Feature Indetermina y and the Coordination of
Unlikes in a Totally Well-Typed HPSG
Roger Levy
Mar h 19, 2001

1 Introdu tion
This paper is an attempt to re on ile fa ts regarding two diÆ ult issues in
formal syntax{the oordination of unlikes, and feature indetermina y {with
formal modeling assumptions in Head-Driven Phrase Stru ture Grammar
(HPSG; Pollard and Sag 1994), in parti ular that feature stru tures are totally well-typed (Carpenter, 1992). I argue that the problems presented by
the ombination of these two phenomena annot be solved solely with the
stru tural tools made available by HPSG's type hierar hy, and propose a
latti e that an model both phenomena at on e, without admitting unmotivated stru tural des riptions.
The rst se tion of the paper brie y introdu es the nature of the formal
problem presented by feature indetermina y and the oordination of unlikes;
the se ond se tion reviews proposed solutions to the problem in another
onstraint-based formalism, Lexi al-Fun tional Grammar (LFG; Kaplan and
Bresnan 1982), and in Lambek Categorial Grammar (LCG; Lambek 1958).
The next se tions of the paper examine possible solutions in HPSG, and
presents a novel latti e and with it an a ount of single-feature indetermina y and unlike oordination on the latti e. Another se tion is devoted to
problems regarding ase on ord within the NP, previously unexamined in
this ontext, and proposes a treatment based on the same formal apparatus.1
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I am extremely in the debt of and grateful to Samuel Bayer, Jim Blevins, Joan Bresnan,
Mary Dalrymple, Adam Przepiorkowsi, Ashwini Deo, Chris Manning, Peter Sells, Arnold
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2 The Problem
In onstraint-based grammati al formalisms, agreement and on ord among
di erent elements of a synta ti onstru t are modeled as the integration of
information arried by these elements about a parti ular feature value. In
pra ti e, the nature of information about any given feature is assumed to
be the same for all relevant elements. In languages with ase, for example,
the onstraints that
(1)

i. a parti ular verb form sele ts for an a usative obje t; and that
ii. a parti ular noun form's ase is a usative;

are modeled in a fundamentally identi al way: that some feature ase must
have exa tly the value a . Disjun tive spe i ations are permitted, but
the formal representation of disjun tion is formally identi al for feature values sele ted by verbs and spe i ed by nouns. Furthermore, it is generally
assumed that all disjun tions are a tually resolved in well-formed linguisti obje ts (see, for example, dis ussions in Kaplan and Bresnan (1982),
where disjun tions are not permitted in fun tional stru ture, and total welltypedness in Pollard and Sag (1994)).
There is onsiderable eviden e, however, that there is a di eren e between (1i) and (1ii), and that apparent disjun tions are not always resolved.
This eviden e is most a ute in a wide variety of oordination phenomena, as
dis ussed by Zaenen and Karttunen (1984); Ingria (1990); Bayer and Johnson (1995); Bayer (1996); and Dalrymple and Kaplan (2000), among others.
Examples in lude:
(2) Pat is a Republi an and proud of it. (Sag et al. 1985)
(3) Kogo/*Co
Janek lubi
a Jerzy nienawidzi?
(a /gen)/(nom/a )
obj.a
obj.gen
who
John likes
and George hates
\Who/*What does John like and George hate?" (Polish: Dyla 1984,
(10))
(4) Er ndet und hilft
Frauen.
obj.a

He nds

obj.dat

and helps

women

University. Finally, I would like to thank the native Russian speakers who generously let
me work with them on Russian data, and in parti ular Natalia Roudakova, who worked
losely with me on Russian data, and Adam Przepiorkowsi for data on Polish and Ashwini
Deo for data on Marathi. Any mistakes remain my sole responsibility.
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\He nds and helps women."
(5) I ertainly will, and you already have, f* larify/* lari ed the situationg fset the re ord straightg with respe t to the budget. (Pullum
and Zwi ky 1986)
Ea h of the above senten es in ludes an element one of whose feature values
is an apparently unresolved disjun tion. In (2), an NP and an AP are oordinated under the opula is, whi h in general an a ept either ategory,
and in this ase, both at the same time. In (3), the fronted kogo simultaneously satis es a usative and genitive ase requirements of governing verbs,
while nominative/a usative-sy nretized o annot. In (4), the shared obje t, syn retized for all ases, also satis es simultaneously two di erent ase
requirements. Finally, in (5), the verbform set an satisfy both demands
of base and past-parti ipial verbforms from prior auxilaries. There is also
similar eviden e from the domain of ase on free relative pronouns (see Se tion 7). In this paper I will distinguish between sele tional values, su h as
those spe i ed by a verb for its obje t, and inherent values, su h as those
spe i ed by a noun for itself, whi h I laim, following Bayer (1996), behave
asymmetri ally.
Surfa e-oriented a ounts of oordination typi ally assume that at least
some kinds of phrasal oordination are instantiations of a rule of the form
X !X j . . . X but it is also re ognized that the output onjun ts of this
rule need not be stri tly identi al. On the other hand, both surfa e and
transformational a ounts of oordination make great use of the intuition
that the grammati ality of W X and Y Z usually has as a prerequisite the
grammati ality of both W X Z and W Y Z. These approa hes might be integrated by saying that, in a surfa e-oriented synta ti a ount of onstituent
oordination,
(6) all onstraints that apply to a oordinate mother also apply to ea h
onjun t daughter.2
With treatments of ertain lasses of symmetri non- onstituent oordination, su h as those proposed by Milward (1994) and Maxwell and Manning (1996), grammati ality patterns in examples su h as (5) an also be
subsumed under this onstraint. The hallenge fa ing all synta ti theories
of onstituent oordination is how to insure that this general onstraint is
met.
2

There are ertain lear ex eptions to this onstraint, the resolution of agreement
features in oordinate NPs being one, so this statement must a tually be quali ed to apply
to ertain lasses of onstraints in (perhaps) ertain lasses of oordination environments.
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In the next se tion I review approa hes to this problem in LFG and LCG,
and a more general proposal by Blevins; subsequently I explore the spa e of
possible HPSG solutions before making a spe i proposal. A preliminary
aveat, however, is ne essary. Feature indetermina y and the oordination
of unlikes, in the sense de ned by (2), are an abstra tion of a parti ular sublass of empiri ally observed oordination patterns. Alternative patternings
are ommon; for example, many judgements show that a form shared as
an argument among onjun t members of a oordinated verb stru ture is
a eptable even if the form meets the sele tional requirements of only the
nearest verb. Some speakers judge lari ed in (5), for example, as a eptable, even though it quite learly fails to mat h onstraint (2):
(7) *I ertainly will lari ed the situation with respe t to the budget.
From the perspe tive of language variation, these alternative{and likely
quite ommon{patterns should not be ignored. But insofar as they pattern as the identity of a parti ular sele tional requirement on the oordinate
mother with the requirement on a single onjun t daughter, pi ked out by
ertain linear ordering onstraints, they do not present the same formal hallenge as those examples patterning a ording to (2). The present paper is
stri tly limited to the treatment of this problem.

3 Previous approa hes
3.1

LFG: sets for both

oordinate and indeterminate stru -

tures

Kaplan and Maxwell (1988) presented a solution for onstituent oordination in LFG whi h whi h permitted fun tional stru tures to alternatively be
sets of attribute-value matri es. Correspondingly, a onstraint present in
-stru ture that is operational on a set-valued fun tional stru ture is satised i it is satis ed for all members of the set. Cru ially, onstraints that
have more than one possible satisfa tion an be satis ed di erently in ea h
onjun t. This immediately solved the problem of properly hara terizing
the relation between extra tion and the Coordinate Stru ture Constraint,
as in:
(8) The robot that Bill gave Mary and Ja k said Jill gave a ball to ( .f.
Kaplan and Maxwell 1988, (23))
In (8), the head of the relative lause lls di erent grammati al fun tions
in the two onjun ts, and is at a di erent level of embedding. Kaplan
4

and Maxwell assume that the fun tional equation onstraining the relative
lause head here is (f 1 omp* gf) = f 2 . Sin e this fun tional equation
an be realized with any number of omps, and gf an stand for any valid
grammati al fun tion, the relative lause head an ll di erent grammati al
fun tions in the di erent onjun ts.
Dalrymple and Kaplan (2000) have shown that many problemati aspe ts of feature indetermina y an be elegantly solved in LFG by treating
ertain features, in luding ase, as set-valued. In general, they take a noun
form syn retized for ases fa1 ;    ; an g as having a ase value equal to
fa1 ;    ; an g. An ordinary a
usative noun, for example, would have ase
value fa g, while an a usative-genitive syn retized noun su h as Polish
kogo would have a lexi al entry of (" ase) = fa ,geng, in LFG's notation.
This value, as Dalrymple and Kaplan explain, is a set designator {it exhaustively stipulates that both and only a and gen are members of the value
of ase.
Verbs in their a ount, on the other hand, stipulate the ase values of
their arguments non-exhaustively. A verb governing an a usative obje t,
su h as lubi in Polish, has a ase requirement in its lexi al entry of the
form a 2 ("obj ase), requiring only that a is a member of the obje t's
ase (set) value, and pla es no restri tions on the further membership of that
set. This formalizes the ru ial observation that the ase requirements of
multiple verbs on a single argument need not be he ked against ea h other,
while allowing full stru tural identity of the argument of the two verbs. The
grammati ality of the Polish (3), for example, follows from its unproblemati
fun tional stru ture ( -stru ture omitted):
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Figure 1: Partial LCG derivation of (4), following Bayer (1996).
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oordination and indetermina y through logi al

onjun tion and disjun tion

Bayer (1996); Bayer and Johnson (1995) argue that both indetermina y and
the oordination of unlikes an be handled in Lambek Categori al Grammar
(LCG) in one fell swoop, through augmenting the set of ategory onstru tors with meet and join onstru tors, following Morrill (1994). Indeterminate ase on nouns is taken as a onjun tion of all individual ase values.
When su h a noun is shared between oordinated ategories spe ifying different for their argument, the oordinated ategories undergo Ante edent
Strengthening, whereby the sele tional requirements S on an argument are
repla ed with the onjun tion of S with other requirements, to produ e a
oordinate mother that sele ts an argument with the meet ( onjun tion)
of the two ase values spe i ed by the daughter. Be ause onjun t verbs
or VPs an be mat hed for their argument sele tion, apparently on i ting
requirements for an argument do not result in in ompatibility but rather in
a pooled sele tional requirement on the argument.
6

Frauen

NP[nom℄^NP[a
NP[a

℄^NP[dat℄^NP[gen℄

℄^NP[dat℄

Figure 1 shows a LCG analysis of (3), following Bayer (1996), beginning
with the onjun tion of verb phrases. In the rst step, ea h verb undergoes argument strengthening, allowing it to take an argument with more
properties than just the sele ted ase. The syn retized Frauen undergoes
weakening of its ategory. In the next step, the argument-strengthened
verbs, whi h now are of identi al ategory, are oordinated, and nally the
oordinated verb ombines with the obje t Frauen to form a verb phrase.
The oordination of unlike ategories pro eeds similarly, ex ept that sin e
the oordinated element is an argument and not a fun tor, join introdu tion
weakens the onjun ts to the same ategory. All these ategory- hanging
operations are derived from rules of logi al inferen e.
3.3

Case indetermina y as subsumption

It may be instru tive to ontrast D&K's approa h with a like-minded but
somewhat more radi al proposal by Blevins (2000). Capitalizing on the
paradigmati nature of ase syn retism a ross many languages, Blevins
shows that the set-based model an be repla ed with a de omposition into
Jakobsonian distin tive features, whi h an be represented in onstraintbased frameworks as omplex, multiple-featured attribute-value matri es.
This permits an arguably more ompa t representation of ase than D&K's
set notation; following the analysis of Jakobson (1958), the six to eight
Slavi ases, for example, seems to su umb to just three binary features,
without losing any generalizations about syn retism.3 This representation
alone, however, does not solve the feature-indetermina y problem. For
that, Blevins relies on widely repla ing stru tural identity requirements with
looser subsumption requirements. The ase requirements of a verb on its
argument, in Blevins's proposal, do not unify with the argument, but rather
are subsumed by it. The non- on i t between di ering argument ase requirements in oordinated VPs is modeled with a set-based approa h to VP
oordination similar to that introdu ed in Kaplan and Maxwell (1988) for
LFG. Both subsumption and set-based modeling of oordinated VPs are
ru ial to Blevins's treatment of feature indetermina y.4
3

Neidle (1988) also uses Jakobson's de omposition to en ode generalizations about
Russian ase in LFG.
4
There are even more ru ial details that I have omitted here. Blevins's analysis
requires a stri tly \upward" ow of information (subsumption is always of synta ti ally
higher elements by lower elements) to ensure that the proper subsumption relations hold
in the proper dire tions. Furthermore, all the subsumption relations between attributevalue matri es in Blevins's analyses arise from stipulations on phrase stru ture rules (as
opposed to tie information within lexemes). Finally, Blevins models oordination with
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4 Short omings of the power set latti e
At rst glan e it appears that the use of sets introdu ed by Dalrymple
and Kaplan an be readily adapted to HPSG for feature indetermina y and
oordination. To see how this might be a omplished, let us onsider the
stru ture of the latti e de ned by the powerset P (B ) over a set B , ordered
by reverse in lusion.
Figure 2: Powerset latti e for fnom; a

, ordered by in lusion

; geng

;

nomg

a

f

nom,a

f

f

nom,geng

g

geng

g

f

f

a ,geng

f

nom,a ,geng

f

The subset relation among sets in P (B ) is determined by pre eden e on
the latti e. In D&K's set-based approa h, for example, the ase-marking
onstraint on obje ts of verbs is taken to be of the form x 2 ("obj ase).
This is equivalent to the onstraint fxg  ("obj ase), so a sele ting value
an be thought of as an upper bound on the powerset latti e for possible ase
values of the governed noun, satis ed only if the noun spe i es an equal or
lower value. A noun governed by multiple verbs is simply subje t to multiple
upper bounds.
In HPSG, this treatment ould straightforwardly be adopted by making
similar assumptions about the (set-based) form of lexi al entries for nouns
and verbs. Alternatively, the stru ture of the powerset latti e ould be
adapted to t within HPSG's sort hierar hy for individual features. In this
theory, all linguisti stru tures are populated with maximal sorts, whi h
dominate no other node in the sort semilatti e. A sort hierar hy with the
appropriate properties an easily be onstru ted from the powerset latti e
by extending for ea h node N on the powerset latti e a maximal sort M su h
that N and only N dominates M (ex ept for the topmost and bottommost
nodes, for whi h it is unne essary):
sets of AVM's, as do D&K. This array of assumptions serves well for the oordination
examples su h as (3) and (4), but may be problemati for free-relative examples, where
the subsumption ordering needs to ow downward (into the relative lause) for proper
results.
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Figure 3: Sort hierar hy for fnom; a

, based on powerset latti e

; geng

ase
nom
nom,a
nom

nom/a

a

a

gen

nom,gen
nom/a

/gen

a ,gen
nom/gen

a

/gen

Assuming this sort hierar hy, sele tional requirements of verbs spe ify nonmaximal nodes for the value, and the values of nouns spe ify maximal values.
The empiri al overage of su h a system is identi al to that of Figure 2.5
As noted by Bayer (1996), the oordination of unlikes an be thought of
as the mirror image of feature indetermina y, and either of these powersetbased onstru tions ould be adopted for a treatment of the oordination of
unlikes. For example, following Pollard and Sag (1994) and assuming that
verb phrases are spe i ed for a binary aux feature orresponding to the status of the head verb, we an enri h the sort hierar hy for aux, as shown in
Figure 4. It has been proposed that the English auxilary do sub ategorizes
for a VP omplement that is [aux -℄ (Sag, p. .). In this ase, the ne essary
assumption is that the lexi al entries of verbs spe ify non-maximal binary
values, and that do spe i es a maximal value [aux sel:-℄ for its VP omplement. Assuming token identity between aux values in onjun t VPs and
oordinate mother gives the proper results for the following set:6
5

Levine et al. (2001) propose just su h a sort hierar hy for the treatment of ase in
English parasiti gaps.
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gen

Figure 4: Powerset latti e-based sort hierar hy for aux
aux
+
sel:+

(10)

{
+/{

sel:{

a. She loves this kind of movie and is planning to see it.
b. * Does she love this movie and be planning to see it?
. Does she love this kind of movie and want to see it?

Note that the duality between feature indetermina y and the oordination
of unlike ategories is realized by the inverted relative positions of inherent
vs. sele ting values: in feature indetermina y, inherent values are lower
than sele ting values, while in the oordination of unlikes, sele ting values
are lower than inherent values. From this perspe tive, the oordination of
unlikes is simply indetermina y of sele ting feature values.
This pi ture is in omplete, as is shown by the following data. Re all
from (3), repeated below, that Polish ase exhibits feature indetermina y,
in parti ular between a usative and genitive. However, obje ts of unlike
ase an also be oordinated in Polish, pre isely when ea h onjun t ould
individually serve as obje t of the verb:
(3) Kogo Janek lubi a Jerzy nienawidzi?
(11) Daj ie wina
i
a"l"a
"swini"e! (Przepiorkowski 1999)
give wine.gen and whole.a pig.a
\Serve some wine and a whole pig!"
This is also true of Russian (also see Franks 1993):7
6

However, it introdu es a spurious ambiguity for senten es su h as
She loves this movie and plans on seeing it.
whose aux value in the oordinate VP ould be either +/{ or sel:{. This ambiguity
results from the unsele ted status of the aux value.
7
These are by no means marginal ases. Obje t ase marking alternation is typologially widespread, typi ally orrelated with variability in anima y and de niteness of the
obje t. Comrie (1978) provides a ross-linguisti survey of the phenomenon. In every
language with obje t ase marking alternation that I have he ked, in luding Russian,
Polish, Turkish, Tatar, and Marathi, the onjun tion of obje ts with alternate ase is
possible. Pragmati onstraints do exist on this onjun tion, but they follow dire tly from
the di ering onjun ts.
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(12) Kogo
ja iskal
ne bylo
doma.
who.a /gen I sought.obj-a not was.subj-gen home.
\The person who I was looking for wasn't at home."
(13) Vera
ve ' den' on prozdal [ svoju podrugu
Irinu℄
yesterday all day he expe ted self's.a girlfriend.a Irina.a
i [ zvonka [ ot svoego brata Grigorija℄℄. (Russian)
and all.gen from self's brother Gregory
\Yesterday he waited all day for his girlfriend Irina and for a all
from his brother Gregory."
np

np

pp

Sin e Polish and Russian ase show indetermina y in (3) and (12), inherent values must be taken to be maximal types in a sort hierar hy based
on the powerset. Therefore, ase on the oordinate NP obje ts in (11) and
(13) annot be taken to be the token-identity of the onjun t daughter ases.
Nor ould their oordination be taken as their meet (equivalently, generalization) on the sort hierar hy, however, as this would permit the oordinated
obje t to be admissible if either of its onjun ts satis es the governing verb's
requirements. In short, on a latti e based on the powerset it is impossible
to preserve the ne essary information in oordination of both governed and
governing phrases.8
In the next se tion, I present a latti e that allows for the simultaneous representation of indetermina y and the oordination of unlikes, one in
whi h feature values are modeled with sets of sets of symbols. The remainder of the paper is devoted to an initial a ount of both phenomena.

5 De ning double-set latti es
This se tion presents a latti e onstru ted set-theoreti ally, on whi h every
possible oordination of both inherent values and sele ting values has a
unique representation. This latti e serves as the foundation for the theory
of oordination and NP-internal ase on ord developed in the remainder of
the paper.
Let B = fb1 ; :::bn g, and note that the relations of union and interse tion
are de ned over members of P (B ), the power set of B . De ne two relations
over double-set members of the double power set of B , P (P (B )), as follows:
(14) Given double sets S 1 ; S 2

( ( )):

2 P P B

8

Bayer and Johnson (1995) make an equivalent point with regard to the GPSG a ount
of oordination proposed by Sag et al. (1985), although it does not address an a ount in
whi h NP and VP oordination rules are distin t.
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i. The double union of S 1 and S 2 , written as S 1  S 2 , is equal to
the set S = S 1 [ S 2 , minus the set of all ei 2 S su h that there
is some ej 2 S 1 [ S 2 su h that ej  ei .
ii. The double interse tion of S 1 and S 2 , written as S 1 S 2 , is
equal to the set S of all elements e su h that for some s 2 S 1
and t 2 S 2 , e = s [ t, minus the set of all ei 2 S su h that there
is some ej 2 S su h that ej  ei .
iii. S 1 suÆ es for S 2 , written as S 1  S 2 i S 1  S 2 = S 1 (and,
hen e, S 1 S 2 = S 2 ).
0

0

0

0

0

Now onsider the set C  P (P (B )), whi h ontains every one of and only
the elements of P (P (B )) with ardinality 0 or 1. For example, if B = fa; bg,
then C will be fffagg; ffbgg; ffa; bgg; f;g; ;g.
(15) The double-set latti e
ordered by .

L

B

of

B

is the losure of

C

over

and ,

This results in a distributive latti e for any B . Figure 5 is a diagram of the
double-set latti e of fA,B,Cg. Fortunately, for any set B , the latti e LB
is a sublatti e of LB for any set B  B . Figure 6, whi h is a diagram of
the double-set latti e of fA,Bg, a sublatti e of the latti e in Figure 5. This
simpli es dis ussion of the behavior of members of LB on LB , as all the
ordering relations among elements of LB also hold in LB .
Importantly, in general some members of P (P (B )) will not be present
in LB . For the latti e in Figure 6, these in lude: ffAg,fA,Bgg,ffBg,fA,Bgg,
f;,fAgg, f;,fBgg, f;,fA,Bgg, f;,fA,Bg,fAgg, f;,fA,Bg,fBgg, f;,fA,Bg,fAg,fBgg.
This is a re e tion of the property of all double-set latti es that
0

0

0

0

0

(16) For any element S of a double-set latti e, no two nonidenti al singleton subsets of S are ordered by .9
9
As Carl Pollard has shown (p. .), the double-set latti e an be onstru ted, up to
isomorphism, more generally using domain theory. For a set B, the double-set latti e of B
is equivalent to Hoare(Smyth(B)), where Smyth(X ) is the Smyth powerdomain of X and
Hoare(X ) the Hoare powerdomain of X . For unordered X , the Smyth powerdomain of X
is simply P (X ) ordered by reverse in lusion; the Hoare powerdomain of X , in turn, is the
latti e in whi h for A; B  X , A  B i for every a 2 A, some b 2 B is su h that a  b
on X .
I retain the de nition of the double-set latti e as presented here, however, be ause it
remains losed under ordinary set interse tion (though not under set union). I make use
of set interse tion in the treatment of NP-internal ase on ord (Se tion 9).
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f;g

Ag,fBg,fCgg

ff

Ag,fBgg

Ag,fCgg

ff

Bg,fCgg

ff

Ag,fB,Cgg

Bg,fA,Cgg

ff

ff

Agg

ff

Cg,fA,Bgg

ff

A,Bg,
A,Cg,
fB,Cgg

ff

Bgg

ff

ff

A,Bg,fA,Cgg

f

A,Bg,fB,Cgg

ff

ff

A,Bgg

A,Cg,fB,Cgg

ff

A,Cgg

ff

Cgg

ff

B,Cgg

ff

ff

A,B,Cgg

ff

;

Figure 5: Double-set latti e ordered by  over fA,B,Cg.
f;g

Ag,fBgg

ff

Agg

Bgg

ff

ff

A,Bgg

ff

;

Figure 6: Double-set latti e over fA,Bg. A sublatti e of Figure 5.
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6 A theory of oordination with double-set-valued
features
In this se tion, I will show how double-set latti es an be used to model
the asymmetry between feature values and sele tion requirements on those
features, and handle the resulting examples of both the oordination of
unlikes and feature indetermina y.
6.1

Preliminaries

To begin with, I assume that the inventory of ase feature values is not
simply a nite set of symbols, but rather the double-set latti e derived from
that set of symbols. Features with su h an inventory of values I will all
double-set-valued features, and their values are of type double-set value, a
subtype of set value. For the moment I will limit the s ope of onstraint
to values of the ase feature. In Se tion 8, I generalize onstraints to
hierar hi ally more general feature values.
The set of ase values in Polish, for example, would be taken as the
double-set latti e over the set fnom,gen,a ,dat,lo ,prepg, whi h onstitutes the traditionally-re ognized set of possible ase values of Polish NPs.10
It will follow from my formulation of lexi al entries and synta ti rules
that double-set values have an intuitive interpretation that an be read
dire tly from the form of the feature value. For a double-set value S =
fs1 ; :::; sn g, ea h si 2 S omprised of f i1 ; :::; in g, ea h ij
an be regarded
as an assertion of truth regarding the feature stru ture in question. A member si of S an be regarded as an assertion of the disjun tion of the assertions of ea h of its members ij ; S itself an be regarded, in turn, as
a onjun tion of the assertions of ea h of its members si . The ase value
ffgen,a
g,fnomgg, for example, an be interpreted as an assertion of 1)
nominative AND 2) genitive OR a usative.
Note that from the de nition presented in Se tion 5, it follows that if
two double-set values have the same logi al ontent under this interpretation,
then they are the same feature value. ffgeng,fgen,a gg, for example, is
not a double-set value, even though both fgeng and fgen,a g are individually possible members of double-set values. That this feature value is
ill-formed an be seen from (16). Although gen^(gen_a ) and gen both
have the same logi al ontent as assertions, the only double-set value with
this interpretation is ffgengg.
10

Momentarily ignoring debates over, for example, whether partitive ase in Polish needs
to be distinguished from genitive.
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6.2

Lexi al Entries

I model the sele tion requirements of verbs on features of their arguments
as a lower bound on the latti e of double-set values. The Polish verb form
nienawidzi, whi h demands a genitive obje t, would have a lexi al entry
spe ifying its obje t's ase as follows:
(17) nienawidzi:

h

arg-st

<

subj,

NP[

i

ase

1 ℄> ^

(1



)

ffgengg

Given this treatment of verbal lexi al entries, two treatments are possible for noun phrases. The ase value for a noun phrase might be taken
as an upper bound on the  ordering; this would orrespond losely to the
CG treatment of Bayer (1996), in whi h NP arguments of verbs an undergo Meet Elimination, weakening their ategory (for example, gen ^ a
weakens to a ) during a derivation. In a onstraint-based grammati al
formalism, this approa h would have the advantage that ase in NP oordination ould be treated straightforwardly with uni ation. The pri e of
su h an approa h, however, would be the admission of multiple satisfying
feature stru tures for some ombinations of verb and NP argument{for example, in an utteran e where a verb sele ting an a usative obje t governs
an a usative-genitive indeterminate noun, stru tures with both ffa gg
and ffa g,fgengg as obje t ase value would be admitted.11
The alternative approa h is for lexi al entries to spe ify parti ular values
for features that are \inherent" to them{ ase on nouns (and adje tives and
determiners), for example, whi h is marked dire tly on NPs. The lexi al
entry for Polish kogo, for example, would here in lude the partial CASE
spe i ation:
(18) kogo:

[

ase ffgeng,fa

gg ℄

This se ond alternative forms the basis of the theory of oordination, indetermina y, and on ord presented here.
6.3

Coordinate stru ture syntax

Ultimately we will want to state the synta ti onstraints on oordinate
stru tures with great generality, but in this se tion I begin with maximally
spe i
onstraints. In Se tion 8, I propose a more general synta ti onstraint on oordination that is onsistent with the analysis presented in this
se tion.
11
The lower-bound approa h also renders invalid the proposal for NP-internal ase onord presented in Se tion 9, though Footnote 17 suggests an alternative, viable approa h.
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I assume that onstraints on argument ase value are onsistent with
the strong version of the the Coordination Prin iple, restri ted to feature
stru tures of a verbal ategory, from Pollard and Sag (1994):
(19) The ategory and nonlo al values of ea h onjun t daughter
(VP) are identi al to that of the mother.12
In Polish (3), for example, the senten e-initial kogo is an obje t of the
oordinate VP Janek lubi a Jerzy nienawidzi, and its ase value C therefore
must satisfy both Cffa gg, from lubi, and Cffgengg, from nienawidzi.
As AB i A is above B on the double-set latti e as oriented in Figure 5,
the ase value of kogo, ffa g,fgengg, does satisfy both these onstraints;
the ase value of a noun not a -gen syn retized would not.
The oordinate stru ture onstraint I propose for noun phrases makes
use of the operations on double sets de ned in Se tion 5.
(20) In a oordinate NP stru ture, the ase value of the mother NP is
the double interse tion of the ase values of all onjun t daughters.
Under (20), the stru ture of the NP oordinate obje t in example (13)
is as follows:
(21)

"
ase

NP

"
ase

n

a

nNP
a

i

o#

o#

,gen

NP

"
ase

svoju podrugu Irinu

n

o#

gen

zvonka ot svoego brata Grigorija

The ase value ffa ,gengg on the oordinate mother in (21) an be
interpreted as a disjun tion of a usative and genitive values. It should be
12

Though P&S suggest that the identity requirement is too strong, the alternative
subsumption-based analysis (here onsidered for VPs) is sus eptible to Bayer (1996)'s
general ritique of subsumption-based approa hes. The tools presented here deal dire tly
with the short omings of both the strong and weak approa hes do umented in P&S.
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evident that this oordinate stru ture is a viable obje t only for a verb su h
as Russian zdat', whi h an take either an a usative or genitive obje t. The
lexi al entry for zdat' would in lude the spe i ation
(22) zdat':

[arg-st <

subj,

NP[ ase 1 ℄ > ℄ ^ ( 1



ffa

,gengg)

As the oordinate NP mother in (21) satis es the se ond part of the
logi al onjun tion in the partial lexi al entry for zdat', it an serve as the
obje t of this verb, as in (13).

7 Free Relative Pronouns
Groos and van Reimsdijk (1979) showed that in German, relative pronouns
an be free in a senten e only if their form is onsistent with the ase requirements of both the governing matrix verb and the relative lause's verb:
(23) Was
what.nom/a
pra htig.
wonderful.

du mir gegeben
you me given.obj-a

hast, ist
have is.subj-nom

Similar examples also exist in Russian, as shown in (12).
Ingria (1990) presented this onstru tion as eviden e, similar to the fa ts
dis ussed by Zaenen and Karttunen (1984) regarding oordination, that a
disjun tive spe i ation of ase value for ase syn retism is untenable. As
with the a ounts of Bayer (1996) and Dalrymple and Kaplan (2000), the
HPSG a ount presented here permits this onstru tion without diÆ ulty,
if we assume that a free relative pronoun P syn retized for ases a and b
have lexi al entries in luding:13
(24) P:

"

ase

n on o#
a , b

13

The remaining diÆ ulty is the a tual synta ti stru ture of a free relative lause; the
only ru ial assumption is that both matrix and RC-internal verbs sele t for the same
value. This is Muller (1999) advo ates a distin tion between ase values \external" to
and \internal" to the relative lause for German free relatives, and raises two riti isms of
the indetermina y approa h, based on the importan e of obje t NP ase value for word
order within the VP, and for ertain adverbial elements in on ord with the obje t NP.
The ritique is not formally damning, however, be ause whatever dependen ies might
otherwise be tied to the ase value of the noun, an be tied to the sele ting value of the
governing verb under the indetermina y approa h.
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and verbal lexi al entries spe ify lower bounds on the double-set latti e, as
in (17).

8 Generalizing oordination syntax
In Se tion 6.3, I stated onstraints on ase values in oordinate stru tures
in terms spe i to atomi feature values. This set of onstraints on values of individual feature an, however, be generalized as a single onstraint,
onsistent with the analysis presented thus far, and apturing a more omprehensive array of fa ts.
To begin with, note that the distribution of oordinated English VP's
with and without auxilaries, shown in (10), is fundamentally similar to the
distribution of oordinated Polish/Russian obje ts in (11) and (13). If f we
assume that the set of possible values of aux is not the set of symbols f+,-g,
as is typi ally done, but rather the set of members of the double-set latti e
over the set of symbols f+,-g, then we an develop a theory of auxilaries
VP oordination without resorting to subsumption. Suppose auxilary verbs
in lude in their lexi al spe i ation the onstraint [head j aux ff+gg℄, and
non-auxilaries [head j aux ff-gg℄. Let the rule for VP oordination state
that the aux value of the oordinate mother is the double interse tion of
the aux values of the onjun t daughters, just as we assumed for ase in
oordinate NPs. Finally, let the lexi al entry for do in lude the onstraint:
(25) do :

h

arg-st

<

subj,

VP[

i

aux

1 ℄, ... > ^ 1



ff-gg

The above assumptions handle both (10a) and (10b) above:
(26)

VP
[aux ff+,-gg℄

VP

and

[aux ff-gg℄

VP
[aux ff+gg℄

an't sit through them

hate this kind of movie

The oordinate VP mother in (26) is ne in (10a), where there are no
external onstrants that its aux value needs to meet. In (10b), however,
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the aux value of annot meet the onstraint imposed by the head verb do,
whi h demands an aux value ff-gg for its VP omplement.
What remains is to state these oordination rules in more general terms.
As P&S 94 notes, ategory and nonlo al are the HPSG features on
whi h oordinate stru ture onstraints are naturally operative. Double interse tion as presented in Se tion 6.1, however, is unde ned for feature values
that are not double-set latti es values. What we need is a re ursive relation that an be stated on non-atomi feature values but that results in the
double interse tion relation for paths leading to double-set latti e values.
(27)

is the feature-stru ture oordination of a set of values fV 1 ;   
all of type T , when:

W

;V

n g,

1. If T is feature-stru ture-valued: if for every feature F j in type
V , feature-stru ture oordination holds between the value of F j
in W and the set of values fvj1 ;    ; vjn g of F j for ea h V i ;
2. If V is double-set-valued: if W is the double interse tion of
fV 1 ;    ; V n g;
3. Otherwise: if W and fV 1 ;    ; V n g are all token-identi al.
We an now state the synta ti onstraint on oordinate stru tures quite
generally:
(28) In a oordinate stru ture, the ategory and nonlo al values of
the oordinate mother are the feature-stru ture oordination of the
respe tive values of the onjun t daughters.
We an show that all the relations of feature values in VP and NP oordination that we have examined so far are implied by (27-28). A ording to these
rules, if and only if a path an be tra ed from ategory or nonlo al to
an atomi -valued feature F without passing into any lists or sets, and F has
as its values members of double-set latti es, then in a oordinate stru ture,
the value for F for the oordinate mother will the double interse tion of the
values of F in the onjun t daughters. ase in nominal ategories an be
rea hed from ategory through the path at j head j ase, and aux in
verbal ategories through the path at j head j aux; therefore the values
of these features will undergo double interse tion in oordination. ase in
the arg-st, omps, and/or slash of a verbal- ategory features stru ture,
on the other hand, is embedded in a list (and possibly a set). (27) demands
token identity among lists/sets for all onjun ts and the mother, so all values within the lists must be identi al for all onjun ts and the oordinate
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mother. This in ludes the value of ase in members of the arg-st list,
whi h overs (19).
This general onstraint, along with the ne essary assumption that feature
values, in luding aux and ase, and head, must be modeled as double-setvalued, also overs oordination in the domain of other features, su h as (2)
and (5).

9 NP-internal ase
The a ounts we have examined of ase syn retism as feature indetermina y
also have impli ations for NP-internal ase on ord. In languages that mark
ase on determiners and modi ers within the noun phrase, ase marking on
these elements must \mat h" the ase marking on the noun:14
(29) Ja ljubil
I loved-obj.a

krasivuju/*krasivaja zensinu.
(Russian)
beautiful-a /*-nom woman-a .

In onstraint-based formalisms, this \mat hing" relation has traditionally
been modeled as ommon instantiation of a single feature value, similar
to the mat hing of seleting and inherent values, as dis ussed in Se tion 2.
Su h a pi ture an be represented as follows, with dotted lines representing
featural identity:
VP
(30)

V

NP
Mod

N

In the formal a ounts of feature indetermina y and the oordination of
unlikes thus far reviewed and developed, however, the relation between ase
on V and NP nodes above hanges from a symmetri al sharing relation to
an asymmetri al bounding relation, represented below as a solid line with
an arrow:
VP
(31)

V

NP
Mod

N

14

There are possible ex eptions to this generalization, notably NPs in Slavi languages
that in lude numerals or ertain other quanti ers.
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This pi ture, though, is in omplete: an unsyn retized adje tive an modify a syn retized noun, and a syn retized adje tive an modify an unsynretized noun:
(32)

a. Er ndet die
Frauen.
He nds the.a women.nom/a /dat/gen.
b. Ona znaet xoroshego
musinu
she knows good.a /gen man.a

If, as we have thus far assumed, the lexi al entries of nouns in lude
the spe i ation of parti ular values (as opposed to upper bounds on the
latti e) for ase, then the ase value annot be shared between adje tive
and noun. This opens several logi al possibilities for the relation of the ase
feature value in the NP stru ture, in luding the following (the ne dotted
line spe i es a yet-unspe i ed, possibly asymmetri , relation):
VP

VP
(33)

a.

V

NP
Mod

b.

V

NP
Mod

N

N

Both of these stru tures are problemati , however, for the following reason. The fa t that nouns of a given ase an always be modi ed by forms
syn retized between and other values, and unsyn retized modi ers with
ase
an always modify nouns syn retized for and other values, suggests that the required relation between noun and modi er is one of sharing
similar values{equivalent on either the power set latti e or the double set
latti e to the two values standing in an ordering relation. If either noun or
modi er ase value is identi ed with that of the NP, though, the predi tion is that when the value identi ed with the NP's is syn retized, a more
weakly-syn retized value on the other daughter may be \prote ted" from the
verbal sele tion requirement{an a usative/genitive modi er, for example,
might modify a genitive noun, even when the NP stru ture is governed by
an a usative-sele ting verb. No available eviden e is onsistent with this
predi tion, and mu h eviden e suggesting otherwise is available, in German
for syn retized nouns:
(34)

a. Er ndet (die/*der)
Frauen.
He helps (the-a /*the-dat) women.
21

b. Er hilft (*die/der)
Frauen.
He helps (*the-a /the-dat) women.
. Er ndet und hilft
(*die/*der) Frauen.
obj.a

He nds

obj.dat *a

and helps

*the

/*dat

women

and in Polish, for a syn retized adje tive:15
(35)

a. *? Maria ko ha
a Ewa nienawidzi
tego
Maria loves.obj-a but Ewa hates.obj-gen this.a
mez zyzny.
man.a
b. Maria ko ha a Ewa nienawidzi tego
fa eta.
Maria loves but Ewa hates
this.a /gen guy.a
(Przepiorkowski, p. .)

/gen

/gen

The relation between noun and adje tive ase is better on eived as a
symmetri on ord relation, stru turally denotable as:
VP
(36)

V

NP
Mod

N

where nouns and adje tives are seen as mutually restri ting the formal ase
value of the NP mother.
The question remains, what is this mutual restri tion relation in formal
terms? We saw before in Se tion 6.3 that the the join operator on the
double-set latti e, double interse tion, gives the proper results for restri tion
of oordinate mother ase values by onjun t daughter noun phrases. We
might assume that the mother node in a modi er-N onstru tion has a
ase value equal to the double interse tion of the values of its onjun t
daughters. This appears insuÆ iently restri tive, however. Example (13)
shows that the presen e in an NP of an adje tive of a given ase does not
0

15

Sin e these examples are in di erent languages, the eviden e I present here is, stri tly
speaking, still ir umstantial. However, there is absolutely no eviden e against the multilaterality of NP-internal ase on ord, and it is only a ombination of morphosynta ti
fa ts and apparent grammati al fun tion restri tions on argument sharing that prevents
the dire t testing of the inverse in ea h of Polish and German.
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prevent onjun tion with an NP of di erent ase, given the proper governing
verb. However, ea h adje tive must modify a noun of identi al ase, even in
NP obje ts of a verb allows obje t ase-marking alternation; ontrast (13)
with the following ungrammati al example:
(37) *Vera ve ' den' on prozdal [ svoej podrugu
Irinu℄
yesterday all day he awaited self's-gen girlfriend-a Irina.a
i [ zvonka [ ot svoego brata Grigorija℄℄. ( f. (13))
and all-GEN [from self's brother Gregory℄
np

np

pp

In this example, the genitive adje tive svoej annot appear modifying a usative podrugu, even though the genitive ase an appear in another onjun t NP obje t.16 If NP ase were onstru ted using the double interse tion
operator on modi er and head noun ase, this example would be admitted.
Instead, I take advantage of the fa t that I have de ned ase values
as sets, and model ase values in the ombination of nouns and modi ers
with simple interse tion, whi h is a more restri tive operator than double
interse tion on the latti e:17
(38) The ase value for the mother of a nominal head daughter and a
modifer is the interse tion of the ase values of its daughters.
Reverting to the interpretation of double-set values as statements of logi al
ontent, interse tion allows a weakening of propositional strength, but it
does not permit the introdu tion of any new disjun tions.
16

The possibility that this is a property of adje tives rather than a property of NP syntax
seems doubtful. It presumably would be possible in prin iple to onjoin unlike- ase NPs
onsisting of adje tives without nouns; but this is in pra ti e diÆ ult to test, be ause
using an adje tive in a nounless NP seems to arry a strong onnotation of de niteness,
to whi h di erential ase marking is sensitive.
17
I have onsidered an approa h aiming to derive required on ord between nouns and
modi ers from semanti fa ts: multiple ase values in NPs ould only be li ensed by verbs
with di erential ase marking, and di erential ase marking seems always to be asso iated
with di erential semanti s{de niteness, for example{of the marked NP. If we assume that
the definiteness value must be the same between the adje tive and the noun, then the
identity of ase value seems to follow.
There are two problems with this approa h. One is that its formal statement a tually
depends on a omplex theory of orrelation between sele tion on feature values (in this
instan e, ase and de niteness) that is not yet worked out. Another is that, insofar as we
are interested in the total well-typing of oordinate stru tures, the question of what the
def value for the oordinate mother is, and how the possible values for onjun t daughters
are restri ted, need to be resolved, and they are fundamentally the same questions as we
now fa e for ase NP-internally.
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We an now return to see why examples (34a) and (34b) are grammati al
with one arti le, but (34 ) is ungrammati al with any arti le.
(39)

a.

NP

"

1 \ 2 =

ase

nDet on

"
1

ase

n

o# "

nom , a

on

o#

n

on

nom , a

2

ase

NP

NP
ase

.

i.

ndet :

ii. hilft :

o# "

dat , gen





1 \ 2 =

nDet on

1

ase

o#

on

on

o#

, dat , gen

Frauen

"

"

on

nom , a

die
b.

on

der

h

arg-st < subj, NP

h

arg-st < subj, NP

n

o#

n

on

dat , gen

2

ase

i 

ase 1 >

i 

ase 1 >

on

nom , a



^ 1

^ 1

NP

, dat , gen

Frauen
ffa

gg



ffdatgg

With these spe i ations, Example (39a) an fun tion as the obje t of
ndet, but not as the obje t of hilft. Example (39b), on the other hand, an
fun tion as the obje t of hilft but not of ndet. And neither one suÆ es for
both ffa gg and ffdatgg, so (34 ) is ungrammati al with either arti le.18
18

The proposal here makes the unorthodox predi tion that the ungrammati ality of NPs
with ompletely unmat hing ase values is always a property of external sele tion, sin e
the interse tion of unmat hing values will be the empty set, whi h is not unde ned on
the latti e. It is un lear, however, whether environments unsele ted for ase exist, making
this predi tion diÆ ult to test.
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In using the standard interse tion operator for NP-internal syntax, instead of the double-interse tion operator used for oordination, I am laiming that the relation among nouns and their modi ers is symmetri and
multilateral, but more restri ted than the the relation among onjun ts of
a oordinate NP, whose similarity is mandated only only by external onstraints shared by all onjun ts. In parti ular, ombination within a noun
phrase an weaken logi al ontent by eliminating one or more members of
a onjun tion, but it an never introdu e a new disjun tion. It might be
instru tive to translate su h a proposition into CG terms used by Morrill
(1994): my proposal is equivalent to saying that nouns and their modi ers
synta ti ally ombine under similar onditions as o ur for oordination;
however, during the pro ess of noun-modi er ombination, while Meet Elimination is permitted, Join Introdu tion is never allowed. This is in sharp
ontrast to the typi al CG approa h, where modi ers and nominal ategories are taken to have the same asymmetri fun tor/argument relation as
nouns and verbs. In the HPSG approa h I advan e here, it is possible to
build up NP-internal semanti s treating modi ers as fun tors in CG style,
while allowing multilateral relation among stri tly synta ti features.

10 Dis ussion
The work presented here an be seen as a lari ation of the work ne essary to fully a ount for the oordination pattern expressed by (2) within a
onstraint-based theory su h as HPSG, and as the rst step toward su h an
a ount. It sket hes an alternative to the a ount of oordination in LFG
(Kaplan and Maxwell, 1988), where alternative modeling onditions are assumed for oordinate stru tures, and further developed in Dalrymple and
Kaplan (2000), where feature indetermina y on inherent values is modeled
with sets of symbols.
One result of parti ular signi an e for HPSG is that the latti e stru ture required for an a ount of feature indetermina y and the oordination
of unlikes, as a joint phenomenon, annot be integrated dire tly into a sort
hierar hy. On the double-set latti e, sele ting values and inherent values
are ordered with respe t to ea h other, and ordered in opposite dire tions.
As presented here, the double-set latti e is an ordering on atomi values,
independent of the sort hierar hy. This preserves the HPSG modeling assumption that linguisti stru tures are sort-resolved (Pollard and Sag, 1994).
If the stru ture of the double-set latti e were to be integrated into the sort
hierar hy dire tly, this modeling assumption ould not be maintained.
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Although Dalrymple & Kaplan rely essentially on the powerset ordering
for treatment of feature indetermina y, the problem of the oordination of
unlike ases appears to be avoided by the distin t me hanisms modeling oordination in LFG, in whi h a unique oordinate mother fun tional stru ture
does not exist for a set of onjun t daughter f-stru tures, but rather onstraint satisfa tion is determined independently for ea h daughter. For features su h as number and person, whi h uniquely resolve in oordination, on
the other hand, D&K permit unique spe i ation in a \hybrid" f-stru ture
onsisting of attribute-value pairs and a set of onjun t f-stru ture daughters. The model I present here an in some sense be seen as an alternative
to this approa h, rather \pre ompiling" all information from all onjun t
daughters into a unique oordinate mother with similar feature geometry.
In prin iple these two proposals may lead to di ering predi tions, although
it appears that urrent eviden e is neutral.
The problem of ase on ord within the NP appears previously unaddressed. The a ount here takes advantage of the fa t that interse tion
remains well-de ned on the double-set latti e, and dire tly en odes the
rosslinguisti generalization that ase on ord is a symmetri , not hierar hi al, relation. This appears to be quite troublesome for the Lambek
Categorial Grammar approa h under whi h adje tives and similar modi ers
are fun tors of the form N/R N, and the ase value visible to the verb will be
that presented by the outermost modi er. For example, an adje tive that
is syn retized for a usative and genitive ase annot li ense an a usative
noun when the governing verb sele ts for the genitive ase, as seen in (35),
and it is un lear how an approa h su h as Bayer (1996) or Bayer and Johnson (1995) might a ount for this fa t, aside from assuming a proliferation of
lexi al entries for syn retized adje tives. This also appears to be an issue for
the LFG approa h, although it should be addressable by slightly hanging
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the lexi al spe i ation of ase for syn retized nouns and adje tives.19
Finally, a few words are ne essary regarding the syn retization of orrelations of feature values. As Dalrymple and Kaplan show, German VPs with
non onstituent- oordinated omplements and verbforms ambiguous between
third-person singular and se ond-person plural (su h as kauft ) may be analyzable as ases of feature indetermina y, whi h appears to be the orrelation
of multiple feature values.20 However, they appear to be too hasty in their
on lusion that Bayer & Johnson's LCG a ount annot handle su h a ase.
While B&J's feature system allows for the reasso iation of ategories with
assertions (A^B)^(C^D) to (A^D)^(C^B), the relevant assertion for the
German verbform ase would be one of form (A^B)_(C^D), whi h does not
reasso iate. Furthermore, the orresponding problem of reasso iation is also
present in D&K's a ount, sin e a me hanism to neutralize inherent values
is only given for individual features, and not arbitrary orrelations of values
for multiple features. If a given lexi al entry in ludes both formulae ("a =
fw,xg) and ("b = fy,zg), for example, then any orrelation between w and
y, for example, is lost.
In terms of the system presented here, the German verbform orrelation
ould be handled by allowing the onstru tion of double-set latti es over the
set of totally well-typed, sort-resolved feature stru tures permissible for a
non-atomi -valued feature, su h as HPSG's index, rather than onstru ting
latti es only on the set of values for an atomi feature. If this were done,
German verbs su h as kauft ould be spe i ed as setting a lower bound on
19

One spe i set of hanges that would a ount for NP-internal on ord fa ts would
be to hange noun and modi er lexi al entries from the form

"

(

ase) = X

to the form
X

 ("

ase)

with a simple identity requirement on modi er and noun ase values in f-stru ture. To
avoid the problem of spurious ambiguity, an ordering on the powerset latti e must be
imposed, to whi h the LFG on eption of minimal satisfying solution must be extended.
Note that the oordination of unlike- ase NP obje ts follows as a spe ial ase of the
Kaplan and Maxwell (1988) approa h to the oordination of unlikes; the Russian verb
zdat' would under this approa h have the partial lexi al entry
(a

2 ("obj

ase))

_ (gen 2 ("obj

ase))

A possible merit to this extension of Dalrymple & Kaplan's approa h is that the onstraint
of unique ase value within non- oordinate NP onjun t daughters falls out automati ally
from the representation of oordinate stru tures.
20
See Maxwell and Manning (1996) for an LFG model of non onstituent oordination.
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their subje t's index value of:
(40)

 "num pl# "num sg# 
per 2

,

per 3

To pursue su h an a ount would have the interesting onsequen e that
feature geometry ould be used to en ode possible sele tional and inherent
indetermina ies among orrelated values{if, for example, double-set latti es
were taken for ase and index values, but not for the mutually dominating
node in feature geometry.21
It is un lear whether this putative role for feature geometry is justi ed,
however; there is at least one example that asts doubt on it, but it is
an example that asts doubt on the whole family of approa hes dis ussed
here. In Zaenen and Karttunen (1984), the following example from Finnish
illustrates the apparent indeterminate use of a orrelation between number
and ase marking on nouns:
(41) He lukivat hanen uusimman
ja me hanen parhaat
They read his newest.sg.gen and we his best.pl.nom
kirjansa.
books.
As Zaenen & Karttunen dis uss, the noun form kirjansa is syn retized between singular nominative, singular genitive, and plural nominative. The
above example shows that this form an be used simultaneously for the latter two spe i ations. To treat this senten e synta ti ally with the tools for
oordination and indetermina y dis ussed here, the onjun tive spe i ation (num sg) ^ ( ase gen) must alternate at least with the spe i ation
[ ase nom℄, in either the sense of alternation as indeterminate inherent
value, or in the sense of alternation as a disjun tively-spe i ed sele ting
value. The latter would seem unnatural for the treatment of ase and number on a noun, and the former, under the LCG and LFG proposals reviewed
in this paper, would lead{presumably in orre tly{to the reasso iatability of
plural number with the genitive ase.
To demonstrate that this truly is an indi ator of the empiri al inadequaies of previous proposals regarding indetermina y and the oordination of
21
Another possible approa h to the orrelation of feature values is to assume that the
set B over whi h the double-set latti e is de ned is the set of paths to atomi feature values
from a given node in feature geometry. This permits the orrelation of arbitrary feature
lusters beneath that node, but leads to the same problems with orrelated indetermina y
as dis ussed below.
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unlikes, further work is ne essary to verify that (a) the distribution of this
lass of oordination in Finnish is broad enough to demand a treatment in
syntax; and (b) whether it an be shown on lusively that either number
or ase in Finnish need be treated as indeterminate for independent reasons
(for example, if examples exist analogous to Polish kogo (3)). It is possible
that the stru ture of the double-set latti e presented here an be integrated
into an HPSG-style feature geometry in a way su h that these putative empiri al inadequa ies an be avoided. Further work will fo us on these two
issues.

Referen es
Bayer, S. (1996).
72(3):579{616.

The oordination of unlike ategories.

Language,

Bayer, S. and Johnson, M. (1995). Features and agreement. In Pro eedings
of the 1995 ACL, pages 70{76. Asso iation of Computational Linguisti s.
Blevins, J. P. (2000). Feature-based grammar. In Borsley, R. D. and Borjars,
K., editors, Nontransformational Syntax. Bla kwell. to appear.
Carpenter, B. (1992). The Logi of Typed Feature Stru tures, volume 32 of
Cambridge Tra ts in Theoreti al Computer S ien e. Cambridge.
Comrie, B. (1978). De nite dire t obje ts and referent identi ation.
Pragmati s-Mi ro he, 3(1):D3.
Dalrymple, M. and Kaplan, R. (2000). Feature indetermina y and feature
resolution in des ription-based syntax. In press.
Dyla, S. (1984). A ross-the-board dependen ies and ase in Polish. Linguisti Inquiry, 15(4):701{705.
Franks, S. (1993). On parallelism in a ross-the-board dependen ies. Linguisti Inquiry, 24(3):509{529.
Groos, A. and van Reimsdijk, H. (1979). Mat hing e e ts in free relatives:
A parameter of ore grammar. In Theory of Markedness in Generative
Grammar: Pro eedings of the 1979 GLOW Conferen e. S uola Normale
Superioure de Pisa, Pisa.

29

Ingria, R. J. P. (1990). The limits of uni ation. In Pro eedings of the 28th
Annual Meeting of the ACL, pages 194{204. Asso iation for Computational Lingusiti s.
Jakobson, R. (1958). Morphologi al observations on Slavi de lension: The
stru ture of Russian ase forms. In Ameri an Contributions to the Fourth
International Conferen e of Slavi ists. The Hague: Mouton.
Kaplan, R. M. and Bresnan, J. (1982). Lexi al-Fun tional Grammar: A
formal system for grammati al representation. In Bresnan, J., editor,
The Mental Representation of Grammati al Relations, pages 173{281. The
MIT Press, Cambridge, MA. Reprinted in Mary Dalrymple, Ronald M.
Kaplan, John Maxwell, and Annie Zaenen, eds., Formal Issues in Lexi alFun tional Grammar, 29{130. Stanford: Center for the Study of Language
and Information. 1995.
Kaplan, R. M. and Maxwell, J. T. (1988). Constituent oordination in
Lexi al-Fun tional Grammar. In Pro eedings of the 12th International
Conferen e on Computational Linguisti s (COLING '88), pages 303{
305, Budapest. Reprinted in Mary Dalrymple, Ronald M. Kaplan, John
Maxwell, and Annie Zaenen, eds., Formal Issues in Lexi al-Fun tional
Grammar, 199{210. Stanford: Center for the Study of Language and Information. 1995.
Lambek, J. (1958). The mathemati s of senten e stru ture. Ameri an Mathemati al Monthly, 65:154{170.
Levine, R. D., Hukari, T. E., and Cal agno, M. (2001). Parasiti gaps in
English: Some overlooked ases and their theoreti al impli ations. In
Culi over, P. W. and Postal, P. M., editors, Parasiti Gaps, pages 181{
222. MIT Press.
Maxwell, III, J. T. and Manning, C. D. (1996). A theory of non- onstituent
oordination based on nite-state rules. from LFG-96. Online at

http:// sli-publi ations.stanford.edu/LFG/1/MaxwellManning.ps.

Milward, D. (1994). Non- onstituent oordination: Theory and pra ti e.
In Pro eedings of the 15th International Conferen e on Computational
Linguisti s, pages 935{941.
Morrill, G. V. (1994). Type Logi al Grammar: Categorial Logi of Signs.
Kluwer.
30

Muller, S. (1999).
lauses in German.

An HPSG-analysis for
Grammars, 2(1):53{105.
http://www.dfki.de/~stefan/Pub/e\_freeRel.html.

free relative
available at

Neidle, C. (1988). The Role of Case in Russian Syntax. Kluwer A ademi
Publishers, Dordre ht.
Pollard, C. and Sag, I. A. (1994). Head-Driven Phrase Stru ture Grammar.
Stanford: CSLI; Chi ago: The University of Chi ago Press.
Przepiorkowski, A. (1999). Case Assignment and the Complement-Adjun t
Di hotomy: A Non-Con gurational Constraint-Based Approa h. PhD thesis, Universitat Tubingen, Germany.
Pullum, G. K. and Zwi ky, A. M. (1986). Phonologi al resolution of synta ti
feature on i t. Language, 62(4):751{773.
Sag, I. A., Gazdar, G., Wasow, T., and Weisler, S. (1985). Coordination and
how to distinguish ategories. Natural Language and Linguisti Theory,
3:117{171.
Zaenen, A. and Karttunen, L. (1984). Morphologi al non-distin tiveness
and oordination. In Pro eedings of ESCOL '84, pages 309{320.

31

