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This report i1s intended as an introduction and a guide to the unification process
and its implementation. The program we use i1s a modified version of Steve
Bossie’s [McKeown 82]. We describe the major functions in the program, noting
modifications we have made. Note that this report does not duplicate information
presented in [Kay 79] and [McKeown 82].

The appendices contain the following:

- A simple grammar used in the examples.
- A glossary of symbols used in the unifier.

- A lst of files left by TjoeLiong Kwee with a description of their
contents.

- A trace of the unification process of a simple input and the grammar
shown i1n Appendix I The input used in this trace is a completely
specified input.

- A trace of the unification process of another input and the grammar
shown in Appendix I. The input is simplified (not completely specified) to
demonstrate of the handling of unattached constituents).

- An example of one of the problems encountered.

- How to use the unifier.



2

1. General Introduction to the Unifieation process

There are two steps i1n generating an English sentence: unt fication with the
grammar, and linearization of the resulting structure. The Input to the unification
Process i1s a deep structure of the sentence to be generated (see [McKeown 82]) It
does not contain all the syntactic information necessary to generate the sentence
The unifier unifies the input with the grammar to enrich the input with all the
hecessary syntactic information. The linearizer then takes this enriched input and
produces a flat list, the English sentence. The grammar is a Junctional grammar
as described by Kay, and the input is in the same form as the grammar.
Introductions to functional grammars and the unification process can be found 10
[Kay 79] and [McKeown 82].




Example using the simple grammar of Appendix I:

Input:
tS b ==
((cat ) 2;:5& Eé:st npfo( ::::l%i ((lex def)))

anp ((n == _diaphragm)
(goal ((cat np) ( nugbu(' plur) P 132)
article ((lex def))
nnp (5“1 == gmall
nnp ((a == graaule)))))))))

Note that the input does not specify the verb voice, the number
agreement of the verb, etc.

Such information will be added b{ the unification.

The input only indicates the action, the actor (i.e. the

prot), and the object of the action (i.e. the goal).

Enriched structure after unifying this input with the grammar:

(C(((GOAL ((NNP ((NNP ((N_((LEX GRANULE) (CAT NOUN))) (CSET (N))
PATTERN (N POUND)) (TAIL NONE) (PP NOME)
ADJ NONE) (CAT NNP) .
ADJ ((LEX SMALL) (CAT ADJ (CSET . (ADJ NNP))
PATTERN (ADJ NNP)) (CAT WNP)))
ARTICLE ((LEX DEF;) (CAT ARTICLE))

CSET (ARTICLE NNP
PATTERN (DOTS)ARTICLE NNP DOTS)) (CAT NP)

NUMBER PLUR))
(VERB ((V ((LEX COMPRESS 2CAT VERB))) (CSET (V)) (PP_NONE)
PATTERN (V DOTS; VOICE ACTIVE) (NUMBER NONE)
CAT VERB-GROUP)
(PROT ((NNP ((N ((LEX DIAPHRAGM gCAT NOUN);) (CSET (N))
PATTERN (N POUND)) (TAIL NONE) (PP NONE)
ADJ NONE) (CAT NNP)))
ARTICLE ((LEX DEF; (CAT ARTICLE)))
CSET (ARTICLE NNP))
PATTERN (DOTS_ARTICLE NNP DOTS)) (CAT NP)))
gCSEl‘ (PROT VERB GOAL)) (PATTERN (PROT VERB GOAL POUND))
(

CAT S))
TAIL NONE) (PP NONE) (ADJ NONE) (NUMBER PLUR))))

Output after linearization:
(THE DIAPHRAGM COMPRESSES THE SMALL GRAIULES!.)1

The unification process unifies each functional description in the input with the
grammar (or with the appropriate sub-part of the grammar).

To unify a functional description, a unifier considers each attribute-value pair in the

lell punctuation marks are special characters in PSL. They are thus printed
with a preceeding exclamation mark. Note furthermore the parenthesis: the output
of the unifier 1s a list containing the generated sentence.




grammar and unifies its value part with that of the corresponding attribute in the
input 1f present

If an attribute occurs in the grammar but not in the input, the input is enriched
with the attribute-value pair from the grammar. (That 1s, the resulting structure 1s
the unfon of the input and the grammar.) The grammar 1s thus used to earich
the input with all the syntactic information necessary to produce a sentence. The
value any, which may appear in the grammar, is treated as a special case: If ANY
is specified, the unification will succeed if and only if the corresponding attribute
1s present in the input.

If the input and the grammar have the attribute in common, then:

- If the value in the grammar is ANY, it automatically matches the other
value, whatever it may be, provided that there is one.

- If either value is a symbol, the unification succeéds when the values are
equal.

- If both values are functional descriptions, they are unified in turn and
success depends on this further unification.

- Unification fails in all other cases.

If the grammar has alternatives, these are all tried in turn. Our unifier returns
either the first or all successful results, depending on the value of the variable
one-result (True or False). '

A functional description may contain one or more constituents that need to be
unified in turn. In our input example above, the first functional description to be
unified with the grammar will be (CAT S). Once (CAT S) is unified, its
constituents verb , prot and goal have to be unified.

The following is a summary of the algorithm used to unify one functional
description from the input with the grammar:

(a) Choose the appropriate sub-grammsr from the grammar.
Repeat (i) through (iii) until EITHER there are no
attribute-value pairs in the grammar OR unification of
tvo pairs fails.
i. - Take the next attribute-value gair from the grammar
ii. - Look for a corresponding attribute in the input
iii.~- If there is one: nnif{ he two values
If there is none: enrich the input with attribute-
value pair from the sub-grammar
(b) If (a) failed, return.
Otherwise, if there are any constituents left in the input,
repeat this unification process recursively for each constituent.



2. Trace of the unification process

This traces the unification of a simple input with the grammar given 1n
Appendix 1. This trace illustrates only the unification process and not the function
calls2. For simplicity only the beginning of the trace i1s shown.

(8BTS x2
“((CAT W) (ARTICLE == DEF)
MNP ((ADJ' == SUALL)
NP ((AD] = ¥ED
NNP ((ADJ === LIGHT) (NNP ((N == GRANULE)))))))))))

Input after UNIFY has enriched the lexical items3:

Let I be the input and G the grammar with which the input will be unified.
I and G are arguments to the unifier.

SEIS I
(’( AT NP) (ARTICLE ((LEX DEF)))
NNP (éADJ s LEX SMALL)))
NNP ((ADJ ((LEX NEW)))
KNP A% ééﬁ(ﬁﬂpm))uw)))))))))))))

G = the whole grammar, as found in Appendix 1.4

The ‘‘top-level’’ ALT in the grasmmar (see Appendix I) indicates there are
alternatives in the grammar.

The appropriate alternative is chosen based on CAT in the inmput,

if possible. In this case, (CAT NP) is the appropriate alternative.

The unification process starts now with this category as the mb—grmf:

SETQ G

( *((ALT (2 ARTICLE NONE) (PATTERN §DO‘I'S NNP DQTS)))
ARTICLE ANY) (ARTICLE ((CAT ARTICLE) (LEX ANY)))
PATTERN (DOTS ARTICLE NNP DOTS)))))

(NNP ((CAT NNP)))))
G has alternatives again.
It is not possible anymore to choose the appropriate alternative based

gn the category indicated in the input. So each alternative is tried in
ura:

First alternative:

(SETQ G °*((ARTICLE NONE) (PATTERN (DOTS NNP DOTS)) (NNP ((CAT NNP)))))
Second alternmative:

(SETQ G

'(?ﬁ‘l’lﬁ.ﬂ ANY) (ARTICLE ((CAT ARTI
PATTERN (DOTS ARTICLE NNP DOTS))

gh
7
3

27 complete trace for the same example is shown in Appendix VI
35ee the explanation of the top-level function unify in the next section.

4This is a short hand for (SETQ G '((alt (((cat S) (alt (...).
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This enriched input is now unified with the next
attribute value pair from the grammar

s» Next attribute value pair: ((LEX ANY))
Pair found in the input with attribute LEX: (LEX DEF)

The 2 value are unified: DEF and ANY
Unification succeeds.

Unification with ((CAT ARTICLE) (LEX ANY)) succeeds;
The input has already been enriched with (CAT ARTICLE)

The new (enriched) input is:
SETQ I
( (gARTICLE é(LEX DEF) (CAT ARTICLE;;)
CATIEY e iy (i R
NNP §§ADJ é LEX LIGHT)))
NNP ((N ((LEX GRANULE))))>)))))))))

sssssss Next Atcribute-valnocfgir from the grammar:
(PATTERN (DOTS ARTI NNP DOTS)) '

The pattern is added to the input.
New input:

ARTICLE ((LEX DEF) (CAT ARTI

CAT NP)

NNP (gADJ é LEX SMALL)))
ADJ 2§LEX NET))

NNP ((ADJ éLEX)LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))))

#4344 Next Attribute-value pair from the grammar:
(NKP ( (CAT NNP)})

Pair from the ingut vith the corresponding attribute:

(§%T2A%TERH DOTS ARTICLE NNP DOTS)
§ 2 )

NNP

P LanT TR )
2§:¥g 2§%E¥(LIGHTO))

NNP
LEX GRANULE)))))))))))

J ((LEX SlALi)
o i%‘nﬁg f?ﬂ i HT)))
NNP C(N ((LEX GRANULE))))))))))
G 3 ((CAT MNP)))

As there is no attribute value pair in the input with
attribute °‘CAT, the input is enriched with (CAT NNP):

New Input:

I = ((NNP ((CAT NNP)
ADJ ((LEX SMALL)))
NNP ((ADJ s LEX NEW)))
NNP ((ADJ %iLEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))




ARTICLE ((LEX DEF) (CAT ARTICLE
CAT NP))

(SETQ G °NIL)
Alternative succeeded

gPATTERN 2DOTS ARTICLE NNP DOTS);))

8BS ERIRIESES 8288880885040 20245850S8SRRSRRIREIESSERERRSEEH
The tog level constituent (cat NP) is processed.
4

TR IR TR RS IIR RS R SRR RS R PR S R 22 2 R 2R 22 222 222222 2 2]
Now the inside constituents are processed: 1) ARTICLE and 2) NNP
1) ARTICLE constituent
I = ((LEX DEF) (CAT ARTICLE))
G = the whole grammar
%gain the grammar has alternatives.
e appropriate alternative is chosen based on CAT in the input:
(CAT ARTICLE)
Unification proceeds with this category as the sub-grammar:
= ((ALT (((LEX INDEF)) ((LEX DEF)))))

There are alternatives, but we are at the lexical 1level. The
alternative with the correct lexical choice is taken.

= ((LEX DEF))

Alternative succeeds...

222222222222 22 2 8

2) NNP constituent:

I = ((CAT NNP) éADJ E LEX SMALL)))
NN ADJ gékgx L%% LIGHT)))
ﬁil ((LEX GRANULE)))))))))))

G

The grammar has slternatives.
The appropriato(e}%a;ﬁ;tivo is chosen based on CAT in the inmput:

the whole grammar

The input is unified with the sub-grammar corresponding to this
category:

I= (ECAT NNP) (ADJ ((LEX SHALL)))

ég ééLEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))

G = ((ALT (((ADJ NONE) gPP NONE) (TAIL NONE) (PATTERN (N POUND))
N _((CAT NOUN) (LEX ANY))))

((ALT (((ADJ ANY) sADJ ((CAT ADJ) (LEX ANY)))

(ADJ NNP

2 g (PP ((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP)))))))

i- First alternative:




= PP NONE) (TAIL NONE) (PATTERN (N POUND
G ((ADJ NONE) Eu ((CAT NOUN) (LEX ANY)))) ¢ )

ssssss¢ First pair from the grammar: (ADJ NONE)
Corresponding psir in the input: (ADJ ((LEX SMALL)))
The 2 values, SMALL and NONE are unified. Unification fails.

Alternative has failed

2~ Next alternative:

= ((ALT ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP
(« (gsPP ANY;)(PP ((CAT PP))) (PATTERN (gP))))) ¢ )
(NNP ((CAT NNP))))

There are yet more alternatives.

2.1first alternative:

G = (2ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP))
NNP ((CAT NNP))))

sssse3s Firgt Attribute-value pair from the grammar: (ADJ ANY)
Corresponding pair found in the iaput: (ADJ ((LEX SMALL)))
The 2 values, SMALL and ANY are unified. Unification succeeds.
sss394+ Next pair from the grammar: (ADJ ((CAT ADJ) (LEX ANY)))
Corresponding pair found in the input: (ADJ ((LEX SMALL)))
The _2 values are unified:
= ((LEX SMALL
G = ((CAT ADJ) (LEX ANY)))

Here sggin, the grammar value is itself a functional description.
The unification process is repeated recursively:

First, (CAT ADJ): Since there is no attribute °CAT in the
input, the input is enriched with (CAT ADJ).

Then, (LEX ANY): The process results in unifying the two
values SMALL and ANY. Unification succeeds.

So we now have the following eariched input:
I= (ADJ ((LEX SMALL) (CAT ADJ)))
sse¢ses Next pair from the grammar: (PATTERN (ADJ NNP))

The new input is:
I= (2AD igLEx SMALL) (CAT ADJ))) (CAT NNP)
" (G

§§k§§ l'E')))Lmﬂ'l')))
NNP §§%E¥(LEX GRANULE))))))))))
This pattern is just added to the input:

New input:
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3. Explanations of the main functions used by the unifier

What follows is the explanation of the main functions used in the unifier. To
simplify it, I will omit for now the two features up-arrow and loose which will be
introduced later.

3.1. Unify 222

Unify is the top-level function of the unifier. Given an input and a grammar, it
will return an English sentence if the unification process succeeds, NIL otherwise.
. . .a - Al Rliaded ! . i

POVeTeRE Y =

Unify first checks that all the words used in the input are defined in the
dictionary. It also completes the lexical definitiops in the input:

Example:

In the input, the lexical items are given as:

(0 == granule), (v == compress)....

This notation is short-hand notation for:

(o ((lex granule))), (v ((lex compress))), ...

Unlfy preprocesses the input to check that the words
are 1n the lexicon and adds this complete notation for

the lexical items.

Unify then calls the function which does the unification proper: uavs-ls. This
function is called on the top-level (higher) functional description of the input (i.e
NP in our previous example). Upon return, unlfy calls ucon-many if there are
any other constituents in the input that need to be unified. Uecon-many unifies
each one in turn.

Finally, unify calls the linearizer to produce a flat structure, the English sentence.
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. Cset: A functional description may contain constituents that need to be
unified in turn. The constituent set cset has the list of these ‘inside
constituents”. It is used to determine whether uavs-ls should be called
recursively on inside constituents. The constituent set is added in the

input by the function eset-h-ls.

. All other attributes: Given the attribute-value pair of the grammar, the
program tries to find in the input a pair with the corresponding
attribute. If there is one, the two values will be unified. I there 1s no
such attribute in the input, the attribute-value pair from the grammar
will be added to the input. The function av-h-ls handles these

attributes.
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3.3. Alt-h-ls

Alt-h-1s® is called when there are alternatives in the grammar. Uavs-ls is called
with each alternative in turn until a success is found’.

When separating the different alternatives, care has to be taken to make sure the
sub-grammar 1s complete.

Example:
G = ((alt sﬁprog non;;;
(gosl ag;? an{

The first alternative to try is sub-gi = ((prot none) (goal any))

The second: sub-g2

((prot any) (goal any))

-=> We have t0 make sure that the sub-grammar contains whatever
pairs followed the ALT.

These following detalls are not a fundamental part of the unification
algorithm but they are important for efficlency reasons. As the unification
process is a lengthy one, we tried to make it as efficient as possible.

3.3.1. Category attribute (CAT)

Normally, all the alternatives are tried in turn. However, in some cases, the input
includes a clue about which alternative to choose. This is often the case for the
CAT attribute.

As an example, in the input given in the trace, (CAT NP) indicates that this input
is of category NP (a noun phrase).

The grammar is a long functional description, made up of several alternatives, one
for each functional constituent possible:
S for a sentence, NP for a noun phrase, PP for a prepositional phrase, etc.

When an input is unified with the whole grammar, the alternatives have to be tried
until the one that corresponds to the input is found. In some cases however, the
category 1s already indicated in the input: that is, the input has an attribute-value
pair with the attnbute CAT. In such case, instead of trying every possible

SAlt-h-ls: Alternatives handling

TAs mentioned previously, a variable can be set so that all successful results are
returned.
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alternative, we take advantage of the clue given in the input to choose the
appropriate sub-grammar immediately, and uavs-ls 1s called with this alternative
To achieve this effect, alt-h-lIs searches the input for the attribute-value pair with
attribute CAT and calls uavs-ls with the alternative that contains the same
category, if there is such an alternative.

Another speed up was obtained with the [ollowing observation: The sub-grammar
which is passed to the recursive call to uavs-ls has, as its first attribute-value paur,
(CAT xx). As we chose this sub-grammar because this pair was also present in the
input, 1t is not useful to unify (CAT xx) from the input with (CAT xx) from the
grammar using uavs-ls as would be done normally. We thus cut this pair out of
the sub-grammar to call uavs-ls.

3.3.2. Lexicon

The lexicon is represented in the grammar as alternatives: one alternative per
word. When a word from the input is unified with the grammar, all the
alternatives are tried in turn until the correct word is found (that is the word equal
to that in the input). Again, instead of calling uavs-ls on every lexical choice, alt-
h-sl finds the appropriate word (and thus the appropriate alternative), after checking
that unification reached the lexical level®~.

8The lexical level is reached when all the alternatives have the attribute LEX
91 made the two changes just described in June 1985
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3.4. The Three Functions that Handle the Attribute-Value Pairs

1. Av-h-ls (Attribute-value pair handling)
2. Cntri-av-h-lIs (Central attribute-value pairs handling)

3. Uavs-many-Is (Unify many attribute-value pairs)

Av-h-ls 1s normally called with an attribute value pair from the grammar. The
attribute is neither pattern, cset, or alt (for alternative). Av-h-ls, Cntrl-av-h-is
and Uavs-many-ls together unify all the attribute-value pairs of the grammar with
the input:

Av-h-ls:

Av-h-Is finds the first attribute value pair from the grammar. The attribute is the
path. It calls cntrl-av-h-ls with this path and its value in the grammar, the
input, and the remaining pairs in the grammar. Cntrl-av-h-1s finds a pair in the
input with the same attribute (if there 1s one) and unifies the two values. Upon
success, the unification proceeds by calling Uavs-many-ls to unify the input
(possibly enriched) with the remaining pairs of the grammar.

Cntrl-av-h-ls:

Given an attrnibute from the grammar, this function searches the input for a pair
with the same attribute. :

- If it i1s found, the value from the grammar and that from the input are
unified by calling uavs-ls with the input value as the input and the
grammar value as the grammar. Note that the values can be symbols or
functional descriptions.

- If 1t 1s not found, the input is enriched with the attribute-value pair
from the grammar (unless the value from the grammar pair is the wild
card any)

[Note that in either case uavs-ls is called with the two values. If the attribute
was not found, the input value is NIL. Thus , uavs-Is is called recursively twice
for any attribute value pair from the grammar ]

After umfying the two values, Cntrl-av-h-ls calls uavs-many-ls with the
remaining pairs of the grammar and the possibly enriched input.
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Uavs-many-ls:

Given a list. of attribute-value pairs, uavs-many-ls (‘)10 calls the appropriate
function to unify the pairs one at a time.

-.eb .

1050 asterisk indicates that there are details in the function that [ do not fully
understand. These details are also pointed out in the code.
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3.6. Functions that handle the unification of constituent contalned in the
CSET

1. Ucon-many(*)
2. Ueon

3. Ucon-proe(*)

Once a functional description has been unified with the appropriate part of the
grammar, the program looks for any constituent that remains to be unified A
non-null constituent set indicates that there are such constituents, and the program
unifies them in turn. This process is also recursive, as, once a constituent has been
unified, its CSET may indicate that there are yet more constituents to unify.

Ucon-many:

Ucon-many(*) is called when a functional description has been unified. It prepares
the setting for the function that checks for a non-null constituent set, ucon.

Ucon:

Ucon searches the input for its constituent set(ecset). If the cset 13 null, then, the
unification 1s finished for that input and we are at the lexical level  Otherwise,
ucon-proc is called to unify each constituent with the whole grammar.

Ucon-Proc:(*)

At this point, we know that the cset is not empty. Uecon-proe calls uavs-ls to
unify each member of the cset with the complete grammar. This process 1is
repeated 1if the resulting cset is non-null Therefore, ucon-proe also calls
ucon-many.
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4. Special Feature: use of path

In some cases, a value for an attribute is not found in the current functional
description (FD), but in the FD in which the current one is embedded. The
simplest example is this phenomenon is found when the program is looking for the
verb agreementu:

When looking for the verb agreement, the current FD is the description concerning
the VERB, and the FD in which it is embedded is S (the sentence level) The
attribute value pair from the grammar is:

(verb (... (number (* prot number)) ...))

This form means that the verb number should be the number of the protagonist:

The protagonist is not part of the current FD however. This is why the up-arrow
is used: the up-srrow-.indicates that the value should be logked for in the FD in
which the current one is embedded. In this example, the program will look into
the “S"" FD to find the number of the protagonist. That number is then returned
as the value of the verb number!2. :

There are also cases where, because of the recursive definition of some constituents
(the noun phrase for example, in which each new adjectives adds one level), we
cannot know ahead of time which of the ‘higher’ FD's contain the needed value.
In such cases, ®** is used in the grammar13.

How the up-arrow is handled by our unifier

The function Av-h-ls

Given an attribute-value pair, av-h-ls calls entrl-av-h-ls with the value from the
grammar, the attribute and the input to unmfy. When the value in the grammar
contain an up-arrow, as in the two pairs given below, the real value of the
attribute needs to be found in the input:

Pairs in which the value is not explicitly given:
(attribute-name (t ...))

Upor another introduction to paths, see [McKeown 82].

12This is why the fd-stack is passed to the functions.

135ee [McKeown 82] for a more detailed explanation of this case.
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(attribute-name (st ...))

In these cases, av-h-ls finds the real value before calling cntrl-av-h-ls.  The
function get-val-if-path finds the value by looking into the appropriate constituent.



6. Introduction to Loose:

The unifier program was designed to allow for simplified input. To illustrate why
this is desirable, consider the following (simple) grammar description of a noun-
phrase:

Grammar for a Noun Phrase in rule form:

NP --> article NNP
NNP --> adjective NNP / NOUN

tt (dat ticl dots)
Pap (leat nap 33y cle nop dote))

((cat NNP) ((alt. (( { none) (ptt.torn (n yound))
cat. aoun) lox an

{ any) (adj ((cat (lex any)))

pa tern

nnp (cst. nnp)))y;;)))

(((czt NP) (guticlo any) (article ((cat article) (lex any)))

v AW

(Note éﬁsfﬁtﬁdofiniuon is recursive)

Using this definition, the noun phrase '‘the new small light granule” is written as:

((cat np) (éu’ticlo === def)
nnp ( ‘d"?tﬂ" -t-I new) "
n ctive ==
°P §nn]j>‘(§:d;oct.1v:u-— light)
nnp ((noun === granule)))))))))))

This example illustrates how complex the input can become. In complex sentences,
having to write this complete specification of the input can be very tedious. We
want the program to allow the same input to be:

adjective

((cat np) (gsrticlo === dof) (adjoctivo === new)
octivc

light (noun === granule)))

This input form is clearly simpler and more desirable than the previous one.
However, in this form, the attachment of constituents is unspecified. The program
is able to process these unattached constituents through the variable loose. In our
example, the unification process will add 'NNP to the input structure where
required,

Loose 1s a list of unattached constituents. As the unification proceeds, elements of
loose are picked up and attached in the appropriate constituent.
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When the nnp constituent is umfied, the input is:
(pnp ((cat nnp)))

Note that this input does not really contain all the elements it should contain: had
the input been completely specified, the input would be:

(anp ( ;dj églox bi )))

20 fg aj "‘m)ow))
P nnp §n ((lex car))))))N)))

However, because we allowed for the input to be loosely specified, we do not have
such a structure. As we must be able to unify the structure we have, we need to
have access to the constituents that were allowed to be unattached and are thus
not part of the current input. This is done through loose.

In this case, while unifying (nnp ((cat nnp))) with the grammar, the program
searches the input for an ad]. In the completely specified input, it would find the
adjective inside the input. Here, however, as the adjective was allowed to be
““‘unattached’’, it is not found at this level. It is stored into loose.

How Loose is Handled

We now modify the explanations for the functions used by the unifier:

1. First, one argument 18 added: loose.  Most functions are called with this
argument in addition to the arguments we already mentioned.

2. After unifying a constituent, all attributes of the input that have not been used
are added into loose.

3. Cntri-av-h-ls: When looking for an attribute value pair in the input,
cntrl-av-h-ls looks into loose if the pair is not found in the input itself.




In the example. when (cat nnp) is unified, we first have an
alternative 13 the grammar. %)he first alternative 1s tried:

((adj none) (pattern (n pound)) (n ((cat noun) (lex any))))

This alternatlve fails because, when looking for
alr  with attribute adj cntrl-av-h- 8
falﬁn? to find such a pair 7in the input, looks
into loose and find (ad) ((lex big))). The value

((lex big)) fails to umfy with none.

The next alternative is taken:
((adj any) (adj ((cat adj) (lex any))) ...)

h if the input (nn cat nn with
(a Tgn%, encx?t?lflﬁggh-ls fails ( lp 8( p)))
wit corresponding attr}bute 1n the 1nput and
looks into Loose for 1it. mny

(sdj ((lex big))) ‘is""found ip ! eJt.k t
it a{)d ad:ixed 8)t.he lfnpu?.uarhxég oeocaome: sn from

(anp ((cat nnp3 (adj ((lox-iig)));)-f ,

The_dajective is now attached to the appropriate constituent.
The  unification proceeds.

-

We see from this example that, with loose, we are able to simplify the input by
having unattached constituents.

3. Ucon-proc: Ucon-proe calls uavs-ls on the constituents indicated in the cset.
Before unifying these constituents, loose is updated so that unattached constituents
at this level can be accessed at lower levels (just like, in the example above, the
adjectives were available at the NNP level, which is a level lower than the NP
level). Thus, before unifying the constituents, ucon-proe calls a function to update
loose.

4. Finally, when an attribute value pair is taken from loose during unification, loose
1s updated to reflect this change: the pair is deleted from loose.
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8. Tracing facllities
Tracing facilities have been added to the unifier for an easier tracin§4of the

unification process. This is useful both for a person building the grammar

and a

person changing the unifier.

Because of the recursiveness of the unification, tracing can produce a lot of output.
The following tracing variables are an attempt to curb that effect.

top-level-tracing: This variable traces the different steps in the function
unify. It shows the result of the unification of the highest constituent
before uavs-ls is called again on the constituents contained in the caset.
It also shows the output of the unification process, before the linerizer is
called. This is useful to see the deep structure produced by the unifier,
and to separate the two stages, unification and lineanzation.

inside-tracing. This variable traces each call to uavs-lIs, and a few other
functions. It thus traces in a fairly complete manner the unification
process. It generates a lot of output however. Since this variable traces
the whole unification, it is useful mainly to get an understanding of the
process. More selective tracing is preferable when one wants insight into
a particular problem.

tracing-get-val-i f-path: This variable traces the calls to the function get-
val-if-path, the function that finds a value in a higher FD when the
grammar value contains an up-arrow. This is useful when one wants to
trace only the value found for a path with an up-arrow.

tracing-ucon: This variable traces the unification of the constituents
contained in the cset. It shows the cset, which constituent 1s being
unified, and how loose is updated before unifying a constituent.

select-grammar-part. This variable allows the user to trace only part of
the grammar, for example, (cat np). The user can set this variable to
the part(s) that 1s (are) to be traced:
(SETQ SELECT-GRAMMAR-PART ’'((CAT NP) (CAT ARTICLE)))
for example. Select-grammar-part sets inside-tracing to true during the
appropriate sub-grammar to trace the unification process at that time.

select-constituent: This variable is set to trace a constituent (as specified
by the cset. As an example, ( SELECT-CONSTITUENT ’'(PROT))
traces the unification process when prot is unified. As for select-
grammar-part, this variable sets inside-tracing to true when necessary.

14.A person constructing the grammar can find out where the grammar fails by
looking at the trace. Also, once the grammar 13 developed, tracing the umification
may result in finding inefficiency in the grammar.
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- trace: If we only want to know where the unification process fails 1t 1s
useful to trace the function uavs-ls only with the input and the
grammar. This i1s done with trace.

- trace-loose: Trace-loose is used if, in addition to the input and the
grammar, the user want to trace the variable loose at each callto uavs-
Is. Trace-loose cannot be used alone: The variable trace needs to be sget
also for any tracing to occur when trace-loose is set.
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7. Problems encountered during summer 85

We found three kinds of problems. 1 will explain here what these problems were,
why we think they occurred, and how we solved them!®.

Wrongagreement of the main verb

Problem:

In the active (passive) voice, the verb should take the number of the protagonist
(goal). However, when the protagonist (goal) is a subordinate (as opposed to a
noun), whenever there is a plural noun in the subordinate, the verb also ends up in

plural.
Examples:

Active voice; the goal of the subordinate is plural:
(THAT A PERSON SPEAKS WORDS CAUSE A WAVE)
Passive voice; one noun in the subordinate is plural:

THAT MOLECULES MOVE ARE CAUSED)

THAT A MOLECULE IS MOVED BY WAVES ARE CAUSED)

THAT A WAVE MOVES MOLECULES ARE CAUSED BY A PERSON)
THAT WAVES MOVE MOLECULE ARE CAUSED BY PERSONS)

Hvpothesized Cause:

We think this problem occurs because, when searching for a value into a functional
description, the search is carried as deep as necessary to find the number (or other
attributes in general). In case of a subordinate, we have the following:

ver ¥ === compress)))
prot ((n === diaphr (article == def)))
goal ((a === granule

number plur)

article === def)))))))

(prot ((embed (§r01 ro === that)

“Plur” (plural) is returned, because number was found in the goal of the
subordinate. (The same would have happened, had the protagonist been plural)

Change made to solve this problem:

15These problems have been documented in TjoeLiong’s DOC files and Ceclle's
TRY files.




28

This search was done by a call to the function assoe-av. I changed this function
so that it only looks at the top elements of the list.



More number problems

The grobleh

Unification fails in some case, when both protagonist and goal are subordinates and
their respective subjects do not have the same number. In other cases, the verb 1s
in the passive voice, when the voice active should have been defaulted. This
occurred because the first alternative in the grammar, voice active, failed because of
a number problem.

Examples:

The following intended sentences failed:

A WAVE CAUSES THAT MOLECULES MOVE
THAT A PERSON SPEAKS CAUSES THAT MOLECULES MOVE

The following input resulted in passive voice,
while active should have been the default:

( '( CAT S) (VERB ((V === CAUSE)))
g PROT 25" === PERSON) (ARTICLE === INDEF)))
GOAL ((SUBORD ( SRELPRO === THAT)

( 2V'ERB g === MOVE)))
GOAL ((N === MOLECULE)
L (PROT ARTICLE === INDEF)))

(EN === WAVE) (NUMBER P ;
ARTICLE === INDEF))))))) )))

(A PERSON CAUSES THAT A MOLECULE IS MOVED BY WAVES)

Hypothesized Cause:

When the grammar indicates that a value is to be found in the input (in case of
the up-arrow), the variable GVAL (grammar value) gets set to the value returned
by get-val-if-path, the function that looks for the value.

Then, cntrl-av-h-ls looks into the input for the value. The up-arrow indicated
that the value should be found not in the current FD, but in the higher FD. So,
of course, no value is found in the input. Cntrl-av-h-Is then looks into loose for
the value. [If, because of other unattached constituents, it finds a number value In
loose, especially number none, that value gets picked up, and the two values are
unified. If get-val-if-path returned ‘“plur” for the grammar value, thr program
tries to unify plur and none, and unification fails.

this problem:

Change made to solve
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To solve this problem, as the value given to the grammar (GVAL) was taken in
fact from the input, it is also assigned to the input value (IVAL). [So both gval
and sval would get plur] Both functions Av-h-Is and entrl-h-lIs were changed.
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Attributes being borrowed from other constituents

The problem

Consider the following input: two coordinated clauses. One of the clause has a
protagonist and a goal. The other one has only a goal. Unification resulted in
assigning the protagonist from the first clause to both sentences:

ExamplelS:

SETQ Ni
( * ((CAT S) $COHJ === SINCE) (ORDER PRE;
S1 ((VERB ((V === COMPRESS) (VOICE PASSIVE)))
PROT ((N === GRANULE) (NUMBER PLUR)
TICLE === INDEF)))
(GOAL ((N === TRANSMITTER) (NUMBER PLUR)
ARTICLE === INDEF)))))
(s (éVERB “V === MQVE)))
GOAL ((N == WAVE ENUHBER PLUR)
ARTICLE === INDEF)))))))

Output:
ﬁrvgscgz TRANSMITTERS ARE COMPRESSED BY GRANULES GRANULES MOVE

The second clause ‘‘borrowed’’ granules from the first ons.

Intended output:
S ARE COMPRESSED BY GRANULES, WAVES ARE MOVED

Hypothesized Cause:

After processing a functional description, loose is updated to contain the unattached
elements before the constituents indicated by the cset are unified.

The top-level (CAT S) level has been unified.
Before S1 and S are unified, Loose gets the
unattached constituents from this level.
Loose has value L1.

The only other time loose gets updated is when items are taken from it. Now,
while S1 i1s unified, more elements are added to loose. These remains in loose
when the next clause is unified. This 13 a mistake, as, even with unattached
constituents, there are no reasons why the unification of the second clause should
depend on attribute value pairs that were added to loose when the first clause
(prot), its sibling node, was processed”.

lsThe. grammar corresponding to this example was developed by TjoeLiong Kwee
a long time ago and is not used anymore. The problem however, is independent of
this grammar

1-"A,similar problem occurs in a sentence with two subordinates. A protagonist
(goal) is sometimes borrowed from one of the subordinates and added to the other
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Change made to solve this problem:

Ucon-proe was changed so that locse recovers its original value before processing
the next constituent (a sibling node). It is still updated when elements are taken
from 1it.




8. Changes to the Unifler

This section describes the changes I have made to the unifier.

1. Changes to solve problems: These were mainly :described in the previous
section.

2. Changes for efficiency purposes: The main changes were described when
the function alt-h-ls was explained. They concern the lexicon and the
handling of alternatives.

3. Other minor changes were made:

- A new function was added to check whether get-val-if-path should
be called. This function essentially does the test get-val-if-path
does at the beginning. Since, most of the time, get-val-if-path
does not need to be called, it was simpler to include the test before
calling the function. (It was also very useful in tracing the unifier
to delete needless calls to the function get-val-if-path.

- Similar changes were done in other functions.

4. | added comments to the code.

5. Finally, I eliminated the existing tracing variables and added others,
which I think are more useful (see the section on tracing facilities).
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9. Remaining problems
A list of remaining problems follows:

1) It i1s very hard to control when unattached constituents should be taken from
loose. Sometimes, a constituent is taken from loose when it should not. Most of
the time it does not cause any problems in the result (although it is theoritically
wrong):

Example:
Consider a sentence in which the protagonist is a
subordinate clause. After unifying the top-level

constituent (CAT S), loose will contain elements such

as: (CONJ NONE), (TAIL NONE), etc... (pairs that were added
to the input). The constituents are then unified: prot

is unified. It is also of (CAT S). When unifying this
constitent with the grammar, at some int the pair  (CONJ
NONE) from the grammar is unified. ¢ prograa does not
find a pair with the same attribute in the 1aggt and thus
looks into loose for it. It will find (CONJ X

return this pair. Note that this does not rodnco
resgltl but is wrong as (CONJ NONE) applies to tho top-lovnf
sentence,

However, 1t does create problems sometimes, in which case we are forced to specify
part of input (to force the attribute to be in the input). This is contrary to the
motivation for loose. A more important problem is that we don’t know ahead of
time when it will be necessary to specify the input more completely. This brings
the question whether it 13 really possible to have a very unspecified input,18

2) Features, such as NUMBER. Features do not seem to be handled in a defined
way. This creates problems sometimes (apparently especially in the linearizer). For
example, in some cases, when there is a noun which is plural in the sentence, the
indefinite article disappears, no matter where in the sentence this article 1s (i.e. 1t 13
not always the article attached to the plural noun). See Appendix V for an
example.

3) Gap: Gapping is still a problem. TjoeLiong Kwee mentions it also in his report.
The main problem of the gap is to refer to its antecedent, when the gap is in the
position of a relativized constituent , so that number agreement can take place.

4) Low level details: Some of the list manipulations done is messy and counts on
side effects (which are not obvious). It would be desirable to ‘‘clean” the code.

5) We are not taking advantages of the potential of the functional grammar: we yet
have to add focus and other ‘‘attributes’ in the grammar.

ISTJOGLIOD mentions this problem. I could not find the examples we had
encountered before.
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10. Progress on the grammar, summer 85
This section reports on the changes made to the grammar by TjoeLiong Kwee

during summer 85. The report indicates which parts of the grammar have been
tested, expanded, or changed. The report includes the test inputs wused,
corresponding outputs, the changes made to the linearizer, and the final grammar 19

19The final grammar is the complete Rx;amm,ar ‘taken from [McKeown 82], with
the changes reported here included. \s this is the complete grammar from
[McKeown 82, note that parts of it remains to be tested.
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ILZ <XWEE>TL-REPORT-00.LSP

8 Aug 1985 1740-EDT
18 Aug 1985 1355-EDT

TJOELIONG KWEE : DOCUMENTATICON on <KWEE>TL-FULLGRAM-8.LSP

REPORT on proposed modifications in <MCKEOWN.VAX>GRAMMAR.LSP
carried out during the periods april-may and july~augqust 1985

Up till now the following parts of the original grammar have been
studied (where mentioned : modified and/or added) , and tested:

- CAT S : VERB-VOICE : ACTIVE , PASSIVE : PROT , GOAL (modified , added)
- CAT VERB-GROUP : VOICE : ACTIVE , PASSIVE (modified)

- CAT S : CONJ ; CAT SLIST

- CAT NP : CONJ ; CAT NPLIST

- CAT S : SUBORD (added)

- CAT NP : EMBED (added)

Moreover , some changes have been made in <MCKEOWN.VAX>LINEAR.L ,
and at the same time <MCKEOWN.VAX>UCON.L has been modified ,
first by Michal Blumenstyk and then again by Cecile Paris

The selection of the grammar fragments has mainly been motivated

by the need for richer output structures in general , and

in particular when the grammar was used as sentence-generating tool
in research done by Cecile Paris ( especially for default passive
when no protagonist is given at input , and for subordinate clauses )
As such , the work on the grammar is not yet finished :;

some desiderata and other problems will be mentioned

at the end of this report .

OVERALL STRUCTURE OF THE GRAMMAR

The Grammar as a whole is one large Functional Description (see Kay 1979)
in which eventually all possible structures of an English sentence

are to be found . An input structure is unified with the grammar ,

and if this input is compatible with some part of the grammar ,

an output follows . Otherwise the result will be empty (NIL) .

At the topmost level , the grammar offers an alternative between a number
of categories : the input should have a category as wvell

In this report we will be concerned with the categories S and NP

CONTENTS OF THIS REPORT

1) VERB-VOICE ACTIVE AND PASSIVE
1.1) CAT § : VERB-VOICE
1.2) CAT VERB-GROUP

2) SUBORDINATE CLAUSES

2.0) SHORT INTRODUCTION

2.1) CAT S : SUBORD

2.2) CAT NP : EMBRD

2.3) CAT NNP : TAIL

2.4) NON-FINITE FORM OF VERB : ASPECT

3) DESIDERATA : WHAT REMAINS TO BE DONE
APPENDIX : various files TL-TEST-*.LSP/OUT ( * = 1,2,3,4,5 )

APPENDIX : TL-LINEAR-4PLUS.LSP
APPENDIX : TL-FULLGRAM-8.LSP



38
) WVERB-VQICE ACTIVE AND PASSIVE

At the highest level immediately under CAT S an alternative is
of fered between simple main clause and conjoined main clauses

here we treat only the first part _

Of the three choices to be made there in the original version

- for verb-voice , sentence-adverbial , and subl@st -

we treat only the first one : that for a verb-voice

1.1) CAT s : VERB-VOICE

In the original version any input sentence without explicit mention of
VERB-VQICE is incompatible with the last two of the three options given :

((verb ((voice any))) (verb ((voice passive))) ... ) ,
((verb ((voice any))) (verb ((voice there-insertion))) ... ) ,

but compatible - and therefore unified - with the first option :
((verb ((voice active))) ... ) ;

this however requires the input sentence to have an explicit PROT
- as already has been mentioned in McKeown 1982 p.216

In order to accommodate the case of an input sentence

without PROT and without explicit mention of VERB-VOICE ,

I propose some modifications in the grammar .

At the same time I propose other minor changes that

- as a side result of this investigation - turn out to be feasible.

Essentially , the description I propose ( with the help of Cecile Paris
who found its most concise and efficient formulation ) has this skeleton :

((verb ({(voice active)))
(prot any) (prot ((cat np)))
(verb ((cat verb-group) (number (* prot number))))
gpattern {(prot dots verb dots pound))
c e o))

§ ~mmm e ———— e ———— ———
((alt
(((verb ((voice passive)))
(prot none))
((verb ((voice any) (voice passive)))
(prot any) (prot ((cat np)))
(by-obj ((cat pp) (prep ((lex by))) (np (* prot))))
);pattern (dots verb by-obj dots pound)))
(verb ((cat verb-group)))
( . « .))
f —mmmr e r e —————————
(zverb {(voice any) (voice there-insertion)))
% e = ———_—— — —————— - —— - ——————————— — — — —

This part of the grammar has been tested for input containing

PROT and/or GOAL and/or PASSIVE . The grammar has been completed with
the part from the original version as regards BENEF ~ but it has not
yet been tested on input in which a BENEF constituent is given :
likewise , the parts concerning VERB-VOICE THERE-INSERTION

have been added but not yet tested on input .
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2.2) CAT VERB-GROUP

Changes within the VERB-VOICE alternative at the CAT S level , however ,
although combined with corresponding changes at the CAT VERB-GROUP level ,
are not sufficient to obtain "passive by default™ in all and only the
intended cases ; the main source for errors seems to reside in the
description at this latter level ; in the original version there are
two problems : first , an input without specified VOICE is compatible -
and as a consequence , unified - with (voice active) : a point that has to
be modified in the first place , since global unification will fail if there
is no PROT ; second , (voice passive) splits up into (prot none) and
(prot any) , where the last one is an "empty choice"™ , since there is no PROT
at the level of CAT VERB~GROUP anyway .
Various attempts to maintain the (prot any) there as a "feature" , by
adding the same "feature” (prot any) at an appropriate place in the
corresponding VERB constituent description somewhere under CAT § , failed .
After having tried this in vain , however , I found that the grammar could
be freed of some more duplication between on one hand CAT VERB-GROUP and
on the other hand VERB constituents within the PROT/GOAL choices under CAT S
In particular , I have been able to remove from the CAT VERB-GROUP level
- the option (voice none) , since the voice must already have been added
before , when unifying the input at the CAT S level ;
- the (pattern ( ... by-obj ... )) , by moving it to a more appropriate
and "natural” place under the CAT S level

( (cat ‘'verb-group)
(alt
(((voice active) (pattern (v dots))
(v ((cat verb) (lex any))) )
((voice passive) (pattern (vl v dots))
(vl ((cat verb) (lex be)))
(v ((cat verb) (lex any) (tense pastp))) )
{(voice thera-insertion) (pattern (v dots))
( (v ((g.ex any) (cat gap) (gap +))))})
e e e ))

The grammar at this point has been tested on the six input structures
given in file TL-TEST-1.LSP

Note . During earlier experiments with the original version
I met with the following strange phenomenon : an input with structure

((cat s) (verb ((v === vyvv) (voice PASSIVE)))
(prot ((n === ppp) (article === INDEF)))
(goal ((n === ggg) (number PLUR) (article === ...))) )

resulted in an output of the form : [THE] GGG ARE VVV-ED BY PPP
that is , the singular indefinite article A[N] would not appear .
This only happened with SINGULAR INDEFINITE protagonist/by-object

combined with PLURAL goal/subject ,
and not with (singular or plural) definite protagonist/by-object

or with singular goal/subject .

The same input , however , unified with the grammar in which my
proposed modifications are incorporated , results in correct output -
that is , the singular indefinite article A(N] will now show up correctly .
This can only be ascribed to (pattern (... by-obj ...)) being moved from
under CAT VERB-GROUP in the original version - where , as it turns out ,
it will never be reached because of the (prot any) that never applies -
to under CAT S in the proposed modified version , right where we find
(verb ((voice passive)) (prot any) (by-obj ...)
- which indeed seems to be a more "“natural” place for it .
It remains an unsolved riddle , though , how this can influence the
(dislappearance of an indefinite article in the protagonist noun-phrase
Note : just the same transposition in the original grammar led only to
pushdown overflow at repeated runs
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Z) SUBCRDINATE CLAUSES

As for the three different types of subordinate clauses (see section 2.0) ,
I have undertaken steps to generate :

- subordinate clauses in Adverb@al-position ’

- subordinate clauses in NP-position ; . )

the generation of Relative Clauses has yet remained a desideratum

( see section 2.3 for results as of date )

The original version of the grammar provides for (very simple) Relative Clauses
in the following way , within CAT NNP :

((cat nnp)
(alt
(¢ .« )
(¢ . « . )
((tail any)
(tail ((cat s-bar)))
(nnp ((cat nnp)))
(pattern (nnp tail))
)
)))

where CAT S-BAR is defined as

((cat s-bar)
(s ((cat s}
(pattern (dots s))
(alt
(((relpro none))
((relpro any)
(relpro ((cat relpro) -(lex any)))
(pattern (relpro dots)) -
)1

and the lexical category RELPRO contains the relative pronouns
THAT , WHO , WHICH , etc.

For subordinate clauses in general , so it seems , we can use just the same
CAT S~BAR , provided we expand the lexical category RELPRO - preferredly
renamed as COMP - to include henceforth the appropriate complementizers
such as , for NP-subordinates : THAT , and for Adv-subordinates :

AFTER , BEFORE , BECAUSE , SINCE , UNTIL , WHEN , WHILE , etc.

Subordinate Clauses in Adv-position are described within CAT §
(section 2.1) , those in NP-position within CAT NP (section 2.2) :
Relative Clauses have not yet been studied extensively :

some problems that have come up initially are mentioned in section 2.3

A very short introduction to Subordinate Clauses
for linguistic naive computer scientists
is added as a supplementary section 2.0 .




2.0) SHCRT INTRODUCTION TO SUBORDINATE CLAUSES FOR THE LINGUISTIC NAIVE
" how it is in language "

1) the basic unit is the (Simple) Sentence
2) a Sentence consists (basically) of a Verb and
some Arguments , like Subject , Direct Object , etc.
example : A WAVE (Subject) MOVES (Verb) THE MOLECULES (Direct Object)
3) a Simple Sentence has exactly one (Finite) Verb
4) if there is more than one (Finite) Verb, then we have
- either a Compound Sentence , if all components are on the same level :
these are Coordinated Clauses , connected to each other by a Connective
example: A PERSON SPEAKS (Cl. 1) AND (Connective) THE WAVES MOVE (Cl. 2)
- or a Complex Sentence , if one is at top level (the Main Clause)
and the other at a lower level (the Subordinate Clause)
5) a Subordinate Clause usually is introduced by a Complementizer ,
which signals that what follows is not an independent clause -
but beware , sometimes the Complementizer can be "deleted™ !
6) there are three different kinds of Subordinate Clauses ,
and which kind it is , depends on its position in the higher Clause :
- either in Noun-Phrase position ; example :
THE SOUND CAUSES (Verb) A WAVE (Direct Object , Noun Phrase) , versus
THE SOUND CAUSES (Verb) THAT MOLECULES MOVE (Subordinate in NP-position) ;
- or in Adverbial-Phrase position ; example :
THE WAVE MOVED (Verb) YESTERDAY (Adverbial-Phrase) , versus
THE WAVE MOVED (Verb) BECAUSE A PERSON SPEAKS (Subordinate in Adv.pos.) :
- or as a Modifier of a Noun (inside a Noun-Phrase) :; example:
THE LARGE (Adjective , modifying the Noun) MOLECULES , versus
THE MOLECULES (Noun) THAT MOVE ( = Relative Clause modifying the Noun)

" how it is in the programs <MCKEOWN.VAX>GRAMMAR.LSP & <KWEE>TL-FULLGRAM-8.LSP "

7) any (simple , compound or complex) sentence at top-level is of CAT §
8) coordination of clauses is described by way of CONJ , which connects
an SLIST with an $ ; the SLIST itself is either just an S , or
{recursively) an SLIST plus an S§ , but without CONJ .
9) any Subordinate Clause is essentially of CAT S-BAR .
10) an S-BAR is , essentially , an S optionally preceded by a Complementizer ;
the original grammar has only a category of relative pronouns RELPRO
( example : THAT as a relative pronoun , WHO , WHICH , etc. ) :
we will need more Complementizers , like AFTER , BEFORE , BECAUSE , SINCE ,
UNTIL , WHEN , WHILE , etc. so I would propose to rename RELPRO into COMP
11) in order to be able to distinguish the different roles of Subordinates , or
rather : the different positions , these have to be differentiated as such :
12) a Subordinate Clause that is intended to occupy an NP-position ,
is of CAT NP , but to distinguish it from a "normal” Noun Phrase ,
I "subcategorized™ it as EMBED ( maybe NPSUBORD would have been clearer? ) :
example : A WAVE CAUSES THAT MOLECULES MOVE :
(setg x ‘' ((cat s)
(verdb ((v === cause)))
(prot ((n === wave) (article === jindef)))
(goal ((embed ((relpro === that)
{8 ({(verb ((v === move)))
(prot ((n === molecule) (number plur)))))))))))
13) a Subordinate Clause that is intended to occupy an Adverbjial position maybe
should have been put in CAT ADV , and distinguished in a similar way , but
I put it in CAT S and "subcategorized™ it as SUBORD ( rather ADVSUBORD ? )
example : MOLEBCULES MOVE, BECAUSE A PERSON SPEAKS :
(setg x ‘' ({(cat )
(s ((verb ((v === move))) '
(prot ((n === molecule) (article === jindef) (number plur)))))
(subord ((relpro === because)
(s ((verb ((v === speak)))
(prot ((n === parson) (article === indef)))}))))))
14) a Subordinate Clause that is intended to modify a Noun is part of a
Noun-Phrase ; the original grammar describes it as TAIL within CAT NNP
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2.1) SUBORDINATE CLAUSE IN ADV-POSITION : CAT S , SUBORD

The fact that a Subordinate Clause in the role of an Adverb can appear
either in sentence-initial or sentence-final position -
that is , both Subord + Main Clause , and Main Clause + Subord
are possible ; example : BECAUSE A PERSON SPEAKS, WAVES MOVE

and : WAVES MOVE, BECAUSE A PERSON SPEAKS -
and my desire to reflect this in the grammar , initially led to problems
with (pattern ( . . . )) .
In one version I tried to treat SUBORD as a sister constituent of VERB ,
PROT , and GOAL , having as one of the possible orders :
(pattern (subord dots)) , the other one being (pattern (dots subord pound)) :
both , however , conflict with (pattern (prot dots verb dots goal pound)) :
after several experiments I found this solution :
put another alternative (alt (((subord none) ( - }) ((subord any) ( - ))))
in CAT S , within the CONJ NONE part ; the VERB-VOICE alternative should
completely be under ((subord none) ( -)) :

({cat s)
(alt
(((conj none)
(alt
({(subord none)
(alt - - - VERB VOICES - - - 1))

( (subord any)
(subord ((cat s-bar)))
{s ((cat s)))
(alt

R e ] - -

$ SUBORD IN SENTENCE-FINAL POSITION - BY DEFAULT
((order post) (pattern (s subord)),

(s ((punctuation ((after " ')))))Q
3

% SUBORD IN SENTENCE- INITIAL POSITION

((order any) (order pre) (pattern (subord s))
(subord ((punctuation ((after ","))}))))

% - s o " - - — - — —— —
1))

1))
({conj any - - - etc. ))

M

This gives satisfying results but has , at first sight , the drawback
of requiring rather specified input , since that should look like :

(setqg x ' ((cat s) (order pre)
(s ((verb ((v === compress)))
(prot ((n === transmitter) (article === def)))))
(subord ((relpro === because)
(s ((verb ((v === move)))
(prot ((n === wave) (article === def)))))))))

$ output: (BECAUSE THE WAVE MOVES!, THE TRANSMITTER COMPRESSES!.)
% without mention of order , or with (order post) , the output is :
% (THE TRANSMITTER COMPRESSES!, BECAUSE THE WAVE MOVES!.)

Note : the actual version of the unifier , however , is such that it allows
us to simplify the input by omitting the § at main level and inside SUBORD

This part of the grammar has been tested on all 4 x 4 possible

combinations of PROT , GOAL , PROT+GOAL ¢ ,PROT+GOAL+PASSIVE

for each of S and SUBORD , both without ORDER and with ORDER PRE .

For the 16 input combinations with an even distribution of both orders see
file TL-TEST-2.LSP :; for input with simplification for § , file TL-TEST-3.LSP




2.2) SUSORDINATE CLAUSE IN NP-POSITION : CAT NP , EMBED

For NP-Subordinate Clauses (embedded sentences) ,
we need a slightly richer description of CAT NP
the CAT NP of the original version has been modified at the highest level :

((cat np)
{alt
( ( (embed none)
( . . . text taken from original grammar . . . ))
( (embed any)
);?mbed ((cat s-bar))) (pattern (dots embed dots)))

Input has to look like :

(setqg x ' ((cat s)
(verb ((v === ... ))) -
(prot ((embed ((relpro === that)
(s (... ) NN
(goal ((embed ((relpro === that)
(s ( ... ) N N B

Note : the unifier , however , is such that it is not necessary to
specify at input the S inside the EMBED ; some sample input to test this :

(setqg x ’ ((cat s)
(verb ((v === cause)))
(prot ((embed ((relpro === that)
(verb ((v === speak))).
(prot ((n === person) (article === indef)))))))
{(goal ((embed ((relpro === that)
(verb ((v === hit)))
(prot ((n === wave) (number plur)))
(goal ((n === diaphragm) (article === def)))))})})))
% intended output : that a person speaks causes that waves hit the diaphragm.
R e e e e e e o o e e e
(setq x ' ((cat 9)
(verb ((v === cause)))
(prot ((embed ((relpro === that)
(verb ((v === speak)
(pp ((prep === into)
(np ((n === transmitter)
(article === def)
(pp ((prep === of)
(n === telephone)
(article === indef)
(prot ((n === person) (article === jindef))
(goal ((embed ((relpro === that)
(verb ((v === hit)))
(prot ((n === wave) (adj === sound)
(article === def) (number plur)))
(goal ((n === diaphragm) (article === def)
(pp ((prep === of)
(n === transmitter)
(article === def))))))))))}) _
% intended output : that a person speaks into the transmitter of a telephone
% causes that the sound waves hit the diaphragm of the transmitter.

)) 1))
)

)))
NN

For the first input , as well as the variant with a non-finite form
{ infinitival ) of the subordinate verb , see file TL-TEST-4.LSP .
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3) RELATIVE CLAUSE : CAT NNP , TAIL

I understood that CAT GAP primarily served to "produce” the "deleted”
relativized constituent in a Relative Clause (see the examples below)

The original grammar provided only a GAP alternative for PROT

I

(prot ((alt (((cat np) (gap none))
((cat gap) (gap any) ({(gap +))))))

added the same alternative for GOAL (not yet for BENEF) ,

and as a first try I tested these inputs :

voice active , prot gap +
intended output : A WAVE THAT (gap) COMPRESSES A DIAPHRAGM

voice active , goal gap +
intended output : A DIAPHRAGM THAT A WAVE COMPRESSES (gap)

voice passive , goal gap +
intended output : A DIAPHRAGM THAT (gap) IS COMPRESSED BY A WAVE

voice passive , prot gap + )
intended output : A WAVE THAT A DIA@HRAGM IS COMPRESSED BY (gap)

DY

Results and first conclusions :

the fourth input form failed ,

most probably because of (by-obj ((np (* prot)))) with (prot ((gap +))) :
BY-OBJ=is of CAT NP , but PROT is of CAT GAP » - .- e a—

at first sight , a possible sclution would be to include a constituent n-gap
under cat np , but that could lead to undesired results , like for instance
THE MOLECULES, THE GRANULES AND (gap) :; in general , the grammar in that case
would allow to have a GAP in any single NP position , so one would depend on
correctness of the input ; _

I suggest rather a new CAT N-BAR which splits up into an N-GAP and an NP ,
and the grammar then having (cat n-bar) instead of (cat np) in appropriate
places , as prot , goal , and inside the pp (in order to account for the
"gapped" by-object) ; but both these suggestions need further investigation

the first three input forms resulted in output with

the verb always in third person singular ,

because it takes its NUMBER from (prot/goal ((gap +))) ,

which has no number , and so by default is supposed to be singqular ;
sclving the problem of accessing the antecedent of a Relative Clause
belongs to the desiderata .

2%

For complete and commented input and output see files TL-TEST-5.LSP/OUT .




2.4) NON-FINITE FORM OF VERB : ASPECT

As a side effect of investigating NP-subordinate clauses ,

I managed to generats forms with non-finite verbs as well :

this is a matter of some minor additions in the Linearizer ,

for the listing of which the reader is referred to the Appendix .

The result is that , when , at input , one gives VERB the additional
"feature™ ASPECT - which must have one of the two values INF or ING - ,
at output the S~BAR will correspondingly have either

the infinitive or the ing-form of the verb :

the infinitival form is useful for embedded sentences ,

the ing-form serving optionally for subordinates in adverbial position .

sample input ( note : the unifier , however , is such that it is not
necessary to specify at input the S inside EMBED/SUBORD or at Main Clause )

(setg x ’ ((cat s)
(verb ((v === cause)))
(prot ((embed ((relpro === that)
(s ((verb ((v === speak)))

(prot ((n === person) (article === indef)))
M)

(goal ((embed ((s ((verb ((v === hit) (aspect inf)))
(prot ((n === wave) (number plur)))
(goal ((n === diaphragm) (article === def)

NN

output :
(THAT A PERSON SPEAKS CAUSES WAVES TO HIT THE DIAPHRAGM!.)

(setq x ’ ((cat s) (order pre)
(s ((verb ((v === compress)))
(prot ((n === diaphragm) (article === def)))
(goal ((n === granule) (article === def) (number plur)))))
(subord ((s ((verb ((v === move) (aspect ing)))
(prot ((n === wave) (article === def)))
(goal ((n === molecule)
(number plur) (article === def)))))))))

output
(THE WAVES MOVE-ING THE MOLECULES!, THE DIAPHRAGM COMPRESSES THE GRANULES!.)

For test input for non-finite verb forms , as well as input for finite forms ,
see file TL-TEST-4.LSP .

Note . ASPECT is not mentioned in the proposed version of the grammar ,

but when it is given at input , the proposed additions in the Linearizer will

produce the corregt output . Kathy McKeown and Cecile Paris both suggested

independently frelf each other that the grammar should infer ASPECT

in some way or afether , for instance from the absence of RELPRO .

It’s not that easy , however , because of the following observations :

- RELPRO can be ted as well from an S-BAR intended as a Relative Clause ,
example : THE GRAWULES THE DIAPHRAGM COMPRESSES CONDUCT THE ELECTRIC CURRENT ;

- RELPRO can be omitted as well from an EMBED under verbs like SAY , BELIEVE ,
etc. ; example : THEY BELIEVE IT CAN BE DONE IN SOME WAY OR ANOTHER ;

moreover , I prefer to leave the choice between finite and non-finite verb form

a free option whenever possible .
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3) DESIDERATA : WHAT REMAINS TC BE DONE

Here follows a list of things that have not yet been completely studigd p
or not studied at all , but clarification of which should be very desirable

3.1)

- Relative Clauses , GAP , reference to Antecedent Noun .
- Noun Phrases in.general , with all related constituents like
ARTICLE , POSSESSIVE , ADJ , PP , TAIL , especially in nested constructions ;
for instance , the original grammar describes POSSESSIVE as CAT NNP , and
gives a (feature possessive) to the N , which makes the Linearizer put the
"’s" ( apostrophe-s ) next to the Noun ; now two questions arise :
i) since NNP can be [[N PP] TAIL] , how should its possessive look like ?
the original version gives "[[N-’s PP] TAIL]" where "[[N PP] TAIL]-'s"
is preferable at least in spoken English at least to some native speakers :
ii) POSSESSIVE is described in the grammar as part of CAT NP , not part
of CAT NNP ; yet we would like to have an NNP with a possessive , that is ,
[NNP-’s NNP]~-'s NNP ; for example in English it is quite possible to have

a construction like :
THE MODERN TELEPHONE’S SMALL TRANSMITTER’S METAL DIAPHRAGM .

3.2)
- is the "feature” NUMBER connected with Noun Phrases (NP , NNP) or Nouns ?
- how is NUMBER related to Verb Agreement ?

(for example in Relative Clauses , and with Conjoined Subjects)

Note : possibly these two problems are more connected with the Linearizer ,
since it is mostly a matter of Morphology .

3.3)

The grammar fragments that up till now have not been considered yet :
-~ BENEF .

- THERE-INSERTION .

- SENTENCE-ADVERBIAL within CAT s .

- ADV and PP within CAT VERB-GROUP

3.4)

Most importantly , and essentially related to the advantages proper of
Functional Unification Grammar as a powerful notation (Kay 1979) :

- the treatment of syntactic and pragmatic functions like
Subject , Direct Object , Indirect Object , Focus , Topic , etc.

3.5)

- Matters morphological in general : verbs , plural , possessive .
- The Linearizer in general , PATTERN .
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% TL-TEST-1.LSP : for default passive etc.
1 : VOICE ACTIVE, PROT NONE : (nil)

setq x
'(?cat s)

verb §$ compress) (volce active)))

wave) (article == def) (number plur))) ))

oal

PP X
unlfy x grammar)

S — . o — —— —— — ——— — D — ————— P " " " e v — —— e — —

Y 2 : VOICE ACTIVE, PROT ANY : (a diaphragm compresses the waves)
set x

! t
s:rbs§§ == compress) (volice active))) -
prot == dlaphragm) (article == indef)))
oal = wave) (article = def) (number plur))) ))
x
§§gify X grammar)

3 : VOICE NONE, PROT ANY : (a diaphragm compresses the waves)
setqg X -

' ((cat s)
verb ((v == compress) ;
rot ((n == diaphragm) (article == indef)))
?oal n == wave) (article &= def) (number plur))) ))
pp X
sunify X grammar)

4 : VOICE PASSIVE, PROT ANY : (tho wvaves are compressed by a diaphragm)
?reclalm)

setq X s
'((cat s)
verb ((v == compress) (volice passive)))
prot ((n == diaphragm) (article == indef)))
N cal ((n == wave) (article == def) (number plur))) ))
Pp X

unify x grammar)

%
S : VOICE NONE, PROT NONE : (the waves are compressed)
setqg X
'(?cat s)

verb 2v

?oal n
PP X
unify x grammar)

6 : VOICE PASSIVE, PROT NONE : (the waves are compressed)

ke

?oal
PP X
unify x gramgpar)

3:35')"7:3-3:)1c1. — def) (number plur))) ))

i
vave) (areieta oE"3at) " (hlaver plur))) ))
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(s (éverb gév == move) ))

) goal n == molecule) (number plur) (article =—— def)))))ili
Pp X
éunify X grammar)
2.3 T
setq x
'(écat s)
s (}verb $§v == compress) ))
goal ((n == granule) (number plur) (article == def)))))
(subord (grelpro == because)
s ((verb ((v == move) ))
gprot g n == wave) (article == def)))
\ goal n == molecule) (number plur;(article = def)))))))))
x
§ﬁgify X grammar)
% ____________________ i —— —— —— —— —— o ————
2.4
setqg X

'(gcat s)(grder E::)
s ‘5;2‘;1 HX — ;?fﬁ:f:)s)(n&bor plur) (article == def)))))
(subord (§;°%p$:r;== SOSEES;LVQ voice passive))
g gn == wava; sarticlg = de£§))
n = molecule) (number plur) (article === def)))))))))

§pp x
unify x grammar)

3.1
§?tga§ s) (order pre)
s ((verb ((v == compress) )
prot ((n = transmitter;(artlcle == def)))
goal n == granule) (number plur) (article == def)))))
(subord ((relpro == because)
ss (Everb szv = moveg ))
prot n == wave) (article == def)))))))))
gpp x)
unlfy x grammar)
732 T I T
z§etga§ s) (order post)
(és ((verb ((v === compress) ) .
prot ((n = transmitter;(article'=== def)))
goal ((n = granule) (number plur) (article = def)))))
(subord ((relpro == because)
23 ((verb ((v == move) {
= ﬁgoal iin == molecule) (number plur) (article == def)))))))))
§ﬁgi¥¢ x grammar)
3.3
§?tga§ s) (order pre) i
s ((verb ((v == compress) )
prot ((n == transmitter;(article == def)))
goal n == granule) (number plur) (article == def)))))
(subord ((relpro =—— because) -
- 23 ((verb v == move ))ti ) def)))
ggggf ;: = ;gxgcé§:)(number plurg(artlcle == def)))))))))
PP X)

unify x grammar)
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((ansnd 92T0A) (PA0T =— qaea)) sg
(esneceq —= oudted)) pdogns)
(((((30p == ®1OTaae) (an1d qumnu)(OIHUEJﬁ == u)) 71eob
(((30p == ®10734%) (4@33TWSURI] = U ; 304
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(s :e:;)
x bies
___________________________ vy o4
(4-m5215'§—25§5n
(x dd;
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-1 ==
(((((3op == ®T1o73ae) (an1d Joqwéu)?:?:geJB =:: 594 %eggoqns)
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(®@ad aepuo) (s 123;),
x bass
_____________________________________ £'P A
(demmelb x A3fun
: (x ddg
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=w (( (eAcm == q4ea)) s
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(((;op == 010T73d4¢) (Je33juWsURI] = u)) 3oad
(((oanTssed ®570A) (8890admOD == A)) Qqioa)) s
(ead aepuo) (s ;e: ).
x baes
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(x dd
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% TL-TEST-3.LSP : part of TL-TEST-2.LSP less specifled : S 'rn SUECES e-:---.
% partlicularly tested : varliation in number and article of bo<n Erciagsrizss

prot ((n =— transmitter) article == def

subord (Srelpro because) (verb ((v == move;;;)

setqg x
'(?cat s) (order pre) (verb ((v = coumress)g;)
prot ((n == wave) (article == def)))

épp x)
unify x grammar)
% (because the wave moves, the transmitter compresses)

setg x
% '((cat s) (order pre) (verb ((v == compress)))
prot ((n == transmitter) artfclo == def) (number plur)))
subord ((relpro == because) (verb ((v == move
) rot ((n == wave) (article == def))) )
x
Eugify X grammar)
% (because the wave moves, the transmitters coupress)

——— —————— ——— . — ———————

o8

prot é(n == transmitter) (article = dotz (number plur)))

($relpro == because) (verb ((v == mova; ;)))

prot ((n == wave) (article == indef)

setg x
‘((cat s) (order pre) (verb ((v == compress)))
zsubor

PP X)
unify X grammar)
% (because a wave moves, the transmitters compress)

setq x
'((cat s) (order pre) (verb ((v == compress)
prot ((n == transmitter) (article = def)))
subord ((relpro == because) (verb ((v == move)))
prot ((n == wave) (article =—= def) (number plur)))))))

PP X)

unify x grammar)

% (because the waves move, the transmitter compresses)
%

. — . ———— T —— . —— — —————— ——— ——— T ——— T — ———— T ——— A ————— ] —— ————— — s a0 ———

prot ((n == transmitter) (article == indef)))

setq x '
'(?cat s) (order pre) (verb ((v == compress)))
subord ((relpro === because) (verb ((v == move)))
éprot ((n = wave) (article == def) (number plur)))))))
ﬁ§1§$ X grammar)
% (because the waves move, a transmitter compresses)

setg X
[} d b E——
<?;¢::’< (order pre) (vark (v = comress)))

1 —_— b =
T et Tm —=vave) (drtic1d (S Tnde (huaber p1ur)))))))

PP X) »
sunify X grammar)
(because waves move, a transmitter compressos) ____________
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% TL-TEST-4.LSP : embed, aspect: subord, aspect

verb iv = cause)))

== that
prot ((embed ( 5:# ro sv _t :p)eak) )
prot ((n == person) (article == indef)))))))
(goal ((embed ( Felpro = that)

ver == hit

rot i; == vavoi‘(number plur))) .

goal === dlaphragm) (article == def)))))))))
P X '

sﬁnify X grammar)
(that a person speaks causes that wvaves hit the diaphragm)

s Rl L
(kgsbﬂi sv == cause))) _ ‘
rot ((embed ( relgro that) -

v == speak))) -.
rot ((n == person (articlo == indef)))))))
(goal ((embed ((verb ((v == hit) (aspect inf))
rot ((n = wavol‘(numbcr plur)))
goal ((n == dlaphragm) (article == def)))))))))
x)
éﬁgify X grammar) i
% (that a person speaks causes waves to hit the diaphragm)
setq x
' ({cat s) (order pre)
verb ((v == compress)))
prot ((n = dlaphra (article == def)))
goal ((n == granule (article == def) (number plur)))
subord ((relpro == because
verb v = move;
prot n == wave) (number plur) (article == def)))
) goal ((n == molecule) (article == def) (number plur)))))))
PP X

unify x grammar)
% (because the waves move the molecules, the dlaphragm compresses the grarules

—— ——— ——— —— ——— ——————

set x
'((cat s) (order pre
verb ((v == compress)
prot ((n == dlaphra (artlclo = def)))
goal ((n == anulo?uartlclo == def) (nunbor plur)))
subord ( vorb move; §asp0ct ing )g
rot n === wave) (number (article == def)))
\ goal ((n == molecule) (n r plur) (article == def)))))))
PP X
§unify X grammar

% (the waves lov.)lng the molecules, the diaphragm compresses the granules)

]




S

% TL-TZST-S.LSP : 4 possible comblnations for relatlve clause:
% actlve, prot-subj relativized

active, goal-dobj relativized

% passive, gcal-subj relativized

7, passive, prot-by-obj relativized

Toorq x T
! -b 1 == that
(?ga% Sergr) (r:=£rgompress? ; (prot ((gap !+)))
égoal ssn e diaphragm; (article =—= 1indef)))))))

FP X)

unlfy x grammar)

% active, prot-subject relativized
L)

%

(that compresses a dlaphragm)

(set x
(?cat s-bar) (relpro == that)
s ((verb v == compress)
prot g n == dlaphragm) (article == indef)))
goal ((gap !+)))))))

pp X

Eunify X grammar)

% active, goal-object relativized
% (that a diaphragm compresses)

setqg x
'(?cat s-bar) (relpro == that)

s ((verb g v == compress) (voice passive)))
prot ((n == diaphragm) (article === indef)))
goal ((gap 14))))))

ﬁpp x)

unlify x grammar)

% passlive, goal-subject relativized

% (that 1s compressed by a diaphragm)

(set x

'((cat s-bar) (relpro == that)

s (Everb gv == compress) (volce passive))) (prot ((gap !+)))
\ goal n == dlaphragm) (article == indef)))))))

pp X

§unlfy X grammar)

% passive, prot-by-obj relativized

% (that a dlaphragm is compressed by)

setqg x
'(?cat np) (n == wave)
tall (&re%prc ;== that) 1)) (prot (( 14)))
s ((ver v === compress ro ap
) 2goa1 52 == digghragm (agtlcle g== indef)))))))))
Dp X
Eugify X grammar)
% antecedent : sing
% (wave that compresses a diaphragm)

———— —— — —————————

—~3L
|
|
|
|

setq X
'(?cat np) (n == wave) (number plur)

catl (§§°tp53r5_- thifl compress))) (prot ((gap !+)))

) Egoal $$ == diaphragm; (article == indef)))))))))
sggl¥y X grammar)
% antecedent : plur
% (waves that compress a diaphragm)
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4 pessible cembinations for relatlive clause :
active , prot-subj relativized
actlive , goal-dobj relativized
passlive , goal-subj relativized
passive , prot-by-obj relatlvized

(SETQ X ' ((CAT S-BAR) ELPRO — §
(S ((VERB ((V = CON“?:SS) ) (PROT (CAP !+)))
GOAL N—DIAP (ARTCL == INDzE)))))))

(THAT COMPRESSES A DIAPHRAGM!.
active , prot-subject relatlvized

———— ———— o ——— —— ———— T — = — —— - — — — ———— " — ——— - ——— —— —————

(SETQ X ' ((CAT S-BAR) (RELPRO == §
(S ((VERB ((V —= COMPRESS)
PROT ((N === DIAPERAGH) (ARTICLE === INDEE)))
COAL ((GAP_1+)))))))

(THAT A DIAPHRAGM COMPRESSE
active , goal-object relativized

—— ——— v ———— — o — s —— —

— s ——— ——— — — —————— ———— ———— —— —— o —

(SETQ X ' ((CAT S-BAR) LPRO == THAT)
(S ((VERB ((V == COMPRESS) (VOICE PASSIVE)))
- PROT ((N == DIAPHRAGM) (ARTICLE == INDEF)))
GOAL ((GAP 1+)))))))
(THAT IS COMPRESSED BY A DIAP %)

passive , goal-subject relativized

(SETQ X ' ((CAT S-BAR) ELPRO THAT)
(s ( VERB g == COMPREISS) (VOICE PASSIVE)) PROT ((CAP !+)))
== DIAPHRAGM) (ARTICLE = INDE )))) ))
FAILURE
NIL
passive , prot-by-obj relativized ( = that a diaphragm is compressed by )

(SERQ X QIR | (dELemo ”m’nm
S (vma——§v — COMPRESS)g) (PROT ((GAP !+)))
GOAL ((N == DIAPHRAGM (AR'I‘ICLE = INDEE)))))))))
(TAVE THAT COMPRESSES A DIAPHRAGM!.
(SETQ X ' ((%gp)( (NLP-R—O WAVEMT‘TWER pLoR)
fu( VERS 2v = COMPRESS);) (PROT ((GAP 1+)))
N—DIAPHRAGM (ARTICL INDEE)))))))))
(TAVES THAT COMPRESSES DIABHRAGM!

no number agreement
( indeed not possible , since there is no reference to the antecedent )

NB : also a subsidiary problem of vanishing article INDEF !
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64

FILE <KWEE>TL-LINEAR-4PLUS.LSP - 23 May 1923-EDT - redef 4 func=lons

for: TO + infinitive, and INC-forms: as well as better 3rd sgq. zmorphology:
and also_: 30 Jul 1985 1618-EDT : Ceclle's modification in punctuate;
modifications in copy 21 May 1985 0937-EDT of <MCKEOWN.VAX>LINEAR L

2385838

This is the redefinition of the function Punctuate.

The only change, however, is 1 line (as indicated by the comment) :

where you have the period ".", replace it by (int2id (car (string2list "."),;
and do similarly for the comma.

We have not seen quotes yet, or other punctuation.

But the same problem may happen for those. —- Cecile

3L RPL LR

(def punctuate

(lambda (sentence)
| B

LR ] ttttitt!tt.tlittt.lﬁtti..t..tit)
LB ]

** Concatenates any punctuatation with the word)
** it precedes --- punctuation in the sentence should)
** look like (punctuation ".") (e-g~) --- The last word)

:: is given a period ---—=--=-ceu—- R )

LR ] .tltitttt.t'.t.'ltt.ti.tttti.l..t)
tt)

FRILFLIIRILILILILIL

July 5, 1985: Cecile's change: to get the comma and pericd.
As these are speclal characters, they need to be transformed first
into asclil code, then back to an identifier.
Baslically, the period and the comma have to be replaced by:
§int21d ﬁcar §string21ist '.";g
int2id (car (string2list *,"
May be the same will happen for the quote????

SN0 PIeLe

(cond ((null (cdr sentence))
Slist atom-concat car sentence)
int2id (car (string2list "."))))))

atom Scadr sentence))
cons (car sentence) (punctuate (cdr sentence))))
and (equal (cadadr sontenceg sintZLd (car (string2list ","))))

member (caddr sentence (and or through;;;
((cons (car sentence) (punctuate (cddr sentence))))
t
(punctuate

(cons (atom-concat icar sentence)

(
(

int2id (car (string2list (cadadr sentence))))
(cddr sentence)))))))

0



a
Jy

(def morph
(lambda (cat lex fd fd-stack)

§ :i tiiﬁtttttttItttttitttitltltttlltttltttﬁ)
9, L8
é ** Returns: the word or list of words represented
% ** py fd ---- The morphological processing of the
% **+ yord depends upon its category ---- a single lexical
** jtem s expanded into several words ontalns
% . xpanded 1int 1 ds 1f it contains @
§ L 8 ttlttlttlttﬁtttlttltttiitltlttttttttttltl)
z R
(remove—Q@
(explode
(selectq cat
adj lex)
conj lex)
noun

(morph-noun lex
(retrieve-from 'number
(cons fd fd-stack)

" (cat np))
(retrieve ‘'feature fd fd-stack 1)
cat))
adv lex)
preg lex)
ver

X tttlttﬁttttﬁl.s?e:??t!?:?i%:ft!tﬁlt!'.li.li't..'ltlitlit aspect TL
retrieve 'aspect fd fd-stack nil
retrieve 'number fd fd-stack nil
retrieve 'person fd fd-stack nil
retrieve 'tense fd fd-stack nil)
lex-entry cat lex (lexicon grammar))))
(article
(morph-article lex
(next-word (retrieve 'pattern

fd
fd-stack
nil)
fd ‘
fd-stack)

(retrieve 'number fd fd-stack nil)))
relpro lex)
s-adv lex)
punctuation lex)
nYlist nil)
slist nil)
pplist nil)
gap nil)
msg (N 1) "Illegal category” (B 3) cat (N 1)))))))

(def morph-verb
(lambda (word aspect number person tense entry)

X AN R AR IR AR AR AR R AR R AN RSN AR RPN RN RN R RNR R A RN RN RN R NRRR aspect : TL

L R

z LA A A AR AR R A R R R R R R R R R R R R R R

§ LR ] )

% ** Adds the proper suffix to the verb root taking into account

% *'* number - person - and tense ---- default on person is third

y 4 :‘ -- default on number is singular --- default on tense is present)
*

§ LR ] tttltt.tttl'tttlttttttt.tttttltlttt!llll.t.)

X )




bl

(cond
z I B RS EE R RS RS R R R R RS R R R N R E R R R R N R N R R N E R R N R R R R ] aspec- . -_—
((or (egual aspect 'inf) (equal aspect 'ing)) )
cond (éequal tense 'pastp)
cond f(irregular-verb entry number person tense))
t (form-past (explodec word) word))

(equal aspect 'ing) (form-ing (explodec word; word) )
t 7¥ist 'to word)
z I B R R R R R R R R R R R R R R R R R R R R R E R R R R R R R R R R R R R R R N R R R R R R AN ] aspect H TL
5 irregular-verb entry number person tense))

equal tense 'present)

form-present-verb word number person))

equal tense 'past) (form-past (explodec word) wecrd)

equal tense 'pastp) (form-past (explodec word) word))

null tense) (form-present-verb word number person))

t nil))))
------------------------------------------------------- aspect : TL
I EE X3 SRR 22 RS 2R 222222222 RRRRRRRRERRERRRRR SRR aspect : TL
def form-ing
(lambda (word-letters word)
(cond ((not (equal (car (last word-letters)) ‘e)) (atom-concat word 'irg))
t (atom-concat word '-ing))) ))

THIS IS DELIBERATELY INCORRECT : THE FINAL 'e HAS TO BE REMOVED ,
AND THEN 'ing HAS TO BE ADDED : FOR INSTANCE causing, having, moving, etc.
EXCEPT FOR MONOSYLLABIC (!) VERBS LIKE being, seeing, etc.
AND DERIVATES, AND OTHERS : LAST SYLLABLE ACCENTUATED : refereeing, etc.
YET ANOTHER PROBLEM : duplication of final consonant : hitting, running, etc
IS APPLIES AS WELL FOR PAST TENSE/PARTICIPLE : plugged, debugged, etc.
*

ARA A AR AR AR R R R AR R LR AN RRE A RN AR ARARE RN RRAR SRR AN AR N aspect « TL,
------------------------------------------------------- aspect : TL

L3RI LI FRSL

(def form-present-verb

(lambda (word number person)
L B

* & ittttittttittitiitttlititliﬁttittﬁlft.)

%

** Forms the suffix for the present tense of the verb word)
LR .

L] t.ttttttttiltt..tt.itttt.tt'lt..tittﬁ)

*

L)L RWW0e

(selectq (check-person person)
first word)
second word)
third
(selectq (check-number number)
% ttttitti!t!itt.tttitttfi??.t'iii.ﬁlttttt.'tl'titﬁtttttttttttﬁittl TL
(cond ((member (car (last (explodec word)))
'(hos x z))
I EERREEEEEEEEEER R R R SCRATCHES‘ LQAIHES' - but : LAUGHS -
AAARRRERAREARRARSARRNNRARARRY DOES' GOES' NOOES' etc.
ARRRRARACRARARNRREREARERARRRRAR THIS IS NOT QUITE COMPLETE !
(atom-concat word 'es);
(t (atom-concat word 's)) ))
z R AR AR AN ANEREA RN R RAARRNRAERARRNANASERARRARAREARSANAARRRRNARARORER TL
(plur word)
nil))

E AT {2

nil)))
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TL-FULLGRAM-8.LSP S Aug 1985 1038-EDT (Cecile check esp. MP) = TL-GEi3 z..

O OO b N -

10

- ———————— —— — —— e — —— -

add in passive: goal none, verb number sing, pattern

add gap none (2 prot, 2 goal)

add volce there-insert (in verb-volces and in cat verb-group)

add s-adv, sublist (in cat s)

add adv (in cat verb-group)

add dots in passive prot any pattern verb by-obj

add prot gap any (twice), mind : (prot ((alt - 2 left parentheses!

add benef - in active

add benef - in passive - with verb passive adapted by TL

factor out nnp in (cat np) under possessive., article

add under passive: prot goal benef none, verb number sing, pattern

add gecal gap any in active and passive

subord post (= pattern s subord) with punctuation - 12 Aug 1985 1501-EDT
take out cat possessive, chan?e lexicon # 12 - 16 Aug 1985 1619-EDT
factor out nnp in (cat nnp) with adj, pp. tall - 19 Aug 1985 1603-EDT

setq grammar o . 48
'((alt

% Ol CAT § ———=—=—————— ’ e

%
% VERB VOICE ACTIVE (DEFAULT OR EXPLICIT)

((écat s) "
alt
((sconj none),
alt

((gsubord none),,

alet

verb ((volce active)))
prot any)
prot ((alt (sﬁgap none) (cat np;) ,
gap any) (cat gap é P *))))))
pattern (prot dots verb dots pound))
verb ((cat verb-group)
number (° prot number))))
(alc -

(((goal none)

alt

(s benef none))

benef{ any)

((

ooooooooooooooooooooooooo

enef cat np attern (dots pp-obj pound
p-ob]

( :;t(gpgonof))

- rep ((lex to))))))))))))
(ggoal any

1
(g: ((ale (ftent o)) (oo any) (gap +1))))
a

( nef none) (pattern (dots goal pound)))
é enef any)

1
? ¥ enef{ iscat pp;;; (pattern (dots goal benef pound) ) )
benef
a

§§" cat np

it
dative +
((2pattern %dots benuf goal pound)))

?%EEenef igcat pp;;; ig‘ttgrn édots benef pound);;




6% -~

pattern (dots goal pp-obj pound))
?P-Obj

(édative any) (datlive -)

oo CPLenet))

prep ((1ex t0))))))))))1)))))))

A
A R B
% VERB-VOICE PASSIVE (DEFAULT CR EXPLICIT)

% NB : WHEN EXPANDING GRAMMAR WITH BENEE,

% THEN CHANGE PATTERN ...verb by . INTO ...verb dots by-obj...

((alt (( verb ((volco passivo))
**(prot none))
((verb ((voice any) (voice passive)))
;gg ?731: ({(cat np) (gap none))
iicat gap) ?‘ p 2ny (gap +))))))

-ob 1
i:!::ogn(sggglpslrépgggs byggbjydots poué )§;°t))))

(((goal none)
alt
(( nef none)
verb (number sing))
attern (dots verb dots pound)))
((benef any) (benef ((cat np ))
verb ((number ("~ benef n
attern (benef dots verb dcts pound))))))

(igoal ((alt (((cat np) (gap none
benef none) cat gap) (gap any (gap +))))))
e
verb ((number (° goal number))))
pattern (goal dots verb dots pound)))
((goal any)

goal ((alt (ézcat np) (gap none

cat gap) (gap any (gap +))))))
enef any)

alt
(((benef ((cat Tp)))
attern (goal dots verb benef dots pound))
verb ((number goal number)))))
( lgef (cat np)))

(((pattern (benef dots verb goal dots pound))
verb ((number benef number)))))
((pattern (goal dots verb pp-ob; dots pound))
verb ((number (° goal number))))
p-ob]
((cat
np ( benef))
rep ((lex to))))))))))))))

' S
y4 VERB VOICE THERE-INSERTION
X I GUESS THERE IS A MISTAKE WITH V AND V1 ? TJOELIONG - 5 July 1985 1415-EDT

((verb ((voice any)))
verb volce there-insertion)))
verb v ((lex be)))))

number prot number))))
Sitense ( verb tense)) ;




pattern (subj vl dots prot verb dots pournd))
s%bj ((cat noun) (lex there)))
\'
((cat verb-group)
voice actlve)
v ((lex (° ° verb v lex))))
tense (-~ verb tense))
number (° prot number))))
rot_ ((cat np)))
verb
((cat verb-group)
volce there-insertion
K

v ((lex any) (cat gap; (gap +)))))

goal none))
Joal ((SAt np)))
cat n
g::teén (dotg goal pound))))))

% ____________________ —— e e

% END VERB VOICE

z ——————————————————————— — —— o —— ———
(alt

sentence—adverbial any)
pattern (pound sentence-adverbial dots))
sentence-adverbial
(gcat s-adv)
punctuation ((before ",") (after ","))))))))
(al
i

(Sgsentance-adverbial none) )

sublist none))
sublist any)
pattern (dots subllist))

sublist
(scat np)
punctuation ((before ":"))))))))
% END SUBORD)NONE
é --— SUBORDINATE IN ADV-POSITION --- TJOELIONG BOSTON 17-JULY-1985
((subord an (subord ((cat s-bar)))
§s1<<cat )
? SUBORD IN SENTENCE-FINAL POSITION
ﬁorder post) (pattern (s subord
(punctuation ééatter " % ii}
SUBORD IN SENTENCE-INITIAL POSITION
isorder any) (order pre) (pattern (subord s))
subord ((punctuation ((after ","))))))
% -------- ) —mm-mmeoe- ---- mmommmmmmmmos e
% END CONJ _
% ((conj any) (conj ((cat conj) (lex any)))
§pattern (slist con; s))
slist ((cat slist)))
e e ) i
% 02 CAT SLIST ——————————— - ———————————- ———————= -

( cat slist)
(iﬁs none))

s any)




pattern (slist s)
slist ((cat slist)))
s ((cat s))) .
punctuation ((after )
% 03 CAT VERB-GROUP - TJOELIONG 2
(Ecat verb-group)

mv
z
0~

ale
(((volce active)
pattern (v dots))
v ((cat verb) (lex any))))
((voice passive)
pattern (vl v dots))
vl ((cat verb) (lex be;
v ((cat verb) (lex an (tense pastp))))
((volce there- lnsertiony
pattern (v dots))

. v ((lex any) (cat gap) (gap +))))

pp any) (pp ((cat ))
pattern (dots p

adv any) éadv ((cat adv; (lex any)))
attern (dots adv dots)))))

))
(alt (((pp none)) (
(alt (((adv none))

B e

((cat np)
alt
(((embed none)
alt
((Econj none)

(((possessive none)
alt

'

((possessive any)
p?ssessive ((cat nnp) (n ((feature possessive)))))
ale

g

article none) (pattern (dots nnp dots)))
article any) (article ((cat article) (lex any)))
fattern (dots article nnp dots)))

article none) (pattern (possessive nnp dots))
article any) (article ((cat article) (lex any)))
attern (article possessive nnp dots)))

)))))
Ennp ((cat nnp)))
al
(((parenthetical none )
parenthetical any) garenthetical ((cat parenthetical)))
pattern (dots parenthetical))))))
conj any) (coni ((cat conj) (lex any)))
pattern (nplist conj np))
nplist ( cat n§llst ))

np ((cat np)))

X EMBED = SUBORDINATE IN NP-POSITION - TJOELIONG, 16-MAY-1985
( (embed any)
embed ((cat s-bar)))

(

LIST --~--- O S

zlzat:t:er'n (dots embed dots)))
% 0S CAT

( cat nplist)

(5 np none))

np any)
pattern (nplist np)
nplist ((cat nplist)))

np ((cat np)))




tuatd £ "
% 06 CAT Gpretuation (lafeer OO

alts
(((adj none)
pp none)
tall none)
pattern (n pound))
nl((cat noun) (lex any)))
alg
(((sublist none))
sublist any)
sublist ((cat np)))
(a1 pattern ound sublist))))))
alt
( éadj any) (ad) ((cat ad;) (lex any))) (pattern (adj nnp)))

t t
21l dny) Heatl ((ERY a-ERR) )5 Toavear i (e tat1)))))

(nnp ((cat nnp))))

% 07 CAT S-BAR --—-—-———=—mm—- -—- -—- e
((cat s-bar
s ((cat s)))
pattern (dots s))

alt
‘¢
relpro ((cat relpro) (lex any)))
attern (relpro dots)))))) :
% 08 CAT PP - oo e e e e e o

(écat PpP)

(((coni none)
pattern (prep np))
prep ((cat ? (lex any)))
np ((cat np ))?

((conj any)
coni ((cat conj) (lex any)))
pattern 2 pplist con;)yp

pplist ((cat list
P ((cat pp))f?

% 09 CAT PPLIST --—-=--—=———————mmmmmmm e e
((cat pplist)
alt

(é pp none))

pp any)
pattern (pplist pp)

pplist ((cat plist;))
ggnééﬁggigg)&(after LTI
% 10 CAT PARENTHETICAL —=——=—= oo o o e e
((cat parenthetical)
?gctuation ((before " (") (atter ")%)))
a

‘¢
2 11 Cﬁgaren—np ((cat ngll)) ________

« ((cat gap) (gap any) (gap +))
% LEXICON

§ LEXICON :
((cat article) (alt (((lex indef)) ((lex def)))))

relpro none))
relpro any)

sentence-adverbial none) (pattern édots paren-np)))
sentence-adverbial any) (pattern (dots sentence-adverélal aren-np))
sentence-adverbial ((cat s adv) (punctuation ((after "IN
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((37 xo1
(8410399 %371
AMmm:muwn xa1
AMLouum xa1
((oum xa1)) ((yotum xa7)) ((38U3 waun
(cadisd umuwv

R R L I I R O I I I I I A A I N I B B R A A S A B A S A A A N 2L B O L L A L ) N

(CCCarw x21)) ((L(. %91)) ((.), *x21))) 3te) (uotaeniodund umuww
(((((se"xa1)) ((pe11edoad-31es xa1))) ate) (Ape 3ED



lex contact
lex currentg
lex recelver))
lex sound))

lex transmitter))

lex ad;;;
lex no ))
(fcat noun)

alt

(((lex fact))
lex dog)
lex dogs L
lex telephone))
lex housing))
lex line))
lex receiver))
lex cover;)
lex kind

lex diaphragm))
lex granule?m

lex intensi )
lex molecultyg
lex one))

-lex person))

lex pole))

lex resistance);)

lex transmitter
lex wavGL%
lex WE UNITS)))))

- e .  — — — ———— ————— T —  — ———  ——  —— ———— ——— . ————— ———— — . ———— . —— ————

% ___________________________________________________________________________

T — e A A o i — — ————— —— T — T —_—— ——— ———— . — — T ——— T — ————— . —————— — — — —— ———— — . ——

def lexlcon (lambda (grammar)

L B 4 .I!t'ltlli.i.l.t.l.i!t.t.t.'ﬁ.ti!t'it.ﬁ!llﬁlﬁlltttttt)
L R

%

4

%X ** Returns: the lexicon of the grammar --— The number of cdrs)
% ** depends upcn the number of categories in the grammar)
%
%

t e
* R t.l.t!ltt.tii.t...it!."'.l.l...lli'i..'.l.t.tttt!!t't)

o Cnth (car (last (car grammar))) 12)))




I. A Simple Grammar

The grammars ZgrO, Zgrl, and Zgr2 are meant to be tutorials:
They show how go increment a grammar to add features.

TL-ZGRO.LSP - 20 Aug 1985 1107-EDT
contains : CAT S : active,passive / CAT VERB-GROUP : pp /

CAT NNP : adj,pp =-—=--~--=remmmmcccccceccc—o

The grammar is a large functional description: at_its top
level, it contains alternatives: (cat S), (Cat SLIST), .
cat VERB-GROUP), (cat NP), (cat NNP), (cat NPLIST),
cat S-BAR), (cat PP), (cat PPLIST), (cat PARENTHICAL),
cat GAP), and finally, the LEXICON.

In this grammar, SLIST, NPLIST, S-BAR, PPLIST, PARENTHETICAL,
and GAP have been ommitted for simplicity.

Note the attribute value pairs which describe the grammar,
and the patterns that show the order in which the constituent
should appear in the final sentence.

; This grammar allows for default passive (vhen no voice is
mentioned in the input but there is no protagonmist).




(set ammar -
Tt

% 01 CAT S : sentence ——---—=—=—====—= =
((cat s)
alt

(
VERB VOICE ACTIVE (DEFAULT OR EXPLICIT) ~-====~ccceccoecmaa—ao
There MUST be a protagonist

((verdb ((voice active)))
prot any)
prot ((cat ng)))
patgcrn (prot dots verb dots pound))
ver
((cat verb-group)
inunber (fgprog number))))
% Is therz ;tgosl? ............................................
a

E goal none))
goal any)

goal ((cat np)))
- pattern (dots goal pound)))))

; VERB-VOICE PASSIVE (DEFAULT OR EXPLICIT) =--===cecccocmmmmano
There may not be a protagonist.

((alt (((verd ((voice passive)))
prot none))
((verb ((voice any) (voice passive)))
prot any)
grot ((cat np));
y-obj ((cat pp épre% ((lex b ;))
ttern (dots verb by-ob} dcts pound)))))
attern (dots ver -0 ots poun
(verd (2gat verb-group))) y7on) P

((goal none)
pattern (dots verb dots))
verb (nuamber sing)))
((goal any)
goal ((cat ng)))
pattern (goal dots verb dots pound))
verb ((number (t goal nulbor)?))))

)
% 02 CAT SLIST : for coordinated main claugeg-----=—==ceecccceea
((cat slist))

% 03 CAT VERB-GROUP - TJOELIONG, 29-APR-1985 =~=-—=--—=ccococeu-
( cgg verb-group)
a3

(gvoice active)
pattern (v dots))
v ((cat verb) (lex any))))




((voice passive)
pattern (vi v_dots))
v1 é(cac verb) (lex be;))

(altv ( (tense pastp))))))

E;pp none))

cat verb) (lex any

)
BB (Cat pp))
(do

pattern ts pp)))))

% 04 CAT NP : for noun phrage ==—---—=——-e-ommmeee .
(écat np)
alt

((article nomne)
pattern (dots nnp dots)))
((article any)
article é(cat article) (lex anyggg)

pattern (dots article nnp dots
(nnp ((cat anp))))
% 05 CAT NPLIST : for coordinated noun phrages =—--=-=--cc—c-e—o

((cat nplist))

% 06 CAT NNP : Noun phrases, WITHOUT article =-----ce—--o-cee .
(éci: nnp)
a

(
((adj nonme)
gp none)
atters (a pound))
( g:é(czt nong? (lex any))))
a

((adj any)
ad] ((cat adj) (lex any)))
__ pattern (adj nnp)))

((pp any) .
pp ((cat pp)))
pattern (nn?)yp)))))

)§§np ((cat nnp)

% 07 CAT S-BAR‘: for subordinate clauses ----—----ccccmcmamacaa-
((cat s-bar))

% 08 CAT PP : for prepositional phrases ---==--=-—--e-e-mcmmuo__
((cat pp)

p:tte%? (grop n?)%l £ aa)))
)gp.g(eag‘npggyp ) 7

% 09 CAT PPLIST : for coordinated prepositional phrases -------

((cat pplist)
% 10 CA%‘PARElTﬁET%CAL --------------------------- --

((catABaronthotical))
% 11 CAT GAP === oo e s

((cat gap))

LEXICON :
((cat article) (alt (((lex indef)) ((lex def)))))




...N...w.....w...............
cat prep
Mwun
(((lex in))
lex into))
lex of
lex on
lex to

)))

AMm-n verb)
t

lex attract))
lex cause))
lex compress))
lex hit))
lex increases))
lex no<ovw
lex speak))
lex vibrate))
roe <-M:A ing (first ) ( d )
resent (s rst v second v
P ¢ Hum ww»nm qnww.-WV q pwuv
ur rst va second v
P third 4.«« )) i
(pastp (sing (first varied) (second varied)
third varied))
(plur (first varied) (second varied)
third varied))))
AMHon have)

present (sing (first have) (second have)
third has)
(plur (first have) (second have)
third have))))
mmwon be)

present M-Mum Muww-n am) (second are) (third is))
) plur (first are) (second are) (third are))))

. TR

Aana adj)

alt

({(lex big))
lex current))
lex uonww
lex old
lex -sbwwww

vvwon sound

' L A R I R I LT T I T T T T

Amoun noun)
(((lex aow.wuouowv

v
H.uun.u.»n Wv
lex noH.oaHow
lex person))

lex pole))

lex n.-n-«ruoovw
lex transmitter))
lex wave))

)))




-——-—---_---—-_-_---—-————--_—--—-—---——-—--————--—_—--——_—--—

def loficon (lambda (grammar)

¢¢ Returns: the lexicon of the grammar --- The number of
¢s cdrs depends upod the nuaber of categories in the

Cn;; ?gar (last (car grammar))) 12)))

- - - - -




[I. Using the Unifier

The unmifier czn be used 1n PSL (both on the deac-20 and on the h: AR
MNMODE INIT file 15 needed for PSL initialization

On the dec-20. to use the unifier, you need to load the following files

1 <kweed>tl-workIsp this file loads all the necessary files, including the
new unifier (<kwee>c-ucon.lsp) and the file containing the changss to
the linearizer (<kwee>tl-lincar-4plus.isp)

A f[ile containing the grammar you want to wuse The directory
<kwee> contains sample grammars and the final complete one

tl-fullgram-sﬂo

o

3 The file containing the inputs. The directory <kwee>> contains sample
inputs too

1(';D‘?pp.nflmg cn vour it file, vou may be asked whether you really waat O
redefine a svitem funciion Type yes
204, s P - . e o
Note that this grammar 1s the complete grammar taken from {Mcleown 32
The parts tesrad and changed by Tjeellong Kwee are incorporar=d n v T
o~ howsver poart: that have not vet been tested See Tjoeliongs repo.t o0 oo

Y

iafermatien
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M. Glossary of symbols in the unifier:

Variables

ALT: alternative

AV: attribute value gair

CSET: constituent se

FD:  Functional Description

G: Grammar

GVAL: Grammar value (value from the attribute-value pair from

the gramnar)

I: Inpu

IVAL: {ngug)valno (value from the attribute-value pair from the
npu

LS: Loosg

PATH: a path corresponds to the attribute in the pair found
in the grammar.

-RES: result from...
UCONFNS: Ucon functions: Functions used in the unifier

Functions

ALT-H-LS: alternative handling with LOOSE

AV-H-LS: attribute value bandling with LOOSE
CNTRL-AV-H-LS: central attribute value handling with Loose
CSET-H-LS: Constituent set handling and Loose

UCON: unify constituents

UCON-MANY: Unify many constituents

UAVS-LS: unify attribute value pairs and Loose



IV. Inventory of the files left by TjoeLiong

Tl-work Isp:  This file tnitializes the unifier: loads the appropriate files

C-ucon.lsp: unifier containing the changes made by Cecile (also contain
the change that had been done ny Michal).

C-ucon-chg.Isp: contains only the functions that have been changed by
Cecile ‘

C-ucon-comm.txt: contains comments on Cecile's changes of the unifier
Michal-ucon.lsp: Unifier with the change done by Michal.

T1-Fullgram-8.1sp: this is the current full grammar. Parts of it has been
fully tested (see TjoeLiong’s documentation). The other parts are copied
from Kathy’s grammar.

Zgr0.lsp, Zgrllsp, Zgr2.lsp : These are intended as a tutorial to show
how one can increment a grammar. Each of these grammars adds one
feature to the original grammar. [These features are incorporated in the
full actual grammar].

Zgr3lsp through Zgr9lsp: These grammars are test-grammars: variants
of zgr3 and zgr4 to test ideas.

* Zgr31sp: This grammar 1s Zgr0 with the cat NNP, TAIL and GAP.
Here, GAP and NP are different categories. Zgr3-test-adj-pp-tail.lsp
1s a file containing tests for this grammar. This file treats the
GAP as the original grammar (Kathy's grammar) did.

* Zgr4.lsp: This grammar tests the POSSESSIVE. Here,
POSSESSIVE is in cat NP. The f{ile Zgrd-test-possl.lsp is a file
containing tests for this grammar. This file treat the possessive as
the original grammar did.

* Zgr5.lsp: In this grammar, POSSESSIVE is in cat NNP.

* Zgr6.lsp: In this grammar, POSSESSIVE is in cat NP, but
ARTICLE and NP are mutually exclusive.

* Zgr7.lsp: This grammar tests GAP. Here, GAP is an alternative
inside cat NP. The file Zgr7-test-5 contain inputs for this
grammar.

* Zgr8lsp: This grammar tests GAP. GAP and NP are under 1




¥ sl

category N-BAR.  This category appears only where a GAP s
allowed. The file Zgr8-test-5 contain inputs for this grammar.

* Zgr9.Isp: This grammar tests GAP. In the CAT PP category, an
alternative is added to allow for a GAP. The file Zgr9-test-5
contain inputs for this grammar.

Ti;.Doc}O(.lsp: these contain old documentation and grammars written by
TjoeLiong.

Tl-linear-4plus.1sp: Changes made to the unifier by TjoeLiong and Cecile.
Tl-report-XX.1sp:  These files make up the report written by TjoeLiong.
The report is about the changes and additions TjoeLiong made to

Kathy’s grammar.

Tl-test-XX: these files contain test inputs (and outputs) for the changes
TjoeLtong have done.

Ztest-possl.lsp: tests POSSESSIVE. '~ -

Ztest-adj-pp-tail.Isp tests TAIL.
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V. Illustration of the second remaining problem mentioned

(SET:
: ¥((CAT MP) (ARTICLE === DEF) (N === TRANSMITTER) (NUMBER PLUR)
(PP ((PREP === IN) (N === TELEPHONE) (ARTICLE === DEF)))))

(THE TRANSMITTERS IN THE TELEPHONE!.)

T S R D W s D WD W D S D = D D P = - . - -

(SZTQ X
*((CAT NP) (ARTICLE === DEF) (N === TRANSMITTER) (NU'ZER PLUR)
(PP ((PREP === IN) (N === TELEPHONE) (ARTICLE === INDEF)))))

(THE TRANSMITTERS IN TELEPHONE!.)

& Note that the (ARTICLE === INCEF) attached to TELEPHONE disappeared

8 This gnl{ bappens when TRANSMITTER is plural and the articls is
% indefinite

QX
*((CAT NP) (ARTICLE === DEF) (N === TRANSMITTER)
(PP ((PREP === IN) (N === TELEPHONE) (ARTICLE === DEF)))))

(THE TRANSMITTER IN THE TELEPHONE!.)

(SETQ X
"((CAT 1P) (ARTICLE === DZF) (N === TRANCUITTER)
(PP ((FRZP === IN) (N === TELEPHONE) (ARTICLE === INDEF)))))

(THE TRANSMITTER IN A TELEPHGNE!.)



¢4
N

Trace to show what the output of the unification (before

5

€ linearizaticn) 18:

(SETQ X eAT MP) (ARTICLE === DEF) (N === TRANSMITTER) (NU'TZR PLUR;
(PP ((PREP === IN) (N === TELEPHONE) (ARTICLE === INDEF))))

% After unifying (CAT NP), the top-level constituent:

(SETQ UAVGRES
"(((LuR_ ((CAT LiP))) (PATTERN (DOTS ARTICLE I'N'P DOTS))

(ARTICLE ((LEX DEF) (CAT ARTICLE))) (CAT

(N ((LEX TRANSL!I'I'I'ER) ) (NUMBER PLUR)

(PP (éPR'..'.P ((LEX IN))) (N ((LEX I'EZI..EPHCN’E)))
NILY) ARTI ((L.E'.X INDEF))))))

% Before linearization:

(SET? UCONRES
(NP ((PP ((NP ((NNP ((N ((LEX TELCPHONE) (CAT NOUW);) (CSET (N))
(PATTCRN (N POQUND)) (TAIL NONE) (PP NONE)
(ADJ NONE) (CAT NMNP)))
(ARTICLE. ((LEX INDZF) (CAT ARTICLE)))
(CSET (ARTI’LE NKP))
(PA N (DOTS ARTICLE NNP DOTS)) (CAT NP)))
(PREP ((LEX IN) (CAT PREP)); (CSET (PREP NP))
(PATTERN (PRCZP NP)) (CAT PP)))
(NNP (EN ((LEX TRANSMITTER) (CAT NOUN))) (CSET (N))
(£Q¥Tiﬂg)§¥ PGUND)) (TAIL NONE) (PP NONE) (ADJ NONE)
(CSET (NP _PP)) (FATTERN (NNP PP)) (CAT MNP)))
(ARTICLE é(VQX CZF) (CAT ARTICLE))) (CSET (ARTICLE KENP))
(PATTE. (TT0S_ARTICLE MNP DOTS)) (CAT KP) (WULTER PLUR))
((TAIL ECi2) (PP KONE) (ADJ NOKE) (NULZZR PLUR)))))

£ TRANSMITTERS IN TELESHCNZI!))

Naote that, at this 901nt the article is still attached to
Ll and (NUMSEZR PLURAL) refers to the top-level constituent,

v Nt
e A
o

TRATSUITTER
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V1. Trace of the unification of a simple input with the grammar shown
in Appendix I



35

Trace of the unification of a simple input with the grammar shown
in appendix I . ' ' _
% Tracing of a simple imput withe the grammar given in the aggendix‘
The input is fully specified, so that there is no use for LOOSE.
% I edited this file and took whatever dealt with LOOSE out.

% with tracing on: inmside-tracing

(SETQ X2
*((CAT NP) (ARTICLE === DEF)
(NNP ((ADJ === SMALL
(NNP (§ADJ === NEW)
NNP ((ADJ === LIGHT)
(NNP ((N === GRANULE)))))))))))

*s In uavs-ls:

(SETQ I
’(ggAT NP) (ARTICLE ((LEX DEF)))
e gy ey e
NNP ééADJ 22LEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))))

== the whole grammar
(SETQ GA 'ALT)

The apfropriate alternative is chosen based on CAT in the input;
UA¥S- S 181no' called recursively with this category
*+ In uavs-ls:

(SETQ I
" ((CAT NP) (ARTICLE ((LEX DEF)))
(NNP ((ADJ §(LEX SVALL)))
(NNP ((ADJ g(LEX NEW#)))
(NNP ((ADJ g(LEX LIGHT)))
(NNP ((N ((LEX GRANULE)))))))))N)))

(SETQ G

"((ALT (é(ARTICLE NONE) (PATTERN gDOTS NNP DOTS)))
(ARTICLE ANY) (ARTICLE ((CAT ARTICLE) (LEX ANY)))
(PATTERN (DOTS ARTICLE NNP DOTS)))))

(NNP ((CAT NNP)))))

(SETQ GA ’ALT)
*+ In uavs-ls:

(SETQ I
" ((CAT NP) (ARTICLE ((LEX DEF)))
(NNP  ((ADJ E LEX SMALL)
NNP ((ADJ E LEX NEW)))
NNP ((ADJ éELEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))))

(SETQ G ' ((ARTICLE NONE) (PATTERN (DOTS NNP DOTS)) (NNP ((CAT NNP)))))

(SETQ GA ’ARTICLE)
Calling av-h-1ls
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Calling av-h-1s
#s% Tn av-h-ls

ssssss% Attribute-value pair from the grammar:

(SETQ GAV ' (CAT ARTICLE))

*ss Calling cntrl-av-h-ls to unify the

ipput with the attribute-value palr from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the imput

(SETQ IVAL °NIL)

*s Calling uavs-ls from cntrl-av-h-ls to unify the 2 values
*+ In uavs-ls:

(SETQ I 'NIL)

(SETQ G 'ARTICLE)

Out of uavs-l1s

Success: will enrich the input with
(SETQ RESULTS ’ ((ARTICLE NIL)))

(SETQ PATH ’CAT)

returning the result of a call to uavs-many-ls
*+ In uavg-l1s:

(SETQ I ’((CAT ARTICLE) (LEX DEF)))

(SETQ G ’ ((LEX ANY))) ’

(SETQ GA 'LEX)

Calling av-h-1s
*ss In av-h-ls

#sss23s Attribute-value pair from the grammar:
(SETQ GAV ' (LEX ANY))
*ss Calling cantrl-av-h-1s to unify the
input with the attribute-value pair from the grammar
In part | of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the pair found in the inmput:
(SETQ IVAL ’DEF)
#¢ Calling uavs-ls from cntrl-av-h-1s to unify the 2 values

¢s In uavs-1s:




(SETQ I 'DEF)
(SETQ ¢ 'ANY)
Out of uavs-lg

Success: will enrich the input with
(SETQ RESULTS " ((DEF NIL)))

(SETQ PATH 'LEX)

returning the result of & call to uavg-
** In uvavg-lg:

(SETQ I ' ((LEX DEF) (CAT ARTICLE)))
(SETQ G °NIL)

Out of uavs-1g

many-lg

Success: wil] enrich the input with
(SETQ RESULTS "COCLEX DEF)

CAT ARTICLE)) NIL)))
(SETQ PATH "ARTICLE)

returning the resylt of a
** In uavg-lg:

(SETQ I

"((ARTICLE ((LEX DEF) (CAT ARTICLE))) (CAT NP)
(NNP ((ADJ g(LEX SMALL)))

N Y,
(NNP SSN ((LEX GRANULE)))))))))))))

" ((PATTERN (DOTS ARTICLE NNP DOTS)) (NNP ((CAT
(SETQ GA "PATTERN)

call to uavs-many-lg

(SETQ ¢ NNP)))))

** In yavg-lg:

(SETQ I

IR 08 g, oo

CAT NP)
e o,
NNP gADJ éfLEX LIGHT)))

NNP ((N ((LEX GRANULE)))))))))))))
(SETQ G *((NNP ((CAT NNP)))))

(SETQ GA °NNP)

Calling av-h-1g
*** In av-h-1g
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#xxsses Attribute-value pair from the grammar:

(SETQ GAV *(NNP ((CAT NNP))))
*+s Calling catrl-av-h-18 to unify the
ipput with the attribute-value palr from the grammar

In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input

Value gart of the pair found in the inmput:
(SETQ IVAL
’(EADJ é LEX SMALL)))
NNP ﬁgg §§k§§ NEE%%)LIGHT)))
NNP §§N ((LEX GRANULE)))))))))))

*s Calling uavs-ls from cntrl-av-h-1s to unify the 2 values

#s In uavs-ls:
I
’(gADJ é LEX SMALL)))

NNP ((ADJ g LEX NEW)))
NNP ((ADJ 2§LEX LIGHT)))

NNP ((N ((LEX GRANULE)))))))))))

(SETQ G ’ ((CAT NNP)))

(SETQ GA 'CAT)

Calling av-h-1ls
*ss In av-h-ls

¢ds33es Attribute-value pair from the grammar:

(SETQ GAV ' (CAT NNP))

*** Calling cntrl-av-h-1s to unify the

input with the attribute-value pair from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
00 pair with same PATH was found in the input

(SETQ IVAL 'NIL)

*s Calling uavs-1s from cntrl-av-h-lsg to unify the 2 values
*s In uavs-ls:

(SETQ I °NIL)

(SETQ G 'NNP)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS * ((NNP NIL)))

(SETQ PATH 'CAT)
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The appropriate alternative ig chosen based on CAT in the input;
UAVS-ES 15 Dow called recursively with thig Category

** In uavs-lg:

(SETQ I ' ((LEX DEF) (CAT ARTICLE)))

(SETQ G *((ALT (((LEX INDEF)) ((LEX DEF))))))
(SETQ GA 'ALT)

lexical level

(SETQ I ' ((LEX DEF) (CAT ARTICLE)))
(SETQ I-LEX ’(LEX DEF))

(SETQ G-LEX ’ ((LEX DEF)))

** In yavs-lg:
(SETQ I ’((LEX DEF) (CAT ARTICLE)))
(SETQ G ' ((LEX DEF)))

(SETQ GA 'LEX)

Calling av-h-1s
**+ In av-h-lg

#*a%e42 Attribute-value Pair from the grammar:
(SETQ GAV * (LEX DEF))

*** Calling cntrl-av-h-l1g to unify the

input with the attribute-value pair from the grammar
In part { of the condition statement ip CNTRL-AV-H-LS:
3 pair with same PATH wag found in the input
Value part of the Pair found in the input:

(SETQ IVAL ’DEF)
**+ Calling uavs-ls from catrl-av-h-lg to unify the 2 values
*¢ In uavs-ls:

(SETQ I ’DEF)

(SETQ G ’'DEF)

Out of uavs-ls

.

Success: will enrich th; input with
(SETQ RESULTS '’ ( (DEF NIL)))

(SETQ PATH ’LEX)

returning the result of 3 call to uavs-many-ls




a3

s+ In yavs-ls:
(SETQ I ' ((LEX DEF) (CAT ARTICLE)))
(SETQ G ’NIL)

*% In yavs-ls:

(SETQ I
" ((CAT NNP) (ADJ ((LEX SMALL)))
(NNP (éADJ ((LEX NEW)))
NNP ((ADJ g(LEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))

G == the whole grammar
(SETQ GA 'ALT)

The apEropriate alternative is chosen based on CAT in the input;
UA¥S- S 1slno' called recursively with this category
*s In uavs-ls:

(SETQ I
'(gCAT NNP) (ADJ ((LEX SMALL)))
NNP ((ADJ E(LEX NET)))
(NNP gADJ éLEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))

(SETQ G
*((ALT (((ADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
(N ((CAT NOUN) (LEX ANY))))
((ALT ((gADJ ANY) (ADJ ((CAT ADJ) (LEX ANY)))
PATTERN (ADJ NNP)))
E(PP ANY) (PP _((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP))))))))

(SETQ GA 'ALT)

*s In uavs-ls:

(SETQ I
’(§CAT NNP) (ADJ ((LEX SMALL)))
NNP (éADJ é LEX NEW)))
NNP ((ADJ ggLEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))

(SETQ G

’(EADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
N ((CAT NOUN) (LEX ANY)))))

(SETQ GA °ADJ)

Calling av-h-ls
sss In av-h-ls

ssssses Attribute-value pair from the grammar:
(SETQ GAV ' (ADJ NONE))

#s% Calling catrl-av-h-1s to unify the
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input with the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the gair found in the input:
(SETQ IVAL ' ((LEX SMALL)))
*+ Calling uavs-ls from cntrl-av-h-ls to unify the 2 values
+s In uavs-ls:
(SETQ I ’ ((LEX SMALL)))
(SETQ G 'NONE)

Out of uavs-ls
Unifying the 2 values failed

returning the result of a call to uavs-many-ls

Alternative has failed. ..
ss In uavs-ls:

(SETQ I
*((CAT NNP) (ADJ ((LEX SMALL)))
(NNP (EADJ g LEX NEW¥)))
NNP ((ADJ s(LEX LIGHT)))
NNP ((N ((LEX GRANULE)}))))))))))
(SETQ

G
" ((ALT (((ADJ ANY) &ADJ ((CAT ADJ) (LEX ANY)))
PATTERN (ADJ NNP)))
g(PP ANY} (PP ((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP)))))

(SETQ GA "ALT)

** In uavs-ls:

(SETQ I
" ((CAT NNP) (ADJ ((LEX SMALL)))
(NNP ((ADJ E LEX NEW)))
(NNP ADJ gLEx LIGHT)))
NNP ((N ((LEX GRANULE))D)NN))

(SETQ G
: '(éADJ ANY) (ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP))
NNP ((CAT NNP)))))
(SETQ GA ’ADJ)

Calling av-h-ls
*ss In av-h-lsg

sssssss Attribute-value pair from the grammar:
(SETQ GAV ’(ADJ ANY))

¢#ss Calling cantrl-av-h-1s to unify the
input with the attribute-value pair from the grammar
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In part 1 of the condition statement in CNTRL-AV-H-LS:
air with same PATH was found in the input

af art of the pair found in the input:

(SeTQ TUAL CaEx BialL
*#+ Calling uavs-1s from cntrl-av-h-1s to unify the 2 values
s+ In uavs-ls:

(SETQ I ’((LEX SMALL)))

(SETQ G 'ANY)

OQut of uavs-ls

Success: will enrich the 1n?ut with
(SETQ RESULTS ' ((((LEX SMALL)) NIL)))

(SETQ PATH ’'ADJ)

returning the result of a call to uavs-many-1s ~
*+ In uvavs-ls:
(SER I
* ((ADJ ééLEX SMALL))) (CAT NNP)
(NNP ((ADJ ggLEX %))

(NNP ((ADJ (gLEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))

(SETQ G
: "((ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP;;
(NNP ((CAT NNP)))
(SETQ GA 'ADJ)

Calling av-h-1s
**+ [n av-h-ls

**#sxex Attribute-value pair from the grammar:

(SETQ GAV ' (ADJ ((CAT ADJ) (LEX ANY))))

*++ Calling catrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a palr with same PATH was found in the input
Value part of the §a1r found in the input:

(SETQ IVAL ’ ((LEX )))
** Calling uavs-ls from cantrl-av-h-1s to unify the 2 values
** In uavs-ls:

(SETQ I ’((LEX SMALL)))

(SETQ G ' ((CAT ADJ) (LEX ANY)))
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(SETQ GA °'CAT)

Calling av-h-ls
**s+ In av-h-ls

$#ess9s Attridbute-value pair from the grammar:

(SETQ GAV ' (CAT ADJ))

*+s Calling cntrl-av-h-1g to unify the

input with the attribute-value palr from the grazmar

In part 2 of the condition statement im CNTRL-AV-H-LS:
Do pair with same PATH was found in the input

(SETQ IVAL °NIL)

** Calling uavs-1s from cntrl-av-h-1s to unify the 2 values
*s In uavs-ls:

(SETQ I 'NIL)

(SETQ G ’ADJ)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’((ADJ NIL)))

(SETQ PATH ’CAT)

returning the result of a call to uavs-many-ls
*+ In uvavs-ls:

(SETQ I ’((CAT ADJ) (LEX SMALL)))

(SETQ G ’ ((LEX ANY)))

(SETQ GA 'LEX)

Calling av-h-ls
*ss In av-h-ls

¥##+x2s Attribute-value pair from the grammar:
(SETQ GAV ' (LEX ANY))

#*+ Calling cntrl-av-h-1g to unify the
lnput with the attribute-value pair from the grammar

In part 1 of the condition statement in CNTRL-AV-H-LS:
a gair with same PATH was found in the input

Value gart of the pair found in the input:

(SETQ IVAL °’SMALL)

*+ Calling uavs-ls from cntrl-av-h-lg to unify the 2 values
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** Tn uavs-ls:
(SETQ I ’SMALL)
(SETQ G 'ANY)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’((SMALL NIL))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
s In uavs-ls:

(SETQ I ’((LEX SMALL) (CAT ADJ)))

(SETQ G 'NIL)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS * ((((LEX SMALL) (CAT ADJ)) NIL)))

(SETQ PATH *ADJ)

returning the result of a call to uavs-many-ls
s+ In uavs-ls:

(SETQ I
" ((ADJ Egu:x SMALL) (CAT ADJ))) (CAT NNP)
(NNP ((ADJ 5 LEX NEW)))
(NNP ((ADJ 2§L£:x LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))

(SETQ G ’((PATTERN (ADJ NNP)) (NNP ((CAT NNP)))))
(SETQ GA ’'PATTERN)

#* In uavs-ls:

(SETQ I
" ((PATTERN (ADJ NNP)) (ADJ ((LEX SMALL) (CAT ADJ)))
CAT NNP)
NNP (éADJ 5 LEX NEW)))
NNP ((ADJ ééLEX LIGHT)))
NNP ((N ((LEX GRANULE)))))))))))

(SETQ G ' ((NNP ((CAT NNP)))))

(SETQ GA ’'NNP)

Calling av-h-1s
*ss In av-h-1s

##¢¥ss3 Attribute-value pair from the grammar:
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(SETQ GAV ’ (NNP ((CAT NNP))))

*++ Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a gair with same PATH was found in the input
Value Eart of the pair found in the inmput:
(SETQ IVAL

’(gADJ €§LEX NEW)))
NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))

*+ Calling uavs-1s from cntrl-av-h-ls to unify the 2 values

*s In uavs-ls:
(SETQ I
'(gADJ EéLEX NEW)))
NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))
(SETQ G ' ((CAT NNP)))

(SETQ GA ’CAT)

Calling av-h-ls
sss In av-h-ls

sssssss Attribute-value pair from the grammar:

(SETQ GAV '’ (CAT NNP))

*+3 Calling cntrl-av-h-ls to unify the

ipput with the attribute-value palr from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL °NIL)
*+ Calling uavs-ls from catrl-av-h-ls to unify the 2 values
*+ In uavs-ls:

(SETQ I °NIL)

(SETQ G ’NNP)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((NNP NIL)))

(SETQ PATH 'CAT)

returning the result of a call to uavs-many-ls

*s In uavs-ls:




(SETQ I
V1At W) (ADJ ((LEX NED))
(NNP ((ADJ ((LEX LIGHT))) (NMP ((N ((LEX GRANULE)))))))))

(SETQ G 'NIL)
Out of uavse-ls

Success: will enrich the input with
(SETQ RESULTS
"(C((CAT NNP) (ADJ ((LEX NElg))
N](:IPSG)’)((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE))))))))

(SETQ PATH ’NNP)

returning the result of a call to uavs-many-ls
ss In uavs-ls:

(SETQ I
* ((NNP (§CAT NNP) (ADJ ((LEX NEI;))
NNP ((ADJ ((LEX LIGHT))
NNP_((N ((LEX GRAHULE));)
éPATI'ERN (ADJ NNP)) (ADJ ((LEX SMALL
CAT NNP)))

(SETQ G °NIL)

Alternative succeeded
(SETQ RESULT-0
" ((C(NNP (éCAT NNP) (ADJ ((LEX NEI;))
NNP ((ADJ é(LEX LIGHT))
NNP ((N ((LEX GRANULE));))
éPA'I'I‘ERN (ADJ NNP)) (ADJ ((LEX SMALL (CAT ADJ)))
S

about to quit alt-h-1ls
Alternative succeeded
(SET? RESUL

(NNP (ECAT NNP) (ADJ ((LEX NEI;))

NNP ((ADJ LEX LIGHT))

NNP ((N ((LEX GRANULE));))))))

éPA'I'I‘E.RN (ADJ NNP)) (ADJ ((LEX SMALL) (CAT ADJ)))
A R

about to quit alt-h-ls
*s In uvavs-ls:

(SETQ I ’'((LEX SMALL) (CAT ADJ)))
G == the whole grazmar
(SETQ GA °"ALT)

The apEroprlate alternative is chosen based on CAT in the input;
UA¥ 1slnov called recursively with this category
*s In uavs-l1s
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(SETQ I ’((LEX SMALL) (CAT ADJ)))

SETQ ¢ Lt (§(LEX BIQ) ((LEX LIGHT)) ((LEX CURRENT)) ((LEX NEW))

OLD) (LEX SMALL (LEX SGUND))))))
(SETQ GA "ALT)

lexical level

(SETQ I ’((LEX SMALL) (CAT ADJ)))
(SETQ I-LEX ’(LEX SMALL))

(SETQ G-LEX ’ ((LEX SMALL)))

** Jn uavs-ls:
(SETQ I ’((LEX SMALL) (CAT ADJ)))
(SETQ G ’ ((LEX SMALL)))

(SETQ GA 'LEX)

Calling av-h-ls
#+s [n av-h-ls

#ssssss Attribute-value pair from the grammar:

(SETQ GAV ’ (LEX SMALL))

*#*s Calling cntrl-av-h-1s to unify the

igput with the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:

alr with same PATH was found in the input

Va gart of the pair found in the input:

(SETQ 'S
*+ Calling uavs-1ls from cntrl-av-h-ls to unify the 2 values
*s In uavs-ls:

(SETQ I °SMALL)

(SETQ G 'SMALL)

Out of uavs-ls

Success: will enrich the inyut with
(SETQ RESULTS ’ ((SMALL N

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls

*s In uavs-ls:




(SETQ I ’((LEX SMALL) (CAT ADJ)))
(SETQ G ’NIL)

*3 In uavs-ls:

SETQ I
(SETQ "((CAT NNP) (ADJ ((LEX NEW;))
(NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))

G == the whole grammar
(SETQ GA 'ALT)

The appropriate alternative is chosen based on CAT in the input;
UA¥S-ES 1slnow called recursively with this category
*x [n uavs-ls:

(SETQ X

I
> ((CAT NNP) (ADJ ((LEX NEW;))
(NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))

(SETQ G
*((ALT (((ADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
(N ((CAT NOUN) (LEX ANY))))
((ALT (((ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY)))
(PATTERN (ADJ NNP))) A
g(PP ANY) (PP _((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP))))))))

(SETQ GA 'ALT)

=% Ip uavs-1s8:

(SETQ I
‘ " ((CAT NNP) (ADJ ((LEX NEW)))
(NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))

(SETQ G
: *((ADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
(N ((CAT NOUN) (LEX ANY)))))

(SETQ GA ’ADJ)

Calling av-h-1s
s*+ In av-h-ls

sssss2s Attribute-vaiue pair from the grammar:
(SETQ GAV ’(ADJ NONE))

*ss Calling cntrl-av-h-1s to unif¥ the
input with the attribute-value pair from the grammar

In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input

Value part of the gair found in the input:

(SETQ IVAL °((LEX NEW)))
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*s Calling uavs-1ls from cantrl-av-h-1ls to unify the 2 values

** Tn yavs-ls:
(SETQ I ' ((LEX NE¥)))
(SETQ G ’NONE)

Out of uavs-ls
Unifying the 2 values failed

returning the result of a call to uavs-many-ls

Alternative has failed...
*s In uvavs-ls:

SETQ I
(SETQ * ((CAT NNP) (ADJ ((LEX NEW;))
(NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))

(SETQ G
*((ALT (((ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY)))
PATTERN (ADJ NNP)))
((PP ANY) (PP ((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NiiP)))))

(SETQ GA ’ALT)

** In uavs-ls:

(SETQ I
d *((CAT NNP) (ADJ ((LEX NEW)))
(NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))

(SETQ G
: "((ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP))
(NNP ((CAT KNP)))))
(SETQ GA 'ADJ)

Calling av-h-1s
#*s In av-h-1sg

sssssss Attribute-value pair from the grammar:
(SETQ GAY ’(ADJ ANY))
#s+ Calling cntrl-av-h-1s to unify the
input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the Eﬁ%r found in the input:
(SETQ IVAL ' ((LEX )))
*+ Calling uavs-ls from cntrl-av-h-l1s to unify the 2 values
s Tn uavs-ls:

(SETQ I ' ((LEX NEW)))



(SETQ G 'ANY)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS * ((((LEX NEW)) NIL)))

(SETQ PATH 'ADJ)

returning the result of a call to uavs-many-ls
ss In vavs-1s:
(SETQ

I
* ((ADJ é(LEX NEW))) (CAT NNP)
(NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))

(SETQ G

*((ADJ ((CAT ADJ) (LEX ANY))) §PATTERN (ADJ NNP;g
NNP ((CAT NNP)))

(SETQ GA *ADJ)

Calling av-h-1s
s+ In av-h-ls

ss3sss3 Attribute-value pair from the grammar:

(SETQ GAV ' (ADJ ((CAT ADJ) (LEX ANY))))

ss* Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the iaput
Value part of the Eair found in the input:

(SETQ IVAL ' ((LEX NEW)))

*s Calling uavs-1ls from cntrl-av-h-1s to unify the 2 values
s+ In uavs-ls:

(SETQ I ' ((LEX NEW)))

(SETQ G ’((CAT ADJ) (LEX ANY)))

(SETQ GA 'CAT)

Calling av-h-ls
sss In av-h-ls

sssssss Attribute-value pair from the grammar:
(SETQ GAV *(CAT ADJ))

sss Calling cotrl-av-h-1s to unify the
input with the attribute-value palr from the grammar
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In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the input

(SETQ IVAL °NIL)

*+ Calling uavs-1ls from cantrl-av-h-ls to unify the 2 values
*s In uavs-ls:

(SETQ I °NIL)

(SETQ G ’ADJ)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((ADJ NIL)))

(SETQ PATH ’CAT)

returning the result of a call to uavs-many-ls
ss In vavs-ls:

(SETQ I ' ((CAT ADJ) (LEX NEW)))

(SETQ G ' ((LEX ANY)))

(SETQ GA 'LEX)

Calling av-h-ls
*»#+ Jp av-h-ls

*sss422 Attribute-value pair from the grammar:

(SETQ GAV ' (LEX ANY))

#s# Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a palr with same PATH was found in the input
Value part of the pair found in the input:

(SETQ IVAL 'NEW)

*+ Calling uavs-ls from cotrl-av-h-1s8 to unify the 2 values
** In uavs-ls:

(SETQ I 'NEW)

(SETQ G ’ANY)

Out of uavs-1s

Success: will enrich the input with
(SETQ RESULTS ' ((NEW¥ NIL)))

(SETQ PATH 'LEX)




returning the result of a cal' to uavs-many-ls
** In uavs-ls:

(SETQ I '((LEX NEW) (CAT ADJ)))

(SETQ G ’NIL)

Cut of uavs-ls

Succegs: will enrich the input with
(SETQ RESULTS *((((LEX NEW) TCAT ADJ)) NIL)))

(SETQ PATH ’'ADJ)

returning the result of a call to uavs-many-lsg -~
s In uavs-ls:

S I
(SETQ '(EADJ 2§LEX NEW) (CAT ADJ;)) (CAT NNP)
NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))))

(SETQ G ' ((PATTERN (ADJ NNP)) (NNP ((CAT NNP))))) =8
(SETQ GA 'PATTERN)

#s Jn uavs-ls:

(s I
£ ’(gPATTERN (ADJ NNP)) (ADJ (§LEX NEW) ECAT ADJ))) (CAT NNP;
NNP ((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE))))))))

(SETQ G ' ((NNP ((CAT NNP)))))

(SETQ GA ’NNP)

Calling av-h-1ls
ss** [n av-h-ls

##s¢sss Attribute-value pair from the grammar:
(SETQ GAV ' (NNP ((CAT NNP))))
*##s+ Calling catrl-av-h-1s to unify the
input with the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a Yair vith same PATH was found in the input
Value part of the pair found in the in%ut:
(SETQ IVAL *((ADJ T(LEX LIGHT))) (NNP T((N ((LEX GRANULE)))))))
*s Calling uave-1ls from cntrl-av-h-ls to unify the 2 values

s+ In uavs-ls:
(SETQ I ’((ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))
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(SETQ G ' ((CAT NNP)))

(SETQ GA 'CAT)

Calling av-h-1s
sss In av-h-1s

#ssesss Attribute-value pair from the grammar:

(SETQ GAV '’ (CAT NNP))

*ss Calling catrl-av-h-1s to unify the

input with the attribute-value palr from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
Do pair with same PATH was found in the input

(SETQ IVAL °'NIL)

** Calling uavg-ls from catrl-av-h-1s to unify the 2 values
¢ In uavs-ls:

(SETQ I °NIL)

(SETQ G °NNP)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS '’ ((NNP NIL)))

(SETQ PATH 'CAT)

returning the result of a call to uavs-many-ls
*s In uavs-ls: _
(SETQ I ' ((CAT NNP) (ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))
(SETQ G 'NIL)
Out of uavs-ls
Success: will enrich the input with
(SETQ RESULTS

'(((ECAT NNP)

ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))) NIL)))

(SETQ PATH ’NNP)

returning the result of a call to uavs-many-ls
** In uavs-ls:
(SETQ I
"((NNP_((CAT NNP) (ADJ ((LEX LIGHT)); éNNP ((N_ ((LEX GRANULE)))))))
(PATTERN (ADJ NNP)) (ADJ ((LEX NEW) (CAT ADJ))) (CAT NNP)))

(SETQ G °'NIL)




?éé%anagééingcceeded
' AT NNP) (ADJ ((LEX LIGHT)))
((CuNP ((c gNNP (EN E(LEX GRANULE))))));
(PATTERN (ADJ NNP)) (ADJ ((LEX NEW) (CAT ADJ))) (CAT NNP))

NIL)))

about to quit alt-h-ls
Alternative succeeded
(SETQ RESULT-0
*((((NNP ((CAT NNP) sADJ ﬁ(LEX LIGHT)))
NNP ((N EELEX GRANULE))))));
(PATTERN (ADJ NNP)) (ADJ LEX NEW) (CAT ADJ))) (CAT NNP))

NIL)))

about to quit alt-h-ls
s+ In uavs-ls:

(SETQ I ’((LEX NEW) (CAT ADJ)))
G == the whole grammar
(SETQ GA °'ALT)

The appropriate alternative is chosen based on CAT in the input;
UAVS-LS 18 now called recursively with this category

s+ In uavs-ls:

(SETQ I ' ((LEX NEW) (CAT ADJ)))

(SETQ G

ot e (0B AT (R SRR

(SETQ GA ’ALT)

lexical level

(SETQ I ’((LEX NEW) (CAT ADJ)))
(SETQ I-LEX ’(LEX NEW))

(SETQ G-LEX ' ((LEX NEW)))

*3 [n uavs-ls:
(SETQ I ’((LEX NEW) (CAT ADJ)))
(SETQ G ’ ((LEX NEW)))

(SETQ GA 'LEX)

Calling av-h-ls
sss In av-h-ls

ssassss Attribute-value pair from the grammar:
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(SETQ GAV ' (LEX NEW®))

#s* Calling cantrl-av-h-ls to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value gart of the pair found in the input:

(SETQ IVAL ’NEW)
** Calling uavs-ls from catrl-av-h-1s to unify the 2 values
*+ In vavs-ls:

(SETQ I °NEW)

(SETQ G 'NEW)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’ ((NEW NIL)))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
ss In uvavs-ls:

(SETQ I ' ((LEX NEW) (CAT ADJ)))

(SETQ G 'NIL)

*s In yavs-ls:
(SETQ I '((CAT NNP) (ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))>))))

G == the whole grammar
(SETQ GA 'ALT)

The apEropriate alternative is chosen based on CAT in the input;
UA¥S- S 1slno' called recursively with this category
*s In uavs-ls:

(SETQ I ' ((CAT NNP) (ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))
(SETQ G
*((ALT (((ADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
N ((CAT NOUN) (LEX ANY))))
((ALT (((ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY)))
PATTERN §ADJ NNP)))
§ PP ANY; PP_((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP))))))))

(SETQ GA ’ALT)
*s In uavse-ls:
(SETQ I ’((CAT NNP) (ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))
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(SETQ G
: >((ADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
(N ((CAT NOUN) (LEX ANY)))))

(SETQ GA 'ADJ)

Calling av-h-ls
*ss In av-h-ls

sssss2s Attribute-value pair from the grammar: ==
(SETQ GAV ' (ADJ NONE))

s*s Calling catrl-av-h-ls to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
& pair with same PATH was found in the input
Value part of the Eair found in the input:

(SETQ IVAL ’((LEX LIGHT)))
*#¢ Calling uavs-ls from catrl-av-h-1s to unify the 2 values
*s In uavs-ls:

(SETQ I ' ((LEX LIGHT)))

(SETQ G 'NONE)

Out of uavs-ls
Unifying the 2 values failed

returning the result of a call to uavs-many-ls

Altefnative has failed. ..
*s In uavs-ls:

(SETQ I ' ((CAT NNP) (ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))

(SETQ G

"((ALT (((ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY)))
PATTERN (ADJ NNP)))

é(PP ANY; (PP ((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP)))))

(SETQ GA 'ALT)

ss In uavs-ls: .
(SETQ I ’((CAT NNP) (ADJ ((LEX LIGHT))) (NNP ((N ((LEX GRANULE)))))))
(SETQ ¢
‘(gADJ ANY) (ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP))
NNP ((CAT NNP)))))
(SETQ GA °ADJ)
Calling av-h-ls
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*xx Jp av-h-ls

*xsx%xx% Attribute-value pair from the grammar:

(SETQ GAV *'(ADJ ANY))

**+ Calling cntrl-av-h-ls to unify the

input with the attribute-value palr from the grammar
In part | of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the Eair found in the input:

(SETQ IVAL ’((LEX LIGHT)))
*s Calling uavs-ls from cotrl-av-h-1s to unify the 2 values
*+ In uavs-ls:

(SETQ I ' ((LEX LIGHT)))

(SETQ G 'ANY)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’ ((((LEX LIGHT?) NIL)))

(SETQ PATH ’ADJ)

returning the result of a call to uavs-many-ls
*s In uavs-ls:
(SETQ I *((ADJ ((LEX LIGHT))) (CAT NNP) (NNP ((N ((LEX GRANULE)))))))
(SETQ G
*((ADJ ((CAT ADJ) (LEX ANY))) gPA'I'I'ERN (ADJ NNP;)
NNP ((CAT NNP)))))
(SETQ GA 'ADJ)

Calling av-h-1s
*ss In av-h-ls

#ssss3s Attribute-value pair from the grammar:
(SETQ GAV *'(ADJ ((CAT ADJ) (LEX ANY))))
*¢s Calling cantrl-av-h-1s to unify the
input with the attribute-value pair from the grammar
In part 1| of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the Eair found in the input:
(SETQ IVAL ' ((LEX LIGHT)))
*+ Calling uavs~-ls from cntrl-av-h-ls to unify the 2 values

*s In uavs-ls:
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(SETQ I ’((LEX LIGHT)))
(SETQ G *((CAT ADJ) (LEX ANY)))
(SETQ GA ’CAT)

Calling av-h-ls
s3s* Jpn av-h-1s

#sxssse+ Attribute-value pair from the grammar:

(SETQ GAV ’ (CAT ADJ))

¢++ Calling cntrl-av-h-1s to unify the

input with the attribute-value pair from the grammar

In part 2 of the condition statemeast in CNTRL-AV-H-LS:
no pair with same PATH was found in the input

(SETQ IVAL 'NIL)

#*+ Calling uavs-ls from cntrl-av-h-1s to unify the 2 values
*+ In uavs-1ls:

(SETQ I °'NIL) e

(SETQ G ’ADJ)

Out of uavs-ls

Success: will enrich the input with =
(SETQ RESULTS '’ ((ADJ NIL)))

(SETQ PATH 'CAT)
returning the result of a call to uavs-many-ls
** In uavs-ls:
(SETQ I ’((CAT ADJ) (LEX LIGHT)))
(SETQ G ' ((LEX ANY)))

(SETQ GA 'LEX)

Calling av-h-ls
ss+ In av-h-ls

sssss9s Attridbute-value pair from the grammar:
(SETQ GAV '’ (LEX ANY))

¢ss Calling cntrl-av-h-1s to unify the
input with the attribute-value pair from the grammar

In part 1| of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input

Value gart of the pair found in the input:

(SETQ IVAL 'LIGHT)
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*+ Calling uavs-1ls from cntrl-av-h-ls to unify the 2 values
*+ In uavs-ls:

(SETQ I 'LIGHT)

(SETQ G 'ANY)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((LIGHT NIL))

(SETQ PATH ’LEX)

returning the result of a call to uavs-many-ls
*+ In uavs-ls:

(SETQ I '((LEX LIGHT) (CAT ADJ)))

(SETQ G °NIL)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((((LEX LIGHT) (CAT ADJ)) NIL)))

(SETQ PATH *ADJ)

returning the result of a call to uavs-many-ls
*+ In uavs-ls:
(SETQ I
"((ADJ ((LEX LIGHT) (CAT ADJ))) (CAT NNP)
(NNP ((N ((LEX GRANULE)))))))

(SETQ G ' ((PATTERN (ADJ NNP)) (NNP ((CAT NNP)))))
(SETQ GA 'PATTERN)

*+« In uavs-ls:
(SETQ I
*((PATTERN (ADJ NNP)) (ADJ ((LEX LIGHT) (CAT ADJ))) (CAT NNP)
(NNP ((N ((LEX GRANULE)))))))

(SETQ G *((NNP ((CAT NNP)))))

(SETQ GA 'NNP)

Calling av-h-1s
*s* In av-h-1ls

ssssxsss Attribute-value pair from the grammar:
(SETQ GAV ' (NNP ((CAT NNP))))




#s¢ Calling cntrl-av-h-18 to unify the
input with the attribute-value palr from the grammar

In part 1 of the condition statement in CNTRL-AV-H-LS:

a pair with same PATH was found in the input

Value part of the Egir found in the input:

(SETQ IVAL *((N (( GRANULE)))))

** Calling uavs-1ls from cntrl-av-h-1s to unify the 2 values
*+ In uavs-ls:

(SETQ I ' ((N ((LEX GRANULE)))))

(SETQ G ' ((CAT NNP)))

(SETQ GA °'CAT)

Calling av-h-1s
s#s In av-h-ls

s#2s223 Attribute-value pair from the grammar:

(SETQ GAV ' (CAT NNP))

#¢s Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the input

(SETQ IVAL °NIL)

** Calling uavs-ls from cantrl-av-h-1s8 to unify the 2 values
*+ In uavs-ls:

(SETQ I °'NIL)

(SETQ G ’NNP)

OQut of uvavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((NNP NIL)))

(SETQ PATH 'CAT)

returning the result of a call to uavs-many-ls
ss In uvavs-ls:

(SETQ I ’((CAT NNP) (N ((LEX GRANULE)))))

(SETQ G °NIL)

Cut of uavs-ls

Success: will enrich the input with
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(SETQ RESULTS ' ((((CAT NNP) (N ((LEX GRANULE)))) NIL)))
(SETQ PATH 'NNP)

returning the result of a call to uavs-many-ls

% In uavs-1ls:

SETQ I
(SEN '(ENNP §§CAT NNP) (N ((LEX GRANULE)))))
ADJ ((LEX LIGHT) (CAT ADJ))) (CAT NNP

(SETQ G 'NIL)

§§9TTERN (ADJ NNP))

Alternative succeeded

S RESULT-0
(SETQ ’(((ENNP ﬁECAT NNP) (N ((LEX GRANULE))))) (PATTERN (ADJ NNP))

ADJ ((LEX LIGHT) (CAT ADJ))) (CAT NNP))
NIL)))

about to quit alt-h-ls
Alternative succeeded
(SETQ RESULT-0
'(((éNNP EéCAT NNP) (N ((LEX GRANULE)))))
NIE??) LEX LIGHT) (CAT ADJ))) (CAT NNP

;ngTERN (ADJ NNP))

about to quit alt-h-1s
** In uavs-ls:

(SETQ I ' ((LEX LIGHT) (CAT ADJ)))
G == the whole grammar
(SETQ GA ’ALT)

The appropriate alternative is chosen based on CAT in the input;
UAVS-LS 1s now called recursively with this category

*+ In uavs-ls:

(SETQ I ' ((LEX LIGHT) (CAT ADJ)))

(SETQ G

AT R (R HEET OER HBRB

(SETQ GA 'ALT)

lexical level

(SETQ I-’((LEX LIGHT) (CAT ADJ)))
(SETQ I-LEX ’'(LEX LIGHT))

(SETQ G-LEX ' ((LEX LIGHT)))

*s In uavs-ls:




(SETQ I ’((LEX LIGHT) (CAT ADJ)))
(SETQ G ' ((LEX LIGHT)))

(SETQ GA ’'LEX)

Calling av-h-ls
sss In av-h-1s

sssssss Attribute-value pair from the grammar:

(SETQ GAV ' (LEX LIGHT))

*ss Calling cntrl-av-h-1ls to unify the

input with the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a Yair with same PATH was found in the input
Value part of the pair found in the input:

(SETQ IVAL °'LIGHT)
*+ Calling uavs-ls from catrl-av-h-ls to unify the 2 values
ss In uavs-ls: A

(SETQ I 'LIGHT)

(SETQ G ’'LIGHT)

Out of uave-ls

Success: will enrich the input with
(SETQ RESULTS ’ ((LIGHT NIL))?

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-1s
s+ In uavs-ls:

(SETQ I ' ((LEX LIGHT) (CAT ADJ)))

(SETQ G 'NIL)

s+ In uavs-ls:
(SETQ I ’((CAT NNP) (N ((LEX GRANULE)))))

G == the whole grammar
(SETQ GA 'ALT)

The apEropriato alternative is chosen bagsed on CAT in the input;
UA¥S- S 1llnov called recursively with this category
ss In uavs-ls:

(SETQ I ’((CAT NNP) (N ((LEX GRANULE)))))

SETQ G
(SETQ *((ALT (((ADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
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(N ((CAT NOUN) (LEX ANY))))
((ALT (((ADJ _ANY) (ADJ ((CAT ADJ) (LEX ANY)))
PATTERN (ADJ NNF)))
5 PP ANY) (PP_((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP))))))))

(SETQ GA 'ALT)

*s In uavs-ls:
(SETQ I ’((CAT NNP) (N ((LEX GRANULE)))))
(SETQ G
’(éADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
N ((CAT NOUN) (LEX ANY)))))
(SETQ GA ’ADJ)

Calling av-h-ls
s*s In av-h-ls

sssesss Attribute-value pair from the grammar:

(SETQ GAV ’ (ADJ NONE))

#ss Calling cntrl-av-h-1s to unify the

input with the attribute-value pair from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
Do pair with same PATH was found in the input

(SETQ IVAL 'NIL)

*+ Calling uavs-ls from cntrl-av-h-1s to unify the 2 values
** In uavs-1ls:

(SETQ I 'NIL)

(SETQ G 'NONE)

Out of uave-1s

Success: will enrich the input with
(SETQ RESULTS *((NONE NIL)))

(SETQ PATH 'ADJ)

returning the result of a call to uavs-many-ls
*s In uavs-ls:

(SETQ I ' ((ADJ NONE) (CAT NNP) (N ((LEX GRANULE)))))
(SETQ G

*((PP NONE) (TAIL NONE) (PATTERN (N POUND))
(N ((CAT NOUN) (LEX ANY)))))
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(SETQ GA 'PP)

Calling av-h-1s
#*s In av-h-ls

*sss3+s Attribute-value pair from the grammar:

(SETQ GAV ' (PP NONE))

sss Calling catrl-av-h-1s to unify the

input with the attribute-value palr from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
Do pair with same PATH was found in the input

(SETQ IVAL °'NIL)

*+ Calling uavs-ls from cntrl-av-h-1ls to unify the 2 values
s+ In uavs-ls:

(SETQ I ’'NIL)

(SETQ G 'NONE)

Out of uavs-ls

Success: will enrich the ipput with
(SETQ RESULTS ' ((NONE NIL)))

(SETQ PATH 'PP)

returning the result of a call to uavs-many-ls
s+ In uavs-ls:
(SETQ I ' ((PP NONE) (ADJ NONE) (CAT NNP) (N ((LEX GRANULE)))))
(SETQ G ' ((TAIL NONE) (PATTERN (N POUND)) (N ((CAT NQUN) (LEX ANY)))))

(SETQ GA 'TAIL)

Calling av-h-ls
ss¢ In av-h-l1s

ssss03s Attribute-value pair from the grammar:

(SETQ GAV ’(TAIL NONE))

sss Calling catrl-av-h-1s to unify the

input with the attribute-value pair from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the input

(SETQ IVAL °'NIL)

*s Calling uavs-ls from cantrl-av-h-1g to unify the 2 values
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** In uavs-ls:
(SETQ I 'NIL)
(SETQ G 'NONE)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((NONE NIL)))

(SETQ PATH ’TAIL)

returning the result of a call to uavs-many-ls

*3 In uavs-ls:

(SETQ I ’((TAIL NONE) E;P(¥Eg§)G(ADJ N???;)(CAT NNP)

(SETQ G * ((PATTERN (N POUND)) (N ((CAT NOUN) (LEX ANY)))))
(SETQ GA ’PATTERN)

** In uavs-ls:
(SETQ I
N ((LEX GRANULE))
(SETQ G '((N ((CAT NOUN) (LEX ANY)))))

*((PATTERN (N POUND) (TAIL NONE) (PP NONE) (ADJ NONE) (CAT NNP)
E ))

(SETQ GA ’°N)

Calling av-h-1s
s*x In av-h-1s

*3%3332 Attribute-value pair fron.tho grammar:
(SETQ GAV ' (N ((CAT NOUN) (LEX ANY))))
*+3» Calling cntrl-av-h-1s to unif{ the
input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the Ealr found in the input:
(SETQ IVAL ’((LEX GRANULE)))
*s Calling uavs-ls from cntrl-av-h-ls to unify the 2 values
*s In uavs-ls:
(SETQ I ’((LEX GRANULE)))

(SETQ G ' ((CAT NOUN) (LEX ANY)))

(SETQ GA 'CAT)
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Calling av-h-1ls
#s+ In av-h-ls

sssssss Attribute-value pair from the grammar:

(SETQ GAV ’ (CAT NOUN))

*s* Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the input

(SETQ IVAL °'NIL)

s» Calling uavs-ls from catrl-av-h-ls to unify the 2 values
*s In uavs-ls:

(SETQ I °'NIL)

(SETQ G 'NOUN)

Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((NOUN NIL)))

(SETQ PATH ’CAT)

returning the result of a call to uavs-many-ls
*s In uavs-ls:

(SETQ I ’((CAT NOUN) (LEX GRANULE)))

(SETQ G ' ((LEX ANY)))

(SETQ GA ’'LEX)

Calling av-h-ls
*ss In av-h-ls

sss9s9s Attridbute-value pair from the grammar:
(SETQ GAV ’(LEX ANY))
sss Calling catrl-av-h-l1s to unif¥ the
input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the pair found in the inmput:
(SETQ IVAL 'GRANULEJ
ss Calling uavs-1s from catrl-av-h-1ls to unify the 2 values

s+ In uavs-ls:
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(SETQ I ’GRANULE)
(SETQ G ’ANY)
Out of uavs-ls

Success: will enrich the ingut with
(SETQ RESULTS '’ ((GRANULE NIL)))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
s» In uavs-ls:

(SETQ I ’((LEX GRANULE) (CAT NOUN)))

(SETQ G ‘NIL)

OQut of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’((((LEX GRANULE) (CAT NOUN)) NIL)))

(SETQ PATH 'N)

returning the result of a call to uavs-many-ls
*» In uvavs-ls:

(SETQ I
*((N ((LEX GRANULE) (CAT NOUN))) (PATTERN (N POUND)) (TAIL NONE)
(PP NONE) (ADJ NONE) (CAT NNP)))

(SETQ G 'NIL)

Alternative succeeded
(SETQ RESULT-0
*((((N ((LEX GRANULE) (CAT NOUN))) (PATTERN (N POUND))
(TAIL NONE)
(FP NONE) (ADJ NONE) (CAT NNP))
NIL)))

about to quit alt-h-1ls
** In uavs-ls:

(SETQ I ’((LEX GRANULE) (CAT NOUN)))

G_== the whole grammar
(SETQ GA 'ALT)

The apEropriate alternative is chosen based on CAT in the input;
‘¥A¥S- S 1slno' called recursively with this category
D uavs-ls:

(SETQ I ' ((LEX GRANULE) (CAT NOUN)))
(SETQ G

*((ALT (((LEX TELEPHONE); §§LEX RECEIVER;) E(LEX KIND))
((LEX DIAPHRAGM) LEX GRANULE)) ((LEX INTENSITY))
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E(LEX MOLECULE)) ((LEX PERSON)) ((LEX POLE))

(LEX RESISTANCE)) ((LEX TRANSMITTER)) ((LEX WAVE))))))

(SETQ GA °ALT)

lexical level

(SETQ I ' ((LEX GRANULE) (CAT NOUN)))
(SETQ I-LEX '(LEX GRANULE))

(SETQ G-LEX ' ((LEX GRANULE)))

*s In uavs-ls:
(SETQ I ’((LEX GRANULE) (CAT NOUN)))
(SETQ G ’ ((LEX GRANULE)))

(SETQ GA ’LEX)

Calling av-h-ls
s+ In av-h-ls

sssss4+ Attribute-value pair from the grammar:

(SETQ GAV ' (LEX GRANULE))

*+% Calling cntrl-av-h-1ls to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value art of thULEalr found in the input:

(SETQ 'GRAN

** Calling uavs-1s8 from cntrl-av-h-1s to unify the 2 values
*+ In uavs-ls:

(SETQ I 'GRANULE)

(SETQ G ’GRANULE)

Out of uavs-ls

Success: will enrich %fuwe in
GSuecepn; WALl enziel Th* (BRI NONE) (PP NONE) (ADJ NONE)))))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
s In uavs-ls:

(SETQ I ' ((LEX GRANULE) (CAT NOUN)))

(SETQ G °'NIL)
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VII. Trace of the unification of a simplified input with the grammar
shown in Appendix I

R
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. Trace of the unification of a simplified input with grammar shown

in Appendix I

% Tracing variable inside-tracing set to True.

Tracing the unification process on a simple input, with the grammar
shown 1n the appendix.

% Now, the input is not completely specified, so that LOOSE is used.
(setq inside-tracing t)

(setq xi
'(gcatcl) (v:{bl((v ==: ggn r...))gi " 3
ro article === de ==
anl nsumber plur) (artiglo == 3gt;‘8ﬂ)
adj === small) (n == granule)))))

(pp x1)
(ggify x{ grammar)

(SETQ X1
*((CAT_S) (VERB ((V === COMPRESS)))

PROT ((ARTICLE === DEF) (N === DIAPHRAGNM)))

GOAL ((NUMBER PLUR) (ARTICLE === DEF) (ADJ === SMALL)

N === GRANULE})))) '

% In uavs-ls:

(SETQ I
'(ECAT S) (VERB ((V ((LEX COMPRESS

PROT §(ARTICLE ((LEX DEF))) (N

(GOAL ((NUMBER PLUR) (ARTICLE (

(N ((LEX GRANULE)))))))

(SETQ LOGSE °NIL)

e
S\
1

))
(( DIAPHRAGN)))))
(LEX DEF))) (ADJ ((LEX SMALL)))

== the whole grammar
(SETQ GA ’ALT)

The apEroptiatu alternative is chosen based on CAT in the input;
UA¥S- S xllnot called recursively with thin category
*+ In uavs-ls:

(SETQ I
*((CAT S) (VERB ((V ((LEX COMPRESS)))))
PROT s(ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
GOAL gNUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))
N ((LEX GRANULE)))))))

(SETQ LOOSE 'NIL)

(SETQ G
" ((ALT ((§VERB ((VOICE ACTIVE))) (PROT ANY) (PROT ((CAT NP)))
PATTERN (PROT DOTS VERB DOTS POUND))
EVERB CAT VERB-GROUP) (NUMBER (t PROT NUMBER))))
ALT (((GOAL NONE))
GOAL ANY) 2GOAL ((CAT NP)))
PATTERN (DOTS GOAL POUND))))))
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)
gR%CEP§¥Y) (VOICE PASSIVE))B (PROT ANY)
BY-0BJ (gCAT PPg (PREP ((LEX BY))) (NP_(® PROT))))
PATTERN 8233P¥§§B BY-0BJ DOTS POUND)))))
éALT (E gé&% NONE) (PATTE?N (DOTS VERB DOTS))

((ALT (2 VERB ggVOICE PASSIVE))) (PROT _NONE
PROT

(NUMBER SING))
((GOAL ANY) (GOAL ((CAT NP)))
PATTERN (GOAL DOTS VERB DOTS g;
VERB ((NUMBER (t GOAL NUHBER)))))) ))))

(SETQ GA 'ALT)

*s In uavs-ls:

(SETQ I
*((CAT_S) (VERB ((V ((LEX COMPRESS)))))
PROT s ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
GOAL ((NUMBER PLUR)
ARTICLE ((LEX DEFm (ADJ ((LEX SMALL)))
N ((LEX GRANULE))))))) o

(SETQ LOOSE °'NIL)
SETQ G
( *((VERB_((VOICE ACTIVE))) (PROT ANY) (PROT ((CAT NP)))
PATTERN (PROT DOTS VERB DOTS POUND)
%VERB ggCAT VERB-GROUP) (NUMBER (t PROT NUMBER))))
ALT (((GOAL NONE))
GOAL ANY) EGOAL ((CAT NP)))
PATTERN (DOTS GOAL POUND)))))))
(SETQ GA 'VERB)

Calling av-h-ls
*#x Ipn av-h-ls

##ss2s2 Attribute-value pair from the grammar:
(SETQ GAV ' (VERB ((VOICE ACTIVE))))
**s+ Calling cotrl-av-h-1s to unif{ the
input with the attribute-value pair from the grammar
In part 1 of the condition statement im CNTRL-AV-H-LS:
Yllr with same PATH was found in the input
Va art of the EEit found in the input:
(SETQ IVAL *((V (( COMPRESS)))))
¢s Calling uavs-1ls from cntrl-av-h-1s to unify the 2 values
*s In uavs-ls:
(SETQ I ’((V ((LEX COMPRESS)))))
(SETQ LOGSE °'NIL)
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(SETQ G ' ((VOICE ACTIVE)))

(SETQ GA ’'VOICE)

Calling av-h-1s
¢ss Ipn av-h-ls

s$ssssss Attribute-value pair from the grammar:
(SETQ GAV ' (VOICE ACTIVE))

*ss Calling cntrl-av-h-ls to unif! the
input with the attribute-value pair from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the input

Looks into LOOSE for it...
(SETQ IVAL °NIL)

s+ Calling uavs-ls from cotrl-av-i-ls to uaify the 2 values
s+ In uave-ls: )
(SETQ I °'NIL)

(SETQ LOOSE °NIL)

(SETQ G "ACTIVE)
Out of uavs-ls

Success: will enrich the in?ut with
(SETQ RESULTS ' ((ACTIVE NIL)))

(SETQ PATH 'VOICE)

returning the result of a call to uavs-many-ls

ss In navs-ls: .
(SETQ I °((VOICE ACTIVE) (V ((LEX COMPRESS)))))
(SETQ LOOSE °NIL)

(SETQ G °'NIL)
Qut of uavs-ls

: input with
SETG RESULES - (L Vo1 ASTIVE) "IV ((LEX COMPRESS)))) NIL)))

(SETQ PATH 'VERB)

returning the result of a call to uavs-aaay-ls

*»s In uavs-ls:
(SETQ I
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' ACTIVE) (V ((LEX CQMPRESS))))) (CAT

(Eggg% EEX%%%%LE ((LEX DEF))) (N ((LEX DIAPHRAGL))

(GOAL ((LUMZ=R PLUR) (ARTICLE ((LEX DEF))) (ADJ (
(N ((LEX GRANULE)))))))

S)

)))

(LEX SMALL)))
(SETQ LOOSE ’NIL)

G
(SETQ * ((PROT ANY) 2PROT ((CAT NP)))
PATTERN (PROT DOTS VERB DOTS POUND);
(VERB ((CAT VERB-GROUP) (NUMBER (t PROT NUMBER))))

(ALT ((§GOAL NONE))
((GOAL ANY) §GOAL ((CAT NP)))
PATTERN (DOTS GOAL POUND)))))))

(SETQ GA 'PROT)

Calling av-h-ls
sss In av-h-1s

sssssss Attribute-value pair from the grammar:
(SETQ GAV * (PROT ANY))

sss Calling cntrl-av-h-ls to unify the
input with the attribute-value. pair from the grammar

In part { of the condition statement in CNTRL-AV-H-LS:

a pair with same PATH was found in the input

Value part of the pair found in the in%uc:

(SETQ IVAL ’ ((ARTI ((LEX DEF))) (N T(LEX DIAPHRAGM)))))

*+ Calling uavs-ls from catrl-av-h-ls to unify the 2 values
*s In yavs-ls:

(SETQ I ’((ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
(SETQ LOOSE °NIL)

(SETQ G 'ANY)
Cut of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((((ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))) NIL)))

(SETQ PATH ’PROT)

i
returning the result of a call to uavs-many-ls
ss In uavs-ls:

(SETQ I
*((PROT ((ARTICLE ((LEX DEF))) (N ( I

VERB éVOICE ACTIVE) (V_((LEX COMPRES gg
GOAL ((NUMBER PLUR) sﬁgglgLE ((LEX DEF

(N ((LEX GRANULE))))

%
:
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(SETQ LOOSE °NIL)

(SETQ G .
"((PROT ((CAT NP))) (PATTERN (PROT DOTS VERB DOTS POUND))
(VERB ((CAT VEi3-GROUP) (NUNBER (t PROT NUMBZR))))
(ALT (((GOAL NOMNE))
(GCAL ANY) ECOAL ((CAT NP)))
PATTERN (DOTS GOAL POUND)))))))

(SETQ GA 'PROT)

Calling av-h-1ls
s3s In av-h-ls

sssssss Attribute-value pair from the grammar:
(SETQ GAV ' (PROT ((CAT NP))))
sss Calling cntrl-av-h-1s to unify the
input with the attribute-value pair from the grammar
In part | of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was (found ia the input
Value part of the pair found in the in%ut:
(SETQ IVAL '’ ((ARTI ((LEX DEF))) (N T(LEX DIAPHRAGM)))))
s* Calling uavs-ls from cntrl-av-h-1ls to unify the 2 values
*s In uavs-ls:
(SETQ I ’ ((ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))

(SETQ LOCSE °NIL)
(SETQ G ' ((CAT NP)))

(SETQ GA 'CAT)

Calling av-h-ls
sss In av-h-ls

¢ssssss Attridbute-value pair from the grammar:

(SETQ GAV '’ (CAT NP))

sss Calling catrl-av-h-1s to uniii the

input with the attribute-value pair froa the grammar
In part 2 of the condition statement ina CNTRL-AV-H-LS:
no pair with same PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL °'NIL)

ss Calling uavs-1ls from catrl-av-h-ls to unify the 2 values

ss In uave-ls:
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(SETQ I 'NIL)
(SETQ LOOSE °'NIL)

(SETQ G 'NP)
Qut of uvavs-1ls

Success: will earich the input with
(SETQ RESULTS ' ((NP NIL)))

(SETQ PATH ’'CAT)

returning the result of a call to uavs-many-ls

*s In yavs-ls:
(SETQ I ’*((CAT NP) (ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGN)))))

(SETQ LOOSE °’NIL)

(SETQ G °'NIL)

OQut of uavs-ls . @ ot v
Success: will enrich the input with
(SETQ RESULTS
*(CC(CAT NP) (ARTICLE ((LEX D ;);
(N ((LEX DIAPHRAGH ))) NIL)))

(SETQ PATH 'PROT)

returning the result of a call to uavs-many-ls
*+ In uavs-ls:

(SETQ I
*((PROT ((CAT NP) (ARTICLE ((LEX DEF;;;
(N ((LEX DIAPHRAGM)))))
§VERB égVOICE ACTIVE) (V_((LEX COMPRESS g;)) (CAT 8)
GOAL ((NUMBER PLUR) gﬁgTI%%EE§(LEX DEF

)
N ((LEX GRANULE)g ))))

(SETQ LOOSE °NIL)

(SETQ G
*((PATTERN (PROT DOTS VERB DOTS POUND))
VERB ((CAT VERB-GROUP) (NUMBER (t PROT NUMBER))))
ALT (((GOAL NONE))
GOAL ANY) 2GOAL ((CAT NP)))
PATTERN (DOTS GOAL POUND)))))))

(SETQ GA 'PATTERN)

*s Tn uavs-lsg:




(SETQ I
=1 *((PATTZRN (PROT DOTS VERB DOTS POUND)
(PROT ((CAT NP) gARTICLE ( (LEX DEF)g

N ((LEX DIAPHRAGY)))))

§v1:ma 5 VOICE ACTIVE) (V ((LEX COMPRESS))))) (CAT S)
GOAL ((NUMBER PLUR)

ARTICLE ((LEX Dm-'m (ADJ ((LEX SMALL)))
(N ((LEX GRANULE)))))))

(SETQ LOOSE 'NIL)
(SETQ G
’(EVERB EECAT VERB-GRQUP) (NUMBER (t PROT NUMBER))))
ALT (((GOAL NONE))
GOAL ANY) éGOAL ((CAT NP)))
PATTERN (DOTS GOAL POUND)))))))
(SETQ GA 'VERB)

Calling av-h-1s
sss [n av-h-ls

$ssssss Attribute-value pair from the grammar:
(SETQ GAV ’(VERB ((CAT VERB-GROUP) (NUMBER (t PROT NUMBER)))))
s3s Calling cntrl-av-h-1g to unify the
input with the attribute-value palr from the grammar
In part 1 of the corndition statemeat im CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the rair found in the imput:
(SETQ IVAL ' ((VOICZ ACTIVE) (V ((LEX CUMPRESS)))))
** Calling uavs-ls from cntrl-av-h-1s to unify the 2 values
ss In uavs-ls:

(SETQ I ’((VOICE ACTIVE) (V ((LEX COMPRESS)))))
(SETQ LOGSE °NIL)

(SETQ G ' ((CAT VERB-GROUP) (NUMBER (t PROT NUMBER))))

(SETQ GA 'CAT)

Calling av-h-ls
s*+s In av-h-lg

sssssss Attribute-value pair from the grammar:

(SETQ GAV ' (CAT VERB-GROUP))

¢ss Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grasmmar

In part 2 of the condition statement in CNTRL-AV-H-LS:
Do pair with same PATH was found in the input
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Looks into LOOSE for it...
(SETQ IVAL °NIL)

*» Calling uavs-lsg from catrl-av-h-ls to unify the 2 values
*s In uave-ls:

(SETQ I 'NIL)

(SETQ LOOSE 'NIL)

(SETQ G 'VERB-GROUP)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’ ((VERB-GROUP NIL)))

(SETQ PATH ’CAT)

returning the result of a call to uavs-many-ls

s+ In uavs-ls:

(SETQ I ' ((CAT VERB-GROUP) (VOICE ACTIVE) (V ((LEX COMPRESS)))))
(SETQ LOOSE 'NIL)

(SETQ G ’((NUMBER (t PROT NUMBER))))

(SETQ GA 'NUMBER)

Calling av-h-1s
ss¢ In av-h-ls

#s¢ss243 Attribute-value pair from the grammar:

(SETQ GAV ' (NUMBER (t PROT NUMBER)))

*s#s Calling cntrl-av-h-ls to unify the

inpput with the attribute-value pair from the grammar

** Calling uavs-ls from cntrl-av-h-1s to unify the 2 values
Cut of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((NONE NIL)))

(SETQ PATH ’NUMBER)

returning the result of a call to uavs-many-ls
s+ In uavs-ls:

(SETQ I
* ((NUMBER NONE) gCAT VERB-GRQUP) (VOICE ACTIVE)
V ((LEX COMPRESS)))))
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(SETQ LOOSE °NIL)

(SETQ G 'NIL)
Qut of uavs-ls

Success: will enrich the input with
(SETQ RESULTS

'(((§NUHBER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)

V ((LEX COMPRESS))))
NIL)))

(SETQ PATH 'VERB)

<

returning the result of a call to uavs-many-ls

ss In uavs-ls:

(SETQ I

* ((VERB (25U%%ER NONE) (CAT ¥§§B-GROUP) (VOICE ACTIVE)

LEX COMPRESS))
PATTERN (PROT DOTS VERB DOTS
gi%TS((CAT NP) (ARTICLE ((LEX DEF)

§§ (M ((LEX DIAPHRAGM)))))

GOAL (gU)lBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))

((LEX GRANULE)))))))

(SETQ LOOSE °NIL)
(SETQ G
*((ALT (§(GOAL NONE))

(GOAL ANY) (GOAL ((CAT NP)))
(PATTERN (DOTS GO

(SETQ GA 'ALT)

*s In uavs-ls:

(SETQ I
((LEX COMPRESS)))))

AL POUND)))))))

* ((VERB ((gUMBER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)

ﬁPATTERN (PROT DOTS VERB DOTS POUND%
)))

PROT ((CAT NP) EARTICLE ((LEX DEF;
((LEX DIAPHRAGM

gCAT

S)
GOAL ((NUMBER PLUR) gigTICLE ( (LEX D?fg))

J ((LEX SMALL

(N ((LEX GRANULE)))))))
(SETQ LOCSE °'NIL)

(SETQ G ' ((GOAL NONE)))
(SETQ GA 'GOAL)

Calling av-h-ls
s*s In av-h-ls
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sssssss Attribute-value pair from the grammar:

(SETQ GAV ’(GOAL NONE))

+s¢ Calling catrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input v
Value part of the pair found in the input:

(SETQ '¥?§uunsn PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))

((LEX GRANULE)))))
*+ Calling uavs-1ls from cntrl-av-h-ls to unify the 2 values

s In uave-ls:
(SETQ I
’(ENUHBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))

N ((LEX GRANULE)))))

(SETQ LOOSE °'NIL)

(SETQ G 'NONE)

OQut of uavs-ls
Unifying the 2 values failed

returning the result of a call to uavs-many-ls

Alternative has failed...
*s Jn uave-ls:

(SETQ I
"((VERB ((NUMBER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)
(V ((LEX COMPRESS)))))
PATTERN (PROT DOTS VERB DOTS POUND;g
(LEX DEF))) (N ((LEX DIAPHRAGM)))))

)

D

EE%TS§(CAT NP) (ARTICLE (

GOAL (§NUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))
N RANULE)))))))

((LEX G
(SETQ LOOSE °NIL)

(SETQ G ' ((GOAL ANY) (GOAL ((CAT NP))) (PATTERN (DOTS GOAL POUND))))

(SETQ GA ’GOAL)

Calling av-h-1ls
sss In av-h-ls

sssssss Attridbute-value pair from the grammar:
(SETQ GAV ' (GOAL ANY))

sss Calling cntrl-av-h-1ls to unify the
input with the attribute-value palr from the grammar
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In part 1 of the condition statement im CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Valuye gart of the pair found in the input:

(SET
e §NUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))
N ((LEX GRANULE)))))
*s Calling uavs-1ls from catrl-av-h-ls to unify the 2 values
s+ In uavs-ls: . 4
(SETQ I
’(§NUHBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))
((LEX GRANULE)))))

(SETQ LOOSE °NIL)

(SETRQ G "ANY)Y . -.

Out of uavs-ls ..
Success: will enrich the input with
SETQ RESULTS

*((((NUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ( SMALL
é{);;LEX GRANULE)))) e )2

(SETQ PATH 'GOAL)

returning the result of a call to uavs-many-ls
*s In uavs-ls:
(SETQ I

"((GOAL ((NUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))

N ((LEX GRANULE)))))
(VERB ( NUHBER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)
V ((LEX COMPRESS)))))

EPATTERN (PROT DOTS VERB DOTS POUND

gigT ;;?AT NP) (ARTICLE ((LEX DEF)gg (N ((LEX DIAPHRAGM)))))

(SETQ LOOSE 'NIL)

(SETQ G *((GOAL ((CAT NP))) (PATTERN (DOTS GOAL POUND))))

(SETQ GA ’GOAL)

Calling av-h-1ls .
sss In av-h-ls

$8sssss Attribute-value pair from the grammar:

(SETQ GAV ’(GOAL ((CAT NP))))

**# Calling cntrl-av-h-1s to unify the

input with the attribute-value palr froa the grammar
In part 1 of the condition statement inm CNTRL-AV-H-LS:
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a pair with same PATH was (found in the input
Value part of the pair found in the inmput:

(SETQ E%%kUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))

(N ((LEX GRANULE)))))

*#» Calling uavs-1s from cntrl-av-h-ls to unify the 2 values
s+ In uavs-ls:
(SETQ I

'(éNUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))
N ((LEX GRANULE)))))
(SETQ LOOSE 'NIL) 4 .

(SETQ G ’ ((CAT NP)))

(SETQ GA °'CAT)

Calling av-h-ls
s+s Jn av-h-ls

s4343¢3 Attribute-value pair from the grammar:

(SETQ GAV ' (CAT NP))

*s2¢ Calling catrl-sav-h-1ls to unify the

input with the attribute-value pair from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS:
Do pair with same PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL °NIL)
*+ Calling uavs-1ls from cntrl-av-h-1s to unify the 2 values
*s In uave-ls:

(SETQ I 'NIL)

(SETQ LOOSE °'NIL)

(SETQ G 'NP)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((NP NIL)))

(SETQ PATH °'CAT)

returning the result of a call to uav:-nany-ll)
*s In uavs-ls:

(SETQ I
" ((CAT NP) (NUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))
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(N ((LEX GRANULE)))))
(SETQ LOOSE 'NIL)

(SETQ G 'NIL)
Out of uyavs-ls

Success: will enrich the input with
(SETQ RESULTS

*((((CAT NP) (NUMBER PLUR) (ARTICLE ((LEX DEF) J
Ngﬁ,)‘,‘“’:" § y 554 )) (ADJ ((LEX SMALL)))

(SETQ PATH 'GOAL)

returning the result of a call to uavs-many-ls
s+ In uavs-ls:

(SETQ I
: "((GOAL ((CAT NP) (NUMBER PLUR) éARTICLE ((LEX DEF)))
ADJ ((LEX SMALL))) (N ((LEX GRANULE)))))
(VERB ((NUMBER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)
gPATTERN (PROT DOTS _VERB DOTS POUND

(V. ((LEX COMPRESS)))))
gﬁgTS§§§AT NP) (ARTICLE ((LEX DEF)g; (N ((LEX DIAPHRAGM)))))

(SETQ LOOSE °'NIL)
(SETQ G ' ((PATTERN (DOTS GOAL POUND))))
(SETQ GA 'PATTERN)

#s In uavs-ls:

SETQ I
(SETQ " ((PATTERN (PROT VERB GOAL PQUND))
GOAL (gCAT NP) (NUMBER PLUR) éARTICLE ((LEX DEF)))
ADJ ((LEX SMALL))) (N ((LEX GRANULE)))))
(VERB ((NUMBER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)
V ((LEX COMPRESS)))))
§SK¥T8§)§AT NP) (ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))

(SETQ LOOSE °NIL)

(SETQ G °NIL) ..

Alternative succeeded B
(SETQ RESULT-0 . -
.(((EESAL ("cﬁ?ngg) (NUMggﬁLP{Sgyb)ARTICLE ((LEX DEF)))
gADJ ((LEX SMAIL))) (N ((LEX GRANULE)))))
(VERB (
( (LEX COMPRESS)))))

§UHBER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)
(PROT (éCAT NP) (ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
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(CAT.S))
NIL)))

about to quit alt-h-ls
?%E%rnggéﬁfngcceeded
B -
? *((((PATTERN (PROT V=RB GOAL PQUND))
(CCAL ((CAT NP) (NUNTER PLUR) §ARTICLE ((LEX DEF)))
(ADJ ((LEX siALL))) (N ((LEX GRANULE)))))
(VERB ((l:U.BER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)
(v ((LEX CO.PRESS)))))
(PROT ((CAT NP) (ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
5N

about to quit alt-h-1s
*s In uavs-ls:

(SETQ I '((CAT NP) (ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
(SETQ LOOSE °NIL)

G == the whole grammar
(SETQ GA 'ALT)

The apEropriat; alternative is chosen based on CAT in the input;
UA¥S- S 1slnov called recursively with this category
ss In uavs-ls:

(SETQ I ’ ((CAT NP) (ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
(SETQ LOGSE °NIL)

(SETQ G
" ((ALT (2§ARTICLE NONE) (PATTERN (DOTS NNP DOTS
ARTICLE ANY) (ARTICLE ((CAT ARTICLE)
(PATTERN (DOTS ARTICLE NNP DOTS)))))
(NNP ((CAT NNP)))))

)))
(LEX ANY)))

(SETQ GA 'ALT)

«+ In uavs-ls:
(SETQ I ’'((CAT NP) (ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
(SETQ LOOSE °NIL)

(SETQ G ’ ((ARTICLE NONE) (PATTERN (DOTS NNP DOTS)) (NNP ((CAT NNP)))))

(SETQ GA 'ARTICLE)

Calling av-h-ls
ss¢ In av-h-ls

sssssses Attribute-value pair from the grammar:
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(SETQ GAV ' (ARTICLE NONE))

*** Calling catrl-av-h-1s to unify the
lnput with the attribute-value palr from the grammar

In part 1 of the condition statement in CNTRL-AV-H-LS:
a palr #1th same PATH was found in the input

Value part of the Bair found in the input:

(SETQ IVAL ’((LEX DEF)))

*# Calling uavs-ls from cntrl-av-h-1s to unify the 2 values

** In uavg-ls:
(SETQ I ’ ((LEX DEF)))
(SETQ LOOSE °NIL)

Ny

(SETQ G ’NONE)

Out of uavs-ls i
Unifying the 2 values failed

returning the result of a call to uavs-many-ls

Alternative has failed...
*s [n uavs-ls:

(SETQ I *((CAT NP) (ARTICLE ((LEX DEF))) (N ((LEX DIAPHRAGM)))))
(SETQ LOOSE 'NIL)
(SETQ G
" ((ARTICLE ANY) (ARTICLE ((CAT ARTICLE) (LEX ANY)))
(PATTERN (DOTS ARTICLE NNP DOGTS)) (NNP ((CAT NNF)))))
(SETQ GA ’'ARTICLE)

Calling av-h-ls
**s In av-h-ls

¢4%%3ss Attribute-value pair from the grammar:
(SETQ GAV ' (ARTICLE ANY))
*** Calling catrl-av-h-1s to unify the
input with the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a Yair with same PATH was found in the input
Value part of the Bair found in the input:
(SETQ IVAL ' ((LEX DEF)))
¢+ Calling uavs-1s from catrl-av-h-ls to unify the 2 values
** In uavs-ls:

(SETQ I ’((LEX DEF)))



(SETQ LOGSE 'NIL)

(SETQ G 'ANY)
Out of uavs-ls

Succegs: will enrich the input with
(SETQ RESULTS ' ((((LEX DEF)) NIL)))

(SETQ PATH 'ARTICLE)

returning the result of a call to uavs-many-ls
s In uavs-ls:
(SETQ I ' ((ARTICLE ((LEX DEF))) (CAT NP) (N ((LEX DIAPHRAGM)))))
(SETQ LOOSE °NIL)
(SETQ G

’(EARTICLE 2(CAT ARTICLE) (LEX ANY;))

PATTERN (DOTS ARTICLE NNP DOTS)) (NNP ((CAT NNP)))))

(SETQ GA 'ARTICLE)

Calling av-h-ls
¢++ In av-h-ls

#essess Attribute-value pair from the grammar:

(SETQ GAV ' (ARTICLE ((CAT ARTICLE) (LEX ANY))))

*#*¢ Calling cntrl-av-h-1ls to unify the

input with the attribute-value pair from the grammar
In part ! of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input

Value part of the Bair found in the input:
(SETQ IVAL ' ((LEX DEF)))

1

*+ Calling uavs-ls from cntrl-av-h-1s to unify the 2 values
s+ [0 uavs-ls:

(SETQ I ’((LEX DEF)))

(SETQ LOOSE °NIL)

(SETQ G ' ((CAT ARTICLE) (LEX ANY)))

(SETQ GA 'CAT)

Calling av-h-ls
ss* In av-h-1s

sssssss Attribute-value pair from the grammar:
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(SETQ GAV ’(CAT ARTICLE))

**+ C3lling cntrl-av-h-18 to unify the

input with the attribute-value palr from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS:
00 pair with same PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL 'NIL)
¢+ Calling uavs-ls from cntrl-av-h-1s to umify the 2 values
*s I2 uavs-ls:
(SETQ I °'NIL)

(SETQ LOOSE °NIL)

diew

ERE L LT | . ° AV
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(SETQ G- 'ARTICLE)
Out of uavs-ls e -

Success: will enrich the input with
(SETQ RESULTS ' ((ARTICLE NIL?))

(SETQ PATH 'CAT)

returning the result of a call to uavs-many-ls
s In uavs-ls:

(SETQ I ' ((CAT ARTICLE) (LEX DEF)))

(SETQ LOGSE 'NIL)

(SETQ G ' ((LEX ANY)))

(SETQ GA 'LEX)

Calling av-h-1s
sss [n av-h-ls

*sssx3s Attribute-value pair from the grammar:
(SETQ GAV ’(LEX ANY))

**s Calling cntrl-av-h-1ls to unit{ the
input with the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input

Value part of the pair found in the input:
(SETQ IVAL 'DEF)

*s Calling uavs-1s from cntrl-av-h-1s to unify the 2 values
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** n uavs-ls:
(SETQ I ’'DEF)
(SETQ LOOSE 'NIL)

(SETQ G ’'ANY)
Out of uavs-ls

Success. will enrich the input with
(SETQ RESULTS ' ((DEF NIL)))

(SETQ PATH ’LEX)

returning the result of a call to uavs-many-ls
*3 In uavs-ls:

(SETQ I ’((LEX DEF) (CAT ARTICLE)))

(SETQ LOOSE ’NIL)

(SETQ G 'NIL)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((((LEX DEF) (CAT ARTICLE)) NIL)))

(SETQ PATH 'ARTICLE)

returning the result of a call to uavs-many-ls
*#% In uavs-ls:
(SETQ I
"((ARTICLE ((LEX DEF) (CAT ARTICLE))) §CAT NP) '
N ((LEX DIAPHRAGM)))))

(SETQ LOOSE °NIL)
(SETQ G ' ((PATTERN (DOTS ARTICLE NNP DOTS)) (NNP ((CAT NNP)))))
(SETQ GA 'PATTERN)

ss In uave-lg:

(SETQ I

" ((PATTERN (DOTS ARTICLE NNP DOTS);
(ARTICLE ((LEX DEF; (CAT ARTICLE))) (CAT NP)
(N ((LEX DIAPHRAGM)))))

(SETQ LOOSE °NIL)

(SETQ G ' ((NNP ((CAT NNP)))))
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(SETQ GA ’NNP)

Calling av-h-1s
*ss In av-h-lg

$4s234s Attribute-value pair from the grammar:

(SETQ GAV ' (NNP ((CAT NNP))))

¢** Calling catrl-av-h-ls to unify the

input with the attribute-value palr from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS:
DO pair with same PATH was found in the input

Looks into LOOSE for it...
(SETQ IVAL °NIL)

-~ e . . - -
T e et - .- “."j-(.‘f'~tv - e e

** Calling uavs-ls from catrl-av-h-is " to unify the 2 values
** In uavs-ls:

(SETQ I °NIL)

(SETQ LOOSE 'NIL) T T

(SETQ G ' ((CAT NNP)))
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((((CAT NNP)) NIL)))

(SETQ PATH 'NNP)

returning the result of a call to uavs-many-ls
*s In uavs-ls: .. .
(SETQ ¥((NNP ((CAT NNP))) (PATTERN (DOTS ARTICLE NNP DOTS))

EﬁR%%E&E é£k§§n2§§g)§§?T ARTICLE))) (CAT NP)

(SETQ LOOSE °NIL)

(SETQ G °NIL)

Alternative succeeded

(SETQ RESULT-0
"CCC(NNP_((CAT NNP))) (PATTERN (DOTS ARTICLE NNP DOTS))

(ARTICLE ((LEX DEF) (CAT ARTICLE))) (CAT NP)
N%E);;LEX DIAPHRAGM))))

about to quit alt-h-1g
s* In uavs-ls:
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(SETQ I ’'((LEX DEF) (CAT ARTICLE)))
(SETQ LOOSE ’'((N ((LEX DIAPHRAGM)))))

G == the whole grammar
(SETQ GA ’ALT)

ropriate alternative is chosen based on CAT in the input;
Tﬁﬁvggfs gl now called recursively with this category

s In uavs-ls:

(SETQ I ’((LEX DEF) (CAT ARTICLE)))

(SETQ LOOSE *((N ((LEX DIAPHRAGM)))))

(SETQ G ' ((ALT (((LEX INDEF)) ((LEX DEF))))))
(SETQ GA ’ALT)

lexical level

(SETQ I ’'((LEX DEF) (CAT ARTICLE)))

(SETQ I-LEX ’®(LEX DEF)) OO
(SETQ G-LEX ’ ((LEX DEF)))

*» In navs-ls:
(SETQ I ’'((LEX DEF) (CAT ARTICLE)))
(SETQ LOOSE ’'((N ((LEX DIAPHRAGM)))))

(SETQ G ' ((LEX DEF)))

(SETQ GA 'LEX)

Calling av-h-ls -
¢*s [p av-h-ls

#e#ssses Attribute-value pair from the grammar:
(SETQ GAV *(LEX DEF))

sss Calling catrl-av-h-ls to nnif¥ the
input with the attribute-value pair from the grammar

In part 1 of the condition statemeat in CNTRL-AV-H-LS:

a pair with same PATH was found in the input

Value part of the pair found in the input:

(SETQ IVAL ’'DEF)

*+ Calling uavs-ls from catrl-av-h-ls to unify the 2 values

ss In uavs-l1s:
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(SETQ I 'DEF)
(SETQ LOOSE * ((N ((LEX DIAPHRAGM)))))

(SETQ G ’DEF)
Out of uavs-ls

Success: will enrich the input with ’
(SETQ RESULTS ' ((DEF ((N' ((LEX DIAPHRAGM)))))))

(SETQ PATH 'LEX)

returning the result of ; call to uavs-many-ls
s+ In uavs-ls: | ST
(SETQ I ’'((LEX DEF) (CAT ARTICLE)))

(SETQ LOOSE ’((N ((LEX DIAPHRAGM)))))
(SETQ G °NIL)

ss In uavs-ls:
(SETQ I ' ((CAT NNP)))
(SETQ LOOSE *((N ((LEX DIAPHRAGM)))))

G == the whole grammar
(SETQ GA 'ALT)

The apfropristo alternative is chosen based on CAT in the input;
UAVS-LS 1s now called recursively with this category

s+ In yavs-ls:

(SETQ I ' ((CAT NNP)))

(SETQ LOOSE ' ((N ((LEX DIAPHRAGNM)))))

(SETQ G
"((ALT (((ADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))
N ((CAT NQUN) (LEX ANY))))
((ALT (((ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY)))
PATTERN éADJ NNP)))
2 PP ANY; PP _((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP))))))))
(SETQ GA °ALT)

s+ In uavs-ls:
(SETQ I ’((CAT NNP)))
(SETQ LOOSE ’((N ((LEX DIAPHRAGM)))))
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(SETA ¢ *((ADJ NONE) (PP NCNE) (TAI%)?ONE) (PATTERN (N POUND))

(N ((CAT NOUN) (LEX ANY))

(SETQ GA 'ADJ)

Calling av-h-ls
*ss In av-h-ls

ssxs2s8s Attribute-value pair from the grammar:
(SETQ GAV ’(ADJ NONE))

*#** Calling cntrl-av-h-1s to unir! the
input with the attribute-value palr from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
oo pair with same = PATH was found in the inmput

Looks into LOOSE for it.

(SETQ IVAL °NIL)
*¢ Calling uavs-ls from catrl-av-h-1s to unify the 2 values
*s In uavs-ls:

(SETQ I °'NIL)

(SETQ LOOSE *((N ((LEX DIAPHRAGM)))))

(SETQ G ’NONE)
Qut of uavs-ls

Success: will enrich the input w
(SETQ RESULTS * ((NONE ((N ((TEX DIAPHRAGK)))))))

(SETQ PATH 'ADJ)

returning the result of a call to uavs-many-ls
*+ In uavs-ls:

(SETQ I ’'((ADJ NONE) (CAT NNP)))

(SETQ LOOSE *((N ((LEX DIAPHRAGM)))))

- .

(S G
£ ' ( gpp NONE) (TAIL NONE) (PA‘ITERH (N POUND))
N ((CAT NOUN) (LEX ANY)))))
(SETQ GA 'PP)

Calling av-h-ls
sss In av-h-ls

#sessss Attribute-value pair froam the grammar:
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(SETQ GAV ' (PP NONE))

*¢s Calling caotrl-av-h-18 to unify the

lnput with the attribute-value palr from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS:

no pair with saze  PATH was found in the input

Looks into LCGSE for it...

(SETQ IVAL °'NIL)
*#* Calling uavs-ls from cotrl-av-h-1s to unify the 2 values
** In uavs-ls:

(SETQ I °'NIL)

(SETQ LOOSE ' ((N ((LEX DIAPHRAGM)))))

(SETQ G ’NONE)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((NONE ((N ((EEX DIAPHRAGNM)))))))

(SETQ PATH 'PP)

returning the result of a call to uavs-many-ls
¢+ In uavs-ls:

(SETQ I ' ((PP NONE) (ADJ NONE) (CAT NNP)))
(SETQ LOOSE ' ((N ((LEX DIAPHRAGM)))))

(SETQ G ' ((TAIL NONE) (PATTERN (N POUND)) (N ((CAT NOUN) (LEX ANY)))))

(SETQ GA °'TAIL)

Calling av-h-1s
sss In av-h-ls

sssss9s Attribute-value pair from the grammar:
(SETQ GAV '’ (TAIL NONE))

sss Calling catrl-av-h-ls to nnif! the
input with the attribute-value pair from the grammar

In part 2 of the condition statement ia CNTRL-AV-H-LS:
00 pair with same PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL 'NIL)

*+ Calling uvavs-ls from cntrl-av-h-1s to unify the 2 values
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*s In uavs-ls:
(SETQ I ’NIL)
(SETQ LOOSE *((N ((LEX DIAPHRAGM)))))

(SETQ G ’NONE)
Out of uavs-ls

: ill ich th
Rcce Rt Trs TRONE (tn CiDE% BIAPHRAGH)))))))

(SETQ PATH 'TAIL)

returning the result of a call to uavs-many-ls

*+ In uyavs-ls:
(SETQ I ’((TAIL NONE) (PP NONE) (ADJ NONE) (CAT NNP)))

(SETQ LOGSE ' ((N ((LEX DIAPHRAGM)))))
(SETQ G ' ((PATTERN (N POUND)) (N ((CAT NOUN) (LEX ANY)))))
(SETQ GA 'PATTERN)

s+ In vavs-ls:

(SETQ I ' ((PATTERN (N POUND)) (TAIL NONE) (PP NONE) (ADJ NONE)
(CAT NNP)))

(SETQ LOOSE * ((N ((LEX DIAPHRAGM)))))
(SETQ G ' ((N ((CAT NOUN) (LEX ANY)))))

(SETQ GA 'N)

Calling av-h-ls
**+ In av-h-ls

#ssssss Attribute-value pair from the grammar:

(SETQ GAV (N ((CAT NOUN) (LEX ANY))))

¢*¢ Calling catrl-av-h-1s to unify the

loput with the attribute-value palr from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS:

DO pair with sare PATH was found in the input

Looks into LOOSE for it.

(SETQ IVAL ’((LEX DIAPHRAGM)))

*#+ Calling uavs-ls from cntrl-av-h-1s to unify the 2 values

*+ In uavs-ls:
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(SETQ I ' ((LEX DIAPHRAGM)))
(SETQ LOOSE °NIL)

(SETQ G * ((CAT NOUN) (LEX ANY)))

(SETQ GA 'CAT)

Calling av-h-1s
#¢% In av-h-ls

$essess Attridbute-value pair from the grammar:

(SETQ GAV ' (CAT NOUN))

*2¢ Calling cntrl-av-h-ls to unify the

input with the attribute-valus palr from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS:
00 pair with same PATH was found in the input

Looks _into LOOSE for it...

(SETQ IVAL 'NIL)
s+ Calling uavs-ls from cntrl-av-h-ls to unify the 2 values
*s In uavs-ls:

(SETQ I °NIL)

(SETQ LOOSE °'NIL)

(SETQ G 'NOUN)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’ ((HOUN NIL)))

(SETQ PATH 'CAT)

returning the result of a call to uavs-many-ls
*+« In uars-ls:

(SETQ I ’((CAT NOUN) (LEX DIAPHRAGM)))

(SETQ LOOSE °'NIL)

(SETQ G ' ((LEX ANY)))

(SETQ GA 'LEX)

Calliag av-h-ls
s¢s In av-h-ls

#sesses Attribute-value pair from the grammar:
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(SETQ GAV ' (LEX ANY))

s+ Calling cntrl-av-h-1s to unify the
input with the attribute-value pair from the grammar

In part 1 of the condition statement in CNTRL-AV-H-LS:
a_pair with same PATH was found in the input

Value part of the pair found in the input:

(SETQ IVAL 'DIAPHRAGM)

#+ Calling uavs-ls from catrl-av-h-1s to unify the 2 values
ss In uavs-ls:

(SETQ I ’'DIAPHRAGM)

(SETQ LOOSE °NIL)

(SETQ G ’ANY)
Out of uavs-ls

Success: will enrich the inggt with
(SETQ RESULTS ’ ((DIAPHRAGM NIL)))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
*+ In uavs-ls:

(SETQ I ' ((LEX DIAPHRAGM) (CAT NOUN)))

(SETQ LOOSE °NIL)

(SETQ G ’NIL)
Out of uavs-ls

Success: will e
(SETQ RESULTS *(

(SETQ PATH 'N)

nrich the iﬁRRt with
(((LEX DIAPHRAGM) (CAT NOUN)) NIL)))

returning the result of a call to uavs-many-ls
*s In uavs-ls:

(SETQ I
*((N ((LEX DIAPHRAGM) (CAT NOUN))) EPATTERN (N POUND))
TAIL NONE)

(PP NONE) (ADJ NONE) (CAT NNP)))
(SETQ LOOSE °NIL)

(SETQ G °'NIL)
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ative succeeded
RESULT-0
*((((N ((LEX DIAPHRAGM) (CAT NCUN))) gPATTERN (y POUND))

TAIL
(PP _NONE) (ADJ NONE) (CAT NNP))
NIL)))

Altern
(SETQ

about to quit alt-h-ls
ss In uavs-ls:

(SETQ I ' ((LEX DIAPHRAGM) (CAT NOUN)))
(SETQ LOOSE *' ((TAIL NONE) (PP NONE) (ADJ NONE)))

the whole grammar
(SETQ GA 'ALT)

The tpfrogrlato alternative is chosen based on CAT in the input;

UAVS-LS is now called recursively with this category

ss In uavs-ls:

(SETQ I *((LEX DIAPHRAGM) (CAT NOUN)))

(SETQ LOOSE °((TAIL NONE) (PP NONE) (ADJ NONE)))

(SETQ G

*((ALT (5 LEX TEIE?HONE); ELEX RECEIVER)) §(LEX KIND))
LEX DIAPHRAGM) LEX GRANULE)) ((LEX INTENSITY))
MOLECULE)) ( POLE))

LEX PERSON)) ((LEX P
(LEX RESISTANCE)) ((LEX TRANSMITTER)) ((LEX WAVE))))))

(SETQ GA 'ALT)

lexical level

(SETQ I ’((LEX DIAPHRAGM) (CAT NOUN)))
(SETQ I-LEX ' (LEX DIAPHRAGM))

(SETQ G-LEX ’((LEX DIAPHRAGM)))

*s In usvs-ly:
(SETQ I (m DIAPHRAGY) {(CAT NOUN)))
(SETQ LOGSE * ((TAIL NONE) (PP NONE) (ADJ NONE)))

(SETQ G ' ((LEX DIAPHRAGM)))

(SETQ GA ’'LEX)

Calling av-h-ls
sss In av-h-ls

sssssss Attribute-value pair from the grammar:
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(SETQ GAV ' (LEX DIAPHRAGM))

sss Calling cntrl-av-h-1s to unify the
input with the attribute-value palr from the grammar

In part | of the condition statement in CNTRL-AV-H-LS:

a pair with same PATH was found in the input

Value part of thﬁRRsir found in the input:

(SETQ IVAL 'DIAPHRAGN)

*s Calling uavs-ls from catrl-av-h-ls to unify the 2 values
ss In uvavs-ls:

(SETQ I ’'DIAPHRAGM)

(SETQ LOOSE ' ((TAIL NONE) (PP NONE) (ADJ NONE)))

(SETQ G ’'DIAPHRAGM)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((DIAPHRAGM (({TAIL NONE) (PP NONE) (ADJ NONE)))))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
s¢ In uavs-ls:

(SETQ I *'((LEX DIAPHRAGM) (CAT NOUN)))

(SETQ LOOSE ’ ((TAIL NONE) (PP NONE) (ADJ NONE)))

(SETQ G 'NIL)

*¢ In uavs-1ls:

(SETQ I
* ((NUMBER NONE) ECAT VERB-GRQUP) (VOICE ACTIVE)
V ((LEX COMPRESS)))))

(SETQ LOOSE °'NIL)

G == the whole grammar
(SETQ GA 'ALT)

The apEropriato alternative is chosen based on CAT in the input;
‘9A¥S- S 1¢1nov called recursively with this category
D uavs-ls:

(SETQ I
" ((NUMBER NONE) ECAT VERB-GROUP) (VOICE ACTIVE)
vV ((LEX COMPRESS)))))
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(SETQ LOOSE 'NIL)

(SETQ G

" ((ALT VOICE ACTIVE) (PATTERN (V DOTS))
( (« V_ ((CAT VERB; 5 ))))

LEX
((VOICE PASSIVE) (PATTERN (Vi V DOTS))
V1 ((CAT VER?;(gLEX BE)))

((CAT VERB) (LEX ANY) (TENSE PASTP))
(ALT (((PP NONE)) ((PP ANY) éPP é(CAT PP))) 1))

PATTERN (DOTS PP)))))))
(SETQ GA 'ALT)

*s In uavs-ls:

(SETQ I
" ((NUMBER NONE) (CAT VERB-GROUP) (VOICE ACTIVE)
§V ((LEX COMPRESS)))))

(SETQ LOOSE °NIL)

(SETQ G

’(fVOICE ACTIVE) (PATTERN (V DOTS)) (V ((CAT VERB) (LEX ANY)))

ALT (((PP NONE)) ((PP ANY) (PP ((CAT PP)))
EPATTERN (DOTS PP)))))))
(SETQ GA ’VOICE)

Calling av-h-ls
*ss In av-h-ls

$#43vss Attribute-value pair from the graamar:
(SETQ GAV *(VOICE ACTIVE))
sss Calling cantrl-av-h-ls to unif{ the
input with the attribute-value Pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
3 pair with same PATH was found in the input
Value part of the pair found in the input:
(SETQ IVAL 'ACTIV'Eg
¢+ Calling uavs-1s from cantrl-av-h-1s to unify the 2 values
¢+ In uavg-ls:
(SETQ I °ACTIVE)
(SETQ LOOSE °NIL)

(SETQ G 'ACTIVE)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((ACTIVE NIL)?)
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(SETQ PATH 'VOICE)

returning the result of a call to uavs-many-ls
** In uavs-ls:

(SETQ ¥((VOICE ACTIVE) ENUHBER NONE) (CAT VERB-GROUP)

V ((LEX COMPRESS)))))
(SETQ LOOSE 'NIL)

(SETQ G B
" ((PATTERN (V DOTS)) (V ((CAT VERB) (LEX ANY;))
PP NONE PP ANY) (PP ((CAT PP))
EALT (PP )g (2 EPATTERH (DOTS PP)))))))

(SETQ GA 'PATTERN)

ss In uavs-ls:
(s I ,

ETQ '(EPATTERN (v DOTS)B (VOICE ACTIVE) (NUMBER NONE) (CAT VERB-GROUP)

V ((LEX COMPRESS)))))
(SETQ LOOSE 'NIL)
(SETQ G

° '(gv ((CAT VERB) (LEX ANY)))
ALT (((PP NONE)) ((PP ANY) gPP ((CAT PP)))
PATTERN (DOTS PP)))))))

(SETQ GA 'V)

Calling av-h-1ls
*ss In av-h-1s

##4s2ss Attribute-value pair from the grammar:
(SETQ GAV '(V ((CAT VERB) (LEX ANY))))
ss¢ Calling catrl-av-h-1s to unify the
input with the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a _pair with same PATH was found in the inmput
Value part of the guir found im the inmput:
(SETQ IVAL ' ((LEX COMPRESS)))
*#+ Calling uavs-ls from cntrl-av-h-ls to unify the 2 values
s In uavs-ls:
(SETQ T ' ((LEX COMPRESS)))

(SETQ LOOSE °NIL)
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(SETQ G ' ((CAT VERB) (LEX ANY)))

(SETQ GA 'CAT)

Calling av-h-ls
sss [n av-h-ls

sesssss Attribute-value pair from the grammar:
(SETQ GAV '’ (CAT VERB))
*#++ Calling cantrl-av-h-1ls to unif{ the
ipput with the attribute-value palr froam the grazmar
In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the input
Looks into LOOSE for it...
(SETQ IVAL °NIL)
*s Calling uavs-1ls from catrl-av-h-1ls to unify the 2 values
*s In uavs-ls:
(SETQ I 'NIL)

(SETQ LOGSE °’NIL)

(SETQ G 'VERB)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’ ((VERB NIL)))

(SETQ PATH 'CAT)

returning the result of a call to uvavs-many-ls

s In uavs-ls:
(SETQ I ' ((CAT VERB) (LEX COMPRESS)))
(SETQ LOOSE °NIL)

(SETQ G ' ((LEX ANY)))

(SETQ GA 'LEX)

Calling av-h-ls
ses In av-h-ls

sssssss Attribute-value pair from the grammar:
(SETQ GAV ' (LEX ANY))



155

sss C3lling catrl-av-h-ls to uaify the
input with the attribute-value pair from the grammar

I th ndition statement in CNTRL-AV-H-LS:
an g?itv%tgfsam: gRTH was found in the input

Value part of the pair found in the input:
(SETQ IVAL ’COMPRESS)

*s Calling uavs-1ls from catrl-av-h-1ls to unify the 2 values
ss In uave-ls:

(SETQ I 'COMPRESS)

(SETQ LOOSE 'NIL)

(SETQ G 'ANY)
Cut of uave-ls

Succegs: will enrich the infut with
(SETQ RESULTS ' ((COMPRESS NIL)))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
s+ In uavs-ls:

(SETQ I ’((LEX COMPRESS) (CAT VERB)))

(SETQ LOGSE 'NIL)

(SETQ G 'NIL)
Cut of uavs-ls

Success: will enrich the input with
(SETQ RESULTS *((((LEX COMPRESS) (CAT VERB)) NIL)))

(SETQ PATH 'V)

returning the result of a call to uavs-many-ls
** In uavs-ls:

(SETQ I
*((V ((LEX COMPRESS) (CAT VERB))) EPATTERH (V DOTS))
VOICE ACTIVE)
(NUMBER NONE) (CAT VERB-GROUF)))

(SETQ LOOSE °NIL)

(SETQ G
"((ALT (((PP NONE)) ((PP ANY) gPP ((CAT PP)))
PATTERN (DOTS PP)))))))

(SETQ GA 'ALT)
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*s In uavs-ls:

(SETQ I
Q "((V ((LEX COMPRESS) (CAT VERB))) (PATTERN (V DOTS))
(VOICE ACTIVE)
(NUMBER NONE) (CAT VERB-GROUP)))

(SETQ LOOSE °NIL)
(SETQ G ’ ((PP NONE)))

(SETQ GA 'PP)

Calling av-h-ls
sss In av-h-1s

$#33s3es Attribute-value pair from the grammar:

(SETQ GAV ' (PP NONE))

*4s Calling cntrl-av-h-1s to unify the

input with the attribute-value pair from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS:
no pair with same PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL 'NIL)

*+ Calling uavs-1ls from cntrl-av-h-1s to unify the 2 values
** In uavs-ls:

(SETQ I °'NIL)
(SETQ LQOGSE 'NIL)

(SETQ G ’NONE)
Out of uavs-1ls

Success: will enrich the
(SETQ RESULTS ’ ((NONE NIL)

(SETQ PATH 'PP)

input with
M

returning the result of a call to uavs-many-ls

ss In uavs-ls:

(SETQ I
TR e RIS (EAT VR BB ¢ e

(SETQ LOOSE °NIL)

(SETQ G °'NIL)



Alternative succeeded

(SETQ T crpNoNE)_ (v ((LEX compnzss; §CAT VERB))) SPATTERN (V DOTS))

(V?;gz ACTIVE) (NUMBER NONE) (CAT VERB-GRO
NIL

about to quit alt-h-1lg
?ég%rnggéafngcceeded
? "((((PP NONE) (V ((LEX COMPRESS) ECAT VERB))) (PATTERN (V DOTS))
£X?}§E ACTIVE) (NUMBER NONE) (CAT VERB-GROUP))
N

about to quit alt-h-ls
s+ In uavs-ls:

(SETQ I ’ ((LEX COMPRESS) (CAT VERB)))
(SETQ LOOSE * ((PP NONE) (NUMBER NONE)))

G == the whole grammar
(SETQ GA 'ALT)

The apEropriato alternative is chosen based on CAT in the input;
UA¥S- S 1slno' called recursively with this category
*s In uavs-ls:

(SETQ I ' ((LEX COMPRESS) (CAT VERB)))
(SETQ LOOSE ' ((PP NONE) (NUMBER NONE)))

(SETQ G
"((ALT (((LEX ATTRACT)) ((LEX CAUS?)) ((LEX COMPRESS))

((LEX HIT)
((LEX INCREASE)) ((LEX MOVE)) ((LEX SPEAK))
((LEX VIBRATE))
" ((LEX_VARY)
(PRESENT (SING (FIRST VARY) (SECOND VARY)
(THIRD VARIES))
(PLUR (FIRST VARY) (SECOND VARY)
(THIRD VARY)))
(PASTP (SING (FIRST VARIED) (SECOND VARIED)
(THIRD VARIED))
(PLUR (FILST VARIED) (SZCOND VARIED)
(L gy CTHIRD VARIED))))

(PrCIUT (SING (FIPST HAVT) (SZICHD HAVE)
(THIND HAZ))
(PLUR (FIRST HAVI) (SECOND HAVE)
(THIRD HAVE))))
((LEX BE)

(PRESENT (SING (FIRST AM) (SECOND Aigé)(THIRD IS))

(PLUR (FIRST ARE) (SECOND
(THIRD ARE))))))))

SETQ GA 'ALT)
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lexical level

(SETQ I *((LEX COMPRESS) (CAT VERB)))
(SETQ I-LEX ’'(LEX COMPRESS))

(SETQ G-LEX *((LEX COMPRESS)))

ss In uavs-ls:
(SETQ I ' ((LEX COMPRESS) (CAT VERB)))
(SETQ LOGSE '’ ((PP NONE) (NUMBER NONE)))

(SETQ G ' ((LEX COMPRESS)))

(SETQ GA 'LEX)

Calling av-h-1s
sss In av-h-ls

#sssss0 Attribute-value pair from the grammar:

(SETQ GAV ' (LEX COMPRESS))

*ss Calling cntrl-av-h-1s to unify the

input with the attribute-value pair from the grammar
In part | of the condition statemeat in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the pair found in the input:

(SETQ IVAL ’'COMPRESS)

*+ Calling uavs-ls from cotrl-av-h-ls to unify the 2 values
** In uavs-ls:

(SETQ I ’COMPRESS)

(SETQ LOCSE ' ((PP NONE) (NUMBER NONE)))

(SETQ G 'COMPRESS)
Qut of uavs-ls

Success: will enrich the input with
(SETQ RESULTS °’((COMPRESS ((PP NONE) (NUMBER NONE)))))

(SETQ PATH ’'LEX)

returning the result of a call to uavs-many-ls
*s In uavs-ls:

(SETQ I ' ((LEX COLPRESS) (CAT VERB)))

(SZTQ LCCSE ' ((PP NONE) (NUMBER NONE)))
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(SETQ G 'NIL)

*s In uavs-ls:

(SETQ I (CAT NP) (NUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SWALL)))

(N ((LEX GRANULE)))))
(SETQ LOOSE °'NIL)

G == the whole grammar
(SETQ GA ’ALT)

The appropriate alternative is chosen based CAT in the input;
UA¥S= S 1slno' called recursively with thi. :ategory
s+ In uavs-l1s:

S I
(SETQ '(ECAT NP) (NUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))
N ((LEX GRANULE)))))

(SETQ LOOSE °'NIL)

—”»

(SETQ G
‘ "((ALT (E ARTICLE NONE) (PATTERN éDOTS NNP DOTS)))
ARTICLE ANY) (ARTICLE ((CAT ARTICLE) (LEX ANY)))
PATTERN (DOTS ARTICLE NNP DOTS)))))
(NNP ((CAT NNP)))))

(SETQ GA "ALT)

¢s In yavs-ls:
(SETQ I
’(éCAT NP) (NUMBER PLUR) (ARTICLE ((LEX DEF))) (ADJ ((LEX SMALL)))
N ((LEX GRANULE)))))

(SETQ LOGSE °NIL)
(SETQ G ' ((ARTICLE NONE) (PATTERN (DOTS NNP DOTS)) (NNP ((CAT NNP)))))

(SETQ GA ’ARTICLE)

Calling av-h-ls
ses In av-h-lsg

sssesss Attribute-value pair froa the grammar:
(SETQ GAV ' (ARTICLE NONE))

sss Calling catrl-av-h-1s to uni!{ the
input with the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
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a pair #ith same PATH was found in the input

Value part of the Bair found in the 1input:

(SETQ IVAL ' ((LEX DEF)))

*# Calling uavs-1s from catrl-av-h-1s to unify the 2 values
*» In uavs-ls:

(SETQ I ' ((LEX DEF)))

(SETQ LOOSE °NIL)

(SETQ G 'NONE)

Out of uavs-ls
Unifying the 2 values failed

returning the result of a call tc uavs-many-ls

Alternative has failed. ..
*s In uavs-ls:

(SETQ I
*((CAT NP) (NUMBER PLUR) (ARTICLE ((LEX DEF ADJ SMALL

SN ((LEX GRANULE))))) )« (L )

(SETQ LOCSE °NIL)

(SETQ G

" ((ARTICLE ANY) (ARTICLE ((CAT ARTICLE) (LEX ANY));
(PATTERN (DOTS ARTICLE NNP DOTS)) (NNP ((CAT NNP)))))

(SETQ GA 'ARTICLE)

Calling av-h-ls
ss¢ In av-h-ls

s*sesss Attribute-value pair from the grammar:
(SETQ GAV ' (ARTICLE ANY))
*s+¢ Calling catrl-av-h-ls to nnif¥ the
input w#ith the attribute-value pair from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
3 pair with same PATH was found in the input
Value part of the Bair found in the input:
(SETQ IVAL '’ ((LEX DEF)))
s+ Calling uavs-ls from cntrl-av-h-1s to unify the 2 values
*s In uavs-ls:

(SETQ I ’((LEX DEF)))
(SETQ LOOSE 'NIL)

(SETQ G 'ANY)
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Out of uavs-ls

Success: ®will enrich the input with
(SE%Q RESULTS ’ ((((LEX QEF)) NIL)))

(SETQ PATH ’ARTICLE)

returning the result of a call to uavs-many-ls

ss In uavse-ls:
(SETQ I
" ((ARTICLE ((LEX DEF))% (CAT NP) (NUMBER PLUR) (ADJ ((LEX SMALL)))
(N ((LEX GRANULE))))
(SETQ LOOSE °NIL)
(SETQ G
' ((ARTICLE E(CAT ARTICLE) (LEX ANY;))
(PATTERN (DOTS ARTICLE NNP DOTS)) (NNP ((CAT NNP)))))
(SETQ GA ’ARTICLE)

Calling av-h-ls
sss In av-h-ls

sssssss Attribute-value pair from the grammar:

(SETQ GAV ' (ARTICLE ((CAT ARTICLE) (LEX ANY))))

#s+ Calling catrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In part 1 of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was (found in the input
Value part of the Bair found in the input:

(SETQ IVAL °’((LEX DEF)))
s+ Calling uavs-1ls from catrl-av-h-ls to unify the 2 values
¢+ In uavs-ls:

(SETQ I ' ((LEX DEF)))

(SETQ LOOSE °'NIL)
(SETQ G ' ((CAT ARTICLE) (LEX ANY)))

(SETQ GA °'CAT)

Calling av-h-ls
sss In av-h-ls

sssssss Attribyte-value pair from the grammar:
(SETQ GAV ’ (CAT ARTICLE))




¥*s Calling catrl-av-h-1s to unify the
loput with the attribute-value pair from the grammar

In %art 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input

Looks into LOOSE for it...
(SETQ IVAL °NIL)

*+ Calling uavs-1s from cntrl-av-h-1ls to unify the 2 values
*s In uavs-ls:

(SETQ I 'NIL)

(SETQ LOOSE ’NIL)

(SETQ G 'ARTICLE) N
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((ARTICLE NIL?))

(SETQ PATH °'CAT)

returning the result of a call to uavs-many-ls
*¢ In uavs-ls:

(SETQ I ' ((CAT ARTICLE) (LEX DEF)))

(SETQ LOOSE °NIL)

(SETQ G ’ ((LEX ANY)))

(SETQ GA 'LEX)

Calling av-h-lg
#s» In av-h-ls

#es#s2s Attribute-value pair from the grammar:

(SETQ GAV ’ (LEX ANY))

*#%¢ Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In part ! of the condition statement in CNTRL-AV-H-LS:

a pair with same PATH was found in the input
Value part of the pair found in the input:

(SETQ IVAL ’DEF)

¢+ Calling uavs-ls from cantrl-av-h-ls to unify the 2 values

*s In gavs-ls:
(SETQ I 'DEF)
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(SETQ LOOSE °NIL)

(SETQ G ‘ANY)
Out of uavse-ls

Success: will enrich the input with
(SETQ RESULTS ’ ((C&F NIL)))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
*s In uavs-ls:

(SETQ I ' ((LEX DEF) (CAT ARTICLE)))

(SETQ LOOSE °'NIL)

(SETQ G °NIL)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((((LEX DEF) U(CAT ARTICLE)) NIL)))

(SETQ PATH ’ARTICLE)

returning the result of a call to uavs-many-ls

** In uavs-ls:

(SETQ I
"((ARTICLE ((LEX DEF) (CAT ARTICLE))) (CAT NP) (NUMBER PLUR)
(ADJ ((LEX SMALL))) (N ((LEX GRANULE)))))

(SETQ LOOSE °'NIL)

(SETQ G ' ((PATTERN (DOTS ARTICLE NNP DOTS)) (NNP ((CAT NNP)))))

(SETQ GA 'PATTERN)

¢ In uavs-ls:

(SETQ I

' ((PATTERN éDOTS ARTICLE NNP DO EE%&

ARTICLE ((LEX DEF ; §CAT ARTI )) (CAT NP) (NUMBER PLUR)
ADJ ((LEX SMALL)) N ((LEX GRANULE)))))

(SETQ LOOSE 'NIL)

(SETQ G ’((NNP ((CAT NNP)))))

(SETQ GA 'NNP)
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G == the whole grammar
(SETQ GA 'ALT)

The appropriate alternative is chosen based on CAT in the input:
UAVS—ES is now called recursively with this category

*» In uavs-ls:

(SETQ I ' ((LEX DEF) (CAT ARTICLE)))

(SETQ LOOSE ’ ((NUMBER PLUR) (ADJ ((LEX SMALL))) (N ((LEX GRANULE)))))
(SETQ G ’((ALT (((LEX INDEF)) ((LEX DEF))))))
(SETQ GA ’ALT)

lexical level

(SETQ I ’((LEX DEF) (CAT ARTICLE)))
(SETQ I-LEX ' (LEX DEF))

(SETQ G-LEX ' ((LEX DEF)))

*s In uavs-ls:
(SETQ I ’((LEX DEF) (CAT ARTICLE)))
(SETQ LCOSE ' ((NUMBER PLUR) (ADJ ((LEX SMALL))) (N ((LEX GRANULE)))))

(SETQ G ’* ((LEX DEF)))

(SETQ GA 'LEX)

Calling av-h-1Is
sss Ip av-h-1s

#ssssss Attribute-value pair from the grammar:
(SETQ GAV ’(LEX DEF))

#** Calling catrl-av-h-lg to unify the
input with the atiribute-value palr from the grammar

In part 1| of the condition statement in CNTRL-AV-H-LS:
a_pair with same PATH was found in the input

Value gart of the pair found in the input:
(SETQ IVAL 'DEF)

** Calling uavs-1s from cntrl-av-h-1s to unify the 2 values
*s In uavs-ls:
(SETQ I 'DEF)
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(SETQ LOOSE ' ((NUMBER PLUR) (ADJ ((LEX SMALL)))

(SETQ G ’DEF)
Qut of uavs-ls
Success: will enrich the 1nput with
(SETQ RESULTS
'((DEF ((NUMBER PLUR) (ADJ ((LEX SMALL)))

(SETQ PATH ’'LEX)

returning the result of a call to uavs-zany-ls
ss In uavs-ls:

(SETQ I ’((LEX DEF) (CAT ARTICLE)))

(SETQ LOOSE ' ((NUMBER PLUR) (ADJ ((LEX SMALL)))

(SETQ G °NIL)

ss In uavs-ls:
(SETQ I ' ((CAT NNP)))
(SETQ LOOSE ' ((NUMBER PLUR) (ADJ ((LEX SMALL)))

G == the whole grammar
(SETQ GA °ALT)

(N ((LEX GRANULE)))))

(N ((LEX GRANULE)))))))

(N ((LEX GRANULE)))))

(N ((LEX GRANULE}))))

pEroprLate alternative is chosen based on CAT in the input;
UAVS S 1s now called recursively with this category

*s [p yavs-ls:

(SETQ I '((CAT NNP)))

(SETQ LOOSE ' ((NUMBER PLUR) (ADJ ((LEX SMALL)))
(SETQ G

*((ALT (((ADJ NONE) (PP NONE) (TAIL NONE)
(gl ((CAT NOUN) (LEX ANY))))

(N ((LEX GRANULE}))))

(PATTERN (N POUND))

ALT (((ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY)))
PATTERN )))

(ADJ NNP
(PP_((CAT PP))) (PATTERN (NNP PP)))))

é PP ANY;
(NNP ((CAT NNP))))))))
(SETQ GA °ALT)

ss In yavs-lsg:
(SETQ I ' ((CAT NNP)))

(SETQ LOOSE ’ ((NUMBER PLUR) (ADJ ((LEX SMALL))) (N ((LEX GRANULE)))))
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(SETQ g(iADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))

N ((CAT NOUN) (LEX ANY)))))
(SETQ GA 'ADJ)

Calling av-h-ls
*ss In av-h-ls

sssssss Attribute~value pair from the grammar:
(SETQ GAV ’ (ADJ NONE))

sss Calling cntrl-av-h-1s to unify the
input with the attribute-value palir from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the inmput o

Looks into LOOSE for it...

(SETQ IVAL ’((LEX SMALL)))

ss Calling uavs-ls from catrl-av-h-ls to unify the 2 values

*s In uavs-ls:

(SETQ I ' ((LEX SMALL)))

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G ’NONE)

Out of uavs-ls
Uniiying the 2 values failed

returning the result of a call to uavs-many-ls

Alternative has failed. ..
s+ [n uyavs-ls:

(SETQ I ' ((CAT NNP)))
(SETQ LOOSE ' ((NUMBER PLUR) (ADJ ((LEX SMALL))) (N ((LEX GRANULE)))))
(SETQ G

"((ALT (((ADJ ANY} (ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP)))

(PP ANY) (PP ((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP)))))

(SETQ GA "ALT)

*s In uavs-1ls:
(SETQ I_’((CAT NNP)))
(SETQ LOOSE ' ((NUMBER PLUR) (ADJ ((LEX SMALL))) (N ((LEX GRANULE)))))

(SETQ G
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'(gADJ ANY) (ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP))
NNP ((CAT NNP)))))

(SETQ GA 'ADJ)

Calling av-h-ls
ss¢ In av-h-ls

sssesss Attribute-value pair from the grammar:
(SETQ GAV ' (ADJ ANY))

*+s Calling cntrl-av-h-ls to unify the
ipput with the attribute-value pair from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL ' ((LEX SMALL)))

*s Calling uavs-1ls from catrl-av-h-1s to unify the 2 values

s+ In uavs-ls:

(SETQ I '((LEX SMALL)))

(SETQ LOCSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G 'ANY)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((((LEX SMALL?) ((NUMBER PLUR) (N ((LEX GRANULE)))))))

(SETQ PATH ’ADJ)

returning the result of a call to uavs-many-ls
s+ In uavs-ls:

(SETQ I ' ((ADJ ((LEX SMALL))) (CAT NNP)))

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))
(SETQ G

*((ADJ ((CAT ADJ) (LEX ANY))) (PATTERN (ADJ NNP)) (NNP ((CAT NNP))))

(SETQ GA 'ADJ)

Calling av-h-ls
sss In av-h-ls

sssssss Attribute-value pair from the grammar:
(SETQ GAV ' (ADJ ((CAT ADJ) (LEX ANY))))
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*+s Calling catrl-av-h-lg to unify the
input with the attribute-value palr from the grammar

In part 1 of the condition statement in CNTRL-AV-H-LS:

a pair with same PATH was found in the input

Value part of the gair found in the input:

(SETQ IVAL ’((LEX SMALL)))

** Calling uavs-ls from catrl-av-h-1s to unify the 2 values
*+ In uavs-ls:

(SETQ I ’((LEX SMALL)))

(SETQ LOOSE ’ ((NUMBER PLUR) (N ((LEX GRANULE)))))
(SETQ G ’((CAT ADJ) (LEX ANY)))

(SETQ GA 'CAT)

Calling av-h-ls
sss [n av-h-ls

ss3242s Attribute-value pair from the grammar:

(SETQ GAV ’ (CAT ADJ))

ss¢ Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grammar

In gﬁrt 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL °NIL)
*+ Calling uavs-1ls from catrl-av-h-ls to unify the 2 values
*+ In uavs-ls:

(SETQ I 'NIL)

(SETQ LOOSE * ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G 'ADJ)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS *((ADJ ((NUMBER FLUR) (N ((LEX GRANULE)))))))

(SETQ PATH 'CAT)

returning the result of a call to uava-many-ls
*s In uavs-ls:
(SETQ I ’((CAT ADJ) (LEX SMALL)))
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(SETQ LCOSE ’ ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G ' ((LEX ANY)))

(SETQ GA ’LEX)

Calling av-h-1ls
s In av-h-lg

##eesss Attribute-value pair from the grammar:
(SETQ GAV ' (LEX ANY))
*ss Calling cnotrl-av-h-ls to unify the
input with the attribute-value pair from the grammar
In part { of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of the pair found in the input:
(SETQ IVAL ’SMALL)
*¢ Calling usvs-ls from cantrl-av-h-1s to unify the 2 values
*s In uavs-ls:

(SETQ I °SMALL)
(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G 'ANY)
Out of uvavs-ls

Success: will enrich the input with
(SETQ RESULTS ' ((SMALL ((N PLUR) (N ((LEX GRANULE)))))))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls
*s In uavs-ls:

(SETQ I ' ((LEX SMALL) (CAT ADJ)))

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G 'NIL)
Out of uavs-ls
Success: will enrich the input with
B%%%%ng SMALL) (CAT ADJ)) ((NUMBER PLUR) (N ((LEX GRANULE)))))))
(SETQ PATH *ADJ)

returning the result of a call to navs-many-ls
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*s Jn yavs-ls:
(SETQ I ’'((ADJ ((LEX SMALL) (CAT ADJ))) (CAT NNP)))

(SETQ LOOSE ' ((NULBER PLUR) (N ((LEX GRANULE)))))
(SETQ G ' ((PATTERN (ADJ NNP)) (NNP ((CAT NNP)))))
(SETQ GA 'PATTERN)

*s In uavs-ls:
(SETQ I ’((PATTERN (ADJ NNP)) (ADJ ((LEX SMALL) (CAT ADJ))) (CAT NNP)))

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))
(SETQ G ' ((NNP ((CAT NNP)))))

(SETQ GA 'NNP)

Calling av-h-ls
*s+ In av-h-ls

ssessss Attribute-value pair from the grammar:
(SETQ GAV ' (NN ((CAT NNP))))

#ss Calling catrl-av-h-ls to unify the
input with the attribute-value palr from the grammar

In part 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL 'NIL)

*s Calling uavs-ls from catrl-av-h-ls to unify the 2 values

s+ In uavs-ls:

(SETQ I °NIL)

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G ’ ((CAT NNP)))
Out of uavs-ls

b the inpu

Success: will enric with
((CAT NNP)) ((NUMBER PLUR) (N ((LEX GRANULE)))))))

(SETQ RESULTS * ((
(SETQ PATH °NNP)

returning the result of a call to uavs-many-ls

¢ In uavs-ls:
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(SETQ I
NNP))) (PATTERN (ADJ NNP))
(Exgg gEE£§ SMALL) (CAT ADJ))) (CAT NNP)))

(SETQ LQOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))
(SETQ G °NIL)

Alternative succeeded
(SETQ RESULT-0
'((((NNP E(CAT NNP))) (PATTERN (ADJ NNP))
(ADJ ((LEX SuALL) §CAT ADJ))) (CAT NNP))
((NUL.BER PLUR) (N ((LEX GRANULE)))))))
about to quit alt-h-1s
Alternative succeeded
(SETQ RESULT-0

" (CCCNNP g(CAT NNP)); (PATTERN (ADJ NNP))
(ADJ ((LEX SMALL ECAT ADJ))) (CAT NNP))
((NUMBER PLUR) (N ((LEX GRANULE)))))))

about to quit alt-h-ls
*s In uavs-ls:

(SETQ I ’((LEX SMALL) (CAT ADJ)))
(SETQ LOOSE * ((NUMBER PLUR) (N ((LEX GRANULE)))))

G == the whole grammar
(SETQ GA ’ALT)

The apEroprlate alternative is chosen based on CAT in the input;
UAVS-LS 1s now called recursively with this category

*s In uavs-ls:

(SETQ I ' ((LEX SMALL) (CAT ADJ)))

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G
VAT R BB (B DS (B SRR S e )

(SETQ GA 'ALT)

lexical level

(SETQ I ' ((LEX SMALL) (CAT ADJ)))
(SETQ I-LEX ' (LEX SMALL))

(SETQ G-LEX * ((LEX SMALL)))

s In uavs-ls:
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(SETQ I ’((LEX SMALL) (CAT ADJ)))
(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G ’* ((LEX SMALL)))

(SETQ GA 'LEX)

Calling av-h-1s
*»*s In av-h-ls

*esssss Attribute-value pair from the grammar:

(SETQ GAV ’(LEX SMALL))

#ss Calling catrl-av-h-1s to unify the

input with the attribute-value palr froam the grammar
In part | of the condition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value Eart of the pair found in the input:

(SETQ IVAL ’SMALL)
#¢ Calling uavs-1ls from catrl-av-h-1s to unify the 2 values
*+ In uavs-ls:

(SETQ I ’SMALL)

(SETY LCOSE ' ((NUWZZR PLUR) (N ((LEX GRANULE)))))

(SETQ G 'SMALL)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS '’ ((SMALL ((N ER PLUR) (N ((LEX GRANULE)))))))

(SETQ PATH 'LEX)

returning the result of a call toc uavs-many-ls
*s In uavs-ls:

(SETQ I ’((LEX SMALL) (CAT ADJ)))

(SETQ LOOSE ’((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G 'NIL)

*+ In uavs-ls:
(SETQ I ' ((CAT NNP)))
(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))
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G == the whole grammar
(SETQ GA 'ALT)

The appropriate alternative is chosen based on CAT in the input;

UAVS-ES is now called recursively with this category

#+ In uavs-ls:

(SETQ I ' ((CAT NNP)))

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ ¢
"((ALT (((ADJ NONE) (PP NONE) (TAIL NONE) (PATTERN (N POUND))

N ((CAT NQUN) (LEX ANY))))
((ALT (((ADJ ANY) (ADJ ((CAT ADJ) (LEX ANY)))

PATTERN §ADJ NNP)

5 PP ANY; PP ((CAT PP))) (PATTERN (NNP PP)))))
(NNP ((CAT NNP))))))))

(SETQ GA 'ALT)

*¢ In uavs-ls:
(SETQ I ' ((CAT NNP)))
(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))
(SETQ G
"((ADJ NONE) (PP NOME) (TAIL NONE) (PATTERN (N POUND))
(N ((CAT NOUN) (LEX ANY)))))
(SETQ GA ’ADJ)

Calling av-h-ls
#*+» In av-h-ls

#essses Attribute-value pair from the grammar:

(SETQ GAV ’(ADJ NONE))

*#*+ Calling cotrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In gﬁrt 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input

Looks _into LOOSE for it...

(SETQ IVAL 'NIL)
*¢ Calling uavs-ls from catrl-av-h-1s to unify the 2 values
s In uavs-ls:

(SETQ I °'NIL)

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))
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(SETQ G 'NONE)
Out of uavs-ls

Succesgs: will enrich the input with
(SETQ RESULTS *((NONE (( PLUR) (N ((LEX GRANULE)))))))

(SETQ PATH 'ADJ)

returning the result of a call to uavs-many-ls
*+ In uavs-ls:

(SETQ I ’((ADJ NONE) (CAT NNP)))

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))
(SETQ G '

'(gPP NONE) (TAIL NONE) (PATTERN (N POUND))
N ((CAT NOUN) (LEX ANY)))))

(SETQ GA 'PP)

Calling av-h-ls
*+¢ In av-h-ls

s#sasse Attribute-value pair from the grammar:
(SETQ GAV ' (PP NONE))

#++ Calling cotrl-av-h-1s to unify the

lpput #ith the attribute-value palr from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input :
Looks into LGCSE for it...

(SETQ IVAL 'NIL)
*+ Calling uavs-ls frca cntrl-av-h-1s to unify the 2 values
*+ In uavs-ls:

(SETQ I °'NIL)

(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G °'NONE)
Out of uavs-ls

Success: will enrich the inpuit with
(SETQ RESULTS ' ((NCNE ((NUMBER PLUR) (N ((LEX GRANULE)))N))

(SETQ PATH °'PP)

returning the result of a call to uavs-many-ls
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s In vavs-ls:
(SETQ I ’((PP NONE) (ADJ NONE) (CAT NNP)))
(SETQ LOOSE ' ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G ' ((TAIL NONE) (PATTERN (N POUND)) (N ((CAT NOUN) (LEX ANY)))))

(SETQ GA 'TAIL)

Calling av-h-ls
sss In av-h-ls

sssssss Attribute-value pair from the grammar:

(SETQ GAV ' (TAIL NONE))

#+» Calling cntrl-av-h-ls to unify the

input with the attribute-value pair from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input

Looks _into LOOSE for it...

(SETQ IVAL °NIL)
*s Calling uavs-ls from cntrl-av-h-ls to unify the 2 values
*+ In uavs-ls:

(SETQ I °NIL)

(SETQ LOOSE ’ ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G ’NONE)
Out of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’((NONE ((NUMBER PLUR) (N ((LEX GRANULE)))))))

(SETQ PATH 'TAIL)

returning the result of a call to uavs-many-ls

*+ In uavs-ls:

(SETQ I '((TAIL NONE) (PP NONE) (ADJ NONE) (CAT NNP)))
(SETQ LOOSE ° ((NUMBER PLUR) (M ((LEX GRANULE)))))

(SETQ G ’* ((PATTERN (N POUND)) (N ((CAT NOUN) (LEX ANY)))))
(SETQ GA 'PATTERN)

ss In uavs-ls:
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(SETQ I ' ((PATTERN (N POUND)) (TAIL NONE) (PP NONE) (ADJ NONE) (CAT NNP)))
(SETQ LOOSE * ((NUMBER PLUR) (N ((LEX GRANULE)))))

(SETQ G ’((N ((CAT NOUN) (LEX ANY)))))

(SETQ GA °'N)

Calling av-h-1ls
*»*s Jn av-h-1s

sss++4s Attribute-value pair from the grammar:

(SETQ GAV ' (N ((CAT NOUN) (LEX ANY))))

#*s Calling cntrl-av-h-1s to unify the

input with the attribute-value pair from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input

Looks into LOOSE for it...

(SETQ IVAL ' ((LEX GRANULE)))
*» Calling uavs-ls from catrl-av-h-ls to unify the 2 values
*+ In uavs-ls:

(SETQ I ' ((LEX GRANULE)))

(SETQ LOGSE ’ ((NUMBER PLUR)))
(SETQ G ' ((CAT NOUN) (LEX ANY)))

(SETQ GA °'CAT)

Calling av-h-1s
sss [n av-h-lsg

ssss23s Attribute-value pair from the grammar:

(SETQ GAV ’(CAT NOUN))

#s3 Calling cntrl-av-h-1s to unify the

input with the attribute-value palr from the grammar
In part 2 of the condition statement in CNTRL-AV-H-LS: no pair with same
PATH was found in the input

Looks into LOGSE for it...

(SETQ IVAL °NIL)

*+ Calling uavs-1s from catrl-av-h-1s to unify the 2 values
ss In uavs-ls:

(SETQ I °'NIL)

(SETQ LOOSE ' ((NUMBER PLUR)))
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(SETQ G 'NOUN)
Qut of uavs-ls

Success: will enrich the input with
(SETQ RESULTS ’((NGUN ((NUMBER PLUR)))))

(SETQ PATH 'CAT)

returning the result of a call to uavs-many-ls

s+ In yavs-ls:
(SETQ I ’((CAT NOUN) (LEX GRANULE)))
(SETQ LOOSE ’ ((NUMBER PLUR)))

(SETQ G ' ((LEX ANY)))

(SETQ GA 'LEX)

Calling av-h-1s
ss% In av-h-ls

#ssssss Attribute-value pair from the grammar:

(SETQ GAV ' (LEX ANY))

s+s Calling cntrl-av-h-lg to unify the

input with the attribute-value pair from the grammar
In part ! of the cordition statement in CNTRL-AV-H-LS:
a pair with same PATH was found in the input
Value part of thaLEair found in the input:

(SETQ IVAL 'GRANULE)
*s Calling uavs-ls from catrl-av-h-ls to unify the 2 values
*¢ In uavs-ls:

(SETQ I 'GRANULE)

(SETQ LOOSE ° ((NUMBER PLUR)))

(SETQ G ’ANY)
Cut of uavs-ls

Success: will enrich the input with
SETQ RESULTS ’ ((GRANULE (( PLUR)))))

(SETQ PATH °LEX)

returning the result of a call to uavs-many-ls

s¢ In uavs-ls:
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(SETQ I ’'((LEX GRANULE) (CAT NOUN)))
(SETQ LOOSE ’ ((NUNBER PLUR)))

(SETQ G 'NIL)
Qut of uavs-ls

Success: vill earich the in ut wit
(SETQ RESULTS ' ((((LEX GRAN (CAT NOUN)) ((NUMBER PLUR)))))

(SETQ PATH 'N)

returning the result of a call to uavs-many-ls

s In uavs-ls:

(SETQ I
(éN ((LEX GRANULE) (CAT NOUN)); (PATTERN (N POUND)) (TAIL NONE)

PP NONE) (ADJ NONE) (CAT NNP)))
(SETQ LOOSE ' ((NUMBER PLUR)))

(SETQ G °'NIL)

Alternative succeeded
(SETQ RESULT-0
*((((N ((LEX GRANULE) (CAT NOUN%%;)(PATTERN (N POUND)) (TAIL NONE)

(PP NONE) (ADJ NONE) (CAT
((NUMBER PLUR)))))

about to quit alt-h-1s
*+ In uavs-ls:

(SETQ I ’((LEX GRANULE) (CAT NOUN)))
(SETQ LOOSE ' ((TAIL NONE) (PP NONE) (ADJ NONE) (NUMBER PLUR)))

G == the whole grammar
(SETQ GA 'ALT)

The appropriate alternative is chosen based on CAT in the input;
A¥S ) 1llnov called recursively with this category
*s In uavs-ls:

(SETQ I ’((LEX GRANULE) (CAT NOUN)))
(SETQ LOOSE ' ((TAIL NONE) (PP NONE) (ADJ NONE) (NUMBER PLUR)))

(SETQ G
"((ALT (((LEX TELEPHONE ; SLEX RECEIVERB §(LEX KIND))
LEX DIAPHRAGM LEX INTENSITY))
)§ LEX PERSON)) ((LEX

LEX MOLECULE) LE))
LEX RESISTANCE)) ((LEX TRANSMITTER )) ((LEX WAVE))))))
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(SETQ GA 'ALT)

lexical level

(SETQ I ' ((LEX GRANULE) (CAT NOUN)))
(SETQ I-LEX ' (LEX GRANULE))

(SETQ G-LEX ' ((LEX GRANULE)))

*s In uavs-ls:
(SETQ I ’((LEX GRANULE) (CAT NOUN)))
(SETQ LOOSE ' ((TAIL NONE) (PP NONE) (ADJ NONE) (NUMBER PLUR)))

(SETQ G ’ ((LEX GRANULE)))

(SETQ GA 'LEX)

Calling av-h-1s
*s+s In av-h-ls

sssssss Attribute-value pair from the grammar:
(SETQ GAV ' (LEX GRANULE))
*s#» Calling cotrl-av-h-1s to unify the
input with the attribute-value palr from the grammar
In part | of the cocdition statement in CNTRL-AV-H-LS:
a_pair with same PATH was found in the input
Value part of tthEair found in the input:
(SETQ IVAL 'GRANULE)
*+* Calling uavs-1s from catrl-av-h-1s to unify the 2 values
*» In uavs-ls:
(SETQ I ’'GRANULE)
(SETQ LOOSE ' ((TAIL NONE) (PP NONE) (ADJ NONE) (NUMBER PLUR)))

(SETQ G 'GRANULE)
Out of uavs-ls

Success: I%él enrich the input with
"((GRANULE ((TAIL NONE) (PP NONE) (ADJ NONE) (NUMBER PLUR)))))

(SETQ PATH 'LEX)

returning the result of a call to uavs-many-ls

ss In uavs-ls;
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(SETQ I ' ((LEX GRANULE) (CAT NOUN)))
(SETQ LOOSE ' ((TAIL NONE) (PP NONE) (ADJ NONE) (NWMBER PLUR)))

(SETQ G 'NIL)
(THE DIAPHRAGM COMPRESSES THE SMALL GRANULES!.)
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