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Abstract

CCP (CLIPS ConstraintProgramming)is a genericknowledgebasewhich enablesCLIPS to solve CSPs
(ConstraintSatisfactionProblems).CCP is composedf threemodules.The MAIN module containsthe top
level loop including the I/O rules. The SEARCH module implementsa classical Chronological Backtrack
algorithm. The PROPAGATIONmodule implements the Forward Checking algorithm. CCP has been
extensivelytestedwith well known puzzlesas N-queensgraphcolouring, crosswordsgetc. To implementany
particular problem, the users only need to declare eacablewith its domainandthey haveto define specific
domain description and rules of propagation.So that all specific knowledge is encapsulatedin the
PROPAGATION module. CCP is a generic tool that can be embedded in a knowésggieystemlike a work
horse for local CSPs solving. CCP is compact, since it contains only a dozen rules. Moreover, CCP can be seen
as a pedagogicaltool illustrating many advancedfeaturesof CLIPS (logical dependenciesforall, exists

conditional elements, the built function and a control strategy based on the focus stack)
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1. Introduction

A wide variety of problemscan be describedas ConstraintSatisfactionProblems(CSPs): time table, cross-
words, graph colouring, job shop scheduling, SAT problems. Combinatorial optimization such as the
assignmentproblem, the vehicle routing problem or the knapsackproblem can be also consideredas CSP
problems by transforming Max f(XyespectivelyMin) into f(x) > B (respf(x) < B) whereB is a given value,

high (resplow) enoughto producea good solution. The CSP framework also offers a sound basis for
representing and solving decision problems without uncertainty [Sehigx 95]. All of theseproblemsare at

least NP-complete (see [Reeves, 93]) and huge instances require a large amount of computational Tesources.
is the reason why all these problems are very important in the field of Artificial Intelligencenuithresearch
centered on the discovery of new algorithms for CSPs .

But, these algorithms, generally speaking, ldexk boxes. They do not enableyou to solve problemsneeding
Human Computer Interaction. The most typical example is time-table for schools. At least in France, there is no
commercial software available to satisfy teachers: in most cases, timeai@s88 hand-madelt appearshat,

for someCSPs,it seemsbetterto use knowledgebasedsystems.But theseproblemsneeda mechanismof

hypothesisgenerationwith backtrackingwhenan impasseoccurs(to be describedaterin details).Our project



stems froma knowledgebaseproposedoy [Lauriére,86] using an inferenceenginecalled SNARK in which a
function "REVENIR-SUR" directly implements the backtrack mecanlsfa.do not havesucha featurewithin

CLIPS (which is very costly since all the firings must be registdvative usedinsteadthe logical conditional
element.

Of course,one canobjectthat an inferenceengineusing variablesrealizesthis mecanismbeforefiring a rule.

Suchis the caseof the RETE algorithm [Forgy, 82] which implementsthe instantiationof variableswith

backtrack when an impasse occurs. For example, consider the well known puzzle ithetgeke five houses,
eachof a different color, inhabitedby men of different nationalities,with different pets, drinks, and cigarettes.
Given the initialset of conditions,it must be determinedwhich attributesare assignedo eachman. It canbe

solved with only one rule in which eachvariable is representecby a conditional element (see the Zebra
knowledgebaseproposedwithin CLIPS 6.0). However,this approachs very costly in termsof memory and
solving N-queens with twenty or more queens is impossibleP@ aith 32 Mo using the sameway (seethe

rule in Appendix 1) So, the aim of this paper iptesentthe knowledgebasewe havedesignedusing CLIPS

to go beyond this limit.

In the next section, we presentthe classicalChronological Backtrackalgorithm with a heuristic methodto

choose the next variable to instantiate [Lauriere, 78] and with Forward Checking algainittefHaralick et al,

80] has proved that it ifhe most efficient algorithm, at leastfor binary CSP. Then,in Section3, we present
CCP (CCP standfor CLIPS ConstraintProgramming)ur genericknowledgebaseandthe PROPAG module

which is specific to each problem. In Section 4, we conclude by introducing future work using CCP.

2. Basic algorithms for solving CSPs

2.1 Chronological Backtracking

The basicalgorithm usedto find a solution to CSPsis called ChronologicalBacktracking(CB). CB is a
constructive algorithm [Minton et al, 92], since it builds up a solution variable by variable. The iterative process
is decomposed into twsteps.First CB choosesa variable (called the current-hypothesisandinstantiatest to
the first possible value from its domain. Then €gzcksthe constraintsvhoseall variablesare instantiated If
one constraintfails, the algorithm backtracksThe previousinstantiation of the current-hypothesiss undone
and,if it is possible,replacedwith anothervalue (backtrackon the value). If all the valuesof the current-
hypothesishave beerested the algorithm backtracksto the previousinstantiatedvariable (backtrackon the
variable). If the set of possiblevaluesis empty for this variable, the algorithm backtracksagain until an
instantiatedvariablewith a non empty set of possiblevaluesis found. This processcontinuesuntil all the
variableshave beersuccessfullyinstantiated,which meansa solution has beenfound, or until all possible

combinations of instantiations have been tried without success.

2.2 Improving backtracking with heuristics and with Forward Checking
algorithm

The drawbacksof this approachare obvious and well-known and many improvementsare possible.In our
knowledge-based approach, we have introduced two classical improvementsieHirsgé a standarcheuristicto

choose the next variable to instantiate. The heuristic consists to choose the variatile svthllestremaining



domain at each iteration of the algorithm. This is knaaifirst fail principle". The secondmprovementadds
to the chronological backtrack a look-ahead scheme which attempts to detect impasses agassilyleis the
search. The aim is to eliminate, in the domains of variables yetitstasmtiated yvaluesthat are not consistent
with the currentinstantiation. This is called the propagationphase,since the new instantiationgives new
information on the currentsolution being constructedAt least, threealgorithmsexist doing this kind of job:
Forward Checking, Partial Look-Ahead, Full Look-Ahead. We have retained Forward Checking, krmatheo
bestcompromisebetweenthe time spendedon filtering the domainsand the speed-upachievedby avoiding
useless instantiations. Forward checking filters the domains of not instantiated variables which ardirtkesttly
to the current-hypothesiby a constraint.Of course whena backtrackoccurs,the inferencesmade during the

propagation must be retracted.

2.3 Example: 4-queens problem.
Consider the classical 4-queens problem which consists to set 4 queens on a 4x4 in such a way that no one queen
cancaptureanother.It is obviousthat you haveto set only one queenper row (and per column). So, it is
possible defining th@roblemas settinga queenon eachrow wherethe placeis definedby the numberof the
column.
We obtain the following formulation:
Four variables Q1, Q2, Q3, Q4 where the number indicates the number of the row
The starting domain of each variable is D = {1, 2, 3, 4}
The constraints between Qi and Qj are [if v(Di) is the value of the variable Di]:
i-j # v(Di) -v(Dj) (no two queens on the same positive diagonal)
i-j # v(Dj) -v(Di) (no two queens on the same negative diagonal)

v(Di) # v(Dj) (no two queens on the same column).

The search tree (see Figure 1) shows the process until the first solution isAbuhe beginning(state0), the
board is empty. At state 1, Q1 is the first current-hypotheils 1 asvalue. The Forward-Checkingalgorithm
eliminates for Q2, Q3, Q4 the marked squares. At state 3, it is worth noticing two poititgréis no choice
for Q3, since its domain only contains one value, Q3 is not marked as a hypothesis. After the propa@ation of
value, the domainof Q4 becomesmpty. This denotesan impasseandthe searchalgorithm backtrackgo the
current hypothesis which is Q2. Since there exists another value foriQ2, lilacktrackon the value. At state
5, there is another impasse. But this time, there is no another value poss@® $arit is a backtrackon the
previousinstantiatedvariable, Q1. And so on, until the first solution is found. One can notice that on the
hypothesis made at the state 6, there is no more hypothesis until the solution is found.

In this example, the number of generated states is only 8. A simple enumerative algorithrhavegjeherated
77 states and Chronological Backtracking withBatward-Checking31 states.More generally,the numberof
nodesis dramatically reducedusing ChronologicalBacktrackingwith the "first fail" heuristic and Forward
Checking.

In Figure 1, a crossindicatesa value retractedby the ForwardCheckingalgorithm. A gray squareindicatesa

value which has previously producad impasse Note thatin the state4, Q4 is instantiatedbut it could have



been Q3. Theagendacontainstwo activationsof the rule forced-instantiation (seeSection3.2) one

with Q3 and one with Q4. No strategy exists for deciding which one must fire first, so CLIPS chooses.

3. Presentation of CCP

CCP is composed of three modules: the MAIN module, the SEARCH module and the PROPAGATION module.
We will seethat the MAIN module and the SEARCH module are completely independenbf the particular
problem. So, we put them into CCP.clp, a file that the users should not change. Theyusidoddl it before

the file containing the PROPAG module which contains templates, facts and rules specific to the users problem.

3.1 The MAIN module

Threedeftemplatesare definedinto this module. Thefirst one, called pb, describesthe current state of the
problem and has three slots. The skate describes the state of tpeoblemwith the six following possible
values start , in-progress , new-depth, choice-var , solved andblocked . Theslot level
representshe numberof recursivecalls madeby the chronologicalbacktrackduring the search.At eachnew
hypothesis,a fact issuedfrom pb templateis duplicatedwith the slot level incrementecby one. This slot
level allows us to backtrack on the variable whies necessaryThe last slot is current-hypothesis
whose value is the variable chosen as an hypothesis at the current level of the search.

The second templatealledvar, describesveryvariableof the problem.The usersmust generatewith this
templateall the variablesdescribingtheir problem. Sincethesefacts are the only oneswhich dependon the
particularproblem, we havedecidedthat it is better for the usersto define their variablesin the PROPAG
module, although the template is defined in the MAIN modiite advantagave seeis the usershavenothing
to introducein the MAIN modulenor in the SEARCH module. Thetemplatecontainsfour slots which are
name for the name of the variablievel for the levelin the stack(so, it hasthe samevaluethat level in
pb), possible-values for the list of possiblevalues remainingn the domain at eachlevel and value
giving the value for an instantiated variable. For example, you can see in Figure 2 tierfasigondingo the
templategpb andvar at level 0 and 1 corresponding to the state 0 and state 1 in Figure 1.

The third templatsolution  is usefulto countthe numberof solutionsandto registereachsolution into a
mulislotvar-val  which is a list containing each variable and its value (we tried initiallygonstructa list of
lists into the multislotzar-val  but it does not seem possible with CLIPS).

The MAIN module contains five rules which are all independent of the partigtdatem. In the first, the users
are asked if they want all the solutionsifothey preferbe askedafter eachfound solution. We usethe build
function to add the rule corresponding to the users choice. Of course, udigdhefunctionis not necessary
but it spares one rule and it is a very simple but not trivial illustration diuhé function.

The secondoneis a metarulewhich constructghe focus stackwhen the problemis in progress.This value
means that all the propagations are made and that the probemsislved, nor blocked.So, it is necessaryo
make a new hypothesis. The rule changes the valueifrq@mogress to new-depth

The third one registers a new solution when it occurs.



state O

state 1 state 5
@ @
state 2 state 3 state 6
@ @ @
@ @ @
failure
no more value for Q3 '
state 4 state 7
@ @
@ @
@
@
impasse
no more value for Q3 state 8
@
@
@
@

First solution

Figure 1: The tree developped until the first solution is found

(using Chronological Backtracking with Forward-Checking)

The fourth rule stops the search (no another solution or even no solution at all). Thicaisetlikenthe value
of the slot state is blocked andthe valueof the slot level is zerointo the fact pb becauseno more
backtrack is possible (there is no another value in the domain of the first variable chosen as current-hypothesis).
The final rule of this module prints the solution (default printing method).If the usersdesirea customized

printing we propose them to define it in the PROPAG module.



(level-search 0)

(pb (state start) (level 0) (current-hypothesis no))

(var (name x4) (level 0) (possible-values 1 2 3 4) (value nil))
(var (name x3) (level 0) (possible-values 1 2 3 4) (value nil))
(var (name x2) (level 0) (possible-values 1 2 3 4) (value nil))
(var (name x1) (level 0) (possible-values 1 2 3 4) (value nil))

(level-search 1)

(pb (state in-progress) (level 1) (current-hypothesis x1))
(var (name x1) (level 1) (possible-values 2 3 4) (value 1))
(var (name x4) (level 1) (possible-values 2 3) (value nil))
(var (name x3) (level 1) (possible-values 2 4) (value nil))
(var (name x2) (level 1) (possible-values 3 4) (value nil))

Figure 2 : Facts corresponding to the templptesindvar

3.2 The SEARCH module

This modulecontainsonly rulesbut it imports templatesdefinedin MAIN. Thesesix rules implementthe
Chronological Backtrack with the "first fail" heuristic. When the state of the fact pb at the currentlevel
is new-depth , a new hypothesis must be made.

The first rule creates a new level of search. This meaosiew facts:if the currentlevel is ?n, a new ordered
fact (level-search (+ ?n 1)) is asserted and a fauh is duplicated with the valug-  ?n 1) for the
slotlevel and the valuehoice-var for the slotstate.

This value activatesthe rule named choice-var-val which choosesas current-hypothesishe most
constrainedsariable(i.e. oneamongthosewhosedomainis the most reduced)and choosesas value the first
available in the domain. We will improve this choice in the future, mainly by interacting with the users who can
indicate a good choice, using human properties as experience, social knowlptgsical perception After the
instantiation of the current-hypothesis, the propagation ofnginformation must be madeimmediately.So
the rule ends by focusing on the PROPAG module, which will be described after the SEARCH module.
The threeotherrules of the SEARCH module analysethe result of the PROPAG module accordingto the
number of values remaining in the domain of not yet instantiated variables.

If the domain of a not yet instantiated variable contains only one elementigherehoiceandthe rule named
forced-instantiation fires. Notice that a forced instantiation does generatea new level in the stack
but it is necessary to return immediately to the PROPAG module. Even thisustenot be fired twice before
returning into the PROPAG module, sincedn producean erroneousdnstantiation.For example,one cansee
in the state 2 of the Figure 1 that the rigleced-instantiation can fire twice, once with Q3ncewith
Q4. Of course, this does not produce a solution.

Whenthe domainof at leastone variableis empty, backtrackingis necessarysince the partial instantiation
cannotproducea solution. Two casesare possible.If thereis anotherpossiblevalue into the domain of the
current-hypothesighe currentinstantiationis undoneand the following value is chosenby the rule named
backtrack-on-value . To be consistentwith this changeof value, it is necessaryto retract all the
inferences made bhe PROPAG module.This is madeby meansof the CLIPS’s logical conditionalelement
featurewhich providesa truth maintenanceapability. We obtain the deletionof the facts var at the current

level by retracting the ordered fdt#vel-search ?n) (and reasserting it in the samée). In addition, the



value of the slot state is changedrom blocked to in-progress and,asthereis a new value for the

current hypothesis, it is necessary to return immediately in the PROPAG module.

The last case arrives when there is no further possible value into the domaicwiém-hypothesidn sucha

case, the rule namdxhcktrack-on-variable fires. All the facts of the current levelust be deletedand

the currentlevel becomeghe previousone. One cannotice that the value of the slot state at the previous

level must be blocked because the value of the variable instantiated at this level must be changed. Moreover, it is
possiblethat severalbacktrackson variable must be made consecutively. And, in all cases,after the rule
backtrack-on-variable fires, the rulebacktrack-on-value must fire. For example,it is the case

in Figure 1 afterthe state 5.The currenthypothesisis Q2, (Q4 has a forced instantiation),the problemis
blockedandthereis no morevaluefor Q2. So the rule backtrack-on-variable fires andjust after the

rule backtrack-on-value fires with Q1 (see Figure 3).

f-18 (level-search 1)

f-20 (variable (name x1) (level 1) (possible-values 2 3 4) (value 1))
f-27  (pb (state new-depth) (level 1) (current-hypothesis x1))

f-36  (level-search 2)

f-37 (variable (name x2) (level 2) (possible-values) (value 4))

f-41 (variable (name x4) (level 2) (possible-values) (value 3))

; X4 has a forced instantiation

f-42 (variable (name x3) (level 2) (possible-values) (value nil))
f-43  (pb (state blocked) (level 2) (current-hypothesis x2))

; the rule "backtrack-on-variable" fires

f-18 (level-search 1)

f-20 (variable (name x1) (level 1) (possible-values 2 3 4) (value 1))
f-24  (variable (name x4) (level 1) (possible-values 2 3) (value nil))
f-25 (variable (name x3) (level 1) (possible-values 2 4) (value nil))
f-26  (variable (name x2) (level 1) (possible-values 3 4) (value nil))
f-44  (pb (state blocked) (level 1) (current-hypothesis x1))

; the rule "backtrack-on-value" fires

f-45 (level-search 1)

f-46 (variable (name x1) (level 1) (possible-values 3 4) (value 2))

f-47 (pb (state in-progress) (level 1) (current-hypothesis x1))

Figure 3 : Some facts showing the backtracking mecanism

3.3 The PROPAG module

As we remarked earlier this module contaatisthe specifictemplatesfactsandrules necessaryor a particular
problem. First the users must create within the tempkatethe facts list containing all the variables describing
the problem.Two slots must befill in: the slot name and the multislot possible-values . After this

necessary declaration, the users have to definbetlonstraintshey wantto dealwith. We havenotedthat in



all the problems we have treateds haveto define somenew templatesn orderto describehow the variables
interact.For example,in the N-queengproblemwe definea templatequeen with the slot name (in orderto
make the link with the facts issued frotar ) and the slotow because the numbwhich suffixesthe value of

the slotname indicates the number of the row (see Figure 4)

(deffacts chessboard
(queen (name x1) (row 1))
(queen (name x2) (row 2))

(queen (name x3) (row 3))

(queen (name x4) (row 4)))

Figure 4 : Facts issued from the template queen

(defrule PROPAG::propagation-2
; if the queen ?x is placed in the ?nl1 row and the ?v column then remove
; from the list of possible values of the queen ?y all the values
; corresponding to the same diagonal

(logical (level-search ?n))

(not (level-search ?n1&:(> ?nl ?n)))

(variable (name ?x) (value ?v&-~nil) (level ?n))

(queen (name ?x) (row ?nl))

(queen (name ?y) (row ?n2))

?f <- (variable (name ?y) (value nil) (level ?m)

(possible-values $?liste&:(member$ (- ?v (- ?nl ?n2)) ?liste)))

(not (variable (name ?y) (level ?m1&:(> ?m1 ?m))))

=>

(bind ?var (member$ (- ?v (- ?nl ?n2)) ?liste))

(if (= ?m ?n) then (modify ?f (possible-values (delete$ ?liste ?var
?var)))

else (duplicate ?f (level ?n) (possible-values (delete$ ?liste

?var ?var)))))

Figure 5 : A rule of the PROPAG module for the N-queens

Of course the propagatiorrulesare very particular. But only the LHS are specific, becausethe conditional
elementsdescribeghe constraints. The RHS of theserulesareall the same,sincethereis always one single
action which deletes a value into themainof a not yet instantiatedvariable.In orderto limit the size of the
fact-list, one can note that, whena new level is createdin the stack of hypothesis,we do not duplicatethe
variables.We duplicatethem only when a changeoccurs,i.e. the variableis the current-hypothesi®r the

variable is concerned by the propagation. This appears in our rules in the PROPAG module since in the RHS we



needan "if thenelse"function. If it is the first reductionof its domainat the currentlevel, then we needto

duplicate the variable, otherwise we have just to modify it. (see Figure 5).

4 Concluding remarks

Of course, the performance of this knowledge base cannot be comptiretie specializedCSPsalgorithmsin
terms of computing time. However, we had two ideas in mind while developping this knowledge base.

First, from a pedagogicalpoint of view, one can use CCP to explain the mecanismof Chronological
Backtracking with Forward Checking and the "first fail" heuriséinother pedagogicapoint of view is the use

of many advanced feature$ CLIPS: the build  function, a control strategybasedon the managemenof the
focus stack, théorall ,exists and overall théogical  conditional element.

Secondly, and this is th@ost importantpoint, we would embedCCP into a largerknowledgebase,sincewe
have noted that, in some cases, solving a problem needs exploring hypotheses locally. Moreover, pusn with
CSPs, the use of a knowledge basgstemmust be very efficient, particularyin orderto introduceinteraction

between the human and the computer during the solving process.
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Annexe 1: Solving 5-queenswith only onerule

gge;’[ewpla’\te gueen (slot row)(slot column))
efrule init
=>
(loop-for-count (?i 1 5) do
(loop-for-count (?j 1 5) do
(et gask_)sert (queen (row ?i)(column ?j))))))
efrule 5-queens
(queen (row 1)(column ?y1))
(queen (row 2)(column ?y2&~?y1&:(and
(<> (+ 1 2y1)(+ 2 ?y2)) (<> (- 1 ?y1)(- 2 ?y2)))))
(queen (row 3)(column ?y3&~?y1&~?y2&:(and
(<> (+ 1 ?2y1)(+ 3 ?y3)) (<> (- 1 ?2y1)(- 3 ?y3))
(<> (+ 2 2y2)(+ 3 ?y3)) (<> (- 2 ?y2)(- 3 ?y3)))))
(queen (row 4)(column ?y4&~?y1&~?y2&~?y3&:(and
(<> (+ 1 ?2y1)(+ 4 ?2y4)) (<> (- 1 ?y1)(- 4 ?y4))
(<> (+ 2 ?2y2)(+ 4 ?2y4)) (<> (- 2 ?y2)(- 4 ?y4))
(<> (+ 3 ?2y3)(+ 4 ?7y4)) (<> (- 3 ?y3)(- 4 ?y4)))))
(queen (row 5)(column ?y5&~?y1&~?y2&~?y3&~?y4&:(and
(<> (+ 1 ?2y1)(+ 5 ?y5)) (<> (- 1 ?y1)(- 5 ?y5))
(<> (+ 2 ?y2)(+ 5 ?y5)) (<> (- 2 ?y2)(- 5 ?y5))
(<> (+ 3 ?y3)(+ 5 ?y5)) (<> (- 3 ?y3)(- 5 ?yH))
(<> (+ 4 2y4)(+ 5 ?7y5)) (<> (- 4 ?y4)(- 5 ?¥5)))))
=>
(loop-for-count (?_i 1(-?yl 1)) do .(printout t " '.‘))(printout t "X
")(loop-for-count (?i _(+ ?yl1)5)do (prmtqut t"* "))(prlntoqt t crlf)
(loop-for-count (?l 1 (- ?y2 1)) do (prmtout t " "_))(prlntout t "X
")(loop-for-count (?i _(+ ?y2 1) 5) do (prlntc_Jut tm* "))(prlntoqt t crlf)
(loop-for-count (’._>| 1 (- ?y3 1)) do _(prlntout t " "_))(prlntout t "X
")(loop-for-count (?i _(+ ?y31)5) do (prmtqut tr* "))(prlntou_t t crlf)
(loop-for-count (?l 1 (- ?y4 1)) do (prmtout t " "))(pnntout t "X
")(loop-for-count (?i _(+ ?y4 1) 5) do (prmtqut t"* "))(prlntoqt t crlf)
(loop-for-count (?l 1 (- ?y5 1)) do (prmtout t " "_))(prlntout t "X
")Y(loop-for-count (?i (+ ?y5 1) 5) do (printout t "* "))(printout t crlf)
(printout t " Type RETURN for the next solution : ")
(readline)
(printout t crlf crlf)

)

10



Annexe 2 : CCP code

-k *% *kkkkk *kkkkk *kkkkk *% *kkkkk *kkkkk *kkkkk

*kkkkk

; File: CCP.clp (C.C.P. stand for Clips Constraints Programming)
; Content: Generic Clips Module for Constraints Programming

; Authors: Jean-Marc Labat and Michel Futtersack

; Version: 1.0 (September 1997)

; Contact: Jean-Marc.Labat,Michel.Futtersack@poleia.lip6.fr

*% *kkkkk *kkkkk *kkkkk *% *kkkkk *kkkkk *kkkkk

*kkkkk

;######################## MODULE MAIN #H##HHHHHHHH

(defmodule MAIN
(export deftemplate ?ALL))

(deftemplate MAIN::pb
(slot state (default start))
(slot level (default 0))
(slot current-hypothesis (default no))

)

(deftemplate MAIN::var
(slot name)
(slot level (default 0))
(multislot possible-values)
(slot value)

)

(deftemplate MAIN::solution
(slot number (default 1))
(multislot var-val)

)

(deffacts MAIN::initial-pb
(pb)
(solution)
(level_search 0)

)

(deffunction MAIN::yes-or-no-p (?question)
(bind ?x bogus)
(while (and (neq ?x yes) (neq ?xy) (neg ?x no) (neq ?x n))
(format t "%s(Yes or No) " ?question)
(bind ?x (lowcase (sym-cat (read)))))
(if (or (eq ?x yes) (eq ?x y)) then TRUE else FALSE))

(defrule MAIN::all-solutions?
?pb<- (pb (state start))
=>
(if (yes-or-no-p "Do you want all the solutions ? ")
then (build
"(defrule MAIN::pb-solved
(pb (state solved))
?so0l <- (solution (number ?nb))
=>
(printout t \"the problem is solved\" crlf)
(duplicate ?sol (number (+ ?nb 1))(var-val))
(focus SEARCH))

")
else (build
"(defrule MAIN::pb-solved
?f <- (pb (state solved))
?sol <- (solution (number ?nb))

11



=>
(printout t \"the problem is solved\" crlf)
(duplicate ?sol (number (+ ?nb 1))(var-val))
(if (yes-or-no-p \"Do you want another solution ? \")
then (focus SEARCH)
else (modify ?f (level 0) (state blocked)) ))

")

)
(modify ?pb (state in-progress))

(defrule MAIN::analysis
?f <- (pb (state in-progress))
=>
(modify ?f (state new-depth))
(focus SEARCH PROPAG SEARCH MAIN)

)

(defrule MAIN::save-solution
; if all the variables have got a value at the deapest level of the search
; then save the solution in a list of bindings (<variable> <value>)

(declare (salience 10))

(level_search ?n)

(not (level_search ?n1&:(> ?nl ?n)))

(forall (var (name ?x))

(var (name ?x)(value ?v&-~nil)))

(var (name ?x) (value ?val&~nil))
?s <- (solution (var-val $?list&:(not (member$ ?x $?list))))
?f <- (pb (level ?n))
=>
(modify ?s (var-val (insert$ $?list 1 (create$ ?x ?val))))
(modify ?f (state solved))

(defrule MAIN::no-more-solution
(declare (salience 10))
(level_search 0)
?f <- (solution (humber ?nb) (var-val))
(pb (state blocked) (level 0))
=>
(if (= ?nb 1) then (printout t "I found no solution" crlf)
else (printout t "No more solution” crlf crlf)
(retract ?f)
(printout t "I found " (- ?nb 1) " solution(s)" crlf
crlf)
)
)

(defrule MAIN::print-solution
; the default printing method

(pb (state blocked) (level 0))

(solution (number ?n) (var-val $?list&:(> (length$ $?list) 0)))
=>

(printout t crlf "Solution number " ?n " : " crlf)

(bind ?length (length$ $?list))

(bind ?i 1)

(while (< ?i ?length) (printout t (nth$ ?i $2list) " : " (nth$ (+ ?i 1)
$2list) crlf) (bind ?i (+ ?i 2)))
)

; add the following rule if you have specific printing rules in the PROPAG
; module

12



;(defrule MAIN::to_customized_printing

;; branch to rules for specific printing in the PROPAG module
; (declare (salience -10))

;  (pb (state blocked)(level 0))
; (printout t crlf crlf)

;  (focus PROPAG)

9|
R MODULE SEARGCH  HHHH

(defmodule SEARCH
(import MAIN deftemplate ?ALL))

(defrule SEARCH::generate-new-depth
(level_search ?n)
(not (level_search ?n1&:(> ?nl ?n)))
?f <- (pb (level ?n) (state new-depth))

=>

(duplicate ?f (level (+ ?n 1)) (state choice-var)(current-hypothesis
nil))

(assert (level_search (+ ?n 1)))
)

(defrule SEARCH::choice-var-val
; make an hypothesis at a new level of the search. Choose the most
constrained
; variable (i.e. the ones which has the less possible values) and choose a
value among
; its possible values (the first available in the list...we should improve
this choice !!)
(logical (level_search ?n))
?g <- (pb (level ?n)(state choice-var)(current-hypothesis nil))
?f <- (var (hame ?x) (level ?x1) (value nil) (possible-values $?nb1l))
(not (var (name ?x) (level ?x2&:(> ?x2 ?x1))) )
(forall (and (var (name ?y&~?x) (value nil)(level ?m))
(not (var (name ?y) (level ?m1&:(> ?m1 ?m)))))
(var (name ?y)(level ?m)(possible-values $?nb2&:(>=
(length$ ?nb2) (length$ $7nb1)))))

=>

(modify ?g (state in-progress) (current-hypothesis ?x))

(duplicate ?f (level ?n) (value (nth$ 1 $?nbl))(possible-values (rest$
$?nb1)))

(focus PROPAG)

)

;.Examine the current state : forced instanciation or impasse or backtrack

(defrule SEARCH::instanciation
; if a not yet instanciated variable has only one possible value then
provide it with this value
; then set the focus to PROPAG for evaluating the consequences of this
forced instanciation
; then return to SEARCH

(logical (level_search ?n))

13



?f <- (var (name ?x) (level ?n) (value nil) (possible-values $?list&:(=
(length$ $7list) 1)))
(pb (state in-progress) (level ?n))
=>
(modify ?f (value (nth$ 1 $7?list))(possible-values))
(focus PROPAG SEARCH)

)

(defrule SEARCH::impasse
; if there exists a not yet instanciated variable which has no more
possible values then you got an impasse
(declare (salience 10))
(logical (level_search ?n))
?pb <- (pb (level ?n) (state in-progress))
(exists (var (level ?n)(value nil) (possible-values)))
=>

(modify ?pb (state blocked))

(defrule SEARCH::backtrack-on-value
; if the problem solving process is blocked with the current hypothesis ?x
; or if we are looking for another solution, we have to choose another
value for
; the hypothesis.
; We stay at the same level of search but BE CAREFUL !l we have to delete
all the facts
; depending on the current value of the hypothesis ?x
; thanks to the logical dependencies it suffices to retract the fact ?s
; then to restore it (with a new time-tag)
?s <- (level_search ?n)
?pb <- (pb (level ?n) (state blocked|solved) (current-hypothesis ?x))
?var <- (var (name ?x) (level ?n) (value ?v&-nil) (possible-values
$?list&:(<> (length$ $7?list) 0)))
=>
(retract ?s)
(assert (level_search ?n))
(modify ?var (value (nth$ 1 $?list))(possible-values (rest$ $?list)))
(modify ?pb (state in-progress))
(focus PROPAG)
)

(defrule SEARCH::backtrack-on-variable
; if the problem solving process is blocked and no other value is available
for the
; current hypothesis then we have to return to a previous level of the
search
; where the problem solving process was not blocked. The next step will be
the choice of another
; value for the current hypothesis of this previous level
?s  <-(level_search ?n)
?pb  <- (pb (level ?n) (state blocked|solved)(current-hypothesis ?x))
?pbbis <- (pb (level ?m&:(= ?m (- ?n 1))) (state ~blocked))
?var <- (var (name ?x) (level ?n) (possible-values $?list&:(= (length$
$7list) 0)))
=>
(retract ?s)
(retract ?pb)
(retract ?var)
(modify ?pbbis (state blocked))

14



Annexe 3 : Examples of problems solved by CCP

skkkkkkkkkkkhkkhkkhkkhkkhkkhkkhkhkhkkkhkkhkhkkkhkkhkkhkhkkkhkhkkhhkkhkhkkhkkhkhkkhkkkhkkkhkkkhkkhkkhkkx

; File: N-QUEENS.clp

; Content: Specific Module for Solving the N-queens Problem.

; This module must be used with the MAIN and SEARCH
; modules contained in the CCP.clp file

Authors: Jean-Marc Labat and Michel Futtersack
; Version: 1.0 (September 1997)
; Contact: Jean-Marc.Labat,Michel.Futtersack@poleia.lip6.fr

rkkkkkkkkkkkkkkkkkkkkkkhkkkkhhkkkhkkkkkkkkkkhkkkhkkkkkkhkkkkhkkkkhkkkkkkk
’

HHH A the N-Queens Problem s

; Place N queens on a NxN chessboard in such a way that no one queen

; could take another queen. We have chosen N = 12. Greater N is feasible

; but the time of computation grows exponentially !

SR R R R R R B R R R R R R B R

P Modeling  #HHH T

; A variable represents a queen in a row. For example, x1 represents

; the queen placed on the first row. We have to define a bijection of

; the set of rows {x1, x2,...x12} onto the set of columns {1, 2, ...12}

; In this modeling some constraints are implicit : only one variable

; is called x1 implies that only one queen will be placed on the first row

HHHH R

(defmodule PROPAG
(import MAIN deftemplate ?ALL))

HHHHHAHR A possible values for the variables #HH#HHHHHHHHHHEH

(deffacts PROPAG::queens
(var (name x1) (possible-values (create$1234567 891011 12)))
(var (name x2) (possible-values (create$1234567 891011 12)))
(var (name x3) (possible-values (create$123456 7891011 12)))
(var (name x4) (possible-values (create$1234567 891011 12)))
(var (name x5) (possible-values (create$123456789 1011 12)))
(var (name x6) (possible-values (create$1234567 891011 12)))
(var (name x7) (possible-values (create$1234567 891011 12)))
(var (name x8) (possible-values (create$123456 7891011 12)))
(var (name x9) (possible-values (create$1234567 891011 12)))
(var (name x10) (possible-values (create$1234567 89 1011 12)))
(var (name x11) (possible-values (create$ 123456789 1011 12)))
(var (name x12) (possible-values (create$123 4567 8910 11 12)))

)
T description of the chessboard ###HHHHHHHHHHHHHEHE

(deftemplate PROPAG::queen
(slot name)
(slot row)

)

(deffacts chessboard
(queen (name x1) (row 1))
(queen (name x2) (row 2))
(queen (name x3) (row 3))
(queen (name x4) (row 4))
(queen (name x5) (row 5))
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(queen (name x6) (row 6))
(queen (name x7) (row 7))
(queen (name x8) (row 8))
(queen (name x9) (row 9))
(queen (name x10) (row 10))
(queen (name x11) (row 11))
(queen (name x12) (row 12))
(nb_variables 12)
(rank_of_printing 1)
(solution_to_be_printed 1)

)

HHH . FUNCHIONS  HHHHHHHHH R

(deffunction PROPAG::cassoc$ (?key ?Alist)
; useful for printing the solution
; cassoc$ returns the value associated with the key ?key in the association
list ?Alist
(nth$ (+ 1 (member$ ?key ?Alist)) ?Alist)

HHHHHHHH A Constraints propagation #HHH#HHHHHHHHHHHEH T

(defrule PROPAG::propagation-1
; if the column ?v has been chosen for the queen ?x then remove ?v
; from the list of possible values of the other queens not yet placed

(declare (salience 2))

(logical (level_search ?n))

(not (level_search ?n1&:(> ?nl ?n)))

(var (name ?x) (value ?v&~nil)(level ?n))

?f <- (var (name ?y) (value nil) (level ?m)

(possible-values $?liste&:(member$ ?v ?liste)))
(not (var (name ?y) (level ?m1&:(> ?m1 ?m))))

=>

(bind ?var (member$ ?v ?liste))

(if (= ?m ?n)

then (modify ?f (possible-values (delete$ ?liste ?var ?var )))

else (duplicate ?f (level ?n) (possible-values (delete$ ?liste ?var ?var
)

)

(defrule PROPAG::propagation-2
; if the queen ?x is placed in the ?nl row and the ?v column then
; remove from the list of possible values of the queen ?y all the values
; correponding to the same diagonal
(logical (level_search ?n))
(not (level_search ?nl&:(> ?nl ?n)))
(var (name ?x) (value ?v&~nil) (level ?n))
(queen (name ?x) (row ?nl))
(queen (name ?y) (row ?n2))
?f <- (var (hame ?y) (value nil) (level ?m)
(possible-values $?liste&:(member$ (- ?v (- ?nl ?n2))
?liste)))
(not (var (name ?y) (level ?2m1&:(> ?m1 ?m))))
=>
(bind ?var (member$ (- ?v (- ?nl ?n2)) ?liste))
(if (= ?m ?n)
then (modify ?f (possible-values (delete$ ?liste ?var ?var)))
else (duplicate ?f (level ?n) (possible-values (delete$ ?liste ?var

2var))))
)
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(defrule PROPAG::propagation-3
; like propagation-2, for the other diagonal

(logical (level_search ?n))

(not (level_search ?n1&:(> ?nl ?n)))

(var (name ?x) (value ?v&~nil) (level ?n))

(queen (name ?x) (row ?nl))

(queen (name ?y) (row ?n2))

?f <- (var (name ?y) (value nil) (level ?m)

(possible-values $?liste&:(member$ (- ?v (- ?n2 ?nl))

?liste)))

(not (var (name ?y) (level ?m1&:(> ?m1 ?m))))
=>

(bind ?var (member$ (- ?v (- ?2n2 ?n1)) ?liste))

(if (= ?m ?n)

then (modify ?f (possible-values (delete$ ?liste ?var ?var)))

else (duplicate ?f (level ?n) (possible-values (delete$ ?liste ?var

?var))))
)

HHH T A A rules for printing the chessboard  ####HH#

(defrule PROPAG::customized_printing
; print the chessboard corresponding to a solution
(pb (state blocked)(level 0))
(solution (number ?n) (var-val $?list&:(> (length$ $?list) 0)))
(solution_to_be_printed ?n)
(queen (name ?queen) (row ?r))
(nb_variables ?nb)
?p <- (rank_of_printing ?r)
=>
(bind ?v (cassoc$ ?queen $?list))
(loop-for-count (?i 1 (- ?v 1)) do (printout t "* "))(printout t "X
"Y(loop-for-count (?i (+ ?v 1) ?nb) do (printout t "* "))(printout t crlf)
(assert (rank_of_printing (+ ?r 1)))
(retract ?p)

(defrule PROPAG::next_printing
; for printing the next solution if any
(declare (salience -10))
(pb (state blocked)(level 0))
(solution (number ?n))
?p<-(rank_of_printing ?r)
?g<-(solution_to_be_printed ?n)
=>
(printout t crlf crlf)
(retract ?p)
(assert (rank_of_printing 1))
(retract ?q)
(assert (solution_to_be_printed (+ ?n 1)))

)
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ckkkkk *kkkkkkkkkkkkkkkkkkkkkkkkkkkkhk kkkkkkkkkkkkkkkkkkkkkkkkkkkkhk *

* File: GRAPHCOL clp *

;* Content: Specific Module for Solving the Graph Coloring Problem.*

* This module must be used with the MAIN and SEARCH  *
i modules contained in the CCP.clp file *

;* Authors: Michel Futtersack and Jean-Marc Labat *

;* Version: 1.0 (September 1997) *

;* Contact: Michel.Futtersack,Jean-Marc.Labat@poleia.lip6.fr *

skkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkkx
1

HHH A The Graph Coloring Problem  ####H#

; Given an undirected graph, try to attribute a color to each node
; in such a way that no neighbours have the same color

;#########################################################################

HHHBHHHH T Modeling  #HHHHHHH I

; A variable represents a node. We have to define a map of the

; set of nodes {x1, xn} onto a set of colors {Cyan, Magenta, Yellow}.

; It might happen that 3 colors no suffice, but we know (the theorem has

; been proved recently by a computer) that 4 colors suffice for coloring

; any graph

HH T R R

(defmodule PROPAG
(import MAIN deftemplate ?ALL))

T possible values for the variables ####HHHHHHHHHHHH

(deffacts PROPAG::variables
(var (name x1) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x2) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x3) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x4) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x5) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x6) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x7) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x8) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x9) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x10) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x11) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x12) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x13) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x14) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x15) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x16) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x17) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x18) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x19) (possible-values (create$ Cyan Magenta Yellow)));
(var (name x20) (possible-values (create$ Cyan Magenta Yellow)));
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HHH A Description of the graph #H#HHHHHHHHEHHH I

(deftemplate node
(slot name)
(multislot neighbours)

)

(deffacts PROPAG::graph
(node (name x1)(neighbours (create$ x3 x4 x6 x13 x17)))
(node (name x2)(neighbours (create$ x9 x14 x15 x17)))
(node (name x3)(neighbours (create$ x1 x10 x12 x17)))
(node (name x4)(neighbours (create$ x1 x18)))
(node (name x5)(neighbours (create$ x6 x18)))
(node (name x6)(neighbours (create$ x1 x5 x7)))
(node (name x7)(neighbours (create$ x6 x13 x14 x19)))
(node (name x8)(neighbours (create$ x10 x20 x17)))
(node (name x9)(neighbours (create$ x2 x16 x20)))
(node (name x10)(neighbours (create$ x3 x8 x11 x20)))
(node (name x11)(neighbours (create$ x10 x12)))
(node (name x12)(neighbours (create$ x3 x11 x18)))
(node (name x13)(neighbours (create$ x1 x7 x17)))
(node (name x14)(neighbours (create$ x2 x7)))
(node (name x15)(neighbours (create$ x2 x16)))
(node (name x16)(neighbours (create$ x2 x9 x15 x20)))
(node (name x17)(neighbours (create$ x1 x2 x3 x8 x13)))
(node (name x18)(neighbours (create$ x4 x5 x12)))
(node (name x19)(neighbours (create$ x7)))
(node (name x20)(neighbours (create$ x8 x9 x10 x16)))

)

HHH A Constraints propagation #H#HHHHHHIHHHHIHH

(defrule PROPAG::no-same-color-for-neighbours
; if the node ?x is colored with the color ?v then remove ?v from the
possible values
; of any node ?y connected to ?x
(declare (salience 2))
(logical (level_search ?n))
(not (level_search ?n1&:(> ?nl ?n)))
(var (name ?x) (value ?v&~nil)(level ?n))
?f <- (var (name ?y) (value nil) (level ?m)
(possible-values $?liste&:(member$ ?v ?liste)))
(not (var (name ?y) (level ?2m1&:(> ?m1 ?m))))
(node (name ?x))
(node (name ?y)(neighbours $?neigh&:(member$ ?x $?neigh)))
=>
(bind ?x (member$ ?v ?liste))
(if (= ?m ?n)
then (modify ?f (possible-values (delete$ ?liste ?x ?x)))
else (duplicate ?f (level ?n) (possible-values (delete$ ?liste ?x

?X)))
)
)
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ckkkkk *kkkkkkkkkkkkkkkkkkkkkkkkkkkkhk kkkkkkkkkkkkkkkkkkkkkkkkkkkkhk *

;* File: CROSSWORDS.clp *

;* Content: Specific Module for Solving a CROSSWORDS Problem. *
* This module must be used with the MAIN and SEARCH *

i modules contained in the CCP.clp file *

;* Authors: Jean-Marc Labat and Michel Futtersack *

;* Version: 1.0 (September 1997) *

;* Contact: Jean-Marc.Labat, Michel.Futtersack@poleia.lip6.fr *

skkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkkx
1

HHH A A Crosswords Problem s HHHIH I
; Fill in the following grid :

e rrrrrr e
cLrrr e errrrr
e
e
e
e
S T il i I O O
S i T O I O e
e
e
e
e rrrrr e
cLrrrrrrrr e
LT e
Lt r e

; placing horizontally or vertically the following (french) words :

; 2 letters : "as" "au" "ca" "en" "le" "no" "on" "re" "si" "te" "ut"

; 3 letters : "are" "emu"” "eta" "eus" "nes" "ost" "pas" "pre" "ree" "rue"
'soi" "sur" "ton" "tri" "ulm"

. 4 letters : "anet" "arts" "crin" "emet" "erre" "lino" "niee" "nuit"
"reel" "sees" "unie" "user"

; 5 letters : "delta" "egale" "emeus" "etire" "gener" "gnous" "maree"
;"ornas” "relue" "satin" "verre"

; 6 letters : "apotre" "enemas" "enigme" "eperon" "essore" “froler"

;"genois” "isatis" "limais" "murage" "pietre" "ruelle"

; 7 letters : "cendres" "ecrites” "ecrouer" "enferme" "enumere" “esperes”
;"granule” "mailles" "origine"  "perores" "pimente" "reussie" "uretere"
;"valeurs"

; 8 letters : "assenees" "braisent" "curetage" "emergera"
HH R R R R R R R R R R
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P Modeling ST HHHHHHHHH

; A variable represents a place (i.e. a set of contiguous blanks on the

;same row or the same column) in the grid.

; h1, h2,..h41 denote the horizontal places and v1, v2,..v39 denote the

;vertical places.

; The names of the horizontal variables have been attributed by reading the
;grid

; from the left to the right row by row The names of the vertical

;variables have been

; attributed by reading the grid from the top to the bottom column by

;column

; We have to define a bijection of the set of places onto the set of words

HH R R R R R R R R R R R

(defmodule PROPAG
(import MAIN deftemplate ?ALL))

R possible values for the variables ###HHHHHHHHHHHH

(deffacts PROPAG::pb-initial

(var (name hl) (possible-values (create$ "assenees" ‘'braisent"
"curetage" "emergera")))

(var (name h2) (possible-values (create$ "apotre” "enemas" "enigme"

"eperon” "essore" “froler" “"genois" "isatis" "limais" "murage" "pietre"
"ruelle™)))
(var (name h3) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere" "esperes" "granule"
"mailles"” "origine"  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name h4) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere” "esperes" "granule”
"mailles" "origine"  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name h5) (possible-values (create$ "anet" "arts" "crin" "emet"
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))
(var (name h6) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere” "esperes" "granule”
"mailles" "origine"  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name h7) (possible-values (create$ "as" "au" "ca" "en" “le" "no"
"on" "re" "si" "te" "ut")))
(var (name h8) (possible-values (create$ "delta" "egale" "emeus"
"etire” "gener" "gnous" "maree” "ornas” "relue” "satin" "verre")))
(var (name h9) (possible-values (create$ "anet" "arts" “crin" "emet"
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))
(var (name h10) (possible-values (create$ "anet" "arts" "crin" "emet"
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))
(var (name h1l) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere” "esperes" "granule”
"mailles" "origine"  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name h12) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))
(var (name h13) (possible-values (create$ "apotre" "enemas" "enigme"
"eperon” "essore” “froler" “"genois" “isatis" "limais" "murage" "pietre"
"ruelle™)))
(var (name h14) (possible-values (create$ "as" "au" "ca" "en" “le" "no"

"on" "re" "si" "te" "ut")))
(var (name h15) (possible-values (create$ "delta" "egale" "emeus"

"etire" "gener" "gnous" "maree"” "ornas" "relue" "satin" "verre")))
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(var (name h16) (possible-values (create$ "as" "au" "ca" "en" “le" "no"
"on" "re" "si" "te" "ut")))

(var (name h17) (possible-values (create$ "delta" "egale" "emeus"

"etire” "gener" "gnous” "maree” "ornas” "relue” "satin" "verre")))

(var (name h18) (possible-values (create$ "delta" "egale" "emeus"
"etire" "gener" "gnous" "maree" "ornas" "relue" "satin" "verre" "tente")))

(var (name h19) (possible-values (create$ "assenees" ‘"braisent"
"curetage" "emergera")))

(var (name h20) (possible-values (create$ "are" "emu"” "eta" "
"ost" "pas” "pre" "ree" "rue” "soi" "sur" "ton" "tri" "ulm")))

(var (name h21) (possible-values (create$ "are" "emu" "eta" "
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))

(var (name h22) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))

(var (name h23) (possible-values (create$ "as" "au" "ca" "en" "le
"on" "re" "si" "te" "ut")))

(var (name h24) (possible-values (create$ "anet
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))

(var (name h25) (possible-values (create$ "anet" "
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))

(var (name h26) (possible-values (create$ "cendres" "ecrites
"enferme" "enumere” "esperes" "granule”

"mailles" "origine"  "perores" "pimente"
"reussie" "uretere" "valeurs")))

(var (name h27) (possible-values (create$ "as" "au" "ca" "en" “le" "no"
"on" "re" "si" "te" "ut")))

(var (name h28) (possible-values (create$ "delta" "egale" "emeus"

"etire” "gener" "gnous" "maree” "ornas” "relue” "satin" "verre")))

(var (name h29) (possible-values (create$ "delta" "egale" "emeus"
"etire" "gener" "gnous" "maree" "ornas" "relue" "satin" "verre")))

(var (name h30) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))
(var (name h31) (possible-values (create$ "apotre" "
"eperon” “"essore" "froler limais
"ruelle™)))

(var (name h32) (possible-values (create$ "apotre

eus” nes

eus" "nes"

no"

arts" "crin" "emet"

arts" "crin" "emet"

ecrouer"

enemas" "enigme"
murage" "pietre”

" ugenoisn "iS&tiS" n non

enemas" "enigme"

"eperon” "essore" "froler" "genois" "isatis" "limais" "murage" "pietre"
"ruelle")))
(var (name h33) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere” "esperes" "granule”
"mailles" "origine"  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name h34) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere" "esperes" "granule"
"mailles" "origine"  "perores" "pimente"
"reussie"” "uretere” "valeurs")))
(var (name h35) (possible-values (create$ "are" "emu" "eta" "eus" "nes"

"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))

(var (name h36) (possible-values (create$ "as" "au" "ca" "en" “le" "no"
Ilonll llrell Ilsill Iltell Ilutll)))

(var (name h37) (possible-values (create$ "delta" "egale" "emeus"

"etire” "gener" "gnous" "maree” "ornas” "relue" "satin" "verre")))

(var (name h38) (possible-values (create$ "as" "au" "ca" "en" “le" "no"
llonll Ilrell llsill "te" "ut")))

(var (name h39) (possible-values (create$ "as" "au" "ca" "en" “le" "no"

Ilonll llrell Ilsill Iltell Ilutll)))
(var (name h40) (possible-values (create$ "assenees" "braisent"
"curetage" "emergera")))

(var (name h41) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
llostll llpasll "pl’e" "ree" "rue" "SOi" Ilsurll "ton" "tri" llulmll)))

(var (name v1) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere"” "esperes" "granule"
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"mailles"” "origine"  "perores" "pimente"

"reussie" "uretere" "valeurs")))
(var (name v2) (possible-values (create$ "cendres"” "ecrites" "ecrouer"
"enferme" "enumere” "esperes" "granule”
"mailles" "origine"”  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name v3) (possible-values (create$ "anet" "arts" "crin" "emet"
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))
(var (name v4) (possible-values (create$ "apotre” "enemas" "enigme"
"eperon” "essore" “froler" “"genois" "isatis" "limais" "murage" "pietre"
"ruelle™)))
(var (name v5) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))
(var (name v6) (possible-values (create$ "apotre” "enemas" "enigme"
"eperon" "essore" “froler" "genois" "isatis" "limais" "murage" "pietre"
"ruelle™)))
(var (name v7) (possible-values (create$ "cendres” "ecrites" "ecrouer"
"enferme" "enumere" "esperes" "granule"
"mailles"” "origine"  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name v8) (possible-values (create$ "anet" "arts" "crin" "emet"
"erre” "lino" "niee" "nuit" "reel" "sees" "unie" "user")))
(var (name v9) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))
(var (name v10) (possible-values (create$ "anet" "arts" "crin" "emet"
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))
(var (name v11) (possible-values (create$ "as" "au" "ca" "en" "le" "no"
"on" "re" "si" "te" "ut")))
(var (name v12) (possible-values (create$ "apotre" "enemas" "enigme"
"eperon” "essore" "froler" "genois" "isatis" "limais" "murage" "pietre"
"ruelle")))
(var (name v13) (possible-values (create$ "delta" "egale" "emeus"
"etire" "gener" "gnous" "maree"” "ornas" "relue" "satin" "verre")))
(var (name v14) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))
(var (name v15) (possible-values (create$ "apotre" "enemas" “"enigme"
"eperon” "essore" "froler" "genois" "isatis" "limais" "murage" "pietre"
"ruelle")))
(var (name v16) (possible-values (create$ "anet" "arts" "crin" "emet"
"erre” "lino" "niee" "nuit" "reel" "sees" "unie" "user")))
(var (name v17) (possible-values (create$ "delta" "egale" "emeus"
"etire" "gener" "gnous" "maree" "ornas" "relue" "satin" "verre")))
(var (name v18) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere" "esperes" "granule"
"mailles" "origine"  "perores" "pimente"
"reussie"” "uretere” "valeurs")))
(var (name v19) (possible-values (create$ "apotre" "enemas" “"enigme"
"eperon” "essore" "froler" "genois" "isatis" "limais" "murage" "pietre"
"ruelle")))
(var (name v20) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))
(var (name v21) (possible-values (create$ "as" "au" "ca" "en" "le" "no"
"on" "re" "si" "te" "ut")))
(var (name v22) (possible-values (create$ "delta" "egale" "emeus"
"etire" "gener" "gnous" "maree" "ornas" "relue" "satin" "verre")))
(var (name v23) (possible-values (create$ "anet" "arts" "crin" "emet"
"erre” "lino" "niee" "nuit" "reel" "sees" "unie" "user")))
(var (name v24) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))
(var (name v25) (possible-values (create$ "delta" "egale" "emeus"
"etire" "gener" "gnous" "maree" "ornas" "relue" "satin" "verre")))
(var (name v26) (possible-values (create$ "cendres" "ecrites" "ecrouer"

"enferme" "enumere"” "esperes" "granule"
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"mailles"” "origine"  "perores" "pimente"

"reussie" "uretere" "valeurs")))

(var (name v27) (possible-values (create$ "are" "emu" "eta" "
"ost" "pas” "pre" "ree" "rue” "soi" "sur" "ton" "tri" "ulm")))

(var (name v28) (possible-values (create$ "anet" "arts
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))

(var (name v29) (possible-values (create$ "apotre
"eperon” "essore" "froler" "genois" "isatis" "limais" "
"ruelle)))

(var (name v30) (possible-values (create$ "anet
"erre" "lino" "niee" "nuit" "reel" "sees" "unie" "user")))

(var (name v31) (possible-values (create$ "delta" "egale
"etire" "gener" "gnous" "maree" "ornas" "relue" "satin" "verre")))

(var (name v32) (possible-values (create$ "are" "emu" "eta"
"ost" "pas" "pre" "ree" "rue" "soi" "sur" "ton" "tri" "ulm")))

(var (name v33) (possible-values (create$ "as" "au" "ca" "en" "le" "no"
"on" "re" "si" "te" "ut")))

eus” nes

crin” "emet"

enemas
murage" "

enigme”
pietre”

arts" "crin" "emet"

emeus"

eus’ nes

(var (name v34) (possible-values (create$ "apotre" "enemas" “"enigme"
"eperon” "essore" "froler" "genois" "isatis" "limais" "murage" "pietre"
"ruelle")))
(var (name v35) (possible-values (create$ "are" "emu" "eta" "eus" "nes"
"ost" "pas” "pre" "ree" "rue” "soi" "sur" "ton" "tri" "ulm")))
(var (name v36) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere" "esperes" "granule"
"mailles"” "origine"  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name v37) (possible-values (create$ "cendres" "ecrites" "ecrouer"
"enferme" "enumere” "esperes" "granule”
"mailles" "origine"”  "perores" "pimente"
"reussie" "uretere" "valeurs")))
(var (name v38) (possible-values (create$ "apotre" "enemas" "enigme"
"eperon” "essore" "froler" "genois" "isatis" "limais" "murage" "pietre"
"ruelle)))

(var (name v39) (possible-values (create$ “assenees" “braisent"
"curetage" "emergera"))))

THHHAR AR A description of the constraints #HHHHHHHHEHHHE

(deftemplate PROPAG::interaction
(slot varl)
(slot letterl)
(slot var2)
(slot letter2)

)

(deffacts PROPAG::cross-words

; the constraint : (interaction (varl <h>) (letterl <i>) (var2 <v>)
;(letter2 <j>))

; means that the ith letter of the variable <h> must be equal to the jth
Jletter

; of the variable <v>

(interaction (varl hl) (letterl 1) (var2 v1) (letter2 1))
(interaction (varl hl) (letterl 2) (var2 v3) (letter2 1))
(interaction (varl hl) (letterl 3) (var2 v6) (letter2 1))
(interaction (varl hl) (letterl 4) (var2 v8) (letter2 1))
(interaction (varl hl) (letterl 5) (var2 v11) (letter2 1))
(interaction (varl hl) (letterl 6) (var2 v14) (letter2 1))
(interaction (varl hl) (letterl 7) (var2 v17) (letter2 1))

(interaction (varl h2) (letterl 1) (var2 v25) (letter2 1))
(interaction (varl h2) (letterl 2) (var2 v27) (letter2 1))
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(interaction (varl h2) (letterl 3) (var2 v30) (letter2 1))
(interaction (varl h2) (letterl 4) (var2 v33) (letter2 1))
(interaction (varl h2) (letterl 5) (var2 v36) (letter2 1))
(interaction (varl h2) (letterl 6) (var2 v38) (letter2 1))

(interaction (varl h3) (letterl 1) (var2 v1) (letter2 2))
(interaction (varl h3) (letterl 2) (var2 v3) (letter2 2))
(interaction (varl h3) (letterl 3) (var2 v6) (letter2 2))
(interaction (varl h3) (letterl 4) (var2 v8) (letter2 2))
(interaction (varl h3) (letterl 5) (var2 v11) (letter2 2))
(interaction (varl h3) (letterl 6) (var2 v14) (letter2 2))
(interaction (varl h3) (letterl 7) (var2 v17) (letter2 2))

(interaction (varl h4) (letterl 1) (var2 v22) (letter2 1))
(interaction (varl h4) (letterl 2) (var2 v25) (letter2 2))
(interaction (varl h4) (letterl 3) (var2 v27) (letter2 2))
(interaction (varl h4) (letterl 4) (var2 v30) (letter2 2))
(interaction (varl h4) (letterl 5) (var2 v33) (letter2 2))
(interaction (varl h4) (letterl 6) (var2 v36) (letter2 2))
(interaction (varl h4) (letterl 7) (var2 v38) (letter2 2))

(interaction (varl h5) (letterl 1) (var2 v1) (letter2 3))
(interaction (varl h5) (letterl 2) (var2 v3) (letter2 3))
(interaction (varl h5) (letterl 3) (var2 v6) (letter2 3))
(interaction (varl h5) (letterl 4) (var2 v8) (letter2 3))

(interaction (varl h6) (letterl 1) (var2 v14) (letter2 3))
(interaction (varl h6) (letterl 2) (var2 v17) (letter2 3))
(interaction (varl h6) (letterl 3) (var2 v19) (letter2 1))
(interaction (varl h6) (letterl 4) (var2 v22) (letter2 2))
(interaction (varl h6) (letterl 5) (var2 v25) (letter2 3))
(interaction (varl h6) (letterl 6) (var2 v27) (letter2 3))
(interaction (varl h6) (letterl 7) (var2 v30) (letter2 3))

(interaction (varl h7) (letterl 1) (var2 v36) (letter2 3))
(interaction (varl h7) (letterl 2) (var2 v38) (letter2 3))

(interaction (varl h8) (letterl 1) (var2 v1) (letter2 4))
(interaction (varl h8) (letterl 2) (var2 v3) (letter2 4))
(interaction (varl h8) (letterl 3) (var2 v6) (letter2 4))
(interaction (varl h8) (letterl 4) (var2 v8) (letter2 4))
(interaction (varl h8) (letterl 5) (var2 v12) (letter2 1))

(interaction (varl h9) (letterl 1) (var2 v17) (letter2 4))
(interaction (varl h9) (letterl 2) (var2 v19) (letter2 2))
(interaction (varl h9) (letterl 3) (var2 v22) (letter2 3))
(interaction (varl h9) (letterl 4) (var2 v25) (letter2 4))

(interaction (varl h10) (letterl 1) (var2 v30) (letter2 4))
(interaction (varl h10) (letterl 2) (var2 v34) (letter2 1))
(interaction (varl h10) (letterl 3) (var2 v36) (letter2 4))
(interaction (varl h10) (letterl 4) (var2 v38) (letter2 4))

(interaction (varl h11) (letterl 1) (var2 v12) (letter2 2))
(interaction (varl h11) (letterl 2) (var2 v15) (letter2 1))
(interaction (varl h11) (letterl 3) (var2 v17) (letter2 5))
(interaction (varl h11) (letterl 4) (var2 v19) (letter2 3))
(interaction (varl h11) (letterl 5) (var2 v22) (letter2 4))
(interaction (varl h11) (letterl 6) (var2 v25) (letter2 5))
(interaction (varl h11) (letterl 7) (var2 v28) (letter2 1))

(interaction (varl h12) (letterl 1) (var2 v34) (letter2 2))
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(interaction (varl h12) (letterl 2) (var2 v36) (letter2 5))
(interaction (varl h12) (letterl 3) (var2 v38) (letter2 5))

(interaction (varl h13) (letterl 1) (var2 v1) (letter2 6))
(interaction (varl h13) (letterl 2) (var2 v4) (letter2 1))
(interaction (varl h13) (letterl 3) (var2 v6) (letter2 6))
(interaction (varl h13) (letterl 4) (var2 v9) (letter2 1))
(interaction (varl h13) (letterl 5) (var2 v12) (letter2 3))
(interaction (varl h13) (letterl 6) (var2 v15) (letter2 2))

(interaction (varl h14) (letterl 1) (var2 v19) (letter2 4))
(interaction (varl h14) (letterl 2) (var2 v22) (letter2 5))

(interaction (varl h15) (letterl 1) (var2 v28) (letter2 2))
(interaction (varl h15) (letterl 2) (var2 v31) (letter2 1))
(interaction (varl h15) (letterl 3) (var2 v34) (letter2 3))
(interaction (varl h15) (letterl 4) (var2 v36) (letter2 6))
(interaction (varl h15) (letterl 5) (var2 v38) (letter2 6))

(interaction (varl h16) (letterl 1) (var2 v1) (letter2 7))
(interaction (varl h16) (letterl 2) (var2 v4) (letter2 2))

(interaction (varl h17) (letterl 1) (var2 v9) (letter2 2))

(interaction (varl h17) (letterl 2) (var2 v12) (letter2 4))
(interaction (varl h17) (letterl 3) (var2 v15) (letter2 3))
(interaction (varl h17) (letterl 4) (var2 v18) (letter2 1))
(interaction (varl h17) (letterl 5) (var2 v19) (letter2 5))

(interaction (varl h19) (letterl 1) (var2 v4) (letter2 3))
(interaction (varl h19) (letterl 2) (var2 v7) (letter2 1))
(interaction (varl h19) (letterl 3) (var2 v9) (letter2 3))
(interaction (varl h19) (letterl 4) (var2 v12) (letter2 5))
(interaction (varl h19) (letterl 5) (var2 v15) (letter2 4))
(interaction (varl h19) (letterl 6) (var2 v18) (letter2 2))
(interaction (varl h19) (letterl 7) (var2 v19) (letter2 6))
(interaction (varl h19) (letterl 8) (var2 v23) (letter2 1))

(interaction (varl h20) (letterl 1) (var2 v28) (letter2 4))
(interaction (varl h20) (letterl 2) (var2 v31) (letter2 3))
(interaction (varl h20) (letterl 3) (var2 v34) (letter2 5))

(interaction (varl h21) (letterl 1) (var2 v2) (letter2 1))
(interaction (varl h21) (letterl 2) (var2 v4) (letter2 4))
(interaction (varl h21) (letterl 3) (var2 v7) (letter2 2))

(interaction (varl h22) (letterl 1) (var2 v12) (letter2 6))
(interaction (varl h22) (letterl 2) (var2 v15) (letter2 5))
(interaction (varl h22) (letterl 3) (var2 v18) (letter2 3))

(interaction (varl h23) (letterl 1) (var2 v23) (letter2 2))
(interaction (varl h23) (letterl 2) (var2 v26) (letter2 1))

(interaction (varl h24) (letterl 1) (var2 v31) (letter2 4))
(interaction (varl h24) (letterl 2) (var2 v34) (letter2 6))
(interaction (varl h24) (letterl 3) (var2 v37) (letter2 1))
(interaction (varl h24) (letterl 4) (var2 v39) (letter2 2))

(interaction (varl h25) (letterl 1) (var2 v2) (letter2 2))
(interaction (varl h25) (letterl 2) (var2 v4) (letter2 5))
(interaction (varl h25) (letterl 3) (var2 v7) (letter2 3))
(interaction (varl h25) (letterl 4) (var2 v10) (letter2 1))

(interaction (varl h26) (letterl 1) (var2 v15) (letter2 6))
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(interaction (varl h26) (letterl 2) (var2 v18) (letter2 4))
(interaction (varl h26) (letterl 3) (var2 v20) (letter2 1))
(interaction (varl h26) (letterl 4) (var2 v23) (letter2 3))
(interaction (varl h26) (letterl 5) (var2 v26) (letter2 2))
(interaction (varl h26) (letterl 6) (var2 v29) (letter2 1))
(interaction (varl h26) (letterl 7) (var2 v31) (letter2 5))

(interaction (varl h27) (letterl 1) (var2 v37) (letter2 2))
(interaction (varl h27) (letterl 2) (var2 v39) (letter2 3))

(interaction (varl h28) (letterl 1) (var2 v2) (letter2 3))
(interaction (varl h28) (letterl 2) (var2 v4) (letter2 6))
(interaction (varl h28) (letterl 3) (var2 v7) (letter2 4))
(interaction (varl h28) (letterl 4) (var2 v10) (letter2 2))
(interaction (varl h28) (letterl 5) (var2 v13) (letter2 1))

(interaction (varl h29) (letterl 1) (var2 v18) (letter2 5))
(interaction (varl h29) (letterl 2) (var2 v20) (letter2 2))
(interaction (varl h29) (letterl 3) (var2 v23) (letter2 4))
(interaction (varl h29) (letterl 4) (var2 v26) (letter2 3))
(interaction (varl h29) (letterl 5) (var2 v29) (letter2 2))

(interaction (varl h30) (letterl 1) (var2 v35) (letter2 1))
(interaction (varl h30) (letterl 2) (var2 v37) (letter2 3))
(interaction (varl h30) (letterl 3) (var2 v39) (letter2 4))

(interaction (varl h31) (letterl 1) (var2 v7) (letter2 5))

(interaction (varl h31) (letterl 2) (var2 v10) (letter2 3))
(interaction (varl h31) (letterl 3) (var2 v13) (letter2 2))
(interaction (varl h31) (letterl 4) (var2 v16) (letter2 1))
(interaction (varl h31) (letterl 5) (var2 v18) (letter2 6))
(interaction (varl h31) (letterl 6) (var2 v20) (letter2 3))

(interaction (varl h32) (letterl 1) (var2 v26) (letter2 4))
(interaction (varl h32) (letterl 2) (var2 v29) (letter2 3))
(interaction (varl h32) (letterl 3) (var2 v32) (letter2 1))
(interaction (varl h32) (letterl 4) (var2 v35) (letter2 2))
(interaction (varl h32) (letterl 5) (var2 v37) (letter2 4))
(interaction (varl h32) (letterl 6) (var2 v39) (letter2 5))

(interaction (varl h33) (letterl 1) (var2 v2) (letter2 5))
(interaction (varl h33) (letterl 2) (var2 v5) (letter2 1))
(interaction (varl h33) (letterl 3) (var2 v7) (letter2 6))
(interaction (varl h33) (letterl 4) (var2 v10) (letter2 4))
(interaction (varl h33) (letterl 5) (var2 v13) (letter2 3))
(interaction (varl h33) (letterl 6) (var2 v16) (letter2 2))
(interaction (varl h33) (letterl 7) (var2 v18) (letter2 7))

(interaction (varl h34) (letterl 1) (var2 v24) (letter2 1))
(interaction (varl h34) (letterl 2) (var2 v26) (letter2 5))
(interaction (varl h34) (letterl 3) (var2 v29) (letter2 4))
(interaction (varl h34) (letterl 4) (var2 v32) (letter2 2))
(interaction (varl h34) (letterl 5) (var2 v35) (letter2 3))
(interaction (varl h34) (letterl 6) (var2 v37) (letter2 5))
(interaction (varl h34) (letterl 7) (var2 v39) (letter2 6))

(interaction (varl h35) (letterl 1) (var2 v2) (letter2 6))
(interaction (varl h35) (letterl 2) (var2 v5) (letter2 2))
(interaction (varl h35) (letterl 3) (var2 v7) (letter2 7))

(interaction (varl h36) (letterl 1) (var2 v13) (letter2 4))
(interaction (varl h36) (letterl 2) (var2 v16) (letter2 3))
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(interaction (varl h37) (letterl 1) (var2 v21) (letter2 1))
(interaction (varl h37) (letterl 2) (var2 v24) (letter2 2))
(interaction (varl h37) (letterl 3) (var2 v26) (letter2 6))
(interaction (varl h37) (letterl 4) (var2 v29) (letter2 5))
(interaction (varl h37) (letterl 5) (var2 v32) (letter2 3))

(interaction (varl h38) (letterl 1) (var2 v37) (letter2 6))
(interaction (varl h38) (letterl 2) (var2 v39) (letter2 7))

(interaction (varl h39) (letterl 1) (var2 v2) (letter2 7))
(interaction (varl h39) (letterl 2) (var2 v5) (letter2 3))

(interaction (varl h40) (letterl 2) (var2 v13) (letter2 5))
(interaction (varl h40) (letterl 3) (var2 v16) (letter2 4))
(interaction (varl h40) (letterl 5) (var2 v21) (letter2 2))
(interaction (varl h40) (letterl 6) (var2 v24) (letter2 3))
(interaction (varl h40) (letterl 7) (var2 v26) (letter2 7))
(interaction (varl h40) (letterl 8) (var2 v29) (letter2 6))

(interaction (varl h41) (letterl 2) (var2 v37) (letter2 7))
(interaction (varl h41) (letterl 3) (var2 v39) (letter2 8))

(word "as") (word "soi") (word "gener") (word "ecrouer")
(word "au") (word "sur") (word "gnous") (word "enferme")
(word "ca") (word "ton") (word "maree") (word "enumere")
(word "en") (word "tri") (word "ornas") (word "esperes")
(word "le") (word "ulm") (word "relue™) (word "granule")
(word "no") (word "anet") (word "satin”) (word "mailles")
(word "on") (word "arts") (word "verre") (word "origine")
(word "re") (word "crin") (word "apotre") (word "perores")
(word "si") (word "emet") (word "enemas") (word "pimente")
(word "te") (word "erre") (word "enigme") (word "reussie")
(word "ut") (word "lino") (word "eperon") (word "uretere")
(word "are") (word "niee") (word "essore") (word "valeurs")
(word "emu") (word "nuit") (word "froler") (word "assenees")
(word "eta") (word "reel") (word "genois") (word "braisent")
(word "eus") (word "sees") (word "isatis") (word "curetage")
(word "nes") (word "unie") (word "limais") (word "emergera")
(word "ost") (word "user") (word "murage")

(word "pas") (word "delta") (word "pietre”)

(word "pre") (word "egale") (word "ruelle™)

(word "ree") (word "emeus") (word "cendres")

(word "rue") (word "etire") (word "ecrites")

(word "tente")

HHTHEHHE A Constraints propagation #HH BB HEHHEHHEHHET

(defrule PROPAG::propagation-1
; remove from the list of possible values of ?x2 all the words ?m which
;don't cross well
; with the word ?v
(logical (level_search ?n))
(not (level_search ?nl1&:(> ?nl ?n)))
(var (name ?x1) (value ?v&~nil) (level ?n))
?f <- (var (name ?x2) (level ?lev)(value nil)(possible-values $?poss))
(not (var (name ?x2) (level ?2mm&:(> ?mm ?lev))))
(or (interaction (varl ?x1) (letterl ?num1l) (var2 ?x2) (letter2 ?numz2))
(interaction (var2 ?x1) (letter2 ?num1l) (varl ?x2) (letterl ?num?2))

(word ?mé&:(member$ ?m $?poss))
(test (neq (sub-string ?num1 ?numl ?v) (sub-string ?num2 ?num2 ?m)))
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=>

(bind ?num (member$ ?m $?poss))

(if (= ?n ?lev)

then (modify ?f (possible-values (delete$ $?poss ?num ?num)))

else (duplicate ?f (level 7?n)(possible-values (delete$ $?poss ?num
?num))))

(defrule PROPAG::propagation-2
; remove the word ?v from the list of possible values of ?x2
; ?Vv is the value of the latest assigned variable ?x1
(logical (level_search ?n))
(not (level_search ?n1&:(> ?nl ?n)))
(var (name ?x1) (value ?v&~nil) (level ?n))
?f <- (var (name ?x2) (level ?lev)(value nil)(possible-values $?poss))
(not (var (name ?x2) (level 2mm&:(> ?mm ?lev))))
(test (member$ ?v $?poss))
=>
(bind ?num (member$ ?v $?poss))
(if (= ?n ?lev)
then (modify ?f (possible-values (delete$ $?poss ?num ?num)))
else (duplicate ?f (level 7?n)(possible-values (delete$ $?poss ?num
?num))))
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