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i+ THE- VI RTUAL- SOLUTI ON- SPACE
(def-function the-virtual -sol ution-space (?init-space ?refs)
-> ?sol ution-space
"The space generated by refinenent application froman initial solution
space"
:constraint (and (every ?refs refiner)
(sol ution-space ?init-space))
:def (= ?sol ution-space
(setofall ?sol2 (or (nmenmber ?sol 2 ?init-space)
(exists ?sol 3
(and (nember ?sol 3
(the-virtual -sol uti on-space
?init-space ?refs))
(general i sed-refinenent-of ?sol 2
?sol 3

?refs)))))))

;53 CLASS CANDI DATE- EXCLUSI ON- CRI TERI ON

(def-cl ass candi dat e-excl usion-criterion ()
"this provides us with a way to specify when a solution is not
adm ssible. we also use this in conjunction with a solution refinenment
hi erarchy, to prune all refinenents of an unadm ssible solution”
((applies-to-match-score-type :type match-score-type)
(has- candi dat e- excl usion-rel ation :type unary-rel ation)

))

;33 | NSTANCE DEFAULT- CANDI DATE- EXCLUSI ON- CRI TERI ON

(def-i nstance defaul t-candi dat e-excl usion-criterion candi date-exclusion-criterion
((applies-to-match-score-type default-nmatch-score)
(has- candi dat e- excl usi on-rel ati on def aul t - candi dat e- excl usi on-rel ation)))

;» RELATI ON DEFAULT- CANDI DATE- EXCLUSI ON- RELATI ON

(def-rel ati on defaul t-candi date-exclusion-relation (?score)
"a solution is excluded if it has one or nore inconsistent features"
:constraint (default-match-score ?score)
iff-def (> (length (first ?score)) 0))

;» 3 RELATI ON RULED- QUT- SOLUTI ON
(def-relation rul ed-out-solution (?sol ?score ?criterion)
:iff-def (holds (the ?rel (has-candi date-exclusion-relation ?2criterion ?rel))
?score))

;) AXI OM EXCLUSI ON- | S- MONOTONI C
(def -axi om excl usi on-i s- nbnot oni ¢
"This axiom states that the exclusion criterion is nmonotonic. That is,
if a solution, ?sol, is ruled out, then any solution which has a worse score
t han
?sol will also be ruled out"”
(forall (?soll ?sol2 ?obs ?criterion)
(=> (and (rul ed-out-solution
?sol 1 (apply-match-criterion ?criterion ?obs ?sol 1) ?criterion)
(not (better-match-than ?sol 2 ?sol 1 ?o0bs ?criterion)))
(rul ed-out-sol ution
?sol 2 (apply-match-criterion ?criterion ?obs ?sol2) ?criterion))))
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(def - axi om CONGRUENT- ADM SSI Bl LI TY- AND- EXCLUSI ON- CRI TERI A
"This axiomstates that the admi ssibility and exclusion criteria

have to be congruent: no solution should ever satisfy both"

(forall (?sol ?task)

(=> (nmenber ?so
(the-virtual -sol uti on-space
(rol e-val ue ?task has-candi dat e-sol uti ons)

(rol e-value ?task has-refiners)))
(not (and (adm ssi bl e-sol ution
?sol

(appl y-match-criterion
(rol e-value ?task 'has-match-criterion)

(rol e-val ue ?task 'has-observabl es)

?sol)
(rol e-val ue

?t ask

"has-sol ution-admi ssibility-criterion))

(rul ed-out-solution ?so
(appl y-match-criterion

(rol e-value ?task 'has-match-

Page 3

criterion)
(rol e-val ue ?task 'has-observabl es)

?sol)
(rol e-val ue

?psm ' has-sol uti on-excl usi on-

criterion)))))))
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;» 3 HEURI STI G- ADM SSI BLE- SOL- CLASSI FI ER

(def-class heuristic-adm ssible-sol-classifier (problemsolving-nmethod) ?psm
"This is a basic nethod for finding an adm ssible solution to a
classification problem It uses a backtracking hill-clinbing solution to
honme in on the nost promising solutions. It is a heuristic, hierarchica
classifier, as it provides for both abstracti on and refi nenment nechani sns.
If no refinement mechani sns are provided, then the psmjust reduces to a
"flat' classifier."

((has-input-role :value has-abstractors
:val ue has-refiners
:val ue has-observabl es
:val ue has-candi dat e- sol uti ons
:val ue has-sol uti on-exclusion-criterion

)

(has-out put-rol e :val ue has-sol ution)
(has-abstractors :type abstractors)
(has-refiners :type refiners)
(has- observabl es :type observabl es)
(has-sol ution-exclusion-criterion :type candi date-exclusion-criterion
:defaul t-val ue defaul t-candi dat e- excl usi on-
criterion)
(has- candi dat e-sol uti ons :type sol uti on-space)
(has-sol ution :type solution)
(has-assunption
:val ue (kappa (?psnm
(not (exists (?o0bl ?0b2)
(and (or (nenmber ?0bl
(rol e-val ue ?psm has-observabl es))
(exists ?ob
(and (nenber
?0b
(rol e-val ue ?psm has-
observabl es))
(general i sed-abstract-1ink
?0bl ?0b
(rol e-value ?psm ' has-
abstractors)))))
(general i sed-abstract-1ink
?0b2 ?0bl
(rol e-value ?psm ' has-abstractors))
(general i sed-abstract-1ink
?0bl ?0b2
(rol e-value ?psm ' has-abstractors))))))
:val ue (kappa (?psnm
(not (exists (?soll ?sol 2)
(and (or (nenber ?soll
(rol e-val ue ?psm ' has-candi dat e-
sol utions))
(exists ?so
(and (nenber ?so
(rol e-val ue
?psm
' has- candi dat e-
sol utions))
(general i sed-refi nenment - of
?sol 1 ?so
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(rol e-val ue ?psm has-

refiners)))))

(general i sed-refi nenent - of

?sol 2 ?sol 1

(rol e-value ?psm has-refiners))

(general i sed-refi nenent - of

?sol 1 ?sol 2

(role-value ?psmhas-refiners))))))

:val ue (kappa (?psnm
(exists ?so
(and (adm ssi bl e-sol ution
?sol
(appl y-match-criterion
(role-value ?psm ' has-match-criterion)
(rol e-value ?psm ' has-observabl es)
?sol)
(rol e-val ue
?psm
"has-solution-adm ssibility-criterion))
(nmenber ?sol
(the-virtual -sol uti on-space
(rol e-val ue ?psm has-candi dat e- sol uti ons)
(rol e-value ?psmhas-refiners))))))
:val ue (kappa (?psnm
(forall (?sol ?score)
(=>
(and
(sol -has-mat ch-score ?so
(rol e-value ?psm ' has-observabl es)
?score
(rol e-val ue
?psm ' has-match-criterion))
(rul ed-out-solution ?sol ?score
(rol e-val ue
?psm ' has-sol uti on-excl usi on-
criterion)))
(not (exists
?sol 2
(and (generalised-refinenent-of
?sol 2 ?sol (rol e-val ue
?psm has-refiners))
(adni ssi bl e-sol ution
?sol 2
(appl y-match-criterion
(rol e-value ?psm ' has-match-criterion)
(rol e-val ue ?psm ' has-observabl es)
?sol 2)
(rol e-val ue
?psm
"has-sol ution-adm ssibility-

criterion))))))))

:docunent ati on
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"There are 4 assunptions associated with this method. The first
two state that the abstraction and refinement hierarchies have to
be free of cycles. The third states that the psm assunes the existence
of a solution in the virtual solution space - i.e., if such a solution
exists, the psmwill find it. The final assunption states that the
net hod assumes that the exclusion criterion is correct. That is, if a
solution is excluded, all its refinenments can be excluded too.")
(has-postcondition
:val ue (kappa (?psm ?sol)
(adni ssi bl e-sol ution
?sol
(appl y-match-criterion
(rol e-value ?psm ' has-match-criterion)
(rol e-val ue ?psm ' has-observabl es)
?sol)
(rol e-val ue
?psm
"has-solution-admi ssibility-criterion)))
:docunentation "The output solution satisfies the adm ssibility criterion")

(has- body
:val ue
"(lanbda (?psm
(i n-environment
((?0bs . (achi eve-generic-subtask
?psm abstraction
' has- observabl es (rol e-val ue ?psm has- observabl es)
' has-abstractors (rol e-val ue ?psm has-abstractors))))

(adni ssi bl e-sol uti on-search ?psm

?0bs

(rol e-val ue ?psm has-refiners)

(rol e-val ue ?psm has-candi dat e- sol uti ons)

(rol e-val ue ?psm
has-mat ch-criterion)

(rol e-val ue ?psm
has-sol uti on-adm ssibility-

criterion)

(rol e-val ue

?psm

has-sol ution-exclusion-criterion)))))

(has- out put - mappi ng
:value ' (lanbda (?psm ?result)
(list-of ?result))))

:own-slots ((tackl es-task-type single-solution-classification-task)
(has-generi c-subtasks ' (abstraction
refinenent rank-solutions))))
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(def -procedure adm ssi bl e-sol ution-search (?psm ?obs ?refs
?candi dat es
?match-criterion
?admi ssibility-criterion
?excl usi on-criterion)

:constraint (and (sol uti on-space ?candi dat es)
(list ?refs)
(observabl es ?0bs)
(probl em sol vi ng- net hod ?psm
(match-criterion ?match-criterion)
(admissibility-criterion ?adm ssibility-criterion)
(solution-admi ssibility-criterion ?adm ssibility-criterion)
(sol ution-exclusion-criterion ?exclusion-criterion)
)
:body (do
(if (exists ?so
(and (nenber ?sol ?candi dates)
(adni ssi bl e-sol ution
?s0
(appl y-match-criterion
?match-criterion
?0bs
?sol)
?adnmissibility-criterion)))
?s0
(i n-environnent
((?ranked-candi dates . (achi eve-generi c-subtask
?psm rank-sol uti ons
' has- observabl es ?obs
' has- candi dat e- sol uti ons ?candi dat es

"has-match-criterion ?match-criterion)))
(l oop for ?candidate in ?ranked-candi dates
do
(if (not (ruled-out-solution ?candi date
(appl y-match-criterion ?nmatch-
criterion
?0bs
?candi dat e)
?excl usi on-criterion))
(i n-environment
((?refined-sols . (achieve-generic-subtask
?psm refi nenment
' has- candi dat e- sol uti on ?candi date
' has- observabl es ?obs
"has-refiners ?refs)))
(if (not (null ?refined-sols))
(i n-environnent
((?result . (adm ssible-solution-search
?psm ?0bs ?refs
?refined-sols
?match-criterion
?admi ssibility-criterion
?exclusion-criterion)))
(if (not (= ?result :nothing))

(return ?result)))))))))))
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i+ 3 HEURI STI G- OPTI MAL- SCL- CLASSI FI ER
(def-class heuristic-optimal-sol-classifier (problemsolving-nmethod) ?psm
"Thi s net hod exhaustively searches a sol ution space |ooking for an optim
solution. It uses the exclusion criterion to prune the search space. It
returns one or nore optinmal solutions”

((has-input-role :value has-abstractors
:val ue has-refiners
:val ue has-observabl es
:val ue has-candi dat e-sol uti ons
:val ue has-sol ution-exclusion-criterion
)
(has-control -role :value 'has-current-solutions
:val ue ' has-ranked- candi dat es)
(has-out put-rol e :val ue has-sol utions)
(has-current-solutions :type sol ution-space)
(has-ranked-candi dates :type sol uti on-space)
(has-abstractors :type abstractors)
(has-refiners :type refiners)
(has- observabl es :type observabl es)
(has-sol ution-exclusion-criterion :type candi date-exclusion-criterion
:defaul t-val ue defaul t-candi dat e- excl usi on-
criterion)
(has- candi dat e-sol uti ons :type sol uti on-space)
(has-sol utions :type sol ution-space)
(has-assunption
:val ue (kappa (?psnm
(not (exists (?o0bl ?0b2)
(and (or (nenmber ?0bl
(rol e-val ue ?psm has-observabl es))
(exists ?ob
(and (nenber
?0b
(rol e-val ue ?psm has-
observabl es))
(general i sed-abstract-1ink
?0bl ?0b
(rol e-value ?psm ' has-
abstractors)))))
(general i sed-abstract-1ink
?0b2 ?0bl
(rol e-value ?psm ' has-abstractors))
(general i sed-abstract-1ink
?0bl ?0b2
(rol e-value ?psm ' has-abstractors))))))
:val ue (kappa (?psnm
(not (exists (?soll ?sol 2)
(and (or (nenber ?soll
(rol e-val ue ?psm ' has-candi dat e-
sol utions))
(exists ?so
(and (nenber ?so
(rol e-val ue
?psm
' has- candi dat e-
sol utions))
(general i sed-refi nenment - of
?sol 1 ?so
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(rol e-val ue ?psm has-

refiners)))))

(general i sed-refi nenent - of

?sol 2 ?sol 1

(rol e-value ?psm has-refiners))

(general i sed-refi nenent - of

?sol 1 ?sol 2

(role-value ?psmhas-refiners))))))

:val ue (kappa (?psnm
(exists ?so
(and (adm ssi bl e-sol ution
?s0
(appl y-match-criterion
(role-value ?psm ' has-match-criterion)
(rol e-value ?psm ' has-observabl es)
?sol)
(rol e-val ue
?psm
"has-solution-adm ssibility-criterion))
(nmenber ?sol
(the-virtual -sol uti on-space
(rol e-val ue ?psm has-candi dat e- sol uti ons)
(rol e-value ?psm has-refiners))))))
:val ue (kappa (?psn
(forall (?sol ?score)
(=>
(and
(sol -has-mat ch-score ?so
(rol e-val ue ?psm ' has-observabl es)
?score
(rol e-val ue
?psm ' has-match-criterion))
(rul ed-out-solution ?sol ?score
(rol e-val ue
?psm ' has-sol uti on-excl usi on-
criterion)))
(not (exists
?sol 2
(and (generalised-refinenent-of
?sol 2 ?sol (rol e-val ue
?psm has-refiners))
(adni ssi bl e-sol ution
?sol 2
(appl y-match-criterion
(rol e-value ?psm ' has-match-criterion)
(rol e-val ue ?psm ' has-observabl es)
?sol 2)
(rol e-val ue
?psm
"has-sol ution-adm ssibility-
criterion))))))))
:docunent ati on
"There are 4 assunptions associated with this nethod. The first
two state that the abstraction and refinement hierarchies have to be free
of cycles. The third states that the psm assunes the
exi stence of a solution in the virtual solution space - i.e., if such
a solution exists, the psmwill find it. The final assunption states
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that the nmethod assumes that the exclusion criterion is correct.

That is, if a solution is excluded, all its refinenents can be

excl uded too.")
(has-postcondition
:val ue (kappa (?psm ?sols)

(forall ?so
(=> (nmenber ?sol ?sols)
(and

(adni ssi bl e-sol ution

?sol

(appl y-match-criterion
(role-value ?psm ' has-match-criterion)
(rol e-value ?psm ' has-observabl es)
?sol)

(rol e-val ue
?psm
"has-solution-adm ssibility-criterion))

(best-match
(rol e-val ue ?task 'has-observabl es)
?s0
(the-virtual -sol uti on-space
(rol e-val ue ?psm has- observabl es)
(rol e-value ?psm ' has-candi dat e-sol uti ons))
(rol e-value ?task 'has-match-criterion))))))
:docunentation "The output solutions are both admi ssible and optim
with respect to the solution space generated through
refinenent application")

(has- body
:val ue
"(lanbda (?psm
(i n-environment
((?0bs . (achi eve-generic-subtask
?psm abstraction
' has- observabl es (rol e-val ue ?psm has- observabl es)
' has-abstractors (rol e-val ue ?psm has-abstractors))))
(do
(set-rol e-val ue ?psm ' has-ranked- candi dat es
(achi eve-generi c- subt ask
?psm rank-sol uti ons
' has- observabl es ?obs
' has- candi dat e- sol uti ons
(rol e-val ue ?psm ' has-candi dat e-sol uti ons)
"has-match-criterion (role-value
?psm has-match-criterion)))

;;Initialize current solutions
(set-rol e-value ?psm ' has-current-solutions nil)
(if (adm ssible-solution
(first (role-value ?psm ' has-ranked-candi dates))
(appl y-match-criterion (role-value ?psm has-match-criterion)
?0bs
(first
(rol e-val ue ?psm ' has-ranked-candi dates)))
(rol e-value ?psm
"has-solution-adm ssibility-criterion))
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(do
(set-rol e-val ue ?psm ' has-current-sol utions
(List-of (first
(rol e-val ue ?psm ' has-ranked-candi dates))))
(loop for ?candidate in (rest (role-value ?psm' has-ranked-
candi dat es))
do
(if (better-match-than
(first (role-value ?psm ' has-ranked-candi dates))
?candi dat e ?obs
(rol e-value ?psm has-nmatch-criterion))
(return :nothing)
(set-rol e-val ue ?psm ' has-current-sol utions
(cons ?candi date
(rol e-val ue ?psm
" has-current-
solutions)))))))
;;renmove rul ed out candi dates
(loop for ?candidate in (reverse (role-value ?psm' has-ranked-
candi dat es))
do
(if (rul ed-out-solution
?candi date (apply-match-criterion
(rol e-value ?psm has-match-criterion)
?0bs
?candi dat e)
(rol e-value ?psm
" has-sol uti on-excl usion-criterion))
(set-rol e-val ue ?psm ' has-ranked- candi dat es
(renmove ?candi date
(rol e-val ue ?psm ' has-ranked-
candi dates)))
(return :nothing)))

(if (null (role-value ?psm ' has-ranked-candi dates))
(rol e-val ue ?psm
' has-current-sol utions)
(conpl et e-opti mal -search ?psm
?0bs
(rol e-val ue ?psm has-refiners)
(first (role-value ?psm ' has-ranked-
candi dat es))
(rest (role-value ?psm ' has-ranked-
candi dat es))
(rol e-value ?psm
" has-current-sol utions)
(rol e-value ?psm has-match-criterion)
(role-value ?psm
"has-sol ution-adm ssibility-
criterion)
(role-value ?psm
' has- sol uti on-excl usi on-

criterion))))))))

:own-slots ((tackles-task-type optinal-classification-task)
(has-generic-subtasks ' (abstraction
refinenent rank-solutions))))
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(def-procedure conpl ete-opti nal -search (?psm ?obs ?refs
?candi dat e
?ot her - candi dat es
?current-sol utions
?match-criterion
?admi ssibility-criterion
?excl usi on-criterion)
"Nei t her ?candi date no ?ot her-candi dates have been rul ed out
by the exclusion criterion"
:constraint (and (sol uti on ?candi date)
(list ?other-candidates)
(list ?refs)
(list ?current-sol utions)
(observabl es ?0bs)
(probl em sol vi ng- net hod ?psm
(match-criterion ?match-criterion)
(admissibility-criterion ?adm ssibility-criterion)
(solution-admi ssibility-criterion ?adm ssibility-criterion)
(sol ution-exclusion-criterion ?exclusion-criterion)
(not (rul ed-out-solution
?candi date (apply-match-criterion
?match-criterion
?0bs
?candi dat e)
?excl usion-criterion))
(forall ?c
(=> (menber ?c ?ot her-candi dates)
(not (rul ed-out-solution
?c (apply-match-criterion
?match-criterion
?0bs
?c)
?exclusion-criterion)))))
:body (in-environnment
((?good-refined-sols . (filter (achieve-generic-subtask
?psm refi nenent
' has- candi dat e- sol uti on ?candi date
' has- observabl es ?obs
"has-refiners ?refs)
" (kappa (?sol)
(not (rul ed-out-solution
?sol (apply-match-criterion
?match-criterion
?0bs
?sol)
?exclusion-criterion))))))
(if (null ?good-refined-sols)
(if (null ?other-candi dat es)
?current-sol utions
(conpl et e-opti mal -search ?psm ?o0bs ?refs
(first ?other-candi dates)
(rest ?ot her-candi dat es)
?current-sol utions
?match-criterion
?admi ssibility-criterion
?excl usi on-criterion))

;;there are sone new useful refinenents
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(i n-environment
((?ranked-candi dates . (achi eve-generi c-subtask
?psm rank-sol uti ons
' has- observabl es ?obs
' has- candi dat e- sol uti ons (append
?ot her - candi dat es
?good-refi ned-sol s)
"has-match-criterion ?match-criterion))
(?new admi ssi bl e-solutions . (filter ?good-refined-sols
" (kappa (?sol)
(adni ssi bl e-sol ution
?sol
(appl y-match-criterion
?mat ch-criterion ?o0bs ?sol)
?admi ssibility-criterion))))
(?newcurrent-solutions . (if (null ?new admi ssi bl e-sol utions)
?current-sol utions
(i n-environment
((?ranked-sols . (achi eve-generic-subtask
?psm rank-sol uti ons
' has- observabl es ?obs
' has- candi dat e-

sol utions
(append
?current-sol utions
?new admi ssi bl e-
sol uti ons)
"has-match-criterion
?match-criterion)))
(cons (first ?ranked-sols)
(filter (rest ?ranked-sols)
" (kappa (?sol)
(not (better-match-than
(first ?ranked-
sol s)
?s0
?0bs
?mat ch-

criterion)))))))))
(conpl et e-opti mal -search ?psm ?obs ?refs

(first ?ranked-candi dates)
(rest ?ranked-candi dat es)
?new current-sol utions
?match-criterion
?admi ssibility-criterion
?exclusion-criterion)))))

Siaaaaaaaaaaaaaaassss Beginning of abstraction j;iiiiiiiiaiaiai i

(def-class abstractor (function)
((domai n :val ue observabl es)
(range :val ue observabl e)
(applicability-condition :type abstractor-applicability-condition-class)))
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(def-class abstractor-applicability-condition-class (unary-relation) ?x
"The applicability condition for an abstractor nust be a relation whose domain is
a subset of observabl es"
ciff-def (subset (the ?2d (domain ?x ?d))
observabl es))

(def-function apply-abstract-operator (?ab ?observables-in) -> ?0b
:constraint (and (abstractor ?ab)
(observabl e ?0b)
(observabl es ?observabl es-in)
)
:body (if (abstractor-is-applicable? ?ab ?observabl es-in)
(call (the ?body (has-body ?ab ?body))
?observabl es-in)))

(def-relation abstractor-is-applicable? (?ab ?observabl es)
:constraint (and (abstractor ?ab)
(observabl es ?observabl es))
:iff-def (holds (the ?appl (applicability-condition ?ab ?appl)) ?observables))

(def-class abstraction (goal -specification-task) ?task
"The goal of this task is to abstract fromthe given observables, using the given
abstractors. Note that the output also includes the original (non-abstracted)
observabl es"
((has-input-role :val ue has-observabl es
:val ue has-abstractors)
(has-out put-rol e :val ue has-abstract-observabl es)
(has- observabl es :type observabl es)
(has-abstract-observabl es :type observabl es)
(has-abstractors :type list)
(has- goal - expressi on
:val ue (kappa (?task ?observabl es)
(and (forall ?ob
(=> (menber ?0b ?observabl es)
(or (menber ?ob (role-value ?task has-
observabl es))
(general i zed-abstract-from
?observabl es
(rol e-val ue ?task has-observabl es)
(rol e-value ?task has-abstractors)))))
(not (exists (?ab ?new ob)
(and (nenber ?ab (rol e-val ue
?task has-abstractors))
(abstractor-is-applicabl e?
?ab ?observabl es)
(= ?newob (appl y-abstract-operator
?ab ?observabl es))
(not (nmenber ?new ob
?observables))))))))))
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(def-rel ation generalized-abstract-from (?observabl es-out ?observabl es-i n ?abs)
:constraint (and (observabl es ?observabl es-out)
(observabl es ?observabl es-in)
(abstractors ?abs))

iff-def (forall (?0b)
(=> (menber ?o0b ?observabl es-out)
(or (directly-abstracted-from ?ob ?observabl es-i n ?abs)
(exists (?observabl es-tenp)
(and (directly-abstracted-from
?0b ?observabl es-tenp ?abs)
(forall (?0b-tenp)
(=> (nmenber ?ob-tenp ?observabl es-
t enp)
(or (nmenber ?ob-tenp
?observabl es-in)
(observabl e- abstract ed-from
?0b-tenp ?observabl es-in

?abs))))))))))

(def-rel ation generalised-abstract-1ink (?0bl ?0b2 ?abs)
"?0bl is in a chain of abstraction which stens from ?0b2"
ciff-def (and (menber ?o0bl ?observabl esl)
(menber ?0b2 ?observabl es2)
(general i zed- abstract-from ?observabl esl ?observabl es2 ?abs)))

(def-rel ati on observabl e-abstracted-from (?ob ?observabl es ?abs)
:iff-def (or (directly-abstracted-from ?0b ?observabl es ?abs)
(exists (?observabl es2)
(and (generalized-abstract-from ?observabl es2 ?observabl es
?abs)
(menber ?ob ?observabl es2)))))

(def-relation directly-abstracted-from (?ob ?observabl es ?abs)
:constraint (and (observabl es ?observabl es)
(observabl e ?0b)
(abstractors ?abs))
ciff-def (exists (?ab)
(and (nenber ?ab ?abs)
(abstractor-is-applicable? ?ab ?observabl es)
(menber ?ob (appl y-abstract-operator ?ab ?observables)))))
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(def-class abstraction-psm (primtive-nethod) ?psm
"This nethod applies abstractors to the given data space (observabl es) repeatedly
until no abstractor can be used and returns a data space in which
all possible abstracti ons are done"

((has-control -rol e :val ue has-current-observabl es
:val ue has-current-abstractors)
(has-current-observabl es :type observabl es)
(has-current-abstractors :type list)
(has- body
:value ' (lanbda (?psm
(do
(set-rol e-val ue ?psm
" has-current-observabl es
(rol e-value ?psm ' has-observabl es))
(set-rol e-value ?psm ' has-current-abstractors
(rol e-value ?psm ' has-abstractors))
(repeat
(i n-environnent
((?ab . (achi eve-generic-subtask
?psm sel ect - abstract or
' has- observabl es
(rol e-val ue
?psm ' has-current-observabl es)
' has-abstractors
(rol e-val ue
?psm ' has-current-abstractors))))
(if (abstractor ?ab)
(do
(set-rol e-val ue
?psm ' has-current-abstractors
(renove ?ab
(rol e-val ue
?psm
"has-current-abstractors)))
(i n-environment
((?0bs . (the ?0bs2 (has-current-observabl es ?psm ?0bs2)))
(?0b . (achi eve-generic-subtask ?psm one-step-abstraction
' has-abstractor ?ab
' has- observabl es ?0bs)))
(if (and (observabl e ?0b)
(not (nmenber ?0b ?0bs)))
(set-rol e-val ue ?psm ' has-current-observabl es
(cons ?0b ?0bs)))))
(return (rol e-value ?psm' has-current-observables)))))))))
:own-slots ((tackles-task-type 'abstraction)))
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(def-class sel ect-abstractor (goal -specification-task) ?task
((has-input-role :val ue has-observabl es
:val ue has-abstractors)
(has-out put-rol e :val ue has-abstractor)
(has- observabl es :type observabl es)
(has-abstractors :type list)
(has-abstractor :type abstractor)
(has- goal - expressi on
:val ue
(kappa (?task ?abstractor)
(and (nmenber ?abstractor (role-value ?task 'has-abstractors))
(abstractor-is-applicabl e?
?abstractor (rol e-value ?task 'has-observables))
(= ?0b (appl y-abstract-operator
?abstractor (role-value ?task 'has-observables)))
(not (nenber ?ob (rol e-value ?task 'has-observables))))))))

(def-class sel ect-abstractor-psm (primtive-nethod) ?psm
((has-body :value '(lanbda (?psm
(the ?x
(hol ds (the ?exp (has-goal - expression
(the ?task (tackl es-task ?psm ?task))
?exp))
?psm

?x)))))

:own-slots ((tackles-task-type 'select-abstractor)))

(def-cl ass one-step-abstraction (goal -specification-task) ?task
((has-input-role :val ue has-observabl es
:val ue has-abstractor)
(has-out put-rol e :val ue has-abstract-observabl e)
(has- observabl es :type observabl es)
(has-abstractor :type abstractor)
(has-abstract-observabl e :type observabl e)
(has- goal - expressi on
:val ue (kappa (?task ?observabl e)
(directly-abstracted-from ?observabl e
(rol e-val ue ?task 'has-observabl es)
(list (role-value ?task
' has-
abstractor)))))))

(def-class one-step-abstraction-psm (primtive-nethod) ?psm
((has-body :value '(lanbda (?psm
(appl! y- abstract - oper at or
(rol e-value ?psm ' has-abstractor)
(rol e-value ?psm ' has-observables)))))
:own-slots ((tackles-task-type 'one-step-abstraction)))

Ciaaaaaaaaaaaaaaaaaaa s end of abstraction Giiiiaiaia i
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i+ RANK- SOLUTI ONS
(def-class rank-sol utions (goal -specification-task) ?task
((has-input-rol e :val ue has-candi dat e-sol uti ons
:val ue has-observabl es
:val ue has-match-criterion)
(has-out put-rol e :val ue has-sol utions)
(has- candi dat e-sol uti ons :type sol uti on-space)
(has- observabl es :type observabl es)
(has-match-criterion :type match-criterion
:defaul t-val ue defaul t-match-criterion)

(has-sol utions :type sol ution-space)
(has- goal - expressi on

:docunent ati on

"The goal is to rank the classes according to the match criterion.

The output should be a Iist of solutions, in which no solution follows

one which is worse"

:val ue (kappa (?task ?sol utions)

(forall (?soll ?sol?2)
(=> (and (nenmber ?sol 1 ?sol utions)
(nmenber ?sol 2 ?sol utions)
(precedes ?sol 1 ?sol 2 ?sol utions))
(not (better-match-score ?sol2 ?sol1))))))))
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(def-class rank-solutions-psm (prinmtive-nethod) ?psm

((has-input-rol e :val ue has-candi dat e-sol uti ons
:val ue has-observabl es
:val ue has-match-criterion)
(has-out put-rol e :val ue has-ranked-sol uti ons)
(has-control -rol e :val ue has-sol -score-pairs)
(has-sol -score-pairs :type list
:default-value nil)
(has- candi dat e-sol uti ons
:type sol ution-space)
(has- observabl es :type observabl es)
(has-match-criterion :type match-criterion
:defaul t-val ue defaul t-match-criterion)
(has-ranked-sol utions :type list)
(has-precondition
:docunentation "A list of candidates is required as input”
:val ue (kappa (?psnm
(list (role-value
?psm ' has-candi date-sol utions))))
(has-postcondition
:val ue (kappa (?psm ?sol utions)
(forall (?soll ?sol?2)
(=> (and (nenmber ?sol 1 ?sol utions)
(nmenber ?sol 2 ?sol utions)
(precedes ?sol 1 ?sol 2 ?sol utions))
(not (better-match-score ?sol2 ?sol1))))))
(has- body
:val ue ' (lanbda (?psm
(do
(loop for ?candidate in (role-val ue
?psm ' has- candi dat e- sol uti ons)
do
(set-rol e-val ue
?psm has-sol -score-pairs
(cons (list-of ?candidate
(achi eve-generi c- subt ask
?psm basi c- heuristic-match
' has- observabl es
(rol e-val ue
?psm
has- observabl es )
' has- candi dat e- sol uti on ?candi date
"has-match-criterion
(rol e-val ue
?psm
has-match-criterion)))
(role-value ?psm has-sol-score-pairs))))
(map ' (1 anbda (?pair)
(first ?pair))
(sort (role-value ?psm has-sol-score-pairs)
' (kappa (?pairl ?pair?2)
(better-match-score (second ?pairl)(second ?pair?2)
(rol e-val ue
?psm
"has-match-criterion)))))))))
:own-sl ots ((has-generic-subtasks ' (basic-heuristic-match))
(tackl es-task-type 'rank-solutions)))
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(def-class basic-heuristic-match (goal -specification-task) ?task

((has-input-role :val ue has-candi dat e-sol uti on
:val ue has-observabl es
:val ue has-match-criterion)
(has-out put-rol e :val ue has-score)
(has- candi dat e-sol uti on :type sol ution)
(has- observabl es :type observabl es)
(has-match-criterion :type match-criterion
:defaul t-val ue defaul t-match-criterion)
(has-score :type match-score)
(has- goal - expressi on
;;the goal is to find the best matching cl asses
:val ue (kappa (?task ?score)
(mat ch-score ?score)))))

(def-class basic-heuristic-match-psm (prinitive-nethod) ?psm

((has-precondition
:docunentation "A list of candidates is required as input”
:val ue (kappa (?psn
(and (solution (role-val ue
?psm ' has- candi dat e- sol uti on))
(exists ?x
(rmenber ?X (rol e-val ue
?psm ' has-observables))))))

(has-postcondition
:val ue (kappa (?psm ?score)
(mat ch-score ?score)))
(has- body
:val ue ' (lanbda (?psm
(appl y-match-criterion
(rol e-val ue
?psm ' has-match-criterion)
(rol e-val ue
?psm ' has- obser vabl es)
(rol e-val ue
?psm ' has- candi dat e-sol ution)))))
:own-slots (
(tackl es-task-type 'basic-heuristic-match)))

;5 CLASS REFI NER
(def-class refiner (function)
((domai n :val ue sol ution)
(range :val ue sol ution-space)
(applicability-condition :type refiner-applicability-condition-class)))

(def-class refiner-applicability-condition-class (unary-relation) ?x

Page 20

"The applicability condition for a refiner nmust be a relation whose domain is

a subset of class solution”
;i ff-def (subset ?x solution))
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(def-relation refiner-is-applicable? (?ref ?solution)
:constraint (and (sol ution ?sol ution)
(refiner ?ref))
:iff-def (holds (the ?appl (applicability-condition ?ref ?appl)) ?solution))

(def-relation sone-refiner-is-applicable? (?refs ?sol ution)
:constraint (and (sol ution ?sol ution)
(list ?refs))
ciff-def (exists ?ref (and (nenber ?ref ?refs)
(refiner-is-applicable? ?ref ?solution))))

(def-function apply-refiner-operator (?ref ?solution) -> ?sols
:constraint (and (sol ution-space ?sol s)
(refiner ?ref)
(sol ution ?sol ution)
)
:body (if (refiner-is-applicable? ?ref ?solution)
(call (the ?body (has-body ?ref ?body))
?solution)))

i+ GENERALI SED- REFI NEVENT- OF
(def-rel ation generalised-refinenent-of (?sol-out ?sol-in ?refs)
ciff-def (or (exists ?ref (and (nenber ?ref ?refs)
(rmenber ?sol -out (apply-refiner-operator
?ref ?sol-in))))
(exists ?sol-tenp
(and (generalised-refinenment-of ?sol-tenp ?sol-in ?refs)
(general i sed-refinenment-of ?sol-out ?sol-tenp

?refs)))))
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i+ REFI NEMENT- THROUGH SUBCLASS- OF- LI NKS
(def-instance refinenent-through-subcl ass-of-1inks refiner
"I'f the solution space is specified by means of classes arranged in a subcl ass- of
hierarchy, then this is a good refiner to use"
((has-body ' (I anbda (?sol)
(setofall ?sub (direct-subclass-of ?sub ?sol))))
(applicability-condition (kappa (?sol)
(and (class ?sol)
(exists ?sub (direct-subcl ass-of ?sub
?s01)))))))
;+ 3 TASK REFI NEMENT
(def-class refinenent (goal-specification-task) ?task
"The goal of this task is to take a solution at a given
| evel of refinenent, say n, and to try refine it, using the
given set of refiners. Al refiners are tried for each solution at level n, but
the refinenent hiearchy is navigated down 1 level only. That is, the output
wil |
i nclude at nost solutions at |evel n+l.
If a solution at level n cannot be refined, the nmethod returns nil"
((has-input-role :val ue has-candi dat e-sol uti on
:val ue has-observabl es
:val ue has-refiners)
(has-out put-rol e :val ue has-refined-sol utions)
(has-candi dat e-sol ution :type sol ution)
(has- observabl es :type observabl es)
(has-refined-solutions :type sol ution-space)
(has-refiners :type list)
(has- goal - expressi on
:val ue
(kappa (?task ?sol utions)
(forall ?so
(=> (menber ?sol ?sol utions)
(exists ?ref
(and (nmenber ?ref (role-value
?task has-refiners))
(menber ?so
(appl y-refiner-operator
?ref (role-val ue
?task ' has-candi dat e-

solution)))))))))))
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i+ 3 VANI LLA- REFI NEMENT- PSM
(def-class vanilla-refinenent-psm (deconposition-nethod) ?psm
"This nethod applies all refiners applicable to the given input solution”
((has- body
:val ue
"(lanbda (?psm
(i n-environment
((?sol . (role-value ?psm ' has-candi dat e-sol ution))
(?refs . (achi eve-generic-subtask
?psmcol l ect-refiners
has-sol uti on ?so
has-refiners (rol e-value ?psm has-refiners))))
(achi eve-generi c-subt ask ?psm appl y-refiners
has-sol uti on ?so
has-refiners ?refs)))))
:own-slots ((has-generic-subtasks '(collect-refiners
apply-refiners ))
(tackl es-task-type 'refinenment)))

;+ 3 TASK COLLECT- REFI NERS
(def-class collect-refiners (goal-specification-task) ?task
((has-input-role :value has-sol ution
:val ue has-refiners)
(has-out put-rol e :val ue has-applicabl e-refiners)
(has-sol ution :type solution)
(has-refiners :type list)
(has-applicable-refiners :type list)
(has- goal - expressi on
:val ue (kappa (?task ?refiners)
(and (subset ?refiners (role-value ?task has-refiners))
(not (exists (?ref)
(and (nenber ?ref ?refiners)
(not (refiner-is-applicable?
?ref (role-val ue
?task has-solution)))))))))))

i+ STANDARD- COLLECT- REFI NERS- PSM
(def-class standard-coll ect-refiners-psm(primtive-nethod) ?psm
((has-body :value '(lanbda (?psm
(setofall ?x (and (nenber ?x (role-value ?psm has-refiners))
(refiner-is-applicable?
?x (role-value ?psm has-solution)))))))

:own-slots ((tackles-task-type 'collect-refiners)))
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;+ 3 TASK APPLY- REFI NERS
(def-class apply-refiners (goal-specification-task) ?task
"The goal of this task is to generate all possible refinement of a solution,
gi ven
a set of refiners. Only one-step refinenment is carried out here. That is, if
t he
input solution is defined at level n, the output can only be at level n+l1."
((has-input-role :value has-sol ution
:val ue has-refiners)
(has-out put-rol e :val ue has-refined-sol utions)
(has-sol ution :type solution)
(has-refiners :type list)
(has-refined-solutions :type sol ution-space)
(has- goal - expressi on
:val ue (kappa (?task ?sol utions)
(forall ?so
(=> (nmenber ?sol ?sol utions)
(exists ?ref
(and (nenber
?ref (role-value ?task 'has-refiners)
(menber ?so
(appl y-refiner-operator
?ref
(rol e-val ue
?t ask

"has-solution))))))))))))

;3 METHOD APPLY- REFI NERS- PSM
(def-class appl y-refiners-psm (probl emsol vi ng- net hod) ?psm
((has-control -rol e :value has-current-sol utions)
(has-current-solutions :type sol ution-space)
(has-precondi tion :value (kappa (?psm
(every (role-value ?psm ' has-refiners)
(kappa (?x)
(refiner-is-applicable?
?2X
(rol e-val ue
?psm has-solution))))))

(has-body :val ue
"(lanrbda (?psm
(do
(set-rol e-value ?psm ' has-current-solutions nil)
(loop for ?ref in (role-value ?psm has-refiners)
do
(i n-environnent
((?sols . (apply-refiner-operator
?ref
(rol e-value ?psm ' has-solution))))
(set-rol e-value ?psm ' has-current-sol utions
(union (role-value ?psm
' has-current-sol utions)
?sols))))
(rol e-val ue ?psm
"has-current-solutions)))))

:own-slots ((tackles-task-type 'apply-refiners)

))



