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EuqaristÐec

Arqik� ja  jela na euqarist sw ton epiblèponta kajhght  ko Lagoud�kh gia
thn upost rixh kai thn polÔtimh bo jei� tou sthn pragmatopoÐhsh aut c thc
diplwmatik c ergasÐac kaj¸c kai thn meg�lh upomon  pou èdeixe se k�poiec
peript¸seic.

EpÐshc ja  jela na euqarist sw touc kajhghtèc thc exetastik c epitro-
p c ko Samolad� kai ka Mani� gia ton qrìno pou afièrwsan gia thn an�gnwsh
autoÔ tou keimènou kaj¸c kai gia tic epoikodomhtikèc parathr seic touc.

Akìma ja  jela na euqarist sw to proswpikì kai touc sumfoithtèc mou
sto ergast rio gia thn bo jei� touc.

Me thn diplwmatik  aut  ergasÐa kleÐnei to kef�laio thc foithtik c mou zw c.
Gia ton lìgo autì ja  jela na k�nw mÐa anadrom  kai na euqarist sw ìlouc
touc anjr¸pouc pou me bo jhsan sthn prosp�jei� mou na gÐnw mhqanikìc.

Sto akadhmaðkì komm�ti ja  jela na ekfr�sw tic euqaristÐec mou ston
ko Dìlla epeid  mac èdwse gia pr¸th for� thn eukairÐa na dokim�soume tic
dun�meic mac se mÐa meg�lh kai idiaÐtera endiafèrousa ergasÐa, h opoÐa eÐqe
wc apotèlesma ta Contagibooooots!!!!!

Den ja mporoÔsa na mhn anaferj¸ onomastik� stic palioseires, touc 7
mÔjouc pou ja zoun gia p�nta kai ja kataktoÔn suneq¸c to prwt�jlhma stic
kardièc twn fil�jlwn, ìpwc kai stouc los griegos, touc sunodoipìrouc mou
sthn mhniaÐa poliorkÐa kai telik  kat�kthsh thc Ibhrik c qerson sou. EpÐshc
ja  jela na euqarist sw ìlouc touc anjr¸pouc pou èkanan thn diamon  mou
sta Qani� pio euq�risth kaj¸c kai ton sÔllogo BEST pou mou èdwse thn
eukairÐa na z sw axèqastec stigmèc kai na apokt sw apÐsteutec empeirÐec.
K�poioi �njrwpoi lène ìti ta foithtik� qrìnia eÐnai ta kalÔtera. H sunista-
mènh twn parap�nw me k�nei na to pisteÔw.

Tèloc, to megalÔtero euqarist¸ sthn oikogènei� mou, touc goneÐc mou
Swt rh kai Dèspoina kai thn adelf  mou GewrgÐa, gia thn amèristh sumpa-
r�stash kai upost rixh touc kaj¸c kai gia ìlec tic jusÐec pou èkanan gia
na katafèrw na oloklhr¸sw tic spoudèc mou sto tm ma twn Hlektronik¸n
Mhqanik¸n & Mhqanik¸n H/U.
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Genik�

MÐa polÔ kal  kai apodotik  mèjodoc gia ton suntonismì miac om�dac praktì-

rwn jewreÐtai h an�jesh ergasi¸n mèsw eikonik¸n dhmoprasi¸n. Sta plaÐsia

thc diplwmatik c ergasÐac aut c ulopoi jhke èna genikeumèno plaÐsio logi-

smikoÔ gia thn upost rixh mejìdwn suntonismoÔ me th qr sh dhmoprasi¸n

se katanemhmèna polupraktorik� sust mata, ìpou h epikoinwnÐa epitugq�ne-

tai mèsw ensÔrmatou   asÔrmatou TCP/IP diktÔou. O pur nac tou plaisÐou

mporeÐ na qrhsimopoihjeÐ autoÔsioc se pollèc efarmogèc gia na anaptuqjoÔn

dhmopratikèc mèjodoi suntonismoÔ mìno me thn prosj kh exeidikeumènwn rou-

tÐnwn pou sqetÐzontai me to eÐdoc twn ergasi¸n kai to kìstoc ektèles c touc

sthn ek�stote efarmog .

H leitourgikìthta tou plaisÐou epideiknÔetai se dÔo endeiktikèc efarmo-

gèc. Sthn pr¸th, oi pr�ktorec (kìmboi tou diktÔou) eÐnai kinht� rompotik�

oq mata pou prèpei na episkefjoÔn èna sÔnolo jèsewn se k�poia qartogra-

fhmènh perioq . H diamìrfwsh twn diadrom¸n touc gÐnetai mèsw dhmoprasi¸n

kai èqoun wc stìqo th beltistopoÐhsh mÐac sun�rthshc omadikoÔ kìstouc.

Sth deÔterh efarmog , oi pr�ktorec eÐnai upologistèc pou leitourgoÔn tau-

tìqrona wc apojhkeutikèc mon�dec kai termatik� prìsbashc. H metafor�

arqeÐwn apì ton èna ston �llo an�loga me th z thsh twn qrhst¸n sunto-

nÐzetai mèsw dhmoprasi¸n ¸ste na epitugq�netai beltistopoÐhsh tou mèsou

qrìnou met�doshc.
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Kef�laio 1

Eisagwg 

1.1 Genik�

Oi om�dec praktìrwn èqoun arqÐsei na jewroÔntai wc mÐa polÔ kal  enallakti-

k  epilog  ènanti twn apl¸n praktìrwn gia thn epÐteuxh poikÐlwn dÔskolwn

apostol¸n ìpwc thn exeureÔnhsh k�poiac �gnwsthc perioq c. Se pollèc

efarmogèc mporeÐ na qrhsimopoihjeÐ pio apodotik� om�da praktìrwn se sqè-

sh me èna aplì pr�ktora. H om�da twn praktìrwn mporeÐ na oloklhr¸sei

mÐa apostol  polÔ taqÔtera apì èna pr�ktora diair¸ntac thn apostol  se

epimèrouc ergasÐec kai ektel¸ntac autèc par�llhla. Oi om�dec praktìrwn

pleonektoÔn se arket� shmeÐa sugkritik� me touc aploÔc pr�ktorec, ìpwc se

stajerìthta kai anjektikìthta lìgw plhj¸rac praktìrwn, se apodotikìthta

lìgw par�llhlhc pragmatopoÐhshc twn ergasi¸n kai se euelixÐa lìgw duna-

tìthtac anasqhmatismoÔ twn om�dwn. PolÔ shmantikìc par�gontac ìmwc gia

thn epituqÐa thc om�dac twn praktìrwn eÐnai o apodotikìc suntonismìc touc.

O suntonismìc twn praktìrwn mporeÐ na pragmatopoihjeÐ eÐte mèsw ken-

trikopoihmènou (centralised) eÐte mèsw apokentrikopoihmènou (decentralised)

elègqou. O kentrikopoihmènoc èlegqoc jewreÐtai mh apodotikìc exaitÐac thc
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meg�lhc apaitoÔmenhc upologistik c isqÔoc kaj¸c kai thc meg�lhc euaisjhsÐ-

ac tou sust matoc lìgw ex�rthshc se èna kentrikì suntonist , h ap¸leia tou

opoÐou odhgeÐ se apotuqÐa thc om�dac. EpÐshc, o kentrikopoihmènoc èlegqoc

meionekteÐ idiaÐtera kai exaitÐac thc kak c tou apìkrishc se opoiesd pote al-

lagèc. O apokentrikopoihmènoc èlegqoc den èqei aut� ta meionekt mata all�

mporeÐ na odhg sei se mh bèltistec lÔseic. Se arketèc èreunec exet�zontai ta

montèla twn dhmoprasi¸n san apodotikèc mèjodoi gia apokentrikopoihmèno

èlegqo polupraktorik¸n susthm�twn. Stic dhmoprasÐec oi apait seic upo-

logistik c isqÔoc eÐnai arket� mikrìterec apì ton kentrikopoihmèno èlegqo

afoÔ h plhroforÐa sumpukn¸netai se arijmhtik� bids, ta opoÐa upologÐzon-

tai par�llhla apì touc pr�ktorec. Epiplèon, oi dhmoprasÐec dÐnoun lÔseic

arket� kont� stic bèltistec.

Oi metr seic kai oi melètec pou epalhjeÔoun ta pleonekt mata tou mon-

tèlou twn dhmoprasi¸n gia suntonismì polupraktorik¸n susthm�twn, en-

jarrÔnontac ètsi thn antÐstoiqh qr sh twn dhmoprasi¸n, pragmatopoioÔntai

kurÐwc se eidikoÔc prosomoiwtèc ìpwc o TeamBots [7]. EpÐshc, oi ìpoiec ulo-

poi seic susthm�twn katanom c epimèrouc ergasi¸n mÐac apostol c se om�da

praktìrwn me th qr sh dhmoprasi¸n basÐzontai se èna sugkekrimèno kentrikì

upologist  pou leitourgeÐ wc auctioneer. Sth sugkekrimènh perÐptwsh dia-

threÐtai to meionèkthma tou kentrikopoihmènou elègqou ìpou h ap¸leia tou

auctioneer odhgeÐ se apotuqÐa thc om�dac.

Sta plaÐsia thc sugkekrimènhc diplwmatik c ergasÐac sqedi�sthke kai

ulopoi jhke èna software framework pou suntonÐzei om�da praktìrwn me th

qr sh dhmoprasi¸n qwrÐc na basÐzetai se k�poion sugkekrimèno kentrikì auc-

tioneer. Epiplèon èqei thn dunatìthta na uposthrÐzei thn pragmatopoÐhsh

dhmoprasi¸n gia di�forec efarmogèc.
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1.2 Perigraf  kai prosèggish probl matoc

H epilog  tou apokentrikopoihmènou elègqou twn praktìrwn dhmiourgeÐ thn

an�gkh gia thn ulopoÐhsh enìc sust matoc anjektikoÔ se di�forec metabolèc

kai bl�bec, to opoÐo eggu�tai thn epÐteuxh twn apostol¸n pou analamb�nei

h om�da twn praktìrwn. DhmiourgeÐtai dhlad  h an�gkh gia èna sÔsthma

pou ja mporeÐ na pragmatopoi sei thn apostol  pou analamb�nei k�tw apì

opoiesd pote sunj kec kai asqètwc apì allagèc katast�sewn. MÐa epiplèon

sunj kh pou jèloume na ikanopoieÐtai apì to sust ma suntonismoÔ twn pra-

ktìrwn eÐnai h dunatìthta upost rixhc dhmoprasi¸n diafìrwn efarmog¸n.

To sÔsthma pou ulopoi jhke gia ton suntonismì thc om�dac twn praktì-

rwn sta plaÐsia aut c thc diplwmatik c ikanopoieÐ ta parap�nw zhtoÔmena. H

anjektikìthta tou sust matoc epitugq�netai me ton sqediasmì twn praktì-

rwn ¸ste na mporoÔn na leitourg soun kai wc bidders all� kai wc auctio-

neers tautìqrona. Me autì ton trìpo epitugq�netai mÐa isodunamÐa twn mel¸n

thc om�dac kai mÐa anexarthtopoÐhsh apì k�poion kentrikì pr�ktora, h opoÐa

odhgeÐ se pragmatopoÐhsh thc apostol c. O kajorismìc tou auctioneer gia

thn dhmopr�thsh twn epimèrouc ergasi¸n mÐac apostol c exart�tai apì thn

antÐstoiqh efarmog .

Ta gnwrÐsmata pou qarakthrÐzoun to parap�nw sÔsthma eÐnai ta pleo-

nekt mata thc qr shc om�dac praktìrwn, dhlad  apodotikìthta kai euelixÐa,

kaj¸c kai anjektikìthta se bl�bec kai metabolèc kai genikìthta sth qr sh

me thn dunatìthta qrhsimopoÐhs c tou se pl joc efarmog¸n.

1.3 Sqetik  ergasÐa

Genik� den èqoun pragmatopoihjeÐ pollèc ulopoi seic katanemhmènwn polu-

praktorik¸n susthm�twn. Apì tic ulopoi seic p�ntwc pou èqoun pragmato-
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poihjeÐ, oi perissìterec sthrÐzontai se k�poio kentrikì upologist  pou lei-

tourgeÐ wc auctioneer lamb�nontac ta bids twn praktìrwn kai enhmer¸nont�c

touc gia thn exèlixh thc dhmoprasÐac. EpÐshc, arket  èreuna gÐnetai sqetik�

me thn katanom  tou fìrtou ergasÐac tou auctioneer perÐ thc an�deixhc tou

nikht  stouc bidders. O sqediasmìc dhlad  tou sust matoc wc katanemh-

mènou epikentr¸netai ston diamoirasmì twn upologism¸n kai tou sunolikoÔ

èrgou gia thn an�deixh tou nikht  se ìlouc touc pr�ktorec epibarÔnontac

ligìtero ton auctioneer.

H plhsièsterh ergasÐa sthn dik  mac ulopoÐhsh eÐnai mÐa efarmog  enìc

katanemhmènou montèlou scheduler pou qrhsimopoieÐ dhmoprasÐec gia ton qro-

noprogrammatismì ergasi¸n (auction-based distributed scheduling model for

a dynamic job shop environment) [8]. Se aut  thn ulopoÐhsh èqoume èna sÔ-

sthma qronoprogrammatismoÔ (scheduling system) pou apoteleÐtai apì dÔo

eÐdh praktìrwn, ta jobs kai ta mhqan mata. K�je pr�ktorac eÐnai mÐa dier-

gasÐa me thn dik  thc topik  mn mh kai qwrÐc shared memory kai anaparist�

eÐte èna job eÐte èna mhq�nhma sto sÔsthma.

K�je mon�da   jurÐda qrìnou (time slot) se k�je mhq�nhma jewreÐtai san

dhmopratoÔmeno antikeÐmeno kai k�je mhq�nhma jewreÐtai san ènac auctio-

neer. K�je job eÐnai ènac bidder kai summetèqei stic dhmoprasÐec pou prag-

matopoioÔn ta mhqan mata, ta opoÐa apaitoÔntai gia tic leitourgÐec tou job.

'Opote k�poio mhq�nhma eÐnai idle kai diajèsimo, pragmatopoieÐ mÐa dhmopra-

sÐa gia tic qronikèc jurÐdec apì ekeÐnh th stigm  mèqri to tèloc tou qronikoÔ

orÐzonta. Skopìc k�je pr�ktora job eÐnai na brei ton trìpo pragmatopoÐh-

s c tou mèsa apì to kat�sthma pou apoteleÐtai apì pr�ktorec mhqan mata

elaqistopoi¸ntac to pijanì kìstoc.
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Kef�laio 2

O algìrijmoc dhmoprasÐac

Se autì to kef�laio parousi�zetai o algìrijmoc pou qrhsimopoi jhke sth

sugkekrimènh diplwmatik  ergasÐa gia thn an�jesh ergasi¸n se om�da pra-

ktìrwn mèsw dhmoprasÐac. Arqik� exhgeÐtai sunoptik� h sqetik  orologÐa

kai sthn sunèqeia analÔetai o algìrijmoc.

2.1 Sqetik  orologÐa

Tasks   ergasÐec eÐnai ta epimèrouc komm�tia sta opoÐa qwrÐzetai mÐ-

a apostol  kai h sunolik  pragmatopoÐhsh touc apoteleÐ olokl rwsh thc

apostol c.

Auction   DhmoprasÐa eÐnai h diadikasÐa kat� thn opoÐa anatÐjontai M

ergasÐec - tasks se N pr�ktorec - agents. Oi pr�ktorec k�noun prosforèc

akolouj¸ntac kanìnec dhmoprasÐac ¸ste na anal�boun tic ergasÐec.

Auction round eÐnai ènac gÔroc thc dhmoprasÐac kat� ton opoÐo anatÐjetai

mÐa ergasÐa se ènan pr�ktora.
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Bid eÐnai h prosfor� pou k�nei ènac pr�ktorac pou summetèqei sth dhmo-

prasÐa gia na anal�bei k�poia ergasÐa.

Auctioneer eÐnai o pr�ktorac, o opoÐoc eÐnai upeÔjunoc gia thn pragmato-

poÐhsh thc dhmoprasÐac kai o opoÐoc dieujÔnei thn ìlh diadikasÐa.

Bidder onom�zetai k�je pr�ktorac pou summetèqei sthn dhmoprasÐa kai

k�nei prosforèc ¸ste na anal�bei ergasÐec.

Cost Function eÐnai h sun�rthsh pou kajorÐzei to kìstoc k�je enèrgeiac

gia touc pr�ktorec.

Agent Objective Function gia k�poion pr�ktora eÐnai h sun�rthsh pou

upologÐzei to kìstoc pragmatopoÐhshc twn ergasi¸n pou tou anatèjhkan.

Team Objective Function eÐnai h sun�rthsh pou kajorÐzei to kìstoc

thc pragmatopoÐhshc ìlwn twn ergasi¸n se mÐa omadik  an�jesh.

Team Objective eÐnai o stìqoc mÐac om�dac praktìrwn kai sun jwc ek-

fr�zetai wc h elaqistopoÐhsh thc sun�rthshc Team Objective Function gia

mÐa apostol .

2.2 Multi-Agent coordination

'Estw ìti up�rqei mÐa om�da N praktìrwn R = {r1, r2, . . . , rN} pou jèloun

na kataneÐmoun metaxÔ touc M ergasÐec T = {t1, t2, . . . , tM} 1. Gia k�je

pr�ktora ri up�rqoun ta sÔnola Sri ⊆ T kai Ari ⊆ Sri . To Sri perièqei tic

ergasÐec, tic opoÐec mporeÐ na anal�bei o pr�ktorac ri en¸ to Ari perièqei tic

ergasÐec pou èqoun  dh anatejeÐ ston ri .
1mporeÐ na eÐnai eÐte N ≥ M   N < M
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'Estw h sun�rthsh gri(ri, Ari) , h opoÐa metr�ei thn apìdosh tou ri gia

to sÔnolo twn ergasi¸n Ari kai epistrèfei to kìstoc thc pragmatopoÐhshc

twn ergasi¸n tou Ari apo ton pr�ktora ri (Agent Objective Function). EpÐ-

shc h f(gr1(r1, Ar1), . . . , grN (rN , ArN )) upologÐzei thn sunolik  apìdosh

thc om�dac san sun�rthsh twn epimèrouc sunart sewn twn praktìrwn kai

epistrèfei to sunolikì kìstoc gia thn ulopoÐhsh ìlwn twn ergasi¸n sto

sÔnolo Ar1 ∪ Ar2 ∪ . . . ∪ ArN (Team Objective Function). O stìqoc eÐnai

ìlec oi ergasÐec pou brÐskontai sto T na anatejoÔn se k�poio pr�ktora

me tètoio trìpo ¸ste h sunolik  aut  an�jesh na elaqistopoieÐ to omadi-

kì kìstoc. An A = {Ar1 , Ar2 , . . . , ArN } eÐnai mÐa pl rhc an�jesh pou ika-

nopoieÐ thn proôpìjesh ìti ìlec oi ergasÐec èqoun anatejeÐ kai epomènwc

Ar1 ∪Ar2 ∪ . . . ∪ArN = T , tìte to team objective ekfr�zetai wc

min
A

f(gr1(r1, Ar1), . . . , grN (rN , ArN )) (2.1)

gia ìlec tic pijanèc pl reic anajèseic A.

2.3 Team Objectives for Multi-Agent Task Assi-

gnment

Sthn ergasÐa aut  exet�zoume trÐa team objectives :

• MINISUM : minA
∑

j grj (rj , Arj )

• MINIMAX : minA maxj grj (rj , Arj )

• MINIAVE : minA
1
M

∑
j STC(rj , Arj )

ìpou STC(ri, Ari) eÐnai to el�qisto �jroisma twn epimèrouc kost¸n an� er-

gasÐa gia ìlec tic ergasÐec sto Ari
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H an�jesh pou sumbaÐnei sÔmfwna me to MINISUM team objective ela-

qistopoieÐ to �jroisma olwn twn atomik¸n kost¸n twn praktìrwn, en¸ me to

MINIMAX team objective elaqistopoieÐ th mègisth agent objective function

g kai tèloc me to MINIAVE elaqistopoieÐ to mèso kìstoc an� ergasÐa.

H eÔresh bèltistwn anajèsewn gia ta 3 team objectives eÐnai NP-hard

prìblhma [1]. ExaitÐac thc meg�lhc upologistik c poluplokìthtac twn al-

gorÐjmwn eÔreshc bèltistwn anajèsewn, sthn pr�xh qrhsimopoioÔntai apo-

dotikoÐ proseggistikoÐ algìrijmoi gia meg�lhc klÐmakac probl mata. Oi pro-

seggistikoÐ algìrijmoi katal goun se lÔseic kont� stic bèltistec (near-

optimal). Gia mikr c klÐmakac probl mata mporoÔn na dojoÔn bèltistec lÔ-

seic me thn qr sh miktoÔ akèraiou majhmatikoÔ programmatismoÔ.

2.4 Auction Framework

To auction-based multi-agent coordination system jewreÐ touc pr�ktorec

san bidders kai tic ergasÐec san dhmopratoÔmena antikeÐmena. Sthn arq  ka-

mÐa ergasÐa den èqei anatejeÐ se k�poion pr�ktora. Se k�je gÔro prosfor¸n,

ìloi oi pr�ktorec k�noun bid gia ìlec tic mh anajetimènec ergasÐec. O pr�-

ktorac pou dÐnei th qamhlìterh prosfor� gia k�poia ergasÐa se k�poio gÔro,

kerdÐzei sto gÔro autì kai analamb�nei thn sugkekrimènh ergasÐa. Sth sunè-

qeia xekin�ei ènac nèoc gÔroc dhmoprasÐac me ìlouc touc pr�ktorec na k�noun

bid se ìlec tic enapomeÐnantec mh anajetimènec ergasÐec. H Ðdia diadikasÐa

akoloujeÐtai mèqri na anatejoÔn ìlec oi ergasÐec. AxÐzei na shmeiwjeÐ ìti

k�poioc pr�ktorac den qrei�zetai na k�nei prosforèc gia perissìterec apì

mÐa ergasÐec se k�je gÔro, afoÔ ìla ta upìloipa bids autoÔ tou pr�ktora

den èqoun pijanìthta na kerdÐsoun.

Gia thn omal  diexagwg  thc dhmoprasÐac qrei�zetai ènac auctioneer pou

ja sugqronÐzei touc bidders, ja sullègei ìla ta bids kai ja prosdiorÐzei
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PÐnakac 2.1: Auction Algorithm’s pseudocode

W ← T
while(W is not empty)
(
- ask each bidder to bid for one task from set W
- gather the bids from all bidders
- determine the winner agent r and winner task t
- assign t to r (W ←W − {t})
)

ton nikht . Se k�je gÔro o auctioneer anakoin¸nei thn arq  tou kai k�je

pr�ktorac upologÐzei to bid tou topik� kai par�llhla me touc upìloipouc

pr�ktorec. En suneqeÐa, oi pr�ktorec stèlnoun tic prosforèc touc ston auc-

tioneer, o opoÐoc analamb�nei na kajorÐsei to nikht rio bid kaj¸c kai ton

nikht  pr�ktora. Sto tèloc tou gÔrou, o auctioneer anakoin¸nei ta apotelè-

smata se ìlouc touc pr�ktorec kai anajètei sto nikht  bidder thn antÐstoiqh

ergasÐa.

2.5 O algìrijmoc

O algìrijmoc thc dhmoprasÐac se morf  yeudok¸dika brÐsketai ston pÐnaka

2.1.

To sÔnolo W perièqei tic ergasÐec pou den èqoun anatejeÐ se k�poion pr�-

ktora. 'Otan loipìn to set W adei�sei, tìte ìlec oi ergasÐec apì to T èqoun

anatejeÐ. K�je epan�lhyh tou brìgqou ston pÐnaka 2.1 apoteleÐ ènan gÔro

dhmoprasÐac. K�je gÔroc dhmoprasÐac qwrÐzetai se dÔo f�seic, thn bidding

f�sh kai thn f�sh an�jeshc. Arqik�, oi pr�ktorec k�noun bid sthn ergasÐa

pou jewroÔn wc pio pijan  na anal�boun. Gia k�poion pr�ktora, h pio pija-

n  ergasÐa gia na anal�bei eÐnai aut  me to mikrìtero bid se sÔgkrish me tic

upìloipec ergasÐec sto sÔnolo W . 'Otan ìloi oi pr�ktorec telei¸soun me ton
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upologismì kai thn epilog  twn bids , tìte arqÐzei h f�sh thc an�jeshc. Se

aut  th f�sh kajorÐzetai o nikht c bidder kai analamb�nei thn antÐstoiqh

ergasÐa.

2.6 Paragwg  Bidding kanìnwn

Se k�je gÔro thc dhmoprasÐac oi pr�ktorec qrhsimopoioÔn èna bidding kanìna

gia na kajorÐsoun to kat�llhlo bid gia k�je ergasÐa an�loga me to trèqon

team objective.

'Estw ìti (Ar1 , Ar2 , . . . , ArN ) eÐnai h trèqousa an�jesh twn ergasi¸n

stouc pr�ktorec se k�poio gÔro thc dhmoprasÐac kai t mÐa ergasÐa pou den

èqei anatejeÐ se k�poion pr�ktora. Oi pr�ktorec qrhsimopoioÔn èna genikì

kanìna gia na k�noun bid gia opoiod pote team objective.

Bidding Rule : Gia èna sugkekrimèno team objective, o pr�kto-

rac r k�nei bid sthn mh anajetimènh ergasÐa t thn diafor� sthn

omadik  apìdosh metaxÔ thc trèqousac an�jeshc kai thc an�je-

shc pou prokÔptei an sthn trèqousa an�jesh prostejeÐ h ergasÐa

t.

Epomènwc, o pr�ktorac ri ja k�nei bid gia thn ergasÐa t th diafor�

f(gr1(r1, A
′
r1

), . . . , grN (rN , A′rN
))− f(gr1(r1, Ar1), . . . , grN (rN , ArN )) (2.2)

ìpou A′ri
= Ari ∪ {t} kai A′rj

= Arj gia i 6= j

SÔmfwna me thn exÐswsh 2.2, k�je pr�ktorac prèpei na gnwrÐzei ìlec

tic anajèseic ergasi¸n stouc upìloipouc pr�ktorec ¸ste na upologÐsei to

bid tou. Parak�tw deÐqnoume ìti autì den eÐnai aparaÐthto gia ta trÐa team

objectives pou exet�zoume kai apl� k�je pr�ktorac qrei�zetai na gnwrÐzei

mìno tic dikèc tou anajetimènec ergasÐec.
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• Gia to MINISUM team objective, o pr�ktorac ri ja èprepe na k�nei

bid gia to task t

∑

j

grj (rj , A
′
rj

)−
∑

j

grj (rj , Arj )

= (gr1(r1, A
′
r1

) + . . . + grN (rN , A′rN
))− (gr1(r1, Ar1) + . . . + grN (rN , ArN ))

= gri(ri, A
′
ri

)− gri(r1, Ar1)

afoÔ A′ri
= Ari ∪ {t} kai A′rj

= Arj gia i 6= j.

Epomènwc, o pr�ktorac ri telik� k�nei bid gia to task t

brit = gri(ri, Ari ∪ {t})− gri(ri, Ari) (2.3)

h opoÐa sqèsh den exart�tai apì ta sÔnola Ar �llwn praktìrwn.

• Gia to MINIMAX team objective, o pr�ktorac ri ja èprepe na k�nei

bid gia to task t

max
j

grj (rj , A
′
rj

)−max
j

grj (rj , Arj ) = gri(ri, Ari ∪ {t})−max
j

grj (rj , Arj )

Gia thn exagwg  aut c thc sqèshc lamb�noume upìyin mac ìti maxj grj (rj , A
′
rj

) =

grj (rj , A
′
rj

), eid�llwc h ergasÐa t ja eÐqe  dh anatejeÐ se prohgoÔmeno gÔ-

ro. O ìroc maxj grj (rj , Arj ) mporeÐ na paraleifjeÐ kaj¸c ta apotelèsmata

thc dhmoprasÐac paramènoun ta Ðdia e�n ìla ta bids all�zoun kat� mÐa pro-

sjetik  stajer�. Sunep¸c, o pr�ktorac ri mporeÐ na k�nei bid thn tim  thc

agent objective function gri(ri, Ari ∪ {t}) gia thn ergasÐa t

brit = gri(ri, Ari ∪ {t}) (2.4)

• Gia to MINIAVE team objective, o pr�ktorac ri ja èprepe na k�nei bid
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gia to task t

1
M

∑

i

STC(ri, A
′
ri

)− 1
M

∑

i

STC(ri, Ari)

= 1
M ((STC(r1, A

′
r1

)+. . .+STC(rN , A′rN
))−(STC(r1, Ar1)+. . .+STC(rN , ArN )))

= 1
M (STC(ri, A

′
ri

)− STC(ri, Ari))

afoÔ A′ri
= Ari ∪ {t} kai A′rj

= Arj gia i 6= j

O ìroc 1
M mporeÐ na paraleifjeÐ kaj¸c ta apotelèsmata thc dhmoprasÐac

paramènoun analloÐwta e�n ìla ta bids pollaplasiastoÔn me èna stajerì

par�gonta. To bid tou pr�ktora ri gia thn ergasÐa t eÐnai

brit = STC(ri, Ari ∪ {t})− STC(ri, Ari) (2.5)

2.7 Oi f�seic tou gÔrou dhmoprasÐac

Bidding phase: Gia thn olokl rwsh mÐac dhmoprasÐac M ergasi¸n

qrei�zetai na pragmatopoihjoÔn M gÔroi dhmoprasÐac. Se k�je gÔro, k�je

pr�ktorac k�nei bid gia thn ergasÐa pou jewreÐ wc pio pijan  na anal�bei. Oi

pr�ktorec upologÐzoun pr¸ta to bid gia k�je ergasÐa t pou brÐsketai sto W

sÔmfwna me ton genikì bidding kanìna

brit =





f
(
gr1

(
r1, A′r1

)
, . . . , grN

(
rN , A′rN

))
− f

(
gr1

(
r1, Ar1

)
, . . . , grN

(
rN , ArN

))
if t ∈ Sri

∞ if t 6∈ Sri

(2.6)

E�n o pr�ktorac ri den mporeÐ na anal�bei thn ergasÐa t epeid  aut  den periè-

qetai sto sÔnolo Sri , tìte jètei thn tim  tou bid sto �peiro gia thn ergasÐa

aut . Me autìn ton trìpo exasfalÐzei ìti den ja anal�bei thn sugkekrimènh

ergasÐa.
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AfoÔ oi pr�ktorec upologÐsoun ta bids gia ìlec tic ergasÐec sto W ,

epilègoun thn ergasÐa me to el�qisto bid kai enhmer¸noun ton auctioneer gia

thn ergasÐa pou endiafèrontai na anal�boun kai thn prosfor� pou k�noun.

bri = min
j∈W

(brj)

tri = arg min
j∈W

(brj)

Oi bidders stèlnoun ston auctioneer to zeÔgoc tim¸n {bri , tri}.

F�sh an�jeshc: O auctioneer lamb�nei èna sÔnolo me N zeÔgh tim¸n

{bri , tri} apì ìlouc touc bidders. Arqik�, o auctioneer prosdiorÐzei to bid me

thn el�qisth tim .

p = min
ri∈R
{b1, b2, . . . , bN}

ìpou p h tim  tou nikht riou bid.

Met� ton prosdiorismì tou qamhlìterou bid, o auctioneer kajorÐzei thn

ergasÐa sthn opoÐa antistoiqeÐ to bid, kaj¸c kai ton pr�ktora ri ston opoÐo

an kei to sugkekrimèno bid. Sth sunèqeia o auctioneer anajètei ston pr�kto-

ra ri thn ergasÐa tri . H an�jesh thc tri ston ri perilamb�nei thn prosj kh

thc tri sto set Ari kai thn afaÐres  thc apì to W .
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Kef�laio 3

O Pur nac

Basismènoi ston algìrijmo tou kefalaÐou 2 ulopoi same èna katanemhmèno

software framework pou mporeÐ na qrhsimopoihjeÐ gia thn epÐlush poikÐlwn

problhm�twn an�jeshc ergasi¸n se polupraktorik� sust mata mèsw dhmo-

prasi¸n. Se autì to kef�laio analÔoume ton trìpo ulopoÐhshc tou pur na,

o opoÐoc paramènei analloÐwtoc gia di�forec efarmogèc.

K�je pr�ktorac jewreÐtai san ènac xeqwristìc kìmboc se èna ensÔrmato

  asÔrmato dÐktuo upologist¸n me thn dik  tou IP dieÔjunsh pou mporeÐ na

summet�sqei se mÐa dhmoprasÐa eÐte wc bidder eÐte wc auctioneer   wc kai ta

dÔo. Gia na sumbaÐnei autì prèpei oi pr�ktorec na pragmatopoioÔn dÔo diafore-

tikèc leitourgÐec par�llhla. To prìgramma sÔmfwna me to opoÐo leitourgoÔn

oi pr�ktorec qwrÐzetai se dÔo routÐnec, thn routÐna tou auctioneer kai thn

routÐna tou bidder. Pr¸ta perigr�fontai ta basik� b mata pragmatopoÐhshc

miac dhmoprasÐac kai oi kanìnec epikoinwnÐac twn praktìrwn. Sth sunèqeia

exet�zoume tic dÔo routÐnec tou progr�mmatoc twn praktìrwn.
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3.1 Kajorismìc twn bidders

'Oloi oi pr�ktorec diajètoun èna kat�logo, o opoÐoc perièqei tic IP dieu-

jÔnseic gia touc pr�ktorec pou eÐnai dhlwmènoi sthn om�da diamoirasmoÔ

twn ergasi¸n. Upì fusiologikèc sunj kec ìloi oi dhlwmènoi pr�ktorec ja

èpairnan mèroc stic dhmoprasÐec pou pragmatopoioÔntai apì mèloc thc om�dac

touc. Wstìso, up�rqei p�nta h pijanìthta k�poioc pr�ktorac na mhn mporeÐ

na summet�sqei se mÐa dhmoprasÐa gia di�forouc lìgouc, ìpwc na brÐsketai

se makrin  apìstash   na èqei tejeÐ ektìc leitourgÐac. Tètoiouc pr�ktorec

touc jewroÔme mh prositoÔc (non-reachable).

'Opote ènac pr�ktorac èqei èna   perissìtera tasks gia dhmoprasÐa, tìte

ja prèpei na sumperil�bei ìlouc touc diajèsimouc pr�ktorec sthn dhmoprasÐa

kai na exairèsei touc non-reachable apì aut n. O parap�nw pr�ktorac, o opoÐ-

oc eÐnai o auctioneer thc sugkekrimènhc dhmoprasÐac, kajorÐzei poioi ja eÐnai

oi bidders k�nontac “ping” se ìlec tic IP dieujÔnseic pou eÐnai kataqwrhmènec

ston antÐstoiqo kat�logo. O auctioneer krat�ei/diathreÐ tic IP dieujÔnseic

twn praktìrwn pou antapokrÐjhkan sto “ping” pou epiqeÐrhse kai proqwr�ei

sthn pragmatopoÐhsh thc dhmoprasÐac lamb�nontac mìno autoÔc upìyin tou

wc bidders.

3.2 Network set-up

'Eqontac kajorÐsei touc bidders thc dhmoprasÐac, o auctioneer egkajist�

èna dÐktuo gia na epikoinwneÐ mazÐ touc. Epeid  o auctioneer dieujÔnei thn

diadikasÐa thc dhmoprasÐac, prèpei na eÐnai sundedemènoc me ìlouc touc bid-

ders. AntÐjeta, oi bidders den qrei�zetai na epikoinwnoÔn metaxÔ touc. Epomè-

nwc up�rqoun sundèseic mìno metaxÔ tou auctioneer kai twn bidders kai ìqi

metaxÔ twn bidders. To dÐktuo pou dhmiourgeÐtai èqei topologÐa �Astèra� me
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ton auctioneer san kentrikì kìmbo. Sto sq ma 3.1 parousi�zetai èna tètoio

dÐktuo.

Sq ma 3.1: O auctioneer kai oi bidders eÐnai sundedemènoi se èna dÐktuo
Astèra me ton auctioneer na eÐnai o kentrikìc kìmboc

3.3 Prwtìkollo DhmoprasÐac

'Oloi oi auctioneers akoloujoÔn k�poiouc kanìnec gia na exasfalÐsoun thn

swst  diexagwg  k�je dhmoprasÐac. Wc swst  diexagwg  orÐzoume ìti h dh-

moprasÐa ja oloklhrwjeÐ epitugq�nontac k�poia beltistopoÐhsh twn apote-

lesm�twn. Oi parap�nw kanìnec apoteloÔn to Prwtìkollo DhmoprasÐac. To

prwtìkollo autì qwrÐzetai se dÔo enìthtec, thn diadikasÐa sÔndeshc tou auc-

tioneer stouc bidders kai thn akoloujiak  pragmatopoÐhsh twn dhmoprasi¸n.
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3.3.1 DiadikasÐa sÔndeshc

Genik� se mÐa sÔndesh metaxÔ dÔo kìmbwn, o ènac leitourgeÐ wc server kai o

�lloc wc client. Sthn dik  mac ulopoÐhsh o bidder leitourgeÐ wc server kai o

auctioneer wc client, o opoÐoc sundèetai ston bidder gia na exuphrethjeÐ.

Ektìc tou katalìgou me tic IP dieujÔnseic, k�je pr�ktorac diathreÐ akìma

èna kat�logo pou èqei kataqwrhmènec tic IP dieujÔnseic me ta antÐstoiqa port

numbers. K�je bidder perimènei ton auctioneer se sugkekrimènh prokajori-

smènh jÔra. O arijmìc thc jÔrac, sthn opoÐa �akoÔei� o bidder, leitourgeÐ wc

ID gia autìn. O auctioneer mporeÐ na anagnwrÐsei k�je bidder apì ton arijmì

thc jÔrac tou bidder sthn opoÐa eÐnai sundedemènoc.

O auctioneer gia na sundejeÐ me k�poion pr�ktora, sundèetai arqik� sth

jÔra pou tou upodeiknÔei to antÐstoiqo arqeÐo, qwrÐc ìmwc na xekin� thn

pragmatopoÐhsh thc dhmoprasÐac. AfoÔ sundejeÐ ston pr�ktora, o auctio-

neer k�nei aÐthsh gia èna nèo arijmì jÔrac gia sÔndesh. 'Otan apokt sei to

nèo arijmì, o auctioneer sundèetai ston Ðdio pr�ktora mèsw thc nèac jÔ-

rac ìpou kai arqÐzei thn dhmoprasÐa. O pr�ktorac ston opoÐo sundèjhke o

auctioneer exakoloujeÐ na perimènei gia epiplèon auctioneers sthn antÐstoi-

qh prokajorismènh jÔra. Me autì ton trìpo apofeÔgontai oi apotuqhmènec

prosp�jeiec gia pragmatopoÐhsh dhmoprasÐac apì k�poion auctioneer.

'Oso perissìteroi eÐnai oi pr�ktorec, tìso pio pijanì eÐnai na sumpèsoun

qronik� oi dhmoprasÐec pou jèloun na ulopoi soun. Sthn par�grafo 3.3.2

exhgeÐtai giatÐ den epitrèpetai na pragmatopoioÔntai par�llhla oi dhmoprasÐ-

ec. Efìson loipìn mìno mÐa dhmoprasÐa mporeÐ na dienergeÐtai se k�je qronik 

stigm , k�je auctioneer pou ja epiqeiroÔse na arqÐsei mÐa dhmoprasÐa en¸ k�-

poioc �lloc auctioneer pragmatopoieÐ thn dik  tou, ja aporriptìtan apì touc

pr�ktorec bidders. To gegonìc autì apoteleÐ apotuqhmènh prosp�jeia gia

pragmatopoÐhsh dhmoprasÐac.
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Sthn perÐptwsh mac oi pr�ktorec bidders den aporrÐptoun touc auctio-

neers pou epiqeiroÔn na arqÐsoun mÐa dhmoprasÐa en¸ pragmatopoieÐtai k�poia

�llh, all� touc kratoÔn sthn anamon . 'Otan oloklhrwjeÐ h trèqousa dhmo-

prasÐa epilègetai o epìmenoc auctioneer gia na xekin sei thn dik  tou dhmo-

prasÐa. 'Etsi k�je pr�ktorac summetèqei san bidder se mÐa dhmoprasÐa en¸

tautìqrona diathreÐ kai mÐa lÐsta anamon c me touc auctioneers pou èqoun

k�nei aÐthsh gia dhmoprasÐa.

Gia thn kalÔterh katanìhsh thc exuphrèthshc twn auctioneers apì ènan

bidder fantasteÐte èna giatrì kai N asjeneÐc se dÔo diaforetikèc peript¸-

seic. Sthn pr¸th perÐptwsh up�rqei mìno èna dwm�tio exètashc sto iatreÐo

qwrÐc q¸ro anamon c. O pr¸toc asjen c pou ja episkefjeÐ to iatreÐo ja exe-

tasteÐ apì ton giatrì. Kat� thn di�rkeia exètashc autoÔ tou asjen  up�rqei

uyhl  pijanìthta k�poioc �lloc asjen c na episkefjeÐ to iatreÐo. Autìc o

asjen c ja prèpei na apoqwr sei apì to iatreÐo kai na epistrèyei argìtera.

Fusik�, ìtan autìc o asjen c epistrèyei sto iatreÐo eÐnai pijanìn na brei

èna nèo asjen  na exet�zetai. Sthn deÔterh perÐptwsh to iatreÐo diajètei N

dwm�tia exètashc kai mÐa grammatèa. H grammatèac diathreÐ plhroforÐec gia

ìla ta dwm�tia kai ìlouc touc asjeneÐc pou brÐskontai sto iatreÐo. 'Otan ènac

nèoc asjen c episkèptetai to iatreÐo, h grammatèac analamb�nei na tou brei

k�poio �deio dwm�tio exètashc ¸ste na perimènei na exetasteÐ apì ton giatrì.

Epiplèon, h grammatèac eÐnai upeÔjunh gia na enhmer¸sei ton giatrì sqetik�

me ton epìmeno asjen  gia exètash kai to dwm�tio sto opoÐo perimènei.

SugkrÐnontac tic dÔo peript¸seic, parathroÔme ìti o deÔteroc trìpoc

leitourgÐac me ta N dwm�tia katanal¸nei perissìterouc pìrouc all� eÐnai

apodotikìteroc apì pleur�c qrìnou, kaj¸c den up�rqoun diast mata anek-

met�lleutou qrìnou ìso up�rqoun asjeneÐc gia exètash. O pr¸toc trìpoc

leitourgÐac eÐnai parapl sioc me to prwtìkollo ALOHA e�n paromoi�soume
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touc auctioneers me kìmbouc diktÔou, ton bidder me ton kentrikì server-node

kai ta auction requests me pakèta proc met�dosh. H mình diafor� eÐnai ìti

e�n sugkroustoÔn dÔo pakèta sto ALOHA prèpei na epanametadojoÔn kai ta

dÔo met� apì tuqaÐo qrìno, en¸ sthn parap�nw perÐptwsh o ènac ek twn dÔo

auctioneers ja exuphrethjeÐ. H diadikasÐa sÔndeshc twn auctioneers sthn

ulopoÐhs  mac prosomoi�zei thn deÔterh perÐptwsh afoÔ den tÐjetai jèma mh

ep�rkeiac twn hardware pìrwn.

H exuphrèthsh tou auctioneer apoteleÐtai apì dÔo epÐpeda, o trìpoc ulo-

poÐhshc twn opoÐwn perigr�fetai analutik� sthn par�grafo 3.6. To pr¸to

epÐpedo eÐnai to “Auction Request Manager” kai to deÔtero eÐnai to “Actual

Bidder”. Sto sq ma 3.2 apeikonÐzetai èna par�deigma gia thn kalÔterh kata-

nìhsh thc parap�nw diadikasÐac. Oi auctioneers 1 kai 2 sundèontai sqedìn

tautìqrona se k�poion pr�ktora, zht¸ntac tou na summet�sqei stic dhmopra-

sÐec touc. O auctioneer 1 èqei sundejeÐ lÐgo prin apì ton 2 kai prohgeÐtai. O

auction request manager, o opoÐoc energeÐ san thn grammatèa parap�nw, dè-

qetai ta auction requests apì touc dÔo auctioneers kai dhmiourgeÐ dÔo actual

bidders, èna gia k�je auctioneer. Sth sunèqeia, o request manager stèl-

nei stouc auctioneers touc arijmoÔc twn jur¸n, stic opoÐec perimènoun oi

actual bidders. Tèloc, oi auctioneers sundèontai stouc antÐstoiqouc actual

bidders ìpou mporoÔn na pragmatopoi soun tic dhmoprasÐec touc. Efìson

o auctioneer 1 sundèjhke pr¸toc ja xekin sei thn dhmoprasÐa tou prin ton

auctioneer 2, o opoÐoc mpaÐnei sthn anamon  kai perimènei ton 1 na telei¸-

sei. Sthn pragmatikìthta o actual bidder 2 perimènei ton actual bidder 1 na

telei¸sei.
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Sq ma 3.2: Trìpoc leitourgÐac tou Auction Request Manager

3.3.2 PragmatopoÐhsh Dhmoprasi¸n

'Opwc eÐdame kai sto kef�laio 2, o stìqoc thc an�jeshc ergasi¸n mèsw

dhmoprasi¸n se polupraktorik� sust mata eÐnai h beltistopoÐhsh twn apo-

telesm�twn kai h elaqistopoÐhsh thc team objective sun�rthshc. H prag-

matopoÐhsh dhmoprasi¸n pou ekteloÔntai par�llhla den mporeÐ na egguhjeÐ

beltistopoÐhsh twn apotelesm�twn kaj¸c den prolabaÐnoun na enhmerwjoÔn

oi timèc twn dedomènwn. Antijètwc, h seiriak  pragmatopoÐhsh eggu�tai thn

poiìthta twn apotelesm�twn pou anamènontai apì ton algìrijmo tou kefa-

laÐou 2. Gia to lìgo autì sthn ulopoÐhs  mac oi dhmoprasÐec ekteloÔntai

seiriak�.
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Sto sq ma 3.3 parousi�zetai èna sen�rio par�llhlhc pragmatopoÐhshc

dhmoprasi¸n me touc kindÔnouc epik�luyhc dedomènwn pou emperièqei, odh-

g¸ntac ètsi se mh epijumht� apotelèsmata. Ta bids b15, b25, b34 den upolo-

gÐzontai swst� afoÔ kat� ton upologismì touc agnooÔntai ta apotelèsmata

prohgoÔmenwn auction rounds. Jewr¸ntac ìti to kìstoc gia ton pr�ktora r1

na fèrei se pèrac ta tasks t1, t2 einai g(A1={t1, t2}) = 13, to bid b15 sÔmfwna

me to MINISUM team objective ja èprepe na eÐnai 9 kai ìqi 5. SÔmfwna me

ton algìrijmo dhmoprasÐac to task t1 ja èprepe na anatejeÐ ston pr�ktora

r1 kai to task t2 ston r2 en¸ sto qronodi�gramma tou sq matoc 3.3 kai ta

dÔo tasks anatÐjentai ston r1.

Sq ma 3.3: Data overlap

Met� thn epilog  thc seiriak c pragmatopoÐhshc twn dhmoprasi¸n, qrei�-

zetai na kajoristeÐ h seir� me thn opoÐa ja lamb�noun q¸ra oi dhmoprasÐec.

Efìson den up�rqei k�poioc special pr�ktorac   k�poio special auction kai

ìla ta auctions jewroÔntai isodÔnama, o pio dÐkaioc trìpoc pragmatopoÐh-
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shc twn dhmoprasi¸n eÐnai sÔmfwna me th seir� �fixhc touc ston bidder. O

bidder qrhsimopoieÐ san auctions’ IDs ta port numbers, sta opoÐa eÐnai sun-

dedemènoi oi auctioneers. Ta port numbers eis�gontai se mÐa FIFO lÐsta,

thn opoÐa elègqei o auction request manager gia na kajorÐsei thn epìmenh

dhmoprasÐa gia pragmatopoÐhsh.

Sto sq ma 3.4 blèpoume thn our� exuphrèthshc twn auctioneers stouc

bidders kai thn diamìrfws  thc an�loga me ta events sthn di�rkeia tou qrì-

nou. Sthn pr¸th gramm  o auctioneer 4 k�nei èna auction request proc ton

bidder kai sthn sunèqeia mpaÐnei teleutaÐoc sthn our� exuphrèthshc. Sthn

deÔterh gramm  o auctioneer 1 oloklhr¸nei thn pragmatopoÐhsh thc dhmo-

prasÐac tou kai feÔgei apì thn our� af nontac thn jèsh tou eleÔjerh. O

auctioneer 2 pou eÐnai epìmenoc sthn our�, paÐrnei thn jèsh tou auctioneer

1 kai arqÐzei na exuphreteÐtai, en¸ ìloi oi auctioneers metakinoÔntai kat� mÐa

jèsh pio kont� ston bidder.

Sq ma 3.4: H our� exuphrèthshc tou bidder
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3.4 H F�sh thc An�jeshc

O auctioneer eÐnai upeÔjunoc gia ton kajorismì tou nikht  bidder se k�je

auction round. AfoÔ egkatast sei thn epikoinwnÐa metaxÔ twn praktìrwn,

o auctioneer proqwr� sthn pragmatopoÐhsh thc dhmoprasÐac akolouj¸ntac

touc kanìnec tou Auction Protocol. Se k�je gÔro o auctioneer sullègei

ta bids apì ìlouc touc bidders kai sth sunèqeia kajorÐzei to mikrìtero ka-

j¸c kai ton antÐstoiqo pr�ktora kai task. Sto tèloc tou gÔrou enhmer¸nei

ìlouc touc bidders sqetik� me ta apotelèsmata stèlnontac mÐa jetik  epi-

bebaÐwsh ston nikht  bidder, h opoÐa ton eidopoieÐ ìti kèrdise ton gÔro kai

prèpei na enhmer¸sei dedomèna twn set tou kai mÐa arnhtik  epibebaÐwsh stouc

upìloipouc bidders. Qrhsimopoi¸ntac arnhtikèc epibebai¸seic (negative ack-

nowledgements) antÐ gia timeout signals, epitaqÔnoume thn ìlh diadikasÐa

afoÔ exaleÐfoume tic periìdouc qamènou qrìnou an�mesa stouc gÔrouc. 'Etsi

oi bidders mporoÔn na xekinoÔn �mesa thn summetoq  touc se èna nèo gÔro

dhmoprasÐac. Sto sq ma 3.5 parousi�zetai to qronodi�gramma thc sunolik c

diadikasÐac gia thn pragmatopoÐhsh mÐa dhmoprasÐac.

3.5 H RoutÐna tou Auctioneer

To prìgramma k�je pr�ktora eÐnai qwrismèno se dÔo routÐnec pou ekteloÔn-

tai par�llhla, thn routÐna tou auctioneer kai thn routÐna tou bidder. K�je

pr�ktorac mporeÐ na dhmoprat sei perissìtera apì èna tasks an� dhmoprasÐa

all� den mporeÐ na pragmatopoi sei perissìterec apì mÐa dhmoprasÐec tautì-

qrona. 'Otan ènac pr�ktorac èqei k�poia tasks proc dhmoprasÐa energopoieÐtai

h routÐna tou auctioneer kai lamb�nei q¸ra mÐa seir� apì enèrgeiec.

Arqik� o auctioneer elègqei gia to poioi pr�ktorec eÐnai diajèsimoi na

summet�sqoun sthn dhmoprasÐa tou sÔmfwna me thn f�sh kajorismoÔ twn
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Sq ma 3.5: To qronodi�gramma thc sunolik c diadikasÐac

bidders. Met� ton kajorismì twn bidders dhmiourgeÐtai èna thread gia k�je

pr�ktora pou jewreÐtai ìti eÐnai bidder sthn sugkekrimènh dhmoprasÐa. An

gia par�deigma antapokrÐjhkan K pr�ktorec sto “ping” pou epiqeÐrhse o

auctioneer, tìte ja dhmiourghjoÔn K threads. K�je thread ja sundejeÐ ston

antÐstoiqo bidder gia ton opoÐo dhmiourg jhke kai sÔmfwna me touc kanìnec

tou Auction Protocol ja zht sei apì ton bidder èna nèo port number gia na

suneqÐsei thn diadikasÐa. Sthn sunèqeia ja sundejeÐ sth nèa jÔra pou tou
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orÐzei o bidder kai ja xekin sei thn pragmatopoÐhsh thc dhmoprasÐac. Sto

sq ma 3.6 parousi�zetai sqhmatik� h parap�nw diadikasÐa.

Sq ma 3.6: O auctioneer dhmiourgeÐ 4 threads gia touc 4 bidders thc dhmopra-
sÐac tou. Ta threads sundèontai stouc bidders kai arqÐzoun na allhlepidroÔn
mazÐ touc.

Sthn arq  k�je dhmoprasÐac ìla ta threads enhmer¸noun touc bidders

sqetik� me ta tasks pou dhmopratoÔntai. En suneqeÐa, analìgwc ton arijmì

twn dhmopratoÔmenwn tasks pragmatopoioÔn ton antÐstoiqo arijmì apì auc-

tion rounds. Gia par�deigma, mÐa dhmoprasÐa gia K tasks qrei�zetai K gÔrouc

gia na oloklhrwjeÐ. Se k�je gÔro, k�je thread lamb�nei to bid apì ton an-

tÐstoiqo bidder kai to apojhkeÔei se èna shared data structure. AfoÔ ìloi

oi bidders èqoun upob�llei ta bids touc, k�je thread kajorÐzei ton pr�ktora

kai to task pou kèrdise sto sugkekrimèno gÔro dhmoprasÐac, en¸ metafèrei

to task t apì to set me ta auctioned tasks sto set me ta assigned tasks. Sto

tèloc tou gÔrou, k�je thread enhmer¸nei ton bidder pou eÐnai sundedemèno

gia ton an kèrdise   ìqi stèlnontac mÐa jetik    arnhtik  epibebaÐwsh antÐ-

stoiqa. Epiplèon stèlnei kai to ID tou task pou anatèjhke sto sugkekrimèno

gÔro. H diadikasÐa aut  suneqÐzetai mèqri ìla ta tasks na metakinhjoÔn sto

set me ta assigned tasks. Se autì to shmeÐo oloklhr¸netai h dhmoprasÐa kai

o auctioneer aposundèetai apì touc bidders.
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'Ola ta threads leitourgoÔn san ènac auctioneer. Ta threads sugqro-

nÐzontai ètsi ¸ste na blèpoun to Ðdio stigmiìtupo twn shared metablht¸n

katal gontac sta Ðdia apotelèsmata. Epiplèon ta threads diasfalÐzoun ìti

ta bids perièqoun tic enhmerwmènec timèc tou trèqontoc gÔrou k�je for�. Gia

par�deigma, èna thread pou prohgeÐtai ja mporoÔse na bg�zei apotèlesma blè-

pontac tic timèc twn bids tou prohgoÔmenou gÔrou gia k�poiouc bidders. Gia

ton sugqronismì touc kai thn swst  diexagwg  thc dhmoprasÐac ta threads

qrhsimopoioÔn k�poiec shared metablhtèc elègqou, ìpwc counters kai flags,

gia na katalabaÐnoun pìte ìla ta threads èqoun ft�sei sta krÐsima shmeÐa

kai na suneqÐzoun thn ektèlesh tou k¸dik� touc. Ta krÐsima shmeÐa ìpou ìla

ta threads �eujugrammÐzontai� eÐnai h arq  tou auction round kai to shmeÐo

met� thn upobol  twn bids kai prin ton kajorismì tou nikht . Sto sq ma 3.7

apeikonÐzetai h routÐna tou auctioneer me ta threads na qrhsimopoioÔn shared

data gia ton suntonismì touc kai ton kajorismì tou nikht  bidder.

Sq ma 3.7: Ta auctionner threads ekteloÔntai par�llhla kai qrhsimopoioÔn
koinèc metablhtèc kai domèc dedomènwn gia na sugqronÐzontai kai na katal -
goun se koin� apotelèsmata
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3.6 H routÐna tou bidder

H routÐna tou bidder apoteleÐ èna server pou perimènei ton auctioneer na

sundejeÐ kai sth sunèqeia afoÔ epexergasteÐ to aÐthma tou auctioneer gia

dhmoprasÐa, proqwr� sthn pragmatopoÐhsh thc dhmoprasÐac kai thc upobol c

twn bids.

H exuphrèthsh tou auctioneer apì ton bidder qwrÐzetai se dÔo epÐpeda.

To pr¸to epÐpedo eÐnai to “Auction Request Manager”. Se autì to epÐpe-

do o auction request manager tou k�je pr�ktora perimènei (listens) se mÐa

sugkekrimènh prokajorismènh jÔra sÔmfwna me to Auction Protocol. 'Opote

ènac auctioneer sundèetai se k�poion pr�ktora zht¸ntac tou na xekin sei mÐa

dhmoprasÐa, o auction request manager tou pr�ktora stèlnei ston auctio-

neer èna nèo port number sto opoÐo ja prèpei na sundejeÐ o auctioneer gia

na pragmatopoi sei thn dhmoprasÐa. Prin steÐlei to port number ston auc-

tioneer, o auction request manager dhmiourgeÐ èna nèo thread pou perimènei

ton auctioneer na sundejeÐ sthn epilegmènh jÔra. To nèo thread leitour-

geÐ wc bidder afoÔ autì upologÐzei kai sthn sunèqeia upob�llei to bid tou

pr�ktora se k�je gÔro. O request manager stèlnei to port number ston

auctioneer mìno efìson to nèo thread eÐnai ètoimo gia na k�nei accept ton

auctioneer. Energ¸ntac kat� autìn ton trìpo, o request manager exasfalÐ-

zei ìti o auctioneer den ja epiqeir sei na sundejeÐ se k�poio “ghost” port.

MÐa prosp�jeia gia sÔndesh se k�poio “ghost” port ja qaloÔse ton sugqro-

nismì twn bidders, en¸ eÐnai polÔ pijanì na odhgoÔse kai se deadlock kaj¸c

autì to “actual bidder” thread den ja term�tize empodÐzontac thn ènarxh

thc ektèleshc nèwn thread.

To deÔtero epÐpedo exuphrèthshc eÐnai to “Actual Bidder”. Sto deÔtero

epÐpedo to “actual bidder” thread arqik� perimènei ton auctioneer na sun-

dejeÐ. O auctioneer afoÔ sundejeÐ, stèlnei ston bidder ìla ta tasks pou
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dhmopratoÔntai. To actual bidder thread afoÔ upologÐsei ta bids gia ìla

ta dhmopratoÔmena tasks qrhsimopoi¸ntac ton generic bidding rule, epilègei

to el�qisto kai to stèlnei mazÐ me to antÐstoiqo task ID ston auctioneer.

Sthn sunèqeia perimènei na tou staloÔn ta apotelèsmata. Sto tèloc k�je

gÔrou dhmoprasÐac oi bidders enhmer¸noun ta dedomèna twn auctioned tasks,

afair¸ntac to task pou anatèjhke sto sugkekrimèno gÔro apì to set me ta

auctioned tasks, en¸ o nikht c pr�ktorac prosjètei to task pou kèrdise sto

set me ta assigned se autìn tasks. H diadikasÐa aut  epanalamb�netai mèqri na

anatejoÔn ìla ta tasks, me ta actual bidder threads na upologÐzoun ta bids

gia ta enapomeÐnanta auctioned tasks se k�je gÔro. Met� thn olokl rwsh

thc dhmoprasÐac, to actual bidder thread gia na termatÐsei thn ektèles  tou

prèpei na anane¸sei ta dedomèna sqetik� me thn seir� exuphrèthshc ètsi ¸ste

na mporeÐ na pragmatopoihjeÐ to epìmeno auction sthn our� anamon c. Sto

sq ma 3.8 faÐnetai h leitourgÐa tou bidder se epipèdo thread kai deÐqnei thn

seir� pragmatopoÐhshc twn dhmoprasi¸n.
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Sq ma 3.8: H sunolik  leitourgÐa tou bidder. H suneq c gramm  pou sundèei
to Auction Request Manager thread me to actual bidder thread shmaÐnei ìti
to bidder thread ekteleÐtai en¸ h diakekommènh ìti brÐsketai se anamon .

Epeid  ta actual bidder threads pou antistoiqoÔn se diaforetikoÔc auc-

tioneer exuphretoÔntai sth seir� me kanèna na mhn mporeÐ na prosper�sei kai

epeid  o auctioneer diaqeirÐzetai mÐa dhmoprasÐa thn for� kai qrei�zetai ìla

ta bids se k�je gÔro, up�rqei o kÐndunoc emf�nishc deadlock. E�n ènac auc-

tioneer A1 eÐnai pr¸toc sthn our� exuphrèthshc tou bidder B1 kai deÔteroc

sthn our� tou bidder B2 en¸ ènac �lloc auctioneer A2 eÐnai deÔteroc sthn
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our� tou B1 kai pr¸toc sthn our� tou B2, tìte odhgoÔmaste se deadlock.

To actual bidder thread tou B1 den ja termatÐsei afoÔ den ja l�bei apote-

lèsmata apì ton auctioneer A1. To Ðdio ja sumbeÐ kai me to thread tou B2.

Oi dÔo auctioneers ja perimènoun o ènac ton �llo gia p�nta kai oi auctio-

neerspou akoloujoÔn sthn our� den ja mporoÔn na xekin soun tic dikèc touc

dhmoprasÐec.

Gia na sumbeÐ tètoio deadlock ja prèpei to mhq�nhma sto opoÐo ekteleÐtai

h routÐna tou auctioneer A2 na eÐnai arket� grhgorìtero apì to mhq�nhma tou

A1. O auctioneer A1 ja sundejeÐ pr¸toc ston bidder B1 kai sth sunèqeia

ja sundejeÐ o A2, all� to mhq�nhma tou A2 ja ektelèsei polÔ grhgorìtera

tic Ðdiec entolèc me ton A1 upernik¸ntac thn qronik  diafor� pou eÐqan ston

B1 ki ètsi o A2 ja sundejeÐ ston B2 prin ton A1. Aut  h perÐptwsh deadlock

mporeÐ na antimetwpisteÐ me thn qr sh timeout signals. Me timeout signals

antimetwpÐzetai kai h perÐptwsh thc prosp�jeiac sÔndeshc se “ghost” port.

Ta threads kai tou auctioneer alla kai twn bidders energopoioÔn èna ti-

mer sthn arq  k�je auction round. Ta threads tou auctioneer qrhsimopoioÔn

èna koinì timer kai ìpote l�boun k�poio timeout signal, kajorÐzoun ton ni-

kht  tou gÔrou upologÐzontac mìno ta bids pou èqoun upoblhjeÐ wc ekeÐnh

thn stigm . H pragmatopoÐhsh thc dhmoprasÐac suneqÐzetai kanonik�. K�je

actual bidder thread qrhsimopoieÐ èna timer kai ìpote l�bei èna timeout si-

gnal termatÐzei thn ektèles  tou me ton pr�ktora na jewreÐ ìti h dhmoprasÐa

oloklhr¸jhke. O pr�ktorac autìc diathreÐ ta tasks pou tou eÐqan anatejeÐ

all� den summetèqei stouc epìmenouc gÔrouc.
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'Eqontac perigr�yei ìla ta epimèrouc komm�tia enìc autìnomou pr�ktora

kai ton trìpo allhlepÐdrashc tou me touc upìloipouc pr�ktorec, gÐnetai plèon

katanoht  h sunolik  leitourgÐa tou pr�ktora. ParatÐjentai dÔo sq mata

pou parousi�zoun thn leitourgÐa enìc pr�ktora. Sto sq ma 3.9 apeikonÐzetai

to stigmiìtupo enìc pr�ktora se epÐpedo routÐnac kai thread. Sthn routÐna

tou bidder, o pr�ktorac èqei dhl¸sei ìti summetèqei se tèsseric dhmoprasÐec

opìte èqoun dhmiourghjeÐ tèssera actual bidder threads. H suneq c gramm 

upodhl¸nei ìti to sugkekrimèno thread ekteleÐtai en¸ h diakekommènh shmaÐ-

nei ìti to sugkekrimèno thread eÐnai se anamon . Tautìqrona, o pr�ktorac

pragmatopoieÐ mÐa dhmoprasÐa. Sthn routÐna tou auctioneer èqoun dhmiourgh-

jeÐ tèssera threads pou shmaÐnei ìti summetèqoun tèsseric bidders se aut 

th dhmoprasÐa. Sto sq ma 3.10 eÐnai to di�gramma ro c tou progr�mmatoc tou

pr�ktora, me tic dÔo diaforetikèc roèc na pragmatopoioÔntai tautìqrona.

Sq ma 3.9: 'Ena stigmiìtupo tou progr�mmatoc tou pr�ktora se epÐpedo th-
read. H suneqìmenh gramm  se k�poio thread shmaÐnei ìti autì ekteleÐtai en¸
h diakekommènh ìti eÐnai �pagwmèno� kai brÐsketai se anamon .
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Sq ma 3.10: To di�gramma ro c tou progr�mmatoc tou pr�ktora
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Kef�laio 4

Efarmogèc

O skopìc thc ulopoÐhshc tou pur na pou perigr�fetai sto kef�laio 3 eÐnai

h akèraia qrhsimopoÐhs  tou gia thn epÐlush problhm�twn an�jeshc erga-

si¸n mèsw dhmoprasi¸n se di�forec efarmogèc. Analìgwc thn efarmog  o

sqediast c tou sust matoc qrei�zetai na k�nei apl� k�poiec prosj kec  

k�poiec mikrèc allagèc sqetik� me tic sunart seic upologismoÔ twn bids twn

praktìrwn. Se aut  thn diplwmatik  ergasÐa o pur nac qrhsimopoi jhke gia

thn an�jesh ergasi¸n se dÔo diaforetikèc efarmogèc oi opoÐec perigr�fontai

sto parìn kef�laio.

4.1 Kajorismìc diadrom¸n om�dac apì robots

Sth mÐa ek twn dÔo efarmog¸n up�rqei mÐa om�da apì robots, ta opoÐa su-

nerg�zontai metaxÔ touc ¸ste na episkefjoÔn èna sÔnolo kìmbwn elaqisto-

poi¸ntac to sunolikì omadikì kìstoc. Ta robots qrhsimopoioÔn ton algì-

rijmo dhmoprasÐac gia na kajorÐsoun tic diadromèc touc.
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4.1.1 Perigraf  senarÐou

Sto sen�rio thc efarmog c aut c up�rqoun N mobile robots ta opoÐa qrei�-

zetai na episkefjoÔn M kìmbouc. To sen�rio autì mporeÐ na èqei di�forec

ekdoqèc me nauagoswstik� sk�fh, purosbestik� oq mata, rovers antÐ gia ro-

bots kai nau�gia, estÐec fwti�c kai topojesÐec sullog c deigm�twn antÐ gia

kìmbouc. Sthn sugkekrimènh perigraf  jewroÔme touc pr�ktorec kai ta tasks

twn prohgoÔmenwn kefalaÐwn san robots kai kìmbouc antÐstoiqa.

K�je robot èqei thn dik  tou IP dieÔjunsh, eÐnai autìnomo kai mporeÐ na

kineÐtai se fusikì perib�llon. Epiplèon, ta robots eÐnai exoplismèna me ton

arqikì q�rth tou perib�llontoc sto opoÐo kinoÔntai en¸ gnwrÐzoun tic sun-

tetagmènec twn kìmbwn kai mporoÔn na orÐsoun thn jèsh touc sto q�rth. O

arqikìc q�rthc ton opoÐo diajètoun ta robots mporeÐ na anaptÔssetai dunami-

k� an�loga me tic plhroforÐec pou sullègoun ta robots kat� thn plo ghs 

sto q¸ro dr�shc touc kai oi opoÐec plhroforÐec den epalhjeÔoun ta dedomèna

tou q�rth. Gia par�deigma, e�n sto q�rth up�rqei prosb�simo monop�ti kai

sthn pragmatikìthta èqei kleÐsei apì k�poio kormì dèntrou, tìte ta dedomèna

tou q�rth prèpei na enhmerwjoÔn.

K�je kìmboc prèpei na prospelasteÐ apì toul�qiston èna robot. Arqik�

ta robots diamoir�zoun to sÔnolo twn kìmbwn kai k�je robot anaptÔssei

mÐa diadrom  an�loga me touc kìmbouc pou èqei anal�bei. Met� thn an�jesh

ìlwn twn kìmbwn, ta robots xekinoÔn na touc proseggÐzoun an�loga me tic

diadromèc pou èqoun orÐsei. Wstìso, up�rqei h pijanìthta l�jouc ektÐmhshc

sthn an�lhyh twn kìmbwn kai sunep¸c sthn dhmiourgÐa twn diadrom¸n eÐte

exaitÐac elleipoÔc plhroforÐac tou q�rth eÐte lìgw fusik¸n paragìntwn. Gia

par�deigma k�poio robot ja mporoÔse na koll sei sth l�sph. Sthn perÐptwsh

aut  to robot antilamb�netai ìti h prosèggish enìc   parap�nw kìmbwn odhgeÐ

se megalÔtero kìstoc apì ìso eÐqe arqik� ektimhjeÐ kai zht� thn an�jesh
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aut¸n twn kìmbwn se �lla robots.

To sen�rio thc sugkekrimènhc efarmog c basÐzetai sthn dhmosÐeush [1].

H katanom  twn kìmbwn pragmatopoieÐtai sÔmfwna me k�poio team objecti-

ve. Sthn Ðdia dhmosÐeush analÔontai trÐa team objectives gia thn katanom 

twn kìmbwn sta robots, to MINISUM, to MIMIMAX kai to MINIAVE. To

MINISUM team objective eÐnai katallhlìtero e�n jèloume na elaqistopoi -

soume thn sunolik  katan�lwsh enèrgeiac. An jewroÔme ton qrìno epÐskeyhc

k�poiou kìmbou san kìstoc, to MINIMAX eÐnai pio kat�llhlo gia na elaqi-

stopoi soume ton mègisto qrìno anamon c k�poiou kìmbou kai to MINIAVE

gia na elaqistopoi soume ton mèso qrìno anamon c twn kìmbwn.

4.1.2 UlopoÐhsh

AfoÔ apokt soun ton q�rth me tic jèseic twn kìmbwn, ta robots kajorÐzoun

poia apì aut� eÐnai diajèsima gia thn apostol . Met� thn sugkrìthsh thc

om�dac pou ja anal�bei thn apostol , ta robots arqÐzoun na epikoinwnoÔn

metaxÔ touc ètsi ¸ste na kajorÐsoun tic diadromèc touc. Gia na kataneÐmoun

touc kìmbouc kai na orÐsoun tic diadromèc touc, ta robots pragmatopoioÔn

yeudokentrikopoihmènec dhmoprasÐec.

SÔmfwna me to kef�laio 2 se k�je dhmoprasÐa qrei�zetai ènac auctioneer

pou ja dieujÔnei thn diadikasÐa kai ja sugqronÐsei touc bidders. Wstìso,

apoteleÐ shmantikì meionèkthma gia thn om�da twn robots na exart�tai apì

apì èna kentrikì robot diìti e�n autì den leitourgeÐ   èqei uposteÐ k�poia

zhmi�, ta upìloipa robots ja apotÔqoun na fèroun se pèrac thn apostol .

Efìson ta robots jewroÔntai �Ðsa� metaxÔ touc kai diathroÔn thn Ðdia plh-

roforÐa, opoiod pote apì aut� mporeÐ na gÐnei auctioneer kai na ulopoi sei

dhmoprasÐa gia touc kìmbouc. 'Etsi, an diairèsoun to arqikì set apì touc

dhmopratoÔmenouc kìmbouc se K mikrìtera sets, tìte K robots ja pragma-
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topoi soun K dhmoprasÐec me M/K kìmbouc h kajemÐa kai sto tèloc ìloi oi

kìmboi ja èqoun anatejeÐ. H tim  tou K kumaÐnetai apì 1 mèqri N . Ta robo-

ts orÐzoun poioi ja eÐnai oi auctioneers kai me autì ton trìpo exasfalÐzetai

ìti h apostol  ja epiteuqjeÐ afoÔ ta robots eÐnai anex�rthta apì k�poion

prokajorismèno arqhgì. Gia par�deigma, ja mporoÔsan na epilègontai gia

auctioneers ta robots pou brÐskontai stic pio kentrikèc jèseic.

H tim  tou K epilègetai apì ton sqediast  tou sust matoc. Qamhlìterh

tim  tou K dÐnei pio poiotik� apotelèsmata afoÔ ta robots diajètoun perissì-

terec plhroforÐec sthn arq  thc dhmoprasÐac kai k�noun orjìterec epilogèc

san bidders. Sthn perÐptws  mac proteraiìthta èqei h megistopoÐhsh thc

apìdoshc tou algorÐjmou dhmoprasÐac kai h beltistopoÐhsh twn apotelesm�-

twn. Gia autì to lìgo ta robots epilègoun èna apì aut� gia na ektelèsei qrèh

auctioneer, dhlad  K = 1. H diadikasÐa thc dhmoprasÐac gia thn katanom 

twn kìmbwn eÐnai Ðdia me aut  pou perigr�fhke sto kef�laio 3, opìte den ja

anaferjoÔme se aut  par� mìno ston trìpo upologismoÔ twn bids apo ta

robots.

Upologismìc Bid : Ta robots gnwrÐzontac tic jèseic twn kìmbwn kaj¸c

kai tic dikèc touc, èqoun thn dunatìthta na upologÐsoun ìla ta kìsth met�-

bashc eÐte metaxÔ twn jèse¸n touc kai twn kìmbwn eÐte metaxÔ twn kìmbwn.

Se aut  thn ulopoÐhsh ta robots apoktoÔn autèc tic apost�seic mazÐ me ton

q�rth sthn arq , prin xekin soun thn diadikasÐa gia dhmoprasÐa. Ta robots

upologÐzoun ta bids gia ìlouc touc dhmopratoÔmenouc kìmbouc sÔmfwna me

ton bidding rule pou perigr�fetai sto kef�laio 2.

Ta robots upologÐzoun to bid gia k�je kìmbo prosjètont�c ton sto mo-

nop�ti pou èqoun anaptÔxei me touc  dh anajetimènouc se aut� kìmbouc. O

kìmboc topojeteÐtai se ìlec tic pijanèc jèseic metaxÔ twn kìmbwn tou mo-
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nopatioÔ kai ektim�tai to kìstoc gia k�je perÐptwsh. Gia par�deigma, gia

èna monop�ti pou apoteleÐtai apì K kìmbouc upologÐzontai ta kìsth (K +1)

pijan¸n monopati¸n. Sth sunèqeia epilègetai to monop�ti me to el�qisto kì-

stoc apo to opoÐo prokÔptei kai h tim  tou bid gia ton kìmbo. AfoÔ èqoun

upologÐsei ta bids gia ìlouc touc dhmopratoÔmenouc kìmbouc, ta robots epi-

lègoun to bid me thn el�qisth tim  kai to stèlnoun ston auctioneer mazÐ me

to antÐstoiqo ID tou kìmbou (targetID).

• MINISUM : Gia to MINISUM team objective to bid tou k�je robot

eÐnai h diafor� metaxÔ tou kìstouc tou nèou monopatioÔ kai tou kìstouc

tou palaioÔ monopatioÔ.

Sq ma 4.1: DiadikasÐa upologismoÔ tou bid gia to MINISUM team objective

Sto sq ma 4.1 parousi�zetai h diadikasÐa upologismoÔ tou bid gia èna

kìmbo t sÔmfwna me to MINISUM team objective. Dedomènou ìti to robot r

èqei anal�bei thn prospèlash twn kìmbwn t1, t2, t3, oi opoÐoi sqhmatÐzoun èna

monop�ti, eis�gei ton t se ìlec tic pijanèc jèseic tou monopatioÔ kai ektim�ei

to kìstoc eisagwg c tou t gia ìlec tic peript¸seic. Sth sunèqeia epilègei

to monop�ti me to el�qisto kìstoc kai upologÐzei to antÐstoiqo bid gia ton

kìmbo t. Me autì ton trìpo, èna robot upologÐzei ta bids gia ìlouc touc
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mh anajetimènouc kìmbouc kai epilègei to el�qisto, to opoÐo eÐnai to bid tou

robot gia èna gÔro dhmoprasÐac. OmoÐwc kai gia ta MINIMAX kai MINIAVE

team objectives ta opoÐa parousi�zontai sta sq mata 4.2 kai 4.3.

• MINIMAX : Gia to MINIMAX team objective to bid gia k�je robot

eÐnai to kìstoc tou nèou monopatioÔ.

Sq ma 4.2: DiadikasÐa upologismoÔ tou bid gia to MINIMAX team objective

• MINIAVE : Gia to MINIMAX team objective, to bid gia k�je robot

eÐnai h diafor� metaxÔ tou nèou ajroÐsmatoc twn kost¸n prospèlashc

gia touc kìmbouc tou monopatioÔ kai tou prohgoÔmenou ajroÐsmatoc

twn kost¸n prospèlashc gia touc kìmbouc tou monopatioÔ.

new
∑

Ari∪{t}
cj − old

∑

Ari

cj

ìpou

cj : to kìstoc prospèlashc gia k�je kìmbo j

Ari : to set me touc  dh anajetimènouc kìmbouc sto ri, to opoÐo apoteleÐ to

monop�ti tou ri
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Ari ∪ {t} : to nèo set pou dhmiourgeÐtai me thn prosj kh tou kìmbou t sto

set Ari

Sq ma 4.3: DiadikasÐa upologismoÔ tou bid gia to MINIAVE team objective

4.1.3 Par�deigma an�jeshc kìmbwn

JewroÔme ta robots tou sq matoc 4.4, ta opoÐa prèpei na prospel�soun touc

kìmbouc tou idÐou sq matoc. Sto sq ma autì faÐnetai epÐshc h epijumht 

an�jesh twn kìmbwn kaj¸c kai oi antÐstoiqec diadromèc twn robots. Ta ro-

bots ulopoioÔn mÐa dhmoprasÐa gia na kataneÐmoun ìlouc touc kìmbouc tou

sq matoc 4.4. Oi dèka kìmboi eÐnai to arqikì set twn dhmopratoÔmenwn an-

tikeimènwn kai ta trÐa robots eÐnai oi bidders thc dhmoprasÐac. 'Estw ìti to

robot R1 eÐnai o auctioneer epeid  brÐsketai sthn pio kentrik  jèsh. H diadi-

kasÐa kai ta apotelèsmata thc dhmoprasÐac eÐnai ta Ðdia asqètwc apo to poio

robot eÐnai o auctioneer. Se autì to par�deigma ta robots upologÐzoun ta

bids touc sÔmfwna me to MINISUM team objective.
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Sq ma 4.4: H epijumht  an�jesh twn 10 kìmbwn sthn om�da pou apoteleÐtai
apì ta robots R1, R2 kai R3

Ston pr¸to gÔro ta robots k�noun bid stouc kìmbouc 2, 4 kai 7 ìpwc

faÐnetai kai sto sq ma 4.5. To robot R1 k�nei thn kalÔterh prosfor� kai

analamb�nei ton kìmbo 4. To R1 prosjètei ton kìmbo sto monop�ti tou,

sth jèsh pou elaqistopoieÐ to kìstoc tou monopatioÔ. Sth sugkekrimènh

perÐptwsh den paÐzei rìlo afoÔ to monop�ti eÐnai �deio kai o kìmboc 4 mpaÐnei

sthn pr¸th jèsh. H Ðdia diadikasÐa akoloujeÐtai kai stouc epìmenouc gÔrouc.
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Sq ma 4.5: O pr¸toc gÔroc thc dhmoprasÐac gia thn an�jesh twn kìmbwn

Sto sq ma 4.7 èqoume mÐa perÐptwsh diekdÐkhshc tou Ðdiou kìmbou, tou 7,

apì dÔo robots, ta R1 kai R3. To R3 k�nei kalÔterh prosfor� apì to R1

ki ètsi analamb�nei ton kìmbo 7. EpÐshc sto sq ma 4.6 èqoume perÐptwsh

diekdÐkhshc kìmbou apì dÔo robots, to R1 kai to R2. Blèpoume ìti to R2

anadiat�ssei to trèqon monop�ti tou gia na prosjèsei ton kìmbo 1 se autì.

Tèloc, sto sq ma 4.8 faÐnetai to telikì apotèlesma thc an�jeshc twn kìmbwn

sta robots. Ston pÐnaka 4.1 parousi�zontai ìloi oi gÔroi thc dhmoprasÐac gia

thn an�jesh twn kìmbwn.
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Sq ma 4.6: Se autì to gÔro ta robots R1 kai R3 sunagwnÐzontai gia ton
kìmbo 7

Sq ma 4.7: Ta robots R1 kai R2 diekdikoÔn ton kìmbo 1 me nikht  to R2
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Sq ma 4.8: To telikì apotèlesma
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PÐnakac 4.1: 'Ola ta b mata thc dhmoprasÐac mèqri thn telik  an�jesh tou
sq matoc 4.4

Unallocated Targets Auctioneer Robot1 Robot2 Robot3
set W = {t1, . . . , tN} (minj∈W brj , arg minj∈W brj)

minB = {b1, . . . , bN}, arg minB path = {t1, . . . }
{1, 2, 3, 4, 5, 6, 7, 8, 9, 10} (8, 4) (11, 2) (13, 7)

8 = min {8, 11, 13}, t = 4 {4} {} {}
{1, 2, 3, 5, 6, 7, 8, 9, 10} (7, 5) (11, 2) (13, 7)

7 = min {7, 11, 13}, t = 5 {4, 5} {} {}
{1, 2, 3, 6, 7, 8, 9, 10} (12, 6) (11, 2) (13, 7)

11 = min {12, 11, 13}, t = 2 {4, 5} {2} {}
{1, 3, 6, 7, 8, 9, 10} (12, 6) (9, 3) (13, 7)

9 = min {12, 9, 13}, t = 3 {4, 5} {2, 3} {}
{1, 6, 7, 8, 9, 10} (12, 6) (17, 1) (13, 7)

12 = min {12, 17, 13}, t = 6 {4, 5, 6} {2, 3} {}
{1, 7, 8, 9, 10} (16, 7) (17, 1) (13, 7)

13 = min {16, 17, 13}, t = 7 {4, 5, 6} {2, 3} {7}
{1, 8, 9, 10} (20, 1) (17, 1) (10, 8)

10 = min {20, 17, 10}, t = 8 {4, 5, 6} {2, 3} {7, 8}
{1, 9, 10} (20, 1) (17, 1) (13, 9)

13 = min {20, 17, 13}, t = 9 {4, 5, 6} {2, 3} {7, 8, 9}
{1, 10} (20, 1) (17, 1) (19, 10)

17 = min {20, 17, 19}, t = 1 {4, 5, 6} {1, 2, 3} {7, 8, 9}
{10} (23, 10) (29, 10) (19, 10)

19 = min {23, 29, 19}, t = 10 {4, 5, 6} {1, 2, 3} {7, 8, 9, 10}
{} Allocation Completed

4.2 Computer File Sharing

Sthn deÔterh efarmog  upologistèc eÐnai sundedemènoi se dÐktuo kai moir�-

zontai koinìqrhsta arqeÐa. 'Otan ènac upologist c qrei�zetai k�poia arqeÐa,

enhmer¸nei touc upìloipouc upologistèc sto dÐktuo kai ìpoioi ta diajètoun,

analamb�noun na tou ta steÐloun. H epilog  twn upologist¸n pou ja anal�-

boun na metad¸soun ta arqeÐa gÐnetai mèsw dhmoprasÐac ¸ste na epiteuqjeÐ

h taqÔterh metafor�.

53



4.2.1 Perigraf  senarÐou

Oi suskeuèc apoj keushc twn upologist¸n tou diktÔou leitourgoÔn sto sÔ-

nolì touc san mÐa ter�stia mn mh pou diathreÐ ìla ta arqeÐa pou ja mporoÔse

na qreiasteÐ k�poioc apì touc upologistèc. Ta arqeÐa den brÐskontai se k�-

poio sugkekrimèno upologist  all� mporoÔn na brÐskontai se opoiod pote

upologist  tou diktÔou. K�je upologist c apoteleÐ kìmbo diktÔou kai xe-

qwristì stajmì ergasÐac tautìqrona. San stajmìc ergasÐac ja mporoÔse

na qreiasteÐ k�poio arqeÐo apì to dÐktuo se opoiad pote stigm . 'Otan ènac

upologist c qrei�zetai na qrhsimopoi sei k�poio arqeÐo pou den diathreÐ stic

dikèc tou suskeuèc apoj keushc, tìte to anazht� sto dÐktuo enhmer¸nontac

touc upìloipouc kìmbouc. To arqeÐo mporeÐ na brÐsketai se perissìterouc

apì ènan kìmbouc. O kìmboc - upologist c pou mporeÐ na k�nei thn metafor�

tou arqeÐou taqÔtera apì touc upìloipouc analamb�nei na to metad¸sei ston

upologist  pou to z thse.

Sq ma 4.9: 'Oloi oi upologistèc tou diktÔou leitourgoÔn san èna ter�stio
apojhkeutikì mèso
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4.2.2 UlopoÐhsh

'Otan k�poioc upologist c qrei�zetai na prospel�sei èna arqeÐo, arqik� elèg-

qei e�n autì brÐsketai se k�poia apì tic topikèc suskeuèc apoj keus c tou.

Sthn perÐptwsh pou to arqeÐo den brÐsketai stic suskeuèc tou upologist ,

tìte o upologist c prospajeÐ na to apokt sei ìso to dunatìn suntomìte-

ra. Gia na epiteuqjeÐ h taqÔterh met�dosh, o upologist c pragmatopoieÐ mÐa

dhmoprasÐa gia to sugkekrimèno arqeÐo.

Se aut  thn efarmog  oi upologistèc kai ta arqeÐa apoteloÔn touc pr�kto-

rec kai ta tasks thc dhmoprasÐac tou kefalaÐou 3 antÐstoiqa. O upologist c

pou zht�ei k�poio arqeÐo apì to dÐktuo ja ektelèsei qrèh auctioneer sthn

dhmoprasÐa pou pragmatopoieÐtai. Arqik� ja kajorÐsei touc diajèsimouc pr�-

ktorec gia thn dhmoprasÐa qrhsimopoi¸ntac thn entol  “ping” se ìlouc touc

dhlwmènouc kìmbouc diktÔou.Oi upologistèc autoÐ apoteloÔn touc bidders

thc dhmoprasÐac. 'Opwc kai sthn perigraf  thc efarmog c twn robots, den

ja epektajoÔme se peraitèrw an�lush thc diadikasÐac thc dhmoprasÐac kai ja

analÔsoume mìno ton trìpo upologismoÔ twn bids.

Upologismìc Bid : Oi upologistèc upologÐzoun thn tim  twn bids touc

lamb�nontac upìyh treic par�gontec :

1. to mègejoc tou arqeÐou

2. to transfer rate thc gramm c pou sundèei touc dÔo kìmbouc (apostolèa

- paral pth)

3. to fìrto metafor�c touc sth dedomènh qronik  stigm 

O auctioneer afoÔ l�bei ta apotelèsmata apì to ping pou epiqeÐrhse,

ex�gei thn tim  tou latency kai thn stèlnei stouc antÐstoiqouc bidders. Gnw-

rÐzontac thn tim  tou latency, oi bidders mporoÔn na ektim soun to transfer
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rate thc gramm c pou touc sundèei me ton auctioneer. Gia to mègejoc tou

arqeÐou enhmer¸nontai mèsw mÐac kl shc sust matoc pou pragmatopoioÔn.

Sqetik� me thn plhroforÐa tou fìrtou metafor�c, k�je upologist c dia-

threÐ èna kat�logo me ta onìmata kai ta megèjh twn arqeÐwn pou èqei anal�-

bei na metad¸sei kai den èqei oloklhrwjeÐ h metafor� touc. Gia thn apofug 

sÔgqushc ja anaferìmaste sto arqeÐo autì me ton ìro FTI (File Transfer

Information). To FTI leitourgeÐ wc mÐa lÐsta FIFO afoÔ h seir� me thn opoÐa

eis�gontai se autì ta arqeÐa upodeiknÔei th seir� met�dos c touc. To FTI

enhmer¸netai suneq¸c apì ton upologist  tou gia thn exèlixh thc metafor�c

twn arqeÐwn. 'Otan o sugkekrimènoc upologist c kerdÐsei se k�poio gÔro

dhmoprasÐac kai anal�bei thn met�dosh tou enìc arqeÐou, eis�gei ta stoiqeÐa

tou arqeÐou autoÔ, ìpwc ìnoma kai mègejoc, sto tèloc tou FTI. Epeid  ìla

ta arqeÐa èqoun thn Ðdia proteraiìthta ìson afor� thn met�dos  touc, k�je

nèo arqeÐo mpaÐnei sto tèloc tou FTI ki ètsi ta arqeÐa metadÐdontai me thn

seir� pou anatèjhkan ston upologist . Sthn perÐptwsh olokl rwshc thc

metafor�c enìc arqeÐou, ta stoiqeÐa tou arqeÐou autoÔ diagr�fontai apì to

FTI kai èqoume enhmèrwsh twn dedomènwn tou FTI gia na arqÐsei h met�dosh

tou epìmenou arqeÐou.

Sth sugkekrimènh efarmog  mac endiafèrei na elaqistopoi soume ton mè-

so qrìno met�doshc enìc arqeÐou. Gia autì to lìgo se mÐa dhmoprasÐa dÐnetai

proteraiìthta se mikroÔ megèjouc arqeÐa, ta opoÐa qrei�zontai ligìtero qrìno

gia na metadojoÔn. K�je bidder dhlad  taxinomeÐ b�sei megèjouc ta arqeÐ-

a pou analamb�nei sta plaÐsia mÐac dhmoprasÐac. Sthn exÐswsh 4.1 oi ìroi

TransferLoad kai latency paramènoun stajeroÐ se k�je gÔro dhmoprasÐac me

apotèlesma h epilog  tou mikrìterou bid na odhgeÐ sthn epilog  tou mikrì-

terou se mègejoc arqeÐou. An jèlame na parallhlÐsoume tic dÔo efarmogèc,

se aut  thn efarmog  oi upologistèc mporoÔn na eis�goun èna nèo task mìno
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sto tèloc tou monopatioÔ me ta  dh anajetimèna se autoÔc tasks. Me autì

ton trìpo o bidder anaptÔssei thn our� anamon c twn arqeÐwn proc met�-

dosh. H tim  tou bid pou ja katajèsei k�poioc upologist c gi� èna arqeÐo

upologÐzetai wc ex c :

bid = TransferLoad + (filesize ∗ latency) (4.1)

ìpou

bid : h tim  tou bid gia to arqeÐo

TransferLoad : o fìrtoc metafor�c tou upologist  gia ta  dh anajetimèna

arqeÐa se autìn

filesize : to mègejoc tou arqeÐou

latency : h tim  thc kajustèrhshc thc gramm c sÔndeshc metaxÔ tou upolo-

gist  kai tou auctioneer

Sthn perÐptwsh pou o upologist c den diajètei to zhtoÔmeno arqeÐo, h

tim  tou bid pou katajètei ston auctioneer eÐnai to �peiro sÔmfwna me thn pa-

r�grafo 2.7. Sthn ulopoÐhs  mac ta bids me jewrhtik� �peirh tim  paÐrnoun

arnhtik  tim  kai ètsi parablèpontai apì ton auctioneer kat� ton kajori-

smì tou nikht  k�poiou gÔrou. Me autì ton trìpo apofeÔgetai h an�jesh

met�doshc enìc arqeÐou se upologist  pou den to diajètei.
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Kef�laio 5

Apotelèsmata peiram�twn

Sto kef�laio autì parousi�zontai ta apotelèsmata pou proèkuyan apì thn

dokim  tou algorÐjmou dhmoprasÐac se diaforetik� sen�ria gia tic dÔo efar-

mogèc tou kefalaÐou 4. Sthn pr¸th enìthta tou kefalaÐou parousi�zontai

ta apotelèsmata thc efarmog c gia thn prospèlash pl jouc kìmbwn apì

om�da robots kai sth deÔterh enìthta ta apotelèsmata kai oi anajèseic thc

efarmog c gia thn metafor� arqeÐwn metaxÔ upologist¸n sundedemènwn se

dÐktuo.

5.1 Kajorismìc diadrom¸n om�dac robots

To katanemhmèno software framework pou ulopoi jhke kai prosarmìsthke

stic an�gkec tou polupraktorikoÔ sust matoc thc efarmog c twn robots

dokim�sthke se 3 diaforetikoÔc q�rtec kai 6 diaforetik� sen�ria. Stouc 3

q�rtec brÐskontai topojethmènoi se tuqaÐec jèseic 100, 500 kai 1000 kìmboi

antÐstoiqa se k�je q�rth. Thn prospèlash twn kìmbwn aut¸n anèlaban 3

robots sthn mÐa perÐptwsh kai 4 robots sthn �llh. Gia thn prospèlash twn

kìmbwn, ta robots qrhsimopoÐhsan touc kanìnec tou MiniSum,tou MiniMax

kai tou MiniAve pragmatopoi¸ntac ètsi 3 diaforetikèc anajèseic gia k�je
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sen�rio.

Arqik�, gia na exoikeiwjeÐ o anagn¸sthc sqetik� me tic diadromèc pou

anaptÔssoun ta robots qrhsimopoi¸ntac touc kanìnec MiniSum, MiniMax

kai MiniAve paratÐjentai oi 3 trìpoi me touc opoÐouc èna robot prospelaÔnei

15 kìmbouc se k�poio q�rth. Jewrhtik� anamènoume oi diadromèc pou pro-

kÔptoun apì touc MiniSum kai MiniMax kanìnec na tautÐzontai kaj¸c oi 2

kanìnec jèloun na elaqistopoi soun to m koc tou monopatioÔ. H diadrom 

pou prokÔptei apì ton MiniAve kanìna mporeÐ na diafèrei   na sumpÐptei me

tic �llec dÔo analìgwc tic jèseic twn kìmbwn kai tou robot. Gia par�deigma,

e�n oi kìmboi eÐnai topojethmènoi se mÐa eujeÐa mprost� apì to robot, oi 3

diadromèc ja sumpÐptoun.

Sto sq ma 5.1 faÐnontai oi jèseic twn 15 kìmbwn kai tou robot sto q�rth.

Oi kìmboi sumbolÐzontai me ’x’ kai to robot me to pr�sino ’o’. Sta sq mata

5.2, 5.3 kai 5.4 apeikonÐzontai oi diadromèc pou prokÔptoun sÔmfwna me touc

MiniSum, MiniMax kai MiniAve kanìnec antÐstoiqa. 'Opwc anamenìtan, oi

diadromèc MiniSum kai MiniMax tautÐzontai en¸ h diadrom  MiniAve eÐnai

arket� diaforetik .

Pijanìn h diadrom  pou anaptÔqjhke b�sei tou MiniAve kanìna na pa-

raxeneÔei ton anagn¸sth kai na tou prokaleÐ entÔpwsh afoÔ faÐnetai arket�

�dapanhr � sqhmatÐzontac kìlpouc kai kleistèc epif�neiec. Wstìso, aut  h

ekdoq  prospèlashc twn kìmbwn sugkritik� me tic �llec dÔo elaqistopoieÐ

to mèso kìstoc epÐskeyhc k�je kìmbou, pou eÐnai kai to zhtoÔmeno tou Mi-

niAve kanìna kai epalhjeÔetai apì tic timèc tou pÐnaka 5.1. SÔmfwna me to

MiniAve kanìna, to robot ja protim sei na episkefjeÐ polloÔc kìmbouc me

mikrì kìstoc �mesa par� na epilèxei k�poion �llo kìmbo pou ja belti¸sei

to kìstoc tou monopatioÔ tou kajuster¸ntac thn prospèlash twn parap�-

nw kìmbwn. To kìstoc epÐskeyhc tou kìmbou autoÔ prostÐjetai kai stouc
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PÐnakac 5.1: PÐnakac tim¸n kìstouc gia tic diadromèc twn sqhm�twn 5.2, 5.3
kai 5.4

MiniSum MiniMax MiniAve
Path Cost 73.068 73.068 82.548

Visit Cost per Target 35.85 35.85 29.85

epìmenouc kìmbouc odhg¸ntac se megalÔterh mèsh tim  an� kìmbo. Me autì

ton trìpo prospèlashc eÐnai pijanì kìmboi oi opoÐoi brÐskontai sqetik� kon-

t� sto robot na proseggÐzontai sto tèloc thc diadrom c. To robot dhlad 

�plhr¸nei� se kìstoc monopatioÔ to kèrdoc sto mèso kìstoc epÐskeyhc an�

kìmbo, gegonìc to opoÐo gÐnetai idiaÐtera emfanèc se peript¸seic pou oi kìm-

boi eÐnai anomoiìmorfa diesparmènoi ston q�rth ìpwc kai sthn perÐptwsh tou

sq matoc 5.1.

AxÐzei na sqoliasteÐ kai h diadrom  twn sqhm�twn 5.2 kai 5.3 h opoÐa

den dÐnei thn bèltisth lÔsh sqhmatÐzontac mÐa mikr  kleist  epif�neia. Ta

monop�tia pou prokÔptoun apì touc kanìnec MiniSum kai MiniMax den ja

èprepe na dhmiourgoÔn kleistèc epif�neiec ìpwc tou MiniAve diìti èqoun

san apotèlesma diadromèc megalÔterou kìstouc. Autì sumbaÐnei lìgw mh

ikanìthtac prìbleyhc   backtracking [12] tou algorÐjmou sqhmatismoÔ tou

monopatioÔ. Epomènwc ja mporoÔsan na dhmiourghjoÔn kleistèc epif�neiec se

diadromèc pou prokÔptoun apì MiniSum kai MiniMax kanìnec, k�ti to opoÐo

ìmwc sumbaÐnei sp�nia. 'Eqontac dei ta diaforetik� eÐdh diadrom¸n twn tri¸n

kanìnwn eÐnai pio eÔkolo gia ton anagn¸sth na axiolog sei ta apotelèsmata

kai tic anajèseic twn peiram�twn pou akoloujoÔn.
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Sq ma 5.1: Oi jèseic twn 15 kìmbwn kai tou robot sto q�rth diast�sewn
20x20.

Sq ma 5.2: H diadrom  pou sqhmatÐzetai sÔmfwna me to MiniSum kanìna
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Sq ma 5.3: H diadrom  pou sqhmatÐzetai sÔmfwna me to MiniMax kanìna

Sq ma 5.4: H diadrom  pou sqhmatÐzetai sÔmfwna me to MiniAve kanìna

62



5.1.1 An�jesh 100 kìmbwn

DÐnetai ènac q�rthc diast�sewn 50x50 o opoÐoc diathreÐ plhroforÐa gia tic

jèseic twn robots kai gia tic jèseic twn kìmbwn. Thn prospèlash twn 100

kìmbwn analamb�noun 3 robots sthn mÐa perÐptwsh kai 4 robots sth deÔterh,

dhlad  èqoume dÔo diaforetikèc dhmoprasÐec me N = 3, M = 100 kai N = 4,

M = 100 antÐstoiqa.

PeÐrama 1: An�jesh se 3 pr�ktorec

Ston pÐnaka 5.2 perièqontai oi timèc tou sunolikoÔ ajroÐsmatoc twn epimèrouc

kost¸n twn diadrom¸n, tou kìstouc thc mègisthc diadrom c kai tou mèsou

kìstouc epÐskeyhc an� kìmbou gia k�je an�jesh. AkoloujoÔn ta diagr�m-

mata me tic timèc tou pÐnaka 5.2 sto sq ma 5.2 kai tic sqetikèc apodìseic

twn tri¸n anajèsewn an� pedÐo sto sq ma 5.6. To di�gramma twn sqetik¸n

apodìsewn prokÔptei sugkrÐnontac tic timèc twn anajèsewn an� pedÐo me thn

kalÔterh tim  tou pedÐou. Tèloc, paratÐjetai to optikopoihmèno komm�ti twn

apotelesm�twn tou peir�matoc 1. Sto sq ma 5.7 brÐsketai o q�rthc me tic

jèseic twn 3 robots kai twn 100 kìmbwn. Ta robots sumbolÐzontai me ’o’ dia-

foretik¸n qrwm�twn. Oi diadromèc pou sqhmatÐzoun ta robots sÔmfwna me

touc 3 kanìnec tou MiniSum, tou MiniMax kai tou MiniAve faÐnontai sta

sq mata 5.8, 5.9 kai 5.10 antÐstoiqa.
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PÐnakac 5.2: Apotelèsmata 1ou peir�matoc

MiniSum MiniMax MiniAve
SUM 407.64 455.4 501.22
MAX 172.4 156.02 180.62
AVE 84.91 88.43 72.19

Sq ma 5.5: Oi timèc twn tri¸n anajèsewn tou peir�matoc 1 gia ta pedÐa SUM,
MAX kai AVE.

Sq ma 5.6: Oi sqetikèc apodìseic twn tri¸n anajèsewn gia to peÐrama 1.

64



Sq ma 5.7: Oi jèseic twn 100 kìmbwn kai twn 3 robots sto q�rth gia to
peÐrama 1.

Sq ma 5.8: Oi diadromèc twn 3 robots sÔmfwna me to MiniSum kanìna gia
to q�rth tou sq matoc 5.7.
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Sq ma 5.9: Oi diadromèc twn 3 robots sÔmfwna me to MiniMax kanìna gia
to q�rth tou sq matoc 5.7.

Sq ma 5.10: Oi diadromèc twn 3 robots sÔmfwna me to MiniAve kanìna gia
to q�rth tou sq matoc 5.7.
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PeÐrama 2: An�jesh se 4 pr�ktorec

Se autì to peÐrama prostÐjetai èna akìma robot sthn om�da apostol c en¸

o q�rthc kai oi jèseic twn kìmbwn paramènoun ta Ðdia. Autì pou perimènoume

na sumbeÐ eÐnai meÐwsh thc tim c tou mèsou kìstouc epÐskeyhc an� kìmbou

kaj¸c kai meÐwsh thc tim c kìstouc tou mègistou monopatioÔ stic anajèseic

MiniMax kai MiniAve, me tic opoÐec katanèmontai pio omoiìmorfa sta robots

oi apost�seic pou qrei�zetai na dianujoÔn . Gia thn an�jesh MiniSum apo-

kleÐetai na auxhjoÔn oi timèc tou sunolikoÔ kìstouc diadrom¸n thc om�dac

kaj¸c kai tou mèsou kìstouc epÐskeyhc an� kìmbo en¸ to pio pijanì eÐnai

na meiwjoÔn kiìlac. Gia ta upìloipa pedÐa twn anajèsewn den mporoÔme na

k�noume k�poiec ektim seic.

H parousÐash twn apotelesm�twn tou peir�matoc 2 gÐnetai parìmoia me

tou peir�matoc 1. Arqik� dÐnontai oi timèc twn apotelesm�twn, oi opoÐec

brÐskontai ston pÐnaka 5.2, me ta antÐstoiqa diagr�mmata pou faÐnontai sta

sq mata 5.5 kai 5.6. Sth sunèqeia, sta sq mata 5.13, 5.14, 5.15 kai 5.16

apeikonÐzontai o q�rthc kaj¸c kai oi diadromèc pou prokÔptoun sÔmfwna me

touc kanìnec MiniSum, MiniMax kai MiniAve.

Oi timèc twn apotelesm�twn ston pÐnaka 5.2 epalhjeÔoun tic ektim seic

mac. 'Ontwc oi timèc kìstouc monopatioÔ kai mèsou kìstouc epÐskeyhc elat-

t¸nontai stic anajèseic MiniMax kai MiniAve. To Ðdio sumbaÐnei sthn tim 

tou mèsou kìstouc kai gia thn an�jesh MiniSum, k�ti to opoÐo ja mporoÔse

kai na mhn sumbeÐ sthn akraÐa perÐptwsh ìpou h an�jesh kìmbwn sto epi-

prìsjeto robot aux�nei thn tim  tou sunolikoÔ kìstouc an�jeshc. EpÐshc

elatt¸netai kai h tim  tou sunolikoÔ ajroÐsmatoc twn epimèrouc kost¸n twn

monopati¸n en¸ aux�netai h tim  tou mègistou monopatioÔ thc an�jeshc Mi-

niSum, to opoÐo shmaÐnei ìti to megalÔtero monop�ti sqhmatÐzetai apì ton

epiprìsjeto kìmbo.
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PÐnakac 5.3: Apotelèsmata 2ou peir�matoc

MiniSum MiniMax MiniAve
SUM 379.19 420.87 504.11
MAX 198.3 125.78 136.02
AVE 67.12 62.01 50.03

Sq ma 5.11: Oi timèc twn tri¸n anajèsewn tou peir�matoc 2 gia ta pedÐa
SUM, MAX kai AVE.

Sq ma 5.12: Oi sqetikèc apodìseic twn tri¸n anajèsewn gia to peÐrama 2.
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Sq ma 5.13: Oi jèseic twn 100 kìmbwn kai twn 4 robots sto q�rth gia to
peÐrama 2.

Sq ma 5.14: Oi diadromèc twn 4 robots sÔmfwna me to MiniSum kanìna gia
to q�rth tou sq matoc 5.13.
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Sq ma 5.15: Oi diadromèc twn 4 robots sÔmfwna me to MiniMax kanìna gia
to q�rth tou sq matoc 5.13.

Sq ma 5.16: Oi diadromèc twn 4 robots sÔmfwna me to MiniAve kanìna gia
to q�rth tou sq matoc 5.13.
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5.1.2 An�jesh 500 kìmbwn

Se aut  thn perÐptwsh up�rqei ènac q�rthc diast�sewn 300x300 o opoÐoc

diathreÐ plhroforÐa gia tic jèseic twn robots kai gia tic jèseic twn 500 kìm-

bwn. Pr¸ta parousi�zontai oi anajèseic twn kìmbwn gia ta 3 robots kai sth

sunèqeia gia ta 4 robots.

PeÐrama 3: An�jesh se 3 pr�ktorec

ExaitÐac tou nèou q�rth me touc 500 kìmbouc oi timèc twn pin�kwn 5.4 kai 5.5

anamènetai na auxhjoÔn se sqèsh me touc 5.2 kai 5.3 afoÔ aux�netai o arijmìc

twn kìmbwn kai oi apost�seic megal¸noun lìgw tou megalÔterou megèjouc

tou q�rth.

Oi anajèseic MiniSum, MiniMax kai MiniAve pragmatopoioÔn to kalÔ-

tero apotèlesma sta antÐstoiqa pedÐa ìpwc sunhjÐzetai. Parìla aut� sta

diagr�mmata twn sqhm�twn 5.17 kai 5.18 parathreÐtai mÐa polÔ qamhl  apo-

dotikìthta thc an�jeshc MiniSum se sÔgkrish me tic �llec dÔo sta pedÐa

MAX kai AVE qwrÐc oi anajèseic MiniMax kai MiniAve na parousi�zoun to

Ðdio qamhl  apìdosh sto pedÐo SUM. EpÐshc axÐzei na shmeiwjeÐ h polÔ uyhl 

apìdosh pou emfanÐzei h MiniMax an�jesh kai sta �lla dÔo pedÐa kai kurÐwc

sto AVE gia autì ton q�rth kai thn an�lhyh twn 500 kìmbwn apì 3 robot.O

q�rthc kai oi diadromèc twn robots gia tic anajèseic MiniSum, MiniMax kai

MiniAve apeikonÐzontai sta sq mata 5.19, 5.20, 5.21 kai 5.22 antÐstoiqa.
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PÐnakac 5.4: Apotelèsmata 3ou peir�matoc

MiniSum MiniMax MiniAve
SUM 5740.2 5832.02 6813.12
MAX 4144.01 1961.43 2376.83
AVE 1522.98 961.1 956.26

Sq ma 5.17: Oi timèc twn tri¸n anajèsewn tou peir�matoc 3 gia ta pedÐa
SUM, MAX kai AVE.

Sq ma 5.18: Oi sqetikèc apodìseic twn tri¸n anajèsewn gia to peÐrama 3.
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Sq ma 5.19: Oi jèseic twn 500 kìmbwn kai twn 3 robots sto q�rth gia to
peÐrama 3.

Sq ma 5.20: Oi diadromèc twn 3 robots sÔmfwna me to MiniSum kanìna gia
to q�rth tou sq matoc 5.19.
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Sq ma 5.21: Oi diadromèc twn 3 robots sÔmfwna me to MiniMax kanìna gia
to q�rth tou sq matoc 5.19.

Sq ma 5.22: Oi diadromèc twn 3 robots sÔmfwna me to MiniAve kanìna gia
to q�rth tou sq matoc 5.19.
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PeÐrama 4: An�jesh se 4 pr�ktorec

'Opwc kai sto peÐrama 2, anamènetai na meiwjoÔn oi timèc twn pedÐwn MAX

kai AVE gia tic anajèseic MiniMax kai MiniAve se sÔgkrish me tic timèc tou

peir�matoc 3 exaitÐac thc prosj khc enìc akìma robot sthn om�da aposto-

l c. H meÐwsh aut  ìntwc parathreÐtai sta dedomèna tou pÐnaka 5.5. EpÐshc

blèpoume ìti gia thn an�jesh MiniSum h tim  tou pedÐou MAX den all�zei

me thn prosj kh enìc epiplèon robot. SumperaÐnoume loipìn ìti to robot me

to monop�ti mègistou kìstouc diathreÐ thn Ðdia an�jesh kai ètsi to nèo robot

anèlabe kìmbouc apì tic diadromèc twn �llwn 2 robots diathr¸ntac ètsi thn

tim  tou mèsou kìstouc epÐskeyhc an� kìmbo se uyhl� epÐpeda.

Ston pÐnaka 5.5 kaj¸c kai sta diagr�mmata twn sqhm�twn 5.23 kai 5.24

parathroÔme èna axioshmeÐwto gegonìc ìpou h an�jesh MiniAve parousi�zei

to kalÔtero apotèlesma kai thn kalÔterh apìdosh sto pedÐo MAX. Autì sum-

baÐnei diìti o algìrijmoc sqhmatismoÔ twn monopati¸n den dÐnei thn bèltisth

lÔsh all� h lÔsh pou dÐnei kumaÐnetai mèsa se k�poia perioq  posostoÔ thc

bèltisthc. Sthn dhmosÐeush [1], sthn opoÐa basÐzetai o algìrijmoc an�ptu-

xhc twn monopati¸n twn robots, up�rqei ènac pÐnakac me ta ìria thc perioq c

sthn opoÐa mporeÐ na brÐsketai h lÔsh pou dÐnei o algìrijmoc. SÔmfwna me

autì ton pÐnaka eÐnai pijanì èna eÐdoc an�jeshc na d¸sei kalÔterh lÔsh apì

k�poio �llo sto pedÐo pou h deÔterh epidi¸kei na elaqistopoi sei.
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PÐnakac 5.5: Apotelèsmata 4ou peir�matoc

MiniSum MiniMax MiniAve
SUM 5722.83 6044.01 6050.99
MAX 4144.01 1545.67 1519.39
AVE 1466.42 708.35 647.44

Sq ma 5.23: Oi timèc twn tri¸n anajèsewn tou peir�matoc 4 gia ta pedÐa
SUM, MAX kai AVE.

Sq ma 5.24: Oi sqetikèc apodìseic twn tri¸n anajèsewn gia to peÐrama 4.
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Sq ma 5.25: Oi jèseic twn 500 kìmbwn kai twn 4 robots sto q�rth gia to
peÐrama 4.

Sq ma 5.26: Oi diadromèc twn 4 robots sÔmfwna me to MiniSum kanìna gia
to q�rth tou sq matoc 5.25.
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Sq ma 5.27: Oi diadromèc twn 4 robots sÔmfwna me to MiniMax kanìna gia
to q�rth tou sq matoc 5.25.

Sq ma 5.28: Oi diadromèc twn 4 robots sÔmfwna me to MiniAve kanìna gia
to q�rth tou sq matoc 5.25.
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5.1.3 An�jesh 1000 kìmbwn

O teleutaÐoc q�rthc eÐnai diast�sewn 500x500 kai diathreÐ plhroforÐa gia tic

jèseic twn robots kai gia tic jèseic twn 1000 kìmbwn. Sto pr¸to mèroc tou

senarÐou, to opoÐo apoteleÐ to peÐrama 5, thn prospèlash twn 1000 kìmbwn

analamb�noun ta 3 robots kai sto deÔtero mèroc h an�jesh twn kìmbwn gÐnetai

se 4 robots.

PeÐrama 5: An�jesh se 3 pr�ktorec

Se autì to peÐrama oi timèc twn apotelesm�twn tou pÐnaka 5.6 eÐnai arket�

megalÔterec apì tic antÐstoiqec tou peir�matoc 3 ston pÐnaka 5.4 afoÔ to

mègejoc tou q�rth aux jhke kai to pl joc twn kìmbwn diplasi�sthke en¸ o

arijmìc twn robots parèmeine o Ðdioc.

Oi timèc twn apotelesm�twn ston pÐnaka 5.6 kai sto di�gramma tou sq -

matoc 5.29 ja mporoÔsan na qarakthristoÔn san fusiologikèc afoÔ to k�je

eÐdoc an�jeshc dÐnei thn kalÔterh lÔsh sto pedÐo tou. Sto di�gramma tou

sq matoc 5.29 parathroÔme ìti h MiniMax an�jesh èqei p�ra polÔ kal  apì-

dosh se ìla ta pedÐa ìpwc kai sto peÐrama 3.

O q�rthc kai oi diadromèc twn robots gia tic anajèseic MiniSum, MiniMax

kai MiniAve apeikonÐzontai sta sq mata 5.31, 5.32, 5.33 kai 5.34 antÐstoiqa.

Sto sq ma 5.32 ìpou apeikonÐzetai h an�jesh MiniMax to rombot pou pa-

rist�netai me to pr�sino kukl�ki faÐnetai na k�nei polÔ meg�lh diadrom  gia

na episkefjeÐ k�poiouc kìmbouc, oi opoÐoi faÐnetai na eÐnai sthn perioq  tou

mple kai tou kìkkinou robot.
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PÐnakac 5.6: Apotelèsmata 5ou peir�matoc

MiniSum MiniMax MiniAve
SUM 13504.77 13664.29 15011.79
MAX 6684.69 4623.54 5326.54
AVE 2555.27 2299.15 2254.87

Sq ma 5.29: Oi timèc twn tri¸n anajèsewn tou peir�matoc 5 gia ta pedÐa
SUM, MAX kai AVE.

Sq ma 5.30: Oi sqetikèc apodìseic twn tri¸n anajèsewn gia to peÐrama 5.
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Sq ma 5.31: Oi jèseic twn 1000 kìmbwn kai twn 3 robots sto q�rth gia to
peÐrama 5.

Sq ma 5.32: Oi diadromèc twn 3 robots sÔmfwna me to MiniSum kanìna gia
to q�rth tou sq matoc 5.31.
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Sq ma 5.33: Oi diadromèc twn 3 robots sÔmfwna me to MiniMax kanìna gia
to q�rth tou sq matoc 5.31.

Sq ma 5.34: Oi diadromèc twn 3 robots sÔmfwna me to MiniAve kanìna gia
to q�rth tou sq matoc 5.31.
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H par�doxh aut  diadrom  tou pr�sinou robot sumbaÐnei giatÐ to team

objective eÐnai h elaqistopoÐhsh tou mègistou monopatioÔ, pou èqei wc apotè-

lesma thn isokatanom  twn apost�sewn pou prèpei na dianujoÔn, qwrÐc ìmwc

ta robots na brÐskontai se arket� makrunèc apost�seic ¸ste na èqoun safeÐc

perioqèc dr�shc. Sthn arq  an�ptuxhc twn monopati¸n touc, to mple kai to

kìkkino robot analamb�noun kìmbouc sqetik� kont� sth diadrom  tou pr�si-

nou, touc opoÐouc kìmbouc ja mporoÔse na eÐqe anal�bei autì apofeÔgontac

thn meg�lh diadrom  apì th mÐa �krh tou q�rth sthn �llh. 'Otan proc to

tèloc thc dhmoprasÐac apomènoun oi apomakrusmènoi apì to pr�sino robot

kìmboi, to mple kai to kìkkino èqoun  dh diamorf¸sei megalÔtera monop�tia

apì to pr�sino ki ètsi to pr�sino analamb�nei thn prospèlas  touc.

PeÐrama 6: An�jesh se 4 pr�ktorec

Parathr¸ntac ton pÐnaka 5.7 kai to sq ma 5.35 blèpoume ìti me thn prosj kh

enìc akìma robot sthn om�da apostol c, oi timèc twn pedÐwn Max kai Ave

elatt¸nontai gia tic anajèseic MiniMax kai MiniAve ìpwc kai sta proh-

goÔmena peir�mata. EpÐshc oi timèc twn pedÐwn aut¸n elatt¸nontai aisjht�

kai gia thn an�jesh MiniSum. MporoÔme na sumper�noume ìti to nèo robot

analamb�nei mèroc thc megalÔterhc diadrom c tou peir�matoc 5 gia thn Mini-

Sum an�jesh. H upìjes  mac aut  epibebai¸netai sto sq ma 5.38, sto opoÐo

apeikonÐzetai h MiniSum an�jesh.

Oi sqetikèc apodìseic twn tri¸n anajèsewn brÐskontai sto di�gramma tou

sq matoc 5.36. O q�rthc tou peir�matoc brÐsketai sto sq ma 5.25 kai ako-

loujoÔn ta sq mata 5.39 kai 5.40 ìpou apeikonÐzontai oi anajèseic MiniMax

kai MiniAve antÐstoiqa.
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PÐnakac 5.7: Apotelèsmata 6ou peir�matoc

MiniSum MiniMax MiniAve
SUM 13238.97 13670.99 15439.78
MAX 4422.2 3549.81 4066.56
AVE 1800.04 1751.2 1666.79

Sq ma 5.35: Oi timèc twn tri¸n anajèsewn tou peir�matoc 6 gia ta pedÐa
SUM, MAX kai AVE.

Sq ma 5.36: Oi sqetikèc apodìseic twn tri¸n anajèsewn gia to peÐrama 6.
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Sq ma 5.37: Oi jèseic twn 1000 kìmbwn kai twn 4 robots sto q�rth gia to
peÐrama 6.

Sq ma 5.38: Oi diadromèc twn 4 robots sÔmfwna me to MiniSum kanìna gia
to q�rth tou sq matoc 5.37.
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Sq ma 5.39: Oi diadromèc twn 4 robots sÔmfwna me to MiniMax kanìna gia
to q�rth tou sq matoc 5.37.

Sq ma 5.40: Oi diadromèc twn 4 robots sÔmfwna me to MiniAve kanìna gia
to q�rth tou sq matoc 5.37.
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ParathroÔme ìti stic anajèseic MiniMax kai MiniAve lìgw thc isokata-

nom c tou fìrtou, den eÐnai sp�nio to fainìmeno twn allhloepikalÔyewn twn

diadrom¸n twn robots. AntÐjeta, sth MiniSum an�jesh den sumbaÐnei autì

to fainìmeno afoÔ k�poio robot pou ja episkefjeÐ èna   perissìterouc kìm-

bouc sthn perioq  �llou robot ja aux sei perissìtero to sunolikì kìstoc

se sqèsh me to robot thc perioq c.

SunoyÐzontac, o stìqoc twn peiram�twn thc enìthtac 5.1  tan to ka-

tanemhmèno software framework thc ulopoÐhs c mac na èdine tic lÔseic kai

ta apotelèsmata pou problèpontai apì ton algìrijmo dhmoprasÐac thc dh-

mosÐeushc [1]. Ta apotelèsmata twn peiram�twn pr�gmati sumfwnoÔn me ta

problepìmena tou algorÐjmou apodeiknÔontac ètsi thn isqÔ twn pleonekthm�-

twn tou algorÐjmou perÐ ikanopoihtik¸n lÔsewn gia meg�lo arijmì kìmbwn se

polupraktorik� sÔsthmata, ìpou oi algìrijmoi bèltistwn lÔsewn usteroÔn

lìgw meg�lhc upologistik c poluplokìthtac.

5.2 Computer File Sharing

Sthn perÐptwsh thc metafor�c arqeÐwn metaxÔ upologist¸n se dÐktuo prag-

matopoi jhkan trÐa peir�mata. Ta sen�ria twn peiram�twn kalÔptoun to me-

galÔtero eÔroc twn pijan¸n sunjhk¸n pou mporeÐ na sunant sei ènac upolo-

gist c kat� thn pragmatopoÐhsh dhmoprasÐac gia an�lhyh arqeÐwn. Se ìla

ta peir�mata, o upologist c pou pragmatopoieÐ mÐa dhmoprasÐa stèlnei mÐa lÐ-

sta me ta onìmata twn arqeÐwn pou qrei�zetai. H parousÐash twn peiram�twn

apoteleÐtai apì dÔo mèrh, prin thn ènarxh thc dhmoprasÐac kai met� thn olo-

kl rws  thc. Sto pr¸to mèroc dÐnetai h lÐsta me ta aitoÔmena gia metafor�

arqeÐa kaj¸c kai ta perieqìmena arqeÐa sta apojhkeutik� mèsa twn upologi-

st¸n pou summetèqoun sth dhmoprasÐa. EpÐshc gia k�je bidder dÐnetai kai h

tim  tou latency thc gramm c metaxÔ autoÔ kai tou auctioneer. Sto deÔtero
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mèroc brÐsketai h an�jesh twn arqeÐwn me touc qrìnouc metafor�c touc.

Prin thn parousÐash twn apotelesm�twn na upenjumÐsoume ston anagn¸-

sth ìti se mÐa dhmoprasÐa dÐnetai proteraiìthta gia metafor� sta mikroÔ

megèjouc arqeÐa diìti ètsi elaqistopoieÐtai o mèsoc qrìnoc met�doshc arqeÐ-

ou. MetaxÔ dÔo   perissotèrwn dhmoprasi¸n den isqÔei aut  h proteraiìthta,

dhlad  den prìkeitai na prosperasteÐ èna meg�lo arqeÐo pou èqei programma-

tisteÐ gia metafor� apì mikrìtera arqeÐa epìmenhc dhmoprasÐac.

5.2.1 PeÐrama A

Sto sen�rio tou peir�matoc A to dÐktuo apoteleÐtai apì touc upologistèc

PC1, PC2, PC3 kai PC4. O PC4 sundèetai stouc �llouc treic kai touc

stèlnei mÐa lÐsta zht¸ntac na tou metaferjoÔn ta arqeÐa pou perièqontai se

aut . Ston pÐnaka 5.8 brÐskontai ta stoiqeÐa tou peir�matoc prin thn ènarxh

thc dhmoprasÐac kai ston pÐnaka 5.9 oi timèc tou latency metaxÔ twn bidders

kai tou PC4. Oi upologistèc stouc opoÐouc anatèjhkan ta arqeÐa kaj¸c kai

oi qrìnoi metafor�c touc brÐskontai ston pÐnaka 5.10. Se autì to par�deigma

exet�zetai h perÐptwsh sthn opoÐa oi upologistèc den èqoun k�poia arqeÐa

proc met�dosh pou na ephrre�zoun ton upologismì twn bids touc.

PÐnakac 5.8: Ta stoiqeÐa thc dhmoprasÐac tou peir�matoc A

Auctioneer LÐsta ArqeÐwn Mègejoc ArqeÐou PC1 PC2 PC3

file1 480 KBytes file1 file3 file1
file2 40 MBytes file6 file4 file2
file3 2 MBytes file8 file6 file9
file4 4 Mbytes file7 file8 file7

PC4 file5 29 MBytes file5 file7
file6 4 MBytes file5
file7 2 MBytes
file8 52 MBytes
file9 23 MBytes
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PÐnakac 5.9: Oi timèc latency sto peÐrama A

latency PC1 PC2 PC3

PC4 0.106 0.118 0.105

PÐnakac 5.10: An�jesh arqeÐwn kai qrìnoi metafor�c touc sto peÐrama A

Assigned files Transmission time
file7 00 : 02 : 484 sec

PC1 file6 00 : 03 : 825 sec
file5 00 : 11 : 214 sec
file3 00 : 02 : 230 sec

PC2 file4 00 : 03 : 421 sec
file8 00 : 15 : 780 sec
file1 00 : 02 : 537 sec

PC3 file9 00 : 09 : 138 sec
file2 00 : 16 : 965 sec

Oi timèc tou latency eÐnai parapl siec gia touc treic upologistèc opìte

den parousi�zetai to fainìmeno uperfìrtwshc k�poiou bidder lìgw taqÔte-

rhc gramm c sÔndeshc me ton auctioneer. Ston pÐnaka 5.10 parathreÐtai mÐa

omoiìmorfh katanom  twn arqeÐwn stouc bidders pou ofeÐletai kurÐwc stic

parapl siec timèc latency. O PC3 analamb�nei to arqeÐo file1 kai dÔo meg�-

lou megèjouc arqeÐa, ta file9 kai file2, ta opoÐa mìno autìc diajètei kai mporeÐ

na metad¸sei. Oi PC1 kai PC2 perièqoun arket� koin� arqeÐa me apotèlesma

na antagwnÐzontai gia thn an�lhy  touc kat� thn di�rkeia thc dhmoprasÐac.

Telik�, oi PC1 kai PC2 analamb�noun dÔo arqeÐa mikroÔ megèjouc kai èna

arqeÐo meg�lou megèjouc o kajènac.
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5.2.2 PeÐrama B

Sto peÐrama autì to dÐktuo apoteleÐtai apì 6 upologistèc, touc PC1, PC2,

PC3, PC4, PC5 kai PC6. Oi PC5 kai PC6 qrei�zontai k�poia arqeÐa kai

epomènwc leitourgoÔn wc auctioneers en¸ oi �lloi tèsseric eÐnai oi bidders

twn dhmoprasi¸n aut¸n. Oi PC5 kai PC6 den perièqoun k�poia arqeÐa kai

�ra ousiastik� den summetèqei o ènac sth dhmoprasÐa tou �llou san bid-

der. Oi dÔo autoÐ upologistèc pragmatopoioÔn mÐa dhmoprasÐa èkastoc gia

na apokt soun ta arqeÐa pou qrei�zontai. Oi ait seic touc lamb�noun q¸ra

me mikr  qronik  diafor� me ton PC5 na prohgeÐtai. AfoÔ oloklhrwjeÐ h

dhmoprasÐa tou PC5, xekin�ei h pragmatopoÐhsh thc dhmoprasÐac tou PC6. H

an�jesh twn arqeÐwn apì th dhmoprasÐa tou PC5 ja ephrre�sei thn an�jesh

twn arqeÐwn tou PC6 afoÔ oi upologistèc èqoun na sunektim soun ton qrìno

met�doshc twn arqeÐwn tou PC5 ston upologismì twn bids. Stouc pÐnakec

5.11 kai 5.12 brÐskontai ta stoiqeÐa tou peir�matoc kai oi timèc latency prin

thn ènarxh thc dhmoprasÐac kai ston pÐnaka 5.13 perièqontai oi anajèseic twn

arqeÐwn me touc qrìnouc met�doshc.
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PÐnakac 5.11: Ta stoiqeÐa thc dhmoprasÐac tou peir�matoc B

Auctioneer LÐsta ArqeÐwn Mègejoc ArqeÐou PC1 PC2 PC3 PC4

file10 2 Mbytes file1 file3 file1 file5
file11 7 MBytes file5 file4 file2 file8
file12 4 Mbytes file6 file5 file9 file12

PC5 file13 17 Mbytes file7 file6 file13 file13
file14 18 MBytes file8 file8 file14 file15
file15 1 MBytes file10 file12 file15 file16
file16 91 MBytes file11
file1 480 KBytes file16
file2 40 MBytes
file3 2 MBytes
file4 4 Mbytes

PC6 file5 29 MBytes
file6 4 MBytes
file7 2 MBytes
file8 52 MBytes
file9 23 MBytes

PÐnakac 5.12: Oi timèc latency sto peÐrama B

latency PC1 PC2 PC3 PC4

PC5 1.334 0.123 0.872 0.113
PC6 2.274 0.115 2.538 0.128

Se autì to peÐrama thn telik  an�jesh ephrre�zoun dÔo par�gontec, h

meg�lh diafor� twn tim¸n tou latency an�mesa stouc 4 bidders kaj¸c kai

ta arqeÐa pou analamb�noun oi upologistèc sthn pr¸th dhmoprasÐa. Sthn

pr¸th dhmoprasÐa, mìno gia ta arqeÐa file13 kai file15 up�rqoun perissìteroi

tou enìc upoy fioi upologistèc gia na ta metad¸soun. Ta arqeÐa aut� ta

analamb�nei o PC4 lìgw qamhlìterou latency apì ton PC3. Sth deÔterh

dhmoprasÐa o PC4 èqei arket� meg�lo ìgko arqeÐwn proc met�dosh kai gia

autì to lìgo den analamb�nei thn metafor� k�poiou arqeÐou. O PC2 me mikr 
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PÐnakac 5.13: An�jesh arqeÐwn kai qrìnoi metafor�c touc sto peÐrama B

Assigned files Transmission time
file10 00 : 02 : 228 sec

PC1 file11 00 : 03 : 453 sec
file7 00 : 04 : 631 sec
file12 00 : 03 : 217 sec
file3 00 : 05 : 117 sec

PC2 file4 00 : 07 : 975 sec
file6 00 : 10 : 741 sec
file5 00 : 15 : 888 sec
file8 00 : 23 : 913 sec
file14 00 : 03 : 670 sec

PC3 file1 00 : 05 : 516 sec
file9 00 : 10 : 590 sec
file2 00 : 17 : 077 sec
file15 00 : 02 : 532 sec

PC4 file13 00 : 06 : 227 sec
file16 00 : 14 : 953 sec

tim  latency kai mikrì ìgko arqeÐwn proc met�dosh analamb�nei ìla ta arqeÐa

pou perièqei sto dÐsko tou. Oi PC1 kai PC3 èqoun polÔ meg�lh tim  latency

kai epomènwc analamb�noun ta arqeÐa pou diathroÔn mìno autoÐ.

5.2.3 PeÐrama G

Sto teleutaÐo peÐrama to dÐktuo apoteleÐtai apo touc upologistèc PC1, PC2,

PC3, PC4, PC5 kai PC6. Se autì to peÐrama pragmatopoioÔntai 3 dhmopra-

sÐec sunolik�. Arqik� o PC1 pragmatopoieÐ mÐa dhmoprasÐa sthn opoÐa zht�ei

k�poia arqeÐa. AfoÔ oloklhrwjeÐ h metafor� twn arqeÐwn aut¸n ston PC1,

lamb�noun q¸ra �llec dÔo dhmoprasÐec apì ton PC5 kai PC6. Sth lÐsta

twn arqeÐwn pou zht�ei o PC6 perièqontai kai ta arqeÐa pou èlabe o PC1.

Sto peÐrama autì exet�zetai h antÐdrash tou sust matoc se ananèwsh dedo-

mènwn ìpou ènac arqik� den diathroÔse k�poia arqeÐa kai sth sunèqeia afoÔ
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ta l�bei, k�nei prosfor� gia na anal�bei thn met�dos  touc.

Ston pÐnaka 5.14 dÐnontai ta stoiqeÐa tou peir�matoc kai ston pÐnaka 5.15

oi timèc latency. Ston pÐnaka 5.14, sthn st lh tou PC4 pou perièqontai ta

arqeÐa

PÐnakac 5.14: Ta stoiqeÐa thc dhmoprasÐac tou peir�matoc G

Auctioneer LÐsta ArqeÐwn Mègejoc ArqeÐou PC1 PC2 PC3 PC4

file1 480 Kbytes file1 file3 file1 file5
PC4 file2 40 MBytes file5 file4 file2 file8

file14 18 Mbytes file6 file5 file9 file12
file10 2 Mbytes file7 file6 file13 file13
file11 7 MBytes file8 file8 file14 file15
file12 4 Mbytes file10 file12 file15 file16

PC5 file13 17 Mbytes file11 file13
file14 18 MBytes file12
file15 1 MBytes file14
file16 91 MBytes file16
file1 480 KBytes file1
file2 40 MBytes file2
file3 2 MBytes file14
file4 4 Mbytes

PC6 file5 29 MBytes
file6 4 MBytes
file7 2 MBytes
file8 52 MBytes
file9 23 MBytes

PÐnakac 5.15: Oi timèc latency sto peÐrama G

latency PC1 PC2 PC3 PC4

PC4 1.007 0.121 1.317
PC5 0.109 0.116 0.103 1.535
PC6 1.59 0.123 1.472 0.939
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PÐnakac 5.16: An�jesh arqeÐwn kai qrìnoi metafor�c touc sto peÐrama G

Assigned files Transmission time
file1 00 : 01 : 102 sec
file14 00 : 05 : 214 sec
file10 00 : 02 : 496 sec

PC1 file11 00 : 04 : 645 sec
file14 00 : 07 : 870 sec
file16 00 : 16 : 653 sec
file7 00 : 19 : 080 sec
file12 00 : 02 : 833 sec
file3 00 : 04 : 660 sec

PC2 file4 00 : 06 : 819 sec
file6 00 : 09 : 587 sec
file5 00 : 16 : 270 sec
file8 00 : 22 : 893 sec
file2 00 : 06 : 229 sec

PC3 file15 00 : 01 : 854 sec
file13 00 : 05 : 811 sec
file9 00 : 11 : 140 sec
file1 00 : 01 : 795 sec

PC4 file2 00 : 10 : 278 sec

Ston pÐnaka 5.14 ta arqeÐa file1, file2 kai file14 akoloujoÔn k�poiec kenèc

jèseic sthn st lh tou PC4 gia na faneÐ ìti den perièqontan arqik� ston PC4.

Sthn deÔterh qronologik� dhmoprasÐa, sthn opoÐa auctioneer eÐnai o PC5, oi

upologistèc den èqoun k�poia arqeÐa na metad¸soun opìte den ephrre�zontai

apì k�poio fìrto metafor�c. O PC4 den analamb�nei na metafèrei k�poio

arqeÐo proc ton PC5 exaitÐac thc polÔ megalÔterhc tim c tou latency sugkri-

tik� me twn �llwn tri¸n. Sthn teleutaÐa dhmoprasÐa oi PC1 kai PC3 èqontac

meg�lh tim  latency kai fìrto metafor�c, analamb�noun mìno ta arqeÐa pou

perièqoun apokleistik� autoÐ. O PC4 analamb�nei ta arqeÐa file1 kai file2, ta

opoÐa den diathroÔse sthn arq  tou peir�matoc, afoÔ oi PC1 kai PC3 èqoun

megalÔtero fìrto kai latency apì autìn. O PC2 analamb�nei na metad¸sei

ìla ta arqeÐa pou diathreÐ.
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Kef�laio 6

Sumper�smata

6.1 AnakefalaÐwsh kai Sumper�smata

H qr sh dhmoprasi¸n apoteleÐ mÐa apì tic pio diadedomènec kai apotelesma-

tikèc mejìdouc gia ton suntonismì om�dwn apoteloÔmenwn apì pr�ktorec. O

skopìc thc diplwmatik c ergasÐac aut c  tan h ulopoÐhsh enìc poluprakto-

rikoÔ sust matoc ikanoÔ na oloklhr¸sei me thn qr sh dhmoprasi¸n ìpoia

apostol  tou anatejeÐ. Ta kÔria zhtoÔmena kat� ton sqediasmì tou sust -

matoc  tan h anjektikìthta kai axiopistÐa tou sust matoc ìson afor� thn

epÐteuxh thc apostol c kai h genikìthta kai euelixÐa tou ìson afor� thn

qrhsimopoÐhs  tou se di�forec efarmogèc.

Gia na exakribwjeÐ to kat� pìso to montèlo tou sust matìc mac ikano-

poioÔse tic parap�nw apait seic, to sÔsthma dokim�sthke se dÔo diaforetikèc

efarmogèc. Me ton trìpo upologismoÔ twn bids na exart�tai apì thn k�je

efarmog  all� ton pur na kai thn leitourgÐa tou sust matoc na paramènoun

Ðdia apodeiknÔetai h genikìthta kai h euelixÐa tou sust matoc.

H anjektikìthta kai h axiopistÐa tou sust matoc apodeiknÔetai mèsa apì

thn qr sh tou se arket� kai diaforetik� sen�ria. H sÔstash thc om�dac twn
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praktìrwn kaj¸c kai o auctioneer thc ek�stote dhmoprasÐac dièferan gia

k�je apostol , epalhjeÔontac thn anexarthsÐa thc om�dac apì k�poion sug-

kekrimèno kentrikì pr�ktora. EpÐshc, to sÔsthma dokim�sthke sthn diaqeÐ-

rish pollapl¸n ait sewn dhmoprasi¸n kai en suneqeÐa sthn pragmatopoÐhs 

touc. Se ìlec tic peript¸seic ta apotelèsmata kai oi lÔseic pou dìjhkan apì

to sÔsthma  tan ikanopoihtikèc kai sumfwnoÔsan me tic problepìmenec apì

touc algorÐjmouc dhmoprasÐac.

Oloklhr¸nontac, h duskolÐa ègkeitai sth swst  epilog  thc mejìdou

epÐlushc enìc probl matoc. E�n krijeÐ ìti h katallhlìterh kai apotele-

smatikìterh mèjodoc eÐnai aut  twn dhmoprasi¸n, tìte h apostol  prèpei

na qwristeÐ se ergasÐec tic opoÐec ja anal�boun oi pr�ktorec. Efìson ìla

aut� sumboÔn, to sÔsthma pou ulopoi same mporeÐ na egguhjeÐ thn epituq 

pragmatopoÐhsh twn dhmoprasi¸n kai sunep¸c ton suntonismì thc om�dac twn

praktìrwn.

6.2 Mellontik  ErgasÐa

O suntonismìc twn polupraktorik¸n om�dwn me thn qr sh dhmoprasi¸n apo-

teleÐ sqetik� nèa mèjodo. Epomènwc up�rqoun arket� pedÐa p�nw stic dh-

moprasÐec gia peraitèrw melèth kai ergasÐa. 'Oson afor� thn sugkekrimènh

diplwmatik , h mellontik  melèth pou ja mporoÔse na gÐnei qwrÐzetai se trÐa

komm�tia.

1. Thn ulopoÐhsh perissìterwn efarmog¸n kai senarÐwn. Endeiktik� ja

perigr�youme dÔo pijan� sen�ria pou ja mporoÔsan na prosomoiastoÔn

apì to sÔsthma pou ulopoi same.

• Sto pr¸to sen�rio robots leitourgoÔn wc pr�ktorec, ta opoÐa ana-

lamb�noun na sunarmolog soun mÐa diasthmik  b�sh. H telik 
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morf  pou prèpei na p�rei h b�sh apoteleÐ thn apostol  thc om�-

dac en¸ ta epimèrouc exart mata kai o trìpoc sunarmolìghshc

touc apoteloÔn tic dhmopratoÔmenec ergasÐec.

• Sto deÔtero sen�rio prosomoi�zetai o trìpoc anefodiasmoÔ exe-

reunhtik¸n upobruqÐwn. K�je upobrÔqio pou qrei�zetai anefodia-

smì pragmatopoieÐ mÐa dhmoprasÐa sthn opoÐa summetèqoun wc bid-

ders ploÐa me dexamenèc kausÐmwn. Ta ploÐa upologÐzoun ta bids

touc analìgwc thn apìstash touc apì to upobrÔqio, to zhtoÔmeno

fortÐo kausÐmou kai ton  dh programmatismèno anefodiasmì �llwn

upobruqÐwn.

2. Thn qr sh twn algorÐjmwn pou belti¸noun ta apotelèsmata thc efar-

mog c twn robots. Sthn efarmog  me ton kajorismì twn diadrom¸n twn

robots, mÐa tropopoÐhsh ston trìpo upologismoÔ twn bids twn praktì-

rwn ja beltÐwne ta apotelèsmata twn peiram�twn.

3. Tèloc, h qrhsimopoÐhsh tou sust matoc se alhjin� robots. Met� ton

kajorismì twn diadrom¸n apì thn om�da praktìrwn kai efìson autèc

krÐjhkan ikanopoihtikèc gia di�forouc q�rtec, to epìmeno b ma eÐnai h

an�ptuxh tou sust matoc se alhjin� robots   se autokinoÔmena oq -

mata. Bèbaia h duskolÐa eÐnai polÔ meg�lh afoÔ ta oq mata ja prèpei

na eÐnai efodiasmèna me èna eÐdoc GPS [14] en¸ ja prèpei na eÐnai ikan�

na prosanatolÐzontai ektìc apì to na kajorÐzoun thn jèsh touc sto

q�rth. Tautìqorona ja prèpei na èqei qartografhjeÐ kai ìlh h perioq 

sthn opoÐa kinoÔntai.
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