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1. 'Eotw 6Tt mpénet va Aboete €va mpdfinua avalhtnong oto omolo yvweilete 6Tt ot x6uSol-
otoyoL Beloxovtal 6e YVwotd ex Twv Tpotépwy Bddoc d xat 6Tt dev umdpyouv xouSol ot Badog
ueyalvtepo tou d. Ilow 7 moleg peVddoug Tughnc avalAtnong, and T TEMTA-XATA-TALTOC,
TEOTA-xaTd-Bdvog, emavarnmtiny euPdduvor, eravainmtixy| diedpuvor, dev Yo Yewpoloate ot
xapfa mepintwon urodhpleg i egapuoyt xou yiott; ot uédodo Vo emiéyate, xou yati, av
yvopilate 6t 1) eite undpyet pio uévo hior eite undpyouv TOAEC MICELC OUOLOUOPP XOTAVE-
unuévee oo eninedo Bddouc d 1 ii) undpyouy TOAAEC MIGELC GUYXEVTPWUEVES oTNY (BLol TEptoy N
Tou emnédou Badoug d;

2. X éva yupvdoto, hertoupyoly 2 tufpata o€ xdde Tan, dOnhady undpyouv 6 TUAUATL GUVOAIXA.
To padiuata, mou eivar xadopiouéva yioo xdde tunua, yivovion ent 6 dwaxtixéc wpeg xdie
nuépa, yior 5 Nuépeg TNV efdoudda. Xto yuuvdotlo dddoxel £vag aprdude xalny ey xat elvo
TPOATOPACIOUEVO TOLOL XAUNYTTES B1ddox0ouY Tota pordrjuata o€ mota TuApata. O yuuvaotdeyng
Tou oY ohetou Véhel, eV Oel TNC VEUC OYOMXTC YPOVIAC, Vo XATUPTIOEL TO WPOAGYIO TEOYEOUU
TV PaINUATWY.

(o) Av elvar yvwoto ot xdde xadnyntic xdver udidnua oe éva pévo tuhua, m6co dUoxoho
elvon T0 TpOBANUA Tou EyEL Vo AOGEL 0 YUUVAGLIEYTS;

(B) Av undpyouv xadnyntéc mou xdvouy yadAuata oE TEQIOGHTEPN TOU EVOS TUAUOTA, TO
TEOPBANU elva EUXOROTERO 1 BUGKOAOTERD; ALATUTWOTE To oAy évar TEOBANU avalTnong
oyedidlovtag TP Tou yweou avalATtnong xul mpoteivovtag pla amhy yédodo mou Vo
UTopOLGE, TouldytoTov Yewpntixd, va to hioet. Iloto eivan 1o TAY0Og Twv xOUBwv-QuAAGY
070 YWeo avalhTnong, 1 E0Tw XATOL0 TAVE PEAYUN TOU;

(Y) Av emtponel otoug xadnyntéc vo SnhdoouY xdmolec NUépES xotd TIC omolec dev elvau
otd€atpor vo xdvouy udinua, To TedBANUa elval EUXOAGTERD 1) DUGXOAGTERO;

(8") Av undpyet n utodio 6Tt T0 TEORBANUA el TEplocTERES TN Miag MIOEIC (WPOAOYIOL TPO-
Yedppota), tdavoy v eivon TpoTdTERN EXENVT TOU TPOCYEREL TO TEQLOGHTERO CUUTUXV-
uévo mpdypauuo otoug xadnyntéc. Ilog Yo énpene va oplolel, xatd ) yvoun cog, o
Badudg cuunixvewong evog wpohoyiou Teoyeduuatog xor Twg Yo HTay duvatov va Peee
10 xaA0TERO am’ AVTE;

(') Av o yuuvaotdpyne VeAAoEL VoL dUTOUATOTOMOEL TN SdIXUoiol XU TAOXEUTS TOU wpohoYiou
TEOYEAUUNTOC UECW UTOAOYLOTH, TIOTEVETE 0Tt Yot apxoloe va avadécel Tny epyacion auTh
o’ €val TOAD xOAG TEOYQAUUATIOTH 1) GE XATOOV EWOWXO TNG TEYVYNTAS VONOGUVNG (Tou va
elvon BéPanor xat xahGG TPOYRUUUATIOTAS) Xou YLaTi;

3. Omolodrimote mpoBhnua avalitnong unopel va avtiuetomiodel dtatpéyovtag éva yweo avalhTn-
org otov onolo o mapdyovtag daxhddwong b dev elvon ToTé pueyalitepog tou 2. E&nyriote nwg
umopel vau Yivel autd xat oyYeddoTe Tov avtioTolyo yweo avalAtnong yio Eva TeoBATud Tov, UE
ToV xAotxd 1p6To Tou NO1 Yvwpllete, Yo elye Eva ywpeo avalitnong o onolog Yo ¥tay BEVTEO
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Bddouc d = 2 xa otadepol mapdyovta dlaxAddwone b = 3. Tloto eivan to yéyioto Bddog Tou
véou ywpou avalhtnone (cuvapthoer Twv d xou b); Av untodécouye bt To TEGBANUA 61O OTolo
AVAPEROUAGTE DEV €yEl AOOT], OTOTE Yial Vo To amodelfouue autd Vo TpéREL vor BlaTeECoUE OO
T0 YWeo avalATNong, xat £6Tw OTL AUTO T0 XAVOUUE e o TpdTa-xatd-Bdtog pédodo, utolo-
yiote T anatioel uvAune xar ypdvou tne véac mpooéyylong (eniong ouvapthoel twv d xou
b) xon ouyxpiveté TIc pe TIC avtioTolyec TS XhAOIXAC TEOGEYYIONC. LNUEWWOTE OTL O YWPOC
avaltnong evég mpoPifuatog avalAtnong dev eivar TOTE YVWOoTOC EX TWY TROTEPWY. ATAGG,
x0T TN Braduasia egapuoyhc plag pedddou avalitnorng, oc xdlde @don tng, eival YvwoTd é-
VoL TUAUO TOU Y®eou avalhTnong (umocVOLO TwWV xOUBwv TOU) TOU TpdxerTon var e€gpeuvniel.
YUVETWGS, 1) OWOTY ATAYTNCT GTNY ERYAC{o AT OEV CUVICTATAL GTNY EPUPUOYY| EVOS UETACY Y-
uottopol tuyatou 8€vipou o Buadixd BEVTEO, Ylol TOV ATA0UCTATO AGYO OTL TOTE BEV €)OUUE
otn Sudeoy| pag Tov TATEY yweo avalitnong evég Teofifuatos. Autd mou {ntdel 1 epyaocia
etvan ot enePBdoelg mou mpénel va yivouv oty dradixacia avaliTnorng HoTe o yweog avalATnong
TOU OTOLOVOATOTE TEOPBAAUATOS VoL XAUTAAYEL TEMXS VoL UV EYEL TOTE TUPAYOVTA OLUXALDWOTS
ueyohOTEQO TOL 2.
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3.

Trdpyer pla uédodoc euptotxiic avalhmmone, tou Aéyetar avaltnon déounc (beam search),
oty onofa 1 e€epelivnor Tou yWeou avalhTnong Yivetar xotd enineda (6mwg, onAadt, ot uévo-
50 mpoTa-xatd-tAdtoc). H OLapopd TN UEVHOOL AUTAG UE TNV TEWTA-XATY-TALTOS EYXELITAL OTO
oTL og xdle eninedo eMAEYOVTOL VIO TEQUTEPW AVATTUEN UOVO Ol k xaAUTEPOL x6uBoL Ghou Tou
eTTEDOV, OUUQWVA UE xdmota BedoUEVT) euptoTixy| cuvdptnor. Iloteg efvar ot anouthoel uvAung
X0l YEOVOL TN UEVOOOU aUTAC; LYOMACTE 6,TL dAL0 Vewpeite OTL umopel var €yel EVOLUQEQOV.
Hota elvan 1) ehdiyiotn Tiun Tou k Yo Ty omola 670 Tapaxdtw d€vTeo avalhtnong n wédodog Yo
Beet Tov xéuPo-ctoyo G (Or apripol otouc x0Uoug elvan oL TWES TNG EURIGTIXNAS GUVERTNONS
TOU EXTIUA TNV ATOCTAGY] AT xépﬁo—créxo.) IIioteete 611 yeyahltepee TWéS Tou b xdvouv
mo aogahy| T p€dodo otny ebpeot Acewy, 1 auTd dev elvar arapaitnTo;
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Ye xdmota mpoPAfuata, ivar iowg yerowo va egapuocel xavelc pla avalitnon dimhrc xated-
Yuvone (bidirectional search), die&dyovtac, dnhads, dlo tautdypoves avalntioeis, 1 o and



TNV AP XATACTAOY) TEOS XATOL XATAGTACT-GTOY O xal 1) BelTERN UE avTioTpoyn popd. Ilpo-
pavag, 1 avalhtnomn elvar emTuy g 6Tay ot 000 entl uépoug avalnthoelg cuvavtnoly oE xdmola
%01 XATAOTAGT).

(o) Eivou Suvatov 1 pédodog va egopuociel o€ omotodrnote tpéBinua avalhtnong;
(B") Mnopolv xau ot dVo avticTpoges avalnTAoELS Vo Eival ELPIOTIXOY TOTOU;

(Y) Av ot 8o avtiotpogec avalntioelc eivar TUPAES, UTopoUY xol ot 800 VoL eIVl TEMTO-XATA-
mAdtog;Mnopolv xat ot 800 va elvar TpaTo-xatd-Bdvog;Mnopel 1 uio vo elvon TpoTo-xotd-
TAdTog xar 1) G TewTa-xaTd-Bddog;

(8") Tvogéln (ydeou xat ypbvou) uropotv va tpoxihouy e uio avalhtnon dimhfc xatebiuv-
orng 6mou oL B0 enl Yépoug avalnThoels elvol TEMTA-XATA-TAATOS GE OYECT) UE Wid HOVAS
xatevYuvong TewTa-xatd-tAdTog avalhTnon;

6. Yuvidwg, ota mpoBifuata avalhtnone Yewpolye 6Tl To x60T0¢ UeTdBaong and €vay xoufo
TOU YOPOU XATAOTACEWY 0" €var B1ddoy 6 Tou eivar 1. Xe moAAd duwe mpoPhAuaTa and Tov
TEAYHATIXO XOOUO, TO x66TOG AUTO elval amhwe Vetnd xat, v YEVeL, didgopo tou 1. Puoixd,
oe xdUe mepInTwon elval EX TV TEOTERWY OEBOUEVO 1), TOUALYLOTOV, PE XADOPLOUEVO TEOTO
urohoyiowo. T'a v edpeon Aiong oe té€tolou eldoug TpoPifuata €yet tpotadel 1 wedodog
avalATNoTS OPOLOUORPOU XOGTOUG (uniform cost search) oty onofa xdde x6uBog eletdleTon
Tey amd GAoUC TOug XOUBOUC ToU €YOUV GUVOMXO X00TOS UETAPBaong amd Tov xouBo-pila
UEYUADTERO Amd TO AVTIoTOLYO X00TOC YU AUTOHY TOV x0uSo.

(o) Addote pio ahyoprduixs teprypagt T Topandve ped6dou (mdavde, oav eZedixeuor e
yevixhic ueddoou avalftnone mou yvwpllete).

(ﬁ') Yyetileton 1 uédodog pe TNV meMdTA-xaTd-TAdTOC P€V0d0 avalATNoTg Xt THS;
(Y) Lyetiletan n u€Yodog pe TNV TpHOTA-0-xahiTeROC UEVodo avalTnong xo Teg;

(8) Xe ol xatnyopla Yo evtdocate 1 uédodo avalATnomns ogoldUopPoL X60TOUS, OTIC Tu-
PAEC 1 oTig evptoTixég uedodoug, xat Yot
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(') Eyet xdmnoteg dt6tnteg (“xaréc” B “xaxéc”) n uédodoc xon moteg;

(') Av dev ioyue 0 TEPLOPLOUOS TO XOGTOC ueTdPaong and évay x6uBo Ge xdmolo dtddoyd Tou
va efvar OeTind, Vo ebyate va xdvete xdmola Tapatheno);

(0) Adote éva npdfinua and Tov Tpayuatind x6ouo mou Vo talplale 1 EQUpUOYH TNS.

7. X710 mpoPAnua Tou “ypwuaTiopol ydeTtn” €youus Sed0UEVO Eva GUVORO amd YWEES, YVweilouue
eniong TOLEC YWPEES GLUVOREVOLY UE TOLEC Xl TO {NTOVUEVO Efval Vo avard€cOVUE XATOLO YEWUA,
am6 €va oUVOLO BLAIECIUY YEWUdTWY, 0 XAVE YWea ETOL MOTE VoL UNY UTAEYOLY BUO YWEES
TOU VoL GUVOREVOLY UE TO (Blo Ypouo. ATodexvieTal OTL Yot OTOLOONTOTE YdpTh, TEGOEQRA
YewuaTa lval apxeTd Yot TO YewUaTIond Tou. o Ta gpwThuaTta oy axoloudoly, YewphoTe
OTL €youlue TEGoEPA DLUETIUNL YEWUATA.

(o) Teprypddte tny mhéov mpogavi) uédodo avalitnone yia tny exilvon tou tpolhiuatoc. Tt
eldoug yédodog eivar an’” autéc mou YVwplleTe;

(B) Av vhonowtoate tn uéVodo cac o éva yeryopo unohoyloth, mou Ya cog €Swe Tr Bu-
vatotnta va emtoxéntecte 2000000 xouSoug To deutepdienTo, UEYEL OO AP YWEKOY
Yo umopovoe 1 u€ododg cug va Bpet Oheg Tig ADoelg Tou mpoPBhruatog mety e€avtindel
umouovy| oog; Iliotedete 61t €yete eAnldeg va ypwpatioete 10 ydptn e Evpwnng u authy
™ p€Yodo;



(Y) Mnopel 1o mpdPBhnua va éyet 4 hoeig; MAnwe 17; 24; 32; 48;

(8") Mnogeite va Beltidoete ) uédodod oag pe tn Bordela xdmotac eVploTIXAC TEOGEYYLONG;
MArwe yia ™ Bedtiowon auty| ypeiaotel va ewcaydyete xat xdroleg Ponintixéc douég
0edoUEVWY xadwe xat xdnoteg BoninTixég dwdixacieg otny Teplypapr Tng uedodou;

10.

‘Eotw 611 1 Yévvnon twv noudoy evog xouou o éva 0€vTpo avalhtnong maryvidlo) amottel
Yeovo g xou €oTte 6Tt Vewpolue dUo unodiples evploTixéC cLVIETATELS €1(n) ot ea(n) oL omoleg
amatToy Yeovoug By xat ty avtioTtotya yio o utoloyloBoly 6tay egapudloviol 6Tov x6ufo n.
Av o napdyovtag dtaxAddwong eivar b xat 1oy lel iy < T2, x4Tw and TolEg GUVIHXES O YPOVOS TOU
amouteiton yioo vor hdouye To Bévtpo oe Bddog d yenoloToLOVTAS TNV e1(n) etvor uxpdTEPOC
amd To Yeovo mou amouteiton Yoo var pdloupe 10 0évtpo o Bddog d — 1 yproulomolvTag ThY
es(n); Egetdote xou tn uédodo minimax ohhd xou tnv atotddoln exdoyt| tne a-p avalftnong.

AvtioToya ge To YVwoTd cag Tonyvidia 2 TouxTeV, YewpeoTE XL THY XATNYORo TWV TALy VIOLDY
3 mouxt@y, ota onofa ot maixtee A, B xou C natlouv xuxhixd €yovtac otéyo o xadévag oo
TENOC Tou Ty Vidtoy v etval o vixnthg. Trovétoviag Ot UTdEYoUY 3 EURIGTIXEC CUVAPTHOELS
fa(n), fe(n) xow fo(n) o onofec extywolv o éva x6uPo n tou Ty VISIoY TIC TEOOTTIXES VIXTC
Tou xdle maixtn, T.y. oav uio TR oto Sdotnua [—1, 1], mpoteivete pio uédodo avéroyn trng
minimax, ywplc va tnv meprypddete AemTouepns, Ye TNV omolo vo umopel €vag maixTng va
anogacioel o€ BEdOUEVT XATAOTUOT, TOU Ty VIOL0 Tou efvar 1) oetpd Tou var tatel mota xivnom
TOV CUUQEREL VoL ETIAELEL.

Adote éva xdTw gedyua Tou apriuol Twv TEpUATIX®Y XOUBwY Tou Yo e&eTacPolv OTWOdHTOTE
oe wla a-B avalAtnor, étav o mapdyoviag daxhddwone eivar b xat to Bddoc d efvar mepittog
aptiuoe.

11.

12.

Atvovtar To xaTnyophiuata man, woman, loves xa hates mou onuaivouv:

man(z): o x elvat dvtpag
woman(x): 1 x eivon yuvaixa
loves(x,y):  o/nx ayond mv/tov y
hates(x,y):  o/n & woel tnv/Tov y

Méow 1wV napamdvew xatnyopnudTwy BIATUTWOTE 08 AoYiXY TEMOTNG TAiNng To e€HC:

(o) Kdmotog dvtpog ayond xdde yuvaixa mou woel tov Aviow.

(F) Kdde dvrtpoc ayund xdmowa yuvaixo mou woel tov Avtow.
Y11 CUVEYELNL UETAOYNUATIGTE TA GE XUVOVIXT| LOPYT.

Me ™ Bordelo v xatnyopnudtwy in xat empty Tou eoUNVEDOVTAL GAY

in(x,s): T0 T AVAXEL 6TO GUVONO S
empty(s): T0 6UVOAO S Elval XEVO

%0t Tou ouvapTnotaxol cuuBéiou diff Tou epunvelETAL ooy



13.

14.

15.

diff(s, t): 1 0l0popd s-t TwV GUVOAWY s xat t

OLUTUTMOTE OE hoYIXY) TEMOTNS TAENS TOUS 0pLoUOUS TOU XEVOU GUVOLOU (“xevé eivar éva oOvolo
ay xat LOVo oV Bev TEPLEYEL xaVEVAL oTOLYElD”) xat TN Blapopds 8V cuvohwy (“éva oTolyeio
avixet oy SLapopd 500 GUVOAWY 0LV XalL UOVO OV OVAXEL OTO TIRMTO Xat BEY avixel oTo SelTERD” ).
Meraoynuatiote Toug TOmoUC oL Yeddate oE xavovixy| wop@Y| xat atodelte ue TN BoRleta TS
avdhuong ot Yo xdie cOvolo s, 1) Btaopd s-s elvat XEV6 GUYOAO.

Pavraocteite 0Tt Leite ¢° €va x6oU0o GTOV 0TOl0 Ol POVES GTAVEREC TOU UTIAEYOLY Efval ToL BEX -
o Ymepla 0, 1, 2, ..., 9. Enlong, Yewprote 6Tt elvon YveoTH 1 didtaln autdy Tov dnelwy xo
1 omola, udhiota, expedleton o€ hoyixn TeOTNG TAENS UEow Tou XaTnyopuaTos next wg eChg:

T — next(0,1), T — next(1,2), T — next(2,3), ..., T — next(8,9)

(o) Tpoteivete éva tpomo avanapdotaonc oty hoyixh TedTne T8&ng dthhgLmy aptdumy.

(B) Eotw 1o xatnydpnua add, tétoto wote 10 add(D1, D2, DD) va eivar akndéc dtov to
ddpotoua v Pneioy D1 xoa D2 eivar o (mbdavde) dupriglog aprdués DD. Awtundote
o€ Aoy TewTNg Tadng T Yvwon 6Tt “mpoctétovtag to Yneio x ue To Pnegio y maipvouye
o 1010 dUpoioua e to av mpoodétaue to enduevo Pneio tov x pe to mponyoluervo Pneio
Tov Y.

(Y) Agol dratunwoete o hoyixn mpdtng Td&ng xat dhhn anhh yvdon mou mdavede eival oma-
ealTnTn, TANY AUTHS TOU TEONYOUUEVOU EPWTHUNTOS, EXPEACTE, ETIONG OE AOYIXN TEWTNG
TAENC, TO EPOTNUA “Té0o0 Kkdvel 5 kar 7;7, xal YEow TNE ELCAYWYHS TNS AEVNOTS TOU UTOOEL-
xT€0L 01N BdoT YVWONG, EQUEUOCTE DLadoytxd TNy avdhuoT Yo va Beette Ty andvno.

(8") Av 1o xatnybpnua bigadd eivor tétoo bote 10 bigadd(D1, D2, D3, DD) va eivow oahndég
6tav To dvpotoua Twv Yngiwy D1, D2 xou D3 eivon o (rdavede) oubrigrog apriuog DD,
Yo umopolioate va Ypdhete o Aoyt memtng Tdlng Yo 1o bigadd;

(¢) Av ococ {ntoloay oryd-cryd Vo EREXTEIVETE TIC BUVATOTNTES TNE apLiounyavic 6ag GE Ao-
Y, xdmoto otiyuy| Yo yeelaldoacTtay v avanapaotioeTe aptduoig pe avdaipeto aprduod
Inolwy. Iog Yo urtopodoate va 10 xAVETE AUTO;

“O IdkwpPog éxer éva oktdo. Omnoiog éyer {wa, ta ayarde. Kavévag oev okotdver éva (oo av

7 ’ 7 7 /7 ’ Ve 7 ’ 7 99
ayande ta {wa. 'H o IdkwPos 1 n Hepiépyaa orxdtwoe tn ydra mov tny Aéve Kdria.” Me 1
Borleia twv otadepwyv Jack, Curiosity xaw Kate mou maplotdvouy, avtiotoya, tov Idxwfo,
v lepépyeio xou v Kdmia xou v xatnyopnudtwy dog, cat, animal, owns, animallover
xat kills mou onpaivouv

dog(z): o x elvat oxVNOC
cat(x): n @ elvon ydto
animal(z): o x eivan {do
owns(x,y): 0z éyeL 0y
animallover(z): o x ayander o {oo
killed(z,y): 0 T oxOTWOE 10 Y

SLUTUTOOTE THY Tapamdve YveoT (lowg xat xdmoto EMTAEOV TROPAVY YVOGCT TOU BEV avapép-
f)nxs) o€ hoywt| TpwTNg Ta&ng xou Ye T Poridela Tou xavova TG avdAuong BMOTE ATAVTNOT

R

oto xafplo epwtnua: “Eivar akrjaa én n Hepiépyaa oxdrwoe tny Kdua,

Atvovtar to xatnyophuata barber, cutshair xar same mou onuaivouv:



16.

17.

18.

barber(x): 0 T eivor xoupEac
cutshair(xz,y): o x xoupelel Tov Yy
same(x,y): o x eivon {Stog UE Tov ¥

(o) Exppdote oe xahoBIoaTUTWUEVY] GUGLXT YADGON Xt UETAOYNUATIOTE GE XovoviXY| Loph

Tov T0OTO
—(3x)(Jy) (barber(z) A cutshair(z,y) A same(x,y))

(F) Awrtundote oe Aoy npdTne TdEng T
o Kalévac xovpeletar and xdmolov xoupéa
o Trdpyel uovo €vac xoupéac

(Y) Aci&te 6t n Bdon yvwone mou anotereitar omd to (o) xan () napandvew eivar avtigotixy.

“Ynr néAn éywe évag povos. To Gua frav o Victor. H aotuvvouia ovrélafe tpeg vndntoug,
tov Abbott, tov Babbitt ka1 tov Cabot. O Abbott wyvpiletar ér1 o Babbitt nrav ¢ilog tov
Victor ka1 6t1 o Cabot puoovoe tov Victor. O Babbitt apviiiinike 6t nrav otnr méAn tny nuépa
ToU @drou kai emions eime on dev yvwpile tov Victor. O Cabot katédeoe éu €ive tov Abbott
ka1 tov Babbitt va eivar e wov Victor Aiyo mpwv to éykAnua. H aotuvouia eivar péfain ot
akpiPas €vag and tovg Abbott, Babbitt ka1 Cabot eivai o évoyos. Emions, vrodéta dti o1 60
mov efvar atidor Aéve tnr aAndaa.” KwdwonofoTte Ty TeonyolUeyY YVWOT 68 hOYIXT TEWTNG
TAENG, YPNOWOTOLOVTAS XATHYopuaTa TG emhoyhc oag. Beeite epapudlovtag v avdivon
Tolog efval 0 BoAOPOVOS, APOU AWDIXOTOLACETE OE AOYIXT TEOTNG TAENG ATAY) X0 TROPAVN
YVWOoT Tou 6ug YeELdleTal YI aUTO TO OXOTO, OTWS, YLoL TAPADELYUN, OTL “Ocv umopel va unv
etvar kdmoo§ otny moAn ka1 va nrav pali pe to Ylua Aiyo mpiv to @évo” 1 6Tl “omwodnToTe
yvwpilovtar kdrown mov efvar pidor” ¥ 6Tt “ya va éya kdrowog awoinuata aydnng rj picovs yia
kdnowov dAAo mpérmer va tov yvwpilel” x.\.T.

‘Eotw 61t yvwpilete ta e&hg: “Yro Indvvn apéoovr dAa ta gayntd. Ta pnia efvar payntd.
To Kotémovdo efvar payntd. Oudnmote tpder kdmoiog ka1 dev tov mebaiver eivar payntd. Ay

reldves and rkdtni, oev eioar {wvtavés. O Baoidng efvar {wvtavés. H Mapia tpder otidrimote
el kai o BaoiAng.”

(o) Kwdixomoiote auth 1 YvOoY 08 Aoyx!) TpeTNg TAENE Xl UETACY NUATIGTE TOUG TOTOUSG
Tou Vo TEoxLYOLY GE XAVOVIXT| LOPYY.

(F) 'Eotw 61 yvwpilete emmiéov xow to BILLYSAXIOM: “O Baoidng tpder grotixia.” Ano-
0elgte Yéow NG avdiuorg 6Tt “oto Idvvn apéoovy ta giotikia”.

(Y) Aedouévou tou BILLYSAXIOM, Bpeite “u1 payntd tpdel n Mapia” yenotponoldvtog eniong
TOV XOVOVAL TN aVAAUOTG.

(8) Eotww 6t avtl yia to BILLYSAXIOM, yvwpilete 1o WORLDSAXIOM: “Av derv tpws
titota, medaives xar av meddver, Ocv eioar (wvtavds.” Beeite mdAl ye tnv avdivon “n
paynté pwer n Mapia”.

I'vopiCoupe and v dAyeBpa 61t €va un xevo chvoho G eqodlacuévo Ue uio mpdln o eivar pia
opdda (G, 0) av:

o H mpdln o etvan xhetoth oto G, dnhady| Vo,y € G:zoy € G

o H npd&n o eivar npooetonptotint), dnhadh Vo, y, 2 € G:xo (yoz) = (xoy) oz

e Trdpyel oudétepo cTolyelo e g meding o, dnhadh Ve € G:xoe=cox ==



19.

20.

e Kdie otoyeio x oto G €yel 1o avtiotpogd Tou, dnradh Ve € G : dy € G : xoy = yox = ¢

Me 1 Bofdeta wévo tou xatnyopiuatos P, 6nov 1o P(x,y, z) ongaivet 6Tt £ 0y = 2, xwdl-
XOTOLOTE TOV 0PLOUO TNG OUADUS OE AOYIXY| TEWOTNG TALNG ot YeTaoy nuatioTe Toug TUTOUS
mou Vo YpdeTe oE xavovixh Hop@n. 3TN CUVEYELN, UE EQUQUOYT| TOU XUVOVI TNG AvAAUOTC,
amodetlte 6Tt av oyLel 6Tt Vo € G xox = e 1o1€ Yot Loy el xan 6Tt Vu,v € G i uov =vou.

LUUTANE®OTE TNV EMMTH amOOELY) TV CNUEWWCEWY Yla To 6Tl “Umtdpyouv dpentol apriuol T
xat Yy téTotol WoTe To ¥ va elvon pntoc”. Bploxel 1) anddeiln t€totoug aprduole T xat y;

‘Eotw o1t yvopiloupe to e€hc:

() Ta LEAN tou “cuAldyou @ilwv TN TEYYNTAC vonuoouyng” eivar o Nixog, n Mopla, o
Baoiing xou 1 EXEvn xaw uévo autol.

) O Nixog eivau Tavipepévog ue 1 Mapia.

) O Baothng eivar adehpdc tne Erévne.

") O/H o0luyoc xdle navipepévou uéhouc tou cUAAGYOU eivar entiong HEAOC TOU GUARGYOV.

(¢') H teheutaia ouvéleuor tou cukhdyou éytve 6To onitt Tou Nixou.

AvamopaoThAoTE TNV TAEATAVG YVWOT, 0 hoYIxY TEKOTNS TAing. Amd authv TN YVOoT), €vag

dvipwrog Yo umopoloe vo cuumERdveL enione 6Tt “1) TEAeuTAld GUVEAEUST] TOU GUAAGYOU EYIVE

oto onitt g Maplag” xadwg entong xat 6t “n EAEvn dev elvon mavtpepevn”. o emniéov

Yvoon yeewdletar yio va Umop€couy autd va anodetydolv; Kwdixonomote authv ) yvoor
eniong o hoywt| TpwtNng Ta&ng xou amodellte Tor {nTodUeEVa UE Y PO TOU XAVOVA TNE VAAUOTG.

21.

Kde acpomopixt| etanpeio avtigetwniCel 1o mpoBhnua Tng TEAEYWONS TWY TTAOEWY TOU TEETEL
VoL (EQEL OE TEQUC UE TO XATEAANAO ITTAUEVO TPOoWTIXG (XUBEEVATY, CUYXUBERVATY, GUVO-
doUc xat cppovuotég), oePOUEYT) TOGO DLleVVElC %o EVVIXOUS XAVOVIOUOUE OGO %ol GUANOYIXES
ouuPdoeig mou €youv unoypael ue Toug epyalouévoug. H dradascia auth ovoudletar yporo-
mpoypappationds mnpoudtwr (crew scheduling) xat, w¢ eni to mheiotov, yivetu oe unviaio
Bdon. Metall twv TOAGOY vouiuwy Teoypouudtey epyaotaus Tou Unopoly va xataoxeuacdoiy,
1 etonpeto emuyuel var utodeTrioel To xahOTEEO BUVATO, 1| €0TW €V TOAD XAUNO, CUUPWYAL UE X3
TOLO XEITHELO, 1) GUVBLUGUO XPITNelwY, Tou €YEL atogaciceL.

Yuvdwe, To TEOBANUA TOU YEOVOTEOYRUUUATIONOU TANewUdTenY avTuetwriletal oc dVo ¢d-
oec. Ilpwra, opadonotodvial ol TTAcE Tou TEETEL Vo xahOeL 1 eToupela oe ovvdvaools
mtrjoewr (pairings), 6mou xdlde cuvduaoude nThoewy eivor pio axoloudia and nthce Tou ap-
et and T Bdon g etanpelag xar xatakryet eniong otn Bdon xou elvon €ToL EMAEYUEVES WOTE
var umopoly va oteheywioly vouluws and to {8l mAfpwua. Auty elvan 1 @don tng yévvnons
owodvaoudy ttjocwy (pairing generation), toug onoiouc ag ovoudlouue ato e&fc anhide LI
H Sedtepn gdon eivar auth g avdldeone twv X1 oe cuyxexpluévo UEAT TANEWUATOS XAl 1)
omola ovopdletan avdfeon mAnpopdtwr (crew assignment).

Me Bdon v meonyoluevn elcaywyy|, VAOTOIAGTE OE XATOL YAWGOW TEOYQRUUUATIONOU TNS
emhoyYg oag Eva TpoYpaupa Tou va avadéter Eva cOvoro armd YII oe évav apriud and xu-
Bepvriteg. Kde XII mpémer va avatevel oe évav axpBog xuPepvhtn, ahhd, Tpogouvag, xdie
xVBepvATNE Umopel var avadBel mohhoug X1, e 6oov 1 avddeor auth| elvon eQueTy| xon VouLun.
Acedopéva yia XIT Yo Beeite oo apyelo http://wwuw.di.uoa.gr/ " takis/Pairings.txt. To
apyeto autd mepthauPaver XII yio to npdypouua nthoewy e Olvumaxrc Aepomopiog, wou
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exteréoUnuay Ue éva cuyxexpluévo TUTo agpooxdgouc, to Boeing 737-400, yia 1o ypovixd
Sudotnua and 1/11/2003 éwg 29/2/2004. Kéde ypapuy| tou apyeiou avtiotowyel oe uio nthion
¢ etonpeiog. To format twv ypapudv eivar to e€ng:

Ythheg 1-4: AbZwv apriuog X1

Ythheg 6-8: Apiudg mthong

Ythheg 10-12:  Aepodpouto avaywenong

Ythheg 14-16:  Aepodpouto dgiing

Ythheg 18-27: Huepounvia avayoenong (Tng HORPNC <YYYY>-<MM>-<DD>)
Yrhheg 29-33: Qpa avaywenong, Greenwich (mg HORYHC <HH>:<MM>)

Ythheg 35-44: Huepounvia dgiéng (mg nopprc <YYYY>—-<MM> - <DD>)
Ythkeg 46-50:  Qpo dpiEne, Greenwich (tng popgrc <HH>:<MM>)

O XII péoa oto apyelo dev €youv xdmola auoTnet| TalivounoT, Tedyud Tou onuaivel 6Tt Yo
va emhéCete Toug LIl mou 1 mpdtn TTHom Toug apyilel uéou o oLUYAEXPIEYY YpovixT| Teplodo,
TpEnel va dlaPdoete 6ho to apyceio. ‘Ouwg, ot ntioelc evog YlI eivon oe cuveydueves yoauupés,
ue [3dom 1 oepd EXTEAEGTC TOUG.

Ext6¢ Tou mpogavoig teploptonot ot 0V elvan duvatdy va avatedoly oTtov (Bt xuPepvitn 0600
YII mou €youv ypovuixr| emxdiudm, ulo avéddeon elvon vouurn av utaxolel ¢° éva TOAD UEYEAO
o0Ovolo amd xavovee, €0Elc OUwe otV LAomoinor coag Yo AdPete unodn cag uévo Toug e€xg
ovo:

(o) Xe xdde ouveyduevo BLEoTNUL T NUEPOROYIOXWY NUEPWY (0md UECAVUY T GE UEGEVUY TA)
neénel xde xuBepyitng va €yet dvo nuépec avdnauong (eend). Mia nuepohoyioxy| nuépa
Vewpeltar pend 6TaY 0 ITTYPEVOS OEV EYEL XUVEVA TTNTIXO XU X0V xoTd TN Otdpxela Tng
NUEQAS AUTNS.

(B) Meta&d 80o cuveyduevev LlI nou avatidevtor oe xdnoto xuBepvitn, npénet vo uecoraBoly
ToUAdyoToV 11 wpeg avdnauong, 1 nuépa PETO.

To mpdypaypo mou Yo LAOTOOETE, EXTOC antd T0 OTL Yo cupPouledeton To apyeio twv XII,
Yo mpénel va maipvel oty £lcodd tou o TARYog Ty xUBepYNTOY Tou Vo YENCILOTOLACEL Yid
Y avaveoT), aAld xat Tn yeovixn tepiodo tne avddeong, divovtdg Tou Ty nuepounvio Evapdng
xow Ty nuepounvia AEng tng mepLddou, omdte Yo meémel va avadétel dhoug toug XII mou
AVUYWENOT TNG TEWTING TTHONG Toug eunintel Yoo otnyv nepiodo. Ppovtiote T0 mEdYEUPUS
OuC Vo TURJYEL VOUUES dAA %ol 600 To duvatdy “muxvéc” avadéoelc. Bpelte, uéow doxt-
UOOTIXWY EXTEAECEWY TOU TROYEAUHATOS GUC, Xol YId DEDOUEVES YPOVIXEC TEpLodoug Tou Yo
TelpouaTileEoTE, TOV EAAYIOTO aptdud (UBEQYNTOY TOU ONMALTOUYTOL YL VO XU TUOXEUACETE VO-
wpeg avaveoeg. Ildvtwe, Yo fray xahd vo xatagepete va xdveTe avdeon xot Yo TAARELS
NUEPOAOYLAX0UG UY|VES.

MeTta€l Twv d1apopwy eEVOANaXTIX®OY avalécewy Tou efval VOULUES, ahhd xar “TuxVvES”, omoTE
YENOWOTOo00Y ToV eAdYLoTO aptiud xuPBepvNT®Y, Vo DOOCETE GaV ATOTENEOUA EXEIVY Tou €yel
TNV xUAOTERT), 1 €0TW XATOLL APXETY XUAY|, LOOXATAVOUY| YPOVOU TTHONG UETALY OAWY TWY
A(UBEEVNTOY, Y€oo oTNY TERIODO YPOVOTROYEAUUATIONOV. Yoy YETEO TNg looxatavounc V, Tou
Teénel vo tpooTadioeTe va ehayloTonotioeTe, opiletar To €Ng:

C
V =Y (FT,— IFT)?

=1



omou C' elvan to TAdog Ty xuBepvntay, FT; elval 0 GUYOAIXOC Yedvoc TTHOTS TOU XUPBEEVATN
1 u€oa otny meplodo xar IFT elvon o 10avixdg cuvolxog ypdvog Tthong xdie xuBepvATr, Tou
avToToryel oty andAuTY tooxaTtavour. Anladr:

P
FT; =) (pij - FTF;)

i=1

omouv P eivar to mAfloc twv XII g meptddou, to pi; Sebyver av o XII j avatédnxe otov
xuBepviTn @ xat FT'Pj elvan 0 ouvolxog yeovoe nthong tou X1 j. Yuyxexpuévor

_J 1, avo XIIj avatédnxe otov xufepvhtn i
Pij = 0, odhde

Ol

Fj

FTP; = Z(ATkj — DTy;)

k=1
6mouv I eivan to mAfidog twv nthoewy tou Il j, ATy xar DT}  ov ypovixés ouyuéc dpieng
xaL avaywenong, avtiotoya, e tthong k tou XII j. Téhog:

P _ | FTP,

IFT =
C

Yyetxd pe v €€odo mou Yo TapaydyeL TO TPOYQPAUUUS GAC, TEETEL OTWOONTOTE, Yid AGYOUS
eAEYY0U TG 0p00TNTAC TV ATOTEAEOUATWY CUS, VO EXTUTWVETAL Wia yeapun yio xdde xuPep-
vitn, oty omolo Yo meptéyovtan ot avovieg apriuol XII mou tou €youv avatedel. 'Eyete,
BéBanar, améhutn eheudepia, va dnutovpyeltal and To TEOYPUUUd Gog Xt GAAY €£0B0¢, TANY TN
TEONYOUUEVYS, GE THO OV VWOULT| Lop@n, apxel, QuOLX, Vol TNV TEXUNPLOOETE ENUEXAS.

21/10,/2004
oy, Etopatértoviog



