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Ot oapaveleg avtNc NS odAeinc Pacilovron Kupimg ota
BiBAla Teyvytn Nonuoodvy twv BlaydPa k.q., 3n £ékooon,
B. I'ciovpoag Exootikn), 2006 ko Artificial Intelligence — A
Modern Approach towv S. Russel xat P. Norvig, 21 ko 4"
exooon, Prentice Hall, 2003 kot 2020. Ta mepriocotepa
GYNUOTO TV OLOLPAVELDV TPOEPYOVTAL OO OVTIGTOLYEC
OLPAVELES T®V OV PiAlmv.




Tt Oo akovoeTE GrjUEPL

* Avalntnon ue tov aAyopopo A*.

* ATOOEKTEC KOl GUVETEIC EVPETIKEC GLVAPTICELC.
e EmtvOnon eupetikv cuvapTnGEMV.

* Avappiynon AOQov Kol TapaALAYEC.
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Avalntnon A
* Onw¢ otov BestFS, aAAd emexteivooue tov KOUPO pe TO0 HIKPOTEPO
f(n) = h(n) + g(n).

— h(n) = h(s(n)), 6mov s(n) N KATAGTAGT TOL AVTIGTOLYEL GTOV KOUPO n.

— g(n): 10 KO6TOG OO TN PiCa WC TOV N.

* IIpocomaOel va OLOAECEL TO HOVOTTATL HE TO PMIKPOTEPO GLVOAIKA
KOGTOC amo TN pila MG KATOL0 TEAIKT] KOTAGTOOT).

— Evo o BestFS ayvoet to g(n).

— Av h(n) = ot00epa, tO1E 0 A™ yiveTar o «ailyoprOpog avalnrnong
OLOLOMOPPOVL KOGTOVSY. [lapopotoc pe tov ahyoprOpo tov Dijkstra, o
omoio¢ Ppiokel BEATIOTO LOoVOTATL TPOC KAOE KOpPo TOL Ypdpov avalntnong.

— Av gmuriéov Ta KOGTN OLOV TV peTafacemv eival toa (Kol 0eTika),
KotaAnyovue otov BFS.

g(S) MNpayparikn

BestFS

h(S) EupioTiki
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Avalntnon A*

447=118+329
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Avalntnon A*
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Avalntnon A*

Arad
X 447=118+329 449=75+374

646 280+366 / 671 291+380 / _—
- Cmesj >
591=338+253 450=450+0 526= 366+16Q i \“‘~\\553:300+253

’. Qmw) C Craiova ) .M\ @

418=418+0 615=455+160 607=414+193

Bpnike 10 BEATIOTO povoTtTaT! AvtifeTa a1Td TOV
BestFS (BA. dia@aveleg Tponyouuevng dIAAECNC).



XopaKTNPIoTIKA TOL A*

« IIAMpng, av to b givon menepacuUéVo Kal To KOGTOG KAOe
uetdPfaong etvoun > 0.

— ATOKAEIETOL VO TAYLOEVTOVUE GE ATELPO KAOOL, YioTi OGO
npoywpdue o€ BAO0C KaTd UKOC TOL ATELPOL KAXOIOV, QVEAVETUL
70 g(n), onote O avaykalopaote KAOE TOGO Vo KAVOLLE KATO10
Brua ko katd unkog tov BEATIGTOL (Kot KdBe dAlov) pLovoratio.

* BéhTioTOC, 0V 1 h €ivort am0deKT ( anddeién axcolovdei).
— Amodektn evpetikn cvvaptnon: h(n) < C(n)*.

— C(n)*: 10 TPOYRATIKO KOGTOG TOV PEATIGTOVL LOVOTTOTION OO TOV
n 6e Evav KOUPo TEMKNG KOTAGTOONG.

— IL.y. n evBeia andoTOoN €lvon TAVTO LIKPOTEPT] AITO TNV OOIKT).
e IToAvmAokOTNTO YOPOL KOl Y¥POVOUL:

— Ex0eTikn o1 ye1p0TtEPN TEPITTOON CALG Hi0 KOAY) EVPETIKN
UTOPEL VO LELWDGEL TOAD TOV OTALTOVUEVO YPOVO KoL YD PO.
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* AcvmobBécovue 0TL 0 A* emotpEéPel AOoN (LOVOTTATL) TOL TEAEIDMVEL
o€ TEMKO kOoppo G, kol 0tL n Avon avt eivon un BEltTiotn, mop'
OA0 ov 1M h glvon awodeKT).

* Oa ocicovpe 0TL avTO €lval advvaToV (ATO0TO) Vo cLUPEL.

* 'Eoto 011 1 BéATIoTN AMdOn KaTtaAyel 6ToV TEMKO KOpPo G.

* 'Eotow C* 10 k00TOG TNS PEATIOTNS AOon S (amd T pila ¢ Tov G).
* Apéomc mprv 0 A* gmotpEyel T AVGT oV TEAELWVEL 6TOV (),
onAaon apecwc mtpv Pydiet tov G, amd 10 HETOTO KAl OLOMIGTMOGEL
0Tt €tvat KOUPOC TEAKNC KaTtdoTaons, Ba vapyel 6to pétmno o G,
Kot £vag KoppPog n (ool g piCag 1 o G N kdmorog KOUPOG HeTacy
TOVC) OV o GLUUETEYEL GTO LOVOTTATL TNG PEATIGTNC ADoNC.

cuveyiletat...
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* Tote: #(Gy) = g(Gy) + h(Gy) = g(Gy) > C*.
— h(G,) =0, apo¥ mpdkelTon Yoo TEAIKN KATAGTOOT).
— 2(G,) > C*, apo¥ mpoketton Yo un BEATIOTN AVON.
* Kot f(n) = g(n) + h(n) < g(n) + C(n)* = C*,
— h(n) < C(n)*, apod n h elvan amodek.
* Emouévoc f(n) < C* <1(G,). Apa Ba Tpotiunocet va Pyaretl amod to
LETOTO Ko var EAEYEEL (Kou emekTeiver) Tov n wpwv PydAel anod 10
uEtono tov Gy, avtifeta and 0,11 vrobEcaue (ATOMTO).

— YmoOéoaue 011 Bprokopacte apéomc tptv Pydiet amd 10 uétwno tov G,.
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A* kol cvveneic h

e Yvvemig onuoaivet: h(n) <c(n, a, n') + h(n')
— T kdBe kOuPo n, oot n' Tov n Ko KAbe
TEAECTN @ TOL odNYel amd Tovn otovn'.  ¢(n,a,n’)

* 'Emetot: h(n)) <c(n;=2 ...~ ny) + h(ny)

— "o omolooNToTE LOVOTATL OTTO TOV Ny GTOV Ny
LLE OTTOLOVGONTIOTE TEAECTEC (doKnon).

hin’)

« Kd&bOe ovvennc h sivon ko awooskTy.

— Ipoxdntel and T0 TponyovUEVO Yo PBEATIGTO
LOVOTATL atO Ny OC TEMKN Ny (Aoknon).

— 2uvNnlmg (0L TAvTa) o1 AmooeKTEC h oL
LUTOPOVLE VO CKEPTOVUE E1VAL KOl GUVETELC.

* Me ovvenn h, T0 APOTO HOVOTATL LE TO OTTOLO PTAVEL O A*
0¢ K00 KataoTaon (kdOe eTikéTa, Oyl LOVO TEMKT)) lvan
10 BEATIOTO G owTNY. (H amddeien axolovdei.)
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A* kot KAELOTO CLVOAO

Me cvvenn h, o A* napapéverl BElTioTog Kal Otav
YPNOLOTOLOVLE KAELGTO GUVOAO.

To KAe16Ttd GOVOAO IoMC Lo OVOYKAGEL VO OLOKOWOVNE
TNV €£EPEVVN 6T EVOS HOVOTTOTION KATM® OO £vay KOUPo
KaTdoTaonc A v omoia £yovue COVOGLVVAVTNGEL.

. . , : PR
Mnroc yavooue to BEATIOTO LOVOTTATL;

* e
g1 "
o S %

Oy, yuati apov 1 h etvan cuvenng, W g 2 01
TO TTPONYOVUEVO HOVOTTATL LE TO @
OTO10 ELYOE PTAGEL 6E A NTAV TO i @
r ;  /Péhtioto
GUVTOUOTEPO LEYPL A. O / novomatt
’. *
— Kot ta 000 vmooévipa tov A

, , TeAK TEAIKN
stvort 1010
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Amoo€1ln 011 pe cvvenn h to mpwto
LOVOTATL LE TO Omolo 0 A™ @taveL o€
Ka0e katdotaon elval PEATIOTO O VTNV

Il1.

g(n,) > g(n;), 0AAQ 0 A™* @TAvEL GTOV N, TPV TOV 1.

— «DtAvey 6TOV N, 0TV TOV BYACEL OO TO LETMOTO, TOV EAEYYEL KO
EVOEYOUEVIC TOV EMEKTEIVEL

* Ortav @tdvel 6TOV Ny, D00 LTAPYEL GTO HETOTO KO VOIS KOUPOG n
GTO LOVOTATL LE TO omoio Oa ptacel 0 A* amo ) piCa 6TOV 1.

* A@oV emAEYEL TOV N, f(N,) < f(n), dpa g(n,) + h(n,) < g(n) + h(n).
 Ouwgh(n)<c(n-> .. 2> n;)+h(n)), apod n h eivon cuvennc.

— Xpnoiuomolovue dd ®C n = ... = Ny TO LOVOTATL UE TO 00io O PTAGEL O
* omwd ToV n 67O Ny

* Apa: g(n,) +h(n,) <gn)+cn-=>..-2>n;)+hn).
* Omdre: g(n,) <g(n) +c(n > ... 2 n))=g(n), dromo.
— h(n,) = h(n,), apob avtictoryobv otnV 1d10 KatdoTooT.
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EmtvOnomn eupeTikmv GLuVaPTNCEDV

7 2 4 1 2 3
5 6 4 5 6
8 3 1 7 8

BOe®pPOoVUE GE AVTO TO TOPASELYLLO LOVAOL0i0 KOGTOG Yo KAOe Kivnon.
* h;: ApBuoc miaxkwinv ektog 0éceme. Eivon amooskty n hy;
— Eilvat amooextn, yioti kaBe ektoOc OEcemc mAakiolo mpémel va, petokivnOel
TOVAQYIGTOV Ui opd (ko KéOe Kivnomn petakivel Eva Lovo mAakiono).
— Apa Ba ypelacToVE TOVAAYLOTOV TOGES KIVI|GELS Oca £ival Ta EKTOC BEGEMC
mhokioto. H gupetikn vawoekTind 11c Kiviioelg mov fa ypelaGTOVLE.

* h,: AOBpoicuo amootdcewv Manhattan 0OA®v TV TAAKIOI®OV 0O TIC
TEMKEC TOVG BEcelc. Etval amodekt N hy;

— Amooextn), ywoti ka0e mAakiolo mpémet va petakivnOel tovAdyiotov 1o
TETPAY®VO Kot KAOE Kivnon petaxivel Eva mAaKiolo Kotd Eva TETpAY®VO.

— Kot avtr) 1 €upeTiKn VWOEKTING TIC KIVIIGELS TOL Oa YPEIOGTOVLLE.
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AQOIPEST TEPLOPICULOV

e To axkpiPéc PEATIOTO KOGTOS (OO TNV TPEYOVCO KATAGTOOT
®C TEMKT) OTAV AYVOOUVTOL KATOL0L TEPLOPLGUOL OTTOTEAEL
OTTOOEKTI) EVPETIKI] TOV UPYLKOV TPOPANNATOG.

— Av umopovv vo tomrofetnfovv moALG TAOKIOWO TNV 1O
0&om, o axpPnc PEATIGTOC Op1OUOC Kiviioewy gtvar 1 h,.

— Av emumAéov £va TAOKIO0 umopel va, LeTaKvnOel 0TovoNmToTe
ne pio kivinon, o axpinc PErtiotog aplBuog kivicemv sivat hy.

— Ot hy, h, eivan T akpipn BédTioto KOoTN (0O TNV TPEYOLGA
(G TEAIKT] KOTAGTOOT) OTO OVO UTAOTOMUEVA TTPOPANNOTO.

* Av 10 KO6TOG KAOE petdPaong eivanr = 0, TOTE 01 EVPETIKEC
TOV KATOOKELALOVTUL OLPOLPOVTOC TEPLOPIGLOVS ElvaL KO
ovvemels (PA. doknon ueAETNG).

e O&hovpue to axpiPec PEATIOTO KOGTOC (0td TNV TPEYOLOU
KOTAGTOGT WC TEAIKT)) GTO amAoTouUEVO TpofAnua (n h) va
UTOPEL VOL VITOAOYLOTEL TTOAD EVKOAQ!
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AEL0AOYNON EVPETIKDOV
e [ k4B amooektn evpetikn, h(n) < C*(n).
* Av emmAéov h,(n) = h,(n) yio kdBe n, tOTE N h)
KVpLopyel et e h;.
— H h, otver akpipéotepeg mpoPAréyerg and v hy, mpoPréyelc
mo kovtd 6to C*(n).
— Bon0d tov A* va emikevipwbel e pikpoTePo pEPog Tov
YOPOV avalnTonG.
— Mg 10avikn gupetikn, 0 A* Tpoywpd LOVO KOTd UNKOC TOL
BEATIGTOL LOVOTTOTION.
o Av &rovue TOAALEG EVPETIKES KL OEV UTOPOVLE VU
amooEiCovue OTL pio Kupropyel et TV AAAWOV:
— Mmnopovoue va ypnoipornomcovue h(n) = max{h,(n), ..., hy(n)}
— Av ot hy, ..., hy elvar anooexteg, 0t eivarl kou n h. (Aoknon.)
— Av ot hy, ..., h elvar cuveneic, 10te €tvarl ko n h. (Aoxnon.)
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ALyOp1OLOLl TOTTIKNG ovalnTNoNG

* Kpatodv povo pio Koataotoon 1) EVaV TETEPUGUEVO
aplOno KOTUGTAGEMY GTO NETMOTTO.
— THoAD piKpES amorToELS pviung.

— EmAéyouv o€ kKaOBg o pio yerTovik Kotdotoon M
RETEPUOUEVO TANO0G YEITOVIKOV KATAGTAGE®Y KOl EEXVOVV
OAEC TIC AAAEC EVOALOKTIKEG KaTELOVVGELC.

e 2VYVA 0EV EMLYELPOVV Vo, fpovv 10 PEATIGTO LOVOTTATL
aAAd TN PEATIOTN KOTAOTOOT.

— Mmnopet va unv £0vVHE KOV KPLTNPLE TOL VO AITOVTOVV OV Lol
KOTAGTOON Evol TEMKN 1 O)L.

— "Eyovue cuvaptnon («OVTIKELUEVIKT GUVAPTNG)» 1
GLVAPTNGN-6T0Y0G) TOV AEL0AOYEL KAOE KaTdoTOON.

— 2TOY0G: EVPECT] KATAGTAUCTG TOL UEYLGTOTOLEL 1)
EALAYLGTOTOLEL TNV TIUN CVTNG TG GLVAPTNOTNG.
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Avappiynon Aoewv (HC)
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Avappiynon Aoewv (HC)

-
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Avappiynon Aoewv (HC)

o Amloikn otpatnyikn opeparTn ce ouiyAn mov
npoomabel va @TAGEL TNV KOPLQT.

— IIowo amd ta onueia mov BAET® yOp® pLov ivar 10 ToO YNAO
(ko o YyNnAO amd avtd 6TO 0Toi0 PploKoual);

— I1dw mpog avTo.
— Agv Kpatdo KavEVO AALO YEITOVIKO GNUELO GTO UETMTO.
e [IoAD owKovOHIKOG 6€ YPOVO KOt pviun.
— [Iavta povo évag kouPog 610 uETmmO.
* IIpoPAnuara:
— [TiBavog eykAhmPiopoc 6 TOmTIKO pEYLGTO (TOMIKT) KOPLON).
— [TiBavog eykhmPiouog e opoméoLo (Kapio avoooc opotn).
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objectivg function

Avappiynon AOPwv

global maximum

shoulder

\ local maximum

i

"flat" local maximum

state space
current

state
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AlyoprOuoc avappiynone Aopwv (HC)

1. Kave tpéyovoca KataoTao™ TNV OPYLKY.

2. EméKTEvE TNV TPEYOVCO KATACTOOT KO
aEL0A0YNOE TIC KOTAGTAGEIC-TTOOLA.

3. Av 0gv vapyEL TOol Tov OmOlov M sl va Etval
LEYUAVTEPT OO TNV ACio TNG TPEYOVCOG
KOTAGTOGCNG, EMIGTPEYE TNV TPEYOLCO KATAGTAGCT).

4. Kdve tp€Youca KaTdeTAs™ TO UL LE TN
NEYOAVTEPT OSLO.

5. IIyawve 6to Prjpa 2.
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2€ OMEG TIG
YELTOVIKEG
KOTOOTAGELG M)
h yivetan
HeyaADTEPN.

Telkn KatdoToon: Kopio Paciiicoo va uny ametlel AAAN.
Metafaon: petaxivnon pog BaciAlosac omovonmote

KOTOUKOPLPO GTN GTNAN TNG.

— Av &ovue 000 Pacillooeg og Hia 6TNAN, olyovpa 0EV TPOKELTOL Y10 TEALKT
KOTAGTOOT).
AVTIKELHEVIKT] ovvapTtnon: aplOudc Cevynv BactAlGomy mTov
ATELOVV M (o TNV GAAN (dueca 1 EUUECQ).
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[TapaAirayec HC
e ITAayw ppora:

— Otav 0gv vTapyel KOAVTEPOS YEITOVAS, LETOUKIVOVLOOTE
LEYPL Eva TETEPACUEVO aplOud PuaTov Tpog pio M
nEPLEGOTEPES KaTEVOVVGELS, eAmtiCovTag OTL Oa Ppovue
KOADTEPN KATAGTAGCT (TT.Y. TEPIMTWOOT] KOLOLY).

— 211¢ 8 Pacidiocec pe 100 TAaywo Prypata, Avon yio to 94%

TOV OPYIKOV KOTaoTace®V, avti 14% yopic mAdyia fruoata.

« HC pe mpotn emioyn:
— Eméyovpe 1o yettova pe acio peyoAvtepn amd v
TPEYOLOO KATAGTAGT) TOV TOPAYOVUE TPOTO.
— Evoéyetal va kooTi(el TOAD va TapayyOuUE KOl VOl
aEloAoynGove OAOLG TOVG YEITOVEG.
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[Haparroyéc HC — cuveyela
¢ Tvyolec eMAVEKKIVIGELS:

— Emavoiaupavovue moAAEC QOpEC TNV avalrTNOT, CEKIVOVTOG
KG0g @opa amwd ailn apyikn Katdotaon (av yivetal).

— Av n mBavomra enxttuyiog (m.y. €DPEGNC OMKOV UEYIGTOL 1)
TEMKNG KATAGTAONC) O€ (o emavaAnyn givot p, 0
OVOUEVOUEVOS OPLONOS ETMTVYLOV GE N ETAVUANYELC
(OlWVLIKTY KOTavOouUn) €ival n-p.

— Av 10 T0Tl0 £YEL AYES TAYLOES, ECOLPETIKT] CTPOTNYIKN.

¢ YtoyoocTtikog HC:

— [Hapdyovue Kol aStoA0yoOUE OAOVS TOVC YEITOVES Kol
EMAEYOVUE TVYOLO LETOCD QUTOV TOL EYOVV UEYAAVTEPT oSl
QO TNV TPEYOVGO KATAGTAGCT).

— ILy. emA&yovue pe mBavotnTo avaroyn g alog Touc.

— Mmnopovue va emavalafoope TOALEC POPEC LE OLUPOPETIKN
aPYIKT KOTAGTOON KOl VO KPAT|GOVUE TNV KAADTEPT AVON.
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Oo TPETEL VO, LEAETNGETE TIS OLULPAVELES OLLTNC TNG
OLAAEENC KO TIS AOKNGELS peEAETNS NG (PA. Eyypapa
naOnuotog 6to e-class) wpiv amwd TV emopevn o1aAEC Ko
PV 07O TO AVTIETOLYO EpYaoTPLo. I'pdyTte povor cag
TIC ADGELS TOV UGKINGEOV NEAETNS (aKOUa Kol oV olvovTol
o1 Avoelg). Eniong, ypdwyte povol Goc toug oprtopovge,
aAyoplOnovs, TaPAdEYROTA EKTEAEGTC TOV aAYOPiOu®Y
KOl AO1TOVC VITOAOYIGOVS TOV OLUPOVELDV. AVATPESTE OTN
Biplroypa@ia yio Tpochetec eENYNGELS KOL YVIOGELS

(10witepa 0601 evolaEEPESTE 1010iTEPD Y100 TNV TN).
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BipAtoypaoio

* Russel & Norvig (4" £ékooon): evotnta 3.5.2, e16aywmyn evOTNTOG
3.6, evotnta 3.6.2, 3.6.6, xkepdAioo 4 ¢ kot evotnta 4.1.1.

— Oocot evorapépovtal umopov va, OlPAGouV TPOPETIKA Kot T
TUNLOTO TOV KEP. 3 TOV eConpEdnKay.

* BAayaPog k.q: vmoAoumo kepaiaiov 4, ekt TG evotntog 4.3.4
(O KaAvEOel otV emduevn owaAen) ko 4.4.1.

— O alyopiBuoc A* umopet va GLVOLAGTEL LE EMOVOANTTIKN
exabvvon (PA. mpoarpetikd evotnta 4.4.1).

« Aggarwal: oyetikn VAN vdpyel 6TIC EvotNnTEG 2.3, 2.4,

e Poole & Mackworth: oyetikny OAN vdpyel GTIC
evotnteg 3.5-3.7, 4.6.
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