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Appendix A: DIPETT's Driver and User interface

This appendix shows an abridged, actual log (sec in the Courier typeface) of
DIPETT’s driver in action — details pertaining to the semantic analyzer, HAIKU, are
presented in chapter 4. The following log illustrates the user interface dialogue and gives
a good idea of the highest level algorithms involved. Explanations were added in the
Times typeface, in bold, and encloscd in braces. As well, the original log was slightly

reorganized to improve the preseatation.

DriVEr .. iiierinenncnasesnrs version: 30-Jul-93
DIPETT PARSER ...uv.veveenns version: 30-Jul-93
HAIKU SEMANTIC ANALYSER ... version: 20-Jul-%3
Copyright(c) 1989-93 S.Delisle, UofQ Knowledge Acquisition Lab & UQTR

NOTE: default options in the following menus appear in CAPITALS
and can be conveniently selected with CR {carriage return).

USE DIPETT AS BATCH PARSER OR BATCH TAGGER (b), OR
PROCEED WITH DETAILED MENU (d), OR
JUMP TO MAIN MENU RIGHT AWAY (i) [b/d/J]?
{above: this first menu offers a batch mode (‘b’ option), either for parsing and/or
tagging, a detailed submenu for parsing (‘d’ option), which is especially
appropriate for the implementer, and a “jump start” option (‘j> option) which uses
default parameters to facilitate the end user’s task.}

The rest of the log will be organized into three parts, one for each of the three options.



A.l: The 5j° ("jump start™ Option

A.1: The ‘J’ (“jump start”) Option

A-1) Log filename (n for none)
[n/*name*/zzz . DIPETT-HAIKU.script]?
{above: the user can ask DIPETT to keep a log of the session in an ASCII file in
which everything appearing on the screen will be saved.}

A-2) Parse trees filename (n for none)
{n/"name"/zzz .DIPETT.parse_trees.pl]?
{above: the user can ask DIPETT to collect every parse tree, under its Prolog
form, in a (Prolog-readable) file. This file can subsequently be processed directly
by the semantic analyzer — see option ‘9" in the main menu, later. This is
particularly useful when using the batch parsing mode.}

B} Dictionary additions filename
["name"/zzz .DIPETT~dict_add.pl]?
!t This file already exists ... QVERWRITE IT [v/N]?
{above: all new lexical entries, i.e. words not found in DIPETT"s lexicon, are
recorded in this file so that the lexicon can easi!y be updated afterwards.}

{below: in this ‘j’ (“jump start”) option, the current HAIKU KB file is
automatically loaded for consultation and updating. If there is no such file, the
initial KB is empty. More on this in chapter 4.}

% compiling file
/@/soleil/pl/dmatensr/delisle/DIPETT/HAIKU_ikbDICT.PL
% HAIKU_ikbDICT.PL compiled in module user, 0.233 sec 11,132 bytes

{below: the system always keeps track of the date and time at which a session took

place. This information also appears in the output files whose names we saw
above.}

**=> BEGINNING NEW PARSING SESSION: (datektime: 9/6/93 9:10:36] <=**

{below: the system automatically keeps a backup (copy) of the initial HAIKU KB
file, in case errors or unfortunate updates should occur during this new session.}

> making a backup copy of HAIKU_ikbDICT.PL ...
done! backup file is HAIKU_ikbDICT.BACKUP

{below: this is what will be referred to as the “main menu”. It presents the user
with every operation handled by the driver.}

0. Change session parameters

1. Input one sentence

2. Read sentences from an existing file

3. Same as #2, but with possible reruns

4. Consult Collins, WordNet, or DIPETT's lexicon
5. Consult or update HAIKU's dictionaries (KB}
€. Reset parsing session counters and stats

7. Display current parsing statistics

8. Set the "Unit #" counter to a specific value
9. Apply HAIKU on parse trees from an existing file
e. EXIT {(end of session)
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{above:

(0) to reconsider all the details of the session parameters, as in option ‘d” above —
see below.

(1) to interactively enter one sentence to be analyzed on-line.

(2) to interactively process sentences from an existing text file to be analyzed on-
line.

(3) same as previous option but with the possibility of reformulating and
resubmitting the input sentence if it is rejected.

(4) simple interface to allow on-line consultation of the Collins dictionary, or the
WordNet lexical database, or DIPETT’s own lexicon. The version of the latter
which is currently in memory may also be updated via this option.

(5) simple interface to dynamically consult or update the current HAIKU KB.

(6) to reset all counters from which simple statistics are computed for the current
session: see below for the list of these statistics.

(7) to display the current statistics.

(8) to set the counter which numbers the units (sentences) being processed to a
specific value: this is especially handy when sentences in a large corpus are
numbered and we want to be able to refer to them individually and uniquely.

(9) to interactively apply the semantic analyzer to a collection of parse trees
accumulated in a file.

(e) to terminate the current session with the system.}

What do you wish to do [0 @ 9, or el
{above: etc. Here an actual session begins.}

{below: upon selecting the ‘e’ (exit) option in the main menu, the following
statistics are produced, expressed in terms of absolute numbers and percentages.
The items are fairly self-explanatory except for (0) which is the default cpu time
limit (iiming-out mechanism) for the session just completed — see section 3.4.2.
We will explain in 3.3.4 and 3.4.4 what fragmentary parsing is.}

END OF PARSING SESSION STATISTICS: [date&time: 9/6/93 9:10:41]
0- cpu time limit: 2.0 minute(s).
1- Total nb. of units processed:
2- Total nb. of units parsed as fragments:
3- Total nb. of units not parsed: .
4- Total nb. of units skipped: .
5- Total nb. of units fully parsed: ...
6~ Percent of successful parses, full or frag. (excluding #4):
7- Total nbk. of dictionary additions: ..
8- Total cpu time (parsing & other tasks): ...
9- Average cpu time per input processed: ...

Dictionary additions (if any) have been copied in file:
zzz .DIPETT-dict_add.pl

> Save current mDict, cmpDict, & ¢pDict in a file [n/Yl? n
{above: the user can save the current HAIKU KB in a file. This KB represents the
initial KB updated with the processing of the text, during the session just
completed.}

> Updating the journal of XB modifications ...
Please enter your name (signature): Sylvain
absolute path is: /@/soleil/pl/dmatensr/delisle/DIPETT
running 'diff' (new KB vs backup KB}
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{above: the system keeps a journal of KB updates so that we know which elements
of the KB were modified and who is responsible of those changes. This would allow
us to reconstruct the KB from a given valid state if it were discovered that the
most recent updates lead to an incorrect KB, for whatever reasons.}
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A2: The ‘d’ (“detailed menu”) Option

USE DIPETT AS BATCH PARSER OR BATCH TAGGER (b), OR
PROCEED WITH DETAILED MENU {(d), OR
JUMP TO MAIN MENU RIGHT AWAY (3j) [bsdsJ1? 4

{below: ‘A-1°, ‘A-2’, and ‘B’ are as above in the ‘)’ option.}

A-1) Log filename (n for none)
[n/"name" /zzz . DIPETT-HAIKU.scriptl?

A-2) Parse trees filename (n for none)
[n/"name"/22z.DIPETT.parse_trees.pl]?

B) Dictionary additions filename
[*name*/zzz . DIPETT~dict_add.pl]?

C-1) Do you wish to DEactivate the scanner's QUIZ bias [y/N]?
{above: our main sample text, for testing purposes, was the QUIZ manual already
mentioned in chapter 1. Since it contains numerous specific lexical conventions,
such as QUIZ reserved words, the user can deactivate the scanner’s special rules
for QUIZ in order to keep it domain independent.}

C-2) Do you wish to (exclusively) activate the tagger [y/N]?
{above: the tagger — see section 3.3.5 — can be activated here for on-line use. See
below for batch activation.}

{below: optionally, the user can select a number of options for parsing and/or
testing purposes.}

D) Do you wish to set one or mere parsing options [y/N]? y

print the scanner's output [y/N]?
{above: optionally, the scanner’s output can be displayed.}

print the lexicalyser's output [y/N]?
{above: optionally, the lexical analyzer’s output can be displayed.}

DEactivate the parser [y/N]?
{above: optionally, the parser can be deactivated. In particular, it is useful for
testing the scanner and the lexical analyzer, or building a lexicon for future
parsing.}

set a cpu time limit [y/N]?
{above: the user can set an upper limit to the amount of cpu time the parser should
spend on any given input. See 3.4.2.}

parse in “"silent mode" [y/N]?
{above: normally, the parser emits two “beeps” when it completes the analysis,
successful or not, of an input. Optionally, the user can turn off this beeping.}

Full, Prolog, or Abridged parse trees [f/p/A]?
{above: parse trees produced by DIPETT can be displayed in three formats. ‘Full’
means that the pretty-printed tree will show all possible slots, even those that are
empty. ‘Prolog’ means that the tree shown to the user will be the full tree, as in the
*Full’ format, but under its native Prolog form, i.e. un-pretty printed. ‘Abridged’
means that the pretty printer will show only the non-empty slots of the parse tree,
thus minimizing the size of the tree.}

include phrase tokens in the parse trees [n/Y]?
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{above: optionally, the user can ask DIPETT to associate with every fundamental
syntactic unit — essentially, noun phrases, prepositional phrases, verb phrases —
the corresponding list of input tokens that were found to belong to this unit.}
set parsing flags (y/N]? vy
{above: optionally, the user can activate grammar rule spies that will show when
certain rules are activated during the parsing of an input. See 3.3.5.}
{below: this is the list of available grammar rule spies that may be activated.}
list available *"spies" [y/N]? v
[sentence, sentence_core, rest_sentence, vorbphrase, verbolause,
adij_phrase, complement, subordinate_clause, np_coquiv,
nounphrase, nom_cl, np_postmodifiers, prepphrases)
list currently active "spies” [y/N]?
deactivate currently active "spies": Yes, All, or No [y/a/N]?
activate currently inactive "spies™ [y/N]?

E) Do you wish to activate the HELPER facility [y/N]?
{above: optionally, the user can activate the hielper mechanism. See 33.5.}

F) Do you wish to activate the MEMORIZER facility [n/Y]? _
{above: optionally, the user can activate the memorizer mechanism. See 3.3.5.}

G) Do you wish to activate the partial parsing facility ..
No, eXclusively (full parsing is "off"),
or as "last resort" [n,x,Y]?
{above: the fragmentary parsing facility — see 3.3.4 and 3.4.4 — can be turned
off, activated exclusively, or used only as a last resort strategy after having
unsuccessfully attempted full parsing.}

H) Do you wish to activate the HAIKU semantic analyzer [n/Y]?
Load HAIKU's KB (i.e. HAIKU_ikbDICT.PL} [n/Y]?
{above: the HAIKU semantic analyzer can be activated {or not), and if so, the user
may load the current HAIKU KB file.}
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A.3: The ‘b’ {*batch™) Option

'JSE DIPETT AS BATCH PARSER OR BATCH TAGGER (b), OR
PROCEED WITH DETAILED MENU (d)}, OR
JUMP TO MAIN MENU RIGHT AWAY (3} ([(b/d/J]? b

A-1) Log filename (n for none)
[n/"name"/zzz .DIPETT-HAIKU.script]?

B) bictionary additions filename
[*name"/2zzz .DIPETT-dict_add.pl]?

{below: the batch mode can be used for parsing and/or tagging. We now present
the ‘b(oth)’ option which covers all aspects of interest to us.}

* BATCH MODE: activate the parser, the tagger, or both [P/t/b]l? b

*** Using DIPETT as a batch PARSER and TAGGER ...

il 1) set the cpu time limit (per sentence),

.. 2} enter the input filename,

e {which must end with the special string “#ii#t#.")}
e 3} and iuitiate the processing -- and see you later!

{below: *A-2’ as above in option ‘J’.}

A-2) Parse trees filename (n for none)
[n/*name*/zzz.DIPETT.parse_trees.pl]?

{below: the user can ask DIPETT to copy all tagging information (see 3.3.5) in a
separate Prolog-readable file, which will be available for other processing
alterwards.}

tagger output filename
{*name*/zzz .DIPETT-tagger.pl]?

{below: as above in option ‘d’}.

set a cpu time limit [y/N1? ¥y
enter your imit in seconds: 30

NOTES:

a) fragmentary parsing will be attempted if neormal parsing fails;

b) inputs containing unknown words will not be parsed;

¢) unknown words will be skipped if not found in Collins:

the associated info. will appear in the tagger output file;
d) inputs containing potential "idioms" will remain unchanged;
e} DIPETT will exit QP at the end of the 1nput file.

{nbmc. On (b) and (¢): if 2 word cannot be found in DIPETT’s lexicon, it is
automatically looked up the Collins dictionary and.the retrieved information is
used by DIPETT in order to proceed with parsing. This information is also kept in

the output to facilitate subsequent processing (more in 3.3.2).}

Input filename? zzz999.test
[File opened successfully]
t what unit number do you want to start the parsing? 1
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{above: etc. Batch processing begins here.}
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Appendix B: DIPETT’s English Grammar

This appendix represents an important complement to section 3.3.4: it contains the
listings of the two major Prolog files that constitute DIPETT s grammar of English, i.e.
DIPETT_6_PARSER_S_V.PL and DIPETT_8_PARSER_N.PL, plus a simplified Prolog
description of these two files. Two other files that are part of DIPETT's grammar but
which do not appear below arc its tense table (which contains information on all the legal
combinations of verbal features) and its small grammar for questions.
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B.1: DIPETT_6_PARSER_S_V.PL (“sentence & verb phrase rules™)

rAAAAAALALALALLEALALRALALLALASRAAASAL AL AR A AR IR AL

/* f£ile: dipet:_6_parser_s_v.pl .
/™ version: September 3, 1993 .
/* author: Sylvain Delisle .

FAAALALALLLLRALLALALEAALLEALAALELLLALARLAARASALLLLALAALERLRAEARERRERLREEAAELLLLELIN

:- assert({dipett_version(3,9,93)).

/"...'-t..t"ti'.ﬁt.*‘ﬁﬁ‘.*‘."*iﬂ‘*...*tQ't..*"'...t‘t‘t‘!‘ttntﬁ"'ﬁt‘..ﬁ.‘f

/* This file contains the top-level of DIPETT's grammar as well as the soet ot/
/* rules that deal mainly with sentences and vorb phrases (thus the *‘_z_v*). */

—

/™ ./
/* As far as English grammar is concerned, the main reforence used here iun:  */
I/ */
/™ QUIRK = R. Quirk, S. Greenbaum, G, Leech, & J. Swvartvik, ./
il "A Comprehensive Grammar of the Englizh Language*, ./
i Longman, 1985. */

,'W'*tt##'*ﬁ‘ﬁ*ﬂ*ﬂ'*‘*..'-t""-‘ti-."-Itt.tﬁ.".*ﬁ.'tQQﬁ'ﬁiﬁ..iﬁ..'.iﬁ.l...l/

/tﬁ**ti*t*ﬁ***.*""Q"'-'t.t".t"..ﬁ.’t*-t*'**.i*‘ﬂﬁQﬁ...iQ.QQ*QQ.QQ.....!&.I

/* PARSE_ENGLISH_INPUT (used by the driver) s

parse_english_input (Parse Tree,I, Q) :-
set_chrono,
on_exception(Msg,
compl_sentence{Parse_Tree, IO},
display_exception_message_and_fail__6{Msg)).

/* Exception: CPU time limit exceeded. */
display_exception_message_and_fail__6 (exception(Limit,Problem, Location, 1))} :-
nlp, writep('PARSING STOPPED for the following reason:'},
nlp, writep(Problem), writep(Location), writep(' :'),
nlp, writep(' > the current CPU time limit is: '),
superv_cpu_time_2{'7a’,Limit),
writep{'At that moment, the input string was:'), nlp,
get_tokens{(I,I2), writep({I2), nlp, !, fail.

/* Exception: otherwise ... (usually an unknown predicate} */
display_exception_message_and_fail 6 {Exception_Message) 1-
nlp, writep('PARSING STOPPED for the following reason:‘),
nlp, writep(Exception_Message), nlp, nlp., !, fail,

/""ﬁ'*ﬁf"t""‘-*ﬁ..""t*ﬁ*-*.'t*‘.ﬁ...O-DI-p-.-t..'.t.tttﬁtt.&........b..,

/* COMPL_SENTENCE (used by parse_english_input) */

/* Empty or invalid input! , -/
compl_sentence(_, [det (punctuation:_/_, [1)|_1,.1]) i
erase_previous_mem_assertions, !, fail.

/* The input is a "parenthetical unit®, a valid input encloged in "( ... }*. */
compl_sentence (parenthetical (PU)) ' --x
parenthesis_o, {!}.
{erase_previous_mem_assertions}, compl_sentence(PU), parenthecis_e.

/* The input is an interrogative ("question®). */
compl_sentence (parse_tree__inter(Question}.I,O) t-
(last (det (punctuation: *?' /fend_of_sentence, []1).I) ;
rev(I, [det(special_char:*)'/_,(]).
der {punctuation: ' ?* /end_of_sentence, [1)|_1}),
erase_previous_mem_assertions, !,
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questien{Question,I,02), quection_mark(C2,0).

/* Usual case: the input is a declarative or an imperative (~"sentence"). */
compl_centence (parse_tree_ decla_or_imper (Ctxt_M, Sentence, Example, Tag)) -—
{erace_previous_mem_assertions). contextual_marker (Coxt_M),
top_lewvel_eclause_seeker(l, Sentence, ), opt_gquic_example (Example),
terminal (Tag) .

/* The inpur ic a title or a caption with 2 parts separated by ':' or "=-='., =/
/* Ex: *Report l.1: Accessing a single file.” */
compl_sentence(parse_tree__title or_caption{identifier{Id),title(T},.Tag)) =-->
{erase_previous_mem_assertions),
{np_nucleus{_,Id._) ; noungp_head(_,_,Id)). (colon ; dashes),
sentence_frag(T), terminal(Tag).

/* Otherwise, the input may be a stand-alone fragment ... */
compl_sentence {parse_tree__ frag(FRAG,Tag)) -
{erase_previocus_mem_assertions}, sentence_frag(FRAG), terminal(Tag)}.

/.t.t..t.'-‘..tt-..ﬂt.tw‘.i.ptt.b'ﬂ**.".t-.‘..t.ttt-.t-ﬁt.tt"itt'-tt"itttt"‘ﬁ"l
/* CONTEXTUAL_MARKER {used by compl_sentence) !
i~ " >/
/* A *contextual marker* is a NP which identifies the semantic category (in */
/* a kroad sense} of the text following it. It helps the reader to properly */
/* decode the purpose of a sentence or a paragraph (used mostly in T4043). */

contextual_marker{contextual _marker (Ctxt_M)) --> ctxt_marker (Ctxt_M).

ctxt_marker (answer) -=> [det(word:answer/_,_)], colon, {!}.
cext_marker{example) --> [det(word:example/_,_)], colen, (!}.
ctxt_marker (example) -->

[det{word: for/_,_), deti{word:example/_, )], opt_comma, {!}.
ctxt_marker (examples) --> [det({word:examples/_,_)], colen, {!}.
ctxt_marker (instance) =-=->

[det iword: for/_,_), det{word:instance/_,_}], opt_comma, {!}.
ctxt_marker{no) -=> [det(word:no/_,_}1, colen, {!}.
ctxt_marker (note) --> [det(word:note/_,_)]., colon, {!}.
ctxt_marker (question) --> [det{word:question/_,_J)1, colon, {!}.
ctxt_marker{tax_tip) --> [det{worxd:tax/_,_)., det(word:tip/_,_)], colon, (!}.

ctxt_marker{yes) -=> [det(word:yes/_._)1, colon, (!}. .
ctxt_marker (Ctxt_M) --> colon_lock_ahead, np_equiv(_.1,Ctxt_M,_)}, coleon, {!}.
ctxt_marker 1il} --> [].

2, LA aesea et aat e et eas s Rass st e nn s ont */

colon_look_ahead{String, String) :- colon_in_string(String).

colon_in_string([]) - !, fail.
colon_in_string{[dct {punctuation:’: ' /pause,_)|_]) - !.
colon_in_string([_|Rest]) := colon_in_string{Rest).

/.“‘.-.‘-t-t..t'..‘."0ﬁ‘.t**"'*t*"ﬁﬁ'ﬁ"***'-"'**-*‘-.-.-i"'"“"."'*'**/

/* TOP_LEVEL_CLAUSE_SEERER {used by compl_sentence & rest_sentence) */
/I */
/* This procedure seeks coordinated clauses at the highest possible level. ~/
/* The Caller parameter indicates whether this predicate is called at the */
/* highest level (i.e. by compl_sentence) or not (i.e. by rest_sentence): -/
/* multiple coordination should only be recognized when it is set to 1. -/
top_level_clause_seeker(_,_._} -—

end_of_sentence_marker(_}), {!, fail}.

top_level clause_seeker{Caller,Qut_Struct,Mood) $ Tokens -->
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evaluate_nb_potential_verbs (NPV.NPA.V_INTY, {!},
top_level_clause_seeker_h{Caller, NPV, NPA,V_INT, Sentence, Mood) .,
(get_desired_output_structure(Sentence, Tokens, Out _sStruct) ).

o
/* The inclusion of the original phrase tokens in the parse tree is optional.®
/* This predicate is also used by several other major phrase components. The ¢
/* flag include_phrase_trokens_in_pt is set by the driver at the beginning. .

get_desired_output_structure{Struct,_, Struct) .=
include_phrase_tokens_in_pti{off), !.
get_desired_output_structure(Struct_In, Tokens, Struct_oOut) :-
include_phrase_tokens_in_pt(on),
functor{struct_In.F,_}, F \== *,*', !,
Struct_In =.. [H|TO0].
append (T0, [tokens (Tokens) ] .Tl), Struct_Out =.. [H]|T1l.
get_desired_output_structure(Struct_In, Tokens,Struct_Out) :-
include_phrase_tokens_in_pt(on},
append {Struct_In, [tokens{Tokens}], Struct_Dut).

/*-'*-tit&‘ti.I‘"'tt****t'*"*Q..-WQ'.*-‘t't-Q..ﬁ't.‘.liidt.t..it!.t....‘l.L!Q/
/* EVALUATE_NB_POTENTIAL_VERES (used by top_level_clause_secker & _seecker_r) */
/™ ./
/* We evaluate the number of potential verbs in the current input subgstring */
/* in order to guide the cheoice of the most appropriate high-level rule that */
/* the parser should rtentatively apply next. For instance, it theore is only ¢/
/* one potential verb, then there is no need to apply the 'compound' rule. */
i */
/* In addivion, we collect "inter-verbal* intervals (substrings) zo that we */
/* can evaluate the density of verbs in the current input string. An inter- */
/* val ('int') is a substring located between two verbs., It iz represented as*/
/* *int(POS_A,POS_B,Substring,Flag)' where POS_A and POS_B mark the re¢lative */

/™ position (begin/end) of the substring in the current input string. The */
/* second parameter, Susbtring, contains all the tokens of the substring. ~/
/* Flag is a boolean which takes the value ‘true' if all tokens in the sub- ¢/
/* string {interval) are amongst the following tokens: {‘'and’,'or','but',*,',*/
/* ‘not'] == in that situation, verbs are said to have a high density. ./
/* Otherwise, Flag is set to 'false’'. “/
/* Two special cases are the ‘pre_int' and the ‘post_int': the firzt goes !
/= from the very beginning of the input string to the first verb, and the se-*/
/* cond goes from the last verb to the end of the input string. ~/
/™ */
/* In general: "{pre_int} Verbl {int#l} Verb2 {int#2) ... VerbN (post_int}.* */
P -/
/* Note: we also count the number of auxiliaries, but what really matters iz */
/* "first-class® verbs, i.e. thoze that camnot function as auxiliairies. L
evaluate_nbk potential_verbz(0,0,nil,I,I} -
end_of_sgentence_marker{(_.,I,_), !.
evaluate_nb_potential_verbs(0,0,nil,[].[]) -1,

evaluate nb_potential_verbs (NPV,NPA,V_INT,I,I) :-
count_potential_verbs(Q,NPV,0,NPA,1, [pre_int(1,1,(],nil}], INT_V.I},
rev(INT_V,V_INT_00},
subst (1,pre_int{(l1,1,[].,nil),pre_int(0,0,(]),nil),V_INT_0O0,V_INT_0),
delete (V_INT_O,inti(_,_, [],true) ,V_INT).

count_potential_verbs(0,0,M,M,_,
[pre_int{A,B,C,nil) ],

[int{A.B2,C2.nil)], (]} 1=
1, rev!C,ldet(_:_lend_of_sentence, []) |C2_rev]), rev(C2_rev,C2),
(€2 == (1, B2 =R) ; (€2 \==1[], B2 iz B - 1)).

count_potential_verbs (N, N, M, M,_, .
(int(A,B,C,_) [T], i
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[post_int(A,B2,C2,nil) |T]. (1) -
', rev(C, ldeti{_:_/end_of_sentence, []) {C2_rev]), rev{C2_rev,C2),

{(c2 == [], B2 = A) ; (C2 \== [], B2 is B - 1)}.
count_potential_verbs (NPV1, NPV2,NPAL,NPAZ, Pos, INT_V_in, INT_V_out, [TOKEN|T]) :-
cpot_potential_verbs (NPV1,NPV3,NPAL,NPA3, TOKEN, Pos, INT_V_in, INT_V_temp),

Pos_2 is Pos + 1,
count_potential_verbs (NPV3,NEVZ,NPA3,NPAZ, Pos_2, INT_V_temp, INT_V_out,T) .,

apot_potential_verbs (N,N1, M, M,dct(_,Pofs),Pos,L_in,L_out) :-
\+ memberchk{d(aux/_,_,_).PcfS), \+ memberchk(d{modal_aux,_,_).Pe£fS},
memberchk(d (v/ }.PofS), !,
Nl iz N + 1,
Poo_A is Pos + 1, append([lint{Pos_A,Pos_A,[],true)),L_in,L_out).
spot_potential_verbs (N,N,M,M1,dct(_,PefS),_,L_in,L_in) -
{memberchkid{aux/ ), PofS) ; memberchk(d{modal_aux,_,_).PofsS)}, !,
Ml ic M + 1.
spot_potential_verbs(N,N,M,M,dct(Y:X/Z,Po£8),Pos_B,

— ot -

— et

{int(Pos_A,._,SST_in,F_in) |T],
{int (Pos_A,Pos5_B, SST_out,F_out) [T]}  :-
N A== 0, !, append(SST_in, [dcr({Y:X/2,PofS)],SST _out),
((F_in == true, \+ memberchk(X, [and,oxr,but,',',not]), F_out = false) ;
F_out = F_in), !.

spot_potential_verbz(0,0,M,M, X, Pos,
[pre_int(l,_,S88T_in.nil)],
[pre_int (1, Pos, 85T _out,nil) i) 1=
!, append{SST_in, [X],SST_out).

/ﬁﬁ.ii't*tiﬁi'*.‘*ﬁl‘*‘"ﬁt".".t‘.-.‘-'-"""‘--"-"U'-C"-U'*‘**.*W*-****'**/

/* TOP_LEVEL_CLAUSE_SEEKER_H {used by top_level_clause_seeker) */
/* */
/* The *'_H' zstands for heuristic: here, we select the most appropriate order “/
/* in which high-level rules should be applied. This choice is based on the */
/* number of potential verbs (see evaluate_nb_potential_verbs above) and the */
/* presence or ahsence of potential sent. coordinators in the current input. */

/* Not even a single verb: fail! */
top_level_clause_seeker_hi{_,0,0,_._._,_,_) := 1, fail.
/* No sent. coordinators OR only one potential verb: non-compound. */
top_level_clause_seeker_h(Caller,NI'V,NPA,_, Sentence,Mood,I,0) -
{zero_sent_coordinators ; NPV == ; (NPV == 0, NPA == 1)), !,

top_level_clause_seeker_r{non_compound,Caller, Sentence,Mood,I,0).

/* More than 2 potential verbs AND potential correlative sent. coordinators. */
top_level_clause_seeker_h(Caller,NPV,NPA,V_INT, Sentence,Mood,I,0) :-
{NPV > 2 ; (NPV == 0, NPA > 2)),
all_wverbal_intervals_dense(V_INT, false},
potential_corr_sent_coor{Coorl,Coor2), Coorl \== nil, Coor2 \== nil,
must_be_located_in_interverbal_loc(Coor2,V_INT},
{Type = compound ; Type = non_compound),
rop_level_clause_seeker_r(Type,Caller,Sentence,Mood,I,0).

/* More than 2 potential verbs AND potential sent. coordinator. */
top_level_clause_seeker_h{Caller, NPV, ,NPA,V_INT. Sentence,Mood, I, 0} :-

(NPV > 2 ; (NPV == 0, NPA > 2},

all_verbal_intervals_dense(V_INT,.F),

potential_sent_coor (Coor), Coor \== nil,

must_be_ located_in_interverbal_leoc (Coor,V_INT),

{(F == true,
(Type = non_compound : Type = compound)) :
(F == false,

{(\+ all_intervals_have_a_potential_subj{V_INT,Coor),
(Type = compound : Type = non_compound})
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{all_intexvals_have_a_potential_subj (V_INT,Coovr),

{(Type mulc_¢oor : Type = compound ; Type = non_compound)))),
top_level_clause_seeker_r (Type,Caller, Sentence,Mood, 1.0,
/* Otherwise ... .
top_level_clause_seeker_h(Caller,_,_,V_INT, Sentence, Mood, I.O) -
all_verbal_intervals_dense (V_INT,F),
{({F == true,

(Type = non_compound ;

{potential_sent_coor(Coor),Coor \== nil,

must_be_located_in_interverbal_loc(Coor,V_INT),

Type = compound)))
{F == false,

{potential_sent_coor (Coor), Coor \== nil,

must_be_located_in_interverbal_loc(Coor,V_INT),

Type = compound) ;

{Type = non_compound) }},

top_level clause_seeker_r (Type,Caller, Sentence,Mood, I,0).

Rl e b T O S A S A GO A S S S U P O S PN TR
/* See explanations about "verbal intervals" in evaluato_nb_potential_verbs. */

/* Testing whether all "verbal intervals* are dense. If 5o, F is set to truc.*/
all_verbal_intexrvals_dense({],F) 1=
{, ({(var(F), F = false) ;: nonvar(F)).
all_verbal_intervals_dense{[pre_inti{_,_._._)|T].F)
all_verbal_intervals_dense(T,F).
all_verbal_intervals_dense([int(_,_,_.nil) |T].F)
all_verbal_ intervals_dense({T.F}.

all_verbal_intervals_dense([int(_,_,_, true) |T],F) te
all_verbal_intervals_dense(T,F).
all_verbal_intervals_dense([int(_,_._,false)|_], false) :- 1.

all_verbal_intervals_dense{[post_int(_,_,_._)1,trua) - 1,

/* Testing whether Token is located in one of the *"verbal intervals*, “/
must_be_located_in_intexrverbal_loc(_, []) -, fail.
must_be_located_in_interverbal_loc(Token, [pre_int(_,_,_,_}|T}) s~
must_be_located_in_interverbal_loc(Token,T).
must_be_located_in_interverbal_loc(Token, [int{A,B,SUBSTRING, ) |_1}
memberchk (det (_:Token/_,_),SUBSTRING),
({\+ memberchk(Token, [and,ox,but]l}, (B = A + 1) > 2}
memberchk {Token, [and,or,but])).
must_be_located_in_interverbal_ loc{Token, [int(_._,_._)|T]} .-
must_be_located_in_interverbal_loc{Token,T}.
must_be_located_in interverbal_ loc{_Token, [post_int{_._,_._}]) - !, fail.

.

/* Testing whether all "verbal intervals® have at least a potential subject. */
all_intervals_have_a_potential_subj({(pre_int(_._,_._}|T].Coor) -
all_intervals_have_a_potential_subj(T,Coor).
all_intervals_have_a_potential_subj(lint( SUBSTRING, _} |T].Coor}
rev{SUBSTRING, (det(_:¥X/_,_)|_1},
\+ memberchk (X, [and,or,but,’, ',not]), % \== Coor,
all_intervals_have_a_potential_subj(T,Coor}.
all_intervals_have_a_potential _subj({int(_,_,_,.}|_1,_) 1= ¢, fail.
all_intervals_have_a_potential_subj({[post_inti_,_,_.,_J)1._) :

/-*-.*-.’*.""".*.ﬁ'.".tiﬁ-tt.-.'*'ﬁ."...‘.‘.D'I’..O'.P'Oﬁ--D'.DC.-DI"Ibhh/
/* TOP_LEVEL_CLAUSE_SEEKER_R (used by top_level_clause_gseeker_h) ./
P *!
/* According to the order specified in top_level_clauce_seeker_h above, we ./
/* now call upon the asscociated rule: non-compound, compound, or mult-coord. */
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top_level clause_seeker_r (non_compound, _, Sentence,Mood, 1,0} -
check _chronoltop_level_clause_seeker_r_ non_compound, I},
tind_coordinated_main_clauses{Coorl, [} ,Mocd,_,I,I2),
scentence (Sentl, Mood, I2,1I3),
rest_sentence(Coorl, [ ], Sentl, Mood, Sentence, I3,0).

top_level_clause_seeker_r(compound, _, Sentence,Mood, I,0) t-
check_chrono(top_level_c¢lause_seeker_xr__compound,I),
find_coordinated_main_clauses (Coorl,Coor2,Mood, Stringl,I,I2), Coor2 \== {].
call_tentative_sentence (Sentl, Mood, Stringl), .
rest_sentence{Coorl,Coor2, Sentl,Mood, Sentence, 12,0} .

top_level clause_seeker_r{mult_coor,1l,
mult_coor_clauses({coord(Coox),
Mood,
[Sentl|S_R]).
Mood, 1,0)

check_chrono(top_level_clause_seeker_r__multiple_coocrd, I},
potential_sent_coor (Coor), memberchk{Coor, [and, or,but]),
find_ahead_next_sent (Coor,I,[]1,I_H,I_R), memberchk{dect(word:Coor/_,. ),I.R),
evaluate_nb potential_verbs(N,M,_,I_R,_}, (N> 1 ; (N==0, M> 1)),
call_tentative_sentence{Sentl,Mcod,I_H),
multiple_coord_clauses(Coor,Mood,S_R,I_R,0}, !, length(S_R,L), L > 1.

- */
I i i e Civsereracansasaneanns Nraretahramanrrstantara e b

find_ahecad_next_sent{_,I_R,I_H,I_H,I_R} T
end_of_sentence_marker{_,I_R,_}, !.

find_ahead_next_sent{Coor, [det (T:X/Y,2} |R],I_H,I_H, [det{T:X/Y,2Z)|R]) :-
{T == word, X == Ceoor) ; (T == punctuation, = "',").

find_ahead_next_sent (Coor, [H[R],I_HO0,I_H,I_R) t-

append{I_HO, (H],I_HOl), find_ahead_next_sent(Coor,R,I_HO0l,I_H,I_R}.

call_tentative_sentence{Sent,Mood,I) :- sentence(Sent,Mood,I,[]1), !.

/.Cﬁ.tit-.-.t‘l-ttt-‘ti"t.."-*"‘.'W'.**'.-"""'"""'-"i*"""""’*i"ﬁﬂ*"'/

/* MULTIPLE_COORD_CLAUSES {used by top_level_clause_seeker_x) */
/™ */
/* These rule cover the multiple coordination of clauses (see QUIRK, p.9%2S5). */
/* In this structure, 'and' and ‘or' can link more than two clauses and all =/
/* but the final instance of these conjunctions can be omitted. For example: */
/* *The battery may be disconnected, the connection may be leoose, or the bulb*/
/* may be faulty", where the 2nd clause means ", OR the connection may ...,".*/

PR

/* */
/* Notation: 'syndetic’: with an explicit coordinator; 'asyndetic': implicit */
/* coordinator which is temporarily "postponed* (thus the 'p_‘}. ~/
/* Case (1) : SENT ('.') and|oxr SENT ... */

multiple_coord_clauges (Coor,Mood, [syndetic_mult_coor_clauses (S2) |S_R],I,0}
opt_comma(I,I2}, ¢onj(Coor,12,I3),
find_ahead_next_sent (Coor,I3,[],I4,15),
call_rtentative_sentence(52,Mood, X4),
multiple_coord_clauses (Coor,Mood,S_R,I15,0).

/* Case (2) : SENT *',' SENT ... */
muleiple_coord_clauses (Coor,Mood, [p_asyndetic_mult_coor_clauses(S2} |S_R],I,0}
comma(I,I2),
find_ahead_next_sent (Cooxr,I2,[],13,14), memberchk(dct (word:Coor/
call_tentative_sentence(S2,Mocd, I3},
multiple_coord clauses{Coor,Mcod,S_R,I4,0), S_R \== [].

), I4),

—
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multiple_coord_clauses{_._.[].I.I}

end_oi_sentence_marker(_,I,_ )., check_chronoimultiple _coord_claunes, 1,1V,

rabAAAALLALLALLALLLAALLLERSALALALLAEL AR A S ALA LA AR R L R A R AR

/* OPT_QUIZ_EXAMPLE (used by compl_sentence)

/. i'
/* Actual examples in the QUIZ manual have been replaced by one of these .
/* special markers: 'quic-example-command’, ‘quiz-example-cotmands', .
/* ‘quic-example-program', ‘quit-example-prompt', & ‘quiz-example-veport’. A
/* They are classified in the dictionary as special_function_word(s). .
opt_cguiz_example{quiz_example {(marker (M) ,QE})} --»

opt_ex_marker (M}, colon, special_function_word(QE.Type). {Type == frag, '}.
opt_quicz_example (quiz_example(nil)) -—> [].
/* An example marker is “"as in*. *for example*, or *like this*. ./
opt_ex_marker (as_in) -——

opt_comma, conjlas}), preplin}, (!'}.
opt_ex_marker {for_example) =-=>

opt_comma, prep{for), countnoun{example,sgl, (!}.
opt_ex_marker(like_this) -——

opt_comma, conj{like), deter(this,_,_), (!].
opt_ex_marker(nil} -=> [].

,***ﬁf****.*t"ﬁ-.""ﬁi"'ittttiiti.'tit*t.***ttﬁttIﬁti'tt"‘ﬁ‘0'&....‘....../

/* SENTENCE_FRAG (used by compl_sentence & rest_thero_sent) */

sentence_£frag(_) -
end_of_sentence_marker({_}, (!, faill}.

sentence_£rag{quiz_example {(marker {for_example),QE)) -->
check_chrono(sentence_~frag).
prep(for), countnoun(example,sg), colon,
special_function_word(QE,Type}, {Type == fragl.

sentence_frag{sentence_fragment (Fragment})) -
np_equiv(_,l,Fragment,_).

sentence_frag(sentence_fragment (Fragment)) --
required_prepphrases (Fragment,_) .

sentence_f{rag({sentence_fragment (Fragment)) ~u
required_adj_phrase(Fragment).

sentence_f£frag(sentence_fragment (Fragment) ) -——
required_adverbs (Fragment) .

/'ii'i""'*"*"'l"-'-"-ﬁ."‘.'.-t.'ﬁ..tt..t’..t.'b&"...b‘...l..l...ll."&l,

/* FIND_COORDINATED_MAIN_CLAUSES (uced by top_level_clause seeker_r) */
/- )
/* This procedure checks whether the input is compozed of coordinated main ./
/* clauses, i.e. basic sentences joined by one or two {for correlatives) ./

/* coordinating conjunctions., It splits up the input inte two main clauges */
/* {called Sentl and Sent2 in what follows) which are joined by a coordinateor*/
/* or a conjunction having the same functionality (i.e. conjunct, zubeordina- */
/* tor, or pair of correlatives). See QUIRK, chap.l2 ("Conrdination®}. ./
/* o
/* If the input containzs more than two coordinated main clausez, they will be*/
/* recognized recursively with rest_gsentence (via top_level_clause_seeker). *f
i ~/
/* We use check_for_potential_verb in order to make zure that what haz been */
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/* identified as Sentl (and Sent2) is really a sentence. That is, a sentence
/* must contain at least one potential verb: otherwise, the parser will be
/* wasting precious time. So before successfully exizing this procedure,

/* we require that Sentl and Sent2 each contain at least one potential verb.
/* We also recquire that such coordinated sentences have the same mood.

,.

/* Note: the structure illustrated by the following example is NOT covered:
/* "He designed and she implemented the program" where "the program® is the
/* elided object of the first sentence in which ‘design' is transitive.

/* COMPOUND: the input contains at least two ceordinated main clauses.
find_coordinated_main_clauses{Coorl,Coor2,Mood, Sentl,I,0) :-
Coor2 \=z= [].
find_coor({Coorl,Sentl,Coor2,I,02), % Sent2 is a subset of 02
get_full_O(Sentl,I,0},
check_for_potential_verb({Sentl,Mood), check_for_potential_verb(02,Mood).

/* SINGLE MAIN CLAUSE: the input may begin with a gonjunction. Such initial
/* conjunctions function either as intersentential coordinators or as intra-
/* sentential coordinators, conjuncts, or subordinators. The latter two are
/* recognized in subeordinate_clause (see at the end of this file}.
find_coordinated_main_clauses{Icoor, []1,Mood,__,I,0} t-
initial_coor__opt_comma(Icoor,I,0), check_for_potential_verb(0,Mood).

I O S L O PR S S T L D G L T T NSRRI

get_full_o0([].0,0) =
get_full O([H|T1], (H|T2],0) :-

get_full_O(Sentl, [_|T].0O)}

L)
t, get_full O(T1,T2,0).
- get_full _O(Sentl,T,0}.

initial_coor___opt_comma(IC) --> conj(IC), {coordinator(IC}}, opt_comma, (!}.

initial_coor__opt_comma{nil) --> [].

*/
>/
*/
*/

*/

/t.i't-.'.t‘."*-"it'tt#**#**'"‘*ﬂ""'*.**ﬂ**ﬁ*I"**“V*ﬁ*‘ﬁ'ﬁ*l'**‘**l"**"***'/

/* FIND_COOR (used by find_coordinated_main_clauses)

/.
/* A coordinator is a “real" coordinator, a semi-coordinator, or an
/* adverbial conjunct (thus the test *"Type == conj" for adverbs).

/* Potential sentential coordinators were detected during lexical analysis
/* and asserted there: see programming details in dipett_4_lexicalyser.pl.
/-

/* See QUIRK, pp.920+ {(coordinators), pp.935+ (correlatives), and

/i pp.928, 982-3 (semi- and quasi-coordinators).

/t

/* It should be noted that the comma does NOT function as a coordinator when
/* there are only two coordinated main clauses: see QUIRK pp.220+ and p.1615

find_coor(_,_,_} -->» {zero_sent_cooxrdinators, !, fail}.

find_coor (Coorl, Sentl,Coor2} =-=-»>
sent_coor{Coorl,Coor2), look_zhead coor(l[],Sentl,Coor2), {Sentl \== [1}.

zero_sent_coordinators :-~
bagof (X,potential_sent_coor{X}, [nill}),
bagof (Y,potential_corr_sent_coor(Y,_), [nill),
bagof (Z,potential_idiom_sent_coor{2), [nil]).

sent_coor (Coorl,Coorl) -->
{potential_corr_sent_coor (Coorl,Coor2), Coor2 \== nil},
{[det(word:Coorl/_,_)] ; idiomatic_cat(Coorl,_._.._}).
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sent_coor(nil,Coorld -—
{potential_idiom_sent_coor(Coorl), Coorld \== nil}.

sent_ceor(nil, Cooxl) -——
{potential_sent_cooxr(Coorl), Coorl2 \z= nil}.

I e i ettt it e it s

/* Let's try to find the conjunction and thus the end of the first sentence, *
loock_ahead_cooxri(_,_._) --» end_of_sentence_marker{(_}, {!, tail}.
loock_ahead_coor (Sentl, Sentl,Coorl) --> pause, conj{Coorl).
look_ahead_coor{Sentl, Sentl,Coorl) --» conj{Coorl}.
look_ahead_coor (Sentl, Sentl,Coorl) --> pause, adv(Coorl,Typel), [Type == conil.
look_ahead_coor(Sentl, Sentl,Coorl) --» adv(Coorl,Type). {Type == conil.
look_ahead_coor (Sent0, Sentl,Coorl) =-»

{T], (append{Sent0, (T],Sent0l}), look_ahead_coor(Sentll, Sentl,Cooxrl).

/'I**-I*"*--tﬁ'**-tt‘tttﬁt""ttﬁ!t'-tiitt.i‘."t-it.i'..'..Q‘t..tt‘.‘.““.Q/
/* CHECK_FOR_POTENTIAL_VERB {used by find_coordinated_main_clauses) ./
> '
/* This check is performed as a look-ahead to avoid parsing a segment which */
/* is bound to be rejected anyway. In other words. a sentence is a sentence  */
/* if and only if it contains a verb. Obviously. this does not account for */
/* exclamatives, irregular sentences (e.g. block language}, and nonsentences. */

/* See QUIRK, chap.ll ("Sentence types and discourse functions"). ./
™ */
/* In a normal declarative sentence, the verb (or auxiliary or modal} is not */
/* the very first word, unless we have an imperative or a leot-imperative. ./
check_for_potential_verb(I,_) =

{end_of_sentence_markex(_,I,_) : I == (]}, !, fail.

check_for_potential_ wverb([H|T],declarative} :-
{(\+ verb(_,_._._,[H],.) ; ing_woxrd([H]}),
A+ oawe{_,_._, [Hl._}, \+ modal_aux(_,_, [H],_ ).
check_for_potential_verb_rest(T).

check_for_potential_verb(X, imperative) 1=
\+ check_for_let(X,_), !, check_for_potential_verb_rcosti¥).

check_for_potential_verb(X, imperative_let) :-
check_£for_let(X,X_rest), check_for_potential verb_rest(¥_rest).

/* A =ing word might be the very first word: it iz not necessarily a verb! ./
ing_word(idect(word:X/_,_}|_]1) :- name(X,X_ascii), append(_,"ing*,¥_aseii).

check_for_potential_verb_rest([]) = !, fail.
check_for_potential_verb_rest([H|_1) :- verbi{_,_,_._.[H]._}, !.
check_for_potential_verb_rest{{_|T]) :- check_for_potential_verb_rest(T}.

check _for_let{[].[]) - 1, fail.
check_for_let([dct(word:let/_,_) |Rest),Rest) :~ !,

check_for_let([_|T}.Rest} :~ check_for_let({T,Rest).,
,-"'t'"'t't'***il".'ﬁﬁt".'t'ttit'ﬂﬁ.".b.tit"..D-ID-COtbb’tﬁlﬁt.ttb’..b'.,
/* SENTENCE (used by call_tentative_sentence & top_level_clauce seeker_r) =/
/" '
/* Two types of sentence are recognized: DECLARATIVE and IMPERATIVE. -/
/* EXCLAMATIVES are treated as declaratives. On QUESTIGHS, see dipett 9. */
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sentencol_, --» end_of_centence_marker( ), {!., faill}.
sentencse{Struce, Sentonce_Type) -->
check_spy_on_this_rule(sentence,nil), check_chrono{sentence),
subordinate_clausel(initial,Initial_Modif),
sentence_core(Struct, Sentence _Type, Initial_Modif).

/ll..Il-.-.l.il.l..l..-I-'l-'.t-*ﬁ'-.ti.-\i..-----.t.ﬁ-.--.-‘--‘--‘.w-.I'.QQ..'/

/* SENTENCE_CORE {used by sentence} */
/" -/
/* Thezoe rules define the main types of sentences that DIPETT recognizes, */

sentence_corel(_,_,_) -=>
ond_of_centence_marker(_), {!, fail}.

/* The scpocial HERE+BE: "HERE IS the solution.®, *HERE ARE the tools.", etc. */
/* See QUIRK, pp.521-3 and 1379-81. ./
contence_core (Struct, declarative, Initial_Modif,I,0) :-
check_spy_on_this_rule{sentence_core, sentence_core_declar_here_be,I,I),
adv(here, _,I,I2)}, look_ahead_BE _pres(I2),
voerbphrase(l, _, Tense, here_be__compl, Initial_Medif, Struct,nil,I12,0),
{Tense == [pres] ; Tense == [pres3s]}).

/* The special existential-THERE sentence: "THERE ARE people in the room.=*. */

/* Note: other verbs than BE are also allowed; see QUIRK, pp.1402-14. >/

sentence_core [Struct,declarative, Initial_Modif) -—>
check_spy_on_this_rule(sentence_core, sentence_core_declar_there_be),
special_function_wordithere,_ ),
verbphrase(l,_,_,there_be__compl,Initial_Modif, Structl,nil},
rest_there_sent (Structl, Struct).

/* The general case: a NP followed by a VP. */

sentonce_core(Struct,declarative, Initial_Modif} -——
check_spy_on_this_rule(sentence_core, sentence_core_declar),
np_equivi{pre_v,1,Np,Num),
verbphrase(l,Num,_,Np,Initial_Modif, Struct,nil).

/* Imperative with "let*. On directives, see QUIRK, pp.827+. */

sentence_core (Strucet, imperative_let,Initial_Modif) --»>
check_spy_on_this_rule(sentence_core, sentence_core_imp_let),
opt_courtesy_subjunct,
preposed_verb__let, (let_pron({Subj) ; np_equiv(pre_v,2,Subj,_)}.
opt_negation(Neg),
verbphrase(l,_, [imp], Subj, Initial_Modif, Struct2,nil),
{get_imp_let_struct{Struct?,Neg, Struct)]).

/* Plain imperative sentence: it must begin with a verb. */

sentence_core{Struct, imperative,Initial_ Modif) ——
check_spy_on_this_rule(sentence_core, sentence_core_imp),
opt_courtesy_subjunct,
verbphrase{l,_, (imp],nil, Initial_Modif, Struct,nil}.

T T B b o o T o o e B e ek s e s e o o SR S A L L L e L L

look_ahead_BE_pres{[det (word:are/_,_}]_1).
look_ahead_BE_pres{fdct{word:is/_,_)|_1).

F % i eearsssaecasasraeaeactatesesesaattacasesste et sasaattannanneaennnons .~
/* Recognizes the rest of the "enumerative* existential-THERE sentence. */
/* Ex: "There are two types of keys: UNIQUE AND REPEATING.* */

rest_there_sent (Structl, enum(Struct0,ENUM)) -->
colon, sentence_frag{ENUM), {'}.
rest_there_sent (Structl, Structd) --> (1.



cpt_courtesy_subjunct --» advi(please,_), opt_comma, i'}.
opt_courtesy_subjunct --> [},

preposed_verb__let(([det(word:let/_._}|01.0).
let_proniher) --> pers_pronther, ).
let_pron(him) -=-> pers_pron(him, ).
let_pron(it) --» pers_pronlic,_).
let_pron{me) -=> pers_proni(me,_}.
let_pron(them) ~--» pers_pron({them,_).
let_pron(us) --> pers_pron{us,_).
let_pron(yourself) --> reflex_pron(yourself, ).

let_pron(yourselves) --> reflex_pron(yourselves, ).

/**""**"t‘tttt‘tit.t*.t.ttttﬁ-ttt-tttttiﬂiQQt..Q‘Qt.‘ttq‘-.ﬁd..n.ll.t.tl.ticill
/* GET_IMP_LET_STRUCT {used by sentence_core) ./
/= -/
/* In an imperative with "let", the negation {if any) must be found BEFORE ./
/* the VP, thus neg(yes) in the 2nd clause of test_Negl_and_replace_by Negl2. */

get_imp_let_struct(
statement {Modifier_s, Subj,predicate(Verbl,Voice,Complomont ,Modificr_p)},
Neg2,
statement (Modifier s, Subj.predicate(Verb2,Voice,Complement , Modifivr_pl))

!, Verbl =.. X, test_Negl_and_replace_by Nogl2({X,Y,Negl}, Vorb2 =.. Y.

get_imp_let_struct |
statement (Modifier_s,Subj,predicate (Verbl, Voice,Complement ,Modificy_p).T),
Neg2,
statement (Modifier_s, Subj.predicate (Verb2,Voice,Comploment ,Modifier_p),TY)

Verbl =.. X, test_Negl_and_replacec_by_Neg2i{X,Y,Nog2), Verb2 =.. Y.

/* Conjoined main verbs. °/
test_Negl_and_replace_by_Neg2|{
[Reg_or_Cop.conj_verbs (Conj,Conj_Verbz_in)},
[Reg_ox_Cop,conj_verbs (Conj,Coni_Verbs_out}],Neg2)

!, replace Negl_in_gconi_verbs(Conj_Verbsz_in,Conj_Verbs_out, NegZ) .

/* Single main verb. v/

test_Negl_and_replace_by_Neg2{
[Reg_or_Cop,verb MV, Tense, Partic, neg{yaz) , Advs, Tranz) |,
[Reg_or_Cop,verb{MV,Tense, Partic,neg(Neg2) , Advs, Trans) |, Heg2) .

replace_Negl_in_conj_verbs{{]l.(]._) 1.t

replace_Negl_in_coni_verbs{(V_H|V_T], [V_H_ok|V_T_ok], Neg2) :-
test_Negl_and_replace_by Neg2{([_,V_H].[_,V_H_ok], Heg2),
replace_Negl_in_conj_verbs (V_T,V_T_ok,Neg2).

,."'-.'.""""'-"'tﬁ-"t""'t'.fﬁ..t---."..l-'.-..D.-.t-.ttl'tt--bht.l-bi/

/* REST_SENTENCE (used by top_level clause_seeker_r) */
/™ '/
/* Rules for compound:z (#3-4) allow an unbound number of coordinated clauses */
/* via top_level_clause_seeker which uses sentence and rest_scentence, ./
/* "single-main-clause* input: SIMPLE ZENTENCE. ./
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reot _sentence (Conrl, (], Sant, Mood,
simple_sontence(
structure(
single _main_clause{coord(Coorl),Str)})}
-
check_spy_on_this_rulel{rect_centence, rest_sentence_simple),
{\+ functor_memberchk(cubordinate, Sent}, Str =.. [Moed,Sent]l.

/* "single-main-clause* input: COMPLEX SENTENCE. ./
rect_sentencs (Coorl, [, Sent, Mood,
complex_sentencel(
structure(
single_main_clause({coord{Coorl).Stx))))
—-_—
check_spy_on_this_rule(rest_sentence,rest_sentence_complex),
{Str =.. [Mocd,Sent]}.

end_of_sentence_marker(_), {!, fail}.

/* Coordinated main clauses (compound): FIRST COORDINATOR IS “EMPTY". -/
rest_gentence{nil,Coor2, Sentl, Mood,
compound_sentence(
structure(
head_main_clause(coord({nil),Strl),
next_main_clause(coord{Coor2,Opt_conj},Str2))))

-—3
check_spy_on_this_rule(rest_sentence,rest_sentence_compound_nillstcoor),
{1}, opt_pause, [det{_:Coor2/_,_)], opt_coor conj(Opt_conj),
top_level_clause_seeker{2, Sent2,Mood),

{stril =.. [Mood,Sentl], Str2 =.. [Mood,Sent2]].

/* Coordinated main clauses {compound): CORRELATIVES. */
rest _sentence (Coorl, Coor2, Sentl, Mood,
correlative_compound_sentence(
structure(
head_main_clause (coord{Coorl},Strl},
next_main_clause{cooxrd(Coor2},Str2}}))
-——
{Coorl \== nil, Coor2 \== [], Coor2 \== nil},
check_spy_on_this_rule{resti_sentence,rest_sentence_correlatives),
opt_pause, [det(_:Coor2/_,_)1],
top_level_clause_seeker (2, Sent2,Mood),
{5trl =.. [Mood,Sentl], Str2 =.. [Mood,Sent2]).

s .
C et e b e et e e a e e e et a e ahaa s

/* These five coordinators do not allow another conjunction to precede them: */
/* see QUIRK, pp.922-3, */
opt_coor_conj (C) -—>

conj(C), {\+ memberchk(C, [and, or,but, for,so_that]), !}.
opt_coor_conj{nil) --> [].

/l.-'-'.‘I.-.'!..liv‘...-‘t-“".I-"'.t'tttﬁ'it."**-Qi'.tii*'.*ﬂ*"""'*'*'**l

/* FUNCTOR_MEMBERCHK (used by rest_sentence) */
/" */
/* Checks whether a certain functor F is part of an arbitrary structure S. */
functor_memberchk(_, S) = {atomic(S) : var{s)), !, fail.
functor_memberchk(F,S) 1= functor(g,F._), !.

functor_memberchki{_. (1) = 1, fail.

functor_nemberchk(F, (S_H|S_T]} :-
functor_membeschk(F,S_H) ; functor_membexrchk(F,S5_T).
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functeor_memberchk(F, S) S
funcrtori{s,.G,_), !, & A== ', 8 =.. X, funcror_meomberchk(F,X).

rAAAMALALLLAEALA AR AR ML A A R R R L R

/* VERBPHRASE (used by question, rel_clause, sentence_core, .
i sentence_core_for_cuestions, sSentence_coro_ s, *
/™ sentence_£for_wh_i_d_clause, & wh_i_d_clause) .
/. -
/* Allows a conjunction of verb phrases. Here "tense* includes modality: s
r* Time: temps chronologique: Tense: temps des verbesn; .
/= Aspect: facon dont l'action s'accomplit (debut, durve, etel): .
i Modality: nuances dans l'accomplissement de ltaction. .

verbphrasel(_, _._,_._._.,_)
end_of_sentence_maxker{_}, {!, faill.

verbphrase{_,Num, Tense, Subj, Initial_Modif, Qut_Struct,M_el) $ Tokens --»

already_parsed{verbphrase. [Num, Tense, Subj, Initial_Modif,vP,M_ctl},
{get_desired_output_structure(VP,Tokens,OQut_Struct) ).

verbphrase (Type.Num, Tense, Subj, Initial_Modif,Out_Struct,M_vl,1,0) -
check_spy_on_this_rule{verbphrase,nil, I, I},
check_chrono{verbphraze, 1),
verbphrase_Reg_or_Stat {Type,Num, Tense, Subj, VP1,M_=1,1,02),
ajusc_Num_£for_conj_vb (Num, Tense,Num_ok),
rest_verbphrase (Type,Num_ok, Subj, Initial_Modif,VvPl,M_ol,VP,02,0},
simili_dellar_device(I,0,Tokens),
keep_parse_in_mem(verbphrase, [Num, Tenze, Subj, Initial _Modif, VP, M_1],1,0},
get_desired_sutput_structure (VP, Tokens, Out_Struct).

/t
P N LI SR I I R N L P I R I I AR R R P

T e M/

/* Ajusting ‘'Num' for conjoined main wverbs: the ogld gpecial case. */
ajust_Num_for_conj_vb(sg3, fH]|_]l,.sg) :-
memberchk (H, [be_to, can, could,dare, had_better, ought_to, may,might,
must,shall, should,used_to,will,would,would_ratherl), ?.
ajust_Num_for_conj_vb{(Num,_,Num).

/#tit'tt'.'!"-ttt.ttt.tttttbttittwttttttttt.tﬁtt.t-.p.otltanﬁooab.n..aon-tni./

/* VERBPHRASE_REG_OR_STAT (used by conj_vp & verbphracse) s/
VA */
/* Verb phrases are divided inte two major types: REGULAR (action wverbsy, */
/* and STATIVE (*to be", "to become", "to appear”, <tc.). Within reqular */
/* verb phrases, the passive and active voices are distinguished, !
/* REGULAR ACTIVE. . ' Y,
verbphrase_Reg_or_stat{Type,Num, Tenze, Subj, ctatcement {subj (Subj), Struct) M _el)
-3

verb_clause (Type,Num,active, Tense, _, _,Struct,M_a1).

/* REGULAR. PASSIVE. */
verbphrace_teg_or_Stat (Type,Num, Tense,Compl, statement (subj (Subj) , Struet)  M_el)
-2

verb_clause (Type, Num,paccive, Tense, Subj,Compl, Struct, M _«=1; .

/* STATIVE. _ 7
verbphrase_Reg_or_Stat (Type,Num, Tense, Subj, ctatement {subj (Suk ), Struet) ,M_«l)
-——
" werb_clausce (Type,Num, ctative, Tense, _,_, Struct,M ol

/.'-..."--'t.tt-.tt..".'.--.--.t-.tt't.'b".t..tt.&."’l'Dt.l.t....tt.h.tb.b,

/" REST_VEREBPHRASE (used by verbphrace) ./
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/" 7/
/* The werbphrase and rest_verbphrase rules recognize these structures: ./
I 1) zingle-yP, 2) conjoined-VPz, 3) single-VP * (' single-VvP *}', and */
/* 4) single=VYP (' conjoined-VPs ') . ./
/* Hrowewer, the same rules do not recognize structures like #3 & 4 in which */
/* the first element, i.e. single-VP, would be replaced by conjoined-vPs. */
/I -/
/* It should be noted that this remark also applies to these structures: v/
/- 1) rest_np_nucleus (with NPs instead of VPs), -/
Vi ii} vrest_nom_cl (with nominal clauses instead of VPs), and -/
/i iii) resut_prepphrases {with PPs instead of VPs). ~/

rest_verbphrase (Type, Num, Subj, Initial_Modif, statement (Agent,VPl) ,M_el,
statement {subord_clauses{initial (Initial_Modif)),
Agent,
conj_vps{CONTS, [VP1_ck.parenthetical (VPS_ok)1)))
-z
parenthesis_o,
conj_vp{l, Type,Num, Subj,Agent,M_el,CONIS,VPS),
{nonvar (CONJS), CONJS \== []},
parenthesis_ec,
{check_clided_modal_or_aux(VP1l,VPl_ok,VPS,VPS_ok}}.

rost_verbphrase (Type, Num, Subj, Initial_Modif, statement (Agent,VPl) ,M_el,
statement {subord_clauses (initial(Initial_Modif)),
Agent,
conj_vps (CONJS, [VP1_ok|VPS_okl)})
-—>
conj_vp{l, Type,Num, Subj, Agent,M_el, CONJS,VPS),
{nonvar {CONJS), CONJS \== []1},
{check_elided_modal_or_aux(VP1,VPl_ok,VPS,VPS_ok)}.

rest_verbphrase{_,_,_, Initial_Modif, statement (Agent,VPl),_,
statement (subord_clauses(initial (Inicial_Modif)),
Agent,
vPl_ok))
-
{vp_tense_table_info (VP1,VPl_ok}}.

/* conj_vp requires that Conj be overt but not n:iecelsarily unique. It thus */
/* accepts structures like "A and B then C", Tha<e ave relatively rare and !

/* may be rather ambiguous (e.g. with ‘and' and 'or'}. See QUIRK pp.920+. */
/* Note: Conj must be overt AND unique for conj_np. conj_nom_cl, and conj_pp.*/
/" */
/* The N parameter indicates whether we are currently trying to parse a VP v/
/* that tollows the very first VP. If =o, we don't allow "VB ',*' CONJ VP*. -/
/* Unfortunately, this discards cases like "VP ',*' CONJ VP ',' CONJ VP". ~/

/* However, this seems to be the price to pay to reduce ambiguity in the par-*/
/% sing of conj. items: only a costly look-ahead mechanism might be helpful. */

/* This also applies to conj_np, conj_nom_cl, and conj_pp {in dipett_8). */
/* Case (1) : VP (*,*} CONJ VP ... */
conj_vp (N, Type, Num, Subj,Agent,M_el, [Conj|C_R], [VP1|VPS]) -

t{N == 1} ; {{N \== 1}, opt_comma}}, conj(Conji),
verbphrase_Reg_or_Stat (Type,Num,_, Subj, statement (Agent,VPl) ,M_el),
conj_vp(_.Type, Num, Subj,Agent,M_el,C_R,VPS).

/* Case {(2) : VP *,* VP ... */
conj_vp(_.Type.Num, Subj,Agent,M_el, CONJS, [p_asyndetic_conj_vp{(VPl) |VPS]} -->

comma, verbphrase_Reg_or_Stat (Type,Num,_, Subj,statement (Agent,VPl) ,M_el},
conj_vpi_, Type,Num, Subj,Agent ,M_el ,CONJS,VPS), (VPSS \== []].
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coni_vPl_o_v_renn 11 (1) o~

check_chrono{conj_vp).

/*"""'-"'ttﬁitﬁﬁﬁtﬁiﬁﬁiﬁt""'..'..‘...“..ﬂ‘.'.'QIQtt..--q..q‘qqqqqq.q-..

/* VP_TENSE_TABLE_INFO (used by rest_verbphrase)

/'

/* Replacing the original tense sequence by a standard tense name.
vp_tense_table_info(X_in,X_ouz) :-

X_in =.. [predicate|{V1|REST]].
access_tense_table(Vl,Vi_ok,_._), ¥_out =.. [predicate|[VI_ok|REST]I.

/'ﬁii"ti."'ﬁ*ﬁ‘**'ﬂ*‘.*ﬂ*Q*‘Q*‘ﬁﬂ*ﬁ.‘ﬁ*‘ﬂ*ﬁ.ﬁ‘.tt.ti..*.ﬂ't‘.ﬂ‘ttQQ‘.Q‘Q.I#

/* ACCESS_TENSE_TABLE (used by harmonize_tenses_l_and_2

/* process_conjoined_voerbs, tensel_is_subset_of_tensel,
A & vp_tense_table_info)

/* Conjoined main verbs.

access_tense_table(Vs,Vs_ok._._) t-
Vs =.. [Reg_or_Cop.conj_verbs{Conj,Conj_Verbs_in}l, !,
process_conjoined_verbs (Conj_Verbs_in,Conj_Verbs_out),
vs_ok =.. [Reg_or_Cop.conj_verbs(Conj,Conj_Verbs_out)].

/* Single main verb.
access_tense_table(V1,V1_ck,Tensela,Tenselb) :-

vl =.. [Reg_or_Cop,.verb(MVl, tense{Tensela),Partic,Neg,Advs,Trans}i,
tense_table({Tensela, Tenselb),

Vl_ok =.. [Reg_or_Cop,verb{MVl, tense(Tenselb),Partic,Neg,Advs,Trans) .

process_conjoined_verbs([1,[]) - 1,
process_conjoined_verbs { [V_H|V_T], [V_H_ok|V_T_okl} :~

V =.. [dummy,V_H], access_tense_table{V,V_ok,_,_)},

V_ok =.. [dummy,V_H_ok], process_conjoined_verbz (V_T,V_ T_ok).

l'.""i'.'.'ﬁtﬁ*.”.*'.'--0.".ﬁ-.t.-‘t-tt.tt..tt.ﬁtﬁ..t"t*...ﬁ.Iﬁittt..tt.

/™ CHECK_ELIDED MODAL_OR_AUX {used by rest_verbphrase)
/-

/* We must check whether the VPs following the very first VP, in a conjunc-

/* tion of VPs, contain an elided modal or auxiliary. Here's an example:

/* *I will print my messages and read them tonight® should be interpreted as

/* "I will print my messages and WILL read them tonight".
check_elided_medal _or_aux(_._.[].[]) s= !,
check_elided_modal_or_aux (VP1,VPl_ok, [VP2|VE_RI], [VP2_ok|VP_R_okl) :-

elided_modal_or_aux(VPl,VPl_ok,VP2,VP2_ok),
check_elided_modal_or_aux(V2l,_,VP_R,VP_R_ok}.

”
T Pesess ey

/* Conjoined VPs: the asyndetic case.
nlided_modal_or_aux(X_in,X_out,¥_in,¥_out) :-

-’
- -

-

-/
b
.'r

-« 7

./

*/

./

./
!
7
s
-/
7/
*f

-/

-/

Y_in =.. [p_asyndetic_conj_wp{[¥_11]. !, ¥_1 =.. [predicate]|[V2|REST2]],

%_in =.. [predicace|(V1|REST1)],
harmenize_tenses_1_and_2(V1,Vl1_ok,Vv2,V2_ok},
X_out =.. [predicate|[Vi_ok|[REST1]],

Y_2 =.. [predicate|[VZ_ok|REST2]]., Y_out =.. [p_asyndetic_conj_vp|[¥_2}1.

/* Conjoined VPs: otherwise ...
elided_modal_or_aux(X_in,%_out,¥_in,¥_out) :-
Y_in =.. [predicate|[VZ2|REST2]],

#_in =.. [predicate|{V1|REST1]],
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harmonize_tens
Z_nout L
Tomut

sl and_21(V1,V1_ok, V2, V2_ok),
ie hl[v1_oylazs~1]1
cate| [V2_ok|REST2)].

at
L3 Rt

o
—

/' e R L R o e R R R R R o R R R R o ol o o R R L o o o o o ) '/

/* Heers:, we rmonvert the sequence of "tenzes® in%to a more standard name. -/

harmonize_tenses_l_and_2{V1,V1_ok,V2,V2_ok} :-
access_tense_table(V1,V1 _ok, Tensela,Tenselb),
tense2_is_subset_of _tensel (Tensela,Tenselb,V2,V2_ok).

/* when Tencel iz a "subset® {equal or implicitly equal) of Tensel. */
tonse2_is_subset_of_tensel{Tensela, Tenselb,V2,V2_ok) ;-
V2 =.. [Reg_or_Cop,conj_verhs{Conj,Conj_Verbs_in}]. !.
tense?_vs_tensel_in_conj_verbs (Conj_Verbs_in,Conj_Verbs_out,Tensela,Tenselb),
V2_ok =.. [Reg_or_Cop.conj_verbs(Conj,Conj_Verbs_out)].

tense2_is_subset_of_tensel(Tensela, Tenselb,v2,v2_ok) :-
v2 =.. [Reg_or_Cop.verb(MV2, tense(Tense2),Partic,Neg,Advs,Trans)],
is_subget (Tense2, Tensela),

v2_ok =.. [Reg_or_Cop.verb(Mv2, tense(Tenselb),Partic,Neg,Advs,Trans)].
/* when Tensel is different f£rom Tensel. "/
tongsel_is_subget_of_tensel(,_,V2,V2_ok) $=

access_tense_table(V2,V2_ok,_, ).
2 -/

/* Conjoined main verbs. . */

tensel_veo_tensel_in_conj_verbs([).[1.._.._) :

tonse2_vs_tensel_in_conj_verbs ([V_H|V_T], [V_H_ok|V_T_ok],Tla,T1b) :-
V =.. [dummy,V_H], tense2_is_subset_of_tensel{Tla,Tlb,V,V_ok),
V_ok =.. [dummy,V_H_ok], tensel2_wvs_tensel_in_conj_verbs(V_T,V_T_ok,Tla,.Tlb).

/' Thiz subset definition is definitely simplistic (but works fine)! */
is_gubset (Tensel, Tensel}) = 1.
is_subset (Tense2, Tensela)l :- length{Tense2,N2), length{Tensela,Nla), N2 < Nla.

/.-q-.n.a.--c.ottt.-.ni..tttow---------.-w&utt‘.'wt#---.-.-wﬁw.w-trw-!"w'-'w-/

/* VERB_CLAUSE (used by ing_clause, noun, object2_or_action_form, >/
’* past_part_phrase, rel_clause, simple_to_infinitive_clause, & */
/=~ verbpharase_Reg_or_Stat) ~/
/* */
/* These rules extract the verb sequence with its FINAL modifiers (if any). */
verb_clause(_, _,_._s_ev_r_} ===

end_of_sentence_marker(_), (!, fail}l.

/* General verb clause (TYPE 1). */
verb_clause(l,Num,Voice, Tense, Subj,CPL, Struct,M_el) ———
already_parsed{verb_clausel, [Num, Voice,Tense, Subj,CPL, Struct,M_ell}.

verb_clause({l,Num,Voice, Tense, Subj,CPL,Struct,M_el,I,.0) :-

check_spy_on_this_rule({verbeclause, verb_clausel,I,I),

check_chrono{verb_clausel,I), there_must_be_a_verb _here(I),

verbphrase _RegAct_or_RegPass {Num,Voice, Tense,Pre_V.V,

Medial_Modif,Compl,M_el,I,02),
({0 = 02, Final_Modif = []' :
(opt_pause(02,03), required_subordinate_clause({final,Final_Modif,03,0))),.

set_struct {Voice, Tense, Pre_V,V,
Subj.Compl,Madial_Modif,CPL,Final_Modif, Struct),

keep_parse_in_mem{verb_clausel, [Num,Voice, Tense, Subj,CPL, Struct, M _el],.I,0).
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/* Simplified verb clause (TYPE 2): no final mo
verb_clause (2, Num,Veice, Tense, Subj,CPL, Struct, M
already_parsed(verb_clausel, [Num,Voice, Tens

lers allowed. .
el) -

1
o, Subg, CPL, Struct ,M_oel)Y .

verb_clause(2,Num, Voice, Tense, Subj, CPL, Struct , M_cl,.1,0) :-
check_spy_on_this_rule{verbclause, verb_clausel. 1.1},
check_chrono (verb_clausel,l), there_must_be_a_verb herco(l),
verbphrase_Regact_oxr_RegPass (Num, Voice, Tonse, Pro_V, V,
Medial_Modif,Compl.M_vol,1,0V,
set_struct (Voice,Tense, Pre_V,V,
Subj,Compl, Medial_Modif,CPL, [1,Struct),
keep_parse_in_mem(verb_clause2, [Num, Voice, Tense, Subj, CPL, Struct. . M_oL1, L, O).

/Qti-"*wt*‘.*..*t‘ﬁ‘ﬁ#ﬁii‘ﬁ*..‘ﬁ..‘..ﬁ."..ﬁ.‘ﬁiﬁt".t.‘i.QQ.Q.OQ.Q.QQQ‘O‘.!‘ N

/* THERE_MUST_BE_A_VERB_HERE (used by verb_clause & b
il verbseqg__BeGoingTo_or_else) b
/* .i
/* Trying to aveid wmecessary parsing. There must be a verb, a modal, or an */
/* auxiliary at this point otherwise the parsing is bound to be rejected. ./
/* This procedure is also useful for several NP components via verb_clause.,  */

there_must_be_a_verb_here((dct(special_char:**"/_,[1}|T]) :-
there_must_be_a_verb_here(T).

there_must_be_a_verb_here([H|T]} :-
advi_,_,[H],_)., there_must_be_a_verb_here(T).

there_must_be_a_verb here([H|_]} :- verb(_._,_._.[H)l._). '.
there_must_be_a_verb_here{(H|_]) :- aux{_,_,_,[H]._ ).
there_must_be_a_verb_here([H|_J} :- modal_aux(_,_,[H],_)., !'.
there_must_be_a_verb_here(_) - !, fail.

/--wt-t--t.tt't-ttt.tttttﬂtt*-wb#t*-tttttttt---.a..cn.o-..--o.nnol-o..---nahan/

/* SET_STRUCT {(uced by verb_clause) ./
/* REGULAR ACTIVE. ./
set_struct (active, Tense, Pre_V,V,_,CPL,.Medial_Modif,CPL,

Final_Modif,

predicate(regular {VERB), voicelactive),complement (CPL),
subord_clauzes (medial (Medial_Modif),
final{Final_Modit})})

get _verb_trans(V,Trans), Trans \== ztat,
conciliate__pre_v__v{Tense,Pre_V,V,VERB).

/* REGULAR PASSIVE. ./
set_struct (passive,Tense, Pre_V,V,Subj,.Compl_Lizt,Medial_Modif,Compl,
Final_Modif,
predicate(regular (VERB),voice({passive),complement {COMPL) ,
subord_clauses (medial (Hedial _Modif},
final{Final_Modif}})}
get_verb_trans(V,Trans}, Transz \== stat,
conciliate__npre_v__ vi{Tense,Pre_V,V,VERE),
Compl_List =.. [Compl_Type, [Subj|CPLI}, append{CPL, [{Compl].C},
COMPL =.. ([Compl_Type,Cl.

/* STATIVE. */
set_struct{stative,Tense,Pre_V,V,_,CPL,Medial_Modif,CPL,
Final_Modif,
predicate{copula(VERR) ,s_qualifier(CPL),
cubord_clauzes (medial (Medial Modif),
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€inal (Final_Modif)))) :-
get_werb_trans (V,stat), conciliatepre_v_ v ({Tense,Pre_V,V,VERB).

/lIv..lt.l..bb.t.l..t...'..l..'D--.Il-.'--.---QII.I".I."IQ'l....'...'.'.'..'./

/* CONCILIATE __PRE_V_V (used by set_struct) */
/' "/
/* Thic procedure "conciliates® (or "unifies®) negation markers and adverbs */
/* that were found before {(thus the pre_v name for “pre-verbal®) the main 7

/* verb(s) (e.qg. before the aux. group) with the ones found right beside it. */

/* The trivial case: a single verb. */
coenciliate__pre_v__v{Tense,pre_v(Neg,advs),
verb(V,_,P,neg(Negl), advs (Advsl),Tx),
verb{V, tenze (Tense} , P, neg{Neg),advs {Advs2) ,Tr) )
1= !, resolve_neg(Neg,Negl,Neg2), append(Advs,Advsl,advs2).

/* Otherwise, conjoi.ed verbs (see verbseq core): we assume that the scope >/
/* of pre-verbal negation 'Neg' and adverbials *Advs® is the whole sequence */
/* of conjoined verbs unless they are joined by the coordinator 'but'. In */
/* that case, Neg and Advs only affect the very first verb. */

conciliate__pre_v__v(Tense,pre_v(Neg,Advs),
conj_verbs(but,
(verb(V,_,P.neg(Negl) , advs{Advsl},Tr) |R1]).
conj_verbs{but,
[verb(V, tense (Tense}, P, neg (Neg2}, advs {Advs2),Tr) [R2]))
!, resolve_neg(Neg,Negl,Neg2), append{advs,Advsl,Advs2),
neg_and_advs__conj_v_scope{Tense,_,nil,R1,R2}.

conciliate__pre_v__v(Tense, pre_v{Neg, Advs),conj_verbs(C,Ll),conj_verbs{C,L2})

neg_and_advs___conj_v_scope(Tense,Neg,Advs,L1,L2).

neg_and_advs___conj_v_scope (Tense, Neg, Advs,
[verb{V,_,P,neg(Negl) ,advs(Advsl}),Tr}) |R1],
[verb(V, tense(Tense) , P, neg(Neg2) , advs (Advs2) ,Tr) |R2])

resolve_neg(Neg,Negl,Neg2),

{{Advs \== nil, appendiAdvs,advsl,advs2)} ; (Advs == nil, Advs2 = Advsl)),
({Advs == [], ADVS = Advsl) ; (Advs \== [], ADVS = Advs)).
neg_and_advs___conj_v_scope({Tense,Neg, ADVS,R1,R2) .

neg_and_advs__conj_v_scope(_._._.[1.[]).

/Qh..tttt.itt.t.tt-tttt'.i*t*ﬁ*tt**’*'w*t*'**t*itwt*i*i-.**t*i."l..'--""’t'/

/* RESOLVE_NEG (used by be_going_to_g, conciliate__pre_v__v, -/
/e neg_and_advs__conj_v_scope, verbseq, verbseq  BeGoingTo_or_else, & ~/
/* verbseq _Have_or_Do__aux) */
FA */

/* Negation unification: yields to 'yes' iff both subcomponents are ‘yes'. -/

resolve_neg(yes,yes,yes) :- .
resolve_neg(_,_.no).

/.‘t.it-t.ttltt‘tl.-i‘t-.tti t't"‘-tt'.t.'-tttt.'-"--'-tt-ttitttittttitb-'t'.l
/* VERBPHRASE_REGACT_OR_REGPASS (used by verb_clause) */
/* */
/* Handles the regular verb phrases, active or passive. When M_el is present */
/* as last argument, it signals the presence of an empty NP (see rel_clause).*/

verbphrase_RegAct_or_RegPass {Num,Voice,Tense, Pre_V,V,Medial_Modif,CPL.M _el)
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-
verbseqg(Num, Voice, Tense, Pre _V, V),
medial_vp_subordinate_clause (Medial_Modif},
complement (Voice,V,M_el,CPL) .

medial_vp_subordinate_clause(nil) - 7.

medial_vp_subordinate_clause({subordinatce (MSC)) --»

med_correlative_marks_ol(N),

{adverbial_subordinate (medial,.MSC) ; nominal_subordinate(medial ,MSCHY,
med_correlative_marks_c(N).

med_correlative_marks_o{(l}) --> comma.
med_correlative_marks_o(2) =--> dashes.
med_correlative_marks_o(3) --> parenthesis_o.

med_correlative_marks_c(l} =--> comma.
med_correlative_marks_c(2) =--> dashes.
med_correlative_marks_c(3) =--> parenthesis_c.

I’*Q*W"*#Q*tQﬁit‘.“-'--‘ti.'ii.--ti...---tﬁ't.‘..ﬁ-i!t..itﬁ..l..httttﬁtttﬁﬂﬁ‘/

/* VERBSEQ (used by verbphrase_RegAct_or_RegPass) s/
I 7
/* The basic form of a verb sequence is based on Winograd's description: */
/* "modal_aux | be_going_to | have/do | be_1l | be_2 | verb® ./
/* be_l: information about the continuity of the action. ./
/* be_2: passive or active form. ./
/t c/
/* Ou encere: i) modal + be + verbe en -ing ~/
i ii} modal + have + participe passe ./
/™ iii} medal + have bheen + participe presoent. ./
/- */
/* All these different elements, except the verb of course, are optional: ./
/* see QUIRKR, chap.3; on marginal modals & modal idiems, see pp.l3f+. “/
/* The verb sequence containg a “HAD BETTER" modal idiom. */
verbseq{_,Voice, [had_better,pres|Tense],pre_v(Neg, Advs), V) -

check_chrono(verbseq),

{modal_aux(had,_) ; modal_aux{had_would,_)},

adj {good,comp) ., opt_negation(Negl),

verbseq BeGoingTo_or_else(2,_,Voice,Tense,pre_v(Negl ,Advys) , V),
(resolve neg(Negl,Neg2,Neg)}.

/* The verb sequence c¢ontains a "WOULD RATHER®" modal idiom. ~/
verbseq(_,Voice, [would_rather,prec|Tense) ,pre_v(Neg,Advs) V) --»

{modal_aux(would,_) ; modal_aux{had_would,_)),

adv(rather,_), opt_negation{Negl),

verboeq BeGoingTo_or_else(2,_,Voice,Tenze, pre_v(Neg2, Advs) V),
(resclve_neg(Negl,Neg2,Negl}.

/* The verb cequence containz a modal (different from the marqginals below), */
verbseq(_,Voice, [Modal ,Modality|Tensel, pre_v{Neg, Advs) , V) -

modal_aux{Modal,Modality),

{Modal \== dare, Modal \== need, Modal \== ought Lo, Modal \== uned_to},
opt_advs_negation{Advsl,Negl},

verbseq BeGoingTo_cr_elsel2,_,Voice,Tense,pre_villeqg2, Adrs2) V),
{append (Advsl, Advs2,Advs), resolve_neg(Negl, Neg2, Heqg)l).

/* The verb sequence contains a "DARE" marginal modal. "/
verbseq(_,Voice, [dare,Modality|Tense],pre_v(Neg, Advs),V) -

modal_aux{dare,Modality), opt_negation(deql),
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werboeq  BeGoingTo_or_else(2, . Voice, Tense,pre_v(Neg,advs),vV),
{recolve _negiNegl,Neg2,Neg)).

/* The varb sequence contains a “NEED" marginal modal. -/
verbseql_,Voice, [need,Modality|Tense],pre_viNeg, Advs),V} -
modal_aux (need,Modality), opt_negation(Negl),
verbseq  BeGoingTo_or_elsel(2, _,Voice,Tense,pre_v(Neq2, Advs) V),
{resolve_neg{Negl,Neg2,Neg}}.

/* The verb sequence contains a "OUGHT TO" marginal medal. ./

verbzeg(_, Voice, [ought_to,Modality|Tense],pre_v(Neg,Advs) ,V} -->
modal_aux{ought_to,Modality). opt_negation(Negl), infinitive_marker,
voerbzeq BeGoingTo_or_else (2, _,Voice, Tense, pre_v(Negl,Advs),V},
{resolve_neg(Negl,Neg2,Neg) ).

/* The verb soquence contains a "USED T0" marginal modal. */

verbseq(_,Voice, [used_to,Modality|Tense),pre_v(Neg,Advs) ,V}) -->
modal_aux{used_to,Modality)., opt_negation(Negl), infinitcive_marker,
verbseq  _BeGoingTo_or_else(2, _,Voice,Tense,pre_v{Neg2,advs),V),
{resolve_neg{Negl,Neg2,Neg)}.

/* The verb sequence does not contain a modal. >/
verbseg (Num, Voice, Tense, Pre_V, V) -
verbseq BeGoingTo_or_else(l, Num,Vojce, Tense, Pre_V,V).

,i‘..ttﬁ.tt.ttttﬁ*t.'ﬁ.‘"t-.---.-‘-i‘--.ti'.'.-ﬁ'-*.'t..ﬁ-.*".t'&ti."ﬁ"i..i/

/* INFINITIVE_MARKER (used by be_going_to, have_to, rel_clause, */
/* simple_to_infinitive_clause, verbseq, verbseq Be_ aux, & */
/" verbseq Have_or_Do__aux) */

infinitive_marker --»> special_function_word{te,_).

/.Q..Q.t.lb.t.....-..ﬁ...t-tt.t"i"'ﬁ."'-"tﬁ"t't’*t't"'t"t"ﬁftﬁ*ﬁt*ﬁt*ﬁ*l

/* VERBSEQ__BEGOINGTO_OR_ELSE {used by verbseq) -/
/* The "BE_GQING_TO" and "HAVE_TO" cases. */
verbseq BeGoingTo_or_else{_,Num,Voice,Tense,Pre_V,V,I1,0) -

(be_going_to{Num, Tensel,Negl,Advsl,I,02) ;

have_to (Num, Tensel,Negl,Advsl,I,02)),

there_must_be_a_verb_here(02),

{ (verboeq _HaveBe__aux(_,Voice, [inf,continl,pre_v(Neg2,bAdvs2) ,V,02,0},
Tense2 = [contin]., append(Advsl,Advs2,Advs),
resolve_neg{Negl,Neg2,Neg), Pre_V = pre_v{(Neg,Advs)) ;

(verbseq core(_,Voice, [inf],Vv,02,.0),
Tense2 = [simple), Pre_V = pre_viNegl,Aadvsl))),

append (Tensel, Tensel, Tense) .

/* The GENERAL case ... -/
verbseq  BeGoingTo_or_else(Modal_flag,Num,Voice,Tense,Pre_V,V) =-->
verbseq Have_or_Do__aux(Modal_flag,Num,Voice,Tense,Pre_V,V).

/.‘.--..t'QC.tt...t..t..t'.*..t*t"t**t**"Q*t.'i"tﬁt'-"ttt'*itw't*"ﬁ*ﬁt****l

/* BE_GOING_TO & HAVE_TQ (both used by verbseg BeGoingTo_oxr_else) >/
/* */
/* The *"BE_GOING_TO" {(near future) & */
/* *HAVE_TO" liobligation or logical necessity} SEMI-AUXILIARIES: -/
/* see QUIRK, pp.l43+ (semi-auxiliaries). */

be_going_to (Num, Tense,Neg, Advs) =-=->
adverbs (Advsl), be_going_to_g{Neg,Num,Advs2, Tense),

be_going_to_mainvb, infinitive_marker, (append(Advsl,Advs2,Advs)}.

be_going_to_g(Neg,Num, aAdvs, [Tense, perf,near_fut]) =-->
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[47]
-t

aux (have,Num, Tense) , opt_advs_negation{Advs, Neal),
aux{be,_,perf), opt_negation(Negl}, [resolve_neg(Neal.Neal,Neq)l.

be_going_to_g (Neg,Num, Advs, [Tense, near_futl]) -

aux{be,Num, Tense), opt_advs_negartion{Advs,Neqg).

be_going_to_mainvh([det (word:going/_,_}|01.0).

have_to (Num, [Tensel,Neg,Advs) -->
adverbs {Advsl), aux{have,Num,Tense), opt_advs_negation(Advsl,Neg),
infinitive_marker, (append(Advsl,Advs2, advs)).

_S_V.PL ("senience & verb phrase rules™

...............................................

/"t-‘t."'...ﬁ"ﬁ.'b.tl.'.i'.ﬁ.'...‘tﬁ*‘tﬁiﬂ.ttﬁﬁﬂﬁtttttq.Q.‘.i....lt.tl..lﬁ.ll ’
f

/* VERBSEQ__ HAVE_OR_DO___AUX (used by verbseq  BeGoingTo_or_eclae),
/> VERBSEQ__HAVEBE__AUX (used by verbseg  BeGoingTo_or_clse &
/> verbseq Have_or Do__aux},

/* & VERBSEQ_ _BE__AUX (used by verbseq Have_or_Do__aux &

/> verbseq HaveBe__ aux)

/™ ~ HAVE as an auxiliary =-~—--~msssscmcccm e

/* Modal_flag = 1 : for NON-MODALS.
verbzeq _Have_or Do_ aux(l,Num,Voice, [Tensel,perf|Tensel],
pre_vi{Neg,Advs},V) oo
adverbs (Advsl), aux(have,Num,Tensel), {Tensel \== inf},
opt_advs_negation{Advs2,Negl),
verbseq HaveBe__aux (Num,Voice, [perf|Tense2], pre_v(Nogl2,Advn3) V),
{append (Advsl,Advs2,Advsd), append{Advzd,Advs3, Advs),
resolve_neg(Negl,Neg2,Neg) ).

/* Modal_£flag = 2 : for MODALS.
verbseq Have_or_Do__aux(2,Num,Voice, [perf|Tenzel,pre_v(Ncg,Advs) , V) --:-
adverbs (Advsl), aux(have,Num,inf), opt_advc_negation (Advc2,Negl),
verbseq HaveBe__aux{Num,Voice, [perf|Tense],pre_v(N=g2,Advz3), V),
{append (Advsl, Advs2, Advsd), append(Advzd, Advs3, Advs),
resolve_neg(Negl,Neg2,Neg)}.

r~ DO as an auxiliary ~~—————mcmmm e

verbseq Have_or_bo__aux(_,Num,Voice, [Tensel,pre_v{Neqg, Advs),V) --=
adverbs {Advsl), aux(do,Num,Tenze), {Tense \== perfj,
opt_advs_negation{Advs2,Neg),
verbseq core(_,Voice, [inf],V), {append{Advsl,Advsa,Advs)),

/* No HAVE or DO auxiliaries found in the verb sequence ...
verbseq_ Have_or_Do__aux(Modal_£lag,Num,Voice,Tense, Pre_V,V) -—-
verbseq Be__aux(Modal_flag,Num,Voice,Tense,Pre_V, V).

I BE as an auxiliary ~———e——mem e e

/* first two clauses: when following HAVE ...

verbseq HaveBe__aux{Num,Voice, [Tense,contin],pre_v{Nrg, Advs) V) ==
aux(be, Num, Tense), opt_advs_negation{idvs,leqg),
verbseq_core{Num,Voice, [progr].V).

verbseq HaveBe__aux{Num,Voice, Tense, Pra_V,V) -
verbseq Be_azux(_,Num,Voice,Tense,Pre_V,V}.

/* Modal_f£flag = 1 : for NON-MODALS; the "BE TO" modal idicm.
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rerboeq  Be_ _aux{l,Num,Voice, [be_to,Tenge,pres),pre_viNeg,Advs).V) =-->

/*

adverbs (Advs),

aux{be,Num,Tense), {(Tense == past ; Tense == pres : Tense == pres3s)},

opt_advs_negation([],Neg), infinitive_marker,
verboeq core(_,Voice, [inf], V).

Modal_flag = 1 : for NON-MODALS, the general case.

werboeq  Be__aux{l,Num,Voice, [Tense, contin),pre_viNeg, advs),V) ——

/'

adverbs {Advsl), aux(be,Num,Tense}, {Tense \== inf},
opt_advs_negation(Advs?, Neg),
verboeq core (Num,Voice, [progr],V), {append(Advsl,Advs2,Advs)}.

Modal_flag = 2 : for MODALS.

verbseq  Be__aux(2,Num,Voice, [pres,continl],pre_v(Neg,Advs),V) -——

adverbs (Advsl), aux(be,Num,inf), opt_advs_negation({Advs2,Neg},
verbsedq core(Num,Voice, [progr],V), (append{Advsl,Advs2,Advs)}.

_____ No auxiliaries found !

verboeq  Be_ aux({_,Numn, Voice,Tense,pre_viyes,[])},V) -—2

/.--.o-..ot-g*-QQ.Q*-Qﬁ-.-----ttttttttttt.ttttt-tt-tt.ttt-ttv*w.--*w--!*wt*'h

/.
/.
/t
/t
/‘
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IQ
/I
/t
/w
/‘

verbseq_core (Num, Voice, Tense,V).
VERBSEQ_CORE (used by verbseq _Be__aux, verbseq _BeGoingTo_or_else,
verbseq Have_or_Do__aux, & verbseq HaveBe__ aux)

These rules recognize the simple (usual) case in which a VP contains a
single main verb. They also recognize the more complex case in which a

sequence of conjoined main verbs is used instead. Although the lattey can
alco be analysed in terms of conjoined verb phrases with several elided
constituents, we follow the analysis of QUIRK (see pp.943+ & pp.967+) and

consider it as a case of conjoined main verbs with, often, an implied
chronological sequence. Here are two typical examples taken from QUIRK:
Ex.l: *Paul WASHED AND DRIED the dishes."

Ex.2: "He WAS BORN, LIVED, AND DIED in the city of Vienna.*

verbseg core (Num,Voice, [Tense] V) -->

/.’

res

check_chrono (verbseq_core),

verbal (Num, Voice,Tense,Vbl), rest_verbseq core(Num,Voice,Coor,Vb_R),

{pack_verbseq _core(Vbl,Coor,Vb_R.V}}.

LR R R I I L I R R N L I N R R B R R L I B AT Y B}

t_verbseq _core{Num,Voice,Coorx, [VB2|Vb_R]} -->
opt_comma, real_coordinatos._3(Coor), verbal {Num,Voice,_,VED),
rest_verbseq_core(Num,Veice,Coor,Vb_R}, {!}.

rect_verbseg_core (Num,Voice,Coor, [VB2|VE_R]) -->

comma, verbal (Num,Voice,_,Vb2},
rest_verbseq_core(Num,Voice,Coor,Vb_R), {Vb_R \== [], !}.

rect_verbseq core(_,_._.[]) -=> [].

pack_verbseq _core(Vbl,_,[1,Vbl) :=- !.
pack_verbseq_core(Vbl,Coor.Vb_R,conj_verbs (Coor, [Vbl|Vb_R1}) :-

f.

,.
,t
/-

nonvar {Coor}), lasti{lLast_V,Vb_R}), get_verb_trans(lLast_V,Last_V_trans),
append {(Vbs_but_last, [Last_V], [Vb1|Vb_R1),
check_trans_compatibility(Vbs_but_last,Last_V_trans).

IR s e e anae e L R I T R O R R R N S R

Making sure that we are not dealing with incompatible verbs, as far as

their transitivity is concerned. Otherwise, they should be considered as

conjoined VPs, not conjoined verbs. See also get_verb_trans below.

~/
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*/
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check_trans_compatibility(_,Trans) 1= Trans \== intr, Tr

rans \o-otr, Y.
check_trans_compatibility (VbsL,intr) :- not_incompatible_intr_vo_tritre,Vhal) .
check_trans_compatibility (VbhsL, ) 1= not_incompatible_intr_vo_triintr.Vvhsly .

not_incoupatible_intr_vs_txri{_,[1) HET I
not_incompatible_intr_vs_tr (T, [V_K|_]) :-

get_verb_trans(V_H,Trans}), Trans == T, !, fail.
not_incompatible_intr_vs_tr(T, [V_H|V_R]) :-
get_verb_trans(V_H,Trans), Trans \== T, not_incompatible_intr_vs_tr{T.V_R}.

B Al T e b o o b b e b s b b B o o e A A A e LTI T
[ ACTIVE VERB .
verbal (Num, active, Tense,
verb(Mainvb, tense(Tense) , partic({Par) ,neg(Neg) , advs {Adva), trans (Transi )
-l
adverbs (Advs),
verb__in_double_quotes_or_not(Tense, Trans, Num,MainVb),
opt_particle(MainVb, Pax). opt_negation(Neg}.
{check_Num_Tense_agreement (Num, Tense) }.

P : *"PASSIVE" VERB ./
verbal {Num, passive, Tense,
verb{MainVb, tense{Tense) ,partic{Par), neg{Neg), advs{Advs), trans{Trans)))
——
adverbs (Advs), aux(be,Num,Tense}, opt_ncgation(Neg),
verb__in_double_quotes_or_not{perf,Tians, Num,Mainvb),
opt_particle(MainVb, Paxr),
{check_Num_Tense_agreement {Num, Tense) ).

/* STATIVE VERB 7/
verbal (Num, stative, Tense,
verb{MainVb, tense (Tensze) ,partic(nil),neg{Neg), advs (Advs), trans{atat)})
-
adverbs {Advs),
{{verb__in_double_gquotes_ocr_not(Tense, stat, Num,MainVb),
opt_negation(Neg}) ;
(opt_negation(Neg),
verb__in_double_quotes_or_not(Tense, stat,Num,Mainvh))).
{check_Num_Tense_agreement {Num, Tenze) ).

P theesasaaarraneanr e fhrae e s e f s e 7
check_Num_Tense_agreement (Num, _) t— var{Num), !.
check_Num_Tense_agreement (593 ,pres3s) :- !,
check_Num_Tense_agreement (sg3, Tense) :- Tense \== pres, Tence \== inf, !.
check_Num_Tense_agreement {(Num,Tense) :- Num \== z2qg3, Tenose \== presic

,b"'..'-ﬁ'.fi"*'*"'.--..-’-.-'.'.t-.ﬁ.iﬁ.t.....tb‘.t"‘tt.ltb.l.ll.‘b....btl

/* VERB__IN_DOUBLE_QUOTES_OR_NOT (used by past_part, pres_part, b verhbal) */
;o >/
/* We recognize verbs enclosced in double quotes {e.q. *tells®, *enter”). +/
/* A word W in double quotes is represented ac double_quotesi¥), */

/™ but a sequence of words SW in double quotes ic represented as ctring(ow). */

verb__in_double_quotes_or_not({Tense,Trans,Num,double_quotes (V)) -->
{Tense == imp)}, double_guotes, verb(imp,Tranz,Num,V), double_gquotes, {!}.

verb__in_double_guotes_or_not{Tence,Tranc,lum,double_quotes(V}) --=»
double_quotes, verb({Tense,Trans,Num,V), {Tense \== imp)}, double _quotes.

verb__in_double_gquotes_or_not(Tenge,Tranc,Num, V) ] -——
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{Tense == imp), verb(imp,Trans,Num,V), ('},

verb __in_double_quotez_or_not{Tencse, Trans, Num,V) -2
verb (Tense, Tranz, Num, V), {Tense \== imp}.

/--—b-l---o--o-.r-o.o-..--.------------on--oa-c---.-a-twwt-n--wttwtuvtowtwu"-/

/* COMPLEMENT (used by verbphrase_RegAct_or_RegPass)
;e
/* Defines the different types of complemen: accepted by a verb sequence:

i intr = intrangitive : verbs that do nat occur with objects.

/* stat = stative : copulas (see verb _clause & sef_struct).
/* tr = transitive : verbs that occur with one or more object.
/* tr_intr : verbs that can be used either as intr or as tr.
complement{_,_,M_el,nil) -=> {M_el == ing_noun, !}.

complement {Voice,V,M_e1,CPL) -->
check_chrono (complement (tr}},

{get_verb_trans(V,Trans), (Trans == tr_intr ; Trans == tr)}.
check_spy_on_this_rule(complement,complement_tr),
complement_tr(Voice,M_el,CPL).

complement (Voice, V. M_el,CPL) -~>
check_chrono {complement {intz) )},
{get_verb_trans(V,Trans), (Prans == tr_intr ; Trans == intr), '],

check_spy_on_this_rule(complement, complement_intr},
complement_intx (Voice,M_el ,CPL) .

complement {Voice,V,M_el ,CPL) -->
check_chrono(complement (stat)},
{get_verb_trans(V,stat)},
check spy_on_this_rule{complement, complement_stat),
complement_stat (Voice,M_el,CPL) .

>/
~/
*/
~/
*/
~/
./

/'..l..'.dQ-.tctt*.nt.t.ttt-'--t-tttt-tt-tonncnclt.' ot--.vwvwut‘v"rﬂ*#!**‘iﬁt*w/

/* GET_VERE_TRANS (used by complement, not_incompat. le_intr_vs_tr,
/* pack_verbzeq core, & set_struct)

/* The trivial case: a single verb.

goet_verb_trans{verb{_,_._._.,_.trans{Trans)),Trans}.

/* Otherwise, conjoined verbs: we assume that the last verb determines Trans.

get_verb_trans (conj_verbs{_,Vlist),Trans) :-
lasti{verbi{_._._,_,_,trans{Trans)},Vlist).

Jt REBEBRHAANRERARRERRBAERRBURRBBARERA AR R RAE BB R AR R R HARH AR R R R B AR RERERHRES

/* TR (i.,e. transitives, ditransitives, & complex transitives)

/t

/* Somae rules apply to ditransitives as well as to complex transitives:

/: cee QUIRK, pp.1170+ (16.20: “Types of verb complementation®).

;' Notation: S{ubject), V{erb), O(bject), C{omplement), A{dverbial}.

/¥ et e ACTIVE STRUCTURES -r-==-mc=reco—caccmmccacaaaas
complement_tr(active, referring_np(M_el),svoo_svoc_svoa([M_el,X])) &= -->

np_equivipost_v,2.X,_)., {!}.

complement _tr(active, referring_np{M_el),sveo_svoc_svoa({[M_el, X1)) -—
required_prepphrases{X,_}, {!]}.

complement_tr{active, referring_np(M_el),svo({M_el)) -——
(1.
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complement_tr(active, def_prepi{M_el), svoo_svoc_svoa{{lhi.ppif, Y clY ¥ --~
np_equiv{post_v,2.0bj._}, prep(P), not_feollowed_by_a_np.

complement_tr{active,def_prep(M_cl),.svo(pp(P.M_ el -~
prep(P), not_followed_by_a_np.

complement_tr{active,nil.svoc{Compar}) -
comparative_clause (Compar}.

complement_tr (active,nil, sveo (X)) .
np_equivipost_v,0,.X,_) :; required_prepphrases(X,_).

complement _tri{active,nil,Compl_Struct) -
np_equiv{post_v,2,0bj,_1},
rest_complement_tr_act_np(0Obj,Compl_Struct).

complement_tr (active,nil,svoo_svoc_svea{[Obj,PP_obil)) -
required_prepphrases (PP_obj,_), np_equivipost_v,2,0bj,_).

J¥ e PASSIVE STRUCTURES ==-==-c=-m=coooaomoam-

complement_tr(passive, referring_np(M_el}, svoo(lAgent,M_oll))
by_phrase(Agent) ; {Agent = pass_subj(nil)}.

complement_tr{passive,nil,Compl_Struct)
by_phrase{Agent), rest_complement_tr_pass_by(Agent,Compl_Struct).

complement_tr (passive,nil,Compl_Struct)
required_prepphrases(Iobi,by},
rest_complement_tr_ pass_pp(Iobj,Compl_Struct).

complement_tr(passive,nil,Compl_Struct)
np_equivipost_v,0,0bj,_),
rest_complement_tr_pass_np{Obj,Compl_Struct}.

complement_tr{passive,nil, svoo_svoc_svoa([Agent,attributes (A)]))
required_adj_phrase(A)., by_phrase{Agent).

restc_complement_tr_act_np({0bj, svoc((0bj,Compar])) -
comparative_clause (Compar).

rest_complement_tr_act_np{lobj, svoo_svoc_svoa{lX%,iocbj(lobi) ]} -~
np_equivipost_v,0,X,_).

rest_complement_tr_act_np (Obj, sveo_svoc_cvoal[0bj, X)) -
required_prepphrases({X,_).

rest_complement_tr_act_np(Obj,.svoc_svoal{Obi,%1})) -
required_adj_phrase(X}).

B.l: DIPETT_S_PARSER_S_V.PL (“sentence & verb phrase rules™

/% o iiienianea e atmaeeeasassteseeeseear it nanan e eve s brereas et
rest_complement_tx_pass_bylAgent, svoo_svec_svoaf{ [Agent.%]}) -—
np_equivi{post_v,0,%._) : required prepphrasec(X,_)., (!}.
rest_complement_tr_pass_by (Agent,svol(lAgent,nill)} --= [l.
rest_complement_tr,pass_pp{Iobj.svoo_svoc_svoa(IAgent.iobjIIobji])) -——
by_phrace{agenti, ('}.
rest_complement_tr_pass_pp(Iobj.ovoo([pass_zubj(nil),ichjtlobj)]l}} --=» {].
rect_complement_tr_pass_np{0bj,sveo_svoc_svoal [Agent,0bjl}) -

by_phrase{Agent), {!).
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rest_complement_tr_pass_np(0bj.svoo([pass_subj(nil) , Objin} R I
/" e P T T R L L o A e e kR A
/* Note: in fact this might be foo restrictive. What we really mean iz "not °

/* followed by something that can ONLY function as a NP*. Yes, tricky indeod. ™.

not_followed_by_a_np(I. 1) :-

(noungp_head{_._,_,I._} : np_nucleus{_,_,_.I,_)). required_adverb={_.1._). !'.
not_followed by _a_np(I,I} :- noungp_head(_,_,._.I._), !. fail.
not_followed by_a np{I,I} :- np_nucleus(_,_,_.I._ ). !, fail.

not_followed_by_a_np(I.I) := !.

/* Note: this rule recognizes “by Tom and Bob® but not "by Tom and by Bob®., */
by_phrase(pass_subj (Agent)) --> preplby), np_edquivipost_v,2,Agent, ).

7 BERRARNEHBHSHASSRERRARRRRERRARBRURRBURAE R RE RN R AR R RR RN RRRR R NN AR RN RN )
/* INTR (i.e. intransitives) “

complement_intr (active,nil,sv(nil)) --> [].

Jv BEBRERRERERRERERBEABRHDORR AR B R GHENGERU R R RN N AR R RER RN RRRHHRURRURRBRNN D~/
/* STAT (i.e. statives or copulars) ./

complement_stat{stative,referring_np(M_el),svc_sva(M_el)} --~ 1],

complement_stat({stative,nil, svc_sva(Al) -——
compl_adj_phrase{A).
complement_stat{stative,nil,sve_sva{Obj)) -

np_equivipre_v.0,0bj,_).

/.ttttt.w*‘.w‘-t-ttttttwwtnwttf'.tﬁ--ttttttwntﬁtit.t.ﬁ-c...tt.hunt.ttt....t..-/

/* REQUIRED_SUBORDINATE_CLAUSE (used by verb_clause) ./
/* & SUBORDINATE_CLAUSE {used by required_subordinate_clause & sentence) ./
i ./
/* Sentence modifiers may occur at the beginning or at the end of a sentence */
/* or a verbphrase. They generally affect the meaning of the gentence by ~/
/* specifying particular circumstances, time or manner constraints on the */
/* main clause. Thus, relative to the latter, they are subordinate clauses. */
i */
/* Note: *"modifiers® and *subordinate clauses"™ are used as synonyms here. ./

required_subordinate_clause (POS,RCM) -->
subordinate _clause(POS,RCM), (RCM \== [1}.

subordinate_clause{initial,_ ) -—
end_of_sentence_marker{_}, {!, fail}l.

subordinate_clause(£final,{],I,I) :-
end_of_sentence_marker(_,I,_). !.

subordinate_clause({_, []) -—=> [1.

subordinate_clause{P0OS,Out_Struct) $ Tokenz -->
modif({POS,.M1), rest_sub_cl(POS,Coor,M_R,M1), {pack_cub_cl(Ml, Coor,M_R,M_ L)},
{get_desired_output_structure(M_L, Tokens,Cut_Struct)}.

w ¥
I* ciieen Prserneratasnnn tiestrsesaanes e vherranrens - seenanan

/* The follewing rules require that an initial *modifier® must be followed by*/
/* a comma if it's not a simple adverbial clause. Otherwice, it*'s optional., */

rest_sub_cl{POS,Coor, [M2|M_R],_)

-
opt_comma, opt_real_coordinator{Coor}, modif{POS,M2},
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rost_sub_cl{POS,Coor, M_B,M2), {1}.
rect_cub_eliinitial, _, [].ph(subozdinate{adverbiali{simple_adv_clause(_)}),.))
[i.
recst_sub_el{initial, _,[1._)
-
comma .

rest_sub_cl(final, _,[1.,_)
_——
opt_comma.

pack_sub_cl(ML, . {].[M1]) := !,
pack_sub_cl(M1,Coor0,M_R,conj_subord_cl(Coor, [M1[M_R})) :-
{var (Coor(), Coor = implicit_and} ; {(nonvar(CoorQ), Coor = Coor0).

/'tit..t'-‘ﬁ..ti‘*ﬁ"'.-'-.-."ﬁ.'-ﬂ'**'*ﬁ.."tﬁiI'.-.'-.-.-...".t.'tw‘ﬁ'**..‘/

/* MODIF (uzed by rest_sub_cl & subordinate_clause) */

modif {POS, subordinate{M}) -
already_parsedisubordinate_clause, ([POS,M]).

modif (POS, subordinate(M),I,0Q) :-
check_spy_on_this_rule(subordinate_clause,nil,I,I), check_chrone(modif,I},
modif_phrase(POS,M,I,0},
keep_parse_in_mem{subordinate_clause, [POS,M],I,0).

/* Major categories of subordinate clauses: adverbial and nominal clauses. >/

/* Others are sentential relative & comparative (see QUIRK, pp.l047+). -/
/* Note: sentential relative is syntactically similar to nominal relative >/
/* clause (though semantically different), thus, not included here. */

_/* For more details, see QUIRK p.1118. On subordinators, see QUIRK, pp.398+. */

modif_phrase (POS,Qut_Struct) $§ Tokens -->
comparative_subordinate{P0OS,M},
{get_desired_output_structure (M, Tokens,Out_Struct)}.

modif_phrase (POS,Qut_Struct) $ Tokens -->
adverbial_subordinate(POS,M),
{get_desired_output_structure{M, Tokens,Out_Struct)l.

modif_phrase {POS,Out_Struct) $ Tokens -->
nominal_subordinate (POS, M),
{get_desired_output_structure (M, Tokens,Qut_struct}}.

comparative_subordinate{initial,comparative(M)) -—
comparative_clause(M).

adverbial_suberdinate{_,adverbial (M)} —-—
adverbial_clause(M).
adverbial_subordinate(_, adverbial (M)) -

adv_group(M).
adverbial_subordinate(initial, adverbial (subordinator({sub_Conj),M)} -->
opt_subord_conj (Sub_Conj), required_prepphrases (M, ).

nominal_subordinate(initial,nominal {subordinator(Sub_Conj).M)} -——
opt_subord_conj {Sub_Conj), nominal_ clause(_,M._,_).

opt_subord_conj {Sub_Conj) -->
conj(Sub_Conj), {\+ real_coordinator(Sub_Conj), !}.
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opt_subord_conj(Sub_Conji) --»
adv{Sub_Conj.Type)l, (Type == conj, !'}.
opt_subord_conj(nil} ==~ [].

raAAAALAALRALRALLLLLAALARAREALAAAASAALALAALRLLAALARALEERASELALLLLALALELEEEAALSEEES]

/* ADVERBIAL_CLAUSE & ADV_GROUP (both used by adverbial_subordinate) ..

adverbial_clause{adv_clause{subordinator (Adv_or_Conj}.Clause}) --»~
{required_adverbs (Adv_or_Conj) :
{opt_subord_conj (Adv_or_Conj}, {Adv_or_Conji \== nill})},
rest_adverbial_clause(Clause}.

rest_adverbial_clause(Clause) -
nominal_clause{ing_clause,Clause,_,_).
rest_adverbial_clause{Clause} .-

sentence_core_s{Clause}.
rest_adverbial_clause(past_part_phrase(Agent,PPP)) -->
past_participle_phrase(_,main_clause_subj,Agent, PPP) .

adv_group(simple_adv_clause(Advs)) --» required_adverbs{Advs).
adv_group (comp_adv_clause (Comp,0Object}) -->

compare_p. adv{Comp},

{np_equiv({post_v,2,0bject,_) ; sentence_core_s{Object)).

compare_p_adv{comparator__than{Deg_Mark,Adv}) -->
compar_degree_marker (Deg_Markl, adv_s(Adv), conjithan).

compare_p_adv (comparator__than{Deg_Mark,Adj}) --»
compar_degree_marker (Deg_Mark), adj{Adj.cemp). conj(than).

/ttttttttwwtwtww--w--tt'itwt*tto.'tt-.t-w---tt.t.ttwttwtt....tt....-.-..ot..tb/

/* SENTENCE_CORE_S (used by adv_group, comparative_clause, question, ./
/* rest_adverbial_clause, that_clause, wh_i_d_clause & whether_if_clause)*/
i .

/* Similar to 'sentence_core' except that we do not allow subordinate_clauze */
/" or np_equiv of type 1 in oxder to avoid potential infinite left rocursion.*/

sentence_core_s!{Struct) -->
check_chrono(sentence_core_s),
np_equiv(pre_v,2,Np,Num), verbphrase(2,Num,_,Np, [},Struct,nil}.

/-'-.-'"--'-ﬂ-."""'*"--'."'tt‘t"ﬁ.tt'.....t--".--.&.-.ttt..I.‘Q..IQ..&./

/* COMPARATIVE_CLAUSE (used by comparative_subordinate, compl_adj_phrase, */
Vi complement_tr, & rest_complement_tr_act_np) */
/™ ./
/* See QUIRK, pp.l1127+. */

comparative_clause(_}
-—

end_of_sentence_marker(_), {!, fail}.

/* *THAN' comparison: " ... & much better student than your own brother.® */
comparative_clause{comparative_clause__than(
prep(Prep) ,degree (Deg_Mark),compar__than{Adj_C).
compar_obijl(0bjl), compar_obj2{0bj2))}
-
(prep(Prep) ; {Prep = nil}),
compar_degree_marker (Deg_Mark), compar_adj (Deg_Mark,Adj_C),
inp_equivipost_v,2,0b3jl,_) : {Objl = nil}),
conj{than}, (sentence_core_s(0bj2) : np_equiv{post_v,2,0bj2._)].
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/* "AS-AS' comparison: * ... as intelligent as your own brother." -/
comparative _clause{comparative_clause__as_as|
degree{Deg_Mark) ,compar__as_as (Adj_C),
compar_obj (Obj)))
advi{as,_).
compar_degree_marker {(Deg_Mark),
{compar_adj (Deg_Mark,Adj_C) :
np_equivipost_v,2,Ad3_C,_)),
advias,_},
{sentence_core_s{0bj) :
np_equivipost_v,2,0bj,_) ;
required_adj_phrase{0Obj}}.

compar_degree_marker(least) --> quant(least,_._). {1l}.
compar_degree_marker{less) =--> quant(less,._,_}., {!}.
compar_degree_marker {many) --> cquant(many._,.}. {!'}.
compar_degree_marker (more) -=-> ¢uant(more,_,_}, {!}.
compar_degree_marker {most) --> quanti{most,_,.), {'}.
compar_degree_marker (much) --> quant(much,_,_), (!}.

compar_degree_marker{so} --> advi(so,_)., {!}.

compar, degree_marker(nil) --> [].

compar_adj{_,Adj_C) -=> adj_s{adj_C,_). -

compar_adj{_,Adj_C) -=-> adv_s{Adj_C).

compar_adj {Deg_Mark,.nil) --> {Deg_Mark \== nil}.
/tt.*.Qttt’ﬁ‘-.ﬁ-t.""**'t**b*i.”.'ﬁ".ﬁ.---t.it""'w***iti**ﬁﬁ"ﬂ"'--'i'.'ﬁ/
/* LAST_RESORT_PARSING_OPTION {used by parse in dipett 1) */
" >/

/* When an input is unrecognizable by the grammar or when it camnot be par- */
/* sed ingide the alloted CPU time limit, the user can {(option G in parsing ™~/
/* options) ask DIPETT to reparse the input as a series of fragments. This */
/* option is obvioculsy less desirable than a full (correct) parse but much "/
/* more preferable to a completely unsuccessful parse. This approach to >/
/* *partial parsing” allows us to ensure, up to a certain point, that DIPETT */
/* will at least attempt to extract partial *knowledge*® elements out of any */
/* well-formed input. Thix is, in a sense, a last resort parsing strategy. */

/* set_chrono: relative to the original CPU time limit; not a new one. */
last_resort_parsing_option({Frags,I,Q} :-
{ (fragmentary_parsing(on),
writep('** Reparse as a series of fragments [n/¥]? '},
{ (user:batch_parsing{on), Answer = y, nlp) ;
(\+ user:batch_parsing(on), read_answer (Answer})}.
Answer \== n) :
{frag_parsing_only{on}, nlp}),
set_chrono,
on_exception (Msg,
with_timing(*'fragmentary parsing ’',
last_resort_parsing(Frags,I.Q)}).
display_exception_message_and_fail__ 6 (Msqg)),
display_fp_percents (Frags}.

/* As is the case in ‘compl_sentence' above, an input may be parenthetical. */
last_resort_parsing({parenthetical (parse_tree_ frag series (FRAGS,Tag))) -->
parenthesis_o, (!},
{erase_previous_mem_assertions},
frag_series (FRAGS),
terminal (Tag).
parenthesis_c.
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last_resors_parsing(parse_tree__frag_series (FRAGSE, Taa)) --~
(erase_previous_mem_assertions].
frag_series{FRAGS},
terminal (Tag) .

frag_series{[Frag_H|Frag_R]} -->
frag_element {Frag_H), frag_series(Frag_R}.
frag_series([]) -—> {1},

frag_element {sentence_£fragment(FE)) --> sentence_core_s(FE).

frag_clement (sentence_fragment (FE)} --> verbphrase(l._._.nil,[],FE,nil}.
frag_element (FE) -=-> sentence_£rag(FE).
frag_element{_) -=> terminal{_). (!, faill}.

frag_element (skipped_token(ST.ok)} =-->
{deti{_:s5T/_._)1.
{name (ST.ST_a), append{[39|ST_a),[39].ST_b). name(ST_ok.ST_b)}.

/".."**fi'*"Q'*ﬂ""."'t*ﬁ*.‘.’.".-....Q'.*_.'t.-tt..'tt.titﬂﬂﬁ.tQﬁ.Q.Qi.i.../

/* DISPLAY_FP_PERCENTS (used by last_resort_parsing_option) ./

display_£fp percents([]} :- !.
display_fp_percents(F} :-
display number _of_frags(F), display_percent_skips(F).

display_numbexr_of_frags(F) :-
fas (sentence_£ragment,F.L), length{L,Number),
writep('** Number of fragments r '), writep(Number). nlp,
{ {(Number > 0, ctr_inc(nb_fragments_parsed,_))
ctr_inc({bad_units,_)}), !.

display_percent_skips(F) :-
fas (skipped_token,F,L}, length(L,Number}
writep('** Number of tokens not parsed
writep('"* % of input string recognized
sentence_tokens(ST), length(ST,LST).
Percent is ((LST - Number)/LST) * 100,
writep(Percent), writep(‘%'), nlp., nlp.

'), writep(Number), nlp,
.)J

/.'-'.-.-Q'.ﬁ-"'t**'..'-.-."'"i.'**.ﬁ‘*.t"".--ﬁb--t.tt'ttttt-#tt...l.bﬁt‘./
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/l..b-..--I-.l..t.l.ﬁﬁt't.'ﬁttt.t""".----..tt-v'*ttﬁt."..'-'.'.'t't'tf""/

/* file: dipett_8_parser_n.pl .
/* wversion: September 3, 1993 .y
/* author: Sylvain Delisle -/

It't..b.t..-tt.*t.it..l.-..'tttttt'w-t*ti.ﬁ‘.'..t-'1tt'*t'w'ttt..-O-.ﬁ-itt'#'v/

1~ assertldipett_version{3,9,93)).

/tt.t.-.-.-tttwtti'-...ttthwtﬁt.t.-----tt-tt-twwttwwtt*th---u--towtw*tw*wr-t/

/* Thiz file contains that part of DIPETT's grammar which is mainly concermed*/

/* with the parsing of NPs and nominal clauses (thus the °'_n'}. !
/> ~/
/* As far as English grammar is concerned. the main reference used here is: */
A */
/* QUIRK = R. Quirk, S. Greenbaum, G. Leech, & J. Svartvik, */
/" "A Comprehensive Grammar of the English Language”, */
/* Longman, 1985. “/

,.Q.‘.'ttt.t"'.--tt.ﬁt**..'--.'.t".t"tt*’Q*’.ﬁ-'.'..ﬁt"‘"'t'*ﬁ*'*"-."""/

/.'*.’.-t'.*"".."'.t*"*'ﬁ'"--*'.ﬁ'-"*t*tt*’.DQ'."'-ﬁ.ﬁ"ﬁ'*ﬁ'*"’*"""'l

/* NP_EQUIV (used throughout dipett_6 and dipett_8) */
It -l
/* NP and NP "equivalents® (i.e. substantival or nominal clauses}. */
np_cquivi_,_._._) --> end_of_sentence_marker(_), {!, faill}.
np_equiv(POS, _, Np,Num) ~=> already_parsed (np_equiv, [POS,Np,Num]).

np_equiv (POS, Type,Np,Num,I,0) :-
check_spy_on_this_rule(np_equiv,nil,I,I), check_chrone (np_equiv, I},
np_equiv_form{POS, Type,Np,Num, I,0),
keep_parse_in_mem{np_equiv, [POS,Np,Num], I,0).

/* The 2nd parameter specifies the allowed complexity, depending on the par- */

/* cular rule that calls upon np_equiv {and its syntactic context). */
np_equiv_form{_,0,Np,_} -~> nominal_clause(_.Np._._).
np_equiv_form(POS,0,Np,_) -=> nounphrase (POS,Np,_}.

np_equiv_form(_,0,Np,_) --> nominal_clause{that_clause,Np,_,complement).
np_equiv_form(_,1,Np,Num) --> nominal_clause(_,Np,Num,_}.

np_equiv_£orm({POS, 1,Np,Num) --> nounphrase(POS,Np,Num).
np_equiv_form(POS,2,Np,Num) --> nounphrase{POS,Np,Num) .

np_equiv_form{_,_,quiz_example (QE},_) -->
special_function_word(QE,Type), {Type == frag}.

l.t-.wtt't*ﬁ..-.tt."ii***QQ*'*’*'**'*G!'-"-'**t**ﬂ"'ﬂ'*t't"tit***'*"."'"l

/* NOUNPHRASE (used by np_equiv_form) */

nounphrase(_,._,.} -
end_of_sentence_marker(_), {!, fail}.

nounphrase (POS, Qut_Struct NUM) § Tokens -->
check_spy_on_this_rule(nounphrase,either_or__np),
either_or__np(POS,NP,NUM),
{get_dasired_output_structure (NP, Tokens, Qut_Struct)}.

nounphrase {POS, Out_struct,NUM} § Tokens -->
check_spy_on_this_rule{nounphrase,nil},
np_nucleus_and_mod {POS,Np0, Num(),
rest_np_nucleus (POS,Np0, Num0, NP, NUM) ,
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{get_desired_cutput_structure (NP, Tokens.Out_Structlhl.

/* EITHER/QOR Nps.

aither_or_np(POS,conj_nps{either_or,NUM, [Np_e.Np_ol) ., NIRD - -
conj{either), np_nucleus_and_mod(POS,Np_«e.Num_e),
conjlor}, np _nucleus_and_mod(POS,Np_o,Num_o}.
{plur_rule_n{Num_e,Num_o,or ,NUM)}.

/* NEITHER/NOR Nps.

either_or__np(POS, conj_nps (neither_nor,NuUM, [Np_e,Np_ol) ,NUM} --~
conj {neither), np_nucleus_and_mod(POS,Np_e,Num_«<),
conjinor), np_nucleus_and_med(POS,Np_o,Num_o),
{plur_rule_n(Num_e, Num_o,or,NUM)}.

7

rest_np_nucleus (POS, NpQ, Num0, conj_nps (Coor, Num, [Np0, parenthetical (Np_R} 1), Num)
-

parenthesis_o, conj_npl(l,POS,Num0,Coor,Np_R,Num), parenthesis_ec, {!}.
rest_np_nucleus (POS, Np0, Num0, conj_nps (Coox . Num, [Np0 |Np_R1}, Num)
—_——
conj_np{l,POS, Num0,Coox, Np_R,Num), {!}.

rest_np_nucleus (_, Np0, Num0, Np0, Num0}

-——

[1.
2 eanmeacasesaenananan. CheebessretmataTsar s ./
/* On the N parameter, see remarks in dipett_6 (conj_vwp predicate). ./
/* Case (1) : NP (',') COOR NP ... .y
conj_np{N, POS, Num_H, Coor, [Np_H2 |Np_R], Num) ——

{({N == 1} ; ({N \== 1}, opt_comma}), real_coordinator_3{(Coor},
np_nucleus_and_mod (POS, Np_H2,Num_H2), {plur_rule_n(Num_H,Num_H2, Coor, Num}],
conj_np(_,POS,Num_H, Coor,Np_R, Num) .

/™ Case {2} : NP ',' NP ... ./
conj_np (_, POS, Num_H,Coor, [p_asyndetic_conj_np (Np_H2) [Np_R].Num) -->

comma,

np_nucleus_and_mod{POS,Np_H2,_),

conj_np(_, POS, Num_H,Coor,Np_R,Num), {Np R \== []}.

conj_np(_._.,_.Coor, [1,_) ——
check_chrono{conj_npl). {nonvar(Coor)}.

/"."."'**"*ﬂﬁ"'-"i"""**"---"'."'."'."t'itﬁ.t’....t-t...t'ﬁi...t.....-/

/* PLUR_RULE_N {used by conj_np & either_or__np) */

plur_rule_n{X.Y¥,or.sg3) :- (X == sg ; X == 5¢3), (Y == 59
plur_rule_n(X,¥,0r,pl) :- X ==pl ; Y == pl.
plur_rule_n(_,_,and,pl}).

plur_rule n{_,_,C,Num) :- C \== and, € \== or, (Num = g3 ; Num = pl).

;Y == g3},

l'*.*--'."i-'t'.iiﬁ*'."-""...**'.""’--.."..ﬁ.t't'.ﬁ.ﬁ-.t..'-.b-.t..’.ﬁ.ﬁl

/* NOMINAL_CLAUSE (used by adj_complement, appesition_group, ./
T nominal_subordinate, np_equiv_form, np_for _pp & rest_adverbial_clause)*/
* -/
/* On the first parameter: °‘CL' is used to constrain the kind of nominal ~7
/* clause when necessary (e.g. it must be a to_infinitive_claucze). */
nominal_clauvse(_,_._.,_} -

end_of_sentence_marker(_), (!, faill.
nominal_clause (CL,Out_Struct,NUM,COMPL} $ Tokens -->
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cither_or__nom_cl(CL,NC,COMPL), (NUM = =g3 ; NUM = pl ; NUM = 3g},

{get_desired_ouiput_structure(NC, Tokens,Qut_Struct)i.
nominal_elause{CL,Qut_Struct,NUM,COMPL) $ Tokens --»

nom_cl{CL,N¢0,COMPL), rest_nom_cl(CL,Ne0,CCMPL,NC),

{HUM = og3 ; NUM = pl ; NUM = sgl,

{get_decired_output_structure (NC,Tokens,Qut_Struct)!lt.

/* EITHER/OR ncminal clauges. */
either_or__nom_cl({CL,conj_nom_cl({either_or, [Nc_e,Nc_ol),COMPL) -
conj{either), nom_cl{CL,Nc_e,COMPL), conj{or}, nom_cl{CL,Nc_o,COMPL).

/* NEITHER/NOR nominal clauses. */
either_or__nom_cl(CL,conj_nom_cl(neither_nor, [Nc_e,Nc_o]) ,COMPL} -->
conj (neither), nom_cl(CL,Nc_e,COMPL), conj(nor), nom_c¢l(CL,Nc_o,COMPL).

rest_nom_cl{CL,Nc0, COMPL, conj_nom_cl (Coor, [Nc0, parenthetical (Ne_RII)) --—>
parenthesis_o, conj_nom_cl{(l,CL,COMPL,Coor,Nc_R}. parenthesis ¢, {!].

rest_nom_cl{CL, Ne0,COMPL, conj_neom_cl {Coor, [NcO|Nc_R])) -—
conj_nom_¢l{l,CL,COMPL,Coor ,Nc_R}, (!}.

rest_nom_cl(_,Nc0,_,Nc0} -=> [1.
7% ferennaen s et e rsemcar ettt Chedtttes ittt st ite RN */
/* On the N parameter, see remarks in dipett_6 (conj_vp predicate). */
/* Case (1) : NP_subst (',') COOR NP_subst ... */
conj_nom_cl (N,CL, COMPL, Coor, [Nc_H2 |Nc_R]} -

{{N == 1)} ; ({N \== 1}, opt_comma)), real_coordinator_3{Coor),
nom_cl (CL,Nc_H2,COMPL), conj_nom_cl(_,CL,COMPL,Cooxr,.Nc_R).

/* Case {2) : NP_subst *,' NP_subst ... -/
conj_nom_el (_,CL,COMPL, Coox, [p_asyndetic_conj_nom_cl (Nc_H2} |Nc_R]) ~-->
comma,

nom_cl (CL,Nc_H2,COMPL), conj_nem_cl{_,CL,COMPL,Cooxr,Nc_R)., {Nc_R \== []}.

conj_nom_cl{_,_._,Coor,[]) -_——
check_chrone {conj_nom_cl}, {nonvar(Coor)}.

,t-tﬁt**tq.'li.-t-.ttttttt.ttttt"'-"twwtw'tw'D'".-.tt!tttt-t-t'titt'titw'*'/
/* NOM_CL (used by conj_nom_cl, either_or__nom_cl, & nominal_clause) ./
/- */
/* Following QUIRK, these are the four most common types of nominal clauses. */

nom_cli_,_._.) -—
end_of_sentence_marker{_), (!, fail}.

nom_cl{to_infinitive_clause,Out_Struct,_}) $ Tokens -
check_spy_on_this_rule(nom_cl,nom_to_infinitive_clause),
to_infinitive_clause(2,NC),
{get_desired_output_structure{nominal_clause(NC),Tokens,Qut_struct}}.

nom_cl (ing_clause,Out_Struct,_) $ Tokens -
check_spy._on_this_rule(nom_cl,nom_ing_clause),
iny_clause{2,NC},
{get_desired_output_structure (nominal_clause (NC),Tokens,Qut_sStruct)}.

nom_cl{wh_interro_declarative_clause,Qut_Struct,_) $ Tokens -->
check_spy_on_this_rule(nom_cl,nom_wh_interdeclar_clause),
wh_interro_declarative_clause(NC),
{get_desired_output_structure({nominal_clause (NC),Tokens,Qut_Struct)}.
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nom_cl{chat_clause, Qut_Struct,COMPL} $ Tokens -——
check_spy_on_this_rule(nom_cl,nom_that_clause),
that_clause (NC,COMPL),
{get_desired_outrput_structure(nominal_clause(NC),Tokens.,Out_sStruct) ).

randbbbbAbbLAbbALA LALLM ALALAAMLLLLLLASLLEASRE AR AL RARNERD I
2

/* TO_INFINITIVE_CLAUSE (used by nom_cl) .
/™ .
/* Ex: "TO COMPLETE THIS WORK IN TWO DAYS is definitely impossible.” 7
/* Ex: "Tom would prefer FOR THE CHILDREN TCO FINISH THEIR SOQUP.* */
to_infinitive_clause(Type, to_infinitive_clause(X)) -—

simple_to_infinitive_clause(Type.X).

to_infinitive_clause{Type, to_infinitive_clause(wh_word(Q).X)) -->
interro_pron(Q,_), simple_ _to_infinitive_clause(Type,> .

to_infinitive_clause (Type,to_infinitive_clause(for (Np}.X}: --
prepl{for), np_equivipre_v,2,Np,_). simple_to_infinitive_clausc(Type,X).

,i'i'"""'.."'t'.*'i**.it'-"'.--.-..-.'Qﬁ...-'Qt.'.‘t..i..t..‘ﬁ.ﬁt..ﬁ...b.‘

-

/

/* SIMPLE_TO_INFINITIVE_CLAUSE {used by adj_complement, ./
P real_passive_rel_gclause_test, to_infinitive _clause, wh_i_d_clause, ./
i & whether_ if_clause) 7

simple_to_infinitive_clause({Type,X) -->
check_chrono {(simple_to_infinitive_clause),
infinitive_marker, verb_clause(Type,_._.[inf],nil,_.X,nil).

/-t‘vtwttt'ttttttttrwtww*t..*.v--tﬁwt-v--tttttttontttttwo.'not'totwaﬁo'attaa-

-/
/* ING_CLAUSE (used by nom_cl) ./
/" v/
/* Gerundive: when a verb in present participle form is used as a noun. */
/* Ex.l: "LAUGHING WITH FRIENDS makes you live longer.", ./
/* Ex.2: *"MY FORGETTING her name was very unfortunate.” !/
/* See QUIRK, pp.l063+ (including the genitive case -- see Ex.2 above). */

ing_clause(Type,genitive_ing_clause(DP,X}) -->
ic_deter_pron(DP}, verb_clause(Type,_,_, [progrl,nil,_.X,nil}.

ing_clause (Type, ing_clause(X)} -——
verb_clause (Type,_._. [progr].nil,_,X,nil}.

ic_deter pron(deter_pron(DP)} -->
deter(DP,_,_}, {memberchk(DP, [her, his,its,my,our,their,yourll}.

,***'.*'D.""'*'ﬁ.'.i"'i"*"*”i"’i..-.'-'-.lﬁﬁtfﬁtttti.Oﬁi.t......ﬁ.tﬁ..&t.ﬁl

/* WH_INTERRO_DECLARATIVE_CLAUSE {(used by nom_cl) ~/
I »w - /
/* Note: covers the nominal relative clauze (s3ee QUIRK, pp.l244+). */

wh_interro_declarative_clause(
wh_interro_declarative_clauce(wh_subj(QW),Clause)} -->
check_chrono (wh_interro_declarative_clause},
there_must_be_a_wh_word(QW), wh_i_d_clause(QW,Clause).

wh_interro_declarative_clause(
wh_interro_declarative_clause(Clause}) -—=

check_chrono{wh_interro_declarative_clause),
whether_if_clause(Clause).

there_must_be_a_wh_word(QW,I,I) :- interro_proni{QW,_,I._ ).
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/-o----o.-o--..---rwtttt-w-t--.—wt-u-tt-ttt----t-t----.oc----..ftt-\--'-c.-.-"/

/" wWH_I_D_CLAUSE (used by wh_interro_declarative_clause) */
/* Ex: "I want to know WHAT TQO EXPECT ... - */
wh_i_d_clause({QW,Clause) -->

interro_pron{OW,_}) simple_to_infinitive_clause(2,Clause).
/* Ex: “I want to know WHAT WAS DONE ... - ~/

h d clause(Qw.Clause) -—
rro_pron(QwW,_)., wverbphrase(2,_,_,wh_subj, [].Clause,nil).

/* Ex: *I want t¢ know WHICH PEOPLE HAVE PRINTED THESE FILES." */
wh_1i_d_clause(QW,Clause) -->

interro_pron{Qw,_), sentence_for_wh_i_d_ clause(Clause,wh_subj).

/* Ex: " I want to know WHICH FILE YQU HAVE PRINTED." -/
wh_i_d_clause(QW,Clause} -=->
opt_syn_elem(wh_word_of (QW) ). np_equivipre_v,2.0bj,_).
sentence_for_wh_i_d_clause(Clause.Cbj).

/* Ex: “I want to know WHAT YOU HAVE EONE." */
wh_i_d_clause (QW,Clause) -->
opt_syn_elem(wh_word_of (QW)), sentence_core_s(Clause}.

/™ */
trecentsrsasnrans Ceasessmsssentesesasatarnasnenatnannaatnnannnnn cersienns

sentence_for_wh_i_d_clause(Sent,M_el) -->
np_equivipre_v,2,Np,Num},
verbphrase (2,Num, _,Np, []1,Sent,referring_np(M_el)).

wh_word_of{Q) -~-> interreo_pron{Q,_). opt_syn_elemi{prep(of}).

/4*'.’.tt'..-'Q--tt‘..**t.t*ﬁﬁﬁ**t**.t'ﬁ'.---.‘.ﬁ"'.-.‘“'""'ti""*t*""."l

/* WHETHER_IF CLAUSE {used by appositive, appooxtlon_group & */
/* wh_interro_declarative_clause) "/
/* -/
/* This clauge is also called the *yes-no" (interrogative) clause: for more */
/* details, see QUIRK, pp. 1053+. */
/* Ex: "I don't knoew WHETHER TO SEE MY DOCTOR TODAY.*" */

whether_if_ clause(whether_if_clause(OrNot,WI_Clause)) -->
conj (whether), opt_or_not{_,OrNot 2],
simple_to_infinitive_clause(2,WI_Clause), opt_or_not{OrNot_2,0rNot).

/* Ex: *It's not clear to me IF SHE LIKES THE PRESENT." >/
whether_if_ clause({whether_ if_clause{OrNot,WI_Clause}) ~->
conj(if), sentence_core_s(WI_Clause), opt_or_not{_,OrNot).

/* Ex: "It's not clear to me WHETHER SHE LIKES THE PRESENT." -/
whether_if_clause{whether_if_clause (OrNot,WI_Clause}) --> ’

conj {whether), opt_or_not{_,OrNot_2),

sentence_core_s (WI_Clause)}, opt_or_not(0rNot_2.0rNeot).

opt_or_not (QrNot,or_not) -->

{OrNot \== or_not}, conjl{or), special_function_word(not,_}, (!}.
opt_or_not (OrNot,nil) --> {OrNot \== or_not, !}.
opt_or_not (OrNot,or_not) =--> {OrNot == or_not}.

/..‘..tiﬂ*‘Qﬁ‘""Q-".".'.'.."".".'“".‘ﬁ"***t'ﬁ*"***t*"'.*"'**-.----‘,

/* THAT_CLAUSE (used by nom_cl} */
/. .f
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/* The 2nd rule handles the case in which ~that* is *p ional, that iz when
/* this clause functions as a complement: "I hope (THAT) HE ARRIVES SOON. "
/* see QUIRK, pp.1179+. Unfortunately, the Ind rule

i
cnds o overgeneralisze, *

that_clause{that_clause(CL) .COMPL) --»
{var{COMPL)}, cenj(that), sentence_core_s(CL).

that_clause (that_clause(CL) ,COMPL} -->

{COMPL == complement}, opt_syn_elemi{conj(that)), sentence_core_s(CL).
/t*ﬁ.‘ﬂ*'"“'*"'ﬂ“.'tﬁ'*‘ﬁ*-".'Q‘i“*t..'.ﬂ“.“.ﬂtti'QQQ‘Q..“\‘I.....Q..I./
/* NP_NUCLEUS_AND_MOD (used by conj_np, either_or__np. & nounphrase) ./
/t q'!

/* The nounphrase is a common noun, a proper noun, or one of its oquivalent /)
Qq

/* forms ({see nucleus_equiv below), potentially followed by a modifier. Noti-*/
/* ce that several of these equiv. can also behave as noun cquivalents, snee  */

/* details in noungp_head. ./
/* See QUIRK, chap.5 (*Nouns and determiners") & 17 {"The noun phrase®). 7
/> ./
/* Nounphrase postmodifiers are allowed only if NPPM == 1 (not it NPEM == 0).*/
/* For the ‘'proper noun®' special case, NPPM == 2 (see details in np_nucleus).*/

np_nucleus_and mod{_,_,_)
end_of_sentence_marker(_}, {!, fail}.
np_nucleus_and _mod (P0OS,0ut_Struct,NUM) § Tokens --»>
check_chrono {(np_nucleus_and_mod),
np_nucleus (NPPM,Npl, NUM),
get_heuristic_indicator (POS,NPPM, POS_ok,Heuristic_Flag,Clue},
determine_most_probable_np {POS_ok,Npl,NUM,Heuristic_Flag,Clue,NP),
{get_desired_output_structure (NP, Tokens,Out_Struct}}.

-mt

get_heuristic_indicator(P0S,0,P0S,nil,_,I,I).
get_heuristic_indicator({posS,l,POS,Heuristic_Flag,Clue,I,I) :-
heuristic_look_ahead (POS,Heuristic_Flag,Clue,I),
get_heuristic_indicator (PCS,2,P0S,true,pp,I.I) -
heuristic_look_ahead(POS, true,pp, ).
get_heuristic_indicator{_,2,pre_v,Heuristic_Fflag,Clue,I, I} :-
heuristic_look_ahead(pre_v,Heuristic_Flag,Clue,I), Clue \== pp.

determine_most_probable_np(_,NP,_,nil,_,NP) --> {1},
determine_most_probable_np(POS,Npl,NUM, true,Clue,NP) -->
check_chrono {determine_most_probable_np). .
np_postmodifiers (POS,Clue,Npl, PM,NUM), {integrate_np_pm{Npl,PM,NP]}.
determine_most_probable_np(_,NP,_,_,_,NP) - [].
determine_most_probable_np (POS,Npl,NUM, false, _, NP) -
check_chroneo{determine_most_probable_np), ({Clue = rel ; Clue = appll.
np_postmodifiers {POS,Clue,Npl, PM,NUM), (integrate_np_pm(Npl,PM,NP)]}.

1ntegrate np_pm{Entity_In,NP_Post_Modif,Entity_Out) :-
Entity_In =.. List_In, append(List_In, [NP_Post_Modif], List_Out),
Entigy_OCut =.. List_out.

/.'-'-"‘f't'i"ﬂ"".""'.""-"ﬁ..*'.ﬂﬁﬁ.ﬁ"*.ﬁﬁtti.t'.'li-'-..-'."’..'&.D,

/* HEURISTIC_LOCK_AHEAD {used by get_heuristic_indicator) =/
,* .,
/* After having parsed a single NP (nucleus), we must decide whether what */

/* follows may be parsed ac a modifier of that NP: we use heuriztic rulez, 7

/* looks like a PREPOSITIONAL PHRASE (pp) */
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J* Bunotert: (0= ; adv_s(_,I.00), prepiX,0,_), (\+ conj(¥,0._) : H==like). =/
heuristic_leook_ahead{pre_v, true,pp,I) t-

1o = I ; advs_s(_,I,0}), prep(_,0,_).
heuristie_look_ahead(post_v, true,pp, Il :-

{0z = I ; conjieither,I,02} ; conj(neither,I,02)}, {C = 02 : adv_s{_,02.0}),

prep(X,0,._), memboerchk{X, [about,below, including, of, regarding]l!}.
/* looks like a RELATIVE CLAUSE (rel) */
heuristic_look_ahead'post_v,true,rel,I) -

(0 = I ; conjleither,I.0) ; conjineither,X,0}), past_parc(_.C,_).
heouristic_look_ahead(_, true,rel,I) -

(0 = 1 ; conjleither,I,0} ; conj(neither,X,0}),

(rel_pron(_.0,_) ; ing_word(0)).
heuristic_look_ahead(_, true,rel,I) :~ prep(_,I,0}, rel pron{(_,0._).
/* looks like an APPOSITIVE (app) >/
heuristic_leook_ahead(_, true, app. I} -

comma(I,0), (cenj(that,0,_) ; conj{whether.0,_) ; conij(if,0,_)}.
heuristic_look_ahead(_, true,app, I) t-

{comma({I,0) ; parenthesis o(I,0) ; dashes{I,0)},

explicit_app_ind{X,0,_), \+ real_coordinator(X}, X \== of.
heuristic_look_ahead(_, true, app. I} -

(parenthesis_o(I,0) ; dashes(I,0)), \+ explicit_app_ind(_.0,_).
heuristic_lock_ahead(_, true,app.1) 1= conj{whether,I,_) ; conj{if,I._).
/* looks like a RESTRICTED COMPARISON (rc¢) */
heuristic_look_ahead(_, true,xc,T) :- conjithan,I,_).
/™ Otherwise, we could not find any clues ... */

heuristic_look_ahead(_, false,_,_ ).

/-..tt.'tt’ttttttﬁ.".'tt'ttt.i'tttt"tt'tﬁ'#tt*w'**tﬁi.iI'-*’t.-.t-'-ttt.-ﬁ't*t,
/* NP_NUCLEUS {used by not_followed_by_a_np & np_nucleus_and_mod) ~/
,. *l
/* The first parameter indicates whether the nounphrase {nucleus) can be fol-*/
/* lowed by a modifier {e.g. a relative clause): 0 means 'no', and 1 ‘yes'; */
/* 2 means *only those of the pre-verbal position (pre_wvi*. -/

/* COMMON NOUN oy,
np_nucleus(l,entity(inrensifiexr{Adv},Dets,ATTRS, HEAD, number (NUM) ) ,NUM) -->
{{Adv = nil) ; adv_s{Adv}),
determinatives (Dets,Numl), {adv_det_filter(Adv,Dets), predeter_filter(Dets)}.
rest_common_noun_np (Dets, Numl , ATTRS, HEAD, NUM) .

/* GENITIVE (with implicit ellipsis) */
np_nucleus (0,entity(attributes([]),genitive (X) , number (Num) ) ,Num} -->
[det{genitive({_):X/_,_)1, {(Num = sg ; Num = pl)}.

/* EQUIVALENT FORM *J
np_nucleus (0, entity(intensifier (Adv) , X, number (Num) ), Num} -—
{{adv = nil) : adv_s({adv}),
nucleus_equiv(X,Num), {(var{Num), (Num = sg ; Num = pl)} ; nonvar(Num}}.

/* PROPER NOUN */

np_nucleus(2,entity{attributes (ATTRS) ,.proper_noun (PN) ,number (Num) } ,Num) -->
adj_phrase (ATTRS), propernocun(PN,Num).

/* ADJECTIVE SUBSTANTIVE CLAUSE */

np_nucleus{l,Adj_subst_cl, Num) -
adj_substantive_clause (Adj_subst_cl,Num).

TS S o o o S S )

/* EQUIV: PERSONAL PRONOGLN Ny
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nucleus_egquiviref (pers_pron(P,X1), Num) --~
partiv_pron(P,Num), pers_proniX,_}).
nucleus_equiv(ref (pers_pron(X)),Num} -= pors_proniX, Num) .
/* EQUIV: POSSESSIVE PRONOUN A
nucleus_equiv(ref (poss_pron(P, X)), Num} -~
partiv_pron(P,Num), poss_proniX,_}.
nucleus_equivi(ref (poss_pron(X)),Num) -=x poas_pron{X,Num).
/™ EQUIV: INDEFINITE PRONOUN .
nucleus_equiviref (pron(X)),Num) -—

pron{X,Num,_), not_followed_by_or_moro(X), not_tollowed_by_a_np.

/* EQUIV: QUANTIFIER -
nucleus_equiviref (quant (X)) ,Num) _——
quant (X, Num,_}, not_followed by _a_np.

/* EQUIV: NUMBER (GENERAL) >/
nucleus_equiviref (X) . Num} -=> number_gen (X, Num) .
/* EQUIV: REFLEXIVE PRONOUN ./
nucleus_ecquiv(ref{reflex_ pron{X)).Num) --> reflex_pron(X,Num).
/* EQUIV: CHARACTER ./
nucleus_equiviref (X).Num} -=-> noun{character,Num, X} .
/* EQUIV: STRING */
nucleus_equiv(ref (X}, Num} --> noun{string,Num,X) .
/* EQUIV: QUIZ TOKEN >/
nucleus_equiviref (quiz_token(X)),_ )} -

[dec{Type:X/_, )],

{{Type =.. [quiz_token,_l ; Type == ref __or__var__or__quiz_item)]}.
/* EQUIV: REFERENCE OR VARIAELE 7
nucleus_equiviref(ref__or__var(X)),_} --> [det{ref_or__var:x/_,_)].
/* EQUIV: DATE */
nucleus_equivi{zref(¥X),_) ~--> date_form({X).
/* EQUIV: SPECIAL NUMEBER ~/
nucleus_equiviref (number_special (X)), ) w=> [det{number_special:X/_,_}1.
/= EQUIV: DOLLARS */
nucleus_equiviref(dellars(X,or_more}),_) -

[det{dollaxrs:X/_,_)], conjlor}, quant(more,_,_}.
nucleus_equiviref (dollars(X,or_less))._) -
{der (dollars:X/_,_)1, conjlor}), quant{less,_._ ).

micleus_equiviref (dollars(X)}._ ) --> [det{dollars:%/_,_)1.
/* EQUIV: PERCENTAGE 7
nucleus_equiv(ref (percentage(X)),_) --» [det{percentage:X/_._)].
g Canmmessaraana Cetesrreasseaas e besemeraa e e !
/* Disambiguating ‘one‘: indefinite pronoun vs cardinal. v/
not_followed by _ox_more(X,I,I) :- % \== one, !.
not_£followed_by_ox_more(one,I,I) :- conjlor.I,O), quant (more,_,_.0,_}., !, fail.
not_followed_by_or_morel{one,I,I} :- conj(or,I,0), quant{less, . _,0,_), !, fail.

not_followed_by_ox_more(one,I,I).

,ﬁ-‘"-"'t't*'9"---'-"ﬁt"'--ﬁ'.i."‘.'t.'...-t."'.‘.'t..’h..'-’i-b.-tb'ﬁ&.’l

/* ADV_DET_FILTER & PREDETER_FILTER (both uced by np_nucleus) ./
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/* If an adverb precedes the determinatives, the latter must be non-empty. */
adv_det_filter(adv,detesminatives (predeter{nil),deter(nil),postdeter(nil)})
:- Adv \== nil, !, fail.

adv_det_£ilter(_._}.

/* Ruling out empty comparatives in determinative constructions. */
predeter_filter(determinatives(
predeter (np_intersifier__than(_)),detexr(nil),postdeter(nill))}
1= ', fail.
predeter_filter(_).

/bttﬁ.‘i.t'.."t.t.t.&‘t.‘*i.'i"'i*.ﬁ‘ﬁ...-..-'-'t-‘ﬁ'tﬁ-.-".'t.'&ww**ﬁ**'.'-'t,

/* REST_COMMON_NOUN_NP (used by np_nucleus} */

rest_common_noun_up{Dets, Numl, attributes (ATTRS) , head_noun (HEAD) , Num}
-
adj_phrase (ATTRS) ,
{noun_subst (Dets, Nt,Num2, HEAD) ; noungp_head (Nt,Num2,HEAD)),
{check_nums (Numl,Num2,Num) , check_type_agree(Dets,Num,Nt)}.

/* ADJ & NOUN are enclosed in double quotes (e.g. *supporting person”): */
/* see note on double_quotes vs ‘string' in verb__in_double_quotes_oxr_ not. */
/* Notation (string): _b stands for begin(ning) and _e stands for end(ing). */
rest_common_noun_up{Dets,Numl,string_b(attributes (ATTRS)),
string_e (head_noun (HEAD) } , Num)
-

double_quotes, adj_phrase{ATTRS), {ATTRS \== []}.

(noun_subst (Dets, Nt,Num2,HEAD) : noungp_head (Nt,Num2, HEAD)},

double_quotes, {check_nums (Numl,Num2,Num), check_type_agree(Dets,Num,Nt)}.

-
e Feresrseranensastsatasernaanns cesaserrsanan

noun_subst (determinatives{_,deter (X),_),countnoun, sg, noun_subst (one}} -->
{memberchk (X, [that,the,this])), pronione,sg3,_).

noun_subst (determinatives (_,deter(X),_),countnoun,pl.noun_subst{ones)) -->
{memberchk (X, [the, these, thosel) ), pron{cnes,pl,_).

check_nums (Numl, sg, sg3) = var(Numl).
check_nums (Numl, sg, sg) :— vax(Numl),

check_nums {Numl,pl,pl) - var(Numl}, !.
check_nums {sg93,sg9,593) =1,

check_nums (sg, sg, sq9) HE SR IR

check_nums (pl,pl.pl} HE S 3N

check_nums (Numl,_, sg3) := Numl == sp_sg3, !.
check_nums (Numl, Num2,Num2} :- Numl == sp_N.

check_type_agree (determinatives{_,deter({X},_},Num, massnoun) :-
{Num == sg ; Num == sg3),
\+ memberchk(X, {a,an, each, either,every,neither]).
check_type_agree(_Dets,Num, countnoun) :=

% Dets \==z determinatives(predeter(nil),deter(nil),postdeter(nil}),
{(Num == sg ; Num == sg3 ; Num == pl).

check_type_agree(Dets,pl, countnoun) -
Dets == determinatives(predeter(nil),deter(nil),postdeter(nil}).

check_type_agree(_,_,NounType) i-
NounType \== massnoun, NounType \== countnoun.

lQ‘Q'.‘-'Q.‘".""'tf't."'**‘*'Q""*""'Q‘*-.-‘.".-.’*""*"""*'**.*‘*.'-'l

/* ADJ_SUBSTANTIVE_CLAUSE (used by np_nucleus) */
/* Y,
/* Covers the special case where an adjective is used as a noun. -/



Appendix B: DIPETT s English Grammar

/* Ex: "THE EXTREMELY POQR has great difficulty ..." N

adj_substantive_clause(entity(Dets, intensifier (Adv),Ad], number (Num)}, Num)
determinatives (Dets,Num},
{Dets \== determinatives (predeter(nil),deter{nil),peostdeteri{nilid},
{{Adv = nil} ; adv_s(adv)), adj_subst(Adj), noi_followed_by_a_np.

adj_subst (Adj} --> adj(adj.) . '
adj_subst (double_quotes {Adj)) --> double_quotes, adj(Adj,_). double_quotes.

Itttttttttwttwwtwttwtwti'..--tt'ttttttttttttttqttnqtttqq'oqqtttqqt.q'tq‘\qqq.t. !
Il

/* PARTIV_PRON (used by nucleus_ecuiv) ./

partiv_pron(P,Num) --> partitive_predeter_partiv_pron(P,Num). % e
partiv_proa(P,Num) --»> partitive_deter_ partiv_pron{P,Num). e
partiv_pron{P,Num) --> closed_postdeter_partiv_pron{P, Num). %

g. ALL OF us
.g. EACH OF usz
qg. ONE OF us

partitive_predeter_partiv pron{partitive_predeter{PRE,one,of},Num) ~-»
predeter (PRE,Num,_), preonlene,_,_),
{(valid_predeter_partiv_pron(PRE)}, preplof).

partitive_predeter_partiv_pron{partitive predeter (PRE,of}, Num) -—
predeter (PRE,Num,_), (valid_predeter_partiv_pron{(PRE)}, preplof).

wvalid_predeter_partiv_pron(PRE)} :-
\+ memberchk{PRE, [double, once, such, twice,what,whole}).

partitive_deter_partiv_pron{partitive_deter(D,one,of) Num) --»
deter(D,Num,_), pron{cne,_,_), {valid_deter_partiv_proni{D)), prep(of).

partitive_deter_partiv_pron(partitive_deter(D,of),Num) -
deter(D,Num,_}, {valid_deter_partiv_pron{D)}, preplof).

valid_deter_partiv_pron(D) :-
memberchk (D, [any, each, either, enough,neither, some, whatever,which,whichever])}.

/e ‘<t
e, e e

/* See below (in opt_postdeter) for definitions of postdeter_gp & postdeter. */
closed_postdeter_partiv_pron(partitive_postdeter (POST,Of),Num) ---
postdeter_gp{POST,Num), part_of_ partiv_pron(0f).

closed_postdeter_partiv_pron(partitive_posztdeter (POST,Of) ,Num} -->
postdeter (POST,Num), part_of_partiv pron(0f).

part_of_partiv_pron(foxr,Q,of]} --»

conjlor), quanti{Q,_._}. {({Q == more ; Q == lesc}), preplof).
part_of_partiv_pron(of} --> prepf{of).
’-'tw*t'"*--*-‘i-'tﬁﬁt'.--.t'ttt"i..'it".'l.ﬂ-tt..--t.t.ttf...-.t.-t.ttﬁt.i./
/* NUMBER_GEN (used by card_num_c, date_form, noun_post_modifier & ./
l* nucleus_eguiv) ~/
/* Ex: "seven®, "seven or more® ~/
number_gen{card_num({¥, or_more) ,Mum) —-——
card_num{X,Num,_), conj{or), quantimore,_._).

nunber_gen{card_num(X,or_less),Num) -——
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card_num{X,Num,_). conjlor), quanti{less,_,_).
numpber_gen{card_num (X}, Num) -z

card_num{X%,Num,_). not_the_one_pronouniX).

/* Ex: "S5*, *5 or more" -/
number_gen (num{X, or_more) ,Num) -
{det (number:X/_,_)]1. conjlor), quant(more,_._ ),
{{(X »>= 2, Num = pl) : Num = sg})}.
number_gen {num{X,or_less},Num) -
[det (number:X/_,_)1, conjl{or). quant(less,_,_).
{((x »>= 2, Num = pl) ; Num = sg)}.
number_gen {num (X} , Num} -

[det (number:=X/_,_)), {{((X >= 2, Num = pl} ; Num = sg}}.

/* Ex: "(2)", "(2 or more)" ~/
number_gen (parenthetical_num{X,or_more) , Num) ==>
parenthesis_o, [det(number:X/_,_ )], conjlor), quant(imore,_,_ ).
parenthesis_c, {{({X >= 2, Num = pl} : Num = sg)}.
number_gen{parenthetical_num(X,or_less} , Num} -->
parenthesis_o, [dct(number:X/_,_)]. conjlox), quant{less,_,_}.
parenthesis_c¢, {{((X »>= 2, Num = pl} ; Num = sg}}.
number_gen (parenthetical_num(X),Num) -—2
parenthesis_o, [det{number:X/_,_)]1., parenthesis_c,
{({X >= 2, Num = pl) ; Num = sg}}.

/* Ex: =1l{c)(iii)* */
nunber_gen (composite_num(X, PSN) ,Num) -

[det (numbew:X/_,_)].

parenthetical_sub _num(PSN), {({X >= 2, Num = pl} ; Num = sg)}.

- ',
I eiieinanas thtrrecsescasaeeaann Cesetsrrasnasassssesenananna e

/* Disambiguating ‘'one*: indefinite proncun vs cardinal. ~/
not_the_one_prenoun(X,I, Iy := X \== one, !.
not_the_one_pronoun{cne,I,I} :-
\+ end_of_sentence marker(_.I,_), \+ aux{_,_._,I..), \+ modal aux{_,_.I,.).
(\+ verb(_._._,_.1,_) : ing_word(I)).

,..ti.t*.'*OQ'ﬁ-’*-""-‘**tt*ﬁ..*"*."'""*‘"""'*"**'*'*I"-"*".'ﬁ""*ﬁ.’f

/* PARENTHETICAL_SUB_NUM (used by number_gen) */
/" *y
/* Deals with "sub-numeral® {letter) numbering: Ex: '(a}’' in =37{a}". */

parenthetical_sub_num([L|R]) -->
parenthesis_o,
[det (word:L/low,_)], {(name(L,A_L), length{A_L,Le), Le =< 3],
parenthesis_c, rest_parenthetical_sub_num(R).

rest_parenthetical_sub_num({[L|R]) -->
parenthesis_o,
(det (word:L/low,_ )], {name{L,A_L). length{A_L.,Le), Le =< 3},
parenthesis_c, rest_parenthetical_sub _num(R), (!}.
rest_parenthetical_sub_num{[]) -=> [1.

I‘..“‘.'..‘t**.""".Q‘."-'t'f"."ﬁ't.i*""*"".*--‘.‘“i""*'ﬁ**"*"""../

/* DATE_FORM (used by noun_post_modifier, noun_pre_modif, & nucleus_equiv) *~/

/* Standard abbreviated format as recognized by the scanner */
date_form(date (X))} --> [det(date:X/_,_)1.
/* BEx: ~Aapril 30, 1991-* */
date_form(date{month(Month),day{Day),year(Year)}) -->

propernoun{Month,_), {valid_month(Month)}, e

-
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number_gen(num(Day},_). {Day > 0, Day < 3I}, opt_comma,
number_gen(num{¥Year),_), {¥Year > 0}.

/* Ex: "April 30- .
date_form(date(month (Month) ,day(Bay}}} =

propernoun(Menth,_ ). (valid_month{Month)1l,

number_gen(num{bay),_}. {Day > 0, Day < 32}.

/* Ex: “April 1%91*" N
date_formi{date (month(Month) .year(Year}))} -—

propernoun{Month,_}, {valid_month(Month}}.
number_gen (num(Year)},_), {Yeaxr > 0}.

valid_month(M} :- memberchk (M, [january, februazy,march, april.may, june, july,
august, september, october, november, decemberl ).

,ttttit*t*t"ﬁ---t.*wtttw.t'ttt.wtttt.tt.--.t."ttwttttt..-tt--.'b.tqsqqﬁ.t.-

7
/* NP_POSTMODIFIERS (used by determine most_probable_np} -/
/> ~/
/* Noun phrase postmodifiers are clauses that are attached to a noun phrase. */
/* Warning: some clauses (especially PPs) may in fact belong to a VP; ~/
/* only semantic K or user interaction will allew complete disambiguation. ./
/* See QUIRK, chap.l7 ("The noun phrase*) and, in particular, 17.9-50. ./
np_postmedifiers(_._...._) -=>

end_of_sentence_marker{_}, {!. £aill}.

np_pOSCmodifiers(POS.Clue.NpRel.np_postmodifiers(NP_PM).Num) -——x

check_spy_on_this_rule(np_postmedifiers,nil),
np_postmodif (POS, Clue, NpRel, NP_PM, Num) .

/* Note: the definition of rel_clause covers the 3 cases where a ing_clause, */
/* a to_infinitive_clause, or a past part. phrase acts as a relative clause. */
np_postmodif(_,rel,NpRel, X, Num) --> {nonvar (NpRel) ), rel_clause(NpRel,X,Num).

np_postmodif (POS, app, ., X, Num) -=> appositive(POS,X,Num}.
np_postmedif(_,zre,_.X,_) --> restricted_comparizon(X).
np_postmodif (_,pp._.X,} --> required_prepphrases(X,_).

/* Recognizes a restricted case of comparison: “... a bigger c¢ar THAN THAT.* */
restricted_comparison(restricted_compa:ative_clause__than(COmpar_Obj)) -
conj (than), np_equiv(post_v,2,Compar_Obj,_).

/ﬁ.‘ti..*tt*"ﬁ'.."’ﬁ'*--*'..'ﬁ*ﬁ*'--.'..'tt't"t..i.-l..’ﬁ.ﬁ'...‘..ttb‘ﬁb..b.l

/* REL_CLAUSE (used by np_postmodif) */
P -/
/* Missing subject {last parameter): M_el = micsing element (referring NB). */
/* Typical case (1}. ./
/* Ex: "He always reads the letters THAT APPEAR IN THE LOCAL JOURMAL. * */
rel_clause(Np.rel_clause(rel_ma:ker(an).VP),Num)

——r

rel_marker(1l,RM), verbphrase(2,Num,_,Np, [],VP,nil).

/* The case where the preposition is deferred {~dangling* preposition). ./
/* Ex: "The man WHOM I GAVE IT TO.: */
rel_clause (Np,rel_clause(rel_marker(RM),Sent),_ )}

-

rel_marker(l,RM),
np_equivi{pre_v,2,Npl,Nunl), verbphrase(2,Numl,_,Npl, [],Sent,def_prep(Np}).

/* The case where a preposition precedes the relative marker. ./
/* Ex: *The man TO WHOM I GAVE IT.* *f
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re:l _clause(Np,rel_claugse{rel_marker(RM),Sent),_)
prep(P), rel_marker(l,RM),
(np_equivi{pre_v,2,Subj,Num} ; {(Num = s5g3 ; Num = pl ; Num = sgl}}).
verbphrase (2,Num, _, Subj, [1,Sent, referring_np{pp(P.Np)) ).

/* A -ing clause as a relative clause: “An architect HAVING LUNCH.* ~/
rel_clause{_,rel_clause(rel_marker(nil),vC)._ )
-
verb_clause(2._,_. [progr],nil, _.VvC,nil).

/* A past participle phrase as a relative clause: "A report WRITTEN BY TOM.* */
rel_clause(Np,rel_clause{rel_marker(nil), subj {Agent),h EC), Num)
——
paszt_participle_phrase (Num,Np,Agent,EC}.
/* Nonfinite relative clause (l): “A cause FOR WHICH TO DIE." !
rel_clause({Np,rel_clause{rel_marker (RM),to_infinitive_clause(VC)),_)
-
prep(P), rel_marker(l,RM},
infinitive_marker,
verb_clause(2,_._.[infl,nil,_,VC,referring_np{pp(P.Npl)).

/* Typical case (2}: the relative clause is introduced by a relative marker. */

/* Ex: “He always reads the letters (WHICH) SHE WRITES TC HIM." ~/
rel_clause(Np.rel_clause(rel_marker(prep(P),RM),Sent),_)
-——

({prep(P), rel_marker(l,RM)} ; {P = nil}, rel_marker(0,RM)},
np_equiv(pre_v, 2, Subj,Num),
verbphrase(2,Num,_, Subj, [],Sent,referring_np{Np})}.

/* Nonfinite relative clause (2): "A cause FOR YOU TO SUPPORT." ~/
rel_clause(Np,rel_clausel(
p_rel_marker{for),subj (Subj}, to_infinitive_clause(Sent))..)
_——i
prep(for}, np_equiv(pre_v,2,Subj,_],
infinitive_marker,
verb_clause{2,_,_.[inf]l,nil, _,Sent,referxing np(Np}).

T themessasesesennenenn Cettesreneanssesenannn Ceeerneannse s *7
rel_marker{_,RM} =--> rel pron{(RM), (!}. % rel_marker({l,X) => MANDATORY
rel_marker{0,nil) --> [1]. % rel_marker(0,X) => QPTIONAL

/‘.'..t.‘.'ttitttt‘*t'--'i't.tti'ti'i'i****t*’*"'ﬁ-*ﬁ""""*it***'*""*"."*/

/* PAST_PARTICIPLE_PHRASE (used by rel_clause & rest_adverbial clause) */

past_participle_phrase (Num,Compl, Subj,EC, 1,0} :-
check_chrono (past_participle_phrase,I),
real_pass_rel_clause_test(I),
({Mum == pl, W = were) ; (Num \== pl, W = was}),
verb_clause(2,_,passive, [past].Subj,Compl,EC,nil,
{det (word:W/low, [d{aux/be,Num,past}]) |I1.0).

real_pass_rel_clause_test([]) := !, fail,

real_pass_rel_clause test(I) = verbi{_,_.,_._.I1.0), prepphrasei_,_,0,.), !-
real_pass_rel_clause_test(I) := simple_to_infinitive_clause(2,_,I,_). !.
real_pass_rel_clause_test{{_|T]) :- real_pass_rel clause_test(T).

,'t*t*it't"*'...ttttt'*wtwttw*"t*""*"*-."t"t"ttbtt*t'It*'ﬂ**'*"*-*i'tt,
/* APPOSITIVE (used by np_postmodif) */
/" 7
/* This rule recognizes appositives: linguistic units, mostly noun phrases, */
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/* which are identical ia reference; see QUIRK, chap.l7 (17.65-93). .
/* General case: it requires correlative markers. .
appositive (POS, appositive (APPN) , Kum} -——

app_correlative_marks_o{N}, apposition_corc (APPN,Num),
app_correlative_marks_c (POS,N) .

/* Two cases that do not require correlative markers. */
appositive(_, appositive (APPN} , Num) ~~> propornoun (APPN, Num) .
appositive(_,appositive (APPN), ) --> whether_if_clausc (APPN) .
/* Special case (l)}: special characters (e.g. "the ampersand symbol (a&)*"). ./

appositive(_,appositive(special_symbol (APPN}), ) =->
parenthesis_o, special_char_seq(APPN), parenthesis_c.

/* Special case (2): QUIZ command {e.g. "the item subtotal (SUBTOTAL}"). ./
appositive{_,appositive (APPN), ) -
parenthesis_o, [det(Type:APPN/_,_)], (Type =.. [quiz_token,_1},
parenthesis_c.

app_correlative_marks_o(l) --> comma.
app_correlative_marks_o{2) =-=-> dashes.
app_correlative_marks_o(3) --> parenthesis_o.

app_correlative_marks_c{_,1) -=> comma.
app_correlative_marks_cl(post_v,1,I,I) :- end_of_sentence marker(_.I._).
app_correlative_marks_c(_,2) =-=> dashes.
app_correlative_marks_cipost_v,2,I,I) :- end_of_sentence_marker{_.I,_}.
app_correlative_marks_c{_,3) -=-»> parenthesis_ec.

1> ./
+sasssmsnse e A I P L L R R A AR e T T R LRI

apposition_core([EAI,AG],Num) -->
explicit_app_ind{(EAI), opt_comma, apposition_group (AG,Num).

apposition_core( [EAI,AG] ,Num) -->
appesition_group (AG,Num}, opt_comma, explicit_app_ind(EAI}.

apposition_core({Advs,AG],Num} -->
required_adverbs (Advs), apposition_group (AG,Num}.

apposition_core (AG,Num) -
apposition_group (AG,Num).

apposition_core(EAI, ) -—>
explicit_app_ind (EAIL),

({EAI == for_example ; EAI == for_instance ;
EAI == in_other_words ; EAI == in_particular)}.

/* Ex: "Jones, THE DISTINGUISHER ART CRITIC, died in his zleep last night.* */
apposition_group (AG,Num) --> np_equiv{pre_v,2,AG,Num}.

/" Ex: "My friend RNNA was here last night." _ v/
apposition_group (AG,Num) =--> propernoun{AG,Num).

/* Ex: "His explanation, THAT HE COULDN'T SEE THE CAR, is unsaticfactory.” */
apposition_group (AG, ) -->» nominal_clause({that_clause,AG,_._}).

/* Ex: "The question WHETHER TO CONFESS OR NOT troubled the girl.* ./
apposition_group (AG,_) -=»> whether_if_clause (AG).

FL TR R AR s e R e et et R A A ARl LAk bR ./
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explicic_app_ind (EAL) -=> adv{EAI,Type)., {(Type == app).
explicit_app_ind (EAI) --> [det(_:EAI/_,_}], (appos_indicator(EAI)}.
explicic_app_ind({for_example) --> idiomatic_cati{for_example,_,_,_).
explicit_app_ind{for_instance) --> idiomatic_cat(for_instance,_,_,_).
explicit_app_ind({in_other_words) --> idiomatic_cati{in_other_words,_._._).
explicit_z== ind(in_particular) =--> idiomatic_cat{in_particular,_,_._).
explicit_app_ind({such_as) --> idiomatic_cat(such_as,_._._).
explicit_app_ind{that_is_to_say) --> idiomatic_catithat_is_to_say._,_._).
explicit_app_ind{that_is) -=-> idiomatic_catithat_is,._._._).

appos_indicator('e.qg.').
appos_indicator(*i.e.').
appos_indicator (and) .
appos_indicator (chiefly).
appos_indicator (eg).
appos_indicator (especially).
appos_indicator (foxr_example) .
appos_indicater(for_instance).
appos_indicator(ie).
appos_indicatoer(in_other_words).
appos_indicatox(in_particular).
appos_indicator{included).
appos_indicator({including).
appos_indicator (mainly).
appos_indicator{mostly).
appos_indicator (namely).
appos_indicator {notably).
appos_indicator{of).
appos_indicatorior).
appos_indicator(particularly).
appos_indicator(say}.
appos_indicator (simply).
appos_indicator (such_as) .
appos_indicator (technically).
appos_indicator{that_is).
appos_indicator (that_is_to_say).
appos_indicator(viz).

/*t'*t"..‘-..'*‘.-"'ﬁ"-."""i"""'"it""t**tt**'**********ﬂ**'*ﬁ*"'**"*',

/* REQUIRED PREPPHRASES (used by adj_complement, adverbial_subordinate, */
i complement_tr, np_postmodifier, rest_complement_tr_act_np, 7
/I rest_complement_tr_pass_by, & sentence_Irag) */
/* & PREPPHRASES (used by required_prepphrases} ~/

required_prepphrases (RPPS, Restriction) -->
prepphrases (RPPS, Restriction), {RPPS \== []}.

prepphrases([],_.I.I) t-
end_of_sentence_marker(_,I,_), !. -
prepphrases (Qut_Struct,Restriction) $ Tokens -->
check_spy_on_this_rule({prepphrases,nil), = B )
{either_or__pp(PPS,Restriction) ; =L
(prepphrase (PP, Restriction), rest_prepphrases(PP PR xes:rzctzon))),
{get_desired_output_structure (PPS, Tokens,Out_Struct}, !}.

prepphrases([]._) > [].
/* EITHER/OR PPs. y
either_or_ pp((conj_pps(eithexr_or, [PP_e,PP_o])].Restriction} -->

conj (either), prepphrase(PP_e,Restriction),
conj(or), prepphrase(PP_o,Restriction).
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/* NEITHER/NOR PPs.

either_or__ppl[conj_pps(neither_nor, [PP_e,PP_ol)],.Restriction) --~
conj (neither), prepphrase(PP_e,Restrigrnion),
conj(nor), prepphrase(PP_o.Restriction).

rest_prepphrases (PP, [PP, parenthetical (conj_pps (Coor, PPe) } 1, Reatriction) --»
parenthesis_o, conj_ppll,Coor0,PPs,Restriction), {PPs \== []},
{{{var({CoorQ), Coor = implicit_and} : (nonvar(CoorQ), Coor = Coord))},
parenthesis_c, {!}.

rest_prepphrases (PP, lconj_pps (Coor, [PP|PPs]) ],Restriction) -

conj_ppl(l,Coor0,PPs,Restriction), {PPs \== []}.

{({var{Coox0), Coor = implicit_and) ; {(nonvar(Coor(), Coor = Coor0)), '}.
rest_prepohrases (PP, [PP],_) -

(1.
F A C e et retsamsreEaRinesenanians e aneannans fh e et e et et ./
/* On the N parameter, see remarks in dzpett 6 (coni_vp predicate). ./
/* Case (1) : PP (*,') COOR PP ... s/
conj._pp (N, Coor, [PP_H|PP_R],Restriction) -

({N == 1} : ({N \== 1), opt_comma)}, real_coordinator_3(Coor),

prepphrase(PP_H, Restriction), conj_pp(_,Coor,PP_R,Restriction}.

/* Case {2) : PP (*,') PP ... .y

conj_pp(_,Coor, [p_asyndetic_| con),pp(PP H) |BPE_R], Re»trlctlon) .
opt_comma,

prepphrase (PP_H,Restriction), conj_pp{_,Coor, PP_R,Reatriction).

conj_ppl_._.[1.2) _—
check_chrono (conj_pp! -

/*i".ii""t".*ﬁ*ﬂ*Q#"-*-.'ﬁttﬁ-.iﬁ-.ﬁ'.ﬁ."'.'.ttit'ﬁt..tt".ﬁt..‘.t.i.ttti/

/* PREPPHRASE (used by conj_pp, either_or_ pp., prepphrases, & ./
/* real _pass_rel_clause_test) "/
prepphrase(_,_) --> end_of_sentence_marker{_}, {!, fail).
prepphrase (PP, _) -=-» already_parsed{prepphrasze, PP}.

prepphrase (PP,Restriction,I,0) :-
check_chrono({prepphraze,I),
prepphrase_core(PP,Restriction,I,0}, keep_parse_in_mem(prepphrase,pPP,I,0).

prepphrase_core{Qut_Struct,Restriction) $ Tokens --=
required_adverbs (Advs), prep_ppi{P,Restriction), np_for_pp(Np).
{get_desired_output_structure(pp{[Advs, P],Np),Tokens,Out_Struct)}.

prepphrase_core (Qut_Struct,Restriction) § Tokens -->
prep_pp(P,Restriction), np_for_pp(Np),
{get_desired_output_structure{pp{P,Np),Tokenz,Qut_Struct)).

prepphrase_core(OQut_Struct,Restriction) $ Tokenc --:
prep_pp(P,Restriction), required_adverbs(Advs),
{get_desired_output_structure{pp_adv(P,Advs), Tokens, Qut_Struct) ).

prep_ppl{conj_prepsi(C, [P1,P2]),Restriction} -->

prep(Pl), real_coordinator_3{(C)}, prep(P2), opt_colon,

{ (var(Restriction) ; (Pl \== Restriction, P2 \== Restriction))}.
prep. pp (P,Restriction) -

prep(P), opt_colon, {(var(Restriction) ; P \== Restrictien)}.

np_for_ppiNp} --> nominal_clause({wh_interro_declarative_clause, lp,_,_).
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ap_Sfor_ppilp) --+» nominal_clauseling_clause,Np,_,_ ).
np_for_ppllip) --» np_equivipost_v.2.Np._).

[ T R N R R R R R R R R R P R A R R P P N N RN T P AP PR N TR A TR TR RO R AN N RI R R TR RT RN |

/* DETERMINATIVES (used by adj_substantive_clause & np_nucleus) ~/
i ~/
/* Determiners. including pre- & post-determiners. See QUIRK, pp.253+. */

determinatives {determinatives (predeter (PRE),deter (D), postdeter (POST) ) ,Num) -->
opt_predeter (PRE, Num_pre), opt_deter(D,Num_d), opt_postdeter{POST,Num_post),
{determinatives_num{PRE, Num_pre,D,Num_d, POST, Num_post,Num) } .

/..-.lt-ltt-.ﬁ--.tt.t'tﬁ*t*'.*t*ﬂﬁw**."'WO'*.*ﬁt‘w**.'tt*'.tt'.ttt*tw*t*'ﬁ*'*ﬁ/

/* OPT_PREDETER (used by determinatives) ./

opt_predeter{PRE,5g3) --> predeter_whole(PRE), [!].

opt_predeter (PRE,Num) --> predeter (Pre,Num,_ ), rest_predeter{Pre,PRE), {!}.
opt_predeter (PRE,_) --> compare_p_np{PRE), {!}.

opt_predeter{nil,_) -=> [].

predeter_wholel(a_whole) --> deterla,sg3,_), predeter{whole,_,_).
predeter_whole(the_whole) =--> deter(the,sg3,_), predeter(whole,_,_).

rest_predeter {Pre, [Pre,of]) --> prep{of), ({!}.
rezt_predeter (Pre, Pre) -=> [].

/* Recognizes “"less than a ... ", "more than one", *fewer than 100*, etc. */
compare_p_npi{np_intensifier___than(Adv)) --> advi{Adv,_}, conj(than).
compare_p_npinp_intensifier__than(Adj)) --> adj(Adj,comp}, conj{than).

/O.Q'..tt'-t'.-'.'*ﬁ'**t**"**t***ﬁtﬁﬁﬁ'*'*'*.I’"*'--"'."'-"""*."‘-'.ﬁﬁ"/

/* OPT_DETER (uzed by determinatives) >/

opt_deter(D,Num) --> partitive_deter{(D,Num), {:}.
opt_deter(D,Num) --> deter(D,Num,_}, (!'}.
opt_deter{nil,_) --> [}.

partitive_deter(partitive_deter(Dl,one,of,D2) ,Num) =-=->
derer(Dl,Num0,_), pronicne,_._). prep{of), deter{(D2,_,_).

{valid_deter_partitive(D1,D2), ((Numl == s5g3, Num = sp_sg3) ; Num = sp_N}).
partitive_deter{partitive_deter(Dl,0f,D2),Nunm) -—

detecs (D1,Numl,_)}, prep{of), deter(D2,_,_ ).

{valid_derer_partitive(D1,D2), ((Numd == sg3, Num = sp_sg3) ; Num = sp_N)}.

valid_deter_partitive(D1l,D2} :-
memberchk (D1, [any,each, either, enough, neither, some, whatever,whichever]).
memberchk (D2, {each, every,her, his, its,my, our, such, that, the, their, these,
this, those,yourl}.

/..'...'.".ﬁ."..**tﬁ.*"'l*"**'ﬁ'*"t.'*'*"*"‘".*-'*-.‘f’ﬁt"ﬁ*"'.‘.'.."'*f/

/* OPT_POSTDETER (used by determinatives) */

opt_postdeter (POST,Num} -->

poss_ng(P), restl_postdeter(P,POST,Num), (!}.
opt_postdeter (POST, Num) -->

closed_postdetexr (CP,Num), rest2_postdeter(CP,POST), ({!}.
opt_postdeter (POST.pl) -->

open_class_cuant (POST), (!}.
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opt_postdeter(nil, ) -~ [].

poss_ng{PNG) --> [deti{genitive{_):PNG/_,_)].

restl_postdeter (P,genitive{P,CP),Num) --> closed_postdeter(CP,Num), ('}.
restl_postdetex(P,genitive(P)._) --~ [1.
rest2_postdeter{CP,genitive{P,CP)) --> poss_ng(P), ('}.

rest2_postdeter (CP,CP} --> [].

A T e T T IR o T % T 0 = YF U U G AR PR PPN

closed_pustdeter (POST,Num) -->
{(postdeter_gp(P,Num) ; postdeter(P,Num)}, resti_postdeter (P, POST).

postdeter_gp({ord_and_card(ORD,CARD) ,Num) -->
ord_num(ORD,_,_}. card_num_c (CARD,Num).

card_num_c {conj_card_nums{C, [Cardl,Cazxd2]),Num2) -->»
number gen(Cardi,_), real_coordinator_ 3(C}, number_gen(Cardl2,Num2).
card_num_c (Card, Num) -=> number_gen (Card, Num) .

postdeter {card (A, POST) ,Num} --> adv_or_adj_post{A), card_num_c (POST,Num) .

postdeter (card (POST) , Num) -=-> card_num_c (POST, Num) .
postdeter{oxd (A, POST),Num} --> adv_or_adj_posti{A), ord _num(POST.Num,_).
postdeter (ord (POST) , Num) ==> ord_num(POST,Num,_).

postdeter (quant (POST) ,Num) =~-=-> cuant{POST.Num,_J}, {(not_open_class(POST)).

/* An adverb or an adjective used az an adverb {(s52e QUIRK, pp.405+). tf
adv_or_adj_post(A) --> adv_s{A}.

adv_or_adj_post(A) --> adj_s(A.Deg), (Deg \== comp, Deg \== sup).

not_open_class (POST) :- POST \=z= lots, POST \== plenty.
adj_s(aA,P,I,0) :- adj{A,.P,I,0), \+ prep(A,I,._).
o . 0!
rest3_postdeter(P,closed(P,0f))} --> part_of{0f), (1}.
rest3_postdeter (P,closed(P)) -=» [1.
part_of£{PO) -—

conj (ox),

({(cuant{Q,_._), {({Q == more ; Q == les=z)}}) :
{adj_s(Q,Deg), (Deg \== sup}} : adv_siQ)},
prepl{of), rest_part_of(Q,PO).
part_of{[o£.D]) --> prepl(of), deter{D,_,_}.
part_of (of) --> prep(cf}.

rest_part_of(Q, lor.Q,0f,D]) =--> deter(D,_,_)}, {!}.
rest_part_of(Q, [or,Q,0f]} - [7.

A L A T T L e e e LS D L D
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apen_clasc_quant {open_gquant(lots_of)) --> guant(lots,_,_), prepi{oi).
open_class_quant (open_quant (plenty_of)) =-» quant(plenty,._,_}, preplof).

AR LA AR LA At A At Al A A AL ARl

/* DETERMINATIVES_NUM (uced by determinatives) -/
/" */
/* Checking number agreement in determinatives. The general pattern is: ~/
/* r~determinatives_num({PRE,Num_pre,D,Num_d, POST,Num_post,Resulting_Num)* “/
/* where PRE = predeterminer, D = determiner, and POST = postdeterminer. */
/* #l: PRE: no, D: no, POST: no -/

doterminatives_numinil,_,nil._,nil,_,_)} 1= !,

/* #2: special case for partitive determiners ./
determinatives_num(_,_,D,Num_d,_,_,Num_d) :-
D \== nil, (Num_d == sp_sg3 : Num_d == sp_N)}, !,

/* #3: PRE: yes (_N|pl|sg3), D: no, POST: no ./
determinatives_num(PRE,Num_pre,nil,_.nil,_,Num_pre} :- PRE \== nil, !.
/* #4: PRE: no, D: yes (_N|pl|sg3). POST: no 7

determinatives_num(nil,_,D,Num_d,nil,_,Num_d)} :- D \== nil, !.

/* #5: PRE: no, D: no, POST: yes (_N|pl|sg3) */
determinatives_num(nil,_,nil,_, POST,.N =_post,Num_post) :- POST \== nil, !.

/* #6: PRE: yes (_N|pl|sg3). D: yes (_Nipl|sg3), POST: no */
determinatives_num(PRE,Num_pre,D,Num_4&,nil,_,Num) :-
PRE \== nil, D \== nil, !, determinatives_num_agree(Num pre,Num_d,Num).

/* #7: PRE: yes {_N|pl|sg3), D: nc, POST: yes (_N|plsg3) *7
determinatives_num(PRE,Num_pre,nil, _, POST,Num_post,Num) -
PRE \== nil, POST \== nil, !,
determinatives_num_agree (Num_pre, Num_post,Num) .

/* #8: PRE: no, D: yes (_N|pl|sg3}), POST: yes (_N|pl|sg3) ~/
determinatives_numinil, _,D,Num_d, POST, Num_post,Num) :-

D \== nil, POST \== nil, !, determinatives_num_agree (Num_d,Num_post,Num) .
/* #9: PRE: yes (_N|pl|sg3), D: yes (_N|pl|sg3), POST: ves {_N|pl|sg3) */

determinatives_num{PRE,Num_pre,D, Num_d, POST, Num_post,Num) :-
PRE \== nil, D \== nil, POST \== nil, !,
determinatives_num_agree (Num_pre,Num_d, Num_post,Num} .

/t‘tt'*.ﬁﬁ0iﬁ.t*..*‘--'"-""'ﬁ'ﬂ**'I'ﬁ*-ﬂ*'.'R'*-'t‘"'""i'ﬁ"**""*'ﬁ't"*‘**'*/

/* DETERMINATIVES_NUM_AGREE/3 & /4 (used by determinatives_num) ~/

determinatives_num_agree (N1,N1,N1) :- nonvar(Nl).
determinatives_num_agree(Nl,N2,_) :- wvar(Nl), var(N2).
determinatives_num_agree{N1.N2,N1l) :- nonvar(Nl), vaxr{(N2).
determinatives_num_agree (N1,N2,N2) :- vari{Nl}), nonvar(nN2).

determinatives_num_agree{N1,N1,N1,N1) :- nonvar(Nl}.
determinatives_num_agree(N1,N2,N3,_) :- var(NL), var{N2), var{N3).
determinatives_num_agree(N1,N2,N2,N2} :- var(Nl), nonvar(N2).
determinatives_num_agree{N1,N2,N1,N1) :- var(N2), nonvar{Nl}.
determinatives_num_agree(N1,N1,N3,N1) :- var(N3), nonvar(nNl).
determinatives_num_agree(N1,N2,N3,N3) :- var(Nl), wvar(N2),.
determinatives _num_agree(N1,N2,N3,N2) :- var(Nl}, var(N3).
determinatives_num_agree{N1,N2,N3,N1) :- var{(N2}, var(N3}.

/Q'ﬂQ.Q".Q-Qﬁ."."'t".i"."t'.t'-i'-"Qi'.tt'.".""'-ﬁ-.ﬁ"".'*'ﬁ"'***"/

/* REQUIRED_ADJ_PHRASE (used by compl_adj_phrase, complement_stat, */
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/= complement_tr, rest_complement_tr_acti_np. & sedteace_traq)

/* & ADJ_PHRASE (used by np_nucleus, required_adj_phracs

I rest_common_noun_np)

/'

/¥ Note: we also cover the case where and adverb is used as an adjoctive:
/* see QUIRK, chap.7 {"Adjectives and adverbs") and pp.405+.

ASC, M

& 5 » 2 4 »

required_adj_phrase{Adj_P) --> adj_phrase(adj_P), {Adi_P \== []}.

adj_phrase{[],I,I) s
end_of_sentence_ marker(_,I,_), !.

adj_phrase (Qut_Struct) $ Tokens =--»
check_spy_on_this_rule{adj_phrase,nil),
adj_equiv(adj,Deg), rest_adji_phrase(Coor,Adjp_R).
{pack_adj_phrase(Adj.Deg,Coor,Adjp_R,ADJP) }.
{get_desired_output_structure (ADJP, Tokens,Out_Struct), !'}.

adj_phrase({]) -=> [].

o
rest, adj_phrase(Coor, [attrs(adj(Adj.Deg)) |Adjis]) -->

opt_comma, opt_real coordinator({Coox),

adj_equiv{adj.Deg}, rest_adj_phrase(Coor,Adjs), (!}.
rest_adj_phrase(_,[]) : -=> [1.

pack_adi_phrase(Adj,.Deg,_. []. [attrs{adj (Adj,.Deg)}]) -1,
pack_adj_phrase({Adj,Deg,Coox0,Adip_R,
conj_adj_p(Coor, [attrs (adj (Adj, Deg) ) |Adip_RI}) :-
{var (Coor0), Coor = implicit_and) : (nonvar{CoorQ), Coor = Coor0).

adj_equiv(Adi,Deg) -=> adj_s{Adj,.Deq).
adj_equiv(double_cuotes (Adj),Deg) =-->
double_quotes, adj_s({Adj,Deg), double_quotes,

adj_equiv(Adj,pos) -=> past_part(Adj).
adj_equiv{Adj,pos} --> pres_part(Adj).
adj_equiv(Adj,pos) -=> adv_s(Adj).

adj_equividouble_gquotes (Adj),pos) --> double_quotes, adv_s{Adj), double_quotesn.

past_part{Past_Parct) --> verb _in_double_quotes_or_not(perf,_,_,Pazt_Part).
pres_part (Pres_Part) --> verb__in_double_quotes_or_not{progr,_,_,Pres_Part}.
/* In order to reduce lexical ambiguity, we discard "false" adverbhs. ./
/* ##nore##: this may bhe a bit too restrictive ... ./

adv_s{A,I,0) :- adv(a,_,I.0), \+ conj{A,I,_ )., \+ preplA,I,_).

l'".".ii'f"#t**ﬁ’."'.'i'"'.'.'.*‘f"'**ﬁ't'*’.ﬁ.&.h.t".&..ltl-."’ﬁ.‘ﬁ.il

/* NOUNGP_HEAD (used by not_followed_by_a_np, objectl_form, question, & */
/* rest_common_noun_np) */
i . ' ~/
/* The head of a noun group is a noun that may be preceded by pre-modificrs ¢/
/* and potentially followed by a post-modifier: see QUIRK, pp.l122R+. '
/* On 'string': see verb_ in_double_quotes_or_not and np_nucleus, */
/* Neoun gp. string type {1l): *pre-modif noun poszt-modif” *!

noungp_head (NounType, Num,
string (noun (Noun, -
noun_modifiers(pre_modif(Pre),post_modif{Post}}i}}
-
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—_—

double_quotes, noun_pre_modifiers(Pre}, {(Pre \== []},
noun {NounType, Num, Noun}, noun_post_modifier{Post), (Post \== nil},
double_quotes.

/* Noun gp. string type (2): "pre-modif noun* post-modif */

noungp_head (NounType, Num,
noun{string_e{Noun),
noun_modifiers{string_bipre_modif(Pre}),post_modif(Post))})
-
double_quotes, noun_pre_modifiers(Pre), {Pre \== []},
noun (NounType, Num, Noun}, double_quotes, noun_post _modifier(Post).

/* Noun gp. string type {3): pre-modif *noun post-modif* >/
noungp_head {NounType, Num,
noun (string_b(Noun}),
noun_modifiers(pre_modif (Pre),string_e(post_modif (Post)})))
-
noun_pre_modifiers(Pre), double_quotes, noun(NounType,Num,Noun),
noun_post_modifier(Post}, {[Post \== nil}, double_guotes.

noungp_head (NounType, Num,
noun {Noun, noun_modifiers (pre_modif (Pre) ,post_modif (Post)}))
-
noun_pre_modifiers{Pre). noun(NounType,Num,Noun), noun post_modifier(Post).

/ﬁ.ﬁ.'i..tﬁﬁ.-Ot.ttt‘.ﬁt‘"-..----ﬁ-"-b.t.'.-‘ﬁﬁ".tﬂﬁ**"***#tiﬁ"ﬁt"-*-'.'ii/

/* NOUN_PRE_MODIFIERS {(used by noungp_head) */
/" *7
/* All nouns preceding the head noun are called "pre-modifiers". >/
/* Compound nouns can be constructed from: */
/* i) verb + noun (ex: swimming-pool, shooting star) [verb: -ing|inf] */
I’ ii) noun + verb (ex: birth-control) fverb: -ing] *!
/* iii} noun + noun {(ex: motor-cycle, love story). */
/* The pre-modifiers cover cases i and iii when dashes are not needed; ~/
/* otherwice, it's a compound and treated as a single-token word. >/
/* */
/* On NP pre-modification in general, see QUIRK, chap.l7 (17.94-120}. */

noun_pre_modifiers (NPM) =-->
{noun_pre_modif {CL1l) ; propernoun(CLl,_) :
{noun{_,_.CLl), not_followed_by_ing_word)},
rest_noun_pre_modifiers(Coox,CL_R),
{pack_noun_pre_modifiers(CLl,Coor,CL_R,NPM), !}.
noun_pre_modifiers([]} ~--> [}.

not_followed_by_ing _word(l,I} :- ing_word(I), verbi_,_,_,_,I,_). !, fail.
not_followed_by_ing_word(I,I) :- !.

/™ *7
................ e R I R I A R I I I

rest_noun_pre_modifierzs(Coox, [CL2|CL_R]} -->
opt_real_coordinator(Coor),
{(noun_pre_modif (CL2) :; propernoun{CL2,_) :
(noun{_,_,CL2), not_followed by_ing _word)),
rest_noun_pre_modifiers{Coor.CL_R), {!}.
rest_noun_pre_modifiers(_, [1) -=> [].

pack_noun_pre_modifiers(CLl,_, [],{CL1l}} :- 1.
pack_noun_pre_modifiers(CLl, Coox0,CL_R, conj_noun_pre_mod(Coor, [CLL[CL_R]))} :-
{var(Coor0), Coor = implicit_and) ; {(nonvar({Coox(), Coor = Coor0).
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noun_pre_modif{quic_token(X)) -——

fdes({Type:N/_. )1,

{{Type =.. [quiz_token._] ; Type == rei__ or_ var__or___quiz_item}).
noun_pre_modif (ref__or__vari{X)) --» [detires__or var:X.o_._)1.
noun_pre_modif (X) -=-> date_torm{X}.
noun_pre_modif (number_special (X)) --> [det (number_special:X/_,_ ) 1.
noun_pre_modif (dollaxrs (X)) ~=-> [det{dollars:X/_._)]).
noun_pre_modif {percentage (X)) —-> [det{percentage:X/_._}1.
,t.'I'--Q-.-'tt't"*wittﬁ*ﬂ.l!'tit‘t't*iﬂ.ttt*ttttt't‘ﬂﬁQ.Qtﬁ..iiﬁ.l..t.lit.dt/
/* NOUN (used by noun_pre_modifiers, noungp_head, np_ecquiv_torm, ./
™ nucleus_equiv, & rest_noun_pre_meodifiers) )
noun (countnoun, Num, Noun) --> ¢ountnoun{Noun, Num} .
noun (countnoun, Num, double_quotes (Noun)) -->

double_cuotes, countnoun (Noun,Num), double_quotes.

noun (massnoun, sg, Noun) --> massnoun{Noun) .
noun (massnoun, sg, double_quotes (Noun) ) -->
double_cuotes, massnoun(Noun), double_quotes.

noun {Noun_Type, Num, ing_noun{Ing_Noun)) -—x
{ {Noun_Type = countnoun ; Noun_Type = massnoun)],
verb_clause(2,Num_ve,_, [progrl.nil,nil, Ing_Noun, ing_noun),
{(Num_ve == pl, Num = pl, Noun_Type = countnoun) ;
{Num_ve \== pl, Num = 34,
{Noun_Type = countnoun ; Noun_Type = massnoun))).
noun(Noun_Type.Num,double_quotes(ing_noun(Ing_Noun))) -
double_quotes,
verb_clause (2,Num_ve, _, (progr),nil,nil, Ing_Noun, ing_noun), double dquotes,
{(Num_ve == pl, Num = pl, Noun_Type = countnoun} ;
{(Num_ve \== pl, Num = 59,
{Noun_Type = countnoun ; Noun_Type = massnoun})}.

Fd NOUN EQUIVALENTS OR SUBSTITUTES —~~oo—ssmeommmmmmcm—— s/
noun (quiz_token,_,quiz_token{X)) -—>

{det (Type:X/_._}1.,

{(Type =.. [quiz_token,_] ; Type == ref _or__var__or__quiz_item)l.
noun{quiz_example,_,quiz_example(X)} -

special_function_word{X,Type}, (Type == frag}.

noun (special_symbol,_,special_symbol(X)) -->
double_quotes, special_char_seq(X), double_quotes.

noun{character,_,character (X)) -—c
atomic_character(X), (X \== a, Z \== i}.

noun{string,_,string(X)} -
double_quotes, get_string_tokens(X).

PR T T e e RS S A L S8 i aaa D L L L LR R e L A e h A SRRt v/

special_char_seq([H|T]}) -->
[det (special_char:H/_,1])), {H \== **'}, rest_special_char_seq(T).

rest_special_char_seq([H|T]} --=>
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[det (special_char:H/_, 1)1, (H V== '"'}, rest_special_char_seq(T}, {(!}.
rest_special_char_seq(ll]) -=x [1].
/* Pemark: a string (e.g. a title used as an ~address®) is not parsed. */
get_string_tokens([H{T])} --> [det{_:H/_,_}], {H \== """}, get_string_tokens(T).
qget_string_tokens([]) --» double_guotes.

atomic_character (¥X) =-->

double_quotes,

[det {word:X/all_caps,_)], (name(X,L), length(L,1}}, double_gquotes.
atomic_character{X) -->

parenthesis_o,

{det (word:X/all_caps._}]., (name(X,L)., length(L,1})}, parenthesis_c.
atomic_character (X) -->

[det tword: X/all_caps._) ], {(name(X,L), length{L,1)}.

/l.t'-...-.tt‘.tw.wtttti..-...-..t.-tt'.twt.'t."'ﬁ-.i.’..wﬁ"-ttl..-.-..t""l

/* NOUN_POST_MODIFIER (used by noungp_head} */
noun_post_modifiexr (X} -=> number_gen(X,_), {1}.
noun_post_modifier (quiz_token(X)} -—

[det{Type:X/_._) 1.
{(Type =.. [quiz_token,_] : Type == ref_ _or _var __or__quics_item), 1}.

noun_post_modifier(ref_ or _var{X}) -=> [deti{ref__or__var:X/_._)1, (t}.
noun_post_modifier (X} --> date_form(X), (!}.

noun_post_modifier (number_special (X}) --> [det{number_special:X/_,_)], {!}.

noun_post_modifier (dollars (X)) -=> [det(dollars:X/_._1)1, (!).
noun_pest_modifier(percentage (X)) --> [det(percentage:X/_._}]. {!}.
noun_post_modifier(nil) --> [I.

,.‘l-‘..i'.wt.'t"'t-..‘-*O-‘it'ti.".ﬁ"t***ﬁ"Q""--ﬁ-""".*'t.t'*'*"ﬁ-"-"/

/* COMPL_ADJ_PHRASE (used by complement_stat) */
P */
/* Un adjectif peut avoir un complement qui est 1l°'un des 6 groupes suivants: */
/* 1) un groupe prepositionnel (prepositional phrase) */
/* ii) une proposition substantive introduite par ‘that’' {(that clause) ./
/* iii) une substantive avec un verbe a l'infinirif (to-infinitive clause) */
/* iv) une substantive avec un verbe en -ing (nominal -ing clause) 7
/) une question indirecte (see wh_interro_declarative_clause above) */
/* vi) une proposition substantive introduite par 'than’ (than clause). *f/
/" ) -/
/% Voir QUIRK, chap.l6 (“Complementation of verbs and adjectives®): pp.1220+.*/
compl_adj_phrase(_) --> end_of_sentence_marker{_ ), [!, £ail}.
compl_adj_phrase{Comparison} --> comparative_clause{Comparison).

compl_adj_phrase {attrs_compl (ADJP)) -->
required_adj_phrase{Adj_P), rest_compl_adj_phrase(Adj_P,ADIP}.

compl_adj_phrase{attrs_compl (Adj_P)}) --> required_adverbs{Adj_P).

compl_adj_phrase(attrs_compl{Adj_C)) --> adj_complement (Adj_C).
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rest_compl_adj_phrase(Adj_P. [AEj_P.ADJIP]) --> adi_complement(ADSPY., ('},
rest_compl_adj_phrase (ADJIP, ADJP) --> 7.

/" L L L b b T T T D R e oo ak b B b ok o b b T R b e e
adj_complement (AC) --> required_prepphrases{ac,_}.

adj_complement (AC) --»> nominal_clause{that_clause,AC ).

adj_complement (AC) --> nominal_clause(to_infinitive_clause,AC,._,_).

adj_complement {AC) --> nominal_clause({ing_clause,AC,_,_).

adj_complement (AC) --> nominal_clause{wh_interro_declarative_clause,AC, _._}.

adj_complement (nonfinite_rel_clause_equivi{for{NpX),to_infinitive_clauge(X)))
prep(for), np_eq;;:(pre_y.z.pr._). simple_to_infinitive_clause(2,X).

/.'*‘.-tQiﬁ*i"Q"----'..'it.".t.t**iﬁ*'ﬁtﬁQ*Q‘QQO..QOQQ'.-'ﬁ-“ﬁt.ti.OQ‘.Q.Q'/

/* REQUIRED_ADVERBS {used by adv_group, adverbial_clause, apposzition_core, ~/

il complement_stat, opt_particle, prepphrase_core, & sentence_frag) ~/
/* & ADVERBS (used by be_going_to, have_to, opr_advs_negation, gquestion, ./
Pl required_adverbs, verbal, verbseq Be__aux, % ./
i verbseq Have_or_Do__aux) 7
required_adverbs (Advs) --> adverbs(Advs), {Advs \== []}.

adverbs([].I,I} 1=

end_of_sentence_marker(_,I

adverbs (Qut_Struct) $§ Tokens --»>
{adv_s (Advl) ; adv_not_s(Advl)), rest_adverbs(Coor,Advs_R),
{pack_adverbs {Advl,Coor,Advs_R,ADVS) },

Y, .

{ger_desired_output_structure (ADVS,Tokens,Out_Struct), !}.
adverbs([]) -=> [].
F AP tisesesrresasraann Crettereasenasansearsenar eher s */

rest_adverbs(Coor, [Adv2 jAdvs_R]) -->

opt_comma, opt_real_coordinator(Coor), (adv_s(Adv2) ; adv_not_zladv2)),
rest_adverbs (Cooy,Advs_R), {!}.
rest_adverbsi(_, [1) --> 1].

pack_adverbs (Advl,_, (], [Advl]) :- !.
pack_adverbs(Advl.CoorO.Advs_R,[conj_advs(Coor.IAdvllAdvs_Rl)l) -
{(var{Coorl}), Coor = implicit_and) ; (nonvar(Coor0), Coor = Coorl}.

adv_not_s(A,I,0) :- adv(A,_,I,0), (conj(A,I,_) : preplh,I,_}).

/* 30Q0EEEEREEAAGAGRAGRAEARAAGERAGARAARAAAGAAGACGAGRAARAAARAGAGIAAARARANARAEAGE */

/" Punctuation and a few zpecial charactersz used throughout the parser. '
opt_pause --> pause, {!}.

opt_pause -=> [1.

pause «=> colon ; comma : dashes ; semi_colon.

opt_colon -=> colon, (i}.

opt_colon --> (1.
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opt_comna -~> comma, {!}.

opt_comma ~=> [].

colon -- [det{punctuation:’':'/pause,[]}].
comma --» {det{punctuation:*, */pause, [[)].
dashes ~~» [det{punctuation:'--'/pause,[]}].
cemi_colon --> [det{punctuation:':'/pause, (]1)].

double_quotes --> [det(special_char:*"'/_,[1}].

parenthesis_o --> [det(special _char:*{'/_.[1)].
parenthesis_c¢ --> [det(special_char:'}'/_,[1)].

question_mark --> [det({punctuation:*?'/_,.[1)].

I.ﬁ..'-tt.'*.Q-'C“-"..""ﬁ*ﬁ‘"*.‘*Oﬂ'--"."-'ﬁ‘-‘ﬁ-".‘.""ﬁ'*i'*'***"""-/

/* TERMINAL (used by compl_sentence) >/
" »y
/* On tags, cee QUIRK, pp.9383-4. */

terminal {(end_of_input({Tag,Terminal})} =-->
opt_comma, tag_coor({Tag}, end_of_sentence_marker (Terminal).
terminal (end_of_input {Terminal)) --» end_of_sentence_marker (Terminal).

tag_coor (Tcoor) --> [det(word:Tecoor/_,_)], {tag_coordinator{Tcoox)}.
tag_coor {Tcoor) --»
[det (word: Teoora/_., ), det{word:Tcoorb/_,_), det{word:Tcoorc/_,.).
det (word:Teoord/_,_) . dct{word:Tcoore/_,_), det({word:Tcoorf/_, )1,
{tag_coordinator( [Tcoora, Teoorb, Teoore, Teoord, Tecoore, Teoorf] , Teoor) ] .
tag_coor {Tcoor) -->
[det (word:Tecoora/_,_}), detiword:Tcoorb/_,_ ), det(word:Tcoorc/_._}].
{cag_coordinatoyr ( [Tcoora, Tcoorb, Tcoore] , Teoor) }.

tag_coordinator (and_so_forth).
tag_coordinator (and_so_on) .
tag_coordinator (and_so_on_and_sco_forth}.
tag_coordinator{and_the_like).
tag_coordinator(etc).

tag_coordinator({{and, so, forth] ,and_so _forth).

tag_coordinator( [and, 50,0n,and, so, forth] ,and_sc_on_and_so_£forth) .
tag_coordinator ({and, so,on],and_so_on).
tag_coordinator([and, the, like] ,and_the_like).

end_of_sentence_marker (pericd) -
. {dct (punctuation:'.'/end_of_sentence,[])].
end_of_sentence_marker (ellipsis) -

[der (punctuation:* ... fend_of_sentence, []}].
end_of_sentence_marker (exclamation_mark) -->
[det (punetuation: ' ! ' Jend_of_sentence, [])].

/..Qﬁ‘....."*iQQ..Q.'.‘."..‘.‘-.-‘-.'"‘.‘.'*ﬁ‘ﬁ*""-'*.**.'..'t'f.‘."i".'*/
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/* OPT_NEGATION (used by be_going_to_g. opt_advs_negation. sontence_core, .
/* verbal, & verbseq) .

opt_negation{ne) ~-~> special_function_word(not,_}, (1!}.
opt_negation{yes) --> [].

/QQ‘.*.Q.Q*QQ.Q-'QQ..-'-."t'.tﬂﬁwtt"'ﬁt!!tﬁ'!tt!‘t‘tt“‘.!Q.Q‘QQQ‘Q‘Q...Q.Q..‘I
/* OPT_ADVS_NEGATION {used by be_going_to_g. have_to, verbseq, ./
Vi verbseq Be__aux, verbseq Have_or_Do__aux, & verbseq__HavePe__aux} ./

opt_advs_negation(Advs,Neg) --> opt_negation{Neg), adverbs(idvs).
opt._advs_negation(advs,Neg) --»>
adverbs (Advs), [(Advs \== [not]}. opt_negation(Neg).

/"'Q"*Q‘Q-*'ltt.*'ti*‘.."'Q"Q..'.ﬁ..".."..t"'ﬁi"Qitﬂtﬁﬁ.tﬁiﬁi't‘i..ﬁi.l..ﬁf

/* OPT_PARTICLE (used by verbal) ~/
opt_particle(_,nil) --> [].

opt_partiecle(V, [Advs,Par]) -->
[(V =.. [double_guotes,MainVb]l ; MainVb = V)},
required_adverbs{Advs), adv_particle(Pax),
{adv_particle_list (MainVb,List_of_Par), memberchk(Par.List_of_Par)}.

opt_particle(V,Par} -
{(Vv =.. [double_quotes,MainVb] ; Mainvb = V'},
adv_particle(Par),

{adv_particle_list (MainVb,List_of_Par}, memberchk(Par,List_of_Par)}.

/ﬁ'*"""'.'*W*t*.'ﬁW'*."tt'ﬁ**’.*#'ttﬁ..**i-*t--ﬁt‘itttt.ﬁﬁ.tt.....i.tl‘l‘.ﬁ,
/* OPT_SYN_ELEM (used by that_clause, wh_i_d_clause, & wh_word_of} */
opt_syn_elem({Syn_Elem, In,Qut) :-

Syn_Elem =.. [Pred|Args], append(Args, [In,Out),Args2},

Syn_Elem2 =.. [Pred|Axrgs2], call{Syn_Elem2), !.

opt_syn_elem{_,In,In).

,'"'i'*'*'*'W.'ﬂ.‘-'*"".***"l‘--'.'t.‘.-‘-.".**tt*.l....t..tti.ﬁ.t'ﬁt.i.ﬁ/

/" QPT_REAL_COORDINATOR (used by rest_adj_phrase, rest_adverbs, */
P rest_noun_pre_modifiers, & rest_sub_cl) */
/* & REAL_COORDINATOR_3 {used by card_num_c, conj_nom_cl, conj_np, conj_pp. */
> opt_real_coordinator, prep_pp. & rest_verbsoeq core) */

opt_real_coordinator{Coor) --> real_cocordinator_3{Coor), (!}.
opt_real_coordinator(_} --> [].

real_coordinator_3{Coor) --> [det(word:Coor/_,_}]., {real_coordinator(Coor}).

f'*"*'*.'ﬁt-"ﬁﬁ"i**-"'iO"'*..’-"'-..-.ﬁﬁ.'.-'.t’t.ﬁ..'I..--l.t’.'tﬁ.'.t.l
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/l.l..l..lll.-t.ﬁ'ﬁ"'ﬁ’.'ﬁ.'..".ttt’..tt"‘t‘ﬁ-.tﬁ..‘..‘.'-'QII.'.'.-".-'-'/

/* This file contains the core of DIPETT'sS grammar of English under the form */
/* of a much simplified DCG grammar -- note that it is not a legal Prolog */
/* file. Most low level details of the Prolog files DIPETT 6_PARSER S V.PL >/
/* and DIPETT_S8_PARSER_N.PL, as well as most technical and procedural asp- */
/* ects, are not presented here. -/
/* .y
/* Obvicusly, this kind of description inevitably leads to a seemingly too ~/
/* permissive grammaxr (not to say simply stupid in some places ...), so bewa-*/
/* re! In fact, this description was prepared as a complement of the Prolog */
/* files in order to ease their reading. The Prolog files remain the most re-*/
/* liable, complete, and accurate description of DIPETT's grammar of English.~*/

/" */
/* Ac far as English grammar is concerned, the main reference used here is: */
/* */
/* QUIRK = R. Quirk, S. Greenbaum, G. Leech, & J. Svartvik, >/
/* “A Comprehensive Grammar of the English Language*, */
/* Longman, 1985, */
/™ */
/* The description corresponds to these versions of the Prolog files: */
/* DIPETT_6 = Sept.3, '93 and DIPETT B8 = Sept.3, '93. ~/
/' t/
/* Sylwvain Delisle, November 20, 18953. */

/..I..-...‘ii."‘t**tt**Q’Q*ﬁ*-ﬂ'.'I'*"*ﬂ*"'*'**'*"ﬁ*'..*..*"'**"ﬁ".-*"*"iﬁl

P T L L L ettt L L LS
FADBERBRRIIERERBIRIRRNRERRRLRNSR> DIPETT_6 <4<<<CdC<taCCC<CCCCCCCCaaaCCg<tg<<<™/
FA T e i kL A L e e T e R S S L L L )

/* The input is a "parenthetical unit®, 2 valid input enclosed in “{ ... }". */
compl_sentence (parentheticall... =>
parenthesis_o, compl_sentence, parenthesis_c.

/* The input is an interrogative ("question"}. */
compl_sentence(parse_tree__inter(... =>
question, question_mark.

/* Usual case: the input is a declarative or an imperative {"sentence"). */
compl_sentence (parse_tree__decla_or_imper({.=>
contextual_marker, top_level_clause_seeker_r, opt_guiz_example, terminal.

/* The input is a title or a caption with 2 parts separated by ':' or '--'. */
/* Ex: "Report l.l: Accessing a single file.*® */
compl_sentence({parse_tree__title_or_caption(...=>»

(np_nucleus ; noungp_head), (colon ; dashes),

sentence_£frag, terminal.

/* Otherwise, the input may be a stand-alone fragment ... */
compl_sentence(parse_tree__frag(... =>
sentence_frag, terminal.

/t.ti-'.""'"‘t*'ﬁ***"""*'**‘*.-'*"**"I'l"'l'I*'*"*‘Qﬁ"'.i-""-"’****"*'/

/* A "contextual marker* is a NP which identifies the semantic category (in */
/* a broad sense) of the text following it. It helps the reader to properly */
/* decode the purpose of a seantence or a paragraph (used mostly in T4043). */

contextual_marker {contextual_marker(... =>
ctxt_marker.

ctxt_marker => *answer”, colon.
ctxt_marker => "example*, colon.
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ctxt_marker => "for", "example”, opt_comma.

crxt_marker => “"examples®, colon.
ctxt_marker =x ="for", “instance*, opt_comma.
ctxt_marker =» "no*, colon.

cext_marker => “"note*, colon.

ctxt_marker => "question®, colon.
ctxt_marker => "tax*, “tip*., colon.
ctxt_marker => "yes*, colon.
ctxt_marker => np_equiv, colon.
cext_marker => [].

FAAAALLLLALALALLALLASEAAALLALALM L M ALLLLLLLALMLALALLLALLLLLLR A S AL LA AL I
’

top_level_clause_seeker_r(non_compound, ..,=>
sentence, rest_sentence.

top_level_clause_seeker_r{compound, ...
call_tentative_sentence, rest_sentence,

n
v

top_level_clause_seeker_r(mult_coor, ... =>
potential_sent_coor,
call_tentative_sentence, multiple_coord_clauses,

call_tentative_sentence => sentence.

/*""*.'*-'*"ﬁ.'*-***iﬁ****ﬁ*ﬁ“*‘"Q".i"'ﬁ"*"tbii‘tt..lit..i..i...tﬁi.ﬁ.ﬁt,

/* These rule cover the multiple coordination of clauses {see QUIRK, p.925). */
/* In this structure, ‘and' and ‘or®' can link more than two clauses and all */
/* but the final instance of these conjunctions can be omitted. For example: ¢/
/* *The battery may be disconnected, the connection may be loose, or the bulb*/
/* may be faulty", where the 2nd clause means *, OR the connection may ....,".*/

il 7
/* Notation: ‘'syndetic’': with an explicit coordinator; ‘'asyndetic': implicit */
/* coordinator which is temporarily "postponed® (thus the ‘'p_'). */
/* Case (1) : SENT ('.') and|or SENT ... */

multiple_coord_clauses =
opt_comma, conj, call_tentative_sentence, multiple_coord clauses.

/* Case (2) : SENT ',' SENT ... ~/
multiple_coord_clauses =>
comma, call_tentative_sentence, multiple_coord_clauses.

multiple_coord_clauses =>
end_of_sentence_marker.

,*"'ﬁ*ﬁ'*"'*I"'l*I"'**.".""*'.*ﬁ"*‘ﬁ*’ﬁ*'*'ﬁ*i’fi‘.*."'.'..l.tti'tt..tﬁﬁ..tl

/" Actual examples in the QUIZ manual have been replaced by one of thece ./
/* special markers: ‘'quiz-example-command', ‘quiz-example-commands®, +/
/™ ‘quiz-example-program', ‘quiz-example-prompt’, & ‘quiz-example-report'. */
/* They are classified in the dictionary as special_function word(s}). )

opt_quiz_example => opt_ex_marker, colon, special_function_word.
opt_gquiz_example => [].

/* An example marker is *as in", "for example”, or *“like thic", */
opt_ex_marker => opt_comma, "as in“. ==

opt_ex_marker => opt_comma, “for example-.

opt_ex_marker => opt_comma, "like this~.

opt_ex_marker=> [].

/*****""ﬂ"'.'-'f’ﬁ'**."'-"ﬁ--'..'.bt'-".fﬁ.'ﬁﬂﬁﬁ..t.ID-'-.--...”...D’D.l

sentence_frag=> "for example®, colon, special_function_word.
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centence_frag=> np_equiv.

centence_£frag=> required_prepphrases.
sentence_frag=> required_adj_phrase.
sentence_frag=> regquired_adverbs (Fragment).

TAAAAARA AL AL AL LA A RS AR AlAlllllAAldllilllalld bl il lllllllll il llllllbll bl

/* Two types of sentence are recognized: DECLARATIVE and IMPERATIVE. */
/* EXCLAMATIVES are treated as declaratives. On QUESTIONS, see dipet:z_9. */

sentence => subordinate_clause, sentence_core,

/* The special HERE+BE: "HERE IS the solution.®, “HERE ARE the toels.*, ete. */
/* See QUIRK, pp.521-3 and 1379-Bl. */
centence_core => *here®, verbphrase,

/* The special existential-THERE sentence: "THERE ARE pecple in the room.*. */
/* Note: other verbs than BE are also allowed; see QUIRK, pp.1402-14. -/
sentence_core => "there", verbphrase, rest_there_sent.

/* The general case: a NP followed by a VP. */
sentence_core=> np_equiv, verbphrase.

/* Imperative with "let". On directives, see QUIRK, pp.827+. */
sentence_core => opt_courtesy_subjunct,
preposed_verb__let, (let_pron ; np_equiv), opt_negation,
verbphrase.,

/* Plain imperative sentence: it must begin with a verb. »/
sentence_core=> opt_courtesy_subjunct, verbphrase.

A Ceretrenesesmansenn cranes *f
/* Recognizes the rest of the "enumerative" existential-THERE sentence. */
/* Ex: *There are two types of keys: UNIQUE AND REPEATING." -/

rest_there_sent => colon, sentence_frag.
rest_there_sent => [].

opt_courtesy_subjunct => "please", opt_comma.
opt_courtesy_subjunct => [].

let_pron =>
*her” ; *him" ; "it" ; *"me* ; *them"” ; "us" ; *yourself" ; "yourselves".

/."‘-"'.'f.'ﬁﬁ*'i*'.’*********i'"*tiit**'*ﬁ**"*ﬂ*"""-**"'*IQ*'***"’***".f“/

/* Rules for compounds {#3-4) allow an unbound number of coordinated clauses */

/* via top_level_clause_seeker which uses sentence and rest_sentence, */
/* "single-main-clause" input: SIMPLE SENTENCE. */
rest_sentence(simple_sentence( ... = ...

/* *single-main-clause® input: COMPLEX SENTENCE. *f
rest_sentence{complex_sentence{ ... = ...

/* Coordinated main clauses (compound): FIRST COORDINATOR IS "EMPTY". */
rest_sentence (compound_sentence( ... =5

opt_pause, coordinator, opt_coor_coni, top_level_clause_seeker r.
/* Coordinated main clauses (compound)}: CORRELATIVES. */

rest_sentence{correlative_compound_sentence( ..s>
opt_pause, coordinator, top_level_clause_seeker_r.

/e */
e e e e e et ateee et eeaen e ean e et a e aae et anaaaan
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/% These five coordinateors do not allow another conjunction to precede them: +-
/" see QUIRK, pp.922-3. .

opt_coor_conj=> conji{C), {\+ memberchk(C, [and,or,but, for.co_that}}.
opt_coor_conj=> [].

/Q.t'twittwtwﬁwtwtnwttwtqwttttwuwttttttt.----o-.-Q.-..-o.-..it-...nno-qtqqtqtq ‘

/* Allows a conjunction of verb phrases. Here “tense* includes modality: .
i Time: temps chronologicque: Tense: temps des verbes; .
Fid Aspect: facon dont l'action s'accomplit {debut, duree, etc.): ./
/™ Modality: nuances dans l'accomplissement de l'action. ./

verbphrase => verbphrase_Reg_or_Stat, rest_verbphrase.

/* Verb phrases are divided into two major types: REGULAR (action verbz}, b4
/* and STATIVE ("to be", *to become*, “to appear*, etc.). Within regular ./
/" verb phrases, the passive and active voices are distinguished. */

verbphrase_Reg_or_Stat => verb_clause(active).
verbphrase_Reg_or_sStat => verb_clause({passive).
verbphrase_Reg_oxr_Stat => verb_clause(stative).

/w*twr'w*wt*nw*cttQtttttnttw*tttt*t*wttttt-tttttttwtwtwtwt'wfuttwtttqnt-nuwtaa/

/" The verbphrase and rest_verbphrase rules recognize these structures: ./
I/ 1) single-VP, 2) conjoined-VPs, 3) single-VP *{* single-VP ’}'. and */
I 4) single-VP '(°' conjoined-VPs ')°'. «/
/* However, the same rules do not recognize structures like #3 & 4 in which */
/* the first element, i.e. single-VP, would be replaced by conjoined-vPs. ~/
/* g
/* It should be noted that thiz remark also applies to these structures: */
i i) rest_np_nucleus (with NPs instead of VPs), ./
/" ii) rest_nom_cl (with nominal clauses instead of VPs), and «/
/™ iii) rest_prepphrases {with PPs instead of VPs). ./

rest_verbphrase => parenthesis_o, conj_vp, parenthesis_c.
rest_verkphrase => conj_vp.

/* conj_vp requires that Conj be overt but not necessarily unique. It thus ~/
/* accepts structures like "A and B then C*. These are relatively rare and */

/* may be rather ambiguous (e.g. with 'and' and 'or'). See QUIRK pp.920+. ./
/* Note: Conj must be overt AND unique for conj_np, conj_nom_cl, and coni_pp.*/
T ~/

/* The N parameter indicates whether we are currently trying to parse a VP ./
/* that follows the very first VP. If so, we don't allow "VP ',' CONJ VP". ./
/* Unfortunately, this discards cases like *VP ',' CONJ VP ',' CONJ VP". *7
/* However, this seems to be the price to pay to reduce ambiquity in the par-*/
/* sing of conj. items: only a costly look-ahead mechanism might be helpful. ¢/
/* This also applies to conj_np, conj_nom_cl, and conj_pp (in dipett_8). ./

/* Case (1) : VP (','}) CONJ VP ... ./
conj_vp => opt_comma, conj, verbphrase_Reg_or_Stat, conj_vp.

/* Case (2) : VP ',* VP ... Y,
coni_vp => comma, verbphraze_Reg_or_Stat, conj_vp.

l'*""i"'t"t*"*ﬂ"""...-"'..."'-'*'.’*i*."-"-“--.'-...’btﬁ.'-.bﬁit.ﬁ,

/* These rules extract the verb sequence with its FINAL modifiers (if any). */

/* General verb clause (TYPE 1}. ./
verb_clause(l, ... =>

verbphrase_ReghAct_or_RegPacs,

{{opt_pause, required_subordinate_clause) ; true).
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* Cimplified verb clause (TYPE 2): no final modifiers allowed. ~/
voerb_clauze (2, ... ==
verbphrase_RegAct_or_RegPass.

FAREAEAA AR NS AL AR AL RS ANl Rl il lld il l il il ls il ittt el

/* Handlez the regular verb phrases, active or passive. When M_el is present */
/* ac last argument, it signals the presence of an empty NP (see rel_clause).*/

verbphrase_ReghAct_or_RegPass =>
verbseq, medial_vp_subordinace_clause, complement.

medial_vp_subordinate_clause => [].

medial_vp_subordinate_clause =»
med_correlative_marks_o (N},
{(adverbial_subordinate ; nominal_subordinate),
med_correlative_marks_c(N).

med_correlative_marks_o(l) => comma.
med_correlative_marks_o(2) => dashes.
med_correlative_marks_o(3) => parenthesis_o.

med_correlative_marks_c{l) => comma.
med_correlative_marks_c{2) => dashes.
med_correlative_marks_c{3) => parenthesis_c.

/.i't..ﬁ.."*..‘.ﬂ‘0'-".i"t‘"ﬁ.'..-‘.“"t"*t'.'"'"'*"-"-'i'ﬁ"'"'i't'*'ﬁ'**/

/* The basic form of a verb sequence is based on Winograd's description: */
/* *modal_aux | be_going_to | have/do | be_1 | be_2 | verb* */
/* be_l: information about the continuity of the action. */
/* be_2: passive or active form. >/
/- /
/* Ou encore: i} modal + be + verbe en -ing */
/* ii}) modal + have + participe passe */
/" iii) modal + have been + participe present. */
/" */
/* All these different elements, except the verb of course, are cptional: */
/* see QUIRK, chap.3; on marginal modals & modal idioms, see pp.l38+. */
/* The verb sequence contains a "HAD BETTER" modal idiom. */
verbseq =>

{modal_aux{had) ; modal_aux(had_would)), "better",
opt_negation, verbseq. BeGoingTo_or_else.

/* The wverb sequence contains a "WOULD RATHER" modal idiom. >/
verbseq =>

(modal_aux{would) ; modal_aux{had _would)), *“rathexr-,

opt_negation, verbseq BeGoingTo_or_else.

/* The verb sequence contains a modal (different from the marginals below). */
verbseq =>
modal_aux(Modal},
{Modal \== dare, Modal \== need, Modal \== ought_to, Modal \== used_to},
opt_advs_negation, verbseq BeGoingTo_or_else,

/* The verb sequence contains a "DARE* marginal modal. */
verbgseq => .
modal_aux({dare), opt_negation, verbseg BeGoingTo_orx_else.

/* The verb sequence contains a "NEED" marginal modal. */

verbseq =>
modal_aux(need}, opt_negation, verbseq BeGoingTo_or_else,
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/* The verb sequence contains a "CUGHT TO* marginal modal. .
verbseq =>
modal_aux(ought_to), opt_negation, "to*, verbseq _BeGoinaTo_or_olnoe.

/" The verb sequence contains a "“USED TO* marginal modal. b
verbga =>
modal_aux{used_to), opt_negation, "to", verbseq  BoGoingTo_or_olse,

/* The verb sequence does not contain a modal. .
verbseq =>

verbseq  BeGoingTo_or_else.

/*"*"“t"t'tt.t‘tw'*tﬂ**ﬁ"ﬁ.‘*..’..“’.i*.ﬁﬂﬂ..iiQ.QQQQQi.Q‘QQ"OQﬁﬂ.ﬁ.‘..i../

/* The “BE_GOING_TO" and "HAVE_TO" cases. ./

verbseq _BeGoingTo_or_else =>
{(be_going_to ; have_to)}, (verbseq HaveBe__aux ; verbseq_core}.

/* The GENERAL case ... v/
verbseq BeGoingTo_or_else =>
verbseq Have_or_Do__aux.

/t*w*t*‘****wwtt*nwwiittttttwunvwnwwn*wu-nt'wutunawtquwntttﬁﬁtht‘ﬁn-tt-ﬁts-n/

/* The "BE_GOING_TO" (near future) & ./
I “HAVE_TO" {obligation or logical necessity) SEMI-AUXILIARIES: b
/" see QUIRK, pp.l43+ (semi-auxiliaries). ./

be_going_te => adverbs, be_going_to_g, *“going®, “to".

be_going_to_g=> aux, opt_advs_negation, aux, opt_negation.
be_going_to_g=> aux, opt_advs_negation.

have_to => adverbs, aux, opt_advs_negation, “to~.

/t*"*'.'*ﬁt*ﬁ*’**ﬁ*""*i."tili'*"***.'.**.t*ﬁi.'*t..ﬁ*#tt.tiﬁ.lt.t.‘.i..lb.ll

FA HAVE as an auxiliary ———cccmmmmmmmmnmcmnmnnnne- ./

/* Modal_flag = 1 : for NON-MODALS. -/
verbseq Have_or_Do__aux(l, ..=>
adverbs, aux, opt_advs_negation, verbseq HaveBe__aux,

/* Modal_flag = 2 : for MODALS. */
verbseq Have_or_Do__ aux(2, ..s>
adverbs, aux, copt_advs_negation, verbseq HaveBe__aux

/* DO as an auxiliary —===--smeccmemen e *

verbseg Have_or_Do__aux:>
adverbs, aux, opt_advs_negation, verbzeq core.

/* No HAVE or DO auxiliaries found in the verb sequence ... +/
verbseq _Have_or_Do__awe>

verbseg _Be__aux.
FiAd - BE as an auxiliary -~ )
/* first two clauses: when following HAVE ... */

verbseq HaveBe__aux=> aux, opt_advs_negation, verbseq_core.
verbseq HaveEe__ aux=> verbseq Be_aux.

/* */
................ Ceteseseanesssensensaseaananan s ta e b A as o saenan

/* Modal_flag = 1 : for NON-MODALS; the "BE TO" modal idiom. "/
verbseg Be__ aux(l, ...=>
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adyerbs, aux, opt_advs_negation, *to", verbseq core.

/" Modal_flag = 1 : for NON-MODALS, the general case. */
verboeg  Be_ aux(l, ...=>
adverbs, aux, opt_advs_negation, verbseg core,

/* Modal_flag = 2 : for MODALS. w/
yerhoeq  Be___aux(2, ...=>
adverbs, aux, opt_advs_negation, verbseg core.

/* e e mme e~~~ No auxiliaries found ! -~~~ ————

verbseq _Be_ _aux => verbseq core.

/n..a..t--t.tnnt-uottp-ttto-—----Qp--to--t-wt-ttttwttowttwtwtttwt*wwwt*t*ww'*ﬂb/

/* These rules recognize the simple (usual) case in which a VP contains a */
/* single main verb. They also reccgnize the more complex case in which a */
/* sequence of conjoined main verbs is used instead. Although the latter can */
/* also be analysed in terms of conjoined verb phrases with several elided ~/
/* constituents, we follow the analysis of QUIRK (see pp.943+ & pp.967+) and */

/* consider it as a case of conjeoined main verbs with, often, an implied */
/* chronolegical segquence. Here are two typical examples taken from QUIRK: -/
/* Ex.l: *Paul WASHED AND DRIED the dishes."® */
/* Ex.2: "He WAS BORN, LIVED, AND DIED in the city of Vienna.* */

verbseq core => verbal, rest_verbseq core.
. ceraressseamsarenanans Cesasisrastaamrera e an caneens Y/

rest_verbseq _core=>

opt_comma, real_coordinator_3, verbal, rest_verbsegq core.
rest_verbseq _cores>

comma, verbal, rest_verbseq core.
rest_verbseq core=> [].

P T L L b i gk o e e el b b b */

/* ACTIVE VERB *7
verbal =»
adverbs, verb: in_double_gquotes_or_not, opt_particle, opt_negation.

/i "PASSIVE" VERB */
verbal =>
adverbs, aux, opt_negation, verb__in double_cuotes_or_not, opt_particle.

Vil STATIVE VERE */
verbal =>
adverbs,
{ (verb__in_double_gquotes_or_not, opt_negation) ;
(opt_negation, verb__in_double_cquotes_or_not}).

/ﬁﬁ*tﬂ'.Q""i--"i-“'*t-‘t'-"""i’i.’it"ﬁ‘*'t***ﬂ*-ﬂ'I'"*-*'**-ﬁ"'"tf-t*"**ﬁ**',

/* We recognize verbs enclosed in double quotes (e.g. "tells", “entex"). */
/* A word W in double quotes is represented as double_gquotes (W), */
/* but a sequence of words SW in double quotes is represented as string(sw). */

verb__in_double_quotes_or_not => double_guotes, verb, double_gquotes.
verb__in_double_quotes_or_not => verb.

/.ti’.*".Q*"‘-"'"**“"*'-'.'.‘-"'"'"'"*“"*.*'ﬁ'*"*'**ﬂ"'*"***.*.*ﬁ."*'ﬁ",

/* Defines the different types of complement accepted by a verb segquence: */
/" intr = intransitive : verbs that deo not occur with objects. */
A stat = stative : copulas (see verb_clause & set_struct). */
/" tr = transitive : verbs that occur with one or more object. */
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/™ tr_intr : verbs that can be used either as intr or as tr
complement => complement_tr.

complement => complement_intr.

complement =» complement_stat..

/* Some rules apply to ditransitives as well as to complex transitives;
/* see QUIRK, pp.l1170+ {(16.20: *"Types of verb complementation=).

/t

/* Notation: Si{ubject), Vi{erb). Oi{bject). Cl{omplement). Aldverbial).

/* ~mmmmmm——cmm—ammme—————— e ACTIVE STRUCTURES ----==-=-m-m-scmmmmmmoooea=

complement_tr{active,referring_np(M_el},svoo_svoc_svoa{ .=
np_equiv.

cemplement_tr(active,xaferring_np{M_el),svoo_svoc_svoal..s»
required _prepphrase:s.

conmplement_tr(active, referring_npi(M_el).svo{... ==
(1.

complement_tr(active,def_prep(M_el),svoo_svoc_svoa(.. s>
np_equiv, prep, not_followed_by_a np.

complement_tr{active,def_prep(M_el),svol ... =>
prep, not_followed by_a_np.

complement_tx(active,nil,svoc{ ... =>
comparative_clause.

complement_tr{active,nil,sve{ ... =>
np_equiv ; required_prepphrases,

complement_tx(active,nil, ... =>
np_equiv, rest_complement_tr_act_np.

complement_tr{active,nil, svoo_svoc_svoa{ ... =>
required_prepphrases, np_equiv.

[* mmmmmm—mm e em—wmmme——— PASSIVE STRUCTURES -—---==w-memmmommmmommoee
complement_tr (passive,referring_np(M_el),sveel ... =

by_phrase.
complemenc_tri{passive,nil, ... =

by_phrase, rest_complement_tr_pass_by.

complement_tr (passive,nil, ... =3
required_prepphrases, rest_complement_tr_pass_pp.

complement_tripassive,nil, ... =2
np_equiv, rest_complement_tr_pass_np.

complement_tx (passive,nil, svoo_svoc_svoa( ... =
required_adj_phrase, by _phrase.

rest_complement_tr_act_np{ ... svec( ... ==
comparative_clause.

rest_complement_tr_act_ap( ... svoo_svec_svoal ... =
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np_squliy.

rect_complement_tr_act_npl{ ... Svoo_svoc_covoal( ... =>
required prepphrases.

rect_complement_tr_act_npl ... svoc_svoal ... =>
roequired_adj_phragce.

Jr e e et ataitatsicaenaaetianrar et sttt ey */
rest_complement_tr_pass_by( ... svoo_svoc_sveal ... =>

np_squiv ; required_prepphrases.
rest_complement_tr_pass_by{( ... svel{ ... => [].
rost_complement_tr_pass_pp{ ... svoo_svoc_svoal ... =>»

by_phrasze.
rost_complement_tr_pass_pp{ ... sveol ... => {].
rect_complement_tr_pass_np{ ... svoo_svec_svea( ... =>

by_phrase.
rest_complement_tr_pass_npl ... sveol ... = [].

AR e L S L S L LI L L L i L L L Lttt bbb Sl LSt s St v/
/* Note: in fact this might be too restrictive. What we really mean is “not */
/* followed by something that can ONLY function as a NP". Yes, tricky indeed.™*/

not_followed_by_a_np=> (noungp_head ; np_nucleus), required_adverbs.
not_followed_by_a_np=> noungp_head, fail.

not_followed_by_a_np=> np_nucleus, fail.

not_followed_by_a_np=> [].

/* Note: this rule recognizes "by Tom and Bob*® but not "by Tom and by Bob". */
by_phraze =» "by", np_equiv.

F* RBREAAHERARRRRRR R BARHRREE R R R AR R AR R R R ER SRR E RGN B R B R AR R R R BB R R RS ~/
/* INTR (i.e. intransitives) */

complement_intr (active,.nil,sv{ ... => [].

J* HHRURBNURREEERANHRANHURERA SRR RN BB OR RN H RS R AR AR RO R R AR R RRS BB RS R R RYE ~/
/* STAT (i.e, statives or copulars) */

complement_stat (stative, referring_npi{M_el),sve_sval . 7> [].

complement_stat{stative,nil,svc_sval ... =>
compl_adj_phrase.

complement_stat({stative,nil,sve_sva( ... =>
np_equiv.

/t.'...Q'Q‘ttQ.Q'.t'-'.‘it'-..‘.-'.."ttit"t'.i*t***'------..'.'.-t.."'.ﬁ'*ﬁ/

/* Sentence modifiers may occur at the beginning or at the end of a sentence */

/* or a verbphrase. They generally affect the meaning of the sentence by >/
/* specifying particular circumstances, time or manner constraints on the */
/* main clause. Thus, relative to the latter, they are subordinate clauses. */
/" : -/
/* Note: "modifiers" and "subordinate c¢lauses' are used as synonyms here. */

required_subordinate_clause=> subordinate_clause(RCM}., {RCM \== [}}.

subordinate_clause .=> [].
subordinate_clause => modif, rest_sub_cl.

. */
F% et ieiaiii e v e e raasestrasetannasnnanaassane et P
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/* The following rule

muint be followed by
/* a comma if i i

Tl |4
clause. Otherwise, it's opticenal.  *

)

rast_sub_<¢l => opr_comma, opt_real_coordinator, moedit, rost_usub ol
rest_sub_cl == [].

rest_sub_cl =»> comma.

rest_sub_c¢l => opt_comma.

/t.ﬁ.t.tﬁ.tt.tt...tt..-.‘.-‘-0-l'ﬁﬁttt'tt"".tqQQQ‘QQGQQQQ‘QQQQQQQQ‘.Q‘Qﬂl..n

modif => modif_phrase.

/* Major categories of subordinate clauses: adverbial and nominal clauses. ./
/* Others are sentential relative & comparative (see QUIRK, pp.l0d7+) . .
/* Note: sentential relative is syntactically similar to nominal relative i
/* clause {though semantically different}), thus, not included here, ol

/* For more details, see QUIRK p.ll18. On subordinators, see QUIRK, pp.U98+, 7

modif_phrase => comparative_subordinate.
modif_phrase => adverbial_subordinate.
modif_phrase => nominal_subordinate.

comparative_subordinate => comparative_clause.

adverbial_subordinate => adverbial_clause.
adverbial_subordinate => adv_group.
adverbial_subordinate => opt_subord_conj, required_prepphrases.

nominal_subordinate => opt_subord_conj, nominal_clause,
e v amanen Arranseasenan Cennessas s aanean P et v M

opt_subord_conj => conji{Sub_Conji., {\+ real_coordinator (Sub_Conjl ).
opt_subord_conj => adv{conji).
opt_subord_conj => [].

/Ot----.--.---..-tttﬂuqttt.t-t-lt'--'t.tttttn'titt'ttt-a.Qn-.on-tﬁntb-bant-b--/

adverbial_clause =>
(required_adverbs ;
{opt_subord_conj (Adv_or_Conj), {Adv_er_Conj \== nill}},
rest_adverbial_clause.

rest_adverbial_clause => nominal_clausze.
reszt_adverbial_clause => zentence_core_s.
rest_adverbial_clauce => past_participle_phrase.

adv_group => required_adverbs.
adv_group => compare_p_adv, (np_equiv :; sentence_core _s}.

compare_p_adv=> compar_degree_marker, adv_s, "than®.
compare_p_adv=> compar_degree _marker, adj, “than”.

/-o------.'-.t'tttht’---t-.tttﬁﬁ-tttttt..t'D-----p-ol-tttbtapb-n-plbtoth-h-b-,

/* Similar to 'sentence_core’ except that we do not allew cubordinate_clause */
/* or np_equiv of type 1 in order to avoid potential infinite left recursion. */

sentence_core_s => np_equiv, verbphrase{2, ... ).

/--ttt-'-ttwtttt.o'-----tt--tﬁ...--pp----c------.-ttbtb—ttrbtl--ltrﬂtttthbtb-bl

/* COMPARATIVE_CLAUSE (used by comparative_subordinate, compl_adj_phrase, v/
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I complement_tr, & rest_complement_tr_act_npl */
/" v/
/*® See QUIBK, pp.l127-. -/
/* 'THAN' comparison: ™ ... a much better student than your own brother." 7/

comparative_clause(comparative_clause__than{ . .=»
{prep : true). compar_degree_marker, compar_adj. (np_equiv ; true),
*than~, ({(sentence_core_g ; np_equiv).

/* 'AS-AS* comparison: * ... as intelligent as your own brother.* */
comparative_clauce({comparative_clause__as_as{ .3x
~as“, compar_degree_marker, {compar_adj : np_equiv), *as*,
{centence_core_s ; np_equiv ; required_adj_phrase}.

compar_degree_marker=>
*least® ; "less* ; "many" :; *more* ; "most® ; "much" ; "so" ; [].

compar_adj => adj_s.
compar_adj => adv_s.

/ttt...--.l..tl.-.t'*'.'*.ﬁ*'*'..'.--'-t".'.O‘."'t'O.ﬁ**Wt*'ﬁﬁt*it*ﬁﬁ*ﬁ"‘-.l

/* When an input is unrecognizable by the grammar or when it cannot be par- *~/
/* sed inside the alloted CPU time limit, the user can (option G in parsing */
/* options) ask DIPETT to reparse the input as 2 series of fragments. This -/
/* option is obvioulsy less desirable than a full (correct} parse but much ~/
/* more preferable to a completely unsuccessful parse. This appreoach teo */
/* *partial parsing" allows us to ensure, up to a <¢ertain point, that DIPETT */
/* will at least attempt To extracht partial "knowledge™ elements out of any */
/* well-formed input. This is, in a sense, a last resort parsing strategy. */

/* A3z is the case in ‘compli_sentence' above, an input may be parenthetical. =~/
last_resort_parsing (parenthetical (parse_tree__frag_series( .=z>»

parenthesis_o, frag_series, terminal, parenthesis_c.
last_resort_parsing (parse_tree__frag_series{ ... ==

frag_series, terminal.

frag_series =»> frag_element, frag_series.
frag_series => [].

frag_element => sentenge_core_s.
frag_element => verbphrase(2, ... ).
frag_element => sentence_frag.
frag_element => skipped_token.

/wwtvrwtQ'.t.o..'---t'.ttttttttttt'ttwttwwt'#tt-.'-..-'wc'-t'l"t--t'ttwt*#vttt/

j'4+++++++¢+++++++¢+¢++*++++++++++++++++++++++++¢+++¢+++++++++++¢++++++++++++'/
T EaErrRRIRRRRRRIRIIIIINIIBI>>S> DIPETT_8 <<<<CCCCiCaCCCCOCaCataCte<Catas™/
/‘¢++¢++¢+++++++++++++¢+++++++++++++++++++¢++++++++++++++++¢+++++++++++++++++‘/
/* NP and NP "equivalents® (i.e. substantival or nominal clauses). ~/
np_equiv => np_equiv_form.

/* The 2nd parameter specifies the allowed complexity, depending on the paxr- */
/* cular rule that calls upon np_equiv (and its syntactic context). */

b
np_ecuiv_form=> nominal_clause.

np_equiv_form=> nounphrase.
np_equiv_form=> special_function_word({frag).

/..'.t"it.ﬁ".‘..t.--‘-....".'."."'.'.‘-'t'ﬁ't"'l---'.--.t-"-t'.‘-'."'t'i*,
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nounphrase => either_or__np.
nounphrase => np_nucleus_and_mod. rest_np_nucleus.
/* EITHER/CR Nps. i
either_or_np( ... conj_nps{ ... =>

“either*, np_nucleus_and_mod, "or”, np_nucleus_and_mod.
/* NEITHER/NOR Nps. .
either_or_ npl ... coni_nps{ ... =x»

"neither”, np_nucleus_and_mod, “nor", np_nucleus_and_mod.

rest_np_nucleus{ ... conj_nps{ ..=>
parenthesis_o, conj_np. parenthesis_c.

rest_np_nucleus( ... conj_nps{ ..=>

conj_np.
resc_np_nucleus( ... == [].
e L hsetveereesneraarae e tadesessamataranaE e e “/
/™ Case (1) : NP {(',') COOR NP ... ~/
conj_np => opt_comma, real_coordinator_3, np_nucleus_and_mod. conj_np.
/* Case (2) : NP *," NP ... ./

conj_np => comma, np.nucleus_and_mod, conj_np.
coni_np => [].

/wti#".-'.tttttttthwtwtoontwowtt-tttt.tt.wtw*w.ﬁﬁ.t.t.t'-o‘-.aat.-at.'tﬁttqtl

nominal_clause =» either_or__nom_cl.
nominal_clause => nom_cl, rest_nom_cl.

/* EITHER/OR nominal clauses. ./
either_or__nom_cl{ ... conj_nom_cl{ ... => “either”, nom_cl, “or", non_cl.
/* NEITHER/NCR nominal clauszes. -/

either_or__nom_cl{ ... conj_nom_cl( ... => "neither”, nom _cl, "nor*, nom_cl.

rest_nom_cll ... conj nom_cl( ...=>
parenthesis_o, conj_nom_cl, parenthesis_c.

rest_nom_cl{ ... conj_nom_cl( ...=>
conj_nom_cl.

rest_nom_cl( ... => [].

U teenenesesnenannns Ceresssanasseennn s eeensacasaenranras .o
/* Case (1) : NP_subst (',') COOR NP_subst ... */
conj_nom_cl =

opt_comma, real_coordinater_2, nom_cl, conj_nom_cl.

/* Case (2) : NP_subszt ',' NP _subst ... ./
conj_nom_cl{ ... [p_asyndetic_conj_nom_cl( ... =>
comma, nom_cl, conj_nom _cl.

conj_nom_cl => (1.

I--tt.t.ttt#.wta‘wt'.ttttttti'.-Orlttttttttt.ttt'.c-.-.---t-totttoﬂo-tottttttt,

/* Following QUIRK, these are the four most common types of nominal clauzez. */

nom_cl => to_infinitive_clause(2, ... }.
nom_cl => ing_clause(2, ... }.

nom_cl => wh_interro_declarative_clause.
nom_cl => that_clause.

/w'D-'--.tttwtvo,-.tt-tttt-tt.."--ltttttttw.tt..r...ttotttat-t.l--btb-btobttt,

/* Ex: "TO COMPLETE THIS WORK IN TWO DAYS its definitely impossible.® ./
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/* Ex: "Tom would prefer FOR THE CHILDREN TO FINISH THEIR SOUP." 7/
vo_infinivive_clause! ... to_infinitive_clause( ..s>
simple_to_infinitive_clause.
to_infinitive_c¢lause( ... to_infinitive_clause( ..s>
interro_pron, cimple_to_infinitive_clause.
to_infinitive_clause{ ... to_infinitive clause( ..s>

~for®, np_equiv, simple_to_infinitive_clause.
cimple_to_infinitive_clause=> "to*, verb_clause.

,t......--I.-tttO'tOiﬁﬁ.I......'-l..‘.'-...ﬁ*'..."t"ti'ittttt.'ttt*tﬁﬁ*i“'*"/

/* Gerundive: when a verb in present participle form is used as a ncun. ~
/* Ex.l: "LAUGHING WITH FRIENDS makes you live longer.", ~/
/* Ex.2: *MY FORGETTING her name was very unfortunate,® */
/* See QUIRK, pp.l1063+ (including the genitive case -- see Ex.2 above). */

ing_clause( ... genitive_ing_clause{ ...=> ic_deter_pron, verb_clause.
ing_clause( ... ,ing_clause( ... => verb_clause.

ic_deter_pron=>
*her® ; “his* ; *its® ; "my" ; "our" ; "their" ; "your".

/lﬁtﬁ'.t*‘t*ﬁ...--ﬁ-.‘.t.ttt'**t't'ttﬁ.'t'*'ﬁ*****'*v*""*ﬁﬂﬁ*ﬁﬁ.*’**l’ﬂ."-."l

/* Note: covers the nominal relative clause {see QUIRK, pp.1244+). */

wh_interro_declarative_clausel
wh_interro_declarative_clause(wh_subj( .=>
there_must_be_a_wh_word, wh_i_d_clause.
wh_interro_declarative_clause(
wh_interre_declarative_clause( ... =
whether_if_clause.

there_must_be_a_wh_word => interrc_pron.

/."tttI-t....."t*ﬁt‘*i“t."".‘ﬂ.'-"-"-.‘-*..."&‘-‘-'""'.'*.i"tt***#“"’/

/* Ex: *I want to know WHAT TO EXPECT ... * */
wh_i_d_clauce=> interro_pron, simple_to_infinitive_clause.

/* Ex: "I want to know WHAT WAS DONE ... " */
wh_i_d_clause=» interro_pron, verbphrase.

/* Bx: *I want to know WHICH PEOPLE HAVE PRINTED THESE FILES." */
wh_i_d_clause => interro_pron, sentence_for_wh_i_d_clause.

/* Ex: * 1 want to know WHICH FILE YOU HAVE PRINTED." */
wh_i_d_clause=> (wh_word_of : true), np_ecquiv, sentence_for_wh_i_d_clause.

/* Ex: "I want to know WHAT YOU HAVE DONE." */
wh_i_d_clause=> (wh_word_of ; true), sentence_core_s.

- ',
f et i iitereisessssessensssnansenennanannsnans Gt ssesesserrs e st e s

sentonce_for_wh_i_d_clause =>

np_equiv, verbphrase(2, ... , referring np(...)).
wh_word_of =» interro_pron, ("of" ; true).

I...-i‘--.‘."-.i'"C..""i.-'.'.t""'"'."*"'*'twi"ﬁﬁt*.ﬁ*’****"""”"ﬁ"‘/

/* This clause is also called the "ves-no" {interrcgative} clause: for more */
/* details, see QUIRK, pp. 1053+. "

/* Ex: "I don't know WHETHER TO SEE MY DOCTOR TODAY." */

3n



Appendix B: DIPETT s English Grammar

whether_if_clause(whether_if_clause( ...=>
*whether®, opt_or_not. simple_to_infinitive_clause, opt_cr_not.
/* Ex: *It's not ¢lear to me IF SHE LIKES THE PRESENT. " b

=

whether_if_clause({whether_ if_clause( ...=?
*if*, sentence_core_s, Opt_or_not.

/* Ex: "It's not clear to me WHETHER SHE LIKES THE PRESENT." .
whether_if clausei{whether_if_clause{ ...=>
"whether®, opt_or_not, sentence_core_s, oOpt_or_not.

opt_or_not => "Qor not".
opt_or_not == (1.

/t'*tttttt.'ﬁti.t'tt*tt**t*wti&t‘*...ti*tﬁ*'.‘ﬁ..QQ‘i‘i'i"ii'l‘i.i..it.'lt'!‘f
/* The 2nd rule handles the case in which "that" is optional, that is when */

/* this clause functions as a complement: "I hope (THAT) HE ARRIVES SOON."; */
/* see QUIRK, pp.l179%9+. Unfortunately, the 2nd rule tends to overgeneralize. */

that_clause(that_clause( ... => "that", sentence_core_s.
that_clause(that_clause{ ... => ("that* ; true}, sentence_core_s.

/***ﬁ*"t**'***"'ﬂ‘*"'.'tﬁt't-t-‘ﬁ't‘*tﬁﬁt*'tiﬁﬁﬂiﬁ.Qt.i..i.‘..t...ﬂ..‘..t../

/™ The nounphrase is a common noun, a proper noun, or one of its equivalent */
/* forms {see nucleus_equiv below), potentially followed by a modificr., Noti-*/
/* ce that several of these equiv. can also behave as noun equivalents, see 4/

/* details in noungp_head. ./
/* See QUIRK, chap.& ("Nouns and determiners*) & 17 (*The noun phraze*). ./
™ v/
/* Nounphrase postmodifiers are allowed only if NPPM == 1 (not if NPPM == 0).*/
/* For the ‘proper noun' special case, NPPM == 2 (gee details in np_nucleus).*/

np_nucleus_and_mod => np_nucleus.

/ﬁitt'*t'***wtwnt****ﬁ*-ﬂ‘ﬁ-ii"*-tti.t'ittttttﬁ#itwti.t.bi.ﬁ.tt.t.t.t.il..l..,
/* The first parameter indicates whether the nounphrase (nucleus) can be fol-*/
/* lowed by a modifier (e.g. a relative clause): 0 means ‘no’, and 1 “yes*; */
/* 2 means “only those of the pre-verbal position (pre_v)". -/

/* COMMON NOUN Ny,
np_nucleus{l,encity{ ..=>
{true ; adv_s), determinatives, rest_common_noun_np.

/* GENITIVE (with implicit ellipzis) */
np_nucleus{0,enticy{ ..=>

genitive.
/* EQUIVALENT FORM 7/

np_nucleus{0,encity{ ..=>
(true ; adv_s), nucleus_equiv,

/* PROPER NOUN */
np_nucleus{2,enticy( ..=>
adj_phrase, propernoun.

/* ADJECTIVE SUBSTANTIVE CLAUSE *7
np_nucleus(l, ... =
adj_substantive_clause.

/' T e R e ot e e L A R L L R L L L L L B L L DL b L L ol bl b b b b ot kb b bk b b b b b b ¥

/* EQUIV: PERSONAL PRONOUN */
nucleus_equiviref(pers_pron( ... = partiv_pron, pers_pron.
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nucleus equiviref (pers_pzonl ... =>» pers_pron.

/* EQUIV: POSSESSIVE PRONOUN .y
nucleus_equivi{ref{poss_pron{ ... => partiv_pron, poss_pron.
nucleus_equiviref(poss_pron( ... => poss_pron.

/* EQUIV: INDEFINITE PRONOUN A\
nucleus_equiv{ref (pron{ ... =

proen(P), not_followed_by_or_more(P}, not_followed by_a_np.

/* EQUIV: QUANTIFIER */
nucleus_equiviref {quanc{ ... => ¢quant, not_followed by_a_np.

/* EQUIV: NUMBER (GENERAL) -/
nucleus_equiviref{ ... => number_gen.

/* EQUIV: REFLEXIVE PRONOUN */
nucleus_equiviref{reflex_pron{ ... => reflex_pron.

/* EQUIV: CHARACTER */
nucleus_equiviref({ ... =»> noun{character, ... ).

/* EQUIV: STRING */
nucleus_equiv(ref({ ... => noun{string, ... ).

/* EQUIV: QUIZ TOKEN */
nucleus_equiv(ref (quiz_token( ... => quiz_token.

/* EQUIV: REFERENCE OR VARIABLE */
nucleus_equivi{ref({ref__or__var{ ... =>» ref_ _or_var.

/* EQUIV: DATE *7/
nucleus_equivi{ref{ ... => date_form.

/* EQUIV: SPECIAL NUMBER >/
nucleus_equiviref (number_special( ...=> number_special.

/* EQUIV: DOLLARS */
nucleus_equiviref(dollars( ... =>» dollars, "or more".
nucleus_equivi{ref{dollars( ... => dollars, "or less",
nucleus_equivi{ref{dellars( ... => dollars.

/* EQUIV: PERCENTAGE *f
nucleus_equiviref (percentage( ... =» percentage.

I oo, Merecesasessaseesenneanesanasannennan Cemmresrtecenerrtraanssannansnn */
/* Disambiguating ‘one’: indefinite pronoun vs cardinal. */
not_£followed_by_or_more(P) => P \== one, 1!.

not_followed_by_or_more({one) => “or more", !, fail.
not_followed_by_or_more{one) => “or less*, !, fail.

not_followed_by_or_more{one).

/."ﬁ*itii-.*'t'tit"'-t*ﬁ'l*l'*'****"'*'**I""t"‘*.'.“***'ittt't'*ttt'it**'ﬁ**/

rest_common_noun_np =>
adj_phrase, (noun_subst ; noungp_head).

/* ADJ & NOUN are enclosed in double quotes (e.g. "supporting person®); */
/* see note on double_guotes vs ‘string' in verb__in_double_cuotes_or_not. */
/* Notation (string): _b stands for beginining) and _e stands for end({ing). */
rest_common_noun_np( ... ., string_b({...}, string e({ .=>

double_cquotes, adj_phrase, [(noun_subst ; noungp_head), double_guotes.
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noun_subst =~ ("that" ; "the" ; °"this"), "one-",
noun_subst =» (*the* ; *"these" ; "those"), “cnes".

/"""'i't'.'."'.'-'.'.*.I‘.‘.‘-*.""“.'-""."..‘-..'..Q‘ilﬁ‘.l.Q‘.‘.‘ﬁ.ﬁ."
/* Covers the special case where an adjective is used as a noun, ./

’

/* Ex: *THE EXTREMELY POOR has great difficulty ...- ./

adj_substantive_clause{entity({ ..=>
determinatives, (true ; adv_s}, adj_subst, not_followed_by_a_np.

adj_subst => adj.
adi_subst => double_cquotes, adj., double_cuotes.

/ﬁ"""W"'*******"“'.*"""*.‘t"-iﬁ-ﬁ'.'*'-**ﬂ*ﬁﬁ'i.t.*tﬁ.IQ...‘.-‘.i‘...‘t“.’

partiv_pron => partitive_predeter_partiv_pron. % e.g. ALL OF us
partiv_pron => partitive_deter_partiv_pron. % e.g. EACH OF us
partiv_pron => closed_postdeter_partiv_pren. % e.g. ONE OF us

partitive_predeter_partiv_pron{partitive_predeter( ... => predeter, “onc of*.
partitive_predeter_partiv_pron(partitive_predeter( ... => predeter, “of".

tesemtesnsErtesransrartaasa st a e 7
partitive_deter_partiv_pron(partitive_deter( ..=> deter, "one of".
partitive_deter_partiv_pron(partitive_deter( ..=> deter, “of*,

F AR fetctessasantsatersranat ettt At et e Y 4

/* See below (in opt_postdeter) for definitions of postdeter_gp & postdeter. */
closed_postdeter_partiv_pronipartitive_postdeter{ sz.

postdeter_gp, part_of_ partiv_pron.
closed_postdeter_partiv_pron{partitive_postdeter( sx.

postdeter, part_of_partiv_pron.

part_of_partiv_pron => "or more of" ; "or less of".
part_of_partiv_pron => "of*.

/*'ﬂ*’**."-‘ﬁii"-.ti***'***"-ﬂ"ﬁ*"--‘*i"'i'.-tﬁﬁ't**.'t*‘.‘iﬁ.i..'-.tﬁ'..tt‘/

/* Ex: "seven®, "seven or more® ] L)
number_gen{card_num{ ..=> card_num, ("or more* ; "or less"}.
number_gen (card_num( ..=> card_num, not_the_one_pronoun.

/* Ex: 5", "5 or more" Y,
number_gen{num( ... => number, (true ; “or more" ; "or less").
/* Bx: *{2)*, "(2 or more)" ./

number_gen{parenthetical_num( ...=>
parenthesis_o, number, {true ; "or more" ; "or less"}, parenthesis_c.

/* Ex: "1(c) (iii)". Note: ‘parenthetical_sub_num' deals with “sub-numeral” ./
/* (letter) numbering: Ex: '{(a)' in "37(a)". ~/
number_gen(composite_num{ ... => number, parenthetigal_sub_num.

/ﬂ**'**'*'ﬁ'.ﬁti'"it"t'f""i.i'"‘.t't‘i'.t*t#t.ﬁ.t.".'".‘.t'.t'i.ﬁtit’..-b/

/* Standard abbreviated format as recognized by the scanner '
ad : “"hApril 30, 1%91- .t
/* Ex: *April 30" ./
/* Ex: "April 1991* */

date_form{dare{ ... => date.
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/* Noun phraze postmodifiers are clauses that are attached to a noun phrase. */

/* Warning: some clauses (especially PPs) may in fact beleong to a VP: ~/
/* only semantic K or user interaction will allow complete disambiguation. >/
/* See QUIRK, chap.l7 {"The noun phrase"} and, in particular, 17.9-50. -/

np_postmodifiers( ... np_postmodifiers( ...=> np_postmodif.

/* Note: the definition of rel_clause covers the 3 cases where a ing_clause, */
/* a to_infinitive_clause, or a past part. phrase acts as a relative clause. */
np_postmodif rel_clause.

1
v

np_postmodif => appositive.

np_postmodif => restricted_comparison.

np_postmodif => required_prepphrases.

/* Recognizes a restricted case of comparison: "... a bigger car THAN THAT." */

restricted_comparison{restricted_comparative_clause__than{ .sx
*than*, np_equiv.

f.**Dtﬁ.'*..t-'.-‘."'.tt.'.i-ﬁi"ﬁ‘.i’"".'t‘.*ﬁ*ﬁ******“*"t""'.*""****‘*I

/* Missing subject (last parameter): M_el = missing element (referring NP). */

/* Typical case ({1). */
/* Ex: "He always reads the letters THAT APPEAR IN THE LOCAL JOURNMNAL." */
rel_clause{ ... rel_clause{rel_marker( .sx»

rel_marker, verbphrase(2, ... ).
/* The case where the preposition is deferred (*dangling" preposition). */
/* Ex: "The man WHOM I GAVE IT TO." \ ¥}
rel_clause{ ... rel_clause(rel_marker( ... =>

rel_marker, np_equiv, verbphrase(2, ... ).
/* The case where a preposition precedes the relative marker. */
/* Ex: "The man TO WHOM I GAVE IT." ~/

rel_clause( ... rel_clause(rel_marker( ... =>
prep, rel_marker, (np_equiv ; true),

verbphrase(2, ... , referring np( ... )).
/* A -ing clause as a relative clause: "An architect HAVING LUNCH." */
rel_clause( ... rel_clause(rel _marker{ ... =>

verb_clause(2 ... }.

/* A past participle phrase as a relative clause: "A report WRITTEN BY TOM." */
rel_clause{ ... rel_clause{rel_marker{nil}, ... =>
past_participle_phrase.

/* Nonfinite relative clause (l): "A cause FOR WHICH TO DIE." */
rel_clause{ ... rel_clause(rel_marker{ ... =>
prep, rel_marker, "to*, verb_clause(2, ... ).

/* Typical case (2): the relative clause is introduced by a relative marker. */

/* Ex: "He always reads the letters (WHICH) SHE WRITES TO HIM.* */
rel_clause( ... rel_clause(rel_marker( ... =>

{{prep. rel_marker) : rel_marker), np_equiv, verbphrase(2, ... ).
/* Nonfinite relative clause (2}: "A cause FOR YOU TO SUPPORT." */

rel_clause( ... rel_clause{p_rel_marker(for), .=x
~for*, np_equiv, *to", verb_clause(2, ... ).

f‘t'ttwtt't*01*‘Q'--'Q.Q"Qﬁ'"ﬁ*ﬂ'"*“'**"*l**lQ"'*"'*‘**Q'Q*'***'*ﬁ-".'i,
c s
past_participle_phrase =>

real_pass_rel_clause_test, % making sure it really is such a clause.
verb_clause({2,_,passive, ... ).
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/* This rule recognices appositives: linguistic units, moestly noun phrases,
/* which are identical in reference: seo QUIRK, chap.l7 (17.6%-93), A
/* General case: it requires correlative markers. .
appositive =>

app_correlative_marks_oi(N), apposition_core, app_correlative_marks_ci(N).

/* Two cases that do neot require correlative markers, b
appositive => propernoun.

appositive => whether_if_clause.

/* Special case (l}: special characters (e.g. "che ampersand symbol (&)*). */

appositive =>
parenthesis_o, special_char_seq, parenthesis_c.

/* Special case (2): QUIZ command (e.g. "the item subtotal (SUBTOTAL)*}. 7
appositive =>
parenthesis_o, quiz_token, parenthesis_c.

app_correlative_marks_o(l) => comma,
app_correlative_marks_o(2) => dashes.
app_correlative_marks_o(3) => parenthesis_o.
app_correlative_marks_c(l) => comma.
app_correlative_marks_ci(l) => end_of_sentence_marker.
app_correlative_marks_c(2) => dashes.
app_correlative_marks_c{2) => end_of_sentence_marker,
app_correlative_marks_c(3) => parenthesis_c.
e Ceeesens v
apposition_core => explicit_app_ind, opt_comma, apposition_group.
apposition_core => apposition_group, opt_comma, explicit_app_ind.
apposition_core => required_adverbs, apposition_group.
apposition_core =» apposition_group(AG,Num).
apposition_core =>

explicit_app_ind(EAI},

{{EAI == for_example ; EAI == for_instance ;

EAI == in_cother_words ; EAI == in_particular}}.
/* Ex: "Jones, THE DISTINGUISHED ART CRITIC., died in his sleep last night.”  */
apposition_group => np_equiv.

/* Ex: "My friend ANNA was here last night.® =/
apposition_group => propernoun.

/* Ex: "His explanation, THAT HE COULDN'T SEE THE CAR, is unzatisfactory.*® ./
apposition_group => nominal_clause.

/" Ex: "The question WHETHER TO CONFESS OR NOT troubled the girl.* */
apposition_group => whether_if_clause.

T T T R e e L e A LTI L LTS S L 4

explicit_app_ind (EAI}
explicit_app_ind(EAI)
explicitc_app_ind{for_example)

v

adv (BRI, Type). {Type == appl.
{det{_:EAI/_._}). {appos_indicator(EAIL)}.
idiomatic_cat(for_example,_,_._).

¥

N
v

explicitc_app_ind(for_instance) > idiomatic_cat{for_instance,_,_._).
explicit_app_ind(in_other_woxds) =:» idiomatic_cat{in_other_words,_._._ ).
explicit_app_ind(in_particular) > idiomatic_cat(in_particular,_,._,_).
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cxplicit_app_ind{such_as) =»> idiomatic_cat{such_as, ).

—

explicit_app_ind(that_ic_rto_say) = idiomatic_cat{that_is_to_say,._,_._).

explicit_app_indithat_ic) => idiomatic_cat{that_is,_._,_}.

appos_indicator{'e.g."').
appos_indicater(‘i.e.').
appos_indicator{and}.
appos_indicator (chiefly) .
appos_indicator (eg).
appoz_indicator (escpecially).
appos_indicator (for_example) .
appos_indicater (for_instance).
appos_indicator(ie).
appoc_indicator (in_other_words}.
appos_indicator (in_particular).
appos_indicatoer (included).
appos_indicator (including).
appos_indicator {(mainly).
appos_indicator {mostly).
appos_indicator (namely).
appos_indicator {notably).
appos_indicator {of).
appos_indicator{or).
appos_indicator (particularly).
appos_indicator (say) .
appos_indicator (simply) .
appos_indicator{such_as}.
appos_indicator (technically).
appos_indicator{that_is).
appos_indicator{that_is_to_say).
appos_indicator{viz).

B.3: A Simplified Prolog Description of DIPETT s Grammar

/'tﬁﬁt*ii.t*i.-t.‘ﬁ--*t-'i'tﬁ.ttt.t't'tttt*t'w*'ﬁit-tt*ﬁ’*‘."*i“'.""""t.ti/

required_prepphrases=> prepphrases(RPPS, ... ), (RPPS \== []}.

prepphrases => either_or__pp ; (prepphrase, rest_prepphrase).
prepphrases  =»> [].

/* EITHER/OR PPs,
cither_or_pp(lconj_pps{either_or, ..s>
*either®, prepphrase,*or", prepphrase.

/* NEITHER/NOR PPs.
either_or___pp(lconj_ppsineither_nor, ...=>
*neither*, prepphrase, “nor*, prepphrase.

rest_prepphrases{ ... [PP,parenthetical({conj_pps( =x>.
parenthesis_o, conj_pp. parenthesis_c.

rest_prepphrases( ... [conj_pps( ... =>
conj_prp.

rest_prepphrases =» [].

-
i St lesusasesensnensnas et ssanst et e s ansann s

/* On the N parameter, see remarks in dipett_6 (conj_vp predicate).
/* Case (1) : PP (','} COOR PP ...
coni_pp =

opt_comma, real_coordinator_3, prepphrase, coni_pp.

/* Case (2) : PP (*,') PP ...
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conj_pp{ ... [p_asyndetic_conj_ppe>
opt_comma, prepphrase, conj_pp.

conj_pp ==
{1.

IARAALARARE AR R R AR R el AL ALl R A R R D]

prepphrase => prepphrase_core.

v

prepphrase_core required_adverbs, prep_pp. np_tor_pp.

prepphrase_core => prep_pp. np_for_pp.

prepphrase_core =» prep_pp., required_adverbs.

prep_pplconi_preps{ ...=> prep, real_coordinator_3, prep, opt_colon,
prep_pp =» prep, opt_colon.

np_for_pp => nominal_clause{wh_interro_declarative_clause, ... ).

np_£for_pp => nominal_clause{ing_clause, ... ).
np_for_pp => np_equiv.

/-*.-*'i“'"'ﬁwﬁ*#**t*...-.'t.tt't*tttﬁﬁ*.tﬁt.*..‘.t..ﬂitl.i.‘.ﬁ..it.t.nt...l./
/* Determiners, including pre- & post-determiners. Sce QUIRK, pp.253+. b4
determinatives (determinatives (predeter (PRE} ,deter (D), postdoter (POST))

=>

opt_predeter(PRE, ... }, opt_deter(D, ... ), opt_postdcter(POST, ... ).

/tﬁw.*w‘tﬁttttt-tttttwtittf.t"!-t-tttttwo*tatwnqaﬁotttt.tt-tq..tn-o-....n-o-i,

opt_predeter => predeter_whole.
opt_predeter => predeter, rest_bpredeter.
opt_predeter => compare_p_np.
opt_predeter => [].

predeter_whole => "a whole".

predeter_whole => "the whole".

rest_predeter=> "of".
rest_predeter=> [].

/* Recognizes "less than a ... ", "more than eone®, "fewer than 100", «tc. ~/
compare_p_np{np_intensifier_ _than( ..z> adv, "than-".
compare_p_np (np_intensifier__than( ..s> adj(comp), "than".

/-."-‘I""**"W"**'I'-"'-.ﬁ'*."F’i’tﬁ“ﬂ'ﬁ‘P--l.b.ltt.-'.tﬁﬁt‘ﬁﬁi...b.lhbll.’/

opt_deter => partitive_deter.
opt_deter => deter.
opt_deter =» [].

partitive_deter{partitive_deter( ...

> deter, *one of", deter.
partitive_deter (partitive_deter{ ... => d

eter, "of", deter.

I-""‘i'-'*'**ﬁﬂ’-"""'.f.*f‘ﬁﬁ"’.'ﬂ-'ﬁ-it'*’.-tbtibt.t..’ﬂ.-tb’t'ht’ﬁﬁ..lb/

opt_postdeter => poss_ng, restl_postdeter.
opt_postdeter => closed_postdeter, rest2_postdeter.
opt_postdeter => open_class_guant.

opt_postdeter=:> [].

poss_ng =» genitive.
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restl_postdeter( ... genitive( .. =» closed_postdeter.
(L

restl_poctdeter( ... genitivel .. 2> [].

rect2_postdeter( ... genitivel ..=> poss_ng.
rest2_postdeter{ ... => (1.

FE R kL L T R bt i LT R T g
cloced_postdeter =» (postdeter_gp : postdeter), rest3_postdeter.
postdeter_gplord_and_card({ ...=> ord_num, card_num_c.
card_num_c{conj_card_nums{ ...=>

number_gen, real_coordinator_3, number_gen.

card_num_c{ =>
number_gen.

postdeter{card( ... => adv_or_adj_post, card_num_c.

postdeter{card{ ... => card_num_c.

postdeter{ord( ... => adv_or_adj_post, ord_num,

postdeter{ord( ... => ord_num.

postdeter {quant{ ...=> quant.

/* An adverb or an adjective used as an adverb (see QUIRK, pp.405+). */

adv_or_adj_post => adv_z.
adv_or_adj_post => adj_s(Deg), {Deg \== comp, Deg \== sup}. %

adj_s{ ... } => adj(A)., \+ prep(A).

rostl_postdeter( ... closed( ... => part_of.
resti_postdeter( ... ¢losed{ ... => [].

part_of (PO) =>
"or*, {({*more* ; "less®) :; {(adj_s(Deg), {Deg \== supl) : adv_s},
"of*, rest_part_of.

part_of(lof, ... => "of*, deter,

part_of => "of".

rest_part_of =»> deter.
rest_part_of => [l.

open_class_cquant (open_quant (lots_of ... => "lots of*.
open_class_quant (open_quant (plenty_of ..z> "plenty of~.

,t*t‘**itiit*...*Qﬁ""ﬁ.‘*ti-"""'.""""“'"*"**t**"i’*'**'ﬁ'*ﬂ**'*'*ﬂ*****"'/

/* Neote: we also cover the case where and adverb is used as an adjective; */
/* see QUIRK, chap.7 ("Adjectives and adverbs*") and pp.405+. */

required_adj_phrase => adj_phrase({Adj_P)}, {Adj_P \=s= [1}.

adj_phrase =» adj_equiv, rest_adj_phrase.
adj_phrase = [].

rest_adj_phrase( ... , [attrs{adj( ..=>

opt_comma, opt_real_coordinator, adj_equiv, rest_adj_phrase.
rest_adj_phrase = [].
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adj_equiv => adi_s.

adj_equiv => double_cguotes, adj_s, double_gquotes,
adj_ecquiv => past_part.

adj_equiv => pres_part.

adj_equiv => adv_s.

adj_equiv => double_guetes, adv_s, double_quotes.

past_part => verb in double_quotes_oxr _notiperf, ... ).

pres_part => verb__in_double_quotes_or_not{progr, ... }.
/* In ordexr to reduce lexical ambiguity, we discard "false™ adverbs. ./
/* ##note##: this may be a bit too restrictive ... .

adv_s => adv(a), \+ conj(A}, \+ prepli).

/*t***'**'*ﬁt***Q*ﬁ*tﬁ'*'W.-l"..'.-.i.'-.t..‘..t.‘.l..Qt.t.il!‘!!...t!‘t&.b“/

/* The head of a noun group is a noun that may be preceded by pre-moditicrs */

/* and potentially followed by a post-modifier: see QUIRK, pp.lLll38+, ./
/* On 'string': see verb__in_double_quotes_or_not and np_nucleus. ./
/* Noun gp. string type (1l): “pre-modif noun post-modif" ./

noungp_head{ ... string(noun{ ... . noun_modifiers( ... =
double_quotes, noun_pre_modifiers, noun, noun_post_modifier, double_quotes.

/* Noun gp. string type (2}: "pre-modif noun* post-modif */
noungp_head{ ... noun(string_el ... ., noun_medifiers{string_bl =>

e

double_cuotes, noun_pre_modifiers, noun, double_gquotes, noun_post_modificr
/* Noun gp. string type {3)}: pre-modif "noun post-modif* */
noungp_head({ ... noun(string_b( ... ., noun_modificrs( ... =

noun_pre_modifiers, double_guotes, noun, noun_post_modifior, doublL_qUOt"".

noungp_head( ... noun{ ... noun_modifiers( ... ax
noun_pre_modifiers, noun, noun_post_modifier.

f""i""*'-*w'*ﬁﬁiU*'-P*'-i.t'tﬁ.i"ttiw****t*ﬁt.itt.t..i.tl..btl...‘t..tﬁhb/

/* All nouns preceding the head noun are called "pre-modifiers-. s/
/" Compound nouns can be constructed from: */
/™ i) verb + noun (ex: swimming-poel, shooting star} [verb: -inglinf] */
/i ii} noun + verb (ex: birth-control) [verb: -ineg] */
/™ iii) noun + noun (ex: motor-cycle, love story). ~/
/* The pre-modifiers cover cases i and iii when dashes are not neecded; ./
/* otherwise, it's a compound and treated as a single-token word. +/
/™ ./
/* On NP pre-modification in general, see QUIRK, chap.l7 ({17.94-120). */

noun_pre_modifiers =»
{(noun_pre_modif ; properncun ; {noun, not_folleowed_by_ing_word)).
rest_noun_pre modifiers.

noun_pre_modifiers => [].

not_followed_by_ing_words> ing_word{(I), verb(_._._,_.I._). !, tail.
not_followed_by_ing_worc> !,

"
/¥ i ieesriasn e it i e s

rest_noun_pre_modifiers =>
opt_real_coordinator, .
{noun_pre_modif ; propernoun ; (noun, not_followed by _ing_word)),
rest_noun_pre_modifiers.

rest_noun_pre_modifiers=> [].
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noun_pre_modif (quiz_token{ ...=» quic_token.
noun_pre_modif({ref  or__wvar{ ... =» ref__or__wvar.
noun _pre_modif =» date_£form.
noun_pre_moedif (number_special( .. =» number_special.
noun_pre_modif{dollarst ... =» dollars.
noun_pre_modif (parcentage! .. .=> percentage.

/tto-t--pt—-tttt-t-tttt-t--.ﬁ..-.tt-tt-w-‘tt-t*oot-oﬁut.-ot.c-*tt..-oc.-t'.-'-/

noun => countnoun.

noun = double_quotes, countnoun, double_gquotes.

noun =»> massnoun.

noun => double_gquotes, massnoun, double_gquotes.

noun{ ... ing_noun{ ... =>
varb_clause(2, ... [progrl, ... ).

noun{ ... double_quotes{ing_noun( ...=>

double_quotes, verb_clausze(2, ... [progrl, ... )}, double_quotes,

/% e ~~m===== NOUN EQUIVALENTS OR SUBSTITUTES ~-- ./
noun > quiz_token.
noun > gpecial_function_word{Type). {(Type == frag}.

i a9
v

noun double_quotes, special_char_seq, doublc_guotes.
noun > atomic_character.
noun > double_guotes, get_string_tokens.

/ttt.tttontt.wt—tttﬁttttrtt---Dtt..'.-.o-tt-.t-t----tt-t--t----ttt-t.titt-wttw/

noun_post_modifier => number_gen.
noun_post_modifier => quiz_token.
noun_post_modifier =» ref__or__var.
noun_post_modifier => date_form.
noun_post_medifier => number_special.
noun_post_modifier => dollars.
noun_post_modifier => percentage.
noun_post_modifier => [].

,i..‘t"tttttf.*ﬁt"t'*‘**l"‘QQﬁ"ﬁ"""".'..".--'."t'i.'.tt""'it*wtﬁ""'/

/* Un adjectif peut aveoir un complement qui est l'un des & groupes suivants: */

/1) un groupe prepositionnel (prepositional phrase) */
/* ii) une proposition substantive introduite par ‘that' (that clause) */
/* iii) une substantive avec un verbe a l'infinitif (to-infinitive clause)} ~/
/* iv) une substantive avec un verbe en -ing (nominal -ing clause) -/
FAR'S une question indirecte (see wh_interro_declarative_clause ahove) >/
/* vi) une proposition substantive introduite par ‘'than' (than clause). */
/" *7

/* Voir QUIRK, chap.l6 ("Complementation of verbs and adjectives"}; pp-1220+."/
compl_adj_phrase => comparative_clause.

compl_adj_phrase{attrs_compl( ...=>
required_adj_phrase, rest_compl_adj_phrase.

compl_adi_phrase(attrs_compl( ...=> required_adverbs.

compl_adi_phrase(attrs_compl{ ...=> adj_complement.

rest_compl_adj_phrase => adj_complement.
rest_compl_adj_phrase => [].
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-
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adj_complement => required_prepphrases.

adj_complement => nominal_clavse(that_clause, ... V.

adj_complement =» nominal_clause(to_infinitive_clause, ... Y.
adj_complement => nominal_clause(ing clause, ... ).

adj_complement => nominal_clause(wh_interro_declarative_clause, ... Y.
adj_complement (nonfinite_rel_clause_equiv( ... =>

=for*., np_equiv, simple_to_infinitive_c¢lause,
/."t'*ﬁ’t.ﬁﬁ.*t.'..'.....QI."'..-th"t.".'t“t.ﬂ..QI-i........‘t...t.l.l.. v
required_adverbs => adverbs(Advs), {advs \== [1}.

adverbs => {adv_s ; adv_not_s). rest_adverbs.
adverbs => [].

rest_adverbs =>

opt_comma, opt_real_coordinator, (adv_s : adv_not_s)., rest_adverbs.
rest_adverbhs => [].
adv_not_s => adv{A), (conj{A} : prep(A)).

/* GAARARARAGAAAAARAGGARARARARARAGARAARAAAAGACAIAAAANLAFARARRAAAANARANAIAARARN =/

/* Punctuation and a few special characters used throughout the paraser. L)
opt_pause => pause.

opt_pause => [].

pause => colon : comma : dashes ; semi_colon.
opt_colon => ¢olon.

opt_colon = [].

opt_comma =>» comma.

opL_comma => [].

colon => "t

comma == ",".

dashes =»> fe=t,

semi_colon => ";*.
double_guotes => “"",

parenthesis_o => *(".
parenthesis_c => "}".

question_mark => "?*.

lttt"tvrttio----.-.tt.tttttt-p------tttttttttt.o---o-tbc-btttbtl.oot--.-nbt-.-ol

/* On tags, see QUIRK, pp.%83-4. ./

rerminal (end_of_input( ... => opt_coma, tag_coor, end_of_sentencoe_marker.
terminal (end_of_input{ ... =» end_of_sentence_marker.

tag_coor => tag_coordinator.

tag_coordinator(and_so_forth).
tag_coordinator (and_so_on) .
tag_coordinator (and_so_on_and_so_forth).
tag_coordinator{and_the_like}.
tag_coordinator(ete).
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tag_cnordinator{land, zo, forth],and_zo_forth).
tag_conrdinator({[and,se,on,and, co, forth]l . and_so_on_and_so_forth).
tag_coordinatori[and,so,on) .and_so_on) .

tag_coordinator(fand, the,like] ,and_the_like) .

2P Chs i s eras et “«/
wnd_of_sentence_marker (period) => ",
ond_of_sentence _marker{ellipsis) => ...t

end_of_sentence marker{exclamation_mark)=> *!=,

I.t.t..-.ot.o.on-o-c.-----.t.-t-..tt.ttw-t-t.-*-t--t---ﬁ.--*t.-qa.oitﬁtt.-----/

opt_negation => “not*.
opt_negation => [].

opt_advs_negation=> opt_negation, adverbs.
opt_advs_negatior=> adverbs(Advs), {Advs \== [not]}., opt_negation.

I...-.-.--.-tt.ttt'twttbttt-to.too.-oo.------tot-t-tt.-..t.t.tto-t-ttttottwtwt/

opt_particle => [].
opt_partiecle => required_adverbs, adv_particle.
opt_particle => adv_particle(Pax),

j.-..Q-QQ--l-o-t-o-tt.tttotw.wtt-wttwﬁtttﬁtti.tttt.u"..-.-w.--.--o-w-..--ttbt,

opt_real_coordinator=> real_coordinator_3.
opt_real_coordinator=> [1.

real_coordinator_3 => real_coordinator.

/q-a-..---.-.o-.o.-.o--.-----tt-'t-.t-ot--t-ottt-twwwtwtwwtw.twtwtw*wtwtit---!/
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Appendix C: Parsing Statistics for the QUIZ Manual™®

Since we wanted to study the influence of parsing time on the parser’s performance,
the following statistics were computed for five different CPU time limits, t.c. 30, 60, 90,
120, and 300 seconds, on a SPARC-2 workstation. For all inputs. DIPETT first attempted
to get a full analysis in the allotted time: if it failed to do so, it would then attempt to find
a fragmentary analysis (se¢ 3.4.4.2). still with the same time limit. Results are discusszd
in section 3.6.4.

HAPTER 1
Chapter 1: 171 units 30 sec. | 60 sec. | 90 see. | 2 min. | S min.
(1) #units fully analyzed 87 89 8% 90 9l
(2) #units stopped by the CPU time limit,
before success or failure 53 50 49 46 43
(3) #units rejected, i.e. extra-grammatical ] 31 32 33 35 37
(4) percent of units fully analyzed 50.9% | 52.0% |} 52.0% | 52.6% |53.2%

(5) #units analyzed by fragments: from (2)
+(3) 58 61 66 65 66

(6) #units stopped by the CPU time limit
(before success or failure): from (5) 24 20 15 15 14

(7) #units rejected, i.e. extra-grammatical:
from (5) 2 1 ! 1 l

(8) percent of units analyzed by fragments:
from {5} 69.0% | 74.4% |80.5% |80.2% }81.5%

(9) #units analyzed, either fully or by
fragments 145 150 155 155 157

(10) percent of units analyzed, either fully
or by fragments 84.8% | 87.7% |90.6% |90.6% |91.8%

* Je remercie Caroline Paquet, une finissante au Baccalauréat en Informatique & I'Université du Québec
Trois-Riviares, qui a effectué d’innombrables tests sur DIPETT et colligé de nombreuses observations sur
les résuitats. De plus, elle a calculé la plupart des statistiques qui apparaissent dans cette annexe ct qui
sont tirées du chapitre 2 de [Paguet 93],
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Appendix C: Parsing Statistics for the QUIZ Manual

HAPTER 2
Chapter 2: 100 units 30 sec. | 60 sec. | 90 sec. | 2 min. | 5 min.
(1) #units fully analyzed 41 42 43 43 44
(2) #units stopped by the CPU time limit,
before success or failure 32 31 29 26 23
(3) #units rejected, i.c. extra-grammatical | 27 27 28 31 33
(4) percent of units fully analyzed 41.0% |42.0% |43.0% |43.0% |44.0%

(5) #units analyzed by fragments: from (2)
+(3) 50 53 52 52 51

(6) #units stopped by the CPU time limit
(before success or failure): from (5) 9 5 5 5 5

(7) #units rejected, i.c. extra-grammatical:
from (35) 0 0 0 0 0

(8) percent of units analyzed by fragments:
from (5) 84.7% 191.4% [91.2% [|91.2% |91.1%

(9) #units analyzed. cither fully or by :
fragments 91 95 95 95 95

(10) percent of units analyzed, either fully
or by fragments 91.0% |95.0% |95.0% }95.0% | 95.0%
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Appendix C: Parsing Statistics for the QUIZ Manual

HAPTER 3
Chapter 3: 162 units 30 sec. | 60 scc. | 90 sec. | 2 min. | 5 min.
(1) #units fully analyzed 73 76 30 30 82
(2) #units stopped by thc CPU time limit,
before success or failure 33 46 40 40 30
(3) #units rejected, i.e. extra-grammatical | 36 40 42 42 50
(4) percent of units fully analyzed 45.1% |46.9% |49.3% | 49.3% } 50.6%

(5) #units analyzed by fragments: from (2)
+(3) 75 75 72 72 71

(6) #units stopped by the CPU time limit
(before success or failure): from (5) 14 11 10 10 9

(7) #units rejected, i.e. extra-grammatical:
from (5) 0 0 0 0 0

(8) percent of units analyzed by fragments:
from (5) 84.3% | 87.2% | 87.8% |87.8% | 88.8%

(9) #units analyzed, either fully or by
fragments 143 151 152 152 153

(10) percent of units analyzed, either fully
or by fragments 91.4% |93.2% | 93.8% |93.8% | 94.4%
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Appendix C: Parsing Statistics for the QUIZ Manual

HAPTER 4
Chapter 4: 111 units 30 sec. | 60 sec. | 90 sec. | 2 min. | S min.
(1) #units fully analyzed 47 49 51 51 52

(2) #units stopped by the CPU time limit,
before success or failure 37 |25 21 20 18

(3) #units rejected, i.c. extra-grammatical |27 37 39 40 41

(4) percent of units fully analyzed 42.3% 144.1% | 45.9% | 45.9% | 46.8%

(5) #units analyzed by fragments: from (2)
+(3) 59 59 59 59 59

(6) #units stopped by the CPU time limit
(before success or failure): from (5) 5 3 1 | 0

(7) #units rejected, i.c. extra-grammatical:
from (5) 0 0 0 0 0

(8) percent of units analyzed by fragments:
from (5) 92.2% | 95.2% | 98.3% | 98.3% | 100%

(9) #units analyzed. cither fully or by
fragments 106 108 110 110 111

(10) percent of units analyzed, either fully
or by fragments 95.5% |97.3% |99.1% |99.1% | 100%
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HAPTER
Chapter S: 111 units 30 sec. | 60 sec. | 90 sec. | 2 min. | 5 min.
(1) #units fully analyzed 50 51 52 52 32
(2) #units stopped by the CPU time limit,
before success or failure 32 31 26 25 21
(3) #units rejected, i.e. extra-grammatical |29 29 33 34 38
(4) percent of units fully analyzed 45.0% | 45.9% |46.8% |46.8% | 46.8%
(5) #units analyzed by fragments: from (2)
+(3) 50 S50 50 52 54
(6) #units stopped by the CPU time limit
(before success or failure): from (5) 11 10 9 7 5
(7) #units rejected, i.e. extra-grammatical:
from (5) 0 0 0 0 0
(8) percent of units analyzed by fragments:
from (5) 82.0% |83.3% |84.7% | 88.1% {91.5%
(9) #units analyzed, either fully or by
fragments 100 101 102 104 106
(10) percent of units analyzed, either fully
or by fragments 90.1% 191.0% |91.9% |93.7% |95.5%

328



Appendix C: Parsing Statistics for the QUIZ Manual

HAPTER 6
Chapter 6: 112 units 30 sec. | 60 sec. | 90 sec. | 2 min. | 5 min.
(1) #units fully analyzed 47 S50 31 53 54
(2) #units stopped by the CPU time limit,
before success or failure 41 32 30 27 23
(3) #units rejected, i.c. extra-grammatical | 24 30 31 32 35
(4) percent of units fully analyzed 42.0% |44.6% |45.5% |47.3% | 48.2%

(5) #units analyzed by fragments: from (2)
+(3) 54 53 53 51 50

(6) #units stopped by the CPU time limit
(before success or failure): from (5) 11 9 8 8 8

(7) #units rejected, i.¢. extra-grammatical:
from (5) 0 0 0 0 0

(8) percent of units analyzed by fragments:
from (5) 83.1% | 85.5% | 86.9% | 86.4% | 86.2%

(9) #units analyzed, either fully or by
fragments 101 103 104 104 104

(10) percent of units analyzed, either fully
or by fragments 90.2% [92.0% |92.9% |92.9% |92.9%
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CHAPTERS 1 TO 6

Chapters 1-6: 767 units 30sec. | 60 sec. | 90 see. | 2 min. |5 min.
(1) #units fully analyzed 345 357 366 369 375
(2) #units stopped by the CPU time limit,

before success or failure 248 215 195 184 158
(3) #units rejected, i.e. extra-grammatical | 174 195 206 214 234
(4) percent of units fully analyzed 45.0% | 46.6% |47.7% |48.1% |48.9%
(5) #units analyzed by fragments: from (2)

+(3) 346 351 352 351 351
(6) #units stopped by the CPU time limit

(before success or failure): from (3) 74 58 43 46 41

(7) #units rejected, i.e. extra-grammatical:

from (5) 2 1 1 1 ]

(8) percent of units analyzed by fragments:

from (5) 82.0% | 85.6% | 87.8% | 88.2% | 89.5%
(9) #units analyzed, either fully or by

fragments 691 708 718 720 726
(10) percent of units analyzed, either fully

or by fragments 90.1% |92.3% |93.6% |93.9% |94.7%
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Appendix D: Example Parse Trees

This appendix shows five actual parse trees produced by DIPETT. The first two
inputs come from the QUIZ manual and the three others from the T4043 Tax Guide — on
these two texts, see 3.6.2 and 3.6.3. Timings are for a SPARC-10. In the following
presentation, we added a few comments to identify imperfect (i.c. “non-best™ according to
our knowledge of the language) parsc trees, i.e. for trees #2, (D.2) #3 (D.3), and #5 (D.5).
In these comments, the symbol PP stands for prepositional phrase.
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Appendix D: Example Parse Trees

D.1: Example Parse Tree #1

Unit #1: For your purposes , though , it would be more convenient to
have an alphabetical list .

Process this unit (Y/n), try another Version, or Exit [Y./n/v/c]?

lexical analysis (cpu time) : 0.167 secondis).
First parse for input sentence:

MEMORIZER results: # of units fetched (not re-parsed unnecessarily).
noun phrase(s) :
prepositional phrase(s) :
verb phrase(s) :
verbal clause(s) of type 1
verbal clause{s) of type 2 :
subordinate clause(s) :

OO OO

parsing (cpu time) : 0.817 second(s).

parse_tree__decla_or_imper

complex_sentence
structure
single_main_clause
declarative
statement
subordinate_clauses
initial
conj_subord ¢l implicit_and
subordinate
adverbial
pp for
entity
determinatives
deter your
head_noun
noun purpose
number pl
tokens your purposes
tokens for your purposes
tokens for your purposes
tokens for your purpeoses
subordinate

adverbial
simple_adv_clause though
tokens though
tokens though
tokens for your purposes , though |,
subj
entity
ref
pron it
number sg3
tokens it
predicate
copula
verb be
tense conditional_present_simple
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alphabetical

tokens
convenient

D.1: Example Parse Tree #1

neg vyes
trans stat
s_qualifier
sve_sva
attrs_compl
conj_adj_p implicit_and
attrs
adj more pos
attrs
adj convenient pos
tokens more convenient
nominal_clause
to_infinitive_clause
predicate
regular
verb have
tense inf
neg yes
trans tr
voice active
complement
svo
entity
determinatives
deter an
attributes
attrs
adj alphabetical pos
tokens alphabetical

head_noun
noun list
number sg3

tokens an alphabetical 1list
tokens to have an alphabetical list
tokens would be more convenient to have an
list
for your purposes , though , it would be more
to have an alphabetical list -

end_of_input period
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D.2: Example Parse Tree #2

Unit #2: This would produce the names of the two Boston employees who
joined the company since the staxrt of 1984 .
Process this unit (¥/n), try another Version, or Exit [Y/n/v/el?

lexical analysis (cpu time) : 0.15 second(s}.
First parse for input sentence:

MEMORIZER results: # of units fetched (not re-parsed unnecessarily).
noun phrase(s) :
prepositional phrase(s)
verb phrase(s) :
verbal clause(s} of type 1 :
verbal clause(s) of type 2
subordinate clause(s} :

(e el elelals]

parsing (cpu time) : 0.484 second(s).

{below: this tree contains a misattached PP. “since the start of 1984" should not be
at the same level as the preceding ‘of”-PP. Instead, it should have been attached to
the preceding verb ‘joined’. When presented with a series of PPs, the parser first
attempts to analyze them as conjoined PPs, unless it finds a syntactic clue that
indicates a potential embedded PP, such as an ‘of’-PP which usnally acts as noun
post-modifier.}

parse_tree__decla_oxr_imper
simple_sentence
structure
single_main_clause
declarative
statement
subj
entity
ref
pron this
number sg3
tokens this
predicate
regular
verb produce
tense conditional_present_simple
neg yes -
trans tr_intr
voice active
complement
~ svo
entity
determinatives
deter the
head_noun
noun name

number pl
ap_postmodifiers
conj_pps implicit_and
pp of
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joined the

who

joined

company

D.2: Example Parse Tree #2

enticy
dererminatives
deter the
postdeter
closed
card
card_num two
head_noun
noun employee
noun_modifiers
pre_modif boston
number pl
np_postmodifiers
rel clause
rel_marker who
statement
subj
entity
determinatives
deter the
postdeter
closed
caxd
card_num two
head_noun
noun employee
noun_modifiers
pre_modif boston
number pl
predicate
regular
verb 3Jjein
tense past_simple
neg yes
trans tr_intr
voice active

complement
svo
entity
determinatives
deter the
head_noun
noun company
number sg3

tokens the company
tokens Joined the company
tokens the two boston employees who

tokens of the two boston employees

the company

p_asyndetic_conj_pp

PP Ssince
entity
determinatives
deter the
head_noun
noun start
number sg3
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np_postmodifiers
pp  of
entity
ref
num 1984
number pl
tokens 1984
tokens of 1984
tokens of 1984
tokens the start of 1984
tokens since the start of 1984
tokens of the two boston employees who
joined the company since the start of 1984
tokens the names of the two boston
employees who joined the company since the start of 1984
tokens would produce the names of the two boston
employees who joined the company since the start of 1984
tokens this would produce the names of the two boston
employees who 3joined the company since the start of 1984
end_of_input period
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D.3: Example Parse Tree #3

D.3: Example Parse Tree #3

Unit #3: Refer to lines 304 and 305 in the 1990 General Tax Guide for
more information on these non-refundabhle tax credits .
Process this unit (¥Y/n), try another Version, or Exit [Y/n/v/el?

lexical analysis (cpu time) : 0.25 second(s).
First parse for input sentence:

MEMORIZER results: # of units fetched (not re-parsed unnecessarily).
noun phrase({s)
prepositional phrase(s)
verb phrase(s)
verbal clause(s) of type 1
verbal clausel(s) of type 2
subordinate clause(s)

P I T I PR TR TR
00000

parsing {(cpu time) : 0.3 second(s}.

{below: this parse tree contains two misattached PPs. First, the PP “in the 1990
General Tax Guide” should have been attached to the preceding noun phrase
“lines 304 and 305”. Second, the PP “on these non-refundable tax credits” should
have been attached to the preceding noun phrase “more information”. The
explanation for this analysis is the same as the one for tree #2 above.}

parse_tree__decla_or_imper
simple_sentence
structure
single_main_clause
imperative
statement
predicate
regular
verb refer
tense imperative
neg vyes
trans tr_intr
voice active
complement
svo
conj_pps implicit_and
PP to
conj_nps and pl
entity
head_noun
noun line
noun_modifiers
post_modif
num 304
number pl
tokens lines 304
entity
ref
num 305
number pl
tokens 305
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tokens lines 30« )
tokens to lines 301 and 305
-

pr in
entity
determinatives
deter the
postdeter
closed
card
num 1990
attributes
attrs
adj general pos
tokens general
head_noun
nocun guide
noun_modifiers
pre_modif tax
number sg
tokens the 1990 general tax guide
tokens in the 1990 general tax gquide
p_asyndetic_conj_pp
pp for
entity
determinatives
postdeter
closed
quant more
head_noun
noun information
number sg3
tokens more information
tokens for more information
p_asyndetic_conj_pp
pp on
entity
determinatives
deter these
attributes
attrs
adj non-refundable pos
tokens non-refundable
head_noun
noun credit
noun_modifiers
pre modif tax
number pl
tokens these non-refundable tax credits
tokens on these non-refundable tax
credits ’
tokens to lines 3204 and 205 in the 19%9%0
general tax guide for more information on these non-
refundable tax credits
tokens refer to 1lines 3204 and -205% in the 1990
general tax guide for more information on these non-
refundable tax credits
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tokens

refer wo lines 304 and 305 in the 19%0 general
tax guide for more information on these non-refundable tax
credits

end_of_input period
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D.4: Example Parse Tree #4

Unit #4: Since Rosa is the supporting person with the lowexr net
incoma , she would claim the child care expenses .
Process this unit (¥/n), try another Version, or Exit [Y/n/v/el]?

lexical analysis (cpu time) : 0.1 second(s).
First parse for input sentence:

MEMORIZER results: # of units fetched {not re-parsed unnecessarily)

noun phrase(s) : 0
prepositional phrase(s) : 0
verb phrase(s} : 0
verbal clause(s) of type 1 = 0
verbal clause(s) of type 2 : O
subordinate clause(s) : 0
parsing (cpu time) : 0.267 second(s).

parse_tree__decla_or_imper
complex_sentence
structure
single_main_clause
declarative
statement
subordinate_clauses
initial
subordinate
adverbial
adv_clause since
tokens since

statement
subj
entity
proper_noun Irosa
number sg3
tokens rosa
predicate
copula
verb be
tense present_simple
neg vyes

trans stat
s_gualifier

sve_sva
entity
determinatives
deter the
attribuces
atcrs

adj support pos
tokens supporting
head_noun
noun person
number s5g3
np_postmodifiers
pp with
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entity
determinatives
deter the

atcributes
conj_adi_p implicit_and
attrs
adj low comp
attrs

adjd net pos
tokens lower net

head_noun
noun income
number sg3

tokens the lower net income
tokens with the Jlower net

income
tokens with the 1lower net

income
tokens the supporting person with

the lower net income
tokens is the supporting person with

the lower net income
tokens since rosa is the supporting person
with the lower net income
tokens since rosa is the supporting person
with the 1lower net income ,
subj
entity
ref
pers_pron she
number sg3
tokens she
predicate
regular
verbh claim
tense conditional_ present_simple
neg yes
trans tr
volce active
complement
sVO
entity
determinatives
deter the
head_noun
noun expense
noun_modifiers
pre_modif
conj_noun_pre_mod implicit_and child
care
number pl
tokens the child care expenses
tokens would c¢laim the c¢hild care expenses
tokens since rosa is the supporting person with the
lower net income , she would claim the child care expenses

end_of_input period
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D.5: Example Parse Tree #5

Unit #5: Omar and Elke maintained their residential ties with Canada
because a mamber of their family occupied their residence while they
lived ocutside the country , and their absence is not permanent .
Process this unit (Y/n). try another Version, or Exit [Y/n/v/el?

lexical analysis (cpu time) : 0.25 second(s).
First parse for input sentence:

MEMORIZER results: # of units fetched (not re-parsed unnecessarily).

noun phrase(s) : B6
prepositional phrase(s) : 57
verb phrase(s) H

verbal clause(s) of type 1 0
verbal clause(s) of type 2 : 9
subordinate clausel(s) : 0

parsing (cpu time) : 23.233 second(s}).

{below: for reasons similar to the situation for PPs in trees #2 and #3 above, the
“while they lived outside the country” subordinate clause should have been
attached to the preceding ‘occupied’ clause, instead of being analyzed at the same
level as that of the ‘because’ clause.}

parse_tree__decla_or_imper

compound_sentence
structure
head_main_clause
declarative
statement
subj
conj_nps and pl
entity
proper_noun omar
number sg3
tokens omar
entity
proper_noun elke
number sg3

tokens elke
tokens omar and elke
predicate
regular
verb maintain
tense past_simple
neg yes
trans tr
voice active
complement
SVOO_SVoc_svoa
entity
determinatives
deter their
attributes
attrs
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adi residential pos
tokens residential
head_noun
noun tie

number pl

tokens their residential ties
pp with

entity

proper_noun canada
number sg3
tokens canada
tokens with canada
tokens with canada
subordinate_clauses
final
conj_subord_cl implicit_and
subordinate
adverbial
adv_clause because
statement
subj
entity
determinatives
deter a
head_noun
noun member
number sg3
np_postmodifiers
pp of
entity
determinatives
deter their
head_noun
noun family
number sg3
tokens their family
tokens of their family
tokens of their family
tokens a member of their family
predicate
regular
verb occupy
tense past_simple
neg ves
trans tr
voice active
complement
sVO
entitcy
determinatives
deter their
head_noun
noun residence
number sg
tokens their residence
tokens occupied their residence

tokens because a member of their family
occupied their residence
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country

Example Parse Trees

subordinate
adverbial
adv_clause while
statement
subj
entity
ref
pers_pron thoy
number pl
tokens they
predicate
regular

verb live
tense past_simple
neg vyes
trans tr_intr
voice active
complement
svo
pp outside
entity
determinatives
deter the
head_noun

noun country

number sg

tokens the country

tokens outside

the

tokens outside the
tokens lived outside the
tokens while they lived outside.” the

tokens because a member of their

occupied their residence while they 1lived outs

canada

tokens maintained their residential
because a member of their family occup

residence while they lived outside the country
next_main_clause

coord and
declarative
simple_sentence
structure
single_main_clause
declarative
statement
subj
entity
determinatives
deter their
head_noun
noun absence
number sg3
tokens their absence
predicate
copula
verb be
tense present_simple
neg no

ide
ties
ied

country

country

country

family
the country
with
their



D.5: Example Parse Tree #5

trans stat
s_cqualifier
sSVe_sva
attrs_compl
attrs
adj permanent pos
tokens permanent
tokens 1is not permanent
tokens their absence is not permanent
tokens omar and elke maintained their residential ties
with canada because a member of their family occupied their
residence while they 1lived outside the country . and their
absence is not permanent
end_of_input peried
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Appendix E: HAIKU and Situations 81 to A5

This appendix shows an abridged. actual log (set in the Courier typelace) of
HAIKU in action in the five diffcrent Case analysis situations presented in 4.4,
Explanations were added in the Times typeface. in bold. and cnclosed in braces. To
improve the presentation. very simple example inputs were selected: as well, the original
log was slightly recorganized .
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E.l: Situation 8,

E.1: Situation 41

Unit #1: Beob printed a file .
lexical analysis (cpu time) : 0.016 second(s).
First parse for input sentence:

{ ... 1}
parsing (cpu time) : 0.084 second(s).

parse_tree__decla_or_imper
simple_sentence
structure
single_main_clause
declarative
{ «v. }

HAIKU: initiating Case-based semantic analysis ..

UPDATED PARSE

TREE (parse_tree__decla_or_imper (simple_sentence(structure(single_main
_clause (declarative(*statementl*))), tokens{[bob,printed,a, file])},end
_of_input{period)})

LOGICAL CLAUSAL STRUCTURE
top_structure
[*statementl*]

SYMBOLIC A-LISTS
coordinators
clauses

[*statementl*, statement {subj (entity (proper_noun({bob),number (sg3), toke
ns([bobl))),.predicate(regular{verb(print, tense([past_simple]},neg{yes
), trans{tr_intr))),voicelactive),complement (svo({entity(determinatives
{deter{a)),head_noun(noun(file)),number{sgl),tokens{[a,file]})}))),tok
ens( [printed,a, filel))]

INPUT STRING({ [bob,.printed,a,file, .])
HAIKU: Case Analysis of current input's clauses ...

CURRENT CLAUSE: *statementl~*

CURRENT 3UBJ H

subj {entity(proper_noun{bob) ,number{sg3), tokens( [bobk]l})}

CURRENT VERB : print

CURRENT COMPL : :

complement (svo (entity (determinatives (deter{a)),head _noun(noun({file}),
number (sg3), tokens([a,file]l))))

CURRENT MODIFS : [main_verb_modif{nil),clause_modif(nil)]

CMP found by HAIKU: psubj-pobj
> Do you wish to overrule this CMP

{enter d to discard this clause, or
a to discard the entire input) [y/N/4/a)?

{below: notice, HAIKU identifies the current clause as of the 41 type.}
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Appendix E: HAIKU and Situations 81 10 85

S1l: known CMP already associated with known verb: CP is known or now.
candidate CPs with example sentences:
CP: agt-obj Ex: [bob,printed,a,file]
current clause's main verb {infinitive): print
current clause's CMP {or a permutation): psubji-pobj

most probable or closest CPs, which are of compatible length:
agt-obj (1);

if appropriate, please select one of these CPs;
enter a number between 1 and 2 (or 0 if none is appropriate): 1
CMP & CP will be paired as follows: psubj/agt pobj/obj : Correct
[n/Y)]?
replace cmpDict's example with current clause [y/N]?

CASE STRUCTURES
clauses

[*statementl™,

case_structure(
vorb(print,taense( (past_simple]),neg(yes),trans(tr_intr)),
psubj-pobi,
ag’t-obj [
~ntity(proper_noun(bobd) ,nuwbex(8g3),tokens([bobl}),

atity(determinatives (deter(a)),.head noun(noun(file)},
numbear (8g3),tokens{ [a,file])),

[main_verb_meodif(nil),clause_modif(nil)])]

HAIKU semantic analysis {(cpu time) : 1.233 second(s).
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E.2: Situation

Unit #2: Beth erased all her files , suddenly .
lexical analysis (cpu time) : 0.15 second(s).
First parse for input sentence:

{ ... 1
parsing (cpu time} : 0.25 secondi(s).

parse_tree__decla_or_imper
complex_sentence
structure
single_main_clause
declarative
{ ...}

HAIKU: initiating Case-based semantic analysis ...

UPDATED PARSE

TREE (parse_tree__decla_or_imper (complex_sentence(structure({single_mai
n_clause (declarative(*statement4d+})), tokens{ [beth,erased,all, her, file
s, ..suddentlyl)).end_of_input(period))])

LOGICAL CLAUSAL STRUCTURE
top_structure
[*statementd*]

SYMBOLIC A-LISTS
coordinators
clauses

[*statementd*, statement (subj (entity{proper_noun{beth) ,number{sg3), tok
ens ( [beth]))),predicate(regular{verb({erase, tense( [past_simplel),negly
es),transitr_intr})),voice(active),complement {svo{entity(determinativ
es{predeter(all}, deteri{her)},head_noun{noun(file}),number(pl), tokens(

i [all,her,files])))),subordinate_clauses(final { [subordinate (adverbial(
simple_adv_clause ( [suddently, tokens{ [suddently]}])), tokens( [suddently]
1)), tokens({[suddently]) 1))}, tokens([erased,all, her,files,,,suddently]
IR

INPUT STRING{ [beth,erased,all,her, files,,,suddently, .])
HAIKU: Case Analysis of current input's clauses ...

CURRENT CLAUSE: *statementd*

CURRENT SUBJ :

subj (entity{proper_noun(beth) ,number (sg3), tokens([beth]))}

CURRENT VERB : erase

CURRENT COMPL

complement {svo(entity(determinatives{predeter(all),deter(her}), head_n
oun{noun{file}),number(pl),tokens{[all, her,h £filesl))]))

CURRENT MODIFS :

fmain_verb_modif (nil),clause_modif {subordinate_clauses({final { [subord
inate (adverbial (simple_adv_clause( [suddently, tokens{ (suddentlyl}l).,.to
kens ( [suddently])) ), tokens{ [suddently])1}1)}]
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CMP found by HAIKU: psubj-pobji-adv
> Do vou wish to overrule this CMP
{enter @ to discard this clause, or
a to discard the entire input) [y/N/d&/al?

{below: notice, HAIKU identifies the current clause as of the 8> type.}

82: known CMP not vet associated with known verb; CP is known or now.

candidate CPs with example sentences:
CP: agt-obj-manr Ex:
[bob, always, prints, and, reads, his, messages)
current clause's main verb {(infinitive): erase
current clause's CMP (or a permutation): psubj-pobj-adv
most probable or c¢losest CPs, which are of compatible length:
agt-obj-manr (1) :

if appropriate, please select one of these CPs;
enter a number between 1 and 1 {(or 0 if none is appropriate): 1

CMP & CP will be paired as follows: psubj/agt pobj/obj adv/manr
Correct [n/Y1l?

replace cmpDict's example with current clause [y/N]?

UPDATING mDict for erase ...

=> erase [psubj-pobi.psubj-pobj-adv,psubj-pobj-with]
[[adv, [manr}]. [pobj, [objl], [psub], lagtl], [with, [inst]]]

UPDATING cpDict for agt-obj-manr ...

=> agt-obj-manr [erase,need,print]

CASE STRUCTURES
clauses
[*statement4™,
case_structure(
vexrb(exrase,tense( [past_simplel),neg{yes),trans(tx_intx)),
psubj-pobj-adv,
agt-ohj-manr,
entity(proper_noun(beth),number (8g3),tokens({bethl)},
entity(determinatives (predeter(all),detex(her)),
head_noun{ncun(file)),number(pl) ,tokens{ [all,hexr, £iles]}).,
[main_verb_modif(nil),
clause_modif (subordinate_clauses([final ( [subordinate(adverbial
(simple_adv_clause( [suddently, tokens ( [suddently])]).,
tokaxns ( [suddently] })),tokens( [suddently]}1)]1))1)?

HAIKU semantic analysis {cpu time) : 1.65 second(s).
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E.3: Situation 483

Unit #3: Tom craszed a file with a new command .
lexical analysis (cpu time} : 0.05 second(s}).
First parse for inputl sentence:

{ ... )
parsing (cpu time) : 0.633 second(s).

parse_tree__decla_or_imper
simple_sentence
structure
single_main_clause
declarative
{ ... 1}

HAIKU: initiating Case-based semantic analysis ...

UPDATED PARSE
TREE(parse_tree__decla_or_imper{simple_sentence(structure(single_main
_clause{declarative{*statement3*))),tokens{[tom, erased,a,file,with,a,
new, command] ) ) ,end_of_input (period))}

LOGICAL CLAUSAL STRUCTURE
top_structure
[*statement3*]

SYMBOLIC A-LISTS
coordinators
clauses

[*statement3*,statement (subj (entity(proper_noun(tom} ,number (sgi}), toke
ns{[tom]}))),predicate{regular(verbl{erase, tense( [past_simple]),neglyves
).trans(tr_intr}))),.voicelactive),complement (svoo_svoc_svoa( [entity(de
terminatives{deteria)),head_noun(noun{file)),number(sgi), tokens([a, £fi
le] )}, [pplwith, entity(determinatives{deter{a)),attributes([attrs(ad;j(
new,pos) ), tokens{ {new)])]).head_noun(noun(command) ) ,number(sg3}, tockens
({[a.new, command] )}, tokens{ [with, a,new, command] }), tokens{[with,a,new, ¢
ommand])]1)}),tokens{[erased,a,file,with,a,new,command]})]

INPUT STRING({[tom,erased,a,file,with,a,new,command, .})
HAIKU: Case Analysis of current input's clauses ...

CURRENT CLAUSE: *statement3™

CURRENT SURJ :

subj {entity(proper_noun(tom) ,number(sg3), tokens{[tom])})

CURRENT VERB : erase

CURRENT COMPL :

complement {svoo_svoc_svoa{ [entity(determinatives (deter(a)), head_noun/|
noun{file)),number{sgl),tokens({{a, file]}), [pp(with,entity{determinati
ves{deter(a)),attributes([attrs (adj(new,.pos)).tokens([new])]) ,head_no
un {noun (command) ) , number (sg3), tokens( [a, new, command] ) ), tokens ( [with,a
,new, command] ) ), tokens ([with,a,new,command))11)}

CURRENT MODIFS : [main_verb_modif(nil),clause_modif(nil)]
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CcMP found by HAIKU: psubj-pobj-with
> Do you wish to overrule this CMP
{enter & to discard this clause, or
a to discard the entire input) [v/N/& al?

{below: notice, HAIKU identifies the current clause as of the 83 type. Note: all the
intermediate results returned by the metric are only shown here as a trace of
execution; what matters to the user is the closest CP proposed by HAIKU.}

S3: entirely new CMP with known verb; CP is known or new.

entirely new CMP; no obvious candidate CPs to propose

list of close CMPs proposed by the “"closeness metric™:
[THE INPUT CMP PROPERLY UNDERMATCHES:
,match(3.75, [psubj,pobj,with, froml},
THE INPUT CMP NON-PROPERLY UNDERMATCHES:
,match{1.11111, [psubj,pobj,to]}).match(1.11111, [psubj,pobj,piobjl},mat
ch({1.11111, [psubj.pobj,on]},match{1.11111, [psubj, pobj, from]),matchi(l.
11111, {psubj,pobj,adv]),match({0.833333, (psubj,pobj,on.advi},.match(0.1
11111, [psubj,oen,inj),
THE INPUT CMP PROPERLY OVERMATCHES:
,match(1.55556, [psukj,with]),match(1.11111, [psubj,pobj])},match(0.3333
33, [pobjl).match(0.222222, [psubjl).,
THE INPUT CMP NO:I-PROPERLY OVERMATCHES:
. match{0.166667, [pobj,adv])),match(0.111111, [psubj,to}),match(0.111111
. [psubj, for]) ,match(0.111111, [psubj,adv])]

Candidate CPs with example sentences for the closest CMP (psubj-pobj-
with-from):
CP: agt-obj-inst-lfrm Ex:

[this, letter,was,prepared, by, tom,with, the, new, computer, from, the, other
, room]

current clause's main verb (infinitive): erase

current clause's CMP {or a permutation): psubj-pobj-with

most probable or closest CPs, which are of compatible length: []

NEW CP: list of 28 legal Cases in HAIKU

agt:agent; benf:beneficlary:; expr:experiencer; inst:instrument;
obj:object; recp:recipient; caus:cause; manr:manner; val:value;
eff:effect; purp:purpeose; freq:frequency:; tat:time_at;
tfrm:time_from; tto:time_to; ttru:time_through; dir:direction;
lat:location_at; lfrm:location_from; lto:locaticn_te; ord:order;
ltru:location_through; ornt:orientation; cont:content;
excl:exclusion; acmp:accompaniment; matr:material; meas:measure.
REM: A CASE MAY BE SUFFIXED WITH A '?' TO DENOTE UNCERTAINTY

(e.g. lat?).

here is what the cmDict knows about this Case marker: with
{format: Case(COmmonness,Example); CO=1l:common, CO=2:uncommon}
matr(l,The pie was made WITH APPLES.)
acmp{l,He came WITH THEM.)
tfrm{l,WITH THE GUESTS GONE, things have returned to normal.}
manr(l,He did it WITH PANACHE.) B
inst {1, The window was broken WITH A ROCK.)
cont(l,I am concerned WITH THE ECONOMY.)
recp(l,She left her car WITH ME.)
caus{2,He trembled WITH FEAR.)
eff(2,The battle will end WITH DEATH.}
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please enter the new CP (e.g. agt-obj-tat),
or enter ‘h' to see the current input string andé CMP,
or CR to abort ["new CP"/h/CR]? agt-obj-inst

CMP & CP will be paired as follows: psubj/agt pobj/obj with/inst
Correct [n/¥1?

UPDATING mDict for erase .
=> erase [psubj-pobj,psubj-pobj-with]

[ [pobi, [obj]]. [psubj, lagt]], [with, [inst]]]
UPDATING cmpDict for psubj-pobj-with
=» psubj-pobi-with [[agt-obj-

inst, ' [tom,erased,a, file,with,a,new,command, .] ']}
UPDATING cpDict for agt-obj-inst ...
=>» agt-obj-inst [erase]

CASE STRUCTURES
clauses
[*statement3™,
cagse_structure{
vexrb(erase, tense( [past_simple]).neg(yves),trans{tx intx)).
psubj-pobj-with,
agt-obj-inst,
entity(proper noun{tom),numbex({sg3),tokens([toml)),
[entity({determinatives{detaer(a)) . head_noun{noun({file)),
number{sg3),tokens([a,file])), [pp(with,
{ «ea )
[main wverd_modif(nil),clauge_modif(nil)i)]

- HAIKU semantic analysis (cpu time) : 2.234 second(s).



Anpendix E: HAIKU and Sitations 81 to A5

E.4: Situation &4

Unit #4: Bob erased a file .
lexical analysis (cpu time) : 0.067 secondl(s).
First parse for input sentence:

{ ...}
parsing (cpu time) : 0.083 second(s).

parse_tree__decla_or_imper
simple_sentence
structure
single_main_clause
declarative
{ ...}

HAIKU: initiating Case-based semantic analysis ...

UPDATED PARSE

TREE (parse_tree__decla_or_imper(simple_sentence(structure(single_main
_clause({declarative(*statement2*))), tokens{[bob,erased,a, filel}),end_
of_input(period)))

LOGICAL CLAUSAL STRUCTURE
top_structure
[*statement2™]

SYMBOLIC A-LISTS
coordinators
clauses

[*statement2*, statement {subj (entity(proper_noun(bob), number{sgl), toke
ns![bobl}}).predicate(regular (verb(erase, tense( [past_simplel) , neq(yes
y,trans{tr_intr))),voice{active) ,comnlement {svo{entity(determinatives
(deter{a)),head_noun({noun(file)},number(sgl), tokens([a, file]}))}) . . tok
ens([erased,a,file]l}}]

INPUT STRING(([bob,erased,a,file,.])}
HAIKU: Case Analysis of current input's clauses ...

CURRENT CLAUSE: *statement2”

CURRENT SUBJ :

subj (entity(proper_noun(bob) ,number (sg3), tokens( [bobl)})

CURRENT VERE : erase

CURRENT COMPL :

complement (svo (entity(determinatives{deter(a)),head_noun(noun(file}),
number {sg3) , tokens{[a,file])}})

CURRENT MODIFS : [main_verb_modif(nil),clause_modif(nil)]

CMP found by HAIKU: psubj-pobj
> Do you wish to overrule this CMP

{enter & to discard this clause, or
a to discard the entire input) [y/N/d/al?

{below: notice, HAIKU identifies the current clause as of the 484 type.}
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E.4: Situation A4

S4: new verb with known CHMP; new CP (relative to this vexrb).

candidate CPz with example sentences:
CP: agt-obji Ex: [bob,printed,a,file]
current clause's main verb (infinitive): erase
current clause's CMP (or a permutation): psubj-pobj
most probable or closest CPs, which are of compatible length:
[agt-obj]

NEW CP: list of 28 legal Cases in HATIKU

agt:agent: benf:beneficiary; expr:experiencer; inst:instrument:;
obj:object; recp:recipient; caus:cause; manr:manner; val:value;
eff:effect: purp:purpose; freq:frequency; tat:time_at;
tfrm:time_from; tto:time_to; ttru:time_through; dir:direction:
lat:location_at; lfrm:location_from; lto:location_to; ord:order;
ltru:location_through: ornt:orientation; cont:content;
excl:exclusion; acmp:accompaniment; matr:material; meas:measure.
REM: A CASE MAY BE SUFFIXED WITH A '?' TO DENOTE UNCERTAINTY

{e.g. latc?).

please enter the new CP (e.g. agt-obj-tat),
or enter 'h' to see the current input string and CMP,
or CR to abort [“new CP"/h/CR]1? agt-obj
CMP & CP will be paired as follows: psubj/agt pobj/obj ; Correct
[n/Y]?

UPDATING mDict for erase ...
=> erase [psubj-pobj]l [I[pobj,[objll, [psubj, (agtl]ll]
UPDATING cpDict for agt-obj ...
=> agt-obj
[ask,complete, copy, crash, delete, erase, get,give, know, like, look, pay, pre

fer,prepare, print, read, recreate, report, save, sort, store, think, try,want
,work,write]

CASE STRUCTURES
clauses

[*statement2™,

cage_structure(
verb (erasge,tense( [past_simple] ) ,.neg(ves),trans(tr_intr)}),
psubj-pcbi,
agt-cbi,
entity(proper_noun({bob),numbex(sg3), tokens([bobl)),
entity({determinatives (deter(a)), head_noun(noun(file)),

numbex (8g3) ,tokans{[a,£ile])),

[main_verh modif(nil),clause_modif(nil)])]

HATKU semantic analysis (cpu time) : 1.25 second(s).
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E.5: Situation 45

Unit #5: Bill unexpectedly modified his data file with the REPL
command .

lexical analysis (cpu time) : 0.1 second(s).
First parse for input sentence:

(...}
parsing {cpu time) : 2.05 second(s).

parse_tree__decla_or_imper
simple_sentence
structure
single_main_clause
declarative

HAIKU: initiating Case-based semantic analysis

UPDATED PARSE

TREE (parse_tree__decla_or_imper(simple_sentence(structure({single_main
—clause(declarative({*statement6*})), tokens{[bill, unexpectadly,modifie
d,his,data, file,with, the, repl,command] } },end_of_input {pericd)))

LOGICAL CLAUSAL STRUCTURE
top_structure
[*statement6*]

SYMBOLIC A-LISTS
coordinators
clauses

[*statement6*, statement (subj (entity({proper_noun(bill),number{sgl}, tok
ens{[bill])}),predicate(regular{verb(modify, tense([past_simple]),negl

ves),advs ( [unexpectedly, tokens { [unexpectedly}) ]}, trans(tr))),voicelac
tive),complement (svoo_svoc_svoa([entity(determinatives(deter{his})), he
ad_noun{noun({file,noun_modifiers(pre_mocdif ([datum])))) . .number(sg3),to

kens([his,data,filel)), (pp(with,entity(determinatives{deter(the)},bhea
d_noun({noun{command, noun _modifiers(pre_modif{irepll]l}})}).number (=g}, to
kens{[the, repl,command]}), tokens{ [with, the,repl, command] )}, tokens( [wi
th, the,repl,command]i]])) ). tokens{ [unexpectedly,modified, hiz,data, £il
e,with, the, repl, command])}}

INPUT

STRING{[bill,unexpectedly,modified, his,data, file,with, the, repl, comman
4,.1)

HAIKU: Case Analysis of current input's clauses ...

CURRENT CLAUSE: *statementé6*

CURRENT SUBJ :

subj(entity(proper_noun(bill),number(sg3), tokenzs{[bill]))}

CURRENT VERB : modify

CURRENT COMPL :

complement (svoo_svoc_svoa( [entity(determinatives|(deter (his)),head_nou
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E.5: Situation 85

ninocuni{file, noun_modifiers({pre_modif{{dazuml}}}),numberi{sgl}, tokens{|
hig,data, f£ile]) ), [pplwith,entity(determinatives (deter{the) ), head_noun
{noun{command, noun_modifiers(pre_modif([repli))}),number(sg), tokens{ |

the, repl, command] } )}, tokens{{wi*.a, the,repl, command] ) ), tokeas{[with,the
,repl,commandl )] ]} )

CURRENT MODIFS :

[main_verb_modif {advs ( [unexpectedly, tokens ( [unexpectedlyl]l)])).clause_
modif(nil)]

CMP found by HAIKU: psubj-pobj-with-adv
> Do you wish to overrule this CMP
(enter d to discard this clause, or
a to discard the entire input) [y/N/d/al?

{below: notice, HAIKU identifies the current clause as of the 85 type. Note: all the
intermediate results returned by the metric are only shown here as a trace of
execution; what matters to the user is the closest CP proposed by HAIKU.}

55: new verb with (entirely) new CMP; new CP.

entirely new CMP; no obvious candidate CPs Lo propose
list of close CMPs propesed by the “"closeness metric”:
[THE INPUT CMP PROPERLY UNDERMATCHES: ,
THE INPUT CMP NON-PROPERLY UNDERMATCHES:
,match(2.8125, [psubj.pobj,with, from]},match(1.6875, [psubj, pobj,on.,adv
1},
THE INPUT CMP PROPERLY OVERMATCHES:
.match({2.5, [psubj,pobj.with]) ,match(l.5, [psubj,pobj,adv]).match(1.166
67, [psubj.with]),.match{0.833333, [psubj,pobjl).match(0.666667, [pobj,ad

v]),match{0.5, [psubj,adv]},match(0.25, [pobjl),match(0.166667, [psubjl)
,match{0.0833333, [adv]},

THE INPUT CMP NON-PROPERLY OVERMATCHES:
.match{0.555556, [psubj,pobj,.tol}, . match(0.555556, [psubj,pobj,.picobil).m
atch(0.555556, [psubj,pobj,onl] ), match(0.555556, [psubj,pobj, from] ) ,matc

h(0.0833333, [psubj,to]),match{0.0833333, [psubj, for]}.match(0.0555556,
ipsubj,on, in]}!

Candidate CPs with example sentences for the closest CMP (psubj-
pobj-with-from):
CP: agt-obj-inst-1frm Ex:
[this,letter,was, prepared, by, tom,with, the, new, computer, from, the, other
, room]
current clause's main verb (infinitive): modify
current clause‘'s CMP (or a permutation): psubj-pobj-with-adv
most probable or closest CPs, which are of compatible length:
{agt-obj-inst-1£frm]

NEW CP: list of 28 legal Cases in HAIKU

agt:agent: benf:beneficiary; expr:experiencer; inst:instrument;
obj:object: recp:recipient; caus:cause; manr:manner; val:value;
eff:effect: purp:purpose; freq:frequency: tat:time_at;
tfrm:time_from; tto:time_to; ttru:time_through; dir:direction:;
lat:location_at: lfrm:location_from; lto:location_to; ord:order;
l1tru:location_through; ornt:orientation; cont:content;
excl:exclusion; acmp:accompaniment; matr:material; meas:measure.
REM: A CASE MAY BE SUFFIXED WITH A *'?' TO DENOTE UNCERTAINTY

(e.g. lat?).
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here is what the emDict knews about this Case mark
{format: Case(COmmonness, Example): C€O=1l:common, CO
matr(l,The pie was made WITH APPLES.)
acmp (l,He came WITH TEEM.)
tfrm{1,WITH THE GUESTS GONE, things have returned to normal.)
manr{l,He did it WITE PANACHE.)
inst{l,The window was broken WITH A ROCK.)
cont{l,I am concerned WITH THE ECONOMY.}
recp{l,She left her car WITH ME.)
caus (2,He trembled WITH FEAR.!
eff(2,The battle will end WITH DEATH.)

please enter the new CP {(e.g. agt-obj-tat),
or enter 'h' to see the current input string and CMP,
or CR to abort ["new CP"/h/CR]? agt-obj-inst-manr
CMP & CP will be paired as follows: psubj’/agt pobj/obj with/inst
adv/manr ; Correct [n/Y]?

UPDATING mDict for modify ...

=> modify [psubj-pobj-with-adv]
[{adv, [manr]], [pobj, {obj}], [psubj. lagtl]. [with, [instl]]

UPDATING cmpDict for psubj-pobj-with-adv ...

=> psubj-pobj-with-adv [[agt-obj-inst-
manr, * [bill, unexpectedly,modified, his,data, file,with, the, repl, command
b 2111

UPDATING c¢pbhict for agt-obj-inst-manr ...

=> agt-obj-inst-manr [modify]

CASE STRUCTURES
clauses
[*statement6™,
cage_structurea(
wvarb(modify, tense ( [past_simple] ) ,neg(yves),
advs( [unexpectedly, tokens( [unaxpectedlyi)]).,.trans{tr}}.,
psubj-pobj-with-adv,
agt-obj-inst-manr,
entity(proper_noun(bill),numbex(s8g3),tckens( {bill])).,
[entity(determinatives(deter(his)),head_noun({noun(file,
noun_modifiers(pre_modif ([datum])))),number(sg3).,
{---}
[main_wverb_modif (advs( [unexpectedly, tokens{ [unexpectedlyl)}l)).
clanse_modif (nil)l)]

HAIKU semantic analysis (cpu time) : 2.417 second(s).
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Appendix F: HAIKU’s CA Processor

This appendix contains the listings of the two major Prolog files that constitute the
HAIKU Casc-based semantic analyzer: HAIKU_SA. PL, the Case-Analyzer driver, and
HAIKU_CA.PL, the individual-clause Case Analyzer — sce section 4.3. Two other files
that are part of HAIKU but which do not appear below are its list of (domain-
indcpendent) prepositions and the Cascs they mark (which was extracted from [Barker ez
al. 93)), plus the closeness metric (which is described in section 4.6).

Note: the end of section F.1 (HAIXKU_sA. PL) also presents the Prolog code for the pronoun
explicitizer (sce 3.5). This processing takes place right after parsing and just before Case
analysis.
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Appendix F: HAIKUs CA Processor

F.1: The CA Driver

/**'t.**...'t"'."..'.'."!"1.‘..1'.""‘..-....lbﬂlIl..tl.....t.t-.‘q.-....:

s* £ile: HAIRKU_SA.PL b
/* version: July 20, 1993 .
/* author: Sylvain Delisle A

rAAAALMRALLLELLALLALLLLEAAAARMAAALALAA LML ALLLRLELALAA AN AL LA R AL ALLE N

;= dynamic previous_PT/1.
;1= volatile previous_PT/1.

:= assert(haiku_version(20,7,931}).

l..-t.i.it'*-tﬁ"-iit.i'ﬂ**ﬁtﬂ**tﬂitﬁ*ﬁ.*ﬂﬂ**ﬂ*i..Qﬁ...iﬁt"l‘i..i‘.ﬁQ...‘.Qﬁ./

/* SA : (used by proceed_with_haiku_sa in dipett_l) ./

sa(Syn,Sem) :-
on_exception(Msg,
haiku_sa(Syn, Sem),
display_exception_message_and_fail__SA(Mzg)).

display_exception_message_and_fail__SA(Exception_Message) :-
nlp. nlp, writep('HAIKU_SA STOPPED for the following reason:'),
nlp, writep{Exception_Message), nlp, nlp, !, fail.

/it.'ﬁ*"ﬁ**'*'***iﬂt'...'-.'ttﬁ'iit‘.tﬁ.tt.*i'tﬁtﬁ-‘ﬁ‘."t‘iﬁ.t.t.i-t..t..l‘.,

/* HAIRU_SA : (used by sa) */
lt ./
/* In order to perform CA we must collect all clauses. They are located in s/
/* nominal clauses (to_infinitive_clause, genitive_ing_clause, ing_clause, >/
/* certain rel_clauses, wh_interro_declarative_clause, and that_clause) or in*/
/* statements. Amongst the 6 types of nominal clauses, the first four are *7

/* not defined in terms of ‘'statement', the 5th may, and the 6th is. This ex-*/
/* plains why we first search for the 4 first types of nominal clauses and ./
/* then for statements (see haiku_sa_0 & extract_top_nom_clauses). */

haiku_sa(In_PT,nil) :~-
fas('parse_tree__inter',In_PT,LSAT), LSAT \== [].
nlp, writep('Semantic analysis ABORTED: the current input ic a '),
writep('question!’),
nlp, nlp. replace_previous_PT(In_PT).

%haiku_sa(In_PT,nil) :-
fas('parse_tree__title_or_caption', In_PT,LSAT), LSAT \== [],

2 nlp, writep{'Semantic analysis ABORTED: the current input iz a '},
% writep('title or caption!'),

% nlp, nlp, replace_previous_PT{In_PT).

>

haiku_sa({In_PT,Sem_Struct) :-
fas('parse_tree__ frag',In_PT,LSAT1)., LSAT1 \== [],
fas {'sentence_fragment'.,In_PT,LSAT2), LSATZ \== [].
nlp, writep('** CA: the current input iz a seriec of fragments ...'), nlp,
replace_previous_PT{In_PFT),
ext(n, frags, sentence_fragment, In_PT,_Out_PT,A_List},
A_List =.. [frags|!FRAGMENTS]],
haiku_sa_fragments (FRAGMENTS, [1,Sem_Struct).

/* LOOKING FOR CONJOINED VERE PHBRASES (VPz) ... 7
haiku_sa({Input_PT,Sem_Struct) :-

/* Getting rid of 'nil*/'[]' elements ... */
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zap_nilz{Input_PT,In_PT_ok}, !,

ext(1l,coni_VPl,conj_wps.In_PT_ok,_,A_List_VPs),

{{A_List_VPs == conj_VPl{(l]). % No conjeined VPs!
PTS = [In_PT_ok]) ;
(A_List_VPs \== conj_VPl([]}, % Yes, conjoined VPs!

A_List_VPs = conj_VPL{{[_,CONJ_VPSII),
ext(n,conj_VP2,predicate, CONJ_VPS, _,A_VP_List),

A_VP_List = conj_VP2{(VP_List}, length(VP_List,Ll),

nlp, writep{'WARNING! The input contains '}, writep(Ll),

writep{' DISTINCT CONJOINED VP(s):'}, nlp, writep{CONJ_VPS), nlp, nlp,
writep{'Semantic Analysis will proceed according te this '),
writep('inference rule:*),

nlp, writep(' SUBJ |[VPLI & VP2 & ... & VPN! =>'), nlp,
writep{® SUBJ VPl, SUBJ VP2, ... ., SUBJ VPN.'). nlp,
writep('An input containing N (distinct) '),

writep('conjoined VPs will generate N clauses for HAIKU.'), nlp. nlp,
haiku_sa_l_VPs(l,In_PT. ok, CONJ_VPS,VP_List, [].PTS))},
haiku_gza_l_Verbs(PTS, [], Sem_Struct).

T o S e L L T LA LR T T T

haiku_sa_fragments([], Sem_Struct,Sem_Struct)
haiku_sa_£ragments ([ [_.FRAG_H] |FRAG_T], Sem_Struct_in, Sem_Struct_out}
haiku_sa{FRAG_H, Sem_Struct_H)}, !,

{ {Sem_Struct_H = [logical_input(_,_,_._, *CASE STRUCTURES' {[X]1}}], var({X),
writep{'> EMPTY CLAUSE: CA cannot be performed on this partial input.'),
nlp, nlp)

true), !,

append (Sem_sStruct_in, [Sem_Struct_H], Sem_Struct_0),

haiku_sa_fragments{FRAG_T, Sem_Struct_0, Sem_Struct_out).

P T L O g L L LTS R L T S S L T

haiku_sa_1_vPs{_,_In_PT,_CVPS,[],PTS, PTS) -1,
haiku_sa_l_VPs(N,In_PT.CVPS.[[_.V?I|T1.PTS_in.PTS_out) H
subst {1,CVPS,VP, In_PT,0ut_PT_temp}, append(PTS_in, {Qut_PT_templ,PTS_in_2},
writep{'>> CONJOINED VPs: clause #'), writep(N), writep(' ... '}, nlp.
writep(VP}, nlp, M is N + 1,
haiku_sa_l_VPs (M, In_PT,CVPS,T,PTS_ in_2,PTS out).

/* LOOKING FOR CONJOINED VERBS ... */
haiku_sa_l_Verbs({[].Sem_Struct, Sem_Struct} =1
haiku_sa_l_Verbs([Input_IT|PT_T],Sem_Struct_in, Sem_Strucz) :-
ext(l,conj_Vvl,conj_verbs,Input_PT,_,A_List_Verbs),
((A_List_Verbs == conj_Vv1{[]}. % No conjoined verbs!
haiku_sa_0{(Input_PT,A,B,C.D,E),
Sem_Struct_temp = logical_input{A,.B,C,D.E)) :
(A_List_Verbs \== conj_v1il[]}, % Yes, conjoined verbs!
A_List_Verbs = conj_V1([[_,CONJ_VERBS]]),
ext{n,.conj_vV2,verb, CONJ_VERBES,_,A_Verb_List),
A_Verb_List = conj_V2(Verb_List), length(Verb_List,Ll}.
nlp, writep('WARNING! The input contains '), writep(L2},
writep(®' DISTINCT CONJOINED VERE(S):'})., nlp, writep(CONJ_VERBS), nlp, nlp,
writep('Semantic Analysis will proceed according teo this °*},
writep('inference rule:*),
nlp. writep(* SUBJ [Verbl & Verb2 & ... & VerbN] COMPL =>'}, nlp,
writep(® SUBJ Verbl COMPL, SUBJ Verb2 COMPL, ... , ‘'),
writep('SUBJ VerbN COMPL.'), nlp,
writep(*An input containing N (distinect) '},
writep{‘conjoined verbs will generate N clauses for HAIKU.'),
nlp, nlp, haiku_sa_1{1, Input_PT,CONJ_VERBES,Verb_ List,Sem_Struct_temp))).
append(Sem_Struct_in, (Sem_Struct_temp], Sem_Struct_out),
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haiku_sa_l_Verbs (PT_T, Sem_Struct_out, Sem_Struct).

haikue_sa_l(_._In_PT._CV,[).[1) -t
haiku_sa_l(N,In_pT,CV, [[_,VERB]|[T]. [logical_input (A.B.C.D,E)|R]Y :-
subst{l,CV,VERB, In_PT,0ut_»pT_temp),
writep('>> CONJOINED VERBS: clause #'), writep(N!', writepi(® ... '), nlp.
writep(VERB), nlp,
haiku_sa_0(Qut_PT_temp,A,B,C,D,E), M is N + 1,
haiku_sa_1(M, In_PT.CV,T.R).

A b T T T e T S R T ST S O S AT o S S e S A

haiku_sa_0(In_PT,
*INPUT STRING'® {(Input_Tokens),
*UPDATED PARSE TREE' {(Updated_PT),
*LOGICAL CLAUSAL STRUCTURE® (LOGIC_STRUCT_ok),
'SYMBOLIC A-LISTS' ([A_List_top coords,A_List_clausesl),
*CASE STRUCTURES' { [Clausal_Case_Structures]))

T=

/* Let's make sure it's not a questien, a caption, or a series of fragments., */

fas({'parse_tree__intexr’',In_PT,LSATl), LSATL == [].

% fas{'parse_tree__title_oxr_caption',In_PT,LSAT2), LSAT2 == [],
fas(‘parse_tree__frag',In_PT,LSAT3), LSATI == [],

/* Fetching the current input's list of tokens ... ol
sentence_tokens (Input_Tokens), !, % thig is asserted in DIPETT_I.

/* “Explicitization” of pronouns ... ./

pro_explicitizer{In_pT,In_PT ok}, !,

/* Extracting clauses from the input parse tree ... ./
extract_top_nom_clauses(nil, In_PT_ok,PT_Out, [],A_List_CL_Out_r),
rev{A_List_CL_Out_vr,A_List_Nom_clausez), !,

/* Extracting the top-level structure ... ./
top_st {PT_Out,TOP_STRUCT, Updated_PT,A_List_Nom_clauces,
CLAUSES_L.A_List_clauses,A_List_top_coords}), !,

/* Extracting the ‘sub’ top-level,"iuccure . «/
sub_st (CLAUSES_L, SUB_STRUCT}, append([TOP_STRUCT], SUE_STRUCT, LOGIC_STRUCT),
zap_nils (LOGIC_STRUCT, LOGIC_STRUCT ok}, !,

TOK = 'INPUT STRING'(Input_Tokens),

UPPT = ‘UPDATED PARSE TREE' (Updated_PT),

LS = 'LOGICAL CLAUSAL STRUCTURE' {LOGIC_STRUCT_ok},

SAL = ‘SYMBOLIC A-LISTS'([A_List_top_coords,A_List_clauses]),
nlp, writep(UPPT), nlp,

nlp, writep_list{LS),

nlp, writep_list(SAL),

nlp, writep(TOK), nlp, !,

/* The ultimatz ztep: perform CA for each and every clauce. !
clausal_Case_Analysis(A_List_clauses,Clausal_Case_Structures 03,
{{Clausal_Case_Structures_0 \== [],

Clausal_Case_Structures =.. [clauses|[Clauszal_Casze Structures 0]),

CS = 'CASE STRUCTURES'{[Clausal_Case_Structures]},

nlp, writep_list{CS), nlp) :

(Clausal_Case_Structures_0 == [], nlp)),
replace_previous_PT(In_PT _ok).

/..li'-'-"*t't"".--.ﬂ-.‘-.'ﬁ-'ﬁ&t.t.ﬁ.'.tt..ﬁi’,-.-.D...l'....-..’.t'.&bltb/
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/* WRITEP_LIST ({uzed by haiku_sa_0) -/
/. "/
/* A zimple "pretty-printer" for HAIKU's output structures. 7

writep_list(L)} :-

L =.. [H]ITI]., # A== *.*, !, writep(H), nlp, writep_list2(T}.
writep_list(L) :-
L =.. [H|T], H \== *.', !, writep{H), nlp., writep_list2(T).

writep_lise(X) :- writep({X), nlp.

L

writep_list2([])

writep_list2([L[M]}
L =.. [H[ITI], H \== *'.', !, writep(' '), writep(H}, nlp,
writep_list3(T), writep_list2(M).

writep_listc2 ([L[M]} :-

L =.. [H|T], H \== *_*, !, writep(® *}. writep(H). nlp,
writep_liszt3(T), writep_list2{M).
writep_lise2(X) 1- writep(® '), writep(X), nlp.
writep_list3([]) = L.
writep_list3([H|T]) :- writep(' '), writep(H), nlp, writep list3(T).
writap_list3(X) :- writep(' '}, writep(X), nlp.

P L L L A e a ah a e A sl s ok an b b L L B R  E E R S L T
/* For pronoun explicitization: saving the previous parse tree. */

replace_previous_PT(In_PT) :-
retractall (previous_PT(_)). assert(previous_PT(In_PT)).

/Q...-t..'t-.'...'t.wtiﬁ*t"i.‘***.***i.‘ﬁ#***.'ﬁﬁ**'*.**"'*t‘*#."ﬂ"h".iﬁ't,

/* ZAP_NILS {used by haiku_sa_0) */
/" . */
/* This predicate eliminates nils and []'s from the input parse tree. We */
/" need two phases (i.e. passes) in order to eliminate 2nd order nils. */
/* 'zap_nils' also eliminates redundant list of tokens that were introduced */
/* in the parse tree if the *include phrase tokens in the parse tree" sub- */

/* option, in option D of the parsing menu, was selected (i.e. activated). ~f

zap_nils(In,0ut) :- nils_of£f(In,0utd), nils_cff(Outl.Out).

nils_off (X, X) - var(X), !.
nils_off (¥, X) 1= atomic({X), !'.
nils_off({tokens(L) | [tokens(L) |T]], [tokens(L) |R]) :- nils_off(T,R}.
nils_off([H|T],Y) =

functor(H,F,1}, F \== *.*', (H =.. [F,nil]l : H =.. [F,[]]}, !, nils_off(T.Y).
nils_off{[H[|T], [H2|T2]) i-

', nils_off(H,H2}), nils_off(T,T2).
nils_off (X, Y} =

functor(X,F,_), ¥ =.. Z, nils_off(z,Y0},

{({Y0 == [F], Y =.. [F.nil]l) : % Introducing an arcificial 'nil':

(YO \== [F], Y =.. Y0)}. % we eliminate these in the 2nd pass.
/Ql.tt.i'l.Q!'.Qt!‘t.'ti't“ti‘ii.'-t't't*'t"-"""'i"-*"'*t*'tﬁtﬁwﬂ'*"*"*.'/
/* EXTRACT_TOP_NOM_CLAUSES {(used by haiku_sa_0) */
I */
/* Starting from the highest level, this predicate extracts nominal clauses */
/* and handles correctly embedded clauses. The first parameter, 'Restric’, -/
/* is necessary in order to aveid infinite recursion: since ‘ext' handles -/
/* embedded situations for a given functor, we must aveid attempting to find */
/* such a functor within an occurrence of the same functor here. */

1 | extract_top_nom_clauses{Restric, In_PT,Out_PT,A_List_CL_In,A_List_CL_Our)
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LJAList_CL_In.A_List_CL_outly,

extract_nom_clauses({Restric, to_infinitive_clause,
PT_outl,PT_outl,A_List_CL_ourti.A_List_CL_outl).

axtracr_nom_clauses{Restric,genitive_ing_clause,
PT_out2, PT_out3,A_List_CL_outl,A_List_CL_outl),

extract_nom_clauses (Restric, ing_clause,
PT_out3,PT_outd,A_List_CL_out3,A_List _CL_outd),

extract_nom_clauses(Restric,wh_interro_declarative_clause,
PT_outd,Out_PT,A_List CL_outd,A_List_CL_Out).

extract_nom_clauses(R,R,In_PT,In_PT,A_List_CL_In,A_List_CL_In) HES I

extract_nom_clauses(_,NOM_CL, In_PT,Out_PT.A_List_CL_In,A_List_CL_Out} :-
ext (n,out,NOM_CL, In_PT,Out_PT,A_List), A_List =.. [out||[CLAUSES]I,
CLAUSES \== [], !,
extract_nom_clauses_2nd_lev(NOM_CL,CLAUSES,CL_Out,A_List _CL_In,A_Ligt CL_1),
append (A_List_CL_1,CL_Out,A_List_CL_Out).

extract_nom_clauses(_._,In_PT, In_PT, A_List_CL_In,A_List_CL_In} PR

extract_nom_clauses_2nd_lev{statement, In_PT,In_PT.A_List_CL_In,A_List_CL In} :-
1

extract_nom_clauses_2nd_lev(Restrieg, In_PT,Qut_PT,A_List_CL_In,A_List_CL_Qut) :-
extract_top_nom_clzuses(Restrie, In_PT,PT_outl,A_List _CL_In,A_List CL_outl),
extract_nom_clauszes(nil,
statement, PT_outl,Out_PT,A_List_CL_outl,A_List_CL_Out).

/*‘**ﬁ**.*'*"#*ﬁiiﬁ"-"--"'--.t'ii--t-‘t..ltt.&..'....Q.tl'...liblt.th.ﬁi.l.th/

/* TOP_ST: (used by haiku_sa_0) ./
/™ ‘7
/* This predicate extracts the top-level structure of DIPETT parse troes. ./
/* Such a structure contains the main clauses (statements) as well their */

/* joining coordinators, if any. A call to top_st(PT.A,B,C.D) will unify A */
/* with the top-level structure, B with the updated parse tree {1.c. the ori-*/
/* ginal input parse tree PT in which symbolic tags have replaced top-level 7

/* clauses and coordinators), € with the a-ligt of clauzmes, and D with the ./
/* a-list of coordinators. ~/
/* Note: We have '‘mult_coor_cl®', ‘correlative ...', or ‘'cnord' (or nil}. ./

top_st{In_PT, top_structure(L),PT_2.A_List_Nom_clauses,
CLAUSES_L,A_List_clauses,A_List_top_coords) :-

ext (nn, clauses, statement, In_PT,PT_1,A_List_statements),

{{ext(n, mult_coord,mult_coor_clauses,PT_1,_,A_List_top_coords_0),
A_List_top_coords_0 =.. [mult_coord|[MC]], MC \== [],
ext{l, mecc_c,coord MC,_,mec_c ([ [SYMB_COORD,COGRD]I]}),
A_List_top_coords = coordinators([[SYMB_COORD,COORD]]},
PT_2 = PT_1, MULT = true) ;

lext(n, coordinators,coord, PT_1,PP_2,A_Lict_top_coords),
MULT = falge)}, !,

fag('~',pT_2,L0),

A_List_statements =.. [clauses|[CLAUSES]],
append (CLAUSES, A_List_Nom_clauses, CLAUSES_L},
A_List_clauses =,. [clauses]|[CLAUSES_L]I,

({fas{'correlative_compound_centence',PT_2,CC3), CCE == [], !
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LY = [Cl,81.82,82]7.
find_omb_subordinators (SL.CLAUSES_L,Now_S1t,
find_emb_subordinators {82, CLAUSES_L, New_S2),
LO0O = [[Cl.New_S1).[CIl.New_SZ11)
frorv (LC,CLAUSES_L,L0O0O) )Y,
{ (MULT == true, insert_COORD_inMULT{(LO0Q,SYMB_COCRD, LODYW)

{(MULT == false, LOO = LOOCO)),
length(LO0,Le), {(Le =< 1, L = LOO} : (Le >~ 1, L = [LOO1)).

B e B b ok o T Sl R e ok b o S o e b ek bt K R L
/* Handles the '‘mult_coor_clauses® special case by explicitly re-introducing *

/* the coordinator between the three or more constituing statements. .
/* For example, we must change [*statementl®, *statetmentl*, *statementd*] into */
/* [*statementl®*, *coordl®*, *statementl®, *coordl™*, *statementlit]. ./

insert_COCRD_inMULT((}._,[1) - .
insert_COORD_inMULT([H|T], SYMB_COORD, [H|New_TI} :-
fas(*'*statement’,.H,L}, L \== [], !,
{(T \== [}, New_T = [SYMB_COORD|Restl} ;
(T == [], New_T = Rest)),
insert_COORD_inMULT (T, SYMB_COORD,Rest) .

,-t-'---t-tt-tttttttwtwttwtwt.wt.at.tw-tﬁtﬁtﬁ.Qttt..tt.o.ﬁ-.cg-g-g.qq-.o..-.-./

/* FTST: (used by top_st) .
/* ./
/* ftst (find top structure): fine-grained analysis launched in "top_st'. s/
/* Ex., arg. ¥l: [*statementl®,*coordl®, *statementl®, *coordl*, *statementld*].  */

frse({]l._. 11} = 1
ftst{[H]T].CLAUSES.[Hl[New;T]]) r-
fas{®*coord’' ,H,L), L \== [], length(T.LT), LT > 1, !, ftzt(T,CLAUSES, New_T}.
fest([H|T),CLAUSES, [H|New_T]) 1=
fas{**coord’' . H,L}), L \== [], !, ftot(T,CLAUSES,New_T).
frsec{[H|T],CLAUSES, [New_H|New_T]) :-
find_emb_subordinators (H, CLAUSES,New_H), ftst(T,CLAUSES,New_T).

£ind_emb_subordinators (H,CLAUSES, New_H) :-
fertch_Hclause (H,CLAUSES,Helauze),
ext(n,sub_clauses, subordinate, Hclauze, _, sub_clauses (SUB_CL_A_List) ),
({SUB_CL_A_List == [], New_H = H) ;
(SUB_CL_A_List \== [},
extract_sub_cl(H, SUB_CL_A_List,CLAUSES,New H_0),
{(New_H_0 = [New_H] ; New_H = New_H_0))), !.

fetch_Helause(_, [1,_} = Y, fail.
fetch_Hclauze (H, [[H,Eclauzse)l |_],Heclauze) - ',

fetch_Hclause(H, [_|T],Hclause) :- fetch_Hclauze(H, T, Hclause).
extract_sub_cl{_,[1,_,[]) PN

extract_sub_cli(H, [[_,SUB_CL] [T],CLAUSES, New_HT) :-

ext(l,subord, subordinator, SUB_CL, _,LL},

({LL \== gubord([}), LL = zubord{[[_,SUB}]}.
fas('*statement’,SUB_CL,CL), CL \== {], CL = [CL_H],
find_emb_subordinators{CL_H,CLAUSES, New_CL),

New_HT = [[H,SUB,New_CL] |New_T],
extract_sub_cl({H,T,CLAUSES,New_T)}

{({(T == []. New_HT = [H|New_Tl} ; (T \== [}, New _HT = New_T)}},
extract_sub_cl(H,T,CLAUSES,New_T))).
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IR e R A R LR A A A A KA N ARl A Al A RSl AL Al RNl AN

/* ooup_ore tuged by halku_sa D) ./
/* */
/* U hers idencify the sub-structure (wo ‘top’) of main statements by lo- */
/* cating 'econj_nem_cl' within ‘statement’ (s). ~/
sub_zst([],[]) P
cub_ct ([H|T], [structura (3,5 _st) |R]) :-
H = [5,5T]. extin,conj_cl,conj_nom_cl,ST,_.conj_cli[[_,S5_stll)},
cub_st{T,R}.
sub_st{[_|T].R} :- sub_st(T,R).

/hn--pbtt-.tt.t-tﬁ-tn--c-o-o--.'tt-.tt..t-ttwtttt.wtowwtwwwtwtttttttt*wvtttwtw/

/* EXT: extracts all the different ST_ID (functor name) subtrees of an input */
/* parse tree In_PT and outputs the parse tree with ail the ST_ID subtrees */
/* replaced by a cymbolic tag, as well as the a-list of each tag with their */
/* asscociated subtree. ‘ext® handles correctly parse trees {or in fact, any */
/* legal Proleg structure) in which there are many occurences or embedded oc-*/
/* currences of ST_ID structures. However, it should be noted that ‘ext' does*/
/* not handle entirely correctly duplicates which happen to be also embedded:*/
/* this iz so for ext(b_list,b,a(b(99),£f(w).b{b{99)}).K,L) because of b(99). */

A ny
/* Here ic an example ("extract subtrees beginning with a 'b* functor ...*}: */
/* ext(symb,b,a(12,b{f{g)).hi(g),.b(33,a,b{b(39}})).,.X,Y¥) returns )
J* X = a(l2,**b7*' . hiqg),'*b8**}, */
/* Y = oymb([[**b7**.bif{g})]. -/
/I [**bB**,b(33,a, ' *b9** )], [**bo* ', b( ' *bl0**)], [**bl0*" ,0{99)1]1]) */
/* Note: alien symbols, introduced by ‘ext', begin and end with °'*'. */
/I */

/* Remark: this predicate is also used in several places in ‘HATKU_CA.PL'. -/

oxt (TYPE,ST_ID_F, ST_ID, In_PT,NewPT, Symb_Assoc__A_List) :-
{(In_PT \== nil, In_PT \== []. In_PT \== error), !,
ste(ST_ID, In_PT,ST_List},
.subst_in_PT{TYPE,ST_ID,In_PT,ST_List,A_List_temp,NewPT, [], EmbL),
process_emb (ST_ID,A_List_temp, EmbL,A_List),
~calrer A_List{NewPT,A_List,A_List,A_List_ok),
Symb_Assoc¢__A_List =.. [ST_ID_F|[A_List_ok]].

oxt ( PT.PT.[[11]) 1= 1,

— ¥

/.t-.n..-..o.t.t-.o...-t--ttttttt.-'tttw--t-ttttttttttttttwtttttt*ttwtw'twt***/

/* STE: (used by ext, and several others } */
/i >/
/* "Sub-Tree Extract®” is a predicate which finds all the szubtrees of an arbi-*/
/* trary Prolog tree T having a specific functor name F. If 5 does not con- */
/* tain at lecast one occurrence of F, 'ste’ returns ‘[]'. 'ste’ handles cor- */

/* rectly multi-occurring Fs, as well as embedded Fs. */
',l. 'I
/* Example: stei(b,a(l,b(2),3,c{4.b(5},e(b)).b(b{b(99)})),L) returns !
/e L = [b{2).b{5).b(b(b(99)}),.emb{ib(b{99)},emb([b(99}1)1)]). */
ste{(_,T.[]1) :- tatomic(T} ; var(T}), !'.

ste(F,T,L) = (functox(T.F,_} : % functer F, OR FO

{functor(T,F0._). fas(F,F0,[(F0]))}), % with F as a prefix.
F \== *,*, T =.. TL, ste(F,TL,Ll), append_emb(([T],L1,L), !.
seel_,[]..) - ', fail.
ste(F,[T].L) i- ste(F,T.L}, !.
ste(F, [TH|TT].L) :- ste(F,TH.Tl)., ste{F.TT,T2), appendiTl,T2,L}.
ste(F,T.L) := functor{T.G,_), !, G \=="'_*, T =., TL, ste(F,TL,L}.

append_emb (X, []1.X) :
append_emb (X,Y,Z)  :- append(X, {emb(¥}],2).
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/v SUBST_IN_PT (used by oxt) .
/' -
/* This predicate serves two functions. First, it contrsls the substitutien o
+* of subtrees with symbolic tags in a parse tree. Sccond, it collects all .
/* the symbolic tags associated with embedded subtrees in order to procenns .
/* these scparately afterwards (see 'process_emb' belowd. .

subst_in_PT{_,_,NewPT, [], [],NewPT, EmbL, EmbL)
1
subst_in_PT(T,ST_ID,PT, [emb (ST} |ST_T].A_List, NowPT, EmbLO, EmbL)
append (EmbL0, [emb (ST} ], EmbL1}), !,
subst_in_PT(T,ST_ID,PT,ST_T.A_List,NowPT, EmbLl, EmbL) .
subst_in_PTll.ST_ID.PT.[ST_HIST_T].[[Gen_ST_ID.ST_HI|ST_T1.NowPT.EmbL.EmbL) A
', gensym_'*' {ST_ID,Gen_ST_ID)}, subst{l,ST_H,Gen_ST_ID, PT.NcewPT).
subst_in_PT(T,ST_ID.PT. [ST_H|ST_TI], [ [Gen_ST_ ID,ST_H] [R],NewPT, EmbL0, EmbL) =
gensym_**' (ST_ID,Gen_ST_ID), subst{T,ST_H,Gen_ST_ID,PT,NowPT_ temp),
subst_in_PT(T, ST_ID,NewPT_temp,ST_T.R, NewPT, EmbL0, EmbL} .

/* We concatenate a *'*' character to the beginning and the end of the genuym */

/* symbel in order to differentiate symbols introduced automatically with v/
/* those found in the input., For example: ‘*statementl*', **coordl7?*', ctec. */
/* Note: used by 'subst_in_PT' and ‘'update_A_Lisct_with_cmb'. ./

gensym_'*'(In,Qut) :-
atom({In), gensym{In,Out2), name(Out2,L2},
append([42],L2,L1), append(Ll, [42],L0}, name(Out,L0).

/*ﬁ‘Q.Qtﬁt't'.-"tt.ttwttt't'.t*wt'w'uw..ttt..tttt.-......-...n..tt.lt.l...t../

/* SUBST: (used by subst_in_PT, update_A_List _with_omb, and coveral others)y ¢/

/* ./
/* A classic: see details in Clocksin & Mellish or Sterling & Shapiroe! )
/* substi(n,0ld,New,0ldTerm, NewTerm) : NewTerm ic the result of roplacing ALL */
/* oececurrerces of 0ld in OldTerm by New. v/
it ./
/* The “1st only" version was provided by Feliks Kluzniak {(via S.Szpakowicz).*/
/* subst(l, + A, + B, + X, +- Y }: */

/* If the term X contains occurences of term A, replace thoe FIRST occurrence */
/* of A with B and try to unify the result with Y. If ¥ does not contain any */

/* occurrences of A, try to unify X with Y. */
subst (n, 01d, New, 0lad, New) 5= 1.
subst{n,_0ld, New,Val,Val) :- atomic{Val), !.

subst{n,0ld,New,Val, NewVal) :-
funcror({val,Fn,N}. functor(NewVal,Fn,N), subst_argc{N,Old,New,Val, HewVal) .,

subst{1,A,B,X.Y) :=- s{A,B,%,2}, !, ¥ = Z.
subst (1, _A,_B,X.X).

FAd FRrRrTararararpraRraTRr RS RS S SR PR TR Y bk 2 T L L LIS L L LSS RS R L S L L R E -/

* zubst/S handles compound terms by iterating over N, Fn's number of args.  */
subst_args(0, _,_._..) LT I
subst_args(N,0ld,New,Val,NewvVal) :-
arg(N,Val,Oldarg), arg(N,NewVal,NewArg}, subst(n,Qld,New, Oldhrg, Newhrqgl,
Nl is N - 1, subst_args (N1,O0ld,New,Val,NewVal).

/" s{ + A, + B, + L, - result ): ~/
/* Replace the lst occurrence of A in X with B. Fail if no such occurrence. */
s{A,B,X.B) - A==XK, I

s(_A,_B.X,_) 1= (war{X} ; atomic(¥)), !. fail.

s{A.B, [H|T). [NH|T)) :- s(A,B,H,NH), !.

c(A,B, [H|T]. [H|NT]) :- !. =(A.B,T.NT).

s(A,B.X,Y) :~ % =.. [F|Azrgs], slh,B.Args,NArgs), ¥ =.. [F|NArgsl.
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ftll.ltI-lI.l..ll...l.--'..-Ip.-ﬁ‘.tttttttttt-t-ttttt'tt-tt..t-tt.t.ttt.'t't.
/* PROCECS_EME (uszed by ext)

,l

/* Cuntrols the updating process of the symbolic table for inputs in which

/* embedded cubtrees have been found. Notice that it is not the parse tree

/* which must be updated here but the '‘symb_assoc® (a-list). This updating

/* takes place as a post-processing step in the definition of ‘'ext'.

process_emb(_,A_List, [],A_Lizst)

process_emb{ST_ID,A_List_in,EmbL,A_List_out}
wliminate_emb_sym(EmbL, (], EmbL_ok},
update_A_DList_with_emb(ST_ID,A_List_in,EmbL_ok,A_List_out}.

/* We can now eliminate the ‘emb' functors: only a hindrance at this point!
eliminate_emb_sym{(],L,L) U
aliminate_emb_syn{[emb(X) [¥],L1,L2) :-

', eliminate_emb_sym{X,L1,L3), eliminate_emb_sym(Y,L3,L2).
eliminate_emb_sym({[%X]|Y],L1,L2) r=

append (L1, {#],L3), eliminate_emb_symi(Y,L3,L2).

/* The actual updating of the a-list, using the 'subst' predicate again.

update_A_List_with_emb{_,A_List,[],A_List) HE N

update_A_List_with_emb{ST_ID,A_List_in, [ST|R],A_Lisc_out) :-
gensym_*' ** (ST_ID,Gen_ST_ID), subst(n,ST.Gen_ST_ID.A_List_in,A_List_temp),.
append (A_List_temp, [ [Gen_ST_1D,ST]],A_List_ok).
update_A_Lizst_with_emb(ST_ID,A_List_ok,R,A_List_out).

/nawotuowtaw-w-tt.-ooo-c.----t.o--t-nwwtwwoto-www.twwawuwwwwtwwq—wtwwtwwttwtwa

/* FILTER_A_LIST: (used by ext)

/t

/* Ensures that all symbolic tags contained in the a-list are actually used
/* in cither the “new* PT or in the a-list itself (for embedded cases). This
/* preodicate was designed to remove useless duplicates in the a-list.

,.

/* For example, ext(b_list,b.a(b{99),£f{w},=(b(93)}),.K,L}) returns

/* K = a(**b3~',f{w),=("*b3*")).
/* L = b_list({[**b3*",bi{99}1]).
filter_A_List{_NewPT,_A_List,([].,[l} = 1.

filter_A_List (NewPT,A_List, [[ID,ST] [Rest], [[ID,ST]|Rest2]) :-
(f_mem{ID, NewPT) :
{delete(A_List, [ID,_).A_List_temp), f_mem(ID,A_List_temp}}), !,
filter_A_List (NewPT,A_List,Rest,Rest2).
filter_A_List (NewPT,A_List, [_|Rest],Rest2) i-
filter_A_List{NewPT,A_List,Rest,Restl).

/* F_MEM checks whether a certain symbol appears in an arbitrary Prolog term,

/* Remark: this predicate is also used in several places in 'HAIKU_CA.PL'.
f_mem(_,S) = vari{s), !, fail.

f_mem(_.[]) = !, fail.

f_mem(F, 5} = atomic(s}, !, F == 8.

£_mem(F,S) ;- functor(S,F._). !

f_mem(F, [S_H|S_T])} :- f_mem(F,S_H} :; f_mem(F.S_2).

f_mem({F,S) 1= functor(s.G,_). !, G \=="'.*, § =.. X, f_mem(F,.X).

*/
v/
*/
~/
v/
*/
-/

*/

>/

v/
~/
~/
*/
*/
*/
*/
>/
>/
*/

>/
*/

/.tﬂﬁ‘t't"ﬂﬁtt....Q'Q1*..QQQ.'.-.ﬁ"t‘...-.‘-'.‘."ﬁ‘-'-".."."'."."t*‘.'t/

/* FAS: (used by top_st and several others)
/I

>/
*/

/* "Find all symbols® is a predicate which finds (and collects in a list) all+/

/* symbols in an arbitrary Prolog structure T that begin with the prefix F.
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/.
/* Example: fas(a.w(l,33,a<5,ert, a9, ®(lip,a.2))'. 1) returns
/™ L = [a45,a%i,a!

fas(_.[1.[1} - L.
fas(_.7T.i1 = var(T), !.
fas(r,T,. [T - atomic(T), pretix_subchar(F,T), !'.

fas(_F.T.[])
fas(F, [TH[TTI.L}
fas(F,T.L}

- atomic(T), !.
- fas(¥,TH,T1), fas(F,.TT.T2}), append(Tl,TI,L).
- funcetor(T.G._}. !, G A== *,*, T =.. TL, ftas{F,TL,L}.

YRR T

prefix_subchar(F,T) :-
name (F,A), length(A,L),
name {T,B), atom_chars(T0,B}, subchars(T0,A.0,L).

F.I: The CA Driver

/t-t.ttt"t't.t*"ﬁﬁ‘.ﬁ'..‘...ﬂ...ﬁ..“iﬂ..*...'...‘Qﬁﬂ...Q.t.i..ﬁ.Q...Ql.....t’,'

/* PRO_EXPLICITIZER (used by haiku_sa_0)
/t

-
i

LS

/= This processor is used right after parsing and just before CA. Its role in*/

/* to replace, whenever possible, occurrences of pronouns by explicit onti-

/* ties in order to avoid indefinite elements of knowledge during the KA pro-

/* cess. For instance, if an input contains an 'it*, the *explicitizer® will
/* assist the user in identifying its referent which may be located in the
/* same input or, in the worst case considered here, in the previous input,

/* The input DOES NOT contain a single pronoun ...
pro_explicitizer(In_PT,In_PT} :-
fas {'pers_pron',In_PT,Ll), L1 == (], fas('poss_pron',In_PT,L2), L2 == [1,
fas('pron’',In_PT.L3), L3 == [], fas('reflex_pron',In_PT,L4), L4 == [],

/* Otherwise, it does ... and explicitization will have to take place.
pro_explicitizer{In_PT,Out_2T) :-
var{Out_PT), % filtering out a call from eliminate_ref_cntities below.
nlp, writep{‘'Proceed with *"pronoun explicitization® [n/Y[? '},
read_answer (PRO),
((PRO == n, Qut_PT = In_PT) :
(PRO \== n,
collect_In_FT_Entities(In_PT.Entities_L,Pronouns_L),
writep('ANAPHORA "EXPLICITIZATION® PRE-PROCESSOR ...'), nlp, nlp,
writep('ENTITIES IN CURRENT PARSE TREE (OR CLAUSE}: '), nlp,
writep(Entities_L), nlp,
writep(‘'PRONOUNS IN CURRENT PARSE TREE (OR CLAUSE}: '), nlp,
writep(Pronouns_L). nlp,
expligitization(In_PT,Entities_L, Pronouns_L,Qut_PT,0))).

F A B S O e ettt L L SR S L LR SRR Rl g

/* Entities: looking for the ‘'entity’ functor in the parse tres,
collect_In_PT_Entities(PT,L1.L2) :-
stelentity,PT,10), eliminate_ref_entities(LO,L1,L2).

eliminate_ref_entities([],[]1.1]) T
eliminate_ref_entities{[emb(L)|T],T2,T3) :-
i\, appendiL,T,T0), eliminate_ref_entitiez(TO0,T2,T3}.
eliminate_ref_entities([H[T].[H|T2].T3) 1-
H =.. [entity|R]. R = [F|_), pro_explicitizer(F,F}, !.
eliminate_ref_entities(T,T2,T3).
eliminate ref_entities{{H|T]1.T2,[H|T3])) :- eliminate_ref_entities(T,T2,T2}.

“/
s/
./
*/
¢/

./

./

“/

s

".-'..-"'*"'Q.'--.'.-'t't"t"..ﬁﬁ'ﬁ..iiﬁﬁﬁi...-t"..'-lt.l.bb..l.ﬁ..h...../

/* EXPLICITIZATION (used by pro_explicitizer)
/i
/* High-level of explicitization itself. when the referent of a proncun is
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/= feund, we replace lts ooecurrence in the parse tres with the referent's )
/* nub-tress, Plus, wi change the 'ontity' functor name te a "special” name in</
/* nreder to indicate that this gntity was found via proncun explicitization. */
/* Here are the spoclal functor names: entity_pro, entity pro_generic, ./
J* ontity_pro_empty, ontity_pro_new NP, and entity_pro_unknown. ./
/" 7
/* The tifth parameter (F) indicates whether we are in a recursive call in v/
/* which we are examining the previous parse tree. In that situatieon, F is -/
/* net teo 1. Notice that there is only one previous parse tree (no second */
/* previous parse tree for instance) and that this previous tree corresponds */
/* in fact rto the most recent (successful) preceding parse tree. ~/
explicitization{Out_PT,_,[].,0ut_PT,_) r= 1,

explicitization{In_PT,Entities_L, [P_H[P_T].,Out_PT,F) :-

F == .
{t{P_H = entity(ref(pers_pron{X}).,_._)
{#£ == 'i* ; X == 'you" ; X == ‘we'})
(P_H = entity(ref(pron{one)),_,_) : P_H = entityl(ref(pronione)}._))},
nlp, writep(*® Trying to find a referent for: '), writep(P_H},
nlp, writep(' > FOR THIS PRONOUN, SUGGESTING “generic*®, OK [n/Y]? '),
read_answer (GEN),
{(GEN == n, fail) ;
{GEN \== n,
qet_final_referent (2, P_H, REFERENT, NEW_FUNCT},
nlp, writep(' >> anaphora resoclved: new functor iz '},
writep{NEW_FUNCT). nlp,
change_functor (REFERENT, _, NEW_REF, NEW_FUNCT._).
subst (1, P_H, NEW_REF, In_PT,Out_PT_temp},
explicitization{Out_PT_temp,Entities_L,P_T,Cut_PT,F)}).

P_H = entity(ref(pers_pron(X)}._)).

wxplicitization(in_PT,Enticies L, [P_H|P_T].Out_PT,F; :-

((F == 1,
nlp, writep('Examining the previous parse tree ...'),
nlp, writep{'(previous parse tree = most recent preceding parse tree '},
writep('or clause)*'). nlp) :

F == 0},

ecliminate_impossible_referents(P_H,Entities_L,Entities_L_0),

nlp, writep(' Trying to find a referent for: "), writep(P_K), nlp,
writep(' List of candidate entities in this input: *), nlp,
length(Entities _L_0,N),

display_lise_of_CPs{Entities_L_0,1,N), % re-using a predicate defined
get_one_REF(Entities_L_0O,N,Selected_Ent), % in HAIKU_CA.PL: no CPs here!

{{Selected_Ent == nil, special_anaph_pro(P_H,F,REFERENT, NEW_FUNCT)):
(Selected_Ent \== nil, REFERENT = Selected_Ent, NEW_FUNCT = entity_pro)},

{ (REFERENT == nil, NEW_FUNCT == nil,
previous_PT(PPT), collect_In_PT_Entities(PPT,Entities_L_PPT,_ ).
explicitization{In_PT,Entities_L_PPT, [P_H],Out_PT_temp.l1l})) :

(REFERENT == nil, NEW_FUNCT == nil,

\+ previous_PT(_J).

nlp, writep(®' !? No previocus parse tree ?!'}, nlp,
special_anaph_pro(P_H, 1, REFERENTZ2, NEW_FUNCT2),

nlp, writep(' >> anaphora resoclved: new functor is '),
writep (NEW_FUNCT2)., nlp.
change_functor (REFERENTZ2, _, NEW_REF, NEW_FUNCT2,_).

subse (1, P_H, NEW_REF, In_PT,Qut_PT_temp)) :

{REFERENT \== nil, NEW_FUNCT \== nil,
nlp, writep(' >> anaphora resolved: new functor is '),
writep (NEW_FUNCT), nlp,
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change_funcror (REFERENT, _. NEW_REFT, NEW_FUNTT, 1V,
subsc(l,P_E,NEW_REF.In_PT,Qut_PT_tomp)i}

Smh g oy SR oo
explicitization(Out_PT_temp, Entitics L, P T.0ut _PT,F).
f‘ ¢—¢¢¢‘¢¢t¢¢0t¢¢¢+ﬁ“‘*‘b‘*#¢¢‘+t¢b¢+¢t+++#F#&D¢+++ﬁFOGtQ#DP#PiOtf#0b‘tr" .

/* IMPOSSIBLE: not very discriminating for now. No semantic restrictions tor *
/* ingstance. Only based on number agreement. Simplistic but cheap ... .
eliminate_impossible_referents(_,1].[]) - !
eliminate_impossible_referents(P_H, [E_H|E_T], {E_H|E_T21} :-
ste{number, P_H, [number (NUM1} 1), stei(numboer, E_H, [number (NUMI) 1),
{NUM1 == NUM2 ; var(NuMl) ; var{(NUM2) ;
(NUM1 == sg, NUM2 == sg3) ; (NUMl == ng3, NUMI == cal}). !,
eliminate_impossible_xeferents(P_H,E_T,E_TI).
eliminate_impossible_referentsi(P_H, [_|E_T1.E_TI} 1
eliminate_impossible_referents(P_H.E_T,E_TI).

get_one_REF([]._,nil) -1,

get_one_REF{REFS, Upper_bound,REF) :-
nlp,
writep("® if appropriate, please select one of these referents:t'), nlp,
writep(® enter a number between I and '), writep(Upper_bound),

writep(' (or 0 if none is appropriate}: '),
read_answer (REFnum) . verify REFnum(REFS, Upper_bound, REFnum, REF) .

verify REFnum(_,_.0,nil} =1,
verify_ REFnum(L,Up, REFnum, REF_ok) :-
number (REFnum), R]EFnum =< Up, nthl(REFnum,L,REF_ok}, !.

verify_ REFnum(L,Up,_,REF_ok) 1= get_one_REF(L,Up,REF_ok).

/..-'I.tt.w*ti----.ttﬁr.it...‘...‘-.'t..tt.ttt.t...n-t.‘.ﬁbtl-“ht.l.ltﬁ.t..lt/
/" SPECIAL_ANAPH_PRO (used by explicitization) ./
r* ~/
/* When the referent of a pronoun is not one of thoge suqgaested initially, ./
/* tee ‘explicitization' above, we must regort to one of the following cagen,*/
/* about the 2nd parameter (F): see details in ‘explicitization’ abowve. ./

special_anaph_pro (P_H,F, REFERENT, NEW_FUNCT} :-

nlp, writep(®' Looking for the referent of: '}, writep{P_H)}, nlp,
writep(® Pleaze, select one of these possibilities:*), nlp,
({F == 0, writep(® {0) check entities in the provious parme troe; '),
nlp} :
F A== 0),
writep(' (1) empty subject {e.g. *IT is warm teday.");'), nlp,
writep!® (2) generic [e.g. "ONE would think that ..."):'), nlp,
wrigep("' {3) agsociate the referent with a new NP:'). nlp,
writep(’ {4) unknown or unable t¢ determine referent.'), nlp,
repeat,
writep!' Enter your choice ['),

{{F == 0, writep('0/1/')) ; (F \== 0, writep(*1/"))),
writep('2/3/4]: '), read_answer(C}, C \== '*, is_digitt(_,C).
((F==0, C> 0, C=<4) ;: {(F\==0, C=>=1, C=<4}}, !,
get_£final_referent(C, P_H, REFERENT,NEW_FUNCT) .

/-t--tttttto."ttttttt'ic.t!ttttttttt-.op-ot-tt-ttt.poil-ttotb.nttl.p-pbttattn/

/* GET_FINAL_REFERENT (used by special_anaph_pro) ./
get_final_referenc(0,_,nil.nil).
ger_final_referent(l,REF, REF,entity _pro_empty).

get_final_referent(2.HEF.REF.entity_pro_generic).
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ivy . pro_new NPl -
P *the data f£ilec.”): ')

in
Write ety g g ,
T ™pogrph_Info,l), % call scanner!

et _NEXT_UNIT(Tokans, Toker
writep2(Tekenz), nlp2, nlp,
ot _chrono,
with _timing('lexical analysiz',
lexicalyser (Tokens _Typogrph_Info, Sent, _Err_msgl),
with_timing(*NP_parsing*,
np_ecquiv{_,1,NPO, _, Sent, [det{punctuation:'.'/end_of_sentence, []}]1)),

', nlp, zap_nils(NPO,NP), writep(NP}. nlp., stelentity, NP, [REF]).
et _final_trefereat(3, _,REF,entity_pro_new_NP) :-

writepl” 1> INVALID NP ... please, recubmit a legal NP ?!'), nlp,

ot _final_rofereont{3, _,REF,entity_pro_new_NP).

et _final_referent (4, REF, REF, entity_pro_unknown) .

,rlllﬁ..ttl.btl.-D.ﬁ...l..tt’."'.O"t.-"iﬁ‘tﬁt.'O..Q...-.ﬁ".."...i*.'-'.-'./
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F.2: The Individual-clause CA Processor

AL AR A A A R R R AR AR R A R R AR AR R A R AR R R R A AR R

/* £ile: HAIKU_CA.PL ..
/* version: July 17, 1933 .
/* author: Sylvain Delisle .

/Q.Qﬁ‘Qﬁ'tﬁti.'ﬁﬁ.."'..'t""“.Q!.'!.O‘wl."!‘.‘.Q-Qq-qﬂ‘q‘\qqﬁ!!!qq.i'ﬁt.h‘

:« assert(haiku_version(l7,7,93)).

lntnttttﬂttt*t.ttavntIt'i-'-wutaocctt-.oq‘wt-qnqqﬁqstttﬁﬂnstqtc-qqan..a--.-co

/* CLAUSAL_CASE_ANALYSIS (used by haiku_sa in HAIKU_SA) i

/' ]

/* Top-level of CA: for every clause, find the subj, the main verb, and the ¢

‘

/* complement. Then, perform single clause CA, i.eo. identify Cames for each. )

clausal_Case_analysis({clauses(LIST),Out) :-
nlp, writep{'HAIRU: Case Analysis of current input’'s clauzes ...°'), nlp,
loop_clausal_Case_Analysis (LIST,Out,Abort).,
{((Out == [] ; Abort == 1},
nlp, writep('> Aborting Cage Analysis: END OF ANALYSIS. '), nlp)
out \== [l}.
clausal_Case_Analysisz(_.nil) =
writep('HAIKU: Case Analysis of current input''s clauses ABORTED! '), nlp.

loop_clausal_Case_Analysis([),[],_} -,
loop_clausal_Case_Analysis([[Tag,MPT]}|R1; ['Iag,CS]|R2].Abort) :-

nlp, writep('CURRENT CLAUSE: '}, writep({Taqg), nlp,

single_clause_CA(MPT,CS,CP),

{(cPp \== 0, loop_clausal_Case_analysis(R1l,R2,Abort)) ;

(CP == 0, Abort = 1)).

leoop_clausal_Case_Analysis([[Tag,_]|R1],R2,Abort) :-

nlp, writep('!? Unable to properly analyse this clauge: '), writoep(Tan),

writep{®' (END OF ANALYSIS).'}), nlp.

loop_clausal_Case_Analysis(R1,R2,Abort) .,

A T A e ana e T L L S L e A L AR R L e S R R AL R R AR s sy

single_clause_CA(In_MPT,

case_gstructure (MV,
cMP_p,
cP,
SUBJ_Filler,
COMPL_Fillers,
MODIFS),

CP) :~-

/* Looking for MODIFIERS (subordinate clauses) ...
ext{n,modifs, inicial, In_MPT,MPT000,A_List _modifz_0000),
{A_List_modifs_0000 =.. [{modifs, [[_|MODIF0000]]] : MODIFOQ0C = Th),
ext (n,modifs,medial ,MPTQ00, MPTOO, A_List_modifs_000;,
(A_List_modifz_000 =.. [modifs, [[_|MODIFOO0]}] : MODIFONN = []).
ext(n,modifs, final ,MPTO0,MPTO,A_Lict_modifz _00),
(A_List_modifs_00 =.. Imodifz,{[_|MODIF00]]1} ; MODIFQO = 1l}.
append (MODIF0000, MODIF000,MODIFA), append (MODIFA,MODIFQU, MODIFE),
({MODIFB \== [], MODIF0 = subordinate_clauces {MODIFE))
MODIFO = nil}, !,

/* Looking for the COMPLEMENT ...
ext{n,ca_compl,complement ,MPT0,MPT1,A_Lict_ca_compll),
{{A_List_ca_compll =.. [ca_compl,[[_]|{COMPLO]]]], STATO = false)
text(l,ca_compl,s_gqualifier ,MPTO,_,A_List_ca_compl2),
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A_Lint ca_compl? =L, lea_compl
t{aci ' *startement '  MPTO,LSAT), L
LOAT - [COMPLOOQ], COMPLO = pseu
{COMPLO = nil, STATO = falce)),

COMPL = CCMPLO,

({(coMPL =.. [complement,X] ;
COMPL =.. (o_cualifier,X] :
COMPL =.. [pseudc_compl,Xl),

% =.. [_,COMPL_Fillers]) ;
{COMPL == nil,
COMPL_Fillers = nil)), !,

P [CoMPLOT L, STATO = true) :
AT A== [1].

do_zompl (COMPLOQ) ., STATO = false)

.
o

/* Looking for the SUBJECT ... */
member (5, [cubj, wh_word,wh_subj, for,detex_pronl), % pecularities for n.c.
ext{n,ca_subj.S.MPT1 , MPT2,A_List_ca_subj),

{{A_Lict_ca_subj == ca_subj([]). § == deter_pron} ;
A_Lizst_ca_subj \== ca_subj([])},
{tA_List_ca_subj =.. [eca_subj, [[_]|[SUBJOI]]I,
({5 \== gsubj, SUBJ = subj(SUBJO)} : (S == subj, SUBJ = SUBJQ)}) :
SUBJ = nil),
{3UBJ =.. [subj,SUBJ_Filler]) ; SUBJ_Filler = nil), !,

/* Looking for the MAIN VERB ... ./
ext (1, ca_main_verb,verb,MPT2, _,A_List_ca_main_verb),
({A_List_ca_main_verb =.. [ca_main_verb, [[_|IMV1]11],

{Mv =.. [verb|[double_quotes{MV_root}|_11 ; MV =.. [verb|[MV_root]|_.Il).
ext (1,mv_adv,advs, MV, _,A_List_mv_adv),
{((A_List_mv_adv =.. [mv_adv, [[_]|[ADVII]]} :
{A_List_mv_adv =.. [mv_adv,[]], ADV = nil)})
{(A_List_ca_main_verb =.. [ca_main_verb,[]],
MV = nil, MV_root = nil, ADV = nil}),
{ (MV_root == be, STATO == false, STAT = true) ;
STAT = STAT0). !,

MODIFS = [main_verb_medif (ADV),clause_modif (MODIFO)],

'), writep(SUBJ), nlp.
), writep(MV_root), nlp,
), writep(COMPL), nlp,
'), writep(MODIFS), nlp.

writep!'CURRENT SUBJ :
writep('CURRENT VERB :
writep('CURRENT COMPL :
writep('CURRENT MODIFS :
/* We're all set for Case analysis now ... */
{ (STAT == true,
writep('> Aborting Case Analysis: main verb is STATIVE.'),
nlp, CMP = nil, CMP_p = nil, CP = nil) ;
(MV_root == nil, '
writep{'> Aborting Case Analysis: main verb is missing.'),
nlp, CMP = nil, CMP_p = nil, CP = nil) ;
{STAT == false, MV_root \== nil,
{COMPL == nil, .
nlp, writep('> Warning: Case Analysis may not be very useful; '),
writep{'DISCARD this clause [n/Y¥Y1? *),
read_answer (AB),
{{AB \==n, CMP = nil, CMP_p = nil, CP = nil,
writep(*'> Case Analysis of this clause ABORTED: '},
writep{'no updating of the KB.'), nlp) ;
{(AB == n,
determine_CMP (SUBJ,COMPL, MODIFS, CMP) ,
{{CMP \== nil, CMP \== nil_abort,
*CA_algo’ (MV_root, SUBJ, COMPL,CMP,CMP_p,CP) )} ;
(CMP == nil_abort, CP = 0) :
{(CMP == nil, CMP_p = nil, CP = nil)}N))
(COMPL \== nil,
determine_CMP{SUBJ, COMPL,MODIFS,CMP),
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{({CMP \== nil, CMP \== nil_aber:,
*CA_Algn ! MV _roor,SUBJ.COMPL, CMP, OMP _, 0 Y

{CMP == nil_abor:, C2 = ) ;

(CMP == nil, CMP_p = nil, CP = nil)1y1y,
l,"t-t‘....‘..‘ﬁ-t‘.Q...tﬁ..t.t.'ft..tt.‘.t..."'.QQQ‘QQ\'Q..QQ!QQ"Q“Q'Q.‘..Q
/* DETERMINE_CMP (used by single_clause_CA) .
[ *
/* We here find the current clause's Case-Marker Pattern (CMP), based nolely *
/* on the associated (sub-) parse tree. The positional markers are ‘paubye, .

/* 'pobj’, and ‘piob3j*. All others are introduced by prepositionz & adverbs. ¢
determine_CMP{SUBJ, COMPL, MODIFS, Approved_CMP) -
determine_subj_CMP(SUBJ, SUBJ_CM),
determine_compl_CMP (COMPL, COMPL_CM) ,
determine_modif_CMP (MODIFS, MODIFS_CM),
join_with_dashes (SUBJ_CM, COMPL_CM,CMPD) ,
join_with_dashes (CMPQ, MODIFS_CM, CMP},
nlp., writep('CMP found by HAIKU: '), writep(CMP}, nlp,
writep(' > Do you wish to overrule this CMP'), nlp,
writep(’ (enter d to discard this clause, or'}, nip.
writepl(® a to discard the entire input) [y/N/d/al? *),
read_answer (Redef), verify suggested_CMP{Redef,CMP, Approved_CMP)

determine_subj_CMP(nil,nil) :- !,
determine_subj_CMP{subj(_).psubj).

determine_compl_CMP(nil,nil) s-
determine_compl_CMP{complement (COMPL} ,COMPL_CM} :-
{f_mem(svoo_svoc_svoa, COMPL) ; f_mem{svoo,COMPL)),

£_mem({iobj,CoOMPL}, !,
find_prP_compl (COMPL,_.PP),
join_with_dashes{'pobj-picbkj', PP, COMPL_CM).
determine_compl_CMP{(complement (COMPL) ,COMPL_CM} :-
(£_mem(svoo_svoc_svea,COMPL) : f_mem{svoo,COMPL) ),
find_PP_compl (COMPL, COMPL_rest, PP),
fas(entity,COMPL_rest.List_of_entities), length(List_of_ontities,2), !,
join_with_dashes('pobj-piobj*,'P,COMPL_CM} .
determine_compl_CMP{complement (COMPLO) ,COMPL_CM) :-
ext(n, templ, conj_pps, COMPLO,COMPLL1, _}.
ext(n, temp2,pp, COMPLL,COMPL2, ),
( (member (E, [entity,
entity_pro,
entity_pro_generic,
entity_pro_empty.
entity pro_new_NP,
entity_pro_unknown]), f_mem(E,COMPLZ)) ;
f_meminominal_clause,COMPL2)), !,
find_PP_compl (COMPLO,_,PP),
join_wizth_dashes {(pobj, PP,COMPL_CM) .
determine_c'~ pl_CMP{complement {COMPL) ,COMPL_CM} :-
fas('*statement’',COMPL,LSAT), LSAT == [], !.
£ind_pPP_compl (COMPL, _,PP),
join_with_daches (nil, PP,COMPL_CM) .
determine_compl_CMP(_,pobd} - 1,

determine_modif_ CMP({main_verb_modif(nil),clause_modif(nil)],nil) :- !.
determine_modif_CMP(_,adv).

,o--.-----tt.t&.-wo--oo-oﬁ--btt.o--t--t't-ob-totn.------tt-t-htb.rb-..l----tr.,

/* FPIND_PP_COMPL (used by determine_compl_CHP) */
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/* e muot discard PPo attached to nouns as poct-modifiers, as well as PPs ~/
/* hirgdion in a pazgive "iebjt te.g. *The book was given TO BETH by Bob*). v/
find_PP_compl(CCMPLO,COMPL_xr,COMPL_CM) :-

axt{n, templ, np_postmodifiers, COMPLO, COMPLL, _},

ext{n, temp2, 1obj, COMPLY, CCMPL2, ),

find_MV_PP(COMPL2, COMPL_r, COMPL_CM]} .

/* PPn; zero, one, or a conjunction of several. s
find_Mv_PP(COMPL, COMPL,nil) = \+ f_memi{pp,COMPL), \+ {_mem(pp_adv,COMPL},
)
find_MV_PP (COMPL, COMPL_r , COMPL_CM) :-
ext{n, tempd, ‘pp' , COMPL, COMPL_O, tempO {PP_A_list_0)),
ext{n, templ, ‘pp_adv’ ,COMPL_0,COMPL_x, templ (PP_A_list_1)),
append (PP_A_lise 0,PP_A_list_1,PP_A_list_0G}Y, ¢,

PP_A_list = temp(PP_A_list_00),
((PP_A_lict = [_.1[_]PP1]l], collect_all_preps{PP,nil,COMPL_CM}} :
(pe_A_list =.. [_,PP3], collect_all_preps{PPs.nil,COMPL_CM)}}}.

/* Note: for now, duplicate CMs are not allowed BUT this might not be jus- */

/* tified as they may mark different Cases in the same sentence. */
collect_all_preps([],COMPL_CM,COMPL_CM}) =,
collect_all_preps(X,CM_In,CM_Out) t=

(X = ppleconj_preps(_, [PREP|_1},_) ; X = pplconj_preps(_, [PREP|_)),_._} ;

X = pp{(PREP,_) ; X
% = pp([_.PREP],_ ) X = pp([_,PREP],_,_) :
o pp_adv(PREP, _} X = pp_adv{PREP,_,_J)}, !,
join_with_dashes (CM_In, PREP,CM_Out).
colloct_all _preps(l{_,%]1|T].CM_In,CM _Out) :-
(X = pplconj_preps{_.[PREP|_1}._) ; X = pplconj_preps(_, [PREP|_]),_._}
bid PP (PREP,_) : X = pp(PREP,_,_) :
X = pp(I_,PREP],_} X = pp{l_.PREP],_,_) :
¥ = pp_adv{PREP,_} X = pp_adv(PREP,_,_)),
atom(CM_In}, atom{PREP), name(CM_In,CM_In_ascii), name(PREP,PREP_ascii),
{{append(_, PREP_ascii,CM_In_ascii), CM_temp = CM_In) ; % No duplicate CMs.
join_with_dashes (CM_In, PREP,CM_temp)}.
coellect_all_preps{T.CM_temp,CM_Out).

pp(PREP,_._) ;

In g h
ol

[ I L N ]
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/ﬁ‘tﬂ'ttt.ttqii..ﬁ....‘-.Q.-ti-ti.ttt.t--ti.'t'.'tww-tw'**'ﬁ*tﬁ'*"ﬁi.".ﬁ.-ﬁ./

/* JOIN_WITH_DASHES {(used by derermine CMP, determine_compl CMP, & *f
I/ ¢collect_all_preps) ~/
/* */

/* Joining individual Case Markers with dashes: psubj & pobj => psubj-pobj. */

join_with_dashes(nil,Y.,Y} :=:- !.
join_with_dashes(¥.nil, X} - !.
join_with_dashes(X,Y,Z) e
atom{X), atom(Y}, name(X,X_ascii), name(Y.,Y_ascii),
append(X_ascii, [45],X0), append(X0,Y_ascii,z0), name(Z,20)., % 45 = *'=-

ft.!tt*t't.t't.Qi..t*ﬁ.Q*..l.'-.Q".‘..'i..i.'.i"""-f"'*t*t*v‘*ﬁi'-*ﬁ#.'.’/

/* VERIFY_SUGGESTED_CMP (by determine_CMP) */
I 7
/* If the user wishes to change the CMP suggested by HAIKU, we must ensure 7/
/* that the new one is valid ... 7/
verify suggested_CMP(a,_.nil_abort) 1=

', nlp, writep('> Case Analysis of this entire input ABORTED: '),

writep('no further updating of the KB.'}), nlp.
verify_suggested_CMP(4,_,nil) -

!, writep{'> Case Analysis of this clause ABORTED: ‘),

writep{'no further updating of the KB.'}, nlp.
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verify suggested_CMP{y, SMPO, Approved_COMP) :
writep(' = Please, eonter the now CMP (v.a. poubd-pobi-withy: 'y
read_answer (NEW_CMP), from_ dashes_to_list (NEW_COMP, NEW _OMP LY,
NEW_CMP_L \== [].
validace NEW_CMP_L(NEW_CMP_ L, NEW_CMP, Approved_OMpd),
writep(' > Replacing *'‘'}., writep(CMPO),
writep(''* with *''), writep(Approved_CMPO), writep(**' : OK [0 ¥I7™ 'Y,
read_answer (O},
({0 == n, verify_suggested CMP(y,CMPO. Approved_CMP))

{0 \== n, Approved_CMP = Approved_CMPO)).
verify_suggested_CMP(y,CMPO, Approved_CMP) i-
', writep(® > INVALID CMP!*), nlp,
verify_suggested_ _CMP(y,CMPO, Approvod_CMP) .,
verify_suggested_CMP(_, Approved_CMP, Approved _CMP)} :- !,

validate_NEW_CMP_LI([],Approved_CMP,Approved_CMP) :- !,

validaze_ NEW_CMP_L([H]|T],NEW_CMP, Approved_CMP) -
(memberchk (H, [psubj.pobi.piobj.adv]) : dictiH.prep... .}, Y,
validate_NEW_CMP_L (T, NEW_CMP, Approved_CMP) .

/t*w**ttttt.wn---t-ttt-tttott--t.-utttt..ﬁ-oo-.o.-.oon-qn...at.ca--.--aaaanaqa .

/* CA_ALGO (used by single_clause_CA) ./
/> ./
/* Following the CA algorithm, as described in the “IEEE papor®, pp.ld4-1%, L/
/* Remark: predicate and variable names are particularly self-oxplanatory. s/

‘CA_algoe’ (Input_Verb, SUBJ, COMPL, Input_CMP_0O, Input_ CMP, Scolocted_CP)Y @ -

/* Situations Sl to S3: the input verb is in mDict (known verb Vi. o
mhict (Input_Verb,List_of_ _CMPs,List_of_Cases_for_overy CM),

/* Sl: Input_CMP is among CMPs in mDict entry for Input_Verb, ./
/* [known CMP already associated with V; known CP or now CP with known CMP)  */
{ {from_dashes_to_list{Input_CHMP_0, Input_CMP_L),
permutation (Input_CMP_L, Input_CMP_00), % the KB may contain a permutation.
from_list_to_dashes (Input_CMP_00, Input_CMP),
memberchk (Input_CMP,List_of_CMPs),
empDict (Input_CHMP,List_of_candidate_CPs_with_example_sentences), !,
selection_dialogue(*Sl', Input_Verb, SUBJ, COMPL, Input_CMP,
List_of_Cases_for_every_ CM,
List_of_candidate CPs_with_oexampla_nontonens,
Selected_CP,
List_of_New_CM_Case_Pairs_Intro_by_ Known_CHM), !,
update HAIKU_Dicts('Sl*, Input_Verb, Input_CMP,
Selected_CP,
List_of_New CM_Case_Pairs_Intro_by _Known_CHM) ) ;
/* 82: Input_CMP is in cmpDict. ~/
/* {known CMP not yet associated with V; new or known CP) -/
{from_dashes_to_list (Input_CMP_0, Input CMP_L),
permutation{Input_CMP_L, Input_CHMP_00), % the KB may contain a permutation,
from_list_to_dashes{Input_CMP_00, Input _CMP},
cmpDice (Input_CMP,List_of_candidate CPs_with_example_sentences), !,

selection_dialogue(’'S2', Input_Verb, SUBJ, COMPL, Input_CHMP,
List_of_Cazes_for_avery CM,
List_of_candidate_CPo_with_example_sentonceo
Selected _CP,
List_of_New_CM_Cage_Pairc_Intro b/_anwn cHy, 1,
update HAIKU_Dicts{'S2', Input_Verb, Input_CMP.
Selected CP,
List_of_New CM_Cacse_Palirs_intreo_by_Known_Cll)}

m
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/* S3: fentipely noew CHMP: new or known CP} ~/
{Input_CMP = Input_CMP_0,
Cind_close_CHMpoc(Input_CMP,Close_CMPs,Clocest_CHP), !,
cerlection_dialogue(°33', Input_Verb, SUBJ, COMPL,

[Input_CMP,Close_CMPsS.Closest_CMP].

Lict_of_Cases_for_every CM,

[]. % empty List_of_candidate_CPs_with_example_sent.

Selected_CP,

List_of_MNew CM_Case_pPairs_Intro_by Known_CM), !,
update HAIKU_Dicts('S3', Input_Verb, Input_CMP,

Selected_CP,

Licr_of_New CM_Case_Pairs_Intro_by Known_CM)})).

'CA_algo’ (Input_Verb, SUBJ, COMPL, Input_CMP_0, Input_CMP, Selected_CP) :-
/* Situations S4 to S5: the input verb is NOT in mDict {new verb}. ./

/* 54: Input_CMP is in cmpDict {known CMP:; new CP (relative to this wverb)). ~/
{from_dashes_teo_list{Input CMP_0, Input_CMP_L).
permaitation{Inpur_CMP_L, Input_CMP_00}, % the KB may contain a permutation.
from_list_to_dashes(Input_CMP_00, Input_CMP).
cmpDict (Input_CMP,List_of_candidate_CPs_with_example_sentences), !,

selection_dialogue(*s4', Input_Verb, SUBJ, COMPL, Input_CMP,
[1. % empty List_of_Cases_£for_every CM
List_of_candidate_CPs_with_example_ sentences,
Selected_CP,
List_of_New_CM_Case_Pairs_Intro_by_Known_CM), !,
update_HAIKU_Dicts(*S4', Input_Verb, Input_CMP,
Selected_CP,
List_of_New_ CM_Case_Pairs_Intro_by_Known_CM))

/* 55: {entirely new CMP; new CP} ~/
{Input_CMP = Input_CMP_0,
find_close_CMPs{Input_CMP,Close_CMPs,Closest_CMP), ¢,

selection_dialogue(*S5', Input_Verb, SUBJ, COMPL,
[Input_CMP,Close_CMPs,Closest_CMP],
[1. % empty List_of Cases_for_every (M
[1, % empty List_of_candidate_CPs_with_example_sent.
Selected_CP,
List_of_New_CM_Case_Pairs_Intro_by_Known_CM), !,
update_HAIRU_Dicts('S5', Input_Verb, Input_CMP,
Selected CP,
List_of_New_CM_Case_Pairs_Intro_by Known_CM}).

jQQQQ.Q.ﬂiﬂ‘t‘nw."tt‘tttﬂ*twtw.twt"tt*t*it*tw***tw**t*'*‘0".'*'"'*'*#**9""’/
/* SELECTION_DIALOGUE (used by 'CA_algo') v/
/" "}
/* The ultimate goal of this predicate is to lead the user to selecting the */
/* most appropriate CP that can be associated with the current clause, con- */
/* sidering its CMP. If this CP cannot be gleaned from HAIKU's past experi- */

/* cnce, the user will be invited to submit a new one, guided by HAIKU. */

selection_dialogue(SITU, Input_Verb, _SUBJ, _COMPL, Input_CMP, S+
List_of_cCases_for_every_ CM, $+mDict
List_of_candidate_CPs_with_example_sentences, $+cmpDict
Selected_CP, %=
List_of_New_CM_Case_Pairs_Intro_by_ Rnown_CM) %~

nlp., writep_situation(SITU), nlp.

w
)
o
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{ (memberchk(SITU, [*85X,'82', 'S 1Y,
Inpus_CMPJ = Input_CMP,

-1

writep(' Candidate CPs with example sentences:'), nilp,
show_CPs_and_examples (List_of_candidate_CPu_with_oxample_scntences.
List_of_candidate_CPs))

{memberchk (SITU, [*S83*,'85" ]},
Input_CMP = [Input_CMPO,Close_CMPs, CLOSEST_MATCH].
writep({' entirely new CMP:; no obvious candidate CPs to propose*). nip.
writep(' 1list of close CMPs proposed by the "closeness metrict: '),
writep({Close_CMPs), nlp.
{ {CLOSEST_MATCH = match(_,CLOSEST_CMP_L),
from_list_to_dashes {CLOSEST_CMP_L,CLOSEST_CMP),
cmpDict (CLOSEST_CMP.List_of_candidate_CPs_with_example_sentences),
nlp,
writep(®' Candidate CPs with example sentences for the closesnt CMP'),
writep(* ('), writep{CLOSEST_CMP), writep('):'}. nlp.
show_CPs_and_examples{List_of_candidate_CPs_with_example_sentences(,
List_of_candidate_CPs)):
{CLOSEST MATCHEH == []., % =ero "close" CMPs!

List_of_candidate_CPs = [I1}))), !,
nlp.,
writep{® current clause''s main verb (infinitive): '),
writep{Input_Verb}, nlp.
writep(®' current clause'‘'s CMP (or a permutation}: ‘),

writep(Input_CMPQ), nlp,

suggest_most_probable_ CPsz {Input_CMPO,
List_of_Cases_for_cvery CM,
List_of_candidate_CPso,
Suggested_CP3), !,

see_user_and_select_CP(SITU, Input_Verb, Input_CMP(, Suggested CP3,
List_of_Cases_for_every_CM,
Selected_CP,
List_of_New_CM_Case_Pairs_Intro_by_Known_CM).

FAM T e L e LS L S L Sl L d L At i Attt iRt l St S bt bttt s/
/* Tracing the CA algorithm: whatever the input, one of these 5 zituations.

writep_situation('Sl') :-
writep(*Sl: known CMP already associated with known wverb; '},
writepi{'CP is known or new.'). :
writep_situation('s2'}) :-
writep({'S2: known CMP not yet associated with known verb; '),
writep('CP is known or new.').
writep_situation('sS3’') :-
writep('$3: entirely new CMP with known verb; CP is known or new.').
writep_situation(*54') :-
writep('S4: new verb with known CMP; new CP (relative to thiz werbl.'}.
writep_situation{'s5') :-
writep('S5: new verb with (entirely) new CMP: new CP.°').

P S L T R D LS L L e bl SISt a bttt ettt it L)

/* Used by 'selection_dialogue': listing CPs and exzample sentences in the */
/* list Lizt_of_candidate_CPs_with_example_sentences (lsot parameter). By the */
/* came token, we collect all the CPc in a ceparate lizt (2nd parameter}. */
show_CPs_and_examples([1,1]) - .
show_CPs_and_examples ([ [CP,Example_Sentence] |T], {CP|R]) :-

writepl(’ CP: '), writep{CP), writep(* '),
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writepl( Ex: '), writep({Example_Sentence), nlp, show_CPs_and_examples(T,R).

F I e it e ik e ot b o R S R e R P
/* Converting lizto of patterns into atoms: [psubj,pobj] => psubj-pobij. This */
/" is neaeded when we must resort to the claseness metric which manipulates "/
/* lists of CMPs. For detailsc on the metric, see 'HAIXKU_FC.PL'. v/

from_lizt_to_dashes(In,Out) :-
from_list_to_dashes_2(In,Outl}, name{OQut,Quzl).

from_list_to_dashes_2([H),H_ascii) :- atom(H), name{H,H_ascii), !.
from_list_to_dashes_2([H|T1},T2) -
atom({H), name(H,H_ascii), append(H_ascii, [45],L0),
from_list_to_dashes_2(T1,T3), append(L0,T3,T2).

,.‘t..&....tﬁ-DIt--.t.tit".tt't'wt*‘.*ﬂ'*'w-'*ﬁ*i‘*w"itt*ttwi"ttt"tt't'*'t/

/* SUGGEST_MOST_ PROBABLE_CPs (used by selection_dialogue) -~/
/. */
/* The *most probable CP* is the candidate CP with the highest 'rating' in */
/* List_of_candidate_CPs. Rating is computed below in 'compare CMP_with _CP'. */

suggest_most_probable_CPs (Input_CMP, B+
List_of_Cases_for_every CM, $+mDict
List_of_candidate_CPs, $+cmphict
Suggested_CPs} %-

from_dazhes_to_list (Input_CMP, Input_CMP_L),

{(List_of_candidate_CPs == [], Rated_CPs = [1) :
{List_of_candidate_CPs \== [],
compare_InputCMP_with_candidate_CPs{Input_CMP_L,

List_of_candidate_CPs,
List_of_Cases_for_every_CM,
Rated_CPs)}), !,

select_most_probable_CPs (Rated_CPs, Suggested_CPs) .

/qnwto-wnw-nwt.wwtwwww'ttt.wﬁ------!----'-n-www--tww------wt-w-vw&rtw---wttt-t/

/* COMPARE_INPUTCMP_WITH_CANDIDATE_CMPS (used by suggest_most_probable_CPs) */
/t -,
/* Thiz predicate recursively controls the rating computation. 7/

compare_InputCMP_with_candidate_CPs{_Input_CMP_L,
[1,
List_of_Cases_for_every_CM,
[

P |
compare_InputCMP_with_candidate_CPs({Input_CMP_L,
fcp_u|cp_T),
List_of_Cases_for_every CM,
[(Rating,CP_H] |CE_T_rated])

from_dashes_to_list (CP_H,CP_B_L},

length(Input_CMP_L,N), length(CP_H_L.N), !, % Lengths must be equal.
compare_CMP_with_CP(Input_CMP_L,
CP_H_L,

List_of_Cases_for_every_CM,
0, N, Rating),
compare_InputCMP_with_candidate _CPs(Input_CMP_L,
CP_T,
List_of_Cases_for_every (M,
CP_T_rated).
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compare_InputCM?_with_candidate_CPs{Input_CMP_L
{_{cP_TI,
List_of_Cases_for _overy oM.
CP_T_rated)

compare_InputCMP_with_candidate_CPs(Input_CMP_L,
CP_T.
List_of_cCases_for_eovery_ oM.
CP_T_rated).

/l’...t'***i‘.’*ﬁ‘.*"QQ.‘..ﬁ.‘Q*ﬁ.Q*.Q.*‘QQ‘ﬁﬂ‘tt‘ﬁ."OQ\Q\..'.I...l...‘......'tﬂ
/* COMPARE_CMP_WITH_CP (used by compare_InputCMP_with_candidate_CPz) .
fﬁ L3S
/* We want to suggest CPs that have been associated with identical CMPs or .
/* the closest possible CMPs, based on HAIRKU's past eoxperience. The notion ./
/* of 'rating' we're using here is defined as follows: the number of indivi- */
/* dual Cases (in the candidate CP} that have already been associated with .t
/* the current input's individual CMs divided by the length of the input CMP.*/

compare_CMP_with CP{!]},[]._.N1,N,Rating) :- !, Rating iz N1 / N.

compare_CMP_with CP([CM_H|CM_T},
[C_H{C_T].
List_of_Cases_for_every_CM,
NO, N, Rating} t-
look_up_List_of_known_Cases(CM_H,C_H,List_of_Cases_for_every_CM,NO,N1).
compare_CMP_with_CP(CM_T,C_T,List_of_Cases_for_eovery_CM,N1,N,Ratindg).

look_up_List_of_known_Cases (CM_H,C_H,L,NO,N1) :-
memberchk({ [CM_H,L0].L}), memberchk(C_H,LO0}, !, Nl is NO + 1. % known Casc
look_up_List_of_known_Cases(_,_,_.NO,NO).

,t!-w"".w*!-tt-t-tt-tttttttttttttt.tttt‘t*.tt‘tattat.'ttttattt.‘ttnttwnﬁq-tﬁl

/* SELECT _MOST_PROBABLE_CPS (used by suggest_most_probable CPs) s/
I =/
/* Once the ratings have been computed for every candidate CP, we must find */
/* the one with the highest rating, i.e. the "most probable® {or likely). ./

select_most_probable_CPsi{[],[]} - 1,

select_most_probable_CPs!{[[Rating,CP_H_L]|CP_T],Suggected CP3) :-
find_max_emb_list{(CP_T, [Rating,CP_H_L],Max),
find_all_CPs_with_max_prob([{Rating,CP_H_L]|CP_T]},Max, Suggested _CPs) .

find_max_emb_list([[R._]1|T]. [Rm,_].Max} :-

R =< Rm, find_max_emb _list(T, {Rm,_],Max).
find_m.ﬂx_emb_list([IRa_I |TIJ [Rm,_],Max) :-

R > Rm, find_max_emb_ list(T,[R,_].Max).
find_max emb_lise(l], (Max,_],Max).

£ind_all_CPs_with_max_prob([)._.[]} - !

find_all_CPs_with_max_prob( [ [Max,CP_H] |CP_T].Max, [CP_H|T]) :-
', find_all_CPs_with_max_prob{CP_T,Max,T).

find_all_cCPs_with_max_prob([_[CP_T],Max,T) -
find_all_CPs_with_max_prob(CP_T,Max,T).

I'""*"-D'ﬁﬁ.’"."'#"'*"*"'.*ﬁ*..ﬁ.ﬁ*ﬁ'..".'.ﬁ'ﬂ'- -.--Qﬁttttlﬁttﬁtifﬁfibl

/* FROM_DASHES_TO_LIST {(used by suggest_most_probable CPs & ./
FAd compare_InputCHP_with_candidate_CPz) ./
/' */
/* This predicate ic the inverse of "from_list_to_daches': see above. */
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daches_to_licz(*',[1) 1= 1,
rom_dashes_to_list{Input_CMP, Input_CMP_L) :-
atomiInput_CMP), name{Input_CMP,In_aczcii), memberchk(45,In_ascii},
dashes_to_list(Input_CMP_L, In_ascii,"*).
from_dashes_to_list{Input_CMP, [Inpur_CMP]).

dashes_to_list{[H|T]) -->
lowercase_CM(H_accii), (name(H,H_ascii))}, "--, dashes_to_list{T).
dashes_to_list([H]) -=> lowercase_CM(H_asc¢ii), {(name(H,H_ascii)}.

lowercase_CM([H|T]) --> [H]., {isc_lower(H)}., (lowercase_CM{T) : (T = [1}).

lowercase_CM([H]) --> [H], (H == 63}. % 63='7"
/..Q..tQ......"-.‘.ﬁ-..t.‘ﬁ..t'"tt.t'tt*t.'w*t*'ﬁ’*i‘*'.**t*w'*'tw't't"'t't/
/* S5EE_USER_AND_SELECT_CP {used by selection_dialogue) ~/
/" */
/* Mozt likely {or probable) CPs are proposed to the user. Ultcimately, only */
/* one of these, or a new one, must be identified: 'Selected CP'. !
nee_uger_and_select _CP(SITU, _Input_Verb, Input_CMP, Suggested_CPs, T+
List_of_Cases_for_every_CM, 4+
Selected_CP_ok, %-
List_of_New_CM _Case Pairs_Intro_by_Known_CM) %-
writep(' most probable or closest CPs, which are of compatible length: '),

{ (memberchk (SITU, [*51*,'S82','53"']}),
display_list_of_CPs{Suggested _CPs,1,N),
get_one_CP(Suggested_CPs,N, Selected_CP_Oa)},
({(Selected_CP_0a \== nil,

from_dashes_to_list (Input CMP, Input CMP_L),
length {Input_CMP_L,L1),
from_dashes_to_list(Selected_CP_QOa, Selected_CP_Oa_L),
length{Selected_CP_0a_L,L2),
check_syntax_of_CP(Input_CMP_L,Selected_CP_Oa,Ll,L2,Selected _CP_0}) ;
{Selected_CP_0a == nil, Selected_CP_0 = nil))} ;
{memberchk {SITU, {'S4"',*'S5"']),
writep(Suggested_CPs), nlpl)), !.

{ {memberchk (SITU,['S1',*'S2','53']), Selected CP_0 \== nil, % KNOWN CP
Selected_CP = Selected_CP_0O,
writep{' replace cmpDict''s example with current clause [y/N]? '},
read_answer (R},
((R == y, replace_example_sentence_in_cmpDict (Input_CMP, Selected CP})
R \== ¥})

( (memberchk (SITU, ['S4',°'85']) ; Selected_CP_0 == nil), * NEW CP
let_user_ident_new CP{Input_CMP, Selected_CP)}), !,

((Selected_CP \== nil,
from_dashes_to_list{Input_CMP,I_CMP_L), length(I_CMP_L,L1l1l),
from_dashes_to_list{Selected_CP,S_CP_L)., length(S_CP_L,L22)},
((L11 \== L22,
nlp,
writep{' ILLEGAL CP: the CMP and the CP must both be of length '),
writep(Lll), nlp, let_user_ident_new CP(Input_CMP,Selected CP_ok}) ;
(L1l == L22,
Selected_CP_ok = Selected_CP}),
ident_new_CM_Case_pairs(Input_CMP,
List_of_Cases_for_every CM,
Selected_CP_ok,
List_of_New CM_Case_Pairs_Intro_by Known_CM})

{Selected_CP == nil,

Selected_CP_ok = nil,
List_of_New_CM_Case_Pairs_Intro_bky Known CM = [])}.
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/" Rt L L o e L R R L R Bl Rl E R R R R R R Rl R R R R o R R R R S I R N
/* The user may suggest that HAIRU replaces an example sentence with the
/* current input because it is considered more typical or representative.

replace_example_sentence_in_cmpDict {Input_CMP, Sclected_CPY :-
writep(®' REPLACING example in c¢mpDict for '), writep{Input_CMP),
writep(' ...'})., nlp., get_current_clause_tokens{List_of_Tokensz).,
rewract (cmpDict{Input_CMP,List_of_CPs_and_example_sentencest), !,

delete{List_of_CPs_and_example_sentences, [Selected_CP, _],NEW_List0),

append (NEW_List0, [ [Selected CP,List_of_Tokens] [, NEW_List),

assert (empDict {Input_CMP,NEW_List)).

writep(® => '), writep(Input_CMP), writep(' ‘)., writep(NEW_Li=zt), nlp,
replace_example_sentence_in_cmpDict({_,_) 1=
writep(® !7 unsuccessful updating of cmpDict !}, nlp.

/* Note: for the time being, we consider the whole input string inatead of

-

-

LIS
{

/* just the current clause. The main menu's option ‘D* may also be activated.*/

get_current_clause_tokens (List_of Tokens) :-
sentence_tokens (L), make_atom(L,L_ascii_0), name(L_ascii_ 0,L_ascii_1),
substin,39,95,L_ascii_1l,L_ascii_2), % subst quotes with underscores.
append{ [39|L_asecii_21,[39],L0), name(List_of_Tokens.LO).

P L T o e A e L L e L e L e E e s R
/* Making sure that we're dealing with atoms ... Using a temporary tile.

make_atom{Term, Atom) :-
tell({'z==zzcz.HAIKU.make_atom.dump'), write(Term), nl, told.
see( 'z HAIKU.make_atom.dump*}, read_line(L), scen,
name (Atom,L) .

'
“/

/*'ﬁO***-.'-Q-‘.‘.'t'.*'****ﬁ**’tt..t-.“‘t...‘...-..-tttt..t".lQt..‘l..‘l..tl

/* LET_USER_IDENT _NEW_CP (used by see_uszer_and_select _CP}

let_user_ident_new_ CP(CMP,CP)

nlp,

writep(' NEW CP: list of 28 legal Cases in HAIKRU']},

nlp.

writep(' agt:agent; benf:beneficiary; expr:experiencer: inst:instrument;®)
nlp.

writep{" obj:object; recp:recipient; caus:cause; manr:manner; val:value;®)
nlp,

writep(’ eff:effect; purp:purpose; freg:frequency; tat:time_at;'},

nlp,

writep(* tfrm:time_from; tto:time_to; ttru:time_through; dir:direection;'),
nlp,

writep("* lat:location_at; lfrm:location_from; lto:location_to; ord:order;’
nlp,

writep{' ltru:locartion_thraugh; ornt:orientation; cont:content;'j,

nlp,

writep(® excl:excluzion; acmp:accompaniment; matr:;material; meazmeasure.*
nlp,

writep(' REM: A CASE MAY BE SUFFIXED WITH A ''?'* TO '},

writep('DENOTE UNCERTAINTY (e.g. lat?).'},

nlp,

from_dashes_to_list (CMP,CMP_L}, length{(CMP_L,L1l}, consult_cmbict(CHMP_L),
nlp,

repeat,

writep(' please enter the new CP (e.g. agt-obj-tat).'), nlp,

writep (' or enter ''‘h'' to see the current input string and CHMP,*), nlp.
writep(’ or CR to abort [*new CP“/h/CR]? '),

read_ancwer (NewCP},
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(eewzp == ', MewCP M=z h,

from_daches_to_list{NoewCP, NewCP_L)}, lengthiNewCP_L,L2},

check_syntax_of _CP(CMP_L,MNewCP,L1,12,CP), OK = true)

(MeewCP == ', CP = nil, OK = true} ;

NeewCP == h,

sentence__tokens (TOKENS) ,

nlp, writep(TOKENS), nlp, writep(CMP), nlp. nlp. OK = false)),
OK == true, !,

1

consult_emDict([])
consult_cmbDict ([H|T))
H \== psubj, H \== pobj, emDict(H,CCL),
nlp,
writep{' here is what the cmDict knowc 1bout this Case marker: '),
upper (H, H_upper),
writep{H_upper), nlp.
writep{' ({format: Case(COmmonness,Example); CO=l:common, CO=2:uncommen}'),
nlp, list_known_CM_Cascs{CCL)., consult_cmbDict(T).
consult_cmbDict([_|T]) :- consult_cmbict(T).

lict_known_CM_Cases([]) HE
list_known_CM_Cases([H|TI) :-
writep(® 'y, writep{H), nlp, list_known_CM_Cases(T}.

F O R PP S A A ettt DL LR L L R e T P St L
/* Checking the new CP's syntax: several constraints must be enforced. */

check_syntax_of_CP(CMP_L,.CP0,L1,_,CP} e
from_dashes_to_list (CPO,CPO_L}, \+ is_set(CPO_L}, !,
writep(' ILLEGAL CP! No duplicate Cases allowed: '},
road_answer (NewCP), from_dashes_to_list (NewCP,NewCP_L},
length (NewCP_L,L3), check_syntax_of_ CP{CMP_L,6 NewCP,L1,L3,CP}.

check_syntax_of_CP{CMP_L,_,Ll1,L2,CP} HE
L1 \== L2, !, writep(' ILLEGAL CP! The new CP must contain exactly '),
writep{Ll), writep{' Case(s), i.e. length='}, writep(Ll), writep(': '),
read_answer (NewCP), from_dashes_to_list (NewCP,NewCP_L),
length (NewCP_L,L3), check_syntax_of_ CP{CMP_L,NewCP,Ll1,L3,CP).

check_syntax_of_cp{cMP_L,CP,L,L,CP_ok) :~
from_dashes_to_list{CP,CP_L), every CP_is_ok(CP_L), !,
writep(' CMP & CP will be paired as follows: '),
display_CMP_CP_pairs(CMP_L,CP_L),
writep(' ; Correct [n/Y1? '), read_answer(OK),
({OK \== n, CP_ok = CP} ;
{OK == n,
writep(* CP in wrong order, please re-enter in proper order: '),
read_answer (NewCP), from_dashes_to_list (NewCP,NewCP_L},
length (NewCP_L,L3), check_syntax_of CP(CMP_L,NewCP,L,L3,CP_ok)}).

check_syntax_of_CP(CMP_L,_,Ll1,_,CP) t-
writep(' ILLEGAL CP! Please use only HAIKU''s legal Case labels: '},
read_answer (NewCP), from_dashes_to_list (NewCP,NewCP_L),
length (NewCP_L,L3), check_syntax_of_CP(CMP_L, NewCP,L1,L3,CP).

/* LIST OF LEGAL CASES: currently, there are 28 distinct Cases (sem. tags). */

every CP_is_ok([]} -1,
every_CP_is_ok(I[H|Tl) :-
atom(H),

{ (name {H.H_ascii), rev(H_ascii, [63]|HO_ascii_r]}, % 63='?'
rev(H0_ascii_r, HO_ascii), name(H_ok,HO_ascii)} ;
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H_ok = H),
memberchk (H_ok, [agt, bent, expr, inst. obj, reg
tto,terue,dir, lae, 1€m, 1lzo,
matr,meas, ord,.vall).,
every_CP_is_ok(T).

¢ "
roireg.tat, tirm,

t r
L, ornt, ocont, oxcl, acmp, manr,

display_CMP_CP_paixsii{], () -,
display_CMP_CP_pairs{[H1|T1l]., [H2]|T2]} :-
writep(Hl), writep('/')., writep(H2), writep(' *}),
display_CMP_CP_pairs(T1,T2).

A T T T A e e R e e o ot R U A R R
/* Once we have identificd the new CP, we must keep track of the noew CM-CP .
/* pairs in order to update the mbdict appropriately {its 3rd paramcter). .

ident_new_CM_Case_pairs (CMP,List_of_Cases _for_overy CM,CP,New_Pairs L)Y :-
from_dashes_to_list (CMP,CMP_L)., from_dashes_to_list{CP.CP_L).
spot_new_pairs (CMP_L,List_of_Cases_for_every CM,CP_L.New_Pairza_L).

spot_new_pairs([l._,[1.[]} 1o !

spot_new_pairs{[CM_H|CM_T],List_CM_Cases, [C_H|C_TI, [[CM_H,C_H]|TI} :-
look_up_List_of_known_Cases{CM_H,C_H,List_CM_Cages, 1,1}, !
spot_new_pairs{CM_T,List_CM_Cases,C_T,T).

spot_new_pairs{[_|CM_T],List_CM_Casges, [_|C_T].T) 1~
spot_new_pairs (CM_T,List_CM_Cases,C_T,T).

A T s R T Rt h L

display_list_of _CPs((],_,_) :- !, writep(' []1'}., nlp.

display listc_of_CPs({X,Y,2) :- display_list_of Pof3{X,Y,Z}.
get_one_CP([),_.,nil) -,
get_one_CP(CPs, Upper_bound,CP_ok) :-
nlp.
wricep(* if appropriate, please gelect one of these CPz:'), nlp,
writep(' enter & number between 1 and '), writep{Upper_bound),

writep(' (or 0 if none is appropriate}: '},
read_answex (CPnum), verify CPnum(CPs3,Upper_bound, CPnum,CP_ok}.

verify CPnum{_._,0,nil) =t
verify CPnum(L,Up,CPnum,CP_ok) :-
number {CPnium}, CPnuwwm =< Up, nthl({CPnum,L,CP_ok), !.

verify_ CPnum(L.Up,_,CP_ok) 1~ get_one CP({L,Up,CP_ok).

/**t*ﬁtt*owt-w-ﬁwt--tbtt".w"cnwp--t---ttttt-otttto.on...ahap-lt-t-hthot-toro/
/* UPDATE_HAIKU_DICTS (used by 'CA_algo’} >
/‘ -/
/* At this peint, we have all the required elements of info. about the cur- ¢/
/* rent input: let's update HAIKU'c dictionaries accordingly. */

update_HAIKU_Dicts{_, _Input_Verb, _Input_CMP, nil, [1])

.-

!, writep{'> Case Analysis of thizc clauce ABORTED: no updating of the KB.'),
nlp.

update_HAIK! Dicts(SITU, Input_Verb, Input_CMP, Selected CP,
List_of_New CM_Case_Pairs_Intro_by_Known_ CH)
update_mDict (SITU, Input_Verb, Input_CMP,
Lict_of_New_ CM_Cage_Pairs_Intro_by Known CH) .,
update_cmpDict (SITU, Input_CMP, Selected CP),
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updatse_epDictiSelected _CP, Input_Verb).

/.I.l.l..l..l'.l'Ib-'tt-ttﬁtbltt.t.tlt-.ﬁit...ﬁ..t.tﬁ.'....".'...'.-'GOQCOIQ./
/* UPDATE_mDICT (used by update_HAIKU_Dicts) */
r* -/
/* mDICT example: mDict(store, ['psubj-pobjt], [{pobi. [objll. ipsub], [agtlll). =/

update_mDict (SITU, Input_Verb, Input_CMP,
Lizt_of_New_CM_Cacze _Pairs_Intro_by_Known_CM)
memborchk (SITU, [°51, 82,331},
mDict (Input_Verb,List_of_CMP3,List_of_CM_Case_lists),
({SIT \== *Sl', append(List_of_CMPs, [Input_CMP],NEW _Listla))
{3ITU == '51*, NEW_Listla = List_of_CMPs)),
update_List_of_CM_Case_lists(List_of_CM_Case_lists,
List_of_New CM_Case_rPairs_Intro_by_Known_CM,
NEW_List2a),
cort (NEwW_Listla,NEW_Listl), sort(NEW_List2a,NEW Listl),
(mDict (Input_Verb,NEW_Listl,NEW _List2) :
(writep(® UPDATING mDict for '), writep(Input_Verb), writep(' ...'), nlp.
retractall (mDict {Input_Verb,List_of CMPs,List_of_CM_Case_lists)),
assert (mDict (Input_Verb,NEW_Listl,NEW_List2}},
writep(* => '}, writep{Input_Verb), writep(' '), writep(NEW_Listl),

writep(* *), writep(NEW_List2), nlp}), t.

update_mDict (SITU, Input_Verb, Input_CMP,
List_of_New_CM_Case_Pairs_Intro_by_Known_CM}

memberchk (SITU, ['S4°,°'S5' 1),
writep(® UPDATING mbict for '), writep(Input_Verb), writep(®' ...'}, alp.
create_List_of_CM_Case_lists{List_of_ New_CM_Case_Pairs_ Intro_by_Known_CM,La),
Input_CMPOa = [Input_CMPI],
sort {Input_CMPQa, Input_CMPO), sort{la.lL),
assert (mbict (Input_Verb, Input_CMPO,L) )},
writep(' => '}, writep(Input_Verb), writep(' '), writep{Input_CMPO),
writep{' '), writep(L), nlp, !.

update_mbict(_,_.,_._) :-

writep{® !'? unsuccessful updating of mDict ?!'), alp.

P T T T T S O i AR A R R h e et T L T L L L S S T )

update_List_of_CM _Case_lists(L.[]1.L)

update_List_of_CM_Case_lists(Ll, [ [CM0,CO0]|T],L2)}
delete(Ll, [CM0,Cs0],L0), append(Cs0, [C0],L00), append(LO, [{CMO,L00]],L22),
update_List_of_CM_Cace_lists{L22,T.L2).

create_List_of_CM_Case_lists ([}, (]} = !
create_List_of_CM_Case_lists({[[CM_H.C_HI|T1], [[CM_H, [C_H]II|T2]) :-
create_List_of_ CM_Case_lists(T1,T2).

/..b....-I.-..t....ti‘.-.t'tﬁt*'t’*tQ*it*W'ﬂ*"'"-‘-'*'Q‘-.‘.ﬁtt.'t.'t".f"i./
/* UPDATE_cmpDICT (used by update_HAIKU_Dicts) ~/
7 */
/* cmpDICT example: cmpDict(‘'psubj-adv’',[['agt-manr’', [he,always,works]l]). */

update_cmpDict {SITU, Input _CMP, Selected_CP) :-
memberchk (SITU, [*S1','S2','S4']}., % No updating necessary!
cmpDict (Input_CMP,List_of_CPs_and_example_sentences),
memberchk( [Selected_CP,_),.List_of_CPs_and_example_sentencex), !.

update_cmpDict (SITU, Input_CMP, Selected_CP) :-
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{ {memberchk (SITU, [*S1', *S2, 84y,
cmpDict {Input_CMP,List_of _CPs_and_oxample_sentencesy,
\+ memberchk([Selected_CP, ], List_of_CPs_and_cxample_ucntonces))

(memberchk (SITU, [*SL*, 851},
List_of_CPs_and_example_sentences = [1)),

writep(' UPDATING cmpDict for '), writep(linput_CNF),
get_current_clause_tokens(Liznt_of_Tokens),
NEW = [Seleczed_CP,List_of_Tokens].

writep(* ...'"}, nlp,

{ (memberchk (SITU, [*S1','S2°,°'84° 1),

retractall {(empDict (Input _CMP,List_of_CPs_and_cxample_sentences) ) ;
memberchk (SITU, ['S3','S5'])),

ayppend (List_of_CPs_and_example_sentences, [NEW] ,NEW_Lista),

sort (NEW_Lista,NEW_List),

assert (cmpDict{Input_CMP,NEW_List)),

writep(' => '}, writep{Input_CMP}, writep(® ‘'}. writep(NEW_Lizt), nip, !.

update_cmpbict{_,_._} 1=
writep{' !? unsuccessful updating of cmpDict ?!'}, nlp.

/'tttttttﬁt*#t'tt#it.QI‘-Q..ﬁ"t.'t'ttttt.titwﬂtnt‘tﬁiQ't.'tthﬁ-.‘\ﬁ'-i..itt..,l

/* UPDATE_cpDICT (used by update_HAIKU_Dicts)

/
/* 7
/* cpDict example: cpDict(‘'agt-obj-inst-lfrm', [proparcl). ‘Y

update_cpbict(Selected_CP, Input_Verb) :-

{ (cpDict (Selected_CP,List_of_Verbs),
append(List_of_Verbs, [Input_Verb],NEW_lLista}) :
NEW_Lista = [Input_Verbl),

sort {NEW_Lista,NEW_List},

{cpDict{Selected CP,NEW_List)

{writep(*® UPDATING cpDict for '), writep(Selected_CP),
writep{' ...'}, nlp,
retractall (cpDict{Selected CP,List_of _Verbs)},
assert(cpDict (Selected _CP,NEW_List) ),
writep(®' => '), writep(Selected CP), writep(* ),
writep(NEW_List), nlp}).

update_cpDict{_._) 1=
writep(*' !? unsuccessful updating of mbict ?!'}, nlp.

/-wt-tthtttttttwwvrttﬁtb'ﬁrr--t-t--t-tttttt-tt-t'nt--tp.tt--o-nbp-obnno-ntt-tn/
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Appendix G: Examples of Representative Semantic Analyses

This appendix shows an abridged log of a brief session with HAIKU. We analyze two
of the five inputs for which we presented the parse trees produced by DIPETT in
Appendix E, plus another onc which is parsed as a serics of fragments — we will not
duplicate the parsc trees here. These examples illustrate how KA through TP is actually
accomplished in HAIKU.



G.1: Semantic Analysis #1

G.1: Semantic Analysis #1

Unit #1: Refer ro lines 304 and 305 in the 1990 General Tax Guide tor
more information on these non-refundable tax credits
Process this unit (¥Y/n)., try another Version, or Exit [(Y/n/v. oi?

lexical analysis (cpu time) : 0.25 sccond(sz).
First parse for input sentence:

{ ...1
parsing (cpu time) : 0.267 second(s}.

parse_tree__decla_or_imper
simple_sentence
structure
single_main_clause

{ ...}
HAIKU: initiating Case-based semantic analysis

UPDATED PARSE

TREE (parse_tree__decla_or_imper (simple_sentence(structure(single_main
_clause (imperative(*statementl*)) ), tokens{[refer.to, lines, 304, and, 305
,in, the,1990,general, tax,guide, for,more, information, on, these, non-
refundable, tax,credits]}),end_of_input{periocd}))

LOGICAL CLAUSAL STRUCTURE
top_structure
{*statementl™]

SYMBOLIC A-LISTS
coordinators
clauses

[*statementl*, statement (predicate({reqular{verblrefer, tense(limporativ
el},negiyes),trans(tr_intr))},voice(a~tive),complement (svol[con)_pro

{ ...}

INPUT
STRING( [refer,to, lines,304,and,305,in,the,1990,gencral, tax, quide, for,
more, information,on, these, non-refundable, tax,credits, W)

HAIKU: Case Analysis of current input's clauses

CURRENT CLAUSE: *statementl~*

CURRENT SUBJ : nil

CURRENT VERB : refer

CURRENT COMPL : complement(svo{[conj_pps(

{ ...}

CURRENT MODIFS : [main_verb _modif(nil),clauze_modif(nil)]

{below: notice that HAYKU finds four CMs. In fact, the ‘in’ prepositional phrase is
a modifier of the preceding ‘to’ prepositional phrase, and similarly far the ‘on’
and ‘“for’ prepositional phrases. But since DIPETT could not disambiguate these, it
left all prepositional phrases on the top-level, as modifiers of the main verb. This
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Appendix G: Examples of Representative Semantic Analysis

ensures that no potential Case markers are overlooked. If the re-attachment
facility were available, the user would have had the opportunity to reconsider the
parse tree before Case analysis. Interestingly, in this example, the four CMs are
semantically defendable.}

CMP found by HAIKU: to-in-for-on
> Do you wish to overrule this CMP
{enter d to discard this clause, ox
a to discard the entire input) [y/N/d/aj?

55: new verb with (entirely) new CMP; new CP.

entirely new CMP; no obviocus candidate CPs to propose
list of close CMPs proposed by the "closeness metric":
[THE INPUT CMP PROPERLY UNDERMATCHES: .,
THE INPUT C“P NON-PROPERLY UNDERMATCHES: ,
match(Q.15.25, [psubj,pobij.on,adv]),
THE INPUT CMP PROPERLY OVERMATCEES: ,match(0.416667,[tol).
THE INPUT CMP NON-PROPERLY OVERMATCHES: ,
match(1.11111, [psubj,on,in)),match(0.208333, [psubj,to]),.match(0.20833
3, [psubj, forl),match(0.138889, [psubj,pobj, to]),.match{0.138889, [psubi,
pobi,.on])]

Candidate CPs with example sentences for the closest CMP (psubj-
on-in):
CP: agt-lat-lto Ex:
{bob, printed, tom_s, report,on, the, printer, in, this, room, vesterday]
current clause's main verb {infinitive): refer
current clause's CMP (or a permutation): to-in-for-on
most probable or closest CPs, which are of compatible length: [}

NEW CP: list of 28 legal Cases in HAIKU

agt:agent; benf:beneficiary; expr:experiencer; inst:instrument;
obj:object; recp:recipient; caus:cause; manr:manner; val:value;
eff:effect; purp:purpose; freq:frequency: tat:time_at;
tfrm:time_from; tto:time_to; ttru:time_through: dir:direction:;
lat:location_at; lfrm:location_from; lto:location_to; ord:order:
ltru:location_through; ornt:orientation; cont:content;
excl:exclusion; acmp:accompaniment:; matr:material; meas:measure.
REM: A CASE MAY BE SUFFIXED WITRHR A '?' TO DENOTE UNCERTAINTY

{e.g. lat?).

here is what the cmDict knows about this Case marker: to
{format: Case(COmmonness,Example); CO=1l:common, CO=2:uncormmon}
tto(l,We worked from nine TO FIVE.)
lto(l,I nailed the picture TQO THE WALL.)
dir{l,We drove TO THE MALL.)
recp{l,I gave it TO HIM.)
meas (1, The temperature has increased TO TEN DEGREES.)
purp(l,She came TO THE RESCUE.)
eff(l,We won TO MY SURPRISE.)
acmp(l,He added insult TO INJURY.)
benf(1l,She gives money TO MANY CHARITIES.)

here is what the cmDict knows about this Case marker: in
{format: Case(COmmonness, Example); CO=l:common, CO=2:uncommon}
lat (1, The car was parked IN THE GARAGE.)
l1to(l,Jump IN THE POOL.)
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G.1: Semantic Analvsis #1

tat(l,Come IN AN HOUR.)

coru(l,We sleep IN THE NIGHT.)

cont(l,He is interested IN SCIENCE.)

matr(l,The statues were carved IN GRANITE.)

meas(l,I can usually drive to work IN FIFTEEN MINUTES.)
dir(l,She lcoked IN MY DIRECTION.}

freg(l,Buses arrive IN FIVE MINUTE INTERVALS.)
manr(l,He &id it IN AN AWKWARD WAY.)

purp{2,We acted IN OUR BEST INTEREST.)

eff(2,The battle will end IN DEATH.}

here is what the c¢cmDigt knows about this Case marker: for
{format: Case(COmmonness, Example); CO=l:common, CO-2:uncommonl

lro{l.With a bear aim FOR THE HEART.)

dir(l,Run FOR THE TRAIN!)

cont{l,I stand FOR FISCAL PROBITY.)

ttru(l,They worked FOR THREE HOURS.)

benf{l,I'd do anything FOR YOU,}

purp(l, That drug is FOR PEOPLE WITH HEADACHES.)

meas{1l,I bought a book FOR TEN DOLLARS.)

caus{l,He got a medal FOR COURAGE.}

recp(l,There's mail FOR EVERYONE.)

tat{2,Call him FOR TEN A.M.)

purp{2,Il want a teddy FOR A PRESENT. )

here is what the cmDict knows about this Case marker: on
{format: Case(COmmonness,Example}; CO=1l:common, CO=2:uncommon}

cont (1,She was reading ON ECONOMICS.)

lat (1,We were sitting ON THE SOFA.)

tat(l,We returned ON MONDAY.)

purp(l,We spent the money ON BOOKS.)

caus{l,We acted ON HIS ADVICE.)

inst(1,I spoke to her ON THE TELEPHONE.)

ornt(1,The bottle lay ON ITS SIDE.)

please enter the new CP (e.g. agt-obj-tat),
or enter 'h' to see the current input string and CMP,
or CR to abort {“new CP"/h/CR]? lto-dir-purp-cont
CMP & CP will be paired as follows: to/lto in/dir for/purp on/cont
s+ Correct [n/Y]?

{below: the actual phase of knowledge acquisition (“learning”): HAIKU updates
its dictionaries (KB).}

UPDATING mDict for refer ...

=> refer [to-in-for-on]
[ [for, [purpll, [in, [dirl]. [on, [cont]], (to, [1to]]]

UPDATING cmpbict for to-in-for-on ...

=> to-in-for-on [[lto-dir-purp-~
cont, ' [refer,to,lines,304,and, 305, 1in, the, 1990, general, tax, guide, for,m
ore, information, on, these,non-refundable, tax, credits, .11]]

UPDATING cpDict for lto-dir-purp-cont ...

=» lto-dir-purp-cont [refer]

CASE STRUCTURES
clauses
[*statementl™”,
case_structure {
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Appendix G: Examples of Representative Semantic Analysis

verb{refer,tense([imparative] ) ,negi{yes),trans{tr_intr)},
to-in-for-on,

lto-dir-purp-cont,
nil,
{conj_pps(
{...}
[main verb modif(nil),clause modif(nil}])]
HAIKU semantic analysis (cpu time) 5.317 second(s).
Continuc [n/Y]?



G.2: Semantic Analysis #2

G.2: Semantic Analysis #2

Unit #2: Since Rosa is the supporting person with the lower net
income , she would claim the child care expeonses
Process this unit (Y/n), try another Version, or Exit [Y./n/v./e]?

lexical analysis (cpu time) : 0.1 secondis).
First parse for input sentence:

{ ...}
parsing {(cpu time) : 0.25 second(s).

parse_tree__decla_or_imper
complex_sentence
structure
single_main_clause

{ ...}
HAIRU: initiating Case-based semantic analysis

Proceed with "pronoun explicitization" [n/Y]?
ANAPHORA "EXPLICITIZATION" PRE-PROCESSOR ..

ENTITIES IN CURRENT PARSE TREE (OR CLAUSE):
[entity({proper_nounirosa),number (sg3), tokens([rosal}),

entity(determinatives(deter{the)),attributes{{attrs(ad] (support,pos))
. tokens([supportingl)]},head_noun({noun{person)),number(sql), np_postmo
difiers{([pp(with,

{ ...}

PRONOUNS IN CURRENT PARSE TREE (OR CLAUSE):
[entity(ref(pers_pron(she)),number(sg3),tokens([she])}]

Trying to find a referent for:
entity(ref (pers_pron{she)),number{sgl}, tokens([shel))

List of candidate entities in this input:
entity(proper_noun({rosa),number(sgl), tokens{[rosal)) (1) :
emb( [entity(determinatives(deter(the)),attributes(conj_adj_plimplicit
_and, [attrs({adj{low,comp) },attrs(adj(net,pos))], tokens([lower,net])))
chead_noun{nocun{income)},number{sg3), tokens({{the, lower,net, income]} )|
) (2)

if appropriate, please select one of these referents;
enter a number between 1 and 2 (or 0 if none is appropriate): 1

>> anaphora resolved: new functor is entity_pro

UPDATED PARSE .
TREE(parse_tree__decla_or_imper(complex_seﬁtence(structure(single_mai
n_clause (declarative(*statement2*))),tokens([since, rosa,is, the, suppor
ting,person,with, the, lower, net, income, ,, she,would,claim, the,child,car
e,expenses])),end_of_input (periocd)))

LOGICAL CLAUSAL STRUCTURE

top_structure
[*statement2”, subordinator{isince, tokens{(sincel)]), *statementi*]
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STHMEOLIC A~-LISTS
coordinators
clausen

f{below: this time, the input consists of two clauses: a main clause plus a
subordinate clause. They will be analyzed separately.}

*statement2*, statement (subordinate_clauses{ ... *statement3* ... ,
{ ...}

*statement3*, statement (subj (entity{proper_nocuni{rosa),
{ ...}

INPUT
STRING([since,rosa, is, the, supporting, person,with, the, lower,net, income
., ».she,would,claim, the,child, care, expenses, . ]}

HAIKU: Case Analysis of current input's clauses ...

CURRENT CLAUSE: *statement2”

CURRENT SUBJ :

subj{entity pro{proper_noun{rosa),number(sg3),tokens([rosal))}
CURRENT VERB : claim

CURRENT COMPL :

complement {svo{entity({determinatives (deter(the) ), head_noun{noun{expen
se,noun_modifiers{pre_modif {conj_noun_pre_mod(implicit_and, [child,car
2]})))),number(pl), tokens({the,child,care, expenses]))))

CURRENT MODIFS :

[main_verb_modif(nil),clause_modif (subordinate_clauses({[initial{(subo
rdinate(adverbial (adv_clause([since, tokens{[(since])}], *statementi*},to
kens{ [since,rosa, is, the, supperting, person,with, the, lower, net, income] }
}},tokens{[since, rosa, i3, the, supporting, person,with, the, lower,net, inc
ome,,1)111))1

CMP found by HAIKU: psubj-pobj-adv
> Do you wish to overrule this CMP
{enter d to discard this clause, or
a to discard the entire input) [y/N/d/al?

$4: now verb with known CMP; new CP (relative to this verb).

candidate CPs with example sentences:
CP: agt-obj-manr Ex:
{bob,always,prints,and, reads,his, messages]
current clause's main verb {infinitive): claim
current clause's CMP {or a permutation): psubj-pobj-adv
most probable or closest CPs, which are of compatible length:
[agt-obj-manr)

NEW CP: list of 28 legal Cases in HAIKU

agt:agent; benf:beneficiary: expr:experiencer; inst:instrument;
obj:object; recp:recipient; caus:cause; manr:manner; val:value;
eff:effect; purp:purpose; freq:frequency:; tat:time_at:;
tfrm:time_from; tto:time_to: ttru:time_through: dir:direction;
lat:location_at; lfrm:location_from; lto:location_to; ord:order;
ltru:location_through: ornt:orientation: cont:content;
excl:exclusion; acmp:accompaniment; matr:material; meas:measure.
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REM: A CASE MAY BE SUFFIXNED WITH A '7' TO DENOTE UNCERTAINTY
(e.g. larc?).

please enter the new CP (e.g. agt-obi-tat),
or enter 'h' to see the current input string and CMP,
or CR to abort ["new CP"/h/CR]? agt-obj-caus
CMP & CP will be paired as follows: psubj/aat pobj/obi adv.caus
Correct [n/Y1?

UPDATING mDict for claim ...
=> ¢laim [psubj-pobj-adv]
[[adv, [caus] ], [pob]. [obj]1]. [psubj, lagt]l)
UPDATING cmpDict for psubj-pobj-adv ...
=> psubj-pobj-adv [[agt-obj-~
caus, ' [since,rosa, is, the, supporting, person,with, the, lower, net, income,
. .she,would, claim, the, child, care,expenses, .1 '], [agt-obji-
many, (bob,always, prints, and, reads, his, messages]]]
UPDATING cpDict for agt-obj-caus ...
=> agt-obj-caus [claim]

CURRENT CLAUSE: *statement3*

CURRENT SUBJ

subj {entity{proper_noun(rosa),number(sg3}, tokens{(rozal}))

CURRENT VERB : be

CURRENT COMPL : s_gualifier(svc_svalentity!|

{ ...}

CURRENT MODIFS : [main_verb _modif{nil),clause_modif(nil}]

> Aborting Case Analysis: main verb is STATIVE.
fabove: in HAIKU’s current framework, stative verbs are not processed by the
Case Analyzer, but by the Mini-Network Builder.}

CASE STRUCTURES
clauses
[*statement2*,
case_structure(
verb(claim,
tense( [conditional_present_simple]),.neg{yes),trans(tr)),
psubi-pobj-adv,
agt-obj-caus,
entity pro(proper_nocun(rosa),number(sg3).tokens([rosal)).
entity(deterninatives(deter(the)).
head_noun(noun (expense,noun_modifiers(
{ .-- }
[main verb_modif(nil),
clause_modif (subordinate_clauses(
{ «.- }1

[*statement3~*,
case_structure (
verb(be,tense([present_simple] },neg(yves),trans(stat)),
nil,
nil,
entity(proper noun(rosa),number(sg3),tokens(frosal)).
entity(determinatives{deter(the)),
attributes( [attrs{adj (support,pos)),tokens( [supporting] )]},
head_noun({noun(person}},
{ --- 1}
{main verb modif(nil),clause_modif(nil}])]
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HAIKU semantic analysis (cpu time) : £.984 second(s}.

Continue [n/Y)?



G.3: Semantic Analysis #3

G.3: Semantic Analysis #3

Unitc #3: In the next few pages vou can learn how to ask the right
questions even if you've never used a computer before . )
Process this unit (Y/n), try another Version, or Exit [Y/n/v/el?

lexical analysis {(cpu time) : 0.3 second(s).
First parse for input sentence:

PARSING STOPPED for the following reason:

CPU TIME LIMIT EXCEEDED in ... complement{intr}
> the current CPU time limit is: 5.0 second(s).

At that moment, the input string was:

[how, to, ask, the, right, questions, even_if, you, have, never, used, a, compute

r,before, .)

** Sorry dear user, UNABLE TO PARSE THE INPUT **
{ ... 1}

** Reparse as a series of fragments [n/Y]?
fragmentary parsing {(cpu time) : 0.333 second(s}.
** Number of fragments 1 4

** Number of tokens not parsed : 1

** % of input string recognized : 95.6522%

parsing (cpu time) : 5.65 second(s}.

parse_tree__frag_series
sentence_fragment
{ ... 1

HAIXKU: initiating Case-based semantic analysis ...
** CA: the current input is a series of fragments ...

UPDATED PARSE
TREE({sentence_fragment({(pp(in,entity{determinatives{deter{the), postde
ter(closed{ord(next))})),attributes(lattrs(adj(few,pos)), tokens (][ few])
1} ,head_noun{noun{page) ) ,numbexr {pl), tokens{[the,next, few, pages] )}, tok
ens([in, the,next, few,pages]}), tokens{ [in, the,.next, few,pages])]))

LOGICAL CLAUSAL STRUCTURE
top_structure

{1
SYMEOLIC A-LISTS
coordinators
clauses
INPUT
STRING( [in, the, next, few, pages,you, can, learn, how, to, ask, the, right, ques
tions,even,if,you've,never,used,a, computer,before, . 1)

HATKU: Case Analysis of current input's clauses ...

> Aborting Case Analysis: END OF ANALYSIS.
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> EMPTY CLAUSE: CA cannot be perxformed on this partial input.

Proceced with "pronoun explicitization® [n/Y]?
ANAPHORA "EXPLICITIZATION" PRE-PROCESSOR ...

ENTITIES IN CURRENT PARSE TREE (OR CLAUSE):
[entity(determinatives(deter(the)),attributes{[attrs{adj(right,pos)),
tokens({[right])]),head_nouninoun({question)),numbexr{pl}, tokens([the, ri
ght,questions]))]

PRONOUNS IN CURRENT PARSE TREE (OR CLAUSE):

fentity{ref {pers_pron(you})},number(pl), tokens([youll}]

Trying to find a referent for:
entity(ref (pers_pron{you)),number{pl), tokens{[youl})
> FOR THIS PRONOUN, SUGGESTING “generic”, OK [n/Y1?

>> anaphora resolved: new functor is entity_pro_generic
UPDATED PARSE TREE(sentence_fragment(*statement4d*))

LOGICAL CLAUSAL STRUCTURE
top_structure
[*statementd™]

SYMBOLIC A-LISTS
coordinators
clauses

[*statementq*, statement (subj {entity_pro_generic{ref{pers_pron({you)),n
umber (pl), tokens( {youl }}) ,predicate{regular({verb(learn, tense( [can_pre
sent]) ,neg(yes),trans{tr_intr))),voice(active},complement (svo (nominal
_clause(*to_infinitive_clausel*, tokens{ [how, to,ask, the,right, question
s1})))).cokens{[can, learn,how, to,ask, the, right, questionsl)}]

[*co_infinitive_clausel*, to_infinitive clause(wh_word({how),predicate(
regular (verb(ask, tense({[inf]),neg(yes), trans(tr_intr))),voice{active)
,complement (svo{entity{determinatives(deter(the)) . .attributes{ [attrsia
dj (right,pos}), tokens{[right]}}),head_noun (noun{guestion)) ,number (pl)
.tokens{ [the, right,questionsi})))}}]

INPUT
STRING{ [in, the, next, few, pages, you, can, learn, how, to,ask, the, right, ques
tions,even, if, you've,never,used,a,computer,before,.])

HAIKU: Case Analysis of current input's clauses ...

CURRENT CLAUSE: *statement4d*

CURRENT SUBJ :

subj (entity_pro_generic(ref{pers_pron(you)}},numberipl), tokens( [voul))
)

CURRENT VERB : learn

CURRENT COMPL

complement (svo(nominal_clause(*to_infinitive_clausel*, tokens([how, to,
ask, the, right,questions])}))

CURRENT MODIFS : [main_verb_modifi(nil),clause_modif(nil)]
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CMP found by HAIXKU: psubj-pobj
> Do you wish to overrule this CMP
{enter & to discard this clause, or
a to discard the entire input) [y /N /dral?

S$4: new verb with known CMP: new CP (relative to this verb).

candidate CPs with example sentences:
CP: agt-obj Ex: [bob.printed.,a,file]
current clause's main verb (infinitive): learn
current clause's CMP (or a permutation): psubj-pobj
most probable or closest CPs, which are of compatible length:
[agz-obi]

NEW CP: list of 28 legal Cases in HAIKU

agt:agent; benf:beneficiary:; expr:experiencer; inst:instrument;
obj:object; recp:recipient; caus:cause:; manr:manner; val:value;
eff:effect; purp:purpose; freq:frequency: tat:time_at;
tfrm:time_£rom; tto:time_to; ttru:time_through: dir:direction:
lat:location_at; lfrm:location_£from; lto:location_to: ord:order:
ltru:location_through; ornt:orientation: cont:content;
excl:exclusion; acmp:accompaniment: matr:material; meas:measure.
REM: A CASE MAY BE SUFFIXED WITH A *'?' TC DENCTE UNCERTAINTY

(e.g. latc?).

please enter the new CP {e.g. agt-obj-tat),
or enter 'h' to see the current input string and CMP,
or CR to abort [*"new CP"/h/CR]? agt-obj
CMP & CP will be paired as follows: psubj/agt pobj/obj ; Correct
n/Y]?

UPDATING mDict for learn ...

=> learn [psubj-pobjl [([pebj,(obill, [psubj, lagt]l]]

UPDATING cpDict for agt-obj ...

=> agt-obj
[ask,complete, copy,.crash,delete, erase, get,give, know, learn, like, look,p
ay.prefer,prepare,print, read, recreate, report, save, sort,storc, think, tr
y.want,work,write]

CURRENT CLAUSE: *to_infinitive_clausel*

CURRENT SUBJ : subj{wh_word(how))

CURRENT VERE : ask

CURRENT COMPL :

complement {svo{entity(determinatives(deter{the}) attributes{[attrs(ad
j (right,pos)).tokens{[right]}]),head_noun{nouniquestion)}, number{pl).
tokens{ [the,right,questions]))))

CURRENT MODIFS : [main_verb._modifi(nil),clause_modif{nil}]

CMP found by HAIKU: psubj-pobij
> Do you wish to overrule this CMP
{enter 4 to discard this clause, or
a to discard the entire input) [y/N/d/al? vy
» Please, enter the new CMP (e.g. psubj-pobj-with): pobj
> Replacing 'psubj-pobj' with 'pobj’ : OK [n/Y?]?

S2: known CMP not yet associated with known verb; CP is known or new.

candidate CPs with example sentences:
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CP: obj Ex: [i,want,to,know,which, file,you,have,printed)
current ¢lause’'s maln verb (infinitive): ask
curront ¢lause's CMP (or a permutation): pobj
most probable or clozest CPs, which are of compatible length:
obj (1) :

if appropriate, please select one of these CPs;

enter a number between 1 and 1 (or 0 if none is appropriate): 1
CHMP & CP will be paired as follows: pobj/obj : Correct [n/Yl1?
replace cmpDict's example with current clause [y/N]?

UPDATING mDhict for ask ...

=> ask {pobj.psubj-pobjl [[pobj,(objll, [psubj, [agt]]]

UPDATING cpDict for obj ...

=» obj
laccess, ask, conclude, contain, get,give, happen, know, print, read, see, show
Lthink, try,write]

CASE STRUCTURES
clauses
[*statement4™*,
case_structure{
verb{learn,tense{ [can_present]).neg(yes),trans(txr_intr)),
psubj-pobi,
agt-obj,
entity pro_genexic(
rof (pers_pron(you)),number(pl),tokens( [youl)}),
nominal_clause(*to_infinitive_clauselw,
tokens( [how, to,ask, the, xight,questions])),
[main_verb modif(nil),clause_modif(nil)])]

[*to_infinitive_clausel”,
case_structure
verb(ask,tense{ [inf] ) ,neg({ves),trans(txr intr)).,
pobj,
cbi,
wh_word{(how),
entity(determinatives(deter(the}),
attributes{ [attrs(adj(right,pos)),tokens{[xrightl)}]1).,
head_nocun{noun{question)) ,number(pl},
tokens( [the,xright,questions])),
[main_verb modif(nil),clanse_modif{nil}])]

Proceed with “pronoun explicitization* [n/Y]?
ANAPHORA “"EXPLICITIZATION" PRE-PROCESSOR ...

ENTITIES IN CURRENT PARSE TREE (OR CLAUSE):
[entity({determinatives (deter(a)) , head_noun(noun(computer)}),number (sg3
), tokens{[a,computer])}]

PRONOUNS IN CURRENT PARSE TREE (OR CLAUSE):

[entity{ref {pers_pron(you)), number{pl), :okens([you]))]

Trying to find a referent for:
entity(ref{pers_pron(you)),number{pl},tokens([you])}
> FOR THIS PRONOUN, SUGGESTING “"generic", OK [n/Y]?

>> anaphora resolved: new functor is entity_pro_generic
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G.3: Semantic Antlysis #3

UPDATED PARSE TREE(sentence_fragment(*statements+1)

LOGICAL CLAUSAL STRUCTURE
top_structure
[*statements~]

SYMBOLIC A~-LISTS

coordinators

clauses

[*statement5*, statement (subj (entity_pro_generic(ref (pers_pron{ycul!,.n
umber{pl}, tokens{ [youl]})),predicate{regulariverb(use, tonsne( [provent p
erfect_simple]),neg(yes),advs([never, tokens{[neverl) |}, trans{tr_intr)
}Y,voice(active),complement {svo(entity{determinatives(deter{a)), head
noun (noun (computer) ) ,number (sgl), tokens{ [(a,computeri) i)y, tokens{ [ hay

e,never,used, a, computeri)}]

INPUT
STRING( [in, the,next, few, pages, you, can, learn, how, to, ask, the, right, ques
tions,even,if,you've, never, used, a, computer, before, . ]}

HAIKU: Case Analysis of current input's clauses ...

CURRENT CLAUSE: *statement5*

CURRENT SURJ

subj (entity_pro_generic(ref (pers_pron(you)),number(pl), tokens([youl))
)

CURRENT VERB
CURRENT COMPL
complement (svo({entity(determinativesi{deter{a)),head_noun{noun{computc
r) ), number (sg3), tokens{ [a, computer]}}))}

CURRENT MODIFS :

[main_verb_modif (advs([never, tokens([neverl)l})),clause_modif(nil)]

use

CMP found by HAIKU: psubj-pobj-adv
> Do you wish to overrule this CMP
(enter d to discard this clause, or
a to discard the entire input) [y/N/d/al?

54: new verb with known CMP; new CP (relative to this verb).

candidate CPs with example sentences:
CP: agt-obj-caus Ex:
'[since,rosa,is, the, supporting, person,with, the, lower, net, income, , , che
;would, claim, the,child, care, expenses, .]"
CP: agt-obj-manr Ex:
[bob, always, prints, and, reads,his, messages]
current clause's main verb {infinitive): use
current clause's CMP (or a permutation): psubj-pobj-adv
most probable or closest CPs, which are of compatible length:
[agt-obj-caus,agt-obj-manr]

NEW CP: list of 28 legal Cases in HAIKU )
agt:agent; benf:beneficiary; expr:experiencer; inst:instrument;
obj:object; recp:recipient; caus:cause; manr:manner; wval:walue;
eff:effect; purp:purpose; freq:frequency; tat:time_at;
tfrm:time_£from; tro:time_to; ttru:time_through; dir:direction;
lat:location_at; lfrm:location_£from; lto:location_to; cord:order;
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Appendix G: Examples of Representative Semantic Analysis

itru:location_through; ornt:orientation; cont:content;

cxel:exclusion; acmpraccompaniment; matr:material; meas:measure.

REM: A CASE MAY BE SUFFIXED WITH A '?*' TO DENOTE UNCERTAINTY
{erug. lat?),

please cnter the new CP {e.g. agt-obj-tat),
or enter ‘h' to see the current input string and CMP,
or CR to abort ["new CP"/h/CR]? agt-obj-manr
CMP & CP will be paired as follows: psubj/agt pobj/obj adv/manr ;
Correct [n/Y]?

UPDATING mDict for use ...

=» uge [psubj-pobj-adv] [[adv, [manr]], [pobj. [objil. [psubi, (agtl]]
UPDATING cpDict for agt-obj-manr ...

=» agt-obj-manr [erase,need,print,use]

CASE STRUCTURES
clauses
[*statement5*,
case_structure{
verb({use, tense( [present_perfect_simple]),neg(yes),
advs([never,tokens({[never])]),trans(tr _intr}),
psubj-pobi-adv,
agt-obj-manr,
entity pro_generic(ref(pers_pron(yocu)),number(pl),
tokens({youl)),
entity({determinatives(detexr(a)),head_noun(nouw{computer)),
numbexr (8g3),tokens( [a,computex])).,
[main_verb_modif (advs( [never,tokens([neveri)l)).,
clause_modif(nil)}])]

UPDATED PARSE TREE(sentence_fragment(before, tokens([beforel)l))
LOGICAL CLAUSAL STRUCTURE

top_structure “

[

SYMBOLIC A-LISTS

coordinators

clauses

INPUT
STRING{ [in, the, next, few,pages,you, can, leazn, how, to,ask, the, right, ques
tions,even, if,you’'ve,never,used, a, conputer, before, .])
HAIKU: Case Analysis of current input's clauses ...

> Aborting Case Analysis: END OF ANALYSIS.
> EMPTY CLAUSE: CA cannot be performed on this partial input.

HAIRU semantic analysis (cpu time) : 5.167 second(s).
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Appendix H: KB Accumulated by HAIKU in Chapters 1 and 2

This appendix lists the full contents of HAIKU s KB after processing chapters 1 and 2
of the QUIZ manual, starting with cmpty dictionarics — see 4.8, At the end of chapter 1,
HAIKU"s KB contained 86 cntries in its MDict. 38 cntrics in its CMPDict, and 38 entrics
in its CPDict. At the end of chapter 2, the number of entries were, respectively, 119
(+38%). 48 (+26%). and 50 (+32%).
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Appendix H: KB Accumulated by HAIKU in Chapters 1 and 2

H.1: MDict Entries

MDict (119 entries)

mDict (access, [pob], 'pobj-adv', 'psubi-pob] ", 'psubj-pobj-adv', 'psubj-
to'], [{adv, [manr]], [pobj. [objl], (psubi, l[agell, [to, [ebill]).
mDict {add, [pobj. '‘pobj~to']. [ [pobj. [objll, [to, [1toll]).
mDict{affect, {'psubj-pebi’], [ [pobj, [objll, [psubj, [agtll]}.
mDict (agree, [ 'on-within'], [ [on, {cont] ], [within, [lat]]]).
mDict {answer, [ 'psubj-pobj '], [[pobj, [objll, [psubj, [agt]]]}.
mbict (apply. ['pobj-adv'], [[adv, [manzr]], [pobj, (ebilli).
mDict{ask, [pobj, 'pobj-pioki’, 'psubj-for-like", 'psubj-
pobj'l, [[for.[ebill]l, [like, [manr]], [piobj, fobjl], (pobj. [obj,recp]].
ipsubj, [age]]]}.
mDict (assume, [pobj], [[pob], [oebjlil}.
mDict (avoid, [pobil, [ [pobij, {objl]l]).
mDict (base, [ 'pobj-on-for*], { [for, [purpll, [on, [contl], [pobj, [objl]]).
mbDict {begin, [pobjl, [ [pobi, [objl]l1).
mbict (build, [pob], 'psubi-pobi-
adv'], [[adv, [manr]], [peb], [eb]i]], [psub], [agt]]]}.
mDict (call, [pob], 'pobj-adv’, 'psubj-
pobj '], [ladv, [caus]], [pob], [objl], [psub], [agt]]]).
mbict (cancel, [ 'psubji-pobi’, 'psubj-pobj-
adv'], [ladv, [manr]], [pobj, [objl], [psubj, [agtll]}.
mDict (cause, [pobj, 'psubj-pobi’, 'psubj-pobj-
adv'}, [ {adv, [manxr]], [pobj, [obj]], [psubj, [agtlll).
mDict (change, [pobj, 'psubj~pobj'], [ [pob], [objl], [psubj, (agtll]l)}.
mDict {(check, ['with-on'], [[on, [¢cent] ], [with, [acmplll).
mDict (choose, [pobj, 'psubj-pobj', 'psubj-pobi-
adv'], [ [adv, [manr]], [pobj, [objl], [psubj, [agtll]).
mDict (clear, [pobj, 'psubj-pobj-
adv'], [[adv, [oxd]], [pobj, [objl), [psubj. agt]]l).
mDict {combine, [pobijl, [ [pobj, [objl}1).
mDict {consist, [ 'psubj-of-
to']l, [{eof, [objl], [psubi, [agtl]l, {te, [recpli]).
mDict (contain, {'psubj-pobj’, 'psubj-pobj-
adv'], [[adv, [manr]], [peb], [objll, [psubj, [agt]ll}.
mDict {copy, [pobj, 'pPsubj-pebj*l, [ [pob], [obj]1], [psub]j, {(agt]]]).
mDict (create, [pob], 'pPsubj-
pobj',with], [[pob], [obj]], [psubj, [agtl], [with, [inst]]]}.
mDict (describe, [pobjl, [ [pobi, [objll}).
mDict (design, [ 'psubj-pobj'], [ (pob], [objl], [psubji, [agt]]l]).
mDict (designate, ['pobj-as’'. 'psubj-pobj-
as']. [las, [manr)], [pebj, [obj]l], [psub]j, (agt]l]]}.
mDict {display, [on, 'psubj-
pobj'l, [[on, [lat])], [pobj. [objl]). [psubj, [agt]]]).
mbice {do, [pob], 'psubj-on’, 'psubj-
pebitl. [{on, [cont]], {pob], [ebjl], [psub], [agt]}]}).
mDict {eliminate, ['psubj-pobi'l, { [pobi. [objl], [psubj. [agt]l]).
mDict {encounter, [ 'psubj-pobj-
adv'], [ [adv, [manr]], [pobj, [obil], [psubj, [agt]]]).
mDict {enter, [pobi, 'pobj-adv', ‘pobj-in’', 'pobj-into-as’', ‘pobj-
on', 'psubj-pobj’, "psubj-pobi-
in'], [ [adv, [manr]], [as, [manr]], lin, [manr, lat]], [into. [1to]], [on, [1
atll], [pobj, [objll, [psubj. [agtlll).
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L1 MDict Entries

mDict {establish, [pobj, 'pobi-between’, *psubi-pebi-
adv'], [[(adv, [manxr]], [between, [lat]], {pobi. [obill. [psubi, [aat]]]?}.
mDict (execute, ['psubj-pobj i, [ipebj, [obill, [psubi, lagt]]l).
mPict (explain, [pobjl, [ [pobi. [obil]]}.
mDict (f£ind, [pob], ‘psubj-pobj']. [ lpobi. [objl ], [psubi, [aat]]]
mDict(fit, ['psubj-across'], {lacross, [1trull, [psubi, [aatll]}
mbict{follow, [pobj, 'psubj-pobj’. 'psubj-pobj-
adv'], [[adv, [manr]], [pob]. [obj]]. {psubj, [agz]1]}.
mbict {format, [pebj, 'psubj-pobj-
adv'], [[adv, [excl]], [pobj. [objl], [psubj. lagt[1i}.
mDict (get, [pobj, 'psubj-pobj’], [ [pobj, [objl], lpsubj, lagt]1}).
mDict {give, ['psubj-pobi'l. [[pobj. [obijll. [psubi, lagtlll]).
mDict (handle, ['psubi-pobj-
adv'], [[adv, [manx]], [pobj, [obj)], [psubj, [agtl1]).
mDict (have, [pobj, 'pobji-in', psubj, 'psubj-pobj’, ‘paubj-pobj-
adv'], [ [adv, [manr]], [in, [lat]], [pob]j, [cbil], [psubj, lagtl]l}).
mbict{hold, ['down=-adv'], [ [adv, [tat]], [down, [objl]1}.
mbict (identify, ['psubj-pobj'l, [ [pobj, [objll, [psubj, fagtlll).
mDict (include, ['pobj-in', 'psubj-pobj-in-
adv'], [[adv, [manr]], [in, [1tel], [pobj. [obill, [psubi, lagtill) .
mDict (indicate, ['psubj-pobj 1, [ [pobj, [obill, [psubi, lagtll]}.
mDict (initiate, ['psubj-pobj'], [ [pobj, [objl], [psubji, [agt]]}}.
mDict (involve, [ 'psubj-pob)-
adv'], [[adv, [oxdl], [pob3, [objl], [psubj, [agtl1]).
mbict (issue, ['psubj-pobj'1. [[pobj, [obill, [psubj, [agt]l}).
mDict (join, [ *psubj-pobj', 'psubj-pobj-
adv'], [[adv, [tfxm] ], [pobj, [objl], [psub]i, [agt]]]).
mDict {know, [pobj. "psubj-pobj'l, [[pobj, lobill, [psubj, lagtll1).
mDict {learn, [ 'psubj-pobj']. [[pobj. [obj]], [psub], [agt]i]).
mDict (leave, [pob], ‘pobj-adv'], [fadv, [manr]], [pobj. fabilll).
mDict{let, [pobj. 'pobj-adv'], [[adv, [manr]], ipobj, [objl]]}).
mbict{lie, ['psubj-in-
with'], [[in, [cont]], [psubj, [agt]], [with, {acmp]]}).
mDict{like, ['psubj-pobj'l, [[pobj, [objll, [psubi, lagt]]l).
mbict(link, [pobj, "pobj-in"', ‘psubj-pobj’, 'psubj-pebj-piobj*, 'through-
in®,to], [[in, [lat,ltol], [piob], [obj]], [pob], [obj, tatl], [psubj, [aqt
11, [through, [1trull, [to, [1lto]l]}).
mDict (list, [pobj, 'psubj-pobi*, 'psubj-pobj-
in'], [[in, [(l1tol}, [pobj, [obj]], [psub], [agr)]]).
mDict(look, ['psubj-at'], ([at, [lat]l], [psubi, [agt]]]}.
mDict(lose, ['pobj-adv'], [ [adv, [manr]], [pobi, [obj]}}}).
mbDict (make, [to], [[to, [recpl]]).
mDict {mean, [pobj. 'psubj-pobj'], [ [pobj, [objl], [psubj, lagt] ).
mbict (miss, ['psubj-pobj*l, [[pobj, [objll, [poubj, fagt)]l).
mbhict (moedify, ['psubj-pobj’l. [[pobj, [cbjl}, [psubj, lagt]]]).
mDict (move, [pobjl, [[pob], [objl]1]).
mDict (name, [pobj, 'psubj-pobi’, 'psubi-pobj-
in']l, [[in, [1to]], [pob], lobjl], [psubi, {agtll]).
mbict {need, [pobj. 'psubj-pobj', 'psubj-pobj-
adv'], [[adv, {tfrm,ord]], [pob], {objl], [psub]j. [agtll]}.
mDict (notice, [ 'pobj-adv'l, [[adv, {manr]], [pobi, [objl]i}.
mDict (number, { ‘psubi-pobj']l, [ [pob]j, [ebil], [poub], (agt]]]}.
mbict (occupy, [ ‘pobj-adv'], [[adv, [manr] ], [pobj, [obj)]]}.
mDict (omit, ['pobi-from'], [{from, [1frm] ). [pob]j. [obi]l]]}).
mDict (organize, [with}], [ [with, [inzt]]]).
mDict (override, ['psubj-pobj'], [ [pob], [objll, ipsubj, [agt]l]]).
mDict (personalize, ipobjl, [Ipobkj, ebijlll).

)
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Appendix H: KB Accumulated by HAIKU in Chapters [ and 2

mOinsiplace, | 'poubl-pobl-
arkyr ], D lady, [manrll, [pobj, [obil]. [psubi, [agtl]l).
mDict {prepare, [pobil, [ Ipobj, [ob311]).
mDiet(press, [pebi, 'pobj-advy'], [{adv, [manr]], [pobi, [ob3i]]).
mDicrniprint, ['psubj-on*'], l{on, [1to]], [psubj. lagtlll).
mDict {proccss, ['of-
from'.,pobijl, [[from, [1frm]], [of, [ob]]]. [pob]. {obilll}).
mDict (produce, {pobj,psubj, 'psubj-
pobj’ |, ipobj, [obil]), {psubj, [agt]]]).
mDict {provide, [pobj, 'psubj-pobj'], [ ipobj, [recp.objl], [psubji, [agt)li}.
mDizt (re-enter, [pebjl, [[pobj. [objll1l).
mpict {read, [pob], ‘pobj-adv’, '‘psubj-pobi’, 'psubj-
with'], [[adv, [manxr]], [pebj, [obj]], [psub], [agtl], [with, [inst]]1]).
mpict{recall, [ *psubj-pobji']l, [[pobj. [obj]]. [psubj,. [agt]]l}).
mDict {recognize, | "psubj-pobj-
adv*], [ladv, [tat]], [pob], [obj]], [psubj, lagt]]l).
mDict (record, [ from, pobj, 'pobji~
on'],[[from, [1frm]]). [on, [lat]l], [pokj. [objl1]).
mDict {reduce, [ ‘psubj-pobj'], [[pob], {obi]], [psubj, [agclil).
mDict (refer, ['psubj-to’, ‘psubi-to-ady', 'to-
in'], [[adv, [ltrull, [in, [1tel], [psubj, [agt]], [teo, [cont,obill]).
mDict {veport, [pob], 'robj-adv', 'pobj-for-adv', 'pobj-in"', 'psubj-
pobj’, 'psubj-pobi-
adv',withl, [[adv, [manr]], [for. [ltcl], {in, [1tol]. [pob], foebjll, [psub
j. lagell, (with, [inst]l]).
mDict (require, [‘psubj-pobi*], [[pebj. [ebjl], [psub]j. (agt]ll}).
mDict (respond, [ 'psubj-with', 'psubj-with-
adv*], [ladv, [freqgl]. [psubj, [agt]], [with, (manr]l1]).
mDict{restart, [ ‘psubj-pobj*], [[pobj, [objil], [psubj, [agtlll).
mDict (review, [of,pobjl, [[of, [okj]], [pobj, [objlll).
mDict [satisfy,. [ 'psubj-with-
adv'], [ [adv, (manr] ], [psubj, [agt]], [with, [eb]j]1]]}).
mDict (save, [pob], '‘pobj-with', 'psubj-
pobj'l., [[pobj, [objl], [psubj, [agtl], [with, [inst]]]}.
mDict (say, [pobj, 'psubj-pobj'l, [ [pebj. (objl], [psub], [agt]lll).
mbict (search, [ "psubj-pobi*], [[pobj, [obil], [psubi, [agtlll).
mDict (zee, [pobj, 'psubj-pobi-
adv'], [ [adv, [oxd]], [pob], [obj]], [psubj, [agt]l]]}.
mDict {select, [pobj], [ [pebj, [ebjl]l]}.
mDict (set, [pobj, ‘psubj~-pobi-
adv'], [ [adv, [1lat]], [pob], lobjl], [psubj, [agtlll).
mDict {show, [pebi], [[pob], [obj]11}.
mDict (sort, [pobi, ‘pobj-on', 'psubj-
adv*], [ ladv, [manr]], [on, [cont]], [pob], [obj]], [psubj, [agt]l]]).
mPict {specify, [pobj], [ [pobj, [objl]]}.
mDict (start, [ 'psubj-pobj’', ‘psubj-pobj-
adv'l, [ladv, {manr]l, [pobj, [obj]]. [psubj, [agt]]]).
mDict (stop, [pobjl, [ [pob], [obi]]1]).
mDict (store, [pobj, ‘psubj-pobj', 'psubj-pobj-
adv'], [{adv, [manr]], [pobj, [obijll, [psubj, [agt]ll])]).
mDict {suppose, [pobi]). [ [pobi. [objl11).
mDict (suspect, [ 'psubj-pobj'], [ [pob]. [objl], [psub], [agt]l]]).
mDict (take, {pobjl. [[pob]i, {objl}]).
mpict (tell, [pobj, 'pobj-adv’, 'psubj-pobj*, 'psubj-pobj-adv’, 'psubj-
pobj -
piobi’l, [[adv, {manzr]], [piob], [caus, obj,recp]]. [pob]. [ob].manr]], [p
subj, [agtlll).
mDict{try, [pob], ‘psubj-pobji'l, [[pobj, [ob3]], [psubj, [agtl]l).
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H.i: MDict Entries

, [ "osubd-pobi-into-
for'], [{for.[benfl], [inte, {valli. [pobj. [obil]. {psubi, laat11]}y.

mDict (type, [pobjl. [[pobj. {objll]).

mDict {(understand, ['psubj-podi' ], [[pobi, [obj] ], [psubi, [aatlil).

mDict {use, [pobj, 'pobj-as-for-in-adv', ‘pobi-picbki’, *poubj-adv', *poubj-
pobj ', 'psubj-pobj-
adv'], [ lagv, [freg,manr]], [as, [manr]}], [for, ipurpll, [in, [lto]], [piob
3. [puxpll, [pobj. [objl], [psubi, lagtl]]).

mDict (view, [ 'psubj-pobj'l, [ [pobi, [ekjl], {psubi, laatl11}.

mDict (want, [pobkj,psubi, 'psubj-pobj ', 'psubj-poebj-adv’, 'paubi-pobi-
piobj', ‘psubj-pobj-
to'], [[adv, [lat,tat]], [piob], [obj]]), [pob], [obji,cauz]], [prubi, laat]
¥, (o, [1zol) ).

mDict (work, [for, in, 'psubj-pobj’, 'psubj-pobj-adv’, 'through-in-
as',withl, [[adv, [manr]], {as, [manrl], [tor, lrecpl], [in, [1lto, latll, [p
obj.fobjll, Ipsubj, [agt]l], [through, [1trull, [with, [inst]]]).
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H.2: CMPDict Entries

CMPDict (48 entries: to abbreviate the presentation, example sentences have been

replaced with ¢ ... * here)

cmpDict { ‘down-adv', [ ['ocbj-tat', ... ]
cmpDict ('of-from', [["obj-1frm*, ... ]
cmpDicz{‘on-within', [ {'cont-lat’,
cmpDict ('pobj-adv', [['obj-caus’, ... ]
cmpbict{*'pobj-as’', [{'obj-manr', ...

cmpbDict (‘pobj-as-for-in-adv', [ ['obj-manr-purp-lto-freq', ...

cmpbDict{‘pobj-between', [{'obj-lat', ... ]11)
cmpDict { 'pobj-for-adv',[{'obj-lto-manr"’,
cmpDict{‘pobij-from', [['obj-1frm’, 1.
cmpDict {'pobj-in', [['obj-1lat’,
cmpbict (‘pobj-into-as*, [['obj~-lto-manzr*, ..
cmpDict('pobj-on', [{'obj-cont’, 1. ['obj
cmpDict{‘pobj-on-for', [['obj-cont-purp'. ..
cmpDict{ ‘pobj-piobj', [['obj-purp’'. ...
cmpRict{'pobj-to*, [['obj-1lto", 11).
cmpDict('pobj-with', [['obj-inst’, 1
cmpbict ( ‘psubj-across', [['agt-ltru*, ...
cmpDict ( ‘psubj-adv’, [ ['agt-manxr', S In.
cmpDict ('psubj-at', [['agt-lat"’, 11).
cmphict (*psubj-for-like', [ ['agt-obj-manr’,
cmpDict ('‘psubj-in-with', [['agt-cont-acmp’,
cmpbDict (*psubj-of-toe', [['agt-obj-recp',
cempDict (*psubj-on', [['agt-cont', ...
cmpDict (*psubj-pobj*, [['agt-ob3"*, 11).
empDict ('psubj-pobj-adv', [ ['agt-obj-excl’,
l.{'agt-obj-lat", ].['agt-obj-manxr",
}.['agt-obj-tat", ], ['agt-obj-tfrm*,

O,

.« e

cmpDict{'psubj-pobj-as*, [['agt-obj-manr', ...
cmpDict { '‘psubj-pobi-in*, [['agt-obj-lto', ...

11).

cmpDict { '‘psubj-pobj-in-adv', [['agt-obj-lto-manx’', ...
cmpbict ( "psubj-pobj-inte-£for', [['agt-obj-val-benf', ...
1. ['agt-manr-cbhj",

cmphict ( "psubj-pobj-piobj’, [['agt-caus-obj*
1. ["agt-obj-caus’,
obj*, 1.

cmpbict {*psubj-pobj-to', [['agt-obji-1lto', ...

cmpDict (*psubj-te’, [['agt-obj"*, 11).
cmpDict ('psubj-to-adv', [['agt-obj-1tru’,
cmpDict ('psubj-with', {{*agt-inst"',
cmpDict {'psubj-with-adv', [['agt-manr-freq’,
. 1Y
cmpDict( ' through-in', [[*'ltru-lteo’, 1.
cmpDict (' through-in-as*, [['ltru-lto-manr’,
cmpDict{‘to-in', [['cont-lto’', ... 11).
cmpDict { *with-on*, [['acmp-cont', 1.
cmpDict (for, [{recp, ... 11).
cmpDict (from, [{1frm, ... 11).
caplict(in, {[lat, .
cmpbDict(of, [[ob], ...
cmpDict{on, [[lat, ...
cmpDict (pobj, [[obj, ...

..

..

..

. [reep, ... 11}
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].['obi-1lre', ...
~lat', ...

1. [ 'recp-obj', ...

]1.['agt-1lto*, ...

1,['agt-obj-recp', ...

i,['agt-manr', ...
1. (‘agt-obj-manr',

and 2

11).
11},

. I

1m.

.

11,
.

In.

1.

cen ]
cen ]
11}.

1.
1}.
1.

... 1,['agt-obj-freq",
... l.['agt-obj-orad',
oI

11},

], [‘agt-obj-manr', .

11).
n.

ccp’ . ], ['agt-tat-
11},

1.
1.

.

.o 1.
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cmpDict{psubj. [[ag:, ... 11).
copDice(zo, [{ito., ... ],[recp, ... 11).
cmpDicet (with, [[inst, ... 11).
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H.3: CPDict Entries

CPDict {50 entries)

cpDict ( "acmp-cont', [check] ).

cpDict ('agt-caus-obi', [want]).

cpDict (tagt-cont', [del).

cpDict (‘agt-cont-acmp', {lie]).

cpDict (‘agt-inst’, [read])}.

cpDict (‘agt-lat', [lock] ).

cpbhict{'agt-lto", [printl).

cphDict{'agt-ltru', [£it]}.

cpDict {'agt-manr', [respond, sort,usel).

cpbict{'agt-manr-£freq', [respond]l).

cpDict{'agt-manr-obj', [tell]}.

cpDict('agt-
obj', [access,affect, answer, ask,call, cancel, cause, change, choose, con
tain, copy, create, design,display,do,eliminate, enter, execute, £ind, fo
llow,get,give,have,identify, indicate, initiate, issue, join, know, lear
n,like,link, list,mean,miss,modify, name, need, number, override, produc
¢,provide, read, recall, reduce, refer, report, require, restart, save, say
.,Search, start, store, suspect, tell, try,understand, use, view, want, work
1y,

cpDict {'agt-obj=-caus', {tell]).

cpDict ('agt-obj-excl', [formatl]).

cphict{'agt-obj-freq", (use]).

cpDict ('agt-obj-lat’', [set,want]).

cpDict ('agt-obj-1lto', [1ist,name,want]).

¢pDict('agt-obj-1lto-manr’', [include]).

cpbict('agt-obji-ltru’, [refer]).

cpDict ('agt-obj-
manr', [access, ask, build, cancel, cause, choose, contain, designate, ence
unter, enter, establish, follow, handle, have,place, report, satisfy, star
L, store, tell,use,work]).

cpDict (*agt-obj-ord', [clear, involve, need, see]).

cpDict ('agt-obj-recp', {consist,tell]).

cpDict ('agt-obj-tat', [recognize,want]).

cpDict (*agt-obi-tfrm', [join,need]).

cpbict{'agt-obj-val-benf', [turn]).

cpbict{'agt-tat-obj', [1ink]).

cpDict(‘cont-lat’, [agree]).

cpbhict('cont-1lto’, [referl).

cpDict{'ltru-leo’, [1ink]).

cpDict{'ltru-lto-manr', [work]).

cpDict (‘obj-caus', [call]).

cpDict ('obj-cont’, [sort]).

cpDict { 'obj-cont-purp’, [basel]).

cpDict('obj-inst’', [save] ).

cpDict{'obj-lat’', [enter, establish,have, link, record]}.

cpDict{*obj-1frm', [omit,process]).

cpDict{'obj-lto’, [add, include, report]).

cpDict('obj-lto-many', [enter, reportl]).

cpDict ('obj-
manr', [access, apply,designate, enter, leave, let, lose, notice, occupy.p
ress,read, report,telll}.

cpDict {'obj-manr-purp-lto-freq', [use]}.

410



H.3: CPDict Entrics

cpDict{‘obj-purp', [usel).

cpbhict{'obj-tac', [holdl).

cpDict {'recp~obj', [ask]).

cpbict{agt, [have, produce,want}}.

cpDict{inst, [create, organize, report, work]).

cpDict(lat, [display,work]}.

cpDict{lfxrm, {record]).

cpDict(lto, [1link]).

cpbhict {obj. {access, add, ask, assume, avoid, begin,build, call, cause, change
.¢hoose, clear, combine, copy, create, describe,do, onter, establinh, expl
ain, find, follow, format, get, have, know, leave, let, link, 11st, mean, move
,name, need, personalize, prepare, press, process, produce, read, record, ¢
eport, review, save, say, see, select, set, show, sort, specity, stop, store,
suppose, take, tell, try, type,use,want, re-enter] } .

cpDict {recp, [make, provide,work]).
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Appendix I: HAIKU’s Mini-Network Builder (MNB)

This appendix bricfly describes the MNB, onc of HAIKU’s components that has been
mentioned several times in chapters 1 and 4, and identified as the post-Casc-analysis
processor. The following description was prepared by Ken Barker, the person in the
TANKA rescarch group responsible for the MNB: it is included here with the kind
permission of its author. We remind the reader that this module is still under development
at the time of writing: what follows is basically design considerations. Nevertheless, this
information is very helpful since it provides complementary details of HAIKU and
supports our claim that DIPETT and HAIKU constitute 2 KA-productive linguistic
module.

I.1: From Augmented Parse Trees to Conceptual Network Frames

The MNB is the module in TANKA responsible for constructing Conceptual Network
(CN) frames!, also called concepts, from parse trees augmented by Case analysis. The
input to the MNB is a list of Case Structures (one per clause) and clausal connectives
from a given sentence. Qutput from the MNB is a set of concept frames connected by
links corresponding to semantic relationships between constituents of the sentence.

Three levels of semantic links exist: Clause Level links representing semantic
relationships between clauses; Case links representing semantic relationships between a
verb and its arguments; and Noun Modifier links representing semantic relationships
between the head noun of a noun phrase and its modifiers.

One of the main tasks of the MNB is to augment the output of HAIKU’s Case analysis to
include the scmantic information from Clause Level and Noun Modifier relationships. In
TANKA, thc MNB comes right after the Case analysis module and before the CN
matching modulec.

| For the most recent details on the CN formalism, see [Yang 93].
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I.2: Clause Level Relationships
Clause Level Relationships (CLRs) arc semantic relationships between two clauses
CLR. An exhaustive dictionary scarch of conjunctions has provided a list of “CLR

markers™ and the particular CLRs marked by cach conjunction. The following table lists
the CLRs and the corresponding link names. Since CLR links are directional. an inverse

link name is also required for each CLR.

CLR Link Name Inverse Link Name
Cause causes caused_by
Enablement enables cnabled_by
Entailment cntails entatled_by
Preventon prevents prevented_by
Opposition opposes opposed_by
Conjunction conj conj
Disjunction disj disj
Temporal Precedence before after
Time_at time tme
Location location location

In the following CLR definitions, Al and A2 refer to acts or states represented by clauses.

» Cause

The Cause relationship is represented by a link causes(A1,A2) where Al makes A2 oceur

or exist. Al is probably sufficicnt to cause A2, but is not necessarily necessary.
INVERSE: caused_by({A2,Al)

* Enablement
The Enablement relationship is represented by a link enables(A1,A2) where Al makes
A2 possible. Al is necessary to cnable A2 but is not sufficient. This CLR covers the
relationship that is sometimes referred to as Instrumental-Causation.

INVERSE: enabled_by(A2,Al)

+ Entailment
A link entails(A1,A2) represents an Entailment relationship. If Al cxists or occurs then
A2 must also exist or occur. '

INVERSE: entailed_by(A2,Al)

¢ Prevention
The Prevention relationship is represented by a link prevents(A1,A2) where Al is meant
to keep A2 from occurring or existing. Al is sufficient to prevent A2 but is not
necessarily necessary.

INVERSE: prevented_by(A2,Al)

= Opposition
The Opposition relationship is represented by a link opposes(A1,A2). Al detracts from
A2 but is insufficient to keep A2 from occurring or existing

INVERSE: opposed_by(A2,Al)

» Conjunction
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Appendix I: HAIKU's Mini-Network Builder (MNB)

A Conjunction rclationship exists between two acts or states about which no more can be
said than that they both occur or cxist. This relationship is represented by a link
conj{(A1,A2).

INVERSE: conj(A2,Al)

= Disjunction
A Disjunction rclationship exists between two acts or states about which no more can be
said than that onc or both occur or exist. This relationship is represented by a link
conj{A1.A2). :

INVERSE: disj(A2,Al)

* Location
The Location relationship is represented by a link location(Al1,A2) where A2 indicates
the position {physical or abstract) where Al occurs or exists.

INVERSE: location(A2,Al)

» Temporal Precedence
Temporal Precedence relationships are represented by a link before(A1,A2) where Al
occurs or cxists before A2,

INVERSE: after(A2,Al)

* Time
A link time(A 1,A2) represents the relationship in which Al and A2 occur or exist at the
same time.

INVERSE: time(A2 Al)

1.3: Case Relationships

The Case Relationships will typically be used to construct links between an
ACTIVITY type concept (representing the central verb within a clause) and OBJECT
type (possibly also PROPERTY type) concepts (representing the Case fillers). The
following list gives the link names and inverse link names corresponding to the 28 Cases.

Case Name Link Name Inverse Link Name
Agent agent agent_of
Beneticiary beneficiary beneficiary_of
Expericncer experiencer experiencer_of
Instrument instrument instrument_of
Object object object_of
Recipient recipient recipient_of
Causc cause cause_of _
Effect eftect effect_of
Opposition opposition opposition_of
Purpose purpose purpose_of
Frequency frequency frequency_of
Time_at ume_at time_of
Time_from time_from start_time_of
Time_to time_to end_time_of
Time_through time_through duration_of
Dircction direction direction_of
Location_at location_at location_of
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Location_from

location_{rom

source_location_of

Location_to location_to dest_location_of
Location_through location_through through_location_of
Orientation orientation oricntation_ot’
Accompamment accompaniment accompaniment_of
Content content content_of
Exclusion excludes excluded_trom
Manner manner manner_ot

Material material material_of
Measure measure measure_ot

Order order order_ol

I.4: Noun Modifier Relationships

The Noun Meodifier Relationships (NMRs) are semantic relationships between a noun
and nominal modifiers (including nouns, nominal adjectives and post-nominal
prepositional phrases). Since clauses, verb arguments and noun modificrs often represent
the same underlying semantic relationships, many of the corresponding CLR. Casc and
NMR names overlap. Where NMR link names collide with CLR and Case link names. the
NMR name has a prefixed ‘n-". Although the underlying semantic relationship may be the

same, the network link names should be kept distinct.

NMR Link Name Inverse Link Name
Causative n-causes n-cansed_by
Possessive pPOSSESSES possessed_by
Productive produccs produccd_by
Compositional composes composed_of
Instrumental uscs uscd_by
Essive is is
Locational n-location n-location_ofl
Temporal n-time n-time_of’
Source source source_of
Destination destination destination_of
Purposive n-purposec n-purposc_of
| Benefactive n-bencficiary n-bencficiary_ofl
Topic topic topic_ol
Agentive n-agent n-agent_of
Objective n-object n-object_of

1.5: Building Mini-Networks

The MNB converts the semantic representation of a sentence into a sct of CN concept
frames. The basic process is as follows.

1) The MNB creates a concept frame for the main verb in cach clause in a sentence.
Links corresponding to the Case Relationships between the verb and its arguments
are inserted into the verb frame. Concept frames arc also created for cach of the
Case fillers. These Case Filler frames are given Inverse Case links to match the
Case links in the verb frame. For the clause “printers print documents”, the MNB
creates a concept frame for the verb “print” with the links agent(printers) and
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object(documents). The concept frame for “printers™ has a link agent_of(printing)
and the frame for “documents™ has a link object_of(printing).

2) For cach Case Filler frame corresponding to a noun phrase, links are inserted
corresponding to the Noun Modifier relationships between the current noun and
its modifiers. For cxample, the concept frame corresponding to the noun phrase
“laser printer™ would have a link uses(laser) and the frame for “laser™ would have
a link used_by(lascr printer). '

3) Finally, Clausc Level Relationships are represented by inserting CLR links into the
verb frames of cach of the clauses. For the sentence “If you finish the work then
you can leave™ a link cnables(leaving) will be inserted into the “finish™ concept
frame and a link cnabled_by(finishing) will be inserted into the frame
corresponding to “lcave™.

The lollowing cxamples show the resulis of the three levels of semantic analysis (Clause
Level, Casc and Noun Modifier) as well as the final MNB Output: a set of (slightly
simplified) CN concept frames. The examples are intended to partially illustrate how the
MNB will do further semantic analysis on the Case Analyzer output and convert the
augmented semantic representation into CN representation.

* Example 1: “A solar generator produces electricity from the sun’s energy.”

Clausal Analysis
<no clausal connectives>
Case Analysis
producing:
agent: “a solar generator”
object: *clectricity’
instrument: “the sun’s cnergy’
Noun Modificr Analysis
*a solar gencerator™:
concept name: solar_generator  (by concatenation)

supcrconcept: generator (by modifier deletion)
instrumental: sun (by nominalization of modifier *solar’)
‘electricity”:

concept name: electricity
‘the sun’s cnergy™:
concept name: energy_of_sun  (by possessive inversion)
Superconcept: energy
source: sun (by deletion of possessive)

MNB output

OBJECT solar_gencrator.
15_a: generator.
uses: sun,
agent_of: producing.
end solar_generator.

OBJECT sun.
used_by: solar_gencrator.
source_of: cnergy_of_sun.
end sun.

OBJECT generator.
kind: solar_generator.
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end generator.

ACTIVITY producing.
agent: solar_generator.
object: electricity.
instrument: energy_of_sun.
¢nd producing.

OBIJECT clectricity.
object_of: producing.
end electricity.

OBIJECT cnergy_of_sun.
Source: sun.
instrument_of: producing.
cnd energy_of_sun.

Example 2: “A taxpayer can claim childcare expenses if he paid money to a
nursery.”

Clausal Analysis
*statement 1 * if *statement2*;
CLR: enables(*statcment2*, *statement 1 ¥)
Case Analysis
claiming:
agent: ‘a taxpayer’
object: “childcarc expenses’
paying:
agent: “a taxpayer’ (by pronoun cxplicitization module)
object: ‘money’
recipient: ‘a nursery school’
Noun Modificr Analysis
‘a taxpayer’:
concept name: taxpaycr
‘childcare expenses’: .
concept name: childcare_expense
superconcept: cxpense
purposive: childcare
‘money’:
concept name: moncy
‘nursery’:
concept name: nursery

MNB Output

OBJECT taxpayer.
agent_of: {claiming, paying}.
end taxpayer.

ACTIVITY claiming.
agent: taxpayer.
object: childcare_expense.
cnabled_by: paying.
end claiming.

OBIJECT childcare_expense.
is_a: expense.
for_purpose_of: childcare.
object_of: claiming.
end childcare_cxpense.
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OBIJECT expense.
kind: childcarc_expense.
cnd cxpense.

OBIJECT childcare.
purpose_of: childcarc_expense.
end childcare.

ACTIVITY paying.
agent: taxpayer.
object: money.
recipicnt: nursery_school.
cnables: claiming.
end paying.

OBJECT moncy.
objcct_of: paying.
cnd money.

OBJECT nurscry.
rccipient_of: paying.
end nurscry.
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