
US02 Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

EpÐlush Problhm�twn me Anaz thsh

• Pr�ktorec Basismènoi sto Stìqo, Pr�ktorec EpÐlushc
Problhm�twn

• Probl mata Anaz thshc

• Strathgikèc Tufl c (Aplhrofìrhthc) Anaz thshc
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Pr�ktorec

?

agent

percepts

sensors

actions

effectors

environment

Pr�ktorac (agent) eÐnai otid pote mporeÐ na jewrhjeÐ ìti
antilamb�netai to perib�llon (environment) tou mèsw
aisjht rwn (sensors) kai allhlepidr� me autì mèsw
mhqanism¸n dr�shc (effectors - actuators).
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Pwc Prèpei na EnergoÔn oi Pr�ktorec?

H sumperifor� enìc pr�ktora exart�tai apì ta ex c:

• To perib�llon tou.

• Thn akoloujÐa antil yewn (percept sequence) dhl. to pl rec
istorikì gia otid pote èqei antilhfjeÐ o pr�ktorac.

'Enac pr�ktorac mporeÐ na perigrafeÐ apì mia sun�rthsh pr�ktora
pou antistoiqeÐ k�je akoloujÐa antil yewn se mia enèrgeia.
H sun�rthsh pr�ktora ulopoieÐtai apì èna prìgramma pr�ktora.

• To mètro apìdoshc (performance measure). EÐnai to
antikeimenikì krit rio thc epituqÐac thc sumperifor�c enìc pr�ktora kai
kajorÐzetai apì to sqediast  tou. MporeÐ na mhn eÐnai eÔkolo na
orÐsoume to mètro apìdoshc.

Par�deigma: To mètro apìdoshc enìc automatopoihmènou odhgoÔ taxÐ
eÐnai ...
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Upojèseic

S' autì to kef�laio k�noume tic ex c upojèseic:

• To perib�llon tou pr�ktora mporeÐ na parathrhjeÐ me akrÐbeia
kai eÐnai aitiokratikì (deterministic).

• O pr�ktorac gnwrÐzei me akrÐbeia poia eÐnai ta apotelèsmata
twn energei¸n tou.

Autèc oi upojèseic den isqÔoun sth genik  perÐptwsh (p.q., ston
pragmatikì kìsmo).
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Pr�ktorec Basismènoi sto Stìqo (Goal-Based Agents)

Agent

E
n

v
iro

n
m

e
n

t

Sensors

Effectors

What it will be like
  if I do action A

What the world
is like now

What action I
should do now

State

How the world evolves

What my actions do

Goals

H sumperifor� enìc pr�ktora exart�tai epÐshc apì:

• Touc stìqouc (goals) tou pr�ktora. 'Enac stìqoc kajorÐzei poiec
katast�seic tou perib�llontoc eÐnai epijumhtèc gia ton pr�ktora.
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Praktorec EpÐlushc Problhm�twn

Oi pr�ktorec epÐlushc problhm�twn (problem-solving
agents) eÐnai mia kl�sh praktìrwn basismènwn sto stìqo. Oi
pr�ktorec epÐlushc problhm�twn apofasÐzoun ti na k�noun
epilègontac akoloujÐec energei¸n pou odhgoÔn se epijumhtèc
katast�seic.

Par�deigma: 'Enac pr�ktorac brÐsketai sthn pìlh Ar�nt thc
RoumanÐac. Pwc mporeÐ na ft�sei sto Boukourèsti thn epìmenh
mèra, ¸ste na prol�bei thn pt sh tou?
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Pr�ktorec EpÐlushc Problhm�twn

Oi pr�ktorec epÐlushc problhm�twn leitourgoÔn ektel¸ntac
xan� kai xan� ta parak�tw:

• DiatÔpwsh stìqou (goal formulation): apofasÐzoun poioc
eÐnai o epidiwkìmenoc stìqoc.

• DiatÔpwsh probl matoc (problem formulation):
apofasÐzoun poiec enèrgeiec kai katast�seic ja l�boun up' ìyin
touc gia na petÔqoun ton epidiwkìmeno stìqo.

• Anaz thsh (search): epilègoun mia akoloujÐa apì enèrgeiec
pou odhgoÔn sto stìqo.

• Ektèlesh (execution): ekteloÔn thn epilegmènh akoloujÐa
energei¸n.
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Par�deigma: EÔresh Diadrom c sth RoumanÐa

Giurgiu

Urziceni
Hirsova

Eforie

Neamt

Oradea

Zerind

Arad

Timisoara

Lugoj

Mehadia

Dobreta

Craiova

Sibiu Fagaras

Pitesti

Vaslui

Iasi

Rimnicu Vilcea

Bucharest
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To Pr¸to mac Prìgramma Pr�ktora

function SimpleProblemSolvingAgent(percept)
returns an action
static seq, state, goal, problem

state ← UpdateState(state, percept)
if seq is empty then

goal ← FormulateGoal(state)
problem ← FormulateProblem(state, goal)
seq ← Search(problem)

end
action ← First(seq)
seq ← Rest(seq)
return action
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H Dom  Enìc Pr�ktora

Pr�ktorac = Arqitektonik  + Prìgramma

H arqitektonik  qrhsimopoieÐ touc aisjht rec gia na parèqei
antil yeic sto prìgramma, ekteleÐ to prìgramma, kai trofodoteÐ
touc mhqanismoÔc dr�shc me tic epilegmènec enèrgeiec, kaj¸c autèc
par�gontai.

S' aut  thn enìthta dialèxewn ja asqolhjoÔme me progr�mmata
praktìrwn epÐlushc problhm�twn.
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Probl mata   Probl mata Anaz thshc

Ta basik� stoiqeÐa enìc probl matoc anaz thshc (search
problem) eÐnai:

• H arqik  kat�stash (initial state).

• To sÔnolo twn diajèsimwn energei¸n (available actions).
Gia na kajorÐsoume tic diajèsimec enèrgeiec qrhsimopoioÔme mia
sun�rthsh diadoq c (successor function) Succ h opoÐa,
dojeÐsac miac kat�stashc x, epistrèfei èna sÔnolo apì
diatetagmèna zeÔgh (action, successor state).

To parap�nw sÔnolo upagoreÔei poiec enèrgeiec eÐnai dunatèc
ìtan o pr�ktorac brÐsketai sthn kat�stash x, kai se poiec
katast�seic mporeÐ na ft�sei apì thn x ektel¸ntac autèc tic
enèrgeiec.



US02 Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Probl mata Anaz thshc

• O q¸roc katast�sewn (state space).
H arqik  kat�stash kai h sun�rthsh Succ kajorÐzoun to
q¸ro katast�sewn enìc probl matoc anaz thshc.
O q¸roc katast�sewn eÐnai to sÔnolo ìlwn twn
katast�sewn stic opoÐec mporoÔme na ft�soume apì thn arqik 
kat�stash me mia opoiad pote akoloujÐa energei¸n.

'Enac q¸roc katast�sewn parist�netai sun jwc apì èna
kateujunìmeno gr�fo me etikèttec pou oi kìmboi tou eÐnai
oi katast�seic kai oi etikèttec twn akm¸n eÐnai enèrgeiec.
'Ena monop�ti sto q¸ro katast�sewn eÐnai opoiad pote
akoloujÐa katast�sewn pou sundèontai apì mia akoloujÐa
energei¸n.
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Probl mata Anaz thshc

• O stìqoc (goal) pou jèloume na petÔqoume. O stìqoc eÐnai
èna sÔnolo apì katast�seic pou onom�zontai katast�seic
stìqou (goal states). Oi stìqoi mporoÔn na kajoristoÔn me
akrÐbeia apì èna èlegqo stìqou (goal test), dhlad  èna
èlegqo pou mporeÐ na efarmosteÐ se mia kat�stash gia na
apofasÐsoume an prìkeitai gia kat�stash stìqou.

• Sun�rthsh kìstouc monopatioÔ (path cost function)
eÐnai mia sun�rthsh (sun jwc sumbolÐzetai me g) h opoÐa
apodÐdei èna arijmhtikì kìstoc se k�je monop�ti. To kìstoc
enìc monopatioÔ eÐnai sun jwc to �jroisma apì ta kìsth twn
epimèrouc energei¸n sto monop�ti.
To kìstoc b matoc (step cost) gia mia enèrgeia a apì mia
kat�stash x sthn kat�stash y sumbolÐzetai me c(x, a, y).
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Probl mata Anaz thshc

Mia lÔsh (solution) se èna prìblhma anaz thshc eÐnai èna
monop�ti apì thn arqik  kat�stash se mia kat�stash stìqou.

Mia lÔsh eÐnai bèltisth (optimal) an èqei to el�qisto kìstoc
metaxÔ ìlwn twn lÔsewn.
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Par�deigma: EÔresh Diadrom c sth RoumanÐa

Giurgiu

Urziceni
Hirsova

Eforie

Neamt

Oradea

Zerind

Arad

Timisoara

Lugoj

Mehadia

Dobreta
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Sibiu Fagaras

Pitesti

Vaslui

Iasi

Rimnicu Vilcea

Bucharest
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H DiatÔpwsh san Prìblhma Anaz thshc

To prìblhma thc met�bashc apì to Ar�nt sto Boukourèsti mporeÐ na
oristeÐ tupik� wc ex c:

• Oi katast�seic orÐzontai apì tic pìleic stic opoÐec briskìmaste p.q.,
In(Arad).

• H mình diajesimh enèrgeia eÐnai h GoTo p.q., GoTo(Sibiu).

• Gia k�je kat�stash, h sun�rthsh diadoq c mac dÐnei èna sÔnolo apì
zeÔgh (GoTo(.), In(.)). Gia par�deigma:

Succ(In(Arad)) = {(GoTo(Sibiu), In(Sibiu)),

(GoTo(Timisoara), In(Timisoara)), (GoTo(Zerind), In(Zerind))}.
• H arqik  kat�stash eÐnai In(Arad). H kat�stash stìqou eÐnai

In(Bucharest).

• To kìstoc monopatioÔ mporeÐ na dÐdetai apì thn antÐstoiqh
qiliometrik  apìstash.
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To Prìblhma twn 8 PlakidÐwn

Start State Goal State
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To Prìblhma twn 8 PlakidÐwn (8-puzzle)

Tupikìc orismìc:

• Katast�seic: mia perigraf  kat�stashc kajorÐzei th jèsh
k�je plakidÐou kai tou kenoÔ.

• Enèrgeiec: To kenì kineÐtai arister�, dexi�, p�nw   k�tw.

• H arqik  kat�stash kai h kat�stash stìqou dÐnontai.

• Kìstoc monopatioÔ: to m koc tou monopatioÔ.
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To Prìblhma twn 8 Basiliss¸n (8-Queens)
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To Prìblhma twn 8 Basiliss¸n

Tupikìc Orismìc:

• Katast�seic: Opoiad pote di�taxh 0 èwc 8 basiliss¸n sth
skakièra

• Arqik  Kat�stash: KamÐa basÐlissa sth skakièra

• Enèrgeiec: Prìsjese mia basÐlissa se opoiod pote kenì
tetr�gwno

• Kat�stash Stìqou: 8 basÐlissec sth skakièra, kamÐa den
apeileÐtai

• Kìstoc MonopatioÔ: Mhdèn

Mègejoc Q¸rou Katast�sewn: 648
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To Prìblhma twn 8 Basiliss¸n

Enallaktik  DiatÔpwsh:

• Katast�seic: Diat�xeic n (0 ≤ n ≤ 8) basiliss¸n, mÐa
basÐlissa an� st lh stic n pr¸tec st lec apì ta arister�,
¸ste kamÐa basÐlissa den apeileÐtai.

• Arqik  Kat�stash: KamÐa basÐlissa sth skakièra.

• Enèrgeiec: TopojetoÔme mÐa basÐlissa se opoiod pote kenì
tetr�gwno thc aristerìterhc ken c st lhc ètsi ¸ste na mhn
apeileÐtai apì kamÐa �llh basÐlissa.

• Telik  Kat�stash: 8 basÐlissec sth skakièra, kamÐa den
apeileÐtai.

• Kìstoc MonopatioÔ: Mhdèn

Mègejoc Q¸rou Katast�sewn: 88
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Probl mata Anaz thshc ston Pragmatikì Kìsmo

• EÔresh diadrom¸n se q�rtec

• Probl mata dromolìghshc p.q., to prìblhma tou planìdiou pwlht 
(travelling salesman problem)

• Di�taxh kuklwm�twn VLSI

• Plo ghsh rompìt

• Autìmath akoloujÐa sunarmolìghshc (automatic assembly

sequencing)

• SqedÐash prwteðn¸n (protein design)

• Probl mata beltistopoÐhshc erwtoapokrÐsewn (query optimization)
se Sust mata DiaqeÐrishc Sqesiak¸n B�sewn Dedomènwn

• Anaz thsh sto diadÐktuo

• Autìmath dhmiourgÐa ro c ergasi¸n
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Upologistik  Poluplokìthta

Sqedìn ìla ta probl mata pou parousi�same pio p�nw eÐnai
NP-dÔskola (NP-hard)   duskolìtera apì �poyh
upologistik c poluplokìthtac.

'Etsi den ja prèpei na perimènoume oi aploÐ algìrijmoi gia ta
probl mata anaz thshc na eÐnai apodotikoÐ. Autì eÐnai èna meg�lo
prìblhma gia ta probl mata anaz thshc. Ja prospaj soume na
broÔme trìpouc na to antimetwpÐsoume.
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Anaz thsh LÔsewn

Par�deigma:

Timisoara

Timisoara

(a) The initial state Arad

(b) After expanding Arad

(c) After expanding Sibiu

Arad

Sibiu Zerind

Rimnicu VilceaOradeaFagarasArad

Arad

Sibiu Zerind
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Anaz thsh LÔsewn

• H eÔresh miac lÔshc gÐnetai y�qnontac sto q¸ro twn
katast�sewn. H idèa eÐnai na diathroÔme kai na
epekteÐnoume èna sÔnolo apì merikèc lÔseic (partial
solutions).

• H epilog  thc kat�stashc pou ja epekteÐnoume sth sunèqeia
kajorÐzetai apì th strathgik  anaz thshc (search
strategy).

• H diadikasÐa anaz thshc kataskeu�zei èna dèntro
anaz thshc (search tree) to opoÐo brÐsketai èna epÐpedo
p�nw apì to q¸ro anaz thshc.

• EÐnai shmantikì na xeqwrÐsoume to q¸ro anaz thshc
(search space) apì to dèntro anaz thshc.
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O Genikìc Algìrijmoc Anaz thshc se Dèndro

function TreeSearch(problem, strategy)
returns a solution or failure

initialize the search tree using the initial state of problem

loop do
if there are no candidates for expansion then

return failure
choose a leaf node for expansion according to strategy

if the node contains a goal state then
return the corresponding solution

else expand the node and add the resulting nodes
to the search tree

end
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Kìmboi tou Dèntrou Anaz thshc

Oi kìmboi se èna dèntro anaz thshc mporoÔn na parastajoÔn me mia
dom  me pènte stoiqeÐa:

• State: h kat�stash sthn opoÐa antistoiqeÐ o kìmboc.

• ParentNode: o kìmboc tou dèntrou anaz thshc apì ton opoÐo
pro lje o trèqwn kìmboc.

• Action: h enèrgeia pou pragmatopoi jhke gia na paraqjeÐ o
trèqwn kìmboc.

• PathCost: to kìstoc tou monopatioÔ apì thn arqik  kat�stash
mèqri ton trèqonta kìmbo.

• Depth: to pl joc twn kìmbwn sto monop�ti apì th rÐza tou
dèntrou mèqri ton trèqonta kìmbo.
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To SÔnoro

To sÔnolo twn kìmbwn pou prìkeitai na epektajoÔn onom�zetai
sÔnoro (frontier or fringe). To sÔnoro mporeÐ na ulopoihjeÐ wc
mia our� me leitourgÐec:

• MakeQueue(Elements)

• Empty?(Queue)

• RemoveFront(Queue)

• QueuingFn(Elements, Queue)
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O Genikìc Algìrijmoc Anaz thshc se Dèndro

function TreeSearch(problem,QueuingFn)
returns a solution, or failure

fringe ← MakeQueue(MakeNode(InitialState[problem]))
loop do

if fringe is empty then return failure
node ← RemoveFront(fringe)
if GoalTest[problem] applied to State[node] succeeds then

return node

fringe ← QueuingFn(Expand(node, problem), fringe)
end

H sun�rthsh Expand eÐnai upeÔjunh gia ton upologismì twn stoiqeÐwn
k�je kìmbou pou dhmiourgeÐ.
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Algìrijmoi Anaz thshc

Ja melet soume dÔo eÐdh algìrijmwn anaz thshc:

• Aplhrofìrhtouc (uninformed)   tufloÔc (blind)

• Plhroforhmènouc (informed)   euretikoÔc (heuristic)

Krit ria apotÐmhshc gia ènan algìrijmo anaz thshc:

• Plhrìthta (completeness)

• Bèltisth sumperifor� (optimality)

• Qronik  poluplokìthta (time complexity)

• Qwrik  poluplokìthta (space complexity)
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Strathgikèc Aplhrofìrhthc Anaz thshc

• Anaz thsh pr¸ta se pl�toc (breadth-first search)

• Anaz thsh omoiìmorfou kìstouc (uniform-cost search)

• Anaz thsh pr¸ta se b�joc (depth-first search)

• Anaz thsh periorismènou b�jouc (depth-limited search)

• Anaz thsh pr¸ta se b�joc me epanalhptik  ekb�junsh
(iterative deepening depth-first search)

• AmfÐdromh anaz thsh (bidirectional search)
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Anaz thsh Pr¸ta se Pl�toc (BFS)

function BreadthFirstSearch(problem)
returns a solution or failure

return TreeSearch(problem,EnqueueAtEnd)

Par�deigma:
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ApotÐmhsh thc Anaz thshc Pr¸ta se Pl�toc

• Pl rhc? Nai, an o par�gontac diakl�dwshc (branching
factor) b eÐnai peperasmènoc.

• Qrìnoc: O(bd+1) ìpou b eÐnai o par�gontac diakl�dwshc kai d

eÐnai to b�joc (depth) thc lÔshc.

• Q¸roc: O(bd+1). Autì eÐnai to megalÔtero prìblhma tou BFS.

• Bèltistoc? Nai, an ìlec oi enèrgeiec èqoun to Ðdio mh
arnhtikì kìstoc.

ShmeÐwsh: O BFS brÐskei mÐa apì tic pio rhqèc (shallow)
katast�seic stìqou.
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Anaz thsh Omoiìmorfou Kìstouc (UCS)

H anaz thsh omoiìmorfou kìstouc (UCS) eÐnai mia parallag  tou
BFS h opoÐa epekteÐnei ton kìmbo tou sunìrou pou èqei to
qamhlìtero kìstoc (upologismèno me to kìstoc monopatioÔ).
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UCS - Par�deigma

(a) (b)
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ApotÐmhsh thc Anaz thshc Omoiìmorfou Kìstouc

• Pl rhc? Nai, upì tic sunj kec pou dÐnontai parak�tw.

• Qrìnoc: O(b1+bC∗/εc) ìpou b eÐnai o par�gontac
diakl�dwshc, C∗ eÐnai to kìstoc thc bèltisthc lÔshc kai
k�je enèrgeia kostÐzei toul�qiston ε > 0.

• Q¸roc: to Ðdio me to qrìno.

• Bèltistoc? Nai, upì tic sunj kec pou dÐnontai parak�tw.
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ApotÐmhsh thc Anaz thsh Omoiìmorfou Kìstouc

H plhrìthta kai h bèltisth sumperifor� tou UCS isqÔoun upì
tic akìloujec sunj kec:

• O par�gontac diakl�dwshc eÐnai peperasmènoc.

• To kìstoc de mei¸netai potè kaj¸c proqwr�me s' èna monop�ti,
dhlad  g(Successor(n)) ≥ g(n) gia k�je kìmbo n. Aut  h
sunj kh isqÔei p.q., ìtan k�je enèrgeia kostÐzei toul�qiston
ε > 0.

Epeid  isqÔei h deÔterh sunj kh, o UCS epekteÐnei kìmbouc
kat� seir� auxanìmenou kìstouc monopatioÔ. 'Etsi, o
pr¸toc kìmboc stìqoc pou epilègetai gia epèktash eÐnai h
bèltisth lÔsh.
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SÔgkrish tou UCS me ton BFS

• O BFS eÐnai o UCS me g(n) =Depth(n).

• O UCS leitourgeÐ akrib¸c ìpwc o BFS ìtan to kìstoc k�je
enèrgeiac eÐnai to Ðdio ε > 0.
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SÔgkrish tou UCS me ton Algìrijmo tou Dijkstra

O UCS mac jumÐzei ton algìrijmo tou Dijkstra gia thn eÔresh twn
suntomìterwn monopati¸n monadik c phg c (single-source shortest paths) se
kateujunìmenouc gr�fouc me mh arnhtik� b�rh stic akmèc.

Shmantikèc diaforèc:

• Ston UCS h anaz thsh diakìptetai ìtan brejeÐ ènac kìmboc stìqoc.

• Ston UCS mporeÐ na èqoume arketoÔc kìmbouc gia thn Ðdia kat�stash,
antÐ gia arketèc enhmer¸seic tou kìstouc miac kat�stashc.

• H qronik  kai qwrik  poluplokìthta tou UCS eÐnai diaforetik  diìti oi
par�metroi pou mac endiafèroun eÐnai diaforetikèc.

Parathr ste to kl�dema pou gÐnetai apì ton UCS. KladeÔoume tm mata
tou dèntrou ta opoÐa den qrei�zetai na exet�soume.
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Anaz thsh Pr¸ta se B�joc (DFS)

H anaz thsh pr¸ta se b�joc p�nta epekteÐnei ènan apì touc
kìmbouc sto bajÔtero epÐpedo tou dèntrou anaz thshc.

Par�deigma:
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Anaz thsh Pr¸ta se B�joc (DFS)

function DepthFirstSearch(problem)
returns a solution, or failure

TreeSearch(problem,EnqueueAtFront)
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ApotÐmhsh thc Anaz thshc Pr¸ta se B�joc

• Pl rhc? 'Oqi

• Qrìnoc: O(bm) ìpou b eÐnai o par�gontac diakl�dwshc kai
m eÐnai to mègisto b�joc tou dèntrou anaz thshc.

• Q¸roc: O(bm). Autì eÐnai to meg�lo prosìn tou DFS.

• Bèltistoc? 'Oqi
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Anaz thsh Periorismènou B�jouc (DLS)

O algìrijmoc autìc eÐnai parìmoioc me ton DFS all� epib�llei èna
ìrio b�jouc (depth limit) sthn anaz thsh. P.q., gia to
par�deigma eÔreshc diadrom c proc to Boukourèsti, èna kalì ìrio
b�jouc eÐnai to 19 (èqoume 20 pìleic).

ApotÐmhsh:

• Pl rhc? Nai, an l ≥ d ìpou l eÐnai to ìrio b�jouc kai d eÐnai
to b�joc thc lÔshc.

• Qrìnoc: O(bl)

• Q¸roc: O(bl)

• Bèltistoc? 'Oqi

Er¸thsh: MporoÔme p�nta na broÔme èna kalì ìrio b�jouc?



US02 Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Anaz thsh Epanalhptik c Ekb�junshc (IDS)

O IDS parak�mptei to jèma thc epilog c tou kalÔterou orÐou
b�jouc dokim�zontac ìla ta pijan�: 0,1,2 klp.

function IterativeDeepeningSearch(problem)
returns a solution sequence

for depth ← 0 to ∞ do
if DepthLimitedSearch(problem, depth) succeeds then

return its result
end
return failure
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IDS - Par�deigma

Limit = 3

Limit = 2

Limit = 1

Limit = 0

 .....
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ApotÐmhsh

Er¸thsh: EÐnai o IDS sp�taloc?

Ap�nthsh: 'Oqi!

Ac upojèsoume ìti brÐskoume mia lÔsh ìtan exet�zetai o teleutaÐoc
kìmboc sto epÐpedo d. Tìte o arijmìc twn kìmbwn pou
dhmiourgoÔntai apì mia anaz thsh me BFS mèqri to b�joc d eÐnai

1 + b + b2 + · · ·+ bd + (bd+1 − b)

O arijmìc twn kìmbwn pou dhmiourgoÔntai apì mia anaz thsh me
ton IDS mèqri to b�joc d eÐnai

(d + 1) + db + (d− 1)b2 + · · ·+ 2bd−1 + 1bd
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ApotÐmhsh

Qrhsimopoi¸ntac touc parap�nw tÔpouc mporoÔme na doÔme ìti o
BFS mporeÐ ousiastik� na eÐnai polÔ pio sp�taloc apì ton IDS.

Gia par�deigma, gia b = 10 kai d = 5, o BFS par�gei 1.111.100
kìmbouc kai o IDS 123.450 kìmbouc.
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ApotÐmhsh

• Pl rhc? Nai, upì tic proôpojèseic tou BFS.

• Qrìnoc: O(bd)

• Q¸roc: O(bd)

• Bèltistoc? Nai, upì tic proôpojèseic tou BFS.

O IDS eÐnai o pio kat�llhloc aplhrofìrhtoc algìrijmoc
anaz thshc ìtan o q¸roc anaz thshc eÐnai meg�loc kai to
b�joc anaz thshc eÐnai �gnwsto.
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AmfÐdromh Anaz thsh

Sthn amfÐdromh anaz thsh, y�qnoume tìso proc ta emprìc xekin¸ntac apì
thn arqik  kat�stash, ìso kai proc ta pÐsw xekin¸ntac apì mia kat�stash
stìqou. Stamat�me ìtan oi dÔo anazht seic sunanthjoÔn.

KÐnhtro: bd/2 + bd/2 << bd

Probl mata:

• Ti shmaÐnei anaz thsh proc ta pÐsw xekin¸ntac apì thn kat�stash
stìqou?

• Ti gÐnetai ìtan èqoume perissìterec apì mia katast�seic stìqou?

• MporoÔme na elègqoume apodotik� ìti oi dÔo anazht seic ja
sunanthjoÔn?

• Ti eÐdoc anaz thshc ekteloÔme proc ta emprìc kai ti proc ta pÐsw?
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ApotÐmhsh thc AmfÐdromhc Anaz thshc

• Pl rhc? Nai, an o par�gontac diakl�dwshc eÐnai peperasmènoc
kai amfìterec oi anazht seic qrhsimopoioÔn BFS.

• Qrìnoc: O(bd/2)

• Q¸roc: O(bd/2)

• Bèltistoc? Nai, an oi anazht seic qrhsimopoioÔn BFS kai
isqÔoun oi proôpojèseic bèltisthc sumperifor�c gia ton BFS.
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Apofug  Epanalambanìmenwn Katast�sewn

Par�deigma:

A

B

C

D

A

BB

CCCC
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Apofug  Epanalambanìmenwn Katast�sewn

• Sthn perÐptwsh aut  o q¸roc katast�sewn eÐnai ènac gr�foc.

• Mia lÔsh eÐnai na apofÔgoume th dhmiourgÐa opoiasd pote
kat�stashc pou èqei paraqjeÐ prohgoumènwc. Autì mporeÐ na
epiteuqjeÐ krat¸ntac mia lÐsta twn katast�sewn pou èqoun  dh
paraqjeÐ kai lègetai kleist  lÐsta (closed list). Sthn
perÐptwsh aut  to sÔnoro twn kìmbwn pou den èqoun epektajeÐ
lègetai anoiqt  lÐsta (open list).
H kleist  lÐsta mporeÐ na ulopoihjeÐ me èna pÐnaka
katakermatismoÔ gia an�kthsh se stajerì qrìno. Wstìso,
den up�rqei eÔkoloc trìpoc na apofÔgoume thn ap¸leia q¸rou!
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O Genikìc Algìrijmoc Anaz thshc se Gr�fouc

function GraphSearch(problem,QueuingFn)
returns a solution, or failure

closed ← an empty set
fringe ← MakeQueue(MakeNode(InitialState[problem]))
loop do

if fringe is empty then return failure
node ← RemoveFront(fringe)
if GoalTest[problem] applied to State[node] succeeds then

return node

if State[node] is not in closed then
add State[node] to closed

fringe ← QueuingFn(Expand(node, problem), fringe)
end
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Melèth

Kef�laio 3, Enìthtec 3.1-3.5 tou biblÐou AIMA.


