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Abstract

In this paper a version of LFG will be developed, which has only
one level of representation and is equivalent to the modified
version of [2], presented in [3]. The structures of this mono-
stratal version are f-structures, augmented by additional infor-
mation about the derived symbols and their linear order. For these
structures it is possible to define an adequate concept of direct
derivability by which the derivation process becomes more
efficient, as the f-description solution algorithm is directly
simulated during the derivation of these structures, instead of
being postponed. Apart from this it follows from this reducability
that LFG as a theory in its present form does not make use of the
c-structure information that goes beyond the mere linear order of
the derived symbols.

1.Introduction*

The derivation process of sentences in LFG as defined in [2] is
very complex, because an additional filter has to be applied to
derived ¢-structures. Within this filter component the f-
structures are constructed. An f-structure can be regarded as a
special kind of labelled directed acyclic graph (DAG), which re-
presents a structure of partial functions (i.e. the labels of the
edges leaving euach node have to be different). 1} A terminal string
(x) is wellformed if it satisfies the following conditions;

i. There is a c-structure for x that can be generated by the
contextfree (cf) base of the grammar,

il. There is an f-structure d and a mapping f from the set of
nodes of ¢ to the set of subDAGs of d such that d is a unique
minimal f-structure that satisfies the annotations associated
with the c-structure nodes (f and d are constructed by the f-
description solution algorithm, for short KB-algorithm).

iil. d satisfies all constraints in the f-description.

iv. d is complete and coherent,

The derivation process is performed by checking these conditions in
the order i. < ii. < iii,iv..

This kind of derivation has several theoretical and practical
disadvantages:

a. A parser/generator that works in accordance with this deri-
vational process is not very efficient, because usually many
strings are parsed completely or many c~structures are generated
completely, although the strings themselves are not wellformed
and therefore rejected by the filter (ii.-iv.).

b. The process is formally not very transparent and complicates a
comparison with other formalisins.

¢. The grammar is multistratal, It has two levels of representation
(c-structures, f-structures),.although it can be shown that the
c-structure information, which goes beyond the linear order of
the derived symbols is not exploited in the present version of
the theory ({2],[3]) at all. 2)

In the following it will be demonstrated that for each LFG a mono-
stratal version can be constructed, which describes the same
language with the monostratal concept of derivation. The entities
of these derivations are augmented f-structures which are con-
structed along the following lines: In the KB version the
c-structure derivation of a  wellformed terminal string is a
sequence of annotated c¢-structures, where each c-structure results
from the application of an annotated cf rule to a terminal node of
the preceding c-structure. If one applies the KB-algorithm to each
annotated c-structure then it constructs a minimal f-structure and
a mapping from the c¢-structure nodes to the substructures of the
f-structure. The augmented f-structures are then constructed by

attaching the occurrences of the derived string, represented by the
labelled terminal nodes of the c-structure tree, as additional
labelled edges to the start nodes of those subDAGs, which are the
values of the mapping for the corresponding c-structure nodes. An
example:
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The reduction will be complete, if a definition of an adequate
concept of direct derivability for these structures can be given.
This will be done here in three steps in the following sections.
The reducability to these structures will show that the LFG makes
no essential use of c-structure informations, as the new structures
contain only information about the linear order of the derived
symbols and no other overt or hidden c-structure information. (The
wellformedness conditions iii. and iv. are defined on
f-structures.) The reduction leads to a more efficient derivation
process, because the postponed filter component ii. (the KB-
algorithm) is integrated in the concept of direct derivability. 3)

2. Derivation of f-description solutions parallel to c-structures
In this section the derivation process of KB will be modified in
such a way, that in each step, besides a partial c-structure, also
that partial f-structure is generated, which would be the result of
the KB-algorithm, if it were applied to the annotated partial c-
structure. A derivation is then a special sequence of triples
consisting of a partial c-structure, a partial f-structure and a
mapping from the c¢-structure nodes to the subDAGs of the f-
structure, Before stating the definition for the start entity and
the concept of direct derivability the derivation concept will be
defined analogously to the standard derivation concepts,

DEF A derivation is a sequence S8y, where
5=t <c¢,d,f>; Ogign ; ¢ = c-structure; d =: partial f-structure
fe [N(¢) ~>T(d)] (mapping from the c-structure nodes (N(c))
to the subDAGs of d (T(d)))
sy start triple
§,= derived triple; with a c-structure of a terminal string
;. > 8 O<isn (5, follows from s, by rule T)

The c-structure of the start triple consists, as wusual in
c-structure derivations, only of the start node (1) with the label
S ({<1,S>}). If each node is to be in the domain of f, each node
(including the start node) has to be annotated with a v’ meta-
variable. Thus it is possible to apply the KB-algorithm to the
start node. The algorithm creates a place-holder (DAG, consisting
only of one node), to which the c-structure node is mapped. So it
is adequate to introduce for do a minimal DAG to which the
c-structure node (1) is mapped qua £°,

d

= <{<1,8>},d, S0 £0 | DY

5o

As the entities of a derivation are complex, an application of a
rule to a triple expands each component of that triple, The
expansion, that is achieved by a rule, can then be isolated if one
applies the KB-algorithm to the annotated c-structure which is
introduced by this annotated rule. Example:
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Thus it is possible to construct for each annotated cf rule T with
cf base rarule of the form  <py (1),<{<0,p,(1)>},d ,f'>>  where by (1)
is the first projection of r (the lefthand side of the rule r
which equals the lefthand side of T) and (<f,pr)>) is the intro-
duced c-structure. (If one represents the cf part of the righthand
side of the annotated rule T (p,(r)) as a sequence of symbols in
the set theoretical sense, it is possible to interpret the
integers as nodes and the symbols as labels of the nodes.

For the above rule: {<@,{<1,NP>,<2,VP>)>}.)

The concept of direct derivability now has to be defined as
follows: The application of a constructed rule to a triple, which
is constructed for an annotated c-structure by the KB-algorithm,
has to yield exactly that expansion that would be the result of the
KB-algorithm, if it were applied to the annotated c~structure which
is derived by the corresponding annotated rule. Before stating the
expansions formally we will describe them informally and
illustrate them by an example. That the definition of direct
derivability is adequate in this sense can only be sketched here.
Assuming that the triple S;_q=<c,d,f>
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is derived and the rule T (above) is applied to node 122, the new
components of s;=<c’,d’,f"> are determined as follows: 4)

1. (c-structure) The new c-structure is the expansion which results
from applying r to a terminal node (122 in the example) which is
labelled with the lefthand symbol of the rule.

2. (f-structure) As the c-structure, introduced by the rule,
expands the node 122 in ¢, all '~ metavariables in the
annotations of the rule have to be instantiated by 122 (and not by 9).
Thus *f122=f}" and it is necessary to merge the subDAG of d
denoted by dVCOMP with d_. 5) The new DAG d’ is then the minimal
extension of d which results from unifying the DAG which is
introduced by the rule with that subDAG of d to which the expanded

node was mapped quaf.
S N
% LN
AR L T
\9, s/y, 9%

3.(mapping) As the new DAG is an extension of d all attribute paths
of d are also paths of d’.

a) If the value of f for a node eDom(f) is denoted in d by dp,
it’s £’ value in d' will be denoted by d'p.

b) For the new nodes f* is defined as follows:

As the c-structure introduced by the rule expands 122 in ¢’, the
node @ is identified with 122, Therefore ’f122 -f * and by the
application of the Merge operator dVCOMPud _is constructed as the
(new) substructure of d’, denoted by &’ VCOMP By the application
of the Substitute operator P VCOMP becomes the (new) value of 5.
By the expansion of 122, a node j of the c-structure, introduced
by the rule, becomes the node 122j in ¢’. If 'f =d.p’* then by the
recursion of Merge dVCOMPp’ud p’ is constructed as the (new)

488

substructure of d', denoted by d’VCOMPp’. By the application of
Substitute dVCOMPp’14d.p’ becomes the (new) value of f,; .
Therefore: If the value of f* for the node j (8<j) of the 1ules
¢c-structure is denoted by d.p’ and the value of f for the expanded
node i is denoted by dp, then the value of f* for ij is denoted by
d’pp’. For the new nodes in the example the values of f are
determined as follows:

= dOBJ, f,,5 dVCOMP => f},,= 'VCOMP OBJ
f;: d . VCOMP, f12§ dVCOMP => f°),,5 d’VCOMP VCOMP

and <¢’,d’,f*> is

¢’ S d’
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The concept of direct derivability is defined in the following way:

DEF <cdf>—s1—>s =<c',d "> <->

C—T>c if node i is expanded

d'=[{d"eDAGId=d"A VpePATH(f, = dp -> d"p = dpuq, )}
f’e [N(c’) ~> T(d")]

VJeDom(f)VpePATII(f =dp -> f’ =d’p)

VjeDom(p, (r))Vp, pePATH(f = dp/\f Ld P’ -> f‘ = d'pp’)

3. Derivation of f-description solutions parallel to strings

Since in the derivation process sketched above only the values of f
for the terminal nodes are needed to define the next triple, it is
possible to define an alternative version for strings instead of
c-structures. The c-structure information which goes beyond the
linear order of the labelled terminal nodes is not required.
Derivations are to be defined for tripels <w,d,g> jn analogy to
Chap. 2, with w being a string, d a DAG and ge[w -> T(d)]. The
entities of a derivation and the triples which are introduced by
the rules can be constructed from the entities of the preceding
version easily:

If <c,d,f> is such an entity of the preceding version then w is the
final string represented by c, the DAG equals d and g maps each
occurrence of the final string represented by ¢ to that subDAG of d
which is the value of f for the corresponding terminal node. The
start triple is so= <{<l S>)d > and a rule has the form
<D (r),<0,(1),d,,8">>, By this construction one obtains the fol-
lowmg entities for S, and for the examples T and s, , of the pre-
ceding section:

S0 d0 . 0 Si.
{<1,8>)
Po
F d. "4 g \
")
P —> ?“/\%

{<1,NP>,<2,VP>)

{<1,NP>, <2, NP>, <3,VP>,<4,V>,<5,V>, <6 Vi>)

The definition of an adequate concept of direct derivability is now
relatively simple. Assuming that 5;.; = <w,d,g> and §; = <w',d’,g">:
1.(string) The direct derlvablhty for the strings 1s defxned as
usual;

w’ follows from w iff there is a rule T and w’ follows by the cf
part of T from w.



2.(f-structure) Because
a.the DAG, to which the expanded node is mapped in the c-structure
version equals that DAG (dp), to which the replaced occurrence is
mapped and
b.the DAG d,, which is introduced by a rule, is in both versions
the same; it follows that the minimal extension of d, which results
from dpu: d,., equals the derived DAG in the c-structure version.
3.(mapping) To define g’ we have to account for:
a.The indices of the occurrences of w corresponding to the terminal
nodes in the right context of the expanded node in the c-structure
version are increased at the tramsition to w’ depending on the
length of the righthand side of the applied rule (i, (1)),
b.The indices of the occurrences of Py{r) which are used to
construct the new nodes in the c-structure version are here in-
creased depending on the index of the replaced occurrence. This
leads to the following definition:
DEF <w,d,g> = SaF> 8 = <w’,d’,g"> <>
wT>w’ and if <i,w‘.> is the replaced occurrence
d'=ﬂ(d'&DAGld!?d"/\VpePATH(g(d,wi >)=dp -> d"p=dpud )}
gle[w' -> T(d')]
ViDom(w)(j<i-> VpePATH(g(<j,“Jz>)=dp ->g(<] ,wj’>)=d’p))
V jeDom(w")(jzi+(n, (1) -> VpePATH(g(<j-(Ip,(r)]-1)W>)=dp ->
g’(j,\gf’>)=d’p))

VjeDom(w’)(isj<i+|p2(r)] -> Vp,p’ePATH(g(d,w‘. >)=dp A

g (<j-(i-1)w>=dpp’ > g(<j,wp)=d'pp’)

4. The monostratal derivation concept

One obtains the monostratal version quite naturally if for all
triples <w,d,g> of a derivation and a rule’s right side in the
string version the arguments of g are attached as additional label-
led edges to the start nodes of the subDAGs of d to which they are
assigned qua g. Thus onc obtains for the start triple, the derived
triple .1 and the rule T the following structures: 6)

s,
SO L1 ]‘19333 N K&ym
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SR X vy o N\
rop P 3 NP Vo9 o
v I \? v \u,
NP vp v

If <w,d,g> is a triple of the string version then a DAG
s= [(deDAG|dEd n V<i,w;>ew VpePATH(g(<i,w; >)=dp->d'p(i)=w }}

is the corresponding entity in the monostratal version. These
entities are augmented partial f-structures. They have additional
terminal edges. These edges are labelled with integers and lead to
elements of the vocabulary. The labels of such edges which are
attached to different nodes have distinct labels. All such edges
represent a string over V.

If FSp is the (undefined) set of partial f-structures then the new
structures are elements of the set FSe

FSe=(stDAG|3deFSp IweV*d ge[w->T(d)](ss[{deDAG|d=d’ A
V<i,w, >ewVpePATH(g(<i,w, >)=dp->d’p(i)=wi)))}

The string of such a structure s (S(s)) is simply the set of all
these additional edges.

DEF VseFSe(S(s)={<i,x> MV {IpePATH(sp(i)=x)}
The derivation concept is defined as follows:
DEF A derivation is a sequence §;...§, where

. . 1
;s —3
§ 8, ; O<ign

s.€ FSe ; Ogign
* .
S,V r
As in this version the occurrences are attached as edges to the
start nodes of those subDAGS, to which they are assigned in the
string version, an adequate concept of direct derivability can be

inferred from the definition of the preceding section.

One properly re~indexes the DAG $;.4 and the DAG, which is intro-
duced by the rule (d,d ), according to the definition of g’.

The derived DAG is constructed by the elimination of the edge to be
replaced, and the unification of dr with that subDAG of d, to which
the replaced edge was attached. A successful unification in the
string version can’t fail here because the labels of the additional
edges of d (after elimination of the edge to be replaced) and d_
are pairwise different.

In the example the result of the application of T on <3,VP> of $;.4
is defined as follows:

d |7

& Coyp
1.L 2l ¥

Nl NP

The concept of direct derivability is defined in the following way:

DEF s=§; p—p>5 =8 <->
31)ePATH3ieN(sp(i)=p1(E)A s'=["{d’e DAG|d=d’ A d’p=dpu d })
with C as the set of atomic values and s, as righthand side of T
VpePATH(s r];)eC—>d'p=srp) A
d.=Id’eDAG |VpePATH(, PAS(s,)=H->d"pAS(d")=f) A
VpePATHY jed(s, p(j)=d’p(j+(i-1)))

VpePATH(speC->d’p=sp) A

VpePATH(sp\S(s)=f->d"p\S(d")=f) A
d=["’e DAG | ¥pePATITV jestj<i->d’p(j)=sp(j)) A

Vpe PATHY jeM(j>i->d’p(j+S(5. )I-1)=sp(j))

FOOTNOTES:
* The material in this paper is based on work supported by the BMFT under
grant no. 1013207 0.

1) [2]1 suggests, that atomic feature values are not represented as label-
led nodes. Thus in the following illustrations only edges labelled with
complex valued features (grammatical functions) lead to nodes; edges
tabelled with atomic valued features (morphological features) point at
the atomic values.

2) In this version (cf. [31) long distance deperxencies are handled on f-

structure level. For that purpose regular expressions over the set of

nuctear functions (governable functions plus ADJ, XADJ) are allowed to

occur in the equations. These rules can be interpreted as schemata. A

rule which is an instance of a schema is then annotated with an ex-

pression that is element of the set, denoted by the regular expression.

This integration {is necessary because f-structures are control
structures of the filter component ii. and the new structures are
expanded f-structures. It is also possible to simulate the postponed
filter components iii. and iv. in an adequate way during the deri-
vation. This can't be discussed here for lack of space.

This example is derivable with the grammar of [11. The annotations are

attached to the nodes in order to make d and f reconstructable. 1

represent nodes as sequences of integers in the usual way (start node

1; i) is the j-th daughter of the node i). For reasons of clarity f is

specified only for the terminal nodes.

5) If d is a DAG and p a path (a sequence of attributes), then dp is an

abbreviation of a term (descriptor) denoting a subDAG of d. The actual

structure of such a term deperds on the chosen metatheoretical recon-

struction of DAGs (partial functions vs. graphs) (cf. eg. [41).

Note that the VCOMP substructure comprises a discontinous structure

whose corresponding symbols do not form a proper substring in w.
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