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Pfipominka — prub ézZna pisemka Al Horék

PRIPOMINKA — PRUBEZNA PISEMKA

[] termin — pfisti tyden, 27. fijna, 10:00, BOO7, na pfednasce

]

nahradni termin: neni

[1 pfiklady (formou testu — odpovédi A, B, C, D, E, z latky probrané do 24.10.):

— uveden priklad v Prologu, otazka Co resi tento program?

— uveden priklad v Prologu a cil, otazka Co je (navratova) hodnota vysledku?
— upravte (doplnte/zmente fadek) uvedeny program tak, aby. . .

— uvedeno nékolik tvrzeni, potvrdte jejich pravdivost/nepravdivost

— porovnani vlastnosti nékolika algoritma

[1 rozsah: 4 priklady

[0 hodnoceni: max. 32 bodil — za spravnou odpovéd 8 bod(l, za Zadnou odpovéd 0 bodd, za Spatnou

odpovéd -3 bod(.
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Priklad — Hanoisk é véze

AlesS Horak

PRIKLAD — HANOISKE VEZE

[ mame tfi tyCe: A, B aC. A C
[1 natyCi A je (podle velikosti) n kotoucu. /\
[] Gkol: preskladat z A pomoci C na ty¢ B e
(zaps. n(A, B, C)) bez poruseni usporadani SR N
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Priklad — Hanoisk é véze

AlesS Horak

PRIKLAD — HANOISKE VEZE

[ mame tfi tyCe: A, B aC. A B C
[1 natyCi A je (podle velikosti) n kotoucu. /\
[1 dkol: preskladat z A pomoci C na ty¢ B 1 _L____________.
(zaps. n(A, B, C)) bez poruseni usporadani 3 2 SR -———————:-:
MUzZeme rozlozit na faze:
A P E
1. preskladat n — 1 kotouc¢di z A pomoci B na C. . ‘
: H
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Priklad — Hanoisk é véze Ales Hordk

PRIKLAD — HANOISKE VEZE

[0 mame tfi tye: A, B aC. A B C

na tyCi A je (podle velikosti) nn kotoucd. /\

[1 dkol: preskladat z A pomoci C na ty¢ B 1 . ] i 1

]

(zaps. n(A, B, C)) bez poruseni usporadani R I T

MuUzZeme rozlozit na faze:

1. preskladat n — 1 kotouc¢di z A pomoci B na C.

A B C
2. prelozit 1 kotou€c z A na B I H I
7777777 ™

o
mim

Uvod do umélé inteligence 5/12 3120



Priklad — Hanoisk é véze

AlesS Horak

PRIKLAD — HANOISKE VEZE

[0 mame tfi tye: A, B aC. A B C
[1 natyCi A je (podle velikosti) n kotoucu. /\
[l Ukol: preskladat z A pomoci C na ty¢ B 1 _L_________-__.
(zaps. n(A, B, C)) bez poruseni usporadani 3 2 - -———————:—;
MlZeme rozloZit na faze:
A B E
1. preskladat n — 1 kotou€l z A pomoci B na C. = ‘
‘ :
A B C
2. prelozit 1 kotou€ z A na B H I
""""" /—I\‘ | ]
Al i C
3. preskladat n — 1 kotouct z C pomoci A na B ‘/\H
3 CET
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Priklad — Hanoisk é véze Ales Hordk

PRIKLAD — HANOISKE VEZE pokrat.

schéma celého feSeni pron = 3:

n = 3(A,B,C)

n —1 = 2(AC,B) 1(A,B,C) n — 1 = 2(C,B,A)
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Priklad — Hanoisk é véze Ales Hordk

PRIKLAD — HANOISKE VEZE pokrat.

schéma celého feSeni pron = 3:

n = 3(A,B,C)

n —1 = 2(A,C,B) 1(A,B,C) n — 1 = 2(C,B,A)

n—2=1ABC) 1lACB) n—2=1BCA n-—2=1CAB) 1(CBA n—2=1(ABC)
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Priklad — Hanoisk é véze Ales Hordk

PRIKLAD — HANOISKE VEZE pokrat.

schéma celého feSeni pron = 3:

n = 3(A,B,C)

n —1 = 2(A,C,B) 1(A,B,C) n — 1 = 2(C,B,A)

n—2=1ABC) 1ACB) n—2=1BCA n—2=1CAB) 1(CBA n—2=1(ABC)
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Priklad — Hanoisk é véze

AlesS Horak

PRIKLAD — HANOISKE VEZE pokrat.

f ? —0op (100,xfx,to), dynamic(hanoi/5). h
hanoi(1,A,B,C,[A to B]).
hanoi(N,A,B,C,Moves) :— N>1, N1is N—1, lemma(hanoi(N1,A,C,B,Ms1)),
hanoi(N1,C,B,A,Ms2), append(Ms1,[A to B|Ms2],Moves).
lemma(P) :— P,asserta ((P :—!)).
S )

Uvod do umélé inteligence 5/12 5120



Priklad — Hanoisk é véze Ales Hordk

PRIKLAD — HANOISKE VEZE pokrat.

f ? —0op (100,xfx,to), dynamic(hanoi/5). h
hanoi(1,A,B,C,[A to B]).
hanoi(N,A,B,C,Moves) :— N>1, N1is N—1, lemma(hanoi(N1,A,C,B,Ms1)),
hanoi(N1,C,B,A,Ms2), append(Ms1,[A to B|Ms2],Moves).
lemma(P) :— P,asserta ((P :—!)).
? — hanoi(3,a,b,c,M).
M=[ato b,atoc, btoc, atob, ctoa, ctob, atob] ;
N\ No Y
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AN D/O R g rafy AleS Horak

CESTA MEZI MESTY POMOCI AND/OR GRAFU

[1 cesta z a do hrani¢niho prfechodu

[1 cesta z hrani¢niho prfechodu do z

S .
mésta: a,...,e ... vestate S /
| ak ... hraniéni pfechody / \ / \ / \
u,...,z ... vestateT \ / \ / \ /
, k
hledame cestu z a do z: \ / \ /
c/ X T
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AN D/O R g rafy AleS Horak

CESTA MEzI MESTY POMOCiI AND/OR GRAFU pokrat.

schéma feSeni pomoci rozkladu na podproblémy = AND/OR graf
pfimy zapis AND/OR grafu v Prologu:

OR uzel v s nasledniky ul, u2, ..., uN:

a—z OR uzel
vV :— ul.
V i — u2.
vm:— uN.
via k AND uzly via

AND uzel x s naslednikyyl,y2, ..., yM:
C X:—vyl, y2, .., YyM. ) /\ /\
cilovy uzelg (é elementarni problém):
a—Kk k—z a—l | —z

— A A AN AN

kofenovy uzel root :
C ? — root. )

Celkové feSeni = podgraf AND/OR grafu, ktery nevynechava zadného naslednika AND-uzlu.
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AN D/O R g rafy AleS Horak

TRIVIALNT PROHLEDAVANI AND/OR GRAFU V PROLOGU

A ( a:—b. R
/ \ a:— C.
b:—d, e.
b c e :— h.
c.—f, g
f:—h,i.
d.
d e f g g.
NV h'
h i - /
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AN D/O R g rafy AleS Horak

TRIVIALNT PROHLEDAVANI AND/OR GRAFU V PROLOGU

I I
' N ( a:—b. h
: / N a:— cC.
b:—d, e
: b : c e :— h.
| | c.—1, g
I | f:—nh, i
| | ¢
| d e | f g g
I \ AN h
| |
| | ?— a.
| h | i S Yes D
I I
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AN D/O R g rafy AleS Horak

REPREZENTACE AND/OR GRAFU

AND/OR graf = graf s 2 typy vnitfnich uzlii — AND uzly a OR uzly
[1 AND uzel jako soucast feSeni vyzaduje priichod vSech svych poduzll

[1 OR uzel se chova jako bezny uzel klasického grafu

Reprezentace AND/OR grafu v Prologu:

, L ra ?— 0p (600, xfx, ———>).
[l zavedeme operatory >'a’; [ 2— op (500, xfx, :). ]
[1 AND/OR graf budeme zapisovat [ g ii:i gﬁ,:g?fdf]é]_ ]
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AN D/O R g rafy AleS Horak

REPREZENTACE AND/OR GRAFU

AND/OR graf = graf s 2 typy vnitfnich uzlii — AND uzly a OR uzly

[1 AND uzel jako soucast feSeni vyzaduje priichod vSech svych poduzll

[1 OR uzel se chova jako bezny uzel klasického grafu

Reprezentace AND/OR grafu v Prologu:

. , ' ot ?— op (600, xfx, ———>). op(+Priorita, +Typ, +Jm éno)
[1 zavedeme operatory '———>"a P 1 A
P y ?— op (500, xfx, :). Priorita  &islo 0..1200

Typ jedno z xf, yf, xfx, xfy,
a ———> or:[b, c]. ] yfx, yfy, fy nebo fx

b ———>and:[d, e]. Jméno funktor nebo symbol

[1 AND/OR graf budeme zapisovat [

Uvod do umélé inteligence 5/12 9/20



AN D/O R g rafy AleS Horak

REPREZENTACE AND/OR GRAFU

AND/OR graf = graf s 2 typy vnitfnich uzlii — AND uzly a OR uzly
[1 AND uzel jako soucast feSeni vyzaduje priichod vSech svych poduzll

[1 OR uzel se chova jako bezny uzel klasického grafu

Reprezentace AND/OR grafu v Prologu:

. , ' ot ?— op (600, xfx, ———>). op(+Priorita, +Typ, +Jm éno)
[1 zavedeme operatory '———>"a P 1 A
P y ?— op (500, xfx, :). Priorita  &islo 0..1200

Typ jedno z xf, yf, xfx, xfy,
: a ———> or:[b, c]. yix, yfy, fy nebo fx
LI AND/OR graf budeme zapisovat [ b ———>and:[d, e]. ] Jméno funktor nebo symbol

a
/ \ ( a———>orbg h
b C b ———> and:[d,e].
c ———> and:[f,g].
/O\ /C\ e ———> or:[h].
f ———> and:[h,i].
9 goal(d).

e f
N A o
goal(h).
h i - ~
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AN D/O R g rafy AleS Horak

STROM RESENTI AND/OR GRAFU

strom feSeni I problému P s AND/OR grafem G:

[1 problém P je kofen stromu 1
[] jestlize P je OR uzel grafu G = pravé jeden z jeho naslednikd se svym stromem fe3eni je v T’
[] jestlize P je AND uzel grafu G = vSichni jeho naslednici se svymi stromy feSeni jsou v T’

[] kazdy list stromu feSeni 1’ je cilovym uzlemv G

Uvod do umélé inteligence 5/12 10/20



AN D/O R g rafy AleS Horak

STROM RESENTI AND/OR GRAFU

strom feSeni I problému P s AND/OR grafem G:

[1 problém P je kofen stromu 1
[] jestlize P je OR uzel grafu G = pravé jeden z jeho naslednikd se svym stromem fe3eni je v T’
[] jestlize P je AND uzel grafu G = vSichni jeho naslednici se svymi stromy feSeni jsou v T’

[] kazdy list stromu feSeni 1’ je cilovym uzlemv G

= z
id/O\e i f/C\Q o d/O\e
T OVA \
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Prohled avani AND/OR graf( Ales Horék

PROHLEDAVANI AND/OR GRAFU DO HLOUBKY

% solve (+Node, — SolutionTree)
solve(Node,Node) : — goal(Node).
solve(Node,Node ———> Tree) :—
Node ———> or:Nodes, member(Nodel,Nodes), solve(Nodel,Tree).
solve(Node,Node ———> and:Trees) : —
Node ———> and:Nodes, solveall(Nodes,Trees).

% solveall ([Nodel,Node2, ...], [ SolutionTreel , SolutionTree2 , ...])

solveall ([],[]).
solveall ([Node|Nodes],[Tree|Trees]) : — solve(Node, Tree), solveall(Nodes, Trees).

Uvod do umélé inteligence 5/12 11/20



Prohled avani AND/OR graf( Ales Horék

PROHLEDAVANI AND/OR GRAFU DO HLOUBKY

% solve (+Node, — SolutionTree)
solve(Node,Node) : — goal(Node).
solve(Node,Node ———> Tree) :—
Node ———> or:Nodes, member(Nodel,Nodes), solve(Nodel,Tree).
solve(Node,Node ———> and:Trees) : —
Node ———> and:Nodes, solveall(Nodes,Trees).

% solveall ([Nodel,Node2, ...], [ SolutionTreel , SolutionTree2 , ...])

solveall ([],[]).
solveall ([Node|Nodes],[Tree|Trees]) : — solve(Node, Tree), solveall(Nodes, Trees).

?— solve(a,Tree).
Tree =a———> (b———>and:[d, e———>h]) ;

_ No Y,
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Prohled avani AND/OR graf( Ales Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU

[1 doplnéni reprezentace o cenu pfechodové hrany (=odhad sloZitosti podproblému):

C Uzel ———> AndOr:[NaslUzell/Cenal, NaslUzel2/Cenaz, ..., NaslUzelN/CenaN]. )

]

definujeme cenu uzlu jako cenu optimalniho feSeni jeho podstromu

[1 pro kazdy uzel N mame dany odhad jeho ceny:

h(N) — heuristicky odhad ceny optimalniho podgrafu s korenem N

[l pro kazdy uzel IV, jeho nasledniky N1, ..., N} ajeho predchlidce M definujeme:
r
h(N), pro jesté neexpandovany uzel N
0, pro cilovy uzel (elementarni problém)

F(N)=cena(M,N) + <
min; (F'(N;)), pro OR-uzel N

L Zz F(Ni)7 pro AND-uzel NV

Pro optimalni strom fe3eni S je tedy F'(S) pravé cena tohoto fedeni (=suma V hran z .S).
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Prohled avani AND/OR graft e Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU — PRIKLAD

setfidény seznam ¢astecné expandovanych grafll =
[NevyfeSenyq, NevyfeSenys, ..., VyfeSenyq, ...]

F NevyresSenyq < F NevyreSenyo <...

YVASERRRVAN

Uvod do umélé inteligence 5/12 13/20




Prohled avani AND/OR graft e Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU — PRIKLAD

setfidény seznam ¢astecné expandovanych grafll =
[NevyfeSenyq, NevyfeSenys, ..., VyfeSenyq, ...]

F NevyfeSeny < F| NevyfeSenyo <... 1 3

a
1 3
[N
b C
A LA
d e f g
6\ Z/C\
3
h i
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Prohled avani AND/OR graft e Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU — PRIKLAD

setfidény seznam ¢astecné expandovanych grafll =
[NevyfeSenyq, NevyfeSenys, ..., VyfeSenyq, ...]

F NevyfeSeny < F| NevyfeSenyo <... 1 3

a
3 3
/ \ . .
b C
d =
1 1 2 1 1 1
d e f g
6\ Z/C\
3
h |
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Prohled avani AND/OR graft e Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU — PRIKLAD

setfidény seznam ¢astecné expandovanych grafll =
[NevyfeSenyq, NevyfeSenys, ..., VyfeSenyq, ...]

F NevyfeSeny < F| NevyfeSenyo <... 1 3

a
9 3
/ \ . .
b C
d e
1 1 2 1 1 7
d e f g
6\ Z/C\s
h
h |
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Prohled avani AND/OR graft e Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU — PRIKLAD

setfidény seznam ¢astecné expandovanych grafll =
[NevyfeSenyq, NevyfeSenys, ..., VyfeSenyq, ...]

F NevyfeSeny < F| NevyfeSenyo <... 1 3

a
9 6
/ \ 1 1 2 1
b C
d e f g
1 1 2 1 1 7 1
2
d e f g
6\ 7\3
h
h i
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Prohled avani AND/OR graft e Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU — PRIKLAD

setfidény seznam ¢astecné expandovanych grafll =

. v . v . v a
[Nevyresenyi, Nevyresenyso, ..., Vyresenyq, ...]
9
F NevyfeSeny < ki Nevyfesenys < ... / \
C

a
9 11
/ \ 1 1 2 1
b C
d e f g
1 1 2 1 1 7 1
2 7
d e f g
6 3
6\ 7\3
h i
h i

6/2 3
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Prohled avani AND/OR graf( Ales Horék

REPREZENTACE AND/OR GRAFU PRI HEURISTICKEM PROHLEDAVANI

C ... cena hrany do uzlu N
list AND/OR grafu ... struktura Ieaf(N,F,C)(._/—_
S F ... prfisluSna heuristicka
F=C+4 h(N) \ F’-hodnota uzlu N

\ - —
OR uzel AND/OR grafu ... strukturatree(N,F,C,or:[T1,T2,T3,...]) . N ... identifikator uzlu

F=C+ min,;F;
AND uzel AND/OR grafu ... struktura tree(N,F,C,and:[T1,T2,T3,...]) .
F=C+ ) . Fi
vyfeSeny list AND/OR grafu ... struktura solvedleaf(N,F) .
F=C
vyreseny OR uzel AND/OR grafu ... struktura solvedtree(N,FT) .
F=C+ Fy
vyreseny AND uzel AND/OR grafu ... struktura solvedtree(N,F,and:[T1,T2,...]) .
F=C+ ) .F
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Prohled avani AND/OR graf( Ales Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU

(andor(Node,SolutionTree) : — biggest(Bound),expand(leaf(Node,0,0),Bound,SolutionTree,yes). h

expand(Tree,Bound,Tree,no) :— f(Tree,F),F>Bound,!.
expand(leaf(Node,F,C),_,solvedleaf(Node,F),yes) :— goal(Node),!.

expand(leaf(Node,F,C),Bound,NewTree,Solved) : — expandnode(Node,C,Treel),!,
(expand(Treel,Bound,NewTree,Solved); Solved=never,!).

expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved) : — Boundl is Bound—C,
expandlist(SubTrees,Boundl,NewSubs,Solvedl),
continue(Solved1,Node,C,NewSubs,Bound,NewTree,Solved).

expandlist(Trees,Bound,NewTrees,Solved) : —
selecttree (Trees, Tree,OtherTrees,Bound,Boundl),
expand(Tree,Boundl,NewTree,Solvedl),
combine(OtherTrees,NewTree,Solved1,NewTrees,Solved).

continue(yes,Node,C,SubTrees,_,solvedtree(Node,F,SubTrees),yes) : —
bestf(SubTrees,H), Fis C+H,!.
continue(never,_, _,_,_,_,never) :— !,
continue(no,Node,C,SubTrees,Bound,NewTree,Solved) : — bestf(SubTrees,H),
L F is C+H,!,expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved). )
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Prohled avani AND/OR graf(

AlesS Horak

HEURISTICKE PROHLEDAVANI AND/OR GRAFU

(andor(Node,SolutionTree) : — biggest(Bound),expand(leaf(Node,0,0),Bound,SolutionTree,yes). W

% 1. limit Bound pfekroCen (ve vSech dalSich klauzulich plati F =< Bound)
expand(Tree,Bound,Tree,no) :— f(Tree,F),F>Bound,!. <

% 2: nalezen cil

expand(leaf(Node,F,C),_,solvedleaf(Node,F),yes) :— goal(Node),!.

expand(+Tree, +Bound,

-NewTree, ?Solved)

expanduje Tree po Bound .
Vysledek je NewTree se

stavem Solved

% 3: expanze listu

expand(leaf(Node,F,C),Bound,NewTree,Solved) : — expandnode(Node,C,Treel),!,
(expand(Treel,Bound,NewTree,Solved); Solved=never,!).

% 4: expanze stromu

expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved) : — Boundl is Bound—C,
expandlist(SubTrees,Boundl,NewSubs,Solvedl),
continue(Solved1,Node,C,NewSubs,Bound,NewTree,Solved).

expandlist(Trees,Bound,NewTrees,Solved) : —
selecttree (Trees, Tree,OtherTrees,Bound,Boundl),
expand(Tree,Boundl,NewTree,Solvedl),
combine(OtherTrees,NewTree,Solved1,NewTrees,Solved).

continue(yes,Node,C,SubTrees,_,solvedtree(Node,F,SubTrees),yes) : —
bestf(SubTrees,H), Fis C+H,!.

continue(never,_, _,_,_,_,never) :— !,

continue(no,Node,C,SubTrees,Bound,NewTree,Solved) : — bestf(SubTrees,H),

L F is C+H,!,expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved).

Uvod do umélé inteligence 5/12
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Prohled avani AND/OR graf( Ales Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU

(andor(Node,SolutionTree) : — biggest(Bound),expand(leaf(Node,0,0),Bound,SolutionTree,yes). W

% 1: limit Bound prekroCen (ve vSech dalSich klauzulich plati F =< Bound) expand(+Tree, +Bound,

expand(Tree,Bound,Tree,no) :— f(Tree,F),F>Bound,!. < -NewTree, ?Solved)

% 2 nalezen cil expanduje Tree po Bound .
0 Vysledek je NewTree se

expand(leaf(Node,F,C),_,solvedleaf(Node,F),yes) : — goal(Node),!. stavem Solved

% 3: expanze listu

expand(leaf(Node,F,C),Bound,NewTree,Solved) : — expandnode(Node,C,Treel),!,
(expand(Treel,Bound,NewTree,Solved); Solved=never,!).

% 4: expanze stromu

expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved) : — Boundl is Bound—C
expandlist(SubTrees,Boundl,NewSubs,Solvedl), expandlist expanduje

. Sech
continue(Solved1,Node,C,NewSubs,Bound,NewTree,Solved). yoechny orafy v seznamu

Vysledek je v seznamu
expandlist(Trees,Bound,NewTrees,Solved) : — g‘gl"\ggees a celkovy stav v

selecttree (Trees, Tree,OtherTrees,Bound,Boundl),
expand(Tree,Boundl,NewTree,Solvedl),
combine(OtherTrees,NewTree,Solved1,NewTrees,Solved).

continue(yes,Node,C,SubTrees,_,solvedtree(Node,F,SubTrees),yes) : —
bestf(SubTrees,H), Fis C+H,!.

continue(never,_, _,_,_,_,never) :— !,
continue(no,Node,C,SubTrees,Bound,NewTree,Solved) : — bestf(SubTrees,H),
L F is C+H,!,expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved). )
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Prohled avani AND/OR graf( Ales Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU

(andor(Node,SolutionTree) : — biggest(Bound),expand(leaf(Node,0,0),Bound,SolutionTree,yes). W

% 1: limit Bound prekroCen (ve vSech dalSich klauzulich plati F =< Bound) expand(+Tree, +Bound,

expand(Tree,Bound,Tree,no) :— f(Tree,F),F>Bound,!. < -NewTree, ?Solved)

% 2: nalezen cil e>§pandu1e_ Tree po Bound .
0. Vysledek je NewTree se

expand(leaf(Node,F,C),_,solvedleaf(Node,F),yes) :— goal(Node),!. stavem Solved

% 3: expanze listu

expand(leaf(Node,F,C),Bound,NewTree,Solved) : — expandnode(Node,C,Treel),!,
(expand(Treel,Bound,NewTree,Solved); Solved=never,!).

% 4: expanze stromu

expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved) : — Boundl is Bound—C
expandlist(SubTrees,Boundl,NewSubs,Solvedl), expandlist expanduje

. Sech
continue(Solved1,Node,C,NewSubs,Bound,NewTree,Solved). yoechny graty v seznam

Vysledek je v seznamu
expandlist(Trees,Bound,NewTrees,Solved) : — g‘gl"\ggees a celkovy stav v

selecttree (Trees, Tree,OtherTrees,Bound,Boundl),
expand(Tree,Boundl,NewTree,Solvedl),

combine(OtherTrees,NewTree,Solved1,NewTrees,Solved). continue urcuje, jak
pokracCovat po expanzi

/ seznamu graﬁj

continue(yes,Node,C,SubTrees,_,solvedtree(Node,F,SubTrees),yes) : =
bestf(SubTrees,H), Fis C+H,!.

continue(never,_, _,_,_,_,never) :— !,

continue(no,Node,C,SubTrees,Bound,NewTree,Solved) : — bestf(SubTrees,H),

L F is C+H,!,expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved). )
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Prohled avani AND/OR graf( Ales Horék

HEURISTICKE PROHLEDAVANI AND/OR GRAFU pokrat.

(combine(or:_,Tree,yes,Tree,yes) e

combine(or:Trees, Tree,no,or :NewTrees,no) : — insert(Tree, Trees,NewTrees),!.
combine(or:[],_,never,_,never) :— .

combine(or:Trees,_,never,or:Trees,no) :— !.

combine(and:Trees, Tree,yes,and:[Tree|Trees],yes) : — allsolved(Trees),!.
combine(and:_,_never,_,never) :—!.

combine(and:Trees, Tree,YesNo,and :NewTrees,no) : — insert(Tree, Trees,NewTrees),!.

expandnode(Node,C,tree(Node,F,C,Op:SubTrees)) : — Node ———> Op:Successors,
expandsucc(Successors,SubTrees),bestf(Op:SubTrees,H),F is C+H.

expandsucc ([],[]).

expandsucc([Node/C|NodesCosts], Trees) : — h(Node,H),F is C+H,expandsucc(NodesCosts,Treesl)
insert (leaf (Node,F,C),Treesl1,Trees).

allsolved ([]).
allsolved ([ Tree| Trees]) :— solved(Tree), allsolved (Trees).

solved(solvedtree(_, _, _)).
\solved(solvedleaf(_ ). )
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HEURISTICKE PROHLEDAVANI AND/OR GRAFU pokrat.

combine(OtherTrees,NewTree,

(. - . . - Solved1,NewTrees,Solved)
combine(or:_,Tree,yes,Tree,yes) . — !. = kombinuje vysledky expanze

combine(or:Trees, Tree,no,or :NewTrees,no) : — insert(Tree, Trees,NewTrees),!. |stromu a seznamu strom
combine(or:[],_,never,_,never) :— .

combine(or:Trees,_,never,or:Trees,no) :— !.

combine(and:Trees, Tree,yes,and:[Tree|Trees],yes) : — allsolved(Trees),!.
combine(and:_,_never,_,never) :—!.

combine(and:Trees, Tree,YesNo,and :NewTrees,no) : — insert(Tree, Trees,NewTrees),!.

expandnode(Node,C,tree(Node,F,C,Op:SubTrees)) : — Node ———> Op:Successors,
expandsucc(Successors,SubTrees),bestf(Op:SubTrees,H),F is C+H.

expandsucc ([],[]).

expandsucc([Node/C|NodesCosts], Trees) : — h(Node,H),F is C+H,expandsucc(NodesCosts,Treesl)
insert (leaf (Node,F,C),Treesl1,Trees).

allsolved ([]).
allsolved ([ Tree| Trees]) :— solved(Tree), allsolved (Trees).

solved(solvedtree(_, _, _)).
\solved(solvedleaf(_ ). )
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Prohled avani AND/OR graf(

AlesS Horak

HEURISTICKE PROHLEDAVANI AND/OR GRAFU pokrat.

-~

combine(or:_,Tree,yes,Tree,yes) . — !. =
combine(or:Trees, Tree,no,or :NewTrees,no) : — insert(Tree, Trees,NewTrees),!.
combine(or:[],_,never,_,never) :— .

combine(or:Trees,_,never,or:Trees,no) :— !.

combine(and:Trees, Tree,yes,and:[Tree|Trees],yes) : — allsolved(Trees),!.
combine(and:_,_never,_,never) :—!.

expandsucc(Successors,SubTrees),bestf(Op:SubTrees,H),F is C+H.
expandsucc ([],[]).

insert (leaf (Node,F,C),Treesl1,Trees).

allsolved ([]).
allsolved ([ Tree| Trees]) :— solved(Tree), allsolved (Trees).

solved(solvedtree(_, _, _)).
\solved(solvedleaf(_ ).

combine(OtherTrees,NewTree,
Solvedl,NewTrees,Solved)
kombinuje vysledky expanze
stromu a seznamu strom(l

expandnode prevede uzel z
Node— >AndOr:S do
tree(Node,F,C,SS)

combine(and:Trees, Tree,YesNo,and :NewTrees,no) : — insert(Tree, Trees,NewTrees),!. /

expandnode(Node,C,tree(Node,F,C,Op:SubTrees)) : — Node ———> Op:Successors,

expandsucc([Node/C|NodesCosts], Trees) : — h(Node,H),F is C+H,expandsucc(NodesCosts,Treesl)
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HEURISTICKE PROHLEDAVANI AND/OR GRAFU pokrat.

combine(OtherTrees,NewTree,

(. - . . - Solved1,NewTrees,Solved)
combine(or:_,Tree,yes,Tree,yes) . — !. = kombinuje vysledky expanze

combine(or:Trees, Tree,no,or :NewTrees,no) : — insert(Tree, Trees,NewTrees),!. |stromu a seznamu strom
combine(or:[],_,never,_,never) :— .
combine(or:Trees,_,never,or:Trees,no) : — !. expandnode prevede uzel z
combine(and:Trees, Tree,yes,and:[Tree|Trees],yes) : — allsolved(Trees),!. Node— >AndOr:S do
combine(and:_,_,never,_never) :— !. tree(Node,F.C,SS)
combine(and:Trees, Tree,YesNo,and :NewTrees,no) : — insert(Tree, Trees,NewTrees),!. /

expandnode(Node,C,tree(Node,F,C,Op:SubTrees)) : — Node ———> Op:Successors,
expandsucc(Successors,SubTrees),bestf(Op:SubTrees,H),F is C+H.

expandsucc ([],[]).

expandsucc([Node/C|NodesCosts], Trees) : — h(Node,H),F is C+H,expandsucc(NodesCosts,Treesl)
insert (leaf (Node,F,C),Treesl1,Trees).

allsolved ([]) allsolved zkontroluje, jestli
allsolved ([ Tree|Trees]) :— solved(Tree),allsolved (Trees). = vSechny stromy v seznamu jsou
vyreSené
solved(solvedtree(_, _, _)).
\solved(solvedleaf(_ ).
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Prohled avani AND/OR graf(

AlesS Horak

HEURISTICKE PROHLEDAVANI AND/OR GRAFU pokrag.

(f(Tree,F) :— arg(2,Tree,F),!. h

insert(T ,[I,[ T]D :—!.

insert(T,[T1|Ts],[T,T1|Ts]) :— solved(T1),!.
insert(T,[T1|Ts],[T1|Ts1]) :— solved(T),insert(T,Ts,Ts1),!.
insert(T,[T1|Ts],[T,T1|Ts]) :— f(T,F),f(T1,F1),F=<F1,!.
insert(T,[T1|Ts],[T1|Ts1]) :— insert(T,Ts,Ts1).

% prvni nasledovnik v OR—uzlu je nejlepsi

bestf(or :[Tree|_], F) :— f(Tree,F),!.

bestf(and :[],0) :—!.

bestf(and:[Treel|Trees],F) :— f(Treel,F1),bestf(and:Trees,F2),F is F1+F2,!.
bestf(Tree,F) :— f(Tree,F).

selecttree (Op:[Tree], Tree,Op:[],Bound,Bound) :—!. % The only candidate
selecttree (Op:[Tree|Trees], Tree,Op:Trees,Bound,Boundl) : — bestf(Op:Trees,F),
(Op=or,!,min(Bound,F,Boundl);Op=and,Boundl is Bound—F).

min(A,B,A) :— A<B,!.
Kmin(A,B,B).
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HEURISTICKE PROHLEDAVANI AND/OR GRAFU pokrag.

(f(Tree,F) :— arg(2,Tree,F),!. W

i KIad? d

insert (T ,[,[ T]) :—!.< SornamU Stromi 86
insert(T,[T1|Ts],[T,T1|Ts]) :— solved(T1),!. zachovanim tfident

insert(T,[T1|Ts],[T1|Ts1]) :— solved(T),insert(T,Ts,Ts1),!.
insert(T,[T1|Ts],[T,T1|Ts]) :— f(T,F),f(T1,F1),F=<F1,!.
insert(T,[T1|Ts],[T1|Ts1]) :— insert(T,Ts,Ts1).

% prvni nasledovnik v OR—uzlu je nejlepsi

bestf(or :[Tree|_], F) :— f(Tree,F),!.

bestf(and :[],0) :—!.

bestf(and:[Treel|Trees],F) :— f(Treel,F1),bestf(and:Trees,F2),F is F1+F2,!.
bestf(Tree,F) :— f(Tree,F).

selecttree (Op:[Tree], Tree,Op:[],Bound,Bound) :—!. % The only candidate
selecttree (Op:[Tree|Trees], Tree,Op:Trees,Bound,Boundl) : — bestf(Op:Trees,F),
(Op=or,!,min(Bound,F,Boundl);Op=and,Boundl is Bound—F).

min(A,B,A) :— A<B,!.
Kmin(A,B,B).
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HEURISTICKE PROHLEDAVANI AND/OR GRAFU pokrag.

(f(Tree,F) :— arg(2,Tree,F),!. W

i KIad? d

insert (T ,[,[ T]) :—!.< SornamU Stromi 86
insert(T,[T1|Ts],[T,T1|Ts]) :— solved(T1),!. zachovanim tfident

insert(T,[T1|Ts],[T1|Ts1]) :— solved(T),insert(T,Ts,Ts1),!.
insert(T,[T1|Ts],[T,T1|Ts]) :— f(T,F),f(T1,F1),F=<F1,!.
insert(T,[T1|Ts],[T1|Ts1]) :— insert(T,Ts,Ts1). bestf vyhleda ulozenou

F’-hodnotu AND/OR
) o stromu/uzlu
% prvni nasledovnik v OR—uzlu je nejlepsi
bestf(or :[Tree|_], F) :— f(Tree,F),!.

bestf(and :[],0) :—!.
bestf(and:[Treel|Trees],F) :— f(Treel,F1),bestf(and:Trees,F2),F is F1+F2,!.
bestf(Tree,F) :— f(Tree,F).

selecttree (Op:[Tree], Tree,Op:[],Bound,Bound) :—!. % The only candidate
selecttree (Op:[Tree|Trees], Tree,Op:Trees,Bound,Boundl) : — bestf(Op:Trees,F),
(Op=or,!,min(Bound,F,Boundl);Op=and,Boundl is Bound—F).

min(A,B,A) :— A<B,!.
Kmin(A,B,B).
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HEURISTICKE PROHLEDAVANI AND/OR GRAFU pokrag.

(f(Tree,F) :— arg(2,Tree,F),!. W

i KIad? d

insert (T ,[,[ T]) :—!.< SornamU Stromi 86
insert(T,[T1|Ts],[T,T1|Ts]) :— solved(T1),!. zachovanim tfident

insert(T,[T1|Ts],[T1|Ts1]) :— solved(T),insert(T,Ts,Ts1),!.
insert(T,[T1|Ts],[T,T1|Ts]) :— f(T,F),f(T1,F1),F=<F1,!.

insert(T,[T1|Ts],[T1|Ts1]) :— insert(T,Ts,Ts1). bestf vyhleda uloZenou
F-hod/notlu AND/OR
stromu/uziu
% prvni nasledovnik v OR—uzlu je nejM
bestf(or :[Tree|_], F) :— f(Tree,F),!.
bestf(and :[],0) :—!. selecttree( +Trees,
bestf(and:[Treel|Trees],F) :— f(Treel,F1),bestf(and:Trees,F2),F is F1+F2,!. -BestTree, -OtherTrees,
] +Bound, -Bound1)
bestf(Tree,F) :— f(Tree,F). vybere BestTree z Trees,
/ zbytek je v OtherTrees .
selecttree (Op:[Tree], Tree,Op :[], Bound,Bound)“«= !. % The only candidate 58323 o fg“’é’éitgﬁgeﬂee&
selecttree (Op:[Tree|Trees], Tree,Op:Trees,Bound,Boundl) : — bestf(Op:Trees,F), i

(Op=or,!,min(Bound,F,Boundl);Op=and,Boundl is Bound—F).

min(A,B,A) :— A<B,!.
Kmin(A,B,B).
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CESTA MEZI MESTY HEURISTICKYM AND/OR HLEDANIM

[1 cesta mezi Mestol a Mesto2 — predikat move(Mestol,Mesto2,Vzdal) .

[1 klicové postaveni mésta Mesto3 — predikat key(Mestol-Mesto2,Mesto3) .

/
\

_ /\/ ]
NN

V\/\_
N_A

/\
/

-

N\

move(a,b,?2).
move(b,d,?2).
move(e,k,4).
move(k,x,3).
move(y,z,3).
move(d,k,1).

stateS(a). stateS(b). stateS(c). stateS(d). stateS(e).
stateT(u). stateT(v). stateT(x). stateT(y). stateT(z).

move(a,c,3).
move(c,e,1).
move(e,l,2).
move(u,v,5).
move(v,z,3).
move(u,y,2).

border(l). border(k).

key(M1—M2,M3) : — stateS(M1), stateT(M2), border(M3).

move(b,e,3).
move(c,l,2).
move(k,u,2).
move(X,y,3).
move(l,u,1).

city (X) : — (stateS(X);stateT(X);border(X)).

J
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CESTA MEZI MESTY HEURISTICKYM AND/OR HLEDANIM pokrat.

vlastni hledani cesty: 1. Y1, Y2,... klicové body mezi mésty A a Z. Hledej jednu z cest:
[] cestuz A doZpres Y1

[] cestuz A do Z pres Y2
[

2. Neni-li mezi mésty A a Z klicové mésto = hledej souseda Y mésta A
takového, Ze existuje cestaz Y do Z.
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Prohled avani AND/OR graf( Ales Horék

CESTA MEZI MESTY HEURISTICKYM AND/OR HLEDANIM pokrat.

Konstrukce prislusného AND/OR grafu:

[ o op (560,xfx,via). % operatory Xx—z a X—2z via Y h
a—z ———> or:[a—z via k/0,a—z via /0]
a—v ———> or:[a—v via k/0,a—v via /0]
a—l ———> or:[c—1/3,b—1/2]
b—I ———> or:[e—I1/3,d—1/2]
a—z via| ———> and:[a—1/0,I—z/0]
a—vvial ———> and:[a—1/0,|—v/0]
9 goal(a—a). goal(b—b). ... y
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Prohled avani AND/OR graf(

AlesS Horak

CESTA MEZI MESTY HEURISTICKYM AND/OR HLEDANIM pokrat.

Konstrukce prislusného AND/OR grafu:

[ o op (560,xfx,via). % operatory Xx—z a X—2z via Y h
a—z ———> or:[a—z via k/0,a—z via /0]
a—v ———> or:[a—v via k/0,a—v via /0]
a—| ———> or:[c—I/3,b—1/2]
b—I ———> or:[e—I1/3,d—1/2]
a—z via| ———> and:[a—1/0,I—z/0]
a—vvial ———> and:[a—1/0,|—v/0]

9 goal(a—a). goal(b—b). ... y
( X—Z ———> or:Problemlist : — city(X),city(Z), bagof((X—Z via Y)/0, key(X—Z,Y), Problemlist),!.
X—Z ———> or:Problemlist : — city(X),city(Z), bagof((Y—2Z)/D, move(X,Y,D), Problemlist).

X—=ZviaY ———> and:[(X-Y)/0,(Y—2)/0]. — city(X),city(Z),key(X—Z2,Y).
goal(X—X).
L /x h(Node,H). ... heuristicka funkce x/ P

Kdyz Vn : h(n) < h*(n), kde h* je minimalni cena feSeni uzlu n = najdeme vzdy optimalni feeni
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