergasÐa
aut .
Sthn diatrib  aut  melet�me to prìblhma fìrtwshc oqhm�twn se epibathg�/oqhmatagwg�
ploÐa. To prìblhma autì eÐnai mia eidÐkeush tou probl matoc suskeuasÐac (Packing)
kai sugkekrimèna tairi�zei sthn perÐptwsh thc suskeuasÐac lwrÐdac (Strip Packing).
EÐnai apì th fÔsh tou èna prìblhma sunduastik c kai m�lista an kei sth kl�sh twn
NP-Hard problhm�twn. Parousi�zoume basikèc ènnoiec apì to jewrhtikì upìbajro
tou probl matoc kai sth sunèqeia analÔoume ta sustatik� mèrh me tic idiìthtec touc,
pou ephre�zoun thn diadikasÐa thc fìrtwshc. MontelopoioÔme to prìblhma qrhsi-
mopoi¸ntac sunduastik  prosèggish kai sth sunèqeia anaptÔssoume kai proteÐnoume
algìrijmouc gia thn epÐlush tou.
AnaptÔssoume èna �plhsto algìrijmo o opoÐoc prosomoi¸nei thn diadikasÐa fìrtwshc
pou akoloujeÐtai s mera kai sth sunèqeia proteÐnoume èna euristikì algìrijmo o opoÐoc
ekmetalleÔetai tic gewmetrikèc idiìthtec twn oqhm�twn kai tou q¸rou st�jmeushc
prospaj¸ntac na tairi�xei perissìtera oq mata s' autìn. Me pragmatik� kai sunjetik�
dedomèna melet�me thn sumperifor� twn algorÐjmwn kai sugkrÐnoume ta apotelèsmata
touc.

Epiblèpwn Kajhght c:

BasÐlhc Samolad�c
EpÐkouroc Kajhght c,Tm ma Hlektronik¸n Mhqanik¸n kai Mhqanik¸n Upologist¸n,
PoluteqneÐo Kr thc
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Abstract

The procedure of loading vehicles and trucks up to car and passenger ships takes place

by following up specific rules which are best correlated with the safety of the sailing,

rather than the effective exploitation of the parking area in the ship. The ship builders

are trying to render as much parking area as possible without though suggesting any

concrete loading methodology. The shipmaster companies are making an effort to

exploit in the best way the parking area of the vehicles of the ships by utilizing the

experience of the staff that is in charge of that occupation.

In this dissertation we are looking into the issue of loading vehicles onto car ferries.

This issue is a specialization of the general problem of Packing and specifically it fits

with the case of Strip Packing. It is in its nature of things a problem of combinatorics

and certainly it belongs to the status of NP-Hard issues. We introduce basic notions of

the theoretical background of this problem and then we analyze the components with

their traits which can influence the procedure of loading. We suggest a combinatorial

modeling approach and then we develop and recommend algorithms for its settlements.

We develop a greedy algorithm which simulates the procedure of loading which is

being followed today and then we suggest an heuristic algorithm which exploits the

geometrical characteristics of the vehicles and the parking area by trying to match

more vehicles into it. By combining real and composit data we examine the algorithms’

attitude and we compare their results.

Supervisor:

Vasilis Samoladas

Assistant Professor, Dept. of Electronics and Computer Eng.

Technical University of Crete
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EuqaristÐec

Euqarist¸ ton epiblèponta kajhght  mou k. BasÐlh Samolad� gia thn hjik  kai episth-
monik  tou sumpar�stash. Oi sumboulèc tou  tan kaÐriec kai oi parathr seic tou eÔsto-
qec kai akribeÐc. H sunergasÐa mazÐ tou s' ìlh th di�rkeia thc ekpìnhshc thc diatrib c
aut c  tan p�nta euq�risth kai epoikodomhtik . EpÐshc euqarist¸ ta mèlh thc exe-
tastik c mou epitrop c k.k. M. Lagoud�kh kai B. Moust�kh gia thn upomon  touc
na diab�soun kai na axiolog soun thn ergasÐa aut . EpÐshc euqarist¸ ton ploÐarqo
E.N. NÐko Balab�nh gia tic polÔtimec plhroforÐec kai parathr seic tou sqetik� me to
praktikì antikeÐmeno thc ergasÐac aut c. Tèloc, ja  jela na euqarist sw ta mèlh thc
GS tou Tm matoc HMMU tou PoluteqneÐou Kr thc pou mou èdwsan thn dunatìthta
mèsw aut c thc diatrib c na ekfr�sw tic idèec kai apìyeic mou gia to jèma pou aut 
pragmateÔetai.

Iw�nnhc Mpìtshc

Qani� Kr thc
18 IounÐou 2009
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Kef�laio 1

Eisagwg 

1.1 KÐnhtro

Meg�lo mèroc twn esìdwn twn Nautiliak¸n Etairei¸n pou drasthriopoioÔntai sthn El-

l�da kai leitourgoÔn grammèc exuphrèthshc epibat¸n kai oqhm�twn proèrqetai apì thn

ekmet�lleush twn q¸rwn st�jmeushc oqhm�twn (garage) twn ploÐwn.

'Entonoc problhmatismìc kai anap�nthto er¸thma gia ta dieujuntik� stelèqh twn e-

tairei¸n aut¸n, to kat� pìso gÐnetai me swstì kai apodotikì trìpo h ekmet�lleush

tou gkar�z twn ploÐwn. Pio sugkekrimèna sta dromolìgia aiqm c, ìpou pollèc forèc

oq mata den epibib�zontai, gÐnetai swst� h kat�lhyh tou q¸rou sta gkar�z ètsi ¸ste

na epibibasteÐ o mègistoc arijmìc oqhm�twn;

1.2 Ti isqÔei s mera

Oi lÔseic pou èqoun protajeÐ mèqri s mera apì touc analutèc susthm�twn twn etairei¸n

kai èqoun ulopoihjeÐ sta sust mata krat sewn jèsewn sthrÐzontai sth kajhmerin 

praktik  kai empeirÐa twn anjr¸pwn pou fort¸noun ta ploÐa kai leitourgoÔn me b�sh

th logik  tou qwrismoÔ tou q¸rou st�jmeushc oqhm�twn se mon�dec oqhm�twn. Me ton

trìpo autì k�je for� pou gÐnetai kr�thsh enìc oq matoc afairoÔntai apì ton sunolikì

arijmì mon�dwn tìsec ìsec antistoiqoÔn sto sugkekrimèno ìqhma.

1
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1.3 Perigraf  Probl matoc

Sthn pragmatikìthta upeisèrqontai ki �lloi par�gontec pou qarakthrÐzoun to q¸ro

st�jmeushc twn oqhm�twn. Oi par�gontec autoÐ èqoun na k�noun me thn gewmetrÐa

tou q¸rou tou ploÐou (Ôyoc, pl�toc kai m koc), thn antoq  twn ulik¸n (b�roc an�

�xona oq matoc pou mporeÐ na deqjeÐ h epif�neia tou gkar�z) kai thn asf�leia h opoÐa

ephre�zetai apì to b�roc tou fortÐou se sqèsh me to shmeÐo st�jmeushc tou sto ploÐo

(stability) [1]. An k�poia bari� oq mata stajmeÔsoun se èna shmeÐo tou gkar�z qwrÐc na

antistajmisteÐ to b�roc touc apì �lla oq mata tìte prokeimènou na eujugrammisjeÐ to

ploÐo ja prèpei h antist�jmish na gÐnei me saboÔra (jalassinì nerì). Sthn perÐptwsh

aut  ephre�zetai h eust�jeia tou ploÐou kai kat' epèktash h asf�leia plou. Epiplèon

me thn prosj kh perittoÔ b�rouc mei¸netai h taqÔthta kai aux�netai h katan�lwsh

kausÐmou.

To prìblhma gÐnetai akìma pio sÔnjeto an l�boume upìyh to gegonìc ìti h kr�thsh

jèshc, eidik� gia idiwtik c qr sewc epibathg� oq mata gÐnetai arketì kairì prin thn

ènarxh fìrtwshc tou ploÐou, h de seir� me thn opoÐa gÐnetai h telik  fìrtwsh kai h

topojèthsh twn oq matwn sthn epif�neia tou gkar�z den eÐnai Ðdia me th seir� kat�l-

hyhc jèshc sto pl�no tou ploÐou kat� thn kr�thsh.

Epiplèon up�rqoun oi akur¸seic krat sewn kai ta mh emfanisjènta oq mata. Autì

shmaÐnei ìti apì thn anakoÐnwsh tou dromologÐou kai thn dhmiourgÐa thc antÐstoiqhc

plhroforiak c ontìthtac (pl�no) mèqri thn ènarxh tou, h eikìna twn krat sewn al-

l�zei suneq¸c.

'Enac �lloc shmantikìc par�gontac pou periplèkei to prìblhma eÐnai ta endi�mesa lim�-

nia se èna dromolìgio, ìpou gÐnetai ekfìrtwsh kai fìrtwsh oqhm�twn se polÔ mikrì

qronikì di�sthma. Sthn perÐptwsh aut  prèpei na gÐnei prìbleyh tìso sto pr¸to lim�ni

anaq¸rhshc tou ploÐou ìso kai sta endi�mesa ètsi ¸ste k�je for� na eÐnai anempìdisth

h èxodoc twn oqhm�twn pou apobib�zontai se endi�mesouc stajmoÔc.
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Oi kathgorÐec twn proc fìrtwsh oqhm�twn den eÐnai Ðdiec se ìla ta dromolìgia. Epi-

plèon, an�loga me tic an�gkec kai thn qronik  perÐodo, dÐnetai proteraiìthta se epi-

bathg�   forthg� oq mata.

'Ola ta parap�nw probl mata odhgoÔn touc upeÔjunouc twn etairei¸n na upoektimoÔn

me di�forouc trìpouc thn qwrhtikìthta tou gkar�z prokeimènou na mh brejeÐ h etaireÐa

ektejeimènh stouc pel�tec thc.

1.4 ZhtoÔmeno

Mia oloklhrwmènh prosèggish gia thn an�ptuxh enìc sust matoc fìrtwshc ploÐwn ja

prèpei sÐgoura na antapokrÐnetai sto epiqeirhmatikì zhtoÔmeno. Autì, sÔmfwna me thn

parousÐash pou ègine mèqri t¸ra, eÐnai na fortwjeÐ to ploÐo me ton megalÔtero dunatì

arijmì oqhm�twn, katanemhmèna sto q¸ro tou gkar�z an�loga me to b�roc touc me

tètoio trìpo ètsi ¸ste na mhn ephre�zoun thn eust�jeia tou ploÐou kai sunep¸c thn

asf�leia kai thn katan�lwsh kausÐmou. Epiplèon ja prèpei o sunduasmìc twn oqhm�twn

pou ja fortwjeÐ (idiwtik c qr sewc epibathg� kai forthg�) na apofèrei sthn etaireÐa

to megalÔtero dunatìn kèrdoc.

1.5 H dik  mac prosèggish

Sth paroÔsa ergasÐa epikentr¸same thn prosoq  mac sth fìrtwsh tou ploÐou me ton

megalÔtero dunatì arijmì oqhm�twn antimetwpÐzontac to prìblhma statik�. Skopìc

mac eÐnai h montelopoÐhsh tou probl matoc me tètoio trìpo ¸ste na mporeÐ na epilujeÐ

wc prìblhma sunduastik c beltistopoÐhshc. JewroÔme oti ìla ta oq mata eÐnai diajès-

ima sthn eÐsodo tou ploÐou kai epilègoume k�je for� aut� ta opoÐa topojetoÔntai me

ton kalÔtero dunatì trìpo sthn epif�neia tou gkar�z.

Gia thn axiolìghsh twn teqnik¸n pou anaptÔxame se pragmatikèc sunj kec, epilèqjhke
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to ploÐo LATW thc etaireÐac ANEK LINES kai qrhsimopoi jhkan san dedomèna ta s-

toiqeÐa twn taxidi¸n pou pragmatopoÐhse to ploÐo to 2004.

Apì ta stoiqeÐa aut� epilèqjhkan ta taxÐdia kat� ta opoÐa to ploÐo 'gèmise' me oq mata

ètsi ¸ste na melethjeÐ to prìblhma k�tw apì oriakèc sunj kec fìrtwshc.

H prosèggish pou akolouj jhke sto sqediasmì tou sust matoc perilamb�nei thn melèth

diaforetik¸n epimèrouc zhthm�twn. Ta shmantikìtera apì aut� parousi�zontai parak�tw:

• Sullog  stoiqeÐwn, èlegqoc kai kanonikopoÐhsh aut¸n.

• MontelopoÐhsh kai orismìc ontot twn.

• An�ptuxh algorÐjmwn topojèthshc oqhm�twn sto gkar�z.

• 'Elegqoc orjìthtac algorÐjmwn me thn axiopoÐhsh pragmatik¸n dedomènwn.

1.6 Suneisfor� Diatrib c

Thn teleutaÐa eikosaetÐa èqei gÐnei polÔ meg�lh ereunhtik  doulei� gia thn eÔresh

apodotik¸n lÔsewn se probl mata pou apasqoloÔn di�forouc kl�douc thc biomhqanÐac

sto tomèa thc fìrtwshc. Sto nautiliakì q¸ro kai sugkekrimèna se oti afor� thn

fìrtwsh oqhm�twn se epibathg�/oqhmatagwg� ploÐa den èqei brejeÐ mèqri stigm c

k�poia sqetik  doulei�. Wc ek toÔtou, h suneisfor� thc paroÔshc diatrib c, ektìc

apì ereunhtikì endiafèron, dÐnei kai k�poiec prot�seic sqetik� me thn tupopoÐhsh thc

orologÐac kai twn diadikasi¸n sto sugkekrimèno prìblhma. H suneisfor� aut c thc

diatrib c sunoyÐzetai epigrammatik� sta ex c:

• An�lush twn prodiagraf¸n tou probl matoc fìrtwshc.

• MontelopoÐhsh tou probl matoc wc probl matoc beltistopoÐhshc.

• An�ptuxh algorÐjmwn gia thn epÐlush tou probl matoc beltistopoÐhshc.
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1.7 Org�nwsh Diatrib c

H ergasÐa aut  eÐnai organwmènh se ept� kef�laia.

To pr¸to kef�laio eÐnai h paroÔsa eisagwg .

Sto deÔtero kef�laio dÐnetai mia sÔntomh episkìphsh tou jewrhtikoÔ upìbajrou tou

antikeimènou pou melet�me.

Sto trÐto kef�laio gÐnetai leptomer c an�lush tou probl matoc, eisagwg  sthn orologÐ-

a kai perigraf  twn diadikasi¸n pou akoloujoÔntai kat� thn di�rkeia thc fìrtwshc.

EpÐshc gÐnetai mia tupik  perigraf  twn ontot twn tou probl matoc mac.

Sto tètarto kef�laio perigr�fetai h montelopoÐhsh tou probl matoc wc prìblhma di-

akrit c beltistopoÐhshc.

Sto pèmpto kef�laio parousi�zoume touc algìrijmouc, epiplèon stoiqeÐa pou èqoun na

k�noun me thn an�lush tou probl matoc kai ta dedomèna pou qrhsimopoi same gia ton

èlegqo twn algorÐjmwn.

Sto èkto kef�laio parousi�zoume peiramatik� apotelèsmata apì thn efarmog  twn al-

gorÐjmwn me pragmatik� kai sunjetik� dedomèna kai axiolìghsh twn apotelesm�twn.

Tèloc sto èbdomo kef�laio sunoyÐzoume ta sumper�smata thc ergasÐac kai anaferì-

maste se mellontikèc epekt�seic thc.



Kef�laio 2

Episkìphsh Sqetik c 'Ereunac

To prìblhma pou prospajoÔme na lÔsoume an kei sthn eurÔterh kathgorÐa twn problh-

m�twn Kop c kai pl rwshc (Cutting and Packing problems) kai emfanÐzetai

sth bibliografÐa me meg�lh poikilÐa onom�twn an�loga me to antikeÐmeno pou prag-

mateÔetai ìpwc, pl rwshc doqeÐou, fìrtwshc emporeumatokibwtÐwn, temaqis-

moÔ ulik¸n, klp (bin packing, pallet or container loading, partitioning etc).

Tètoiou eÐdouc probl mata sÔmfwna me thn jewrÐa upologistik c poluplokìthtac eÐnai

sunduastik� NP-hard probl mata.

Me th sten  ènnoia tou ìrou sta probl mata kop c meg�la antikeÐmena apì sumpag 

ulik� kìbontai se epimèrouc stoiqeÐa komm�tia. Ta ulik� aut� sun jwc eÐnai qartÐ,

mètalla, gualÐ, plastikì, xÔlo, dèrma, kai Ôfasma. Antikeimenikìc skopìc s' aut  thn

perÐptwsh eÐnai h elaqistopoÐhsh twn upoleimm�twn, ètsi mporoÔme na mil�me gia trim

loss problems. En¸ sta probl mata pl rwshc kai fìrtwshc me th sten  ènnoia tou

ìrou, meg�la antikeÐmena orÐzontai san �deioc wfèlimoc q¸roc (oq mata, emporeuma-

tokib¸tia, swl nec klp) mèsa sta opoÐa mikr� epimèrouc stoiqeÐa-antikeÐmena prèpei na

suskeuastoÔn ètsi ¸ste na katal�boun ton mikrìtero dunatì q¸ro. Kai sthn perÐptwsh

aut  o kenìc q¸roc prèpei na eÐnai o mikrìteroc dunatìc.

Up�rqoun pollèc parallagèc autoÔ tou eÐdouc twn problhm�twn, ìpwc 2D packing,

linear packing, packing by weight, by cost, by length k.l.p. 'Eqoun de pollèc efar-

mogèc, ìpwc gèmisma emporeumatokibwtÐwn, fìrtwsh forthg¸n, fìrtwsh oqhm�twn kai

6
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dhmiourgÐa antigr�fwn asfaleÐac se afairoÔmena mèsa.

'Ontac NP-hard, oi pio gnwstoÐ apodotikoÐ algìrijmoi qrhsimopoioÔn euristikèc (heuristics)

mejìdouc gia na epitÔqoun apotelèsmata ta opoÐa, an kai eÐnai kal� tic perissìterec

twn peript¸sewn, en toÔtoic den apoteloÔn, p�ntote thn bèltisth lÔsh. Gia par�deigma

o algìrijmoc first fit dÐnei mia apl  kai gr gorh lÔsh, all� polÔ suqn� mh bèltisth.

'Eqei wc proôpìjesh thn topojèthsh k�je antikeimènou ston pr¸to diajèsimo q¸ro

ston opoÐo tairi�zei. ApaiteÐ Θ(nlogn) qrìno. O algìrijmoc autìc ja mporoÔse na eÐ-

nai pio apotelesmatikìc, an pr¸ta ginìtan taxinìmhsh sth lÐsta me ta antikeÐmena kat�

fjÐnousa seir�. An kai autì den eggu�tai bèltisth lÔsh, gia meg�lec lÐstec teÐnei na

aux�nei shmantik� to qrìno ektèleshc tou algìrijmou.

Sth sunèqeia autoÔ tou kefalaÐou ja k�noume mia sÔntomh genik  episkìphsh sthn ere-

unhtik  perioq  twn algorÐjmwn parousi�zontac k�poiec jewrhtikèc ènnoiec pou èqoun

sqèsh me to antikeÐmeno pou exet�zoume, en suntomÐa ja anafèroume k�poiec basikèc

arqèc sqetik� me thn ereunhtik  doulei� pou èqei gÐnei mèqri s mera, kai ja exet�soume

kai ja sugkrÐnoume metaxÔ touc k�poiouc algìrijmouc oi opoÐoi ja taÐriazan me thn

fÔsh tou dikoÔ mac probl matoc. Tèloc, ja doÔme giatÐ sthn perÐptwsh tou dikoÔ mac

probl matoc o algìrijmoc pou proteÐnoume apoteleÐ mia apodotikìterh lÔsh ap' autèc

pou mèqri s mera èqoun parousiasteÐ.

2.1 KathgorÐec problhm�twn kop c kai pl rw-
shc

To jèma thc kop c kai pl rwshc qarakthrÐzetai apì to gegonìc oti probl mata ta

opoÐa ousiastik� èqoun thn Ðdia logik  dom , emfanÐzontai me diaforetik� onìmata sthn

bibliografÐa, ìpwc p.q.

- cutting and trim loss problems,

- bin packing, dual bin packing, strip packing, vector packing, and knapsack problems,
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- vehicle loading, pallet loading, container loading, and car loading problems

- assortement, depletion, design, dividing, layout, nesting and partitioning problems

- capital budgeting, change making, line balancing, memory allocation and multipro-

cessor scheduling problems.

kai ìqi mìno autì all� kai se diaforetikoÔc tomeÐc episthmonik c gn¸shc, ìpwc DioÐkhsh,

Mhqanik , Plhroforik , Majhmatik� kai Epiqeirhsiak  'Ereuna.

Ta teleutaÐa 50 perÐpou qrìnia èqei gÐnei sobar  kai ter�stia episthmonik  doulei� sto

sugkekrimèno jèma. Axiopoi¸ntac stoiqeÐa thc majhmatik c epist mhc ta probl mata

cutting and packing èqoun per�sei sto st�dio thc apeikìnishc touc me majhmatikoÔc

ìrouc kai thc jemelÐwshc twn kat�llhlwn proôpojèsewn gia thn apodotik  epÐlush

touc.

Notions assigned to corresponding combined types
1. Dimensionality Notion Belongs to type

(1) One-dimensional (Classical) knapsack problem 1/B/O/
(2) Two-dimensional Pallet loading problem 2/B/O/C
(3) Three-dimensional More-dimensional knapsack problem /B/O/
(N) N -dimensional with N > 3. Dual bin packing problem 1/B/O/M

2. Kind of assignment Vehicle loading problem 1/V/I/F, or
(B) All objects and a selection of items. 1/V/I/M
(V) A selection of objects and all items. Container loading problem 3/V/I/, or

3/B/O/
3. Assortment of large objects

(O) One object. (Classical) bin packing problem 1/V/I/M
(I) Identical figure. Classical cutting stock problem 1/V/I/R
(D) Different figures. 2-dimensional bin packing problem 2/V/D/M

Usual 2-dimensional cutting stock problem 2/V/I/R
General cutting stock or trim loss problem 1///. or

4. Assortment of small items 2///, or
(F) Few items (of different figures). 3///
(M) Many items of many different figures.
(R) Many items of relatively few different. Assembly line balancing problem 1/V/I/M

(non-congruent) figures. Multiprocessor scheduling problem 1/V/I/M
(C) Congruent figures. Memory allocation problem 1/V/I/M

Change making problem 1/B/O/R
Multi-period capital budgeting problem n/B/O/

PÐnakac 2.1: KathgoriopoÐhsh Dyckhoff [7]

Sthn ergasÐa ”A typology of cutting and packing problems” [7] parousi�sthke to 1988

apì ton Dyckhoff h pr¸th susthmatik  prosp�jeia olokl rwshc kai omadopoÐhshc twn
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problhm�twn aut¸n analÔontac tic idiìthtec kai ta qarakthristik� touc. O Dyckhoff

prìteine èna sÔsthma apì 96 dunatoÔc sunduasmènouc tÔpouc problhm�twn, sundu�-

zontac k�poiec peript¸seic apì tèssera kÔria qarakthristik� (Dimensionality, Kind

of assignement, Assortment of large objects, Assortment of small items) twn problh-

m�twn aut¸n. Ston pÐnaka 2.1 dÐnetai sunoptik� h olokl rwsh pou èkane o Dyckhoff

gia ta cutting and packing probl mata. Sto aristerì mèroc diakrÐnoume ta tèssera

kÔria qarakthristik� twn problhm�twn me tic peript¸seic kwdikopoihmènec, en¸ sto

dexiì mèroc diakrÐnoume k�poia apì ta probl mata me thn an�logh kwdikopoÐhsh.

C&P problems

Output
maximisation

input
minimisation

kind of
assignment

Assignment
of
small items

C&P
problem
types

all dimensions fixed all dimensions fixed
variable dimension(s)

Identical

Identical
Item Packing

Problem

Weakly
heterogeneous

Weakly
heterogeneous

arbitrary
Strongly

heterogeneous

Strongly
heterogeneous

Placement
Problem

Knapsack
Problem

Open
Dimension
Problem

Cutting
Stock

Problem

Bin
Packing
Problem

Sq ma 2.1: G. Wascher et al. Basic problem types [5]

Gia arket� qrìnia h doulei� tou Dyckhoff apotèlese shmantikì ergaleÐo gia thn org�n-

wsh kai kathgoriopoÐhsh thc up�rqousac kai nèac bibliografÐac pou anaferìtan sto

cutting and packing prìblhma. En toÔtoic me to pèrasma tou qrìnou kai me thn shman-

tik  aÔxhsh twn dhmosieÔsewn sto q¸ro k�poiec adunamÐec thc omadopoÐhshc aut c

èginan emfaneÐc me apotèlesma na mhn mporeÐ na antapokrijeÐ stic sÔgqronec exelÐxeic.
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Sthn ergasÐa ”An improved typology of cutting and packing problems” [5] oi Wasch-

er, Haubner kai Schumann entìpisan tic adunamÐec thc ergasÐac tou Dyckhoff kai èd-

wsan èna pio exeidikeumèno montèlo kathgoriopoÐhshc twn cutting and packing problh-

m�twn. Sth ergasÐa aut  oi suggrafeÐc prosp�jhsan na krat soun se meg�lo bajmì

thn orologÐa Dyckhoff, diaforopoi jhkan ìmwc shmantik� wc proc to krit rio Kind of

assignement. Ed¸ eis gagan tic ènnoiec output (value) maximisation, input (value)

minimisation antÐstoiqa gia thn kwdikopoÐhsh B, V (krit rio 2, sq ma 2.1).

hhhhhhhhhhhhhhhhhhhhhcharacteristics of large objects

assortment of small items

Identical weakly
heterogeneous

strongly
heterogeneous

one
large object

Identical Item
Packing Problem

Single Large Object
Placement Problem

Single
Knapsack Problem

IIPP SLOPP SKP
all dimensions
fixed

Identical Multiple Identical
Large Object

Placement Problem

Multiple Identical
Knapsack Problem

MILOPP MIKP
heterogeneous Multiple

Heterogeneous
Large Object

Placement Problem

Multiple
Heterogeneous

Knapsack Problem

MHLOPP MHKP

PÐnakac 2.2: G. Wascher et al. Intermediate problem types: output maximisation [5]

Sto sq ma 2.1, kai stouc pÐnakec 2.2 kai 2.3 dÐnetai parastatik� h nèa omadopoÐhsh. Me

ton trìpo autì peript¸seic ìpou probl mata me thn omadopoÐhsh Dyckhoff emfanizìtan

se parap�nw apì mia kl�sh, t¸ra prosdiorÐzontai akrib¸c. Epiplèon, eÐnai eÔkolo

na prostejoÔn nèec kathgorÐec ètsi ¸ste na mporoÔn na entaqjoÔn nèa probl mata  

peript¸seic problhm�twn. Mia epiplèon shmantik  doulei� pou ègine sthn parousÐash

twn G. Wascher et al.  tan kai h kathgoriopoÐhsh twn dhmosieÔsewn/ergasi¸n pou  tan

gnwstèc mèqri tìte se sqèsh me to prìblhma pou pragmateÔontai. Ta parap�nw eÐqan

san apotèlesma na dhmiourghjeÐ ènac arqikìc, sÔntomoc kai epark c prosanatolismìc

gia touc ereunhtèc kai epaggelmatÐec pou asqoloÔntai me to prìblhma tou cutting and



11

packing.
hhhhhhhhhhhhhhhhhhhhhcharacteristics of large objects

assortment of small items

weakly heterogeneous strongly heterogeneous

identical Single Stock Size
Cutting Stock Problem

Single Bin Size
Bin Packing Problem

SSSCSP SBSBPP
all dimensions
fixed

weakly
heterogeneous

Multiple Stock Size
Cutting Stock Problem

Multiple Bin Size
Bin Packing Problem

MSSCSP MBSBPP
strongly
heterogeneous

Residual
Cutting Stock Problem

Residual
Bin Packing Problem

RCSP RBPP
one large object Open Dimension Problem

variable dimension(s) ODP

PÐnakac 2.3: G. Wascher et al. Intermediate problem types: input minimisation [5]

Stic epìmenec paragr�fouc ja parajèsoume merik� stoiqei¸dh jèmata ta opoÐa s mera

apoteloÔn to jewrhtikì upìbajro twn problhm�twn aut¸n.

2.2 NP-Completeness

SÔmfwna me thn jewrÐa upologistik c poluplokìthtac ta probl mata gia ta opoÐa

zhteÐtai bèltistoc algìrijmoc epÐlushc touc ent�ssontai se genikèc grammèc se treic

kl�seic poluplokìthtac. Oi kl�seic autèc èqoun na k�noun me touc upologistikoÔc

pìrouc pou qrei�zontai oi algìrijmoi gia thn ektèlesh touc. (p.q., qrìnoc ektèleshc,

mn mh).

H P eÐnai mÐa apì tic pio basikèc kl�seic. Perièqei ìla ta probl mata apof�sewc

ta opoÐa mporoÔn na epilujoÔn apì mia nteterministik  mhqan  Turing se poluwnumikì

qrìno.

H NP eÐnai h pio basik  apì tic kl�seic poluplokìthtac. H suntomografÐa NP shmaÐnei

�Non-deterministic Polynomial time". Diaisjhtik�, h NP perièqei ìla ta probl mata

apof�sewc gia ta opoÐa mia upoy fia lÔsh mporeÐ na elegqjeÐ eÔkola an odhgeÐ se

jetik  ap�nthsh 'NAI'. Gia na eÐmaste pio akribeÐc, autèc oi apodeÐxeic prèpei na eÐnai
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epibebai¸simec se poluwnumikì qrìno apì mia nteterministik  mhqan  Turing. IsodÔnama

ja mporoÔse na pei kaneÐc se èna pio tupikì orismì, h NP eÐnai to sÔnolo twn problh-

m�twn apìfashc ta opoÐa epilÔontai se poluwnumikì qrìno apì mia mh nteterministik 

mhqan  Turing.

H kl�sh poluplokìthtac P perièqetai sthn NP , h NP ìmwc perièqei poll� shmantik�

probl mata ta opoÐa onom�zontai NP-complete. Gia ta probl mata aut� den up�rqoun

gnwstoÐ algìrijmoi pou na ta epilÔoun se poluwnimikì qrìno. 'Ena meg�lo kai shman-

tikì er¸thma pou apasqoleÐ thn akadhmaðk  koinìthta eÐnai an up�rqoun algìrijmoi pou

na epilÔoun ta NP-complete probl mata, to P = NP prìblhma.

To pio axioshmeÐwto qarakthristikì twn NP −complete problhm�twn eÐnai oti den eÐnai

gnwst  k�poia poluwnumik  gr gorh lÔsh. Autì shmaÐnei oti o qrìnoc pou qrei�zetai

gia na lujeÐ èna prìblhma qrhsimopoi¸ntac opoiond pote gnwstì algìrijmo, aux�nei

polÔ gr gora (uperpoluwnumik�) ìso to mègejoc tou probl matoc megal¸nei.

Up�rqoun di�forec teqnikèc oi opoÐec mporoÔn na efarmostoÔn gia na epilÔsoun upol-

ogistik� probl mata, oi opoÐec suqn� dÐnoun aform  gia ousiastik� gr gorouc algìri-

jmouc. Tètoiec teqnikèc eÐnai epigrammatik�:

• Approximation : AntÐ gia thn bèltisth lÔsh, proseggÐzoume mia 'sqedìn' bèltisth.

• Randomization : QrhsimopoieÐ thn tÔqh gia na èqei mikrìtero mèso qrìno ek-

tèleshc kai epitrèpei ston algìrijmo na apotÔqei me mikr  pijanìthta.

• Restriction : Me periorismì thc eisìdou tou algìrijmou se stigmiìtupa me sug-

kekrimènh dom , eÐnai dunatìn na meiwjeÐ o qrìnoc ektèleshc.

• Parameterization : An k�poiec par�metroi eisìdou diathrhjoÔn stajerèc, suqn�

o qrìnoc trexÐmatoc tou algìrijmou mei¸netai.

• Heuristic : EÐnai ènac algìrijmoc o opoÐoc douleÔei 'logik� kal�' stic peris-

sìterec peript¸seic. Den mporeÐ na pei kaneÐc ìmwc me sigouri� oti eÐnai p�nta
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gr goroc kai dÐnei p�nta kal� apotelèsmata.

2.3 Pl rwsh doqeÐou (Bin Packing)

Sth genik  tou morf  prosdiorÐzei, to pwc mporeÐ na topojethjeÐ o mègistoc arijmìc

mikr¸n antikeimènwn (items) ston mikrìtero dunatì arijmì doqeÐwn (bins) stajeroÔ

megèjouc. To prìblhma pou prospajoÔme na lÔsoume an kei sthn eurÔterh kathgorÐa

aut¸n twn problhm�twn. H episthmonik  koinìthta ìpwc eÐdame kai stic prohgoÔmenec

paragr�fouc, ta teleutaÐa 40 qrìnia asqoleÐtai susthmatik� me ta probl mata aut c

thc kathgorÐac. Ektìc apì to meg�lo episthmonikì endiafèron pou parousi�zoun h

epÐlush touc èqei na k�nei epiplèon me thn swst  kai apodotik  leitourgÐa kajhmerin¸n

problhm�twn.

Orismìc : Dojèntoc enìc jetikoÔ akeraÐou C kai enìc sunìlou I = {1, 2, . . . , n} apì

n mikr� antikeÐmena, kajèna apì ta opoÐa èqei mègejoc èna akèraio si (i = 1, . . . , n) gia

ton opoÐo isqÔei si 6 C, to bin packing prìblhma eÐnai na brejeÐ o mikrìteroc akèraioc

m ètsi ¸ste na up�rqei diamerismìc B = {B1, B2, . . . , Bm} tou sunìlou I ètsi ¸ste to

�jroisma twn megej¸n se k�je Bj na mhn uperbaÐnei ton arijmì C.

Up�rqoun pollèc parallagèc ìpwc 2D, 3D, suskeuasÐa kat' ìgko, kat� b�roc, e-

laqistopoÐhsh ìgkou, megistopoÐhsh axÐac, antikeÐmena stajeroÔ sq matoc klp. Sth

par�grafo 2.1 dìjhke mia sunoptik  parousÐash tètoiwn problhm�twn.

2.4 SuskeuasÐa LwrÐdac Strip packing (with ro-

tation, without rotation)

Mia �llh morf  suskeuasÐac antikeimènwn h opoÐa proseggÐzei akìma pio polÔ to

prìblhm� mac eÐnai h suskeuasÐa se lwrÐdec   tainÐec (strip packing). 'Enac genikìc

orismìc aut c thc mejìdou eÐnai:

Orismìc : 'Ena sÔnolo apì orjog¸nia parallhlìgramma prèpei na suskeuasteÐ se mia

lwrÐda pl�touc 1, ètsi ¸ste na elaqistopoihjeÐ to qrhsimopoioÔmeno Ôyoc kai oi pleurèc
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twn na eÐnai par�llhlec me tic pleurèc thc lwrÐdac. Ta orjog¸nia parallhlìgramma

den prèpei na epikalÔptontai   na peristrèfontai. QwrÐc bl�bh thc genikìthtac, to Ôyoc

twn orjogwnÐwn parallhlogr�mmwn eÐnai to polÔ 1.

An gnwrÐzoume ìla ta orjog¸nia parallhlìgramma prin arqÐsoume th suskeuasÐa, tìte

to prìblhma eÐnai offline   statikì. Se antÐjesh an ta orjog¸nia parallhlìgramma

èrqontai to èna met� to �llo kai h apìfash gia thn topojèthsh tou trèqontoc orjog-

wnÐou parallhlogr�mmou paÐrnetai prin thn emf�nish tou epìmenou, tìte to prìblhma

eÐnai online   dunamikì.

'Otan èna orjog¸nio parallhlìgrammo topojethjeÐ sth lwrÐda den xanametakineÐtai.

EÐnai pasÐgnwsto oti to strip packing eÐnai mia genÐkeush tou bin packing. Eidikìter-

a an upojèsoume oti ìla ta orjog¸nia parallhlìgramma èqoun to Ðdio Ôyoc tìte to

strip packing eÐnai isodÔnamo me to bin packing. 'Etsi otid pote arnhtikì isqÔei gia to

bin packing isqÔei kai gia to strip packing. Eidikìtera, to strip packing eÐnai isqur�

(strongly) NP-hard.

DÔo eÐnai oi basikèc parallagèc tou strip packing, me peristrof , qwrÐc peristrof .

Sth pr¸th perÐptwsh ta antikeÐmena proc topojèthsh mporoÔn na peristrèfontai kat�

90o. Sto [12] parousi�zetai mia proseggistik  mèjodoc strip packing me peristrof .

H peristrof  k�nei to prìblhma akìma pio perÐploko, afoÔ o arijmìc twn pijan¸n

topojet sewn eÐnai kat� 2n megalÔteroc

2.5 2D packing

Probl mata suskeuasÐac orjogwnÐwn dÔo diast�sewn (2D packing) ta opoÐa sunant�me

se polloÔc tomeÐc thc biomhqanÐac eÐnai sthn ousÐa upoprobl mata tou probl matoc

kop c - pl rwshc.

H stoÐbaxh disdi�statwn (2D) orjogwnÐwn mporeÐ na orisjeÐ san prìblhma an�jeshc

enìc sunìlou mikr¸n antikeimènwn se èna meg�lo antikeÐmeno ètsi ¸ste na elaqistopoi-

hjeÐ o kateilhmmènoc q¸roc. Sun jwc, o antikeimenikìc skopìc tètoiwn problhm�twn
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eÐnai na megistopoihjeÐ o arijmìc twn mikr¸n antikeimènwn kai sunep¸c na elaqistopoi-

hjeÐ o q¸roc pou 'perisseÔei'.

To prìblhma autì èqei pollèc efarmogèc sth ufantourgik  biomhqanÐa, sth biomhqanÐa

xÔlou kai q�rtou, gualioÔ, met�llou k.a. Oi parak�tw upojèseic isqÔoun:

• O q¸roc suskeuasÐac èqei stajerì pl�toc kai �peiro Ôyoc.

• K�je mikrì antikeÐmeno èqei stajerì pl�toc kai Ôyoc.

• MporeÐ na up�rqoun panomoiìtupa mikr� antikeÐmena.

• Ta mikr� antikeÐmena mporeÐ na èqoun metablhtèc diast�seic.

• Ta mikr� antikeÐmena mporeÐ na peristrèfontai kat� 90o.

Epiplèon mia efikt  lÔsh tou probl matoc prèpei na exasfalÐzei oti ta mikr� antikeÐ-

mena den ja epikalÔptontai metaxÔ touc. Mèqri s mera, polloÐ euristikoÐ algìrij-

moi èqoun protajeÐ gia to disdi�stato prìblhma stoÐbaxhc orjogwnÐwn parallhlo-

gr�mmwn [8], [18]. Up�rqoun epÐshc kai merikoÐ bèltistoi algìrijmoi [13]. En toÔtoic

den eÐnai praktikoÐ gia probl mata meg�lou megèjouc.

Oi perissìterec parallagèc aut c thc kathgorÐac problhm�twn eÐnai NP-hard, afoÔ

emperièqoun san eidik  perÐptwsh to bin-packing prìblhma to opoÐo eÐnai, ìpwc  dh gn-

wrÐzoume NP-hard. Topik  anaz thsh (Local Search) kai metaeuristikoÐ (metaheuristic)

algìrijmoi èpaixan shmantikì rìlo gia thn eÔresh kal¸n proseggistik¸n lÔsewn gi-

a praktik  qr sh. PolloÐ apì autoÔc touc algìrijmouc perièqoun upoprobl mata ta

opoÐa zhtoÔn na suskeuastoÔn ta mikr� antikeÐmena me ton kalÔtero dunatì trìpo, e-

fìson ikanopoioÔn k�poiouc epiplèon periorismoÔc (p.q. omoiìmorfh katanom  b�rouc,

antikeÐmena pou den mporoÔn na eÐnai mazÐ ston Ðdio q¸ro k.l.p.). Tètoiou eÐdouc up-

oprobl mata lÔnontai me teqnikèc majhmatikoÔ programmatismoÔ (dunamikìc, grammikìc

kai akèraioc programmatismìc).
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2.6 3D packing

To trisdi�stato (3D-packing) prìblhma pl rwshc mporeÐ na perigrafeÐ wc ex c:

Dojèntoc enìc sunìlou n parallhlepipèdwn (antikeÐmena me omoiogen  puknìthta) kai

enìc parallhlepÐpedou q¸rou D, prèpei na topojethjoÔn mèsa sto q¸ro D ta peris-

sìtera dunat� apì ta antikeÐmena tou n, kai na isqÔoun oi parak�tw proôpojèseic:

• k�je epif�neia k�je mikroÔ parallhlepipèdou prèpei na eÐnai par�llhlh me thn

epif�neia tou parallhlepÐpedou q¸rou D (sunj kec orjogwnikìthtac)

• k�je mikrì parallhlepÐpedo prèpei na perièqetai sto q¸ro D (sunj kec q¸rou)

• ta mikr� parallhlepÐpeda den prèpei na epikalÔptontai.

To prìblhma tou 3D-Packing èqei p�ra pollèc efarmogèc sth biomhqanÐa kai kurÐ-

wc sth fìrtwsh oqhm�twn kai emporeumatokibwtÐwn me kib¸tia. Kai sth perÐptwsh

twn tri¸n diast�sewn to prìblhma an kei sth kl�sh NP-hard. Lìgw thc meg�lhc tou

praktik c efarmog c euristikoÐ kai proseggistikoÐ algìrijmoi èqoun anaptuqjeÐ gia thn

epÐlush twn problhm�twn sth pr�xh. To 3D-Packing prìblhma anafèretai sth bibli-

ografÐa kai san Container loading problem lìgw thc meg�lhc praktik c efarmog c pou

èqei sto q¸ro autì. O Pisinger [3] dÐnei mia kal  perigraf  twn diafìrwn parallag¸n

tou probl matoc kai proteÐnei euristikì algìrijmo gia thn lÔsh tou. O Eley [15] dÐnei

thn dik  tou euristik  prìtash me thn dieujèthsh tou q¸rou apoj keushc se tm mata

ìpou qwr�ne omoeid  mikr� kib¸tia. 'Opwc ja doÔme kai sth par�grafo 5.2.2 aut   tan

h basik  idèa gia thn dik  mac prìtash.

Sth pr�xh idiaÐtero endiafèron èqoun ta probl mata sta opoÐa ektìc apì touc gewmetrikoÔc

periorismoÔc (M,U,P), periorismoÐ pou èqoun na k�noun me to b�roc twn antikeimènwn

kai sunep¸c me thn eust�jeia twn emporeumatokibwtÐwn   twn oqhm�twn,   kai akìma

qronikoÐ periorismoÐ pou èqoun na k�noun me thn dianom  twn proðìntwn apì fortwmèna
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oq mata, apoktoÔn idiaÐtero ereunhtikì endiafèrwn. Oi Bischoff [4] kai Delaitre et

al. [14] dÐnoun euristikoÔc algìrijmouc gia thn epÐlush aut¸n twn problhm�twn.

2.7 Approximation Algorithms

Oi proseggistikoÐ algìrijmoi [17] èqoun gÐnei dhmofileÐc gia thn epÐlush mh peij niwn

sunduastik¸n problhm�twn. AutoÐ oi algìrijmoi epitugq�noun apodotikoÔc qrìnouc

trexÐmatoc, qrei�zontai lÐgh mn mh kai dÐnoun uyhl c poiìthtac (se sqèsh me thn bèltisth)

lÔseic. Thn teleutaÐa dekaetÐa èqoun anaptuqjeÐ pollèc teqnikèc gia arketèc kl�seic

mh peij niwn problhm�twn. Se antÐjesh me touc euristikoÔc algìrijmouc ektìc apì mia

kal  kai apodotik  lÔsh prosfèroun eggÔhsh sthn poiìthta thc lÔshc.

Se genikèc grammèc mporoÔme na poÔme oti ènac proseggistikìc algìrijmoc eÐnai ènac

algìrijmoc o opoÐoc epilÔei èna sunduastikì prìblhma se poluwnumikì qrìno kai dÐnei

lÔsh h opoÐa egguhmèna eÐnai kont� sth bèltisth lÔsh. To 'kont�' eÐnai tupik� pros-

diorismèno kai onom�zetai eggÔhsh apìdoshc.

Sth sunèqeia ja d¸soume mia tupik  perigraf  twn proseggistik¸n algorÐjmwn.

Ac upojèsoume oti i eÐnai èna stigmiìtupo enìc probl matoc beltistopoÐhshc to opoÐo

èqei meg�lo arijmì efikt¸n lÔsewn. Epiplèon èstw c(i) eÐnai to kìstoc thc lÔshc pou

dÐnetai apì èna proseggistikì algìrijmo kai c∗(i) eÐnai to kìstoc miac bèltisthc lÔshc.

Gia probl mata elaqistopoÐhshc, endiaferìmaste na broÔme mia lÔsh gia thn perÐptwsh

i sto sÔnolo twn efikt¸n lÔsewn, ètsi ¸ste h tim  ( c(i)
c∗(i)) na eÐnai ìso gÐnetai mikrìterh.

Apì thn �llh meri� gia probl mata megistopoÐhshc, endiaferìmaste na broÔme mia lÔsh

sto sÔnolo twn efikt¸n lÔsewn ètsi ¸ste h tim  ( c∗(i)
c(i)

) na eÐnai ìso gÐnetai mikrìterh.

'Ena proseggistikìc algìrijmoc gia mia dosmènh perÐptwsh i enìc probl matoc, èqei

ìrio analogÐac (ratio bound) p(n), an gia k�je eÐsodo n, to kìstoc c thc lÔshc pou

par�getai apì ton proseggistikì algìrijmo eÐnai an�logo kat� p(n) apì to kìstoc c∗

thc bèltisthc lÔshc. 'Etsi èqoume:
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max(
c(i)

c∗(i)
,
c∗(i)
c(i)

) ≤ p(n) (2.7.1)

O orismìc autìc isqÔei kai gia probl mata megistopoÐhshc kai gia probl mata elaqistopoÐhsh-

c.

Enallaktik� proc to anwtèrw ìrio analogÐac qrhsimopoieÐtai kai to sqetikì sf�lma

proseggÐsewc, to opoÐo, ìtan fr�ssetai apì èna pragmatikì arijmì ε(n), ètsi ¸ste:

|c∗(i)− c(i)|
c∗(i)

≤ ε(n) (2.7.2)

qarakthrÐzei ton proseggistikì algìrijmo wc diajètonta ìrio sqetikoÔ sf�lmatoc ε(n),

  ε−proseggistikì.

Ta NP-hard probl mata poikÐloun arket� ¸c proc thn proseggisimìthta touc. Merik�

ìpwc to bin packing prìblhma mporeÐ na proseggisteÐ me ìrio analogÐac megalÔtero

apì 1. Mia tètoia oikogèneia proseggistik¸n algorÐjmwn suqn� kaleÐtai poluwnumikoÔ

qrìnou proseggistikì sq ma (Polynomial-time approximation scheme (PTAS)).



Kef�laio 3

An�lush Probl matoc

S' autì to kef�laio, katarq n ja d¸soume k�poiouc orismoÔc se ènnoiec pou qrhsi-

mopoioÔntai suqn� kai ja parajèsoume tic arqèc (nomojesÐa - kanonismoÐ) pou akolou-

joÔntai kat� thn diadikasÐa fìrtwshc oqhm�twn se èna Epibathgì/Oqhmatagwgì (E/O)

ploÐo prokeimènou na katano soume ta zht mata kai ta probl mata pou prèpei na an-

timetwpÐsoume kai na deÐxoume giatÐ eÐnai shmantikì na anaptÔxoume èna tètoio sÔsthma.

3.1 OrologÐa

Prokeimènou na up�rqei sunèpeia kai sunèqeia sthn parousÐash tou probl matoc all�

kai plhrèsterh katanìhsh tou, paratÐjentai k�poioi ìroi-ènnoiec pou qrhsimopoioÔntai

sto sugkekrimèno q¸ro ergasÐac.

Epibathgì/Oqhmatagwgì (E/O): PloÐo [2] to opoÐo ekteleÐ dromolìgia kai

metafèrei epib�tec kai oq mata.

Dromolìgio : Mia etairÐa metafor�c organ¸nei tic uphresÐec thc me èna prìgram-

ma dromologÐwn. 'Ena dromolìgio antistoiqÐzetai se mia metakÐnhsh enìc ploÐou apì èna

lim�ni se èna �llo. 'Ena dromolìgio xekin�ei mia dedomènh qronik  stigm  apì to lim�ni

afethrÐac, diarkeÐ k�poio qronikì di�sthma, pijanìn na pern�ei apì merik� endi�mesa

lim�nia kai katal gei ston lim�ni proorismoÔ.
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Pl�no : Ennoiologik� eÐnai h fusik  anapar�stash twn krathmènwn jèsewn (epi-

bat¸n kai oqhm�twn) enìc dromologÐou. Anaparist� k�je qronik  stigm  tic krathmènec

jèseic epibat¸n kai oqhm�twn gia èna sugkekrimèno dromolìgio.

Computer Reservation System (CRS): EÐnai to plhroforiakì sÔsthma pou

diaqeirÐzetai tic krat seic jèsewn epibat¸n kai oqhm�twn se èna E/O ploÐo.

3.2 Ontìthtec - Perigraf  kai Qarakthristik�

Sthn enìthta aut  prosdiorÐzoume tic ontìthtec apì tic opoÐec apoteleÐtai to antikeÐ-

meno pou ja melet soume s' aut  thn ergasÐa. Sthn sunèqeia analÔoume kai melet�me

ta qarakthristik� kai tic idiìthtec aut¸n twn ontot twn se sunduasmì me tic sunj kec

kai diadikasÐec fìrtwshc oqhm�twn se èna ploÐo.

3.2.1 PloÐo

EÐnai mia fusik  ontìthta gia to sÔsthma mac ta qarakthristik� thc opoÐac den endi-

afèroun thn paroÔsa ergasÐa. Se èna CRS gÐnetai leptomer c parousÐash twn qarak-

thristik¸n tou. H genik  teqnologÐa tou ploÐou parousi�zei k�poio endiafèron eidik�

ìson afor� thn orologÐa kai paratÐjetai sto Par�rthma Bþ me stoiqei¸deic leptomèreiec

kai orismoÔc.

Gia tic an�gkec thc ergasÐac aut c prèpei na gnwrÐzoume oti h eÐsodoc twn oqhm�twn

sto ploÐo gÐnetai apì thn Ðdia pìrta gia k�je lim�ni prosèggishc.

3.2.2 Dromolìgio

EÐnai mia ennoiologik  ontìthta ìpwc orÐsthke sthn § 3.1 me genik� qarakthristik�

ìpwc aut� parousi�zontai ston PÐnaka 3.1.

Ta stoiqeÐa tou dromologÐou parèqontai apì to sÔsthma krat sewn jèsewn CRS kai

h diaqeÐrish touc den afor� thn paroÔsa ergasÐa. Anafèrontai apl� san sundetikìc

krÐkoc metaxÔ twn dÔo susthm�twn.
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PloÐo
HmeromhnÐa Anaq¸rhshc
'Wra Anaq¸rhshc
HmeromhnÐa 'Afixhc
'Wra 'Afixhc
Lim�ni Anaq¸rhshc
Lim�ni ProorismoÔ

PÐnakac 3.1: Qarakthristik� DromologÐou

3.2.3 Q¸roc St�jmeushc Oqhm�twn (Garage G)

O q¸roc st�jmeushc oqhm�twn   gkar�z [2] apoteleÐ thn pr¸th fusik  kai kÔria on-

tìthta tou sust matoc mac. EÐnai o q¸roc ston opoÐo stajmeÔoun/topojetoÔntai ta

oq mata pou eisèrqontai sto ploÐo me skopì na apobibastoÔn se èna lim�ni proorismoÔ.

'Opwc ja doÔme kai parak�tw apoteleÐtai apì mia   perissìterec epÐpedec epif�neiec sug-

kekrimènwn gewmetrik¸n diast�sewn kai qarakthristik¸n antoq c. MporeÐ na brÐsketai

eniaÐa ston Ðdio epÐpedo (kat�strwma, deck) tou ploÐou   katakermatismènh se diafore-

tik� epÐpeda (katastr¸mata). O q¸roc st�jmeushc en gènei diafèrei apì ploÐo se ploÐo.

Akìma kai an brÐsketai sto Ðdio epÐpedo (kat�strwma) tic perissìterec forèc tìso ta

gewmetrik� qarakthristik� tou ìso kai h antoq  tou diafèroun.

Dedomènou ìti h epif�neia G tou gkar�z enìc ploÐou den eÐnai omoiogen c wc proc

ta qarakthristik� thc, mporeÐ aut  na jewrhjeÐ san �jroisma mikrìterwn epifanei¸n,

tmhm�twn, me koin� metaxÔ touc qarakthristik�.

G =
n∑

i=1

gi (3.2.1)

'Opou n eÐnai o arijmìc o opoÐoc dhl¸nei to pl joc twn tmhm�twn sta opoÐa èqei qwristeÐ

to gkar�z. To gi eÐnai h epif�neia se m2 tou i-stoÔ omoiogenoÔc tm matoc thc sunolik c

epif�neiac touc gkar�z me koin� qarakthristik�.

Ta qarakthristik� k�je tm matoc gi tou gkar�z parousi�zontai analutik� ston PÐnaka 3.2.
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gli eÐnai to m koc tou gi tm matoc thc epif�neiac tou gkar�z se m mètra.
gwi eÐnai to pl�toc tou gi tm matoc thc epif�neiac tou gkar�z se m mètra.
ghi eÐnai to Ôyoc tou gi tm matoc thc epif�neiac tou gkar�z se m mètra. Par�llh-

la prosdiorÐzei to mègisto Ôyoc oq matoc pou mporeÐ na stajmeÔsei sthn sug-
kekrimènh epif�neia.

gwti eÐnai to mègisto b�roc pou mporeÐ na deqteÐ h sugkekrimènh epif�neia se qiliì-
gramma.

gdi ProsdiorÐzei to kat�strwma tou ploÐou sto opoÐo brÐsketai o q¸roc st�-
jmeushc wc proc ton katakìrufo �xona.

goi Dhl¸nei th jèsh tou tm matoc st�jmeushc sto Ðdio kat�strwma kai pros-
diorÐzetai apì to di�nusma OK ìpwc autì perigr�fetai sth § 4.3.

gai ProsdiorÐzei thn prosbasimìthta miac kathgorÐac oq matoc sto sugkekrimèno
tm ma thc epif�neiac tou gkar�z. gai ← vc ìpou vc eÐnai h kathgorÐa oq matoc.

PÐnakac 3.2: Qarakthristik� Tm matoc gkar�z

Ektìc apì ta gewmetrik� qarakthristik� kai thn antoq  k�je tm matoc tou gkar�z,

up�rqoun kai k�poia megèjh ta opoÐa dhl¸noun th jèsh tou tm matoc kat� ton orizìntio

kai katakìrufo �xona. Ston PÐnaka 3.2 anafèrontai san goi, gdi antÐstoiqa. To k�je

tm ma tou gkar�z mporeÐ na jewrhjeÐ san èna orjog¸nio parallhlepÐpedo mèsa sto

opoÐo prèpei na stajmeÔsei èna ìqhma, ètsi ¸ste o q¸roc pou den ja katalhfjeÐ ap'

autì na eÐnai o el�qistoc dunatìc, sumperilambanomènwn kai twn nìmimwn apost�sewn

pou prèpei na throÔntai metaxÔ twn oqhm�twn. Se mia akraÐa perÐptwsh mporoÔme na

jewr soume oti to gkar�z tou ploÐou eÐnai qwrismèno se tìsa tm mata, ìsa kai ta

oq mata pou ja fortwjoÔn σ’ autì.

3.2.4 'Oqhma

To ìqhma [2] eÐnai h deÔterh fusik  kai kÔria ontìthta tou sust matoc mac. Sth

paroÔsa ergasÐa ja mac apasqol soun ta fusik� qarakthristik� gnwrÐsmata twn oqh-

m�twn kai kurÐwc oi gewmetrikèc touc diast�seic kai to b�roc touc. Poiotik� qarak-

thristik� ìpwc m�rka, montèlo den mac endiafèroun sthn paroÔsa f�sh, an kai b�sei

aut¸n mporeÐ na gÐnei akrib c prosdiorismìc twn gewmetrik¸n touc qarakthristik¸n.

Up�rqoun treic basikèc kathgorÐec oqhm�twn ta opoÐa epibib�zontai se E/O ploÐa.
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• Epibathg� oq mata

EÐnai ìla ta idiwtik c qr sewc epibathg� oq mata tupopoihmènwn diast�sewn gn-

wst¸n apì to ergost�sio kataskeu c.

• Forthg� oq mata

Oq mata metafor�c emporeum�twn me m koc pou poikÐllei apì tÔpo se tÔpo. Idi-

aÐtero qarakthristikì eÐnai to b�roc touc.

• AutokinoÔmena Mhqan mata

EÐnai barèwc tÔpou oq mata ta opoÐa ektìc twn diast�sewn touc basikì qarak-

thristikì touc eÐnai to meg�lo b�roc.

Gia k�je mÐa apì tic parap�nw kathgorÐec oqhm�twn mporeÐ na up�rqoun kai upokath-

gorÐec. Gia par�deigma, sthn kathgorÐa twn epibathg¸n eÐnai dunatìn na èqoume up-

okathgorÐec ìpwc troqìspita, mpagkazièrec k.l.p. EpÐshc sthn kathgorÐa twn forthg¸n

mporoÔme na èqoume kathgorÐec ìpwc lewforeÐa, rumoulkoÔmenec karìtsec k.l.p.

Ta qarakthristik� twn oqhm�twn parousi�zontai analutik� ston PÐnaka 3.3.

vl eÐnai to m koc tou oq matoc se m mètra.
vw eÐnai to pl�toc tou oq matoc se m mètra.
vh eÐnai to Ôyoc tou oq matoc se m mètra.
vwt eÐnai to b�roc tou oq matoc se kg qiliìgramma.
vv eÐnai h axÐa tou naÔlou tou oq matoc se �.
vd ProsdiorÐzei to kat�strwma tou ploÐou sto opoÐo ja fortwjeÐ to ìqhma, wc

proc ton katakìrufo �xona.
vo Dhl¸nei th jèsh st�jmeushc tou oq matoc sto Ðdio kat�strwma kai pros-

diorÐzetai apì to di�nusma OK ìpwc autì perigr�fetai sth § 4.3.
vp eÐnai to lim�ni apobÐbashc tou oq matoc. vp ∈ {1, 2, 3, . . . , p} ìpou p eÐnai to

pl joc twn limani¸n pou proseggÐzei to ploÐo.
vc dhl¸nei thn kathgorÐa oq matoc sÔmfwna me thn parap�nw genik  perigraf .

vc ∈ {1, 2, 3}

PÐnakac 3.3: Qarakthristik� oqhm�twn
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'Opwc kai gia ta tm mata tou gkar�z ètsi kai gia ta oq mata, ektìc apì ta gewmetrik�

qarakthristik� kai to b�roc touc up�rqoun kai megèjh pou dhl¸noun th jèsh st�-

jmeushc mèsa sto ploÐo wc proc ton orizìntio kai katakìrufo �xona. Ston PÐnaka 3.3

anafèrontai san voi, vdi antÐstoiqa.

Sthn ergasÐa aut  mac endiafèrei kÔria h fusik  upìstash pou prosdÐdoun ta gewmetrik�

qarakthristik� enìc oq matoc s' autì. 'Etsi mporoÔme na jewr soume to ìqhma san èna

orjog¸nio parallhlepÐpedo to opoÐo prèpei na 'qwrèsei' se sugkekrimèno q¸ro an�lo-

gou sq matoc af nontac ton ligìtero dunatì anekmet�lleuto q¸ro.

3.3 Fìrtwsh

Fìrtwsh se èna E/O ploÐo eÐnai h diadikasÐa epibÐbashc epibat¸n kai oqhm�twn s' autì.

Xekin�ei sugkekrimènh qronik  stigm  prin thn anaq¸rhsh tou ploÐou kai oloklhr¸netai

thn ¸ra anaq¸rhshc tou. 'Oson afor� ta oq mata h fìrtwsh afor� thn topojèthsh

touc kat� thn orizìntio ènnoia kai me Ðdia mèsa sto q¸ro tou gkar�z se sugkekrimèno

shmeÐo an�loga me thn kathgorÐa oq matoc kai ton diajèsimo q¸ro.

H fìrtwsh enìc ploÐou eÐnai mia diadikasÐa h opoÐa dièpetai apì austhroÔc kanìnec kai

arqèc mìno se ìti èqei na k�nei me thn asf�leia tou plou. Stic epìmenec paragr�fouc

dÐnetai mia eisagwgik  genik  eikìna aut¸n twn arq¸n.

'Oson afor� thn axiopoÐhsh tou q¸rou prokeimènou na stoibaqteÐ o megalÔteroc dunatìc

arijmìc oqhm�twn, mèqri s mera, den èqei parousiasteÐ k�poia eidik  melèth sthn opoÐa

na lamb�nontai upìyin oi idiaiterìthtec pou parousi�zontai sth fìrtwsh enìc ploÐou me

oq mata. H epifortismènh me thn armodiìthta fìrtwshc om�da sto ploÐo energeÐ b�sei

empeirÐac akolouj¸ntac p�nta touc kanìnec asfaleÐac gia thn apodotik  topojèthsh

twn oqhm�twn sto gkar�z tou ploÐou.

Gia thn fìrtwsh san fusik  diadikasÐa eÐnai upeÔjunoc sto ploÐo o 'Uparqoc, p�ntote

bèbaia me thn epopteÐa kai ton èlegqo tou ploi�rqou. Autìc me mia om�da naut¸n

suntonÐzoun kai eÐnai armìdioi gia ì,ti èqei sqèsh me thn epibÐbash twn oqhm�twn sto
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ploÐo.

Sth pr�xh h fìrtwsh tou ploÐou xekin� ideat� me thn dhmiourgÐa tou pl�nou gia èna

sugkekrimèno dromolìgio. K�je for� pou gÐnetai mia kr�thsh jèshc gia èna ìqhma

to CRS analamb�nei thn taktopoÐhsh tou ston diajèsimo q¸ro tou gkar�z. Mèqri thn

ènarxh tou dromologÐou h eikìna tou pl�nou all�zei suneq¸c eÐte lìgw nèwn krat sewn

jèsewn, eÐte lìgw akur¸sewn k�poiwn  dh krathmènwn jèsewn.

Sth sunèqeia aut c thc ergasÐac ìpote anaferìmaste sthn ènnoia fìrtwsh ja ennoeÐtai

fìrtwsh ploÐou me oq mata.

3.3.1 Parathr seic

Kat� thn di�rkeia thc fìrtwshc prèpei na lhfjeÐ upìyh to lim�ni proorismoÔ tou k�je

oq matoc, ètsi ¸ste an autì eÐnai endi�meso lim�ni prosèggishc tou ploÐou tìte to

ìqhma na topojethjeÐ se tm ma tou gkar�z me tètoio trìpo ¸ste na mporeÐ na exèljei

qwrÐc prìblhma. Prèpei dhl. apì to tm ma tou gkar�z sto opoÐo st�jmeuse to ìqhma

na up�rqei aprìskopth dièleush proc th pìrta exìdou (e)   na èqei prìsbash s' aut n

kai na mhn empodÐzetai apì �lla oq mata ta opoÐa den xefort¸nontai sto lim�ni autì.

An to ploÐo diajètei parap�nw apì mÐa exìdouc tìte prèpei na prosdioristeÐ apì poia

èxodo ja gÐnei to xefìrtwma tou gkar�z.

Se sugkekrimèna mèrh tou ploÐou up�rqoun dexamenèc oi opoÐec gemÐzoun   adei�zoun

me jalassinì nerì kat� thn di�rkeia thc fìrtwshc kai kat� thn di�rkeia tou taxidioÔ

prokeimènou to ploÐo na èqei swst  eust�jeia sthn epif�neia tou neroÔ. H jèsh twn

dexamen¸n aut¸n prosdiorÐzetai apì to di�nusma OK ìpwc autì perigr�fetai sto Ke-

f�laio 4 § 4.3. To Ðdio isqÔei kai gia tic dexamenèc twn kausÐmwn kai pìsimou neroÔ

tou ploÐou. Kat� thn di�rkeia tou taxidioÔ autèc adei�zoun me apotèlesma na qrei�zetai

saboÔra se k�poia �llh dexamen  prokeimènou na eustajeÐ to ploÐo.
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3.3.2 Arqèc Fìrtwshc

Up�rqoun treic basikèc arqèc oi opoÐec akoloujoÔntai apì ton ploÐarqo kat� thn

di�rkeia thc fìrtwshc tou gkar�z se èna E/O ploÐo.

• Oi teqnikèc prodiagrafèc tou q¸rou fìrtwshc kai tou ploÐou genikìtera oi opoÐec

orÐzontai kat� thn sqedÐash kai kataskeu  tou.

Sugkekrimèna aforoÔn ta gewmetrik� qarakthristik� tou gkar�z ìpwc aut� ana-

lutik� perigr�fhkan parap�nw (§ 3.1), epiplèon èqoun na k�noun me thn antoq 

tou ploÐou (bl. Par�rthma Bþ) stic k�myeic kat� ton diam kh �xona tou (pl¸rh,

prÔmnh) kai thn eust�jeia tou kat� ton egk�rsio �xona (dexi�, arister�).

Gia k�je ploÐo up�rqei èna teqnikì egqeirÐdio to opoÐo orÐzei analutik� ta tm mata

tou gkar�z kai ta mègista fortÐa pou mporoÔn na fortwjoÔn ètsi ¸ste na mhn

dhmiourghjoÔn epikÐndunec strebl¸seic sto skeletì tou ploÐou.

• Oi genikèc prodiagrafèc asfaleÐac pou ekdÐdontai apì diejneÐc organismoÔc Inter-

national Maritime Organization (IMO) kai topikèc arqèc UpourgeÐo Emporik c

NautilÐac (UEN) [2] prokeimènou ta oq mata na fortwjoÔn me asf�leia epÐ tou

ploÐou, èqoun na k�noun kurÐwc me to eÐdoc tou fortÐou twn oqhm�twn kai tic apos-

t�seic pou prèpei na throÔntai metaxÔ aut¸n, prokeimènou na mhn dhmiourgoÔntai

probl mata kat� thn di�rkeia tou taxidioÔ.

• H emporik  politik  thc ploiokt triac etaireÐac h opoÐa èqei na k�nei me thn

kr�thsh jèsewn oqhm�twn sÔmfwna me tic parap�nw prodiagrafèc ètsi ¸ste na

exuphrethjoÔn oi pel�tec thc kai na apokomÐsei to megalÔtero dunatì kèrdoc apì

thn metafor� twn oqhm�twn.

H emporik  politik  thc ploiokt triac etaireÐac mèsw tou sust matoc krat sewn jè-

sewn kai thc z thshc enìc dromologÐou kajorÐzei to pl joc twn oqhm�twn pou ja

fortwjoÔn sto ploÐo. O arijmìc pou dhl¸nei to pl joc autì den eÐnai stajerìc gia
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ìla ta dromolìgia, akìma kai gia to Ðdio ploÐo. To Ðdio isqÔei kai gia tic kathgorÐec

twn oqhm�twn. Se k�je dromolìgio fort¸nontai oq mata diafìrwn kathgori¸n.

3.3.3 KanonismoÐ Fìrtwshc

'Oson afor� thn asf�leia plou up�rqoun k�poioi kanonismoÐ pou throÔntai wc proc ton

trìpo aÐqmashc twn oqhm�twn. Sugkekrimèna:

• To mègisto b�roc an� �xona oq matoc eÐnai 12.000Kgr

• Kat� m koc twn epifanei¸n fìrtwshc (prÔmnh, pl¸rh) prèpei na up�rqoun treic

di�dromoi pl�touc 0.5 mètrou o kajènac gia thn dièleush tou plhr¸matoc kai twn

epibat¸n. DÔo dexi� kai arister� (toiq¸mata ploÐou) kai ènac endi�mesa. Gia ta

Idiwtik c Qr sewc (IQ) autokÐnhta kai ta dÐkukla den up�rqoun periorismoÐ sthn

apìstash metaxÔ touc. Af nontai apost�seic kat� m koc 0.05m kai kat� pl�toc

0.10m metaxÔ touc.

• Forthg� p�shc fÔsewc kai mhqan mata stoib�zontai se diadrìmouc pl�touc 3m.

Kat� m koc twn diadrìmwn 0.20m apìstash af netai metaxÔ twn oqhm�twn aut¸n

ektìc an eÐnai yugeÐa opìte h apìstash pou af netai eÐnai 0.40m.

Me dl dhl¸noume thn apìstash pou prèpei na krateÐtai metaxÔ twn oqhm�twn kat� m koc

kai dw thn antÐstoiqh apìstash kat� pl�toc.

3.3.4 Trìpoi Fìrtwshc

Up�rqoun dÔo basikoÐ trìpoi pou akoloujoÔntai kat� thn di�rkeia fìrtwshc oqhm�twn

s' èna ploÐo, o Kanonikìc, kat� thn di�rkeia tou opoÐou throÔntai austhr� ìlec oi

arqèc kai oi kanonismoÐ fìrtwshc ìpwc analutik� perigr�yame stic prohgoÔmenec para-

gr�fouc (§ 3.3.2 & § 3.3.3) kai o Strimwgmènoc, o opoÐoc akoloujeÐtai kat� parèklish

twn kanonism¸n pou sqetÐzontai me tic apost�seic asfaleÐac kai se eidikèc peript¸seic

(periìdouc diakop¸n). 'Otan akoloujeÐtai autìc o trìpoc ta oq mata stajmeÔoun me
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thn el�qisth dunat  apìstash metaxÔ touc (sqedìn kollht�). O lìgoc gia ton opoÐo

gÐnetai autì, me thn anoq  twn arq¸n, eÐnai gia na exuphrethjeÐ o mègistoc dunatìc

arijmìc pelat¸n.



Kef�laio 4

MontelopoÐhsh

Sta prohgoÔmena kef�laia parousi�same ìla ekeÐna ta stoiqeÐa kai orÐsame tic basikèc

ènnoiec pou emplèkontai sth fìrtwsh enìc ploÐou me oq mata. D¸same epÐshc mia

pl rh perigraf  tou probl matoc kai touc par�gontec pou ephre�zoun thn fìrtwsh

tou ploÐou.

Sth sunèqeia ja exet�soume teqnik� zht mata pou prèpei na antimetwpistoÔn gia thn

ulopoÐhsh tou sust matoc. Tètoia zht mata aforoÔn stouc gewmetrikoÔc periorismoÔc

pou prèpei na isqÔoun metaxÔ twn ontot twn pou emplèkontai sto sÔsthma kai sth

montelopoÐhsh twn kaj¸c kai sthn an�ptuxh kai diaqeÐrish apojhkeutik¸n kai upolo-

gistik¸n pìrwn pou apaitoÔntai gia thn ulopoÐhsh.

4.1 Org�nwsh tmhm�twn gkar�z

Prin diatup¸soume austhroÔc orismoÔc gia tic ontìthtec tic opoÐec ja montelopoi -

soume ja parousi�soume èna akìma basikì komm�ti tou probl matoc thc fìrtwshc to

opoÐo mac apasqìlhse s' aut  thn ergasÐa. Autì èqei na k�nei me ton trìpo tak-

topoÐhshc twn oqhm�twn sta tm mata tou gkar�z. 'Opwc eÐdame kai sto Kef�laio 2 sta

probl mata pou asqoloÔntai me thn taktopoÐhsh/suskeuasÐa antikeimènwn me b�sei ta

gewmetrik� touc qarakthristik� se sugkekrimèno q¸ro, p�nta jewreÐtai oti aut  gÐnetai

me k�poio mhqanikì trìpo,   me anjr¸pinh epèmbash. ErgasÐa h opoÐa na jewreÐ oti h

taktopoÐhsh twn antikeimènwn gÐnetai me Ðdia mèsa den èqei parousiasteÐ mèqri s mera.

29
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To antikeÐmeno sthn perÐptwsh mac eÐnai to ìqhma, to opoÐo me ton qeirismì tou odhgoÔ

tou katal gei met� apì touc aparaÐthtouc qeirismoÔc sto telikì q¸ro st�jmeushc tou.

Autì èqei san apotèlesma sth diadikasÐa fìrtwshc tou ploÐou na upeisèrqontai dÔo

akìma par�metroi pou k�noun to prìblhma akìma pio dÔskolo.

Sq ma 4.1: Sqhmatik  Anapar�stash Gkar�z

H mÐa par�metroc eÐnai o q¸roc kai h �llh o qrìnoc. EÐnai de �mesa sundedemènec

metaxÔ touc kai allhloexart¸menec. Ena ìqhma gia na stajmeÔsei s' èna q¸ro qrei�zetai

na k�nei qeirismoÔc. Dhlad  ektìc apì ton telikì q¸ro pou ja katal�bei qrei�zetai

kai arketì epiplèon q¸ro gia touc qeirismoÔc tou. To ploÐo ìso meg�lo ki an eÐnai den

diajètei aperiìristo q¸ro gia touc qeirismoÔc tou oq matoc. 'Oso de gemÐzei to ploÐo

me oq mata tìso elatt¸netai o q¸roc gia touc qeirismoÔc tou oq matoc. 'Oso mikraÐnei

o q¸roc gia qeirismoÔc tìso aux�nei o qrìnoc gi' autoÔc. O qrìnoc fortoekfìrtwshc

tou ploÐou eÐnai idiaÐtera mikrìc se periìdouc aiqm c ìpou to ploÐo met� thn �fixh se

lim�ni eqei �mesh anaq¸rhsh.

Ta parap�nw mac odhgoÔn sto sumpèrasma oti:
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Ta oq mata prèpei na fort¸nontai me tètoio trìpo ètsi ¸ste na mhn metab�l-

letai polÔ h dieÔjunsh poreÐac tou oq matoc se sqèsh me thn dieÔjunsh

eisìdou tou sto ploÐo. Pio genik� na mhn metab�lletai polÔ h dieÔjunsh

st�jmeushc tou oq matoc kat� ton diam kh �xona tou wc proc thn dieÔjunsh

kat� thn opoÐa to ìqhma kateujÔnetai ston telikì q¸ro st�jmeushc tou.

Me touc periorismoÔc pou ja doÔme parak�tw s' autì to kef�laio (bl. § 4.2 kai

§ 4.3) se sunduasmì me tic arqèc, touc kanonismoÔc fìrtwshc (bl. § 3.3.2 kai § 3.3.3)

kai thn ek�stote emporik  politik  thc etaireÐac pisteÔoume oti h org�nwsh tou gkar�z

se tm mata paÐzei shmantikì rìlo sth fìrtwsh kai prèpei na gÐnetai sto bajmì pou

autì eÐnai dunatìn amèswc met� thn dhmiourgÐa tou pl�nou enìc dromologÐou. Gia thn

kalÔterh katanìhsh ìlwn aut¸n pou analÔsame s' aut  thn par�grafo dÐnoume sto sq -

ma 4.1 mia apl  grafik  anapar�stash enìc mèrouc tou katastr¸matoc gkar�z kat� ton

diam kh �xona (D) tou ploÐou, qwrismèno stoiqeiwd¸c se okt¸ tm mata (g1, g2, . . . , g8),

e eÐnai h eÐsodoc/èxodoc tou gkar�z.

4.2 GewmetrikoÐ PeriorismoÐ

Sto prohgoÔmeno kef�laio gia k�je ontìthta tou sust matoc fìrtwshc, orÐsame èna

sÔnolo apì idiìthtec pou ekfr�zoun qarakthristik� thc k�je ontìthtac. 'Enac perior-

ismìc (constraint) prosdiorÐzei mia sunj kh gia mia idiìthta ontìthtac tou sust matoc

fìrtwshc. Sugkekrimèna, ènac periorismìc orÐzei èna pedÐo tim¸n gia mia idiìthta kai

ìtan efarmìzetai se mia ontìthta elègqei an h tim  miac sugkekrimènhc idiìthtac an kei

s' autì to pedÐo tim¸n.

Sth sunèqeia ja d¸soume touc genikoÔc periorismoÔc pou prèpei na isqÔoun metaxÔ twn

qarakthristik¸n twn ontot twn tou sust matoc fìrtwshc prokeimènou na fortwjoÔn
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ta oq mata sta tm mata tou gkar�z. Suqn� sth sunèqeia aut c thc ergasÐac oi perioris-

moÐ autoÐ ja anafèrontai kai san gewmetrikoÐ periorismoÐ. O lìgoc eÐnai oti mac endiafèr-

oun perissìtero oi diast�seic twn ontot twn pou perigr�yame, dhlad  ta gewmetrik�

touc qarakthristik�.

An ki eÐnai o arijmìc pou dhl¸nei to pl joc twn oqhm�twn pou prìkeitai na fortwjoÔn

sto i−sto tm ma tou gkar�z tìte isqÔei

ki∑
j=1

vwtij ≤ gwti (4.2.1)

Genikìtera an k eÐnai o arijmìc pou dhl¸nei to pl joc twn oqhm�twn pou prìkeitai na

fortwjoÔn sto ploÐo kai n to pl joc twn tmhm�twn pou eÐnai qwrismèno to gkar�z tìte

isqÔei

k∑
j=1

vwtj ≤
n∑

i=1

gwti (4.2.2)

EÐnai dunatìn èna ìqhma na mhn epitrèpetai na fortwjeÐ se èna tm ma �sqeta an ikanopoieÐ-

tai h parap�nw sqèsh. Sth perÐptwsh aut  to b�roc an� �xona tou oq matoc eÐnai tètoio

pou apagoreÔei th fìrtwsh tou sto sugkekrimèno tm ma. Sth perÐptwsh aut  prèpei

na isqÔei epiplèon h sqèsh vc ≤ gai

Gia èna ìqhma pou prìkeitai na fortwjeÐ sto i−sto tm ma tou gkar�z ja prèpei na

isqÔei

vh ≤ ghi (4.2.3)

An ki eÐnai o arijmìc pou dhl¸nei to pl joc twn oqhm�twn pou prìkeitai na fortwjoÔn

sto i-sto tm ma tou gkar�z tìte isqÔei

ki∑
j=1

vlj + (ki + 1)dl ≤ gli (4.2.4)
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QwrÐc bl�bh thc genikìthtac kai prokeimènou na èqoume mia pr¸th kai apl  prosèggish

thc lÔshc tou probl matoc jewroÔme ìti ta tm mata tou gkar�z eÐnai di�dromoi sq matoc

orjogwnÐou parallhlìgrammou ìpou ta oq mata stajmeÔoun s' autoÔc mìno kat� m koc.

'Etsi gia k�je ìqhma pou stajmeÔei sto i−sto tm ma tou gkar�z isqÔei

max(vw) ≤ gwi (4.2.5)

4.3 Prosanatolismìc sto ploÐo

Mèqri t¸ra me tic ènnoiec kai touc orismoÔc pou èqoume parousi�sei mporoÔme na doÔme

eÔkola ti shmaÐnei h topojèthsh enìc oq matoc se èna tm ma tou gkar�z b�sei twn

gewmetrik¸n tou qarakthristik¸n (diast�sewn). Mac endiafèrei ìmwc kai h topojèthsh

tou oq matoc se tètoia jèsh ètsi ¸ste na mhn metablhjeÐ shmantik� h eust�jeia tou

ploÐou lìgw tou b�rouc tou. H eust�jeia tou ploÐou eÐte kat� ton diam kh eÐte kat�

ton egk�rsio �xona metab�lletai ìtan k�poia bari� oq mata topojethjoÔn se shmeÐo

tètoio ¸ste to b�roc touc na dhmiourg sei rop  dun�mewn se sqèsh me to ”kèntro” tou

ploÐou. Mac endiafèrei loipìn h apìstash tou kèntrou b�rouc tou oq matoc apì to

”kèntro” tou ploÐou.

Prokeimènou na prosdioristeÐ h akrib c jèsh twn diafìrwn shmeÐwn tou gkar�z kaj¸c

kai h telik  jèsh st�jmeushc enìc oq matoc jewroÔme orjokanonikì sÔsthma axìnwn

xOy ìpou O eÐnai to ”kèntro” tou ploÐou. O �xonac y′y (tetagmènwn) sumpÐptei me ton

diam kh �xona tou ploÐou. Wc ek toÔtou o jetikìc hmi�xonac Oy dhl¸nei ta prwraÐa

tm mata tou ploÐou kai o arnhtikìc hmi�xonac Oy′ dhl¸nei ta prumnaÐa tm mata tou

ploÐou. O jetikìc hmi�xonac Ox dhl¸nei thn dexi� pleur� tou ploÐou kai o arnhtikìc Ox′

thn arister  pleur� tou ploÐou. QwrÐc bl�bh thc genikìthtac ta tm mata tou gkar�z

kaj¸c kai ta oq mata mporoÔn na jewrhjoÔn sq matoc orjogwnÐou parallhlogr�mmou

tou opoÐou oi dÔo apènanti pleurèc eÐnai par�llhlec me ton �xona yy′ kai oi �llec dÔo

me ton xx′ . 'Estw ABCD tm ma tou gkar�z   ìqhma. H jèsh tou prosdiorÐzetai apì
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tic suntetagmènec twn shmeÐwn A,B,C,D. An A(x1, y1), B(x2, y1), C(x2, y2), D(x1, y2),

tìte to shmeÐo tom c K twn diagwnÐwn AC kai BD prosdiorÐzei to kèntro tou tm matoc

  tou oq matoc sto opoÐo eÐnai sugkentrwmèno ìlo to b�roc tou. IsqÔei

K(
x1 + x2

2
,
y1 + y2

2
) (4.3.1)

kai

OK =

√
(
x1 + x2

2
)2 + (

y1 + y2

2
)2 (4.3.2)

4.4 DiatÔpwsh tou probl matoc

Me ta stoiqeÐa pou èqoume analÔsei mèqri t¸ra eÐmaste se jèsh na d¸soume èna tupikì

orismì thc fìrtwshc kai na diatup¸soume me austhrì trìpo to prìblhma. OrÐzoume

thn fìrtwsh enìc ploÐou me oq mata wc mia diadikasÐa kat� thn opoÐa èna ìqhma v

epibib�zetai epÐ tou ploÐou kai topojeteÐtai me Ðdia mèsa se sugkekrimèno tm ma gi tou

gkar�z. To apotèlesma miac tètoiac diadikasÐac eÐnai èna   perissìtera sqèdia-sen�ria

fìrtwshc, dedomènou oti èna ìqhma mporeÐ na topojethjeÐ se opoiod pote tm ma tou

gkar�z efìson ikanopoioÔntai

• oi gewmetrikoÐ periorismoÐ thc § 4.2.

• ta barèa oq mata topojetoÔntai me tètoio trìpo ètsi ¸ste na mhn metab�lletai h

eust�jeia tou ploÐou.

'Ena sqèdio fìrtwshc mporeÐ na oristeÐ wc èna sÔnolo tmhm�twn gkar�z pou eÐnai di-

atetagmèna me tètoio trìpo ¸ste:

• ta oq mata pou eÐnai stoibagmèna sto tm ma i tou gkar�z kai proorismì to lim�ni

(l) na èqoun aprìskopth prìsbash sthn èxodo e tou ploÐou ìtan autì proseggÐsei

sto lim�ni (l).
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• met� to tèloc thc fìrtwshc kai efìson to ploÐo èqei gemÐsei me oq mata na mhn

up�rqei ak�lupto tm ma,   o arijmìc twn tmhm�twn me ak�lupto q¸ro na eÐnai o

el�qistoc dunatìc.

4.5 Perigraf  Montèlou

Autì pou jewroÔme wc montèlo sto prìblhma thc fìrtwshc enìc ploÐou me oq ma-

ta apoteleÐtai apì to gkar�z kai ta oq mata. Sto ex c gia suntomÐa ja anafèroume

Montèlo Fìrtwshc Oqhm�twn (MFO). H dom  tou montèlou orÐzetai apì tic basikèc

tou ontìthtec (blèpe § 3.2). Wstìso pollèc apì autèc tic ontìthtec ephre�zontai

apì dunamikoÔc par�gontec kai mporoÔn na metab�llontai se sqèsh me to qrìno. Gia

par�deigma, to pl joc twn oqhm�twn all� kai h kathgorÐa touc metab�lletai suneq¸c

apì th stigm  thc dhmiourgÐac tou dromologÐou mèqri thn ekkÐnhsh tou. Mìno lÐgec

¸rec, akìma kai merik� lept� prin thn ènarxh tou dromologÐou mporoÔme na poÔme me

meg�lh sigouri� gia to pl joc kai tic kathgorÐec twn oqhm�twn pou ja epibibastoÔn.

4.6 Statik  dom  tou sust matoc

Ja tupopoi soume tic basikèc ontìthtec tou montèlou me majhmatikoÔc orismoÔc akolou-

j¸ntac thn mejodologÐa pou anaptÔssetai sto [16]:

• G eÐnai to sÔnolo twn tmhm�twn tou gkar�z.

• Q(G) eÐnai to sÔnolo twn idiot twn-qarakthristik¸n k�je tm matoc sto G ìpwc

autèc perigr�fthkan ston pÐnaka 3.2.

• V eÐnai to sÔnolo twn oqhm�twn pou epibib�sthkan sto ploÐo.

• Q(V ) eÐnai to sÔnolo twn idiot twn-qarakthristik¸n k�je oq matoc sto V ìpwc

autèc perigr�fthkan ston pÐnaka 3.3.
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4.7 Anapar�stash Gkar�z

Mèqri t¸ra èqoume prosdiorÐsei ìlec tic ènnoiec kai èqoume orÐsei ìlec tic ontìthtec

pou mac eÐnai aparaÐthtec prokeimènou na montelopoi soume to sÔsthma mac. Anazh-

toÔme mia dom  dedomènwn me thn opoÐa ja mporèsoume na anaparast soume th basik 

ontìthta tou sust matoc mac, to gkar�z tou ploÐou me ìlec tou tic idiìthtec kai qarak-

thristik� ètsi ìpwc ta perigr�yame mèqri t¸ra.

Sthn § 4.1 analÔsame giatÐ eÐnai anagkaÐo na qwrÐsoume to gkar�z se tm mata (g1, g2, . . . , g8)

(sq. 4.1, epÐshc sthn § 4.4 eÐdame oti prèpei apì k�je tm ma tou gkar�z na up�rqei prìs-

bash eÐte kateujeÐan eÐte mèsw �llwn tmhm�twn sthn èxodo e tou ploÐou. Oi sullogismoÐ

autoÐ mac odhgoÔn afairetik� sto sumpèrasma oti gia k�je tm ma tou gkar�z prèpei na

up�rqei èna monop�ti to opoÐo eÐte mèsw �llwn tmhm�twn eÐte kateujeÐan na sundèei to

tm ma autì me thn èxodo e tou ploÐou h opoÐa kai aut  ja mporoÔse na qarakthristeÐ

tm ma tou gkar�z qwrÐc ìmwc sugkekrimèna qarakthristik� kai idiìthtec.

Sq ma 4.2: Sqhmatik  Anapar�stash Tmhm�twn Gkar�z

Sto sq ma 4.2 parousi�zetai mia sqhmatik  anapar�stash twn tmhm�twn tou gkar�z me

ta monop�tia pou eÐnai dunatìn na ta sundèoun prokeimènou èna ìqhma apì opoiod pote
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tm ma na mporeÐ na kateujunjeÐ sthn èxodo tou ploÐou. Apì ta parap�nw odhgoÔmaste

eÔkola sto sumpèrasma oti h pio kat�llhlh dom  dedomènwn me thn opoÐa mporoÔme na

anaparast soume to gkar�z tou ploÐou eÐnai o kateujunìmenoc gr�foc (directed graph)

(bl. sq ma 4.3).

Sq ma 4.3: Gr�foc Gkar�z

Sumperasmatik� gia thn anapar�stash tou gkar�z tou ploÐou ja qrhsimopoi soume ènan

kateujunìmeno gr�fo (DG) k�nontac tic tèsseric parak�tw sumb�seic:

• Oi kìmboi g1, g2, . . . , gn tou gr�fou anaparistoÔn ta tm mata sta opoÐa eÐnai qwris-

mèno to gkar�z, me arq  tou gr�fou to kìmbo e, pou ìpwc eÐdame sthn § 3.2.1

eÐnai h èxodoc/eÐsodoc tou ploÐou.

• Oi akmèc tou gr�fou anaparistoÔn thn prosbasimìthta enìc tm matoc tou gkar�z

sto �llo.

• An up�rqei monop�ti apì ton kìmbo gi mèqri ton kìmbo e, (gi → e) tìte up�rqei

prosbasimìthta apì to tm ma gi tou gkar�z proc thn èxodo tou ploÐou e.
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• Gia k�je ìqhma pou apobib�zetai se endi�meso lim�ni (l) na up�rqei monop�ti tètoio

¸ste se k�je kìmbo tou monopatioÔ ìla ta oq mata na èqoun lim�ni apobÐbashc

pou prohgeÐtai tou (l).

4.8 Gr�foc Montèlou Fìrtwshc

Gia thn anapar�stash enìc montèlou fìrtwshc MFO, me gr�fo prèpei na epekteÐ-

noume touc orismoÔc gia touc gr�fouc ètsi ¸ste na l�boume upìyh ta qarakthristik�

kai tic idiìthtec twn ontot twn tou sust matoc. 'Etsi orÐzoume to Gr�fo Montèlou

Fìrtwshc Gr�foc Montèlou Fìrtwshc Oqhm�twn (GMFO) sth jèsh tou kateujunìme-

nou gr�fou kai to Monop�ti Gr�fou Monèlou Fìrtwshc sth jèsh tou monopatioÔ enìc

kateujunìmenou gr�fou.

Orismìc : Gr�foc Montèlou Fìrtwshc

OrÐzoume thn tri�da ΓMΦO = (G, V, V P ) wc Gr�fo Montèlou Fìrtwshc, ìpou :

G = {Gi = GPi|1 ≤ i ≤ n,GPi ∈ GP} eÐnai to sÔnolo twn tmhm�twn tou gkar�z (kìm-

boi) tou Sust matoc Fìrtwshc. K�je kìmboc anaparÐstatai apì èna di�nusma.

'Ena tètoio di�nusma anaparist� tic diaforetikèc idiìthtec pou èqoun oristeÐ gia

ènan kìmbo. To n eÐnai to pl joc twn kìmbwn tou Montèlou Fìrtwshc.

GP = {GPi|1 ≤ i ≤ n ∧ GPi = 〈GPi1 , . . . GPip〉} eÐnai èna sÔnolo dianusm�twn tètoia

¸ste, k�je di�nusma anaparist� to sÔnolo twn idiot twn pou èqoume orÐsei gia

ènan kìmbo. To n eÐnai to sunolikì pl joc twn tmhm�twn tou gkar�z kai p eÐnai

to pl joc twn diaforetik¸n idiot twn pou orÐzontai gia ènan kìmbo.

V = {Vki
= 〈Di, V Pk〉|1 ≤ i ≤ n ∧ 1 ≤ k ≤ m} eÐnai to sÔnolo twn oqhm�twn pou

fort¸jhkan sto ploÐo. To diatetagmèno zeÔgoc 〈Di, V Pk〉 to opoÐo sumbolÐzetai

gia aplìthta Vki
dhl¸nei oti to up' arijmì k ìqhma fort¸jhke sto up' arijmì i
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tm ma tou gkar�z. To n eÐnai to pl joc twn kìmbwn tou Montèlou Fìrtwshc kai

m eÐnai to sunolikì pl joc twn oqhm�twn pou fort¸nontai sto ploÐo.

V P = {V Pi|1 ≤ i ≤ m ∧ V Pi = 〈V Pi1 , . . . V Piq〉} eÐnai èna sÔnolo dianusm�twn tètoia

¸ste, k�je di�nusma anaparist� to sÔnolo twn idiot twn pou èqoume orÐsei gia

èna ìqhma, m eÐnai to sunolikì pl joc twn oqhm�twn pou fort¸nontai sto ploÐo

kai q eÐnai to pl joc twn diaforetik¸n idiot twn pou orÐzontai gia èna ìqhma.

Se èna gr�fo MFO, ènac kìmboc prosdiorÐzetai kai apì èna sÔnolo idiot twn. Epiplèon,

èna ìqhma, ektìc apì to tm ma tou gkar�z sto opoÐo ja fortwjeÐ prosdiorÐzetai apì èna

sÔnolo idiot twn oq matoc. Gia lìgouc aplìthtac, sth sunèqeia ja sumbolÐzoume ènan

gr�fo MFO wc ΓMΦO = (G, V ) enno¸ntac thn Ôparxh twn idiot twn twn tmhm�twn

tou gkar�z kai twn oqhm�twn.

Orismìc : Monop�ti gr�fou Sust matoc Fìrtwshc

OrÐzoume to di�nusma ΓMΦOPij = 〈Dk1 , Dk2 , . . . Dkl
〉 wc monop�ti gr�fou montèlou

fìrtwshc ìpou, Dkr ∈ D, 1 ≤ r ≤ l kai ∃V Pt ∈ V P |〈Dkw , Dkw+1 , V Pt〉 ∈ V, 1 ≤
w ≤ l − 1. Ta Di = Dk1 , Dj = Dkj

, eÐnai h afethrÐa kai o proorismìc tou monopa-

tioÔ, antÐstoiqa. Dhlad , èna monop�ti gr�fou montèlou fìrtwshc eÐnai mia akoloujÐa

kìmbwn tètoia ¸ste gia k�je dÔo suneqìmenouc kìmbouc na up�rqei prìsbash apì ton

èna ston �llo kai xekin¸ntac apì èna kìmbo diadoqik� na katal goume ston kìmbo pou

anaparist� thn èxodo e tou ploÐou.



Kef�laio 5

Algìrijmoi Fìrtwshc

Sto kef�laio autì ja parousi�soume ìla ekeÐna ta stoiqeÐa pou èqoun na k�noun me thn

mejodologÐa kai ton trìpo ulopoÐhshc algorÐjmwn gia sust mata fìrtwshc oqhm�twn.

Prin proqwr soume ìmwc sthn parousÐash twn algorÐjmwn aut¸n ja asqolhjoÔme me

thn akrib  perigraf  thc leitourgÐac thc fìrtwshc sth pr�xh.

5.1 Melèth tou probl matoc

'Opwc anafèrame kai se prohgoÔmeno kef�laio (bl. § 3.3 sel. 24) h fìrtwsh tou ploÐou

me oq mata xekin� ideat� apì thn qronik  stigm  pou ja dhmiourghjeÐ to pl�no (bl. § 3.1
sel. 19) gia èna sugkekrimèno dromolìgio. Apì thn qronik  stigm  thc anakoÐnwshc

tou dromologÐou kai kat� sunèpeia thc dhmiourgÐac tou pl�nou mèqri thn ¸ra ènarxhc

thc fìrtwshc tou ploÐou to pl�no metab�lletai suneq¸c. To qronikì di�sthma autì

den eÐnai stajerì kai exart�tai apì thn emporik  politik  thc etaireÐac. MporeÐ na

kumaÐnetai apì èna ètoc èwc kai merikèc ¸rec akìma. H teleutaÐa aut  perÐptwsh eÐnai

akraÐa kai sun jwc èqei na k�nei me aprìblepta   èktakta gegonìta (p.q. kairikèc

sunj kec).

'Olo autì to qronikì di�sthma dhl. apì thn dhmiourgÐa tou pl�nou mèqri thn ènarxh thc

fìrtwshc to pl�no enhmer¸netai mèsw tou CRS apì tic krat seic   akur¸seic jèsewn.

Shmantikì rìlo s' aut  thn diadikasÐa paÐzei h emporik  politik  thc etaireÐac. H empo-

rik  politik  thc etaireÐac èqei na k�nei me tic kathgorÐec oqhm�twn pou ja fortwjoÔn

40
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sto ploÐo. Sun jwc mèsw thc emporik c politik c kajorÐzetai o arijmìc twn epaggel-

matik¸n oqhm�twn (forthg¸n) se sqèsh me ton arijmì IQ oqhm�twn. Se dromolìgia ta

opoÐa pragmatopoioÔntai thn perÐodo twn diakop¸n sun jwc dÐnetai proteraiìthta se IQ

oq mata. Se tètoia dromolìgia o arijmìc forthg¸n autokin twn pou fort¸netai sto

ploÐo eÐnai mhdenikìc   to polÔ 4-5 forthg�. Sthn ergasÐa aut  ja mac apasqol soun

kat� kÔrio lìgo dromolìgia ìpou sto ploÐo fort¸nontai mìno IQ oq mata. O lìgoc

ìpwc ja doÔme se epìmenh par�grafo eÐnai h meg�lh poikilÐa se diast�seic pou pros-

fèroun aut� ta oq mata me apotèlesma na eÐnai eukolìterh h epilog  kai topojèthsh

touc me megalÔterh euelixÐa sta tm mata tou gkar�z.

H diadikasÐa fìrtwshc tou ploÐou k�tw apì kanonikèc sunj kec xekin�ei 4-5 ¸rec prin

thn anaq¸rhsh tou ploÐou. Stic peript¸seic autèc up�rqei �nesh sth fìrtwsh tou

ploÐou. Autì èqei san apotèlesma thn apodotikìterh axiopoÐhsh tou diajèsimou q¸rou

tou gkar�z. Bèbaia ìpwc ja doÔme kai argìtera sthn parousÐash twn algorÐjmwn h

seir� me thn opoÐa emfanÐzontai ta oq mata eÐnai tuqaÐa kai den èqei kamÐa sqèsh me thn

seir� me thn opoÐa krat jhkan apì to CRS sto pl�no tou dromologÐou.

Up�rqoun ìmwc kai dromolìgia kat� ta opoÐa to di�sthma metaxÔ �fixhc tou ploÐou

sto lim�ni kai anaq¸rhshc tou na diarkeÐ tìso qrìno ìso qrei�zetai h ekfìrtwsh tou

ploÐou kai h fìrtwsh tou. Tètoia dromolìgia pragmatopoioÔntai kurÐwc thn perÐo-

do twn diakop¸n. S' autèc tic peript¸seic ta proc fìrtwsh oq mata perimènoun ìla

èxw apì to ploÐo stajmeumèna sto lim�ni, kai eÐnai sth di�jesh thc om�dac fìrtwshc

prokeimènou na topojethjoÔn me ton kalÔtero dunatì trìpo sto gkar�z. Bèbaia se

tètoiec peript¸seic h pÐesh tou qrìnou eÐnai meg�lh kai h st�jmeush twn oqhm�twn sta

tm mata tou gkar�z den gÐnetai p�nta me ton kalÔtero dunatì trìpo. Shmantikì rìlo

se tètoiec peript¸seic paÐzei h empeirÐa twn anjr¸pwn pou emplèkontai sth diadikasÐa

thc fìrtwshc kai eidik� aut  tou Up�rqou. O 'Uparqoc eÐnai armìdioc na suntonÐsei thn

om�da fìrtwshc kai epopteÔei apì thn eÐsodo tou ploÐou thn ìlh diadikasÐa. Praktik�

o 'Uparqoc gnwrÐzontac kal� ta tm mata tou gkar�z kateujÔnei proc aut� ta oq mata
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pou perimènoun èxw apì to ploÐo gia fìrtwsh kai tairi�zoun kalÔtera ìson afor� ta

gewmetrik� touc qarakthristik�.

Sto shmeÐo autì èna plhroforiakì sÔsthma to opoÐo ja leitourgoÔse sumbouleutik�,

proteÐnontac k�je for� pia oq mata na epibibastoÔn ja apoteloÔse èna shmantikì er-

galeÐo gia thn fìrtwsh tou ploÐou. Epiplèon èna tètoio sÔsthma ja mporoÔse na

axiopoi sei apodotik� ton ideatì q¸ro tou gkar�z, to pl�no tou dromologÐou kat� thn

qronik  perÐodo pou autì eÐnai diajèsimo gia krat seic jèsewn.

5.2 Algìrijmoi MFO

Sto kef�laio 4 montelopoi same èna sÔsthma fìrtwshc oqhm�twn wc èna diatetagmèno

sÔnolo senarÐwn   gia na qrhsimopoi soume thn orologÐa pou eis�game sthn ontologÐa

gia to montèlo fìrtwshc, wc èna monop�ti fìrtwshc. 'Ena ìqhma pou fort¸netai sto

ploÐo mèsw enìc monopatioÔ katal gei sto tm ma tou gkar�z ìpou telik� ja stajmeÔ-

sei. To endiafèron se mia tètoia anaz thsh eÐnai ìti mporeÐ na up�rqoun perissìtera

apì èna diaforetik� monop�tia fìrtwshc pou sundèoun touc kìmbouc stouc opoÐouc

pijanìn na stajmeÔsei to ìqhma. Aut  h poikilìthta ofeÐletai sta qarakthristik�

polÔtropikìthtac pou parousi�zei èna montèlo fìrtwshc. Sunep¸c èna ìqhma pou ja

kateujunjeÐ mèsw enìc monopatioÔ se èna tm ma tou gkar�z ja prèpei na ektelèsei

mia polÔplokh anaz thsh metaxÔ diaforetik¸n senarÐwn fìrtwshc se èna polutropikì

sÔsthma fìrtwshc.

Apì ta diaforetik� monop�tia fìrtwshc pou mporeÐ na akolouj sei, èna ìqhma, èna  

orismèna apì aut� ikanopoioÔn touc gewmetrikoÔc periorismoÔc pou b�lame sth § 4.2.

Dedomènwn thc eisìdou e tou ploÐou, tou telikoÔ tm matoc st�jmeushc

kai enìc sunìlou qarakthristik¸n enìc oq matoc, o stìqoc enìc montèlou

fìrtwshc eÐnai na entopÐsei ekeÐno   ekeÐna ta monop�tia fìrtwshc pou na

antapokrÐnontai kat� to dunatìn kalÔtera sta gewmetrik� qarakthristik�
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tou oq matoc.

Sto kef�laio 4 montelopoi same èna sÔsthma fìrtwshc wc èna gr�fo montèlou fìrtwsh-

c. Stic epìmenec paragr�fouc s' autì to kef�laio parousi�zoume algìrijmouc eÔreshc

monopati¸n se gr�fouc montèlwn fìrtwshc me b�sh touc gewmetrikoÔc periorismoÔc

twn oqhm�twn.

H fìrtwsh oqhm�twn sto ploÐo eÐnai èna dÔskolo prìblhma sunduastik c (NP-hard).

AusthroÐ periorismoÐ prostÐjentai sto prìblhma me thn ènnoia oti aux�noun thn polu-

plokìthta tou probl matoc. O pr¸toc periorismìc ìpwc eÐdame sth § 4.2 èqei na k�nei

me touc gewmetrikoÔc periorismoÔc, ènac �lloc periorismìc èqei na k�nei me ton qrìno

exìdou enìc oq matoc apì to ploÐo. An to ploÐo proseggÐzei parap�nw apì èna lim�nia

tìte ta oq mata pou exèrqontai sta endi�mesa lim�nia prèpei na stoib�zontai se tm -

ma(ta) tou gkar�z pou na èqei prìsbash sthn èxodo tou ploÐou ìtan autì proseggÐzei

to antÐstoiqo lim�ni. 'Enac �lloc periorismìc èqei na k�nei me thn megistopoÐhsh tou

kèrdouc thc etaireÐac.

Ek fÔsewc, den up�rqoun gr goroi algìrijmoi, pou na epitrèpoun thn akrib  epÐlush

tou probl matoc. Epomènwc periorizìmaste s' aut  thn ergasÐa sthn eÔresh apodotik¸n

mejìdwn gia ton prosdiorismì miac kal c lÔshc tou probl matoc (topik� bèltisth), p.q.

mia lÔsh gia thn opoÐa tÐpota den eggu�tai sunolik� majhmatik  beltistopoÐhsh, all�

sÔmfwna me ta peir�mata, eÐnai statistik� kont� sto bèltisto. To endiafèron me tètoiec

mejìdouc eÐnai oti eÐnai dunatìn na upologistoÔn gr gora lÔseic polÔ kal c poiìthtac.

Parousi�zoume sth sunèqeia dÔo algìrijmouc. O pr¸toc (greedy) sthn ousÐa topojeteÐ

ta oq mata sta tm mata tou gkar�z me tuqaÐo trìpo me stìqo thn epal jeush twn

pragmatik¸n dedomènwn pou eÐqame sth di�jesh mac. O deÔteroc (BestFit) jewreÐ ìla

ta oq mata diajèsima gia fìrtwsh (ìpwc autì �llwste isqÔei kai sthn pragmatikìthta,

sta dromolìgia aiqm c) kai prospajeÐ na tairi�xei se k�je tm ma tou gkar�z oq mata

twn opoÐwn to m koc touc diaireÐ akrib¸c to m koc tou tm matoc. Se k�je perÐptwsh

bèbaia ikanopoioÔntai kai oi upìloipoi gewmetrikoÐ periorismoÐ.
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5.2.1 'Aplhstoc Algìrijmoc (greedy)

O �plhstoc algìrijmoc pou perigr�foume s' aut  th par�grafo eÐnai polÔ aplìc kai

ulopoi jhke kÔria gia thn epal jeush tou deÐgmatoc pragmatik¸n dedomènwn. Qrhsi-

mopoieÐ san eÐsodo èna gr�fo montèlou fìrtwshc oqhm�twn kai mÐa lÐsta me oq mata ta

opoÐa gia tic an�gkec tou sust matoc mac emfanÐzontai me tuqaÐo trìpo to èna met� to

�llo sthn eÐsodo tou ploÐou.

Sto Sq ma 5.1 parousi�zoume ton algìrijmo greedy. Gia k�je ìqhma v apì th lÐsta oqh-

m�twn V anazht�me mÐa jèsh se k�poio tm ma g tou gkar�z etsi ¸ste na ikanopoioÔntai

oi periorismoÐ thc § 4.2. An ikanopoioÔntai oi periorismoÐ tìte to ìqhma v topojeteÐtai

sto tm ma g tou gkar�z kai elègqoume gia to epìmeno ìqhma. MporoÔme telik� na

poÔme oti o algìrijmoc pragmatopoieÐ mia kat� b�joc di�sqish tou gr�fou upì

periorismoÔc.

'Opwc eÐpame kai se prohgoÔmenec paragr�fouc h fìrtwsh tou ploÐou gÐnetai apì ton

'Uparqo tou ploÐou me empeirikì trìpo akolouj¸ntac tic arqèc kai touc kanonismoÔc pou

isqÔoun k�je for� (bl. § 3.3). O �plhstoc algìrijmoc prosomoi¸nei se meg�lo bajmì

to trìpo skèyhc tou Up�rqou kai twn sunergat¸n tou. Bèbaia autì pou anakalÔyame

met� apì pollèc suzht seic kai arket  parat rhsh thc diadikasÐac se pragmatikèc sun-

j kec eÐnai oti an o 'Uparqoc parameÐnei arketì kairì sto Ðdio ploÐo tìte me thn empeirÐa

pou apokt� eÐnai se jèsh na epilègei en mèrei ta oq mata pou perimènoun gia fìrtwsh

ètsi ¸ste na ta kateujÔnei sto tm ma tou gkar�z pou tairi�zoun kalÔtera b�sei twn

gewmetrik¸n touc qarakthristik¸n.

5.2.1.1 EÐsodoc tou algorÐjmou

'Opwc faÐnetai kai sto sq ma 5.1 h eÐsodoc tou �plhstou algìrijmou eÐnai o gr�foc

montèlou fìrtwshc G ètsi ìpwc orÐsthke sthn § 4.8, kai mÐa lÐsta V oqhm�twn taxi-

nomhmèna kat� tuqaÐo trìpo ¸c proc to m koc kai thn kathgorÐa touc.
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Algorithm Greedy(graph G, list V)
Input: Gr�foc Montèlou Fìrtwshc G = (G, V, VP), LÐsta oqhm�twn V
Output: Gr�foc Montèlou Fìrtwshc G = (G, V, VP)

1. for vin V // V lÐsta oqhm�twn
2. for g in G { // g tm ma gkar�z
3. if v cat in g cat and compare and arange(v, g)
4. break
5. if g cat is empty and compare and arange(v, g)
6. break
7. }
8.
9. if V not empty // fìrtwsh upìloipwn oqhm�twn
10. for vin V
11. for g in G
12. if �PPP” not in g cat and compare and arange(v, g)
13. break
14. return G

1. function compare and arange(listv, g)
2. if (v length + v ldist) <= g length) //An oi diat�seic tou oq matoc
3. if (v height < g height) // (l,h,w) eÐnai mikrìterec apì
4. if(v width < g width) { // autèc tou tm matoc
5. put v in g // topojeteÐ to ìqhma vsto tm ma g
6. g length = g length - (v length + v ldist)
7. pop v // αϕαιρεÐ τo ìχηµα v απì τη λÐστα V
8. return true
9. }
10. else:
11. return false
�������������������������������������-

Sq ma 5.1: 'Aplhstoc Algìrijmoc

5.2.1.2 Perigraf  tou algorÐjmou

Kat� thn ekkÐnhsh thc diadikasÐac Greedy exet�zetai h lÐsta oqhm�twn V . 'Oso h lÐsta

aut  perièqei oq mata v, epijewroÔntai oi korufèc (tm mata) g tou gr�fou G (gkar�z)

kai elègqetai an to ìqhma v apì th lÐsta oqhm�twn ikanopoieÐ touc gewmetrikoÔc pe-

riorismoÔc gia na topojethjeÐ sto tm ma g (bl. sq ma 5.1). Analutik�, sth gramm 

3 elègqetai an h kathgorÐa tou oq matoc (v cat) an kei sto sÔnolo twn kathgori¸n
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oqhm�twn (g cat), pou mìno autèc epitrèpetai na fortwjoÔn sto sugkekrimèno tm ma.

Sth Ðdia gramm  mèsw thc sun�rthshc compare and arange elègqetai an ikanopoioÔntai

oi gewmetrikoÐ periorismoÐ (m koc,pl�toc,Ôyoc). An ikanopoioÔntai to m koc tou oq -

matoc mazÐ me thn apìstash asfaleÐac afairoÔntai apì to m koc tou tm matoc kai epÐshc

afaireÐtai to ìqhma apì thn lÐsta oqhm�twn. Sth gramm  5 an den up�rqei periorismìc

stic kathgorÐec oqhm�twn pou epitrèpetai na fortwjoÔn sto tm ma kai ikanopoioÔn-

tai oi gewmetrikoÐ periorismoÐ, to m koc tou oq matoc mazÐ me thn apìstash asfaleÐac

afairoÔntai apì to m koc tou tm matoc kai epÐshc afaireÐtai to ìqhma apì thn lÐsta

oqhm�twn. Me ton trìpo autì dÐnoume thn dunatìthta se tm mata pou proorÐzontai

gia sugkekrimènec kathgorÐec oqhm�twn (meg�la oq mata) na mhn katalamb�nontai apì

mikr�. Ta oq mata pou den ikanopoÐhsan ta krit ria (gr. 3 kai gr. 5) kai up�rqei

q¸roc na fortwjoÔn sto ploÐo elègqontai kai 'fort¸nontai' sto tèloc (gr. 9 - 13).

Sthn pr�xh k�poia tm mata tou gkar�z k�tw apì oriakèc qronikèc sunj kec paramènoun

kleist�. Aut� qarakthrÐzetai oti dèqontai mìno thn kathgorÐa oqhm�twn 'RRR' h opoÐa

sthn pragmatikìthta eÐnai anÔparkth. Sunep¸c, ta tm mata aut� den elègqontai gia

fìrtwsh (gr. 12).

Parat rhsh: O èlegqoc twn gewmetrik¸n periorism¸n gÐnetai me th sun�rthsh com-

pare and arange h opoÐa qrhsimopoieÐtai kai ston algìrijmo BestFit.

Sto Par�rthma �þ sto sq ma �þ.4 dÐnetai o k¸dikac tou �plhstou algìrijmou se Python.

5.2.1.3 'Exodoc tou algorÐjmou

Met� to tèloc thc ektèleshc h diadiakasÐa Greedy mac dÐnei p�li ton gr�fo G tou

montèlou fìrtwshc ìpou stic korufèc (tm mata) tou eÐnai plèon topojethmèna ta o-

q mata thc lÐstac V me tic idiìthtec touc. 'Etsi èqoume p�rei san apotèlesma èna

sen�rio fìrtwshc. Me k�je trèximo tou algìrijmou èqoume kai èna diaforetikì sen�ri-

o fìrtwshc, dedomènou ìti ta oq mata epilègontai me tuqaÐo trìpo k�je for�.
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5.2.1.4 Orjìthta apotelèsmatoc

Mia kat� b�joc anaz thsh se ènan gr�fo montèlou fìrtwshc qwrÐc thn efarmog 

kanenìc periorismoÔ, eggu�tai ìti k�je kìmboc tou gr�fou ja proseggisteÐ kai kat�

sunèpeia ìla ta oq mata pou eÐnai dunatìn na qwrèsoun sto ploÐo ja fortwjoÔn. Oi

gewmetrikoÐ periorismoÐ exasfalÐzoun oti k�poia apì ta oq mata proc fìrtwsh tairi�-

zoun gewmetrik� me k�poio tm ma tou gkar�z. Sunep¸c, o algìrijmoc autìc ja mac

d¸sei èna nìmimo sen�rio fìrtwshc.

5.2.1.5 Upologistik  Poluplokìthta

'Enac algìrijmoc kat� b�joc anaz thshc èqei grammik  poluplokìthta an�logh tou

pl jouc twn kìmbwn kai twn sundèsmwn tou gr�fou (an upojèsoume ìti qrhsimopoioÔme

mia dom  dedomènwn sthn opoÐa gia k�je kìmbo diathroÔme mia lÐsta twn geitonik¸n

tou). Wstìso ston �plhsto algìrijmo up�rqoun idiaiterìthtec pou aux�noun polÔ thn

poluplokìtht� tou. Mia kat� b�joc anaz thsh, episkèptetai k�je kìmbo tou gr�fou

mÐa mìno for�. O �plhstoc mporeÐ na episkefteÐ ènan kìmbo tìsec forèc ìso kai to

pl joc twn oqhm�twn.

Sth qeirìterh loipìn perÐptwsh o algìrijmoc ja episkefteÐ k�je kìmbo tìsec forèc

ìso kai to pl joc n twn oqhm�twn, ètsi h upologistik  poluplokìthta tou algìrijmou

eÐnai O(n ¦ |G|).

5.2.2 Algìrijmoc Best Fit

O �plhstoc algìrijmoc pou eÐdame sthn § 5.2.1 faÐnetai na parousi�zei èna kalÔtero

apotèlesma se sqèsh me ton empeirikì trìpo fìrtwshc, af nei ìmwc meg�la ak�lupta

mèrh sta tm mata tou gkar�z ìpwc ja analÔsoume kai ja doÔme sto epìmeno kef�laio.

EÐdame stic § 3.3.3 kai 5.1 oti ta meg�la oq mata topojetoÔntai se tm mata tou gkar�z

pl�touc 3m kai oti se periìdouc aiqm c ta oq mata aut� eÐnai polÔ lÐga (4-5). 'EpÐshc

eÐdame oti sta dromolìgia aiqm c ìpou to gkar�z tou ploÐou gemÐzei me oq mata, ta proc
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fìrtwsh oq mata eÐnai diajèsima ìla kat� thn di�rkeia thc fìrtwshc sthn eÐsodo tou

gkar�z.

Me b�sh ta parap�nw mporoÔme na taxinom soume ta oq mata kat� kathgorÐa kai kat�

m koc ètsi ¸ste na mporoÔme na ta qeiristoÔme kalÔtera kat� thn di�rkeia thc fìrtwshc

kai na ta kateujÔnoume se tm mata pou tairi�zoun kalÔtera sÔmfwna me ta qarakthris-

tik� kai tic idiìthtec touc. Gia to skopì autì dhmiourgoÔme dÔo lÐstec oqhm�twn, h mÐa

perièqei ta oq mata taxinomhmèna kat� kathgorÐa kai h �llh kat� m koc. H taxinìmhsh

aut  mac odhgeÐ na qwrÐsoume to gr�fo fìrtwshc se dÔo upogr�fouc. O ènac perièqei

touc kìmbouc me tm mata gkar�z pl�touc 3m gia thn fìrtwsh twn meg�lwn oqhm�twn

kai o �lloc touc kìmbouc me tm mata gkar�z pl�touc 2m gia thn fìrtwsh twn mikr¸n

oqhm�twn.

Sth sunèqeia parousi�zoume ton algìrijmo Best Fit o opoÐoc prospajeÐ na gemÐsei me

ton kalÔtero dunatì trìpo ta tm mata tou gkar�z axiopoi¸ntac ta ex c dedomèna:

1. Ta oq mata eÐnai ìla diajèsima sthn eÐsodo tou ploÐou.

2. H katanom  twn mhk¸n twn diafìrwn kathgori¸n oqhm�twn dÐnei thn dunatìthta

na topojet soume oq mata se tm mata tou gkar�z gia ta opoÐa to m koc touc

eÐnai pollapl�sio tou m kouc twn oqhm�twn.

Sugkekrimèna èqontac taxinom sei ta oq mata me b�sh to m koc touc mporoÔme na epilè-

goume ekeÐno to m koc -kai kat� sunèpeia oq mata me autì to m koc - sto opoÐo an

prosjèsoume kai to m koc thc apìstashc metaxÔ twn oqhm�twn, tìte to sunolikì autì

m koc na diaireÐ akrib¸c to m koc k�poiou tm matoc tou gkar�z. 'Estw v length to

m koc tou oq matoc v ldist h apìstash pou prèpei na up�rqei metaxÔ twn oqhm�twn kai

g length to m koc tou tm matoc tou gkar�z. Tìte ja prèpei na isqÔei

n ∗ (v length + v ldist) = g length (5.2.1)
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Algorithm Best-Fit(graph Gb, Gl, list Vb, Vl, SV)
Input: Gr�foc Montèlou Fìrtwshc Gb = (Gb, Vb, VPb), LÐsta oqhm�twn Vb

Γρ�ϕoς Moντèλoυ Φìρτωσης Gl = (Gl, Vl, VPl), ΛÐστα oχηµ�των Vl
Tαξινoµηµèνη ΛÐστα µηκ¸ν και κατηγoρι¸ν oχηµ�των SV

Output: Gr�foc Montèlou Fìrtwshc G = (G, V, VP)

1. while(Vb not empty) and (Gb not empty)
2. g = Gb[0] // επιλoγ  τoυ πρ¸τoυ τµ µατoς για γèµισµα
3. if g length < minimum vehicle length:
4. pop g // τo τµ µα g γèµισε και αϕαιρεÐται απì τη λÐστα
5. continue // συνεχÐζει µε τo επìµενo τµ µα
6. if g length in SV // αν τo µ κoς τoυ τµ µατoς υπ�ρχει στη ταξινoµηµèνη
7. v = SV[g length][0] // λÐστα µηκ¸ν επιλèγει τo πρ¸τo ìχηµα
8. else:
9. v = best fit(g, Vb, SV) // επιστρèϕει τo ìχηµα πoυ χωρ�ει καλÔτερα

// στo τµ µα τoυ γκαρ�ζ
10. if v > 0 and compare and arange(v, g)
11. pop SV[v] // αϕαιρεÐ τo ìχηµα vαπì την ταξινoµηµèνη λÐστα SV
12. pop v // αϕαιρεÐ τo ìχηµα vαπì την λÐστα oχηµ�των
13. else:
14. hsg = g // αν τo τµ µα τoυ g δεν γèµισε µεταϕèρεται
15. pop g // στo τèλoς της λÐστας για επανèλεγχo
16. Gb.append(hsg)
�������������������������������������-

Sq ma 5.2: Algìrijmoc Best Fit(1)

'Opou n eÐnai to pl joc twn oqhm�twn me Ðdio m koc pou kalÔptoun akrib¸c to tm -

ma g tou gkar�z   to enapomeÐnan tm ma. H mèjodoc aut  ston algìrijmo Best Fit

ulopoieÐtai me thn sun�rthsh full fit. Gia thn apodotikìterh axiopoÐhsh tou q¸rou twn

tmhm�twn ston algìrijmo Best Fit qrhsimopoioÔme akìma dÔo mejìdouc gia thn epilog 

twn oqhm�twn pou ja topojethjoÔn s' aut�. H pr¸th epilègei oq mata twn opoÐwn to

m koc eÐnai tètoio ¸ste an to ìqhma topojethjeÐ sto tm ma tìte to enapomeÐnan m koc

tou tm matoc na eÐnai mikrìtero apì to m koc tou mikrìterou oq matoc. H mèjodoc

aut  ulopoieÐtai me thn sun�rthsh best fit. H deÔterh mèjodoc h opoÐa ulopoieÐtai me

thn sun�rthsh best lengt anazht� sth lÐsta mhk¸n oqhm�twn, to megalÔtero m koc

pou eÐnai mikrìtero apì to m koc tou tm matoc, opìte epilègetai èna ìqhma me autì to
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m koc.

5.2.2.1 EÐsodoc tou algorÐjmou

San eÐsodo o algìrijmoc èqei touc dÔo upogr�fouc Gb gia ta meg�la oq mata kai Gl

gia ta mikr� oq mata. H lÐsta V b perièqei antÐstoiqa ta meg�la oq mata kai h V l ta

mikr�. H lÐsta SV eÐnai mia taxinomhmènh lÐsta apì lÐstec. StoiqeÐa kleidi� thc lÐstac

eÐnai ìla ta diaforetik� m kh twn oqhm�twn pou prìkeitai na fortwjoÔn sto ploÐo. Gia

k�je m koc oq matoc up�rqei mia upolÐsta me ta oq mata pou èqoun autì to m koc.

'Etsi èqoume

- Upogr�foi sust matoc fìrtwshc

ΓMΦO =





Gb = (Gb, V b, V Pb),

Gl = (Gl, V l, V P l)
(5.2.2)

- LÐstec me ta oq mata V b[], V l[]

- LÐsta me ta taxinomhmèna m kh kai tic kathgorÐec oqhm�twn SV []

5.2.2.2 Perigraf  tou algorÐjmou

O algìrijmoc trèqei se trÐa basik� b mata. Sto pr¸to topojetoÔntai ta meg�la oq ma-

ta, aut� pou stajmeÔoun se tm mata pl�touc 3m, kai sto deÔtero b ma topojetoÔntai

ta upìloipa oq mata, aut� pou stajmeÔoun se tm mata pl�touc 2m. Ta tm mata tou

gkar�z pou den ja gemÐsoun apì to pr¸to pèrasma axiopoioÔntai sto deÔtero kai s-

to trÐto b ma. H diadikasÐa aut  se genikèc grammèc akoloujeÐtai kai sth pr�xh apì

k�poiouc up�rqouc oi opoÐoi prosp�jhsan na sqedi�soun lÐgo pio tupik� thn diadikasÐa

fìrtwshc, axiopoi¸ntac thn empeireÐa touc kai thn proseqtik  melèth tou q¸rou tou

gkar�z.

To pr¸to b ma tou algìrijmou parousi�zetai sto sq ma 5.2. Dedomènou tou mikroÔ ar-

ijmoÔ oqhm�twn (4-5) ta opoÐa topojetoÔntai sta tm mata tou gkar�z me autì to trìpo,



51

ja mporoÔsame na qrhsimopoi soume ton �plhsto algìrijmo. Ekmetaleuìmaste ìmwc to

gegonìc thc Ôparxhc thc taxinomhmènhc lÐstac mhk¸n oqhm�twn kai elègqoume (gramm 

6) an to m koc tou tm matoc up�rqei s' aut  th lÐsta. Sth perÐptwsh aut  epilègoume

to pr¸to ìqhma me m koc ìso tou tm matoc. Se diaforetik  perÐptwsh epilègoume to

ìqhma pou tairi�zei kalÔtera sto m koc tou tm matoc me thn sun�rthsh best fit (gramm 

9). An brejeÐ ìqhma pou na ikanopoieÐ ìlouc touc gewmetrikoÔc periorismoÔc (gram-

m  10) afaireÐtai apì to m koc tou tm matoc tou gkar�z to m koc tou oq matoc kai h

apìstash asfaleÐac kai apì tic antÐstoiqec lÐstec to ìqhma kai to m koc tou. Kai ed¸

qrisimopoioÔme thn Ðdia sun�rthsh me ton �plhsto algìrijmo, thn compare and arange.

An den brejeÐ ìqhma pou na ikanopoieÐ ta parap�nw krit ria y�qnoume sta epìmena t-

m mata.

To deÔtero b ma tou algìrijmou parousi�zetai sto sq ma 5.3. To b ma autì ekteleÐtai

ìso h taxinomhmènh lÐsta mhk¸n (SV ) èqei stoiqeÐa kai up�rqoun �deia tm mata (gram-

mèc 1− 29). Xekin�me me to pr¸to tm ma kai elègqoume an to m koc tou eÐnai mikrìtero

apì to mikrìtero m koc diajèsimou proc fìrtwsh oq matoc (gramm  3− 5). An isqÔei

jewroÔme oti to tm ma gèmise me oq mata, to afairoÔme apì th lÐsta tmhm�twn kai

suneqÐzoume me to epìmeno tm ma. Stic grammèc 7 − 8 elègqoume an sth taxinomhmèn-

h lÐsta mhk¸n up�rqei m koc Ðso me to m koc tm matoc kai pèrnoume to pr¸to ìqhma

thc antÐstoiqhc lÐstac mhk¸n. An to m koc tou tm matoc eÐnai mikrìtero   Ðso apì to

megalÔtero m koc oq matoc proc fìrtwsh tìte mèsw thc sun�rthshc best length epilè-

goume to megalÔtero m koc oq matoc pou eÐnai mikrìtero apì to m koc tou tm matoc

(grammèc 9 − 14) diaforetik� h sun�rthsh best fit mac dÐnei to ìqhma v pou tairi�zei

kalÔtera sto tm ma g.

Stic grammèc 15 − 24 elègqoume an to m koc tou tm matoc eÐnai mikrìtero   Ðso apì

to ginìmeno tou mègistou m kouc oq matoc epÐ ton arijmì o opoÐoc dÐnei to mègisto

pl joc oqhm�twn (bl. sqèsh 5.2.3 kai gramm  6) pou ja mporoÔsan na topojethjoÔn

sto tm ma.
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mult = int(
g length

min vehicle length
) (5.2.3)

An isqÔei h sunj kh aut  tìte kaleÐtai anadromik� h sun�rthsh full fit to polÔ mult

forèc prokeimènou na topojet sei mult oq mata sto tm ma afoÔ ikanopoioÔntai ìloi oi

gewmetrikoÐ periorismoÐ. An h full fit apotÔqei epilègetai ìqhma pou tairi�zei kalÔtera

sto tm ma qrhsimopoi¸ntac tic best length kai best fit.

An kanèna apì ta parap�nw krit ria den ikanopoieÐtai epilègoume to ìqhma v pou tair-

i�zei kalÔtera sto tm ma g me thn best fit (gramm  26). Tèloc an to ìqhma ikanopoieÐ

ìlouc touc gewmetrikoÔc periorismoÔc topojeteÐtai sto tm ma g kai afaireÐtai apì thn

taxinomhmènh lÐsta mhk¸n kai oqhm�twn (grammèc 27-29).

Sto trÐto tm ma tou algìrijmou (gramm  30) kaleÐtai h �plhsth diadikasÐa gia na tak-

topoi sei ta oq mata pou tuqìn den ikanopoÐhsan ìlouc touc gewmetrikoÔc periorismoÔc.

5.2.2.3 Exodoc tou algorÐjmou

Met� to tèloc thc ektèleshc h diadiakasÐa Best F it mac dÐnei p�li ton gr�fo G tou

montèlou fìrtwshc ìpou stic korufèc (tm mata) tou eÐnai pleìn topojethmèna ta oq -

mata thc lÐstac V me tic idiìthtec touc. 'Etsi èqoume p�rei san apotèlesma èna sen�rio

fìrtwshc. Se antÐjesh me ton �plhsto o algìrijmoc Best F it mac dÐnei p�nta to Ðdio

sen�rio fìrtwshc. Gia oikonomÐa q¸rou kai kalÔterh katanìhsh, o phgaÐoc k¸dikac

tou algìrijmou Best Fit se Python kai twn sunart sewn pou kaloÔntai dÐnetai sto

Par�rthma �þ sta sq mata �þ.5, �þ.6, �þ.7 kai �þ.8.

5.2.2.4 Termatismìc

Genik�, o algìrijmoc termatÐzei ìtan gemÐsoun ìla ta tm mata gi tou gkar�z. Autì den

shmaÐnei kat' an�gkh oti ja fortwjoÔn ìla ta oq mata sto ploÐo.

Sth qeirìterh perÐptwsh pou den ikanopoioÔntai oi sunj kec pou perigr�fontai sta

dÔo pr¸ta b mata tou algìrijmou (bl. Sq mata 5.2 kai 5.3) o algìrijmoc ja termatÐsei
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�������������������������������������-
1. while (SV not empty) and (Gl not empty)
2. g = Gl[0] // επιλoγ  τoυ πρ¸τoυ τµ µατoς για γèµισµα
3. if g length < minimum vehicle length:
4. pop g // τo τµ µα g γèµισε και αϕαιρεÐται απì τη λÐστα
5. continue // συνεχÐζει µε τo επìµενo τµ µα
6. mult = int(g length / min vehicle length)
7. if g length in SV
8. v = SV[g length][0]
9. elif g length <= maximum vehicle length
10. d = best length(g, Gb, SV, 1)
11. if d in SV
12. v = SV[d][0]
13. else:
14. v = best fit(g, Vb, SV)
15. elif g length <= (mult * maximum vehicle length)
16. v = full fit(g, mult)
17. if v == -1
18. continue
19. else:
20. d = best length(g, Gb, SV, mult)
21. if d in SV
22. v = SV[d][0]
23. else:
24. v = best fit(g, Vb, SV)
25. else:
26. v = best fit(g, Vb, SV)
27. if v > 0 and compare and arange(v, g)
28. pop v // αϕαιρεÐ τo ìχηµα vαπì την λÐστα oχηµ�των
29. pop SV[v] //αϕαιρεÐ τo ìχηµα vαπì την ταξινoµηµèνη λÐστα SV
30. Greedy(Gl, Vl)
31.return G
�������������������������������������-

Sq ma 5.3: Algìrijmoc Best Fit(2)

fort¸nontac ta enapomeÐnanta oq mata me thn mèjodo greedy (bl. Sq ma 5.3, gramm 

30). To pr¸to tm ma tou algìrijmou termatÐzei ìtan exantlhjoÔn ta oq mata   gemÐsoun

ìla ta tm mata. H epan�lhyh ja termatÐsei to polÔ se tìsa b mata ìsa eÐnai to

�jroisma twn oqhm�twn kai twn tmhm�twn. Sto deÔtero b ma tou algìrijmou (bl.

Sq ma 5.3) an k�poio apì ta krit ria èntaxhc enìc oq matoc se k�poio tm ma tou gkar�z
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den ikanopoihjeÐ tìte to ìqhma mpaÐnei se eidik  lÐsta prokeimènou na topojethjeÐ sto

teleutaÐo b ma to opoÐo sthn ousÐa douleÔei ìpwc o �plhstoc.

5.2.2.5 Orjìthta apotelèsmatoc

O algìrijmoc Best Fit sthrÐzetai sthn apl  idiìthta twn arijm¸n kai sugkekrimèna

tou akèraiou pollapl�siou pou k�je arijmìc mporeÐ na èqei. Sthn perÐptwsh mac to

m koc k�je tm matoc tou gkar�z mporeÐ na eÐnai akèraio pollapl�sio tou m kouc miac

sugkekrimènhc kathgorÐac oqhm�twn. Enallaktik� ìpwc faÐnetai analutik� kai sthn

parousÐash tou algìrijmou an to enapomeÐnan ak�lupto mèroc enìc tm matoc tou gkar�z

eÐnai mikrìtero apì to m koc tou mikrìterou oq matoc pou ja epibibasteÐ sto ploÐo p�li

èqoume èna polÔ kalì apotèlesma tou algìrijmou. 'Opwc ja doÔme kai sto kef�laio 6

o algìrijmoc Best Fit af nei ta ligìtera kai mikrìtera ak�lupta tm mata tou gkar�z.

5.2.2.6 Upologistik  Poluplokìthta

Sth perÐptwsh tou algìrijmou Best Fit èqoume kat' arq n thn taxinìmhsh twn oqh-

m�twn kat� m koc kai kathgorÐa. Epiplèon èqoume ton qwrismì tou gr�fou sust matoc

fìrtwshc se dÔo upogr�fouc. An m eÐnai o arijmìc twn oqhm�twn pou fort¸nontai

sto ploÐo kai n o arijmìc twn tmhm�twn sto opoÐo qwrÐzetai to gkar�z tìte èqoume

èna arqikì kìstoc m + n. Met� thn taxinìmhsh kai ton qwrismì tou gr�fou èqoume

antÐstoiqa m1 + m2 oq mata kai n1 + n2 tm mata.

Ki ed¸ isqÔei oti kai sthn perÐptwsh tou �plhstou algìrijmou dhl.

O(m1 ¦ n1 + m2 ¦ n2) ≈ O(n ¦ m).



Kef�laio 6

Peiramatik  Axiolìghsh

Sto kef�laio autì ja parousi�soume ta apotelèsmata pou p rame met� apì thn ektè-

lesh twn dÔo algorÐjmwn me diaforetik� dedomèna eisìdou.

Gia thn axiolìghsh me pragmatik� dedomèna, qrhsimopoi same ta dedomèna pou aforoÔn

hmeromhnÐec taxidÐou tou ploÐou LATW to kalokaÐri tou 2004.

Gia thn axiolìghsh me sunjetik� dedomèna, qrhsimopoi same èna upojetikì ploÐo to

opoÐo qwrÐsame se tuqaÐa tm mata pou to sunolikì m koc touc eÐnai Ðso me to sunolikì

m koc twn oqhm�twn.

6.1 PeÐrama me paragmatik� dedomèna

Ed¸ ja qrhsimopoi soume pragmatik� dedomèna apì dromolìgia pou pragmatopoi jhkan

se hmeromhnÐec aiqm c thn perÐodo twn diakop¸n kai jewroÔntai oriak� apì apìyewc

fìrtwshc, me thn ènnoia oti to ploÐo fort¸jhke empeirik� me ton megalÔtero dunatì

arijmì oqhm�twn.

Stic epìmenec paragr�fouc ja deÐxoume oti me ton trìpo fìrtwshc pou proteÐnoume

up�rqei dunatìthta gia epiplèon oq mata kai autì apodeiknÔetai apì to swstì apotè-

lesma pou dÐnoun kai oi dÔo algìrijmoi, ìtan aux�noume ton arijmì twn oqhm�twn.

Sta dromolìgia pou epilèxame, to pl joc twn oqhm�twn ìpwc ja faneÐ parak�tw sta

dedomèna eisìdou, sthn suntriptik  tou pleioyhfÐa afor� IQ epibathg� oq mata. Aut�

�llwste parousi�zoun meg�lo epiqeirhmatikì endiafèron kai stic pragmatikèc sunj kec
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fìrtwshc thn perÐodo twn diakop¸n.

'Ola ta dromolìgia pou epilèxame pragmatopoi jhkan kat� thn di�rkeia thc hmèrac sth

gramm  Qani�-Peirai�-Qani�. Koinì qarakthristikì olwn aut¸n twn dromologÐwn eÐnai

o periorismènoc qrìnoc fìrtwshc, dedomènou oti to ploÐo afoÔ proseggÐsei sto lim�ni

xefort¸nei, fort¸nei kai anaqwreÐ amèswc gia to lim�ni proorismoÔ tou dromologÐou.

Se ìla ta dromolìgia h org�nwsh twn tmhm�twn tou gkar�z diathr jhke h Ðdia ìp-

wc aut  perigr�fetai sto Par�rthma Gþ. O q¸roc tou gkar�z Kat�mparo (KG), den

qrhsimopoi jhke epeid  h prìsbash s' autìn eÐnai qronobìra.

Ston pÐnaka 6.1 parousi�zontai analutik� oi kathgorÐec twn oqhm�twn kai ta sunolik�

m kh aut¸n se mètra kat� hmeromhnÐa taxidÐou.

BGT CRM DK1 DK2 FRK FRT IX1 SÔnolo
01-08-2004 2 25 13 5 6 492 543

(m) 11.00 18.75 13.00 34.00 71.00 2061.20 2208.95
04-08-2004 2 1 14 4 2 6 495 524

(m) 4.00 5.50 10.50 4.00 17.00 63.00 2087.20 2191.20
13-08-2004 1 36 27 1 4 500 569

(m) 2.00 27.00 27.00 4.00 46.00 2093.60 2199.60

PÐnakac 6.1: Dromolìgia Elègqou

Gia tic an�gkec aut c thc ergasÐac ègine qwrismìc tou gkar�z tou ploÐou LATW

se tm mata me tètoio trìpo ¸ste na kalufjoÔn dromolìgia aiqm c, oriak� se plhrìthta,

ìpou h suntriptik  pleioyhfÐa twn oqhm�twn  tan IQ. Sta sq mata ( Gþ.1, Gþ.2, Gþ.3, Gþ.4)

sto Par�rthma Gþ parousi�zetai autìc o qwrismìc. Ta gewmetrik� qarakthristik�

aut¸n twn tmhm�twn kai oi upìloipec idiìthtec touc gia tic an�gkec tou sust matoc

mac apojhkeÔontai se pÐnaka thc sqesiak c b�shc dedomènwn MySQL (bl. PÐnaka Eþ.2

Par�rthma Eþ).
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6.1.1 An�lush Dedomènwn

Ta dedomèna pou qrhsimopoi jhkan s' aut  thn ergasÐa gia thn ulopoÐhsh kai ton èlegqo

twn algorÐjmwn paraqwr jhkan apì thn etaireÐa ANEK LINES kai perilamb�noun ana-

lutik  plhroforÐa gia ìla ta dromolìgia pou ektèlese to ploÐo LATW kat� to qronikì

di�sthma apì 01/01/2004− 31/12/2004. Ta dedomèna paradìjhkan se arqeÐo Excel kai

gia na elegqjoÔn kai na axiopoihjoÔn apì to sÔsthma pou anaptÔxame metafèrjhkan se

PÐnaka thc sqesiak c b�shc dedomènwn MySQL (bl. PÐnaka Eþ.1 Par�rthma Eþ).

O trìpoc me ton opoÐo gÐnontai s mera oi krat seic jèsewn kai sth sunèqeia h fìrtwsh

tou gkar�z apì ta CRS twn etairei¸n den proôpojètei thn katagraf  ìlwn twn gewmetrik¸n

qarakthristik¸n twn oqhm�twn. Autì èqei san apotèlesma gia tic mikrèc kathgorÐec

oqhm�twn kai kurÐwc gia ta IQ oq mata na mhn up�rqoun stoiqeÐa gia to m koc, pl�toc,

Ôyoc kai b�roc. Gia tic meg�lec kathgorÐec oqhm�twn ta epaggelmatik� oq mata epei-

d  o naÔloc upologÐzetai apì to m koc kai to b�roc, stoiqeÐa gia ta gewmetrik� touc

qarakthristik� up�rqoun. Gia lìgouc plhrìthtac kai gia na eÐnai katanoht  h ènnoia

kathgorÐa oq matoc sto par�rthma Eþ PÐnakac Gþ.3 parajètoume tic kathgorÐec oqh-

m�twn ètsi opwc autèc qrhsimopoioÔntai apì ta CRS twn etairei¸n. Sth trÐth st lh

tou pÐnaka faÐnetai to pl joc twn oqhm�twn thc antÐstoiqhc kathgorÐac pou fort¸jhke

sto ploÐo kat� thn di�rkeia tou 2004. Sto Sq ma 6.1 parousi�zetai h katanom  an�

kathgorÐa twn oqhm�twn pou fort¸jhkan sto ploÐo LATW thn qronik  perÐodo apì

01/01/2004− 31/12/2004.

Ta qarakthristik� twn oqhm�twn pou den  tan diajèsima anaplhr¸jhkan me ton ex c

trìpo.

Stic kathgorÐec (′FRK ′,′ FRT ′,′ TRK ′,′ M1T ′,′ M3T ′,′ M4T ′) dìjhke pl�toc 2.8m to

opoÐo antapokrÐnetai apìluta sth pragmatikìthta. 'Allwste ìpwc eÐdame kai sthn

§ 3.3.3 gi' autèc tic kathgorÐec oqhm�twn oi kanonismoÐ apaitoÔn stoÐbaxh se diadrìmouc

pl�touc 3m. Sta upìloipa oq mata dìjhke pl�toc apì 1.40m mèqri 2.00m. Eidik�
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Sq ma 6.1: Katanom  kathgori¸n oqhm�twn

Sq ma 6.2: Katanom  IQ oqhm�twn me b�sh to m koc touc (Kathg:IX1)

gia ta dÐkukla oq mata (′DK1′,′ DK2′) epeid  to m koc touc den uperbaÐnei ta 2.00m

jewr same to m koc touc pl�toc, epeid  eÐnai dunatìn na stoibaqtoÔn kat� pl�toc sta

tm mata tou gkar�z.



59

Sq ma 6.3: Katanom  IQ oqhm�twn me b�sh to Ôyoc touc (Kathg:IX1)

Sq ma 6.4: Katanom  IQ oqhm�twn me b�sh to pl�toc touc (Kathg:IX1)

Gia ta IQ oq mata (′IX1′) ta opoÐa kai apoteloÔn ton kÔrio ìgko oqhm�twn (bl. Sq -

ma 6.1) akolouj same thn ex c mejodologÐa gia ton prosdiorismì twn gewmetrik¸n

touc qarakthristik¸n. Apì to periodikì Tèssereic TroqoÐ [10] se ena deÐgma 81 mon-

tèlwn eureÐac kukloforÐac ìlwn twn etairei¸n, metr same ta m kh twn oqhm�twn.
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Thn Ðdia katanom  pou eÐqan ta m kh tou deÐgmatoc twn 81 oqhm�twn k�name kai s-

ta m kh tou sÔnolo twn 37.480 IQ oqhm�twn pou taxÐdeyan me to ploÐo LATW apì

01/01/2004− 31/12/2004. H katanom  aut  parousi�zetai sto Sq ma 6.2.

Sto Ôyoc twn oqhm�twn aut c thc kathgorÐac dìjhkan timèc apì 1.10m mèqri 2.20m

an�loga me to m koc touc. H katanom  aut  parousi�zetai sto Sq ma 6.3. AntÐstoiqa

sto pl�toc dìjhkan timèc apì 1.40m mèqri 2.00m an�loga me to m koc touc. H katanom 

aut  parousi�zetai sto Sq ma 6.4.

Ta megèjh aut� sÔmfwna kai me thn empeirÐa twn anjr¸pwn pou asqoloÔntai me th

fìrtwsh faÐnetai na antapokrÐnontai sthn pragmatikìthta.

Me an�logo trìpo prosdiorÐsthkan ta gewmetrik� qarakthristik� pou den  tan diajès-

ima kai gia tic upìloipec kathgorÐec oqhm�twn. Gia na eÐnai pio pl rhc h eikìna twn

megej¸n pou perigr�fthkan s' aut  thn par�grafo, ta gewmetrik� qarakthristik� twn

oqhm�twn tou deÐgmatoc dedomènwn met� thn kanonikopoÐhsh pou perigr�fthke parap�nw

kai efarmìsthke s' aut� parousi�zontai analutik� sto PÐnaka Gþ.3, Par�rthma Gþ.

To gkar�z tou ploÐou qwrÐsthke se 107 tm mata me arÐjmhsh apì 1 − 107. To 107o

tm ma eÐnai h èxodoc e tou ploÐou. Apì ta tm mata aut� ta (98, 99, 100, 101) eÐnai pl�touc

3m kai proorÐzontai kat' arq n gia thn fìrtwsh forthg¸n oqhm�twn. To m koc touc

eÐnai 159.20m. Ta upìloipa tm mata proorÐzontai gia thn fìrtwsh IQ oqhm�twn kai

èqoun m koc 2250.65m. To sunolikì m koc twn tmhm�twn pou ja prospaj soume na

gemÐsoume eÐnai 2326.15m. 'Opwc eÐpame kai prohgoumènwc k�poia apì ta tm mata tou

gkar�z ta opoÐa kajusteroÔn thn fìrtwsh den ja qrhsimopoihjoÔn. Sto sq ma 6.5

faÐnetai h katanom  twn mhk¸n twn tmhm�twn tou gkar�z pou ja qrhsimopoi soume gia

ta peir�mata mac. EpÐshc sto sq ma 6.6 faÐnetai h katanom  twn mhk¸n twn oqhm�twn

pou ja prospaj soume na fort¸soume sta tm mata tou gkar�z.

O GMFO ulopoieÐtai sto sÔsthma mac apì dÔo domèc dictionary (G = {}, A = {}) thc

Python [6]. Sto Par�rthma Eþ oi pÐnakec Eþ.2 kai Eþ.3 perièqoun ta dedomèna gia thn

ulopoÐhsh tou GMFO. H dom  G perièqei tic korufèc tou gr�fou (tm mata tou gkar�z)
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Sq ma 6.5: Katanom  tmhm�twn me b�sh to m koc touc

Sq ma 6.6: Katanom  oqhm�twn me b�sh to m koc touc
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oi akmèc apì k�je koruf  deÐqnoun proc thn koruf  thn plhsièsterh prìc thn èxodo e

tou ploÐou. H dom  A perièqei tic idiìthtec twn tmhm�twn tou gkar�z.

����������������������������������

Section Graph

1 : [6L] 95 : [101L]

2 : [6L] 96 : [102L]

3 : [6L] 97 : [103L]

4 : [6L] 98 : [100L]

5 : [6L] 99 : [101L]

6 : [95L] 100 : [102L]

7 : [6L] 101 : [62L]

8 : [11L] 102 : [104L]

9 : [11L] 103 : [105L]

10 : [11L] 104 : [107L]

11 : [13L] 105 : [107L]

12 : [15L] 106 : [103L]

Graph Attributes

1 : {’v_loaded’: [], ’s_height’: 3.6, ’s_cat’:[’PPP’],

’s_length’: 12.5, ’s_width’: 2.12, ’s_deck’: ’KG’,

’s_orientation’: ’CL’, ’sv_weight’: 12000.0,

’s_name’: ’section 001’, ’s_weight’: 99999.99,

’s_distance’: 0.05}

2 : {’v_loaded’: [], ’s_height’: 3.6, ’s_cat’: [’PPP’],

’s_length’: 12.5, ’s_width’: 2.12, ’s_deck’: ’KG’,

’s_orientation’: ’CL’, ’sv_weight’: 12000.0,

’s_name’: ’section 002’, ’s_weight’: 99999.99,

’s_distance’: 0.05}

Vehicles List

1 : {’v_ldist’: 0, ’s_descr’: ’’, ’v_wdist’:0.25,’v_fare’: 0.0,

’v_height’: 1.7, ’v_width’: 1.8, ’v_length’: 4.65,

’v_weight’: 1250.0, ’cat_cd’: ’IX1’}

2 : {’v_ldist’: 0, ’s_descr’: ’’, ’v_wdist’: 0.40, ’v_fare’: 87.9,

’v_height’: 3.20, ’v_width’: 2.80, ’v_length’: 7.30,

’v_weight’: 5084.0, ’cat_cd’: ’FRK’}

����������������������������������

Sq ma 6.7: DeÐgma dedomènwn dom¸n G,A, V
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H lÐsta oqhm�twn V ulopoeÐtai ki aut  me mia dom  dictionary V = {} thc Python. Ta

dedomèna twn oqhm�twn perièqontai ston pÐnaka Eþ.4 sto Par�rthma Eþ. Sto Sq ma 6.7

dÐnetai mia eikìna twn dedomènwn pou perigr�fthkan parap�nw, ètsi ìpwc anaparÐstantai

apì tic domèc pou orÐsthkan.

6.1.2 PeÐrama me ton 'Aplhsto algìrijmo

Ja dokim�soume ton �plhsto algìrijmo me ta dedomèna twn hmeromhni¸n 01-08-2004

09:00:00, 04-08-2004 09:00:00, 13-08-2004 09:00:00. Sta sq mata 6.8, 6.9 kai 6.10

faÐnontai analutik� ta apotelèsmata pou èdwse o algìrijmoc kai mia ektÐmhsh tou

ak�luptou q¸rou.

-INPUT DATA 01-08-2004 09:00:00

-Vehicles found -OUTPUT DATA Vehicles loaded

----------------------------- -----------------------------

CRM --> 2 11.00 CRM --> 2 11.00

DK1 --> 25 18.75 DK1 --> 25 18.75

DK2 --> 13 13.00 DK2 --> 13 13.00

FRK --> 5 34.00 FRK --> 5 34.00

FRT --> 6 71.00 FRT --> 6 71.00

IX1 --> 492 2061.20 IX1 --> 492 2061.20

----------------------------- -----------------------------

543 2208.95 543 2208.95

Section/Totals 2326.15 meters length

Vehicles/Totals(543) 2238.85 meters length

---------------------

Diff 87.30 meters length

Sq ma 6.8: Apotelèsmata gia thn 01-08-2004 09:00:00 ('Aplhstoc)

'Opwc faÐnetai kai sto Sq ma 6.11 h mèjodoc aut  af nei poll� ak�lupata diast mata

me mikrì m koc se k�je tm ma sta opoÐa den eÐnai dunatìn na stajmeÔsei ìqhma. Ta

tm mata pou kalÔfjhkan pl rwc eÐnai 9. Bèbaia ìpwc ja doÔme kai argìtera sto Ðdio

kef�laio, ìtan sto Ðdio dromolìgio prosjèsoume epiplèon oq mata ta tm mata aut�

aux�noun perissìtero.
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-INPUT DATA 04-08-2004 09:00:00

-Vehicles found -OUTPUT DATA Vehicles loaded

----------------------------- -----------------------------

BGT --> 2 4.00 BGT --> 2 4.00

CRM --> 1 5.50 CRM --> 1 5.50

DK1 --> 14 10.50 DK1 --> 14 10.50

DK2 --> 4 4.00 DK2 --> 4 4.00

FRK --> 2 17.00 FRK --> 2 17.00

FRT --> 6 63.00 FRT --> 6 63.00

IX1 --> 495 2087.20 IX1 --> 495 2087.20

----------------------------- -----------------------------

524 2191.20 524 2191.20

Section/Totals 2326.15 meters length

Vehicles/Totals(524) 2219.40 meters length

---------------------

Diff 106.75 meters length

Sq ma 6.9: Apotelèsmata gia thn 04-08-2004 09:00:00 ('Aplhstoc)

-INPUT DATA 13-08-2004 09:00:00

-Vehicles found -OUTPUT DATA Vehicles loaded

----------------------------- -----------------------------

BGT --> 1 2.00 BGT --> 1 2.00

DK1 --> 36 27.00 DK1 --> 36 27.00

DK2 --> 27 27.00 DK2 --> 27 27.00

FRK --> 1 4.00 FRK --> 1 4.00

FRT --> 4 46.00 FRT --> 4 46.00

IX1 --> 500 2093.60 IX1 --> 500 2093.60

----------------------------- -----------------------------

569 2199.60 569 2199.60

Section/Totals 2326.15 meters length

Vehicles/Totals(569) 2229.30 meters length

---------------------

Diff 96.85 meters length

Sq ma 6.10: Apotelèsmata gia thn 13-08-2004 09:00:00 ('Aplhstoc)
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Sq ma 6.11: Katanom  ak�luptwn mhk¸n tmhm�twn thc 01-08-2004 09:00:00 ('Aplhstoc)

6.1.3 PeÐrama me ton Best Fit algìrijmo

Dokim�zoume antÐstoiqa ton algìrijmo Best Fit me ta dedomèna twn hmeromhni¸n 01-

08-2004 09:00:00, 04-08-2004 09:00:00, 13-08-2004 09:00:00. Ta apotelèsmata pou

paÐrnoume eÐnai akrib¸c ta Ðdia me aut� thc perÐptwshc tou �plhstou algìrijmou kai

faÐnontai analutik� sta Sq mata 6.8, 6.9 kai 6.10.

'Opwc faÐnetai kai sto Sq ma 6.14 ta ak�lupta diast mata twn tmhm�twn mei¸jhkan

shmantik� kai epÐshc aux jhke shmantik� o arijmìc twn tmhm�twn pou kalÔfjhkan

pl rwc, apì 9 sth mèjodo tou �plhstou se 50 t¸ra. Kai sta �lla dÔo dromolìgia ta

apotelèsmata eÐnai ta Ðdia.

SugkrÐnontac metaxÔ touc, ta Sq mata 6.11 kai 6.14 parathroÔme oti ta tm mata ta

opoÐa af noun ak�lupto di�sthma mikrìtero apo to m koc tou mikrìterou oq matoc

mei¸nontai apìtoma sthn mèjodo Best Fit, en¸ ta tm mata pou kalÔptontai pl rwc

ft�noun se posostì ' 30% twn tmhm�twn pou eÐnai qwrismèno to gkar�z.
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Sq ma 6.12: Katanom  ak�luptwn mhk¸n tmhm�twn thc 04-08-2004 09:00:00 (greedy)

Sq ma 6.13: Katanom  ak�luptwn mhk¸n tmhm�twn thc 13-08-2004 09:00:00 ('Aplhstoc)
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Sq ma 6.14: Katanom  ak�luptwn mhk¸n tmhm�twn thc 01-08-2004 09:00:00 (Best Fit)

Sto dromolìgio thc 01 − 08 − 2004 prospaj same na prosjèsoume ki �lla oq mata

prokeimènou na kalÔyoume ta ken� tm mata kai na doÔme ta ìria twn algorÐjmwn pou

parousi�same. Gia na eÐnai sugkrÐsima ta stoiqeÐa prosjèsame oq mata apo tÐc kath-

gorÐec DK1, DK2 kai IQ1. Ston PÐnaka 6.2 dÐnetai gia k�je mÐa apo tic mejìdouc to

pl joc twn oqhm�twn pou qwr�ne epiplèon sto ploÐo.

01-08-2004 09:00:00 DK1, DK2 IX1
'Aplhstoc 27 5
Best Fit 22 11

PÐnakac 6.2: Epiplèon oq mata

6.2 PeÐrama me sunjetik� dedomèna

Sth par�grafo aut  ja dokim�soume kai touc dÔo algìrijmouc me sunjetik� dedomèna.

Ja dhmiourg soume èna eikonikì ploÐo kai ja qwrÐsoume to gkar�z tou se tm mata
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tuqaÐou m kouc. Sth sunèqeia ja prospaj soume na gemÐsoume to gkar�z me èna arijmì

oqhm�twn twn opoÐwn to sunolikì m koc ja eÐnai Ðso me to sunolikì m koc twn tmhm�twn

tou gkar�z.

6.2.1 Gkar�z LATW, oriak  fìrtwsh

Prin ìmwc ja doÔme pwc sumperifèrontai oi algìrijmoi pou parousi�same ìtan prospa-

joÔme na fort¸soume sto gkar�z tou ploÐou LATW oq mata twn opoÐwn to sunolikì

m koc eÐnai Ðso   polÔ kont� me to sunolikì m koc twn tmhm�twn tou gkar�z.

6.2.1.1 PeÐrama me ton 'Aplhsto algìrijmo

Peiramatizìmaste me ton �plhsto algìrijmo dÐnontac epiplèon arijmì oqhm�twn proc

fìrtwsh apì ta oq mata pou eÐqame sto dromolìgio thc 01/08/2004 09 : 00 : 00.

ProspajoÔme na doÔme thn sumperifor� tou algorÐjmou ìtan to sunolikì m koc twn

proc fìrtwsh oqhm�twn eÐnai sqedìn Ðso me to sunolikì m koc twn tmhm�twn tou

gkar�z. Sto sq ma 6.15 faÐnontai ta apotelèsmata apì to trèximo tou �plhstou al-

gìrijmou ìtan d¸soume oq mata twn opoÐwn to sunolikì m koc (2326.65m) eÐnai polÔ

kont� sto sunolikì m koc twn tmhm�twn tou gkar�z (2326.15m). D¸same epiplèon 28

oq mata kathgorÐac 'IQ1' kai apì aut� fort¸jhkan mìno 6. ParathroÔme oti den q¸re-

san arket� oq mata, en¸ to ak�lupto mèroc tou gkar�z eÐnai arket� meg�lo 62.10m.

Sto sq ma 6.15 parousi�zontai analutik� ta stoiqeÐa eisìdou kai exìdou kai h katanom 

twn ak�luptwn tmhm�twn. MporoÔme na sugkrÐnoume me ta pragmatik� dedomèna kai to

apotèlesma pou èdwse o �plhstoc algìrijmoc sta sq mata 6.8 kai 6.11

6.2.1.2 PeÐrama me ton Best Fit algìrijmo

QrhsimopoioÔme kai ed¸ gia na dokim�soume se oriakèc sunj kec ton Best Fit algìrij-

mo ta Ðdia stoiqeÐa eisìdou pou qrhsimopoi same kai gia ton �plhsto. Sto sq ma 6.16

faÐnontai ta apotelèsmata apì to trèximo tou �plhstou algìrijmou ìtan d¸soume oq -

mata twn opoÐwn to sunolikì m koc (2326.65m) eÐnai polÔ kont� sto sunolikì m koc
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-INPUT DATA Vehicles found -OUTPUT DATA Vehicles loaded

----------------------------- -----------------------------

CRM --> 2 11.00 CRM --> 2 11.00

DK1 --> 25 18.75 DK1 --> 25 18.75

DK2 --> 13 13.00 DK2 --> 13 13.00

FRK --> 5 34.00 FRK --> 5 34.00

FRT --> 6 71.00 FRT --> 6 71.00

IX1 --> 520 2178.90 IX1 --> 498 2086.10

----------------------------- -----------------------------

571 2326.65 549 2233.85

TRUCKS Lanes 167.95 meters length

PAX Lanes 2158.20 meters length

Section/Totals 2326.15 meters length

Vehicles/Totals(549) 2264.05 meters length

---------------------

Diff 62.10 meters length

����������������������������������

Sq ma 6.15: Apotelèsmata tou ('Aplhstou) gia oq mata == gkar�z
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twn tmhm�twn tou gkar�z (2326.15m). D¸same epiplèon 28 oq mata ìpwc kai ston

�plhsto kathgorÐac 'IQ1' kai apì aut� fort¸jhkan 18, 12 parap�nw ap' oti ston �plh-

sto, en¸ to ak�lupto mèroc tou gkar�z mei¸jhke shmantik� apì 62.10m se 18.20m.

Sto sq ma 6.16 parousi�zontai analutik� ta stoiqeÐa eisìdou kai exìdou kai h katanom 

twn ak�luptwn tmhm�twn. MporoÔme na sugkrÐnoume me ta pragmatik� dedomèna kai to

apotèlesma pou èdwse o �plhstoc algìrijmoc sta sq mata 6.8 kai 6.14

6.2.2 TuqaÐo Gkar�z, me oriak  fìrtwsh

DhmiourgoÔme èna nèo diamerismì tmhm�twn gkar�z me tuqaÐa m kh kai èna pl joc o-

qhm�twn tètoio ¸ste to �jroisma twn mhk¸n touc na eÐnai Ðso me to �jroisma twn

mhk¸n twn tmhm�twn tou gkar�z. Sta sq mata 6.17 kai 6.18 antÐstoiqa parousi�zetai

h katonom  twn mhk¸n twn tmhm�twn kai twn oqhm�twn.

6.2.2.1 PeÐrama me ton �plhsto algìrijmo

Peiramatizìmaste me ton nèo tuqaÐo diamerismì tmhm�twn gkar�z pou fti�xame kai di-

aforetikì pl joc oqhm�twn twn opoÐwn to sunolikì m koc eÐnai Ðso me to sunolikì

m koc twn tmhm�twn tou gkar�z. 'Opwc faÐnetai kai sto sq ma 6.19 me ton �plhsto

algìrijmo èmeinan ektìc gkar�z 15 oq mata. Sto Ðdio sq ma faÐnetai kai h katanom  twn

ak�luptwn tmhm�twn tou gkar�z ìpou diapist¸noume ìpwc kai stic �llec peript¸seic

tou �plhstou algìrijmou oti up�rqoun arket� ak�lupta tm mata me shmantikì m koc.

6.2.2.2 PeÐrama me ton Best Fit algìrijmo

Peiramatizìmaste me ta Ðdia dedomèna ìpwc kai sthn prohgoÔmenh par�grafo. Sto

sq ma 6.20 blèpoume ta apotelèsmata apì to trèximo tou Best Fit algìrijmou me ta nèa

sunjetik� dedomèna. ParathroÔme oti kai s' aut  thn perÐptwsh èmeinan ektìc tmhm�twn

mìno 5 oq mata, shmantik� ligìtera ìmwc se sqèsh me ton �plhsto algìrijmo. Sto Ðdio

sq ma parathroÔme kai thn katanom  twn ak�luptwn tmhm�twn, ta opoÐa sth suntriptik 

touc pleioyhfÐa to m koc touc eÐnai mikrìtero apì autì tou oq matoc me to mikrìtero
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-INPUT DATA Vehicles found -OUTPUT DATA Vehicles loaded

----------------------------- -----------------------------

CRM --> 2 11.00 CRM --> 2 11.00

DK1 --> 25 18.75 DK1 --> 25 18.75

DK2 --> 13 13.00 DK2 --> 13 13.00

FRK --> 5 34.00 FRK --> 5 34.00

FRT --> 6 71.00 FRT --> 6 71.00

IX1 --> 520 2178.90 IX1 --> 510 2129.40

-------------------------------------------------------------

571 2326.65 561 2277.15

TRUCKS Lanes 167.95 meters length

PAX Lanes 2158.20 meters length

Section/Totals 2326.15 meters length

Vehicles/Totals(557) 2307.95 meters length

---------------------

Diff 18.20 meters length

����������������������������������

Sq ma 6.16: Apotelèsmata tou (Best Fit) gia oq mata == gkar�z
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Sq ma 6.17: Katanom  tmhm�twn me b�sh to m koc touc

Sq ma 6.18: Katanom  oqhm�twn me b�sh to m koc touc
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-INPUT DATA Vehicles found -OUTPUT DATA Vehicles loaded

----------------------------- -----------------------------

CRM --> 2 11.00 CRM --> 2 11.00

DK1 --> 25 18.75 DK1 --> 25 18.75

DK2 --> 13 13.00 DK2 --> 13 13.00

IX1 --> 492 2061.20 IX1 --> 477 2000.90

-------------------------------------------------------------

532 2103.95 517 2039.15

Section/Totals 2130.63 meters length

Vehicles/Totals(517) 2065.00 meters length

---------------------

Diff 65.63 meters length

����������������������������������

Sq ma 6.19: Apotelèsmata tou �plhstou

m koc (0.85m).
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-INPUT DATA Vehicles found -OUTPUT DATA Vehicles loaded

----------------------------- -----------------------------

CRM --> 2 11.00 CRM --> 2 11.00

DK1 --> 25 18.75 DK1 --> 25 18.75

DK2 --> 13 13.00 DK2 --> 13 13.00

IX1 --> 492 2061.20 IX1 --> 487 2036.20

-------------------------------------------------------------

532 2103.95 527 2078.95

Section/Totals 2130.63 meters length

Vehicles/Totals(527) 2105.30 meters length

---------------------

Diff 25.33 meters length

����������������������������������

Sq ma 6.20: Apotelèsmata tou (Best Fit)



Kef�laio 7

Sumper�smata - Mellontik 
ErgasÐa

S' autì to kef�laio parousi�zoume parathr seic kai sumper�smata pou proèkuyan kaj'

ìlh th di�rkeia thc an�ptuxhc tou sust matoc fìrtwshc oqhm�twn pou perigr�yame sta

prohgoÔmena kef�laia. 'Ena basikì sumpèrasma pou mporoÔme na bg�loume telei¸non-

tac aut  thn ergasÐa eÐnai ìti to prìblhma thc fìrtwshc enìc ploÐou me oq mata eÐnai

sÔnjeto kai polÔ-parametrikì. Mia oloklhrwmènh je¸rhsh tou probl matoc apaiteÐ

th melèth kai thn antimet¸pish pl jouc polÔplokwn zhthm�twn. Sta plaÐsia aut c

thc ergasÐac melet same orismèna apì ta zht mata pou emplèkontai sto prìblhma kai

prospaj same na d¸soume ikanopoihtikèc lÔseic. Orismèna apì ta zht mata pou èprepe

na antimetwpistoÔn paramènoun anoiqt� en¸ gia ta �lla eÐnai pijanìn se merikèc perip-

t¸seic na up�rqoun dunatìthtec gia kalÔterh antimet¸pish.

Ta jèmata pou prèpei na anaptuqjoÔn gia mellontik  ergasÐa eÐnai:

• BeltÐwsh majhmatikoÔ upìbajrou montelopoÐhshc.

• Prosj kh stouc algìrijmouc time window teqnik c gia thn fìrtwsh oqhm�twn

me diaforetik� lim�nia apobÐbashc.

• Omoiìmorfh katanom  oqhm�twn kat� b�roc.

• MontelopoÐhsh thc org�nwshc twn tmhm�twn tou gkar�z.

75
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• EÔresh dunamikoÔ algìrijmou gia thn org�nwsh twn tmhm�twn tou gkar�z.
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Par�rthma Aþ

SuntomografÐec

CRS Computer Reservation System

IMO International Maritime Organization

GMFO Gr�foc Montèlou Fìrtwshc Oqhm�twn
E/O Epibathgì/Oqhmatagwgì
IQ Idiwtik c Qr sewc
MFO Montèlo Fìrtwshc Oqhm�twn
UEN UpourgeÐo Emporik c NautilÐac
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Par�rthma Bþ

TeqnologÐa PloÐou

To kÔrio s¸ma tou ploÐou [9] sk�foc (hull) diakrÐnetai se trÐa mèrh: To mprostinì
kaloÔmeno pl¸rh (fore), to mesaÐo kai megalÔtero kaloÔmeno mèso (admit) kai to pÐsw
mèroc kaloÔmeno prÔmnh (aft) (blèpe sq ma Bþ.1).

Sq ma Bþ.1: Mèrh tou ploÐou (genikì sqèdio)

1:Pl¸rh, 2:Bolboeid c pl¸rh, 3:�gkura, 4:'Exala ploÐou, 5:'Elikac kai Phd�lio,
6:PrÔmnh, 7:Kapnodìqoc, 8:Mesìstego   Gèfura ploÐou, kai 9:Kat�strwma

H gramm  perifereiak� tou ploÐou ìpou akrib¸c kai h epif�neia thc j�lassac, ìtan
autì plèei asfal¸c, kaleÐtai Ðsaloc gramm    Ðsaloc (water line). 'Ola ta orat� mèrh
tou ploÐou dhl. apì thn Ðsalo kai p�nw lègontai èxala (freeboard) se antÐjesh me ta
upì thn Ðsalo mèrh tou ploÐou kaloÔmena Ôfala (bottom). H pleurik  epif�neia twn
ex�lwn proc th pl¸rh pou kampul¸nei (eswkoÐlwma), kaleÐtai parei�   m�ska (bow)
en¸ h antÐstoiqh sth prÔmh lègetai isqÐo   gofìc (quarter).
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Diam khc gramm  (central line) lègetai h noht  ekeÐnh pou qwrÐzei to ploÐo se
dÔo Ðsa mèrh apì pl¸rh mèqri prÔmh, to dexiì (starboard) kai to aristerì (port) kai
ètsi noeÐtai kai o ìroc diam khc �xonac. Nauphgik� ta dÔo aut� mèrh - pleurèc
en¸nontai sto k�tw mèroc thn trìpida   karèna (keel) h opoÐa sth men pl¸rh katal gei
sth steÐra   kor�ki eic de th prÔmh sto podìsthma (stern). Eukolonìhto ìti h diam khc
en¸nei ta �nw akraÐa shmeÐa thc steÐrac kai tou podost matoc. 'Ep' aut c thc diam kouc
orizìmenh epif�neia kaleÐtai kat�strwma   koubèrta (deck) diakrinìmeno se kat¸tato
(lower deck), mèso (middle deck), kÔrio (main deck), kai an¸tato (upper deck) (ìqi
aparaÐthta ìla se èna ploÐo). 'Olec oi kataskeuèc apì to an¸tato   kÔrio kat�strwma
kaloÔntai uperkataskeuèc (superstructures). H uperkataskeu  sth pl¸rh onom�zetai
prìstego (forecastle). H uperkataskeu  sto mèson onom�zetai gèfura (bridge) kai
ekeÐnh thc prÔmhc epÐstego (poop).

To eswterikì tou ploÐou, an�loga me to tÔpo tou, qwrÐzetai se kÔth   amp�ria
(holds)   se dexamenèc (tanks) gia fortÐo, se dexamenèc gia efìdia (p.q. kaÔsima, n-
erì, èrma klp), sto mhqanost�sio (engine room), sto lebhtost�sio (stokehold), sto
antliost�sio (pumps room) mìno gia dexamenìploia kai sta diamerÐsmata tou plhr¸-
matoc (crew quarters). EpÐshc gia lìgouc asfaleÐac up�rqoun oi dexamenèc zugost�-
jmishc pl¸rhc (fore-peak tank) kai prÔmhc (after-peak tank). To kat¸tato mèroc tou
ploÐou eswterik� onom�zetai pujmènac   g�stra (bottom) kai gia lìgouc epÐshc as-
faleÐac ta perissìtera ploÐa eÐnai dipÔjmena (double bottoms) dhl. me dÔo pujmènec.
Sthn uperkataskeu  thc gèfurac fèrontai sqedìn to sÔnolo twn Nautiliak¸n org�n-
wn, to diamèrisma tou Ploi�rqou kai twn Axiwmatik¸n tou ploÐou, oi trapezarÐec kai h
kouzÐna tou ploÐou.

Tèloc ta ploÐa fèroun di�forouc mhqanismoÔc ìpwc phdaliouqÐac (steering gear),
fortoekfort¸sewn (cargo winches), agkurobolÐac (capstan), swstikoÔc, istioforikoÔc,
pterÔgia k.�



Par�rthma Gþ

Anagn¸rish Q¸rou - PloÐo LATW

To ploÐo LATW [11] nauphg jhke sto SETODA thc IapwnÐac kai metaskeu�sthke
pl rwc to 1989. Diajètei dÔo kÔriec mhqanèc. EÐnai pl rwc automatopoihmèno me ta pio
sÔgqrona mèsa asfaloÔc plo ghshc. Stouc q¸rouc tou metafèrei 1.800 epib�tec kai
850 oq mata. Ta teqnik� qarakthristik� tou ploÐou parousi�zontai ston pÐnaka Gþ.1.

M koc :188, 00m
Pl�toc : 24, 00m
BÔjisma : 7, 20m

PÐnakac Gþ.1: Teqnik� Qarakthristik� ploÐou LATW

O q¸roc st�jmeushc oqhm�twn sto ploÐo LATW apoteleÐtai apì sunolik  epif�neia
6659.13m2 qwrismènh se tèsseric basikèc kai anex�rthtec metaxÔ touc epif�neiec. Sug-
kekrimèna:

• KurÐwc Gkar�z   Wagon Deck (WG) to opoÐo ekteÐnetai se ìlh thn orizìntia
epif�neia tou ploÐou. Sto pÐsw mèroc thc epif�neiac aut c to opoÐo brÐsketai sth
prÔmnh tou ploÐou eÐnai h kentrik  eÐsodos-èxodoc oqhm�twn sto ploÐo. Qrhsi-
mopoieÐtai kurÐwc wc q¸roc st�jmeushc meg�lwn oqhm�twn.

• P�nw Gkar�z sto D Deck (DG) akrib¸c p�nw apì to kurÐwc gkar�z katalam-
b�nontac sunolik� ta 2

3
thc orizìntiac epif�neiac tou ploÐou. H prìsbash sto

q¸ro autì gÐnetai apì to k�tw gkar�z mèsw keklimènhc diìdou apì to kurÐwc
gkar�z. QrhsimopoieÐtai an�loga me thn qronik  perÐodo wc q¸roc st�jmeushc
mikr¸n kai meg�lwn oqhm�twn.

• Kat�mparo, (KG) (bl. sq ma Gþ.1) q¸roc pou brÐsketai sto mèson tou ploÐou
kai arister�, k�tw apì to kurÐwc gkar�z. H prìsbash sto q¸ro autì gÐnetai me
asansèr apì to kurÐwc gkar�z kai qrhsimopoieÐtai wc q¸roc st�jmeushc mikr¸n
asunìdeutwn oqhm�twn. Epeid  h fortoektìrtwsh tou q¸rou autoÔ eÐnai qronobì-
ra lìgw tou asansèr qrhsimopoieÐtai mìno ìtan up�rqei arketìc qrìnoc metaxÔ
�fixhc kai anaq¸rhshc tou ploÐou apì to lim�ni.
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Section 05
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Sq ma Gþ.1: K�toyh q¸rou (KG) gkar�z LATW

• Gkar�z mikr¸n epibathg¸n autokin twn (IG), q¸roc pou brÐsketai sto mèson tou
ploÐou prÔmnh. EkteÐnetai se dÔo diadoqik� epÐpeda, katakìrufa k�tw apì to
kurÐwc gkar�z. H prìsbash sto q¸ro autì gÐnetai me keklimènh dÐodo apì to
kurÐwc gkar�z proc to pr¸to epÐpedo (IG1,IG2) (bl. sq ma Gþ.2 kai Gþ.3) kai me
keklimènh dÐodo apì to pr¸to epÐpedo proc to deÔtero (IG3) (bl. sq ma Gþ.4).
QrhsimopoieÐtai wc q¸roc st�jmeushc mikr¸n kai qamhl¸n oqhm�twn.
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Sq ma Gþ.2: K�toyh q¸rou (IG1) gkar�z LATW

Ston pÐnaka Gþ.2 parousi�zontai analutik� ta gewmetrik� qarakthristik� twn epifanei¸n
tou gkar�z tou ploÐou LATW.
To kurÐwc gkar�z (WG) kai to p�nw gkar�z (DG) ìtan fort¸nontai me forthg� au-
tokÐnhta dhmiourgoÔntai 7 di�dromoi fìrtwshc, en¸ ìtan fort¸nontai me IQ autokÐnhta
dhmiourgoÔntai 9 di�dromoi fìrtwshc.
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M koc (m) Pl�toc (m) Uyoc (m) Epif�neia (m2)
WG 1 50, 00 21, 00 4, 60 1.050, 00

2 117, 00 21, 00 4, 40 2.457, 00
DG 103, 00 21, 00 4, 40 2.163, 00
KG 18, 90 10, 60 3, 60 200, 34

IG 1 13, 50 21, 00 2, 00 283, 50
2 13, 50 20, 00 2, 00 270, 00
3 13, 80 17, 05 2, 00 235, 29

SÔnolo 6.659.13

PÐnakac Gþ.2: Gewmetrik� Qarakthristik� epifanei¸n gkar�z ploÐou LATW
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Sq ma Gþ.3: K�toyh q¸rou (IG2) gkar�z LATW
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Sq ma Gþ.4: K�toyh q¸rou (IG3) gkar�z LATW
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PÐnakac Gþ.3: PÐnakac kathgori¸n oqhm�twn



Par�rthma Dþ

Sen�ria Fìrtwshc ploÐou LATW

To proswpikì pou eÐnai epifortismèno me thn fìrtwsh tou ploÐou kai eÐdik� o epikefal c
thc uphresÐac aut c, o 'Uparqoc apo thn kajhmerin  empeirÐa sth fìrtwsh eÐnai se jèsh
na gnwrÐzei kat� prosèggish ton arijmì twn oqhm�twn pou mporoÔn na stajmeÔsoun se
k�je tm ma tou gkar�z tou ploÐou.
'Etsi gia k�je ploÐo up�rqoun pÐnakec pou anafèroun ton arijmì kai thn kathgorÐa twn
oqhm�twn pou mporoÔn na stajmeÔsoun se k�je q¸ro tou gkar�z.
Oi pÐnakec autoÐ eÐnai endeiktikoÐ etsi ¸ste to proswpikì pou ja asqolhjeÐ me thn
fìrtwsh na eqei k�poia genik  eikìna thc kat�stashc.
Ta di�fora sen�ria pou parousi�zontai se tètoiouc pÐnakec eqoun na k�noun kai me
thn epoq  sthn opoÐa gÐnetai h fìrtwsh. Oi arijmoÐ pou anafèrontai eÐnai endeiktikoÐ
kai sun jwc dhl¸noun th mègisth qwrhtikìthta qwrÐc autì na eÐnai apìluto miac kai
aut  ephre�zetai apo par�gontec opwc eÐnai to mègejoc twn oqhm�twn kai h di�rkeia
fìrtwshc.

Sto pÐnaka Dþ.1 parousi�zontai merik� endeiktik� sen�ria fìrtwshc gia to ploÐo LATW.

WG DG KG JG
1 Mìno IQ 315 160 20 70
2 Tupik  Kalokairin  Fìrtwsh Mìno Forthg� 150IQ � 70
3 Sunhjismènh Fìrtwsh ≈ 89 Forthg� 20 70

PÐnakac Dþ.1: Sen�ria Fìrtwshc ploÐou LATW
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Par�rthma Eþ

PÐnakec B�shc Dedomènwn

f lato

trip dt (HmeromhnÐa TaxidÐou)
trip tm ('Wra Anaq¸rhshc)
port fr (Lim�ni Anaq¸rhshc)
port to (Lim�ni ProorismoÔ)
cat cd (KathgorÐa Oq matoc)
fare pay (NaÔloc se �)
height ('Uyoc oq matoc)
lgth real (M koc oq matoc)
weight (B�roc oq matoc)
width (Pl�toc oq matoc)

index f lato indx (trip dt, trip tm, port fr, port to, cat cd)

PÐnakac Eþ.1: Basikìc pÐnakac dedomènwn dromologÐwn

garage

PK g section id (AA tm matoc)
g section ('Onoma tm matoc)
g deck (Kat�strwma)
g orient (Prosanatolismìc)
g length (M koc se m)
g height ('Uyoc se m)
g width (Pl�toc se m)
g sec dist ( )
g weight (Antoq  se Kgr)
g weight veh (Antoq  an� �xona se Kgr)

PÐnakac Eþ.2: PÐnakac dedomènwn gkar�z
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g graph

PK g section id (AA tm matoc)
g section succ id (AA tm matoc prìc e)

PÐnakac Eþ.3: PÐnakac GSFO!

fdate

PK icode (AA oq matoc)
g descr (Tm ma gkar�z)
cat cd (KathgorÐa oq matoc)
length real (M koc se m)
weight (B�roc se Kgr)
height ('Uyoc se m)
width (Pl�toc se m)
fare (NaÔloc)

PÐnakac Eþ.4: PÐnakac dedomènwn oqhm�twn



Par�rthma �þ

PhgaÐoc k¸dikac

�������������������������������������-
Epistrèfei to ìqhma bfv pou tairi�zei kalÔtera sto tm ma g tou gkar�z. An den up�rqei
tìte epistrèfei thn tim  −1

def best_fit(g, lv, v, a, vcl):

mn = a[g][’s_length’]

bfv = -1

for i in lv:

t = a[g][’s_length’] - v[i][’v_length’]

if a[g][’s_length’] == v[i][’v_length’]:

bfv = i

return bfv

if t in (0, 1,05):

bfv = i

return bfv

if t > 0 and t < mn:

mn = t

bfv = i

return bfv

�������������������������������������-

Sq ma �þ.1: Sun�rthsh best fit
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�������������������������������������-

def best_length(g, wa, wvcl, div):

lo = copy.deepcopy(wvcl.keys())

lo.sort()

d = 0

for ff in lo:

if ff > (wa[g][’s_length’]/div):

break

d = ff

return d

�������������������������������������-

Sq ma �þ.2: Sun�rthsh best length

�������������������������������������-

def full_fit(s, mul):

v = 0

if mul == 0:

return v

if WVCL.has_key(WA[s][’s_length’]/mul):

if len(WVCL[WA[s][’s_length’]/mul]) > (mul - 1):

m = 0

uplv = []

while len(uplv) <= (mul - 1):

if attr_compare(WV, WA, WVCL[WA[s][’s_length’]/mul][m], s):

uplv.append(WVCL[WA[s][’s_length’]/mul][m])

m += 1

for v in uplv:

section_db_update(v, s)

rest_update(v, s)

return -1

else:

mul = mul - 1

v = full_fit(s, mul)

return v
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def section_db_update():

WA[g][’s_length’] = WA[g][’s_length’] - WV[i][’v_length’]

t = WV[i][’cat_cd’], i

WA[g][’v_loaded’].append(t)

del WV[i]

def attr_compare(v, a, i, g):

lr = v[i][’v_length’] <= a[g][’s_length’]

hr = v[i][’v_height’] < a[g][’s_height’]

wr = v[i][’v_width’] < a[g][’s_width’]

return (lr and hr and wr)

for i in WV.keys():

for g in G.keys():

if WV[i][’cat_cd’] in WA[g][’s_cat’]:

if attr_compare(WV, WA, i, g):

section_db_update()

break

if WA[g][’s_cat’] == []:

if attr_compare(WV, WA, i, g):

section_db_update()

break

if len(WV) > 0:

for i in WV.keys():

for g in G.keys():

if ’PPP’ not in WA[g][’s_cat’]:

if attr_compare(WV, WA, i, g):

section_db_update()

break
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def section_db_update(v,s):

WA[s][’s_length’] = WA[s][’s_length’] - WV[v][’v_length’]

if WA[s][’s_length’] < 0:

WA[s][’s_length’] = 0.0

t = WV[v][’cat_cd’], v

WA[s][’v_loaded’].append(t)

del WV[v]

def attr_compare(v, a, i, g):

lr = v[i][’v_length’] <= a[g][’s_length’]

hr = v[i][’v_height’] < a[g][’s_height’]

wr = v[i][’v_width’] < a[g][’s_width’]

return (lr and hr and wr)

def rest_update(v,s): # is used with best_fit()

del wlv[wlv.index(v)]

del WVCD[V[v][’cat_cd’]][WVCD[V[v][’cat_cd’]].index(v)]

del WVCL[V[v][’v_length’]][WVCL[V[v][’v_length’]].index(v)]

if len(WVCD[V[v][’cat_cd’]]) == 0:

del WVCD[V[v][’cat_cd’]]

if len(WVCL[V[v][’v_length’]]) == 0:

del WVCL[V[v][’v_length’]]

sv = []

sg = []

rg = []

for g in WG.keys():

if WA[g][’s_cat’] not in ([’PPP’], []):

sg.append(g)

if sv <> WA[g][’s_cat’]:

sv += WA[g][’s_cat’]

elif len(WA[g][’s_cat’]) == 0:

rg.append(g)

lv = []

for vc in sv:

if VCD.has_key(vc):

for i in VCD[vc]:

lv.append(i)
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wsg = copy.deepcopy(sg)

wlv = copy.deepcopy(lv)

empty = 0

while len(wlv) > 0 and empty < (len(lv) + len(sg)):

g = wsg[0]

if WVCL.has_key(WA[g][’s_length’]):

i = WVCL[WA[g][’s_length’]][0]

else:

i = best_fit(g, wlv, WV, WA, WVCL)

if i > 0 and WV[i][’cat_cd’] in WA[g][’s_cat’] and attr_compare(WV, WA, i, g):

section_db_update(i, g)

rest_update(i, g)

else:

hsg = wsg[0]

del wsg[0]

wsg.append(hsg)

empty += 1

lv = copy.deepcopy(WV.keys())

sg += rg

sg.sort()

wsg = copy.deepcopy(sg)

wlv = copy.deepcopy(lv)
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badlv = []

while WVCL.keys() and len(wsg) > 0:

g = wsg[0]

if WA[g][’s_length’] < min(WVCL.keys()):

del wsg[0]

continue

mult = int(WA[g][’s_length’] / min(WVCL.keys()))

if WVCL.has_key(WA[g][’s_length’]):

i = WVCL[WA[g][’s_length’]][0]

elif WA[g][’s_length’] <= max(WVCL.keys()):

d = best_length(g, WA, WVCL, 1)

if WVCL.has_key(d):

i = WVCL[d][0]

else:

i = best_fit(g, wlv, WV, WA, WVCL)

elif WA[g][’s_length’] <= (mult * max(WVCL.keys())):

i = full_fit(g, mult)

if i == -1:

continue

else:

d = best_length(g, WA, WVCL, mult)

if WVCL.has_key(d):

i = WVCL[d][0]

else:

i = best_fit(g, wlv, WV, WA, WVCL)

else:

i = best_fit(g, wlv, WV, WA, WVCL)

if i > 0 and attr_compare(WV, WA, i, g):

section_db_update(i, g)

rest_update(i, g)

else:

badlv.append(i)

rest_update(i, g)
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if len(badlv) > 0:

min_len = 1000

for i in badlv:

if WV[i][’v_length’] < min_len:

min_len = WV[i][’v_length’]

wlv = copy.deepcopy(badlv)

wsg = []

for i in WA.keys():

if WA[i][’s_length’] >= min_len and WA[i][’s_cat’] <> [’PPP’]:

wsg.append(i)

while len(wlv) > 0 and len(wsg) > 0:

i = wlv[0]

g = wsg[0]

min_len = 1000

for k in wlv:

if WV[k][’v_length’] < min_len:

min_len = WV[k][’v_length’]

if WA[g][’s_length’] < min_len:

del wsg[0]

continue

if attr_compare(WV, WA, i, g):

section_db_update(i, g)

del wlv[wlv.index(i)]

else:

hlv = wsg[0]

del wsg[0]

wsg.append(hlv)

hlv = wlv[0]

del wlv[0]

wlv.append(hlv)
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