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P¥ipominka — prab&zna pisemka

P¥ipominka — priibéZna pisemka

@ termin — pFisti pfednasku, 31. ¥ijna, 12:00, A217, na zadatku
prednasky
@ nahradni termin: nenf
@ piiklady (formou testu — odpovédi A, B, C, D, E, z latky probrané na
prvnich p&ti prednaskach, veetné dnedni):
e uveden ptiklad v Prologu, otdzka Co ¥e%i tento program?
e uveden p¥iklad v Prologu a cil, otdzka Co je (ndvratovd) hodnota
vysledku?
e upravte (dopliite/zmeiite ¥adek) uvedeny program tak, aby. ..
e uvedeno n&kolik tvrzeni, potvrd'te jejich pravdivost/nepravdivost
e porovndni vlastnosti nékolika algoritmi
@ rozsah: 4 priklady

@ hodnoceni: max. 32 bodii — za sprdvnou odpovéd 8 bodi, za Zddnou
odpovéd' 0 bodli, za $patnou odpovéd -3 body.

Uvod do umglé inteligence 5/12



AND/OR grafy | Ptiklad — Hanoiské v&ze

P¥iklad — Hanoiské véze

@ mame tFi ty¢e: A, B a C.
@ na ty&i A je (podle velikosti)

A
n kotoudd. I /\

@ ukol: preskladat z A pomoci C 1

na ty¢ B (zaps. n(A, B, C)) R _

bez poruseni usporadani

@]

Uvod do umglé inteligence 5/12



AND/OR grafy | Ptiklad — Hanoiské v&ze

P¥iklad — Hanoiské véze

@ mame tFi ty¢e: A, B a C.
@ na ty&i A je (podle velikosti)

A
n kotoudd. I /\

@ ukol: preskladat z A pomoci C 1

na ty¢ B (zaps. n(A, B, C)) |32—l S _

bez poruseni usporadani

@]

MuZeme rozloZit na faze:

1. preskladat n—1 kotou&li z A pomoci B na C. i
H 1‘
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AND/OR grafy | Ptiklad — Hanoiské v&ze

P¥iklad — Hanoiské véze

@ mame tFi ty¢e: A, B a C.
@ na ty&i A je (podle velikosti)

A
n kotoudd. I /\

@ ukol: preskladat z A pomoci C 1

na ty¢ B (zaps. n(A, B, C)) |32—l S _

bez poruseni usporadani

@]

MuZeme rozloZit na faze:

1. preskladat n—1 kotou&li z A pomoci B na C. i
H 1‘ ‘

2. prelozit 1 kotou¢ z A na B | /\H Jl
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AND/OR grafy | Ptiklad — Hanoiské v&ze

P¥iklad — Hanoiské véze

@ mame tFi ty¢e: A, B a C.
@ na ty&i A je (podle velikosti)

A
n kotoudd. I /\

@ ukol: preskladat z A pomoci C 1

na ty¢ B (zaps. n(A, B, C)) |32—l S _

bez poruseni usporadani

@]

MuZeme rozloZit na faze:

1. preskladat n—1 kotou&li z A pomoci B na C. i
H 1‘

2. prelozit 1 kotou¢ z A na B | /\H Jl

3. preskladat n — 1 kotouétl z C pomoci A na B 7
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AND/OR grafy | Ptiklad — Hanoiské v&ze

P¥iklad — Hanoiské vé&Ze — pokrac.

schéma celého Feseni pro n = 3:

n = 3(A,B,C)

n—1=2(A,C,B) 1(A,B,C) n—1=2(C,B,A)
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AND/OR grafy | Ptiklad — Hanoiské v&ze

P¥iklad — Hanoiské vé&Ze — pokrac.

schéma celého Feseni pro n = 3:

n = 3(A,B,C)

n—1=2(AC,B) 1(A,B,C) n—1=2(C,B,A)

n-2=1(ABC) | n—-2=1(B,CLA) n-2=1(C,AB) | n—2=1(AB,C)

1(A,C,B) 1(C,B,A)
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AND/OR grafy | Ptiklad — Hanoiské v&ze

P¥iklad — Hanoiské vé&Ze — pokrac.

schéma celého Feseni pro n = 3:

n = 3(A,B,C)

n—1=2(AC,B) 1(A,B,C) n—1=2(C,B,A)

n-2=1(AB,C) | n—-2=1(B,CLA) n-2=1(CAB) | n—2=1(AB,C)

1(A,C,B) 1(C,B,A)
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AND/OR grafy | Ptiklad — Hanoiské v&ze

P¥iklad — Hanoiské vé&Ze — pokrac.

?7—op(100,xfx,to), dynamic(hanoi/5).

hanoi(1,A,B,C,[A to B]).

hanoi(N,A,B,C,Moves) - N>1, N1 is 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 :-!)).
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AND/OR grafy P¥iklad — Hanoiské véze

P¥iklad — Hanoiské vé&Ze — pokrac.

op(+Priorita, +Typ, +Jméno)

Priorita &islo 0..1200

Typ jedno z xf, yf, xfx, xfy, yfx, yfy, fy nebo fx
Jméno funktor nebo symbol

?7—op(100,xfx,to), dynamic(hanoi/5).

hanoi(1,A,B,C,[A to B]).
hanoi(N,A,B,C,Moves) - N>1, N1 is 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 :-!)).
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AND/OR grafy P¥iklad — Hanoiské véze

P¥iklad — Hanoiské vé&Ze — pokrac.

op(+Priorita, +Typ, +Jméno)

Priorita &islo 0..1200

Typ jedno z xf, yf, xfx, xfy, yfx, yfy, fy nebo fx
Jméno funktor nebo symbol

?7—op(100,xfx,to), dynamic(hanoi/5).

hanoi(1,A,B,C,[A to B]).
hanoi(N,A,B,C,Moves) - N>1, N1 is 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= [atob,atoc, btoc, atob, ctoa, ctob, atob];
No
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AND/OR grafy Cesta mezi m&sty pomoci AND/OR grafii

Cesta mezi mé&sty pomoci AND/OR grafi

mésta: S
a,...,e ... vestité S /
lak ... hrani¢ni pfechody c | v
u, ...,z ... vestitd T N0 SN SN
a e u z
hleddme cestu z a do z: NN N J/
o b k y
@ cesta z a do hraniéniho
prechodu N\ d/ \x/ T

@ cesta z hrani¢niho prechodu
do z
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AND/OR grafy Cesta mezi m&sty pomoci AND/OR grafii

Cesta mezi mé&sty pomoci AND/OR grafli — pokrat.

schéma Feseni pomoci rozkladu na podproblémy = AND/OR graf

via k AND uzly via |
Q
a—k k—z a—l I—z

FANVARVARVAN

Celkové Yeseni = podgraf AND/OR grafu, ktery nevynechavd zadného
ndslednika AND-uzlu.
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AND/OR grafy TrividIni prohleddvani AND/OR grafu v Prologu

Trivialni prohleddvani AND/OR grafu v Prologu

primy zapis AND/OR grafu v Prologu:

@ OR uzel v s nasledniky ul, u2, ..., uN:
v - ul.
Vv - u2.
v - uN.

@ AND uzel x s nasledniky y1, y2, ..., yM:

x -yl, y2, ...,yM. J

a A . .
o cilovy uzel g (= elementérni problém):

g J
@ korenovy uzel root:

77—
f root. )
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AND/OR grafy TrividIni prohleddvani AND/OR grafu v Prologu

Trivialni prohleddvani AND/OR grafu v Prologu

a a - b.
a:-c.
b:-d, e
b c e - h.
c:-f g
Q Q f -h, i
d e f g g
NoA h
h i
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AND/OR grafy TrividIni prohleddvani AND/OR grafu v Prologu

Trivialni prohleddvani AND/OR grafu v Prologu

- b.
- C.
-d, e
- h.
-f, g
- h, I

o0k o 0O O TV L

-~
|
©

,,,,,,,,,,,,,,,, Yes
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AND/OR grafy Reprezentace AND/OR grafu

Reprezentace AND/OR grafu

AND/OR graf = graf s 2 typy vnit¥nich uzld — AND uzly a OR uzly
@ AND uzel jako soulast FeSeni vyZaduje priichod vSech svych poduzli
@ OR uzel se chova jako beZny uzel klasického grafu

Reprezentace AND/OR grafu v Prologu:

@ zavedeme operatory '———>"a ;" 7= 0p(600, xfx, ———>).
?7— op(500, xfx, :). J
@ AND/OR graf budeme zapisovat 2 ———> or:[b, c].
b ———> and:[d, €]. J
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grafy Reprezentace AND/OR grafu

Reprezentace AN D/OR grafu

AND/OR graf = graf s 2 typy vnit¥nich uzld — AND uzly a OR uzly
@ AND uzel jako soulast FeSeni vyZaduje priichod vSech svych poduzli
@ OR uzel se chova jako beZny uzel klasického grafu

Reprezentace AND/OR grafu v Prologu:

@ zavedeme operatory '———>"a ;" 7= 0p(600, xfx, ———>).
?7— op(500, xfx, :). J
@ AND/OR graf budeme zapisovat 2 ———> or:[b, c].
b ———> and:[d, €]. J
a
/ \ a ———> or:[b,c].
b ———> and:[d,e].

¢ ———> and:[f,g].
e ———> or:[h].

f ———> and:[h,i].
goal(d).

A
3
\\ /\ goal(g).

h i goal(h).




AND/OR grafy | Strom feSeni AND/OR grafu

Strom YeSeni AND/OR grafu

strom Yeseni T problému P s AND/OR grafem G:
@ problém P je kofen stromu T
@ jestlize P je OR uzel grafu G = pravé jeden z jeho ndslednikil se
svym stromem YeSeni je v T
o jestlize P je AND uzel grafu G = v8ichni jeho naslednici se svymi
stromy FeSeni jsou v T
@ kazdy list stromu ¥eSeni T je cilovym uzlem v G
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AND/OR grafy | Strom feSeni AND/OR grafu

Strom YeSeni AND/OR grafu

strom Yeseni T problému P s AND/OR grafem G:
@ problém P je kofen stromu T
@ jestlize P je OR uzel grafu G = pravé jeden z jeho ndslednikil se
svym stromem YeSeni je v T
o jestlize P je AND uzel grafu G = v8ichni jeho naslednici se svymi
stromy FeSeni jsou v T
@ kazdy list stromu ¥eSeni T je cilovym uzlem v G




Prohledavani AND/OR grafti | Prohledavani AND/OR grafu do hloubky

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).
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Prohledavani AND/OR grafti | Prohledavani AND/OR grafu do hloubky

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).

?7— solve(a, Tree).
Tree = a———> (b———>and:[d, e———>h]) ;
No )
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Prohledavani AND/OR grafti | Prohledavani AND/OR grafu do hloubky

Heuristické prohleddvani AND/OR grafu

@ dopln&ni reprezentace o cenu pfechodové hrany (=mira sloZitosti
podproblému):
Uzel ———> AndOr:[NaslUzell/Cenal, NaslUzel2/Cena2, ...,NaslUzeIN/CenaN]. |

@ definujeme cenu uzlu jako cenu optimalniho ¥eSeni jeho podstromu
@ pro kazdy uzel N mame dany odhad jeho ceny:

h(N) = heuristicky odhad ceny optimalniho podgrafu s kofenem N
@ pro kazdy uzel N, jeho nasledniky Nq,..., Ny a jeho pfedchlidce M
definujeme:

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
> F(N), pro AND-uzel N

Pro optimalni strom ¥edeni S je tedy F(S) prav& cena tohoto FeSeni
(=suma ¥ hran z S).
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Prohleddvani AND/OR grafii Prohledavani AND/OR grafu do hloubky

Heuristické prohleddvani AND/OR grafu — p¥iklad

setfidény seznam ¢aste¢né expandovanych grafii =
[Nevyfeseny;, Nevyfesenys, ..., VyfeSenyy, .. .|

FNevaeéenyl < FNevaeéeny2 <.

a
/ \
b c
O O
1 Al 2 /\1
e f
\\6 /0\3
h .
1

d g
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Prohleddvani AND/OR grafii Prohledavani AND/OR grafu do hloubky

Heuristické prohleddvani AND/OR grafu — p¥iklad

setfidény seznam ¢aste¢né expandovanych grafii =

[Nevyfeseny;, Nevyfesenys, ..., VyfeSenyy, .. .|
FNevaeéenyl < FNevaeéenyz <. 3
1
1 3
b c

—

a
/ \
b c
O O
1 Al 2 /\1
e f
\\6 /0\3
h .
1

d g

Uvod do umglé inteligence 5/12



Prohleddvani AND/OR grafii Prohledavani AND/OR grafu do hloubky

Heuristické prohleddvani AND/OR grafu — p¥iklad

setfidény seznam ¢aste¢né expandovanych grafii =

[Nevyfeseny;, Nevyfesenys, ..., VyfeSenyy, .. .|
FNevaeéenyl < FNevaeéenyz <. 3
3
1 3
2 b c
PrEY O
b
& S 1/3\

1A1€ szlg d e
N

d
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Prohleddvani AND/OR grafii Prohledavani AND/OR grafu do hloubky

Heuristické prohleddvani AND/OR grafu — p¥iklad

setfidény seznam ¢aste¢né expandovanych grafii =

[Nevyfeseny;, Nevyfesenys, ..., VyfeSenyy, .. .|
FNevaeéenyl < FNevaeéenyz <. 3
3
1 3
2 b c
PrEY O
b
©) 6 1/

IAI ZAI d e

g

e f
I

d
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Prohleddvani AND/OR grafii Prohledavani AND/OR grafu do hloubky

Heuristické prohleddvani AND/OR grafu — p¥iklad

setfidény seznam ¢aste¢né expandovanych grafii =

[Nevyfeseny;, Nevyfesenys, ..., VyfeSenyy, .. .|
FNevaeéenyl < FNevaeéenyz <. 3
6
1 3
2 b c
PrEY O O
b
A A /N /N
1 1 2 1
d . . . d e f g
\\6 /O\ 1 7 2 1
2 3 6
h .
I
h
6
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Prohleddvani AND/OR grafii Prohledavani AND/OR grafu do hloubky

Heuristické prohleddvani AND/OR grafu — p¥iklad

setfidény seznam ¢aste¢né expandovanych grafii =
[Nevyfeseny;, Nevyfesenys, ..., VyfeSenyy, .. .|

FNevaeéenyl < FNevaeéeny2 <.




Prohleddvani AND/OR grafii Prohledavani AND/OR grafu do hloubky

Heuristické prohleddvani AND/OR grafu — p¥iklad

setfidény seznam ¢aste¢né expandovanych grafii =
[Nevyfeseny;, Nevyfesenys, ..., VyfeSenyy, .. .|

FNevaeéenyl < FNevaeéeny2 <.




Prohledavani AND/OR grafti | Prohledavani AND/OR grafu do hloubky

Reprezentace AND /OR grafu p¥i heuristickém prohleddvani

o list AND/OR grafu ... struktura leaf(N,F,C).
F =C+ h(N)

@ OR uzel AND/OR grafu ... struktura tree(N,F,C,or:[T1,T2,T3,...])
F = C+ min; F;

@ AND uzel AND/OR grafu ... struktura tree(N,F,C,and:[T1,T2,T3,...])

@ vyfeSeny list AND/OR grafu ... struktura solvedleaf(N,F)
F=C

@ vyfegeny OR uzel AND/OR grafu ... struktura solvedtree(N,F,T)
F=C+F

o vyfeseny AND uzel AND/OR grafu ... solvedtree(N,F,and:[T1,T2,...])
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Prohledavani AND/OR grafti | Prohledavani AND/OR grafu do hloubky

Reprezentace AND /OR grafu p¥i heuristickém prohleddvani

[F ... pislugna heuristickd F-hodnota uzlu N ]

o list AND/OR grafu ... struktura Ieaf(N%C
F=C+ h(N) (N ... identifikétor uzlu )

@ OR uzel AND/OR grafu ... struktura tree(N,F,C,or:[T1,T2,T3,...])
F = C+ min; F;

@ AND uzel AND/OR grafu ... struktura tree(N,F,C,and:[T1,T2,T3,...])

@ vyfeSeny list AND/OR grafu ... struktura solvedleaf(N,F)
F=C

@ vyfegeny OR uzel AND/OR grafu ... struktura solvedtree(N,F,T)
F=C+F;

o vyfeseny AND uzel AND/OR grafu ... solvedtree(N,F,and:[T1,T2,...])

cena hrany do uzlu N ]
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu

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

% 1: limit Bound pFekroen (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),!.

% 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,Bound1,NewSubs,Solvedl),
continue(Solvedl,Node,C,NewSubs,Bound,NewTree,Solved).

expandlist(Trees,Bound,NewTrees,Solved) :-
selecttree(Trees, Tree,OtherTrees,Bound,Bound1),
expand(Tree,Boundl,NewTree,Solvedl),
combine(OtherTrees,NewTree,Solved1,NewTrees,Solved).

continue(yes,Node,C,SubTrees,_,solvedtree(Node,F,SubTrees),yes)  :-
bestf(SubTrees,H), F is C+H L.
continue(never,_,,_,_,_,never) =l
continue(no,Node,C,SubTrees, Bound NewTree,Solved) :- bestf(SubTrees,H),
F is C+H,!,expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved). )
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu

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

% 1: limit Bound pFekroen (ve vsech dalsich klauzulich plati F =< Bound)

expand(Tree,Bound, Tree,no) :- f(Tree,F),F>Bound,!. expand(+Tree, +Bound, -NewTree,

% 2: nalezen cil ?Solved)

expand(leaf(Node,F,C),_,solvedleaf(Node,F),yes)  :- goal(Node),!.| expanduje Tree po Bound. Vysledek

% 3: expanze listu je NewTree se stavem Solved

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,Bound1,NewSubs,Solvedl),
continue(Solvedl,Node,C,NewSubs,Bound,NewTree,Solved).

expandlist(Trees,Bound,NewTrees,Solved) :-
selecttree(Trees, Tree,OtherTrees,Bound,Bound1),
expand(Tree,Boundl,NewTree,Solvedl),
combine(OtherTrees,NewTree,Solved1,NewTrees,Solved).

continue(yes,Node,C,SubTrees,_,solvedtree(Node,F,SubTrees),yes)  :-
bestf(SubTrees,H), F is C+H L
continue(never,_,,_,_,_,never) =l
continue(no,Node,C,SubTrees, Bound NewTree,Solved) :- bestf(SubTrees,H),
F is C+H,!,expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved). )
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu

andor(Node,SolutionTree) :- biggest(Bound),expand(leaf(Node,0,0),Bound,SolutionTree,yes).
% 1: limit Bound pFekroen (ve vsech dalsich klauzulich plati F =< Bound)

expand(Tree,Bound, Tree,no) :- f(Tree,F),F>Bound,!. expand(+Tree, +Bound, -NewTree,
% 2: nalezen cil ?Solved)

expand(leaf(Node,F,C),_,solvedleaf(Node,F),yes)  :- goal(Node),!.| expanduje Tree po Bound. Vysledek
% 3: expanze listu je NewTree se stavem Solved

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,Bound1,NewSubs,Solvedl),
continue(Solvedl,Node,C,NewSubs,Bound,NewTree,Solved).

expandlist expanduje viechny grafy
expandlist(Trees,Bound,NewTrees,Solved) :- v seznamu Trees se zdvorou Bound.

selecttree(Trees, Tree,OtherTrees,Bound,Bound1), Wialtzelel 2 v eemenny Nawiess @
celkovy stav v Solved

expand(Tree,Boundl,NewTree,Solvedl),

combine(OtherTrees,NewTree,Solved1,NewTrees,Solved).

continue(yes,Node,C,SubTrees,_,solvedtree(Node,F,SubTrees),yes)  :-
bestf(SubTrees,H), F is C+H L

continue(never,_,,_,_,_,never) =l

continue(no,Node,C,SubTrees, Bound NewTree,Solved) :- bestf(SubTrees,H),
F is C+H,!,expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved).
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu

andor(Node,SolutionTree) :- biggest(Bound),expand(leaf(Node,0,0),Bound,SolutionTree,yes).
% 1: limit Bound pFekroen (ve vsech dalsich klauzulich plati F =< Bound)

expand(Tree,Bound, Tree,no) :- f(Tree,F),F>Bound,!. expand(+Tree, +Bound, -NewTree,
% 2: nalezen cil ?Solved)

expand(leaf(Node,F,C),_,solvedleaf(Node,F),yes)  :- goal(Node),!.| expanduje Tree po Bound. Vysledek
% 3: expanze listu je NewTree se stavem Solved

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,Bound1,NewSubs,Solvedl),
continue(Solvedl,Node,C,NewSubs,Bound,NewTree,Solved).

expandlist expanduje viechny grafy
expandlist(Trees,Bound,NewTrees,Solved) :- v seznamu Trees se zdvorou Bound.

selecttree(Trees, Tree,OtherTrees,Bound,Bound1), Wialtzelel 2 v eemenny Nawiess @
celkovy stav v Solved

expand(Tree,Boundl,NewTree,Solvedl),

combine(OtherTrees,NewTree,Solved1,NewTrees,Solved).

continue(yes,Node,C,SubTrees,_,solvedtree(Node,F,SubTrees),yes)  :-
bestf(SubTrees H) F is C+H I continue urluje, jak pokraéovat]
cont|nue(neverﬁﬁﬁﬁﬁvnever) -1 po expanzi seznamu grafii
continue(no,Node,C,SubTrees, Bound NewTree,Solved) :- bestf(SubTrees,H),
F is C+H,!,expand(tree(Node,F,C,SubTrees),Bound,NewTree,Solved).
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu — pokrat.

combine(or:_, Tree,yes, Tree,yes) - I.

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

combine(or: Trees,_,never,or: Trees, no) o= [l

combine(and: Trees, Tree,yes,and:[Tree| Trees],yes)  :- allsolved(Trees),!.
combine(and:_,_,never,_,never) :- L
combine(and: Trees, Tree,YesNo,and:NewTrees,no) :- insert(Tree, Trees,NewTrees),!.

expandnode(Node,C,tree(Node,F,C,0Op: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), Treesl, Trees).

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

solved(solvedtree(_,-,-)).
solved(solvedleaf(_,-)).
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu — pokrat.

combine(OtherTrees,NewTree,Solved1,NewTrees,Solved)
kombinuje vysledky expanze stromu a seznamu stromii

)

combine(or:_, Tree,yes, Tree,yes) - I.

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

combine(or: Trees,_,never,or: Trees, no) o= [l

combine(and: Trees, Tree,yes,and:[Tree| Trees],yes)  :- allsolved(Trees),!.
combine(and:_,_,never,_,never) :- L
combine(and: Trees, Tree,YesNo,and:NewTrees,no) :- insert(Tree, Trees,NewTrees),!.

expandnode(Node,C,tree(Node,F,C,0Op: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), Treesl, Trees).

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

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

Uvod do umglé inteligence 5/12 17 /21




Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu — pokrat.

combine(OtherTrees,NewTree,Solved1,NewTrees,Solved)
kombinuje vysledky expanze stromu a seznamu stromii

combine(or:_, Tree,yes, Tree,yes) - I.

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

combine(or: Trees,_,never,or: Trees, no) o= [l

combine(and: Trees, Tree,yes,and:[Tree| Trees],yes)  :- allsolved(Trees),!.
combine(and:_,_,never,_,never) :- L
combine(and: Trees, Tree,YesNo,and:NewTrees,no) :- insert(Tree, Trees,NewTrees),!.

expandnode(Node,C,tree(Node,F,C,0p:SubTrees)) :- | expandnode prevede uzel z Node—>AndOr:Succ
Node ———> Op:Successors, do tree(Node,F,C,SubTTr)

)

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), Treesl, Trees).

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

solved(solvedtree(_,-,-)).
solved(solvedleaf(_,_)).
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu — pokrat.

combine(OtherTrees,NewTree,Solved1,NewTrees,Solved)
kombinuje vysledky expanze stromu a seznamu stromii

combine(or:_, Tree,yes, Tree,yes) - I.

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

combine(or: Trees,_,never,or: Trees, no) o= [l

combine(and: Trees, Tree,yes,and:[Tree| Trees],yes)  :- allsolved(Trees),!.
combine(and:_,_,never,_,never) :- L
combine(and: Trees, Tree,YesNo,and:NewTrees,no) :- insert(Tree, Trees,NewTrees),!.

expandnode(Node,C,tree(Node,F,C,0p:SubTrees)) :- | expandnode prevede uzel z Node—>A"d0r=SUCC]
Node ———> Op:Successors, e )
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), Treesl, Trees).

/(allsolved zkontroluje, jestli v8echny stromy
allsolved([]).

Lv seznamu jsou vyfesené

)

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

solved(solvedtree(_,-,-)).
solved(solvedleaf(_,_)).
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu — pokrat.

f(Tree,F) :- arg(2,Tree,F),!.

insert(T,[,[T]) =L

insert(T,[T1|Ts],[T,T1|Ts]) :- solved(T1),!.

insert(T,[T1|Ts],[T1|Tsl]) :- solved(T),insert(T,Ts,Tsl),!.
insert(T,[T1|Ts],[T,T1|Ts]) :- f(T,F),f(T1,F1),F=<F1,..
insert(T,[T1|Ts],[T1|Ts1l]) :- insert(T,Ts, Tsl).

% prvni nasledovnik v OR—uzlu je nejlepsi

bestf(or:[Tree| ],F)  :- f(Tree,F),.

bestf(and:[],0) :- L

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) :-!. %  jediny kandidat
selecttree(Op:[Tree| Trees], Tree,Op: Trees,Bound,Boundl) :- bestf(Op:Trees,F),
(Op=or,!, min(Bound,F,Boundl);Op=and,Bound1 is Bound—F).

min(A,B,A) - A<B,!.
min(A,B,B).
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu — pokrat.

f(Tree,F) :- arg(2,Tree,F),!.

[insert vkldda strom do seznamu stromii se zachovanim tFl’dénl’j

insert(T,[,[T]) =L
insert(T,[T1|Ts],[T,T1|Ts]) :- solved(T1),!.

insert(T,[T1|Ts],[T1|Tsl]) :- solved(T),insert(T,Ts,Tsl),!.
insert(T,[T1|Ts],[T, T1|Ts]) :- f(T,F),f(T1,F1),F=<F1,!.
insert(T,[T1|Ts],[T1|Ts1l]) :- insert(T,Ts, Tsl).

% prvni nasledovnik v OR—uzlu je nejlepsi

bestf(or:[Tree| ],F)  :- f(Tree,F),.

bestf(and:[],0) :- L

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) :-!. %  jediny kandidat
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,!.
min(A,B,B).
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu — pokrat.

f(Tree,F) :- arg(2,Tree,F),!.

[insert vkldda strom do seznamu stromii se zachovanim tFl’dénl’j

insert(T,[,[T]) =L
insert(T,[T1|Ts],[T,T1|Ts]) :- solved(T1),!.

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

insert(T,[T1|Ts],[T1|Ts1l]) :- insert(T,Ts, Tsl).

% prvni nasledovnik v OR—uzlu je nejlepsi

beStf(or:[TreeL]vF) - f(Tree,F),!. bestf vyhleda uloZzenou F-hodnotu AND/OR stromu/uzlu
bestf(and:[],0) :- L <( 4 ¢ ]
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) :-!. %  jediny kandidat
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,!.
min(A,B,B).
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Prohledavani AND/OR grafii | Heuristické prohledavani AND/OR grafu

Heuristické prohleddvani AND/OR grafu — pokrat.

f(Tree,F) :- arg(2,Tree,F),!.

[insert vkldda strom do seznamu stromii se zachovanim tFl’dénl’j

insert(T,[,[T]) =L
insert(T,[T1|Ts],[T,T1|Ts]) :- solved(T1),!.

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

insert(T,[T1|Ts],[T1|Ts1l]) :- insert(T,Ts, Tsl).

% prvni nasledovnik v OR—uzlu je nejlepsi

beStf(or:[Tree *]vF) - f(Tree,F),!. bestf vyhledd ulozenou F-hodnotu AND/OR stromu/uzlu
bestf(and:[,0) - !. — 4 )
bestf(and:[Treel|Trees],F) :- f(Treel,F1)bestf(and:Trees,F2),F is F14+F2,!.
bestf(Tree,F) = f(Tree,F). selecttree( + Trees, -BestTree, -OtherTrees, +Bound, -Boundl) j

vybere BestTree z Trees, zbytek je v OtherTrees. Bound je zdvora pro Trees,
Bound1 pro BestTree

selecttree(Op:[Tree], Tree,Op:[],Bound,Bound) :-!. %  jediny kandidat
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,!.
min(A,B,B).
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Prohledavani AND/OR grafti = Cesta mezi mésty heuristickym AND/OR hledanim

Cesta mezi mé&sty heuristickym AND/OR hleddnim

@ cesta mezi Mestol a Mesto2 — predikdt move(Mestol,Mesto2,Vzdal).
9 klitové postaveni m&sta Mesto3 — predikat key(Mestol-Mesto2,Mesto3).

move(a,b,2). move(a,c,3). move(b,e,3).
move(b,d,2). move(c,e,1). move(c,l,2).
S . move(e k,4). move(e,l,2). move(k,u,2).
move(k,x,3). move(u,v,5). move(x,y,3).
c 2 |/ v move(y,z,3). move(v,z,3). move(l,L?l,l).
3/ 1\ A \1 5/ \3 move(d,k,1). move(u,y,2).
a € u z stateS(a). stateS(b). stateS(c).
2\ /3 4\ /2 2\\ A stateS(d). stateS(e).
b k y stateT(u). stateT(v). stateT(x).
1 stateT(y). stateT(z).
% / \3\ /3 border(l)s. border(k).
d X T
key(M1—M2,M3) :- stateS(M1), stateT(M2),
border(M3).
city(X) :- (stateS(X);stateT(X);border(X)).
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Prohleddvani AND/OR grafii | Cesta mezi mé&sty heuristickym AND/OR hledanim

Cesta mezi mé&sty heuristickym AND/OR hleddnim

vlastni hledani cesty:
1. Y1, Y2, .. klitové body mezi mésty A a Z. Hledej
jednu z cest:

e cestu z A do Z pres Y1
e cestu z A do Z pres Y2

® e
2. Neni-li mezi mésty A a Z klicové mésto = hledej

souseda Y mésta A takového, Ze existuje cesta z Y
do Z.
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Prohledavani AND/OR grafti = Cesta mezi mésty heuristickym AND/OR hledanim

Cesta mezi mé&sty heuristickym AND/OR hleddnim

Konstrukce p¥islusného AND/OR grafu

?— op(560,xfx,via). % operatory X—Z a X—ZviaY

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—1/3,b—1/2]

b—I ———> or:[e—1/3,d—1/2]

a—z via | ———> and:[a—1/0,l—z/0]
a—vvial ———> and:[a—1/0,|—v/0]

.g.o.al(a—a). goal(b—b).
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Prohledavani AND/OR grafti = Cesta mezi mésty heuristickym AND/OR hledanim

Cesta mezi mé&sty heuristickym AND/OR hleddnim

Konstrukce p¥islusného AND/OR grafu

?— op(560,xfx,via). % operatory X—Z a X—Z via Y

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 ———> orfc—1/3,b—1/2]

b—I ———> or:[e—1/3,d—1/2]

.a.—.z vial ———> and:[a—1/0,1—2/0]

a—vvial ———> and:[a—1/0,|—v/0]

.g.o.al(a—a). goal(b—b). ... )

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—Z)/D, move(X,Y,D), Problemlist).
X—Z via Y > and:[(X—=Y)/0,(Y=2)/0]- city(X),city(Z),key(X—Z,Y).

goal(X—X).

/* h(Node,H). ... heuristicka funkce %/

Kdyz Vn : h(n) < h*(n), kde h* je minimaini cena ¥edeni uzlu n =
najdeme vzdy optimalni feseni
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