
Uni�
ation-based grammars and 
omplexity 
lassesAnders S�gaardCenter for Language Te
hnologyNjalsgade 80DK-2300 Copenhagenanders�
st.dkAbstra
tA simple uni�
ation-based formalism is identi-�ed, and it is demonstrated how small 
hangese�e
t its 
omputational 
omplexity. Versionsare de�ned for polynomial time (PTIME), non-deterministi
 polynomial time (NPTIME), poly-nomial spa
e (PSPACE), exponential time (EXP-TIME), and unde
idability (UNDEC). If the gram-mar is unambiguous or deterministi
ally 
opying, itsre
ognition problem is solvable in PTIME; the samegoes for the polysized and k-ambiguous fragment;if the grammar has no unary 
y
les, it is solvablein NPTIME; in the abs
en
e of true path equationsand global impli
ation, if fun
tional un
ertainty isimpossible, and no weak pre
eden
e is employed (noquanti�
ation over strings), the grammar is solvablein PSPACE; if true path equations are not employed,a positive result 
an be obtained for EXPTIME; and�nally, if the grammar is unrestri
ted and thus sub-sumed by Kasper-Rounds logi
 with global impli-
ation, it is unde
idable. In fa
t, when fun
tionalun
ertainty is also employed, this is high unde
id-ability.1 Introdu
tionIn Figure 1 below some known 
omplexity results foruni�
ation-based formalisms are listed. Of 
oursethe list is not exhaustive, but the referen
es there areprominent, widely 
ited, and relevant for our pur-poses. This literature, in other words, is the 
ontextin whi
h the present paper is written. In this intro-du
tory se
tion, some of these results are explained,and our investigations are motivated.1Three grammar formalisms are mentioned inthe above: 
ategorial uni�
ation grammar (CUG),lexi
al-fun
tional grammar (LFG) and head-drivenphrase stru
ture grammar (HPSG). If no grammarformalism is mentioned, the result is obtained onan abstra
t formalism, whi
h is somehow meant to1A note on terminology: A problem is 
omplete for a
omplexity 
lass, if it is in it and, at the same, as hard as anyother problem in that 
lass. For instan
e, a problem whi
h isin NPTIME and hard for this 
lass (NP-hard), is said to beNP-
omplete.

denote the interse
tion of a number of uni�
ation-based formalisms, mu
h like the one de�ned in thenext se
tion. The formalisms here di�er in a num-ber of respe
ts, some of whi
h 
on
ern operators andspe
i�
 properties, but one di�eren
e deserves spe-
ial noti
e, sin
e it is absolutely fundamental: thede�nition of the extension of a grammar. The dif-feren
e between LFG and CUG, in this respe
t, isminor, but they both di�er radi
ally from HPSG. Inre
ent literature, the two perspe
tives on the exten-sions of grammars have been labelled, respe
tively,the proof-theoreti
 and the model-theoreti
 perspe
-tive. The di�eren
e is spelled out in De�nition 1.1.The results obtained in (Bla
kburn and Spaan,1993) are important for our investigations. Theresults were obtained by redu
tions to modal lan-guages of varying 
omplexity that are de�ned ondeterministi
 frames.2 The NP-
ompleteness resultwas obtained when the modal language 
ontainedno global quanti�
ation.3 The modal language thatwas employed here was adopted from (Kasper andRounds, 1986). The se
ond result was obtainedby adding global quanti�
ation to a modal logi
with nominals, i.e propositions that denote single-ton sets. Nominals are weaker than path equa-tions (out of 
ontext), but serve the same purpose,namely to implement reentran
ies. The alternativeis to have true path equations, as in Kasper-Roundslogi
 (Kasper and Rounds, 1986). In the 
ontextof global quanti�
ation, this leads to unde
idabil-ity, the third result of (Bla
kburn and Spaan, 1993).The results of (Bla
kburn and Spaan, 1993) refer toan abstra
t uni�
ation-based formalism, and noth-ing is said about parsing. The results are of rele-van
e both under the proof-theoreti
 and the model-theoreti
 perspe
tive. However, sin
e nothing is saidabout parsing, the results do not address the univer-2In modal logi
, this amounts to adding 3�! 2� to theaxioms. The axiom says that 8x; z R(x; z) ^ 9y R(x; y) ^Q(y)! Q(z). The deterministi
 restri
tion only e�e
ts 
om-plexity in the 
ontext of the NP-
ompleteness result. Theother results 
an also be obtained on arbitrary frames.3Global quanti�
ation e�e
ts the expressivity. Invarian
eunder disjoint unions, for instan
e, is lost when global quan-ti�
ation is imported.



Author(s) Formalism Result Comments(Bla
kburn and Spaan, 1993) NP-
omplete All features deterministi
,and no global quanti�
ation.(Bla
kburn and Spaan, 1993) EXPTIME No path equations.(Bla
kburn and Spaan, 1993) UNDEC(Johnson, 1988) LFG UNDEC Proof-theoreti
 perspe
tive.(Johnson, 1988) LFG NP-
omplete O�-line parsable.(Johnson, 1991) LFG NP-
omplete Not stand-alone.(Kasper and Rounds, 1986) NP-
omplete Same as (Bla
kburn and Spaan, 1993).(Kepser and M�onni
h, 2003) HPSG UNDEC Indire
t result.(Seki et al., 1993) LFG PTIME Deterministi
ally 
opying.(Trautwein, 1995) HPSG/LFG NP-
omplete Various restri
tions.(Trautwein, 1995) CUG NP-
ompleteFigure 1: Some known 
omplexity resultssal re
ognition problem. Consequently, similarly to(Johnson, 1991), the abstra
t formalism dis
ussedin (Bla
kburn and Spaan, 1993) is not a stand-alone formalism; rather it has to be integrated witha proof-theoreti
 or model-theoreti
 ba
kbone thatdrives the a
tual parsing.In Johnson's earlier work (Johnson, 1988), headopts a proof-theoreti
 perspe
tive in the investi-gation of the 
omputational 
omplexity of LFG. Heestablishes an unde
idability result for the full for-malism, in the abs
en
e of fun
tional un
ertainty,but he also shows that under an o�-line parsabilityrestri
tion, the re
ognition problem 
an be solvedin NPTIME. (Kepser and M�onni
h, 2003) 
onsidersHPSG. Their unde
idability result is rather indire
t;in fa
t, what they prove is that there is no redu
tionof HPSG to monadi
 se
ond order logi
 whi
h is de-
idable. Other redu
tion arguments in the literatureare of similar nature. For instan
e, (S�gaard, 2006a)proves that even simple versions of HPSG are unde-�nable in de
idable pre�x-vo
abulary 
lasses of �rstorder logi
. In this paper, general results are soughtthat are neutral to the logi
al design 
hoi
es, so it isimportant not to 
onfuse these two kinds of results.The PTIME result in (Seki et al., 1993) is ob-tained under a proof-theoreti
 perspe
tive too bysynta
ti
 restri
tions on the produ
tions of LFG.The produ
tions are �rst restri
ted to be eitherof the form (" attr) = val (an immediate values
hema) or (" attr) =# (a stru
ture synthesizings
hema). It is then said that for ea
h pair of rulesr1 : A ! �1 and r2 : A ! �2 whose left-handsides are the same, is in
onsistent in the sense thatthere exists no f-stru
ture that lo
ally satis�es bothof the fun
tional s
hemata of r1 and r2. Otherpolynomial fragments have been identi�ed in theliterature. For instan
e, (S�gaard and Haugereid,2006) show that 
ommon versions of HPSG are solv-able in PTIME, if the lexi
on is rigid, and no am-biguous derivations exist. The result transfers toLFG. Finally, (Trautwein, 1995) obtains a number

of NP-
ompleteness results for various uni�
ation-based formalisms. Some of these rely on some ratheramputated versions of the formalisms. The resultsare mentioned here for 
omparison; in parti
ular, ourNPTIME fragment is more expressive than the frag-ments presented in (Trautwein, 1995). See below fordetails. The result on CUG is mentioned separately,sin
e this result is fully valid, and of parti
ular in-terest to us.The de�nition of the extension of grammars underthe proof-theoreti
 and model-theoreti
 perspe
tiveswas promised you.De�nition 1.1 (Grammar extensions). The exten-sion of a grammar G is denoted by L(G). Considerthe de�nition of L(G)p and L(G)m.L(G)p = fx 2 V�j9M 2M start0 vM ^M ) xgL(G)m = fx 2 V�j9M 2M M;w j= (Axioms ^ x0)gL(G)p is the extension of a language on the proof-theoreti
 perspe
tive, i.e the extension of a grammaris the set of permutations over the vo
abulary that
an be derived from relational (feature) stru
turesthat are subsumed by the stru
ture asso
iated withthe start node. Stru
tures are derived by (exten-sions of) standard algorithms. The model-theoreti
perspe
tive, represented by L(G)m, is di�erent. Theextension of a model-theoreti
 grammar is the setof permuations over the vo
abulary whose des
rip-tions (x0 is the logi
al des
ription of the linear stringx) are satis�able in 
onjun
tion with the axioms ofthe grammar.4 The axioms 
orrespond roughly toderivation rules, but the relation from one perspe
-tive to the other is a bit more 
omplex than that.4In fa
t, some resear
hers have proposed another and per-haps more radi
al model-theoreti
 view, on whi
h the lan-guage is the set of strings that satisfy the axioms of the gram-mar dire
tly. This perspe
tive has no obvious appli
ations foruni�
ation-based formalisms.



In the se
tions to 
ome, we often adopt an en-tirely model-theoreti
 view on grammars. Severaladvantages of this view 
an be listed: (i) It is fullyde
larative; (ii) it integrates ni
ely with automatedreasoning te
hniques; (iii) it opens the door for anopen-ended lexi
on and a more 
exible notion ofgrammati
ality, and, �nally, (iv) it is agnosti
 on
ertain philosophi
al questions, in
l. the 
ardinalityof natural languages. See (Pullum and S
holz, 2005)for details. Sin
e we seek general results, an abstra
tformalism is identi�ed whi
h to some extent 
apturesa 
ommon 
ore of the majority of uni�
ation-basedformalisms. Model-theoreti
 algorithms have a nat-ural lower 
omplexity bound in NPTIME, however,sin
e model-theoreti
 parsing is a sear
h problem, sofor our PTIME results we return to a proof-theoreti
or hybrid perspe
tive.What is extremely important here is that we areinterested in the universal re
ognition problem, notjust the satis�ability of some logi
 that happens tobe suitable to des
ribe linguisti
 stru
tures. Conse-quently, we will have to provide all the informationne
essary for the grammar to distinguish grammat-i
al strings from non-grammati
al ones, and in the
ontext of uni�
ation-based formalisms, every parseof a grammati
al string should result in a relationalstru
ture that tells us about the synta
ti
 propertiesof the string.2 Uni�
ation-based grammarOn the fa
e of it, the formalism presented here willlook mu
h like HPSG with a redu
ed feature geom-etry. In this early version, however, it is 
loser toCUG. It is shown how it embeds the basi
s of otherformalisms too.26666666666666666664
signphonD! lp-on-string,. . . !E
at 
atorder lpsem*! 266666664relationpred predi
atearg02664index
ase"theta predi
ate
ase-type 
ase-type#3775

377777775,. . . !+
37777777777777777775The intuition behind this formalism is that weakpre
eden
e 
onstraints, e.g \� pre
edes �, but otherwords may intervene them," should be easily ex-pressible. The simple move is to let the order at-tribute, whi
h is known from CUG, take four values,rather than just left and right appli
ation; namely,left and right weak pre
eden
e and left and rightimmediate pre
eden
e. The 
at attribute points to

information about synta
ti
 
ategories. The seman-ti
 relations relate arguments whi
h 
ontain infor-mation about 
ase (to ensure agreement), but alsoinformation about �-roles. The idea is that the rela-tion between the main argument of, say, a senten
e(an event) and the argument 
an be inferred on thebasis of 
ase information and information about �-roles. The inferred value is the value of the predattribute. In other words, a neo-Davidsonian-stylesemanti
s is assumed, and in a simple senten
e, ea
hargument is linked to the event argument by a num-bered argument relation.The feature geometry is augmented by HPSG-style attributes head-dtr and non-head-dtr torepresent fun
tor-argument stru
ture; sin
e weakpre
eden
e 
onstraints are employed, this is not thesame as 
onstituent stru
ture. These are the onlyre
ursive attributes. The phon and sem di�-listsare in prin
ipal unbounded,5 but it is easy to ensurethat only lexi
al items introdu
e phonologi
al mate-rial and semanti
 relations. The reader may, underthese 
ir
umstan
ies, already see how an NPTIMEresult 
an be obtained. The tri
k is to establish thepolysize model property, i.e that any satis�able in-put formula is satis�ed in a model polynomial tothe length of the input formula. It holds for our toyformalism that every model (feature stru
ture) thatsatis�es a formula (a string) is polynomial in thelength of the input string, if unary extensions area
y
li
, i.e no unary rule applies twi
e in the sameunary extension. In parti
ular, if a string � is sat-is�able, there exists a model M of size less than orequal to (2j�j � 1)(u + 1) � paths where u is thenumber of unary rules or phrases in the grammar,paths = jf� 2 Lbls�jno label o

urs twi
e in �gj,and Lbls is the set of labels that denote attributes.In CUG, u = 0. This is in fa
t an alternative proofof the result obtained in (Trautwein, 1995).On the other hand, our grammar formalism is NP-hard, even if unary extensions are a
y
li
. Considerthe following sket
h of a proof: Sin
e the satis�-ability problem of propositional logi
 with exa
tlythree literals per 
onjoined 
lause (3sat) is as hardas any problem in this 
lass, it follows that if ourgrammar formalism en
odes 3sat, then its universalre
ognition problem is hard (and thus 
omplete) fornptime. The intuition is to let ea
h propositionalvariable 
orrespond to a lexi
al item with 
ategoryvalues true or false , and independently, the item iseither transitive or takes no 
omplements at all. Itis ensured that at least one of the three 
onstituentsthat make up a phrase (sin
e no adjun
ts exist) hasthe 
ategory value true. A 
onjun
tion rule is added.The 
onsisten
y of the assignments is ensured in the5Di�-lists are lists, where the last element on the list hasbeen extra
ted. It is, in other words, possible to remove ele-ments from both ends.



semanti
s features. The tri
k is simple: For ea
hsign that 
orresponds to a propositional variable, anovel attribute is introdu
ed whose value is uni�edwith the 
ategory value. The semanti
 values of allthe 
onstituents are uni�ed, when phrases are built.Consequently, the truth assignment has to be 
onsis-tent. Our grammar now en
odes 3sat in the sensethat if a propositional formula is valid, it translatesinto a string that is a

epted.Theorem 2.1. Our grammar formalism is NP-
omplete if unary extensions are a
y
li
.As already mentioned, Trautwein de�nes an NP-
ompleteness result for HPSG, but a rather ampu-tated version of this formalism. Let us 
onsider therestri
tions he pla
es on HPSG. One is the samea
y
li
ity requirement that we adopted, but thereare many more. The most important restri
tion isthat he does not allow for weak linear pre
eden
e
onstraints (and domain union and more), the obvi-ous reason being that he employs a generative per-spe
tive on derivation. His re
onstru
tion is alsovulnerable to the introdu
tion of sets. Ours is not,if (non-wellfounded) sets are introdu
ed by polyadi
modalities (Reape, 1994).6 We 
an also (freely) addfeature 
oo

uren
e restri
tions (whi
h seems to bean obvious way to implement parameter-based learn-ing), for instan
e.Say unary extensions 
an be 
y
li
. What is the
omplexity of our grammar formalism then? Oneway to estimate this is to translate our grammarin spe
i�
 logi
al languages. Su
h translation exist,but some of them are very partial, in that they donot en
ode the full re
ognition problem. The sim-plest logi
 of (Bla
kburn and Spaan, 1993), for in-stan
e, does not en
ode the re
ognition problem. Itis possible to do so in the most 
omplex language,whereas the intermediate one gives us a spe
i�
a-tion language that does the job, but only with someassistan
e from the outside. In the true sense ofthe word, it is not stand-alone either. The interme-diate language is hybrid logi
 with global impli
a-tion; the stronger one is Kasper-Rounds logi
 with6In fa
t, this is a bit more tri
ky than it seems at �rst sight.Most monadi
 (but polymodal) modal logi
s have PTIMEmodel 
he
king problems, and this property is silently as-sumed in the NPTIME proof above. In other words, it isne
essary for obtaining NPTIME that grammars 
an be en-
oded in a logi
 with PTIME model 
he
king. In the unre-stri
ted polyadi
 
ase, this may not always hold, as pointedout to me by Martin Lange. If the upper bound on the arityof polyadi
 modalities is �xed, both PTIME model 
he
kingand the polysize model property 
an be established. If thatupper bound is polynomial in the length of the input, it seemsthat only the polysize model property 
an be established, andthe NPTIME proof thus fails to apply. If the relations 
an berepresented in polynomial spa
e, however, i.e a d-ary relationonly has nd members, things may be �ne anyway. I will studythis question in more detail in future work.

global impli
ation. None of these languages en
odeweak linear pre
eden
e, sin
e they don't have anynon-deterministi
 operators, su
h as the Kleene staroperator. This is remedied here. Two languagesare de�ned of the same 
omplexity as the languagesin (Bla
kburn and Spaan, 1993) whi
h en
ode weaklinear pre
eden
e: HDL3 and PDL3;\, respe
tivelythe dynami
 extension of hybrid logi
 with globalimpli
ation and propositional dynami
 logi
 withglobal impli
ation and interse
tion (or path equa-tions). HDL3 is de
idable in EXPTIME (Are
eset al., 1999), and PDL3;\ is unde
idable (S�gaard,2006a).The paper is too short to represent a full spe
i-�
ation of a grammar in one of the logi
s, but theidea is this: Our logi
s are interpreted over Kripkemodels. If the reader is willing to ex
use us somemild abuse of notation, the following is said to holdon our spe
i�
ation in PDL3;\, for instan
e:264fun
t hnum 1 iarg hnum 1 i 375j= hfun
t;num \ arg;numi>Or in HDL3, though the two formulas are notquite equivalent:hfun
t;numii ^ harg;numiiSome notes on the di�eren
e between the two for-malizations follow. This question is namely of someimportan
e to us, sin
e the gain in expressivity (ofPDL3;\) 
an then be weighed to the loss of de
id-ability.Hybrid logi
s extend the language of Boolean 
on-ne
tives with the modalities, as they appear in ba-si
 modal logi
, i.e h�i� means that there is an �-transition to a state in �, and nominals. A nominalis a propositional variable whi
h is interpreted as asingleton subset; if M;w j= i, it follows that the val-uation of w is fig. The satisfa
tion operator �i�says \go to state i and evaluate �", intuitively. Thenon-deterministi
 Kleene star operator is adopted,and the master modality is de�ned with its dual and+-varieties, e.g h+i� is true if there is state in � oneor more transitions down. The 3 is a global modal-ity, and 3� means that � is true \somewhere" inthe model. Its dual (2) means something like \ev-erywhere".The di�eren
e between the two formulas in theabove now amounts to this: A nominal names astate, and everywhere the nominal is used again, itre
eives the same interpretation. This is importantwhen it 
omes to rules. If a rule employs nominals,and it is used multiple times in a derivation, it willenfor
e undesired reentran
ies. This is unfortunate,



and the only way to deal with it is to somehow dy-nami
ally reset the nominals for ea
h appli
ation. Insome sense, this is 
heating; in addition, resetting is�nitely bound.The logi
s must now be shown to en
ode ourgrammar. It was shown in the small example abovehow to des
ribe feature stru
tures, so we 
an easilydes
ribe lexi
al entries and thus give lexi
al input tothe parsing pro
edure. The parsing pro
edure willbe seen as 
onne
ting lexi
al input and a root node(roughly, what 
orresponds to start on the proof-theoreti
 perspe
tive) as a dire
ted a
y
li
 graph. Itis then ne
essary to enfor
e the Kripke models to bea
y
li
, rooted, and 
onne
ted. The relevant 
on-straints are listed in Figure 2, where jJrootKj = 1. Itis trivial to en
ode phrases, and a type hierar
hy isen
oded in the Boolean fragment of the languages.Theorem 2.2. Our grammar formalism is in EX-PTIME if dynami
 resetting of nominals is en-sured, but unde
idable if existential quanti�
ationover nominals or true path equations are allowed.Of 
ourse we have presented no a
tual unde
id-ability result for the full version of our grammar(though su
h a proof 
an easily be 
onstru
ted; see(Johnson, 1988), for instan
e). It is just the 
asethat the full fragments seem to be spe
i�ed onlyin unde
idable languages. Just a 
omment here onthe PSPACE-fragment, and then the last paragraphsare devoted to PTIME-fragments. Hybrid logi
 andmodal logi
 are both de
idable in PSPACE. Whatdoes this 
orrespond to in linguisti
 terms? In asense, this is an unprin
ipled grammar, unrestri
tedwith regard to the li
ensed extensions. It is, at least,unprin
ipled in the sense that no universal rules ap-ply unless they are limitations on the 
lass of Kripkemodels 
onsidered. (In fa
t, this may not be toosilly. Universal grammar is then a latti
e of modallogi
s. In standard modal logi
, two nodes 
an besaid to be information-sharing, though not identi-
al, if 31� ! 32�. This is �ne as long as reentrantinformation is bound (Kra
ht, 1995).)2.1 Polynomial timeThe possible natural languages may reasonably beidenti�ed as the eÆ
iently 
ommuni
ative and learn-able ones, but what does eÆ
ien
y mean here?Certain resear
hers rely on heuristi
s, remain ag-nosti
, and some have argued for the adequa
y ofNPTIME algorithms. The more traditional an-swer is tra
tability, however; that is, re
ognizabil-ity in polynomial (deterministi
) time. The key toPTIME, in the 
ontext of uni�
ation-based gram-mar as well as other logi
al problems, is ambiguityredu
tion. The whole tri
k is to �nd sound and lin-guisti
ally adequate restri
tions on ambiguity. Thisis by no means trivial. Some results have already

been mentioned. They are not exhaustive, but itsuÆ
es to say here that there is no 
onsensus aboutwhi
h fragments are more adequate than others.One important di�eren
e between PTIME frag-ments is how mu
h ambiguity redu
tion is go-ing on, and how dire
tly ambiguity is 
onstrained.(S�gaard, 2006b) presents a PTIME fragment ofHPSG whi
h is really quite expressive. The only
onstraints are that� re
ursive feature geometry is polynomiallybound in the length of the string, and� ambiguity is bound by some 
onstant, i.e atsome point in the derivation, signs begin to
ombine unambiguously.Our use of phon is a ni
e example of a re
ur-sively de�ned feature whi
h is polynomially boundin the length of the string. The se
ond 
onstraintamounts to k-ambiguity. Our two 
onstraints maysound odd to most linguists. Ambiguity is a per-vasive phenomenon, and it seems to pop up every-where. It is important to remember that HPSG isbased on typed feature stru
tures, however. In briefthis means that grammati
al information may be un-derspe
i�ed with respe
t to a disjun
t set of spe
i�
subtypes. In the 
ontext of other information, fur-ther spe
i�
ation 
an be inferred (when a greatestlower bound of the old and new information is foundin the hierar
hy of types). Consider lexi
al ambigu-ity, for instan
e. Underspe
i�
ation here amounts torepla
ing two lexi
al entries of, say, sleep, a nominaland a verbal one, with a single lexi
al entry asso-
iated with a lexi
al type whose lexi
al types arelimited to the nominal and the verbal one.The major advantage of the formalism introdu
edin (S�gaard, 2006b) is that it allows for unorderedrules and weak linear pre
eden
e. In terms of gener-ative 
apa
ity, it really 
ross-
uts the Chomsky Hier-ar
hy, i.e. its denotation in
ludes langauges that arenot even mildly 
ontext-sensitive, but not all regularones. Linguisti
 motivation for this is presented.3 Con
lusionsWe have identi�ed fragments of uni�
ation-basedgrammar for the 
omplexity time 
lasses PTIME,NPTIME, PSPACE, EXPTIME and UNDEC, andbrie
y dis
ussed their potential in the linguisti
 s
i-en
es. Some resear
hers argue against 
omplexitystudies of this kind, saying that linguisti
s, as a �eld,is too premature for worrying about 
omputational
omplexity. Sin
e some linguisti
 
onstraints are(probably) yet to be identi�ed, it is also yet un
er-tain what exa
tly makes natural languages eÆ
iently
ommuni
ative. On my view, 
omplexity studies areimportant guides for theoreti
al linguisti
s, the asso-
iated �eld of knowledge is a ressour
e for empiri
allinguisti
s and 
omputer s
ien
e, and it is 
ertainly



A
y
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ity :�i:h+ii :h� \+i>Conne
tivity/rootedness 3(:h+i�1root) ^ 2(h�iroot) do.Figure 2: Some properties of feature stru
turesfundamental in language te
hnology. For instan
e,(Johnson, 1988) had impa
t on both the (empiri
al)LFG 
ommunity and on the design of a
tual gram-mar engineering platforms. The idea is, of 
ourse,that if feasible fragments 
an be implemented, thegrammar writer no longer has to worry about ensur-ing reasonable runtimes by introdu
ing ad ho
 
on-straints. Su
h 
onstraints are instead hardwired intothe system.Referen
esCarlos Are
es, Patri
k Bla
kburn, and MaartenMarx. 1999. The 
omputational 
omplexity ofhybrid temporal logi
s. The Logi
 Journal of theIGPL, 8(5):653{679.Patri
k Bla
kburn and Edith Spaan. 1993. A modalperspe
tive on the 
omputational 
omplexity ofattribute value grammar. Journal of Logi
, Lan-guage and Information, 2(2):129{169.Mark Johnson. 1988. Attribute-value logi
 and thetheory of grammar. CSLI Publi
ations, Stanford,California.Mark Johnson. 1991. Features and formulae. Com-putational LInguisti
s, 17:131{152.Robert Kasper and William Rounds. 1986. A logi
alsemanti
s for feature stru
tures. In Pro
eedingsof the 24th Annual Meeting of the Asso
iation forComputational Linguisti
s, pages 257{265, NewYork, NY.Stephan Kepser and Uwe M�onni
h. 2003. Unde
id-ability results for HPSG. In Anton Nijholt andGiuseppe S
ollo, editors, Algebrai
 Methods inLanguage Pro
essing, pages 1{12.Mar
us Kra
ht. 1995. Is there a genuine modal per-spe
tive on feature stru
tures? Linguisti
s & Phi-losophy, 18:401{458.Geo�rey Pullum and Barbara S
holz. 2005. Con-trasting appli
ations of logi
 in natural languagesynta
ti
 des
ription. In Petr H�ajek, Luis Vald�es-Villanueva, and Dag Westerst�ahl, editors, Logi
,methodology and philosophy of s
ien
e, pages 481{503. King's College Publi
ations, London, Eng-land.Mike Reape. 1994. A feature value logi
 with inten-sionality, nonwellfoundedness and fun
tional andrelational dependen
ies. In C. J. Rupp, M. Ros-ner, and R. Johnson, editors, Constraints, lan-guage and 
omputation, pages 77{110. A
ademi
Press, San Fransis
o, California.Hiroyuki Seki, Ryui
hi Nakanishi, Yui
hi Kaji, andSa
hiko Andoand Tadao Kasami. 1993. Parallelmultiple 
ontext-free grammars, �nite-state trans-

lation systems, and polynomial-time re
ognizablesub
lasses of lexi
al-fun
tional grammars. In Pro-
eedings of the 31st Annual Meeting on Asso
i-ation for Computational Linguisti
s, pages 130{139, Columbus, Ohio.Anders S�gaard and Petter Haugereid. 2006. Fun
-tionality in grammar design. In Stefan Werner,editor, Pro
eedings of the 15th NODALIDA, pages180{189, Joensuu, Finland.Anders S�gaard. 2006a. HPSG and model genera-tion, volume 7 of Center for Language Te
hnologyWorking Papers. University of Copenhagen Press,Copenhagen, Denmark. In press.Anders S�gaard. 2006b. Tra
table typed attribute-value languages and freer word order that 
ross-
ut the 
homsky hierar
hy. Submitted re
ently.Marten Trautwein. 1995. Computational pitfalls intra
table grammar formalisms. Ph.D. thesis, Uni-versity of Amsterdam, Amsterdam, the Nether-lands. ILLC Dissertation Series DS-1995-15.


