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incremental_solve__1(X1) :-
fact (woman, [struct (X1,[]1)]).
incremental_solve__1(X1) :-
fact (parent, [struct (X1, [1),X2]),
(fact (married_to, [struct (X1,[1),X3])
-> fail
((fact(parent, [struct (X1, []),X41),
fact (parent, [X3,X4]),
fact (woman, [X3]) )
-> fail
; true

)
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. THE IC-SOLVE META-INTERPRETER

This appendix contains the full Prolog code of a meta-interpreter performing incre-
mental integrity checking based upon Theorem 2.9.

In order to make the experiments more realistic, the facts of the database are
stored, via the fact/2 relation, in the Prolog clausal database. Updating the facts
— which is of no relevance to the integrity checking phases — occurs via the assert,
retract or reconsult primitives.
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Y e EE e P */
/* normal_solve(GrXtraFacts,GrDelFacts,GrRules,NgGoal) */
[* mmm e */

/* This normal_solve makes no assumptions about the Facts and the Rules.
For instance the predicates defined in Rules can also be present
in Facts and vice versa */

normal_solve(GrXtraFacts,GrDelFacts,GrRules, []).
normal_solve(GrXtraFacts,GrDelFacts,GrRules, [neg(NgG) [NgT])
(normal_solve(GrXtraFacts,GrDelFacts,GrRules, [pos(NgG)])
=> fail
;  (normal_solve(GrXtraFacts,GrDelFacts,GrRules,NgT))
).
normal_solve(GrXtraFacts,GrDelFacts,GrRules, [pos(NgH) [NgT])
db_fact_lookup(NgH),
not(non_ground_member (NgH,GrDelFacts)),
normal_solve(GrXtraFacts,GrDelFacts,GrRules,NgT).
normal_solve(GrXtraFacts,GrDelFacts,GrRules, [pos(NgH) INgT])
non_ground_member (NgH,GrXtraFacts),
normal_solve(GrXtraFacts,GrDelFacts,GrRules,NgT).
normal_solve(GrXtraFacts,GrDelFacts,GrRules, [pos(NgH) [NgT])
non_ground_member (term(clause, [pos (NgH) |[NgBody]) ,GrRules),
normal_solve(GrXtraFacts,GrDelFacts,GrRules,NgBody),
normal_solve(GrXtraFacts,GrDelFacts,GrRules,NgT).

[* ——mmm e */
/* INCREMENTAL IC CHECKER */
[* e */

incremental_solve(GoalList,DB) :-
verify_one_potentially_added(GoalList,DB),
inc_resolve(GoalList,DB).

inc_resolve([pos(NgH) |NgT],DB) :-
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),
db_fact_lookup(NgH),
not(non_ground_member (NgH,DeletedFacts)),
incremental_solve(NgT,DB).
inc_resolve([pos(NgH) |[NgT],DB) :-
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),
non_ground_member (NgH, AddedFacts),
/* print(found_added_fact(NgH)),nl, */
append (AddedRules,ValidOldRules,NewRules),
normal_solve(AddedFacts,DeletedFacts,NewRules,NgT).
inc_resolve([pos(NgH) |NgT],DB) :-
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),
non_ground_member (term(clause, [pos(NgH) |NgBody]) ,ValidOldRules),
append (NgBody,NgT,NewGoal) ,
incremental_solve(NewGoal,DB).
inc_resolve([pos(NgH) |[NgT],DB) :-
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),
non_ground_member (term(clause, [pos(NgH) |NgBodyl) ,AddedRules),



append (AddedRules,Valid0ldRules,NewRules),
normal_solve(AddedFacts,DeletedFacts,NewRules,NgBody),
normal_solve(AddedFacts,DeletedFacts,NewRules,NgT).
inc_resolve([neg(NgH) |NgT],DB) :-
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),
append (AddedRules,ValidOldRules,NewRules),
(normal_solve(AddedFacts,DeletedFacts,NewRules, [pos(NgH)])
-> (fail)
; (verify_potentially_added(neg(NgH) ,DB)
-> (normal_solve(AddedFacts,DeletedFacts,NewRules,NgT))
(incremental_solve(NgT,DB))

verify_one_potentially_added(GoalList,DB) :-
( (one_potentially_added(GoalList,DB) =-> fail ; true)
-> fail
;  true
).

one_potentially_added(GoalList,DB) :-—
member (Literal,GoalList),
potentially_added(Literal,DB).

[* mmm e */
/* Determining the literals that are potentially added */
[* mmm e */

/* verify if a literal is potentially added -
without making any bindings and succeeding only once */
verify_potentially_added(Literal,DB) :-
( (potentially_added(Literal,DB) -> fail ; true)
=> fail
;  true

).

potentially_added(neg(Atom),DB) :-—
potentially_deleted(pos(Atom),DB).
potentially_added(pos(Atom),DB) :-—
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),
non_ground_member (Atom,AddedFacts) .
potentially_added(pos(Atom),DB) :-—
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),
non_ground_member (term(clause, [pos (Atom) | NgBody]) ,AddedRules) .
potentially_added(pos(Atom),DB) :-
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),
non_ground_member (term(clause, [pos(Atom) |NgBody]),ValidOldRules),
member (BodyLiteral,NgBody),
potentially_added(BodyLiteral,DB).

potentially_deleted(neg(Atom),DB) :-
potentially_added(pos(Atom),DB).
potentially_deleted(pos(Atom),DB) :-
DB = db(AddedFacts,DeletedFacts,
ValidOldRules,AddedRules,DeletedRules),



non_ground_member (Atom,DeletedFacts).
potentially_deleted(pos(Atom),DB) :-

DB = db(AddedFacts,DeletedFacts,

ValidOldRules,AddedRules,DeletedRules),

non_ground_member (term(clause, [pos(Atom) | NgBody]) ,DeletedRules).
potentially_deleted(pos(Atom),DB) :-

DB = db(AddedFacts,DeletedFacts,

ValidOldRules,AddedRules,DeletedRules),

non_ground_member (term(clause, [pos(Atom) | NgBody]),ValidOldRules),

member (BodyLiteral,NgBody),

potentially_deleted(BodyLiteral,DB).

[* mmmmmm e */
/* non_ground_member (NgExpr,GrList0fExpr) */
[* mmmmmm */

non_ground_member (NgX, [GrH|GrT]) :-
make_non_ground(GrH,NgX) .

non_ground_member (NgX, [GrH|GrT]) :-
non_ground_member (NgX,GrT) .

[F m e */
/% make_non_ground (GroundRepOfExpr,NonGroundRep0fExpr) */
[* m e */

/* ex. 7-make_non_ground(pos(term(f, [var(1l),var(2),var(1)])),X). =/

make_non_ground(G,NG) :-
mng(G,NG, [],Sub).

mng(var(N),X, [1, [sub(N,X)1).
mng(var(N),X, [sub(M,Y) |T], [sub(M,Y) [T1]) :-
((N=M)
=> (T1=T, X=Y)
; (mng(var(N),X,T,T1))
).
mng(term(F,Args),term(F, IArgs),InSub,OutSub) :-
1_mng(Args,IArgs,InSub,OutSub).
mng(neg(G) ,neg(NG) , InSub,OutSub) :-
mng(G,NG, InSub,QutSub) .
mng(pos(G) ,pos(NG) , InSub,OutSub) :-
mng(G,NG, InSub,QutSub) .

1_mng([],[],Sub,Sub).

1_mng([HIT], [IH|IT], InSub,OutSub) :-
mng(H, IH,InSub, IntSub),
1_mng(T,IT,IntSub,OutSub).

[* mm - */
/* SIMULATING THE DEDUCTIVE DATABASE FACT LOOKUP */
[* —mm e - */

db_fact_lookup(term(Pred,Args)) :-
fact(Pred,Args).

fact(female, [term(mary, []J)]).
fact(male, [term(peter,[]1)]).
fact(male, [term(paul, [1)]).
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B. THE IC-LSTMETA-INTERPRETER

This appendix contains the code of an implementation of the method by Lloyd,
Topor and Sonenberg [61] for specialised integrity checking in deductive databases.

/* */
/* Bottom-Up Propagation of updates according to Lloyd et al’s Method */
/* */

:— dynamic lts_rules/1.

construct_lts_rules :-
retract(lts_rules(R)),fail.

construct_lts_rules :-
findall(clause(Head,Body) ,rule(Head,Body),Rules),
assert(lts_rules(Rules)).

1ts_check(Nr,Update) :-
1ts_rules(Rules),
check_ic(Nr,Update,Rules).

check_ic(Nr,Update,Rules) :-
bup(Rules,Update,AllPos),!,
member (false(Nr),AllPos),
member (clause(false(Nr),Body) ,Rules),
member (Atom,Body) ,
member (Atom,AllPos),
normal_solve(Body,Update).

/* This is the main Predicate */
/* Rules is the intensional part of the database */
/* Update are the added facts to the extensional database */
/* Pos is the set of (most general) atoms potentially */
/* affected by the update */
bup(Rules,Update,Pos) :-
bup(Rules,Update,Update,Pos) .

bup(Rules,Update, InPos,0utPos) :-
bup_step(Rules,Update, [],NewPos, InPos,IntPos),
((NewPos=[]1)
-> (OutPos=IntPos)
;  (bup(Rules,NewPos,IntPos,0OutPos))
).

bup_step([],_Pos,NewPos,NewPos,Al1Pos,AllPos).
bup_step([Clausel|Rest],Pos,InNewPos,ResNewPos,InAl1Pos,ResAl1Pos) :-
Clausel = clause(Head,Body),
bup_treat_clause (Head,Body,Pos, InNewPos,InNewPos1,InAllPos,InAllPosl),
bup_step(Rest,Pos, InNewPosl,ResNewPos,InA11Pos1,ResAllPos).

bup_treat_clause(Head, [],Pos,NewPos,NewPos,Al1Pos,Al1Pos).
bup_treat_clause(Head, [BodyAtom|Rest],Pos,InNewPos,OutNewPos,
InAllPos,0OutAllPos) :-
bup_treat_body_atom(Head,BodyAtom,Pos,InNewPos, InNewPos1,
InAllPos,InAllPosl),
bup_treat_clause(Head,Rest,Pos,InNewPos1,OutNewPos,InAl1lPos1,0utAllPos).

bup_treat_body_atom(Head,BodyAtom, [],NewPos,NewPos,Al1Pos,AllPos).



bup_treat_body_atom(Head,BodyAtom, [Pos1|Rest], InNewPos,OutNewPos,
InAllPos,QutAllPos) :-
copy(Pos1,PosiC),
copy(g(Head,BodyAtom) ,g(CHead,CBodyAtom)),
(propagate_atom(CHead,CBodyAtom,Pos1C,NewHead)
-> (add_atom(NewHead,InAllPos,InAllPos1,Answer),
((Answer=dont_add)
-> (InNewPos2=InNewPos,InAllPos2=InAllPos1)
;  (add_atom(NewHead, InNewPos,InNewPos1,Answer2),
((Answer2=dont_add)
-> (InNewPos2=InNewPos1,InAllPos2=InAllPos1)
; (InNewPos2=[NewHead|InNewPos1],
InAl1Pos2=[NewHead|InAl11lPos1]

)
)
)
)
)
;  (InNewPos2=InNewPos,InAl1Pos2=InAl11Pos)
),
bup_treat_body_atom(Head,BodyAtom,Rest, InNewPos2,0utNewPos,

InAllPos2,0utAllPos).

propagate_atom(Head,BodyAtom,Pos,NewAtom) :-
BodyAtom = Pos, !
NewAtom = Head.
propagate_atom(Head,BodyAtom,neg(Pos) ,NewAtom) :- !
BodyAtom = Pos,
NewAtom = neg(Head).
propagate_atom(Head,neg(BodyAtom) ,Pos,NewAtom) :- !
BodyAtom = Pos,
NewAtom = neg(Head).

add_atom(NewAtom, [1,[],add).
add_atom(NewAtom, [Pos1|Rest],OutPos,Answer) :-
(covered(NewAtom,Pos1)
-> (OutPos = [Posl1|Rest],
Answer=dont_add
)
;  (covered(Posl,NewAtom)
-> (OutPos=0utRest,
add_atom(NewAtom,Rest,OutRest,Answer)
)
;  (DutPos=[Pos1|QutRest],

add_atom(NewAtom,Rest,JutRest,Answer)
)

C. A MORE SOPHISTICATED DATABASE

The following is the intensional part of a database adapted from [84] (where it is
used for the most complicated benchmark) and transformed into rule format (using
Lloyd-Topor transformations [62] done by hand) required by [49].

parent(B,C) <- father(B,C)
parent(B,C) <- mother(B,C)
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mother (B,C) <- father(D,C) & husband(D,B)
age(Id,Age) <- civil_status(Id,Age,D,E)
sex(Id,C) <- civil_status(Id,Age,C,E)

dependent (B,C) <- parent(C,B) & occupation(C,service)
& occupation(B,student)

occupation(Id,C) <- civil_status(Id,D,E,C)
eq(B,B) <-

aux_male_female(male) <~

aux_male_female(female) <-

aux_status(student) <-

aux_status(retired) <-

aux_status(business) <-

aux_status(service) <-

aux_limit(Id,Age) <- greater_than(Id,0) & less_than(Id,100000) &
greater_than(Age,0) & less_than(Age,125)

false(al) <- civil_status(Id,Age,D,E) & civil_status(Id,F,G,H) & ~“eq(Age,F)
false(a2) <- civil_status(Id,Age,D,E) & civil_status(Id,F,G,H) & “eq(D,®
false(a3) <- civil_status(Id,Age,D,E) & civil_status(Id,F,G,H) & “eq(E,H)
false(2) <- father(B,C) & father(D,C) & ~eq(B,D)
false(3) <- husband(B,C) & husband(D,C) & “eq(B,D)
false(4) <- husband(B,C) & husband(B,D) & ~eq(C,D)
false(5) <- civil_status(Id,Age,D,E) & aux_male_female(D) &

aux_status(E) & “aux_limit(Id,Age)
false(6) <- civil_status(Id,Age,D,student) & “less_than(Age,25)
false(7) <- civil_status(Id,Age,D,retired) & ~greater_than(Age,60)
false(8) <- father(B,C) & “sex(B,male)
false(9a) <- husband(B,C) & “sex(B,male)
false(9b) <- husband(B,C) & ~“sex(C,female)
false(10a) <- husband(B,C) & age(B,D) & “greater_than(D,19)
false(10b) <- husband(B,C) & age(C,D) & “greater_than(D,19)
false(11) <- civil_status(Id,Age,D,E) & less_than(Age,20) & ~eq(E,student)
false(12) <- dependent(X,Y) & “tax(Y,X)



