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zing the knowledge required to understand language which permits efficient
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integrated into the parsing process whenever it is beneficial. The seman-
tic grammar also lends itself to a simple yet powerful method of handling
pronominalizations, ellipses and other sentence fragments that arise
naturally in a dialogue situation .

The need for a succinct formalism for expressing semantic grammars
led to the use of the Augmented Transition Networks (Am). The ability
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environment is demonstrated in the natural language front—end for the
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I
ABSTHACTp

one of the  r i a j r r  s t u m b l i n g  b lock .~. tc ,  the  m ore  e f f e c t i v e  e du c a t i on a l
use of compute r s  is the  lack of a n a t u r a l  means of com m u n i c a t i o n  between

I t h e  st u d en t  and t h e  c o m p u t e r .  Th~.s repor t  addresses the  p rob lems  of’
d e ve l c lp i n g  a sys tem t h i t  can unde r s t and  n a t u r a l  language  ( E n g l i s h )  for
a d v a n c ed  c o m p u t e r — ~.a~~~ 1 i n s t ruc t iona l  sys tems.  Tra in ing  en v i r o n m e n t s
impose t h e  fo l l o wi ng r eq u i r e m e n t s  on a n a t u r a l  l anguage  u n d e r s t a n d i n g
s y s tem :  ( 1 )  e f f i c i en c y ,  ( 2 )  h a b i t a b i l i t y ,  ( 3 )  s e l f_ t ea c h a b i l i ty ,  and ( L I )
awareness of ambiguity. The major  leverage points tha t  allow these
requirements to be me t, are : (1) limited domaIn , (2) limited activities
wit h i n  t h a t  d o m a i n , and ( 3 )  known c o n c e p t u a l i z a t i o n s  of the d o m a i n ,  in
other words , we must know the problem area , the type of problem the student

I is trying to solve and the way he should be thinking about the problem in
c~r1er to solve it,

Trie notion of semantic grammar is introduced as a paradigm for

I organizing the knowledge required to understand language which permits
efficient parsing . In semantic gramma r , non—terminal categories are formed
on conceptual rather tnan syntactic bases. This allows semantic knowledge
to be integrated into the parsing process whenever it is beneficial. The
semantic gramma r also lends itself to a simple yet powerful method of

I h a n d l i n g  prcinomiriallzations , ellipses and other sentence fragments that
arise naturally in a dialogue situation.

The need fo r  a succinct formalism for expressing semantic grammars led

I to th~ use of the Augmented Transition Networks (ATN). The ability of
ATN—based semantic grammars to perform satisfactorily in an educational
er~vjrc noent is ds~rnonstrated in the natural language front—end for the
.~uHi i r. system.
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Pre face

Aith the advent of’ knowledge—based instructional systems that can

answer trainee.’ questions , critique their hypotheses and automatically

pr3vide remedial hints , the need for a man—machine interface that[ facilitates rather than hinders a student ’s communication with the machine

becomes ever more pressing. This report describes a general technique for

I generating “friendly ”, eff icient an d ro bust natural lan guage front en ds for
advanced instructional systems. The generality of this technique has been

1 proved by its successful application in a range of instructional systems;

its efficiency has turned out to rival the keywords parsers which underly

I most of the classical CAl systems; its robustness has been attested to by

the fact that it has been able to handle nearly every serious query posed

r to our electronic instructional systems in the course of a lesson or

exercise.

— 
In this report we first discuss the essential properties that comprise

a “friendly ” natural language front—end for an instructional system. Next ,

we discuss some prior systems that have some , but not all , of the desired

capabilities and then we focus on the technical details underlying

“semantic grammars” —— a new technique for producing the desired

man—machine interfaces. Although there is little emphasis placed on the

analysis of how students used the capabilities afforded by this kind of

natural language interface (made possible by semantic grammars), a

companion report contains the analysis of nearly twelve thousand natural

language interactions collected from students using instructional systems

—
~ 

built around this technique .
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Chapter 1

- REQUIREMENTS FOR A NATURAL
LANGUAGE INTERFACE FOR INSTRUCTIONAL SYSTEMS

- This research arose from the need for na tu ra l  language in ter faces  to

complex instructional systems which underly reactive training environments.

As used here , the term “reactive training environment” refers to flexible

I problem solving , laboratory—like situations that have been implemented on a

computer. The environment is reactive in the sense that the computer can

(in addition to implementing the laboratory) monitor the student ’s

activities and provide tutorial feedback during the solution of problems .

A characteristic of such systems is that the computer—naive students are

involved in a training situation in which the computer is merely the

medium. Most certainly these students are not interested in state—of—art

man—machine communication ; they must be free to concentrate on solving

their problems and learning from their solution paths and errors.

This instructional environment places constraints on a natural

language understanding system that exceed the capabilities of all existing

systems . These constraints include: (1) efficiency (2) habitability (3)

• se l f—teachab i l i t y  and ( L I )  the abi l i ty  to exist with ambiguity . In the

remainder of this chapter we will explore why these are important , and then

provide an overview of the remainder of this report .

I Requirements

A p r imary  requirement for a natural language processor , in an

I instructional situation , is speed. Imagine the following setting : the

student is at a terminal actively working on a problem. He decides that he

I needs another piece of information to advance his solution , so he

formula tes  a query . Once he has finished typing his question , he will waitr for the system to give him an answer before he continues working on his

solutions. During the time it takes the system to parse his query , the
— student is apt to forget pertinent information and lose interest .

Psychological experiments have shown that response delays longer than two

—— seconds have serious effects on the performance of complex tasks via

terminals (Miller 68). In these two seconds , the system must understand

the query ; deduce , Infer , lookup or calculate the answer; and generate a
1~



response . ( 1)

The second requi rement  for a n a t u r a l  language  f r o n t — e n d  is

h a L i t a b i l i t y . Any na tu ra l  language system wr i t t en  in the forseeabl e  f u t u r e
is not going to be ab le  to unders tand all of na tura l  langua ge . ~~at , it
must  io is character ize  and understand a useable subset c f  toe l a ngu a ~~~.

watt (lQb -3 p . 33~
-) defines a “habitable ” sub—language as “one in which its

users can express themselves without straying over the language boundaries

Iritc unallowed sentences ”. Very intuitively, for a system to he habitab le

it must , among other things , allow the user to make local or minor

modifications to an accepted sentence and get another accepted sentence .

Exactly how much modification constitutes a minor change has never been

specified . Some examples may provide more insigh t into this notion .

1 Is anytning wrong?
2 Is there anything wrong?
3 Is there something wrong?
14 Is there anything wrong with section 3?
5 Does it look to you like section 3 could have a problem?

If a problem solving system accepts sentence 1 , it should also accept the

modifications given in sentence 2 and 3. Sentence LI presents a minor

syn tac t i c  extension which may have major repercussions in the semantics but

which should also be accepted. Sentence 5 is an example of a possible

paraphrase of sentence 14 which is beyond the intended notion of

habitability. Based on the acceptance of sentences 1— LI , the user has no

reason to expect that sentence 5 will be handled.

Any sub—language which does not maintain a high degree of habitability

— is apt to be worse than no natural language capability at all. Because , in

addition to the problem he Is seeking information about , the student is

faced , sporadically, with the problem of getting the system to understand

his query . This second problem can be disastrous both because it occurs

seemingly at random and because it Is ill—defined. In an informal

experiment to test the habitability of a system , the authors asked a group

of four students to write down as many ways as possible of asking a

(1) Another effect of poor response time which is critical to in te l l igen t
monitoring systems is that more of the student s searching for the answer
is done Internally (i.e. without using the system). This decreases the
amount of Information the tutoring system receives and Increases the amount
of Induction that must be performed , making the problem of figuring out
what the student is doing much harder (e.g. the student won t “show his
work” when solving a problem ; he will just present the answer).

— 2 —
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particular question. The original idea was to determine how many of the

various paraphrasing would be accepted. The students each came up with one

phrasing very quickly but had tremendous difficulty thinking of any others ,

even though three of the first phrasings were different ! This experience

demonstrates the lack of student ’s ability to do “linguistic ” problem

solving and points out the importance of accepting the student ’s first

phrasing.

An equally important aspect of the habitability problem is the

multi—sentence (or dialogue) phenomena . When students use a system that

exhibits “intelligence” through its inference capabilities , they quickly

start to assume that the system must also be intelligent in its

conversational abilities as well. For example , they will frequently delete

parts of their statements which they feel are obvious , given the context  of

the preceding statements. Often they are totally unaware of such deletions

and show surprise and/or anger when the system fails to utilize contextual

information as clearly as they (subconsciously) do. The use of context

manifests itself In the use of such linguistic phenomena as

pronominalizations , anaphoric deletions and ellipses. The following

sequence of questions exemplifies these problems:

6 What is the population of Los Angeles?
7 What is it for San Francisco?
8 What about San Diego?

The third requirement for a natural language processor is that it be

self—teaching. As the student uses the system , he should begin to feel the

range and limitations of the sub—language . When the student uses a

sentence that the system can ’t understand , he should receive feedback that

will enable him to determine why it can ’t. There are at least two kinds of

feedback. The simplest (and most often seen) merely provides some

indication of what parts of the sentence caused the problem (e.g. unknown

word or phrase). A more useful kind of feedback goes on to provide a

response based on those parts of the sentence that did make sense and then

indicate (or give examples of) possibly related , acceptable sentences. It

may even be ad vantageous to have the system recognize common unacceptable

sentences and in response to them , explain why they are not in the

sub—language . (See chapter 6 for further discussion of this point.)

— 3 —



The f ou r t h  r e q u i r e m e n t  t c r  a~~ .itur ~il language system is that it be

~iwure of ambiguity. Natural language gains a good deal  of f l e x i b i l i t y  and

power by not forcing every meaning into a different surface structure .

This means that the program that interprets natural language sentences

must be aware th :~t more than one Interpretation is possible . E or example ,

woe r  asked:

(u) Was John believ ed to have been shot by Fred?

one cf the most potentially disastrous responses i. “Yes ” . The user may

not L e  sure whether Fred did the shoot ~ng or I i~ believing or both . More

li~ elv , the user , bein g unaware of any ambigu ty, assumes an Interpretation

~~ut  m~ y be different than the system ’s. If the system ’s inter pretation is

~i f fe r e nt , the  user  t h i n k s  he has received the  answer  to his query when in

fact he has r eceived the  answer  to a completely independent query.

Eit r~~r of the following is a much better response :

( 1 0 )  Yes , it is believed that Fred shot John.
( 1 1 )  Yes , Fred be l ieves  t h a t  John was shot .

Ire system need not  necessarily have tremendous disambiguation sk i l l s , but

it must he aware that mis—interpretation r are possible and inform the user

of its Inter pretation . In those cases where the system maKes a mistake the

res~ its may be ariro ying but should not be catastrophic.

This repor t  ~r~ sents  the  deve lopmen t  of a t e c h n i q ue  tu a t  we have  na rn e i

“ :1em~,otic g r u m~r. - ± r r ; ” for b u i l d i n g  n a t u r a l  language processors  t r a t  s at i s f y

t oe  ab o v e  c o n s t r a i n t s .  Chap te r  2 d iscusses  o the r  sys tems  w n i c h  a t t a c k  e

~ tnes~ problems. Chapter 3 r r e s e n t s  a d i a l o w u e  fr o m  the  “ In t e l i I~ e n t ”

CAl syntem SOPHIE , that we used to refine and demonstrate this technl ;ue .

— Iris dialogue provides concrete examples of t he  k i n d s  of l i n g u i s t i c

capabilities that can be achieved using semantic grammars . Chapter 1~

de scrires semantic grammar as it. first evolved in SOPHIE , and points out

how it allows semantic InformatIon to be used to handle diaio~ ue

constructs , and to allow the directed ignoring of words In the Input.

Crap ter 5 discuss~ s the limitations that were encountered in the evoiution

of semant ic grammars in SOPHIE as the range of sentences was Increased and

how these  m i g r t  be overcome by u s ing  - i d i f f e r e n t  fo rma l i sm —— au~’m e r1 t p  I

t r a n s i t ion  ne tworks  ( A T N ) .  C h a p t e r  5 also r e p o r t o  on the c o n v e r s i o n  of’ the

_ 1 4 _
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SOPHIE semantic grammar to an ATN , and the extensions to the ATN formalism

which were necessary to maintain the solutions presented in chapter 14.

Chapter 5 also includes comparison timings between the two versions of the

natural language processor . Chapter 6 descrIbes experiences we have had

with SOPHIE , and presents techniques developed to handle problems in the

area of non—understood sentences. Chapter 7 suggests directions for future

w o r K .

I
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r t . l s  c t .  t r  ~~‘ ~i i1 te r i t e  a o u r ’ r ~r ot l i t  t~ ’r ’ nt  t~~~ r i r i ~~~~ t 0 j ~

n a v ’~ • v  c ~ v e t  rr c r~~i a r ch  i t  b r i e  ir” i c t  r a t  c 1 1 r c ~~~. ‘ ar  r : ;  I i r d  i c c  cm

i~~~ 11’’ : to ~r a c t I ~~~1 t a s K s .  ar u r ; c c ’  is to Ic cor~ be a r e t  o f  t e c hn l~~aes

h r av e  t e e n  l e ve l ; I h r  handle a natur l s r c a c e  i n;  i i  t t . r o a~~r u t  1

c t  ~a rrr ; J e x i t c .  ~~
,‘ j r  r eek  to ii r r p e j  I c ’ -’ I lea  t f t t  ¶ r ’ -’r ’-~ I a

‘ t a t  a r i l  language ” as it r i ; • p l  les to i n ter  f a c i r u -  10  c o m p u ter  r 7 c t ~ r~r r s , or

t o u t  t r e r e  ex i s t s  one “ r e s t ”  t e c h n i q u e  fo r  eve ry  ~~~~~~~~~~~~~

e r — r d p r r  to” ol l eu t  a o l  :s l - cpi e s t  m e t h c  I c t  te t i  m i ’  w i t h  j r r e c t r i r t e t

~t s r il I - I r g u a g e  was t r r r u c r  K e y K n r I  p r i r o l  oc . Tn e t,’crni~ ue was i nt r c t u c e :

; ~e i : e r :  a u m  ( 1  ~h~~ri) a r c  c ar ; I e.- r cr’ l a r t  ‘ xt ’-oi r e t  by o tt ers ‘ e~~g~

1~~’h b , ~r r c~~r h i i .  1 ~75 , St : c ; l r  et a .  1~~7t , o l t , ~L il.
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c ut ; a t  sen tence  by re s r e : r t s i r c  ; l ~-cec c f  i n p u t )  I ~x c cu L e I . i t i s

i t I ~~~t .  r~~; r en er ts tn ~ “ se j o i r , ’” cf the Sen tence  to  t h e  c v r s t e m  ( i . e . t h e

‘~~t -’; c’- ’5 r e r r i n t i c s ) .

- ‘-‘ , wr r r analysis ce rerr e s n ,v’ t ie a ivrcrtri a-’ cit r e 1 r ~~ f a st  at  of

~s ~c~~l n. ’ to’ -  a c e r  gr eat .  t r ee t o o  c t  e x ; r e : s c i o r r ; ince any  nur r ; Cr of
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art ! -~~i .r p irrr e r rio also 1 ’ -  cr cr ee l e as i l y  ( I i  c l  t j r g  n ew r u l e s )  u n t i l

c u e r  ti o’— as t h e  r 1’s  ; e g j  n I rt .-rr a otirg , st  w r i  oh pc i t t  it. is a n a l  ear

w r i r r i  r~~se  to u~~e . ~t e r  i n t e r a c t l r r i s  Ic  n ’ s  i t to r ec ur , k e y w r Is ar  be

i o n  l g r ’- a r  “1 c r t a r c ” ; r r r ” r  and t h e  ra I w i to  t i e  hi  ,‘l eoh  n u m b e r  can  he

~~~e j ~ Ho w . . - r , coo t  l i c t s  r a y  r t i l l  i n c  w l c - r  l i t t e r en t  K ev wc r rrc 01

irr port .r rP a; ; ‘- sr  I t : e  r O’ e r e n t e r .- . —

~ - ,-w r rd t’- - hr l ; i i e : r  w ’ r~ well in i t u a t l r n ;  .~ r . -  n’ t he a c t i c r o t l  i t  t he

- hen wi shes to I i .e  j r  r ’ - ’ r ; c r : r~’ I a s’- , t C t ,  1 rr ’ spond in a s imp le  wa~ —

h ‘ r ’~ w r n t r r  ( i . e . t r c  ; r r r c e; t :  cr ” r o t  ¶ , ;  I a c H y  e x t  r e r r r s ” I as mu ll iple

r I ; c . r  i:;ec , arid ~~ r do t o  I l i v e  m u i t I ;  le  i t t . -r ; r e t a t I o r r c )  . H ow e v e r , 
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I
they are weak In situations In which concepts are complex enough to

( require embedding or in which quantification(2) is required , since their
semantic interpretation is essentially one level. In these cases, keyword

patterns become more cumbersome and inefficient to use than more structural
P technIques. For example , consider the sentence :

( 1 )  ~ t h i n k  Qt has an open emitter and a shorted base collector junction .

to recognize this sentence requires a very detailed keyword pattern which

could be “keyed” equally well , or equally poorly, off an y of the words:
think , Q5, open , emitter , shorted , base or collector . The main failing of

the keyword technique is that it ’s incapable of capturing any of the

structure of the language it is trying to characterize.

PARRY

PARRY Is a ongoing project to develop a dialogue system that simulates

paranoid behavior ( Colby  1973 , Colby et al. 197 14) .  The system must respond
to any possible question and must “understand” the questions well enough to

exhibit paranoid behavior . To these ends , Colby has extended the keyword

parsing techniques Introduced by Weizenbaum by adding a second level of

matching. P~fter a preprocessing phase collapses compound words ,

canonicalizes similar words , performs minor spelling corretrtion and deletes

unrecognized words , the input is segmented at certain keyword

boundaries. (3) Each segment is then matched against a collection of’
segment patterns . The resulting list of recognized segments is then

matched to a collection of complex patterns. Patterns have reassembly

rules associated with them that construct the response.

Two important restrictions that should be placed on the application of

keyword schemes to avoid mis—understandings (I.e. to avoid having patterns

apply when they shouldn ’t) have arisen from Colby ’s work . One is that , at

(2) QuantIfication refers to the problem of having a noun phrase that can
range over a set of values , e.g. “some cars have engines ” , “all cars have
engines” . One of the problems with quantification is determinThj the scope
of the quantification with respect to the rest of the sentence , especiall y
when the rest of the sentence contains another quantifier.
(3) The fragmentation technique (which is critical to proper operation ) was
developed by Wilks working In machine translation (1973a , 1973b). ~

i
~e list

of segmentation words includes punctuation marks, subju rtives ,
conjunctions and prepositions.

— 7 —
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most , one element should be ignored at each level of matching . Segment

matches should account for all but one word . Complex patterns should

account for all but one segment. The other restriction is that patterns

should require that their elements occur in a particular order. The

following example (from Colby et al. 19714) demonstrates the usefulness of

ignoring words such as “well” in sentence 3, and the importance of word

order; without word order restrictions , any pattern that matched 2 would

also match 3.

ç 2 )  Are you welt ?
( 3 )  Well , are you?

PARRY has demon.~trated the capability of dealing with a relatively

large number of concepts at a shallow level. The power in PARRY ’s approach

lies in its ability to tolerate unknown words. As mentioned , this

fuzziness is implemented by allowing the deletion of single elements from

both levels of matching. Unfortunately the underlying semantics of PARRY ’s

task , indeed the goals of the task itself , are vague , which makes

attributes such as scope and habitability hard to evaluate. Furthermore ,

tce two—level pattern matching technique lacks the precision required in a

problem solving situation in which many regularities cannot be captured by

one—level embedding.

Heidorn (1972 , 19714,1975) developed an automatic programming system

called NLPQ which allows users to describe simulation problems in English.

- The system takes an English partial description of a problem and fits it

into an Internal description language , building pieces of the problem.

From the partial internal description , questions are generated that request

missing pieces of information. When the description is complete , the

system can generate a GPSS program or an English description of the model

it has built from the user ’s description. The user can also ask questions

about the present model , and make changes and additions to it. The English

processing is done using augmented phrase structure rules. The phrase

structure component is syntax—based —— it looks for things like noun

phrases —— with semantic restrictions being carried along in features that

are tested in conditions on the phrase structure rules. The structure

S — 8 —



building augmentations create semantic/conceptual network structures ,

called segments , that represent the semantics of the phrase . Much of’ the

system ’s success appears to be its close match between the structure of

segments and the way English is used to describe modelling problems . No

information on the use of NLPQ by naive users has been published , so it is

difficult to evaluate the system ’s habitability.

CO N ST ~1U C T

CONSTRUCT is a general system to do natural language processing

developed at the Institute for Mathematical Studies in the Social Sciences

at Stanford University (Smith et al. 19714). Its major application is in a

text—based , question answering system for elementary mathematics (Smith ,

N .W. 19714). The system answers questions such as:

(Li ) Are there any even prime numbers that are greater than 2?

(5) Is the sum of’ 5 and 2 less than the product of 5 and 2 but greater
than the difference of 5 and 2?

The semantic basis of the system is a collection of procedures for

generating and manipulating sets and numbers . The semantics of question 14

would be “are there any elements in the set created by intersecting the set

of even numbers , the set of’ prime numbers and the set of numbers greater

than 2?” As all of the sets in the example are infinite , the procedures

know about dealing with intensional as well as extensional descriptions of’

sets.

The meaning of a sentence is determined by the following process.

- 
First a preprocess phase occurs during which (1) abbreviations are

expanded , (2) synonyms are canonicalized , (3) compound word and common

phrases are collapsed to a single word representation , (14) noise words are

eliminated and (5) each word is replaced by its lexical category . The

input is then parsed with a context- free grammar with the semantic

interpretation occurring In parallel via semantic construction functions

associated with each grammar rule. Whereas this procedure is clearly

inadequate if a traditional syntactic grammar is used —— no reasonable

semantic function could be associated with the rule S :: NP VP —— the

CONSTRUCT grammar is built around the semantic rules using categories that

— 9 —



capture concepts In the application domain. For example , the grammar

contains the grammatical category SUBST which corresponds to the semantic

concept of a constructive set. This cuts across traditional category

boundaries as seen in the sentences from (Smith et al. 19714):

Is 2 a factor of’ 14?
How many factors of 12 are even?
Give me the factors of’ 12 t~ãt are between 1 and 6.

The underlined portions would all be parsed into the SUBST category ,

although their traditional categories would be noun phrase , adjective , and

prepositional phrase.

~ENC. ’Z VO US

Codd (19714 ) is designing a natural language system , called RENDEZVOU S,

to support the needs of casual users of data bases. One problem that Codd

has addressed , which has been neglected in previous systems , t~ what action

to take if a user ’s query is beyond the restricted language un .’~ rstood by

the system. A central notion to Codd ’s proposed solution to this problem

is that of a “cL arification dialogue ” —— a system initiated dialogue tha t
Includes queries abou t an unaccepta ble utterance that attem pts to arr ive at
the user ’s meaning . Codd points out that a clarification dialogue must be

embarked upon very carefully. For example , if the system encounters the

unknown word “concerning ” , one of the worst possible responses is “What do

you mean by the word ‘concerning ’?” Almost  any response to such a quest ion
would be beyond the capabilities of’ the system. Any clarification dialogue

must be of “bounded scope” and guided by those parts of the query which the

system can understand . RENDEZVOUS also employs re—statement of a user ’s

query to confirm the intent of the query and to point out ambiguities. The

range of language accepted by RENDEZVOUS , indeed even the method used to

exten d the range , is unclear. The aspect of RENDEZVOUS that is of interest

here is the extent to which it has been designed as a “friendly ” system .

LUNAR
The LUNAR system (Woods 1973a ; Woods et al. 1972) is a natural

language understanding implementation that combines a general semantic

interpretation mechanism (Woods 7967 , 1968) with a large scale grammar of
English (Woods 1970; Woods et al. 1972). LUNAR was designed to allow a

— 10 —
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lunar geologist to use English to query the chemical analysis data

collected from the moon missions. Typical questions the system answers

are :

w hat is the average concentration of aluminium In high alkali rocks?

Which samples have greater than 20% modal Plagioclase?

The processing of a query occurs in three major phases. During the

first phase , the syntactic component derives the “deep structure ” of’ the

sentenc e.(!~) The syntactic component uses a general transformational

grammar of English syntax expressed as an augmented transition network (see

Chapter 5). In the second phase a general , rule—driven semantic

interpretation procedure produces the representation of the meaning of the

sentence as a program in a formal retrieval language.(5) The semantic

interpretation rules are tree—structured pattern—matching rules that are

4 used in groups to extract the meaning of different pieces of’ the syntax

tree. The third phase is the execution of the formal expression to produce

the answer to the request . The formal query language is a generalization

of the predicate calculus that has been carefully designed to allow natural

translation from English. The strength of the LUNAR system lies in its

mechanisms to deal with quantification , conjunction , and relative clauses ,

r and these are direct results of the carefully designed formal query

language .

Discussion

The notion of an augmented phrase structure grammar provides a useful

base for comparison between these systems. (6) An augmented phrase

structure grammar contains two components. One Is a set of context—free

— 
phrase structure rules. The other is a corresponding set of functions ,

(Li) This is the linguistic deep structure hypothesized by Chomaky (chomsky
r 1965) which has a central role in the theory of transformational grammar.

( 5 )  The notion that  the meaning of a sentence is a program is generally
called “procedural semantics ”. Procedural semantics is in general use for
question answering applications. It does not , however , constitute a
complete theory of meaning. In particular it does not account for such
phenomena as decl arat ives , uses of temporal references , and belief
structures .
(6) The idea of associating additional information with a phrase structure
~rarnrnar has appeared in various forms since early compiling systems (Irons

— 11 —
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sometime s arbitrary , sometimes restricted , au gmenting ~ach cf  the ru~~ :;

that can be used to block the application of the context—free rules and to

‘~aintain structures. While the  parad igm of augmenting phrase structure

:rammars is followed by a large number of n a t u r a l  l anguage  sys tems ,

important differences exist with respect to what type of information is

encoded in the grammar . For exampl e , the LUNAR system uses a purely

syntactic grammar(7) and uses the augments to perform syntactic operations

such as subject—verb agreement and to maintain the structure of the

syntactic tree . NLP Q uses a syntactic grammar restricted by usuaIly

semantic features and uses the augments to perform parallel semantic

Interpretation. CONSTRUCT performs the semantic interpretation in parallel

w i t h  a set of c o n t e x t— f r e e  r u l e s  t h a t  are s e m a n t i c a l l y  or iented . P A R R Y ’s

patterns , if viewed as limited , phrase—structure grammar rules , are

directly linked to the semantics of the system. The decision about how

mucti semantic information to encode in the grammar is a trade—off between

efficiency and generality . Each of the systems presented here represents a

Iefensible position along this spectrum.

when we began developing the SOPHIE system(8) we explored the

possihility of using , in tact , the syntactic component of the LUNAR system.

~‘ince the LUNA R syntactic component was building a linguistically motivated

de sc r ip t ion , as opposed to the task criented descriptions being built by

the otr er systems , we felt its transferability to c,ther domains woul I be

r isc.. we found the sramma r to ne very adequate , parsing many cf the most

com plicated sentences we feit SOPHIE would ever need tc understand .

~rf c rtunate1y, on sim ple sentences it provided more information ab ut ,  the

sentence than we needed. For example , tense information was seldom ne~~JeJ

an l in those cases where neele l , it could he extracted from the

relati onships between concepts. The quantification and relative clause

mechanisms were oriented towa rds ~oods ’ forma l query language which was not

(7) The augmented transition n~ tworT< 1s an extension of a recursive
transition network that has the power of a phrase structure grammar . For
this reason we can classify it here as using an augmented phrase structure
grammar. We will argue Later that the transition network has conceptual
advantage s over phrase structure ru1~~s but this ~oes not affect this
discussion which points out tr e I{If’erc.nce in the kind of information
caotur ed in the grammar .
(‘~

) A ~cjPHisticated Instructic’na 1 Environm~ nt for teaching , electronic
troubleshooting, . Chapter 3 provides examp les of SOPHIE 5 language
requir~m~nts.
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natural for our use. The use of conjunction in our domain is

straightforward and relatively predictable , unlike its use in the LUNAR

domain. All in all we had the feeling of using a microscope when we only

needed a magnifying glass! The underlying semantic structure of our system

could not take advantage of such detail. Added detail Is acceptable (it

can always be ignored ) except that the perception of such detail takes

time , which is a scarce commodity. The LUNAR system was taking 2 or 3

second s to syn tact ically parse a sentence and another 5 to semantically
interpret it. This experience led us to explore ways in which the

semantics of’ the system could be used to speed the understanding process.

The technique we developed (described in Chapter 14) has much In common

with both NLPQ and CONSTRUCT. However , significant differences arise from

the emphasis we have placed on dealing with dialogues , and on the

construction of’ a friendly system . This has caused us to exploit two uses

of’ semantics (during parsing) not found in these other systems. One is the

insight provided into the nature of ellipsis and deletion in dialogues.

The other is the basis provided for characterizing a habitable language .

In Chapter 14 , we shall discuss our concept of a semantic grammar and how it

allows exploitation of these two advantages. Before we get into the

details of how this is accomplished , we present in the next chapter an

example of what has been accomplished .

— 13 —



Chap ter  3

SAMPLE D I A L O G U E

H~ fore delving into the structural aspects and technical d~ ta i ls 0

tne semantic gramma r technique , we would first 1ik~ to provide a concrete

ex~ m p i e  cf  the dialogues it has supported. This  chapterS presents ar

, r r o t a t e d  d i a l ogu e  of a s tuden t  us ing  the  “ I n te l l i g e n t ”  CA l  system

:~U - H l E . ( a )  S O P H I E  was d e v e l o p e d  to explore  the  use of a r t i f i c i a l

intelligence techniques in providing tutorial feedback to  stud~ nts engage d

in pro blem solving activities. The particular problem solving activity

that OUPHIE is concerned with is the troubleshooting of a ma lfunctioning

piece of electronic equipment. SOPHIE models the piece of equipment and

answers  the  s t u d e n t  ‘s reques ts  for  measurements and o ther  i n f o r m a t i o n  hr

aid him in debugging the equipment . Mor e im por tan t , throughout the probl~ rn.

solving session , SOPHIE can evaluate the  l ogi ca l  cons i s tency  of a student ’s

nypothesis or generate hypotheses which are consistent with the behavio r

the  student has thus far observed .(1O) In the dialogue , the student ’s

ty ping is underlined. Even though the dialogue deals with electronic

jargon , the linguistic issues it exemplifje3 occur in all domains . The

ar~notations (lower case , indented ) attempt to point out these problems and

shc’ul ~ be understandable to the non_electronics oriented reader .

L : I M ~ T O O P H I E  — A SIMULATED ELECTRONICS LABORATORY.

:re circuit (Figure 3.1) is based on the Heathkit IP—28 power supply.
The IP— ~~n Is a reasonably sophisticated power supply with both current
li mIting and voltage limiting behavior. These two inter -related
feedbacx loops make troubleshooting this circuit non—trivial.

— > > I N O E R T  A 1 A U L T

:o,~ student tells SOPHII~ to give him a f a u l t  which  he can
— h r ’ c - u L l e s r o o t . :;uFUIE ran domly selects a fault , inser ts  it in to  a mod e l

of the instrument and tells the student how the front panel controls
ar~ p r esen t ly  set.

THE ~~ P U M E N T  HAS A F A U L T  A N I  ITS P R E S E N T  C O N T R O L  SETTIN GS A R E :
1.0 C U R R E N T  U u N T R u L — F R O M  0 .0  ( M I N  C U R R E N T )  TO 1.0

r H I U H  U I J R R E N T  R A N G E  SWITCH , H I G H ~~1 AMP , L O w : .1 AMPU ~A U 1 ~ ~ L : AL H E O I O T A N C I - . IN O H M ;
1. V J LTA IF UUNTHuL— FROM 0 .0  ( M I N  V O L T A G E )  FO 1 .0

V ULTAOE’. HAN OI- ~~ITC H , H I G H ~ 3O , LOW :IO VoLTS

(~~) The dialogue is intended to demonstrate SOPRIE s linguistic
capabilities and while it touches upon the major features of SOPHIE , it is
not meant to exhibit the logical cr ~ deductiv e capabilities the system.(10) The reader is encouraged to ~~ee (brown and Burton 1s75) for further
examples and descriptions of SOPHIE ’s tutorial an d inferential
capabilities.
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~>~~~AT IS T I lE  UU TPT f
;‘TIT ~ ~ r JTFt cT

V~ L T A G E  10 1.2 VOL lU .

0 I-OlE corrects the student ’s t y p i n g  mis t ak e.
Notice that “the output” was disambi guated as the output voltage .

IF  YOU A R E  N~ T S U R E  ~OVTHER A VALUE IS CORRECT , YOU CAN ASK “IS THAT
V A L U E  C O R R E C T ? ”

The s y s tem  p o in t s  out a feature that the student may not otherwise b~aware c t .  ‘Corr ec t”  he re means what it is in a working instrument.

>) 10 T H A  I H I  U H T
I~ A R~JNU~ ~THCUIT THE OUTPUT VOLTAGE IS 30.1 VOLTS.
THAT V A L U E  Ii I N C O R R E C T .

“ T h a t ”  here refers to the value of the previous measurement . SOPHIE ,
j r  ad d i t i o n  to t he f a u l t ed ins t rument , has a working circuit which can
be used to take reference t~easurements.

>>WHAT IS THE VOLTAGE B ETWEEN THE C U R R E N T  L I M I T I N G  T R A N S I S T O R
AND THE CONSTANT CURRENT SOUB CE?

I H E  VOLTAGE AT N 14 IS 2 . 1 4~ VOLTS .

In adjitlrn to specific part name s, SOPHIE recognizes references to
parts by their section. Notice that although the sentence says
“voltage between x and y ” , it really means “voltage at z wit h respect
to ,zround” . The output routines rephrase the input In a simpler form
(I~ e between x and y reduces to N14 ).

> >~ HAT 1 IT BETWEEN THERE AND THE BASE OF Q6
THE VOLTAGE BETWEEN N14 AND N5 IS 1.2U VOLTS.

j er .e  “ i t ”  r’efers to “ the  vol tage ” and “ ther e ” refers to N 1 4 .
Also notice that “between ” has to be treated differently,
i . e . two nodes ar e explicit now.

>~~IO THERE AN ’I RIPPLE IN THE VOLTAGE AT THE BASE OF Q14?
~~M SOPPY , I DO NOT HANDLE AC C H A R A C T E R I S T T rS .

SOE 11I E recognizes that the student Is m o v i n g  in to  an area that it is
Jnac le to handl e . This is currently lone by keyword r~ cogni t ion  ~e .g .
r i p p l e )  r ut points out a technique that should be incorporate~ In
c t r e r  aspects cf the system as well.

>>WHAT 13 THE BASE CURRENT OF Q3
- 

THE~UASE ~URFENT OF Q3 IS 1? MTCROAMPS .

SOPHIE can answer questions about current , resistance , and power’
iiss~ patIor as well as voltage . The output and input routines <now

— a~ o~ t unit, prefixes.

‘ ) l } IHJ 101- E M I T T E R ?
IcE FYT TTEP f lF P E N T J -  ~~ 1:3 — .06 M I L L I A M P O .

Thic is a type of s~ntence fragment that occurs frequently in
llal csues that we will refer to as an ellipsis. Rather than

a complete though t , an elli psis only gives that piece cf
t r e t h o u g h t  which contrasts an ear .lier thought . Notice that the
r e fer en t  c a n n o t  be det ermin ed  in syntactic grounds (as is possible
w i t h  the ellipsis “the emi t ter  c u rr en t ” -  yet this is the sort of
st i t em en t  a student might make if th~ !ast answer had caused a slisht
cr1 Iting of his thinking.

> > C O U L U  THE PROBLEM BE THAT 145 IS BAD?
PLEA 1~E HE MORE SPECIFIC ABOUT HOW Q5 IS F A U L T E D .

— p —
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The student deve lops  an idea about what is wrong and asks to have it
evaluated .

>> COULD IT BE SHORTED?
THE SHORtED MODES OF A TRANSISTOR CURRENTLY IMPLEMENTED ARE: ALL
JUNCTIO NS SHORTED OR ONE JUNCTION SM ~ED WITH THE OPPOSITE
TERMINAL MODELLED OPEN.

A hypothesis must be completely (or non—ambiguously) specified before
evaluation can take place. Even though the last statement generated
an error condition , it is still used to determine possible pronoun
r efer en t s .

U H O U L L  ~5 HAVE ALL JUNCTIONS SHORTED?> Nu
WHT ~ H TERMINAL SHOULD BE MODELLED OPEN?
> THE BASE
OK , I LL LET Q5 HAVE ITS EMITTER COLLECTOR JUNCTION SHORTED AND ITS BASE OPEN

At t hi s point , SOPHIE looks back over the student ’s measurements to
determine if he should have “known better” . See (Brown and Burton
1975) or (Brown et al. 1975) for further description.

HMM?~1 , LET ME COMPUTE ON THAT FOR A MINUTE.

When the system knows there maybe a long wait , a “delaying ” message is
printed to let the student know something Ia happening.

WHEN THE SETTINGS WERE:
C C : 1 . O , CR ~ H I GH LOAD~~1OOO , V C : LO , VR ~ HI GH

THAT F A U L T  CONFLICTS Wi TH THE FOLLOWING M E ASUREMEN
YOU O H . ;F H V E D  THAT THE VOLTAGE BETWEEN N14 AND N5 WAS 1.28 VOLTS.
IF ~~ HAD ITS EC SHORTED AND ITS BASE OPEN IT WOULD BE 1 .1  MILLIVOLTS.
IN A W O R K I N G  C I R C U I T  IT IS 1 . 1 4 3  VOLTS.

b U T THAT FAULT DOES EXPLAIN THE VALUES YOU OBSERVED FOR
THE OUTPUT VOLTAGE THE VOLTAGE AT N14 THE VOLTAGE BETWEEN N14 AND Nb ,
THE EMITTER C U R R E N 1~ OF 03 AND THE BAS~ CURRENT OF Q3.
) ) ‘W HAT COULD BE WRONG

The student cannot go further and asks for assistance . SOPHIE
proposes some possible hypotheses for the student to explore .

T H E R E  A R E  LOTS OF FAULTS WHICH WOULD E X P L A I N  THE MEASUREMENTS YOU
H A V E  T A K E N .  HERE A R E  SOME P O S S I B I L I T I E S :
THE R E S I S T A N C E  OF R8 CHANGES
THE L E A K A G E  RESISTANCE OF C14 CHANGES
THE BETA OF 03 CHANGES

— R15 IS OPEN
~6 IS FAULTED

> IF  R8 WERE 30K WHAT WOULD THE OUTPUT VOLTAGE BE?
IF THE VALUE O~ ?(L1 WEHE 30000
UNDER THE PRESENT SETTINGS , THE OUTPUT VOLTAGE WOULD BE .9014 VOLTS .
IN A WORKING CIRCUIT IT IS 30.1 VOLTS.

— 
The student doesn ’t believe one of the possibilities so he checks it
using a hypothetical statement . Even though the voltage in this case
and that in the case of a faulted circuit are not the same , they
qualitatively agree.

— 17 —



>> l- 1- PA 1-.

The stu l~ nt. guesses maybe ~ is bad a n d  t r ies  Li replace it. When the
student repl aces a part SOPHIE ~uerie~ h im to insist that he know how
it is faulted .

I AM P. i N ;  TO A O K  YOU SOME ~ UE13 TI N O ABOUT lOW ~~~. IS F A U L T E D .
A R E  ANY OPNOTP.:N0 SHORTED?
> 11-0
~r~T T T  J I T N ~~T I O N O  A R E  000R TED ?
> ALL

I f  t he  response to a query is not understood , further specification of
t t:e expectea response is given .

P 1 E A O E  S P E C I F Y  THE J U N C T I O N S  AS EC EB A N D  CB ( S E P A R A T E D  BY S P A C E S ) .
W H I C H  JUNC TICNO A R E  SHORTED?
> I - ER A N I

TT’ ~;TT FA~TT~.: IN THAT M A N N E R .

T’ . e part would he r ep laced  if any of the  j u n c t i o n s  had been sho r ted .
S )PHII- wc -~~ld n o r m a l l y  have c r i t iqued  the s t u d e n t  s h y p o t he s i ze d  f a u l t .
m i s  was  not i n c l u ded  in the dialogue to save space .

..~ .OT R E P L A C E D .

~>VOLTA GE DROP ACR ~ SS H 5
THE VOLTAGE ACFflSC R5 IS — .O?R MILLIVOLTS.

C m e  noun p r i r ’as e  u t ter a n ce s  are recognized as q ue s t i o n s .

>> ~ r lA T AH ~~U T F- ?~OlE ‘
~TLTAGE AC~ O30 R~ IS 7 1 . 6  VOLTS.

P r c t r ~~r e l l i p s i s .  The c o n tex t  of the  previous  que s t i on  is used to
:et p r .mj ne  “ w h a t ”  a b o u t  R 3 .

> ) i r r A .~~ r~-I. ‘TEN ~F- SO F-TED oR DOES IT H A V E  THE •~H 0N 3 VALUE ?
> II I. ~F P h
H -  T~TT A SET

>>IS : c P H r  A N I IHING E~~ E WR UNG

After fixing to’~ f a u l t , the student uses SOPHIE to exp iore other
a sp e l t s  01 the  c i r c u i t  s b eh a v i o r .

>~~1F Co ~~0E LEAKY, WHAT WOULD THE VOLTAGE ACROSS IT BE?

i ce  ~‘efe r’ent tc “ i t”  in t his case occurs earlier’ in the same sentence .
IS I T  oKi ~I IF I USE 10000 I-oH THE LEAKAGE RESISTANCE OF C2?

I~~~ T1- LI- A p A ~;E RESISTANCE OF C2 W E R E  10000
U N P E R  IHE PRESENT SETTINGS , THE VOLTAGE ACROSS C2 WOULD BE 26.3 VOLTS.
iN A ~ REIN O CIRCUIT IT IS 28.~ VOLTS.

> W H A H A P P E N S  IF Cl  SHORTS?
UN ~ EF THE SETTINGS :

CC~~1.0 , CR:HIGH , LOA D~~1 OO0 , VC~~1.O , V R~ H I G H ,
IF C l WERE SHORTED , D3 W 00 BECOME O V E R L O A D E D .

In the  cas~ wher e  n o t h i n g  more in te res t ing  happ ens , “ wha t  h a p p en s ”
-~uestions  d e f a u l t  to the output voltage .

>> II - ~6 HAS AN OPEN EMITTER AND A SHORTED BAE COLLECTOR JUNCTION
- .w~ AT HAPPENS TO THE VOLTAGE BETWEEN ITS BASE AND THE JUNCTION OF
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- THE V QLT A GE LIM i TI N G SECTION AND THE YOLTGEA REFERENCE SOURCE?
l A P  :~~ BASE
V : T ; E A  ~> VOL TAGE

evera l examples of the use of conjunction . Imagine th. student ’s
frustration if he is forced to type this query over becau~e of
spelling mistakes.

H A P  ITS BASE COLLECTOR JUNCTION SHORTED AND IT O EMITTER OPEN ,
U N D E R  THE PRESENT SETTINGS :

CC~~l . O  C R :H I G H , L O A D :b 0 0 0  VC~~1.O VR:HIGH
T i l E  U T A ;E B~ TW E EN N~ AND N 1 3  WOULD BE T~ E SAME , I.E. 2F- .-i VOLTS .

A rv~othetical question is first tried under the present settin~ s. If
nc i ib f er enc e  is not ed , other settings are tried .

LET ~~ TRY ANOTHER CASE WHICH USUALLY POINTS OUT PROBLEMS IN THAT
-IECTION oF THE CIRCUIT.
I N P F  THE SETTINGS :

~~~~~ CRzLOW , LOA D~~1O VC :l.O VR~ LOW
HE V LTA G E U ETW E EN N 5 AND N 1~ WOULD ~E 8.914 *OLTS.

N A WO RKING CIRCUIT IT IS 9.57 VOLTS.

>>WHA T IS THE OUTPUT VOLTAQE WH EN THE VOLTAGE CO14TROL. ~S SET TO .5?
*TH THE VOLTAGE CONTROL NOW SET AT .5
P.-IE OUTPUT VOLTAGE IS 15.6 VOLTS.

A hypothetical question can involve the changing of a control. If
this happens the contro l is left at the new setting and the student is
t o ld  so.

H H OET TO .7?
n T P .  THE V LTAGE CO~ TR UL NOW SET AT .7
Hr  U IF 1 V O L T A G E  IS 2 1 . 1 4  VOLTS.

ont ~~xt  de termines  which measurement  should be taken and which contro l
s h o u l d  be set.

>> 0)
~ :~~~~: HE VOLTAGE CONTROL NOW SET AT .9THE O U T P U T  VOLTAGE IS 2 7 . 2  VOLTS.

>> i~:lAT IS THE OURHENT THRU THE CC WHEN THE VC IS SET TO 1.0?
A I T r I  THE VOLTAGE CONTROL NOW SET AT 1.0
TH E CURRENT T H R U  THE CURRENT CONTROL IS 30 MILLIAMPS.

CC and VC are abbreviations . Notice that controls are also “parts ”
t r a t  can be used in measurements.

1 ) W I F A I  Li IT WITH IT SET TO .8?
A T E  THE VOLTAGE CONTROL NOW SET AT .8
T HE C U R R E N T  T H R U  THE C U R R E N T  CONTROL IS 2 14 M I L L I A M P S .

Here the system must correctly instantiate two occurrences of “it” .
The referent to the second “it” could be either CC or VC since these

— I are both controls.

> _______

—
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Cha p t e r  14

SEMANTIC G R A M M A R

INIRUL L O T I O N

I c Cha pt er 1 we descr ibed t he requ i remen ts for  a na tura l  l an guage

; r - : c e s s c r in a learning environment. Rr i e f l y , they are efficien cy aid

~rienJlines s over the class of sentenc~ s ‘hat arise in ~ d i H ~~~

sir -jat ion. The major  leverage po in t s  we h a v e  t h a t  a l l o w  us to s a t i s f y

t h e s e  r e q u i r e m e n t s  are ( 1 )  l i m i t e d  d o m a i n , (I) limited activities wi tri r

trat domain , and (3) known conceptual izations of the domain. In other

words , we know the  pro b lem area , the t y:~ of problem the student is trying

t i  solve , and the  way he should  be t h i n k i n g  a b o u t  t he  prob lem I n  o rder  to

solve i t .  W h a t  we are then  faced w i t h  is t a k i n g  a d v a n t a g e  of these

constraints in order to provide an effective communication channel.

Not ice that all of these constraints relate to concepts underlying thE

student ’s act ivities. In SOPHIE , the  conc epts  inc lude  vol tage , curren t ,

parts , t rans istors , t e rmina ls , f a u l ts , particular parts (e g. RY, 05,

etc .), hypo t heses , cont ro ls , settings of controls , and so on . The

(~~ependency) relationships between concepts include things such as:

v o I t a ~ e can be measured at term inals , par t s  can be f a u l t e d , c o n t r o l s  can be

set , etc. The student , in f o r m u l a t i n g  a q ue ry or sta tement , is request ing

information or stating a belief about one of these relationships (e.~? .

W o a t  is  the  vo l t age  at the  c o l l e c t o r  of 0~~’ or “ I  t h i n k  R9 is open ” . )  I t

occurred to us that the best way to characterize the statements used for

- this task was in terms of the concepts themselves as opposed to the

t ra diti onal s y n t a c t i c  s t r u c t u r e s . The l an g u a g e  can be d e s c r i b e d  by a set

of gramma r rules that characterize , for each concept or relationship, a l l

of the ways of expressing it in terms of other constituent concepts. For

example , the concept of a measurement requires a quantity to be measured

and some thing against which to measure it. A measurement is typically

expresse d by giving the quantity followed by a preposition , followed by the

t ri r g that spec ities where to measure (e.g. “voltage across C2” , ‘ c u r r e n t

t h ru L i ” , “ power d i s s i p a t i o n  of H 9 ” , etc .) These phrasings are captured in
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the grammar rule:(1l)

<MEASUREMENT> := (MEASUREABLE/QOANTITI -> <PREP> <PART>

The concept of a measurement can , in turn , be used as part of other

concepts , e.g. to request a measurement “What is the voltage across C2?” ;

or to check a measurement “is the current thru Dl correct?” . We call this

type of grammar a “semantic grammar ” because the relationships it tries to

characterize are semantic/conceptual as well as syntactic.

Semantic grammars have two advantages over traditional syntactic

grammars. They allow semantic constraints to be used to make predictions

cu r i n g  the parsing process , and they provide a useful characterization of

those sentences that the system should try to handle. The predictive

aspect is important for four reasons: (1) It reduces the number of

alternatives that must be checked at a given time ; (2) it reduces the

am o u n t  of syntactic (grammatical) ambiguity ; (3) it allows recognition of

ellip sed or deleted phrases; and ( 4 )  it permits the parser to skip words at

c o n t ro l l e d  p laces  in the input (i.e. it enables a reasonable specification

of : c nt r o l ) .  These points will  be discussed in detail in a later section.

The charac te r i za t ion  aspect is impor tant  for two reasons: (1) It

provides a handle on the problem of constructing a habitable sub—language .

Ihe system knows how to deal with a particular set of tasks over a

particular set of objects. The sub—language can be partitioned by tasks to

acc~ pt a l l  s t ra igh t forward  ways of expressing those tasks , but does not

nee d  to worry about others; (2) It allows a reduction in the number of

sentences that must be accepted by the language while still maintaining

habitability. There may be syntactic constructs that are used frequently

with one concept (task) but seldom with another. For example , relative

clauses may be useful in explaining the reasons for performing an

experimental test but are an awkward (though possible) way of requesting a

measurement. By separating the processing along semantic grounds , one may

gain efficiency by not having to accept the awkward phrasing .

(11) ThIs is not actuall y a rule from the grammar but is merely intended to
be suggestive .

— 2 1 —



io~ rcsentptipn of Meaning

Since natural language communicat ion is t r l ’ transmission of concepts

v :a p hrases , the  “meaning ” of a phrase i n  its correspondent in the

oonoeptua l space. The entities in SOPHIE’ s c o n c e p t u a l  space are objects ,

rela tionships between objects , and procedures for dealing with objects.

The meaning of a phrase can be a simple data object (e.g. “current limiting

t rans istor ”) or a complex data object (e.w. “C5 open ” , “ V o l t a g e  at no de

1” ). The meaning of a question is a call to a procedural specialist that

knows how to determ ine the answer. The meaning of a command is a call to a

procedure that performs the specified action .(12) For example , the

; r ocedural specialist DOFAULT knows how to fault the circuit and is used to

represent the meaning of commands to fault the circuit (e.g. “Open R9” ,

“Suppose C2 shorts and R9 opens ” ) .  The a r g u m e n t  t ha t  DOFAULT needs in

order to perform its task is an instance of the concept of faults that

specifies the particular changes to be made , e.g. “R9 being open ” . These

same concepts  of pa r t i cu l a r  faul ts also  serve as a rguments  to two ot her

specialists: HYPTEST which deterr rinei the consistency of a fault with

respec t to the present con text , e .g . “Could RH be open ” ; and SEEFAULT

w h i c h  checks the actual status of t h E  circuit , e.g. “Is  R9 open?” .

her~ult of the Parsing

Rasing the grammar on conceptual entities allows the semantic

in te rp re ta ti on ( t he de te rm inat i on of the conce p t u n d e r l y i n g  a phrase )  to
rroceed  in  p a r a l l e l  w i t h  the pa r s ing . Since each of the non—terminal

categories in the grammar is based on a semantic unit , each grammar rule

can spec ify the semantic description of a phrase that it recognizes in much

the same way that a syntactic grammar specifies a syntactic description .

~re construction portion of the rules is procedural. Each rule has the

frEE dom to decide how the semantic descriptions , returned by the

- 
~rstitue nt items of that rule , are t be p u t  together to form the correct

“ m e a r l r g ’’

(12 ) Declarative statements are treated as requests because the pragmatics
of the situation imply that the student is asking for verification of his
s t a t e m e n t .  For example , “ I  t h i n k  C2 is sh o r t e d ”  is taken to be a request
to have the hypothesis “C2 is shorted” critiqued .
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I
For example , the mean ing of the phrase “Q5” is the data base object

Q5 . The meaning of the phrase “the collector of Q5” is ( COLLECTOR Q5)
where COLLECTOR is a function that returns the data base item that is the

collector of the given transistor . For a more complicated example ,

consider the non—terminal (MEASUREMENT> shown in Figure 14 . 1 .
Figure 14.1

g A Semantic Grammar Rule(13)

<MEASUREMENT> :: output <MEAS/QUANT> ~of <TRANSFORMER>)<TRANSFORMER> (MEAS /QUANT>
- <MEAS/ QUANT> between (NODE> and <NODE> I
- <MEAS/QUANT> <PREP > <PART>

<M E AS/ QUANT> between out put terminals I
(ME AS/ QUANT> <PREP > (JUN C TION> I
<MEAS/ QUANT> <PREP> <NODE> I
<JUNCTION/TYPE> <MEAS/ Q UAN T>

of <T RANSISTOR/SPEC > I
<TRANSISTOR/TERM/ TYPE> <MEAS/ QUA NT>

• - of <T RANSISTOR >

The goal for this non-terminal is to c.~iptu r e all of the ways that a student

can specify a measurement (voltage across D3 , out put curr ent , etc.). To

specify a measurement , there must be a quantity to be measured <MEAS /QUANT>

(e.g. voltage , current , resistance , power dissipation), and something to

measure (e.g. with respect to a part , <PART/SPEC> ; a transistor junction ,

<JUNCTION>; or possibly a point in the circuit , <NODE>). The rule for

<MEASUREMENT> expresses all of the ways that the student can give a

measurable quantity and also supply its required arguments. The structure

which results from <MEASUREM ENT> is a function call to the function MEASURE

which supplies the quantity being measured and other arguments specifying

where to measure it. Thus the meaning of the phrase “the voltage at the

col lector of Q5” is (MEASURE VOLTAGE (COLLECTOR Q5)) wh ich was gene rated

from the control structure :

(13 ) The rule is expressed in a BNY—like notation which is an abstraction
of the actual rule (see next section). Nor -terminals are in ca pi tal
lette rs and enclosed in angle brackets. Term 4 il are in lower case.
Brackets enclose optional elements. Altern a . ie right hand sides are
separated by a “ I ” .
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I
,

measurement

/ \
meas/qua nt node

voltage t e rmina l

terminal/type part

I I
collector Q5

A careful examination of i~igure 4 . 1  reveals tha t  <MEASUREMENT> also

~~cepts “mean ingless ” phrases such as “the power dissipation of Node 4.”

In add ition , it accepts some meaningful phrases such as “the resistance

~etweer~ Node and Node 14” whi ch SOPHI ~ does not calculate . This results

from generalizing together concepts which are not treated identically in

tr i - surface structure . In this case , voltage , current , resistance and

power d i s s i p a t i o n  were generalized to the concept of a measurable quantity.

Allowing the grammar to accept more statements and having the

argument—checking done by the procedural specialists has the advantage of

allowi ng the semantic routines to provide the feedback as to why a sentence

canno t  be interpreted or “understood” . It also keeps the grammar from

being cluttered with special rules for blocking meaningless phrases.

Carr ied to the l i m i t , the generalizat ion strategy would return the grammar

to  L e i n g  “syntact ic” aga in (e.g. all data objects are “noun phrases”). The

t r i c k  is to leave semantics in the grammar when it is beneficial —— to stop

extraneous parsings early, or tighten the range of a referent for an

ellipsis or deletion . This is obviously a task—specific trade—off.(14)

(14) Esobrow and Brown (1975) describe an interesting paradigm from which to
co ns ide r  t h i s  t r ade—of f .
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The relationship between a phrase and its meaning is usually

P straightfo rward . However , it is not l imi ted  to simple embedding . Consider

the phrases “the base emitter of Q5 shorted” and “the base of Q5 shorted to

the emitter ” . The thing which is “shorted” in both of these phrases is the

“base emitter junction of Q5.” The rule that recognizes both of these

phrases , <PA RT/FAULT/SPEC> , can handle the first phrase by invoking its

constituent concepts of <JUNCTION> (base emitter of Q5) and <FAULT/TYPE>

(shorted ) and combine their results. In the second phrase , however , it

must construct the proper j unct ion from the separate occurrences of the two

terminals involved. Figure 4.2 gives the rules used to recognize these two

situations. The situations are distinguished by the occurrence of the

optional constituent in the second phrase . (As will be discussed later ,

the rules are procedurally encoded , which provides a natural way of

bui ld ing  separate semantic forms for the two cases.) Notice that the

parser does some paraphrasing , as the “meaning ” of the two phrases is the

same .

Figure 4.2
Grammar Rules

<PART/FAULT/SPEC> := <FAULTABLE/THING> is <FAULT/TYPE>
[to <TRANSISTOR/TERMINAL/TYPE>]

<FA ULTABLE/THING> :~ <JUN CTION> ! <TERMINAL> I <PART>

<FAULT/TYPE> :: open I shorted

<TRANSISTOR/TERMINAL/TYPE> :: base I emitter I collector

This discussion has been presented as if the concepts were defined ~
Driori by the capabilities of the system . Actually, for the system to

—
- 

remain at all habitable , the concepts are discovered in the interplay

between the statements that are made in the domain and the capabilities of

the system . When a particular English construct is difficult to handle , it

is probably an indication that the concept it is trying to express has not

been recognized properly by the system . In our example “the base of Q5 is
shorted to the emitter ” , the relationship between the phrase and its

— meaning is awkward because the present concept of shorting requires a part

or a junction . The example is getting at a concept of shorting , in which
any two terminals can be shorted together ( e . g .  “the positive terminal of

R9 is shorted to the anode of D 6 ” ) .  This is a viable conceptual view of
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“ s h o r t i n g ” , bu t  its imple m entat ion requires allowing arbitrary changes in

t n e  t -p o i o g y  of the circuit which is beyond the efficiency limitations of

—~~F h I E ’ s s i m u l a t o r .  Thus , the  sys tem we were work ing  w i t h  led us to d e fi n e

the concept  in  too l i m i t e d  a ~.ay .

U SE OF S~MAN T 1C I N F ORM A TION D URING PARSING
Prediction

Having described the notion of a semantic grammar , we will now

describe the ways it allows semantic information to be used in the

unde r s t and ing  process.  One use of semantic  grammars is to predict  the

possible alternatives that must be checked at a given point. Consider , for

example , the phrase “the voltage at xxx ” . After the word “at” is reached

in the  top—down , l e f t — t o — r i g h t  parse , the  grammar rule corresponding to the

concept “measurement” can predict very specifically the conceptual nature

of “xxx ” : it must be a phrase that directly or indirectly specifies a

locat ion in t he circu i t . For example , “xxx ” could be “the junctions of the

current limit ing section and the voltage reference source” but cannot be “3
ohms ” .

Semantic grammars also have the effect of reducing the amount of

gramma tical ambiguity. In the phrase “the voltage at xxx ” , the

p r e p o s i t i o n a l  phrase “ at x x x ” w i l l  be associated w i t h  the  noun “ voltage ”

without considering any alternative parses that associates it someplace

n ighe r  in the tree .

F’redictive information is also used to aid in the determination of

referents for pronouns. If the above phrase were “the voltage at it” , the

grammar would be able to restrict the class of possible referents to

l o c a t i o n s .  By tak ing  advantage  of the  available sentence contexts to

predict the semantic class of possible referents , the referent

determination process is greatly simplified . For example:

(la) Set the voltage control to .8?
(ib ) What is the current thru R9?
(ic) What is it with it set to .9?

In (ic), the grammar is able to recognize that the first “it” refers to a

measurement that the student would l i k e  re—taken under slightly different

conditions. The grammar can also decide t h a t  the  second “it” refers to
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either a potentiometer or to the load resistance (i.e. one of those things

which can be set). The referent for the first “it” is the measurement

taken in (ib) , “the current thru R9” . The referent for the second “it” is

“the voltage control” which is an instance of a potentiometer. The context

mechanism that selects the referents will be discussed later.

SJmpJ.~ L~eletion

The semantic grammar is also used to recognize simple deletions. The

grammar rule for each conceptual entity knows the nature of that entity ’s

constituent concepts. When a ru le cannot find a constituent concept , it

can either:

a) fail (if the missing concept is considered to be obligatory in the
surface structure representation ) or ,

b) hypothesize that a deletion has occurred and continue .

For example , the concept of a TERMINAL has as one of’ its realizations the

constituent concepts of a TERMINAL—TYPE and a PART. When its grammar rule

f inds  only the phrase “the collector ” , it uses this information to posit
that a part has been deleted (i.e. TERMINAL—TYPE gets instantiated to “the

collector ” but nothing gets insta ntiated to P A R T ) .  The natural language

processor then uses the dependencies between the constituent concepts to

determine that the deleted PART must be a TRANSISTOR. The “ mea n ing ” of

th is phrase is then “the collector of some transistor” . Which transistor

is determined when the meaning is evaluated in the present dialogue

context . In particular , the semantic form returned is the function PREF

and the classes of possible referents; in our example the form would be

(COLLECTOR (PREF ‘(TRANSISTOR))).(15) The operation of PREF will be

discussed later.

ElliDsis

Another use of the semantic grammar allows the processor to recognize

elliptic utterances. These are utterances that do not express complete

thoughts —— a completely specified question or command —— but only give

( 1 5 )  The language LISP wi l l  be used in examples throughout this thesis. In
LISP , a function call is expressed in Cambridge— Polish notation : as a
parenthesized list of the function name followed by its arguments.
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differences between the intended thought arid an earlier one . (1€ ) For

example , 2b , 2c and 2d are elliptic utteran of 5 .

(2a) What is the voltage at Node 5?
(2b) At Node 1?
(2c) and Node 2?
(2d) What about between nodes 7 and h?

El l ipses can beg in w i t h  in t roduc to ry  phra ses suc h as “and” in 2c or “what

about” in 2d; however this is not required as can be seen in 2b. Part of

t~~e ellipsis rule is given in Figure 4. —~.

Figure 4.3

E l l i p s i s  R u l e

<ELLIPSIS> [<ELLIPSIS/INTBODUCER>J <REGUEST/PIECE> I
[< E L L I P S I S / I N T R O D U C E R > ]  i f  < P A R T / F A U L T / S P E C >

<~~EL~’uEST/PIECE> :~ [<PREP>] <NODE>
[<PREP>] <PART>
b etween <NODE> and <NUDE>
[ < P R E P > ]  < J U N C T I O N >  I
e t c .

The gramma r rule identifies which concept or class of concepts are possible

from the context available in the elliptic utterance .

While the parser is usually able to determine the intended concepts

from the context ava ilable in an elliptic utterance , th is is not a lways the

case . Consider the following two sequenceo of statements.

( 3 a )  W ha t is the vol tage at  No de ~?
( 3b) 10?
(4a) What is t h €  output voltage it the load is 100?
( 4 b )  1 0?

In ( 3 b ) ,  “ i c i ’ re fers  to node 1 0 , while in (4b) it refers to a load of 10.

The pro blem this presents to the par~- t- r is ~hat t he concepts  u n d e r l y i n g

— these two elliptic utterances have n o tn i r e- ~ i n common except their surface

real izations. The parser , which operat~ - o f rom conceptual entities , does no t

have a concep t t h a t  in c l u des bot h o f theo~ in t e r p r e t a t ions . One solut ion

wou ld be to have the parser f in d a l l  parses ( c o n c e p t s )  and then choose

between them on the bas is of context. Unfortunately, this would mean that

time is warted looking for more than one parse for the large percentage of

sentences in which it is not necessary to do so. A better solution would

(16) The standard use of’ the word “ellipsis ” refers to any deleti~WRat her than invent a new word , we shall use the restricted meaning here .
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be to allow structure among the concepts , so that the parser would

recogn ize “10” as a member of the concept “ number ” . Then the routines that

find the referent would know that numbers can be either node numbers or

values. This type of recognition could profitably be performed by a

bottom—up approach to parsing . However , i ts advantages over the present

scheme are not enough to justify the expense incurred by a bottom—up parse

to find all possible well—formed constituents . At present , the parser

assumes one interpretation , and a message is printed to the student

indicating the assumed interpretation . If it is wrong , the student must

supply more context in his request. In fact , “10?” is taken as a load

specif icat ion and if the student meant the node he would have to use “at

10” , “Nb ” or “Node 10” . Later we will discuss the mechanism that

determines to which complete thought an ellipsis refers .

U SING CONTEXT TO DETERM INE REFERENTS
Pronouns and Deletions

Once the parser has de termined the existence and class (or set of

classes) of’ a pronoun or deleted object , t.he context mechanism is invoked

to determine the proper referent . This mechanism has a history of student

interactions during the current session which contains , for each

interaction , the parse (meaning ) of the student’s statement and the

response calculated by the system . This list provides the range of

possible referents and is searched in reverse order to find an object of

the proper semantic class (or one of the proper classes). To aid in the

search , the context mechanism knows how each of the procedural specialists

appearing in a parse uses i ts arguments. For example , the specialist

MEASURE has a first argument that must be a quantity and a second argument

that must be a part , a junction , a section , a terminal or a node . Thus

when the context mechanism is looking for a referent that can either be a

PART or a JUNCTI ON , it will look at the second argument of a call to

MEASURE but not the first. Using the information about the specialists ,

the context mechanism looks in the present parse and then in the next most

recent parse , etc . until an object from one of the specified classes is

found.
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The s i g n i f i c a n c e  of u s ing  the  sp ec i~i l i st  to f i l t e r  the  search ins tead

o~ j u s t  k e e p i n g  a l i s t  of previously mentioned objects is that it avoids

T~ s-interpretation s due to object—concept ambiguity. As an example ,

cor.si-ler the following sequence from the sample dialogue in Chapter 3:

~
-) What is the current thru the CC wh -n the VC is 1.0?

(t) What is it when it is .8?

Sentence (5) will be recognized by the tollowing rules from the semantic

grammar :

1 <REQUEST> :~ <SIMPLE/REQUEST> when <SETTING/CHANGE>
2 < S I M P L E / R E Q U E S T >  :: what is <MEASUREMENT>
3 <MEASUREMENT> :~ <MEAS /QUANT> <PREP> <PAR T>
4 <SETTING/CHANGE> := <CONTROL> is <CONTROL/VALUE>
5 < C O N T R O L >  :: VC

w it h a result ing sema n t ic fo rm o f :

(RESETCONTROL (STQ VC 1 .0)
( M E A S U R E  C U R R E N T  C C ) )

RESETCONTROL is a function whose first argument specifies a change to

one of the controls  and whose second a rgument  consists  of a form to be

evaluated in the ret~ulting instrument con text. STQ is used to change the

setting of the one of the contzols. The first argument to MEASURE gives the

quant ity to be measured . The second specifies where it is to be measured .

To recogn ize sentence (6), the appl i -~ tion -:,f rules $2 and $5 are changed .

There is an a~ ternat ive rile f’~ r <SIVPLE/REQUEST> that looks for those

anaphora that refer to a measurement. Th.~~e phrases , suc h as “i t” , “t h a t
result~” or “t he value ” , are re -~~ nized by the non—terminal

<ME A~~ HEMENT/PRONOUN> . The alterna t iv ’- to $2 that would be used to parse

( 6 )  is:

<SIMPLE/PELUEST> :: what is <MEA. Dr- M~- NT/PRONOUN>

The semantics of <MEASUREMENT/PRONOLN .- indicate that an entire measurement

has been deleted. The alternative t -o ru l ’ $5:

<CUNT F’UL> := it

recognizes “It” as an acceptable way to  spec ify a control. The resulting

semantic form for sentence (6) is:

(RESETCONTROL (STQ (PREF ‘(CONTROL)) .ti )
(PREF ‘(MEASUREMENT)))
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The function PREF searches back through the context of previous semantic

forms to find the most recent mention of a member one of the classes . In

f the above example , it will find the control VC but not CC because the

character imposed on the arguments of MEASURE is that of a “part-’ not a

“control” .(17) The presently recognized classes for deletions are PART ,

TRANSISTOR , FAULT , CONTROL , POT , SWITCH , DI ODE , MEASUREMENT and QUANTITY .

(The members of the classes are derived from the semantic network

associated with a circuit.)

Referents for ElliDses

If the problem of pronoun resolution is looked upon as finding a

r previously mentioned object for a currently specified use , then the problem

of ellipsis can be thought of as finding a previously mentioned use for a

• currently specified object. For example:

(7) What is the base current of Q43?( 8 )  In Q5?

The given object is “Q5” , and the earlier function is “base current” . For

a given elliptic phrase , the semantic grammar identifies the concept (or

class of concepts) involved. In (7), since Q5 is recogn ized by the

non— term i nal <TRANSISTOR/SPEC> , the class would be TRANSISTOR. The context

mechan ism then searches for a specialist in a previous parse that accepted

the given class as an argument. When one is found , the new phrase is

placed in the proper argument position and the modified parse is used as

the meaning of the ellipsis.

Limitations to the Context Mechanism

The method of semantic classification (to determine reference) is very

efficient and works well over our domain. It definitely does not solve all

the problems of reference . Charniak has pointed out the substantial

(17) The character imposition as described is too strong . For example:
$1) What are the specs of Q5?
$2) What is the voltage at its emitter?

The character imposed on Q5 in $1 is that of a part which means that the
context mechanism invoked by $2 which is looking for a transistor won ’t
find it . This example is handled by relaxing the restrictions the
procedural specialist in $1 puts on its argument (i.e. it can be either a
PART or a TRANSISTOR). In spite of’ this weakness in the argument
limitation approach we have found it to be a useful means of reducing the
search time and avo1~ ing some obvious mis—interpretations.
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p~~ t~~ems of ret ’er- r-nce in a d o m a i n  as seemi ngly simple as chi liren ’ s otonies

one of his examples demonst r-:~t e s i~~~ m o’ h won t kn~ w iedwe may be

re Iu lre d to determine a referent (1972 p. 7).

Janet and Penny went to the Store to get pre sentc f o r  Jack. J;~r etsaid “I will get Jack a top ” “Don ’t ~r~ - t  Jack a top ” said t ’ - n r y .  “he
has a to-p. He will make you take ~~

~
‘har-rii a k argues that to understand to which of the two tops ‘ it”

r~-~~ rc , reQuires knowing about presents , c hores and what they will take

~acx , et c. Ever in domains where it may be possih ’1 o c a p t u r e  a l l  of’ the

n er ess ary k n o w l e d g e , c l a s s i f i c a t i o n  may still lead to ambiguities. For

cx opie , c o n s i d e r  t he  f o l l o w i n g :

- nha t is the voltage at Node h if the load is 100?
- , 1 )  No- Je 6?

1 ’ )

n st a t e m e n t  ( 1 1 )  the user means Node 7’. In statement (10), he cas

rein forced tne use of ellipsis as referri r~ to node num ber. (For example ,

.eaving out statment (10), sentence (1 1 ) is much more awkward.) (?r. the

otne r hand , i f  s t a t e m e n t  ( 1 1 )  had bee r .  “l io)O” or if statement (10) had teen

“10?” , things would be more proble m ati c. v~hen statement (11 ) is “1000” , we

can infer that he means a load of 1000 because there is no node 1000 . If’

s t i t e m e n t  ( 1 0 )  had been “10?” , tnere would be genu ine ambiguity slight iy

f’-tvc r~ ng the interpretation as a load because that was the last number

o~- r~~~oned . The ma J o r limitati on t the current technique , which must be

ve r-o me in order to tackle signifi -antl y more complicated domains , is it s

i na bility tc return more than on e  possible referent. It considers each one

.~~i 1 v i t ua l1 y until it finds one whi ch is satisfactory. The amount of work

i n v o l v e d  i n  emp ~~o y i n g  a technique which allows comparing r’ferents has not

teer justified by our experience.

~~L~IIo~ CHlP L QTH~ R SE MANT I C ~~~~~
I he relationship between s-mon ti - grammars and purely nem~ rt ~~c

sys tems (~.uiil ia n 19h~~; Schank et at . 1q75) and to some extent ~iiks

(1 4 ’~~O , 1~~flb) parallels the dist i n - t  l o t t e  tween procedural -m i  declarative

~ r . w~ eige . The relationship th t t  exists between nodes in the semantic

ne~~ or~< structure contains little ~r- no Information about how these

r~-l~~tion shlps migh t be exp re s sed  In language . An interpretation mechanism
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rust d , ’oil c - where the information Is useful. Whi le this lt~, lr ,~~iome sense ,
more general ( t h e  same information can be used for several purposes given

the proper in t e r p r e t e r ) , i t  is ne -e s sa r l lv  less e f f i c i e n t . . ( W I 1 ~~s has

extracted some expressive informarion , pnim arUy concept order . ~fl tO h is

templates.) A semantic gramma r , on t re other hand , Is w r i t t , ”t  fo r  the

process of recognizing concepts as they ire expressei ir. t f l f .  surface

structures.

b’ U Z Z iN
Having the grammar centered around semantic categories a~.~~ ws tne

par ser to be s loppy about  the ac tua l  words it f inds  in the s t a t e m e n t .
H a v i n g  a concep t  in m i n d , and be ing  willing to ignore words to find it , is

the essence of keyword parsing schemes. It is effective in those cases

where the words that have been skipped ~ re either redundant , or specify

gradations of an idea that are not distinguished by the system . For

example , in the sentence: “Insert a very hard fault” , “very ” would be

ignored;  t h i s  is e f f e c t i v e  because the  system does not have any f u r t h e r

s t r u c t u r e  over  the  class of hard f a u l t s .  In the sentence:  “ W h a t  is the

vo l tage  across res is tor  P h ? ”  r e s i s to r  can be ignored because i t  is impl i ed

by “ fid” .(18)

Line advantage that a procedural encoding of the grammar (discussed

later) has  over pattern matching schemes in the implementation of fuzziness

is its ability to control exactly where words can be :gr;ored. This

p r o v i d e s  t h e  a b i l i t y  to blend p a t t e r n  matching parsing of those concepts

that are amenable to it with the structural par~ ing required Ly more

complex concepts. The amount of fuzziness —- how many , i f  a n y ,  wor ds in a
row can be ignored -— is controlled in two ways. First , whenever a grammar

— r u l e  is i n v o k e d , the calling rule has the option of limiting the number of

words that can be skipped. Second , each rule c-i n decide which of its

constituent pieces or words are required arid how tightly controlled the

search for them should be . In SOPHIE , the norma l mode of operation of the

parser is tight in the beginning of a sentence , but tuzzler after it has

made sense out of something.

( 1~~) The first of these examples could be handled by making “very” a noise
word ( i . e .  d e l e t i n g  i t  from a l l  sen tences) .  Resistor however is not a
noise word in all cases (e.g. “What is the current through the current
sensinw resistor?”) and hence cannot be deleted .
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~u :ziness tis two ten afvant ,.-ig~-s w rth ment ioning briefly. It

r~ - i u c e s  n. s i ze  or  the  1: ct i - n a r y  because all known noise words don ‘t have

I be 1 ncl~i1e .~ - In hoce cases w h e r e  the t’~~: pp~--i wi n - f : ;  a re  m e a n i n g f u l , the

nisun :erstan ,i~ ~‘ tfl, -,’ ~~r ~~~ f e  5 i 5 ~~- d ies  t U:~- user which allow him to

re; ’ate nis ;u. rv.

n~- f ’or e a c t . -1t em e rt is ar -ce f , a pr ~~ roc f- sr t - r -  ~~-r fo r m s  th ree

~e r a t i . n s  I h e  first e x p a n i s  m t t r ~- .’ i i ’ ions , d e l e t e s  known  noise words ,

an~ cat o n i c a l i z e s  s i m i l a r  w o r i r -  t D  -ì r m m r  rm. The second is a cursory

s~ e i l i n ~ co-rrect~ on - The t h :  r i s  i r ’ to  - t ion of compound words .

:~~e l l i n g  co r rec t ion  is a~~tem p~’ ei or. a~;y word of the input string that

t n e  s y s t e m  does not  recognize . The spe i ~~i t I ~’ c o r r e c t i o n  a l g o r i t h m ( 19 )  takes

t t e  pos sibly misspelled word , and a li st o f  c o r r e c t l y  spel led words , and

ie ” - rmines which , if any, of the correct words is close to the misspelled

r : (using a metric determined by number of transpositions , doubled

l e tt e r s , d roppe d l e t t e r s , etc.). luring the initial preprocessing , the

l I O ~ Of correct words is very small (approximately a dozen) and is limited

- very commonly misspe lleo words and/or words that are critical to the

in~ erstanding of a s e n t e n c e .  The List is kept small so triat the t i m e  s p ent

attempting spelling correction , prior cc attempting a parse , is kept to a

m inim um. R e m e m b e r  t h a t  t he  pa r se r  has  t he  a b i l i t y  to ignore  words in  the

inp u t s t r i n g  so we do not want to spen t a lot  of t i m e  c o r r e c t i n g  a wcr-t

‘h a t  won ’t be needed in u n d e r s t a n t i r r  the  s t a t e m e n t .  But n o t i c e  t h a t

cer t a i n  wor d s  can be c r i t i c a l  to the  correct, understanding of a statement.

~cr examp le , suppose that the phrase ~t- base e m i t t e r  c u r r e n t  of 
~3” was

irc’ urrectly typed as “the bse emitter current of 
~3” . If  “b se ” we r e not

r e c o gn i z e d  as being “ h a sp ” the  parser  wouli ignore  it . and (mis— )understand

the phrase as “the emitter current of ~~~~~~~~ a p e r f e c t l y acceptabl .~ bu t muc h

d i f f e r e n t  “or . -’- e p t . ( 2 0 )  P ecause  of t h i s  pr~~ lem , wor ds l i k e  “ba se ” , w h i c h
i f  ig nored have been found to lead t~ m i s u n d e r s t a n d i n g s , are cons ide red

c r i t i c a l  and  t h e i r  s p e l l i ng  is c o r re ct e -i  i~ t ,re any parse is attempted .

( 19~ The s p e l l i n g  co r r e c t i o n  r o u t i n e s  ar .~~
’pr v i d e d  t y  IN TER!J SP and w e r e

5 -/ e loped  by T e lt e lm a n  fo r  use In  the  1~~ IM f - m - - i l i t v  ( T e l t e l m a n  196 9 , 197 1 1) .
(~~~‘~~ To minimize the consequences of SUch m i s i r t o t r e t a t  ion , the  sys tem
aiways responds with an answer that indi ca te s what q u e s t i o n  i t  is
answeri ng, rather than just giving the numeric at . ~~-r ’ .
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Note  t h a t  t he re  are a lot of words —— “capac i to r ” , “ replace ” , “open ” , for
example -— that if misspelled would prevent the parser from making sense of

thi statement , but would not lead to any mis—understandings. These words

therefore are not considered to be critical , and would be corrected in the

seco nd a t t empt  at spel l ing correct ion that  is done after a statement fails

to parse.

Compound words are single concepts that appear in the surface

structure as a fixed series of more than one word . Their reduction is very

i m p o r t a n t  to the  efficient operation of the parser. For example , in the

question “what is the voltage range switch setting?” , “voltage range

switch” is rewritten as the single item “V R” . If not rewritten , “voltage ”

would be mistaken as the beginning of a measurement (as in “ what is the

voltage at N~4”) and an attempt would have to be made to parse “range switch

setting ” as a place to measure voltage , Of course after this failed , the

correct parse can still be found , but reducing compound words helps to

avo id backtracking . In addition , the reduction of compound words

simplifies the grammar rules by allowing them to work with larger

conceptual units. In this sense , the preprocessing can be viewed as a

preli m i n ary  bottom—up parse that recognizes local , multi—wo”d concepts.

IMPLEME N TA TI ON
On ce t he dependenci’~s between semantic concepts have been expressed in

the BNF fo rm , each rule in the grammar is encoded (by hand) as a LISP

procedure. This encoding process imparts to tne grammar a top—down control

structure , specifies the order of application of the various alternatives

of each rule , and defines the process of pattern matching each rule. The

resulting collection of LISP functions constitutes a goal—oriented parser

in a fashion similar to SURDLU (Winograd 1973), but wi thou t  the

backtracking ability of PROGRAMNAR.

As has been argued elsewhere (Woods 1970; Winograd 1973), encoding the

grammars as procedures —— including the notion of process in the grammar ——
has advantages over using traditional phrase structure grammar

representations. Four of these advantages are :

1) the ability to collapse common parts of a grammar rule while still
maintaining the perspicuity of the grammar.
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~) t r;. abilit y to collapse similar rules by passing arguments (as with
~~N lh ) .

~) the eas e  of interfacing other types of knowledge (in SOPHIE , pr i m a r i l y
the  s e m a n t i c  ne twork ) i n t o  the  pa rs ing  process .

- 4 )  tr :e abilit y t.o build and save arbitrary structures during the parsing
pr oess.

ai - l it i o r , to the advantages i t  shares wi th  o ther  p rocedura l
r e p r e s e n t a t i o n s , the  LISP encod ing  has the  c o m p u t a t i o n a l  advan tage  of be ing

c - -n~- i l a bl e directly i n t o  e f f i c i e n t  m a c h i n e  code . The LISP i m p l e m e n t a t i o n

x s  e f f i c i e nt  because the no t ion  of process i t conta ins  (one process doin g

recursi vf - descent) is close to that supported by physical machines , wh ile

r o s e of ATN and P R OG H AMMA R are n o n — d e t e r m i n i s t i c  and hence  not  d i r e c t l y

t r a r ,:la table into present architecture . See (Burton 1976) for a

Jeso’ri~~ti c r of how it is possible to trinimize this mismatch .) Appendix B

-:es:’ribes the details of the LISP imciementation and provides an example of

a r u le f r o m  t he grammar .

Ir terms of efficiency, the LISP i m p l e m e n t a t i o n  of the  s eman t i c

.i-ramrroa r succeeds a d m i r a b l y .  The gramma r w rI t t e n  in INTERL I .S P ( T e i t e l m a n

can be block compiled . Using this technique , the comple te  parser
takes about 5K of storage and parses a typical student statement consisting

f b to 12 words in around 150 milliseconds! Appendix C presents parses

and t imings of some of the sentences used in the dialogue .

I
I
I

T’~T) This  a b i l i t y  Is sometime s p rov ided  by ~l7fT~5 w in g  a u g m e n t s  on phrase
st r u c t u r e  ru le s .
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Chapter 5

A NEW FORMA L ISM —- SEMANTIC AU GMENTED TRAN SITI ON NET WORKS

Using the techniques described in Chapter 14 , a natural language

front—end , capable of supporting the dialogue presented in Chapter 3, and

requiring less than 200 milliseconds cpu time per question , was

constructed . In addition , these same techniques were used to build a

front—end for NLS—SCHOLAR (Grignetti et al. 19711 ; Grignetti et al. 1975)

(built by C. Hausmann), and an interface to an experimental laboratory for

exploring mathematics using attribute blocks (Brown et al. 1976). In the

construction of these varying systems, the notion of semantic grammar

proved to be useful . The LISP implementation , however , was found to be a

bit unwieldy. While expressing the gramma r as programs has benefi ts  in the

area of efficiency and allows complete freedom to explore new extensions ,

the technique is lacking in perspicuity. This lack of perspicuity has

three major drawbacks: (1) the difficulty encountered when trying to

modify or extend the grammar; (2) the problem of trying to communicate the

extent of the grammar to either a user or a colleague ; (3) the problem of

trying to re-implement the grammar on a machine that does not support LISP .

These difficulties have been partially overcome by using a second , parallel

representation of’ the gramma r in a BNF—like specification language which is

the representation we have been presenting throughout this report. This ,

however , requires supporting two different representations of the same

information and does not really solve problems (1) or (3). The solution

to this problem is a better formalism for expressing and thinking about

semantic grammars.

— - F.u~~ented Tran3itiQ~i Networks (ATN )
Some yec~rs ago , Chomsky (1957) introduced the notion that the

pr ocesses of language generation and language recognition could be viewed

In terms of a machine . One of’ the simplest of such models is $~ e finite

state machine. It starts off i~i its initial state looking at the first

symbol , or word , of’ its input sentence and then moves from state to stat.~
as it gobbles up the remaining input sy~rtols . The sentence is acceDted if

the machine stops in one of its final states after having processed the

entire input string ; otherwi se the sentence is relected. A convenient way
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ot repre sent ing a finite state ma chine is i; a transition graph , in which

the state s correspond to the nodes of the  graph and the t r ans i t i ons  between
st a t es o r-respond to its arcs. Each arc is labelled with a symbol whose

appearance in the input can cause the given t r a n s i t i o n .

In a r, augmented transition network , the notion of a transition graph

r’ias i - -en m~~fi fiei in three ways: (1) the addition of’ a recursion mechanism

t ’ ,at aU ws the labels on the a r - s  to be n o n — t e r m i n a l  symbols  t h at

corres po nd to n e twor ks; ( 2 )  the  add iti on of a rb i t r a ry  c o n d i t i o n s  on the

arcs  t h a t  mus t  be sa t i s f i ed  in order fo r an arc to be f o l l o w e d ; ( 3) the
i n c l u s i o n  of a set of s t ruc tu re  b u i l d i n g  ac t ions  on the arcs , together  wi th

a oct of registers for holding partially built structures.(22) Figure 5.1

Is a spe ci f icat ion of a language for representing augmented transition

r. t wc r- ,<s. The specification is give n in the form of an extended ,

c o n t e x t - f r e e  grammar  in w h i c h  a l t e r n a t i v e  ways  of forming a const i tuen t  are
r e p r e s e n t  ej  c-n separa te  l ines  and the symbol  “ + “ is used to indicate

ar f itrr ~nily r e p e a t a b l e  c o n s t i t u e n t s . ( 2 3 )  The n o n — t e r m i n a l  symbols  are

lower  c-ace ~. r i g i i sh  descr i p t i o n s  e n c l o s c 1 in angle brackets. A l l  o ther

. y:it I s , excep t  “+“ , are t e r m i n a l s .  N o n — t e r m i n a l s  not given in Figure 5.1

r a y ’ -  name s t n a t  srcu ld be s e l f — e x p l a n a t o r y .

~igtire L.1
A Language for H pre sinting ATNs

(~~rar.si tio ,- ne twork > :~ ( < a r c  se t> < a r :  set ~- + )
<ar  set.> :~ ( < s t a t e >  <arc > + )
< a r c —  :: (AT <category name > <test> <action>+ <term act>)(

~ P[ <wor d> <test> <action>+ <term act>)
1- 111F: <sta te> <test> <action>+ <term act>)
TIlT K a r b i t r - a r y  l abe l>  < t e s t >  < a c t i o n > +  <term act>)
P U P  < f o r m >  < t e s t > )

— V IP <constituent name> <test> <act. ion>+ <term act>)
(JUMP state> <test> <action>+)

< a C t i o n ’  :: (IJPTH <register> <form>
— (UENDH <register~ <fo rm >

( L I F T R  < r e g i s t e r >  h orn>
( H O L D  < c o n s t i t u e n t  name> < f o r m > )
( SETF < f e a t u r e >  < f o r m > )

< t e r m  act .’ :: (‘IL <state>)

(22) This discussion follows closely a similar discussion in Woods (1970)
to which the reader is referre~~. If the reader is familiar with the ATN
formalism he/she may wish to skip to the section “Advantages to the ATN
r ,-rma ll sm ” .
~ r i  “.“ is used to mean 0 or more occurrences. While the accepted usage

f “ + ‘ is 1 or nore , the accepted symbol for 0 or more “ “  has not been
used t,o av oid confusion w i t h  the use of the  symbol  * in Lhe A fN formalism .
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I
< f o r m >  :~ (GETR <register> )

LEX
*
(GETF <form> < feature>)
(B UILDQ <fragment> <register>+)

LIST < f o r m > + )
APPEND <form > <form>)
QUOTE <arbitrary structure>)

The f i r s t  e lement  of each arc is a word indicating the type of arc .

F o r  CAT , WHL and PUSH arcs , the arc type together with the second element

correspond to the label on an arc of a state transition graph. The third

element is an additional test. A CAT arc can be followed , if the current

input symbol is a member of the lexical category named on the arc , and if

the test on the arc is satisfied . A PUSH arc causes a recursive invocation

of a lower level network beginning at the state indicated , if the test is

satisfied . The WRD arc can be followed if the current input symbol is the

word named on the arc and if’ the test is satisfied . The TST arc can be

fol lowed if the test  is satisfied (the label is ignored). The VIR arc

( v i r t u a l  a r c )  can be followed if a constituent of the named type has been

placed on the hold list by a previous HOLD action and the constituent

satisfies the test. In all of these arcs , the actions are structure

- bu ild ing act ions , and the terminal action specifies the state to which

con t ro l  is passed as a result of the transition. After CAT , WRD and TST

arcs , the input is advanced; af ter  VIR and PUSH arcs it is no t .  The JUMP

arc can be followed whenever its test is satisfied , control being passed to

the state specified in the second element of the arc without advancing the

input. The POP arc indicates the conditions under which the state is to be

considered a final state and the form of the constituent to be returned.

The actions , forms and tests on an arc may be arbitrary functions of

the register contents. Figure 5.1 presents a useful set that illustrates

major features of the ATN . The first three actions specified in Figure 5.1

cause the contents of’ the indicated register to be set to the value of the

indicated form . SETH causes this to be done at the current level of

computation , SENDR at the next lower level of embedding , 50 that

information can be sent down during a PUSH , and LIFTR at the next higher

level of computation , so that additional information can be returned to

higher levels. The HOLD action places a form on the HOLD list to be used

at a later place in the computation by a VIR arc . SETF provides a means of

setting a feature of the constituent being built.
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GETH is a function whose value is t h e  - o r t e n ts  of t he  named rewi: ;t.er .

IPX is a form whose value is the curren t input symbol. The asterisk (*) i~

a form whose value depends on the cont ext of its use : (1) in the a~’ticnir

-: t a CAT arc , the value of * is the r r t form of the current inpu t . wor 1

() in the actions of a PUSH arc , i t is the value of the lower

computation ; and (3) in the actions f ’ l i w i n g  a VI R arc , the val ue o: I’.

is the constituent removed from the HOLE h o t  . UETF is a function wh i’:r

determines the value of a specified fei t .ure of the indicated form (which is

usu ally *)~ P I J I L D Q  is a genera l  s t r u c t u r e — b u i l d i n g  form t h a t  places trie

va lue s  ot the  g i v e n  registers  i n t o  a spec i f i ed  tree f r a gm e n t .

l p e c i f ’ i c a l iy ,  i t  replaces  each occorr ’-n:~ of + in the t ree  f r a g m e n t  w i t h

toe c o n t e n t s  of one of the  r e gi s t e r s  (tr first register replacing tne

ti rst occurrence of + , the second reg i rr t r’ t n -  second , e t c .) .  In a d d i t i o n ,

P u I L L L  r ep laces  occu r rences  of * by t re v a l u e  of the form ~~~. The r e m a i n i n g

tnree fo rms make a l i s t  out  of t h e spe ci f i i  arguments (LIST), appen d two

l i s t s  to e t h e r  to make a s i n g l e  h i ~ ( f - I  H-, L L ) and produce as a va lue  th e

(unevaluated ) argument form (LLJOTP).

Advantages of ATN Formalism

‘ftc ATN forma l ism was seriously considered at the beginning of the

~buPhIE p r oj e c t , bu t  r e j e c t e d  as o e i n g  too s l o w .  In the  course of

d e v e lop i n g  the  LIl -I P gramma r , i t  became c l e a r  t h a t  the p r i m a r y  reason for a

si~~r~~t i c a n t  d i f f e r e n c e  in speed be tween  an ATN grammar  and a LISP grammar

is due to the fact t h a t  pr o c e ssi ng ’  t o e  ATN is an i n t e r p r e t e d  process ,
— whereas  LIIIP is comp ilable and therefore toe t ime  problem cou ld  be overcome

— 
by ru ~ ld ir ~ an ATh compiler. Lu r i n g  t h ~ p e r iod  of e v o l u t i o n  of S O P H I P ’ s

g r a m m a r , an. ATN c o m p i l c r  was e o n s t r u - ’ t e f  ( see  bur ton  1 9 7 6 ) .  In the  n e x t

s e c t io n  we i . .i l l  fl o — e u S ~ the  a d v a n t a g e s  we ‘ on ed to gain by using toe ATN

forma l Hun..

‘Irese advantages fall into three ~‘ . -r . cal a r ea s :  ( 1 ) conc iseness , ( 2 )

o cr - el tual effectiv eness and (~~) a v a i l - i t i ’  tac ilities. by conciseness we

mean that writing a gramma r as- 1 LTh r ~~ -s less c h a r a c t e r s  t h a n  LISP .

The A’iN fo rm a lism gains conciseric .-’r : y r t .  r iuiring the specification of

details in the p a r s i n g  process at t r ‘ ‘ a m ~~- leve l  r equ i r ed  in  L I S P .  Most of

these d i f f e r e n c e s  stem f r o m  the  fa c t t i n t  th e ATN assumes it has a machine

a -

— ——



I
whose operations are designed for parsing , while LISP assumes it has a

lambda calculus machine. For example , a lambda calculus machine assumes a

function has one value . A function call to look for an occurrence at a

non—terminal while parsing (in ATN formalism , a PUSH) must return at least

two values: the structure of the constituent found , and the place in the

input where the parsing stopped. A good deal of complexity is added to the

LISP rules  in order  to m a i n t a i n  the free v a r i a b l e  which  has to be

introduced to return the structure of the constituent. Other examples of

unnecessary details include the binding of local variables and the

specification of control structure as ANDs , ORs and CONDs.

The conciseness of’ the ATN results in a grammar that is easier to

change , easier to write and debug , easier to understand , and hence to

communicate. We realize that conciseness does not necessarily lead to

these results (APL being a prime example in computer languages mathematics

in general being another), however , this is not a problem . The

correspondence between the grammar rules in LISP and ATN is very close .

The concepts which were expressed as LISP code can be expressed in nearly

the same way as ATNs but in fewer symbols.

The second area of’ improvement deals with conceptual effectiveness.

Loosely defined , conceptual ef’f’ectiveness is the degree to which a language

encourage s one to think about problems in the right way . One example of

conceptual effectiveness can be seen by considering the implementation of

case structured rules.(2L~) In a typical case structure rule , the verb

expresses the function (or relation name) and the subject , while the

object and prepositional phrases express the arguments of’ the function or

relation . Let us assume for the purpose of this discussion that we are

looking at f’our different cases (agent , locat ion , means , and time ) of the

verb GO —— John went to the store by car at 10 o’clock. In a phrase

structure rule—oriented formalism one would be encouraged to write:

<statement> :~ <actor> <action/verb> <location) <mea ns> <time>

Since the last three cases can appear in any order , one must also write 5
other rules:

( 2 g )  See Bruce ( 1 9 7 5 ) for a discussion of case systems.
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(st it n e r t  > : a c t o r >  K a n t  i o n / v e r b >  K lu ’:it i ~ t ime > <means>

In ±n ATh crc- is in clined towards : PUSH Iocat~on

pUSH OCtor 0c~~~~~~

w h i  - r , expres ses rn— r e - c l e a r l y  the  case s t r u c t u r e  of the  r u l e .  Ih e r e  is no

r-~ ac r. w r y  in to e LLIF version of the grammar or e- couldn ’ t wr i te loops t ha t

~t~~
- ‘-X ~~O t i V  a t a i o ~~uUs to the ATN (the A’I b compiler , af ter a l l , produces

~ucri c o d e ! ) .  h o w e v e r , a rule—oriented formalism does not encourage one to

tr~~r~ m i s  Wi ,’ . ,‘-r :  a l t e r n a t i v e  ru le  i m p le m e n t a t i o n  is:

• i t i c - n > : :  (actor><action/ver b><act ioni>
- a  ‘ lon i> :: ‘a-:ti:ni><tempora l>
• a t I n - n i > : :  ‘i t i - ~n D < l o c a t i o n>
- a - r i > : :  ‘ ci ’ t i - ~n 1><mean s>

tr.~ s is easier (:r , - - rter) to- w r i t e  bu t  i t  has the disadvantage of being

H -f r - , - , ‘ o r o i v e . ‘Ic  i m p l e m e n t  i t , ore is forced to write the LISP

e:~-~ i ; i .~ -r ~t f toe- fIN t h a t  c r e a te s  a f i t  f e r ence  be tween ~ne ru l e

r - -~~r e  ~- r , t a t i ~~r. and the  ac tua l  i ” p t € r r e n t a t i n .  This  method  also has the

of  i r I t r o -  iu c i n g  an unmo t i v a t  a n o n — t  e r m i n a l .

A r . - t h e r  conceptual advan t age  f m h ~ A I N  framework is t h a t  i t

erco ~ r i~’-s toe postponing of ~‘i5io rjs a b o u t  a sen tence  u n t i l  a

i : t c r - e r . t i a l point is reached , theret’i a l l - w i n g  p o t e n t i a l l y  d i f f e r e n t  pa ths

t~ stay t-,wetr jer . In t he  r u l e  o r i e n t ’  : ~U toI ~. grammar t he re  are top  level

r - l ies f o r  ~s e t > , a comman d to -n tr.c ~ ore of ’ the  c o n t r o l  s e t t i n g s  and

<mcd ify ~~, c-i command to f a u l t  the  i r s t r - i i : i c - r t  i n  some way . Sen tence  ( 1 )  is a

<set ara • -r ’ en’ne (2) is a <modi ! -’.

( 1 )  upp uc r e the  c u r r e n t  c o n t r -  I i~~ Oigni .
(2) ~1upp c: -e the  c u r r e n t  c o n t r  -1 i s c’ti i t  c-I.



The two parse paths for these sentences should be the same for the first

five words , but they are separated immediately by the rules <set> and

<modif y>.(25) An ATN encourages structuring the grammar so that the

decision between <set> and <modify> is postponed so that the paths remain

together. It could be argued that the fact that this example occurred in

SOPHIE’ s grammar is a complaint against top—down parsing or semantic

gramm a rs , or just our particular instantiation of a semantic grammar. We

suspect the latter but argue that rule representations encourages this type

of behavior.

Another conceptual aid provided by ATNs is their method of handling

ambiguity. Our LISP implementation uses a recursive descent technique

(which can alternativel-y be viewed as allowing only one process). This

requires that any decision between two choices be made correctly because

there is no way to try out the other choice after the decision is made. At

choice points , a rule can , of course , “look ahead ” and gain information on

which to base the decision , similar to the “wait—and—see ” strategy used by

Marcus (1975) but there is no way to back up and remake a decision once it

has returned.

The effects of’ this can be most easily seen by considering the lexical

aspects of’ the parsing . A prepass collapses compound words , expands

abbreviations , etc . This allows the grammar to be much simpler because it

can look for units like “voltage/control” instead of having to decode the

noun phrase “voltage control” . Unfortunately without the ability to handle

ambiguity, this rewriting can only be done on words that have no other

possible meaning . So, for example, when the grammar is extended to handle:

(3) Does the voltage control the current limiting section?

the compound “voltage/control” would have to be removed from the prepass

rules and included in the grammar. This reduces the amount of bcttom—up

processing that can be done and results in a slower parse . It also makes

(25) The degree to which the separation of paths is a problem can be
greatly reduced using a preprocessing “compilation ” state such as Klovstad ,
which (among other things) collapses rules with the same initial parts. In
our example , however this may not work since the phrase “t he current
control” may be parsed as the non—terminal <CONTROL> in (1) and as the
non-term i nal <PART> in (2). Of course this would be a poor choice of
grammar rules and no one aware of sentences (1) and (2) would handle ~tthi s way . T~e problem is recognizing where situations such as this occur.
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(JUMP arc) corresponds to hypothesizing that the specif’ication of’ the part

has been deleted , as in: “The base is open .” The action on the arc builds

J a place—holding forts which identifies the deletion and specifies (from

information associated with the terminal type which was found) the classes

of objects that can fill the deletion . The method for determining the

referent of the deletion remains the same as described in Chapter ~4 .

Figure 5.2

An ATN which recognizes deletion

I
~~ DET ~~trk

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The SOPHIE semantic ATN is then compiled using the general ATN

compiling system described in Burton (1976). The SOPHIE grammar provides

the compiling system with a good contrast to the LUNAR grammar , since i t

does not use many of the potential features. In addition , a bench mark , of

sorts , was available from the LISP implementation of the grammar that could

be used to determine the computational cost of using the ATN formalism.

There were two modifications made to the compiling system to improve

its efficiency f’or the SOPHIE application . In the SOPHIE grammar , a large

number of’ the arcs check for the occurrence of particular words. When

there is more than one arc leaving a state , the ATN formalism requires

that all of’ these arcs be tried , even if’ more than one of these is a WRD

arc and an earlier WRD arc has succeeded . This is especially costly, since

the taking of an arc requires the creation of a configuration to try the

remaining arc s . In those cases when it is known that none of the other
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,r -- s ’ - lr , s - - ‘ i ’ i ’ d , t hi s cr  t i l t  Oe av  l c j ’ - - I  A n  ;i aclu t i on to tri s I r - n O l e m ,

I r e  : lh  l -j an - - - t y p e  was a d d e d .  The GH OF - n i  - - i l l w : -  a n e t , of cor,t iw coao

‘S t o  be -~e c n i g n a t e d  as m u t u a l l y  e x c l u s i v i -  Pt ’ t o rn of tr,e ~F OI’ or- - is:

( c i h O b O  ar- - i arcO . . . ar -n). The arcs or’ I r - i e d , c i t e  at a t tni~~, until t o e

- - r , l 1 l  10n5 ‘n , ~n~’ of’ i r e arcs are met . I r i s  ar c - is then t a~~’-n , and tin ’-

r -rrc:i i ncr ,w ar- :’ i n i nn Gh000 are fo rgotr ’ r —— nio ,~ n ed .  I f  a F’ tJOFc -or’: is

inc~ :c:~-d it : lin e ~ h O U P , i t  w i l l  be t aken  i t  its ‘ i— st is tru e or , 2 t in e-

I t-tra ini n g arcs w i l l  not  be t r i e d  even i t  t h i - s U H : i - i fo r  cons ’ i t u e r ,  is not

- un.I . F o r  e x a m p l e , on s i d e r  t h e  f o l l o w i  r at ;r-nrrmar state:

(S/i
~a n :  Ho -~O A T  A T TO- S/2))

~H I - X T TO S/~ )
~:Al b I To 5/1~)fl)

At  m c s t , one f t h e  t r r € - e  arcs w i l l  I C  t o - i l  -we . ~ ithout GROUPin~’ them

- gc ’I,e r , i t  is p -cr c iS le that all tnr ’ec :r:cr: t be foll- w’- -l — —  i f  t h ’ -  w r-: A

n ,al interpretat ions as both category A c r - i  ‘:~ t ,  c c -y F . 

s- L b  a rc  also p r o v i d e s  an i - f t  101’ n t  m e a n s  o f  en~ oIing opt i- o ral

- r,st ituents. Th e norma l method of al l : w i n g  - u l ions in Al t is to p r - o v i ~~’-

an or - tha~ accepts the optional con c’t itc c ’- n t a n t - I a second arc that jumps to

ta. :,exr s t a t , -  w i t h o u t  a c c e p t i n g  a r J t r c i n w .  i-oar e x a m p l e , if in s ta t - s/�

“ v e r y ” is opti - -nol , t i n -  f -cill owir ,g iw - - arcs w-ou iu be cre’ - I :

(S/2
(~~}r l. Vb}’I ( T o  . ‘I-LF- O/2))
( J O M i -  hF , l ’ l — O r — O / 2  ‘ I ) )

Toe m c d  f i c a l e n c y  a r i s e s  when the w o r i “ v e r y ” I - c - c - sn - ’icr’ . ‘I nc  I i n s t an - ’ is

OaKe n , hu t an alternative ac-o f l g u r ’ o r  i - n c  that will to ’,’ ‘0 ’  n - c ’ s -n i i r ’  :c i s r

— n - ’ ar e a t e d , and p o s s ib l y  l a t e r  ex~~I - r ” - u . E’y • c’iO e d - li r cw ‘ nec: ,- in’ s in a

iF r - 0i- ’ , the  a l t e r n a t i v e  w i l l  not i’s -n-r~~ ’ ’ I t j , 15! sa v i n ~-’ t i r n i -  an t spa°e. As

-
~~~~ a recruI t , it woo ’ t have to be explor ’ I , po-ss mncl y savi rc~’ lo re time . A

warr:i n , g sl , o u l t  toe ln c i o - l c - -- u h e re , t o t  ~r c , ; h C t iP  - n r a  ‘arc re t ’ :t crc- rctence s

r a t  ‘n- c J t c t  u t i n e r w u  se be- o’ -- v - ~ ted . Icr or’ excn rr : l I c , “ ve ry ” may I c  needed ‘ -

wet  o c i t  1 t rn ~- s t a t e  H F — s F — , - , . i n  t h i n - -  respect , t h e  G H O U L  a r -  is  a

-i i- p art ,u r i’ f r - -rn ite :,nigiriai A ft p Ol io- ’, ny tr ~~r ar cs  s h o u l d  be indep c ’ n t e n t

and for r l s  we apologize . However , t . r come a c  l i c a t  i con - c , t h e  in or ’,- ,ioeI

I i c t i - r c y  can be c r i t i c a l .
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The other change to the compiling system (for the semantic grammar

a l l l l c a t i o n )  dea l t  w i t h  t he  p reprocess ing  o p e r a t i o n s .  The preprocessing

f a c i l i t i e s  d e s c r i b e d  in the  las t  c h a p t e r  I n c l u d e d : 1) l ex ica l  anal ysis  to

e x t r a c t  wo r’ i ending :’ ; 2) a substitution mechanism to expand abbreviations ;

t e let e nob ’- w - t’ ts , and canonicalize synonyms ; 3) dictionary retrieval

n- utine s ; ar , i -~ ) a compound word mechanism to collapse multi — word phrases.

Fo r’ ‘ r.e SOPHIE ap ;lIcation we added the ability to use the  IN T E R L I S P

s p e l l in g  -c n ’ r i  ct  ion r o u t i n e s  and the  a b i l i t y  to d e r i v e  word d e f i n i t i o n s

from :OuE’FIE’ s semantic net. The extraction of def initions from the

seman tic retworx for part name s and node names reduces the size of the

dic ti onary and simplifies the operations of changing circuits. In

aldi t i - o , a mec hanism called MULTIPLES was developed that permits strcog

sub stituti on wc th in the input. This is similar to the notion - f

- a o n n p - - c o I i n g , but  d i f f e r s  in  t ha t  a compound ru le crea tes an a l t e r n a t ive
l e x i c a l  i t e m  w-r , i l e  t he  m u l t i p l e  ru le  creates  a d i f f e r e n t  l e x i c a l  i t em .

A f t e r  t o e  app l icat co n of a compound rule , there is an addi tio nal edge ir’c

to ’- input c h a r t ;  a f t e r  a m u l t i p l e  ru le , the  e f f e c t  is ‘he same as if toe

u se r  had typed in ,  a d i f f e r e n t  st r in g .

F

-: he one oo 1-’ - -:t at t h e  LISP i m p l e m e n t a t i o n  t ha t  ha: — n o - ’ been

it , - - r p o r a t e d  i n t o  the ATN f r a m e w o r k  is f u z z i n e s s , the  a b i l i t y  t o  c~~ro re

‘w- ,rt:: it ‘nc input. ~t :le we- h . not worked out  t he  d e t a i l s , toe

n r , — d e ’ e r m l n i s m  p r o v i d e d  by A T N s  l ends  i t s e l f  tu an interesting approach.

In a c r e — p n c c e s s  —- r’ i o - u r : c i v e  descent  —— i m p l e m e n t a t i o n , t h e  r u l e  t h a t
- ‘h e o x n r  f r a w o n t  m u s t  d e c i d e  (wits information passed down f rom h i g h e r

r u l e s )  w~, i’t r,’ r to try ski ll m g  a w o r d , or give u p .  The c r i t i c a l

informat conc that is not available when this decision has to be made is

wl,’-t rc ”r or n , ‘ ‘ t en- ’ - is another parse that would  use that word . In the

A’I N , it is possibl e to suspend a parse and come back to i t  a f t e r  a l l  ot h e r

~athc - r ov e been tried . Fuzziness could be implemented so that rather t han

vip a wo rd  a r c - i  c o n t i n u e , it can skip a word arid suspend , waiting for the

‘other par-ni-n : to fall or suspend . The end eff’ect may well be that sentences

an’- allowed to get fuzzier because there is no danger of missing the

correc t  parse.

- - -+ 7 -
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J~j-~nr’iacn Of ~esu l t~

Pie --nm g inal motivat ion for changing to, the ATN was its p e r s p i c u i t y .

A i - e--n -t ia- es A and F show the BNF/LISP version , whi ch car he compared with

A p p e n d i x  E ,  t h a t  shows the ATN version . W e suspect that the reader wil l

f i n d  t o o t  neither of them are particularly readable , but  then there  is no

rea s rc to expect that this should be the case. As Winograd (1973) has

~~ in ’ e1 out , simple grammars  are p e r s p i c u o u s  in almost any formalism ;

onn nn p le x grammars are still complex in any formalism . We found the ATN

f- - rmul i sm much easier to think in , wr ite in , and debug. The examples of’

re-i -- c n -~--~rc~ prc- - °ess ing that were presented earlier in this chapter were

~isc ,e vereJ w r , c .  1e “cr :verting to ATN . For a gross comparison on conciseness ,

the ATh gramma r r e q u i r e s  70% less c h ar a c t e r s  to exp re s s  t h a n  the L I O P

ve ra- c ~n,.

The efficiency results were surprising . Table 5.1 gives comparison

tmrn - ao~ s t - n ’t w-e”-n the LISP version and the A T N  comp iled version . As car be 

- ‘-n , t h e  ATN v e r s i o n  is more t h a n  t w i c e  as f a s t .  T h i s  was pleasantl y

- - ,-urt er — i ntu iti ve , as we expected the LISP version to be much faster due t

‘roe am ount of hand optimization that had been done while encoding the

;n’ c rrcmar rules. In ~-r€-s enting the comparison timing , it should be ment ione d

‘ r , a t ~ t a r -re — ,r e  t h r e e  d i f f e r e n c e s  b e t w e e n  the  two s y s t e m s  t h a t  t ended  t o

I ovor t , i n i -  AT ’) version. (20) One difference w a s  tIlE la-o k of fuzziness in the

A : ’ )  v i - r s i o n .  The LISP v e r s i o n  spen t  t i m e  t e s t i n g  words o t h e r  t h a n  the

c u r r e n t  won t , looking ahead to see if i t  were p o s s ib l e  to sk i p  t h i s  word ,

- 
wr ich won’ not done in the ATN version. The ~ e’s’on 1 is the creation c-f

cateworces for w o n - i s  d u r i n g  the preprocessing in the ATN version that
— reduced the amount of time spent accessing the semantic net and hence

re t-co - - t tae- time required to perform a category membership test in the ATN

system . The t ri r d  was the sirrq— lifi cation of the wrammar and increase in

tr,i- :nmour t of n-: -tt om—up l- r - - -essinw tiot could be don e because of the

a r n i i w u i t  y n i l  wed in the ir~ -u ’ h c n r t . In our est imation , t he lac k of

t-cc:ic rc i ’ss is ‘in’ o r l y  d i f IO n -nc -c t t ~~~t may have had a sign i f i c a n t e f f e c t ,

T ’ f , ’ 
‘

‘
~~t •~ T~- rJ to wFT& each of ‘ these diff erences contr ibut eI “

~1~l i f t  iOu - ‘- 0 w i ’ rer 5 ’ an t i o t  ic s on t u e  to t i n e  b lock  c o m p i l e r  w h i c h  g a i n s
eff ic ‘ t ,  , to -,’ r, n,~ i r , t er -n a I w- -r ’ v i r g :- . The e x a c t  c o n t r i b u t i o n  of ca t:
o ou  I ‘ ‘ a l l ,  I y be ~~‘ ~-r ’rr ,  j r ,~~- - f  I - u t  w a s  r c -  t deemed w o r t h  t he  e f f o r t

— 4t1 -
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m d  t is cant I ‘- m d c l i -  t ‘ ‘xp li - - i t l y  i n  t h e -  ATN in pIvc ’-s wh ’ nc it . is

cr - c t i c c i l  , toy us : i n c  TILT - nt’ s int l suspend act to rt s , W i  t,ti (ut a Oct icr -able

i t :  - r i n s e  it: c r c  - ‘ -cr .’~~~g I i n n ’ - . l i i  oon c l c j : c i o n , wi ar ’’ v ’ - r y  p i c a - i ’ d  wi t h the

n - c u l t  S at  P o o n c p i l ’ - - t  c ue r ’ c a r c t  cc  A iIm and I’ -~-l that the 1~’lN c o m p i l e r  makes

t nci- A ‘) I--  r ’m ci  11: a - ‘ - n i l — c c ’ at - _ no II y e f t  in cen t , e n o ugh  t ‘ he ’ used i n rea l

sy st e m :

Tahi’- - 1

‘or arc c c - i. of Al N ic L ilO b Imp lementat ion .

T a m e s ( c r cncc on ;-tc ) are “ ;-r e-pac -:s ” + “ par sI n g ”

1 ) 
~ c ‘ icc ‘ n so’ ‘ 1 v_ c l I m c ’ -

— - -n + .0th .01,2
A ’ , — - a~

- - + .o~~ .08:

2) n u  - , Li’ ‘ vol ’ c. c ‘ 1 K  en I i, ’ - n ’ - ai r - f  ¶ n , -  bane of ~~~~~?

t i  — .U~ cr + •O~~ 
a .07’

— . + - a . 1 — ‘

- ::~ — .010 - -

— .Ota + - -

4) n:ia t is ‘ i ,  out ; -
, vu ’ - ,i’e wt. - I t s  vs.’ c-- oor,~ rc , is n-c i t. t .5?

— . 1  + • 0 . e a
Al ’ ) — .0 i n  + .0-i ”

5)  i t  ‘ t o n s  o r  j ; i - n ,  ‘-mi ’ t_ ’- r inc - f a ‘ c r - n ’  t e c - t  tan - ce col~ e- _ - t - r- j - r c c t ion w’r, it
r a t : ’  ‘ t - 0 : ’ -  v t , - b i - t - w i - ’ n it : base ar -i t n - c  ‘ u r c - - - t i ~~r c - :1 t i e  v- ,taaai

-- ‘f - n .  i n - f  ‘ ‘ n v~~ i t c g , ’  re l i r - ’ ni - ’ ’ - c,”uuroe~
— - ,  ‘ + .1’’ ’

— ~~~- + . - , - a
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Chapt er to

O B S E R V A T I O N I t  N S T t J I ’ F , N T  USAGE

When we began d e v e l o p i n g  a n a t u r a l  language processor for  an

instructional environment , we knew i t had to be ( 1 )  f a s t , ( 2 )  na bi t ab le ,

and (3) self—teaching . The basic conclusion that has arisen from the work

~resented Li e-re IS that it is possible t~ s a t i s f y  t h e s e  c o n s t r a i n ts .  The

notion of semantic gramma r (presented in Ir apter L~) provides a par adigm for

r g a n i z i n g  t h e  Kn o w l e d g e  r e q u i r e d  in the  u n d e r s t a n d i n g  process t h a t  p e r m i t s

e t b ’ . - - i i - r , t, ; a r s i n g .  In a d d i t i o n ,  s e m a n t i c  gr a m m a r  a ids the  hab i t ab i li r.a by

; n’o ’,’ i l i r w  i n s i g h t s  i n t o  a u s e f u l  c lass  of d i a l o g u e  cons t ruc t s , and perm its

e ’ f t a c i e n t  h a n d l i n g  - f such phenomena ain pronominalizations and ellipses.

The need f o r  a b e t t e r  formalism for expressing semantic grammars led to

t h e  cisc of A u g m e n t e d  Transition Networvs (presented in Chapter 5). The

atc ility of the ATN— expressed semanti,:c grammar tc  satisfy the above stated

requ irements is fe :ri:nstrated in the natural language front—end for the

SOPHIE system .

A p o i n t  t r i a t  needs to be stressed is that the SOPHIE system has been

, and  is b e i n g )  used by u n i n i t i a t e d  s t u d e n t s  in e x p e r i m e n t s  to d e t e r m i n e  the

ped aw -o w’ ic a l  i - f f e c t i v e n e s s  of its environments. While much has been learned

a b o u t  tn - c ’ p r o b l e m s  u f  u s i n g  a n a t u r a l  l a n g u a w e  I n t e r f a c e , these  e x p e r i m e n t s

w er e  r i o t  “ -deb u g g i n g ” sessions for  t h e  n a t u r a l  language c o m p o n e n t .  The

r n ’ c r a l  l a r cgoc ag e  componen t  has unquestionably reached a state at which it

n - ar c be c o n v e n i e n t l y  used to f a c i l i t a t e  l e a r n i n g  a b o u t  e l e c t r o ni c s .  In t h i s
‘:ra p t en , we w i l l  desc r ibe  the  e x p e r a ~~r ces of s t u d e n t s  us ing the n a t u r a l

iang u age- ‘-o rnponent , and present  some ideas  on h a n d l i n g  e r roneous  i n p u t s .

ii~~ressiorccc. ~,x~ er~ ences and Observations
P r i o r  to any exposu re  to SOPHIE , a group of four students were asked

to wr it e dc,wrc all of the ways they could think of for requesting the

v o l t a g e  a t  a p a r t i c u l a r  n o d e .  A l t houg h t he in ten t  of the experiment was to

d e t e r m i n e  the  range of pa raphrase - s t h a t  s t u d e n t s  m i g h t  be i n c l i n e d  to use

bef ore they were aware of the system ’s linguistic limitations , a more

in t er e s t i n g  r e s u l t  eme rged .  Each student wrote down one phrasing very

lui c~ ly but had a difficult time thinking of a second , even though the

— “i O —
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in iti al phrasing by three of the students wi-re in foot. different~ ‘,ri c:

student quit , excla iming  “Bu t there is only one way t o - n  a :cl< t h a t  !“  This

same i na b il i t y to pe r fo rm l i nguis t ic paraphrase  carr i~ -l - ave- n to  the actual

interaction with SOPHiE via terminal . Whenever the system did n- cot accept a

query , there was a marked  de lay  before the student tried again. Sometimes

he c c t u Ie- nt . would abandon his line of questioning completely. At the same

t ime , dat a co l lec ted ove r many sess ions ind ica te d that t here was no

st ir c- ta rd —— canonical —— way to phrase a quest i on . Tab le  t o . 1  p r o v i d e s  some

exam ples o f t he range of phrasings used by s tuden t s  to ask for the vol tage
at a 1ccu ~e

Table  6 . 1
Sample S tuden t  I n p u t s

The following are some of the input lines typed b~’ students wi th the intent
of discovering the voltage at a node in the c i r c u i t .

Wri a t  is the voltage at node 1?
what is the voltage at the base of 05?
~ic - w much  v o l t a g e  at  N b ?
And wha t is the voltage at Ni?

V at the neg side of C6?
Vi i  is?
What  is tne  v o l t a g e  f rom t h e  base of t r an s i s t o r  Q5 to ground?
Wt cat V at tI l e ?
-:‘-cll . of ’  c_ i c
N o d e  i t - V o l t a w e ?
what is the voltage ’ at pin 1?
cut put?

As Table 6.1 shows , students are likely to conceive of their questions in

m a n y  ways  and to express  each of these concep t ions  in a:iy of several

phras ings. Yet other experiences indicate that they lack the ability to

e a s i l y  c o n v e r t  to a n o t h e r  c o n c e p t u a l i z a t i o n  or p h r a s i n g .  S ince  the

non—acceptance of questions creates a major interru ption in the student’ s

thought process , the acceptance of many different paraphrases is critical

to  maintaining flow in the student’ s problem solving .
- ‘ Anot her interesting phenomenon that occurred during sessions was the

- - r a r g f -  in the linguistic behavior of the students as they used the system .

Initially, queries were stated as complete English questions , generally

: c t o n t e - - I  in template s created by the students from the written examples of

scncsior :: that wi had given them . I f  they needed to ask something that did

not  e x a c t l y  f i t  one of t h e i r  t emp la t e s , they would  t ry  a m i n o r  v a r i a n t .  As

— 5 1—
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- t u i  t , ’ , ’ ami ’ m ’ r ’ , -  t ’ ami  l i - i n  w i t  i i  t i ’ -  n o - i c  of interaction , tt ,e-y began to ‘icc ’ -

n t ’t-r ’ ’v l mr i c r : , to leave - ut l i f t s  of the- j r questions a n d , in ge-n c-na i l , to

n s s c c m ”  t hat t i i  s y st e m  wa n: ’  l o l L  w i n g  t h € - i  r i n t e r a c t . i o n .  A f t e r  f i v e  h o u r s

- :  n - x ; - i ’ r - c e n i - ’ -  w i l t  the s y st e m , almost , all of ar c ’-  t i - l e n t ’ s s i c- n ec:

r : t  a c t , , a :  r n  v i a t  i , r c , -: m r - - f  one iii sax depended on the- - ‘ n - n - text . e::t,:i hljsn -j

n- ’v ; c r o - v i  a U S  ot  m t i - r n i - n c t S .

— When the ç rammar I-a ils

f r o m  our e x p e r i e n c e s  with students using SOPHIE , wc- ha’i~- be ’-r ,

i m ~~r’ n - s - c - I  w - c t f :  the im po r t a n c e  of ’ providin g f eedback  to u n a c c e p t a b l e  input :

—— w r a t  t o  do when the system doesn ’ t un de r s t an d an inpu t  — — . Wt ,l l e it ma-i

~m ;’pear that in ~-i c o m p l e t e l y  h a b i t a b l e  s y s t e m  a l l  i n p u t : ’  w -c~l - f  cc c-

.r :c en -c -t cO -c l , nc system has ever attained this goal and non~ will in ,

f o r e s e e a b l e  f u t u r e .  To be n a t u r a l  to a n a i v e  user , an i n t e l l i g e n t  c-’y c t ’ - ~n

:h c .~~1 act .nct ’ -il i ge- nt l y when it . fails too . The first step towards n-,avinc

a s ’ o t , , c r rc fail int elligently is the identificatio n of possible arias of

‘-n-non- . I n :  s t u - i e n t ’ s use of t he  SOPHIE s yst e m , we have  f o u n d  the  f o l l n w i n w

- I i-n rc n: to be common:

- ; ‘ I lmr .,-’ cnn ’- rs and mi  s— t y ~ i n g s  — “Otco nt .t the CE o~ 
O’f and  - cc p- w’n i t s

1 - m u c i ’ ’’ ; ‘‘ A n,a ’ i .  in’: vbe c_~

~‘ )  I n o l’,’ r ’a-r. t ,~nr ssionn-- — “ W h a t  is the e tc. ~c f ’  ..~to- ’
~ ” (Tine usr-r left c u t  t he

- ; i cc i t I I Y  a . — ‘ - a 5 - i r e  ‘)- - t i - ‘~
-,at in n - a t ‘c c - n  c o n t e x t s  t h i s  is a well forrn, e-t

~) ilcg t t nr c scon- - ’ ~~t i ons  t o i l  -ire predict ab le — “~~ha t  is the output of
r a n s i s t - ,r ’ ‘ ‘ (Tn c n - ut ç - ut of a t r a r c s i  s tor  is n o t  d e f i n e - i ) ; “wh at

- s ‘ he - ct- r”-r , t ‘ c,r ’u n ode 1°” (N- . - f e s  are  p l aces  where  v o l t a g e  Is
‘r i - a c - u ” -  I in c- i may have  r, c c m , ’ r us wi ne-s a s s o c i a t e d  w i t h  t h e m ) ;  “ W h a t  is

I’ is a n’i’si,ct r) “is ~t- con-too ’ i n g ? ”  ( ‘ I h ’  l a b o r a t o r y  s e c t i o n
- - F’H r w i v i - c  cn -cf orm aLon i t h a t  is d i r e c t l y  a v a i l a b l e  f rom a real  lab

S~ . at. 05  o, r ’ rent ~ arc  I vs c tages . )

(4) lnoss mis c-cr , ‘c t cons wIco:’ n - under lyir i c m e an - in - Ic is well r e y o - n J  J e - : - c g r t ’c i
— ‘,o - t  n-crc c’Opat- i c t  ies — “ M :m ~~cc t he o u t p u t  v-  I t  - i g e  30 volts ” ; “Torn on the

— ; - c w * - r  supp ly and ‘ ‘‘11 crc’- h’ w the uni t functi ons ” ; “ W h a t  t i m e -  is i t ?” .

Thi- b c - s t t e - cn .r , f’sje I d i a l i n g  w i t h  each ‘ y r - ’  -Dl e r ror  is an open p r o b l e m .

In t o n ’ -  r e m a i n  li - n - f tot is - ution , we will fisrus s the sajutions un-- eat in the

:l,~~h 1E ,- - y : c t e - c r c  to c n - v i l e -  t ’ ’ , - I h : n c o k .

it . ’- use of a c-p ’ lii f W  ‘I -r’r’,- (’t I arc a 1 c c i i  t h c n  (borrowed from I I I I -  ~‘ l , I S P

h a s  ; n a v ~~n I - _ c _ c ’  a sat i s f a c t o r y  solut ion t, Cc type 1 errors. I u n i n c c  arie

c ’t u d e n t ’ s n -ii SSI  - rc , s ;- i - l h o g  — ‘ u rrect ion was required on , and res u l t ed i n
p r o p i - n  u n - t ’ - r ’ o t n n d l r w  of , 1 t ~ of the questions. The major failinws of the

— 52—
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ItiTEHLISP algori thLn are the restriction on the size of the target set of

correc t wards (time increases linearly with the number of words) and its

failure to :0 -m e-ct run—on words. (The time required to determ in e if a word

may be two- (possibly misspelled) words run together increases very quickly

with 11 c c ’  length of the word and the number of possibly correct words. With

n i c- - - .-- n t e x t  to r e s t r ict the poss ible  l ist of words , t he compu tat ion in v o l v e d

is proh ibiti ve .) A potent ial so lu t ion to bot h shortcom i ngs woul d be to use

toe context of the parser to reduce the possibilities when it reaches the

un known word . Because of the n a t u r e  of the gramma r , th is w o u l d  a l l o w

s e m a n t i c  c o n t e x t  as w e l l  as s y n t a c t i c  con tex t  to be used .

of’ course , the use of any spelling correction procedure has some

dangers . A word that is spelled correctly but that the system doesn ’t know

may  be changed through spelling correction to a word the system does know.

Ear exam ple if  the sy stem doesn ’t know the word “top ” but does know “stop ” ,

a user ’s comman d to “top everything ” can be disastrously m isunderstood .

For t o n s  reason , words l i ke  “stop ” are not spell ing corrected.

Our solution to predictable misconceptions (type 3 errors) is to

recogn ize them and give error messages that are directed at correcting the

mi sc cnce p tion . We are currently using two d i f f e r e n t  m e t h o d s  of

r ’ c - r - a g n i t i on , Urie  is to loosen up the grammar so t ha t  i t  a c cep t s  p l a u s i b l e

but  mean ingless  sentences . This techn ique prov ides the procedu ral

special ists called by the plausible parse enough context to rnnake relevant

commen ts . For exam p le , the concept of current through a n~~de is a ’~- n - e p t e a i

n y t h e  gramma r even though it is meaningless. The specialist that performs

measurements must then check its arguments and r’oc v i-Ie- f e e db a - - n-c i f

n i - - cosary :

>> WHAT IS THE C U R R E N T  TH R U N ODE ~4?

The current thru a node is not meaningful since by Kirchoff’ s law
the sum of the currents thru any node is zero . Currents can be
measured thru parts (e.g. CURR ENT THRU C6) or terminal s
(e.g. CURRENT THRU ‘I’HE COLLECTOR OF 02).

N o t i c e  t h a t  t h e  response to the q u e s t i o n  p r e s e n t s  some e x amp l e s  of how to

measure the currents along wires that lead into the mentioned node.

Examples of’ questions t h a t  will be accepted and are relev int to the

stud ent’ s n e e d s  are among the best possible feedback.
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0 ’ -  : ‘ ‘ ,‘ a n c , f  m e t  i n  —I I r c j c ’ m n j g  ‘ . - r n c r a - r :  m i s c o n  c - ’ ’  p t i - n c ’ ’ iS t ’  ‘‘ ,— ‘  7 ’’

- I t  s - an g l e a- m l: : on cr- l i l a ~‘f W - f ’  i S .  I n .  t ii ’ ’ f l  l ’ w i n w  - - x ‘nc ; 1 ’ - c ’ - ,

c m ’ -  ‘ ‘ n’ ’’ nod ‘‘t u r n - c e - I - c r c ’’ . N o t  i - i ’  t h a t  t i c ’  n - - c ’ c ’ l - ’ - r c c a - [ n ’ ’ : c c - n c t c o  am

. - t o t~~~, - t , r - , m ‘ t i n s - n t  c - - n .  — f the v i o l a t e - f  l i m i t o a t i -  r:s cnn w i l l  - m c ’  0 l c ~~g c - : t j - n - , c c

i l t ’ r - n c a t  c v ’ h r ’ s  c f  , n t t i - ’k.

> >  COi .L1- 1 ‘h _ .  1 - I - SR O H T I - h l c ?

I i t .  r i ’ ,’ t c l l t c l i ’ -  c r c ’ -  : 11) 1/st i o n , h y p a t t o c - s i s , e t c .  at  a t i m e : . ‘l l’i ’- f : i ’ - t
t t , , i t  -

‘ 
- - S i V  ‘ s ’ i n d i c a t a  cc - t h a t  y c - i c  mcm v be try r- ig to ‘r- x m m ’ - cc .o- ~~~ . -

- i; t o  i n ,  t I c i  same -  ,-c e ’f l te -n- :e-  . M a v ~~e you can nr - eak y o u n  stat “n-r-n , t
i n t o  l w  or m a - r e  s i m i l e  ones .

THE CUh n r- Nf LIMI li t — , TRA N , l , ’’I’OH TU hN~,l, ON ?

hoe - l a b o r - n ’ - n - i ‘‘a --I i c r - c of ~ ThHII- . is des ign i- t.o provi -lec to n ’ - :a c l rnc r
c - h - c a - n - t a  m y  cr ’ -  a s u n e r n ’ - n t s  t h a t  w i l d  se avai~ c it-i e i n - c a n c - a l  l a b .  I f  ‘~- - - c

I -  - i € - t e r ’ m i n c e  t i l e  o t a t i -  ‘- I a t r a n s i s t o r - , mea s u r e ,  ‘ne- ; ‘-n ’ a’ .-
cur n ” - : , t o  ‘inS v c - k t  -ig ’-s.

c c , - ’ r , : - i : c  of’ hcn n-c cil ing tv;- ’ - t err’ - n c r  h a ’ ,’ ’ -  ; n o - v i -- 1  t - - be ‘ic- my i. i- l; - 1 J .

.~ - --e n’ , t rR- y requi n’ n-  t h c ,  t a l l  at  t n ’ mi s-a - rc - ‘e; to c o n s  m ust toe - ; - n i -  I i  - t o e  I am n - cc l

; r cn  i :’yr . ’ - t  f - . r  c c ,  i -:-i -m nc e . This li - aa ta t i ani :r , - , k-’ c - t n e s t rco ;’ç~~i0 atoL f- t -

- 
c con s.

F r , , -  0 : -s t  :‘ e ’ve-r e ; n’ - L i e m s  a u :o ’-r  has t i -rn In’ :n, n y~~e 2 (cm ’ssi ’ - n , n ’ I i n - c d

-~ rn~~ ’ r misconceptio n-is) ~-n ms . (Ty ;-n- - -mm - - ,n-’r I i , ’ to

- r ‘a l l  t ’  S -ir e- cons idered ty~-e - -. ‘ -r - r’ors. ) A t ’ ’-r a si r ;  Ic ‘isis-si to , to u - n r ’

cc..,’ :, I c - ’ - ’ t r o t  toe- has la - f t ‘n n : ’1’thir:g out ‘i n’i may con iaai u -l ’ ‘ r c ~ ’ t h e  a’ ’,’ . s - t ’’s- ,

eo n, ’’ ~c r . . w  that con -c-ce ; I on - phras crc g of In n - i t, - - n- c ’i- ; t . t .  r n’ x mr r c p l e ’ an,-- : .

‘ re -~ :‘en t’,’ ;- i - o “~~n - iot is- t t o e -  I - I - .  I ~~ ‘
— “ mnc ~ t ”o-I of “~ t .at in tn. ’- .1- n-. 01 ..- c ’ ,

n o -  n. , ‘j m o - c i  t e a  t h a t  i’ is cr’o~i - ’-- e-; t a b l e  i_ c :acco’a the : :y ac t .cm i - - ’ c sn ’t  a l l - - a

cis - ar mn - t - r e vi a t l’o ni of ‘‘ I - c i s C -  e mi t t e r  v o l t a g e ” . I - — r  t y ;  e- ~ i— nm- - r n - c , r e

- . : ‘- n c ’av  wa c’t ’- ~i lot - ‘I’ to ime an - i - i e n e r g y  — i t t e m p t m n c g severa l r e p h r a s ir c c s  c-f ’

r : s  l o ’ - r ’ y , r , ,r, e- ,f w h i c h  can to e - un d e r s t o o d  because  the ’ c ’ y s t o - c r :  d o e s - - r i’ t know

Ir , e a -- n , ‘ep- t thea u s e r  is t r y i ng  to expres s.  For e x a m p l e , no m a t t e r  tic - a c t

i 5  n , n i n’ c- - t , t i n e  sys tem won ’t un d e r s t a n d  “Make  t h e  Out  p i c t  volt :1gm- 30 v -cIt s-- ’
— 

to a m u s e  nr,,’acccjr- emenn ts c a n n o t  to ’ d i r e c t l y  changed , o n l y  - o - n c t r o l s  and

o p ec I i  ‘:0, ’, i on to  ot  p a r t s  - - a r  be- c ’ rc an ic i-ai

‘lIe 1*- ” Jba ck necessary to o -r ’r’~- - - t to oth c - f  t i c e - ac - classes of errors must

id e n t i f y a nc y c o n c e p t s  i n  the st a t em e n t  t h a t  a re  u n d e r s t o o d  and suggest the

range -of’ tn - i ngs that can be ,t oncm - t a /with these concepts. For type 2

‘-n r ’ a n c c  , th  i o w c 11 hel p t b ’ -  i s o - r -  see his omiss i - sr i  . For type  c~ e r -r o n - s  , i



may suggest a l t e r n a t i v e  c o n c e p t u a l i z a t i o n s  t h a t  w i l l  a l l o w  the  user to get

at the same information (for example , to change the output voltage

indirectl y by changing one of the controls) or at least provide him with

enough information to decide when to quit. .

The no ’
~a ion of semantic grammar may be useful in developing a general

solut~ orc along the following lines: A bottom—up or island parsing scheme

could be used to identify well—formed constituents.(27) Since the grammar

is semantically based , the constituents that are found represent “islands ”

of mean inrgful phrases. The ATN representation of the semantic grammar can

t hen  be inspected  to discover possible ways of combining these islands. If

a good match is found , the grammar can be used to generate a response that

i n d i c a t e s  what  o ther  semant ic  parts  are requ i red  for  tha t  r u l e .  Even i f  no

good matches  are found , a pos i t ive  s ta tement  may be made t ha t  e x p l a i n s  the

set of possible ways the recognized structures could be understood. Much

more work is required in the area of unacceptable inputs before natural

language systems will feel really natural to naive users.

(27) William Woods and Geoff Brown are presently refining such a bottom—up
parsing technique for ATN grammars for use in the BBN Speech project (Woods
1976).
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n c c m ;- t oor ‘1

tm tot-ito -; i - i  - ‘ c : w ;h I :  - I’m

I - c i t  - c i  , -  10 c c - i n  , Ar ’ - - i s

i Ic  i t — . S o - c r - m c I  10 ct ’ mc c m mm sy c ;t. i- nr i ’  i ’ - S l , i n ’ -  I I n ‘i - i ’ v a i  t a r ’

- - ~~~~ —— tm - a ut h :-ii - c ~t i r c g  —— w i t h i n - c  an ~- a m r - ’  c - - c n n -  I ‘ n o i t . , n n ’n- ’ - c ’j ,

I - -  no n , c  a s .  I n  m e ;  r ‘ - c  er ct a’ the - cm ;- I l c n t i I t n - - c r c ’  ; i - - ‘ ‘ - o  o f ’ ~c r O w  - - ‘ 1cc

a n . :  - t  a n ” -  c, :, , - n - , n i  ( l i n c g c c u s t i - ~ ) t o g e t h e r  ~~~j t t j  s;’ s - if ic I - o , in t c - ; c ’ -r,: ’ - r . ’

r t ~ p . . ’ Ic ’’ . f t  i t s  ;r ~ - : - i- r c t  f o rm , it i s  u n c l e - i r ’  at . ;  - t , ~~: , ~~l ’ --tc o - h i -i on -ga

ar c - i c  i t i  a .  l h e ~ - i ’ v e - i a ; - rn e n ct  - - I  s e m a n t i c  g r ’ c i c r ’. !r c i r - c  I r 0 ’ ’ ’ r a ;  lio ’i’~i t o S

~n c  i x ’ ~- r . : - i n r c :  t o  t h e  s e m a nt  i- cc  ~ r , m m ’ r . i r  m o - c t  , r . : :  cc c o a l  c t i  ‘ r a n

I ii nc g ua ’ic ;r cono-m o-na w ill clar i t y Ibi s ti , c bir . -
-
’ - n , .

n h i l ’ -  I r , - - W -n - ’~: ; r ’ ’ ’ o i ’ r : ’ ’ - - l in ‘nm  ne-; - - r t  n a t o  c~~a l ~ ‘no-s ’l or: n - ’ -  n n ” a

I a;-; ci ‘c - m t  : - r . ,  t b ’  r a ’  t a t -  r , - - f s e m a n t i c  g r a m m a r  an c~i rn ’ ’ ri o t 1 - - ‘ - - a t ’ - , ’ c o w

t .  ~ , e - - ;c, m t  in. - ; i r : c i r i c  I - n ’  ‘ o ’ 5 5  has wi - len ‘m i - I  l c - o a n , i l i ’ ’ ,’ .

a n . ’ ‘- t ’: -it ive ~ ;rl t cr m t i n -- n - c s  of the- technique have Le e c  a - - rn; . l i - n ’ ,  t r i -  I’-al s

‘a. t r ,  s a m p l e  c ’e n - c t e n c n e s  i n - c  t n -~~- d om a i n  of attribute toi’ -’ aws (f~r’w r. en - al .

1 . - - ) - ~ r . a 1’- t i n e sub I ‘ar c c ’Ja mie a- a - a - ;’ ted in  t h e  a t tn i o u t e  b i  o c k a ’  “ n c v i r c n r n e n t

~s ‘-very si c ’ ,; le , ~ t ~S c. - t ‘-won ’t n y that within the  semantic gramm ar ;- ‘irai:~’m ,

a s c m . ;  I c - - z r i c c n r m r - a , ’ - q u c : R l y developed that greatly is-c ; r- v:a d In -ct -

“ X i t i ~~i I ’ ,’ of n-_ r i , .  cr c ; cc t iam rcgu awe . The other completed app li ca toi - r- r~ dea ls

a c t  n , ~-~‘-st i ‘n - s ab o u t  ~ r , i -  ‘-citing system NL; (‘l;ricnc etti et al. 1a ’,”~) . Ira

I r I s  cm i c r -a ’ a , nnos -- t q u e s ti o n - cs d e a l t  w i t h  e d i t a n g  c a -mr — c a r l - I S  - mn f their

an -c “co r d s • - n r c  I I i t  ‘ci ‘ ‘- ly  i n t o  t h e  a-a s -c  f rame n - c t. Ion mentioned i n - c  - tc ’i p t e n

5. ‘ftc cat: ’- b r - - i n - r i -  u s-c ’ - ‘ f ’  c~o :r ni cn n t. ic gramma r is  b e i n g  c o n s i d e r e d  f o r ’ , and may

— t~~n ’.” -  c t s  g n i - c i t o c - o t , impact an , r’ammand l a ngu a g e s .  Command  l a ngu a g e s -  a re

t y p ~~--ca~ ly case oea- r ,t ‘-n ’ i cmn ’ cc ~ rc ’d the o ,mrrc ,arlcl name that requires add iti -ni a l

ar-c ,cc’-r, t,S (It 5 ‘o a s e s -) .  Tin e ‘-- c - r n t - i r c a m t i  -on of the semanti —r classi ficati -nc

n o’i c ~ ‘ i  c . y  t h e  oe c n c c i n t i : ’  w t ’ c i m m ’ n r’ ‘ i n c - f  he nepr- aa- n ia it con , c t  ‘ i s-e  rules

p e r - m i - t e a l  I c y  A ’ftc’ : : h ’ o u l d  g am 1 - - t o g  a - i ’ ,’ t w a i n - I: r i - t u ’ i r . g  t h e  n i g i - f i t y  - ‘- f ’

cc .rr , ; / - r ’ c r r rr, -n r r j  l a ng u a g e s  5 u ’t t c  as - t i c -  o n -  r’ ’ -~~u i r e d  f o r ’  m e s o c i w n -  p n ’ c a e ’ s s i n : c

c - ys toern -c . The -c o on -ri b i n a t  j r - n - c  s h o u l d  a l so  c - ’ - n cis c- I rep ro’s - i-n t -n t jar : t o  n r c , n t u n a l

a v o t e - m s  in - c  f : c rn :n i n - s  w h e n  i n  i c c  p o s s i b l e  to l e - v e l o p  a St n’ c n cc

u n n - I c - r l y i  ri g can - - i - I  t nu c , 1 s -pac e - , such as mana g ern ’-n t  i n f o r m a t  ia n sy st em :-

(Mci i n - cc t n - n 1 i7t
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inc e x t e n s i o n - u  of the semantic grammar to  incorporate existing

l i n g u i s t I c  processing techniques is another potentially fruitful research

area . One of the ways semantic gramma r gains efficiency is to separate the

processi ng of syntactically similar sentences on semantic grounds when it

is us e f u l  to do so. However , t h i s  p r e v e n t s  the  uniform incorporati on-c of ,

Icr example , Woods ’ ( 1~~7~~b )  s o l u t i o n  to the problems of relative clause

modificati on , quan tifiers and conjunction . One means of integrating t nc e s or-

te chni ques w o u l d  be to develop an i n t e r m e d i a t e  target  l anguage  t h a t

ma in tains t h e  advantages c ’ the semantic grammar approach while allowing

( u n i f o r m  s o l u t i o n s  to o the r  p rob l ems .  I t  may 1even be pos s ib l e  to a d o p t

h-,a c-s -s ’ query language , allowing the semantic grammar to dictate the

( f u n c t i o n s  wi t h i n  the  “propos i t ions ” and “commands ” . An al ternative attaca

w o u l d  be t o  use a “ syn tac t ic ” process ing phase , inc o-rpo -ratin w tn -c e lesire’i

techniques that canonicahizes the input before it is pr ro cesse ’ i  by n- toe

serr,a rc n- lc gramma r . In this method , the seman tic grammar would be viewed as

arc interpretation phase of the  u n d e r s t a n d i n g  process , bu t  w h i c h  w orks ~-oo a

rno ” n-, less structured syntactic parse than , for example , the LUNAR s’istem.

~ Q N - L ’ ~~ l -tn i,

In the course of this report , we have describe -f t’h ,-- evolut ion ol ’ a

natural language front—end from keyword beginnings t :  a system capab l’- of

using complex linguistic knowledge . The guiding strand has been the

ut i lizat ion of semantic information to produce efficient natural language

pr- so-e s-a’- - na- , There were several  h i g h l i g h t s  t h a t  r ep resen t  noteworthy points

in the  s p e c t r u m  of u s e f u l  n a t u r a l  language s y s t e m s .  Toward t h e  k e y w o r d  end

of t h e  scale , the  p r o c e d u r a l  encoding t e c h n i q u e  w i t h  f u z z i n e s s  ( C h a p t e r  LI

and A p p e n d i x  I-) a l l o w s  s i m p l e  n a t u r a l  l anguage  i n p u t  ‘a be a ceptei w i t h o u t

i n t r o - l u - a i n i g  t i e  ‘c o m p l e x i t y  of a new f o r m a l i s m . E n c o d i n g  the  r u l e s  as

procedures al l-o we - - I f ’ l o — x i b l e  control of trie fuzziness and the semantic

J r c nt u r- e t ie - r u l e s -  provides the correct places to take advant -awe of the

flexibility. As the language covered by the system becomes more - -c omplex ,

t h e  a d - l i ’  i o n a l  burden of a grammar formalism will more than pay for itself

i n - i  ten-ms - - f  ease of d e v e l o p m e n t  and r e d u c t i o n  in c o m p l e x i t y .  The ATN

comp iling system allows for the consideration of the ATN formalism by

red uc i ng jt~~ runtime cost , making it comparable to a direct procedural
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‘ - n : ’ ’ c ’ , t ;  n c c  - 1’, ’ n ic n t u n ’ c m  I l : m n e ’ i c c m g o ’  f r o c r . t ‘- n -I n c ’- w :cn’, ’- ’ I -v - - c I - ’ F c  I t - ,  i s  -- a r c s ’ r i ’  test 

0; j , i n d g  m - ‘ o ’ n n c c m n - i t  I C  A i I m . As  t i n ,  ] _ i n w c c s t i c  cmanTm~n l m n x i t y  no f ¶ , r , o c j r g ’ ic ,g i -

- m  ‘ - C o  ;~ t o - - . f  c - .’ Ito ” : V o t ’ ’ m n c  ira’r - , ’ amc c,-s , 1 t c o ’  n c o ’ i ’ -I  fo r  more s y r I a - ’ t  ic kn’ -w l e - f~ e- in ,

t r : o -  g r - mr ’-, r n a m r  1 - ’ - - - t ic ’ ’ : ’ g r ’, ’ci t , -r .  I r r c f ’r n  i r a t e l y ,  I ~ i s  of ~~’ - n  w o r k s  a ’ - ‘ n - o s-

m’ ; oa’ ’ c  a c t h  ‘ n o -  ,“ ‘ - ‘ s - c m r , t i c  c ’ t c c n r ’ -’-i i ’ t i - - r of ’  t i c ’-  g ramma r . I I  w- - c , d  in -c n i - - ”- t ’

a m a  a c o - r e n a l  ~‘ r -  , r n , r n - , n  I r t - n c w l i n - ’h S V r c I a m X  t h a t  c- - c u d  be used t ;c r ’ i ’ ; - n o - ” - c -  s

- o s - , t . - w ’ - ,’,’r , a rc , ’  is n i t  t O - m t  h o r n i n g .  A g e n e r a l  s o l u t i o n - i  t ’ , t~~ , c

n -  ,~ - rn I a ’ , - n ’  n - c i t i n - i c  c— ’- m c m n t j c s  w u t n 1  i t o , -  c u r re ic t St _ ci t e ’  of inc :crn-pl c’t~-

‘5  ~ I ’ - 1 c e I s ’ ,’ r . t a x  r’’c r c a m i n s  in open m e - : c e ’ a m - - h  p r - d i e m .  In t i c ’ ’  I - c r - i - - c - i  - i n - -

1 . u r ~ - . -ar : ,- : ‘y st e r n  w a l l  h a y ’-  t o U i -’ - i n - .  e n g i n e e n i n - u g t r a c e — -- I I  m ’ - ’ w ’ ’ - n .

C ’ ,an rc~~l e x i t ’ ,’ cnn - c d  c ’ - r r e n a l i t y  ~-n a- n ’- h a n - c t cn n - c - I  efficiency and ha bi t , an , c l i I ,y on- .

o° m o - n - - . n ’  n ave  r - o - ’ r - ’ r ,  I c - I c - ” v ’ - r a l  ‘r ’ - ’~h n i q u e s  t h a t  a re  v i a b l e  b a n c  i : n - s

i n  r i s  I m n  ~e’ — I t .
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I A I - f - i - n c - I  H

A LI II’ Ru I” f r - - r n - c  th e - ‘ ‘m s - n - I Ic , n - : n n ’ : - , a m n

I t u cT . ip~ n - rc - l n - x -Iu’ n-u’mn - iui ’n ’ the m i t  o c ” I  of ‘ ‘ n - i c - - d u n - i - -  l f i o ’  ,- ‘n u n , n n , ‘I n’ as
‘I n-c ’ ’ a~ ys of .‘xn m u’ ac Sn - nc w a r i c , n : — t  i - n ’ s  a n a l  - n ’ ’  ~-~~f . ’’. H - - f a n , a

o n-’ c ’ .n cm r  I a n - f  a - - n i . Eac h g r c m r n n r o m t ’  I c i r u c ” I  n - -~rc I ~~~~~~~~~ at l c - ~~c ’ ,t Iwo ‘tni ’’u n ’-n - , t ac ;
I ; - , I t : ’ -  I n - s t  o f  w or d ; :  t o  ice ’ rn ’- ’- a - - m n - c n - ,-i ’-I , and N , th i -  I’ cn - - ’’’- of l a s - z n - r i ’ s - c ”

e m n - u r n r n a n  t u n -’c c ’I a s -r i , i n - :  ‘- I  I n - - I  , n n c u j a ; t  In - f c-nm n - nc , - ‘a t > - t  n - a n n  t h’-
t - u- ~~n- r , r . n- n :o 01 ’ 1 Ii st ring Ii F’. c a- rd s - an - is - a n - u  occurrence ot I he ‘ ‘ - r n ’  st , -~ n. ’. - n .e
n , n _ _ i  i - m r n i ln -.al  . T h e r e  a re  g e n e - r a l l y  t w o  I v p n - n - :  of ‘cr :ecv s I ra 0 t a o r ’ u n n .n ’n , - :r
ccl a --n c ; o’n f r’n’n-,c c . - -n u n is a check for I n : , ’  o ’ ’ ’ ’u m r ’ : n c ’ ’ ’ -  o f  a w or m or a’ s - n - ’  :s

a; a c h c a t  n - - t n - c - s  ‘ n - m I s - n - n .  p m - I n - o s - t e a .  T h n - - ’ ’- h n - ’ v n - n - c o  n - c o d o n -u n : w n - ’h la - .’ ,
— —  .m n - c l n ’ l F H H <I ,-‘ I n  a n  n - f ’

s - r n - n - n e  m c m t c h n - n , g  c m n : y  - t am I n - s t  s - f ’ war I c;. c , H F u FI , , ’ I F n  I - - v s  for a a r - I  in tn ’
tr’ n - n c O  s - a t  n - s i ’,- n - n~- an  a n - a t n --an - ’y ;~n-o~- - l n - ca I i - . It n - cc I ‘,r -- u gF - c t rce: ccn; t ,n - , ’- n n - - ,n-.s-
t a i l I ’  m n - a - cc- n - ’ a m p l i - r r n : n t s n - I c -  I u s - Z n - n - c n- - n - ’, a c . F - - n-’ - ‘ X ’ m t n c t , I n ’ , n - i  C h F - , , K ST fu n - s
‘a~~u n-i a n - f r :  I tc i a  s t r n - n - c g  “ n e - s n - s - t o n  F - n ” a n - u i  a pr e,- d n - ’ ’ c m t ’ -  w h n - u - i n  d c - t ’ - r ’ s  n - m . e s -  n - f n-i

~~- n , : n - s  I n , ’ - nan -ice ~~ a pant (e.e. “ ‘tns- ” ) ,  CH ECKS ’I F-’ w i u l  a c u ’ c  o ’ ’ - ’ - - I ’n - - y  s i - I n - I - pin e
I r e ’  — - r : “resi n - c t- , m ” , which in I n F-cc phras e , is a n o n - n - on - ’ w c u n ’ l

TI n’ -,’- t h e n  u s u a l  I y p e  - - I ’ o p e r a t  F-nu n p e r f o r m e d b y t h e i--ran-roars-m r I ‘ a n-s’- I  i -~ n-,s

~s t o  ‘ r u n - u - v  f ’ s-n ’ t h e  c ce ur r en i - e  of oth e r  n o n — t e r m i n a l s .  T h i s -  as -  I - - n : ’ -  I v
c c a 1 i i n , ~ I n ’  ; r : ’ r en f u n c t i o n  (grammar r u l e )  and passing F - I  t n - c ’ -  “ - - m n - -a 4
pos at n - o n - i  n- , t n - c u- F- n c l , u t  c u t  r n - n - c e .

I to a em ‘as m a r  ru l e is s u c c e s s f ul , t h i -  f’ u n c t  ion passes back  I a p F - n - ’ - ’ - s
n- n - c l - ’ n n - ~ t n - -a -n . First , i t  re t u r n s  some n - n d  i c a t  ion of h o w  nn, u c”t ,  “ I ’ t n e -  n-ft ‘at

:- tnn - noe n - a - ’ am c c e p tecl (i.e . where it stopped). The c o n v i a n c t  i ’ c n :  a d o r - t ’- ’l us
I c a t  t ino- enar ncm an rule net urns as its value a po F-rd en to t rue last a- ’ n - c  F - r

n- n- - r  r ’ n - r ,~- a :a - c e p t € - d  by t he r u l e .  Second , the f u n c t  i s-n  ~- c a s - n ’ e s  F- c,o/ a;- l n’ u - t u r - a T i e sc r -, p t i o n  of t h e  p h r a s e  t ,ha t  was parsed . ‘ I h a a ,  n- :t n ”u” t u r e in -n
a a ; s -e d  I-a ,a cc in t h e  fr e e  v a ri a :  ‘c RESULT (analogous to arc ATh s “ i”  ca’ no

I u r n - a  I n - n  a P U S H .

• I n- a c t e d  na i- 1 - ’ a- is the grammar rule for the concept of a c un -c - ’- t F- cr: - I -i

r a n - o s- ~sf - r .  I ’  - r u l e  a c c e p t s  ph rases  such as “b ase , - n r o i t t  en ‘ c a r e t  n- ‘ n c ‘ 1
— ‘ “ , “ H E  - I ’ I he current limit F -n - c g I ransjstor ” , or ~ c - o l  Ic -- f uc - r en’ a t 1 ‘ - n o
‘ u n - c O t  a

( - 
- - to - - - I. -

II ’I F-r N
- :  :‘ - -  (‘II, l hi

( * to .I’IM F- ,tol A)

[ o h ( A N D  - SF - , I~ ‘iSi (- ‘ ,JI iN to’IION/TYPE> 5TH N))
H 1 F- Fl/I L l I

(At, , ~~~~ 
n~~~~ < ‘ t A t m  ‘uHn/TEF ~’’, ‘PF-> STR

- , I I  F-. ‘I F’ 1 ~ F-. I u ~I ‘ I )
- a , F - ’ F~ TS 1

< I F - At ,  - -1 ./I’ UF n /TF -_ fnM /TY }’F- -

- ClI P CH F - , c,I K I . I I T  ç c i : - H ‘i/i)
H a/ o l E  ( A N D  TO]

— ( SF -H~ H i  ( J U N C T I - ,N — u  F — T F - l F - M I’I H i R E S U L T ]

* ~: - N t-IF, ‘1 B

‘ F - i l  I H F ç< ’ i  I n A N S I S ’ F c j H / I i F - F -I C ’
( CL -P I / c F - F - SE  ( /u fcHl , } ’. 1 1 , 1 ( 0 / c  - I F - .  ( . 1 1 / m c i I - I t ) ) )

I Q P u l l - I  ( ( - iF - ’  )

HEI ;IJLT ( L I S T  H i  RI.IIUL T)
I ’ I  Ii -
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( H F -  l -  H F - u / i L l  ( L I a - ’l’ H (LI/I HLuc ’I F-, Pl’f- , F - )( ~I1u’F~ ( T P A N I ; T  lI ’l ’uk I
i l - l i ) )

CI t- N c ’ N I A

H’ > b a n - c - I  I n n - I c e  t L c u t  n - a :  1 - ’  a n - u i  f’ or’ a ; ,; e n - I  I c i r a < , j u n c t  i ’ -’ r c / t y p e >  (BE , u ’ a r : i t t ’ - r
c c , , , - - t sr 1 ‘ ‘ I C . )  - ‘ n ’  Iwo < t r u m n - i a c i o t : ,- r - / t i - r r n i n a l / t y p e > s  (b a s e , e m i t t e r  or
. ‘oiln ‘ for ’ ’ c c ,  ; ‘ a r ’ ’ i t ’ ’ :- by the w c a - ’ - d s  “ ‘.i n i - I ”  c — n- - “ t o ” . If’ Iwo ten rnina ln- c-o r’’
I C c r ,  c~ t s-n I u , r . , ’l  a - n ,  JUNc i , i -  I ’ t — i ’ F - —~~F-, hMto  n - n - c called to s - n H u- r n - n n-ne the l r ’- -r-- ’ .r

-c I n- rc . In en - I nan’r ca se , t h e  p l ’a u ’ e w her e  t h o -  success - fi at sub s-n -ii ary n - c a l ~ ’
o’ f  I ‘I I n - n ’ , c;’ , v n ’ - c  n - n c  i / i  i n c - I  I he nra aan n-ne of t hi,- -ic’oe-pt n - - I  p h r a s e  n-s saved i nn-

F - n .
(C “- ‘ n - N I  I ; :

I r: n x l  I n n - r u e  u i - n - / u ’ s -  t c- n’ a j unct ion is a I rans F-st or <TRANS III ’i PF-/I;PF- .(I,
- I F - / N  1 . 1 .  F - / . . t  ~ - - 1- ’- - ,, cc: ; - -n - ’ an-: occurn’erd-o c: of a I r a n - c s - a s t o r , e.c> . “0/” or
‘c - n .1 i n - s n - I  n-ne t r an s n - cct a-n ” . GOBBLE n-s a I’unc t n-on for s-k appan e
n’ t~~a t i n , a l  a rc s alan - n t n .n ’v are n- K-I  used to ne’ s- tr ict the nern’ citni ng part 0r

n - u ’ : I n - ’ n s - n- . 1 1  a t n - ’s - r , s -  n - s - I  on’  is n - a - u t  f ound , a - fei n t  ion is hypot hesi ze-I as-I a
cail no FREE as - “ n - cot r o oted. If t n - i n ’  f r - a rcs - is - t ar has been pronomina li zed as-
n - n , “ t t a n - i  ba; ’’ i - r n - i t  t n - n - -  - H i t ”  < T h A N n - ,- I I ,I ’U , R / SP F - , C >  w o u l d  r e c o g n i z e  “ a t ” . In

n - I  - ‘ n -  t s - - i ’  I r a n -  a o > ’ S a c u t  F-cs I he mea’on ’nc ized phrase (somet hing like (EP
n - s r u t  . n t  o F ’ F ’ . t o / I ,’l ml a po inter I s - I 1 c m ’ l a s t  r n - c o c e n i z e d  word i s -  ret urned as
I n - c > - v al ,~n - ‘‘I c// to - TI N ’- .

‘in n-no ’ t n ’ - c c m ; : n x a n a a t . l y  80 n.’rannc nn - s - r  rules in SOPHIE ’s ~rarnmar .
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A p p i ’ n i ’ l  x (.1

I - c in nc p l i- F’ : m n ’ ; c i ’ c c  an - I 4 - a r’ s-u- in - m m ’ s - fu n - ’ t l un a LI/F’ Impl”r’-, ’ - n t  c l  n -sr i

T n -m a o s-ppn - nu .l ax r’ ’ - ca e’ n ct c c ::-ome ’ -xarn~sles of n - cn n - ut u cn v’ - cc ‘‘ .mr ,’~ I ’”’ 1 -j t n-c ’
- n i  - n i  , I i r e  us - Cr ’ ( ‘ -I’ - ‘ - ‘n’cc ;;u- I’ t ‘ , ‘-~~u - l  i c c - n ’  w i t  1: t h e -  in 1 : 1  n ’ ; ’ -  t ur n - ’ -;’ . n i r . P .r  ( cOt  ~ t
::ta t i n—~ -nc t , I I c ’ -  a-c ’ -n , m d  a - — n- n u t ’  r p m - I  i l  n - n - c  r n - i  ‘ cnn - c u--I by t 1:’: ( : m r ; ’ n ’ r  u s  tn - . n .

i n - a > -  au , — I n- - a r . t ’ - n ’~ r’ n t n -m t a - n-c as a t ar t ion ‘ - c i i i  - a r u n - c r c  a - n a - - n ,  ‘ v u m i ’ a s - t ’ - ’ I
( ‘ r i  n on -c c t n - c u -  : n - -  ‘ n ; S S n - n u e  n - — > - s - u a i m > ., - i ( - V  I f u n ’  c : I s - t  n - r n - i - n t  . P c - m n ’ ; ’ ’ -  t urn ’ ’ : an’ ~ t’;’- n - ’

r n - ’, l l a c  u - - n . - : , -

In.: :, n t  cm f ’s-u , -

(It - - in - RIFA ’ [,I

I
~ n um t c I I : ’ ’ s - f  s - I  v I t  age?

F- n - Li A 5- 11 L OUTPUT)
-- 0- s

~a , ’s’ ,s rn , n v- l I - aC e- f- ’ -I w n , ->- n - c the - - ‘ar n ’ ’ ’n , t I F - n - n a t  an~ i ransa n - c .l-- n - ’
an -c-: n s- C of , , n - , t c c i m n’ e’ n - c I a s - - s - r u e’?I (I- ’FA, ’’, ’Fi In- 0, L IA I F - .  ( / 1  I. - F - , / F ’ F ’I ’~ F-’ ic N

V i, F 1 N D P A R T  I/JR H F - , t o  I / L I M I 1 E F I  T H A N / l I l t  s-- F- )
C U F - P F - I N 1/ S O U F - C F - I) I

~~~~~
r I n - : ’ -  v- ’-II a eu’ r e - t w u - e n ’c t h i n -  a n d  t nun - - 1. - a s -n, c a l  oSI’

I-tFA u a~F- F ‘,‘ L 1A ;F - (c’RF-, F-’ ( N O D F - .  T E P M I N A L ) )  ( F - A / F - ,  ~ c H )
-- rn-s

‘? -

H F - F - F - F - E N -F ((IHA N:I1l ,I/u.-H) QH))
- rn-- s

- ~l I I ,‘, m - a ~, - 7 _ n- rn-c F - - ’ ’  t h a i l L~- n- s bad?
i, ’I F , u , ’i r A u ,’ I , I  .

- ‘A . )
100 nn.s

- - , -,a .  c - t b - - c F - n ’
‘il’. A LII (F (HF- — J I l t , ’ I I- f, I F - F - t-1INAI, ) ) I I H U P T )

l b  inn - c - n - ’ --  i-c a - r a t  w - c u , i ~ t n - - -  O u t  l u .u I  v s - I t s - c e  n , c ?
PHI; - I, -c ’- 

- H? VALU E )
‘-IF,A:, ’ .’Hk- , 0:. L I A J F - .  N I L  O U T P U T ) )

~c2C n-n -s

t (I �’ ~. - n -’ ,c- ’ac c’ ,’ w f , ’ m I  w - u l d  I f in :  v s - I t aigi- cm- -ro coco at I - u - ’?
( I F - T ; ; c- , i ,  (52 L n - . A H Y~( :- fF - , A~~d I F - c F, Vc ,, i ~ i A G ’r . ( F -’ F - F . F  ( F A H I  J ; c N , l I i . , - t o ) ) )
12C. a r s

1 is In - u  H ; ccl vo lt am ee’ w i n - n - r u  the v o l t a g e  ‘ - - ‘ n - c f  m a - i  F-s c n - e-l t o .5?
r n-,~ El t~’I i’ Ij L I I.. VC .5)

Nj - ,Jn S l H F - ,  i’ I , T A u , F - ,  t i l L  (cfl Tp ’i ’I ’) )
“ -

‘ n’s-

~ - ,  n - ; at a n - f r ,  a t - u - I  at h ”.

~ ia- ’., ’n- , ’I N ’ I H O L  
~~

. il iP }- F-.F- (PuT L-~A P - h i T C H ) )  H ? )
( F - n - F  1- H F - N i l’ . t i l L )

il l ) arcs-

Il .1 a:; ‘ -f to
n-i f’ i - T ( L I F - n -  ( F  s-A l ~,JT ( }’n)) n)

(H F - F- r.frF ’ ftF- Iii ’)
i~~ rn - s
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A ’ ‘ a s -  r r , ~ u r n - ’ > r I  I h nu  I t , i C> ’ a f u -  ‘ i t ii , vu - I c ’ , :’’ I to 1.0?
(4-p . ri 1 , 14- - - 

- - H a  ‘m n -  1. ’ -

I MEA/ II i- E 011 1 ’ mn - F - , N I CC))
so

I: ,‘ r u - m n  ~s- u - n . n - m n - t I c - n  inc - f a s - n ,- r t - ’ - f ba cu n- co l l e ct o r
:c ~n-~ — t n-on , a-n - ,, t n - ’ i~~- . r , c - t o t n - c ’ V . It ui . ’,- r u t  w i-en its base s - n - c d

- - j  -c ,ct a - s- - t n - an - ‘ .‘ o t t  m e n -’ i n - r n  a I a ng ‘ c ’ n ’ t  - - n - c ‘ . in i  ci t h e  v o l t  age
I ‘ n- ’ ’ - - ‘ n’ n-u c o : n - ’- ’ n ’  C

I F -  i n - c l ’  N
‘-I’ LI - 1, 1-t i - I F - n - >  ~~ ) O P E N )

i - c  F - ‘n- c l F - A N I ; I S T O R )  ) ) S F - P H I ) )
(1- n - A .  4 - n - ‘ , -  I A  a

- . s -A n, -P 1-FE I I  H A N / I / i n - c F - f l )( ,“ 1 1 -  i’ i- ’i~~E F , N V O L T A G E / L I M I T E R  R E F E R E N C E / V O L T A G E ) ) )
~ O0
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I
I 

App endix D

E-.x ample - s - of ’ ATh Com p i lation

I T ra i s  appendix presents- a simple au - ’ment .ed I nansi Ii ‘n-n net w’- nk grammar

cmi .‘n,g W a  t. h f w- s- d i f f e r e n t  p r o g r a m s  compiled from it and a 1 r an - c - of the fi rst

I n - r ‘groat ’ p a r s- in c  a sentence. The ATN grammar was- taken from (Woods 1970).

Bot h c ,n-- n n n l c i i m - c I  versions of ’ the grammar assume a dep th — h i nst sn-arch Strate g y

m n - i d  s-cc>: configunat tons wh ich include the state , node , -co t  a - ’- cc , re-cc n-ct i--m o ,

I f i a t  un-u-: ; and huc ’, ’l i t s - I .

I Tn-ce f’ir st program does not- support lexical arnc.b iguity (neither tha ’

caused by com pound rules - non t hat caused by multiple interpretations under

t he same category). In add It ion , i t  n e i t h e r  keeps a well—formed subst n in e

I I-able , t est - s f u n - n input he- fore pushing nor r e tu rn s  features with popped

-n-n cn - n st j ’ ’a nc’nIs . T F - cnu second program , on the  o ther  hand , has  a l l  of th ese

cap abilities . The listing of the second program also includes tracin g

f u n - cs - t i - arc s t he  c o m p i l e r  i n c l u d es  in the program to allow the us-er t.o follow

it s ; em al l on . Both programs are given in CLISP (Teitelman 197L4).

H.’ f l  n -a l  section of the append ix contains a trace of the first

eras (using a version which did include tracing functions) dIscovenin~’

s-i n- p u n - s - s i b~ e parses-  of the  sen tence “John was believed to have been shot lay

F - red” . Ilhi :wr - i i n t he t race  are all  of the arc t r ans i t i o n s  t aken b y th e
a m a - e r  ! - ., c e t in - u- r w i t h  a l l  r eg i s t e r  s e t t i n g  o p e r a t i o n s.  ( T h e  r eader  may

‘c -a m ps - nc - t h i s  w I t n  t h e  analysis of th i s sentence elven in (Woods 1970).)
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li -

( S /
( C A T  A F I X  T

SETH C
~SETR 

‘I’N I’- ( L I / I  ( G E T F  * T E N S E ) ) )
( I F - T H~ T Y P E  ~_ )
( i - S  ~~1 / (

( P  i / H  N i -  / T
( , /F - .TH SUBJ ‘)
c / j -T fn-~ I Y P E  D C L )

( .
~ 

1 /
( P U S H  N~~/ I

, - F - , I H  S U E J  ‘)
L I . ’ c~ 3,’ ) ) )

SA l  V 1
H V

, I;F-,TH TN,’. (LILT (GETF * TENSE)))
- , ‘1- ? ‘~3 ’ )

(~ i ~~-

(‘SA l ~
‘ ( A N D  ( E ’In * PeRT)

( F~ c /F-.TR V )
-~V U 0 T E  B E ) ) )

I/FTP - S b - ’ ( B U l L L i ~ (NP (PRO Il/ME’ NE))))
- IJE’I H A -’IELAG T i

- /ETP V )
la

(CAT V (ANI ( F ’IE * P P R T )
( E~ I J E T H  V )

( Q U C T E  HAVE)))
( C E - r H TNS ( A P P E N D  ( G E T R  T N S)

( Q U O T E  ( P E R F E C T ) ) ) )
(SETH C
(TO cH?/))

(PU SH NP! ‘ T R A N I ; ( GETH V ) )
(SETH Phi
(T;,

( O l i n  t~i~ T R A N I I .  ( G E T H  V ) )
I I? F - I F -  C’) h - i a 

)-
‘ 1, ~~L 4 / ) )

(Ps-F-- - b H ILL~ (S + + ‘ l N /  +) (VP (V + )))
l Y R E  ., i I } - J  I NC ~

‘

(INTRANS CGETP V I )))

e
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I
(~~H I  b Y ( S F - s m A G F L A G )

(I;ETF- AG ELAG NIL)
( Ta, L I ! ) )

(nH 1 iu’ (Ic_TRANS (GETR v ) )
~T1.,c c- ’ ) )

(POP n - hUli , F-c~ ( S  + + (TNS +) (VP (V +) +))
TYPE SUBJ TN S V OBJ )

1) )
( p ,

c PUSH VP/ ‘i
I IIF-NI ,H I/IBJ (GETh uDhJ) )

- - l I E N / P  TN , ( G E T R  INC I
n- IC s - -  ‘H’c’ F. DCL)

- c ’ n- -

(~~- “ !

n c ’ , ’ b Y  C uIETH A -IF - I, A S )
( SF-H H A c J F - L A S  N I L )

• IT-a L ’7~H u( F-’ jp c F - I I I l , I - ~ IS + + n - I I C ’  + ) ( V P  ( V  + )  +
IY VF - , SUH J TN. V OBJ )

T , )
Ha”

(PUSH NP! T
SE T H ‘ H,i *)

I C AT n - - I F T F  * ? N T F - , N S E D )
- SE TH V *
1’-

~ ‘,a /
( C A T  L E T  T

( SET u-  D E l  *)
I T ? -  N P / l i )

( C A l N P F -  T
-
‘ ISF - , T R N P R  *)
c l - ~. N l ’ /fl))

(N i / 1
( ;;A ’I A U  I

I AL {JL A I J S  *)
I T:? N P / l i )

( C A : N T
( - n - F  H N * )
( T c ,  N i ” !2 f l )

( N P /
( P n - ,-P  ( B U S s - F - C  ‘ N P  c /FT +~ (ADJ +) (N ‘ - ) )

Cl- . I A L /S  ‘m )
T))

(NP/~( p op C H u : L r n - L -  - t~~ (NPR +)
— N i - F - )

1))
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(F
: I . A M I ’ I  A ( A  F -

(PF- u u c (I c iAll- , Nc - I l- ST A - ’K F -E n - Il , HOLD * i , l - X)

‘ ‘ci’ - ‘ c u - r i - n t  c t - i t  us -f t n - u n - - m a- - h :n - cn - is k e p t  in, f c v e  ct
v- m I s -b u s; 1 -

‘ I - T A T E , t he c c l  a t  u - / n - mr - “ i n t h n -  gr a m m a r , (2
N I- E , i n - , ’- H mn - cf e ’ r i n - t o  i la - ’ ’  f n p u t ~~ I~~~ c HF - I l l , , the li n t  ‘I
n- - ’-C l c. ’ t ‘‘r s-s -mi’ — v u 1-ui- p :m c rs C ~ ) ~TA - .;K , > h e  ret cjmn c ccl s-u - k, and
(-H H~- 1 ..: , I f un- r :o ll c : :t . ~u t t i r cg t he’ machine Into  a civ ’-nc
c cc :nf Icon i t n - u - n - ,  t n - c v c a i v e s  as s : g ,rc : ng v - m i s - n - s  of trues ’ f i v e
V in - ’ : ~t - I c - s .

SPH ( ‘ A l  — A C E
: I A H ~~’. :F-’ . STAT l -  A’ F - ) )
1-Fl-, C ~T F.  H F - S I ;  A F H

- I-sTA - . ;F- I~~c l-’ . S T A - ; F - l  A / F - ’ ) )
- P c  Ii-.-T F- . 1-F OLD An - ;F-

N - E . ~i I i -  .N~ f ’ F  A / F - ’ ) )
I F -  X.~~F-,t “IF-, . ~I .HD I F - H I S T . E D G E  Nu l l-;)))

/. l- ,ANn - ;H dispat ches- cont rol to t h e ,- lab ia l spec i fled b y SlATE.
T n - u i s is t r un- met hod H exe-cu t 1 n~ an an -- ” .

F-, ~AL A
( H H A N C H  ~‘IATE I/in -s/ F - S I -; C F - lI- /I F- 15/ CI- S/-2-/ ‘HI-;

~ l ! - 1- P U S H  ~s/  aH/’ .~3!-,’ 
~3!-a ~3!--- - ‘ - ‘ -

— —P ’c n-i ~~P/  ,,~~ 
‘ _ 

~ 
_

~~ 
,_5/_ — ~j7/ ,‘ l / — l — i - ’: I ; I c  VI’! NP ~N;’ - ‘ — a -  Nc /i N P ! l — ?’ N i ’!,  N / I

IluC’ — l - , I ; l -- s-I ,i::- ,’,c n - to make s- - a r -- all of t n - u n -  I n:pu ’ nas fcu-en;
- n - c n ’c u n - c u- -d . I f rot i t del :c’urc-

1/ ; :FI ;S
— n - c t ’ ( a , Mi I Y c  . N ’ - i S E N- ,.:I:F-. )

I n t ’ s -  — 4 - F .  I ’ J H N  ~~
u-ls e - - Il uc ; F;’F , UR))

,, F-, ’F - ;JH - lea - - Ides which al’ em n - ,cC iv ’ ’ ‘ > my nex> . In ‘hi s cacon-
I f c c -  al t n - m s - a t  I vu-- c; list Is a a’- > ack.

I F - I  - -PH
l i t  A T S

A F - 4~ ALTS.FLRST)
- Al~~ . . s - : I T F I H ” f )

- - 1  F’ FaAC-A /F- ’)
u -n - sn ’ (HF - I n - I ,  ‘ , F A l / I F - I - )

Isis is t n - n -  :- >‘g: ncr i in g s - f  t n - u > ’  code wI , i’ n - i is comp i l e - i  bra-rn l rcu-
— ‘ m n’s. In - i ’ f c n - ’ c c f  a rc  -H u- ’mc ’ h c - I ’ m ’ > ‘, c i S a 1-abel a ’fuic; n u is I ne

On -mm ’- s - cc t n - c ’’ c l  ‘ t I c -  n-cs- ” in - : ‘ n an’ A ’ I N .  I - ’ -  - at her’ arcs ha y> - a
I n - i t - i l  ~ n , c o h  - - I f u n  s t ’ i n - n -  rc ’m m - ’  t I I  we - -I by “— “ and the s-r -

— r ,cm ”c r e r . [,u— mn - ’ -l, s a f , i - ” h  ‘ ‘ n - i f :n  “ — :  1 - 1  c c ” rnd ical n - th e - act ions-
mn - c : ‘ i-rn - n - c c n m ’ f u n - r u mcI ion - I ’ l-~;I ’

~H ‘m n - ’ u’c ’

5! ( i f  ‘ A l - ’ - A T  A , !  -
n - c Al_ I , n-~ a - - —

‘( s E l h  Ha
,Sl- ,TF- “IN , <( G F ,Il - * ‘IF- N- i’ . )>)
(IIF-I ’I’F-L I Y IP - 

~~)( D P i - n -  C I -
( i ; p  ~~1 ~)
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IS/—2 (l.u PUSH NP! S/-C—PUSH)
( U i N P ! )

S/-.-l’J/FF
- II F - TF - ‘,,ij -
- SETF-C F Y 11 - DCL)

I - ‘ I ’ l ~~- C

1! ( “ 5 / NP!  -~- l ! - l - P U s H )
- IS - )

. 1 / — i  —F - / I n - H
F - I F -  ‘H i - C *1

-
. -

- i t , A F - ’  A l  V )
t r u n - n  - r, 1 4 -  

- 
V *

n - P - I F -  H ’N l c  < ( ‘ S E T F - ’  * ‘TENSE)>)
• (i- C I -

1 1 c  ~- 3 / c
yiu E FM F ’  -

~~~

i n - w ; . c I ~ n - A l- , ‘ A T  V )  and (G Em  * P P H T )
an d ( GETR V )~~

’BE
( A l . IAHc ,I c3/— 2)
- / i  c / u  (SETH SUB-I )

- C F-H F- SUBJ  ( B u : L ; - ~ ( N P  ( P R O  S O M E O N E ) ) ) )
c I ; -F - H F- ‘AGFLAG L
(SETH ‘V *)
( DOTO Q 3 / ) )

i f ( A R C C A T  V ) an d (GET E * ‘P P R T )
and (GEm V)~~

’H A V E
‘ f u n - n  ( A L T A R - I S  C 3 / — 3 )

- . l ,;F -Si F - : r N C  <! (GETR ‘INS; ) ! ‘(PERFECT)>)
- I F - I F -  V * )

C ” ! )
- I  _ 3 / ) (

r n - f  ( i F -~~N s ; (— ‘S E l F -  C ) )
1 nenc  c A l , ’l A k ’ ~S

t- ~.uPiJ lcS H Ni’! C 3 ! — 3— P U S H )
I ’ - N i ’ ! ) )

—

(if n-caLl //SAN HOLD ‘N P ‘ ( T H A N I S  ( ‘ SE T H  V
t h e n - c  A L ’ I A F - C  ~~!—5 )F-’ F- F-, V I ~~A C T /  -

SETH I :  F-C *)
(DOVI F-Til’ Q 4 4 ! )
( GO ~.n-4 /) )

- it ’ (IN ’1HAr ~-; (- ‘SETR 0))
then ( I : u P O P  ( F - / I L / c  u I ’ + +c ’FN, + 1 IVP (V +1))

TYPE HE- ,’ IN c ’ V
- ‘, / c ,  E V A / A c ” ’ ) )

— ‘-ISO U F i u n - U H )

— a l / E T H  ‘Uh J * )
f (DI - I’S ’ ? ç ’ 1 4 / )

( G -  c.n- i 4 / )
- _ -. :  ( i t  ‘ A F - / w R I c  B Y )  an d (GETH A G F L A G )

1 ta - nc ( AL TAFf ç ~.a-~ / — 2 )

r 
( S E T H  Ac SF - ’ I , A G  N I L )
~DOT O L 7 1 1
i/SO Q7 ‘ )

it



Hat ’ — A l C c ’~~c1) I .’ ) an d (I;-THAN. (SETH V ))
‘- u i - n - ;  A L l A F - c ’ -~~‘ 4 / —

‘ Dull, C- ’ )
P

DOPOP (BUII,iiL (5 + + c  ‘INS + n - - VP ( V  + ) + ) )
TYPE ;c a I , , a IN C V OBJ))

( 1 /,’ F V A I ,A F-C
—

- - l c F - , N L F  I iB J  ( G E I F -  -c i- , ) ) )
- F NI c- IN , - (-S~I I F  I N S -
- n - N .  Ha I Y P E  I

- c a  VI’! ~~~
‘ — i— PUSH )

çSRF. n - , c N I L )  
/ )

~~~~ *)
, 1 / )

~~~~~~
( i f  - A l> nEul ’ --fl an d (SF - l I n-n - A - I F - i _ A l l )

I n - un- n - , - A I, S A I- , : , ~~~j / ,

l ; i - .  I F ’  A SF - ’LA -’S NIL)
: ( ~~, 1, L (/)
- ‘ S u  c 7 ” ) )

— 
1 - - i ’  I (BU I , i - L  ( 5  + + ( 1 N l ;  + )

(V i- - :0
T Y P E  1 1 1 1 - S Fl/ c -

~ O B J ) )
( s-c’ EVA /A R C )

‘T/ c u - /P - - I - H  N I ’ !  H-l-/i . L H )
-, u’S/ NI , )

— 1  — P P / H
~S E T H  ‘ “ F - i  *)

c,p/ H’ Al’ c ; A L  0 c;;,d (;F-. l~ * ‘UN ’ I n , N l . F . i ’ )
I n - c -c ,  1S F-I ’IF- V *)

l,uTIc - F - ! )
Is- /))

Sc 1. - F - . i u n - S F - ,’
Ni— ! i f  — A F - u,HA I Li- , H

I n,erc ç AL ’ IAH- ~ NP !—.
Il l - I l l’ C- F-_ I *

-; D , T , ,- NI- !l )
(clii h i l l ) )

N P !  — a-

( i t  ( A H ’ u S A i  N I H )
> n - : >’ n - , ,,-F .TR ‘N i’ R ‘)

)Lu - T - N I- !> ) 

(n - IO D E l  / 4 - )
‘ , H ! l ( w n - , i l u -  (AH - CAT ADJ ) do (ALlA H , . !,F’/i-

(AD1-I , ‘Al,,I~ l *)
( ;  i n - i  - / 1 ,) )

(~~ L ( A c  A l  N )
‘ ‘ ‘ - n - .’ F - I n

Ni / 2 )
~c N c  / 2 ) )

;. . i - F - I / S F - )
!~~‘ C [ s - i ’ u P  c F / i l  L iuc -  N ;  a l

S
-

- i i)
cE’l’ A i ,, S N ) /

( GO l - IVA ,A H’S )
N P / ’ . ( D O P O P  - H U I L I i C  ‘ep ( N I  H

N I H ) )
( n - u -  1- , ’IALARC ) ) )

14
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Vers ion  II
( P A R S E R

( LAMBDA (ACF )
(PROG (STATE NODE STACK REPS FEATS HOLD * LEX SHEGS

SFEATS F E A T U R E S  TEMP )

If the f u n c t i o n  is called wit h an a rgument  of ‘GO , i t looks
for  a n o t h e r  parse . This  a l l o w s  the  user  to get out more
than t he first parse .

(if ACc’
~~
’GO

then (GO DETOUR))

The current sta tus o~ the  m a c h i n e  i s kept~ in f i ve global
v a r i a b l e s :  ( 1 )  S T A l E , t h e  s t a t e / a r c  in  the  gr ammar , ( 2 )
NODE , t h e  p o i n t e r  in to t he i n p u t  (3) REGS , t he l i s t  of
register name—value pairs ( 14 )  ~TACK , the r e tu rn  stack , and

~ ( 5 ) HOLD , the hold list . ~‘u t t in ~ the mac hine into a p/ vu -n
conf iguration involves assigning values to these five
variables.

SPREAD—ACF

‘ 
CHANGESTATE (CF.STATE ACF))
RE G S~- (CF .REGS ACE ))F EAT ~~- CF .FEATS ACF
STA CK CF . STACK A CF
HOLD ,~TCF.HOLD ACE ))LEX ~-’cEDGE .WORD (FIRST.EDCE NODE~~(CF.NODE ACE))))

TRACEALTSTART is one of the tracing functions provided Is--
allow t,he user to follow the operations of the parser . The
others are TRACEA HC and ABORT. Nune of tn ese result in any
code when a fast version of the parser is produced .

(‘I’RACEALTSmART)
n -GO EVA LA RC )

N E X T L E X

If t he c ur r e n t  node has more t han on e F e x i c a l  i n t e r p r e t a t i o n
( B U T F I R S T . E D G E ) , the code set.s NODE l u -  try the next one.

(if (BUTFIHST.EDGE NODE)
lou -n LEX~ (EDGE.wuF-D ( F I H S T . E D G E

— NO D E~~(BUTFIH l ;T.E1n -c IE- 
N C . H F - , H )

(GO E V A L A R C ) )

B R A N C H  dispatches control to the Label specified by STATE.

F- V A / A R C
I BRANCH STATE SU sSElp ’;  DETOUR S/ S /— i -i /N T S/—C

S / — i — C A l  I S / — 2 — P U S H  Cl i! Qi!— l— PU SH ~~C /
Q 2 ! — i — C P N ’ F  ‘c, ’ / — l — C A T  C’3/ ~~~~~~~~~ 

l — C O N ’ l
- Q3/-? Q3 !-2-CUN ’I ~~‘~~~~/ -

‘
~ Q3/-/

Q 3 /— i—CAT v n- ’— ,’— ..;A T ~ n - /_ 2_~~ ’ , ’p ,14/ ,.s-/—2 .ji ‘
— ‘

Q5! CP/ — l—I ’I/ l ll ~~~ c /  Vu -  c,-’’ C- ‘,‘— l — I  - H
VP ! VI !— l— ‘N V~ / —  — A N n -  N ’  / — i —  T
NP!—2 NP /— , ’ ---/’ .NT N i ’ ,— I— ’ ’AT N : - — — A ’

N E - /l N P / i — l — C O N T  NI’ !l— NP!1— a- —C (’.’
NP/ i— i—C AT NP/ i— — SAT NP/2 ‘S I ’)

iii (5 C EllS )
H F - T U R N  N U D E )

75

___________________________ — ___&_l _ .—--‘ — — -



Lu l-, ’I ’LC I JF - ,ct ioo c ;n .- cn- mn - c alternative f’rom the ALTS list. In thi s
v ersion t n >  Al l’s list - is a stack. The detouring mechanism
“a-n - i l l I -n ,- ch m n - a - -’n - cn - b y redefining ALTS.FIRST and ALTS.BUTFIHST.
If t here ar e no more alternatives the first alternative
f rom t he l i s t , of 1 1 1 5 F F - S N / F - ID a l t s  is t~aken. The suspended
alter s-an - I ives are maintained in order b y weight .

ABORT
(AE-~n - hT) ABORT is a trac i,rn- , - fu n ct i ” - r u .

/E’I U/F-
n - i f  ALTS

t hen Ai; F - ’t-n -ALTS .FIRST)
(ALTII- . B U T F I R S T
(-s u 11 / R E A D — A C E

e l s e i f  S U S P E N D E D A L T S
t n - a n - n  ACF4-(SUSPEND .POP )

( Q Q S P R E A D — A C F )
else (RETURN (FAILURE)))

S/ (i t ’ (ARCCAT AUX)
else (GO S/—C ))

( A C T A R C  S!—2 )
(TRA CEARC CAT AUX S/— i )

5-!— i — C O N I
A L T - Sl AT , -

‘ — 1 — C A T )
SETH V *)
SETH ‘TN,’ <( (SErF-’ * ‘‘I i- ,NSE ) > )
SETHIC TYPE Cl )

(DOTO ~~ ‘ ‘ )
1, -SQ ~ l , -’)

S/—2 ( i f  ( S T R I N ’ I L F - S E I ’P
the n - c - I N E X T L E X A L T  S!)

( ‘ I ’ F - A C E , A R C  PUSH N I L  S / — 2 )
- ‘ I.u-u1’ I.J SI - i NP! S!—2—PUSH)
, ‘/ ‘  i u i - , I ’ / ) R ) )

CHA N - P - . I ’ i ’ A ’l F - IS - 1 /  C
(al u N r . X T L E X )

3/— 1—CAT
( A i -> CCAT A U X )
( T F - A C F A R C  AL ’I I SA T A I X  S/— i)
( ‘ISO S ! — l — C O N T )

S/ — a - — P U S H
‘ I ,i’ HEAI , ’ ‘wi - i)

- .F IF - ~~~~
~ 1H.. IYI - H  D C L )

‘ S - P I s-
( l U  ~~~‘“ j

.,l/ Ha f ‘l.I H IN ’ SL F - , F - Ti -,
I t n - n -  I N E X  I I , n X A I _ T  i / -

- ‘l i - A - I F - A R C  a- i / n - c  N I L  -. 1 / — i )
I C  -P /n - : ra : / l ! - 1 - P U S H )
i/Is- I / I ’  H))

~ / ‘r ;A f , - ’I - S ’, I  A l  -C- _ l - - )
I ; .! I C E ! )

~ 1/- i - P  ‘ , ‘ c c
¼ I,E- ‘ -- . i ,. n c  -

(SE lF - .~ub,j * )
DOPTO -. -

sc, 
~~~~~~ 

-

I f  - Ac - A T V )
c l u e -  . ; I A N G E S T A T H a  , I )

I II F, !’ I ’c , I- , X  ) I
N F - , X  I I , ’n . X A I , T  Cl - ’ - ’ c

CA l V C l 2 / - 1 )



I
c - Ni

P ( A L ’l ( I A ~ . ‘ — 1 — C A T )
(SELF - C
( IU - l ’ l ’ I i  TIH < (SETh’ * “il - N P . ) > )
( l ’ i - ’ l c - Cl

~

n - ’ ’ )
n - - P c U ~/

V / - i - C I A
( A l - I - C - A T  I S )( T H A C E A H C AL l Ill V ~ , ‘ ! — 1

I
n- S uc U’ , — 1— (ICC N ’I I

I t  [c l a n - u S A 1 C l
a- lo u- cCS ’ -’ o i / ’ — C ) )

( A I .,T A RC o I /- , ’ )( I E u A - I E I A F u I  CAT V o3/—i
I i V 3 / —  1— - I c / I l

( A L T ’ . l A T  C 3 ! — ’i — ç A T )
( i f  H a 5 H T F  * P P H T )  and ( G E T H  V ) ~ B E )

I bean - u ( G O  A uPI  F I T )
( H O L D  (1SF - Il ’s- - ;IlFc - J
( SETH CU/i (ln-IJ100Q (NP ( P R O  l’l’,uMi’ , ,NF,)fl)
( S E T H  ‘A ’IFLAS I)
( S E T H  ‘C ~~~ ‘

( DOTO u-~ / )

I 
GO

3!—?
( i f  ( A H C C A T  V )
else ( G O  Q 3 ’ — 3 ) )

• ( A L T A F - n -I Cl 3 !— n - )
(IF-A— ” EARC CAT V -3 /— 2 )

~3/-2 -C- . CNT
( A L l / A T  o 3 / - 2 - çAT )( i f  ‘ (  (SF - l i - ’ * P P R T )  and  ( G E T H  V ) z  ‘HA V E )

tn - ear (SO A /in - H I))
( S E T H  ‘I N C  ! ( ‘ S E T H  T N - ’)

(PEHEEC1 )>)
( L u - I c -  V
(u-CI a- -. 

‘-H)
( G O  3

- /— V
H u /IF - i ’, H EF TP ) and ( T H A N S  ( ‘ S F - S - I F -  V ) )

, -
~~~ 

( A L T A R C  - . -

( T H A C E A F P U S H  N I L  C c / — f l
(PUP c l - En - iF ! 3c ’- ’-P I l - Il )

- - , D E l  - H - ) )
‘I ‘I — “

( i t  I n - N I P ( n - i cs-LI,’IS IS [-,N E rJLD ‘NI ’ ‘ ( T R A N S  (IF - , IH V f l )
‘ h e n - f l  (ALIA F - C -, - U )

(I F - A  I F - A ; : -  V T F -  NE -  / 3 / _ I )
‘ I F - I - V IE ~A (lTS -

~IlF - , T’u- 083
- I - ,~~~~s- Is-

~GO , c~/ ) )

— ( i t  I t N T R A N , ,  ( G E T R  V ) )
I n u n - n i  - NF-IXT /F-,XALT o ~/ (

i F - A C E A R C  PUP NI ), o- 3 !—- )
- I - .u i’OP (BUILI ’nCl n - S + + (  I N . ’ +)

I’ V E - ( V  + )  )
L Y l E I ;UB J  I N.  V

( SF - l i  F- I- ’ ‘I ’ 1’ 1- ’ 1-I A 1,- I - ) )
- , I , - - “TO /n-’))

( C / A N  1- , I A  iF -I C 3/)
(-‘S ea I~i - / II EX
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C- / — 1 — CAT
( A R C C A T  V )
(TRACEAHC AL l/AT V L -3/—i)
( Go  Q 3 ! — i - C O N T )

o ~“ - C - C A T
ç A F - n -,’CA’l’ V)
( ‘ I F - A / F - A R C  A L T C A T  V C l 3 !— 2 )

• n - ( Sn -,: C l3~’— 2 — C O N T )
P U SH

n - S P R E A u / - ’W F - ’ i ,i/
(SETH ‘UBJ *)
~ IC u .C1>T C/ Q14 / )
/5/

_ - n-e /  n - i f I A H C W R D  B Y )  and (GETR AGELAG)
t he- n ( A L T A R C  Q 14 / — 2 )

( T R A C E~~RC WRD BY Q4/—i)( S E T H  AG E LAG N I L )
(DOTO Q7 !)
(GO Q7/))

( i f  ( A R C W R D  TO) and ( S — T R A N S  ( G E T R  V ) )
t .hen A L T A H C  Q 1 4 / — 3 )

T R A C E A R C  L4 RD TO Q~4 / — 2 )
DOTO Q5/)

- - 
GO Q5/))

- ‘4 

~ N E X ’ L L F - I X A L T  Q 1 4 ! )
‘I H A - SEA F-C POP N I L  Q 14 / — 3 )

(Lcn - PUP ( B U I L D Q  ( S + + (TNS +)
( V P  ( V  + ) + ) )

TYPE SUB J T N II  V OBJ )
S SF - h F-

( ( S C  C-F- i’ - 1 5H;
-

- ( i f  u II. THSNIP,EF-’T/)
I h e n -  c~ n-5 i ’ X ’ F I F - X A L T  ~5/

( T R A C E A F j C  P U S H  N I L  C - P / — i )
- , / F - , N i  ‘F - CUE - i  ( G E T F -  P13 J) )
-( SF-/,i~H 

- IN S ( S E r F -  TNS )  )
1F-C/-HI, T Y P F - ,  C C L )

- 5c~, P , c , ’H VP/ -ClP /-i-C-/ SH)
- r n - i - S I n -rN Ii,
S F - i - A  11 .-NIL
‘5 - , I n~ l I Eu ))

( C H A N  iE - , . , I A  l i - c. -H,’ I
( n - I D N E X I l E X ~5 /- i -  P C 11 11
u I I P F - F .A - S ‘‘w/ -

- 

CF-TI> 
- : 3

1 - / 1 - - .. ‘ I )
- 

H ~ A a -  w H I  n - ’ Y )  a n - u - :  ( G E T ’ H  A G F L A G )
‘ n - a - -n - AC I A R C  c . , / — .

T F - A i I [ - I~~HC n i - I BY C t / — i )
“, SE’i’H AGFLAG NIL)
II -- I- n - Cl 7/)
I ) .  CT’))

Vt / —2
(NEXT CF-,XA I,T ~~c / )
(‘lF-A I , F - ,A F - i’ l I - n - I’ N I L  c. n /  _ , ‘ )
(p p  u~’ (ln - l j iI,In - c. 15  + + ( 1 l ~I n -

(VP (V + ) +))
TYPE I l / F - I  TI/I V OBJ )

I S E l F -  P O P E  F - .A T 5~(50 D E l - / i F - )
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o ’(! (ii ’ (II’LHIN 11 - I -  I F )
t n - a n - n - ,  N F- ,XT LF -XALT o7!)

‘ ‘I F - A / u - A  F - c l  E l i / / I  N I L  O ’( / — i
I i ( i f ’ i J . ’ IFi NF ’ /  / 7 / — i — P U S H )

- S ( c  i ’ F - I ’l : U F - ) )
( C H A N c ; n - - ., . i ~ Ti- I c. j 1 / )
( G u  Ni -  X I  l . i - X I

‘. ‘!- 1- I/CE;
SE-F-}’,AI. c / na- -

( I ’- F - , I k ‘SU c ’ , c • )
, L u , ’ I ” l c  ~‘P/)
(Ga- Cl n - ‘

P/ (ii C A l - u / A  I I S )
em > - n - - H A N  I F - i l  RTEQ ii’!)

( (S n - i  NE! I - - - >1 ))
, P ; - .X ’ I ’ l , r , X A I , T  Vi ’ !)

-‘ S n-i/C I - A l- CAT i C F / — i )
IS; / _ i _ c c l / I

( A L T - H I  V P / - i - - A T )
( i t ’ ” ’ Cr 1-F * ‘I I N T E N I I F - [ ) )

I no,- ;; - 51’ A F an - ,- n- T)
(SF - I F -  ‘

~~ * )
( U ~ ’iu C -H )
(GO Q~ /)C P / — 1 — CAT
(,AF--II IIA T IS)
( T F - A c I F - , A H C I  A L l - h A T  V V P / - i )
(c a p V E - / -1-I u n - N ’ /

Ni ’ / ( i f  ( A l a / n - I A  I l~c i - ,~1~ 1
else (S O NP/—C))

( A L T A R C  I , I ’ ! —2 )
(THA :Iic , in - j c’ CAT DE’I NP/—i

NP/—i—CON S
(ALTs-A l Si /-i-CAl
( SETH ‘l’E c I ’I’ *)
(Deal/n - NE’ ! 1)

I ( G O  1 , 1 / 1 )
N P !— ?

-‘ ( i t  (AhCu ,SA I  i a - F - c
u - l o u- ( c .l H A ~ P. 1 1 1, 1 - -

~~~- N a - I )
(‘,IU

- i- Ii- ,XIH,n -,XAL ’I NP!)
i—AcIE A R C - IA I ‘c a - H  N P / — a -’ )

Si / — , — “ - ‘JNT
~ A C 1 1SA ~ I~/ !—  — -- ‘ ‘I)
n - S F - I F - Nt ’F- *

(Ui / l u III - /
( ( Sea N P/ I )

‘
~i ’/—l —CATI AR /CAT n-I-, ’J )

— C , IF-A’ F - A HG A I , ’i ‘AT DEl NP/-i)
I I c -  N :  / —  1-PUNT)

N; /— C— /A l

— ( A H C , l- ’ A I  N I H )
( I F - A -  F- , A F - I ’  A L T / A T  N P R  N P !— 2 )( lu , t ,i’ /—- ’—CONT)

Nn - - / 1 ( 1 1  ‘ , AHP IIAT ADJ
u - - S c : - (‘ 5(,,- ~,l / i-2))

a (IFl , ’I A I- u I N P/i — I- - )
(‘l F -A , II- ,AH C I C A l  ADJ N E - f l — i )

I
( A L T / A T  N I - / i — i — C A T
(A iul , l , AUJII *)( i U I  - i l l / i )
( c ; : ,  I~n - ’  / F )

1’

7 I ~

— — I



NP/ i— ,’
(if (ARCCAT N)
else (CHANGESTATEQ NP/i)

( GO N E X T L E X ) )
(NEXTLEXALT NP/i)
(TRACEARC CAT N NP !1—2)

NF/ 1—2—CONT
ALTCA T NP !i—2—CAT)
SETH N *
DOTO N P / 2
GO NP/2)

N P / i — i — C A T
ARCC A T ADJ )
T R A C E A R C  A L T C A T  AD~J N P / i — i )
GO NP/ i— i—CONT)

NP/ 1—2—C AT
( A R C C A T  N )
(TRACEAHC ALTCAT N NP/i—2 )
( GO N P/ 1—2—CONT)

N P / 2 ( N E X T L E X A L T  N P / 2 )
(THACEARC POP NIL NP/2— i )
( DOPOP (B U I L D Q  ( N P  DET +

ADJ 4
N +))

D E T A D J S  N )
(GETR POPFEATS))

( GO D E T O U R )
NP /3 NEXTLEXALT NP/3)

TRACEARC POP NIL NP !3— i)
DOPOP ( B U I L D Q  ( N P  ( N P R  + ) )

NP R )
(GETH POPI-’EATS))

(Go D E T O U R ) ) ) )

MI)
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I n - ’  a- -
~~ ‘ - ‘I V ’-ru: - , t c  1 i - - ‘ I t ’ . - I rn - n - ’ ‘ n- - p - n  n - ‘ r i - - n c

P A l ~1/’ ( ( - P u n - d c  ‘wil l i - .i- , l , l f - .Vn - - li TO HAVE /E. i - I~ Cn - n - c l  BY F-BED))

ii c r - I n - c a - ill - ‘ n - n - I ’ ly e ’ C)
‘1 cia - - ‘ 5/

( ( ( 3 - - n - N i~i E - ( & ) )  ( ( ‘ w ’ A 1 I V - 4 A U X  “ )  ( &“ ~
) ) ) )

In - n’ .- ‘- ‘ ; n- n - c a -u-’ is c o n v e r t  ecd r u t  0 a u - n - : - n -  a - I I ea r--n - , n- n- . ‘I ‘, ‘ -

n - i ’ -i/ rca - m t- in -” ; , t ia - c r : -‘ ct -o u t t n - n - n ’  F , e a c c : a ) t , i a -  p a i r -i c: eat s - a - - of u- ;n - s - ’c
w a - I . N - - t m - ” -  t n - i n - I  “w a -c ” “- an n- ,‘ i t h - ’ r  ci v u - r n -  IS ) - a - n - n - -.
v - n - - i’ (A II X). (An “4” Is- us -cc -i ‘0  i n d i c a ’  ‘‘ u fur l n - n ’  H r-~’-’ a -n ’ ’ - .)

1 - c ~~I n - c c ’ 1 - 1 1 1 / a I r , ’ 5/—I

it , tn- n - - - - , ’ i nd i a - ot e s the arc t -/ ~~, n -  - n - n - c - i  i t s  l ocan  a - n i  a n - i  n - n - in-  ~ n ’ cn - n 1s - c cJ r .
n- is- a - I n - c-r n - u n - c t  (y e  i s  c c l  - n - r n - d  ba -- s - u sa- 5 / — , is I a- - - a- . - -ar -a i s -  + 1”
‘- i c i t e -  5/ cs - ct I n-c n n-’>- are no l e x i c a l  a l t n - a r r n - a -n- i w o .

F I ‘I n - n - : n - u a - I , -  a- n-~ /in s - ‘Al N u a- in’ - ’ l I P ! — , ’
I n ca - N P H  - . Jc~fjN

‘1 1 c c’ n- n - - u - ’ - - a l so  i n d i ’ - ’n -t es wh --r ’ ’- rep’i cct ers - ca- n- c’:>’t

a - n - i -  1- , ’ .1 n- ’ c- ‘ - c  / ‘
( ‘  ( w illS V / 5 )  A l l !  ( 4 ) )  (( In - F’Il , IE V F - , i ,- V ~) /5 4/5))

I en - a i r s -  P U P arc CI / ~— iI n -’ ~‘i n - a -  n- o P1 I’
a- ’  1 n - c a -  , n - , s -  c i r u ’ 5/-S-PUSH ’
P-I a n - n - a - 1 ( 1 1 , 1  ‘ ‘ “ , NI ’ (1 ,1 F- , I C  .icN)
‘ c l i  I n - c c - Y E - F - I c c  -

n - c - n ’  i ii — , ‘‘  c ’ C’ , -

lo de /5 - n c u -  IS ‘c N n -  n-n- ’ I’I ( 4 ) )  ( (BELl-n-VE Il ‘~‘ n-,) (N 
~~~)

I I ‘ c c - - - A  1 1 ‘ m n -  , /-i
- - - 1 m n - as - ~

‘ t o  i -c- ,
- n - n -  I n - c c  IC , t - ‘ (PA:’! )

- I c c - c  ~3/
I, u~u- 

- ( n - c j ’ , l , l  E n - c F - h  / 5 ) )  ((1/, a - F - In -P 4) (4 c/5))

la - ill ‘ a n - n - ca n- /5 on t i - -n - rat (ea rn - + 0  Ia - v I h n -  sec oru I ~rc Ie”n-’j n - an -’ - /

~ -Ic ) is  , n - ’~n - , n - Ic’d n - n - u S say- - I ‘m i t - a n - ’ t n - u n - k u - art n - as - cc n-a u ’n- ’ c ’ - n - n - - :  :n: ‘n: ’
Hn ’:’! n - n - b a ! !-~,-t - ’,n’ e’ ‘he arc is I n-ca - n - , . This is ill a- I - a - c - a , ’-

- - r a t  s - n - r n- n- a n- i ~ a n - : u  c m - c d c - - I  - t u r i n - , - - ‘ r n - ’  e a r l  i c - a -  PUSH s- n -’ - a
n - n - n - u - n - ’ ’ ;’ i n n -  ~m cor n - f : a-ura t n - - .’ n - u n -a-int er

5’ ‘ -n - - i c ’ a m - 2 I n - -  - n - a - - - o~ /— ’
1~ -

- n - n - a l a - n -’ a-cc I a n ’ ’ -  - . ‘ — I
n - O/5  c ( Pr, )

- I ’  n- r n - c  1,1183 ‘ 0 >cr ( P H O  . ‘- I - I J- Nn - -,))
- ‘ ‘ i n - c c  A I F - l . A  1 ‘ o I

I
‘ an - u I’ - 0 NE -l I, IF - V F-

c - n - ’ :  a - ’  ‘ ‘  i / C  — — —
-

- ‘ - PB;- ,i ‘H) ((HA ’~E ’C 4) (~~~.)))),I- ’’n - ri n &’ m l -  ‘ t o r n - a - c ’
- ‘ n- , < I ’ c s -  I’D/H ‘n - r ’ ’  ~ - - -‘ — 3

V ~ - I I I  I n - n - ’— F ’ - r NI ’ I
1:1, ” c ’ . I K c  I

- ‘ n - n - ’ !  I n -a s -  c c i ’  - a - n - - n - ’ i v
,‘n- au --

Ml



N e a d e  ( / 5 1  i F- F- F ( & ) )  ( ( H A V E  V & )  ( & &)fl)
S l u ’ r n - t n - g  n - n - I t  5 f’or arc L13/— 5

l - n - eu ng V T H  N P ;cm n’ r ’ Q 3 / _ 4 4
NE (NPH ,T U HN )C n - - e m oved f r o m  HOL D l i s - t

S e l l  ir c~ 
‘C F - I  to (NP (NPR JOHN))

En ter :rn -~ st a t e  Q~4/N- - n -c -~/5TO PREP (&)) ((HAVE V &) (& &)fl)b ring alt- 6 for arc Qn-4 / 3
Taki n - c~ ~F- [u TO arc Q4/—2

a- , n t e - r i n g  st a t e  ~ 5/
N - - n - c - /5 (HAV E V (&)) ((BEEN V &) (& &)/5)
t ’ cwin ~ PUSH arc Q5/— i

SENDIng SUBJ value of (NP (NPR JOHN))
I S E N D n - n g  “NS v a l u e  of (PAST )
Si-INu . i ng TYPE value of DCL

F-USH ( n-’u~ f-or VP!
ia - k a n e’ CAT V arc VP/— i

Setting V to HAVE

En -a t  e r i n - , e ’  s t a t e  c~ 3/
N -n - dc (((BEEN V (&)) ((SHOT V &) (& &)fl)

Storing al t 8 for arc Q3/—3
I 1 K i c , ~r CAT V arc Q3/—2

Setting TNS to (PAST PERFECT)
P-tti ng V to BE

En - n - - t a - r isc- state ~ 3/
S i n - u n - c  ( ( ( S H O T  V ( & )  ) ((BY PREP &) (& NIL))))

Storing s- It U for arc Q3/-.2
n-c a n - c r  CAT V arc IS~3/— i

- ‘  - 1 , 1 1f l~~ (i~P (NPR 10F-I N )
l’le-tting SUBJ to (NP (PRO SOMEONE))
- ting AGELAG to T
I n - - !  I ing V to SHOOT

c a - ’ - a - i - i s -  s-I ate- C ,i/
F. a - - - ((‘BY P a - F - P  ( & ) )  ((FRED t4PR &) NIL)))

- 
- t a-s-in c alt 10 l’or arc ~3/~ n- n-

I ‘ n-c~ c e ’  -
- ‘/51 -‘i ra- v3/—3

i-”JlCs ;  n - c  fur Nt ~I
H G - -  n - I c - i-

Slam ! a - , - cilternat ive iO
A !  arc ,.,~~~n- _Ll
N- a- Ic n - a ?  PH EI P  ( & ) )  ( ( F H E I -  N i ’ H  & )  N I L ) ) )

b rIng c u t  1 -  t ea r arc Q3/— PI i~~ a c , , ’ ‘.1 k NP arc ~~~ /~~ L4
NE- -,Ni ’ R JOHN)) removed from H c l , i u s !

,le ’ I ir,~’ OBJ to (NP (NPR JO H Nn - I

In-It t cr1 n~- ‘1 ai,e ~~ . -

N- n - - n -’ - ( “ B Y  PHI - I F ( & )  ) ((FRED NPF- &) N LI ,fl )
l I t  or ’:n -g alt 1 ,1 for arc QLI/_ 2

l c u,c a c .~n- wI n-i ) I- ’f ‘-m r .- ,1 4/ . 1
- P t  t a ‘a-i A- S F -L.A ; t o NIL
n i ‘a~ c a t  an - t e Q7/

Na- n - u -  I F - F - F - Il NPR ( & )  ) N I L ) )
L l’s - n -~a a nn - e ’ P h I l l ;  or’ ’-  Q 7 / —  1

‘fUSHI nn -w t n - c r -  F-I I ’/
‘Is - ki n - cc CAT N IH arc NP/—2

Se l l  m n - n - s’ NP~ t o  F R E D

______ — ‘



F-n t c r a n e ’  st ‘ml n-n- N I /
NoU n-n- ( N I L )
Taking PUP n - n - n - - a - N P /c—i
I rving to POP

(‘ oh t inuin g arc cv7/—i—PUS H )
S > - t t  in g St .J IcJ Ia - (NP ( N P H  F R E D )

a- n - c t  cr1 nn-i n - ct  a t  c- n-H”!
Nc-dc ~‘ (NIL)
l’’ck I n - u~’ UP arc a-u I / — S
i a - y i n :  k’ t ‘n-n- Pn-,1 I -

i a - n - c t  i s - i c a r us -  a rc  ~U/— 1— PUSH)
Sn-al t in - c s - ‘ ‘I-J t i c  (S DCL NP (NPR FRED))

$ TNS (PAST PERFECT))
VP

(‘1 SHi,buu ’T ) ( N E ’  ( N P H  , J OHN ) ) )

‘ 
r n - u t  era rn - c’ s t -a t e- U a - /
Na -dc ’ 511 .
l ’ m k i  ng P U P  a r -c  a--n - -a ! — S
I r v i n e ’  t o  POP
ir v in e ’ Is -’ SUn-ICE-I F-IL

5 , 1
N E  ~~~ “

, , a ’ ” 105F-

IS’ I-- 
- 

n- I .  I ‘ V E
S DCL

N I ‘ N t ’ R F- F - i -_ I n - - - n cr ’ a -;u - - -ess I ’ - I s -  r ’,a’ - . ‘n - n - ,” ‘ - a ’ - n t ’..
I PA ‘ P E H E -  En - 1 u ~ t n-. 1 ‘ i n -  n-- n - n -
‘I n - ’ , SHOOT - ‘ . 

- ‘

NP Ni l-, JOHN n - - a -  -n - rn ,: , ~n - ,i ‘ ~~~~ I -

a n - b  i rca - al t ernat lye 13
;n - n - n - s - c  ~~4 .  — -

b .c - c - n- n-. - - u - ‘n-’ PEn -EN (-N) ) ( ( F R E D  N P R  4 )  N I L ) ) )
1s- k l n > c~ - I’ arc -Hn-~’—3‘is -i i n - g ! 0 a- l I P

(c - , -- n - a inu i nn - m n ar-cc -H !—1—P USH)
I a n - a c  - ci-r J I c c (S DCL NP (PHIl L;UMEUNE )

‘ IN S  (PAST P E R F E C T ) )
a-

( V  ~ n - n - - u , .  1) (NP (si F- P - n - i N ) ) ) )

n - n - a ’ n- - n - i n c a -  :c! a - i n-n-
I, a - -~ ((BY P1aEP (4)) ((-I- i - ta NPR 4) N I L ) ) )

SI . m  I r u c c m l t  15 tea r arc -~~n- - !— ,
I n - n - < a a - ,~ n H D  H i  a r k ’

- - n- a n - u s - A F- i ,A ’ I I o l,H,

— ‘ E na le -r i n s - ‘t n - i t ’ ’
5, - t a -  /5 ( F - F - E L ’  NI  a- - 4 ) )  N I L ) )
1 ’.n - n -~I I n:c a- ‘ -I n - ; ‘m r-c -‘ 

— I— i
— ‘ “n- 1, n - rI rn - - f - a- i n -’!

‘is -k  I n - n - c -  — I A  I N PF - c- n - n ’-.- 5j’ / — ~~‘

, , n - n - n - t  i n n - n - n -  Cl’ F- ‘ 0 n - - F - E D

n-n - r n- n - - a - :  rn - e ’  c ‘ ‘n - I c -  51 /3
l i-ole /5 Ii,)
is-k i rig PUP an’ -- Ni - / a - — i
In ’  ~i n u n - ’  I ‘n - POP

( ‘ ‘ - a - ’  a n i l  ‘n - a - -a r ’  - ( / - i - P U S H )
— 11. 1 t, I rn - n - ’ W In - I I ’’ (NP (NE - F - FRED))

_ _ _ _ _ _ _ _



F-nt - rlng c t  a- n- n- Q b/
Node (NIL)
‘ I s - k i n g  POP arc Q 6 / — 2
T r y i n g  to  POP
T r y i n g t a -  SUCCEED

S DCL
N E” N P H  FRED
TN S PAST
VP V B E L I E V E  Second possible  I~aroa- .S DCL

NP PRO SOMEONE
TNS PAST P E R F E C T
VP V SHOOT

NP NPR JOHN
a

St arting alternative iS
At arc Q6/—2
Na - ci a- (((BY PREP ( & ) )  ((FRED NPR &) NIL)))
T a k i n g  PUP arc Q6/—2
Tr y ing  to POP
T r y i n g  t o  SUCCEED
BLDCK~ D

S t a r t i n g  a l t e r n a t i v e  12
A t arc ~3/—5Node ( ( ( B Y  P R E P  ( & ) )  ((FRED NPR &) NIL)))

I- L ‘a- CE mn-b

St a r t  iri~ alternative 9
A t  a r c  ~ 3 / — 2
N - - d c  (((SHOT V ( & ) )  ((BY PREP &) (& NIL))))
F-Lu-SEED

St a r t i n g  a l t e r n a t i v e  8
~~ t c.n - n -’ ’~ fln - / _ 3
Sn-n -dc /5(BEEN V (&)) ((SHUT V 4) /5 &fl))
F-LUCK F-- IC

‘- ‘ -ar t  I n ~ a l t e rna t i ve 6
A t  arc
N- n- In n- ((TO PREP ( & )  ) ((HAVE V 4) ( &  4))
TaKing PUP arc Q~ !—3i r v i n n - g t o POP
i r ’ y n - r n -~~ t o SUCCEED
EnL-I ,- ’. lK E I Lc

lI t  a r t i r u e ’  a l t e r n a t i v e  5
At  arc
Node (~~( T O PREP ( & ) )  ( ( H A V E  V 4 )  ( & 4 ) ) ) )
BL In-U n-I F-, IC

Star t inn -w alternative 2
A t arc cc -n-!—2
Node (~~( B E L I E V E D  V ( & ) )  ((TO PREP 4) (4 ‘4))))
BLOCKED
N I L

a - .’.

-~~~~~~~~
- . 

--- -- - -



In- — n- a — _

a a- a-In - ~nrc p a 1 -  n- - n- - i n - n - ‘ a - n - - n - c :

— a . a c - i  n- - n - ’ n -  un - ’ ’ - ,

- - n - n - r u -  a c - a t  -‘ i r ’ - - , eat I n-
_
i- ’ cc n - , - - n - c  1 A l  N I c m ,’ . - - r ’  mn- 5 i ~ n - r ’ n - ’  n-n- a-- ‘ ‘ ;  a -  ‘ - I

I n-a n - a n - ” ;  n - n - c -. F- - n -  c’~~ac r n - , pl n - , l ’ YI ’ ’h iu l,, J r- n - - - a uui r c’m a ;~~ r :cn-- ’ r’ t o ‘ ‘ n - - / n - -  I rn - n-n- n - . ’ n- - I n - , :-

I ‘m w - . - r , r o - _ , ’!, I n - , n- - ‘ n- c a ’ s - n - -. l u _ s  n - n - ca r ’ - I h a m -  d c ’ u t l ’ ’ a -  I n-- — .- ‘n - n -” -a c u n , t F a - ! n- ‘a-’

ca n - - n - ,- ’ -, J . ‘ i - ’- n - ’  I n - c _ -v u- t i n - n -  I - n - - ea r.  Of t t i n - c : ’ c n -  t n -n - an - t in - n- n - a s , suc h an - : ’ - .; Y I - l - . i J , w- n-

_ c r - n - n - ci a’.’ tn - c c ’  v’ r n - - a n - c a, s- n - .’: ‘n-~’a- a-’h a - ‘cr ! n - C s - i a n -n- cq’- ; - i n - - ’’ n- t n - - n - n - :  n ay  n - a - !  r n- - n - i n - i l- - ,

I n , ’ us -- n - - .‘a n - rn -  a u ; , c - c ’ n - f  p w n - , n - c -  tc f a n - n - n - i n - - n - - c ,  r n - rn -  . - r a - m r n a r  u ses .  lh e  ‘a’ ,- n-n-- r /5’. n - ’ ‘ w ,  -

( l a - n - ,  n - a.,, ‘r n - n - ,- - , - l , ’~~’c1  ‘ a - c a - i n - c ’  10  1 t i - a - n -  n - c ’ - ’  ‘:a . I ; c n -  ‘ c - - n ’  s - a - - a - _ f  n-ca l a - n o

‘ n - c a _ S n -  I ci c e l i a - - I _ . , r ,  a I t I . i c ’ s ’w’ , _  rn- a m -  a — n - - I  i t c- ,- na , a- _ I - -  I n -n ’ A

n - n - - a ’ s - r n - ; . !  a f c a - n - ,  n - i ’ n - c ’ t n - - t I n - n - ’  w a n - n  _ t a u a- m n - ’ i ’au l t  : ‘ a - ! t m n - , a -  n - n - ’  a - n - v -n ,  n - - I

I : 1,1 - i - LI : I I  I n - a .  -‘ra n -n -a n -rn - ar 1c m — S n , I u s - c  t h e  n - u n - n - I L- f a n - o n - i n - t v, a- c u t l a s s -  I n n - S  l I a r
n- o I L  w _ , 1  ‘n - n -c’ , _ r u , a t u- , n-,~ I ca-I d _ n - a n-i ‘: n - n - u f _s - , n - r c r  n - O r, .  D e f a u l t  _ s I .

r i - A I U a - F - I I - r’ I , ,h l :  I t  t n - c~ a-r an - n - a n n - m n - ’  - n - - - c ’ a ’ n - u l  n - s - a -  t n - i ”  I c _ - a t i c r c -  f a c i l a t  n- , n - n - n -  t _ n , c I
ll a ma- ’ t o N IL w I I  eI n - c’,.n - s - n - c , ‘ a n - c a -  l i - - I n -  i n -  a c o n t r a - u n - n - a n - i  I _ n - c . I n - t n - u I,! ~~ - -

w:’ . l : ’L- ,. i n -  n- n - , - , , n a , c ” c n - r  - ,, ‘s r n - : , ,- w- l l~~t - ’ n ’ r a u - - -.I n - c U , c t r n - n -’r  t a - s -t u r n - , - , ~- F S 1 F L , -t
‘ a  - ,  a I c a r — N I ,  - H-I - a , !  n - c - ’ N I L .

A L. -.l A i l,lE -L I : i t ’ I h _ c - I i  i n -’ _ s ..IL , t n - c >  c n- a - r r r  / 5 n -  n- w i l l  not ‘‘ c’,~ n-]o. t n - a , -n - n - /5 a- !
I l a s - - n - i n  n-’ . ’~ , t _ c I c ,- n - r u t n - ’ r ; n - ’ - ’ t ’ c ! n - n , c a  of a wa r  w’ n- n - n - . ,r an- a - a r :~~. ’’ , ‘ c n - n - s-c n-’ ’/ In -
A l ’  A l .  i - L I  _ s n-n- I n - n ’ !, _ t w a l l  cian - n ; ale !nis n-n- taTT~T’T

’ Tr :to h ose’ TA T “ n-n-
_ _ n - , a n - -

‘
j n - a - ’ c - O r L n a r ’  a n - n -  ! ‘ a f - n - T : n - n - ’ r S  o f  I n - , - i n - :- ! . I f I , n - n -  ‘w n - l l  -‘ - on - n - u n -’ ‘ n - u _ a-

am a - _ ,  _ t y  n- , !o  a l l  AT am a-- n-n- . t n - n - a n -i l  n - an -  ‘I .

5?, N i t - L i :  I t ’  t n - a c i n - ’ - ’ n- nn -a ’n- ,: r ’  u,’’-, a ’ n - n - ,- L Iib ,AEi 5Yl ) . n -- “ - a n - H-un - act I n - — n -  n - n - n - t i _ n - c
a of n- Sr d r , S t n-’ n- n-~~_, I

n - - n - - n - -n n-’ n - ;I n - ’ n - c, n - n - n ,t n- a- yet

- In - I l - ’ ‘ I . i T n - T E . : ‘ I n - n - : ’  a’ah i ’-u l’I t , n- t i n -  c l - i n - - n -  c - t a n - -  - I t a - n -- ’ s - r n - n - r n - - a r -. b — - i — n - - u i !  v a l . , u~,-
_

I, i,LLPU~, l n - EL i I: II IS ,, I , : 1 , - n - n - F - L c  _ s ‘ . n- . — ’.~~L , an- - I l - il ‘irs - ,- ,FI n e- y r I n- t nn --c n-. r if
— 1

- n- ‘ n - -  _ t 3  r ,  _ n - , ;  u t  1- a t  . - - - n- a u , I n - an-a - n- I _ n- a- n - s I

- ,s , Ab - lE - I j t , ij - — : : A i — ’I : I a  1 ; ,  n - n - p  .n - chart n-o n - n - v - n - ’ ann -i n - a - a - o s - a -, n-c n - n -  n - n - c c i n -  n - s
- a-c’ I o n- n ,  n - — N  I L Va  I a- a 1 - n - v .  n- I t u n a  “ n - c ’ - - n-< n - c c - t c n- ’ an - ,  c m l i  c - n - - a n -  n - c c  I x n- - n - i l

— n - n t  - - n - - n - ‘ ‘ e n -  at  n - _ n - n - . - n- ‘ l a n - u i  I n- a n - 1,1 L

I n - u 5 -  I n - - a - n - n - c  t o  ~‘‘s - n - s l ’ m t  n- - ‘ n - i t  t ’ i c I , n - : e ’ 5  w F , n - c h  un - n - a I n - A n - i n - ’  - c cv n - n - f  I n- n - a -
p- ,1 n-n- . , -

‘ n - -c c ’ - I n- - ‘ a n - i  I - n - - n - —:: , I In - a:’ n - n - n - n - - ‘ in - ,, I F u n - i l a P - - - I a ,  ‘ - I  I a- n - ,  - I n-, r r a I n - a n - S  I n-_ n- cIa -
‘ - a r e a  I t n - s - r i  j a t  I ‘ cv’ - - - n-a-Il n - n -  n - n - n - n - c t  S F I t cn - I n - old I n - st In - u  I n - , n - -cn ’ n - ’n - , ‘ ‘ . i  1 1~ n - ’’’ - ,
_ r en -o s— s -n - ’ -  ‘ t  In - , . ri - n - i n - - n - cc w h n - - - n -  an - m y  n - i n - o n - .  ‘in - i  A ’ I I .  c ’n-’ ’ c” n - ’ n- n - ’  n - a - n -  n - n - -

a -  , l a n - l  i n - — .
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I- n - - - - . ‘ i a - n - h  I a :  ‘ c a- S n - c ’ n- n- , , ,  a n - n - , j Ac ! i n - n - a:

I n - c ’ I n - - n -’ l  an - n - n - c - I  ‘ia - n - n- - , n - i , c i c - n - i ‘- n - ni ar- c a- n - n - rn - n - - n - -  in - n - - n - i  r a r y  L I I P  - x a - r ’ e s s L ’ , n - a : ’- . I - ,-

a n - a t - 1 -  I n - , - ‘ - - t n - u n - c t  ‘ n - c  s -a i l s , Ha - n - n - n - n - n - n -- n -’ . n- n - ’  c - n - n - - a r - n -  m r  n - n - c a n - s - I  k n c ’ - w ’wh. i - - n - ,

n - a -s - n - -’ nl s-n - - f n - v - n - n- l u s t  n - - u i . In  g e n e r a l  t n - u n - ’  s -n - ”cn -n-’n-’,n - fln - n -~ c o m p i l e r  p c n - I s  i r 1 s

n - r a n -  ‘ m n - n - a l  n - n - a rc  n - n - n - - n - n - a  t l a n - - an - an - n - n - - - dec ian ’ai tton n -n- - ‘ n - t i m - I  t u n a - I  t ons  t hat  t n - in -’ L ISP

n - — n -  n - i c r  n - , : ’ - : ( N l , A I I A , I , n - i , c’n - M I , ,  F - ’N ’ I Y P F - I , n - t a - . ) .  I n - c  n - f I j i  i- -n a f a c i l i t y  is

n- n - ’ ‘a - n - in -- i w n -  n - n a -h a l l - - w a -  I I n - n - n -  user 1- 0 t n - i l  t h e - a - n - i n - n - n - n - -c ar c o m pi l e r  how 1 -a- c a - n - n - pile

I I c >  _ n a d n - v a - l u a l  a r c - n - u n - a n - - n i  a’ 1’ - ’- ;u r n - r t  a cu l a r  f ’ u n i ’ t n - - ’ n c s .  I n - n - n - n c ’  I hL S f a c a l a t  y a t

is ; - ‘ s s n - I - l e  to w a - a t e  I C u n - a c a t  n - o n  c a l ls  n - n t in - n - -  a - n ’ - n - o ’ - c-a r w h i c h n - n n - .- i a c n - t l y  L l ,]I s-I F-I

a- ‘ n-r n’ n- - f  I r , m  a m  ar ’ s- un -n - ca - ruts and v n - n - l u a t  en- - -I n - c - - r a n -  m n - - y e n  w h i c h  c a l l  -a - r o t h e r

t n - n - n - : -”!  n - n - n - n - .  to dc-n -n -n - n - dc- I h n - c a r  a r g u m e n t s .  Ti-un - - a - - : r -, 1a - i l e r  is t o l d  how to c o mp i l e

t r a m- a r c ’ -rn - n ’ . I S  l o s -  f u n - c- t n - n - a  by  ;‘c ’n- l t  n -n c ’ a n-a r - n - a -- i t  5cati on as t h e  v a l u e  of n - n c ’

a m - ;’ n - a - v  ::Ah’II -l I-RAEn - G lf, F la a-fl t h e  I c r o I - - m t y In - n - a n- of the funct ion name . ‘Ihc-

a- c i a - n -n- a- t ’ U~A t-l r- aA h A R U  i t n -~~- , p r - a -n - n - c - r I  y shou  1 - I n - n - - a n - a - ’  o f  t h e  f o l l o w a n c ’
1)  l,A -lIn -ICA : n - rn -n - ’ a - r u - a I  n - - n, n - -v - u - i t - ,’ s - n - i  — a - f  n - t s  a r g u m e n t s- . ( T h i s  n - s  i n n - .-
an - - a - n - H I  c a s n - . )

a - ) t,I ,A !-ln’lA : I n - u i ,- t u r n - a c t  n - n - ,  c aIc, n- ,’ ’n ’,~~n- - ‘ a - a l u m - n - I -  a n y  of n - I s  n-n- n-- ca - un - mm - n t: ’, . i ra - ia -
COn - u - s - i s-n - be- Hr-c’ l a y  ;, n - n - i t  iru s- Ihe n - a - n - u n - n -n- n - - n - ru -a-ni er t n- a -n -a r of i a - n - -  I, i a ” t s  NLAI-I A

- r SLAt -iL ( a - t m -  I ,, I a - caL II cn-,m p 1 i n - a - ).

A I n - c t  -~n , . ‘ n - c  Sn-c a-- a n - f  n - n - -s nc ~, n - - a - n - , s - m a -u n - r n - - n - ’,! should n-cm - t re e s - ta - - a . Each
- 1 on- n - , n -  OF I re’ 1 n -st a ’ c n - n - ,  n -- n - a :

1)  In- - t’ In - iL — I 1 n - a n - ‘n - n - ’a - c a n - n- n _ n- a - ’-” - n- -a -n w a- 1 n-n - a n — v a i n - n - a t  ed I n - n - i s  a - s  I s-n-
uc ’~ ’i n - c s-a -’. n - ’wn - . - n - - n - ’  t n - u n - -  Sd - -

‘ a - -’ ;  - - ‘ I s  _ ts n - r g - u m m - r c t  t o  be evaluated n-n -ni l
t e l l s  i n n - c c n ’ ’ ccc , n c , n - r  - ‘ c n - j , u n -- n - ’ 1 0  ‘- a n - n , r o n -  s - n - ’c ’ u r ’in - - n - ut for erru n-,edded calls.

n-c) ~~~- In - ’ , — lI c u, cn - ar s - un - n - c a - t ,I ~‘ n - - n - n - - n - n - - c a  ae- .n- n- HIOTEI . l hn - a ’ p r - n - - vn - n - es a
C- n - n - , ’~’l r , _ n - ’ n - c l wc- , V  n-~~ ‘i n - u t  ‘ n--an-i t n -fl -a l -y ac~- -t In - c c - n - - n - ’ ’, am s - a - p um a - nut ;‘-casl t i - ’-m, a-
n - n - , a I n - un - c O t n- - n - , call.

* — ‘ia -C ’ a n - r c a - n -n - n - rn -I n - a n - n - on - c-u n - n -- :. I c _ - n - . a-c- n- In - n - ’ s - r a n - r n - a r  ‘an- n - n - p a - i c r  hut n-a-
rn-a .a- n ’ - _ y cor n - n - a -. S o t - :  An ’ - - - n - r n c - r c t - a- a - n - s - n - u  occur i n - n - I s - Is - r,cn - s - i t n - n - an s-n - a I l
n - O n -  ‘ ‘n- ’:’ ’ an - , ’,- -“J c”t a j n - - d  f - n - c ’ ’ !  n - a - r: s c:u n - n - n - - c a n - -  wil l f lc  I be a— c-s - ru n - u - - h l~~ n- h i ’

— c- a -n - n - ;. i l  r .

n - n - )  An , -: ‘in - e r ‘ n - i - r n -  — ‘I n n - ’  a t--n - ” n-s In - , - nc r— n - ’ -n - f ’ a l a-n et n - u,- r n - w ha a - t , w t,n - -’r c
A f’IL ’n-’ n - - ’ n - t o t n e  a r - ~’. , n- ’. n - - n- , I n’ n - c a - n - S  i n - n -  - - - - n -  n - l e d  b i n - a -n- - .

Exarr.pla -’n-c : ‘H- n-n- c- n- ’ ’mn - ’,n-n - ac n-’ f . n - , --i n - - .r c SI- i n- c , . a  - ‘ r n - I s  I n - u - ’  v a i n - n - n - -  c - t  -a a - n - a - n - c— t n - - n--

coul d I - -  - r n -, ;  n - i n - n - u i  I y n - c - a - n - n -u s - a) fn -AMI- A I’A : n - C I  ru ; ‘ r ’ o ; - n - - r r  y of (H - O T E  E )  .
‘ The

n-ir a’ i I - r ,  ( , E’I~ A N A I D b . l c F - I . ci -I ) w n - c i t  cC n -r n- n - I -  - - ‘ t o  (SEl l - ( a - l l U ’I’ En- AUAI’ H ( hFLG )

‘I). S F - i n -  n - s I n - f  n - r u -  - I  as ccc Af-IH-A f r e t  a - a - n - n -  i n - , , . t n - ’  a - n - c l n.- r n - r- n - ’ tc _ -r evalua tes

SE T h  5 n -’ , n - r u  f a m - ’ i  n- s- - o s - r a n - a’’ a n - n -t’ n - ’’ ’ , , i l ’ n-’ n - - v  n- t n - n - ’  c -r  ia- - n- n - - - ‘ . ‘n - r ap n - i e r SO
t n - c a-I .1 Ca n - c K ’ ’  ; -  I r a n - - v. n -n - i ’ t t u n - -  r n - - s - n - a c t  ~- ! ‘ : n -  U n - c  n - e  a n - a -  u n - n - f  an n- t n - n -  c’rammar.

M n- )
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n - n - s  a r ’ s - n - m n - - n - n -  a - )  w n - c  n - s - I c  n - n - v o n - , I s  t in - n - n -  e x p l n - - ’ i t  c - i l l  t o E V A L  w rn - n - - h rn - - s u i t s  f ’ s - - n--

n - I n - i v a n - a s -  SET H f - c ’  a S n - A l - I l - L A  f in - rn - c t  n -on ( a - . > - . t i - n - n ’  n - n t  - ‘ r ; c r c c t  n - - r  doe :c r ,  ‘I n - n - v a i n - n - s - t n -,

n - I s  ‘n - a - s - u rn -c - n - I s )

Ira - t n - n - c -  L t JN [, h ,-n - s- n -n -ac rn ,a ir - , n -r a n - na y of ’ t h e  a - n - , ’’  f ’ u n c t  ions  n - n - s - n -,’ E V A i , : ,  t o

- v a l u a t e -  a - n - n - ’  - ‘- n - n -n- n- ac m a- -. t t t n - n - ’  n - n - ’  a r g u m e n t  a n - .  E V A L L O C  n - c an - an - n- n m - - n- op t n - a n - : ( 1 )

n - f n - n - s  a rc ’ n- r n - a n - - n t  n - c  “a” n-. N I L , a t  s- n - - I c c  t h e  v a n - i n - n - - ’  of t n - u i  ‘ ‘ u n - r r c. n - , t  t s - r  a- —

( 2 )  n - f  t n - c ’ ‘ n - n - ’ s - c l - n - , n -  n - , ! n - s  n- n - to rn - n - a c, at is a r n - - a - n - cat n - cr w a - - a n - - -  vs - in -m e n-s n - ’-- n - r - a -~ ‘n - ’  I ;

- - n-n-i l H) n - f n- n - n - c  - - n - a - c’ cur n - , n - ’ n - , t is a in - ca l , a t is -n - vn - n - I ua t n - cd. Tncn - a,’ 11’’ s - an - t a-n-

J 
a - n - - a-n-n-a-n -’s- n - ’ t o bc - c l ea r e r  an d un - n - :’- acu c i u t  t a - r n - - n -- n- w n - t  h r cre O a rt a n - i c  f ’ -~rn - c t  n - ’  c a l l s - .

is- ac- ’ - .-n - . n- l a s h  I nn - n - n -  an- an-n-,>- r e s u l t s  u s in c ’  I i - u n - ’  c a n - s p a  i n - a r , a v e r a - a -  r, oa :., a,’~5 I,Gti

(‘..r. ’A LLOC ) n-s ; r n - - v a n - n - n - - a  which returns I nn - n - ’ I a-arm t a - a -  t n-n- c dn .’n - c n -n - - a ea arc- urn ’ -

la - n - ’ f u n - n - c t  n- cn - - rua ’ Un - u n- a--a -, US > ’ n -t .  a r e  t a - a - n - n - r a v e n  GRAMM A I ’ n-’n - t’ G It -i F-’C n-,r’ ,;r - a - n - v

CF - \,‘ALLOC t’-.- m t hose a r g u m e n t  [‘n- a’ a t  n - ca - n - u s  wh a - n -n h need decod  n - r n - c - . ‘l a - n - s  n-n-n- n - c’s - n - n - s

t i - an - d e n - n - c  n - rn -c- process t a n - K n - - a- p lace  once at  c o m p a - l e  1 n- rn-c e n - n - n - s i c n -c’ : ‘a t  a - -a - c - a -

n- n - a - n - - a-rca’ n- a-- n - r n - e n - .  For ex a m p l e , n-n t n - , n -  L U N A H  c’rcn -rn -an - n - am n - t a n - - f - n- n - c t  n - n - n - .  I ’ I A H - ,~ ,I-

has a G F -AM MAi’A1 c G IN~ n - , p r o- ; ’ n- - r - i  y of (SF-,VALL ( a-’ ~‘ttH ’f In - ) . Ia - i c c n -a ll ‘s-nc- n - h e r ’ - —  an-

n - - a  h av e  ( n -s -n - a- n-I F-I F-n - N I - F A I L )  ~s -n- na ac t  L i a r , w n , i c h  c - : r ’ u n - - l l e s  - n-

( ‘ - , S a r I Eh  ( IE ’i ~ I )  (~~I, J c ’ ’IE NSn- . — - an - ad  s-v ids s-rn - e xp i n- - n - I  c a l l  t o  i - , V A i ,  n - - n--

i’IA n-KE .i’a . f , c ’ t  n - ce  t h a t  b - v  u s - n - n - ag t h n - a -  I n - - i - c n n -  n - q u n n - , I n - u e  c’a - a an - .n-n-o n- r ~r n - t ’ ’ r ’ - c- un - ,

spa - n -n - ’ n - f y  d e f ’ n - u n - I t  ‘cr’ s - ur n - n - rd : to a n - o r , s n - r , t a - :’ n-n-’rammar (‘n - n - v - ’ry In - I n -  in-

corn-a-. n - n - at  n - - n - a - c l cost ) a n - u n -  n - - m n - a l l y  n - a n - ; move  t h e  r e a d a b - n - l n - t  V of I n , n- , - s -r ’n - n - , ’n- s - m .

- —, *-
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A l - I a - r n - u t  Lx F-

D e b u g > ’ n - n i p  F n - - n - it  ur’e -s

., a - n - ,, n - n - - t a - n -’ c - n - n - r pn - l er t ranst ’un -rm :u- t n - n - c  grammar a-r :to a program , t n - n -e r’rarnn-n-cn-ir

w a - a - I  - n- a - n - n - n - ,  use t a-n -’ d e b u c ’g i n g  bc -a l  ur n -n -s of ta-u - mn - , ~ect iancwu -apc ’ I- n- n - n - i d in

‘ I c - a - U s -c- a - n - : c -  n - c a - n - :  ~-n ’amrrn-ar. Ta-- a - c - ’  s h o u l d , of cocj r’ :ae ’ , be augmented by can - a -n -a-

n- ‘ n - n -  s - n - -n--s ‘ n - r n -  n - c s - l a m  t o c - r n - n - n - m a r s, n- ut .  t i-n- c -n - se a re  i - n - n - a t in t egra t  ed L n - . t a- ‘ i n -

cc- : n- s - n - n - n - n - c - F r - - n -rn > wc ’r k .  ‘ l h n - -  f o l l c n - w l r n - n - ’  sect n - n - an d e s c rib e s  a co l lec t  n - n - , n - c  o u-

s-r n- rn-n- n - n - air ct ” a - cn - s - n -- n-n c’ tools t hat have been ant e s - rai n - c a int o Ir e - INTFIcLIIIF’

s - v s - I  ca -n -n - .

The a - c a n - u n - n -c’ i n - n - p  b a c i l l I  les can b a- c- m n - ’ a - a n -~~ed i n t o  t w o  m a j o r  c a l - s - n - a r i e s ;

I r a n - c a - n - c -  an - .d b r e a k i n - s - .  The t r a i n - - , w i l l  show a l l  s - m a - n -n - n - a -ar  t r a n s i t  i o r , s  an-I

a-n , -: n - c - n -  m - r’ — -an - c n - n - n , n -- a - r ,g ope ra t  t ans- .. i n n - — I a - i - - u n - s - n - -n - i n - c ’  ms -den- , t he sys t em w i l l  even  keep

cc n - n - c -rn ç , l n - - i  e n - c a - c a n -  o ry  c-f n - S e  pa r se  so I rn - i t I rn - a -  u ser  can  b a c k  u p .  In a d d i t  ion ,

I n n - -  u :- ’na r has  t b u n - -  a b a - i  a t  y I-i a n - i op t h e  p a r s - n - a -  a t  t h e  c nn - - i  of each l i n e  of I n- an - -

t n ’ s - c a -  n -r i a r i a - n - ’  t o  I- ’-o s- an -- n-a u .n - n - :  n- ri a n d / o r  c t-c s- rn - c - n - - t h e  c u r r e n t  a -nv  ir s- i n n - n -a- n-a t

In - - c - a - r n - ’

‘l a- n-n - tr ace L:c3 c~an- i ,’n- caun-aa-:c I rue fur --c t i c r - n-a I n u  t a - n - ,  - - F - I n- - ‘ t l a n - s - c a - n - c - n - -  a m , s-n-’s- n-’

1 0 Cr- n - n - n -  out w n - ,  i t ’ I n u n - v  a n - rn - do irt s- . I h a -r e  a r - a -  I n- n - -n - n ’ 1 ymc a- of act a-On -cs- U t , .  -

n -ra y a - n - , n - r , - , c i c , c ul n -’ c i n - n - u  t n-n - n- t r a - a n - ’ : (1) - n - n - ’- - I ra n - n c - it i- -rn - s , s - I n - r i n g  of all e n - ’ - ‘

a n - n - c I s - I a  I n - c a t  o; - - r a t  n - o r n - s ;  ( 2 )  n - c - t I  n - n c ’  n - c t  n - ’  n- - a - , a t n - n - r F ’ ; an - c l ( U  sc ’n - , ’ n - a - r n-n-

a - ’ - s - n - z i n-,’rs t o  n - n - PUSH ‘ n - urn - f n - s - u r a t  n - s - r n - . The I n - I  H r  t w ’ -  o f ’  t n - . n- , “ ‘ a ’ s - n - , - n - n -’ -

ot t r - a - ; - - n - n -- ’ n - ’ r. t l y .  Ira a d d a l n - o n , t n-n- n-: a - - a - c u s - c ’ n- .r s - v a - - t n - n -  u n - , , n - n - a.~

t r a n - n -~n- t o  a I n - s - K t a l e  - n - r u c n - n -- a t to TTY . (it n- b u n - - ua ’ ’ ’ n - ’ ’n--.’a- n- -n-

- ‘n-- p an - s , n- n- “a n - rn - - u n - c ’ -  t t a n - ’  I N T E l - I  t n - i ’  [cHIl n -a- ,F F-. F - ’ a i o a l  n - t v . )

i n - ”  n - ca ,

‘I nc ’ a-re--ak p - n - - ’ k a s - n -  , d l o w a — t a- n- a - n - ,- - ’ -  a- I - -

- n - — ’  n - a t  ‘n - t  n - - n - a  o F  I h> - I n - u r ’  n’ n - !  - a- n - ,  n - n - n - - a -  n-

‘~‘~~Oi n - O i ’,’ b- i n - n -  - v - - I  C - n t  n - s - u r n - I  a - - n - c ’- ;  n- -

ra ir ’ .n -n - to n - n - i - n - n - ’  . ,  n- n - ’ - r’ n - - .’,n- s n - - n - ,

—~~~ -
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I
t~h h~~t 1 ( t r~ LI  hr~~’rik (.X ~~( u 1  ye ) au rment ed wit h sor’ie ~~~~ la I f unct ~‘, r .

( t ’ h1~A K MA L t ~US. S~ n’e t n user s talking to BHEAK 1 , he can use any ‘ f ’  t h e

LISP break commands or execute any LISP functions as well as the special

commands descr bed below. He can also use the special commands whil ’~

ins ide  of a brea k caused by h a v i n g broken one of h is  f u n c t i o n s  or ty p in r

Cont rol—H or Con tr ol— B.

How to Get in to  a ~ reak

Whenever the trace package pr int s a line of tracing information , ar r~

the variable PAUSEFLAG has a non—NIL value , t he trace package w ill wai t  for

the user to indicat e whet her to cont inue or break. A break is cau~ ed rjv

typing PAUS~ CH A H ( i n i t ia l l y  “ , “ ) .  Cont inuat ion is caused by t yp ..nr

~O N T I N U E C H A R  ( i n i t i a l l y  “ . “ ) .  All ot her characters are ignored . If

PAUSECHAR is typed , BREAK 1 is entered. The parsing is resumed by usirw ore

of t h e  break e x i t i n g  commands , or by using one of the special ~on,mar~~s

described below. Note: “ . “ is equivalent t.o the Break command “OK ” .

Grammar Break Comman ds

Print ing Out Parsing Informal :on:

The following commands and funct ions are provided t n  p r in t  ‘U~

information associated wi th a configurat ion .

1) CF — a Break command which prints out the present status of th e
currently active confi guration .

—~~~ 2) PPCF (n) — prints out the status of configuration number n.

Note: both CF and PPCF OfliY print non—NIL informa t ion about a
configuration . Also PBINTLEVEL is set to ~4 when debugging. It can be
reset t.o a higher (or lower) number if the user wants more (or 1€r ~~)information printed.

3) PT — a Break command which t ree print s (PPTT — see below ) the current
structure (*)~ This is most useful after a POP Ic examine the
st ructure which was POPped .

~ ) i~P iT (x )  — prints the struct ure x in a t ree format wit hout parent heses.

5) C~ A HRAYDUMP ( ST END) — dumps the  con ten ts  of the configurat .cr ~ a r r d \
f rom co nfigurat ion number SI to configuration number END. If ~1 is
NIL , 0 is used . If  END is NIL , t he largest configurat ion FREECF# , is
used .
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Commands to back up the Parser

The toil owjn~ commands are used to change the flow of control of the

parser while debugging . In order to use AGAIN or BACKUP , the parser must.

be run in PATH mode , which saves a new configuration each time an arc is

taken.

~) AGAIN — a break command wh ich restarts the current configuration ,
i . e .  goes hack to the most recent arc t ransition and starts again .
The effect is to redo the current . arc . If the user discovers that
th L s did not back up far enough , he can use the command BACKUP .

2) BACKUP — a break command which restart s the c .nfiguration which led
to the current one. BACKUP may L~ invoked successivel y to back up
more t han one arc t ransition .

3) ABORT — a break command which ABORTs the current configuration. The
next active confi~ urat ion will be taken from the ALTS list.

Nc te: AGAIN and bACKUP are useful if an arc is taken (or not t aken) when
it should not have been (or should have been). The predicates or functions
Lnvolved in the offending arc test can be broken (using the LISP function
BREAK ) and then AGAIN or BACKUP can be called to redo the arc .

‘4) FIRE(n) — aborts the current configuration and starts the
configuration n . If n is on the ALIS list , the ALTS list is POP ped
to the configuration before n .

5) PARSER(n ) — recursivel y invokes the parser on configuration n . This
provides a way of exploring one of the configurations on the ALTS
list or returning to a (much )  earlier configuration . Note: Aft er
PARSER returns , the user is still in the same place with respect to
the current parse (except that he may have fewer conf igura t ions
left , his alternative lists nay hav e been a l tered  and h is WFS I may
contain more entries.)

I-

I
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Appendix G

ATN Descript ion of Part of the SOPHIE Semantic Grammar

This appendix gives an ATN descript ion of the same subset of the

language as presented in Appendix A. Of the 2’4 rules listed in Appendix A ,

15 became “syntactic ” categories , 3 were incorporated into other networks

and 6 rema ined non—terminals. The first section presents the ATN in its

graphic form . The second section presents the ATN as it is input to the

compiler.

. 1
(.

1•
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CAT P4R T

wilD LOAD

PA A T/A BB RE V

0
1
~

CAT SECTION ~ RIGHTW O~~ \
POP

PA RT/ PART/SECTION PART/END
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Input Form of Semantic ATN

(MEASUREMENT!
(GROUP

(CAT SECTION T
SETH WHERE •)
TO MEAS/SECTION))

(WRD INPUT OUTPUT ) I
(SETR I/O LEX
(TO MEAS/I !O)

(CAT MEAS/QUANT T
(SETH QUANT ‘)
(TO MEAS/QUANT))

(CAT JUNCTION T
(SETH TERM ‘)
(TO MEAS/TERM))

CAT TERM/TYPE T
(SETR TERM I)
(TO MEAS/TERM))

(CAT TRANSFORMER T
(SETH WHERE ‘)
(TO MEAS/SECTION))))

(MEAS/SECTION
(GROUP

(W R D (INPUT OUTPUT ) T
(SETH I/O ‘)
(TO MEAS/SECT/I/O

(JUMP MEAS/SECT/I/O T)

(MEAS!SECT/I/O
(GROUP

(CAT MEAS/QUAN T T
- - (SET H QUANT *

(TO FlEAS/END)
(JUMP FlEAS/END (GETR I/o))))

(MEAS/I/O
(GROUP

(CAT MEAS/QUANT T
(SETH QUANT ‘)
(TO MEAS !I/O/QUANT

- - (JUMP MEAS/I/O/QUANT T)

(MEAS/I/O/QUANT
(GROUP

(CAT PREP T
(TO MEAS/I/O/QUANT))

(CAT TRANSFORMER T
( SETH WHERE *
(TO MEAS/END)— (CAT SECTION T

— ( SETH WHERE *
(TO MEAS/END

(JUMP MEAS/END T)

(ME AS/TERM
(CAT MEAS/QUAN T T

(SETH QUANT *)
(TO MEAS !TERM/Q)))

(MEAS/TERM/Q
(GROUP

(CAT PREP T
(TO FlEAS/TERM/PREP

(JUMP FlEAS/TERM/PREP T)
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(MEAS/TERM/ji-~ El1( G R O U P
( C A T  v A H T  T

(SETH WHEHE (HUILDQ (+ ~)TERM ))
(TO MEA O/END))

(JU ~~
1 FIEAS/ENI T

( O F l h  W H E R E  ( h U I L D Q  (+  ( P R E F  ) )
1 ERM

P A R T / R A N G E  T E R M ) ) ) ) ) )

ME AS/ LW AN 1
( G R O U P

W H D ( uh u1 ) I
( oi-, i  Ru LAOOI- S ( P A R T  T E R M I N A L  J U N C T I O N  NODE SEC1 I flI

10 M E A . ; / F R E P )
( I R D  AT I

SETR Q CLASSES (NODE TERMINAL))
TO FlEAS/PREP))

(WHO BETWEEN FROM ) -r
Tu MEA O/I3E T W E E N ) )

( W H O  A ROSi T
~~ C L A ~~~~O ( P A R T  J U N C T I O N ) )

(To M E A ~~/ P R E P ) )
( W H D  IN T

( S E T R L  cLA ~~0Eo ( P A R T  T E R M I N A L  J U N C T I O N  S E C T I O N ) )
(~~f- ’, I , f

~~ 1 /u  I N P U T )
(TO M E A S / P R E P ) )

( W R D  T H R O U G H  T
~0E T h u  CL1 30i ~~ ( P A R T  T E R M I N A L  J U N C T I O N  S E C T I O N ) )
( T O  ~~ A - / P H E l i ) )

W R D ( ,SCI~~~HUM I
( S E T R u  CLA ~EO ( S E C T I O N ) )
(o~-.T H Q I / O  O U T P U T )
( 10 M E A S / P R E P ) )

( J U M P  ME4S/ PREP T) )
(POP ( B U I L D O  ( R E F E R E N C E  ( ( Q U A N T )

Q U A N T )
T ) )

(FlEAS/PREP
( P U S H  C I R C U I T / P L A C E !  1

SENL J R Q N U P H O  T )
SETH W H E R E  *

TO M E A S / E N D )
( P U S H  J U N C T I o N /  I

S E N L R  N L P R S  T )
( S E T H  W H E R E  *)
( l u  M E A . / E N O )  )

— ( P U S H  P A R ’I / I
( S E N D R Q  N O P R O  1)
( SET H W H E R E  *

— ( T O  M E A S / E N D )
(CAT SECTION 1

SEN DH Q N O P H u  T)
SETH W H E R E  *

TO M E A S / E N D )
( P U S H  P R O N O U N !  ( G E T H  CLA SSES )

SEN OR 1”t’PES ( G E T H  C L A S S E S ) )
SETH W H E R E  *)
10 M E A S ! E N D ) ) )

( M E A S / E N U
(POP ( B U I L D j  ( M E A S U R E  + +
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I
Q U A N T  W H E R E  I / O )

T ) )

( F l E A S / B E T W E E N
(PUSH PRONOUN! T

(SENDRQ TYPES (NODE TERMINAL))
(SETH NODE1 *)
(TO M E A S / B E T / N i ) )

( P U S H  C I R C U I T / P L A C E !  I
( SETH NODE 1 ‘)
( TO M E A S / B E T ! N 1) )

(PUSH NODE/BET I
( SETH WHERE *
(TO F l E A S / E N D )

( W A D  OUTPUT T
( TO M E A S ! B E T / O U T ) ) )

ME AS! BET/N 1
( W R D  (TO A N D )  T

(TO F l E A S / B E T / A N D ) ) )

( F l E A S / B E T / A N D
( P U S H  C I R C U I T / P L A C E !  T

(SETH NODE2 *)
( TO F l E A S / B E T / E N D ) ) )

ME AS! BET! END
(POP (BUILDQ (MEASURE + +

Q U A N T  NODE 1 NODE2 )
I))

( C I R C U I T / P L A C E !
( J U M P  T E R M I N A L !  T)
(JUMP NODE! T)
( W A D  THERE T

(SETR POPVAL (BUILDQ (PREF (NODE TERMINAL))))
(TO POP/VAL!)))

(NODE!
( G R O U P

( W H D  ( N O D E  N )  T
-— ( TO N O D E / i ) )

( J U M P  N O D E / i  T ) ) )

( N O D E / i
( G R O U P

( W A D  ( BETWEEN J U N C T I O N )  I
(TO N O D E / B E T ) )

(CAT NODE T
( SETH NODE *)

— (TO N O D E / E N D ) )— (CAT INTEGER (AND (IGREATERP * — 1 )
( ILES SP * 27))

(SETH NODE (PACK (LIST (QUOTE N)

(TO N O D E / E N D ) ) ) )

(N O D E / B E T
( G R O U P

( W A D  OF T
(TO N O D E / B E T ) )

( CAT SECTION T
(SETH PART 1 •)
(TO NODE/BET/Pi)))

(PUSH PART/ T
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(o~ FR P A R r  1 *

(lu N U E / B E r / P i  ) ) )

( N U D E ! B E ’I / i i
( W A D  A N D  I

(TO N ODE !BE ’I  l A N D ) ) )

N u j E / B E T / A N D
( P U S H  P A R T !  I

~SE TH N u l l- , ( b O I L D Q  ( N O D E / B E T W E E N  +
P A R T 1 ) )

( 1 0  N u D E !  E N D )
( CA F SECT I uN 1

( S E T H  N U E  ( B U I L D Q  ( N O D E / B E T W E E N  +
P A R T  I ) )

( T o  N ( L E /  E N D )

( N U L  F / E N D
~P uE ( S E i R  N O D E )

T ) )

(TERMINAL!
( G R O U P

( C A L TE HM , ’ I Y P E  I
( SETH T E A M / T Y P E  *)
( TO T E R M / T Y P E ) )

( W H O  ITS 1
(TO T E R M / I T S ) )

( W A D  OUTPUT I
( TO T E R M / U P ) ) ) )

TEAM! TY FE
(GROUP

(WHO TFIiMINAL T
(To TERM/TYPE!2))

( J U M P  T E R M / T Y P E / 2  T ) ) )

( T E A M / P R E P
( P U S H  P A R T !  T

( SET H P A R T  ‘)
( T O T E R M / T E R M ) )

( W A D  ONE T
( S E I R  P A R T  (B U I L D Q  (PREF

( P A R I / R A N U E  T E R M / T Y P E ) ) )
( T o  T E R M ! T E R M ) )

( J U M P  T E R M / T E R M  T
( S E T H  P A R T  ( B U I L D Q  ( P R E F

( P A H ~~/ R A N G E  T E R M / T Y P E ) ) ) ) )

(TERM/TERM)  (PO P  ( b U i L b ~ ( +  + )
T E R M / T Y P E  F A H 1

1))

( T E R M / I T o
(CAT IPHM / IY PE I

( S E T H  T E R M / T Y P E  *)

-

~~~~~ ( T O  I E H M / . I T S / E N D ) ) )

( T E A M / I T S / E N D
( P O P  (bIJ ILDu (+ (PREF ))

T E R M / T Y P E
( P A R T / R A N G E  T E R M / T Y P E ) )

1 ) )

I
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( P A R T !
( G R O U P

( C A T  P A R T  T
SETH P A R T  *)
TO P A R T / E N D ) )

( W A D  Q H D C )  T
( S E T H  T Y P E  *)
(TO PART/ABBEy ))

( W R D  LOAD I
(SET H Q P A R T  L O A D )
(TO 7 A R T / E N D ) )

( C A T  SECTION T
( SETH SECTION *)
( SETRQ CLASSES ( C A P A C I T O R  DIODE RESISTOR TRANSISTOR

ZENER/DIODE TRANSFORMER))
( T O  P A R T / S E C T I O N ) )

( J U M P  P R O N O U N !  T
(SETRQ TYPES (PART)))))

( P A R T / A B B E y
( C A T  I N T E G E R  T

( SETH P A R T  ( PACK (LIST (GETR TYPE )
* )  ) )

f (TO P A R T / E N D ) ) )

(PART/SECTI N
(151 R 1 J H T / T Y P E  (ME MB LEX ( G E T H  CLASSES) )

( SE TH P A R T  (B U I L D Q  ( F I N O P A R T  +
OE~ 11 uN LEX

( T I  P A R T / E N D ) ) )

( P A H  r N D
P (~~i- I H t A R T )

F)

( P R ~~N hi
;R.S ~

~R O  IT I
( T O  P R O / E N D ) )

( W h o  THAT T
( TO P R O / T H A T ) ) ) )

( P R o / T H A T
(TST TYPE/CHECK (MEMB LEX (GETR TYPES))

( SETH TYPES (LIST L E X ) )
(T o  P R O / E N D ) ) )

( P H . ~ ‘ t N L
( P u P  ( b u i L o ~ ( P R E F  + )

— —  i l I r ,
1 ) )

( J N : :

AT JUNCTION I
( SET H J U N C T I O N  *)
(TO J U N C / J U N C ) )

( AHU ITS (NULLH NOPRO___ ( TO J U N C T I O N / ) ) )

( ,5 ii N U / J U N O
J R /J R

( W A D  ( J U N C T I O N  C I R C U I T  OF) I
(TO JUNC/JUNC))

(JUMP JUNC/OF I)))

p
- 
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(JUNG/OF
(GROUPp (CAT TRANSISToR I

(SETH IRAN *)
( TO J U N C / E N D ) )

( J U M P  J U N C / E N D  ( N U L L R  N O P R O )
( SETH T H A N  (LIST (QUOTE PRE H

( Q U O T E  ( T R A N S I S T O H ) ) ) ) ) ) )

(JUNC/END
(POP (BUILD Q (+ +)

JUNCTION THAN)
1) )

—
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