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Abstract

Various applications could potentially benefit from thesgration of deep and shallow processing techniques.
A universal representation, compatible between deep aitbahparsers, would enable such integration, allowing
the advantages of both to be combined. This paper descrifoets ¢o make RMRS such a representation. This
work was done as part of DeepThought, funded under the 5théwark Program of the European Commission
(contract reference 1IST-2001-37836).

1 Introduction

Two aims of DeepThought (Hybrid Deep and Shallow Methods<imowledge-intensive Information Extraction)
are to research the potential of deep semantic processgmribined with shallow methods for robustness and
to demonstrate this potential by applying the novel apgraadhree particular application®éepThought 2002).
While a number of deep processing systems have been deudltgtehave broad coverage of linguistic phenom-
ena and can produce detailed semantic representatiorfigsdanguage, such systems are noted to have limited
usefulness in practice. Shallower systems that do notmeguich a high level of lexical information nor assume
grammaticality of their input boast the advantage of inseglarobustness and speed over deeper systems. The
expectation is that, through integration, a single apfibcecan offer the advantages of both.

In order to successfully combine deep and shallow techsighe notion of a universal representation becomes
important; a standard representation that both deep anldwharocessors can produce and that is compatible
between both. Copestake (2004) argues the suitability efreastic representation as this interface; in particular,
Robust Minimal Recursion Semantics (RMRS).

With this end-goal in mind, work has been undertaken to mak&Rs produced by particular deep and shallow
processors compatible; namely, the deep LinGO EnglishiRes@Grammar (ERG) (Copestake & Flickinger 2000)
with the Robust Accurate Statistical Parser (RASP) (Beés&dCarroll 2002) as its shallower counterpart. A test
suite of over one hundred English sentences was develogatiitoit a wide range of semantic phenomena handled
by the ERG and these sentences parsed by both systems i.&R@doaded into the Linguistic Knowledge
Building system (LKB) (Copestake 2002) and the RASP system.

New functionality recently added to the LKB was then usedxtraet RMRSs from the RASP trees and
compare these to the corresponding ERG RMRSs, with the ER@gentations taken to be normative. Based on
the ERG RMRSs produced from the semantic test suite, the anéxrh used to convert RASP trees to RMRSs
was gradually modified and developed to try to ensure cotifigtibetween ERG and RASP RMRSs; aiming to
make the two as similar as possible while maintaining coness wherever possible.

The aim of this document is to record to what extent the désioenpatibility is possible and the ways in which
discrepancies arose between the RMRS®ctio® describes the process of extracting RMRSs frolaiRi#ees
in more detail, while Sectidd 3 gives a brief introductiorthe new RMRS comparison functionality in the LKB.
Sectiorl# then lists particular issues that arose prevghfif% identicalness between the ERG and RASP RMRSs.

2 RASP to RMRS conversion

The conversion from RASP output to RMRS works off its syritatrees, rather than one of its alternative output
forms. Two sets of XML-encoded rules define what componefifMRS are generated from what parts of trees;

1The resources used in this work are under active developamehtietails may well change.



<l e>

<t ag>NN1</t ag>

<comment >14k sg nouns</ conment >

<semstruct >

<hook><i ndex>X</ i ndex><I abel >H</ | abel ></ hook>
<ep><pr ed/ ><| abel >H</ | abel ><var >X</ var ></ ep>
</ semstruct >

</le>

Figure 1: Lexical rule for RASP’s NN1 tag

<rul e>

<name>N1/ n_nl</ name>

<conment >ANNA - noun-noun conpound treatnent (sem ex. 48, 49)</coment >
<dt r s><dt r >N</ dt r ><dt r >OPT</ dt r ><dt r >N1</ dt r ></ dt r s>

<head>RULE</ head>

<semstruct >

<hook><i ndex>X</ i ndex><| abel >H</ | abel ></ hook>

<ep><gpr ed>COVPOUND_REL</ gpr ed><| abel >H</ | abel ><var >E</ var ></ ep>
<ep><gpr ed>UDEF_Q REL</ gpr ed><| abel >H1</ | abel ><var >X1</ var ></ ep>

<r ar g><r ar gname>ARGL</ r ar gname><| abel >H</ | abel ><var >X</ var ></r ar g>

<r ar g><r ar gname>ARG2</ r ar gname><| abel >H</ | abel ><var >X1</ var ></r ar g>

<r ar g><r ar gname>RSTR</ r ar gnanme><| abel >H1</| abel ><var >H4</ var ></ r ar g>

<r ar g><r ar gname>B0ODY</ r ar gnanme><| abel >H1</| abel ><var >H3</ var ></ r ar g>

<i ng><i ng- a><var >H</ var ></ i ng- a><i ng- b><var >H2</ var ></ i ng- b></i ng>

</ semst ruct >

<equal i ti es><rv>X</rv><dh><dt r >N1</ dt r ><he>| NDEX</ he></ dh></equal i ti es>
<equal i ti es><rv>X1</rv><dh><dt r >N</ dt r ><he>| NDEX</ he></ dh></equal i ti es>
<equal i ti es><rv>H2</rv><dh><dt r >N1</ dt r ><he>LABEL</ he></ dh></equal i ti es>
<equal i ti es><rv>H4</rv><dh><dt r >N</ dt r ><he>LABEL</ he></ dh></ equal i ti es>
</rul e>

Figure 2: Grammar rule for RASP’s N1frl rule

specifically, from part-of-speech (POS) tags and RASP grantoies. These rules were initially created by an
assortment of manual, semi-automatic and automatic tqakeibefore being manually edited for the purposes of
this work. An example of both a rule defining RMRS created famRASP grammar rule (henceforthgammar
rule) and one for creating RMRS from a POS tadefacal rule) are discussed to illustrate their syntax and function.

Figurell shows the rule for words tagged as singular commansioThe name of the POS tag that the rule
governs (NNL1 in this case) is given within tiieag) tags and a description of the words with this POS is found
between thelcorment )s. The interesting part of the rule is thgenst r uct ), the XML description of the
semantic structure arising from a word of this POS, that galyeconsists of théook and one or morelementary
predications(EPsE. This shows that a noun of this type has a normal-type vai@dlfor its index and that this,
together with an identifyindgabel (H), constitutes the semantic entity's hé)oIA single EP is introduced, by the
one(ep) line in the rule. Thépr ed/ ) tag indicates that the lemma tagged NN1 should be extraaiedthe tree
and incorporated into the resultant predicate name acugtdia fixed format (the word delimited by underscores
and followed by a broad POS tag i.e. n for nouns, v for verbs, afljectives, r for adverbs and x otherwise). The
entire rule is enclosed ifi ) tags.

Figure[2 shows the rule for applications of the noun-nounmmumd rule. The grammar rules are largely
similar to lexical rules: the rule is contained with{nul e) rather than(l e) tags,(nane) tags replacet ag)
in enclosing the identity of the tree component to which thle mpplies (here N1/n1), the(conment ) tags
hold relevant information about the rule and tfsenst r uct ) defines the semantic structure of the syntactic
constituent to which the rule is applied.

However, these rules differ in a number of respects. Firsitye the necessary addition of ttet r s) and

2A minority of tags supply no EP or supply semantics additida&Ps.
3For an explanation of these terms and the semantic algetama \ithich they arise, the reader is referred to (Copestaksgdriles &
Flickinger 2001).



conmpound_rel (h7, e9)
ARGL( h7, x2)
ARG2( h7, x4)
I NG(h7, h5)
udef _qg_rel (h10, x4)
RSTR( h10, h3)
BODY( h10, h13)
_garden_n(h3, x4)
_dog_n(h5, x2)

Figure 3: RMRS for “garden dog”

(head) lines to identify the daughters and semantic head of therasipectively. When generated automatically,
the head of a rule is set to the syntactic Iﬁadless one cannot be found e.g. in co-ordinate structals)ugh
this may be altered manually (e.g. to the right-most daughtthe case of co-ordinates). The head may also be
set toRULE to indicate that the head should be supplied by(derst r uct ).

Secondly, thgsenst ruct ) may contain more than the hook and EPs. Since the grammar gateerally
deal with more than a single word, RMRS components desgrithia relationship between the rule daughters may
be introduced, such as arguments, in-groups and geqgs. nis t&ff XML tags, these aré ar g)s, (i ng)s and
(hcons)s (not present in the N1/n1 rule). Ananchorfl may also be defined withifs| ot s) tags.

Finally, grammar rules may define some numbefexfual i ti es) outside the(senst r uct ) that define
which variables inside it are equated with which variabtethe daughters.

To more adequately demonstrate the function of these rtlesRMRS that results from their application to
the phrasearden dog is given in FiguréB. The two bottom-most EPs are those inired by two applications of
the NN1 lexical rule; one fogarden, one fordog. In each case, th@r ed/ ) tag takes the word tagged NN1 and
creates the predicate name shown, attaching to it its l&deldr dog) and ARGO variable (x2). These variables
are co-indexed with thd abel ) and(i ndex) in the (hook) line of the lexical rule, thus defining h5 and x2 as
the externally visible parts of the semantic entity.

The wordsgarden and dog then become th&l and N1 daughters of the N1/n1 rule respectiveﬂl The
two remaining EPs are similarly introduced Kgp) lines, this time in the grammar rule. However, these are
grammatical predicates, rather than the lexical predsciatteoduced to represent specific words, and as such are
named explicitly in the rule, within thégpr ed) tags. Again, each EP is attached to a label and variable edkfin
in the rule. Then, the foufr ar g) lines each introduce one argument into the RMRS: the ARGIGARRSTR
and BODY. These too have each a label and variable. NotelthgdaRG1 and ARG2 share the label h7 with the
compoundrel (and are consequently aligned with it). This is due to thentexation of the variablél in the
rule. Similarly, the(i ng) definesH to be the first label in an in-group and thus introduces the &lighed with
thecompoundcrel.

Further note that the ARG1’s variable is x2, the ARGO of tHeg.n. This is the result of the first of the
(equal i ti es), that equateX (the ARG1's variable) with thé&\1 daughter’s index. As mentioned, the daugh-
ter's index is co-indexed with its ARGO variable inside tlegital rule that created thelogn EP and so the
compoundrel’s ARG1 becomes x2. Likewise, the second label in the IN@S, the label of thedog-n, due to
the third of the(equal i ti es) betweerH2, the variable name used for tkieng- b), andN1'’s label.

Thus, as lexical and grammar rules are applied to POS-taggeds and gradually larger constituents in a
sentence, successive layers of RMRS components are inat@igeadded to the sentence’'s RASP RMRS and
relationships between constituents forged.

3 RMRS comparison functionality

The LKB now provides menu options to select and compare paiRMRSs. The comparison window displays
the two RMRSs side-by-side, using coloured lines to in@igetirs of components that are judged to correspond.

4The extraction of the syntactic head is often straightfedatzecause RASP rules follow the GPSG convention that the ti@aghter has
an identifier that starts with an ‘H’.

5Again, the reader is referred to (Copestake et al. 2001)dtaild.

6The OPT is an optional punctuation daughter



» The garden dog barked #|=I0%

Close &1l | Print

h1 hzd
O-=20:prpstn_m_relth1 ,h3) O-=20:prpstn_m_rel(h2d, ha7)
geqths,h17) gegihz? h22)
0-=2:_the_qih6,=9) 0-=2:_the_gih1 =2}
RSTR(hE,hi) RSTR{h1,h13)
BODY(hE,h7) BODY(h1,hZ0)
qeqihd, o) el 9,h?
4-=13:compound_relih10,e12) 4-=13:compaund_relth7,e9)
BRG1(h10,x9) ARG1(h7 =2
BRGEZHT0,x11) BRGZ(hT %4
ING{h10,h100071) ING(h7,h5)
4-=13:udef_g_rel(h13,x171) 4-=13:udef_g_relfh10,=4)
RSTR(h13,h14) RSTR{h10,h12)
BODY(h13,h15) BODY(h10,h13)
geqihld,h16) gedhle,hi)
4-=5_garden_n(h16,x11) 4-=9:_garden_nth3=4)
11-=135:_dog_ni{h10001,=9) 11-=13:_dog_n{h3,«2)
153-=20:_hark_w{h17,e2) 15-=20:_hark_v(hZZ,edd)
BRG1(hTT,=9) BRG1(hZE =2)

Figure 4: Comparison window fdrhe garden dog barked.

Throughout this work, comparisons were made between ERGR#&®P RMRSs from the same sentence and
Figure[4 shows the comparison foine garden dog barked. The ERG RMRS appears on the left, with RASP’s on
the right.

A green line between a pair of components indicates a perfattth (above the level of variable name identity)
and inspection of the two RMRSs reveals that they are, in fdentical. Those components that do not display
a match are quantifier BODYs; these will never match since ttandle arguments are always unattached. Thus,
this sentence serves as an example of one for which the RMR8siqed by the ERG and RASP are perfectly
compatible.

This, however, is not the case for many of the sentences isdhmntic test suite. There are a number of
ways in which the comparison displayed between two RMRSs appear differently to the perfect example
given. For instance, the correspondence line may be blued(rather than green) indicatingsabsumptive
match. Fundamental to RMRS is the notion of specificity: RMR8duced by shallow systems can be taken to
be underspecified versions of their deeper equivalentfieloantext of this work, this means that it is possible for
one RMRS to contain an RMRS component that subsumes the ant@db it corresponds and, in these cases, a
blue or red correspondence line will be displayed when th& BRRASP, respectively, is more specific.

Another possible mismatch is manifest as the absence ofrasgpmmdence line between two corresponding
components. This may occur because the two components gglated in terms of specificity or, in the case of
predicates, because thefaracterisation information does not match. Alongside each predicate islayed the
range of character positions of the substring of a sentence Which that predicate has arisen. This information
may be used to allow for efficient comparison between RMRSgtantially exponential problem otherwise. If
characterisation is ignored during comparison, as it maybwiguity is increased and multiple pairings may be
judged possible for a given predicate. Thus, multiple caispa windows are displayed, some with correspon-
dence lines between components that do not correspondntierfanifestation of a mismatch.

Mismatches between ERG and RASP RMRSs may occur for a nunfibeasons and the following section
details the issues brought to light by the semantic tesé sdéscribing how particular mismatches are displayed
by the comparison window, explaining why they occur and eeasy about how they might be rectified, if at all.
Some issues will be apparent in more than one example busaa,isnce identified and discussed, will not be
mentioned again.



X The window opened o B | 6

Close all| | Print

h1 h13
O-=16:prpstn_m_rel(h1,h3) O-=16:prpstn_m_rel(h13,h16)
fediha,h11) gedih16,h11)
0-=2:_the_gihG,=9) O-=2:_the_qgih1,x2)
RETR{hE, hE) RETRih1,hi)
ECD (h,h7) EQD(h1,hi)
geqihd,h1m neqiha,hd)
4-=3:_window_nih10,x3) 4-=3:_window_nihd,=<2)
1-=16_open_v_1h1,edy — 11-=16_open_vih11,e12)
ARGT(h11 =9) ARGT(h11 x2)

Figure 5: Comparison window fdrhe window opened.

» The cat chased ane 0%
Close| Close all| | Print

h1 hz1
0-=17:prpstn_m_relth1,hS) 0-=17:prpstn_m_relthz1 hzd)
geqthah11) geqhzd,h11y
0-=2:_the_g(h6,<3) 0-=2:_the_g(h1,%2)
RETR(h&,hd) RETR(h1,hE)
BODY(hE,h7) BODY(h1 hg)
geqiha,h10) geqiha,ha)
4-=6:_cat_nih10,<3) 4-=0:_cat_nihd,=2)
g-=13_chase_v{h11,.e2) G-=13_chase_wih11,212)
ARGI(h11,%9) ARGT(h11 =)
ARGZ(h11,<12) ARGZ{h11,x14)
15-=17pron_relfhia=12) — 15-=17:nan_temp_nam_relih13,x14)
15-=1Fpronoun_g_relthtd =12y —  15-=17:quant_rel(h15,x14)
RSTR(h14,h15) RSTR(h13,h16)
BODY(h14,h16) BODY(h15,h17)
gegth15,h13) gegih16,h13)

Figure 6: Comparison window fdrhe cat chased one.

4 ERG vs RASP RMRS issues

4.1 Subsumptive predicate matches

The formalism of RMRS specificity includes a partial ordemadicates, defined in terms of their syntax, and a
hierarchy of grammatical predicaté8he window opened is an example of a sentence where the ERG can produce
a more specific lexical predicate, fopened, than RASP since it can distinguish between multiple seobése
wordopenwhereas RASP, with no lexical information other than pae®OS tags, cannot. Figurke 5 demonstrates
the blue line that indicates that the ERG&penv_1 predicate is subsumed by RASRP&penv, while Figurd®
illustrates the ERG producing more specific grammaticatlipeges for the pronouane in The cat chased one.

This is due to the fact that RASP uses one POS tag for all sangndiefinite pronouns, not all of which produce
thepron_rel andpronoun_g_rel: somebody, for instance, produceszersonrel andsomeg.rel. Thus the lexical

rule for this tag must introduce the least general predécthiat subsume the predicates produced by each of these
pronouns.

While subsumptive matches in the RMRSs illustrate one @speavhich the ERG and RASP RMRSs fail to

match perfectly, they are not a problem: they simply hidftlitne fundamental difference in depth of the systems
that produce them and do not render the RMRSs incompatible.



X Some of the cats bark vod i ] S

Close &ll| | Print

h1 hi30
O-=20:prpstn_m_rel(h1,h3) 0-=20:prpstn_m_rel(h30,h3d)
feqiha,h1a) nenih3d had)
0-=3:part_of_rel(h&,=7) 0-=15:part_of_rel(h23,=2)
ARG (hE =8) ARG1(hZ3 <6)
IMNG(hE,h10001) ING(hZ3,hi3)
0-=3:_some_qg(h3,=7) 0-=3:_some_qg(h1,uZ)
RETR{h9,h10) RETRih1,had)
BODY(h3,h11) BODY(h1,hZ5)
fedihl0,he) fedihzd h23)
o-=f_of_p_selfhto00t,er2y — S-xG:_of_plhd,ed)
ARGE(h10007 %) ARGE(hI,=6)
fi-=10:_the_gih14 =8) fi-=10:_the_q(h3,=6)
RETR{h14,h16) RETR{hS,h12)
EODY{h14,h15) EODY(ha,h13)
neqih16,h17) geqihl12,h?
12-=15_cat_nth17,=8) 12-x15_cat_nth7 =E)
17-=20:_bark_vwih1d,e2) 17-=20:_bark_w(h2d,ez9)
ARGT(h1E %7 ARG (hZE %2)

Figure 7: Comparison window f@@ome of the cats bark.

4.2 Characterisation mismatches

The predominant cause of characterisation mismatchesigtth ERG and RASP produce the same predicate
from a slightly different substring of the sentence. Forregke, Figurdl’ shows the comparison fame of the

cats bark when characterisation is taken into account. As can be s&tin RMRSs contain ssomeq predicate
arising from characters 0 to 3, i.e. the w@ahne, and the green line between these indicates that theséddkent
predicates correspond. Both too contaipaat _of_rel whose ARGO variable links it to thesomeg. Despite the
seeming identicalness of these predicates, however, nespmmdence line is present. Inspection reveals that this
is because the ERGart _of_rel stems again from the womeitself, whereas RASPsart _of rel is introduced

by its NP/np-praopp-of grammar rule i.e. the entiBome of the cats phrase (characters 0 to 15). As a consequence,
the ARG1 and ING attached to tipart _of_rel and the.someq’s RSTR and geq (that lead to thart _of_rel) are
likewise judged not to correspond.

Punctuation was a second cause of characterisation misezat€onsider the sentenabrams, Browne and
thedog arrived in Figure[38. Initially, only those components originatfingm the wordAbrams (theproper _q_rel,
thenamed.rel and their arguments) displayed a match, since the ERG aenesidtharacter positions after a pre-
processor had stripped away punctuation characters. R&SRe other hand, leaves punctuation in place when
calculating character positions. Hence, the position ohedaracter after the comma was misaligned between the
ERG and RASP’'s RMRSs, and each predicate from substringgling characters after the comma were judged
to mismatch. This particular problem was fixed by altering BRG’s pre-processing to include punctuation in its
characterisation.

Nevertheless, since the sole purpose of including chaisatin is to increase efficiency, mismatches of this
nature, again, do not signify any incompatibility betwedRG@and RASP RMRSs and thus characterisation will
be ignored in all following comparisons to focus on otheuéss

4.3 CARG mismatches

Certain classes of words produce predicates requiring a&ARstring argument that describes which particular
word of that class is in question. Proper names are one exaainelady metAbrams appearing in FigurE_38 as a
namedrel with a CARG containingabrams. While these present no problem in terms of compatibilitgRGs

for closed class words are more problematic since the ER@sdhie word as it appears as a CARG, whereas RASP
at present simply extracts the lemma from the tree. Figute®/s CARGS for cardinals, days and months as they



b4 Three dogs bark on Tuesday in June

Close &ll| | Print

h
0-=33:prpstn_m_relih1,hS)
geq(hs,h12)
O-=3:hare_div_o_relthd =7}
RETR(hE,hi)
BODY (hi,h)
geqrhd, h10)
O-z4:card_relth10,u11)
ARGTh10,7)
CaRG(h10,3)
IMG(h10,h700071)
f-=9:_dog_n{h10001 x7)
11-=14_hark_v{h12,e&)
ARG1{h1Z %7
IMG(h12,h10002)
IMG(h12,h10003)
16-=17:_on_p_temp(h1000Z,e14)
ARG1(h10002,e2)
ARG2(h10002,%13)
19-=25:proper_g_rel(h13,=13)
RSTR{h15,h16)
BODY(h13,h17)
geq(h16,h18)
19-=25:dofw_relth18,<13)
ARG1h1E,u19)
CARG(h18 tue)
27-=28_in_p_tempih10003,221)
ARG1(h10003,e2)
ARG2(h10003,%20)
30-=33:proper_g_rel(hZ2 =20}
RETR{hZZ,hE3)
BODY(hzz,hzd)
geq(hzd,h2g)
30-=33:mofy_relth2s,<20)
ARG1{heS,uzaE)
CARG(hZE jun)

Figure 8: Comparison window fdrhree dogs bark on Tuesday in June.

hs6
0->33:prpstn_tn_rel{h56,h59)
geqth59,h16)
0-=3:hare_div_og_relthl1,x&)
RSTR{h11,h13)
BODY{h11,h14)
geqihl 3,hE)
0-=4:card_relih1,u3)
ARGT(h1 =2)
CARGIhT three)
B-=9:_dag_nihe,=2)
INGhE,hT)
11->14_bark_wih16,e17)
ARGT(h16 x2)
INGh16,h37)
INGh16,h18)
16-=17._on_pih15,e19)
ARG1(h16,e17)
ARGERTEXET)
19-=25:proper_g_rel(h20,=21)
RSTR{hZ0,hed)
BODY (hed,hzd)
geqth23,hzz)
19-=25:dofw_rel(h2z x21)
ARG1(hZZ, uz5)
CARGHEZ tuesday)
27->28._in_pth37,e38)
ARG1(h37,e17)
ARGEIT =40)
30-=33:non_freerel_g_rel(h41 =40}
RETR{h41,h42)
BODY (h41,hd3)
geqthd e hidg)
30->33:mofy_rel(h39 x4 0)
ARGT(h39,u44)
CARG(h39,june)



» June third arrived <2> b (= B3

Close all| [Print

h1 hzz
0-=17:prpstn_m_rel{h1,hS) 0-=17:prpstn_m_rel(h22,h25)
geqthi,h18) geqth2s,hei)
0-=3:def_g_rel(hf x7) 0-=3:def_g_rel(h13,=8)
RETR(hE,hd) R3TR(h13,h17)
BODY (he,h3) EQODY(h13,h18)
geqiha,h10) geqihl7,h1)
0-=3:0f_p_relth10,e12) 0-=3:0f_p_rel(h13,ul16)
BRGT1(M0,57) ARGMN(NT3,%E)
BRGZ(h10,x11) BRGNS x8)
IMGE(h10,h10001) 0-=3:non_freerel_g_relthd,=<2)
O-=3:def_g_relth13,x11) RETR(h3,h4)
RSTR(h13,h14) EODY(h3,ha)
BODY(h13,h15) geqihd, hl)
fqeqth14,h16) O-=3:mofy_ral(hl =)
O-=3:mofy_rel(h16,x11) ARGT(h1,u6)
ARGT(MIE,u17) CARG(h june)
CARG(TE,jumn) S-=8:_third_x(h7,uf)
S-=3:dofm_rel(h10001,=7) 11-=17:_arrive_vwthz0,e21)
CARG(h10001,3) ARGT{ha0,=E2)

11-=17:_arrive_vwih1d,82)
ARGT{ME,x7)

Figure 9: Comparison window falune third arrived.

appear (differently) for the ERG and RASP, resulting in nasthes between not only the CARGs themselves but
also the predicates to which the CARGs are attached.

This problem should be easily resolved, for the very reakahthe ERG can alter the form of some CARGs
in the first place: since the words are closed class, a fixedruof rules are required to be added to the RASP-
RMRS mechanism to perform the same alterations.

4.4 Dates

Dates illustrate of a number of issues that also arise inr@ihretexts. Consider FiguEé 9 of the senteduree third
arrived. As can be seen, the ERG producetoém_rel andmofy_rel (each with associatedkf g_rel, arguments
etc.) forthird andJunerespectively. A furtheof_p_rel represents the day-of-the-month relationship betweesethe
words. Inspecting RASP’s RMRS, several mismatches candrgifabd.

Most strikingly, there is ahird x from the wordthird rather than the requiredofm_rel. This predicate
is introduced by the lexical rule for ordinal numbers so oaokition would be to replace this predicate with a
dofm_rel here. However, this is far from ideal since these words caeapin different contexts where they have
a different semantics and, thus, require a different peadic For instance, iithe third dog barks (Figure[ID),
third is a plain ordinal and requires amd_rel rather thardofm_rel. Since the same POS tag is used for both
cases, however, the lexical rule cannot introduce thesiqattes and the defauhird _x is left in place. The same
problem occurs with time phrases, as in Fidurke 11, where R® Eepresents times differently from cardinals but
RASP, using one POS tag for these numbers, simply appligsatamar rules for numbers and cannot make this
distinction.

Furthermore, the rule that combines thume andthird is NP/date, meaning that RASP successfully identifies
this phrase as a date. However, this rule simply acceptspaeinoun June) followed by a number nourttird)
and optionally surrounded by additional number daughtersgresent in this example). Given this definition of the
NP/date, however, this rule would equally be applied to thepelune 1993 as in Figurd_IR. As this necessitates
ayofc_rel in place of thedofm_rel (and further differences), these predicates can neithéntbeduced by the
grammar rule.

The second issue with dates is thfep_rel’s arguments. As discussed, there is no fixed relationsHipden
the two daughters in the NP/date rule: Figlite 9 showsfam.rel whose ARG1 is the day and ARG2 is the
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X The third dog barks

Close &ll| | Print

fi1
0-=18:prpstn_m_rel(h1,hS)
gedihs,hl12)
0-=Z:_the_g(ht =3}
RETR{hE,ha)
BODY(hE,h7T)
gedgihid,h10)
4-=g:ord_rel(h10,u11)
ARGT(h10,=9)
CARG(Hh10,3)
ING(h10,h100071)
10-=12:_dog_nih10001,%9)
14-=18:_bark_vih1Z,82)
ARGT(MTE XT)

h19
0-=18:prpstn_m_rel(h13,hZz)
gegthZz T
0-=2:_the_gih1 x2)
RETR(h1,h14)
BODY(h1,h15)
geqthl4,hi)
4-=8:_third_xih3,ud)
ARGT(hd,=2)
10-=12:_dog_n(h3,=2)
ING(h,h3)
14-=18:_hark_v(h17.218)
BRGT(TT X2

Figure 10: Comparison window fdihe third dog arrived.

X Abrams arrived at three twenty

Close all| Print

h1
O-=23:prpstn_m_relth1,ha)
geqrhs,hl11)
O-=5:praper_o_rel(hb <7
RETRihE,h)
BODY(hE,hT)
geq(ha,h10)
0-=3:named_relth10,x7)
CaRG(h10,abrams)
7-=13:_arive_w(h11,ed)
ARG T
IMG(h11,h10001)
15-=16:_at_p_tempth10001,213)
HRG1(M10007,22)
ARGZ(h10007,:12)
18-=22:numbered_hour_rel(h14,:12)
ARGT(h14,u15)
CARGHh14,3)
18-=22:def_g_relth17.=12)
RETR(h17.h18)
BODY(h17,h19)
gegthlah1d)
24-=23:card_rel(hz0,u15)
HRGT(MZ0,U2T)
CARGha0,20)

hzd
0-=23:prpstn_m_relth2a,h31)
gedihdl he)
0-=5:praper_g_rel(hl,=2)
RETR{h1,h4)
BODY{h1,hT)
gedihd,hd)
0-=0:named_relih3 =2}
CARG(h3, abrams)
T-=13:_arrive_v(hE,e7)
ARG (MG 2
INGihE,hE)
15-=16:_at_p(hd,e9)
HRGT(hE, e
ARGZ(hE «<16)
18-=22:card_relth10,u12)
ARGT(h10,=11)
CARG(h10 three)
2d-=29:card_relih13,u13)
ARGT(MT3x14)
CARGHT 3 twenty)

Figure 11: Comparison window fabrams arrived at three twenty.
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» June 1993 arrived 7=l %

Close all| [Print

h1 hz3
0-=16:prpstn_m_relih ,h3) O-=16:prpstn_m_relthz3,h26)
geqthd,h18) geqth2a,ha1)
0-=G:proper_g_rel(hé =7 O-=G:def_g_rel(h14 =2}
RSTR(hE,hd) R3TR(h14,h17)
BODY thi,ha) EODY(h14,h18)
geqthd,h18) geqthl7,h1)
0-=3:mofy_relih10,<7) O-=8:0f_p_relth13,u16)
ARGTh10,x11) ARGMhTS %)
CARG(T0,jum) ARGMNNT3,%8)
IMGh10,h10001) O-=3:non_freerel_g_rel(hid <2)
0-=3:0f_p_sel_relth10001,u13) RETR(h3,hd)
ARGZ(h10001 ,x11) EQDY(h3,h3)
S-=G:proper_g_rel(h14,x11) feqihd, h1)
RETR(h14,h15) O-=3:mofy_relih1 =2)
BODY(h14,h16) ARG (T ,u6)
geqih13,h20) CaRGIh june)
S-=Gyofc_relth17.x11) S-=3:card_rel(h?,ug)
CARG(T7,1993) ARG (T <)
10-=16:_arrive_v(h18,e2) CARG(h7,1333)
ARGT(h18,x7) 10-=16:_arrive_wihz1,822)

ARGT(h21 %2

Figure 12: Comparison window fdune 1993 arrived.

month, whereas FiguEell2 shows the year is the ARG2 i.e. thgamship has been reversed in terms of the rule
daughters. Thus, in constructing the RMRS for applicatmii$P/date, the best the rule can do is to introduce an
of_p_rel with two ARGNSs, one of which is the month daughter and the pthe number daughter. A similar issue
arises with composite cardinals, where the ERG introducedigates that specify the relationships between parts
of numbers. For instance, the RMRS for the number phnaséwundred twenty (Figure[IB) would co-indegwvo
andhundred (variable x7), would include plus_rel linking two hundred to twenty and would further include a
times_rel linking two andhundred. However, since the NP/cplx-num rule that covers such pBraseepts a simple
sequence of numbers, with no information about how they eletad, these predicates cannot be introduced by
the rule. Note, however, that RASP does introducdithes rel, though without its FACTOR1 argument. This is
done by the lexical rule for RASP’s tag for (number neutraljeral nouns, likéaundred anddozen (all of which
appear to require thismes_rel), but from which there is no access to the first FACTOR.

Furthermore, this grammar rule is peculiar in that it, whiilis applied to sequences of numbers, it is defined
such that it has a single (non-optional) daughter called)>GRUM. The effect of this is that the individual num-
bers (their indices, labels etc..) cannot be accessedntibirule. So while NP/cplx-num defines the hook of the
overall composite number, it cannot equate this with thekead any of the comprising numbers and, effectively,
there is a missing link between the numbers and the rest skthitence. This is demonstrated by the INGs attached
to _dog.n in Figure[® and FigurgZ13: the former shows how the noun pagelishould be INGed with the quantity
predicate (via their labels) but the latter involves a cosifgnumber and an application of NP/cplx-num, meaning
the label INGed with.dogn is not the label of any of the predicates from the quantityis linclear whether
anything can be done to solve this problem.

4.5 Unwanted predicates

Another issue that appears in several contexts is that @fdbpredicates that are introduced by RASP where they
are not required. This is the case for words that can occuoritexts where they are semantically empty. Auxiliary
verbs, for example, do not require predicaissn Figure[T) but have contentful equivalents that do (FefLH).

As illustrated, however, the RASP RMRS includes this praid be v) in both cases, since there is a single
POS tag fobe and the predicate originates from this lexical rule. Altgbuhe conversion mechanism could be
extended in theory to e.g. remove such predicates when teegientified as unwanted, it is not straightforward to
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» Tweo hundred twenty dogs bark

Close &1l | Prirt

h1

O-=27:prpstn_m_rel(h1,hi)
qeqihs,hz0)

0-=22:hare_div_n_rel(hf «7)
R3TR(hE,hi)
BODY(hE,h9)
qeqlhd,h12)

O-=2:card_relth10,u11)
ARG1(h10,%7)
CARGIh10,2)

4-=10:card_relth12,u13)
BRG1(h1Z,%7)
CARGih1Z,100)
IMNGih12, h10001)

4-=10:plus_relih14,ul7)
ARG1(h14 7]
TERM1(h14,h16)
TERME(h14,h15)
4-=10times_relth16,u18)
ARG1(h16%7)
FACTORT(h16,h10)
FACTORZ{h16,h12)
12-=17:card_relfh15,u13)
ARG1(h15,%7)
CARG{h15,20)
19-=22:_dog_nth10001,<7)
2d->27:_bark_v(hz0,ez)
ARG1(hz0,=7)

hzB
O-=27:prpstn_m_relth26,hz49)
gegihzg,hzd)
0-=22:hare_div_g_relih13,<12)
RSTR{h19,ha1)
BODY(h19,hZ2)
geqihzl hld)
O-=2:card_relth1,u3)
ARG =2)
CARG(h1 twa)
4-=10:card_relthd,ub)
ARG (G =5)
CARG(hd, hundred)
4-=10imes_relth7,ud)
BRGT(NT =5
FACTORE(MT hd)
12-=17:card_reltha,ull}
ARGT(hE,<10)
CARG(HhE twenty)
19-=22:_dog_nih14,=12)
ING{h14,h13)
2d-=27:_hark_vihz4,e25)
ARGT(hZ4 x12)

Figure 13: Comparison window famvon hundred twenty dogs bark.

X The dog is barking

Close &1l | Print

h1

0-=17:prpstn_m_relth1,h3)
geqhs,h11)

O-=2:_the_qihe,=9)
RSTR(hE,hi)
BODY(hE,h7)
geqihi,h10)

4-=6:_dog_nih10,=3)
11-=17:_hark_v(h11,82)
HRGT(MTT %3]

h15
0-=17:prpstn_m_relth13,h18)
geqih18,h13)
0-=2:_the_gih1 =2}
R5TRih1,hi)
BODY(h1,h9)
gedihd,hd)
4-=6:_dog_nthd =)
g-=9:_he_v(h11,e12)
M-=17:_hark_v(h13,e14)
ARG1(h13,%2)

Figure 14: Comparison window fdihe dog is barking.



X Abrams s a dog

Close all| | Print

h1

0-=14:prpstn_m_relth1 h&)
gediha,h11)

0-=5:proper_g_rel(hB,«7)
RSTR{hE,hd)
BODY(hE,h9)
gedihd,h1o)

0-=5:named_relth10,:7)
CARG(h10,abrams)

7-=8_he_v_id(h11,82)
BRG1 (11 %7)
BRGZ(MIT,%12)

10-=10:_a_gih13,x12)
RSTR(h13,h15)
BODY(h13,h14)
geq(h15,h18)

12-=14:_dog_n(h16,x12)

Z#|=0]%

hz1
O-=14:prpstn_m_relth21 ,hed)
geq(hz4 hie)
O-=5:proper_g_relfhl =)
RSTRih1 ,hd)
BODY(h1,ha)
geq(hd,hd)
O-=5:named_relthd =2}
CARG(h3, abrams)
7-=8:_he_vih@,27)
ARG (hB <2
BRGZ(hE,<9)
10-=10:_a_qghd =49)
RSTR{hE,h15)
BODY (hid,h16)
geqih1a,h10)
12-=14:_dog_nih10,x9)

Figure 15: Comparison window féxbramsis a dog.

distinguish auxiliaries from their contentful countenigdan practice and this issue may have to be left unresolved.

Modal verbs are a second example of this problem, althoughwirere a solution will be easily attainable. In
general, the ERG introduces predicates for modal verbg, asmould in Figure[16. The one exception to this rule
iswill: the ERG treats this as a future tense marked rather than alpsocho predicate is introduced (Figlicé 17).
Since RASP tagwiill the same as all other modal verbs, however, the same lexileals applied to it and an
unwanted will _v produced. Because this predicate is never required for hvdtlaland onlywill), it should be
straightforward to remove the predicate (and its argumémtiis one case.

4.6 Expletive “it” and existential “there”

RASP’s lack of lexical information means that it cannot mguise expletivet. Hence, in sentences likerained
(Figure[IB), semantics for a spurious pronduare added, this entity also appearing as the ARG1 of thengini
event. Itis unlikely that a solution will be found for thiselto the necessity of lexical information in distinguishing
the expletive case.

Part of this problem is resolved for existentiaére, since RASP has a special POS tag for this sense of the
word and can successfully recognise its occurence. Thexetfus lexical rule can avoid adding any predicate.
However, the problem of the spurious entity remains: Fififshows how the RASP RMRS fdhere were cats
in the garden has an ‘invisible’ subject (x2, the index of the removétkre x) for were, rather than the index of
_cat.n. This is because, despite recognising existettak, the sentence is still covered by the standard Sjfmp
rule that makes the NRHere)'s index the subject of the VP’s main verlvdre). Again, there is the potential to
rectify this by altering the arguments in cases where the &bleen recognised as existentiare. It would also
be possible to alter the S/nyp rule so that it does not pick out the NP as the main verb’s ARG, since this
semantics is correct for the vast majority of sentences ambying it would render their RMRSs quite unhelpful,
this would not be a particularly constructive solution.

4.7 Scopal vs non-scopal adverbs

The ERG produces slightly different semantics for scopa aan-scopal adverbs, as illustrated in Figlité 20
and Figurd2l, respectively. But since RASP’s tagset doesa&e this distinction, it applies the same (RASP)
grammar rules for both adverb types and, thus, the (XML) gmanrules cannot strictly introduce either semantics.
Note, however, that RASP does, in fact, reproduce the nopad@dverb semantics fdmarked softly. This is
because the ERG disallows scopals to follow the verb so,drctimtext of this work, it is ‘safe’ for the relevant
grammar rule (V1/vmdvp) to be presumed to apply only to non-scopals.
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X The dog could bark 7=l %
Close| Close all| Print
Y
h1 hz0
0-=17:prpstn_m_relth1,ha) 0-=17:prpstn_m_relih20,h23)
qeqihs,hl 1) gegthzd,hl11)

O-=2:_the_ghe6,=3)
RSTR(hE,hi)
BODY(hE,h7)
geqrhi,h10)

4-=8:_dog_n(h10,x3)

G-x12:_could_wh11,e2)
ARG, h12)
geqih1Z,h13)

14-=17:_hark_v(h13,e14)

0-=2:_the_gih1 <)
RSTR{h1,h8)
BODY(h1,h9)
gedihd,hd)
4-=8:_dog_n(h3 «2)
g-=12:_could_wih11,212)
ARG1(h11,h186)
geqih18,h13)
14-=17:_hark_v(h13,e14)

ARGT(h13,x9) BRGT(h13,%2) i
| ]
Figure 16: Comparison window fdihe dog could bark.
¥ The dog wil bark o P ] 3
Close| Close &l Print
&

k1
O0-=16:prpstn_m_rel(h1,h5)
gegiha,h11)
0-=2:_the_gih& x3)
RSTR(hE,hid)
BODY (hi,h7)
gegihd, h10)
4-=6:_dog_n(h10,=9)
13-=16:_hark_v(h11,e2)

ARG (h11,%3) x

hz0
0-=16:prpstn_m_rel(hZ0,h23)
geqihza,hl1)y
0-=2:_the_gih1 =)
RSTR(h1,hE)
BODY(h1,hd)
geqihd,ha)
4-=6:_dog_n{h3,=2)
G-=11will_vih11,e12)
ARG, h1E)
geqih1a,h13)
15-=16:_bark_v(h13,e14)

ARG (h13,%2) ¥
1= =
Figure 17: Comparison window fdie dog will bark.
X (It raned ) 2d P ) E1S
[crose] (ciose an Print]
&Y
h1 ha
O-=3:prpstn_m_rel(h1,h5) O-=G:prpstn_m_relthd,h11)
geqiha,hg) gedih11,he)
-=0:_rain_vihG,e2) 0-=T1:pron_rel(h3,=2)
0-=1:pronoun_g_relthl =23
RETR(h1,h4)
BODY(h1,ha)
qeqihd.hd)
S-=0:_rain_w(h&,eq)
ARGT(hE =2 7
5] |~

Figure 18: Comparison window fat rained.
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X There were cats in the garden

Close anl| [Print

h1
D-=z8:prpstn_m_rel(h1,h3)
feq(ha,hi)
f-=9:_he_v_there(hb,eZ)
ARG (hE,=7)
11-=28:bare_div_g_rel{hG, =7
RSTR(hE,h9)
BODY(hE,h10)
fqeqihd,h11)
11-=14:_cat_n{h11,=7)
IMG(h11,h10007)
16-=17:_in_pth10001,813)
ARG1(h10007 %7)
ARG2(h10001 x12)
19-=21:_the_g(h14,x12)
RSTR{h14,h16)
BODY(h14,h15)
geqth16,h17)
23-=28._garden_n(h17,x12)

h3g
0-=28:prpstn_m_rel(h36,h3g)
fqeqih3d,hd)
f-=9:_he_v(h3,ed)
ARG (hd,xE)
ARGE(T,=6)
11-=2@:hare_div_ng_rel(hZd,=8)
RETR{hzE,hia0)
BODY (h26,h31)
geqih3n,ha)
11-=14._cat_n(h3,x6)
ING(hS,h7)
16-=17:_in_pth7,ed)
ARGT(hT =6)
ARGZ(T =10
19-=21:_the_g(h3,=10)
RETR{h9,h18)
BODY(h3,h17)
geqih16,h11)
23-=28._garden_nfh11 =10

Figure 19: Comparison window fdihere were catsin the garden.

X The dog probably barked

Clase all| [Print

h1

O-=z2Z:prpstn_m_relth1 hi3)
qeqihs,h11)

0-=2:_the_q(ht x3)
RETRihE, h)
BODY (h,h7)
geqthi,h10)

4-=6:_dog_nrh10,x9)

g-=15:_probably_r(h11,h12)
geqih1z,h13)

17-=22:_bark_v(h13,82)
ARGT(hT3,x3)

2 I [ S

h15
O-=22:prpstn_m_relih15,h18)
geqih1d,h13)
O-=2:_the_g(h1 =2}
RSTR(h1,hE)
BODY(h1,hd)
gedqthi,ha)
4-=6:_dog_nih3 =<2}
G-=15:_probably_rh11,e12)
17-=22:_bark_v(h13,e14)
ARGT{h13,%2)

Figure 20: Comparison window fdihe dog probably barked.
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X The dog barked saftly

Close all| | Print

fi1
O-=Z0:prpstn_m_rel(h1,h3)
fediha,h11)
0-=2:_the_gih6 =9)
RSTR{hE,h{)
BODY (hé,h7)
geqihd,h1m
4-=6:_dog_nth10,=3)
G-=13:_hark_v{h11,82)
ARGT(h11 x9)
ING(h11,h100071)
15-=20:_softly_rth10001,22)

h18
O-=Z0:prpstn_m_rel(h18,h21)
gegih21 k1)
0-=2:_the_gih1 =2}
RSTR{h1,hd)
BODY(h1,h3)
neqiha,hd)
4-=6:_dog_nthd =)
G-=13:_bark_vw{h11,012)
ARGT(h11 2)
ING{h11,h13)
15-=20:_softly_rth13,212)

Figure 21: Comparison window fdihe dog barked softly.

b4 Abrams was very young

Close &1l | Print

h1

O-=20:prpstn_m_relth1 ,h3)
geqths,h11)

O-=5:proper_g_rel(hB =7
RSTR(hE,hi)
BODY(hE,h9)
qeqihd, o)

O-=5:named_rel(h10,=27)
CARG(h10,abrams)

11-=14:_very_x_degih11,u12)
DAaRGh1T,22)
ING{h11,h10001)

16-=20:_yound_j(h10007 ,e2)
BRG1(h10007 ,<7)

2 [

h15
O-=20:prpstn_m_rel(h15,h18)
geqih18,h10)
0-=5:proper_g_relfh1 ,«&)
RSTRih1,hd)
BODY(h1,ha)
nenihd,hd)
0-=5:named_relthd =2}
CARG(h3, abrams)
7-x9:_he_vwihg,e?)
11-=14:_very_rthi,ug)
DARGhE,=11)
IMGh,h10)
16-=20:_young_jh10,e11)

ARG 0,%2)

Figure 22: Comparison window fdbrams was very young.

4.8 Mismatching predicates

There are a number of situations where the ERG and RASP peaslightly different predicates (for the same
word) that do not match even subsumptively, according tosthax rules for specificity. One case of this is
degree adverbs, as &brams was very young (Figure[22) where the ERG produca®ry_x_degwhereas RASP
can only producevery.r at present. This should be resolvable as the RASP tagsetithbieguish degree adverbs.

A further example of mismatching predicates is verbs thatapas adjectives or nouns. RASP can correctly
identify these cases and, consequently, produlbasking_j and _chasingn for the barking dog and Browne's
chasing of cats, for instance (FigurE23 and Figurel 55, respectively). TR&GEon the other hand, treats them
as derived forms and, consequently, produdesk v and _chasev. Similarly, temporal adverbs such asw
(Figure[24) appear as adjectivesdw_j) whereas RASP produces the usual adverbial predicatev(r). Fur-
thermore, the ERG uses the base form of comparative adgsétiformulating their predicated@ppy_j) whereas
RASP simply extracts these words, like any other, from tee tthappier_j) as in Figurm

"Note that RASP’shappier_j shares its label (h3) with theomp_rel. This equivalence was made in order to allow the predicatebare

their ARG1, as necessitated by the ERG RMRS. Since no othBpaoents are associated with these predicates, sharingbiledoes not
have any adverse effects in this case.
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» The barking dog chased Browne 2 I ]

Close &ll| | Print

h1
0-=28:prpstn_m_rel(h1,h3)
fqeqiha,hle)
0-=2:_the_g(ht,=9)
RSTR(h&,hd)
BODY (he,h7)
geqihi,h10)
4-=10:_bark_vth10,211)
ARGT{h10,x9)
12->14:_dag_nth10007 =45)
INGih10001,h10)
16-=21:_chase_v(h1Z,eZ)
ARGT(MZ,%9)
BRGZhZ.x13)
2d-=Z8:proper_g_relih14,x13)
R3TR(h14,h15)
BODY (h14,h16)
geqih15,h1 7
Zd-=Zianamed_rel(h17,x13)
CARGHT 7, brovwne)

he7
O-=2&:prpstn_m_rel(h27 ha0)
genih30,h17)
O-=2:_the_gih1,x2)
RSTR(h1,h14)
BODY (h1,h135)
gegihl14,ha)
4-=10:_barking_j(h3,e4)
ARGT{hI =2)
12-=14:_dog_nih5 x2)
INGih5,h3)
168-=21:_chase_v(h17,218)
BRGETMT 7 ®2)
BRGZ(M T x20)
23-=28:proper_g_relth13,<20)
RSTR(h19,hzz)
BODY (h19,ha3)
gegihzz,hz21)
23-=Z8:named_relihz1 <20
CARGHhZT , browne)

Figure 23: Comparison window fdrhe barking dog chased Browne.

X The dog barks now

Close all| [Print

h1
0-=16:prpstn_m_relth1 h5)
geqths,h11)
0-=2:_the_gih =3)
RETR{hE,hi)
BCQDY(hE,h7)
gedqthd,h10)
4-x6:_dog_n(h10,x9)
G-=12:_hark_v(h11,82)
ARG1(h11,=3)
IMG(h11,h10001)
14-=16:unspec_loc_rel(h1000%,e1.3)
ARG1(h10001,82)
ARGZ(h10001,x12)
14-=16:_time_n{h14 =12}
ING(h14,h10002)
14-=16:def_g_relih15,x12)
RETR{h15,h1a)
BODY(h153,h17)
geqgth16,h14)
14-=16:_now_jih10002,u18)
ARG1(h10002,x12)

hz5
0-=16:prpstn_m_rel(hZ5,hZd)
gegihzid,hi1)
0-=2:_the_gih1 =)
RETR(h1,hd)
BODY(h1,h3)
gegihi,ha)
4-x6:_dog_n(h3 x)
G-=16:unspec_loc_relthZz,e2d)
ARGThEZ,e12)
ARGZhEZ x14)
G-=12:_hark_v(h11,812)
ARGThTT,=2)
IMG{h11,ha&)
14-=16:_time_n{h13,x14)
IMG{h15,h17)
14-=16:def_g_relih16,<14)
RSTR(h1E,h18)
BODY(h16,h19)
geqih1d,h15)
14-=16:_now_rh17 x14)

Figure 24: Comparison window fdihe dog barks now.



» The happier dog chased Browne Fl_I0Ox

Close all}  Print

h1
0-=2&:prpstn_m_relth1,h5)
qeqtha,h13)
0-=2:_the_giht =9)
RETR{hE,hd)
BODY(hE,h7)
geqthd,h10)
4-=10:_happy_jih10,811)
ARGT(M10,x9)
4-=10:comp_relth10001,e11)
ARGT(h100071 %9)
12->14_dog_nih1 0002 =9)
IMG{h10002,h10001)
IMG{h10002,h10)
16->21:_chase_v(h13,e2)
ARGT(MT5,x9)
ARGERT G x14)
Zd-=2iproper_g_relth15,<14)
RETR(h15,h16)
BODY(h15,h17)
geqihl6,h1)
gd-=Zinamed_relih1d.x14)

hev
0-=2&:prpstn_m_relthZ7 ,h3m)
geqihdl,hl?)
0-=2:_the_g(h1 =2)
RETR(h1,h14)
BODY(h1,h15)
geqihl4,hi)
4-=10:_happier_j{h3,e4)
ARGT(hI x2)
4-=10:comp_relihd,ed)
ARGT(hI x2)
12-x14:_dog_nih5 =)
IMGihE,haE)
16-=21:_chase_vw(h17,e18)
ARGT(RT T <2)
ARGE(RT T x20)
Zd-=2G:proper_g_relth13,xz0)
RETR(h19,h2E)
BODY(h19,h23)
geqihzz,hZ1)
Zd-=Zinamed_relthz1 =20)
CARGhZT, browne)

CARG(h16, browne)

Figure 25: Comparison window fdthe happier dog chased Browne.

It would not be straightforward to change the predicate®éoking andchasing to appear as their verb forms
since RASP simply tags them as plain adjectives and noungnmao distinction between ones that have verb
stems and ones that do not. However, RASP does have segafert both comparative adjectives and temporal
adverbs so it may be possible to replicate the ERG’s corvessi

4.9 Composite predicates

Each prepositional phrase rule in RASP’s grammar is of tha f&1l/pconstituenti.e. contains a single preposition.
Therefore, whereas the ERG recognises the complicitfranft andto- in The dog barked from ten to three
(Figure[2Z6) and creates_from _p_to and_to_p_sel predicate, this is simply impossible for RASP as it sees only
two distinct PPs.

Similarly, phrasal modal verbs result in composite pretisaas inThe dog is going to bark (Figurel2T). Here,
the ERG treatgoing to as a fixed phrase that behaves as a modal verb and produgesg+to_v predicate
accordingly. RASP, with no lexical information, simply digs its VP/vinf rule that covers verbs with infinitival
complements and produces the usual lexical predicate éomikin verb (go_v) andprpstn_m_rel for the bark-
ing proposition. The argument structures for the corredpanpredicates also differ as a consequence of these
alternative interpretations.

4.10 Determiners

Determiners present a couple of problems for RASP to RMR8earsion. Firstly, since the majority of determiners
require the same default semantics linking them to theinmhurases, shown in Figurel28, the NP/détgrammar

rule introduces this semantics. Certain determiners, erother hand, need more specialised semantics, such
as possessive pronouns. Figliré 29 shows how the phnasat produces gro_possrel, pronoun_g_rel and
pron_rel, as well as the usualef_explicit_g_rel that is now geq th@ro_possrel rather than thecat n. RASP

has a separate tag for these determiners but, althougmtiiies RASP to introduce the required predicates in the
lexical rule, inspection reveals a number of mismatchestlii the ING linking thepro_possrel to the_catn is
missing and, secondly, tlef_explicit_g_rel is still geq the_cat n. This is due to the fact that the lexical rule has
no access to the NP so cannot introduce the ING. Thus theltifi&uto the NP, through theef_explicit_q_rel’s
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X Abrams barked from ten to three 72 I ] B

Clase all| | Print

h1
O-=30:prpstn_m_rel(h1,hS)
geniha,h11)
O-=5:proper_g_relih,=<7)
RSTR{hE,hi)
BODY (hE h4)
geqihd, h10)
O-=S:named_rel(h10,47)
CARG(h10,abrams)
7-=12:_hark_v(h11,e2)
ARG =7)

IMG(h11,h100071)
IMG{h11,h10002)
14-=17:_fram_p_toth10001,e14)
ARG1(h100071,82)
ARGZ(h10001,213)
ARGIh10001 =12}
19-=Z1:numbered_hour_relth15,<13)
CARG(h15,10)
19-=21:def_g_relth18,213)
RSTR{h1d,h19)
BODY(h1d,ha)
geq(h19,h15)
23-=24:_to_p_selth10002,e21)
ARGZ(h1000Z,x12)
2B-=30:numbered_haur_rel(h23,<12)
CARG(hEZ3,3)
26-=30:def_g_ralthzf =12}
RSTR(hzE,heT)
BODY(hZ6,hZ28)
gedihe? h2d)

haZ
0-=30:prpstn_m_rel(hd2 h43)
fqeqihd s, hE)
0-=5:praper_g_rel{hl =2)
RSTR(h1,h4)
BODY(h1,h5)
fqeqihd,h3)
0-=5:named_relthd,=2)
CARG(h, abrams)
T-x12:_bark_v(h&,e7)
BRGT(hE,X2)
INGihG,hz25)
INGih&,hE)
14-=17._from_pthd,ed)
ARG1(hE,eT)
BRGZ(hT,A11)
19-=21:card_rel(h10,u12)
BRGETHT0XTT)
CAaRG(h10,ten)
i-=24:_to_plh25,e26)
BRG1(hZE,e7)
BRGZ(h25,#28)
2B-=30:card_rel(h27,uz3)
BRG1hET #28)
CARG(hET three)

Figure 26: Comparison window fdthe dog barked from ten to three.

» The dog is going to bark

Close all}  Print

h1
0-=23:prpstn_m_relth1,h5)
qeqtha,h11)
0-=2:_the_giht =9)
RETR{hE,hd)
BODY(hE,h7)
geqthd,h10)
4-=6_dog_nih10,x9)
11->15_going+o_vih11,22)
ARGT(h11,h12)
geqihlz,h13)
20-=23_bark_wih13,e14)
ARGT(HT5,x9)

7 P [

hev
0-=23:prpstn_m_relth27 ,h3m)
geqihdl,hl 3)
0-=2:_the_g(h1 =2)
RETR(h1,hE)
BODY(h1,h3)
geqihd,.ha)
4-=6_dog_nih3 x2)
g-=9:_he_v(h11,212)
11->15_go_vih13,814)
ARGT(RT 3 ,%2)
ARGE(M13,h18)
17-=23:prpstn_m_relth13,h22)
gegihez,hl?)
20-»23_bark_vih17,218)
ARGT(M7,uz3)

Figure 27: Comparison window fdte dog is going to bark.



b.'¢ Every cat barked

Close &1l | Print

h1
0-=15:prpstn_m_relth1 hi3)
geqths,h11)
0-=4:_every_g(hb,=7)
RETR{hE,hT)
BODY (i, h)
geqth3,h10)
B-=8:_cat_n{h10,x7)
10-=15:_bark_v(h11,e2)
ARG HT

h13

O-=15:prpstn_m_relih13,h16)
gegth1a,h11)

O-=4:_every_qihl x2)
RETR{h1,hE)
BODY(h1,h3)
gedqthid, ha)

f-=8:_cat_nthd,=2)

10-=15:_hark_v(h11,e12)
ARG %2

Figure 28: Comparison window fdtvery dog barked.

» My cat barked

Close &ll| | Print

h1
0-=12:prpstn_m_relfh1,h3)
fqeqiha,h17)
0-=1:def_explicit_g_relths,x9)
RSTR(hE,hd)
BODY (hE,h7)
geqrhd,h10)
0-=1:pro_poss_relh10,u12)
ARGIh10,X11)
ARGZ(MT0,X9)
IMGih10,h100071)
0-=T:pronoun_g_rel(h13,x11)
RSTR(h13,h14)
BODY(h13,h15)
geqih14,h16)
0-=1:pron_relth16,<11)
3-=9:_cat_nih100071 <3}
T-=12:_hark_v(h17,e2)
BRGTHTT =9

hzi
0-=12:prpstn_m_relth20,h23)
geqihzd,hld)
0-=T1:def_explicit_g_relthl «2)
RSTR(h1,h15)
BODY(h1,h16)
geqih15,h10)
0-=1:pro_poss_rel(hd,ud)
ARG (hG =6
BRGENG®E)
0-=1:pronoun_g_rel(hd,=<&)
RSTR(h3,hd)
BODY(h3,h3)
qeqihd,h7
0-=1:pron_relth7 =<&)
3-=3_cat_nih10,x2)
7-=12:_hark_vih18,2149)
BRG1hTE.X2)

Figure 29: Comparison window fddy cat barked.
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.4 ‘whase dog barked = ES

Close &ll| [ Print

h hzg
0-=15:int_m_rel(h1,h3) 0-=15:prop_gues_m_rel(hZ0,hZ3)
TPC{h1 =3 gegth2d,h1d)
O-=4:def_g_rel(hf =5} O-=d:def_g_rel(h3 =)
RSTR{hE,NT) RETR{h3,hi)
BODY (hé hi) BODY (hd,ha)
geqth? ha) gedthd,hd)
O-=4:pro_poss_relthd,ull) O-=d:pro_poss_relthd us)
ARG1(h3=10) ARGT(hd ,=7)
ARGE(h9,=5) ARGE(hd =E)
IMG(h3,h10001) O-=4:person_telthe <)
O-=4:person_relihl 2 «10) O-=dswhich_g_relthl =7
O-=4:which_g_relihl3,=<10) RSTR{h1,h15)
RETRi{h13,h14) BODY (h1,h18)
BODY(h13,h13) geg(h1a,h10)
gegihl4, hl &) G-=8:_dog_nih10 =2}
f-=0:_dog_nih10001,<5) 10-=15:_hark_v{h1d,e19)
10-=15:prpstn_m_rel(h3,h16) BRGT (18 2)
TPC{h3, =<3

geqth1B,h17)
10-=15_hark_w(h17,82)
ARGT (17 x5

Figure 30: Comparison window fakhose dog barked?

RSTR, must remain. Similar problems are encountered wéliriterrogative determiner Whose dog barked? in
Figure[30.

A second issue comes from determiners that can occur as emryPs. FigurEZ31 exemplifies this with the
sentencesome begin. In such cases, the ERG introducegeneric* rel (here,genericnonpro_rel) to denote
the ‘missing’ noun entity in the normal determiner-noun aatics. RASP, on the other hand, never applies its
NP/detnl, since there is no N1, where this semantics would normbaliptroduced. Moreover, no alternative rule
is applied that would indicate that this type of NP has beetstracted (the wordome is simply accepted straight
into the S/npvp rule), so there is nowhere where the ERG’s semantics caegtieated, including the ‘dummy’
predicate.

4.11 Ellipsis

Elliptical constructions are particularly problematicorFsome sentences, such Asrams could (Figure[32),
RASP can only produce a fragment parse, since it expectslmtidalways precede a main verb. Consequently,
the resultant RMRS is likewise fragmented: note the lackgfrapstn_m_rel indicating a complete proposition.

It does slightly better foBrowne tried to (Figure[3B) in that a complete parse tree is produced. Houaved

to is simply interpreted as a complete VP, whevés treated as a particle and the VIgp rule applied, because
RASP has no information about the subcategorisation frarhtree verbtry and that theo is part of an elliptical
infinitival clause. Thus, in both cases, the desi#ipsis rel is never introduced by RASP.

4.12 Negation

At present, three mismatches are caused by negationTegydog couldn’t bark Figure[3%). Firstly, there are
characterisation mismatches for tlewuld_v andneg.rel: the ERG distinguishes betweeouldn’t andcould not

so introduces both predicates from the charadsukin’t, whereas RASP treats the two constructions as identical,
translates the contracted versionctald not then introduces thecould_v from could and thenegrel from not.

This difference in treatment results in the second mismadctifference in scoping. The ERG has theg rel
scoping over thecould_rel and vice versa for RASP. Finally, the argument structuredtfe negrels do not
match since there is unresolved debate over the ‘corrattanéics for negation: should there be a negation event?
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X
[close] | ciose anl [print]

( Some begn ) X|=ax

iy
h1 h&
O-=3:prpstn_m_rel(h1,h3) 0-=3:prpstn_m_rel(hd,hid)
geqihs,h11) fgeqihd,hi)
O-=3:generic_naonpro_relfhs =7 0-=3:_some_dih1,u2)
O-=3:_some_g(hd =7 o-=3:_hegin_v(h3,ed)
RETR(hE,h3) ARGT(h3 =)
BODY (hid, h10)
gqeq(hd,he)
S-=3:_begin_v(h11,e2)
ARG =7
ARGZ(hTT,u12) ¥
= =
Figure 31: Comparison window f&ome begin.
X [ Abrams could ) b (=] S
[crose] ciose an] [Print]
iy

b1 h9

0-=11:prpstn_m_rel{h1,h5) 0-=5:proper_a_rel(hl =2}
geqlha,h13) / RSTR{h1,hd)

D—}E:prnper_q_rel(hEM BODY(h1,h3)
RSTRi{hB,h) geqihd ,h3)
EIODY(hE,hEI)/ O-=Znamed_rel(hi3 <2}
feqihd,h10) / CARG(h3,abrams)

O-=5:named_relth10,x7) / 7-=11_could_vihG,e?)
CARG(h10,abrams)

7-=11:ellipsis_rel(h11,e12)
ARG =7

7-=11:_could_wh13,e2)
ARGTh13.h14)
gqeqih14,h11)

I =

Figure 32: Comparison window fa@orams could.
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X Browwne tried to

Close &ll| | Print

h1
O-=14:prpstn_m_rel(h1,h3)
qeqiha,h11)
O-=3:proper_g_rel(hd =7
RSTR{hG,hE)
ECQDY(h,h3)
geqihd,h1o)
O-=3:named_rel(h10,47)
CARG(h10,browne)
T-=11_try_vw_1th11,22)

ARGT(hTT %7
ARGZMTT,hTE)
13-=14:ellipsis_relih13,814)
ARGTMTE X
13-=14:prpstn_m_relth12,h17)
geqihl7,h13)

h16
O-=14:prpstn_m_rel(h16,h19)
feqihl9,he)
O-=Z:proper_g_relthl =)
RETRih1,hd)
ECQDY(h1,h3)
gedihd, b3
O-=Znamed_relthd,=2)
CARG(hI, browne)
7-=11:_try_w(h6, el
ARGT(hE =2)
ARGMhE, 29)
13-=14:_to_p(hd,ed)

Figure 33: Comparison window f@rowne tried to.

X The dog couldn't bark

Close &ll| | Print

k1
0-=z0:prpstn_m_relth1,hS)
gegiha,h11)
D-=2:_the_gihf =9)
RSTR(hE,hid)
BODY (he,h7)
gegihd, h10)

4-=6:_dog_n(h10,x9)
g-=1aneg_relth11,h12)
geqithl2,h13)
G-=15:_could_v(h13,e2)
ARG1(h13,h14)
geqihld,h1a)
17-=20:_hark_v(h15,216)
ARGT(h15,x9)

=4 B [m] 3

h27?
0-=20:prpstn_m_rel(h27 hal)
geqih3n,h11)
D-=2:_the_gih1 =)
RSTR(h1,hE)
BODY{h1,hd)
geqihd,ha)
4-=6:_dog_n(h3,=2)
g-=12:_could_w(h11,e12)
ARG, hEE)
geqihzs,hl3)
13-=15neg_relih13,e14)
ARGT(h1E,hZ0)
geqihz0,h13)
17-=20:_hark_v(h15,216)
ARGT(h15,%2)

Figure 34: Comparison window fdihe dog couldn’t bark.
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» \which dog barked #|=10/%
Close| Close all]  Print

h hzz
0-=15:int_m_rel(h1,h3) 0-=15:prop_gues_m_rel(h13,h16)
TPC{h1 =3 geg(h16,h11)
0-=4:_which_gihb =5} 0-=4:_which_gih1 =23
RSTR{hE,NT) RSTRih1,h)
BOD (hé,hi) BODY(h1,hg)
geqth? ha) ged(hd,ha)
f-=8:_dog_nih3,-3) A-=8:_dog_nih3,=2)
10-=15:prpstn_m_rel(hd,h10) 10-=15:_hark_v{h11,812)
TPC{ha,=9) ARG1(h11,=2)

geghlo,fi 1)
10-»15_hark_w(h11,82)
BRGT 1T %)

Figure 35: Comparison window fakhich dog barked?

» \which dog barked <2> #|=0x
Close| Close All|  Print

h1 hez
0-=15:int_m_relth h3) 0-=15:prop_gues_m_relth13,h1 6}
TPC(h1,45) gegth16,h11)
0-=4:_which_gihe,=5) 0-=4:_which_ogih1,=2)
RSTR{hE,hT) RSTR{h1,hE)
BODY (hE hi) BODY (h1,h9)
neqih7,ha) geqhd,hd)
f-=0:_dog_n(h3,<3) B-=G:_dog_nth3,=z)
10-=15:prpstn_m_relthd,h10} 10-=15:_hark_vw(h11,812)
TPC(h3,=5) ARGT(h11,x2)

fegih1ohi1
10-=15:_bark_vih11,82)
ARG XE)

Figure 36: Comparison window fakhich dog barked?

4.13 Interrogatives vs relative clauses

The interrogativéhich dog barked? (Figure[3% and Figufe_86) and the relative clawbech barked (Figure[3T)
are both covered by RASP’s S/np-wb rule. The ERG producesmpstn_m_rel attached to thebark _v in both
cases but also an overait_m_rel for the interrogative. It is, thus, impossible for RASP ttraduce this predicate
only in the interrogative case. The solution to this problerfor the grammar rule to rather introduce a (single)
prop_quesm_rel, as this subsumes both thepstn_m_rel andint_m_rel. Currently, the comparison functionality
can only allow RASP'prop_quesm_rel to correspond to one or the other of the ERG’s (hence the twipasison
windows forWhich dog barked?) but this may be revised to allow for such cases of multipleespondence.

4.14 Co-ordination

Figurel38 shows the semantics required for both co-ordindty an explicit conjunctionapd) and by a comma.
The former requires a lexical predicatarid_c) and the latter, aimplicit _conj_rel, both with arguments linking
them to the appropriate entities. Although both cases arered by RASP’s NP/npp-coord, the comma is an
optional daughter in this rule. Thus, when the comma is ptesige rule appears in the tree as NPApcoord/+
(otherwise, NP/nmp-coord/-) and the conjunction semantics can be apprdeinay creating separate (XML)
grammar rules for these cases and addinginty@icit _conj_rel and its arguments in the ‘+' case and only the
arguments for theand_c (added by the appropriate lexical rule) in the ‘-’ case. HesveFigurd3P illustrates how
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x The dog which barked ran 72 [m] B

Close all| | Print

h1 hz§
0-=23:prpstn_m_relih1,h3) O-=Z 3:prpstn_m_rel(h2d,hiat)
gqeqthd,h15) geqcth3l,has)
0-=2:_the_ghE,«3) O-=2:_the_g(hl «2)
RSTR(hE,h) R3TR(h1,ha3)
BODY(he,h7) BODY(h1,ha2d)
geqgihi,h10) geqihzd,hd)
4-=f:_dog_n(h10,x9) 4-=f:_dog_n(h3,=2)
IMG{h10,h100071) IMG{h3,h3)
T14-=13:prpstn_m_relth10001, b1y — 8-=19:prop_gues_m_rel(h9,h1Z)
TPC{h10001,%9) geqihl12,h7)
gegih11,h13) G-=12:_which_g(hS,«8)
14-=13:_hark_v(h13,e14) 14-x13:_hark_v(h7 ed)
BRGT(M3.=T) ARGM(hT %2

21-=23._run_v_unspecihls,e2) ARGT(hT,«B)
ARG1(h15,%9) k—\-\—l 21-=23._run_v{hzh,e27)

ARG (h26,%2)

Figure 37: Comparison window fdthe dog which barked ran.

X Abrams Browne and the dog arrived 74 [m] B3
Close &1l Print
h1 ha 3
0-=32:prpstn_m_relth1,h3) 0-=33:prpstr_m_relthdd, h46)
neqihs,h3d) neqihdd, ha1)
0-=24:udef_g_rel(h6,x7) 0-=25:udef_g_rel(h37,x14)
RSTRihG,hE) RSTR(h37 h35)
BODY (hB,hd) BODY(h37,h39)
0-=53:proper_g_relth10,x11) 0-=25:implicit_conj_rel(h35 x38)
RSTRih10,h12) L-INDEX(h35 =)
BODY(h10,h13) R-INDEX (h35.x14)
geqihlZ,h14) 0-=5:proper_g_rel(hl =2}
O-=3:named_relihl4 =11} RSTRih1 ,ha)
CARG{h14,abrams) BODY(h1,ha)
T-=24:udef_g_rel(h13,=16) gegihd,h3)
RSTR{h15,017) O-=3:named_ralih3 =<2)
BODY(h15,h1a) CARG{h3,abrams)
T-=24implicit_conj_relthd, =7} g-=25:udef_g_relth29 <14)
L-INDEX{hE <11} RSTR{hZ9,h13)
R-INDEX(hi,«16) BODY(hz9,h32)
T-=1z:proper_g_rel(hz1,%22) g-=13:proper_g_rel(hd,<3)
RSTR{hZ1,h23) RSTR{hE,h11)
BODY (hz1,h24) BODY(hd,h12)
gegihzd,haa) gegihl1,h10)
T-z1z:named_relihes x22) g-=13:named_ralih10 x49)
CARG{h25, browne) CARG{h10, browne)
14-=16:_and_c(h17 x16) 15-217:_and_x(h13,u13)
L-IMDEX{h1 7 =22) L-IMDEX{h13,=4)
R-INDEX(h17 <2E) R-INDEX(h13,x17)
16-=20:_the_g(hZ9,x26) 19-=21:_the_gth16,:17)
RSTR{hE9,h31) RSTR{h16,h23)
BODY (hz9,h30) BODY (h16,h24)
geqthdl,hidg) geqthz3,h1a)
22-=z4:_dog_n(h3zZ x26) 23-=25_dog_n(h18x17)
26-=32:_arrive_vw(h3d,ez) 27-=33_arrive_vih4l,e42)
ARGT(h3TxF) ARGT(h41 %36)

Figure 38: Comparison window fabrams, Browne and the dog arrived.
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b4 Abrams. and Browne arrived

Close all| | Print

h1
0-=25:prpstn_m_relth1,ha)
qeqihs,hiz)
0-=17:udef_g_rel(hG,«7)
RETR{hE,hE)
BODY(hE,h3)
0-=S:proper_g_rel(h10,x11)
RETR(h10,h12)
BODY(h10,h13)
geqihle,hl4)
0-=D:named_relth14,x11)
CaRGh14,abrams)
G-=10:_and_cihd =7
L-INDEX(hd,=11)
R-INDEX(hi,=15)
12-=17:proper_g_relth16,x15)
RETR{h18,h14)
BODY(h14,ha0)
geqih149,hz1)
12-=17:named_relihz1 ,<15)
CARG(h21 hrovwne)
19-=25:_arrive_vih2z,e2)
ARGT(h2E x7)

hea7
0-=25:prpstn_m_relthZ7 ,h30)
geqihil,hZ3)
0-=17:udef_g_rel(h21,x3)
RETR(hZ1,h19)
BODY(ha1,h23)
0-=17:conj_rel(h19,x20)
L-INDE¥(h19 =2}
R-INDEX(h19,%9)
0-=Scproper_g_rel(h1 =2}
RETR(h1,hd)
BODY(h1,h3)
geqihd,hid)
O-=0:hamed_rel(hd,<e)
CAaRGihI abrams)
g-=10_and_xihd,ul)
R-INDEX (hi,=12)
12-=1T:proper_g_relih11,x12)
RETR(h11,h14)
BODY(h11,h15)
gegihld,hl3)
12-=17:named_relih13,=12)
CARG(hT 3, hrovwne)

19-=25:_arrive_vwthz25,e26)
ARG1(h23,=20)

Figure 39: Comparison window f@brams, and Browne arrived.

the Oxford comma results in an unwantegplicit _conj_rel being introduced alongside the necessand_c.

Notice also that, while the ERG’s conjunction predicategehaormal variable ARGOs, RASP’s are under-
specified. This is since the same lexical rule is appliedlto@ijunctions whether they co-ordinate NPs, VPs or
sentences and, in the last two cases, the ARGO is an eventéE§ and FigurE41, respectively).

VP co-ordination presents a further problem in that the mbrated verbs should share the same subject.
However, since the allocation of subjects is handled by Sfmpand this simply attaches an ARG1 to the main
verb of the VP (i.e. the predicate in the VP attributed witl &bel), only one of the verb predicates are given the
correct subject by this rule. The best RASP can do, at prgisaotuse the grammar rules that co-ordinate the VPs
to introduce an ARGL1 for the second verb and say $bise normal variable but, since this rule has no access to
the sentence’s NP, the correct variable cannot be founds, While the ARG1 ofbark _v in Figure[4D is x2 (the
dog), that of arrive _v is a floating x26.

The same problem occurs with verbs that take progressive a@mplements, as iAbrams kept barking
(Figure[42). Again, the ERG successfully associates the sarbject withkept andbarking, whereas RASP can
only access thekeepv from S/npvp and its V1/ving cannot access the NP. The solution to this problem would
seem to be to use a second anchor and to replicate the mais seblject for the anchored predicate. However,
it may not be straightforward to implement such a schemegsihwould require the S/npp to introduce this
second ARG1 only irsome cases and the rules currently introduce semantics for sélscar do not introduce the
semantics at all.

4.15 Infinitival verb subjects

A different take on the missing subject problem was ini@pparent with verbs taking infinitival VP comple-
ments, although in this case an (imperfect) solution has bmend. Consider the sentenciisrams intended to
bark and Abrams intended Browne to bark, illustrated in Figur€43 and Figukel44, respectively. Ithbeases, the
_bark _v requires an ARGL1 but, in the former, it shardsams as the subject with théntend_v and, in the latter,
it is Browne. First appearances suggest that RASP’s use of differemrgea rules in these cases (V1hf and
V1/v_np.inf, respectively) could be used to correctly identify thibject. Thus, the V1Anp.inf would make its
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X The dog arrived and barked

Close| Claose All]  Print

h1
0-=25:prpstn_m_relth1,h3)
fediha,hla)
0-=2:_the_gihG,=9)
RETRihE, hE)
EODY(hE,h7)
gedihd, b1y
4-=f:_dog_n(h10,:3)
G-=14:_arrive_whi1,elz)
ARGT(h11 ,x9)
16->18:_and_cth13,22)
L-HMDL{h13,h11)
L-IMDEX(h13,e12)
R-HMOL{h13,h15)
R-IMDEX(h13,e14)
20-=25:_bark_wih15,214)
ARGT(h15,x9)

hz7
0-=25:prpstn_m_relthZ7 h30
feqihdi, b1
O-=2:_the_gih1,x2)
RETRih1,hi)
EOD(h1,h9)
fedihid,hd)
A-=f:_dog_n(h3, =)
G-=14:_arrive_whi1,el1z)
ARG xZ26)
16->18:_and_xih13,u15)
L-HMDL{h13,h11)
L-IMDEX(h13,e12)
R-HMOL{h13,h16)
R-IMDEX(h13,e17)
20-=25:_bark_wih16,217)
ARGT(h16 x2)

Figure 40: Comparison window fdthe dog arrived and barked.

b.'¢ The dog arrived and Browne barked

Close all| [Print

h1
0-=14:prpstn_m_rel{h3,hd)
geqthd, hiz)
O-=2:_the_gh7 =10}
RSTR(h7.h3)
BODY (h7,hid)
fqeqiha,hit
4-=f:_dog_nih11,x10)
g-=14:_arrive_v(h1Z,813)
BRGIhZ,X10)
16-=18_and_c(h1,ed)
L-HMDL(h1 ,h3)
L-INDEX(h1,e13)
R-HMDL(h1,h15)
R-INDEX(h1,e14)
20-=3Z:prpstn_m_rel(h15,h16)
gegihl16,h24)
Z0-=Z5:proper_g_rel(h13,x20)
RSTR(h19,hz1)
BODY(h13,haz)
gegihel,h23)
20-=25:named_relthz3,<20)
CARGhZ3 hrowne)
£7-=32:_bark_vthzd,e14)
ARGThed =<20)

Figure 41: Comparison window fdte dog arrived and Browne barked.
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h13
O-=14:prpstn_m_rel(h13,h16)
geqih16,hl1)
O-=2:_the_gihl =2}
R3TR(h1,hi)
EQDY(h1,h3)
neqihid,hi)
4-=6:_dog_n(h3,=2)
G-=14:_arrive_v(h11,e12)
ARG KE)
16-=Td:_and_xh19,u21)
L-HMDL({h19,h13)
L-IMNDEX(h19,812)
R-HMDL{h19,hZ9)
R-INDE¥(h19,e28)
20-=32:prpstn_m_rel(h23,h3z)
geqihiz, hé?)
20-=Z5:proper_g_rel(h2z x23)
R5TR(hzz, hz5)
EBODY(hzz hzh)
geqihzs,héd)
20-=25:named_relihz4 =2 3)
CARG(h24 hrowne)
eF-=32:_hark_whi7,ecd)
ARGIhET #23)



X
Close all| | Print

h1
0-=18:prpstn_tm_rel(h1,h)
gegtha,h11)
O-=5:praper_g_relih6 <7}
RETR{hE,hE)
BODY(hi,h9)
geqthid,h10)
0-=53:named_relth10,x7)
CaRG(h10,abrams)
F-=10:_keep_v_onih11,e2)
ARGT(h11 =7
ARGEMTT,h12)
-1 0prpstn_m_relih1Z, h13)
geqgth13,h16)
12-=18:_bark_v(h16,217)
ARGT(h1E =7}

Abrams kept barking

\

h1a
O-=1G:prpstn_m_relth15,h18)
geq(h1d,he)
O-=5:proper_g_relihl =<2}
RETRih1,h4)
BODY(h1,ha)
gedthd,hid)
O-=5:named_relihd =)
CARGHhI, abrams)
T-=18prpstn_m_rel_rel(h1Z,h13)
qeq(hl3,hd)
T-=10:_keep_vih,e7)
BRG1(hE,=2)
ARGE{NE,hE)
12-=18:_hark_v(h&,e9)

Figure 42: Comparison window fa@orams kept barking.

X

Close all| [Print

h1
O-=2Z:prpstn_m_rel(h1 h5)
fqeqihahit
0-=0:proper_g_rel(hB,=7)
RSTR(hE,hd)
BODY (hi,h9)
fqeqihd,h10)
0-=G:named_relth10,x7)
CARGHI0,abrams)
T-=14:_intend_v_subjeq(h11,e2)
BRGT1MT =7
BRGZ(MT11,h12)
16-=17:prpstn_m_rel(h1Z ,h15)
gegih15,h16)
19-=22:_bark_v(h16,e17)
ARGT{hB,x7)

Abrams

intended to bark

hzd
O-=22:prpstn_m_relth20,h23)
qeqhZa,hia)
O-=0:proper_g_rel(h1 =2}
R3TR(h1,h4)
EQDY(h1,hd)
nenihd, hi)
O-=5:named_relth3 «2)
CAaRGhI, abrams)

- 7-=14_intend_v(hG,e7)

ARG (hE xE)
ARGZ(hE,h1E)
18-=ZZ:prpstn_m_rel(h1Z,h135)

geqih1s,hi0)
19-=22:_bhark_vwih10,e11)
ARGT{h10,u16)

Figure 43: Comparison window f@bramsintended to bark.
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b7 Abrams intended Browne to bark b I (] B2

Close &ll| | Print

h1
0-=29:prstn_m_rel(h1,h5)
gegiha,h11)
0-=5:proper_g_rel{he <7
RSTR(hE,hE)
BODY(hE,hd)
fqeqihd,h10)
O-=5:named_relih10,%7)
CARG(h10,abrams)
F-=14_intend_v_objegihl11,82)
BRGETMT ®F)
BRGZMTT,X13)
BRGINTT,h1E)
16-=21:proper_g_rel(h14 =1.3)
RSTR(h14,h15)
BODY(h14,h16)
geqih15,h17)
16-=21:named_relth17,x13)
CARG(hTT hrowne)
23-=24:prpstn_m_rel(h12,hem
gegihz0,hz1)
26-»29:_hark_whi1,ezz)
BRGTHET X13)

hzB
O-=29:prpstn_m_rel(h26,hZ9)
feqihzd,hi)
0-=5:proper_o_relihl,=2)
R3TR(h1,h4)
EQDY(h1,h5)
nenihd,hid)
O-=S:named_relthd x2)
CARG(hI, abrams)
T-=14_intend_vwih6,a7)
ARGT(hE =2)
ARGZ(hE =9)
ARGI(hE,17)
16-=21:praper_g_rel(hd =3)
R53TR(hi,h11)
EQDY (hd,h12)
geqih11,h10)
T6-=Z1:named_relih10,x9)
CARG(h10,brovwne)
Zd-=23:prpstn_m_relth1 7, ha0)
geqihz0,hl5)
2B->29:_hark_w(h15,8186)
ARGT(h15,uZ1)

Figure 44: Comparison window f@bramsintended Browne to bark.

NP the ARG1 of the infinitival VP. This approach is flawed, tghusince not all VPs with this sub-categorisation
frame will have the NP as their infinitival VP’s subject eAlprams promised Browne to bark (Figure[45b).

The preferred solution is to introduce an underspecified ARtBall infinitival VPs (i.e. in the V1/tabse rule).
Not only does this avoid the problem of sometimes gettingsthgect wrong (or just never adding a subject at all),
it is also exactly the semantics required for some infinit¥Ras, e.g.The dog to chaseis barking (Figure[4®).

4.16 Control vs raising verbs

Figure[4B also serves as an illustration for a separate gmabHere intended is a control verb and the S/nyp

rule correctly picks out the NP as its subject. Raising véikesseems, on the other hand, do not have a subject.
However, the sentendsbrams seems to bark (Figure[4T) is syntactically identical #brams intended to bark and

the same RASP rules are applied. Thus, with no lexical in&tion, RASP cannot distinguish between these types
of verbs and the S/npp rule attaches an unwanted ARG1 to teeemv.

417 Subordinate clauses

Subordinate clauses generally produce twpstn_m_rels: one for the embedded sentence and one for the en-
tire clause (FigurE=48). RASP treats subordinating corijans as prepositions and, therefore, these clauses are
covered by PP grammar rules. Since one particular rule eppdi the subordinate clauses (and only to these
constructions), the subordinate clause semantics canttoelirced by that P1/g rule, including the SUBORD
argument of the subordinating conjunction.

This solution is not ideal, however, because certain subatithg conjunctions produce slightly different se-
mantics e.g.whether requires instead aimt_m_rel overall, no SUBORD argument and an ARG2 linking the
subordinate clause to the main clause via its head verbaaensin Figurd4P. Since RASP has a separate tag for
whether, the requirednt _m_rel can replace the defaulivhether_x here but the usual P1&rule is applied so an
unwantedprpstn_m_rel and SUBORD argument are added, while thvender_v's ARG2 is missing.

Furthermore, RASP’s treatment of subordinating conjumstias prepositions results in an unwanted ARG1
(the verb event) being attached to their predicates, asgjisned for true prepositions, by the V1/igp rule.
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b.'¢ Abrams promised Browne to bark 7 i (]

Close all| [Print

h1
0-=29:prpstn_m_rel{h1,hS)
geqihs,h11)
O-=0:proper_g_rel(hb =7
RSTR(hE,hid)
BODY (he,hd)
fqeqihd,h10)
0-=0:named_relth10,x7)
CARGHI0,abrams)
T-=14:_promise_v(h11,e2)
BRGT1MT =7
BRGZ(h1T,x1E)
ABRGEN1T,h13)
16-=Z1:proper_g_rel(h14 x12)
RSTR(h14,h15)
BODY(h14,h16)
geqih15,h17)
16-=Z1:named_rel{h17 x12)
CARGHT 7, browne)
2d-=2d:prpstn_m_relih13,h20)
gegihel,h21)
£6-»>29:_bark_vthz1,e22)
ARGThET =T

hz
O-=29:prpstn_m_rel(h26,h29)
geqihzg,he)
O-=5:proper_g_relth <2}
R3TR(h1.h4)
EQDY(h1,h3)
neqihd, hi)
O-=0:named_relth3,«2)
CaRGHhS, abrams)
7-=14:_promise_v(hG,e7)
ARG (hE ®2)
ARGZ(hE x9)
ARG3(hE,NTT)
168-=Z1:proper_g_rel(hd,=3)
RSTR(hE,h11)
EQDY(hi,h12)
geqih11,hi0)
16-=Z1:named_relth10,=3)
CARGE10,browne)
23-=29:prpstn_m_relth17 h20)
geqihz0,hl )
26-=29:_hark_wh15,216)
ARGI{h1S,u21)

Figure 45: Comparison window fa@brams promised Browne to bark.

b The dog to chase is barking

Close &ll| | Print

h1
O-=26:prpstn_m_rel(h1,hS)
gegihs, h17)
O-=Z:_the_gihf,=9)
RSTR{hE,hi)
BODY(hE,h7)
gedihd,h10)
4-=6:_dog_nth10,x3)
IMG{h10,h10001)
G-=3:prpstn_m_relth10001,h171)
gegihll hid)
11-=15:_chase_v(h14,213)

ARG1(h14,u1E)/
ARGEZ(h14,%3)

20-=2B:_bark_v(h17,62)
ARG1(R17,%9)

hey
0-=zE:prpstn_m_rel(he7 hal)
geqihii, hzs)
0-=2:_the_gih1,x2)
RSTR(h1,h20)
BODY(h1,hE1)
geqth20,hd)
4-=6:_dog_nih3 =)
g-=15:prpstn_m_rel(h9,h12)
qeqih1Z,h7)
11-=15:_chase_w(h7,ed)
BRGM(hT <2)
ARGT(hT,u13)
17-=18:_he_v(hZ3,edd)
20-=26:_bark_wihZ5,ez6)
BRG1(hE5 %)

Figure 46: Comparison window fdihe dog to chaseis barking.



b4 Abrams seems to bark 72 P [ B

Claose all|  Print

h1 hen
0-=19:prpsth_m_relih1,ha) O-=19:prpstn_m_relthz0,h23)
geqthi,hil) geqthz3,h)
0-=5:proper_g_relths,«<7) O-=5:proper_g_relthl =)
RSTR(h&,hd) RSTR(h1,hd)
BODY (ha,ha) BODY(h1,h5)
geqihd,h10) feqihd,hd)
0-=5:named_rel(h10,47) 0-=5:named_relih3 =2}
CARGHI0,ahrams) CARGHI, abrams)
7-=11:_seem_vih11,82) 7-=11:_seem_v(hb,e7)
ARGZMT,h12) ARGT(hE x2)
T-=11:prpstn_m_relth12,h14) ARGZ(hE,h12)
gqeqibid,h17) 13-=19:prpstn_m_relth12,h15)
16-»19:_hark_wih17,818) geqihl5,h10)
ARGT(M 7 ,=7) 16-=19:_hark_v(h10,811)

ARG (H10,u16)

Figure 47: Comparison window fabrams seems to bark.

» The dog wwill bark if Browne arrives | 0%
Clase| Clase All]  Print

h1 h44
0-=16:prpstn_m_relth3,hE) 0-=34:prpstn_m_relih43,h52)
geqhé,hl2) geqthaz,h11)
0-=2:_the_gth7 =10} 0-=2:_the_gihl =2)
R3TR(h7.hd) R3TR(h1,hd)
BODY(h7,hd) BODY(h1,h3)
qeqha,h11) fqeqihd, h3)
4-=6:_dog_n(h11 x10) 4-=f:_dog_n(h3,=Z)
13-=16:_bark_v(h1Z e2) g-=11:_will_w(h11,812)
ARGIhTZA10) ARGTRTT,h18)
18-=19:_if_x_thenth13,h3) IMG(h11,ha0)
SUBORD(h13,h14) geqih1d,h13)
18-=19:prpstn_m_rel(h1,h15] 13-=16:_bhark_v(h13,e14)
geqih15,h13) BRGNS
18-=19:prpstn_m_relth14,h18) 18-=34:prpstn_m_relth38,h39)
geqih1d,hZa) geqihdg,ha0)
21-=26:proper_g_rel(hZTx22) 18-=13:_if_#(hz0,hzZ)
R3TR(h21,hz3) ARG1hED,E1E)
BODY(hz1 hzd) SUBORDCh20,h30)
geqihzd,haa) 21-=34:prpsth_m_relth30,h33)
21-=zB:named_rel(h2d x2€) fqeqihad, had)
CARGHZE, browne) 21-=2B:proper_g_relth23 x24)
2d-=34:_arrive_v(hZE,e27) RSTR(hZ3,hZ8E)
BRG1(hEE =22) BODY(hZ3,h27)

geqgthze,h2 )
21-=Z6:named_rel(h25,x24)

CaRG(h25, hrowne)
2o-=34:_arrive_vw(h2t,e29)

HRG1(h28,x24)

Figure 48: Comparison window fdthe dog will bark if Browne arrives.
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b.'¢ Abrams wondered whether Browne barked

Close all| | Print

h1
0-=36:prpstn_m_relth1,h3)
qeqihs,h11)
0-=S:proper_g_rel(hG,=7)
RETR{hE,hE)
BODY(hE,h3)
geqihd,h1m
0-=D:named_relthl 0,:7)
CARGIh10,abrams)
T-x14_wonder_v(h11,e2)
ARGTHTTXF)
ARGEMTT,h12)
16-=22:int_m_relih1z,h13)
16->22:prpstn_m_relth13,h16)
geqihl6,hzd)
24-=23:praper_g_relth13,<20)
RETR(h19,ha1)
BODY(h19,haz)
geqihél hz23)
2d4-=23:named_relihed <200
CARGIhZ S, browne)
31-=36_bark_wih24,e25)
ARGT(hed x20)

33

h35
0-=36:prpstn_m_relth3a,h3d)
qeqih3d,he)
0-=Scproper_g_rel(h1 =2}
RETR(h1,hd)
BODY(h1,h3)
qeqihd,hid)
0-=0:named_rel(h3 =)
CARGhI, abrams)
T-x14:_wonder_vwih,e?)
BRGT(hE <2)
ARGMN(hE,2 )
16-=36:prpstn_m_relth26,hz7)
geqihz7,hi)
16-=22:int_m_relihd,h10)
SUBORD(hE,h1 )
24-=36:prpstn_m_relth18,h21)
gegihe1,hl6)
24-=23:proper_g_relih11 <123
RETR(h11,h14)
BODY{h11,h15)
geqihld,hl3)
2d-=23:named_relthl3,=12)
CARGHhT 3, browne)
31-=36:_bark_vih16,e17)
BRGIRIEX12)

Figure 49: Comparison window fdxbrams wondered whether Browne barked.
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b.'¢ Abrams handed the cigarette to Browne | =0

Close all| | Print

h1
0-=36:prpstn_m_relth1,h3)
qeqihs,h11)
0-=S:proper_g_rel(hG,=7)
RETR{hE,hE)
BODY(hE,h3)
geqihd,h1m
0-=Snamed_relthl 0,:7)
CARGIh10,abrams)
7-=12:_hand_v_1(h11,e2)
ARGTHTTXF)
BRGZMTT,X13)
BRGINIT,X12)
IMG{h11,h10001)
14->16:_the_gih14,x13)
RETR(h14,h16)
BODY(h14,h15)
geqihl16,h17)
18-=26:_cigarette_n(h17,<1.3)

28->29_to_p_sel(h10001,818)

ARGE(h1 00071 =12)
d1-=36:proper_g_relth20 <12}

/

h36
0-=36:prpstn_m_relfh36,h33)
qeqih3s,he)
0-=Scproper_g_rel(hl =2}
RETR(h1,hd)
BODY(h1,h3)
qeqihd,hid)
0-=0:named_rel(h3,«2)
CARGhI, abrams)
T-x12:_hand_v(hG,e7)
BRGT(hE <2)
BRGE(NE $9)
14-=16:_the_g(ha =3)
RETR(hE,h15)

BODY (hi,h16)
geqihl5,h10)
18-=26:_cigarette_n(h10,:9)

£8-»29_to_pih15,8149)
ARGT(h16,u35)
ARGZ(MT1E,x21)

31-=36:proper_g_relth20 <21}
RETR(hz0,h23)

RETR(hz0,ha1) BODY(hz0,h2d)

BODY(he0,h2E) geqihzd,h22)

qeqthzl,ha3) d1-=36:named_relthZZ =21)
d1-=3d6:named_relthz3,.x12) CARGhZZ hrowne)

CARGhES browne)

Figure 50: Comparison window fa@brams handed the cigarette to Browne.

4.18 PP-taking verbs

The same issue reoccurs with verbs that take PP complemBEmsERG distinguishes between many types of
PP-taking verbs and produces different semantics for tHemninstance, the VPs in each Abrams handed the
cigarette to Browne, Abrams put Browne in the garden andAbrams strikes Browne as young (Figure[R0, Figurg31
and Figuré&®R, respectively) are represented differefmtiierms of RASP syntax, however, these VPs are identical
and are each covered by its VIyp_pp rule. Thus it is impossible for RASP, with no lexical infeaition, to know
which semantics is required and, thus, none can be addecbylth

4.19 *“That-" clause subjects

Yet another instance of this issue is foundhat- clauses. Figule$3 and Figurd 54 show the RMRSJlherdog
that Browne chased barked and Abrams liked the idea that Browne could, respectively. Bothhat- clauses are the
S in RASP’s N1/ns rule but the ERG requires different semantics for theimrahips between the N and the S.
Since the relative clause case is likely to be the more com(id@m_s also applies to e.gvhich- relative clauses),
its semantics are added in this rule, giving thark _v in Figure[54 a spurious ARGNHe idea) and having an
ING linking _idea_n to theprpstn_m_rel for Browne could bark rather than an ARG1.

4.20 Incorrect argument placing

RASP’s lack of lexical information is manifest in severdhet areas, including cases where predicate arguments
are placed wrongly. Considering Figlird 52 once more, RASRH®subject and direct object of the vethikes
confused in this application of V1/mp_pp since, in most cases, the embedded NP would be the diject ¢and
the NP in the outer S/npp, the subject) and, thus, this is the semantics that isymexdiby these rules.

Similarly, Figure[5b and Figufeh6 shdBrowne's chasing of cats bothered Abrams and It bothered Abrams
that Browne chased cats, respectively; two subcategorisation frames for the \mther. Whereas in the former,
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X Abrams put Browne in the garden 2 I [ ]

Close all| | Print

h1
0-=30:prpstn_m_relth1,h3)
fediha,h11)
O-=5:proper_g_rel(h@,=7)
RETRihE, hE)
EODY (h,h3)
gedihd, b1y
O-=xnamed_rel(h10,7)
CARG(h10,abrams)
7-=3_put_v_1(h11,e2)

ARGTMTT XT)
ARGZMTT $12)
ARGENTT TS
T-=3:prpstn_m_relth13,h14)
gegihl4,h21)
11-=16:proper_g_rel(h17 ,x12)
RSTR(h17.h18)
BODY{h17,h13)
geqihl8,h20)
11-=16:named_relih20,x12)
CARG(hz0,browne)
18-=19:_in_pthe1,e23)
ARGT(hZT $12)
ARGZMZT #22)
1-=23:_the_gihad <22
RSTR(h24,hek)
BODY hed hz5)
geqihZ6,h27)
259-=30:_garden_n(h27 =22)

hi36
0-=30:prpstn_m_relth36,h39)
fedihds,he)
O-=5:proper_g_rel{h1,=2)
RETRih1 ,hed)
EOD(h1,ha)
fedihd,hd)
O-=xnamed_rel(h3,=2)
CARG(hd, abrams)
7-=3_put_v(hG,er)

ARG (hE,<2)
ARGE(hE =%9)
11-=16:proper_g_rel(hd, <3
RSTRihd,h11)

BODY(hE,h12)
gegihll k1)
11-=16:named_relth10,x3)
CARG(h10,browne)
18-=19_in_p(h13,e14)
ARGT(h13,u33)
ARGE(T3x16)
21-»23:_the_g(h15,x16)
RETR{h15,h22)
EODY(h13,ha3)
geqrhzz h17)
29-=30:_garden_n{h17 x16)

Figure 51: Comparison window f@kbrams put Browne in the garden.



b'¢ Abrams strikes Browne as young

Close all| | Print

fi1
0-=Z3:prpstn_m_rel(h1,h3)
fediha,h11)
O-=3:proper_g_rel(h =7
RSTR{hE,h{)
BODY (hé,h3)
gegihd,h1o)
O-=3:named_rel(h10,7)
CARG(h10,ahrams)
7-x13:_strike_v(h11,02)
ARGT(MTT X12)
ARGZ(hTT k13
7-=13:prpstn_m_relth13,h14)
gegihld h21)
15-=20:proper_g_rel(h17 ,x12)
RSTR(h17.h18E)
BODY(h17,h19)
gegihl 8,ha20)
159-=20:named_rel(h20,«12)
CARGhz0, hrowne)
22-=23_as_p_selhz1,e22)
ING(hE1,h100071)
259-=29:_yaung_j(h10001 ,e22)
ARGTMI000T %7

hz3
0-=Z3:prpstn_m_rel(hz3,h32)
fedihdz he)
O-=3:proper_g_rel(hl =)
RETRih1 ,hed)
EOD(h1,ha)
feqihd,hi)
O-=3:named_relthd,=2)
CARG(h3, abrams)
7-x13:_strike_vwihG,e7)
ARGT(hE =2)
ARGE(hE %9)
15-=20:proper_g_rel(hd,=3)
RETRihd,h11)
BODY(hE,h12)
geqih11, k1)
159-=20:named_relih10,x3)
CARG(h10,browne)
2e-»23:_as_xh13,uld)
ARGT(h13,U2E)
ING(h13,h15)
29-=29:_young_j(h13,e16)
ARGT(h15,uz20)

Figure 52: Comparison window fa@xbrams strikes Browne as young.

» The dog that Browne chased barked

Close All| | Prirt

h1
0-=32:prpstn_m_rel(h1 hi)
qeqihs,hzl
0-=2:_the_g(ht,=3)
RSTR(h&,hd)
BODY (hi,h7)
feqihd,h10
4-=6:_dog_n(h10,x3)
IMGih10,h10001)
13-=25:prpstn_m_rel{h10001,h11)
TPC{h100071 =3)
geqih11,h18)
13-=18:proper_g_relihl 3.<14)
RSTR(h13,h15)
BODY(h13,h16)
geqih13,h17)
13-=18:named_rel(h17 x14)
CARG(h1T7 browne)
20-=25:_chase_v(h16,219)
ARGT{h14,x14)
ARGZ(h1E,29)
2F-=32:_hark_vihe0,ed)
ARGT(hE0,=9)

7 1

h3a
O-=32:prpstn_m_relthds, had)
geqih3d,hid)
O-=2:_the_gth1,=2)
RSTR(h1,h30)
BODY(h1,h31)
fqeqihdo,hi)
4-=8:_dog_nih3 =)
ING{h3,h14)
13-=25:prpstn_m_rel(h14,h17)
geqih17,h12)
13-=18:proper_g_relth7 «8)
RSTR(h7,h10)
BODY (h7,h11)
qeqih10,h®)
13-=18:named_relih3,=a)
CARG(hS, browne)
20-»25:_chase_vih1z,213)
ARGN(MT 2 x2)
ARGT{RT 2 <)
27-=32:_hark_vih33 e3d)
BRG1(h33,<2)

Figure 53: Comparison window fdihe dog that Browne chased barked.
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» Abrams lked the idea that Browne could bark

Close all}  Print

h1
0-=43:prpstn_m_relth1,h5)
qeqihs,h11)
0-=D:proper_g_rel(hG,=7)
RETR{hE,hd)
BODY(he,h3)
geqthd,h10)
O-=S:mamed_relth10,x7)
CARG(h10,abrams)
T-=11:_like_vih11,22)
ARGTHTT xF)
ARGZMTT X12)
13->15_the_qgih13,-12)
RETR(h13,h15)
BODY(h13,h14)
geqihl5,h16)
17-=20_idea_nih16,<12)
ARGT(h16,h17)
ZZ-=Za:prpstn_m_rel(h1 7 hZ0)
geqthz0,hZ6)
27-=d2:proper_g_relth21 «22)
RETR(hZ1,hE3)
BODY(ha1,hz24)
geqthZ3,hZa)
2i-=3Z:named_rel(hZ3,<Z2)
CARGhZS, browne)
34-=38_could_v(hZ6,e27)
ARG (hZ6,hZ8)
geqth2d,h29)
40-=43:_hark_w(h29,e30)
BRGThED XEL)
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h30
0-=43:prpstn_m_relth50,h53)
qeqihas,he)
0-=0:proper_g_rel{h1 =2}
RETR(h1,hd)
BODY(h1,h3)
geqihd ha)
O-=5:named_relthd,x<g)
CAaRGihI abrams)
7-=11_like_vihG,e7)
ARGT(hE x2)
ARGE(hE x9)
13-15:_the_g(hd =9)
RETR(hE, had)
BODY (hi,h45)
geqihdd, bl )
17-=20:_idea_n(h10,x5)
IMGih10,h2E)
27-=43prpstn_m_rel(h2d,h3l)
geqihdl,hl )
27-=3Z:proper_g_rel(h14 x15)
RETR(h14,h17)
BODY(h14,h18)
geqihl7,h16)
2i-=3Z:named_rel(h16,x15)
CARGhTE, browne)
34-=36_could_v(h19,e20)
ARGT(h19,hZE)
geqih2e,h1)
40-=43:_hark_v(h1,e22)
ARGMhET $9)
BRGT(hET,X15)

Figure 54: Comparison window f@brams liked the idea that Browne could.
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» Browne's chasing of cats bothered Abrams

Close all| | Print

h1
0-=33:prpstn_m_rel(h1,h5)
geq(ha,hil)
O-=5:proper_g_relihB =7}
RSTR(h&,hi)
BODY(hE,hT)
gegihd,h10)
O-=5:named_relth10,x7)
CARGHhT0, browne]
B-=7:def_esplicit_g_relth11 =78
RSTR(h11,h13)
BODY(h11,h14)
geg(hl13,h13)
B-=T:poss_relth15,u16)
ARGT(h15,%7)
ARGZ(h15,x12)
ING{h13,h10007)
IMG{h15,h1000Z)
9-=15:nominalize_rel(h10007 =12}
ARGT(h10001,h17)
9-=15:prpstn_m_rel(h17 h18&)
geg(h16,h21)
9-=15._chase_wihel,e22)
ARGT(h21,u24)
ARGZ(h21 =23)
17-=18:_of_p_sel(h10002,e26)
ARGZ(h10002,x23)
20-=23hare_div_g_rel(h27 =23)
RETR(h27,hzd)
BODY(he?,h2g)
geq(h2a,hiad)
20-»23:_cat_n(h30,=23)
25-z32:_hother_v_1{h31,e2)
ARGT(h31 =12)
ARGZ(h31 =32)
34-=39:proper_g_relihd3d =3
R3TR(h33,h3d)
BODY(h33,h3s)
geg(h3g,hiag)
34-=39:named_rel(h36,x32)
CARG(hIE,abrams)

38

h50
0-=39:prpstn_m_relih30,h53)
geqthad,han)
0-=23:def_explicit_g_rel(h3d =11}
RETR{h34,h37)
BODY{h34,h38)
geq(h3?,his)
0-=23:poss_rel(h3s,uan)
ABRGT(h35,%2)
ARG2(h353,x11)
0-=5:proper_g_rel(h1,=2)
RETR(h1,h4)
BODY(h1,ha)
geqthd,hd)
O-=5:named_rel(hd x2)
CARG(hI, browne)
3-=15:_chasing_nfh10,=11)
ARG1(h10,x15)
IMG(h10,h35)
IMG(h10,h12)
17-=18:_of_p(h1Z2,e13)
aRG2(h12,x159)
20-=23:hare_div_g_relih16,x15)
RETR{h16,h18)
BODY{h16,h19)
geqth1a,h14)
20-=23:_cat_nth14,x15)
25-=32:_hother_w(h40,e41)
ARG1(h40,x11)
ARG2(h40,=43)
J4-=39:proper_g_rel(hd 2 x43)
RETR{h4Z,h45)
BODY(h42, hd)
geqthds,hdd)
S4-=39:named_relthdd =4 3)
CARG(h44 abrams)

Figure 55: Comparison window f@rowne's chasing of cats bothered Abrams.



X It bothered Abrams that Browne chased cats

Close all| |Print

h
0-=41:prpstn_m_relth1,h3)
neqihs,hi)
S-=10:_hother_v_explthE,eZ)
ARGT(hE,hE)
ARGEZE,=T)
12-=17:proper_g_relthd=7)
RSTR(h3,h10y
EODY(h9,h11)
gegih10h12)
12-=17:hamed_relth1 2 <7
CARG(h1Z,abrams)
13-=22:prpsth_m_rel(hS,h15)
geqih15,he1)
24-=23:proper_g_rel(h1B;:17)
RSTR(h16,h18)
EODY{(h16,h19)
geqih1d,hzo)
Z4-=23:named_relthz0,x17)
CARG(hZ0,brawne)
-=36:_chase_wih1,e22)
ARGThET <17
ARGEET X235)
38-=41:hare_div_q_relihZd,=23)
RSTR(hZ4,hz5)
BODY (hz4 ,hZE)
gqeqth2s,hz?)
38-=41:_cat_n{hZ7 x23]

39

h44
0-=41:prpstr_m_relthdd ,h47)
neqihd 7, ha)
0-=1:pron_relthd,=Z)
0-=1:pronoun_g_relth1,=2)
RSTR(h1,h4)
BODY(h1,hd)
gegihd,h3)
3-=10:_hother_vihe,e7)
ARG (he,<2)
ARGZ(hE,<T)
ARGM(hE, h3Z)
12-=17:praper_g_relihd <)
RSTR(h@,h11)
BODY(hid,h1e)
geqih11,h10)
12-=17:named_relih10,x9)
CARG(h10,abrams)
24-=41:prpstn_n_relih3z,h3g)
geqihds,h20)
24-=22:proper_g_relih15,x16)
RSTR(h15,h18)
BODY(h15,h139)
geqih1d,h1?)
24-=22:named_rel(h17 =16)
CARGHT 7, browne)
I-=36:_chase_vihZ0,e21)
ARGT(h20,x168)
ARGZ(h20,=23)
J6-=41:hare_div_q_relih24,=23)
RSTR(hZ4 hZE)
BODY(h24 hiT)
geqihzf,h2e)
38-=41:_cat_n{h22 x23)

Figure 56: Comparison window fot bothered Abramsthat Browne chased cats.



b'¢ The dog was chased by Browne 7| =0

Close all]  Print

h1 h33
0-=27:prpstn_m_relth1 h3) O-=27:prpstn_m_relthd3,h36)
PEYhT x3) geqihis,hl3)
fqeqihs,hio) O-=2:_the_nihl =)
O-=2:_the_gtht =<3) RSTR{h1 ,hi)
RSTR(hE,hd) EQDY(h1,h3)
BODY the,h7) geqihd,hd)
gedqthi,h3) 4-z6:_dog_nih3,=2)
4-=6:_dog_nih9,x3) G-=10:_he_vth11,812)
12-x17:_chase_vih10,e2) 12-x17:_chase_v(h13,e14)
ARGTRI0,u11) ARG ,%E)
ARGZ{M0,%3) IMG{h13,h15)
IMGh10,h10001) 19-=20:_hy_pih15,e16)
19-=20:_hy_p(h10001,213) ARGT(h1D,214)
ARG1h10007 ,e2) ARGZ(h15.A18)
ARGZ(h10007 ,<12) 22-=ZT:proper_g_rel(h17 <18)
ge-=Z7:proper_r_rel(h14 x12) RSTR(h17,hED)
RETR(h14,h15) EODY(h17,ha1)
BODY(h14,h16) geqihzi,hl19)
qeqth15,h17) 22-=ZTnamed_rel(h19,x<18)
Zé-=Z7:named_rel(h17 <12) CARGHT9,browne)

CARGHT 7, browne)

Figure 57: Comparison window fdthe dog was chased by Browne.

RASP correctly identifiedbrams as the direct object of the verb and the chasing of cats asbfed, in the latter
(expletive) case, these ARGs are displaced by one due to RA®®rrect selection o as the subject.

Passive constructions are a further instance where RASPlanes verb arguments. Figdrel 57 shows the
comparison window folrhe dog was chased by Browne. Although the ERG cannot identifgrowne as the subject
of its _chasev, it recognises the passive v d correctly labelthe dog as the direct object, leaving the subject
underspecified. RASP, on the other hand, treats the cotistiin the same way as an active one and picks out
the dog as the subject. While this allocation of subject is done,agl by the S/nwp rule, RASP’s use of its
V1/beppart rule forwas chased is a reliable indicator of the passive voice and, therefioshould be possible to
overrule this default choice of subject whenever this reiggplied. (This would also signal theasis an auxiliary
and its predicate should be removed.)

4.21 Wrong RASP parses

Despite RASP’s robustness, there remain some phenomedraathprevent it producing the correct parse tree for
a sentence (or even any parse at all). The sent8owe bark, for instance, is only interpreted as a fragment (a
noun phrase, in this case) sinuk is tagged as a noun. Browne squeezed the cat in, the wordin is erroneously
treated as an abbreviation fisich (since it immediately precedes a full stop) and is thereiftierpreted as part of

a measure type NP withe and cat. It is not robust to phrasal adverbs, aBioys kind of suck or It is sort of cold:

in the first case, a fragment parse is produced Wiys kind treated as noun-noun compourfl as an isolated
preposition anduck as an imperative sentence. In the secaod, is treated as a noun and the NJp-of rule
applied (meant for constructions likar of honey). And, as mentioned previously, interrogatives and eHipse
particularly problematic for RASP since it was not develbfedeal with these sorts of constructions.

Without the correct syntax, it is impossible for RASP to deet semantics right.

8Note the ERG’s PSV marker indicating passive voice: this dewice used in generating sentences from RMRS rather themarsic
component. Thus, no attempt has been made to introducentbithe RASP-RMRS.
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5 Conclusions and further work

Having documented here the mismatches between ERG and RMFESR it would appear that they can be
grouped into two broad categories. On the one hand, therthase cosmetic issues that generally do not mark
any true incompatibility between the representations.utiithey may result in irritating differences between the
RMRSs, these differences are purely at the surface leveliarmbme cases, should be easily fixed. The ERG's
formatting of CARGs and particular predicate names, faiainee, should be straightforward to replicate.

The second type of issue presents more of a problem. Thepeoahécts of the fundamental difference between
deep and shallow processors and, as such, are irresolVéiaéack of lexical information inherentin RASP means
that it simply cannot rely on ‘knowing’ words and their susit@gorisation frames and thus identifying how they
interact with the rest of a sentence and the semantics thaltselt must, instead, guess from the syntactic structure
of the sentence. As detailed, though, the same syntadtictste will underlie constructions with very different
semantics and, hence, RASP is limited in the guesses it faly saake.

Having said that, some grammar rules were found to be apptiembnstructions with the same semantic
structure in the vast majority of cases. Whether it is wolttemaking the guess and risking getting the semantics
wrong some of the time probably depends on the end applicafioture work could include an investigation into
which aspects of RMRS generation it might be useful to make-asnfigurable.

In the course of this work, a number of RASP’s grammar rulesR@S tags were studied and conversion rules
developed accordin&y Yet only the surface has been scraped: the grammar in usaicem@lmost 600 phrase
structure rules; the tagset, around 150 tags. Some propafithose rules still to be investigated will be ones
for rare constructions, some will be near duplicates ofstigated rules that do not exhibit anything new (from a
semantic point-of-view) and some will simply apply to canstions that do not affect the semantics of a sentence
at all. Nevertheless, the semantic test suite is certamtlgomprehensive and remains to be extended to more fully
demonstrate the semantic phenomenain English. In doiagrtiare of RASP’s rules and tags should be exercised
and, hopefully, more of its potential for generating us&MRSs achieved.

Finally, in documenting only problems, this paper has nemely painted a somewhat bleak picture of ERG
and RASP RMRS compatibility. It is worth noting, howeveratta number of the semantic test suite examples
failed to make it into this discussion by virtue of being ‘feat’. Discounting characterisation mismatches and
subsumptive matches, as discussed, 46 of the 124 (origib@f) sentences are perfectly compatible. A further
proportion exhibited only problems that occurred elswlzr@, as has been demonstrated, many of these problems
should be easily remedied. The conclusion of this work,afoee, must be to verify the potential for integrating
deep and shallow processing through the RMRS represemtaiithto motivate further work needed to confirm its
benefits.

References

Briscoe, E. & Carroll, J. (2002), Robust accurate statisticinotation of general text) ‘Proceedings of the 3rd
International Conference on Language Resources and Eiadugciteseer.ist.psu.edu/564499.html.

Copestake, A. (2002)mplementing Typed Feature Structure Grammars, CSLI Stanford, California.
Copestake, A. (2004), Robust minimal recursion semantics.

Copestake, A. & Flickinger, D. (2000), An open source gramdevelopment environment and broad-coverage
English grammar using HPS@ ‘Proceedings of the 2nd International Conference on LaggiResources
and Evaluation’. *citeseer.ist.psu.edu/copestakeO0dyel.

Copestake, A., Lascarides, A. & Flickinger, D. (2001), Agedira for semantic construction in constraint-based
grammarsjn ‘Proceedings of the 39th Annual Meeting of the AssociationGomputational Linguistics’,
pp. 132—-139. *citeseer.ist.psu.edu/456077.html.

DeepThought (2002). *www.project-deepthought.net/.

9The XML rule files from which this work began were CVS versiod@. The versions of the resources used throughout were RASP
grammar tsg14.1-t8qa, ERG 11-Jun-04 and LKB 2004/06/22.

41



	Introduction
	RASP to RMRS conversion
	RMRS comparison functionality
	ERG vs RASP RMRS issues
	Subsumptive predicate matches
	Characterisation mismatches
	CARG mismatches
	Dates
	Unwanted predicates
	Expletive ``it'' and existential ``there''
	Scopal vs non-scopal adverbs
	Mismatching predicates
	Composite predicates
	Determiners
	Ellipsis
	Negation
	Interrogatives vs relative clauses
	Co-ordination
	Infinitival verb subjects
	Control vs raising verbs
	Subordinate clauses
	PP-taking verbs
	``That-'' clause subjects
	Incorrect argument placing
	Wrong RASP parses

	Conclusions and further work

