T ranslating the XT A G English Grammar to HPSG Y uk a T ateisi y , Ken taro T orisa w a y , Y usuk e Miy ao y , and Jun’ic hi Tsujii yz y Departmen t of Information Science, Graduate Sc ho ol of Science, Univ ersit y of T oky o � z CCL, UMIST, U. K. E-mail: f yucca, torisawa, yusuke, tsujii g @is.s.u-tokyo.ac.jp 1 In tro duction W e describ e the dev elopmen t of XHPSG, a large-scale English grammar in the HPSG for- malism translated from the XT A G grammar (The XT A G Researc h Group, 1995). Our goal is to obtain a large-scale, linguistically sound grammar for our HPSG parser (Makino et al., 1998) with a relativ ely small w orkload. F or this purp ose, w e try to mak e an HPSG grammar equiv alen t to the XT A G grammar in the strong sense where w e preserv e the structures and the linguistic analysis of the XT A G grammar. T o guaran tee the equiv alence of the XHPSG and XT A G grammars, the follo wing conditions m ust b e satis�ed: 1) An XT A G elemen tary tree is translated to an XHPSG lexical item that translates bac k to the original elemen tary tree b y applying the sc hemata and principles; 2) No XHPSG lexical item translates bac k to a tree other than the original XT A G elemen tary tree; 3) Substitution and adjunction allo w ed in the original grammar, and no other op eations, are sim ulated in the XHPSG parsing. W e not only use the HPSG formalism to express the linguistic analyses of the XT A G grammar, but also preserv e, as m uc h as p os- sible, the general framew ork of the linguistic analyses giv en in the standard HPSG (P ollard and Sag, 1994). W e use the standard HPSG sc hemata and the principles that are concerned with syn tax, and translate the XT A G elemen- tary trees in to lexical feature structures so that they satisfy the conditions 1), 2) and 3) with them. Giv en that the XT A G features are used for con trolling the substitution and adjunction, the condition 3) is reduced to the problem of whether or not all the XT A G features can b e � This w ork is partially founded b y Japan So ciet y for the Promotion of Science (JSPS-RFTF96P00502). mapp ed to HPSG feature structures so that their v alues are prop erly propageted b y the ap- plication of those sc hemata and principles. 2 T ranslation W e start with the standard HPSG feature struc- ture and sc hemata 1 with sligh t mo di�cation and addition. As for principles, w e use phonology-, head-feature-, v alence-, non-lo cal feature-, sp ec- and mark er-principles. W e separate the translations to t w o steps. First, w e translate the tree structure of elemen- tary trees to HPSG feature structures. Second, w e map the XT A G feature in to the HPSG struc- ture. 2.1 T ranslation of the tree structure In most initial trees, lab els of the no des on the trunk (the path from the anc hor to the ro ot) are the pro jections of that of the lexical anc hor. On the other hand, in HPSG, lab els are expressed b y a part of the HEAD and the VALENCE features. The HEAD feature corresp onds to the pro jection of a category . F or example, VP is expressed as a structure whose HEAD is verb and COMPS is saturated and S is expressed as a structure whose HEAD is verb and b oth COMPS and SUBJ is saturated (Figure 1). Th us, if no features are concerned, the no des on the trunk corresp onds to the HEAD feature 2 and w e can construct the lexical feature structure corresp onding to an ini- tial tree b y translating the lab el of the no des on 1 Refer to (P ollard and Sag, 1994) for the mean- ing of the standard HPSG features and sc hemata. W e use the follo wing abbreviations for feature names: SS = SYNSEM , LOC = LOCAL , NONLOC = NONLOCAL , VAL = VALENCE , MARK = MARKING . 2 In a few initial trees whose lab el of the ro ot is dif- feren t from that of the anc hor, w e set the HEAD feature according to the ro ot no de b ecause of the substitution.

Figure 1: Corresp ondence b et w een no de lab els and feature structures the trunk in to the HEAD features and remain- ing no des in to SUBJ , COMPS or SLASH features according to the syn tactic role of the no des. F or example, � 1 in Fig 2 sho ws the tree for a transitiv e v erb l ik e . As an HPSG sc hema cor- Figure 2: T ranslation of v erb l ik e resp onds to one branc hing of the tree, the tree can b e re-constructed if a prop er sc hema is se- lected for eac h branc hing. In this case, applying head-complemen t, and head-sub ject in this or- der will restore the shap e of a tree and prop erly pro ject the information con tained in the anc hor to the ro ot of the tree 3 . In auxiliary trees, w e translate the anc hor to the HEAD and leaf no de other than the fo ot no de to an elemen t of either SUBJ , COMPS , or SLASH list, as in initial trees. Ho w ev er, as an auxiliary tree adjoins to a no de of another tree, the la- b el and the structure of the adjoined tree m ust 3 The sp eci�cation of sc hemata presen ted in (P ollard and Sag, 1994) ensures that the sc hemata are applied in prop er order. F or example, the condition on head- sub ject sc hema that the COMPS of the head daugh ter m ust b e empt y ensures that the sub ject comes ab o v e the com- plemen ts on the tree structure. b e preserv ed after the adjunction. Therefore, in the application of a sc hema corresp onding to a branc hing just ab o v e the fo ot no de, the HEAD , VAL and SLASH m ust b e preserv ed (Figure 3). Considering this prop ert y and the fact that Figure 3: Adjunction the auxiliary tree selects the no de it adjoins, it seems natural to put the fo ot no de in to the MOD or SPEC feature so that the head-adjunct or head-mark er sc hema will b e applied to form the branc hing just ab o v e the fo ot no de in a w a y that the auxiliary tree b ecomes the adjunct or the mark er (Figure 4). As adjunction in v olv es the Figure 4: T ranslation of mo di�ers propagation of other feature v alues, the transla- tion of an auxiliary trees is re-examined in sec- tion 2.2. 2.2 T ranslation of the feature and the auxiliary trees Generally , the HPSG features propagate from the daugh ters to the mother as in T able 1 4 . W e put the XT A G features that ha v e an equiv alen t in the HEAD features of the stan- dard HPSG in to XHPSG HEAD features. W e call these XT A G features HEAD’ features. W e observ ed that the v alues of HEAD’ features are propagated from the no de de�ned as the head- daugh ter in section 2.1 on the branc hing that is 4 In exceptional cases, the propagation is explicitly mark ed in the lexical item

T able 1: Propagation of HPSG features Sc hema F eature head-sub j head-comp head-adj head-mark head-�ll HEAD H H H H H MARKING H H H n H INDEX A H e H H SLASH e e e e U H:the v alue propagates from head-daugh ter to the mother n:the v alue propagates from head-daugh ter to the mother e:the v alue propagates from either daugh ter A:the v alue m ust agree b et w een b oth daugh ters U:the v alue of the feature on the head-daugh ter uni�es the non- head daugh ter not the one just ab o v e the fo ot no de of an aux- iliary tree. W e put the ag r feature in to INDEX feature and tr ace in to the SLASH feature. Among the remaining features, the ones whose v alue propagates in the same w a y as the HEAD’ feature v alues are also put in to the XHPSG HEAD feature, and the others are put in to the MARKING feature. T able 2 sho ws where the XT A G features are put in to in the XH- PSG feature structure. No w, w e re-examine T able 2: Corresp ondence of XT A G and XHPSG features XT A G feature XHPSG feature assign{case, assign{comp, case*, ex- tracted*, in v*, main v*, mo de*, passiv e, p erfect, pred, progressiv e, pron, tense* HEAD card, comp, const, decrease, de�nite, gen, neg, quan, sub-conj, wh MARKING agr INDEX trace SLASH The features mark ed with * has a coun terpart HEAD feature in the standard HPSG analysis. the translation of tree structure regarding fo ot no des. W e determine the sc hema to b e applied to the branc hing ab o v e the fo ot no de as fol- lo ws: If the auxiliary tree c hanges the v alue of the HEAD feature on adjunction, w e apply the head-complemen t sc hema on the branc hing just ab o v e the fo ot no de. In this case, the fo ot no de b ecomes a complemen t just as in the case of substitution no de 5 (Figure 5); If the auxiliary tree do es not c hange the v alue of the HEAD no de but c hanges the v alue of the MARKING feature on 5 The tree structure of the tree that this kind of aux- iliary tree adjoins to is k ept b y letting the appropiriate part of the VALENCE feature structure-share b et w een the head and the complemen t. Figure 5: T ranslation of v erbs that tak e a sen- ten tial complemen t adjunction, w e apply the head-mark er sc hema on the branc hing just ab o v e the fo ot no de. In this case, the fo ot no de b ecomes the head to b e selected b y the SPEC feature of the lexical feature structure corresp onding to the auxiliary tree (Figure 6); Otherwise, w e apply the head- Figure 6: T ranslation of determiners mo di�er sc hema on the branc hing just ab o v e the fo ot no de. In this case, the fo ot no de b e- comes the head to b e selected b y the MOD feature of the lexical feature structure corresp onding to the auxiliary tree 6 (Figure 4). 3 Problems Though in most cases the ab o v emen tioned translation w orks, there are a few exceptional cases. In this section, w e men tion t w o cases. The �rst one is a treatmen t of bar lev el, the second is predicativ es. 3.1 Bar lev el As men tioned in section 2.1, bar-lev el is not explicitly mark ed in the standard HPSG (see Figure 1), but implicitly stated in VALENCE fea- tures. In consequence, there is no distinction b et w een a w ord who has no argumen ts and the phrase just consists of that w ord. 6 In the latter t w o cases, the tree structure of the tree that the auxiliary tree adjoins to is k ept b y the v alence principle and the head-mark er (head-adjunct) sc hema.

This caused a problem when mo di�ers are in- v olv ed. F or example, there is no w a y to prev en t a noun-mo difying adjectiv e from mo difying an NP as there is no distinction b et w een N with no argumen ts and NP . T o solv e the problem w e in tro duced features named XP and ASSIGN XP . XP is used for restrict the mo di�ee’s bar-lev el. ASSIGN XP is used b y a mo di�er to assign a bar-lev el to a phrase gener- ated as a result of mo di�cation. 3.2 Predicativ es and small clause In XT A G analysis, a predicativ e noun 7 has a tree whose ro ot is lab eled S and the copula b e has an auxiliary that adjoins to the tree. W e assigned a head feature verb to a predicativ e noun (see the fo otnote in section 2.1). Ho w- ev er, w e could not allo w the extraction of the predicativ e noun, b ecause it w ould b e the head that is extracted. W e splitted the lexical en try of b e to handle the extraction. 4 Implemen tation W e ha v e translated the syn tactic lexicon of the XT A G grammar v ersion 1.1 and implemen ted the translated grammar in LiLF eS language (Makino et al., 1998). W e assumed only binary branc hing, and splitted the sc hemata according to whether the head is on the left or on the righ t. Curren tly w e ha v e v eri�ed our grammar par- tially in the sense that XHPSG grammar gen- erates the structures equiv alen t to the elemen- tary trees and the trees constructed with one or less adjunction. F or the general cases, w e are curren tly w orking on constructing a struc- ture equiv alen t to the deriv ation tree for XT A G parsing in XHPSG. The deriv ation trees will en- able us to easily compare the parsing results b e- t w een the original and the translated grammars to c hec k the v alidit y of XHPSG in a practical sense. W e optimized the grammar b y pre-compiation (T orisa w a and Tsujii, 1996) and measured the parsing time of the A TIS cor- pus using the t w o-phased parsing of the pre- compiled XHPSG. The a v erage user time w as 1.12 seconds on Alpha Station (400MHz CPU, 4GB main memory). W e exp ect a futher sp eed- up of the parsing b y pac king feature structures (Miy ao et al., 1998). 7 adjectiv e and prep osition also 5 Conclusion and F uture W ork W e translated the XT A G grammar to get a wide-co v erage grammar in the HPSG formal- ism. By assigning an HPSG sc hema to a branc h- ing of XT A G trees, w e ha v e sho wn that the branc hing in XT A G trees can b e licensed b y the standard HPSG sc hemata and principles. W e are also in terested in comparing our result to the HPSG English grammar b eing dev elop ed at Stanford Univ ersit y (CSLI, 1998) and to the CCG English grammar con v erted from XT A G grammar (Doran and Sriniv as, to app ear). 6 Ac kno wledgmen t W e are grateful to Prof. Ara vind Joshi and the mem b ers of the XT A G group for their v aluable helps and suggestions. References CSLI. 1998. English Resource Grammar Online. a v ailable in http://hpsg.stanford.edu/hpsg/ergo.html . Christine Doran and B. Sriniv as. to app ear. Dev el- oping a wide-co v erage CCG system. CSLI lecture notes edited b y A. Ab eille and O. Ram b o w. T ak aki Makino, Minoru Y oshida, Ken taro T orisa w a, and Jun’ic hi Tsujii. 1998. LiLF eS|to w ards a practical hpsg parser. to app ear in Pro c. COLING|A CL ’98. Y usuk e Miy ao, Ken taro T orisa w a, Y uk a T ateisi, and Jun’ic hi Tsujii. 1998. P ac king of feature structures for optimizing the hpsg-st yle grammar translated from T A G. submitted to T A G+ w ork- shop. Carl J. P ollard and Iv an A. Sag. 1994. He ad- Driven Phr ase Structur e Gr ammar . Univ ersit y of Chicago Press. The XT A G Researc h Group. 1995. A lexicalized tree adjoining grammar for en- glish. T ec hnical Rep ort IR CS Researc h Re- p ort 95-03, IR CS, Univ ersit y of P ennsylv ania. a v ailable in http://www.cis.upenn.edu/~xtag/ tech-report/tech-report.html . Ken taro T orisa w a and Jun’ic hi Tsujii. 1996. Com- puting phrasal-signs in HPSG prior to parsing. In Pr o c. Coling 96 , pages 949{955.