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PROHLEDAVANI STAVOVEHO
PROSTORU

= Neékolik krokul vedoucich k reseni ulohy

= Formulace cile
» pozadavky — zadouci stav svéta
= Formulace ulohy
» jak vypadaji stavy svéta a akce, které jej méni

= Vyreseni ulohy |
. i . function SIMPLE-PROBLEM-SOLVING-AGENT( percept) returns an action
= urceni pOSlOU pnOStI persistent: seq, an action sequence, initially empty

0 . , state, some description of the current world state
StaY.U/ akci vedoucich goal, a goal, initially null
k cili problem, a problem formulation
- P roved en i ‘rieée n I’ :;(;i(q ;grf;t?TtE;lSlTATE(slate, percept)
n vykon ani nalezené goal + FORMULATE-GOAL(state)
. , problem < FORMULATE-PROBLEM( state, goal)
pOSIOUpnOSt| akcl seq «+— SEARCH( problem)
o .y . if seq = failure then return a null action
= muze dojit k chybam .00 " elrercsen)

pFi vykonévéni seq «— REST(seq)

return action
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FORMULACE ULOHY

= Sijtuace

= ,agent se nachazi v Rumunsku ve mésté Arad a chce si uzit dovolenou,
tj. opalit se, ucCit se Rumunsky, navstivit pamatky, okusit no¢ni zivot, atd.”

» Zjednoduseni

= Prfijme cil = jet do Bukuresti
= Dobre formulovana Gloha a reseni

= Podatecni stav
= in(Arad)
= Popis akci, zpravidla ur¢ené pomoci funkce naslednika

= pro dany stav x vraci dvojici (y,a) nasledného stavu y
a akce a, ktera nas prevede z x do y

= {(go(Sibiu) ,in(Sibiu)) ; (go(Timisoara) ,in(Timisoara) ;
go (Zerind) ,in(Zerind) }
= Test, zda dany stav je cilovy
= napriklad vytem: {in (Bucharest) }
= Reseni
= Posloupnost akci a stavl - cesta
= Vrcholy na cesté — odpovidaji stavim, hrany — odpovidaji akcim




PRIKLADY HRACKOVE
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= Puvodné zkoumany v ramci =
mikro-svétu s
= dulezité pro vyvoj, testovani
a porovnavani algoritmu
= Vysavacé

= ukolem je vysat smeti
» stavy: pozice vysavacCe a smeti
= akce: vysat smeti, presun
= 8 kraloven (obecné N kraloven)

= umistit kralovny na sachovnici bez
vzajemneho ohrozeni

= stavy: rozmisténi kraloven
= akce: pfidani kralovny
* Lloydova osmicka (Lisak)
= srovnat kameny na hracim poli

= stavy: rozlozeni kamenu
= akce: pohyb kamenem na volné misto

1 8

3 2

Start State

6

Goal State




PRIKLADY REALNE

= Tézké pro puvodni algoritmy Ul

= obrovsky stavovy prostor
= kombinatoricka exploze
= dulezité pro praxi
= prumysl, doprava, obchod, véda
= Multi-agentni hledani cest, multi-robotickeé
planovani pohybu
= mnoho robotl, kazdy ma svu;
pocatek a cil
= Stavy: rozloZeni robotd, konfigurace
= Akce: pohyby robotu
= Montaz vyrobkii
= Robot ma za ukol sestavit vyrobek

= Stavy: konfigurace robota a dilu
= Akce: vSe, co robot muze udélat

= Perfektni ¢tverec
= Ul v roli servisni védy pro matematiku




NEINFORMOVANE PROHLEDAVANI

parent

= Predbéznosti .
ode

State depth = 6

= stav x uzel

4] o
) 1
= stav — stav sveta B

T
= uzel — datova struktura . children
obsahujici stav a dalSi informace (rodic, cena, ...)

* Prohledavame stavovy prostor

El & &

= Zacneme v pocCateCnim stavu

= QOtestujeme, zda pocCateCni stav neni cilovy
= je-li cilovy, mame feSeni a vratime je;
= Neni-li cilovy, vybereme uzel k expanzi

= expanzi vzniknou nové uzly, odpovidajici
naslednikim, pfidame do ,okraje” (frontier) A\
T Cimisour CZerind >
function TREE-SEARCH( problem) returns a solution, or failure
mitialize the frontier using the initial state of problem
loop do
if the frontier is empty then return failure
choose a leaf node and remove it from the frontier

if the node contains a goal state then return the corresponding solution —CGad Gad Guid G
expand the chosen node, adding the resulting nodes to the frontier




PROHLEDAVAN| DO HLOUBKY

= DFS: vybirame uzel v nejvétsi hloubce

= okraj implementujeme jako zasobnik (LIFO)

= ve vysledku prochazime prohledavaci strom
zleva doprava

function TREE-SEARCH( problem, fringe) returns a solution, or failure
fringe +— INSERT(MAKE-NODE(INITIAL-STATE[problem]), fringe)
loop do
if fringe is empty then return failure
node < REMOVE-FRONT( fringe)
if GoAL-TEST[problem|(STATE[node]) then return SOLUTION(node)
fringe «+— INSERT ALL(EXPAND(node, problem), fringe)

function EXPAND( node, problem) returns a set of nodes
successors < the empty set
for each action, result in SUCCESSOR-FN[problem|(STATE[node]) do
s4—a new NODE
PARENT-NODE[s] ¢~ node; ACTION[s| — action;, STATE[s] < result
ParH-CosT(s] - PATH-COST[node] + STEP-COST(node, action, s)

DEPTH[s] +— DEPTH[node] + 1
add s to successors
return successors




PROHLEDAVAN| DO SIRKY

= BFS: vybirame uzel v nejmensi hloubce (s nejmensi cenou)

= okraj implementujeme jako frontu (FIFO)

» ve vysledku expandujeme prohledavaci strom
po vrstvach

function BREADTH-FIRST-SEARCH( problem) returns a solution, or failure

node «— a node with STATE = problem .INITIAL-STATE, PATH-COST =0
if problem.GoAL-TEST(node.STATE) then return SOLUTION(node)
Sfrontier «— a FIFO queue with node as the only element
ezxplored «+— an empty set
loop do
if EMPTY?( frontier) then return failure
node < Pop( frontier) /* chooses the shallowest node in frontier */
add node.STATE to explored
for each action in problem.AcTiONS(node.STATE) do
child + CHILD-NODE( problem, node, action)
if child.STATE is not in explored or frontier then
if problem.GoAL-TEST(child.STATE) then return SoLUTION( child)

Sfrontier « INSERT(child, frontier) K




ITERATIVNE DO HLOUBKY

= |IDS: kombinuje vyhody DFS a BFS

= zarucCuje optimalitu (za pfedpokladu monotonie) a uplnost
= malé pamétové naroky (jako DFS)

function DEPTH-LIMITED-SEARCH( problem, limit) returns a solution, or failure/cutoff
return RECURSIVE-DL S(MAKE-NODE(problem.INITIAL-STATE), problem, limit)

function RECURSIVE-DL S(node, problem, limit) returns a solution, or failure/cutoff
if problem.GoAL-TEST(node.STATE) then return SOLUTION(node)
else if limit = 0 then return cutoff
else
cutoff-occurred? «— false Limit =
S ! imit=0
for each action in problem.AcTioNs(node.STATE) do
child «+ CHILD-NODE( problem, node, action) .m .
result «+ RECURSIVE-DLS(child, problem, limit — 1) (J
if result = cutoff then cutoff-occurred? « true
else if resull # failure then return result
if cutoff_occurred? then return cutoff else return failure

function ITERATIVE-DEEPENING-SEARCH( problem) returns a solution, or failure Limit=1
for depth = 0 to co do
result « DEPTH-LIMITED-SEARCH( problem, depth)
if result # cutoff then return result

Limit = 2

AR AN KN ENEN




VLASTNOSTI DFS A BFS

= Uplnost

= Algoritmus vzdy skoncCi a vrati spravnou odpoved
= Casova slozitost, pamétova slozitost

= b — veétvici faktor, d — nejmensi hloubka obsahuijici feSeni,
m — maximalni hloubka stromu, / — limit na hloubku

Uplnost

Cas O(bm) O(bd+1) O(b’) O(bd)
Pamét O(bm) O(b?*1) O(bl) O(bd)
Optimalita NE ANO* NE ANO*

= Ukazka vypoctu €asové slozitosti pro IDS:
= d-b!+(d-1)-b?+ (d-2)-b*>*(d-3)-b* + ... + 2:b%1 + b?= O(b“)




PROHLEDAVAN|I HEURISTICKY

= Algoritmus A*: okraj implementujeme usporfadané (pro snadné
hledani minima/maxima)

= stavy ohodnotime pomoci f=g+ h
= f=odhad ceny cesty z poc¢atku do cile
= g =cena cesty z po¢atku do daného stavu
= h =odhad ceny cesty z daného stavu do cile

= expandujeme stav s nejmenSim f

function RECURSIVE-BEST-FIRST-SEARCH( problem) returns a solution, or failure
return RBFS(problem, MAKE-NODE(problem.INITIAL-STATE), o0)

function RBFES(problem, node, f_limit) returns a solution, or failure and a new f-cost limit
if problem.GOAL-TEST(node.STATE) then return SOLUTION(node)

if successors is empty then return failure, oc
for each s in successors do /* update f with value from previous search, if any */
s.f «—max(s.g + s.h, node.f))
loop do
best < the lowest f-value node in successors
if best.f > f_limit then return failure, best.f
alternative < the second-lowest f-value among successors
result, best. [ < RBES(problem, best, min( f_limit, alternative))
if result # failure then return result




ALGORITMUS A*

= Vlastnosti

J monotonie
h(s) < h*(s)
pripustnost

alnyijdwi

= h* cena cesty z daného

stavu do cile

h(s) < c(s,s') + h(s')

366=0+366

393=140+253 447=118+329

447=118+329

= = nalezeni optima 646=280+366 415=239+176 671=291+380 413=220+193

VzdusSna vzdalenost
monotonni h

Arad 366 Mehadia 241
Bucharest 0 Neamt 234
Craiova 160 Oradea 380
Drobeta 242 Pitesti 100
Eforie 161 Rimnicu Vilcea 193
Fagaras 176 Sibiu 253
Giurgiu 77 Timisoara 329
Hirsova 151 Urziceni 80
Iasi 226 Vaslui 199

Lugoj 244 Zerind 374

526=366+160 417=317+100 553=300+253

449=75+374

449=75+374

449=75+374




ALGORITMUS RBFS

= Napodobuje A* podobné jako IDS napodobuje BFS

= Setfi pamét, zachovava optimalitu




ZAVERECNE POZNAMKY

function GRAPH-SEARCH( problem) returns a solution, or failure
initialize the frontier using the initial state of problem
initialize the explored set to be empty

= Pozor na opakujici se stavy loop do
if the frontier is empty then return failure
" Za pamatovat choose a leaf node and remove it from the frontier
if the node contains a goal state then return the corresponding solution
. Znovu neexpandovat add the node to the explored set
Y S PN expand the chosen node, adding the resulting nodes to the frontier
" ROZS I ruj ICI te m ata lonl_y if not in the frontier orge.\'plored setg

= Prohledavani s vyuzitim externi pameéti (disk, ...)
= Témeér pripustna heuristika
= Obousmeérné prohledavani (bi-directional search)

= smérem od pocCatku i
od cilového stavu najednou

» v idealnim pfipadé se prohledavaci strom rozvine 2x do
hloubky d/2, celkova slozitost O(bd?)

= Prohledavani s caste¢nou informaci

» neznamy pocatecni stav ﬁ‘ # % aa

» vysledek akce je nejisty

= stavy a akce nejsou # % @ %

pfedem znamé




