" JEE Domaci ukol

Cvieni 3

Vytvoite program pro nalezeni jedné
z nejkratSich cest mezi zadanou dvojici uzlu.

. - m Databaze (graf): m Ocekavané odpovédi:
Programovani arc(a,b) .
?-shortest_path(a,a,P).
By A= = - arc(a,c).
s omezujicimi podminkami P = [a]
arc(b,c).
arc(b,e). ?- shortest path(a,e,P).
Roman Bartak arc(c,d). P = [a,b,e]
Katedra teoretické informatiky a matematicke logiky arc(d,b). 2- shortest path(e,b,P).
. arc(d,e). no
roman.bartak@mff.cuni.cz (b)
http://ktiml.mff.cuni.cz/~bartak \,@
@} C),
©
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" S cjkratsi cesta (naivng) " SN ejkratsi cesta (B&B)

= Najdeme vSechny cesty prohledavanim do = Branch&Bound prozkoumé véechny cesty.

hloubky a potom vybereme nejkratsi. shortest_pathsB (From,To, Path) :-

bb_put (best, no_path) ’ can_be_shorter(_):-

bb_get (best,no_path) .
spathBB (From 4 TO 4 [ ] 4 0) ° can_be_shorter (Length) : -

shortest_pathBB(_From, To,Path):- Z:’;g‘:;i:::g‘;:;‘t‘f““e“‘““'—" ’
bb_get(best,path(_,Path)).

shortest path(From,To, ShortestPath):-
findall (Path,path(From,To, [],Path) ,AllPaths),
shortest list(AllPaths,ShortestPath).

path (From, From,Visited, Path) :-!, spathBB (From,From,Visited,Length) :-!,
revert ([From|Visited] , Path). revert ([From|Visited],Path), (
path (From,To,Visited,Path) : - bb_put (best,path(Length,Path)) ,% save sq
arc (From,Through) , $ nex| fail.
\+ member (Through,Visited), % pre| [abcdel spathBB (From, To,Visited,OldLength) : - abcde  best(5)
path (Through,To, [From|Visited], Pa| [abel NewLength is OldLength+l,
[a,5,d,be] can_be_shorter (NewLength) , % check fabe DESHG)
[a,c,d.el arc (From,Through) , % f£ind tH acd not better
7 \+ member (Through,Visited), % prevent )7,

spathBB (Through, To, [From|Visited] ,NewLength) .

Programovani s omezujicimi podminkami, Roman Bartak
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* N Nejkratsi cesta (BFS)

= Prohledavani do sSirky se spojovanim

shortest_pathBFS (From,To,Path) : -
spathBFS([[From]],To,Path).

spathBFS ([Visited|Rest],To,Path) : -
Visited = [N|_],
(N=To -> % we found the path

revert (Visited, Path)
; % expand the
findall ([N1|Visited],
(arc(N,N1),
\+ member (N1,Visited),
\+ member ([N1l|_],Rest)), [a]
NewNodes) ,
concat (Rest,NewNodes, Nodes), [b,al [c,al
spathBFS (Nodes, To,Path)
). [cixa] (eb,al) [d,c,a]'
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" JAEENUTERERTogramy s podminkami
(CLP)
Pro kazdou prom&nnou mazeme definovat jeji doménu.
pouzivaji se pouze diskrétni domény
které jsou mapovany na cela gisla
Potom definujeme mezi prom&nnymi podminky.
podminky jsou relace mezi prom&nnymi
napriklad aritmetické vyrazy

?-domain ([X,¥],0,100) ,3#=X+Y,¥Y#>=2 ,X#>=1.

m Jinymi slovy, popiSeme problém spliiovani podminek.
m Chceme, aby systém sam nalezl hodnoty prom&nnych tak,
Ze vSechny podminky jsou spln&ny.

X=1, Y=2
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Pripominka z Prologu:

?-3=142.

no

?-X=142

X=1+2;

no

?-3=X+1

no

Kde je problém?
Term v Prologu nema

,vyznam", je to pouze
syntakticka struktura!

Unifikace?
Radi bychom méli
nasledujici:
?2-X=142.
X=3

?-3=X+1.
X=2

?2-3=X+Y,Y=2.

X=1
?2-3=X+Y,¥Y>=2,X>=1.
X=1

Y=2
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" JEEE Priklad (naivng)

SEND+MORE=MONEY

Priradte pismenam razné cifry tak, ze plati
SEND+MORE=MONEY a S=0 a M=0.

Idea:

generuj prirazeni s raznymi ciframi a kontroluj podminku

solve naive([S,E,N,D,M,O,R,Y]):-
Di§1tsl_9 =[1,2,3,4,5,6,7,8,9],
Digits0_9 = [0|Digitsl_9],
member (S, Digitsl 9),
member (E, Digits0~9), E\=S,
member (N, Digits0_9), N\=S, N\=E,
member (D, Digits0 9), D\=S, D\=E,
member (M, Digitsl~9), M\=S, M\=E,
member (O, Digits0_9), O\=S, O\=E,
member (R, Digits0_ 9), R\=S, R\=E,
member (Y, Digits0_9), Y\=S, Y\=E,
1000*S + 100*E + 10*N +
1000*M + 100*O + 10*R +
10000*M + 1000*O + 100*N + 10*E +

# 2
D\=N,

M\=N, M\=D,

O\=N, O\=D, O\=M,

R\=N, R\=D, R\=M, R\=0,

Y\=N, Y\=D, ¥\=M, Y\=0, Y\=R,

D +
E =:
Y.

rovnost aritmetickych
vyrazi
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" S Priklad (Iépe)
SEND+MORE=MONEY

solve better([S,E,N,D,M,O,R,Y]):—
Dlgltsl 9 =1[1,2,3,4,5,6,7,8,9],
D1g1tsO 9 = [0|D1g1tsl 9],
% D+E = 10*P1+Y
member (D, Digits0 9),
member (E, Digits0_9), E\=D,
Y is (D+E) mod 10, Y\=D, Y\=E,
Pl is (D+E) // 10, % carry bit

Hodnoty nzkterych pismen
mohou byt vypogteny z
jinych pismen a platnost
podminky miZe byt
testovana i kdyz neznime
vSechny pismena

% N+R+P1 = 10*P2+E
member (N, Digits0_9), N\=D, N\=E, N\=Y,

R is (L0+E-N-P1) mod 10, R\=D, R\=E, R\=Y, R\=N,
P2 is (N+R+P1l) // 10,

% E+0+P2 = 10*P3+N
0 is (10+N-E-P2) mod 10, O\=D, O\=E, O\=Y, O\=N, O\=R,
P3 is (E+0+P2) // 10,

% S+M+P3 = 10*M+O
member (M, Digitsl 9), M\=D, M\=E, M\=Y, M\=N, M\=R, M\=0,
S is 9*M+0-P3, -

$>0,8<10, s\=D, S\=E, S\=Y, S\=N, S\=R, S\=0, S\=M.

Progr ani s

" S CLP(FD)

m Typicka struktura programu CLP:

:-use module(llbrary(clpfd))<ﬁdammommmmam

odminek a resicich strategii

solve (Sol) :

definice prom&nnych

declare variables( Variables), a jejich domén

post constraints( Variables ), definice omezeni

deklarativni model

labeling( Variables ). problému

~

Ridici zast

- prohledavani prostoru moznych reseni

« vybsr hodnot prom&nnych

« najde jedno, vSechna nebo optimalni reseni
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" S Priklad (CLP)

SEND+MORE=MONEY

Filtrace nevhodnych cifer mize byt dslana
automaticky systémem reseni podmmek

:-use _module (library (clpfd)) .
solve (Sol) : -
Sol=[S,E,N,D,M,0,R,Y],
domain([E,N,D,O,R,Y],0,9),
domain([S,M],1,9),
1000*S + 100*E + 10*N +
1000*M + 100*O + 10*R + #=
10000*M + 1000*0 + 100*N + 10*E + Y,
all different([S,E,N,D,M,O,R,Y]),

1ab€ling ([1,S01) ﬁ prirad hodnoty (z domén) do

prom&nnych pouzitim backtrackingu

m Poznamka: Je mozné pouzit také model s prenosovymi

bity.
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Definice domén

m doména v SICStus Prologu je mnozina celych &isel
jiné hodnoty je potFeba mapovat na gisla
gisla maji prirozené usporadani

m doména je &asto interval
domain (SeznamProménnych,MinVal  MaxVal)
definuje promé&nné s pogatesni doménou {MinVal,
..,MaxVal}

m doménu mazeme definovat pro promé&nné

samostatn& (mozno i sjednoceni, pranik, doplngk
interval()

X in MinVal. .MaxVal
X in (1..3) \/ (5..8) \/ {10}
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" JEEETT Reprezentace domeén

m domény jsou reprezentovany jako seznam
disjunktnich intervala

[[Min,|Max,],[Min,|Max,],...,[Min,|Max]]

m definice domény odpovida unarni podmince

tj. je-li pro stejnou prom&nnou definovano vice
domén, bere se jejich pranik (jako konjunkce
unarnich podminek)

?-domain([X],1,20), X in 15..30.
X in 15..20
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" JEEE Specifikace podminek

aritmetické

m klasické aritmetické podminky s operacemi +,-,
* [/, abs, min, max,... operace jsou vestavéné

m samozrejmé je potreba pouzit n&jaky
porovnavaci operator #=, #<, #>, #=<,
#>=, #\=

?-A+B #=< C-2.

m Co kdyzZ definuji podminku drive nez doménu?

pro nové prom&nné z takové podminky se bere
nekonesna doména inf..sup
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