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1 Korlatalapu programozas

1.1 Korlatalapu programozas véges halmazokon

A korlatalapu programozast kombinatorikus feladatok nid@gara szoktak hasznalni, ahol a
megoldast jelerit valtozokra kilonboz kikbtesek teheik, és a valtozok értekkészlete korla-
tos, tipikusan egész szamok egy véges halmaza.

A korlatalapu programozas ket alaptechnikaja a korlasztes (constraint propagation)
és a korlatfelosztas (constraint distribution). A koggisztés egy hatekony kbvetkeztetesi
mechanizmus, amely egyidejlleg tobb olyan ,terjeszipropagator) hasznal, amelyek egy
korlattarban (constraint store) gyujtik a kikovetkeeteinformaciot. A korlatfelosztas a
problemat egymast kdlcsondsen kizard reszekre bontja, Kealatterjesztés mechanizmusa
megakad. A két technika valtogatott alkalmazasaval ageijevégil meg fogja talalni a
megoldast.

A felosztas kénnyen exponencialis nbvekedéshez vezet ergfemészproblémak sza-
maban. Szerencsére ez a potencionalis robbanas ozbgél megfeleben eds terjesztési
(propagacios) szabalyok hasznalataval.

Az ALICE korlatmegoldo képességeit kdzvetlenll a MOZART@rokolte.
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2 Példak
2.1 Egyszeri példa

El6szOr is be toltstik be a lineéris korlatok felvételéhez segks csomagot.
open Linear;

Ezutan hozzunk létre egy FD-valtozokat tartalmazo veKtdnt = Finite Domain, véges
értelmezési tartomany):

val #[x,y,z] = vec (3, [1#10)]);
Végul adjuk meg pl. a kbvetkézorlatokat:

post (2 * x =)
post (z < X);

post (y < 7);
post (z <> '1);

Egy inspektorral figyelhetjik meg, hogyan alakul a valtoedlékkeszlete az egyes kor-
latok felvétele utan.
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Figyeljuk meg, hogy itt nem volt sziikségink korlatfeloszsa de ez persze nem mindig
van igy.

2.2 Egy kicsit bonyolultabb példa
2.2.1 Afeladat

Alljon itt a sokak altal ismert példa:
SEND + MORE = MONFEY.

Ebben az egyenletben minden betl egy (tizes szamrendiedamjegyet jelol.
A feladat egyetlen megoldasa:

9567 4 1085 = 10652.

2.2.2 ALICE-megoldas

El6szor definialnunk kell egy Uscript-et a probléma leirasara.
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fun money () =

let
val v as #[S,E,N,D,M,O,R,Y] = Linear.vec (8, [0 #9])
in
distinct v;
post (S <> 0);
post (M <> 0);
post (1000*S + 100*E + 10*N + D +
"1000°*M "+ "100*O '+ 10*R '+ E =
"10000*M '+ 1000*O '+ 100*N + 10*E + Y );
distribute (FD.FIRSTFAIL, V);
{S,E,N,D,M,O,R,Y}
end;

Mivel ez a probléma keresés nélkil nem oldhaté meg, has#nalf ALICE beépitett
kere®jét erre a célra:

Search.searchAll money;

Megnéezhetjlik a megoldast igy:
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iInspect it;
Vagy igy is, raadasul az alabbi parancs a keresési fat is nnedjan

Explorer.exploreAll money;

2.3 Meég egy klasszikus feladat — az N-kiralya probléma

fun nQueens n () =
let
val v = FD.rangeVec (n, (0, n-1))
val vl = Vector.mapi (fn (i,x)=>(x, 1)) v
val v2 = Vector.mapi (fn (i,x)=>(x,~i)) v

FD.distinct v;
FD.distinctOffset v1;
FD.distinctOffset v2;
FD.distribute(FD.FIRSTFAIL, V);
V

end
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A megoldashoz felhasznaljuk &D.distinctOffset korlatot, amelynek a szignaturaja:
FD.distinctOffset . (FD.fd * int) vector

és a jelentese, ha a vektgfd;, i;) parokbol all:

distinctO f fsetv = distinct(fdo + i, fd1 + i1, ... , fdn + in)
A megoldas megkereséséhez az adott mereti tablara egifisggeenyt definialunk:
fun fiveQueens () = nQueens 5 ();

Search.searchAll fiveQueens;
Explorer.exploreAll fiveQueens;
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3 Attekintés

Az ALICE-ban tébb modul is talalhato korlatprogramozas watgsitasara.

3.1 FD

Veéges tartomanyokon (értsd: nem negativ egészeken) eetirnvaltozokat hoz Iétre, szi-
kit szabalyokat vesz fel és alkalmaz rajtuk.

Ha egy propagator felébred, akkor megprobalja az altalaeltigyaltozok ertékkeszle-
tet leszikiteni. A propagatorok egy resze csak tartonmiksest hajt vegre, masok hal-
mazszUkitést végeznek, mig megint masoknal beallithatyy melyik modszert hasznaljak.
Egy propagator megszinik, ha minden hozza rendelt vakebélyettesddott. Persze van-
nak olyan propagatorok is, amelyek maolah (de ez ritka).

3.1.1 AFDstruktura figgvenyei

type fd
type bin = fd
exception Tell
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datatype domain_element = SINGLE of int | RANGE of int * int

type domain = domain_element vector

datatype relation = LESS | LESSEQ | EQUAL | NOTEQUAL |
GREATER | GREATEREQ

datatype dist mode = NAIVE | FIRSTFAIL | SPLIT_MIN |
SPLIT_MAX | NBSUSPS

datatype assign = MIN | MID | MAX

Inf

sup

fd dom

fdvVec (n, dom)

range (il, ih)

rangeVec (n, il, ih)

bin ()

binVec n

assign (as, v)

toint f

future f

fromint |
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IsBin f

sum (v, rel, r)
sumC (v, rel, r)
sumAC (v, rel, r)
sumCN (v, rel, 1)
SUmMACN (v, rel, r)
sumD (v, rel, r)
sumCD (v, rel, 1)
plus (X, vy, 2)
minus (X, Yy, 2)
times (X, vy, 2)
power (X, I, 2)
divl (x, 1, 2)
modl (X, 1, z)
plusD (X, y, 2)
minusD (X, vy, 2)
timesD (x, y, 2)
divD (x, 1, 2)
modD (X, 1, 2)
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min (X, y, 2)

max (X, Yy, 2)

equal (x, vy)

notequal (X, y)

distance (X, y, rel, z)
less (X, Y)

lesseq (X, y)

greater (X, V)

greaterEq (X, Y)

disjoint (x, i1, vy, i2)
disjointC (x, i1, vy, 12, c)
tasksOverlap (x, i1, vy, 12, C)
distinct v

distinctOffset v

distinct2 v

atMost (X, v, 1)

atLeast (x, v, 1)

exactly (x, v, 1)

element (x, v, 2)
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conj (x, y, 2)

disj (x, vy, 2)

exor (X, Yy, 2)

nega (X, Yy)

impl (X, y, 2)

equi (X, vy, 2)

Reified.fd (dom, c)
Reified.fdVec (n, dom, c)
Reified.card (i1, v, 12, c)
Reified.sum (v, rel, r, ¢)
Reified.sumC (v, rel, r, c)
Reified.sumAC (v, rel, r, ¢)
Reified.sumCN (v, rel, r, ¢)
Reflect.min X

Reflect.max x

Reflect.mid x
Reflect.nextLarger (x, 1)
Reflect.nextSmaller (X, i)
Reflect.size x
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Reflect.dom X
Reflect.domList X
Reflect.nbSusps x
Reflect.eq (X, Y)
distribute (spec, V)
choose (spec, V)

3.2 Linear

Linearis egyeritlenségekkent engedi megfogalmazni a korlatokat. A tisddrlatokat az
FD-modul dsszeg-korlatjaiva fogalmazza at, nem feltétlleptimalis modon.

Mivel a Linear modul az allando kifejezéseken nagymértegyuszerisitést végez, bi-
zonyos esetekbendbrdulhat, hogy tal akar Iépni az egészek implementatidgpno hata-
ran, amely az FD-korlatokra is érvényes. llyen esetben pezeglsités egy olyan FD-valtozé
bevezetésevel akadalyozhaté meg, amelyhez egyetlererésidellink.

A bekezdeés az Alice Manuel-bol angoltNote also that since the linear module exten-
sively performs folding of constant expressions, it evatijumight exceed the implemen-
tation specific integer constant limit of finite domain caastts. In such a case, folding
can be prevented by introducing a finite domain variableifh@a$signed a singleton value.

0-12



ALICE

3.2.1 ALi near struktira szignaturaja

signature LINEAR =
sig

/
>(.

Infix
infix
infix
Infix
infix

> > >= < =
->

WAOIO ~
T

datatype domain_element =
—of int
| # of int * int

type domain = domain_element list
datatype term =
FD of FD.fd

| = of int
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| + of term * term
| - of term * term
| * of term * term

datatype rel =
< of term * term

‘<= of term * term
= of term * term
<> of term * term
>= of term * term
> of term * term
<-> of rel * term

val var : domain option -> term
val bin ;: unit -> term
val vec : Iint * domain -> term vector

val distribute : FD.dist mode * term vector -> unit
val distinct : term vector -> unit
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val post : rel -> unit
end

3.3 FS

Véges halmazvaltozokat és azokra felvéhledrlatokat tartalmaz. A véges halmazvaltozé
(finite set variable) olyan valtozo, amelynek az értéke ameggativ szamok egy halmaza.
Lassunk egy peldat:

open FS;

val x = FS.fs NONE;

val y = FS.fs NONE;

FS.disjoint (x,y);

FS.subset (x,y);

FS.Int.max (y,FD.fd (SOME #[RANGE (1,2)]));
FS.incl (FD.fd (SOME #[SINGLE (3)]),y);
FS.excl (FD.fd (SOME #[SINGLE (0)]),y);
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3.3.1 AzFS struktdraban talalhato korlatok

type fd
type bin = fd
type fs

exception Tell of {cause :

Inf

sup

fs spec

fsVec (n,spec)
compl (X,y)
compl (x,y)
complin (x,y,z)
Incl (x,y)

excl (x,y)

card (X,y)
cardRange (l,u,x)
Isin (1,x)
difference (Xx,y,z)
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Intersect (X,y,2)
IntersectN (v,X)
union (X,y,z)
unionN (v,x)
subset (X,y)
disjoint (X,y)
disjointN v
distinct (X,X)
distinctN v
partition (v,x)
value X
emptyValue ()
singletonValue |
universalValue ()
IsValue x
Int.min (X,y)
Int.max (X,y)
Int.convex X
Int.match (x,v)
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Int.minN  (X,v)

Int.maxN (X,Vv)

Reified.isIn (i,x,C)
Reified.areln (is,x,cs)
Reified.incl (X,y,c)
Reified.equal (X,y,c)
Reified.partition (vs,is,X,CS)
Reflect.card x
Reflect.lowerBound X
Reflect.unknown X
Reflect.upperBound x
Reflect.cardOfLowerBound x
Reflect.cardOfUnknown X
Reflect.cardOfUpperBound x

3.4 A keresési tér megvalositasarol

A keresési feladatokat az ALICE vegziSpace struktira segitségével, amely ugynevezett
el0rendu keresesi tereket valosit meg.
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Ezek hasznalataval pl. egy mélységi kereses elvileg kinimgplementalhato:

fun searchOne s =
case Space.ask s of

Space.FAILED => NONE
| Space.SUCCEEDED => SOME (Space.merge S)
| Space.ALTERNATIVES(n) =>
let

val ¢ = Space.clone s
in
(Space.commit(s, Space.SINGLE 1)
,case searchOne s of
NONE  => (Space.commit(c, Space.RANGE(2,n))
,searchOne c

)
| SOME s => SOME s

)

end;

Megjegyes: Az eredetileg az Alice Manual ,The Space stnacta. fejezetében kozolt
searchOne fliggvényt szintaktikai hiba miatt nem lehet leforditaniz Alice az alabbi
szekvencidlis kifejezést véli rossznak, feltdéeat hibas a forditdprogram:
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in
Space.commit(s, SINGLE 1);
case searchOne s of
NONE => ..
end;

Ha a szekvencidlis kifejezést a kovetkezltozatok egyikeben irjuk fol, a forditas sikerdl:

In
Space.commit(s, SINGLE 1); case searchOne s of
NONE => ..
end,;
vagy
In
Space.commit(s, SINGLE 1)
, case searchOne s of
NONE => ..
end,;
vagy
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In

(Space.commit(s, SINGLE 1)

,case searchOne s of
NONE => ..

)

end;
PéldasearchOne alkalmazasara:
searchOne (Space.space money);

A Search struktiraban ennél kifinomultabb keresési modszerekatathatunk.

3.4.1 ASpace struktura szignaturaja

signature SPACE =
sig
egtype 'a space

datatype state =
MERGED
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| FAILED
| SUCCEEDED
| ALTERNATIVES of int

datatype verbose state =

VERBOSE_ SUSPENDED of verbose_state
VERBOSE MERGED

VERBOSE_ FAILED
VERBOSE_SUCCEEDED_ STUCK
VERBOSE_SUCCEEDED ENTAILED
VERBOSE_ALTERNATIVES of int

datatype choice =
SINGLE of int
| RANGE of int * int

val space : (unit -> ’a) -> ’a space

val ask : 'a space -> state
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val askVerbose : ’a space -> verbose_ state
val clone : 'a space -> ’'a space
val commit : 'a space * choice -> unit
val inject : ’a space * ('a -> unit) -> unit
val merge : 'a space -> ’a
val kill : 'a space -> unit
val waitStable : ’'a space -> unit
end

3.4.2 Afliggvények és tipusok leirdsa

egtype ’'a space
The type of computation spaces.

datatype state = MERGED | FAILED | SUCCEEDED |
ALTERNATIVES of int

This datatype is used to communicate the state of a computspiace.

0-23



ALICE

datatype verbose state = VERBOSE SUSPENDED of verbose st ate |
VERBOSE MERGED |
VERBOSE_FAILED |
VERBOSE SUCCEEDED_STUCK |
VERBOSE _SUCCEEDED_ENTAILED |
VERBOSE_ALTERNATIVES of int

This datatype is used to communicate the verbose state shputation space.
datatype choice = SINGLE of int | RANGE of int * int

This datatype is used to select alternatives of the seletieide of a space.
space p

returns a newly created space, in which a thread containingpplication of the unary
functionp to the root variable of the space is created.

ask s
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waits untils becomes stable or merged and then returns the state of

If s is mergedMERGEI returned.

If s is stable and failed-AILED is returned.

If s Is stable and succeeded and there are no threadsy/nchronizing on choiceSUCCEEDED
IS returned.

If s is stable and succeeded and there is at least one threaavinch synchronizes on a
choice, ALTERNATIVES 1 is returned, where gives the number of alternatives on the
selected choice.

Synchronizes on stability .
Raises a runtime error if the current space is not admisfible.

askVerbose s

returns the state & in verbose form. Reduces immediately, eves i§ not yet stable.

If s becomes merge®ERBOSE_MERGHEDreturned.

If s becomes suspended (that is, blocked but not sta¥lEElRBOSE SUSPENDED 4 re-
turned.t is a future that is bound to the verbose state @fhens becomes stable again.

If s is stable and failedyERBOSE_FAILEDSs returned.

If s is stable and succeeded and there are no threaglsymchronizing on choices, either
VERBOSE_SUCCEEDED_STUGK/ERBOSE_SUCCEEDED_ ENTAILEDeturned. The
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former happens whes still contains threads.

If s is stable and succeeded and there is at least one threa@vinch synchronizes on a
choice VERBOSE ALTERNATIVES is returned, where gives the number of alternatives
on the selected choice.

Does not synchronize on stability sf

Raises a runtime error if the current space is not admisfble.

clone s

blocks untils becomes stable and returns a new space which is a caay of
Synchronizes on stability .
Raises a runtime error f is already merged, or if the current space is not admissile.f

commit (s, )

blocks untils becomes stable and then commits to alternatives of thetedleboice of.

If ¢ is RANGE(l, h) , then all but thd,l+1,...,h alternatives of the selected choice
of s are discarded. If a single alternative remains, the topmlesice is replaced by this
alternative. If no alternative remains, the space is failed

SINGLE 1 is an abbreviation foRANGE(I, 1)
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Synchronizes on stability .
Raises a runtime error, § has been merged already, if there exists no selected chose |
or if the current space is not admissible far

inject (s, p)

creates a thread m which contains an application pfto the root variable o§.
Does not synchronize on stability sf
Raises a runtime error  is already merged, or if the current space is not admissiole.f

merge S

mergess with the current space and returns the root variable. of
Does not synchronizes on stability ®f
Raises a runtime error # is already merged, or if the current space is not admissile.f

Kill s
kKills s by injecting a failure into a space.
waitStable s

Synchronizes on stablility &f and returns unit.
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3.5 ASear ch struktura

A strukturaban tobbféle keresési eljaras van implemeat&@s mindegyiknek tdbb (Ujrasza-
mitast hasznalo stb.) valtozata is szerepel benne.

3.5.1 ASear ch struktura fiiggvényei

searchOne script

searchOneDepth (script,rcd)
searchOneDepthS (script,rcd)
searchOneBound (script,bound,rcd)
searchOneBoundS (script,bound,rcd)
searchOnelter (script,rcd)
searchOnelterS (script,rcd)
searchOnelLDS (script,m)
searchOnelLDSS (script,m)
searchAll script

searchAllDepth (script,rcd)
searchAllDepthS (script,rcd)
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searchBest (script,order)
searchBestBAB (script,order,rcd)
searchBestBABS (script,order,rcd)
searchBestRestart (script,order,rcd)
searchBestRestartS (script,order,rcd)
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