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AbsTrast

This paper describes an optimization method of the BEUP parsing
system wusing pre-evalpation of a grammar for extracting an
infermation and a term gemeralization methed for transforming the
obtained information.

1. Introduction

Ona purpose of pre-evaluating a logic program is to extract
useful informaticon for optimizing and verifying the program. For
example, Sato and Tamaki described a pre-evaluatisn method and
its applicatien to optimizatisn of a logic program where a
nondeterministic program is transformed inte a deterministic
program using the variable binding information [1]. Persira has
proposed using the Earley dednction system %o extract wvarious
types of information from a leogic grammar [a].

It iz importamt to establish metheds for utilizing infermationm
ebtained by pre-evaluation. For  example, for program
optimization, program  transformation algorithms  utilizing
extracted information need to be established. In this case, not
only must algeorithms improve the efficiency of the program but
alse guarantee eguivalence of the execution results with the
original program [2].

Following F.Pereira's woerk, this paper describes ths use of
Earley deduction system for extracting grammar information for
BUF [4] cptimizatien. BUP, a bottom up parser in Prolog, adopts
an optimization method based on the reachability check on the
derivatien path [8]. The reachability relatiem is called “link’
relation in BUP. This optimization is performed by embedding
link check codes in a BUP program. In this paper, the link
relatioen and its uses in BUP are extended sze¢ as to include more
grammar informatien. This improves the parsing afficiency of BUF
&ven moTe. The computation of extended link relations requires
t¥o kinds of pre-evaluations, pre-evalnation of link relation and
a pre-evaluation oI <calling patterns each of which uses a
modified Earley dedugtion  system. The result of link
pre=evaluation forms the basze Jor the extended link relation.
The calling pattern information is used to transform the link
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relation in order to guarantee determinacy of the BUP execution.
A term generalization methed called 'least common covering’ is a
key technigue in this transformation.

Section 2 describes the logic grammar and the BUPF's link
relation. Caction 3 shews the erxtended link relation and its
uses. Section 4 describes the link computation wusing Pereira's
pre=evaluation method and discusses ita correctness. Section B
describes the extended link computation and the generalization
method.

2. Legic Grammar and Link Relation
2.1 Logic Grammar

The grammar handled in this paper is a contert Ires grammar
(CFG) extended by argument attachment to grammar categories. We
call it a logic grammar. A logic grasmar is defined by grammar
rules and a starting literal set. & grammar rule is wristen in
the following format.

H => 61,62,...,6n. {1 =< 1)
where B 18 a literal and Gi (1 =< i =< n) i3 a literal or
a list of terminals.

Extra conditions and the ‘cut’' operator introduced in Definite
Clagse Grammar [5] are not allewed in leogic grammar.

The starting literal set ST(G) ds a set of literals
corresponding to the starting symbol in CFG [8]. We write a
starting literal set as follows:

ET(G) = {51,...,5n} where S5i {1 =< i =< n) are literals.
2.2 Link Relatien in BUF

To make the discussions of the latter sections clear, we
briefly explain the BUP parsing algerithm and the link relatien
in BUP. BUPF prevides a left-cormer, bottom-up parser with
top-down prediction. Assume the following grammar rule:

s(a(lip,Vpl) => ap(lp), ve{Vp).

BUP interprets this rule as "If a partial parsing for ‘'mp' is
obtained then try to parse ‘vp*. If it succeeds the parsial
parsing ‘s® is obtained." A grammar rule iz translated to a
Preleg clauwse (BUP czlause) according te the BUP inzerpretation.
For example, the above grammar rule is translated fto the
follewing BUP clause.

BUP clause :
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ap(Goal, [Kpl ,50,5,4zg) :-
link{s,Gaall,
Eaal{\l’p. ['IIP] ,50,51),
s(Goal, [s(Np,vp)]1,51,5.458) .

For the details of a BUP clause, see [4]. Here we give only a
brief explanation of this clause. This clause is executed when
'np’ 4is called, which means partial parsing of ‘np’ has
succeeded, ‘goal' predicats performs top-down prediction and
tries to parse ‘vp’. If it succeeds, ‘s' iz called. Thise @means
partial parsing of 's’' has succeeded, 'link’ iz a predicate for
optimization by testing reachability between ‘s’ and 'Goal’. The
variable ‘Goal’ iz a curremt goal of a partial parse. it
correspsnds to a head of a partial parsing tree currently
predicted, The variable ’Goal’ is instantiated to the grammar
category when the clanse is called. *link(catl,cat2)’ succeods
when <1 can be the leftmost descendant of c2 in a parse tree.
Therefore, if ’link(s,Goal)’ <ails, subsequent parsing will
eventually fail. The link relatiem is computed by considering
all grammar rules.

3. Extension of Link

Tha extended link relation is defimed in terms of the leitmost
decendant relation which is defined over parsing trees
correspoending to sentences genorated by a grammar.

3.1 Parsing Tree and Leftmest Decendant Relatien

A partial parsing tres reflects the derivation steps of a
substring corresponding to a nontermimal literal of G. A partial
parzing tres is a tree whose nodes are terms corresponding to
nonterminal literals or terminals.

A tree iz represented in the following syntax.

PeHead{hrgl,.. Azgn} (0 < m)

whers ‘PtHead’ iz a nontermimal literal and 'Arg’s are

trees or terminals.

The noterminal literal PtHead is called the head of the tree.
The head of a tree t iz dencted by Head(z).

Partial parsing trees of a grammar and detted derived rules are
defined recursively. In what follews @, @1, @2 represent
substitutions. For example, @ti=@t2 means that & is a unifier of
ti amd 3.

Definition: Partial parsing tree and dotted derived rule

&, If H=» Gi,...,Gn iz a rule in G, then H => »,G1,...,Gn i=
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a dotted derived rula,

b, Tt H => .,.* Gi..,. is a dotted derived rule such that Gi
is a terminal, then E => ...Gi,*... iz a dotted derived
ila,

e, I+t H=> ...®0Gi,., iz a dotted derived rule and T i2 a

partial parsing tree such that Q0Head(T)}=0Gi, then a(E =>
L. T,®. 0.0 iz a dotted derived rula.

d. If # =» Ti,...,Tn,* is a dotted derived rule then
B{Tt,...,Tnk is a partial parsing tres.

For a dotted derived rule B => Ti,...,Tm,*,G1,...,6n {0 =<
m,n), then this rtule is called m-dotted derived rule, Gl the
dotted literal, and H the head of the rule. Fig 1 shows tha tres
representing a m-dotted derived rule.

In Fig 1, H is the head of the rule and Gl is the dotted
literal.

The set of all the dotted derived rule fer a grammar G dis
dencted by DR(G). The set of all the partial parsing tree of a
grammar § is deneted by PPT(G).

A parsing tree iz a partial parsing tres vwhose head isa
unifiable with a start literal of = grammar G. The set of
parsing trees is denoted by FT(G6).

I7 there exiszts a partial parsing tree M{D1,D2,....Dm} in
FPT(G), the head of D1 is called a leftmost daughter of M.

The leftmost decendant relation iz defined as the reflexive and
transitive closure of the leftmost daughter relatiom.

Definition: Leftmost descendant set of & grammar G

Given a grammer G, the leftmost decendant set of G LD{(G)} is
defined as the set of terms representing the leftmost descendant
relation.

LD{G) = {link{t1,£2) | t1 is a leftmost descendant of t2}
3.2 Link Set Dafinizisn

In the original BUP, link relations are defined enly in terms
of pgrammatical category. In the extension described above, they
are defined over <terms corresponding to nonterminmal literzls
taking into account of their argument, and can be used te extract
more information frem =a parse. Bowever, since the leftmost
descendant set is net necessarily finite, we must consider a link
set in actual applicatisn.
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A ‘cover’ relation between two terms is defired as follews.
Definition: cover of a term

L term g covers a term t iff there exists a substitution @ such
that o(g) = t.

A pat of terms  covers a set of terms T iff fov any term © in

T there exists at least cne texm g in G such that g covers t.
A link set is defined as follows.
Definiticn: Link set of a grammar &

a2 +ipite cover of the leftmest decendant set ILD(G) and denoted
by LG

3.3 Indirect use of link set

With the definition of a leftmost descendant set LD(G)
described above, a typical appilication of a link set is checking
the reachability as in the original BUP.

The typical use of a link set in BUP is shown below. The link
tarms in a 1link =et iz used as the unit clauses called link
zlauae in BUP.

a(a(&,B)) => ala),b(B). (Grammar rule)

alG,[al,50,5,ATg) - (BUP clauze)
link_check(s(s{A,8)}),8),
gnal{b{ﬂ},[ﬂ];ﬁﬂ,ﬂi}.
s(G, [=(A,8)],51,5,AT8).

1ink(s(X) . s(X)). {A link <lauses)
Link{a(X),a(Xx)).

Llink{(p{X), (X)),

link(a(a),s{s(k,B)}).

link_check(X,¥) :- net_link(X,¥),!,fail.
link_check{_,_).

not_link(X,¥) := limk(X.Y),!,fail.
not_link(_,_J.

The BUP clause abave is invoked when a partial parsing tree for
the nonterminal literal afA) is cbtained. Suppose the currest
goal is s{_). ‘That is, the current parsing process aims at
obtaining =a partial parsing tres coresponding to the nonterminal
literal s(S). TIf the head of the partial parsing tree =s(s(A,B))
to he obtained by the invekation of the BUF clause does not stand
in link relation with the curent goal, the invocation of the BUP
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clanse falls into #ail eventually and sheould be prohibited. In
the above case, however, the predicate link_check succesds and
the BUP claise 1is inveked to obtain a partial parsing tree for
s(=(A,B)). The point of the predicate link check is that no
substitution eccurs by its execution and there is no alternatives
for it, in other words, only the existence of the unifiable link
clause is checked . We call this ‘indirect use’ of a link set.
The indirect usa of a link set is complete and scund in the sense
that all and only the legal substrings for nonterminals in G are
accepted.

3.4 Direct use of link st

In centrast to the indirect wuse of link relationsz, it is
possible to use a link set directly by embedding a call for a
link clause in a BUP clause. Im this case, a link clause <all
has the function of instantiating the argumenss of a nenterminal
lizeral to be analyzed in a succesive parsing process. We call
this ‘direct use’' of a link set.

An example of direct use is shown below.

s(s(A,B)) => a(A),b(B]}. {Grammar rule)

al(G,[41,50,8,4Tg) - {BUF clause)
link(s(s(A,B}],6),
goal(b(B),k [B],50,81),
s(G, [s(A,B)],5L,8 Arg),

In eriginal BUP and the indirect use, it is impossible to pass
the arguments in a top-down manner. The direct use provides tha
opportinity %o pass seme arguments inm a  top~down manner. For
sxample, consider the following grammar,

s =» ap(Num),vp(Num).
vp{¥um} =7 verbi{Num),apilumi).
verbl(Num) => tv{¥um).

Consider the following BUP clawses and the link set for this
Erammar.

link{a,s).
link(np{X),np(X)}.
link(vp{X),ve(X)).
link(verni (), verbi (X)),
limk(ev{X),tv (X)),
linkinp{&},s).
link(vexbi{N}, vp(N)].
link(svi{¥),verbi(H)).
link(ew (N} ,vp(HN)]).

np(G, [¥um] ,50,5,4zg) :-
link{s,G},

Semp//ipr3lodtex

.10 16:24, June 12, 1989



Page T

goal({vp(¥um}, [Num] ,50,51},s(6, [J,51,.8,4zg).
verbl(G, [Num] 50,8, 4xg) :-

link(vp{¥um},GJ,

goal(np{!umil*[Humil.su,51}.vp{ﬂ.[Hum],SL,S,Arg}.
tvi{G, [Numl ,50,5,4rg) -

link{verbi{Num},G),verbl (G, [Hum],50,5, A7) .

After calling mp, the goal vp(Num} is resolved, Suppose 1ts
argument has been already instantiated by the parse of np and a
terminzal of a categery tv is found on the input string. Ther, tv
is called with the curremt goal vp(Num). The link relaticn
between verbi{Num’) and the corrent goal vp(Num) is checked where
Num' is given by the terminal of a categery tv . The link clause
corresponding to this link check is link{verbi(H),vp{N)}) and Num
and Fum’ is nunified. If they are unifiable, then the parse is
continued, otherwise faiis. Thus, the goal vp(lum) carries the
information given by the analysis ¢f the np in a top-down mannar.
The tep-down infermation passing is impeossible in original BUP,
but it is uwseful in blecking useless parsing early.

Az each of the two arguments of a link relation call matches a
head of a parsing <res, the direct wuse of link carries the
infermaticn between parsing trees by unificatiom.

4. Pre-svaluation of Link Relatiocns

In order to compute a link set for a given grammar, the grammar
is pre—evaluated by the Earley dedoction systom with some
modification. First, tha =hort intrecduoction of the Earley
deducticon syster developped by F. Persira is given.

4.1 Earley dedvction system

The Earley deducticn system developped by F. Pereira [7] is a
genernl proef procedurs for definite clagses with a practical
strategy ior unit resolution.

The Earley deducticn system 1s given a set of definite clauses
and the goal to be solved. The syntax of a definite clause is as
fellows:

<clauser ::== <tarm> <- <goals>
<goals» == <goalr

“goals> == <goals> <goals>
<goal> == frua

<goal> == <tarm®>

£goal>  ::== { <{proleog goals»> }

Kew derived clauses are derived by resclution from the definite
clauses (imput <clauses). For example, given a set of definite
clauses
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a{C) <= b(B),c(3,C). v (1)
biB) <= . cea (2)
efb,a) <« . ces (3D

and a goal a(X), the clause {1} becomes the input clause for
refuting the goal and the new derived clause,

al¥) <= b{1),elX,¥) vaa (4D

As in (4), derived clauses are represented by '<=' while definite
clauses are represented by "<-'. This inference step is called
instantiatien. The leftmost geal of the derived clause (4), that
iz b{X), is selected as a candidate subgoal. Then the unit
clause (2) becomes the input clause and new derived clause.

hibh) <= . oo 8]

At this peint, the subgoal b(B) iz refuted. The derived unit
clause corresponds teo the proved instance of a geal. Then the
derived unit clause () is used to derive new derived clauses,
that is, the derived clause (4) is reduced by the derived unit
clause {(5) and the new derived clause (6) iz generated. If thers
exists other derived clauses vhose leftmost goals ars unifiabla
with (8), they are alse reduced by (5} and the nee derived

clauses are generated. This step of inference is called
reduction.
a(¥) <= cib,¥). cea (8)

In the next step the goal of (B), that is c{b,¥), is selected
a3 & candidate clauss. The unit clause (3) becomes the input
clause for the subgsal and is instantiated.

clb,c) <= . cea K7D
Then the derived clause (B) is reduced by (7).
ale) <= | ... B

Fo more deductien is possible at this peint and the deduction
of the goal a(X) is terminated.

The derived clauses are stored during the deduction process and
used Zfor subsumption check at  imstantiation steps, that is,
derivation of a derived ¢lause from a definite clause is blocked
if 1t 15 subsumed by the derived clause already derived. The
netion subsume is egquivalent %o the notion cover defimed inm  the
pravious sestion.

There will be a set of derived unit clmuses that subsume 211
the prevable instances of the goal among the derived clauses.
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The instantiation step corresponds to top-down expectation and
the reduction step corresponds %o bottem-up resolutien. Tha
strategy of selscting a subgoal at an instantiation step 1s o
gelect the leftmest geal of the body of the clausa, whila the
order in which derived clauses are considered is breadth-first,

4.2 Link computation program

The basic algorithm for computing a descendant set of a grammar
is represented by the following Earley preogram [3].

(1) Link(A,A) <= category(A).
(2) link(A,B) <- starts(a,B).
(3) link(A,B)} <- link(4,X),link(X,B).

{#) category(A) <- (A=>_}.
{5) starts(4,B) <- (B=»il),first(&,41) ,nonterminalli).

Clause (1) represents the reflexivity of leftmost descendant
relations. That is, a term corresponding to a head of a grammar
rule stands in link relation with itself. As each node of a
partial parsing tree is an instantiatiem of a head of a grammar
rule, this clause generate a reflsaxive laftmest descendant
ralation.

Clause (2) represents the leftmest daughter relation betveen
the head of a partial parsing tree and its leftmost daughter.
The predicate ’starts’ exutracts pairs consisting of a head of a
grammar rule and its leftmeost daughter literal.

Clausa (2) describez the transitivity of leftmest descendant
relation hbetween the head of a partial parsing tree and its
leftmost descendants.

It is obvious that the terms ‘link' computed by the above
program iz a leftmost decendant set of a given grammar. But, in
general, the leftmost descendant set is not a Link =et Zor a
grammar, because it eventually be a infinite set of Serms. The
problem arizes when cyclic applicatieon of a certain kind of

grammar rule generates an infinite number of terms. For example,
the appilication of clause (3) for the grammar rule like

npinp(lp,Rel)) => np{Np),ral{Rel)
falls inte infinite derivatien of link terms like the following :

link(ap{Np), nplnp(¥p,Rel))) (by the clause {2))
link(np(¥p),nplnp(ap{lip, Bell) ,Rel))) (by the clause (3))

(by invoking clause (3) repeatedly)

lizk(np(¥p),nplnp(. .op(np{¥p,Relk) ,Relk-1),..,Rell},Rell)
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In order to bleck infinite derivation of link terms, some kind of
term abstraction methed must be applied te the derivation of link
terms and the derivation of link terms by Iiovoking clause (3]
muss  ba subsumed by it. Several term abstraction methods can ba
used for this purpese, for example, k=level abatraction [1], ete.
(See Appendix A for details). For the purpose of generating link
terms for this grasmar rule, the mere general link term

link(np{¥p},nplap{X,¥)))

would be sufficient for prediction in BUP. That is, an np can
3tarts with an np whose arpument is =nplX,Y). Thus, +the
abztraction method sufficient for this purpese abstracts a nested
term like np(np(..np(¥p,Rel},...) with a fres variable at soma
level of a resulting link relation. This abstraction methed is
developped by F.C.N. Pereira and called the weakening method.
Weakening means that each occurence of a subterm within a term is
replaced by a free variable when both of them have the sams
principal functer. For example, the result of weakening the term
np(np(np(X),and,np(Y))) is np(np(Vi,and,¥2)). Originally Pereira
used weakning embedding in the link computation program as proleg
geal. In contrast, we use weakening as abstracticn method for
derived clauses and embed it into the Earley deduction system.
The Earley deduction system with term abstraction canm he used to
pre-evaluate the program and extract the information ef it. For
the purpose of computing link, weakening is a pood ternm
abstraction method and the Earley deductien system with weakening
is a pre-svaluater.

In a Earley deduction system with term abstraction, each tern
in a derived clause iz abstracted. For am arbitrary term T and
ite abstracted zerm T', T' covers T. Since, the number of the
given definite clauses and the symbols of the domain of a program
iz finite, it is obvicus that the number of the derived clauses
generated during Earley deduction with the weakening is finite.
The infinite derivation of link terms as in the above example is
blocked by suobsumprion check. Thue, Zarley deduction with term
abstraction always termimates and generates finite number of
Aanswar.

For the above example grammar rule, the term

1 iTLkI:n]'.r(ﬂp}l LApine (XTI
derived by the Earley deduction system with the weakening covers
the infinite s3et of terms representing leftmost descendant

darived by the original Barley deduction system.

4.3 Correctness of the Computed Link Sez
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In this section, the proof of the correctness that the set of
link terms L’ given by +the Earley deduction system with term
abstraction is presented. The weakening is one pessible ternm
abstraction method. Correctness means that L' satisfies the
definition of a link set described iz Sectiom 3.2,

The set L of link terms given by the definite clauses (1)-(5)
by the eriginal Earley deduction covers the leftmost descendant
set of a grammar. Consequently, it is sufficient to show that L’
covers L.

Let the link computation program be P. Suppese a grammar G and
the goal link(X,Y) are givem. Let the set of all derived clauses
generated during the executionm of P with G by the origimal Eatley
deduction system E be D and that generated by the Earley
deduction system with term abstraction E' be D', HNotice that D'
is a finite set while D is possibly a infinete set.

At first, the follewing lemma will be proved.
Lemma:
D' covers D

Proof:

The proof of the above lemma is based on induction oo the
number of the steps from the geal to some point in the deduction.
Di and Di' represent the sets of all derived clawses at the i-th
step for of E and E' respectively.

The base case (the first step) is ocbvicus.
Consider the induction step and assume that Dk' covers Dk.

There are two cases of the inference step, at the (k+1)-th
step, %o be considered im the Earley deduction system, the
instantiation step and the reducticn step.

case 1 (reduction step)

Suppose the (k+i)-th stap is the reduction step beth for E and
E*r.

There exiszts two derived clauses (1) and (2) in Dk used for the
reduction.

E <= G,Goals, (1)
F <= . {2
suich that there exist a mest general unifier uw of G and F.

And thera exist two derived c¢lauses (3} and (4) in Dk’ each of
which covers the derived clauses (L} and (2). BRenaming of the

variables is implicit. Thes, (3) and (4) have no common
variables.
Jemp fjpralat.tex
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B <= G',Goals’. (3)
Ft <= . (4]
such that there exists a most general unifier u' of G' the F'.

Thers exists
(H <= G,Goal) = g{HE' <= G',Goal’)
(F <= ) = g(F* =)

At the (k+1)-th step, the following two derived claunses are
generated by thae reduction :

uH <= uGeals {E) (in the case of E)
u'H! <= u'Goals’ {6) (in the case of E’)

It is proved that the derived clause (G) covers the derived
clause (&5).

Wa have
u(gG'} = uG = wF = u{gF’).

u’ is the most gemeral unifier of G and F’, hence ug = g'u' for
Eome substitution g'. Thus,

g2{u’ (K’ <= Goala’)) = u(g(H' <= Goals’)}) = u(E <= Goals).
Though Dk+1 is the wnion of Dk and {5) and D'k+1 iz the union of
D'k and the abstractien of (6) where / means set unien, the
abatraction of (6) alse covers (5)., Thus D'k+1 covers Dk+1.
cage 2 (instantiation step)
Suppose the (k+1)}-th step is the instantiation step both for R
and E'.
There exists the derived clauwse (7) inm DOk which dia the
candidate clause for the instantiation.
H <= G, Goals {7y,
And there exist the derived clause (3) in Dk’ which covers the
dorived clause (T and is the candidate clause of the
instantiation (renaming of the variables is implicit).

g <= G’,Goals’ (8).

Thus, fer s=eme substitution g, (H <= G,Geals) = g(H' <=
G',Goals’).

Suppose there exists the set of clauses Cls and Cls' snch that

Jlenp/jprdl90.ex
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Cls = {C1] €1 is a definite clause in P whose head is
unifiable with G}
Cls* = {C1*| €1* is a definite clause in P whose head is
unifiable with G'}.

They are the dinput eclauses at the (k+1)-th step for
instantiating G and G' and their derived clauses are generated.
Let DC be the set of derived clauses for Cls, and DG’ be the set
of derived clauses for Cls'. Similarly as in the case 1, it is
proved that DC' cevers DC.

Let dc be a derived clause in DC and d¢? be its cover in DCY.

Considering the covering (subsumption) and the abstraction onm
pc' f D'k, D'k+1 covers Dk+1. []

As a consequence of the above lemma, the following theorem can be
given.

Theorem:

The set of link terms L' computed by Earley deduction with term
abstraction iz a limk set for a grammar G.

Prool:

The set of derived clause D contains the subset L of all
provable instance of <the geoal 1ink(X,Y). The set of derived
clauge D' contains the finite subset L' which covers L. Thus, L*
satisfies the definition of a link set and L' is a link set for

. O

5. Generation of Streng Link Set

This section discusses properties of strong link set and a
method for geneTating a Strong link aset from a Ei\ren 1link set and
B armar .

k.1 Strang Link Sat Proparties

The link ceomputation method described in the previous section

guarantees +that it prodeces a link set for any grammar. For
axample, consider a grammar containing the following rules.

starting literals: {s(_)}

rules:

s(a(lp,Vp}) => npllp),vplVp).
np{npl(Neun)}=> noun(Naun).

np(np2(Np1,Fp2)) => np(Fp1d, {and], np(Np2).
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Consider the link <clanses for this  grammar obtained by
pre-evaluation.

(11) link(np(np2{A,B}),s(s(np2(A,B),CI)).
(12) liak(np(np2(4,B)),s(s(np2(C,D),E)}].
{13) link(np(npi(A)),s(e(npi(A),B))).
{14) link(np(npi(A)),=s(s(np2(8,C),D0))).

{11) and €12) are link relations between ‘np’ with twe arguments
and ‘s’, while (13) and (14) are those betwesn 'np’ with one
argument and °'s’. (12) and (14) are obtained by term abstraction
dering the pre-evaluat ion.

Consider the follewing BUP clause with direct link use obtained
from the third grammar ruls.

np(Goal, (Npil,50,5,4xg) :-
link(np{np2(Npl, ¥p2}), Goal),
50 = [and|51],
goal(np(¥p2), [Np2],s81,82)
np{Goal, [Npi,Np2] ,52,5,412) .

When this clause iz called, if the variable 'Goal’' and 'Npl' is
instantiated to ‘s{X)’ a&nd *jehn' respectively, the ‘ealling
pattern’ of the link clause iz ‘'link(np{np2(john,Kp2)),a{X)}?.
Since both alternatives (11) and (12} successes, there can be
equivalent two parses caused by thesa termatives. A4 strong
link set must not cause this type of redundancies in a parse. We
call this property a 'uniqueness’ proparty of a link set.

Consider the :Eulluirins BUP clause with direct link use obtained
from the second grammar rule.

noun{Goal, [(Noun] 50,51, Arg) =
link{ap{npi{Noun)},Geall),
np(Goal, [npi (Houn)}],50,51,Arg).

When this clause is callaed, if the variable "Goal' and ‘*Houn’
iz instantiated %o ‘'s{%)' and 'john’ respectively, the calling
pattern is ’'link(np(np{johml},s{XJ)’. Since this is unifiable
with both (11} and (12), thers are two disjoint alternatives. At
least one of these alternatives %ill eventually succeeds.
Therefore (13) and (14) preserve the uniqueness. Hewever, a
backtrack caused by these link clauses causes an efficiency
problem. I7 there ars no altermatives in link exacution, this
problem is avoided. We call thiz property a ‘determinacy’
property of link set.

The check of determinacy property is requires an aznalysis of
calling patterns. For example, if the variable 'Geal’ im the
above explanation is always instantiated to either ‘s{mp(X),¥)'
or *s{np(X,¥},Z}", then (11) and {12} do not vielate determinacy.

JtmpSipedl00.ey
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From the discussion above, a streng link set should have the
following properties.
{1} Completaness and scundness
(2) Uniqueness
(3) Determinacy

Obvicusly the determinacy condition entails the unigueness
condition.

5.2 Link Calling Pattern in BUP

To define a strong link set formally, we introduce the set at
link calling pattern of a grammar,.

Definitieon: 1link calling pattern set of a grammar G

Let G be a grammar and I be a non-negative integer, link
calling pattern set LCP(G,I) is defined as folleows:

LCP(G,I) = {link{t1,t2) | t1 is the head of a I-dotted derived
rule and t2 iz a element of starting
literal set or the dotted literal of
a dotted derived rule.}

Considering the limk call pesition in a BUPF clause, LCP{G,1)
corresponds to a link calling pattern of BUP (Fig 2). we call
LCP(G,1} BLCP(G).
The following is the definition of stromg link set:
Definition: Stromg Link Set
Let G be a grammar. A link set L is a stromg link set of G, 1fZ
for every link clause 1 in BLCP({G) there exists at meost one
link clause 11 such that @1 = ¢l1.
Link calling pattern set is usually a infinite set. We refer to
a {inite set which covers link calling pattern set BLCP(G) as
CBLGE(G) (Cower of BLCP(G)).

5.3 Least Common Covar

Before explaining the generaticn methed, we define a least
common cover {lcc) for two arbitrary terma,

Definition : Least Common Cover of ITwo terms
The term ¢ iz a least common cover of the tarms £l and €2 iff ¢

covers tl and tZ, and for amy cover c’ of £1 and t2, there exists
a substitution @ such that dc’ = c.

SJrmp Siprll 0% tex
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The following algorithm generates the least common cover for two
terms. In the algorithm we introduce a new variable I{t1,t2) for
each pair of terms t1 and =TI,

Algorithm 1:
Lec(tl,t2) (the lcc of term ti and t2) is recursively defined

ag follows:

. If either t1 or 2 is a variable them LGC{t1,t2) = X(si,v2).

2. If t1 and t2 differ either in their principal functors or in
their arities, them LOC(t1,82) = X(e1,82).

. If t1 = £{til,..,tln) and t2 = £{t24,...,%2n) then

Lcclel,t2) = f£(LcCc(rli,t21),...,LeC{s1n,t2m)).

[y

The proot of the correctnesz of this algorithm is given in
Appendix . Some examples of lcc's are shown below.

£1 +2 LoC(sl,t2)
EY b X

2{a) £(x) £V
f{glx),glx)) #({a,a) £V, V)

£{g(X),g(X) £(g(L),g(¥)) Tg(Vi),g(Vadly

5.4 Algorithm for Gemerating a Strong Link Set

hs shown in 5.1, generation of & strong link set Tequires
calling pattern analysis, In this section we present a methed
for obtaining a stromg link set of a grammar G from an L(G) and a
CBLCP(G). The following is the definitien of the algorithm.

Algerithm 23
Let G be a grammar, Given link set L=L(G) and a cover of %he
calling pattern CBLCP=CBLCP{G), repeatedly perform the
following transformation. If ne transformatien applies, sStep.

Selact a link claunse I from CBELCP and if thers exist two link
clauses 11, 12 in L such that @111 = @11 and 2212 = 021 then
replace 11 and 12 with LOC({1%,12).

Theorem:

Let the original link set L has been reduced to L' when the
algorithm stops, The link set L' is a stromg link set of G,

Proot:
Since the replace cperation in the algerithm ebvicusly preserve

the link get property, L' 1o a link set of G just as L is (Link
sat]).

Sump fiprai sl tex
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For any link clause 1 in BLCP(G), there exists l¢ in CBLCP such
that le covers 1. If there exist link clauses 11 and 12 in L/
such that @11=2111 and $21=8212, then ©31c=0311 and Qile=0412,
In this case, 11 and 12 are reduced to Loc(11,12) by the
definition of the algorithm. Therefore there exists at most one
1’ in L’ such that @1=0l’. (Determinacy} []

This algerithm produces a strong link set of a grammar it a
link set and a cover of the BUP link calling pattern set of the
grammar are available. Since a link set of a given grammar can
be computed in terms of the methed in 4, @e can get a strong link
sat by establishing the methed for computing a CELCP(G} of a
grammar. It is also possible to apply pre-evaluation to get a
CBLCP(G) of a grammar G. The computatien of cLcri(G,I} is
described in Appendix B.

6. <Concluding Remarks

This paper presented an extensiom of link relatioms in a logic
grammar which are predictions wused in a bottom-up parser BUP.
The basic idea of the extensien is to incorporate the arguments
of a menterminal with link relatiems. A link set is obtained by
the pra-—svaluatienm of & grammar by using a modified Earley
deduction system. Thers are two usages of the extended link
relaticns, the indirect use and the direct usse. In particular,
the direct use of a link set has the advantage of passing the
parts of the argament in a top-down mannar. In order teo
guarantee the unigueness and determinacy of the direct use,
runtime analysis of the parser, that is extracting the calling
pattern of the nonterminala, and term abstraction methed are
required. In gemeral, the combination of the pre-avaluaticn of a
grammar  results in an efficient parsing algorithm. The
correctness of both usages of a link set was also demomstrated.

4 example of a link set for a grammar is shown in Appendix D.

In this paper, the treatment ¢f gap was not discussed. But it
is easy to medify the limk cemputation program to take inte
aceount gaps. In fact, it is used to generate the link set shosn
in Appendix D.

This paper described the first step in the research on
extracting grammatical infermaticn from logic grammar by using
pre-evaluation system based om = general proc! procedure for
definite clauses, that 3is modified Earley deduction system.
There remains sevezral pessibilities along this direction. More
specific zruntime analysis would result in a more efficient
parsing algerithm. For example, a BUP interpreter based on the
modified Earley deduction system can be used te get more specilic
runtime information to optimize the BUP parsing algorithe.
Arother possibility is to incorperate lookahead strategy iate BUP

JrmpjprIlo9.tex
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and extract the grammatical information with it.
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Appendix A. Abstraction Methods
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As stated in 4.2, several methods can be usged te abstract the
derived clauses in Earley deduetion. Here one pessible solutiom,
k-level abstraction is described in addition to the weakening.

The k-lavel abstraction of a term was proposed by Sate and
Tamaki for the purpose of enumerating the success patterms of
logic programs [1]. The k-level abstractiom of a tera is defined
in terms of the level of the term.

Definition: level of a term
Let t ge an arbitrary teIm.

(1) For a given term t, t+ has level O, t is called a levelD
subterm of ©.

(2) If the subterm #(ti,...,tn) of t has level k, then each ti
{i=1,...,n) has level k+1, Each t1 is called a level k+i
term of €.

The k-level abstraction of a given term t and integer k is done
by replacing every level k subterm ¢f £ by a free variable. The
resulting term obviocusly covers t.

For example, 2-abstraction of the term f(g(X,a),Y,B) is
T(g(Vi,v2l,T.0).

The number of derived clauses abstracted by k-level abstractien
is finite for a given integer k, because, the number of given
definite clauses and the number of symbols in the domain of the
definite clauses ara finite.

The k-lavel abstraction method is used to compute the calling
pattern of nonterminalas in a given grammar G.

Aippendix B. Computation of CLCP(G)

In general, computation of the cover of linmk calling patterns
CLCP(G) of a pgrammar G amounts to computing all the possible
derived zrules. Currently, Earley deduction with lk-level
abstractiomn Ek is used to compute calling patternas of
nonterminals.

The Earley deduction syetem with the k-level abstracticn method
diffars from the original Earley deduction system in the
following two points.

{1} each derived clause i= in the form of a dotted derived
rule, that iz, a(¥) <= bibl,*,c(b.¥Y), while alY) <= a(b,¥)
in the case of the original Earley deduction system,

(2) each literal im the derived clause is abstracted at the
lavel K.

Jemp//iprA199.ten
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Thus, Ek can be used to get a cover of derived rule set of a
grammar G, by giving it the definite clauses corresponding to G.

There is a tradeoff. The choice of the integer k significantly
affects the amount of the computation and the infermation given
by the computation. Currently, k is set te the deepest literal
level in all the grammar rules in a given grammar.

By the definition of LCP(G} and the fact that Ek gives a cover
of the derived rule set of G, CLCP{G) is directly computed.

Appendiz ., The correctness of Algorithm 1

Lemma:
Let @1 = {Xifai} and @2 = {Xi/bi} be substituticns. If we let @
be {Xi/LCC(ai,bi)} then LCC{C1lt,22t) = &t for any term t.

Proaof:
By induction on the structure of t.

1. If % is a variable then
LCC{Q1t,92t) = © = @t when t is met in {Xi}
Lec(@it,82¢) = LoC{ai,bi} = @t when & = Xi
2. If ¢+ = £(t1,...,tn) then
Leclete, 02} = Loc{f{@1et, ..., 21¢tn) ,f{22¢1,...,82¢1)}
f(Lcoc{e1el, 0281}, ..., LeC(alen, 02tn) )

By induction hypothesis LCC(@1ti,22ti) = @ti.
Therefors, LCC(®ti,0t2) = f(&t1,...,8tn) = @t [J

Theorem:
LCC{zi,t2) is the least common cover of Tl and t2.

Prootf:
Let @1 = {X(ai,a2)/al} and 92 = {X{a1,a2)/a2} be substitutions.
Clearly @ilcc(tl,t2) = t1 and Q2LCC{t1,t2) = t2. Theratore
Loc(tl,t2) is a common cover of t1 and t2.

On the other hand, 1if g is a commen cover of ©1 and 2 then

there exist @1 and €2 such that 01g = ti and @2g = t2, Let us
consider the substitution @ in the above lemma. Then 0g =

LoC{@ig,@2g) = LCCo(t1,t2). Therefore, LCC(t1,t2) is a least
commen cover. [
Appendix D. Example of a link computation

O=-1. Grammar

Stazting terms : s(_)
Fules :

s(Result)} => sentencs(Result nogap).
sentence(sentence(Np,Vpl,nogap) => np(Np, Num,nogap), vp(Vp,Kum).

Jimp/ipr319 ex
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sentence(sentencea(lp,Vp),gap(Num)) => np(Np,Num, gap) vp(Vp, Num).
np(np(gap), _,gap) => [J.

np(np(Neun) ,Num,nogap) => neun(Noun,Num).

ap(np(Np,Srel), Num,nogap) => np(Np,Num,nogap), srel(Srel,Num}.
srel(srel(Sent),Num) => sentence{Sent,gap(fum}}.

vp{vp{Varb) ,Num) =» verbi(Verb, Num).

verbl(Verb,Hum)} => verb(Verb, Num).

verb({walks,sin) => [walks].

varb{walk, ) => [walk].

poun(john,sin) => [jﬂhﬂ]_

neun(they,plu) => [they].

D=2, Link Set obtained by the link computaticn program

link(noun(A,B,C) ,noun{d,B,C)).
link(noun(A,B,C) ,np{ap(A),B,C ,nogapl)).
link{noun(a,B,C) ,nplap(D,E),B,C negap)).
link{noun(a B,C),s(sentenca(npld), D}]).
link(noun(4,B,C),s(sentence(np(D,E),F))]).
link(noun(A,B,C),sentence(sentence (np{A) D}, nogapl).
link(neun(4,B,C),sentence(sentence (np(D,E) ,F), nogap)).
link(np(A,B,C,D},np(4,B,C,D)).
link(np(np{A},8,C,nogap) , nplnp(D,E) ,B,C nogapl}.
link(np(ap(A),8,C,nogap) ,aplnp(ap(4).0),B,C,nogap)).
link(np(np(4),3,C,nogap),a{sentencelnp(a),0}}).
link{np{ap{A},B8,C,nogap),s(sentence{np(D,E),FI}).
link(np{np{4},B8,C,nogap),sentencesentence(np(A), D) ,nogapl).
link(np{np{A},B,C ,nogap),sentence(sentence(np(D,E} ,F) ,nogapl).
Link(np(np{A,B),C,D,nogap),.np{np(E,F).C,D.nogap)).
link({np(np(4,B),C,D,negep),s(sencence{np(E,F},G)}).
link(np(np{A,B),C,D,nogap},
sentunce{sentance{np(4i,B) ,E},nogap)).
linkinp(np(A,B),C,D.,negapl,
sentence{sentence{np(E,F),8),nogap)).
linkinp(np(gap),4,B,gapl,
sentence{sentence(np{gap) ,C),gap(4,B1}).
Yink{ap(ap(gap), 4,8, gap).
srel{sral{sentence{np{gap),C)),zap(4,B))).
link(s{A),s{A)).
link(sentence(A,B),sentencali, B)).
link(sentence{sentence(A,B),gap(c.0)),
srel(srel(sentence(A,B) ), gap(C,D))).
Link(eentence{sentence{d,B) ,nogap),s{zentence{d B))).
link(arel(A B),sTel(A, B)).
link(vzrb(h,ﬂ,ﬂ],Eentencsfsentence[np(gap),vp{ﬁj},sap[ﬁ,ﬂ}]].
link(verb(4,B,C),srel{srel(sentence(np{gap}l,vp{a}) ), gap(B,CI}).
link({verb(&,B,C),vera{4,B,C)0,
link(vern({i,B,C), verni{a,B,C3).
link(verb(a,B,C),vplvp{A),B,C00.
link(verbi(i,B,C) ,sentence(sentence(np{gap),vp(A)}), gap(B,C))}.
link(verbl{4,B,C),srel(srel(sentence(nplgap),vplA)) ). gap(B,C1}).
link(verbli{,B,C),verbiia, B,CYY.
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link{verbi{4,B,C},vp{vp{A},B.C)).

link(vp(4,B,C),vp(4,B,C}).

link(vp(vp{4),B,C), sentence(sentence(np(gap),vp(4}),gap(B,C))).
link(wp(vp(A) ,B,C),srel(srel{sentenca{np{gap),vp(A))),gap(B.C))).

D-5. Stromg Link Set

link{noun(A,&,C),ncun{4,B,C)).
link{noun{4,5,C),np(D,5,C,nogapl).
link{nouni(A,B,C),s{zentence(D,E})}}.
link{noun(4,B,0),sentence(sentence(D,E) , nogap)).
link{np(4,B8,C,D),.np(E,B,C,D}}.
link{np(np(a),B,C,nogap),s(sentenca(D,E}})}.
link{np(np(A),B,C,nogap),sentence(sentence(D E) nogap)).
link(np{np(A,B),C,D,nogap),a{sencence{np(E,F)},G})).
link{np(np(A,B),C,0,nogap) ,sentence{sentence (apl(E,F),G},nogapl).
link{np(np(gap),h,B,gap),sentence(sentence{np(gap),C),gapli,B))).
link{np(np(gap).A,.B,gap),
srel{srel{sencence(np(gap),C}),gap(h,8))}.
link(s({A),sCA)).
link(sentencea(A B),sentencal(A,B)).
link(sentence(sentence(A,B) ,gap(C,D)},
srel(srel{sentence(i 8)),gap(C,D))).
link({sentenca(sentence(A,B) ,nogap),s(sentencalA,B))).
link({srel(A.B),srel(A, B)).
link{verb(4,8,C),sentence{sentence(npigap},vp(4a)),gap(B,Cl0).
link(verb(h,8,C) ,srellsrel(sentence{npl{gap),vpld))),gap(B,C)).
link{verb(k,B,0) ,verb(A,B,C)).
link{verb(A,8,C) ,verbi(A, B,C)].
link(verb(A,B,C),vplvp{a},B,C0).
link(verbi(4,B,C), sentence(centence(np{gap),vp(h)), gap(B,CI)).
link({verbi(A,B,C),srel(zrel(sentence(np(gap),ve(a))),zap(B,C))).
link(verbi(k,B,C),verbi(i,5,C0).
link(verbl(A,B,C),vplvplA) . B,C)).
link(vp(4,8,C),vp(4,B,C0).
lihk{'F{vPl:l:l LB,C), santuncu(suntancuﬁnpl:gap} Jwplald ), gap(B ,C13).
link{vp{vn(A),B,00, a:ralEarul{santnnca(np(sap} yyplAl ) ,Eap(E,C] .
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Fig 1 The trees representation of a m-dotted derived rule

H=>T1,...,Tm,*,61,...,6n
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Fig 2 BUP link calling pattern link(H’,G1)
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