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Abstra
tThe standard method to retrieve information 
an be formally de-�ned as follows. To ask a query, one gives the properties of the entitiesto be retrieved, and the answer is the set of all the entities that satisfythe query. Another method, is to ask the overall information abouta given entity, and the answer is the 
orresponding information. Anexample of the �rst kind of query is: "who are the persons who havehad a 
ar a

ident?", an example of the se
ond kind is: "what is theoverall information about a given person?".This latter method has deserved very few resear
hes though it hasgreat potential pra
ti
al appli
ations. However, it raises many nontrivial issues whi
h are investigated here. The �rst one is to �nd a pre-
ise de�nition of the fa
t that a pie
e of information "is about" a givenentity. We propose a new formal de�nition of this notion of aboutnessfor query languages in First Order Logi
 with fun
tion symbols, andthe main properties that follow from this de�nition are presented. These
ond one is to de�ne a bridge between this abstra
t semanti
 de�ni-tion and automated dedu
tion methods based on Resolution Prin
iple.Dedu
tion strategies are de�ned in this dire
tion and it is proved thatthey are 
omplete. 1



1 Introdu
tionSin
e the beginning of the seventies many resear
h works have been devotedto de�ne theoreti
al foundations and to develop tools to retrieve data inthe form of so 
alled Relational Databases. In these databases the informa-tion is formally organized with a rather limited number of predi
ates whoseextensions may be very large. This approa
h requires to de�ne a priori thepredi
ates and to store the information in this prede�ned form. This is not a
onstraint for appli
ations in the �eld of management be
ause the predi
atesare rarely 
hanged. These predi
ates are known by users and they are usedto express queries in formal languages like SQL. The retrieved informationmust satisfy exa
tly these formulas.Now, the information whi
h 
an be a

essed via Internet is not formallystru
tured in that way. Rather, in most 
ases, it is represented in naturallanguages and queries are no more expressed in a formal language but bykeywords. These keywords denote either given entities or topi
s whi
h areformally represented, from a logi
al point of view, either by 
onstant symbolsor by predi
ate symbols.The work presented in this paper proposes theoreti
al foundations forthese new kinds of queries, in parti
ular to 
hara
terize the informationprovided by answers whi
h is about a given entity. This 
hara
terizationis based on previous works by philosophers and logi
ians [12, 16, 7, 1, 14℄.From a pra
ti
al point view it is not enough to have a 
lear de�nition ofthe meaning of the answers, we also need automated dedu
tion methods inorder to be able to generate the answers. Our 
ontribution in this dire
tionis based on previous works in the �eld of automated dedu
tion (see [18, 2,13, 11, 9, 10, 18℄). However, our obje
tive is only to show that the proposedtheoreti
al de�nitions 
an lead to automated dedu
tion methods that aremore sophisti
ated than blind resear
hes. We do not pretend that thesemethods 
ould be dire
tly implemented in e�
ient algorithms. It is a just apreliminary step and the design of implemented algorithms requires furtherworks.In the following se
tion 2 we have 
lassi�ed the di�erent approa
hes tostore and retrieve information using examples. In se
tion 3 are presentedthe theoreti
al foundations that allow to 
hara
terize the information whi
his about a given entity. The next se
tion is devoted to the presentationof automated dedu
tion methods to retrieve this information. Finally, inse
tion 5 are presented our 
on
lusions and some open questions that deservefurther resear
hes. 2



2 Sele
ting information about a given entity: a newperspe
tive for information retrievalThe standard approa
h to retrieve information from a knowledge base(KB) is to request all the entities that satisfy given properties. If this ap-proa
h is formalized in 
lassi
al logi
, KB is represented by a set of formulas(many of them represent atomi
 fa
ts), and the query is represented by aformula of the form F (x) 1.The answer whi
h is obtained by dedu
tion is the set of entities a de�nedby: { a : ⊢ KB → F (a)}.For instan
e, in a knowledge base about 
ar a

idents we may have theinformation that: if someone is driving and is drunk then he may have ana

ident, if someone is driving and the road is i
y then he may have ana

ident, Smith and Dupont are driving, and Smith may have an a

ident.This information is formally represented by:
KB = {∀x(drunk(x)∧driving(x) → accident(x)), ∀x(icy∧driving(x) →
accident(x)), driving(Smith), driving(Dupont), accident(Smith)}Then, the query is represented by:
F (x) = driving(x) ∧ accident(x),and the answer is: {Smith}.If we want to know whether Dupont may have an a

ident the query isrepresented by: F = accident(Dupont),and the answer whi
h is obtained from a standard knowledge base is: unknown;be
ause from KB we 
annot infer that this fa
t is true, and we 
annot inferthat it is false.Now, if we want to know in whi
h 
ir
umstan
es Dupont may have ana

ident we have to ask another kind of query that gives in the answerthese 
ir
umstan
es. In formal terms this answer is obtained reasoning byabdu
tion, that is by looking for the minimal assumptions that must beadded to KB to derive the fa
t that Dupont may have an a

ident.The general formalization of these answers are de�ned as follows. Thequery is represented by a formula of the form: F , and the answer is the setof formulas H whi
h is minimal, in some formal sense like subsumption, su
hthat:
{ H : ⊢ KB → (H → F )}.Any formula H in this set whi
h is added to KB allows to derive F .For instan
e, for the query: F = accident(Dupont),1In general the formula may have zero or several free variables.3



the answer is: {drunk(Dupont), icy}, be
ause, if either drunk(Dupont) or
icy is added to KB it is possible to derive F .A new approa
h to retrieve information is to fo
us on the entities ratherthan on their properties. That leads to give the priority to the notion ofaboutness.A

ording to this approa
h, a query is de�ned by the entity t we areinterested in, and the answer is de�ned by the set of formulas F that areabout this entity t and that 
an be derived by dedu
tion from KB. Thatis:
{ F : ⊢ KB → F and About(F, t)},where About(F, t) means that the formula F is about the entity representedby the term t.For instan
e, if the query is to know everything about Dupont that 
anbe inferred from KB, the answer is:

{drunk(Dupont) → accident(Dupont), icy → accident(Dupont),
driving(Dupont)}.In the 
ase of answers de�ned by abdu
tion, the answer is de�ned ina similar way as in the standard approa
h, ex
ept that we only want to getthe assumptions that are about a given entity t.Then, the answer is formally de�ned by:
{ H : ⊢ KB → (H → F ) and About(H, t)},where H is minimal in the same sense as above.For instan
e, if the query is: F = accident(Dupont),the answer about Dupont is: {drunk(Dupont)}. The formula icy has beenremoved from the answer be
ause it is not about Dupont.The di�erent kinds of queries and answers 
an be summarized in formalterms as follows.Standard approa
h.Dedu
tion.Query: F (x). Answer: { a : ⊢ KB → F (a)}.Abdu
tion.Query: F . Answer: { H : ⊢ KB → (H → F )}.New approa
h.Dedu
tion.Query : t. Answer: { F : ⊢ KB → F and About(F, t)}.Abdu
tion.Query: < t, F >. Answer: { H : ⊢ KB → (H → F ) and About(H, t)}.The new approa
h shows that we need a very 
lear and formal de�nitionof the fa
t that an information is about a given entity t. That is the purposeof the next se
tion. 4



3 Formal 
hara
terization of senten
es that informabout a given entityA formal de�nition of senten
es that are not about a given entity and ofsenten
es that are about a given entity has been de�ned in the semanti
s in[5℄. The same de�nition is adopted in this paper, ex
ept that the language isextended to fun
tion symbols and that it is not indexed by a given entity.2Senten
es are represented by formulas of a �rst order language L whi
his de�ned as follows.De�nition 1. Synta
ti
al de�nition of language L.
L is de�ned by the following rules.1. If t is a 
onstant symbol or a variable symbol, then t is a term. If fis an n-ary fun
tion symbol and t is a n-tuple of terms, then f(t) is aterm.2. If p is an n-ary predi
ate and t is a n-tuple of terms, then p(t) ∈ L.3. If F ∈ L and G ∈ L, then (¬F ) ∈ L and (F ∨ G) ∈ L.4. if F ∈ L, then (∃xF ) ∈ L.5. All the senten
es in L are de�ned by rules 1, 2 and 3.As usual we adopt the following notations: p ∧ q

def
= ¬((¬p) ∨ (¬q)),

p → q
def
= (¬p) ∨ q, p ↔ q

def
= (p → q) ∧ (q → p) and ∀x F

def
= ¬(∃x ¬F ).De�nition 2. Interpretation.Let's 
onsider a language L as de�ned in De�nition 1. An interpretation

M of L is a tuple M =< D, i > su
h that
• D is a non empty set of individuals,
• i is a fun
tion that assigns� to ea
h variable symbol and 
onstant symbol an element of D,� to ea
h fun
tion symbol symbol of arity n and to ea
h element of

Dn an element of D,2We have slightly 
hanged the presentation of the de�nition of the variants of aninterpretation. This modi�
ation makes the de�nition easier to understand but it doesnot 
hange its meaning. 5



� to ea
h predi
ate symbol of arity n a subset of Dn,In the following D will be 
alled the domain of the interpretation, and iwill be 
alled the interpretation fun
tion, or, for short, the interpretation.Notation: the domain of M will be denoted by DM and the interpretationfun
tion of M will be denoted by iM .The satis�ability 
onditions of formulas are de�ned as usual.De�nition 3. Satis�ability 
onditions.Let M be an interpretation of the language L. The fa
t that a formula
F of L is true in M is denoted by M |= F , and is indu
tively de�ned asfollows.

• If F is an atomi
 senten
e of the form p(t), where t is a tuple of terms,we have M |= F i� iM (t) ∈ iM (p).
• M |= ¬F and M |= F ∨ G are de�ned from M |= F and M |= G asusual.
• M |= ∃xF i� there exists an interpretation Mx/d that only di�ers from

M by the interpretation of variable symbol x, su
h that iMx/d
(x) is theelement d of DMx/d

and Mx/d |= F .A formula F is a valid formula i� for every interpretation M we have
M |= F . This is denoted by |= F .For te
hni
al reasons, it is easier to 
hara
terize �rst senten
es that arenot about a given entity. The 
hara
terization of senten
es that are about agiven entity easily follows by taking the negation of the previous one.The intuitive idea in the semanti
al 
hara
terization of senten
es thatare not about the entity denoted by a term t is that the truth value ofsu
h senten
es should remain un
hanged if we 
hange the truth value of theatomi
 fa
ts that are about t.From a te
hni
al point of view, these atomi
 fa
ts are represented in theinterpretation of the predi
ates by the tuples of Dn whi
h have a 
omponentwhi
h is the interpretation of a term whi
h 
ontains t and whi
h is not theinterpretation of another term that does not 
ontain t. The motivation ofthe se
ond 
ondition is that if an element d of D is the interpretation of aterm that does not 
ontain t the truth value of the fa
ts represented with
d must remain un
hanged even if d is also the interpretation of a term that
ontains t.Let's 
onsider, for example, the predi
ate french(x) whi
h means that
x's nationality is fren
h, and the fun
tion symbols father(x) and son(x, y)6



whi
h respe
tively denote x's father and x and y's son. If we want to 
he
kwether a senten
e is about Dupont we have to 
hange the truth value ofatomi
 fa
ts represented by tuples of Dn whi
h 
ontain a 
omponent whi
his the interpretation of Dupont, or the interpretation of other terms like
father(Dupont) or sister(Dupont) whi
h 
ontain Dupont. However, if someof these tuples have a 
omponent whi
h is, for instan
e, the interpretationof Smith, the 
orresponding atomi
 fa
ts must remain un
hanged.In a similar way, if we want to 
he
k wether a senten
e is about father(Du
pont), that is Dupont's father, we have to 
hange the truth value of atomi
fa
ts represented by tuples of Dn whi
h 
ontain a 
omponent whi
h is theinterpretation of father(Dupont), or the interpretation of other terms, like
father(father(Dupont)) or son(father(Dupont), Smith), whi
h 
ontain thesub-term father(Dupont).Noti
e that the truth value of the other atomi
 fa
ts remain un
hanged,in parti
ular those whi
h only 
ontains elements whi
h are the interpretationof Dupont. Indeed, in that 
ase we are interested in Dupont's father whi
his another person than Dupont himself.De�nition 4. Elements of a domain whi
h are only about a term.Let M be an interpretation of the language L. We adopt the followingnotations.

At(DM ): set of elements in DM whi
h are about the term t.
AAt(DM ): set of elements of DM whi
h are about another term than t.
OAt(DM ): set of elements of DM whi
h are only about the term t.These sets are de�ned as follows.
• if d ∈ DM and d = iM (t), then d ∈ At(DM ),
• if f is an nary fun
tion symbol and δ =< d1, . . . , dn >∈ (DM )n andthere is an element dj in δ su
h that dj ∈ At(DM ) and d′ = iM (f)(<

d1, . . . , dn >), then d′ ∈ At(DM ),
• if t′ is a ground term su
h that t is not a subterm of t′ and d = iM (t′),then d ∈ AAt(DM ),
• if f is an nary fun
tion symbol and δ =< d1, . . . , dn >∈ (DM )n andthere is no element in δ whi
h is in At(DM ) and there is an element

dj in δ su
h that dj ∈ AAt(DM ) and d′ = iM (f)(< d1, . . . , dn >), then
d′ ∈ AAt(DM ).An element d of DM is in OAt(DM ) i� d ∈ At(DM ) and d 6∈ AAt(DM ).In short terms we have OAt(DM ) = At(DM )/AAt(DM ).7



son(Dupont, d3)Dupont

d1

Smith

d2 d3Figure 1: Terms interpretation.This de�nition 
an be instantiated on the following example.Let us assume that DM = {d1, d2, d3} and t = Dupont.Let us assume that the interpretation of 
onstant symbols and fun
tionsymbols are su
h that:
d1 = iM (Dupont), d2 = iM (Smith), d2 = iM (son)(< d1, d3 >).Intuitively, d1 "is" Dupont, d2 "is" Smith and "is" also the son of Dupontand of someone else d3 whi
h has no name in the language (see �gure 1).Then, we have: At(DM ) = {d1, d2}, AAt(DM ) = {d2} and OAt(DM ) =
{d1}. Noti
e that d3 is neither about t nor about another term than t. Thatis why d3 is nether in At(DM ) nor in AAt(DM ).We also have DM/OAt(DM ) = {d2, d3}.From an intuitive point of view the set of elementary fa
ts whose truthvalues should remain un
hanged are those whi
h are represented only bytuples of elements in DM/OAt(DM ), that is elements that are not onlyabout t (in parti
ular d5).De�nition 5. Variants of an interpretation with regard to an entity.Let L be a language as de�ned in De�nition 1. We 
all variants of Mwith regard to the ground term t the set M t of interpretations M ′ de�nedfrom M in the following way.

• DM ′ = DM

• iM ′ = iM for every variable symbol, 
onstant symbol and fun
tion sym-bol,
• iM ′ is de�ned from iM for ea
h predi
ate symbol as follows. Let p be apredi
ate symbol of arity n. If a tuple < d1, . . . , dn > of (DM )n is su
hthat no element in this tuple is in OAt(DM ), then

< d1, . . . , dn >∈ iM ′(p) i� < d1, . . . , dn >∈ iM (p).8



In the 
ase where there is no fun
tion symbol in L and t is the 
on-stant symbol c the only element in Ac(DM ) is the interpretation of c, and
AAc(DM ) is the set of elements whi
h are the interpretation of some 
onstantsymbol di�erent of c. In that 
ase the de�nition of variants is equivalent tothe de�nition given in [5℄.Noti
e that M belongs to M t, and that, if M ′ belongs to M t, M belongsto M ′t too.De�nition 6. Senten
es that are not about an entity.Let t be a ground term. Let F be a senten
e of language L. We say that
F is not about an entity named by the term t i� for every interpretation M ,if M |= F , then for every interpretation M ′ in M t we have M ′ |= F . 3The fa
t that F is not about entity t is denoted by NAbout(F, t). Inshort we have:

NAbout(F, t) holds i� ∀M( if M |= F then (∀M ′ ∈ M t M ′ |= F ))We say that a formula F is about the entity t, if it is not the 
ase thatit is about the entity t. This fa
t is denoted by About(F, t). In short termswe have:
About(F, t) holds i� ∃M(M |= F and (∃M ′ ∈ M tM ′ 6|= F )))We 
an 
he
k that we have About(F, t) i� we do not have NAbout(F, t).It 
an be easily 
he
ked that the following properties hold:

About(french(Dupont),Dupont),
About(french(father(Smith)), Smith),
About(french(sister(father(Dupont))), father(Dupont)),
NAbout(french(Dupont), father(Dupont)) and
NAbout(french(Dupont) ∨ ¬french(Dupont),Dupont).Not surprisingly we have: About(∀x(french(x) → drunk(x)),Dupont).The intuitive justi�
ation is that from ∀x(french(x) → drunk(x)) we 
aninfer french(Dupont) → drunk(Dupont), and we a

ept that this senten
eis about Dupont be
ause, if we know that french(Dupont), we 
an infer
drunk(Dupont), and it is 
lear that drunk(Dupont) is an information about
Dupont.However, the fa
t that we have About(∀x(french(x) → drunk(x)), Smith)is not intuitive if we know that it is not the 
ase that Smith is fren
h. Itseems to be more di�
ult to a

ept that, for instan
e, the senten
e "ev-ery men is mortal" is about Toulouse if we know that Toulouse is a 
ity.3In the parti
ular 
ase where t is a 
onstant symbol c this de�nition is logi
ally equiv-alent to the de�nition given in [5℄ be
ause M is in M

c. Indeed, if for every interpretation
M

′ in M
c we have M

′ |= F , we have M |= F .9



Nevertheless, a

ording to our de�nitions we have About(∀x(man(x) →
mortal(x)), T oulouse) be
ause in the de�nition of About there is no infor-mation about what denotes Toulouse. If we have in mind the fa
t that thereare people whose surname is Toulouse this result is a

eptable, it just pointout that we have to make expli
it what we know about a Toulouse.Indeed, if we assume that we know that Toulouse is not a man, that is
¬man(Toulouse), if we know that every men is mortal, that is ∀x(man(x) →
mortal(x)), we 
an infer man(Toulouse) → mortal(Toulouse), but we donot know anything new about Toulouse from this senten
e be
ause man(Tou
louse) → mortal(Toulouse) is a logi
al 
onsequen
e of ¬man(Toulouse).4That is why we have extended the aboutness de�nition in order to ex-pli
itly represent what is known about an entity in the form of a theory
K. The notation About(F, t,K) will be used to express the fa
t that theinformation represented by the formula F is about the entity denoted by tin a 
ontext where we know a theory represented by K. NAbout(F, t,K) isused to represent the fa
t that it is not the 
ase that About(F, t,K).We shall use the following notations:

MK : set of models of the theory K.
M t

K : set of models of the theory K whi
h are in M t.De�nition 7. Senten
es that are not about an entity in the 
ontextof a theory.Let t be a ground term. Let F be a senten
e of language L. We say that
F is not about an entity named by the term t in the 
ontext of the theory Ki� for every model M of K, if M |= F , then for every interpretation M ′ in
M t

K we have M ′ |= F .In formal terms we have:
NAbout(F, t,K) holds i� ∀M ∈ MK(M |= F ⇒ (∀M ′ ∈ M t

K M ′ |= F ))From the de�nition of the relationship between About(F, t,K) and NAbout(F, t,K)we have:
About(F, t,K) holds i� ∃M ∈ MK(M |= F and (∃M ′ ∈ M t

K M ′ 6|= F ))If we apply these de�nitions to the previous examples we get the followingresults.Let K1 be the theory represented by the formulas: {¬man(Toulouse),¬french(Smith)},we have:
NAbout(∀x(man(x) → mortal(x)), T oulouse,K1)

NAbout(∀x(french(x) → drunk(x)), Smith,K1)4As a matter of simpli�
ation belief and knowledge are not distinguished here.10



About(∀x(french(x) → drunk(x)),Dupont,K1)It is worth noting that even if we have About(french(Dupont),Dupont)we have NAbout(french(Dupont),Dupont, french(Dupont)), be
ause inthe 
ontext of the theory french(Dupont) the fa
t french(Dupont) is al-ready known.The most important properties about the notion of aboutness that havebeen proved in [5℄ holds in the extension of the language to symbol fun
tions.Theorem 1. Let F and G be formulas of the language L. Let t be a groundterm. We have the following properties.1. If |= F ↔ G, then we have NAbout(F, t) i� NAbout(G, t).2. We have NAbout(F, t) i� NAbout(¬F, t).3. If NAbout(F, t) and NAbout(G, t), then NAbout(F ∨ G, t).4. If NAbout(F, t) and NAbout(G, t), then NAbout(F ∧ G, t).5. If |= F ↔ G, then we have About(F, t) i� About(G, t).6. If About(F ∨ G, t), then About(F, t) or About(G, t).7. If About(F ∧ G, t), then About(F, t) or About(G, t).8. If |= F → G, then it is not the 
ase that if we have NAbout(F, t), thenwe have NAbout(G, t).9. If |= F → G, then it is not the 
ase that if we have NAbout(G, t),then we have NAbout(F, t).10. If |= F → G, then it is not the 
ase that if we have About(F, t), thenwe have About(G, t).11. If |= F → G, then it is not the 
ase that if we have About(G, t), thenwe have About(F, t).Proof. The proofs of these properties are the same as the proofs given in [5℄.Properties 1 and 5 are rather trivial.Properties 3, 4 ,6 and 7 show how the notions About and NAbout "prop-agate" from simple formulas to 
omplex formulas.Property 2 is the most signi�
ant one. Of 
ourse, we have the sameproperty for About. They show that the 
on
ept of aboutness is independentof the truth value of the formula F . 11



The "negative" properties 8, 9, 10 and 11 are not trivial. They 
an beintuitively understood with the following examples. For Properties 8 and11 take: F = q(a) and G = q(a) ∨ p(t), for 9 and 10 take: F = p(t) and
G = p(t) ∨ ¬p(t).4 Automated dedu
tion methods to retrieve infor-mation about a given entityIn order to design, in a further step, performant automated dedu
tion toolsto retrieve information we de�ne automated dedu
tion methods based onResolution [17℄. These methods require to formally represent senten
es in
lausal form. Clausal form restri
t slightly the expressive power of the lan-guage but for a large number of real appli
ations that is not a pra
ti
allimitation. Then, in the following it will be assumed that the overall infor-mation is represented in 
lausal form.In the next subse
tions we present �rst a 
lassi
al abdu
tion method, inthe se
ond subse
tion a dedu
tion method to retrieve information about agiven entity is de�ned, and in the third subse
tion we extend the 
lassi
alabdu
tion method to retrieve information about a given entity.4.1 Classi
al abdu
tionMany strategies have been de�ned to 
ompute answers in the standard ap-proa
h when the answers are obtained by dedu
tion.When the answers are obtained by abdu
tion the number of strategies israther limited. There is, for instan
e, the SOL-resolution de�ned by Inouein [8, 9, 10℄, or the method de�ned by Cialdea and Pirri in [15℄ and thel-inferen
e de�ned by Demolombe and Fariñas del Cerro in [4℄.For doing abdu
tion with the l-inferen
e the basi
 idea is to "de�ne"a literal L that 
hara
terizes the formula F for whi
h we are looking foradditional assumptions in the 
ontext of a given theory. If X is the tupleof the free variables in F , L is a literal of the form L = l(X) su
h thatthe predi
ate symbol l does not o

ur in the set of 
lauses that representsthe theory and su
h that we have ⊢ ∀X(l(X) ↔ F (X)). Then, the 
lausesobtained from the formula ∀X(l(X) ↔ F (X)) are added to the theory andthe abdu
tion problem is to �nd the 
onsequen
es of the theory of the form
L′∨C where L′ is an instan
e of L and whi
h are minimal for the subsumsion.The negation of the 
lauses like C give the assumptions we are looking for.For instan
e, if we refer to the example at the beginning of se
tion 1, if12



one is interested in the assumptions that we have to add to the theory KBto know people who have an a

ident and who are not drunk, the following"de�nition" is added to KB: ∀x(l(x) ↔ accident(x) ∧ ¬drunk(x)).Then, to apply the l-inferen
e de�ned in De�nition 10 this formula istransformed into its 
lausal form and we 
an derive, for instan
e, the 
lauses:(1) ¬icy ∨ ¬driving(x) ∨ drunk(x) ∨ l(x) and (2) ¬icy ∨ drunk(Smith) ∨
l(Smith). These 
lauses respe
tively are of the form C1 ∨ l(x) and C2 ∨
l(Smith), and we have ¬C1 = icy ∧ driving(x) ∧ ¬drunk(x) and ¬C2 =
icy ∧ ¬drunk(Smith).The intuitive meaning of ¬C2, for instan
e, is that it is su�
ient to addthe assumption that it is i
y and Smith is not drunk to infer from KB thatSmith has an a

ident.We brie�y resume below what is the l-inferen
e.De�nition 8. Clause.A 
lause is a �rst order formula of the form: L1 ∨ L2 ∨ . . . ∨ Ln, whereea
h Li is a literal. A literal is an atomi
 formula or the negation of anatomi
 formula of the language L.The free variables of a 
lause are impli
itly universally quanti�ed.De�nition 9. l-Clause.A 
lause C is a l-
lause i� there is an atomi
 formula in C with l aspredi
ate symbol.De�nition 10. l-Inferen
e.A resolvent C from C1 and C2 by Resolution Prin
iple is obtained by al-inferen
e i� C is a l-
lause.If C is a l-
lause one of the parent 
lauses C1 or C2 is a l-
lause.De�nition 11. l-Dedu
tion. Let S be a set of 
lauses. A l-dedu
tion of Cnfrom S is a �nite sequen
e C0 . . . Cn of 
lauses su
h that : ea
h Ci is eithera 
lause in S or there are Ci1 and Ci2 in the l-dedu
tion su
h that i1 < i,
i2 < i and Ci is the l-resolvent of Ci1 and Ci2 .De�nition 12. R-Dedu
tion. A R-dedu
tion of Cn from S is a �nitesequen
e C0 . . . Cn of 
lauses su
h that : ea
h Ci is either in S or there are
Ci1 and Ci2 in the R-dedu
tion su
h that i1 < i, i2 < i and Ci is the resolventby Resolution Prin
iple of Ci1 and Ci2 .Theorem 2. Let S be a set of 
lauses, if C is a 
lause derivable from S,there is a 
lause C', subsuming C, su
h that C' is derivable from S by aR-dedu
tion. 13



The Theorem 2 has been proved by Lee in [13℄.let S1 be, for example, the following set of 
lauses:
S1 = {(1)¬p(x, y)∨q(y)∨l(x), (2)¬p1(x, z)∨¬p2(z, y)∨p(x, y), (3)¬p3(x, y)∨
p1(x, y), (4)¬p1(x, y)∨r(x)∨s(y), (5)p1(b, c), (6)p2(c, a), (7)p1(b, a), (8)p2(a, d), (9)p3(d, c)}From S1 we 
an draw the following l-dedu
tion:(L1) ¬p1(x, z) ∨ ¬p2(z, y) ∨ q(y) ∨ l(x) [from (1) and (2)℄(L2) ¬p3(x, z) ∨ ¬p2(z, y) ∨ q(y) ∨ l(x) [from (L1) and (3)℄(L3) ¬p3(x, c) ∨ q(a) ∨ l(c) [from (L2) and (6)℄We 
an also draw from S1 the following R-dedu
tion:(R1) ¬p3(x, z) ∨ ¬p2(z, y) ∨ p(x, y) [from (2) and (3)℄(R2) ¬p3(x, c) ∨ p(x, a) [from (R1) and (6)℄(R3) ¬p3(x, c) ∨ q(a) ∨ l(c) [from (R2) and (1)℄This R-dedu
tion derives the same 
onsequen
e (R3) as the previous l-dedu
tion, and, sin
e this R-dedu
tion is not an l-dedu
tion, a strategy whi
hdraws only l-dedu
tions does not explore this R-dedu
tion. This strategy alsodis
ard all the R-dedu
tions whi
h use 
lauses (2) to (9). In the pra
ti
alappli
ations where the number of ground atoms is very large, the number ofR-dedu
tions whi
h are dis
arded is extremely large.Theorem 3. Let S be a set of 
lauses and l a given predi
ate. If there is aR-dedu
tion of the l-
lause C, then there is a l-dedu
tion of C.The proof of Theorem 3 
an be found in [4℄5.The pra
ti
al interest of this result is that we 
an 
ut the dedu
tionsthat 
ontain 
lauses whi
h are not l-
lauses. That signi�
antly redu
es thesear
h spa
e.4.2 Dedu
tion restri
ted to an entityWe present now an automated dedu
tion method to derive answers whi
hare about a given entity denoted by a term t.In a �rst step the notion of formula about an entity t is applied to the
ontext of formulas represented in a 
lausal form. That leads to the synta
-ti
al de�nition of t-
lauses and we prove that this de�nition 
hara
terizes allthe 
lauses that are about t.In a se
ond step a linear strategy is proposed to derive the t-
lauses. Aninteresting property of this strategy is that only t-
lauses are generated andit is 
omplete up to subsumsion.5The Theorem given in [4℄ is more general in the sense that the l-inferen
e is de�nedas an hyperesolution. That gives a dedu
tion methods whi
h is more e�
ient.14



4.2.1 Synta
ti
al 
hara
terization of 
lauses about tDe�nition 13. t-Clause.Let t be a ground term. A t-
lause is a 
lause whi
h is not a tautologysu
h that there is a literal in the 
lause and a term t′ in this literal su
h thatthere is a sub term of t′ whi
h is either t or a variable.For instan
e, if t is the 
onstant a, p(x) ∨ p(b) and p(x) ∨ p(a)∨ q(b) aret-
lauses, while p(a) ∨ ¬p(a) is not a t-
lause be
ause it is a tautology.De�nition 14. Minimal 
lause. A 
lause C is minimal i� there is no sub
lauses C ′ and C ′′ su
h that C = C ′ ∨ C ′′ and there exists a substitution σsu
h that the set of literals in C ′.σ is in
luded into the set of literals in C ′′.For instan
e, the 
lause p(x)∨q(b) is minimal, while the 
lauses p(x)∨p(b)and p(x) ∨ p(a) ∨ q(b) are not minimal.For the 
hara
terization of the 
lauses whi
h are about t we have to de�net-
lauses whi
h are minimal in a parti
ular sense. They must be minimal inthe sense that the set of literals C ′

1 whi
h are about t does not imply the setof other literals C ′′

1 , but there may be another set of literals C ′

2 in the same
lause whi
h implies its 
omplement C ′′

2 .For instan
e, the 
lause p(x)∨ p(a)∨ q(b) is minimal in this weaker sensebe
ause the set of literals about t: p(x)∨p(a), does not implies q(b), and the
lause p(x) ∨ p(b) is not minimal in this weaker sense be
ause p(x) implies
p(b).The intuitive motivation for this weaker de�nition of minimality is that,even if p(x) ∨ p(a) ∨ q(b) is not minimal in the sense of De�nition 14 it isabout t. Indeed, we 
an �nd a model M where p(x)∨p(a) is true and q(b) isfalse and it is possible to �nd a variant M ′ in Ma where p(x)∨ p(a) is false.Then, in this variant the global 
lause is false be
ause the truth value of q(b)does not 
hange in the variants in Ma. That means that p(x) ∨ p(a) ∨ q(b)is about a.At the opposite, if the 
lause p(x) ∨ p(b), whi
h is not minimal in theweaker sense, is true in some model M , ne
essarily ∀xp(x) and p(b) are truein M (if p(b) is false, ∀xp(x) 
annot be true, and if ∀xp(x) is true, p(b) isalso true). Sin
e the truth value of p(b) does not 
hange in the variants of
M in Ma, the 
lause p(x)∨ p(b) remains true in these variants. That meansthat p(x) ∨ p(b) is not about a.In the following, as a matter of simpli�
ation, we 
all minimal t-
lausesthe t-
lauses whi
h are minimal in this weaker sense.De�nition 15. Minimal t-Clause.15



Let t be a ground term. Let C be a t-
lause of the form C = C ′ ∨ C ′′su
h that C ′ 
ontains all the literals whose a term has a sub term whi
h iseither t or a variable. C is a minimal t-
lause i� we have 6⊢ C ′ → C ′′. Inthe following we adopt the notations:
C ′ = L′

1 ∨ . . . ∨ L′

n, where n > 0,
C ′′ = L′′

1 ∨ . . . ∨ L′′

m,
C = C ′ ∨ C ′′.De�nition 16. Separated interpretation.Let t be a ground term. Let M be an interpretation as de�ned in De�ni-tion 2. M is a separated interpretation i� At(DM ) ∩ AAt(DM ) = ∅.Lemma 1. If M is an interpretation whi
h satis�es a set of literals, thenthere exists a separated interpretation Ms whi
h satis�es this set of literals.Proof. The separated interpretation Ms is de�ned from M in su
h a waythat the only di�eren
es are de�ned as follows.Let τ be a tuple of arguments of some literal L in this set. Let t′ be a
omponent of τ .If iM (t′) ∈ At(DM ) ∩ AAt(DM ), then a new element d is added to DMsand iMs is de�ned su
h that iMs(t

′) = d, else iMs(t
′) = iM (t′).Then, iMs is de�ned su
h that: iMs(τ) ∈ iMs(L) i� iM (τ) ∈ iM (L).The truth values of the literals is the same in Ms than in M and we have

At(DMs) ∩ AAt(DMs) = ∅.Theorem 4. Let C be a 
lause whi
h is not a tautology. We have About(C, t)i� C is a minimal t-
lause.Proof. We �rst prove that if C is a minimal t-
lause, then we have About(C, t).Sin
e C is minimal there exists an interpretation M su
h that we have
M |= C ′ and M |= ¬C ′′. Else we would have ⊢ C ′ → C ′′, whi
h 
ontradi
tsthe fa
t that C is minimal. From Lemma 1 it 
an be assumed that M is aseparated interpretation.The interpretation M ′ is de�ned from M in su
h a way that the onlydi�eren
es are de�ned as follows.Let σt be an interpretation of the variables in C ′ whi
h assigns the element
d = iM (t) to all the variables.If iM (L′

i.σt) is true, then iM ′(Li.σt) is false.Then, we have M ′ |= ¬(C ′.σt) and M ′ |= ¬C ′′, sin
e the truth value ofea
h L′′

j is the same in M ′ than in M . Therefore we have M ′ |= ¬C.For the literals of the type L′

i either there exists an argument t′ whi
h hasa sub term whi
h is a variable and iM (t′.σt) is in OAt(DM ), or t is a sub termof t′ and iM (t′) is in OAt(DM ) (be
ause M is a separated interpretation).16



Sin
e the only tuples that have 
hanged the truth value of some atomi
fa
t are those whi
h have at least one 
omponent in OAt(DM ), M ′ is in M t.Now, we prove that if we have About(C, t), then C is a minimal t-
lause.The proof is by refutation. It is assumed that we have About(C, t) and Cis not a minimal t-
lause.If C is a t-
lause whi
h is not minimal, for every interpretation M ifwe have M |= C, we also have M |= C ′′ be
ause if C is not minimal wehave ⊢ C ↔ C ′′. Sin
e there is no o

urren
e of t nor variable in C ′′,from the de�nition of M t for every M ′ in M t we have M ′ |= C ′′, and thenwe have M ′ |= C. Therefore we have NAbout(C, t), whi
h 
ontradi
ts theassumption.If C is not a t-
lause we have C = C ′′ and it 
an be proved like abovethat we have NAbout(C, t), whi
h also 
ontradi
ts the assumption.The Theorem 4 shows that a 
omplete 
hara
terization of 
lauses su
hthat About(C, t) is given by the minimal t-
lauses. If minimal t-
lauseswould be de�ned as 
lauses whi
h are t-
lauses and whi
h are minimal (inthe sense of De�nition 14 ) we would have an in
omplete 
hara
terization.For example, the 
lause p(x) ∨ p(a) ∨ q(b) is a t-
lause for t = a, while it isnot minimal in the sense of De�nition 14.4.2.2 Derivation of 
lauses about tDe�nition 17. Minimal R-Dedu
tion. A minimal R-dedu
tion of Cfrom S is an R-dedu
tion su
h that all the 
lauses in the dedu
tion are min-imal 
lauses.Lemma 2. If Res(S) is the set of 
lauses obtained by an R-dedu
tion from
S, there exists a set of 
lauses S′ logi
ally equivalent to S su
h that for every
lause C in Res(S) there exists a minimal dedu
tion of C ′ from S′ = S∪Sτ ,where Sτ is the set of 
lauses of the form: ¬L ∨ L su
h that the literal Lo

urs in some 
lause in S, su
h that C ′ subsumes C.Proof. The proof is by indu
tion on the length n of the proofs of 
lauses Cin Res(S).Indu
tion hypothesis. If C is in Res(S) and the length of the proof of Cis less or equal to n, there exists S′ = S ∪ Sτ logi
ally equivalent to S su
hthat there exists a minimal R-dedu
tion of C ′ from S′ and C ′ subsumes C.Let C be a 
lause in Res(C) su
h that the length of the proof δ of C is
n + 1.If δ is a minimal R-dedu
tion, then C ′ = C and S′ = S.17



If δ is not a minimal R-dedu
tion, let C1 and C2 be the two 
lauses in δsu
h that C is the resolvent of C1 and C2.Sin
e the length δ1 (resp. δ2) of the proof of C1 (resp. of C2) is lessor equal to n, by indu
tion hypothesis there exists S1 (resp. S2) logi
allyequivalent to S su
h that there exists a minimal R-dedu
tion δ′1 (resp. δ′2) of
D1 from S1 (resp. of D2 from S2) and D1 subsumes C1 (resp. D2 subsumes
C2).Let D be the resolvent by Resolution of D1 and D2.If D is a minimal 
lause, we have with δ1 and δ2 a minimal R-dedu
tionof D from S1 ∪ S2 whi
h is equivalent to S and D subsumes C.If D is not minimal, D is of the form D = C ′ ∨ C ′′ and there exists asubstitution σ su
h that the set C ′.σ is in
luded in C ′′. The 
lause C ′ is ofthe form C ′ = L1 ∨ . . . ∨ Ln. Then, for ea
h Li there is a literal L′

i in C ′′su
h that L′

i = Li.σ. Moreover, Li is an instan
e of some literal that o

ursin some 
lause in S. Then, there is a 
lause in Sτ whi
h has an instan
eof the form τi = ¬Li.σ ∨ L′

i for i in [1, n].6 Sin
e all the 
lauses in Sτ aretautologies the set S1 ∪ S2 ∪ Sτ is logi
ally equivalent to S.For ea
h Li there is literal L′′

i either in D1 or D2 su
h that Li is aninstan
e of L′′

i . This literal 
an be "repla
ed" by L′

i in D1 or D2, or their
onsequen
es generated by the same method, by a resolution with the 
lause
τi = ¬Li.σ∨L′

i. Sin
e, D1 and D2 are minimal, these 
onsequen
es are alsominimal.At the end of these resolutions we get the 
lauses E1 from D1, and E2from D2, that 
ontain no more o

urren
es of literals of the type of L′′

i . Then,
E1 and E2 
an be resolved on the same literals as the literals used for theresolution of D1 and D2, and the resolvent is C ′′, whi
h is minimal, subsumes
C. The following example 
an help to have a more 
on
rete view of theproof.Let us 
onsider the following 
lauses : D1 = l(a) ∨ p(x, y) ∨ q(u) ∨ r(c)and D2 = ¬l(z) ∨ p(x, z) ∨ r(v) ∨ q(b) ∨ s(d).We have: C = p(x, y) ∨ q(u) ∨ r(v) ∨ p(x, a) ∨ q(b) ∨ r(c) ∨ s(d).If σ = {y/a, u/b, v/c}, C ′ = p(x, y)∨q(u)∨r(v) and C ′′ = p(x, a)∨q(b)∨
r(c) ∨ s(d), we have C ′.σ = p(x, a) ∨ q(b) ∨ r(c) whi
h is in
luded in C ′′.Then, we have: τ1 = ¬p(x, a) ∨ p(x, a), τ2 = ¬q(b) ∨ q(b) and τ3 =
¬r(c) ∨ r(c).We de�ne the following dedu
tions.
R(D1, τ1) = E1 = l(a) ∨ p(x, a) ∨ q(u) ∨ r(c)6If Li is a negative literal the double negation is removed.18



R(E1, τ2) = F1 = l(a) ∨ p(x, a) ∨ q(b) ∨ r(c)
R(D2, τ3) = E2 = ¬l(z) ∨ p(x, z) ∨ r(c) ∨ q(b) ∨ s(d)
R(F1, E2) = p(x, a) ∨ q(b) ∨ r(c) ∨ s(d)Finally, we have: R(F1, E2) = C ′′.From an intuitive point of view, the role of the tautologies like τ1 is toderive instan
es of a given 
lause like D1. Indeed, with the R-inferen
e we
annot dire
tly derive E1 from D1. Let's assume, for example, that a set of
lause 
ontains only the 
lause: q(x)∨ q(b). With the R-inferen
e we 
annotinfer q(b). However, if we add the tautology ¬q(b) ∨ q(b), we 
an.The te
hni
al interest of Lemma 2 in the following proofs is that toprove that R-dedu
tions 
an be transformed into minimal t-dedu
tions weonly have to 
onsider R-dedu
tions that are minimal.De�nition 18. t-Inferen
e. An inferen
e of C from C1 and C2 by Resolu-tion Prin
iple is a t-inferen
e i� the resolvent C of C1 and C2 is a t-
lause.De�nition 19. Minimal t-Inferen
e. Let t be a ground term. An infer-en
e of C from C1 and C2 by Resolution Prin
iple is a minimal t-inferen
ei� the resolvent C of C1 and C2 is a minimal t-
lause.De�nition 20. t-Dedu
tion. A t-dedu
tion of Cn from S is a �nite se-quen
e of 
lauses C0 . . . Cn su
h that ea
h Ci is either a 
lause in S or thereare Ci1 and Ci2 in the t-dedu
tion, with i1 < i and i2 < i, su
h that Ci isobtained by a t-inferen
e from Ci1 and Ci2 .

C0 is 
alled the top 
lause.De�nition 21. Minimal t-Dedu
tion. A minimal t-dedu
tion of Cn from
S is a �nite sequen
e of 
lauses C0 . . . Cn su
h that ea
h Ci is either a 
lausein S or there are Ci1 and Ci2 in the minimal t-dedu
tion, with i1 < i and
i2 < i, su
h that Ci is obtained by a minimal t-inferen
e from Ci1 and Ci2 .

C0 is 
alled the top 
lause.To prove Lemma 4 we shall use Lemma 3 and to prove Lemma 5 we shalluse Lemma 4. Finally, to prove Theorem 5 we shall use both Lemma 2 andLemma 5.Lemma 3. If C is obtained by a t-inferen
e from C1 and C2, and C2 is a
t-
lause, and C1 is the resolvent by Resolution Prin
iple of the two 
lauses
E1 and E2, then there exists a t-inferen
e of E2 and C2 whose resolvent is
F , and there exists a t-inferen
e of E1 and F whose resolvent is C.If C1, C2, E1, E2 and C are minimal 
lauses, then F is a minimal 
lause.19



Proof. Let L2 be the literal in C2 whi
h is resolved with a literal in C1.Without loss of generality we 
an assume that this literal in C1 is an instan
eof a literal in E2 whi
h is 
alled L′

1.Let M2 be the literal in E2 whi
h is resolved with some literal M1 in E1.Then, E1 and E2 have the following form:
E1 = M1 ∨ e1

E2 = M2 ∨ L′

1 ∨ e2Let σ1 be the mgu of M1 and M2, and σ2 be the mgu of L′

1σ1 and L2.then the 
lauses C1, C2 and C have the form:
C1 = L′

1σ1 ∨ e1σ1 ∨ e2σ1

C2 = L2 ∨ c2

C = e1σ1σ2 ∨ e2σ1σ2 ∨ c2σ2Sin
e L′

1σ1 and L2 
an be uni�ed there exists a mgu σ′

1 of L′

1 and L2. Let
F be the resolvent by Resolution Prin
iple of E2 and C2. F has the form:

F = M2σ
′

1 ∨ e2σ
′

1 ∨ c2σ
′

1The literals M1 and M2σ
′

1 
an be uni�ed by the mgu σ′

2. Let C ′ be theresolvent by Resolution Prin
iple of E1 and F . Then, C ′ has the form:
C ′ = e1σ

′

2 ∨ e2σ
′

1σ
′

2 ∨ c2σ
′

1σ
′

2It 
an be proved that F and C ′ are t-
lauses. Then, they are obtained bya t-inferen
e.It 
an also be proved that the 
lause C ′ is the same 
lause as C.We 
an easily 
he
k that if C1, C2, E1, E2 and C are minimal 
lauses,then F is a minimal 
lause.Lemma 4. If there is a minimal R-dedu
tion of C from S and the minimal
lause C2 su
h that C is a minimal t-
lause and C is the resolvent of the
lauses C1 and C2, then there exists a minimal t-dedu
tion of C from S and
C2, su
h that C2 is the top 
lause.Proof. The proof is by indu
tion on the length n of the R-dedu
tion of C1.Indu
tion hypothesis. If there is a minimal R-dedu
tion of C from S andthe minimal 
lause C2 su
h that: C is a minimal t-
lause, C is the resolventof the 
lauses C1 and C2 and the length of the R-dedu
tion of C1 is ≤ n,then there exists a minimal t-dedu
tion of C from S and C2 su
h that C2 isthe top 
lause.For n = 0 the indu
tion hypothesis is true (trivial).Assumption: there is a minimal R-dedu
tion of C from S and the mini-mal 
lause C2 su
h that: C is a minimal t-
lause, C is the resolvent of the
lauses C1 and C2 and the length of the minimal R-dedu
tion of C1 is n+1.Let E1 and E2 be the two 
lauses whose inferen
e by Resolution prin
ipleis C1. The length of their minimal R-dedu
tions is ≤ n.20



From Lemma 3 the dedu
tion of C1 from E1 and E2, and of C from C2
an be transformed into a dedu
tion of F from E2 and C2 and of C from E1and F , where C and F are obtained by minimal t-inferen
e.From the indu
tion hypothesis, there exists a minimal t-dedu
tion δ1 of
F from S and C2. From the indu
tion hypothesis we 
an also infer that thereexists a minimal t-inferen
e δ2 of C from S and F .Therefore the sequen
e δ1δ2 is a minimal t-dedu
tion of C from S and
C2.Lemma 5. If there is a minimal R-dedu
tion of C from S su
h that C is aminimal t-
lause, then there exists a minimal t-dedu
tion of C from S.Proof. The proof is by indu
tion on the length n of the minimal R-dedu
tionof C.Indu
tion hypothesis. If there is a minimal R-dedu
tion of length ≤ nof C from S su
h that C is a minimal t-
lause, then there exists a minimal
t-dedu
tion of C from S.Assumption. There is a minimal R-dedu
tion of length n + 1 of C from
S su
h that C is a minimal t-
lause.Let C1 and C2 be the 
lauses whose inferen
e by Resolution prin
iple is
C. Therefore either C1 or C2 is a minimal t-
lause. Let C2 be that minimal
t-
lause. Sin
e the length of the minimal R-dedu
tion of C2 is ≤ n, byindu
tion hypothesis there exists a minimal t-dedu
tion δ1 of C2 from S.From Lemma 4 there exists a minimal t-dedu
tion of C δ2 from S and
C2.Therefore the sequen
e δ1δ2 is a minimal t-dedu
tion of C from S.Theorem 5. If there is an R-dedu
tion of C from S su
h that C is a minimal
t-
lause, then there exists a minimal t-dedu
tion of C ′, su
h that C ′ subsumes
C, from S ∪Sτ , where Sτ is the set of 
lauses of the form: ¬L∨L su
h thatthe literal L o

urs in some 
lause in S.Proof. From Lemma 2, if there is an R-dedu
tion of C from S, there is aminimal R-dedu
tion of C ′, su
h that C ′ subsumes C, from S∪Sτ , and fromLemma 5 there is a minimal t-dedu
tion of C ′ from S ∪ Sτ .Noti
e that, from an implementation point of view, there is no need toexpli
itly represent the set Sτ .If the term t is the 
onstant a, we 
an draw from the example S1 thefollowing minimal t-dedu
tion:(T1) ¬p1(x, c) ∨ p(x, a) [from (2) and (6)℄(T2) ¬p3(x, c) ∨ p(x, a) [from (T1) and (3)℄(T3) p(d, a) [from (T2) and (9)℄ 21



All the R-dedu
tions that derive ground 
lauses whi
h does not mentionthe 
onstant a are dis
arded by a strategy whi
h only generates t-dedu
tions.The number of dis
arded R-dedu
tions is of the same order of magnitude asthe number of ground 
lauses without a.4.3 Abdu
tion restri
ted to an entityTo only retrieve answers that are assumptions about an entity we have de-�ned an abdu
tion methods whi
h is more spe
i�
 than the SOL-dedu
tion7or the l-dedu
tion.De�nition 22. lt-Clause. A 
lause is a lt-
lause i� it is both a l-
lauseand a t-
lause.De�nition 23. lt-Inferen
e. A lt-inferen
e is an inferen
e whi
h is both al-inferen
e and a t-inferen
e.It is worth noting that there are lt-
lauses that are R-dedu
tibles froma given set of 
lause S, su
h that it does not exist a R-dedu
tion in whi
hea
h resolvent is a lt-
lause. Let's 
onsider, for instan
e, the set of 
lauses:
S = {¬q ∨ r, q ∨ l, ¬r ∨ p(t)} and the lt-
lause: l ∨ p(t).De�nition 24. lt-Dedu
tion. A lt-dedu
tion of Cn from S is a �nite se-quen
e of 
lauses C0 . . . Cn su
h that there exists i, 0 < i < n, su
h thatthe sequen
e C0 . . . Ci is a l-dedu
tion, and the sequen
e Ci+1 . . . Cn is a t-dedu
tion, and Cn is a lt-
lause.The strategy to prove that to �nd lt-
lauses we 
an restri
t the dedu
tionto those that only 
ontain l-
lauses and then only minimal t-
lause is very
lose to the strategy we have adopted to prove Theorem 5.Lemma 6. If C is obtained by a lt-inferen
e from C1 and C2, and C1 is a t-
lause and C2 is a l-
lause, and C1 is the resolvent by Resolution Prin
iple ofthe two 
lauses E1 and E2, then there exists a l-inferen
e of E2 and C2 whoseresolvent is F , and there exists a t-inferen
e of E1 and F whose resolvent is
C. If C1, C2, E1, E2 and C are minimal 
lauses, then F is a minimal 
lause.Proof. The proof is very 
lose to the proof of Lemma 3.7The SOL-dedu
tion [8℄ 
annot be dire
tly applied be
ause the property of being a
-
lause does not de�ne a stable produ
tion �eld.22



Lemma 7. If there is a R-dedu
tion of C from S su
h that C is the resolventof C1 and C2, and:
• C is a l-
lause, C1 is a 
-
lause and C2 is a l-
lause,
• there exists a t-dedu
tion of C1 from S,
• there exists a l-dedu
tion of C2 from S,then there exists a lt-dedu
tion of C from S.Proof. The proof is by indu
tion on the length of the t-dedu
tion of C1.Indu
tion hypothesis. If there is a R-dedu
tion of C from S su
h that Cis the resolvent of C1 and C2, and:
• C is a lt-
lause, C1 is a 
-
lause and C2 is a l-
lause,
• C1 is obtained by a t-dedu
tion from S whose length is ≤ n,
• there exists a l-dedu
tion of C2 from Sthen there exists a lt-dedu
tion of C from S.Assumption. There is a R-dedu
tion of C from S su
h that C is theresolvent of C1 and C2, and:
• C is a lt-
lause, C1 is a 
-
lause and C2 is a l-
lause,
• C1 is obtained by a t-dedu
tion from S whose length is n + 1,
• there exists a l-dedu
tion of C2 from S.Let E1 and E2 be the two 
lauses su
h that C1 is their resolvent by t-inferen
e. Either E1 or E2 
an be resolved with the 
lause C2 (see the proofof Lemma 6). Without lost of generality it 
an be assumed that this 
lauseis E2.From Lemma 6 the R-dedu
tion of C 
an be transformed as follows: al-inferen
e infers the 
lause F from E2 and C2, and a t-inferen
e infers the
lause C from E1 and F . In this transformation the l-dedu
tion of C2 andthe R-dedu
tions of E1 and E2 remain un
hanged.Sin
e F is a l-
lause, from Theorem 3 there exists a l-dedu
tion δ1 of Ffrom S.Sin
e C is a t-
lause, either E1 or F is a t-
lause.Case 1. F is a t-
lause. From Lemma 4 (repla
ing C1 by E1, and C2by F ), there exists a t-dedu
tion δ2 from S and F whose top 
lause is F .Therefore the sequen
e δ1δ2 is a lt-dedu
tion of C from S.23



Case 2. E1 is a t-
lause. Sin
e C1 is obtained by a t-dedu
tion of length
n + 1, the t-dedu
tion of E1 is of length n. Then, by indu
tion hypothesis,there exists a lt-dedu
tion of C from S.Lemma 8. If there is a R-dedu
tion of C from S su
h that C is a lt-
lause,then there exists a lt-dedu
tion of C from S.Proof. The proof is by indu
tion on the length of the t-dedu
tion of C.Indu
tion hypothesis. If there is a R-dedu
tion of C from S of length
≤ n su
h that C is a lt-
lause, then there exists a lt-dedu
tion of C from S.Assumption. There is a R-dedu
tion of C from S of length n + 1 su
hthat C is a lt-
lause.Case 1. Either C1 or C2 is a lt-
lause.Let's assume that C2 is a lt-
lause. The length of the R-dedu
tion of C2 is
n. Then by indu
tion hypothesis there is a lt-dedu
tion of C2 from S. Sin
e
C and C2 are t-
lauses, from Lemma 4 there is a t-dedu
tion of C from Swhose top 
lause is C2. Therefore the lt-dedu
tion of C2 and this dedu
tionmake a lt-dedu
tion of C.Case 2. Neither C1 nor C2 is a lt-
lause.Therefore C1 is a t-
lause and C2 is a l-
lause (or vi
e versa). Then,from Theorem 3 there is a l-dedu
tion of C2 from S and from Lemma 5there is a t-dedu
tion of C1 from S. Therefore, from Lemma 7 there is alt-dedu
tion of C from S.De�nition 25. Minimal lt-Clause. A 
lause is a minimal lt-
lause i� itis both a l-
lause and a minimal t-
lause.De�nition 26. Minimal lt-Inferen
e. A lt-inferen
e is an inferen
e whi
his both a l-inferen
e and a minimal t-inferen
e.De�nition 27. Minimal lt-Dedu
tion. A lt-dedu
tion of Cn from S is a�nite sequen
e of 
lauses C0 . . . Cn su
h that there exists i, 0 < i < n, su
hthat the sequen
e C0 . . . Ci is a l-dedu
tion, and the sequen
e Ci+1 . . . Cn isa minimal t-dedu
tion, and Cn is a minimal lt-
lause.Theorem 6. If there is an R-dedu
tion of C from S su
h that C is a min-imal lt-
lause, then there exists a minimal lt-dedu
tion of C ′, su
h that C ′subsumes C, from S ∪Sτ , where Sτ is the set of 
lauses of the form: ¬L∨Lsu
h that the literal L o

urs in some 
lause in S.Proof. The proof is very 
lose to the proof of Theorem 5.24



We have shown that from the set of 
lauses S1 we 
an draw the l-dedu
tion: L1,L2,L3, where L3 is the 
lause: ¬p3(x, c) ∨ q(a) ∨ l(c). Then,this l-dedu
tion 
an be 
ontinued with the following t-dedu
tion, for t = a:(T4) q(a) ∨ l(c) [from (L3) and (9)℄Then, the dedu
tion L1,L2,L3,T4 is an lt-dedu
tion. This short exampleshows that a strategy whi
h only draws lt-dedu
tions 
ombines the bene�tsof l-dedu
tions and t-dedu
tions.5 Con
lusionIt has been shown in se
tion 2 that a new approa
h to information retrievalrequires to de�ne what does it mean that information represented by a for-mula in a language of �rst order logi
 is about a given entity.This formal de�nition has been presented in se
tion 3 in terms of vari-ants of a given interpretation like in [5℄. However, the de�nition given in [5℄has been extended into two dire
tions. The �rst one is to a

ept fun
tionsymbols in the language. and to 
hara
terize the terms whi
h are about anentity (denoted by At) and the terms whi
h are only about an entity (de-noted by OAt). The se
ond one is to expli
itly represent with a theory Kthe information we know about an entity. This extension, formally repre-sented by About(F, t,K), allows to prevent unexpe
ted results when we have
About(F, t) and, a

ording to our knowledge about t, the formula F is notabout t.In the perspe
tive of designing tools to automati
ally retrieve informa-tion about an entity we have de�ned dedu
tion strategies based on Reso-lution Prin
iple. That needs to have formulas in 
lausal form and we havegiven a synta
ti
al 
hara
terization of all the 
lauses C su
h that we have
About(C, t).These strategies generate only 
onsequen
es that are about an entity.They 
over both the generation of 
onsequen
es for dedu
tion answers, withthe minimal t-dedu
tions, and for abdu
tion answers, with the minimal lt-dedu
tions, and it has been proved that they are 
omplete up to 
lausesubsumsion. At the present time we have not found a spe
i�
 strategy whi
honly derives 
onsequen
es that are about an entity in the 
ontext of a giventheory (i.e. su
h that we have About(F, t,K)). A possible method, whi
his far to be optimal, 
ould be to 
he
k whether the 
onsequen
es satisfying
About(F, t) are 
onsequen
es of K.The presented strategies have not been implemented and their implemen-tation requires further resear
hes if we want to have a

eptable performan
es.25



Nevertheless, they de�ne a bridge between abstra
t semanti
 de�nitions ande�e
tive automated dedu
tion methods.The approa
h and the te
hniques presented in this paper are rather newand there are many related topi
s that deserves further resear
hes. Some ofthem are listed below.Language extension to equality. There are many appli
ations wherethe ba
kground theory 
ontains information about equality and the de�-nition of aboutness has to be revised if equality is added to the language.For instan
e, if in the theory Smith's father is Dupont, in formal terms:
Dupont = father(Smith), the senten
e accident(father(Smith)) is 
learlyabout Dupont.Equality also raises di�
ult problems in designing e�
ient automateddedu
tion methods. Indeed, a brute for
e appli
ation of paramodulation ruleleads to extremely expensive 
omputations. It is possible to �nd heuristi
sto redu
e the problem, but there are few works in this dire
tion.8Senten
es about a given topi
. It may be that the information about agiven an entity is too large to be e�
iently exploited. For instan
e, if oneasks the overall information about a given drug the answer may be extremelylarge. In that 
ase it 
an be more 
onvenient to sele
t the information aboutthat drug whi
h is about a given topi
, like, for instan
e, toxi
ity. In [3℄ alogi
 has been proposed for reasoning about senten
es that are about a giventopi
. The 
ombination of this logi
 with the de�nition of senten
es that areabout a given entity would lead to a powerful query language.A
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