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1. introduction

This paper describes & naturs! language processing system. The system interacts

with & human user, who describes & computer program to it in English. The outputof

the systom iz & program specification, & formal representation of the computer

programthe user has described The program specificationcan be used as a dats

base tor coding the user's program by computer programs without linguistic shilities.

Understanding program descriptions obtained via dalogues requires capabilities for

handling almost all issves associated with naturel language processing. Indeed,

{Hobbs 77} mentions that even processing “wef written sigorithm descriptions™

Ivvolves *.some of the hardest problemsof Snguistic analysis® Since many of the

program descriptionsposed by the users of the system cen best be characterized

#3 "not 30 well wrilten®, the system’s naturel language abilities mus! be sxtensive.

The sysiem is most naturslly viewedas two interrelated programs: & parser and an

Interpreter. Reade, the parser, provides the means of storing and utilizing the

information sbout sentence structure (called synlax] which Is necesssry for the

proper interpretation of the meaning of & sentence. Reader is used to transform

the user's replies from sirings of words into structures In which the relations

between words are made explicit. The Interpreter uses the structures suppliedby

Readerto conalruct the program specification



introduc tion j 4

1.7 Organiration

The next section discusses the natural LrGorge=e0 EYiTnen- TregEL aiteg

natursi ianguage system should have. The Haowong deta ante thre: short

examples which should help tc exactly clarity what is Seant ©, the rogers

specification, and provide some perspective on the natural Isr veas PrCoTEels

dona by the system The perser/interpreler can be used BL pr =) » Aowe

completes sutomealic system. Seciion 1 4 briefly describesOs sveiem end vha

interpreter’s interaction with if. Section 1.5 Is 8 short overview of the Op=s210R

both Header and the Interpreter.

Chapler & Is & goners! discussionof Resder. Chapters I end 4 continuethat

discussionin much more dela Chapterbb describes the program apecificationsnd

how 11 ig bullt by the interpreter. Appendix & Contains severs! dislogues run by the

sysiem,

1.2 Capabilities

1.2.7 The parser

Reader was designed with the following criterias in ming.

The parser should be able 1c quickly recognize & substantial subset of Engliah. The

parsing should be done Quickly, so that the parser can be used In & practical

system. We mention parsing speed and grammar Coverage together, because 1 Is

easy 10 theorelicelly schieve one of tha other separately. Almostaff parsing
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BCRGMOS THO DErse 's small Set of sentences quickly, but few do as wel when

recognizing & iarge number of sentences while at the same time using a vocabulary

which includes af possible syntiuctic uses for sach word In the vocabulary, Reeder

Gchisves speed without suirficing grammer Trsedth because its parsing process

Cah combine savers! syntectic possibities infc & single perse path, thereby

svoiding much of the backtracking of equivalently, peraliel processing, which

There ahould be » well defined interface between the parser and interprater which

Phows thi parser 1o interact with the interpreter and ask it to choose from among

competing parses which are possible syntactic interpretations of & sentence. This

t& necessary because mam sentences have more than one syntactic interpretation.

For example,in * find& reistionin the concept marked ‘possible.”~, the parses

must be able 10 ask whether the object of "find" is “# relation whose marking Is

‘possible’ whichiz in ihe concepl™, of “& relation which is in the marked
{ “possible”} concept

The parser should be able to use he ovalustion function of the interpreter fo

Provide parses in which most purely “function™ words are oliminated. Considerthe

sentence, “Classify the input Est on the basis of whether or not it Tits The initial

hsl® The interpreter should be asked to judge the modifications among “on the

basiz of™, “classify” and the clsuse introduced by "whether". The parser should

then incorporate the answers inte the parse, resulting In & parse structure much

closer to the meaning of the sentence than & mere syntactic structure:
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81s LAGS IN LIST DE INPUTH
ha FIT Me

PARLS [1]

- ARGS LIST THE INITIALLY
i

}

The parse can be interpretedas,

Perform a classification. The argument of the classification
is the npat lst The procedure for carrying out the
cisssificetion is to test If The input lis. Mis the initial Bet,

The parses’ s efficiency should no! depend on using the interpreter to discontinue &

possible parse of & sentence on semantic grounds. The parser-interpreter

interface should only be ssked te evslos'e parses which sre syntactically

eguivelen:.. Two partial parses are syntactically equivalent If both wilt lesd to &

success parse on the same senlence endings, orif the end of the sentence has

been reached and each is 8 successhl parse. The reasonfor this decision is that

In & nich envionment we would expect the semantic processing required to

discontinue & parse 10 be more expensive than the syntactic processing required to

determing thal the parse cannot lead to & syntactic interpretation. Woods, In

{Woods 73], has experimented slong these lines and found that {in his case} =. it

took s 83 it it takes longer to do the parsing snd semantic Interpretation overall if

the Interpretation is done during the parsing then it does if the parsing is done first

and the interpreiation afterwards® Of course, semantic processing wif have to be

done to determine which syntactic perse of the sentence is most meaningful, the

point I= that we wish to svoid any semantic snelysis whose effect could be
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The essumption sbout the [elathve Cosls of Semantics sas Cymaclic processing

cannctbe proved. We can nots, however, thal svi Ms siepiest kinds of semantic

checks csn reguire arbflrary seoeniz OF inference = 8 genorsl system For

sxsmple, colder the decipon of whothar & pel of wiwds (“streel Hghts®, for

exemple) Is & compound poe, oF 2 foun Tollowes by & verb. At first glance, It would

seem thst this “uid Le cheaply done hy simply checking 8 marker on Tha first word

{"straet™), which nilatos whetherIt iz5 suitable subject for the proposed verb

{"ligh's™} However, thers ere Iwo problems with this spproech. One is that simple

markerson words are inadequate for dealing with the problems of language. Many

words can be modified ac that they are sccepisble subjectsfor verbs which are

not ordinarfly sssocistedwith them, eg, "The glowing radioactive street lights the

way for ..". The process of dolermining whether & modified noun is 8 suitable

subject for an arbitrary vert seems beyond simple look-up technigues. The second

probiem is that even if the potential subject is unmodified, the syniax and meaning

of the remainder of the sentence may consirsin the behavior of the ambiguous pair

to be the oppositeof what one might expect For instance, "water bolis™ would be

predicted to De 8 noun-verbk pair, yel in "Water boils are dangerous parasites

which can be found In the Groat Lakes.” it acts as & compound noun. It should also

be noted that occasionaly somantic ana'ysls will be unable 1c sc! as 8 Titer. "Seat

X® may be sithe: & noun-verh pal of & noun and its appositive. The only way to tel
i# 10 know the synisclic context the words appes” in. In "Set X to the empty set. ™,

"set" acts as & verb;In "Set X is the empty sel”, “s=t" scls& noun.
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1.E.2 The Interpreter

The Interpreter must be sbis to do the following:

1. Ask guestions of the user. This ensblez the system to clarify actions It has
taken and prompt the user for information he has omitted

2. Understand Ihwoe differant types of user sistemonts:

User statements mesnt ss ElepE in the program. These are translated into

primitives in the program specification lengueage. This 18 the basic method for

buliding the program specification. "nt the grestes! number i the Hst™

must be translated Inte an “output™ primitive with an argument representing
"the grestes' numbes®

User statements directed as mets comments about the dislogue. These are
transiated into cease frames which express thelr intent, This allows the user

to control the flow of the dizlogue. “Ask me about the structure of the date

base first* must he interpreted as & request for ® tifferent guestion, rather
thar part of the program being written,

Finally, some user statements should be understood as genera! comments
Bbout the progrem rather than ss explicit Instructions on coding It. “The

Program stores and retrieves date™ is mesnt Bs an overall description of &
Program, not its first two steps

&. identify any objects and actions mentioned by the user with thelr correct
raterent In the program specification i the user says “After printing It, print the
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Est containing I.°, the interpreter must find & referent for “R" determing which

"Hzt® is meent, and match “printing 1* to the approorists operation In the program
specification.

&. ise the question i hes asked to aid In understanding the user's replies. In

processing & description of two datas structures. which sre referred tc as tha
"scene® and “concept®, "The same #3 the corcepl”® should be understood to mean

“The scene has the sams structure that the the concept has™ If the question

sshed i» "Wheat is the structureof the scene?® However, the Eyetom must aisa be

able 10 sccept more Information {in any order} then is question has asked for, eg.,
What is the definition of the predicate "Resch?

A node XK is connectedto & node ¥ if there exists & pair in the
graph such thet X and ¥ are In the pair. X cen be reached fromY
It X is connectedto ¥ or if X can be reached from & node which Is
connected fo Y.

5. Learn definitions for any undefined words used by the user. If the system is to

be robust, #t must be able to infer certain Information about words, rathes than

depend on knowing everything Is advance. In the example above, the system

inferred that “"connected® Is & binsery predicate on nodes. If it is necessary to

preprogram information of this sort, the system will fal svery time an unfamilisr word

i8 usad, even though the word occurs in& context in which its meaning lx apparent.

8. incorporate impliclt instructions from the user inte the program specification while

svoiding redundancy If the sama instruction is ister made explicit Consider,

1. Print the resultof the test ssk the user if this Is correct, and
read in the user’ s response.

VEISUS

2. Print the resultof the test and ask the user If this is correct.
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In both 1. and 2., the next questionthe system should ssk Is "Whatis the structure
of the user's response?” In 1. there is &n explicit input operation mentioned. in
Z., the system must infer the Input operstion because "ask* implies both an output
and an Input The system must be abie to supply an Input for case 2... but realire
that the user has already mentioned the pul for case 1. This is not as trivial as

just checking for an Input after wvery oulput generated from “asks™ since if the
User says,

"Output the result of the test and ssk the user If this COfFract.
Then read in another test flem.™,

the system mast still ask for the structureof the uses’ s response.

7. Use & certain amount of programming Inowisdge to aid in its construction of the

Program specification. Understanding many of the user's replies wil require
specific bits of programming knowledge. If the system asks, "What is the exit test
of the loop*, and the user rephes, "Stop when "quit’ is typed”, the Interpreter must

know that this mesns1o test the argument of the (presumably one} input op: tion

in the loopto seeIf t Is “guit™, if 30, the loop should be exited. The same
information tells the Interpreter that the test should be Inserted into the program
after the input operstion.

1.3 Three Examples

This section consists of three brief examples’ Intended to Mustrate the axtent of
the processing done by the system.
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WHAT IS THE NAME DF THE PROGRAM YDU WASH TO WSTET

Write me B called intersec lion wich reacis & set Of lists
: OF TRITOrS Bg Cris Te Tha Trier in B ast Of

INTERSECTION
kl « EEAD{)

Af » The set of FY AZ tn #1) AF wn A] such thet:

FORALL{EL) Glia oidMEMBER{AT ®]3)
For alt &2 in Ad do:

PRINT(AZ) ;

| 31 13 & varvable bound io Al

AE t3 the generis. siesent of &]

Bi 13 8 set whose generic slesenl 13 & 1131 whass gener(iC ¢ivment
13 & mumber

Figure LT ]

Ary pigorithm description and its progres specification

The top section of Figure 1.1 contains a description {in snawer to the system's

question} of & program which finds the intersectionof & set of lists of numbers. The

program specification for the example i= shown in Figure 1.2 on the following pape.

it consists of as series of interconnected nodes which represent the various

components of the program. [ach component type ls fully described in Chapter tive.

For large programs, the program description is too bulky [and generally unreadabie)

to exhibit, so & "pretty printed® version of it wif de shown instead. & simpie

program is used to print the specification as an Ago! Bike controf structure with data

descriptions in Enghah The result of printing the specification in Figure 1.2 is

shown benesth the sigorithm description in Figure 1.1,
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oe as ofnumberssnd prints the numbers which
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The relation between the specification and its “pretty printing” is apparent. As an

example, consider the printingof theENUMERATE component. ENUMERATE: are the

spaciftication primitive for performing an action (the STEPS siot} on each eiomant of

s sel (the OM slot). To “preity print™ an ENUMERATE component, the printing
program merely concalensles,

For ak

ihe ELEMENT of (rhe ON of ENUMERATE)

Cie ON of SRUMERRTES
he STEPS ENUMERATED

One of the points this example makesis that the best method for implementingthe

uset's program is not necessarily contained in the program specification. If the

program specification were implemented straightforwerdly, the resulting program

would be grossly inefficient. The intersection set would be created by cycling

through every list in the Input set, rether then Just (he first, The reason, of course,

's thal the user has asked the system 10 write & program which finds a set

satisfying some sssertions,but has not given & method Yor determining the set.

Therefore the system falls beck on the method of testing each slement in the sat to

see if it satisfies the assertions. The interpreter can accept more process orlented

program descriptions. Figure 1.3 contsing & very low level description of an

“Intersecthron® program.
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Iniermec tion

: DESCRIBE INTERSECTION.

it reads= list X |
WHAY IS THE STRUCTURE OF THE GENERIC ELEMENT OF x3

| A istof of rumbers.

ARE WE FINISHED?

Set First and Output to the heed of X. Let Rest squnt the teil of X. :
Firat is amply, print Output and retum. if Rest ie empty, set
First aqua 1a the tail of First, set Rest to the tai of X, and go
back 1o the first conditional. # the first slement ins First is not in
the head of Rest then remove it from Outpt, set First io its dad,
soi Rest lo the tad of X and go to the conditions, Diherwise, set
Rant lo the ted of Rest ard return io the conditions,

: FRTERSECT | O%BE « READ{}
FIRST « WEAD(X)
OUTPUT » MEaD{x}
REST «» ThRjLix)

Labell: IF EQUAL{PIRST Pui}
Then PRINT{OUTPUTY

Ri TURs{ )
EF EQUAL {REST Pi)
Then FIRIY « TRILETIRLY)

RELY TRIE{%}
OTD Label]

: If Ml

ME sn)Than OUTPUT « REMOVE! FIRST OUTPUT) ]
FIRST o TRIL{FIEST)

REST » TRIL(X) :SOTO Label}

| elise REST « TAIL(REST) |GOTO Label]

REST 13 & 11st whose generic &lement 5 & T1538 whose generic tirment1% & rmbar

CUTPUT 15 & 113 whose generic element 33 & umber

| FIRST 13 & 1131 whose generic element 13 3 nusber.

EK 73 3 1158 whose generic element is 3 1121 whose generic tiement 1s

Fipre 13 |
A iow level descriptionof intersection
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As & prelude 1o chapter five, note that even though this dislogus (unlike most the

system handles] iransiates fairly directly into primitives in the program

specification,there are sti severs! natural language problems embedded in It.

Different ways of specifying the same action:

Set Xezusito¥. Go backfo Xx
Set X fo VY, Go to X

Let X sguel Y. Return to KX

Reference problems:

LAE tall

remove it from Dutput.

..00 to the first conditlonsl.

ihe first element in First.

Language conventions:

Otherwise, 38...

The interpreter can handle more “structured” ‘ow level descriptions. Figure 1.4

contains an sxample.
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WHAT 1S THE NAME DF THE PROGRAM YOU! WISH TO WANTED

ft rence & int XX is list of ists of numbers. Let First sound
ihe head of X ant Oulput squat First. While First is not empty, set
Rest io the lai of X. Then while Rest is not amply, if the heed of
First is not 8 member of ihe head of Reel, remove if from Duin erg
sst Rest io amply. Otherwise set Reet io the ini of Past.

THE TOP LEVELOF THE FIRST LOOP

| rs the loon

ARE WE FINISHED?

After the second loop, set First io the tail of First,
ARE WE FINISHED?

: Print Dutpest alter the first loon.

INTERSECT[0%

Xe SigedFIRST» MEAD{X)
OUTPUT « FIELT

| While NOT{EQUAL{F[RST PH13) eo
: BEST » TERIL[N}

While MOT{EQuAL (REST a.) fu
IE AE, 131 :ME 530)Then OUTPUT = REMOVE( AD{FIRIT} OuTPut)

REST« Pu}

else REST « TAJL(REST)
FIRST « TRIL{FIRLY}

PRINT{OUTPUT}

REST 13 3 1151 vhose generic element 15 & 1351 whose generic elementTF & nusher

CUTFUT 5 & Fiat vhose generic element 13 & ramber

FIRST 13 2 113t whose generic element 1: & number

| E 13 & Te51 whose generic element 13 & list whole generic slement is# ramber

Figure 14 |
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I general, the program descriptions the interpreter is asked to handle wil be &

Cross batweer high level descriptions Hke the first dislogue and low levet

descriptions lke the second two The dislogues in Appendix A provide further
axamplesof this,

tn the dialogue from Figure 1.4, the interpreter had to ask the user whether the

second loop was embadded In the first More programming knowledge would have

supplied the answer for the Interpreter’ It should have been obvious that the

description of the first loop was incomplete, since the exit test checkedthe value

of variable whose vaiue remained unchanged in the loop. Such knowledge Is beyond
the scope of the present perser/interprates project. instead, it is made avaliable

to the Interpreter via the PSI system [Green Ta]

1.4 PSI

The parser/intarpreter has been designed to Tun 8s & part of the PSI automatic

program synthesis system. The PSE system, which is being written as & group

project at the Stanford University Artificial intelligence Laboratory, consists of &

number of different modules, one of which is the parser/interpreter system.

Together, the parser/interpreter anc the other PSI modules form & complete
sutomatic programming system.

The most obvious addition supplied by the PSI system is the coding and efficlency

module which is Intended 10 produce optimized LISP or SAR code from the program

As we have mentioned, the interpreter has some programming knowledge: for
instance, it knows enough to know It dossn’ t know where the loop goes.
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specification Thus the user is encowasged 10 use & very high level! description for

hiz program since the specification specifies the performance of the desired

program, but not its implementation. [Rarstow77] and [Kent 77]

The remaining modules in PS! help support the the dialogues rum by the

parses finterpreter. The parseriinterpreter can ren independently of them, but its

performance is weak {of nonexistent] in the sress these modules were designed

An English generstor being developed by Richard Gabriel. The generator

should not de confused with the English dats description printer used In

pretty printing the program specification. The dats description printer uses a

“Fill in the blonks® paradigm (X is & ¥ with 7 whose Q alc }, which is adequate

for its purposes. The completed PS! generation system wilt include & program

explanation module which will displace the dels description printer.

A programming knowledge module. Ehis module is responsibie for checking

the consistency of the program specification, suppling questions to be asked

In case of inconsistencies, snd answering questions whose snswers can be

derived from information about programming. [McCune 77]

A domain knowledge module which Is being written by Jorge Philips. This

moduleis analogous to the programming knowledge module except that it has

Information sbout the specific type of program written, as opposed io

programming in general It might know, for Instance, that in & text editing

domain, when the user seys “sxit the file”, he means “write all the changes
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A traces and examples module which enables the user io describe his

program In terms of examples and races ss wed as English. [Philips 78)

A dialogues moderster which coordinates the various PSI modules, chooses

which question to ssk the user next, sand processes the user's comments

about the dislogue supplied io It by the perser/interprates {Steinberg 78)

1.6 An Overview

1.5.1 Reader

Reader can be briefly described 23 » Jeft to right parser that uses & combination of

top-down and bottom-up strategies. The method used at any point in & parse is

datermined by the grammar writer. The grammar consists of = set of Lisp programs
which manipulate the dels structuresand date structure building primitives supplied
bry the parser.

Reader is ade to efficiently recognize & isrge subset of English because It seldom

feeds to maintain mors than one possidic parse of s sentence. It shouldbe

stressed. however, that Reader is not completely deterministic? Complete

determinism does not seem possible when desing with & large grammar and

vocabulary in which most words can Puli more than one syntactic role.

The characteristics which allow Reader to parse nearly deterministicaly are Hated

a

Almost afi the nondeterminism arises from words which belong 10 more than one
Word Cisss; 8g. If & word cen act 43 either & verb or & noun, Reader must try bothpossibilities separately.
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below. In Section 3.2, thess characteristics are divided intc essentially three
different categories.

1. & sentence constituent is only built when the parser knows that there
's at least one other constituent thst has sheady been built that can
accep! the 1st a5 & modifier

2. A constituent is sttached (ie, proposed as & modifier} to another
constituent only when the sttachment is forced by the syntax of the
sentence. & simple oxampie of “delayed slischment™ occurs in the
sentence. "The program called Intersection ®. The constituent "calied
Intersection” is not attached to “the program” unt the words following
“intersection” require that the attachment be made.

3. Because of 2. when & constituent is fatisched to another, the parses
generally knows the resson for the sttachment, and can use that reason
to guide it in making the attachment For msisnce, in "The program
Called Intersection was written by George*, “wes® forces “csiied
intersection” 1c be stiached tc “The program™ The reason for the
ailachment iz 1c allow "The program™ 10 be the subject of "was", so it is
Clear that “called Intersection” is to be attached a8: & relative clause
modifying “progream®, since if it wore sttached az the main verb, thers
would be no place to put "was™. In "The program called intersection and
returned™. when “and returned” is read. the parser knows that the
clause “called intersection must He an sclive construct (a3 opposed
Io the passive construction which leads to the relative clause
interpretation} so that it can be attached to “The program™ ss the
predicate of the sentence.

4. The parser uses one synisclic structure to represent more than one
possibility. in “The program called intersection «0, the structure “celled
Intersection” simultaneously represents the predicate of the sentence
ant & relative clsuse Which interpretation to use is determined after
moreof the sentencehad been read.

5 The parser provides for locas! ambigusty In the parse structure that it
returns. For Instance, *i know that ice is dangerous™ could mesn either
"f know low is dangerous. of *f Anow that that {particuiar} ice Is
Gangerous.”. The parser finds both Ifterpretations following & single
parse path, and continues following& singlepath after the smbiguity has
been reached by preparing an output structurein which the subjectof
"is"® is a cholce between “that ice”and “ice™.

Az we have Indicated, bccasionsily Reader must pursue more than one parse path at

& Time To avold analyzing ine same sentence constituent sach tes # is
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ancounteradon & different parse peth, Reeder uses s variationof the well-formed

substring table ides (section 84) This enables & constituent which has been

analy "ed Ic be stfectively shared by each parse path that cen use IT.

The parser-interpreler interface is only called 10 ale 2tructures which are about to

be stisched io other structwes. Structhwres are stteched to other structures onby

when the syntax of the sentence forces the sttachment. These two facts imply

that the parser-inferpreter interface will only be ssked to evaluate those parses

which sre syniacticslly equivalent’ For a simple example of this, consider "The

numberin the Est the program printed was ™ “Was” forcesthe "The number™, “in

the Hst1™, snd “the program printed” toc be attached Lo one anotherfor the purpose

of showing “The number” to be the subject of “was® The parser-interpreter

interface must choose from between structures which represent the meanings *The

number which was printed and in the list™ snd “The number which was In the

primted Hist" Since each struchwe plays the same syntactic role, namely that of &

ROU group, any Seguence of words following “was™ will jesd to & parse for either

both or neitherof the two interpretations.

Readers interface with its interpreter is & program csiled Format which rates asch

syntactic structure built by Reader before & is sltsched to another. The criteris

messured hy the interface are:

1. Doss the vert of the structure {if there is one} have enough of its
cases Tiled in to properly specify the sction It represents?” For

example, the verb “put™ requires & Case which specifies where the
object of “put® was pul.

Z. How spproprisle are the noun groups In the structure? For Instance,
the noun group “wales bolis®™ would be judged insppropriste.

¥ Two parses are syntactically equivalentif and onlyIf the and of the sentence
haz been reached and both are successtul parses, of If both wif lead to =
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3. How appropriete s7e the contentsof the Casesof the structure's

vert. For irslance, “street” is an napproprists subject for "light™.

The rests of the rating sre used to pick the most meaningt structure from among

equivalent syntactic possibilities Structures which svaluste poorly can still be

includedin the parse of the sentence, as long as there are no other parses which

contain structures with betler eveluations. The parse of “Water bolls are very

small® conising the “napproprisis™ noun group “water bolis™, since there lg no

syntactic interpretationof the sentence which does not use “water bolls™ ae & noun

Group. |

1.52 The Interpreter

This section briefly louches on reference and concept matching, two of the

subjecis mentioned In section 1.2.2, &3 an Introduction to the methods used by the

interpreter. They have been singled out because they ere the basis of ali higher

ieve! inferences performed by the Interpreter. Thapler § covers much more In

greater detsh

The Injerpreter’8 primary means of understanding user statements is via & sat of

case frames and concepts. The cese frames map English verbs snd thelr modifiers

inte the concepts, which can then be incorporated into he program specification.

for & simplified exemple, consider the concept of an input operation, denoted

INPUT. For now, we will assume thet FINPUT takes has descriptors, ite srguments

{ARGS}, ts place in the program spocificstion {(STEPOF], and the Input device

{DEVICE].
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eiePUT | ZHTYPE

DESCRIPTORS: AZGS Jia #OATE CASES: JURJECY « DEVICESTIPOF (138 ELD} : 0B; « ARGS
PEVICE {vse sDEVICE) ; [5 inp ;

Figure LS

Ek corcapi and8 defn lion whch can De rapped to ib,

Figure 1.56 shows the concep! and & definition of "type™ which can be mapped 10 It.

The definition says that If we have an instance of the verb "iype® and Hs cases

{as determined by the parser] can be mapped successfully (le, the contents of the

cases satisfy the criterias In the descriptors of the FINPUT], then we can view ihe

var and iis cases as an instence of the #INPUT concept and take the appropriates

action. Conceplis can represent mdwe than & single primitive In the program

specificstion language. For instance, “request” in *I'H request & story by piving =

key word™ meeps Into an SINTERCHANGE concept which Involves ~~ INPUT and

CUTPUT operation with & casiculationof what shouldbe output bn between.

Noun snd pronoun reference is facilitated by the context supplied by the selection

criterias of The descriptors of & concept. In,

"It reads in 8 triagi-ltem, matches the np to the internal concep!

model, and prints the result of the maich™

& referent must be found for the noun "inpul™ There are two possibilities:the

INPUT crested by the “read”, and the trial-item which is the argument of the "read.

Since “match™ is mapped to & concept (EPREDICATE} which requires thatits ARGS

descriptor be & FDATA (rather then an ALGORITHM Ske the “read”} the ambiguity is

resolved.
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When the choice among possible referents cannot be decided on the basis of the

very geners! type checking outlined sbove, more situstionsl checks sre neaded.
Consider,

"it reads & Fst of numbers and & list of strings. IfX is in the list
then.

There sie two referents for “the Kst™; the number list and the string list. Since

they both satisfy the selections! criteris” for the second argument of the MEMBER

“is In" maps Into, something more context dependent is needed. Fach concept has

& second layer of selections! requirements which sre cslied . hen simple type

checking falls to narrow down the field of choices sufficiently, For SMEMBER, the

check succeedsIf the first argument has the same type, or is referred to In the

SEme way, as the generic siement of the second argument. 5G In the example, if X

were& string, "the list™ would be matchedto the string list, and ¥ X were & number,
“the Est” would be matched to the number ist.

in the event of & referent which remains ambiguous after aff tests have been

applied, The time honored method of falling back on the most recently mentionad

possibility ls used, Hopefully, the speaker has felt free to ue & pronoun in an

ambiguous situation becsuse the referent he had In mind was the most recently
mentioned possibility,

¥ They are both sets.
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2. Parsing

Natura! languege processing beging with parsing Delerminingthe meaning of &

sentence requires knowing the main verb of the sentence and how the rest of the

words in the sentence relate 10 it In this system, Tor axampie, the mappingof the

sentence “Print the list® into & structure which is an OUTPUT operation whose

argument Iz the referenl of list is dependant on Enowing That the main vert of the

sentenceis “print”,the syntactic object of “print® is “the Est™, and the sentenceis

an imperative.

2.% The Basle Algorithm

A ps ofr shows one to store end utilize the information about sentence structure

needed to interpret sentences properly. The information that is stored Is referred

to as the grammar, while the methods Tor applying the grammar to & particular

sentence are usually thought of as the parser. Reader lz organized somewhat

differently from most parsers’ in that Reader is not syntax directed. Writing a

grammar for Reader consists of specifying the processes which dulld the structure

of an input sentence. Thus the grammar writer specifies how the grammarIs

actually applied lo & sentence, as wel as the grammar (tself. Reader's function ir

to provide the dats structures the grammar is intended 10 use, the control structure

which activates the grammar, and programs for manipulating the deta structures.

The two basic dete structures that Reader aupplies ars the modifier list sand the

 ———— SkttThe parsersof Winograd and Riesbeckare siso exceptions. Ses seclion4.56.
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stack. The modifier list iz & lst that the grammar weiter can use to store words

whose use has not yet been determined. The siack is used to store the structure

bulft up while the parse is In progress. The next section describes the stack in

detail. A stack, & modifier list, & message about what has just happened to the tog

of the stack, snd & message concerning the entire stack constitute a partial parse.

The top of the stack message is usually s Lisp atom, eg, message = NOUN, VERS, or

CONJUNCTION means that & noun, vert or conjunction has just been added {oc the

top structure in the stack. The stack message Is & list of festures that the stack

thas. Each festwre is represented by an stom. Example features are “the stack

contains & verb structure with 8 vert that can sccept & clause as one of its cases”

and “the stack represents a sentence which is an interrogative®™,

The parse is performed by adding each word in the Input (going from left to right] to

the partial parse formed by the addition of the previous words In the sentence. The

firs! word in the sentence is applied to “the initlsl partial parse®, which consists of

the initial stack” (a stack containing & single structure which wii eventually hold

the main verd of the input sentence), and an empty modifier Bat. The “top of the

stack message” for the initiel stack is BEGIN, snd the message concerning the

entire initial stack Is Nil, meaning that the stack has not acquired any festures vet.

The processof adding words to the partis! parse is controlledby the grammar. The

grammar consists of & set of programs, one for each syntactic word class, which

contain the rules and conditions which specify when and how to add & particular

word class to & partis! parse in & piven configuration. in general, there may be more

¥ the word classes the parser uses are VERB, PREPOSITION, NOUN, MODIFIER,
ARTICLE, CONJUNCTION, and PUNCTUATION.
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than one wsy & word class can be added to& partisi parse. it is sisc true that

many words belong 10 more than one word class. For instance, the word “ilke® can

be & noun (“His lkes sre different than mine.®), & vert {"She Nkes hm.) a

preposition {(“s man like him"), & conjunction ("He pleys like Jack used to"), or a

modifier {"men of like temperament”). These two facts {8 word may be added toa

partial parse in more than one way, and 8 word may belong to more than one word

class) imply that the parser shouldbe able to handie more then one partial parse of

the input at a time. However,it should be kept!in ming that one way 10 achieve an

atficient parsing process is to write 8 grammar which minimizes the number of

possible parses the parser has to follow &t once, while al the same lime writing a

set of rules which adequately express English syntax. Section 3.7 shows some of

the methods used by Reader's grammer to avoid 8 muElplicity of partial parses.

The partis! parses are placed on & lst called the “partis! parse list™. The parser’s

controd structure is as follows:

i. sentence- the list of words comprisingthe input sentence.

2 partial-parse-list = & list of the initial partis parse.

3. WHILE sentence DO

4. Apply the next word in sentence to sach partial parse in
partiai-parse-list, using the program sssociated with sach
word class the word belongs to

5. Reset sentenceby removingthe first word in it.

6. Resel partial-parse-list to & Hist of the partis! parses formed
in step 4.

7. Dutput partialpar se-fist.

Step &. does not imply that the grammar programs cannot look ahead in the input
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sentence and vse more Than one word at & time. 17 & grammar program continuess

partial parse F by applying the frst» (pr > 1} words in sentence 1o it, & message is

te!t which prevents the next n - 1 words from being applied to PF. This presentation

of the contro structure is accurate with the exception that steps 8. and 7. are &

bit more complex than they have been made io appesr. They wif be explainedin

more detalk in later sections.

The control structure Indicates that the parallel processingis invisible to the

grammar writer. This means that in writing the grammer programs, the grammar

writer need only concern himself with one stack and one modifier list, since each

grammar programls called on each partial parse in parfisl-parse-iis!in turn,

2.2 Bisck structures and collapsing

The stack is the major dats structure thet Resder uses. its functionis 10 store the

structures built up during the parse untill it is decided how the structures shouldbe

attached to one another. This trestment allows for sassy handing of & certain type

of ambiguitythat arises frequentlyin English ultersnces

Considerthe sentence,"i had another ok #t it~. If can mean either “7 asked

someone alse Ic jook af ITY or “7 look one more look at t™. The ambiguityarises from

the different uses of “had”, “look™ snd “snother™ in each interpretation,

The sentence“John spoke to the man with BlE® is ambiguousin & different way. It

might mean “John and Bil spoke fo the man™ or “John spoke Io the man who wes

with Bill." In this sentence the ambiguity derives from the fact that “with BaI™ can



Parsing aT

be Used to specify either wha acted with John, or who was near the man. in seach
meaning, the words of the sentence have deen used In the same fashion

Ambiguities of this sort, one constituent of an utterance being & possible modifier

for more than one word in the utterance, have been referred 10 as “permanent
prediciable ambiguities” in { Sager 73]

The stack slows Reader to handle ambiguities of the second kind by allowing for
the structuring of mast of the constituents of the sanience before it is decided

which words they wif modify. The elements of the stack are called stack

structures. Two different types of stack structures are employed by Header:

preposition structures and verb structures. The sentence “John lost the toy he

POUGht in the woods on Sunday.” would be parsed into the following stack:
4. {on Sunday}
3. [in the woods}
2. [he bought}
1. [John lost the toy]

1. and 2. would be represented by verb structures and 3, and & by preposition

structures. Verb and preposition structures can be filled in as follows:

Verb structures Preposition structures

nound OUR
noun? prep
noun i adverbs
verb-group measure
adverbs message
cases

func tion

measure

message

The noun slots are filled by noun groups. A noun group consists of & list
of the head noun followed by its modifiers. A verb may have one, two of
three of its noun siotls filled A preposition may have itz noun slot filled
of not.

The verb-group siot Is filled by & lst of verbs. Each vert consists of &
Tool and an ending.
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The adverbs siot is filled by a Hist of modifiers of the verb group orPreposition.

The Cazes slot is filled by the cases the vert has that fe introducedby prepositions and conjunctions.

The function siot contains the function of the vert structure. MAIN is
used to indicate that & verb structure holds the main verb of an
ulterance, RC indicates & vert structure is being used as 8 relativeclause, sic.

The preg slot hoids the preposition of & preposition structure.

The message slot contains information relevant to the stack structure.
Its contents sre controled by the grammer. We will see examples of {1s
uses when we discuss the grammar

The measure siot contains the parser's rating of each structure. The
ratingis used to heip the parser choose among competingparses. It wil
be defined In section 4.1

Throughout this paper, stack structures wi be printed a: & collection of siot-value
pairs. Empty sols will not be printed Underthiz scheme, the slack for the
sentence above would be printedas

PREP: ON

4. NOUN: SUNDAY

PREP:

J. NOUN: (WOODS THE)

VERB: {(BUY £0}}
NOUNYT: HE

£. FUNCTION: RC

VERB: {{LOSE £0)}
NOUN: JOHN

NOUNZ: {TOY THE}
5. FUNCTION: Man

“John fost the toy he boughtIn the woods on Sunday.”
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The stack could be Interpreted in several different ways:

&. Joh lost & toy. He Bought it in the wooss. He bought it on Sunday.
&. John lost & toy. He bought if In the woods. Me lost it on Sunday.
©. Joh lost & toy. The toy was jos! on Sunday. fi was lost In the woods.

John boughtthe toy.
SiC.

The process of determining whichof the nierprelations was actually intended by
the speaker Is referred to as collapsing the stack since finding the correct
interpretationof the stack consists of reducing the stack to one stack structure. If

we accept meaning Cc. 85 the proper interpretation of the above sentence. then the
single stack structure the! represents that meaningof the stack Is

VERE: {((LOSE FO}

NOUNT: (TOY THE {BUYPx [5U8 HE] J}
NOUKZ: JON

CASES: (WHERE {IN (WOODS THE} (WHEN (ON SUNDAY)FUNCTION: Mam

where “he bought® specifies which toy. "on Sunday” specifies when the toy was
fost. and “in the woods® specifies where the oy was lost.

The Parser must consult with its deductive system” during & Collapse of the stack.

The reason that the third meaning seems 10 be right is that one is unlikely to buy &
10¥ In the woods, since thers ususlly aren't any stores located in the woods. The
PAIrser #isa needs to know that Sunday is & possible date rather than & location for

the woods. There is, however, some syntactic knowledge embedded in the steck.
The parser never considers,

pm——eee

The deductive system for the Resder/Interpreter systemis the Interpreter, in
Srcussing the parser in general, we will use “its deductive System® to mean the
program which calls the parser and is able to reason about tia subject domain of
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G. & toy was lost in the woods by Johw. John had boughtthe Toy.
Phe toy wes bought on Sunday.

#% & possible mesningfor the sentence since oO requires that stack structure 4.

modifies 2. while 3. modifies 1, English syntax does not allow such crossovers, so

the parser never has to consider ¢. ss & possible meaning.

The communication channel between the parser and the interpreter is & function

named Format, Format is celled to evaluate & structure just before it is attachedto

another structure during & Collapse.” The algorithesused by Collapse ensures that

once ® structure has been stisched to another, it cannot be modified (ie, have

another structure attached to HL Formatting serves the duat purpose of preparing

& structure for oulput, snd providing the deductive system with an opportunity to

fate the likelihood that the spesker Intended the words in the structure to be

grouped with each other The rating of & formatted structure is merged with the

contents of the messure slot of the structure it is being altached fc. Thus the

messure slot of & structure containg the rstings of all the structures that have

been sttached to thet structwre. The messure of & structure is discussed in
section 4.1.

Collapse Chooses which one of the possible stack structures the stack could be

collapsedto by picking the structure with the best measure. if there iz more than

one partial parse sctive at the end of the sentence, Asader returns the onels)

whose collapsed stacks have the best measure. The format of & preposition

Structure is its measure and & list of the preposition, adverbs and noun: the format

Of & vert structure is Its measure and e list of the root of the main verb, the tense

*Formatis also called evaiste the final structurs obtained from the parsingProcess.
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of the verb group, the verb’ s &dverds, and the verd’s cases. Measure is only used
10 Belect rom among syntactically equivalent parses. so If the only resding a
sentence Gms results in & bad measure, & parse wil be found snyway.

When the stack for “John lost the toy he bought in the woods on Sunday. * is
collapsed, the measure of any resulting structure which includes structure 3. {in the
woods) attsched to structure 2. (he bought). will be worse than those that don"t,
since the measure of structure £. modified by structure 3. will be “unacceptable”
{see section 4.1) since the parser’s deductive sysiem would "know" that "the
weal = does not satisfy the requirements that "buy™ has for places where one can
buy things Section 5.5 explains how this "know" is implemented in the
Reader/interpreter tystom

We Can now mention the complica tio referredto in step 7. of the control structure
presented in section 2.2. Step 7. was originally "Output the list of partie! parses™.
What reslly happens is that Reader collapses the stacks associated with sach
partial parse, each structure resulting from the collapse is formatted, and then
Reader then outputs & Best of the formatted structures) with the best mesure.

There sre two points about The stack which should be emphasized.

1. There are ondy two reasons for collapsing the stack: either the end of
the sentence has been reached. in which case the sleck is collapsed
down 10 One structure, or the application of & word in the sentence to a
partis Parse results in that word being added to & stack structure which
2 not at the top of the stack In the latter case, the stack is collapseddown to the structure that is receiving the word

S Any two structures resulting from the colapse of & Steck are
syntactically equivelent. This means that either both of neither will
result in & parse of the sentence, 30 we ars justified in using semantics
to discard alk but one of the structures resulting from & collapse, since
Syniactic information will not enable us 10 choose between them
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2.3 Reader's output

£3.17 Cases

GIVER & sentence S. Reader's output consists of the main verb of S. together with
ts cases. If § is the simpie sentence, “Bi Ntz John, then Readers OUTPUT would

(WET wm

}

The open bracket, "{%. signals the beginning of & presentation of & verb and its
CRISS NK is & tense marker whose meaning will be explained below The SUB case
(cases are introduced by square brackets, 1") of "hit" is "Bi™ and the OBJ case is
*john

We are using “case” In & different sense thas most of the current literature soos.
in the Wtersture, “case” is usually used tc refer to “deep case”, 8 Concept
popularizedby Fillmore in [Fillmore 68] A 000d definitionof “deep case” cen be
foundIn [Bruce 75} “The deer cases are binary relations which specify an svent
regardless of the surface reskzation of thet description as a sentence or moun
phrase™. To see sxactly what this means, we will consider & number of sentences
irvolving the vert (event) "ni Foe this example, we wilt suppose thet "NE® hes
hee deep cases: the entity that is recenving the effect of the Nt (OBJECT), the

thing the object '* Doing Nit with (INSTRUMENT). and the entity that is instigating
the hitting (AGENT. Then in

V. Bil was hit by the hammer,

3. BIE was ht with the hammer by John.
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4. The hammerhit Bill

8. Johnhit BE

“BET ix the OBJECT nr af five sentences, “hammer” iz the INSTRUMENTin the first

four sentences, and “John™ is the AGENT in sentences 2.3. and & Consider the

knowledge needed Io choose the cases of & "Mt™ In sentence06., the AGENT is

distinguished from the OBECT by ther relative positions shout the verb The

surface structure Of the sentence, then, is one source Of information in determining

& vert § cases. If is obviouslynot the only source. Sentence 4 has the same

surface structure a3 sentence 5, yet the noun preceding the vert Is considered

the INSTRUMENT, rather than the AGENT Furthermore, If we sav,

"George went Derserk. He battered John No UNCONSCIOUSNESS,

then John is the INSTRUMENT of "ht™in ihe last sentence. Therelore, determining

Cases requires the surface structure of the sentence as well a3 Information about

the objects The sentence refers to, and the context the sentence was uttered In

Resder produces & set of Cases which are derived from the siefsce structure of

the sentence. & deductive system can then use Reader's cases in combination

with the mformetion it has sbout the concepts mentioned In the sentence 10 derive

iis Own CasOE.

The three prim ary cases used by Reader are SUB, OBJ and 108 (Indirect object} in

& passive senfence. one mn which the verk group is & vert plvase whose last two

verbs sre the verk “ic be™ and the main verb Inflected with an “ad” or "en" ending,

the OIL! precedes the verb and and the SUB is Introduced by "by™. If the sentence

is not passive,the DJ follows immediately after the vert and the SUB precedes

the varb. The 108 is & noun that can modify & verh, without needing & preposition to

miroduce it, only In the presence of both the SUE and DBL
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John"is the 108 in "BIE gives John the book * since we cann0t say “John gives

Bil* 1c mean that “Biff received something from John®. But can sey "BE gives the

Book * fo Indicste thet “& book was given 1c someone by Bill = Similarly, John is the

HOE In "Rill names the cat John" sincewe cen’ 1 say "BillnamesJohn ic mean that

"Bilt has given the name JOHN to something *, but can say “Bil names the cst™ {io

inchicete that Bilf given some name to the ce! Another wayto look af this is that

(without resorting to prepositions] you cannot say {using the verb "give" who you

sre giving something lo without mentioning wha! you sre giving, and similarly you

can't mention what you are naming something without mentioning the thing being

named The reversal in the normat order of OB snd OR) that verbs like “name”

Tahibit is considered 8 syntactic property of the vert. Unless & verb is tagged with

this property, Reader szsumes that # takes its DRS snd 108 in the normal order.

With the exception of "by" and "to", Reader does not try to assign meanmngful case

dames lo nouns Introduced by prepositions, since the meaning of the modification

elween& verk and & propositions!plvase depends on both the verb and the

object of the preposition The deductive system is expected to supply & case

name when it judges the spproprigteness of the modification,

in passive sentences, “by” frequently introduces the SUB. When flesder parses

such & sentence It returns the object of "by" es the SUB of the vert If the

deductive system agrees that the object could serve ss the SUB Given the

sentence “DIE was shot by Jeck®, Reader would ask the deductive system whether

Jack could shoot Bill if the anzwer were “yee”, Jack would sppesr as the SUB

case of “shoot®. Change the sentence to "Bi was shot by the door™ snd the

deductive system would answer: "No, doors cannot shoot®, enabling Reader to use

“by the door™ to specity the location of the shooting.
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"Ta" Is treated similarly to "by* by Reader in that Reader assumes that “to® always
Introduces an 0B If the syntax of the sentence permits this. Therefore

“8 gives John the book™ and "BI gives the book to John® parse to
{GIVE we

GIVE Wk

SUB BIL) SUB Ble)

08 JON| fo {B00 THE}gi 082 (300% TH}) 108 J0e%]
H

respectively.

The parses for the five example sentences: are:

Biff was hit by the hammer.

{EIT PR

[OBS BILL)
(S08 {mare® Thi))

John hit Bil! with the hammer.

{KT PR

{308 Jos)

ja HERPREF (WITH (Rampal THEY)

Bill was hit with the hammer by John
[HIT Pw

br ait]SUE JON

PREF {WITH (MAMMER THE}})

The hammer hit Bat

{EIT Px

[SUB (WaredR THE)}
{082 $1513

{MIT PH

{08 drut]: OB BLL
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We can see thet 38 corresponds fo either AGENT or INSTRUMENT, and that OBJ

corresponds 10 OBJECT In the case system we had made up for "ht™

To transiete Reader’z= cases into the "hit™ case system one would only have fo

decide which SUBs were INSTRUMENT: snd which were AGENTS, equate OBJECT

with ORJ, be swears that “with®™ cas introduce the INSTRUMENT, and be able to

distinguish when "with" refers to an instrument and when it doesn”t. A non-trivial

isk, since we Could say

"He hit John with Ra (accomplice)

“He hit John with vim and vigor™ (methoal
“He hit John with malice™ {emoton]

Section 5.2 explaing how Fesder's cases are mapped into the Interpreter’s case

system

Reader actually uses more cases than than the primary ones mentioned above. But

the other cases are essentislily sd-hoc ones that Reader uses to store modifiers of

the verb, Any preposition or conjunction (not top-level} defines its own case. As

an example, consider “John pushed Janet into the closet because he thought Bilt

would see her”, which is parsedto:

{PUSH PX

[SUR DONE)
(OB) JARET]

J {EMT {CLOSET THE)SECAUSE (THIN PN

Lin Wi 3WHAT [SEE {we WOULD)

rp EILL]0B) MEE)
i]

13
i

John and Janet are the SUB and OBJ of push. "into the closet® Is 8 preposition case
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of “push®™, filing In where the OBJ was pushed io. The conjunction “because”THis in

the presumed reason the event took place, and is considered a Caseof the verh, It

contains the verb clause whose main vert is “think® "Hg® Is the SUB of “think®,

"What the SUB Is thinking™ Is stored in the WHAT case of “think® The contentsof
the WHAT case is the vert clause whose main vert Is “see”

4.3.2 Tense markers

Many vert clauses contain verd groups rather than just single verbs. A verb group
can be composedof adverbs, modais and other varbs. The information contained in

& verb group thet & deductive system needs is a fist of adverbs and modais. the
root of the main verb, snd the tense of the vert group. Reader saves the modails
and adverbs and returns them in appropriate siols in the parse structure. The root

of the main verb of the sentence is similarly retumed. This means that Resder must

supply the tense of the verb as & separate piece of Information. Reader uses six
basic tense symbols, These are shown in Figure 2.1, together with an example of
the vert group sech represents.
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YIRE GOP TE®SE

Powel MN The present Tense of the vErd without any |Bux iiigry verbs

f welked FE The past tense of ihe werk without nydun iiiery verbs

will walk Fe The Suxiitary “will® followed ¥ he
wnat iecled sain very

i | hive waliee FF The present lense of the Sm titgry vert “hive”
followed by the mein word in PEIL lense

I hid wilips FP The past tense of the ei] tery yerk
Followed By the man verb nm past tense

wil] have walked FP The Bustitary "will™, followed by the due tivary“have” followed by the mets vers in PEST tense.
Figare 2.t

Vert lenaos

The tense markers sre mot vated by an analysis found in {Bruce 75] Simplified, It
says that a tense consists of » sat of binary relations on & set of reference points.

For Instance, the tense of "had walked" consists of the relations on the threw
reference points: “the time of the speech® {51}, the “time of the subjlect™ {S23}.
and the “time of the saclion® (53). 52 is in the Past of 81, and 53 is in the Past of
52, so the tense of the verb group is Past-Past or PP. Similarly, the tense of “have
walked® is Mow-Past, or NP, since the “time of the subject” is the same {Now} as
the “time of the speech® and the “time of the action® iz In the Past of the “time of
the subiect™ To see how this works, consider the sentences:

1. George, the Club president, has walked through these habs. {NP}

2. George, the ciub president, walked through these halis. (PN)
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in 1., the "time of the action” is in the past of the “time of the subject™ sc thet we

may not assume that George was présidentwhen he walked in these halls. but we

do know that heis presidentnow, since the time of the subjectand speech are the

same. in 2. the Ume of the action and subject are the same, so we know that

George was presidentwhen he weiked through these halis, but is not necessarily

president now.

We gel six more lenses symbols by considering vert groups whose main verd ands in

"ing". These tenses are represented by sppending & *C* {continuing aspect} to

ihe tenses above:

YIRE GROUP TENSE

I o= walking Ne

; 1 wks wilhing Fa

I wild be walking FR |

| I hive been walking Lg |

I haé been waliing FIC

I wii? have deen wailing FPC

Figure 3.8

When & verd Is used as an infinithve, eg. "to hit® In "Bll wants to hit John™, ths

lense marker returnedis "IN". When a vert appearswith an "ing" endingand no

suxiliary verbs, as in “The man sitting on the chalr...*, the tense marker returmad is

*CC™ {an arbitrary symbol}. In terms of tense markers, passive constructions are

indistinguishable {the order of the cases determines whether & construction is

passiveof not) from regular constructions,so the tenseof “iswalked”Is equivalent
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to the tenseof "walks", namely NN. Yerd groups consistingof the suxiiary verb

“do” and an uninflected main vert (eg. “He did go") are given the tense of the

suxBiary "do".

We have left oul tenses which require the vert "to go* as an auxiliary verb. The

reasonis thet verb groups using “go as an suxiiery sre ambiguous. A verb group

like "i am going to walk" might mean either "in the future some time, | will we'k™ or

“f am actually Qoing to some piace {the beach, for example} in order to walk®,

Rather than try 10 resolve this ambiguity, Reader treats the Infinitive as & case of

the verb “go® and expecis the deductive system tc be awsre of the possible

ambiguity and to have enough information to resolve It. Therefore "i am going to

walk” is parsed as

(60 WN

{sue $3
{IWF (eae we

[508 tmatchio SUB)
i]

3

The infinitive clause “to walk® is trested as & case of the verb "go (INF). The

system reading the parse must be aware that it can be interpreted as though the

maint vert were the vert of the INF case {"walk"], with & tense derived from the

verk group “am goingto walk". The SUB of “walk™is s dummy noun that shouldba

matched to the SUB of “go” (I). The smbiguous situation is essy 1o recognize. It

occurs wheneverthe main verb of clause is “go”, and the clause has two cases,

Some temporal Informationis containedin the casesof the verb rather than the

tense. “i went yesterday” parses to



Parsing &%

[GC PE

[sus 1]
[WHER YESTERDAY]

i

8¢ that the exact time in the past that the action occured in is specified by the

WHEN case.

The verh “have” often occurs In verb groups as & modal *! have to go sway"

sssentially means "i musi go away". When “have® is used sx & modal It is

unambiguous, Therefors, when “_have to werd." occurs as & verb group, Reader

returns verd as the main verb, assignsit the tenseof the verb “have”, and places

the marker "MAVE-TO" in its adverb sioct. "i will have to leave” parses to:

[LERVE #5 {WAVE-TO)
{su% 1}

}

This does nol mean that svery time the phrase “have to werb™ appearsIn 8

sentence thei “have 10" will be treated as & model. The noun plwase "The book |

have to give" would be parsed into & threes structure stack:

VERE: ({GIVE}}
I, FUNCTION: [mF

VERE: ({MaVE))
wOUKL: |

gd. FURCTION: BC

WOUK]: (BODE THE}
1. FUNCTION: Mal

The stack can be Wterpreted In two different ways: “The book | must give.” (3.

&ttached toZ attachedto 1),of “The book 7 have in my possession which| will

give.®, {3. and 2. attached to 1. independently}. Only the first interpretation trests

"have 10" as & mods
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The tense contains af the Information in the sentences, yet leaves the decision of

what to do withi for the system using the parser. For example, if the tense of 8

statement is NN the system can infer that & narrative is taking place, that the

action described in the statement is habitual, etc.

2.3.3 Noun groups

Resder uses & different representation for noun groups than most parsers. To

Reader, & noun groupis & ist whose first elementis the hesd noun of the group, and

whose remaining elements are the modifiersof the head noun. The differencein

representation fies in the fact thal Reader does not structure the modifiers that

preceded the noun in the origins sentence.

Therefore, "The messy green garbage can cover” is persed as

{NOUN {COVER THE MESSY GREEN GARBAGE CAN}]

since Reader does not ry 10 determine whether this means slither

t. the cover of & can used for messy green garbage.

2. the messy cover of 8 cen used for green garbage.
3. the messy green cover of a can used for garbage.

4. the messy cover of & greencan used for garbage.
8. the cover of & messy green Can used for garbage.
6. the cover of 8 massy can used for green garbage.

Instead, it aflows the deductive system 1o structure the noun group when the stack

entry containing the noun group is Formatted {section £3). This is necessary to

avoid neediess ambiguity. The sentence “A man people can trust is usually

dangerous™ can be parsed {correctly} as:
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(BE Wx (USUALLY)
{308 (MAN & TRULY {NN CAR}

[308 PEOPLE}
}}

[DES WILL
i

But unisss the parser can discover from the system that there is unlikely to be “a

man people can trust® {trust modifiedby can, people,man and the} i will sisc find

(BE mW (USUALLY)

[so (TRUST & MAK PEOPLE CAN))DES DNGEROUS|
3

since “"man®, “can”, and “pecple™ are nouns, and therefore potential modifiers of

“trusl®. The modifiers thal followed the noun in the original sentence are structured

by Aesder, with help from the deductive system. This is necessary since Reader

must know whether & sentence constituent coming after the noun modifies 1, the

verb the noun modifies, of sae other constituent In the sentence. “The relation In

the concep! that is marked “possible” = Is parsed as:

[WOE (RELATION THE (Iw (CONCEPT THE))
{FARE PE

[ORY THAT)
{108 “POSSIBLE™)

33

in& context where the deductive system was able toc determingthat relations had

markings and concepls did not, and as:

[WOU {RELATION THE {IN CONCEFY THE (MARE Pw

Jus: THAT }108 “POSSIBLE")
bi]

in & context where the deductive system thought that concepls were more likely to

have markings than relations. The “closer™ modificationis slac the preferred one In

the absence of any information about whether concepts or relations have markings.

E— i EE |
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The point here is that each modifier {at top leve! in the noun group Est} coming after
the noun * modifies the nous independently.

Reader’ s technique of not structuring noun groups as they sre encountered sfiows

fl to parse more efficiently than s parser that gets involved in the structure of noun

groups Immediately SUPPOSE we are piven & sentence beginning with “The messy
green garbage can cover. ®. A parser that started out by trying to parse for &

structured noun group would immediately pet bogged down trying to determine which

cf the six or more possibilities the phrase represented. It would have to caliin the

deductive system. which would then start looking for instences of green garbage.
messy cans, etc. By delsymng the structuring unt ister, Reader can provide the

deductive system with more information {information Including the main vert of the

Clause. its cases and the case of the unknown noun group} to guide ts search in

determining the structure of the noun group. And, if the entire sentence happened

tc be “The messy green garbage Can cover the earth ®, no time wif ever be wasted
structuringthe noun group.

2.3.4 Cholces

Occasionally, 8 sentence contains an ambiguous constituent whose ambiguity can

be restricted to & small segment of the parse structure When this happens,

Reader returns one parse structure, and offers & choice between the ambiguous

constituents. This leads to & more efficient parse, and enables the system reading
the parse to compare the different meanings of the sentence easly, since the

choice Clearly shows where the parses differ. Here are two examples of this ides:

© The non pretty-printed version of the parser output contains + marker betweenthe modifiers which come before and ster the noun.
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*I knaw thal ice was slippery.” ould moan either "i knew that that ce was

slippery”of " knew ice was slippery®™. If the deductive system Is unable to

delermingwhich noun group If prefers at the lime if is asked to structurethe noun

group, Reader would return the following perse, offering & cholce for the SUB of

"ba".

{XN PH

[a BlWHAT (RF Pw
(308 (»CWOICE ICE

; {ICE THAT)}

{DES SLIPPERY
}3

F

"The man hitting Janet angered BI could meen either "The man who was hitting

Janet angered BIE" or "The man’ § Miting of Janet angered BIE®. Reader represents

thisas follows:

{ANGER™%

{308 {=CWMOICE {MIT CC
[Sus [max THE)
[083 JAmET]

}

{MAR THE (MT CC

[SUE Imalckte head noun
(OB) JANET}

ik

}H
[O83 BiiL]

H

The first choice is the action "Nt". The second choice is "man® modifiedby the"

and & verb clause with & dummy SUB ('maich_to_hesdnoun} that should be mstched

to the noun i is modifying ("man®™]. In genersl, & choice can be offersd as the

contentsof any cess.

Another method Resder uses for representing ambiguous sentences is prefixing the
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name OF & case with an asterisk. This means that the case can modify sither the

vert of the noun in the case directly sbove it. “John Wis the salesmanwith the

hammers”is parsed to

{WIT w=

Lo Jos |CBZ (SALISWAR THE):
[=PREP (WITH (MAPPER THE)3)

|

The asterisk preceding the case name "PREP indicates that the PREP case could

be & case of "hit" or that if could modify the salesman. The first interpretationis

“The sslesman was Mi by John with the hammer and the second is “The saleaman

with the hammer wes Mi by John® Reader uses the ssterisk notation when running

without & deductive system. of when running with & deductive system tha! cannot

decide which interpretation is more lkely at the time Resder asks. The parse would

have been

{WY ww

|. Jou }[O82 {SALISMAR THE {WITH (WAMPER ThE }))}
H

if the system waz able to determing the salesman had the hammer when given The

choiceby Reader.

2.3.8 Conventions

Reader employs several notational conventions.

Whenever 8 conjunciion costaing an implied SUR as In “The program reads the dais

and prints the answer” the implicit SUB is represented by the symbol

“imatch_to_comjunctSUB*. eg.
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[Com ARE

(EAD wm

[4% (PROGRAM THE)]
[OB] (DATE THE)

¥

FRET NE

Lo tmglch 18conjunciS08]oR: (AMNEE THE})
dg

}

match te_cojunct SUE has the same referent &3 “the program”

When & nous is modified by & reiative clause,the case the noun occupiesin The

rpigtive clause is held by the symbol ‘match _ta_hesd_noun For axample,

“The mis Chplured by Lhe paliice ~

[WOU {mak ThE (CAPTURE FS

ad imgloh_ te _hedd_ noun]SUB {POLICE THE)
it]

“The min Lhe police Chplured

[ROUSE (WaE Te (CAPTURE Pe
[30% (POLICE THE)

: [OB] 'malenlo head noun)hb}

match to hes noun has The same referent as “the man®, the nous the vert: Clause

is mOMTyIng.

match _to_hesd noun is aise used In sentences which contsin danghng prepositions.

The man| come with™ parses Dn

[EDU (WaE Tv {COME PR

I i)PREF [WiTE ‘matchts head noun]
it

imaich_to_ heed noun has the seme referent as the noun (“the man®} modified Dy
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When & conjlunclion contains en implied object, Reader uses the symbol

imatchto conjurct OBS" to merk the second occurrence. "He breeds anc ralaes

rabbits™ parses oO:

[CON AND

(BREEDS ww

Lop HE}OB) (ABBEY PLY]
t

{RA]SE: WN

{5U8 Imalchto conjunct SUB)
[ORY Isalchto_comjunct_O8J]

}

E

in conjunctions in which the verb le omitted, Reader simply repeats’ the verb. “He

pave John s pencl end Jane! a pen” parses to)

COME AMD:

(GIVE PR

[su wil
[108 JON)
[ORY {PENCIL RD]

3

(GIVE PN

U8 ‘matchte conjunct SUB)

iow JANET}DE) (PEN &3)

i

I

Suffixes sre removed by the peraer. If & word is & plural, the symbol TPL sppears in

its modifier ist. “The answers” parses of

[N0U% {ANSWER THE 1P{}]

if & word can be either singuler or plurs, snd sgreement constrains it 1c be one or

match _to_conjonct PREP is used when the OBJ refers 1c the object of &
preposition in the higher con junct.

' Nouns are represented by symbols [(rether then being repeated] sc that the
Interpreter wit not have to find the referent of the same noun twice.
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the other,it is notedby Inserting IPL or 1SING Inte the modifierlist. "The fish is

dangerous.”and “The fish are dangerous” parse ho:

{RE wx {Bf Wk

eb (FISH THE 15ING} [U8 {Fish ME IPL]
: DES DAMGERDUS {DES DamGEROUSi

in “The fish cen be dangerous®, The SUB case Is [SUB (FISH THE1] since there is

ne agreement Information.
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3. Grammer writing

This chapter sxpiesing how to wile grammars in the formalism we have been

discussing The sctusi grammar is written I Lisp, snd consials of & set of programs,

ore Tor ach word class, which explain when and how & word may be added 10 &

partial parse. The grammar also uses several ulliity programs and predicates.

An sxamplie of & utility program is ADTD-NOUN. It takes two arguments, & noun group

{ng) and & stack structure {s), and returns the stack structure with the noun group

added to It. For example, if

ag = {MAN THE) and5s Is VERS: {{5AVE ED}
NOUN: (BOY THES

FUNCTION: MAIN

then {ADD-NOUN ng 3} 13 VERE: {{SAVE ED)}
NOUNY: (BOY THE)
NOUNZ: {MAN THE}

FUNCTION: MAIN

An example of & predicate is CAN-ACCEPT-A-NOUN. It takes one argument, which is

8 structure, and returns T if the structure can accept & noun, and Nil otherwise. &

structure can accept & noun if it is either

1. & preposition structure without & noun.

2. a8 verb structure without a8 noun

3 8 verb structure with& verb and one noun whose verb is transitive,

If the verb group Is passive,the main verb must lakea beneficiaryor

indirect object.

4 a verb structure with two nouns and & main verb that takes a

beneficiary or indirect object. The verb groupmust not be passive.

3. and 4. must also satisfythe condition that the verb has not received any Cases
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since it was added to the structure’ On the surfaces, i would seem that this

definition would rule out slightly peculiar constructions ike “That he Hikes”, (instead

of "He likes that®} since & verbless verb structure with one noun Cannot accept

snother noun. However, such constructions sre handled as relative clauses.

Reader has othe* predicates which test for legal verb groups, whether a structure

has & noun which can be modifiedby another structure,whether the vert group of =

structure is passive or active, etc. When, In describing the actions of the parser,

we say that a structure satisfies some condition, we mesn that ihe PIO BT

predicate has been applied to that structure and that the test has succeeded.

Resder also has two programs, SHIFT and SEARCH, which are useful for manipulating

the stack. SEARCH is used to search the steck for structures with a certain

property. The information gained from & search is usually used to determine

whether & particular ttructure should be pushed on to the stack. For Instance,

would be pointless to push & relative clause structure (section 3.1.3) ontc the

stack if there were no struciures In the steck that contained& noun which could be

modified by & relative clause. SHIFT, described more fully in section 3.1.2, Is used

to facilitate the additionof words to structuresother than the one st the top of the

stack. Basically, SHIFT searches the stack for a given structire, colispses the

stack downto that structure, and then applies the input word to the resulting stack.

SHIFT is important because most actions thet can be applied to the top of stack,

such as adding in & noun or verb, can also be sppiled lo structures lower down in

the stack. Similarly, SEARCH is important because pushing & structure onto the

stack usually dependson the sxistence of & structure witha given property,
regardiess of its position in the stack.

T Eg. "He spent in the stors the money.” is incorrect.
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3.9 Some beginning grammars

A serius of grammars is described, each one more complicated than the previous

ona, An example sentence ls parsed for each Jrammar defined. The first two

examples, Grammar. and Grammar.Z?, will step through the sentence in detail,

examining how each successive word is applied to the partial parses formed by the

application of the previous words In the sentence. The remainder of the examples

will cover only the methods used to apply words that were not handled by the

previously defined grammars.

Section 1.2 shows some more efficient methods for parsing the subset of English

handisd by the sxample grammars.

The variables used in the examples are:

stack The stack.
wor The current input word
Food The root of word.
ending The ending of word.
mi The unassigned modifier list
msg The message concerning the top of the stack.
stack-m3g The message conceming the entire slack.

3.1.1 Grammar.§

The first grammar handles sentences of the form “noun verb noun noun™ of “noun

verb noun®™. Al that is needed is & NOUN program and 8 VERE program.

The NOUN program:

The NOUN program forms the noun group consisting of the modifiers on the
modifierst and the noun. Then, if the top structure in the atack can accept

& noun {eg, satisfies the predicate CAN-ACCEPT-A-NOUN, defined at the
begining of the chapter), a partial parse is created with:

mag= NOUN, indicating that the last additionto the sisckwas & noun.

| mi = NIL, the modifier ist is empty.
| siack-msg = steck-map, the additionof & noun doesn’t change sfack-masg.
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stack = (REPLACE-TOP-STACK {(ADD-NOUN (MAKE -NOUN-GROUP word mi)
{TOP-STACK stach})

stack}

where MAKE-NOUN-GROUPis & predicate which returns the noun group formed
by its arguments (or Nil If one cannot be formed), and TOP-STACK and
REPLACE-TOP-STACK are utility programs. TOP-STACK retums the op
structure of the stack that is its ergument. REPLACE-TOP-STACK returns the

stack whichis its second argumentwith the top structure replaced by its first
argument.

The VERB program:

The VERE program examines the stack. if the top structure in the stack is =

vert structurewith one noun end no vert, it creates & partial parse by adding
the verb to the top structurein the stack.

Hereis how This grammer parses the sentence “John drinks weter™

Aeader starts out with the initial partis! parse.

m3g + RBIGIE, ®»f = K[{

FUNCTION: MATH

"John" is input. it belongs to only one word class (NOUN), and therefore has only

one program associatedwith it (NOUK). The partis!parse produced by applying the

NOUN program is:

mig « WOUR_ =) » Ni

WOUND: J0wik

FURLT OR: MAE

“drinks”is the next word. It can be used as either & noun of verb. The top stack

structure cannot accept & noun 30 the application of the noun program does not

result In& continuationof the parses. The verk program is then applied to the parse

which causes the following pertisl parse to be set up:

VERS: {{DRim . 5)}
WOUNE-  JOMx

FUNCTION: Mik
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“Water®can slsc be vaed as & nounor verb. The vert programfalls though, since

the lop structure siready has & vert. The NOUN program succeedsin continuing the

parse by adding the noun “water® ic the top structirein the stack, producing,
mig = MUN, =) « NIL

VIRE: ({Daim . 1I})
NOUN] JOM

WOUM} WATER

FUNCTION: Miin

The input sentenceis exhausted so Reader collspses the slack, [trivial since there

is only one structure in it), and formats the resulting structure. This yields
(Eis ws

{TE JOM]
{08 waTER]

}

as the parse.

3.1.2 Grammar.l

In order to parse more interesting sentences, it is necessary to expand the

grammar. The next grammar includes prepositions, articles and modifiers.

The MODIFIER program simply adds word to md.

The ARTICLE program adds word {whichis an article) to mf If mf is NIL or
consists of words (almost, afi, etc.) which can appear before an article.

The PREPOSITION program checks to see whether the preposition can be
modifiedby the modifiers on mf. 30, the partis! parse is continued by
pushing a8 preposition structure with word as the preposition onto the
stack,

As the grammar grows, the grammar programs has to be prepered fo handle stacks

containing more than one structure. In general, thers will be two parts to every

grammar program: & sel of actions associatedwith just the top of the stackand &
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set of actions that should be applied 10 svery sit icture In the stack that saltizslies

certain conditions, For example,In parsing “He gave the man In the store the book

& noun {the book) must be added 10 & structure (He gave the man} which is not at

the top of the sisck. Adding words to structures below the top of the stack is
facilitatedby the program SHIFT

{3RIFY stack program args purpose number predicate} predicated}

The ides behind SHIFT is to find & structure(s) in the stack which satisfies & given
predicate, {CAN-ACCEPT-A-NOUN, for example, would be used 10 search down the

stack for & structure to &4d & noun tol, then collapse the Slack down to that

structure, and then apply & program to the collapsed stack. SHIFT enables the

Grammer writerio specify the purpose of the collapse, which is valuable In guiding

the way the collapse is carried out. For instance,if SHIFT i= collapsing the stack of

the sentence “He gave the man in the store ..* for the purpose of finding a

structure which can accept & noun, it knows not to try to sttsch “in the store” to

“gave”, since that would prevent “gave” from accepting another noun.

SHIFT works as follows: It searches down stack ooking for a structure 5 that

satisfies predicate!. stack is then divided Into two segments, 51 starting from the

top of stack and going down to 5, and 52 consistingof the structuresnot in §1 8%

is then collapsed into 2 single structure 5% If 55 satisfies predicate?, then

program is applied to (STACK-PUSH 55 S1) with srguments equsl to args. numbers

controlshow many times the sequenceis performed. It number i= sn integer a,
SHIFT tries to find the first nn structuresthat satiafy predicate. number = T means

that shift finds aff the stack structures satisfying predicate. purposeis sn alom

(20.. NOUN means the collapse is looking for & structure which can accept & noun)
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Grammar.2 involves sdding a SHIFT ta both the NOUN and VERE programs. The SHIFT
Wi noun searchesfor aff structures in the slack which can accept & noun, and then

adds the word to that structure. The SHIFTin vert looks down the stack for the
topmost verb structure in the stack which can accept 8 verb.

Grammar2? can handle sentences ike "The woman from the city bank pave the man
in the store the news”. The parse starts out with the initial parse. After *The*is
input, there is one partial parse.

wig + BEGIN, ot « (THE)

FUNCTION WAIN

"women" is read MAKE ~NOUN-GROUP forms the noun group, (WOMAN THE)
meg + WOUN, =) « Nii

NOUN] (WOMAE THE}
FUNCTION Miiw

"from™is road The preposition program causes & preposition structure ic be
pushedon the stack

mig +» PREF, = « NiL

PREP. FROM

NOUR] (OMAK THE
FUMCTION: WhlE

“the”ix read and placed on the modifier list. “city”is read. AN nouns are treated
as both NOUNs and MODIFIERS, 50 there are now two partis! parses:

I. msg « NOUN, =! «= %j| 2. mig» PREF, md « (CITY THES
PREP. Fw PREP. Face
NOUR {CITY THE) - = =

NOUKE (VOPR THE} FCTION:IN
FUNCTION: Maik «=m
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"bank™ ix read. When “bank™ is applied ax & verb, partial parse 2 can not be

continued since “bank® {as a verb} does not accep! the modifiers, (CITY THEL on

the modifier list. Partis! parse 1 cannot be continued using "bank™ 8% & vert since

Rfter SHIFT finds & structure that can accept & verb, the verb "bank™ falls 10 sgree
with the noun group {WOMAN THEL The agreement is tested using & predicate

which lakes = verb structure as input, and returns NIL If the structures does not

GXPDIt agreement, and the structure modified by any information supped by
Sgreement (eg. "He saw” agrees only when “saw” is viewed as the past tense of

“see”, 3opposedio the present tense of "saw™.] when the structure does agree.

Resder then apples “bank™ to both partis! parses ss & noun Partie! parse ¥ doas

fol contain & structure that can accept & noun, so no partis! parses can de

continued from it. When “bank” is applied to the partis! parse 2. ft accepts the

modifiers on the modifier kst and is added to the top preposition structure,
producing

mig+ BOE ef« Nii

PREP. FRO
NOUN [Bamk THE CITY)

SR—
FURCTION: MAIN

“gave” is resd The SHIFT program searches down the stack looking for the first

structure thal can accept & verb. It collapses the stack down to that structure and
adds In the verb, which produces,

mig « VERE, MM « Nj

viRs tem £0}
sis imped (FROM [Bam THE CiTY}i}

“the” and “man” are read in and handled by the MODIFIER and NOUN programs.
“man” is applied as both & noun and & Modifier 30 two partis! parses result:



I mag « ROUSE, WM « Nit I WEE - BOOM W « (AE THEE)

VIER: {(GIVR ID} VIRE ((GIVE ID)}
WOU] (VOMAR Toe (FROM (Bae THE CITY})) mom) (WOMRE ThE (FROM [Bam THE CITY1))
BOUT (max THE) FO TiO Male
FURCT ON mais Skit

"In" is reed The preposition progres: causes s preposition structure to be pushed

on the stack of partial parse 1. Nothing is done with partial parse 2 since the

preposition does not accep! the modifiers, (MAN THE |, on the modifier Bist

mag = PREP™ . Nii

FREF im

VIRE {{GIVE 1p);

RUE] (VOMRE THE (FROWN [RANE THE CITY)YS
XR: (MAE Te}
FURCTIOR 6%

“the” and “store™ are read As before, two parses are crested when “slore® is

read in One in which the noun group “the store® becomes the nous of the

preposition structure on the top of the slack, snd another in which “stors™ Is

treated as & modifier When "store™ is tried 88 & verb 1 falls since It cannot

accept “the”as & modifier. “the”is read in In the former partial parse, it is simply

sdded to the modifier lst In the istter, it cennol be sdded to the modifier list,

since the modifier ist contains & word {store} which cennot occur before an article.
mag or WOUR,MW o« (THE)

PREF IN

UE (STORE TeE}

VIRE {(GIVE ED))
WOUN] (WOMAN THE (FROM (BANE THE CITY}
MOUNT- (MAE THE}
FUmCTION WaE

"news" is read When It is applied a2 & noun, SHIFT searches for & structure on the

Stack that can accept & noun, collapses the stack to that structure, and then adds
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in the noun group (NEWS THE) When “news” is tried ss & modifier it is simply
added to the modifierlist

| ®ag » WUE =! « Wii 4 meg « NOUR mf + (NEWS THE)
VIER {GIVE ED} FRIF wm
OUR] (WOMRETHE (FRO (Bam TE CITYI)D WUE [STORE TE §
WOUND ("AE THE (IE [ITORE TEL) - = =

WOON} (WEw Te} VEE (i6ivE TIDY)
FICTION MLE WOUN] (WOMANTHE (FROM [Bam Teg CITY)
a WOUND [AETW 3

Pom IO we

There pie no more Input words Partisi parse 2 i= discarded since its modifier Bet is

not empty The stack from partisl parse 1. is collapsed, {once agin, this is trivial

since there i= only one structure =n the stack} and the resulting structure is

tormatted and returned as the parse of the sentence

{GIVE Pu

[SUE (VOPRE TV (TRON {RAM Te CiTYi1)

He (ok To (i% (STORE TME11)= SEE LT.0:BE
}

3.1.3 Grommasr3

Grammar.3 expands Grammar 2 by the Inclusion of vert groups snd relative clauses.

To parse Felative clauses. & test is added To NOUN thet checks to see If there is &

struciure in the stack which has & noun that can be modified, using the predicate

CAN-NOUN-BE -MODIFED, if the test succeeds, NOUN pushes & verh structure with

function squs!RC on the stack and adds the noun group to it. This sddition enables

ihe grammar to parse “The mirror on the wal he broke® The parse proceedes

exactly 83 the previous ones untE "he is reached. The partial parse’ when "he" is

Er N.S —.—

There are sctuslly two partis! parses. The second uses “wel® 3s & modifier and
I= discontinued since MAKE-NOUN-GROUP falls 10 make & noun grou from “he® andEWALE THE}
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roadis

mig + BNE =F « W]|

PREF Ow

Ns (wmf Te)

WERE (=iER0E Te|
Pom TIOE mmE

CAN-NOUN-BE -MODF HD succeeds on the preposition structure on the top of the

stack Theretore & Parse 15 crested With & vert structure pushed on 10 The

previous stack Only one parse results from applying NOUN 10 the parse since when

SHIF is called. # cannot find & Structure That Can accept & noun

meg + WUE = « Nip

Wu] wf

FunT iOS EC

rFREF OW

WOU (wall TE|

WOUW] (IEEE THE)
Pom Ti0m wWalm

"beoke™ is read SHIFT is called 10 find & vert structure with an open vert slot n

finds the lop structure in the stack, and crestes & parse with the verb added in
wig » NOUN a! « Wi

VERE [(BREaE fD))
AE]

FUSCTION BE

FREP DE

WOUN {uml Tel

WOON] (mIRROR Tei}
FUmCTION Maw

The sentence is over, and the parse is concluded by the collapse of the stack. The

deductive system must decide which of “the wal® or “the mirror was broken. i
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NOUN (MIRRORTHE (OF (WALL THE)} (BREAKPE (U8 HE)
{082 teatch_te_hesd _noun)})

FOmCT ION WalE

The forme! of such & structure is simply the nous. Reeder returns

(OU (MIRECE TE (OW [WAL THE})
(REARMe

[S08 wg)
(082 Tmatchtz head noun

i}

as the parse. “Marror® is the OBJ of the vert “brest®™ Notice that the nous CAN-

NOUN-BE -MODW HED succeeded on was not the noun that was modified by the

relative Clause.

Parsing vert groups requires the sddition of & tes! to VERS which tests that msg

eguels VIRB 1 the test succeeds, meaning that the last thing done to the stack

was the sddttion of & verb, VERE tries to form & vert group with word and the verbs

arasdy on the top structure in the steck. If & legs vert group can be formed, [this

is Checked by the same predicate which tenses the verbs in & structure) the parse

is continued by adding the verb inte the verd group slot of the top structures in the

stack. As an example. consider “He was given the prize”. When “given” is read,

wg + VIRE, ef « Nii

ViRE (iM DY)
El
FOmCTIOE mule

The mag is VERE and “wes given” is & legal vert group se the parse is continued as:

wig = word, Ff « Wj

VIER {(SIVE EN) MME ED)
UE

FERTIOR mE

"The" and “prize” sre read in. The stack is collapsed and formated The result is
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{G1VE PH

{i ME(OB) {FRITE THE))
}

3.1.48 Grammer.8

Grammar.4 extends Grammar. in Two ways

The first addition is & test for time and place referents that will be placed nn the

NOUN program. This wii enable the grammes to handle sentences like *! saw the

man downtown.” *Yesterdsy John was in town.™ gle

NOUN i= augmented with & test which checks whether the Roun-groupe can be used

8s & time or place {this is considered & syntectic property of the head noun of the

group). if so, & preposition strectire 8 crested with preposition equal =TIME or

PLACE. The preposition structure is pushed onto the sleck snd & new partiat parse

cresled,

The second addition slows the parser (oo parte sentences with verbs that accept

other verbs as case fillers. in exemple of & verb with this property is "see". In 9

saw Joha leave town®, the clouse "John leave town®, is & case of “sew”. A test is

added to VEHE which checks whether the mein verb of 8 structure cass #ccept &

Clause. If sc, an emply vert structure with function squall WHAT is pushed onto the

stack and 8 new partis! parse crested

Grammar.4 handles sentences Hike "Yesterday the man knew John had retuned.”

“Yesterday” Causes the formation of two partial parses, one In which It is treated
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83 & lime referent. and one in which it is used as the first noun of the MAIN
structure.

I.omig » NOUR, =! « WIL &. mygp » MOUM, MM = NIL

NOUN]. YISTIRDRY PREP. «Tw
FUMCT ION: Male EOUN. YESTERDAY

FUSCT ION Me[N

When “man” is Input, it cannot be added to partis! parse 1. since there i8 no
structure In the steck that can accept & noun. “man” can be sdded ic partial parse

<, by collapsing the stack down to the MAIN structure and adding "men® to the MAIN
structure, This results in

wig» NOUS = « NIL

MOUND (MAN THE)
CASES: ({WSEN YESTERDAY)
FUNCTION: Milk

ax the COLLAPSE routine knows that preposition structures whose preposition is
= TIME Vill the WHEN case of the verbs they modify

"Know" can sccept & clause, s0 the application of "ingw® to the partis DEFSS
above results in two different partial parses:

1. mag » VERE, =i » NjL & mig« KIL. M « NIL

VERE {{em0w ED) FURCTION. sat
NOUKL (Man THE) = =

CASES. (ww YESTERDAY) ) VERE: {{omdv [D)}
FUMCT ION: main ROUND: (MAK THE}
i CRIES: [{wMEN TEATERDAY })

FURCT ION Mtl

"John" Is added to both partial parses:
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I. mag» MOUN, wm) « N}L Imag+ WOUN, ML « N]|

ie WOUNE: Jone

VIRB. {((emv ID}) FusCY

WOUNL: (MAN THE} i oe
WORD JOM VERE. {{emw
CASES: {(vsIN YESTERDAY)) AR rai
FURCTIOR: MeN CASES: {{WwHEX YESTERDAY)

- FUNCTION Mein

“had” is spplied to each partis! parse as verb. Partial parse 2 is continued by

adding “had® to the top structure of the stack. Partial parse 1 cannot be
continued.

The addition of “returned” to the stack produced by the application of "hag®
produces,

mig = VERE mM « Nii

VRE {i®ETues fD)}{ma% EDV)
BOON]. Jal
FUNCTION: Want

VERE: ({xwM £D}}
UK]. (MAN THE)
CASES: ({wMER YESTERDAY}
FUNCTION. Mile

The Input sentence Iz exhausted The stack is collapsed snd the resulting
structure formatted.

(ENN PH

EWMEN YESTERDAY]

I (MAR THE]WHAT (RiTURN PP

[508 Jax}
i]
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4.2 Grammar efficiency

The primary objective in writing an efficient grammar Is keeping the number of

partial parses low. This is accomplished by minimizing the number of ways a word

can be successfully spphed to & partial parse. Theres are basically three different

ways Of handing This within the Reader formalism

RT. The use of the sisck to avoid attaching sentence consiituenis to
each other unt more informetion is leerned sboutl the nature of the
attachment.

Re. The use of one stack structure lo representmore than one synlactic
possibilty.

Ra The use of bottom-up and 1op-down parsing techniques together,

The simplest example of the fist technique is the handling of sentence

constituents which can modify many different structures in the sentence (eg.

prepositional phrases, relative clauses, alc.) Such constituents are placed on the

stack, thereby avoidng the necessity of § different parse path for sach sentence

structure that can accep! them as & modifier. Woods, in [Woods T3], mentions &

similiar feature, called "selective modifier placement™ However, It seems limited to

the simple application mentioned sbove. More powerful uses of the stack sre

obiained in conjunction with RZ.

RZ makes use of the fact thal in many cases, Two of more synisclic possibilities

can be combined in & single parse structure. For example, consider & sentence

beginning “The boy that... Obviously, "that® is part of & relative clause which will

modify "boy". But it is not cles whether “that” is either

1. the subject of the reistive clause ("The boy that Bikes ice cream..™)

Bs Revie 91 Wve subject of the reiative clause {"The boy that piries...



3. # function word {*The boy thet the girf likes."

A single stack entry which covers sl these possibilities Is

$e MOUND THAT
FURCY ION: =

if & vert: in applied to the stack containing S before a noun is applied. S will lead to

& SUCCeSSTE parse. Now suppose & noun is applied before & verb. it #8 moun group

cen be made from “that®, the modifiers on the modifier st. snd the noun being

added, then the sentence involves usage 2, and “that” iz replaced by the noun

group”. '# & noun group cannot be constructed using “thet”, but can be made using
just the modifier ist and the noun, then “that™ is replaced by the noun group (usage
3.}

RZ cen be used with Rt ina shghtly different way. Considerthe two sentences:

i. "He saw the man running out the door.™

2. "He saw the man running out the door drop the bag ®

in sentence 1. “runningout the dos” ix most jikely interpreted as "whathe saw

the man doing™. in sentence2. “running out the door” is & relative clsuse which

modifies "man, One structure,

Io VERE ({%0N ING))
FUNCTION: PARTICIPLE

can represent both Interpretations. If Is decided which interpretation to use

depending on the conditions under which the stack is collapsed. The relative clause

TRE p— |
If & noun group could also be made without using “that®, & message Is Jeft which

indicates to Format that & choice between “that noun-group™ snd moun-groupshouldbe offered
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interpretation is used if the stack is being collapsed to add & verb, and the “see”

cease Tiller interpretationis used otherwise. A more delsiled sxample can be found

in section 3.2.6.

Section 31.7.3 provides an examples of RI. The following two sections contain

examplesof RD.

3.2.7 Nounsas modifiers

Virtually all English nouns can also be used ss modifiers. In "The besebaltbat is

used to hit the basebsll™, the test occwrence of “baseball™ is used ss & modifier,

while the second is used a3 & noun. The grammars in section 3.1.7 coped with this

by applying sach noun fo avery possiDie partial parse as both & noun and & modifier.

The example sentence would have Two partisl parses after "basebali™ was read.

I mag = WOUK, af = RL Fomag » BEGIN, mi « [BASEBALL THE)

NOUR] {BASEBALL THE} RY MAE
FURCTIOR: MALE IW —

it i= true that one of the Two parses wif always be killed rather quickly,but it would

be better to svold the overhesd nwolved in carrying sxtre partis parses. As & noun

cannot modify & vert, there is no sdvaniage 10 be gained from putting one on the

modifierist. When & noun acts as & modifier, it modifies one of the nouns that come

directly after it in the sentence. The second parse Can be eliminated by adding &

test to the NOUN program thal checks for:

1. mag = NOUN {mesning the last thing done 10 the stack was

tha addition of & noun group 1o the top structure}

£. the noun group consisting of word and the words in the
last noun group sdded to the tog structure in the stack is a
legalnoun group.
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if the test succeeds. the last noun group added to the top structure In the stack is

replaced by the noun group consisting of word with the words In the replaced noun

group as its modifiers. Under this scheme, there would be only one partis! parse for

& sentence beginning “The baseball.® {parse 1, shown above). If the next word in

the sentence were “bat”, iis applicationto parse | would result in

asg = MOU, =i « Nii

MOUN] (RAT Tel Batigeify
FUNCTION MaX

since parse T meets the requirement of mag * NOUN and “the baseball bat™ is a

3.2.2 Reistive cipuses

Grammar J (section 3 1.3) parses relative clauses in essentially & top down fashion

When & noun is read, and the stack contains structure with & noun which could be
%

modified by & relative clause, 8 vert structure with function equal RT is crested,

the noun is added lo it, and the resulting structure is pushed onto the sisck to

awall The veld of the relative clause. If & senlence began “The city people. ™

after "people™ was read there would be two partial parses:

I mag « ROUN, =! = RiL I mag + WOUM, +f = Wji

HOUR] (PEOPLE TWE CITY) ws] PIOPLE
FUNCTION MEE FosCT ION: BC

WOUR]: (CITY THE)
FORCTION: ™ilw

if the complete sentence were "The city people hate is Tokyo.” the second partial

Ee em——————
The test would fall H the sentence were "The baseballs bast _* since “the:

baseballs bat” is not & legal noun group™.
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parse would lead to & parse. “hatls™ would be the vert of the "RC" vert structure

and “is* would be the verb of the “MAIN structure. Parse1 would use “hate”as

the verb of the "MAN structure and the parse would be discontinued after “is” is

read, since the stack would not contain & verb structure which could accept "is® If

the complels sentencewas “The city people favor bonds.®, partial parse § would

leadto & parse. Parse 7 would be discontinued when the snd of the sentence is

reached and the perser resizes that it cannot sttech “people favor bonds” to “the

city™. If the main verb of 8 sentence which begins with & such & compound noun

iskes an indirect object. then the sentenceis synlaclically ambiguous. (eg, "The

city people gave the bonds™] The parser must not refuse to edd “bonds™ to “people

favor" {which would kif the parse earlier] since the sentence might have been “The

city people fave: “onds for is Tokyo®

This apiitting can be svoided by making changes in the NOUN and VERE program. In

the previous section, & test was added io NOUN which determined when It was

possible to replace the last noun group added io 3 structure with the noun group

consisting of word and the words in the old noun group. If that test succeeds,and

word is 8 legal noun group by Hself, then instead of parsing for & possible relative

clsuse in 3 new partial parse (by pushing & verd structure whose function is RC

onto the steck), = message is inserted in the message siot of the tog structure

axplainingthat it is possible to form & relative clause with the head noun of the last

noun group In the structure. In VERE, the method used fo find an empty verb siot is

find & structure whose message is "Possible RC".

These changes sallow “The city pecpis hate is Tokyo ™ to be parsed using only one

parse path. After “hate” is read, there is one partial parse:



Grammar writing TO

mig « VIRE,K al « E]L

VERE {(WMaTE})

NOUN] (PEOPLE THE CITY)
ME LLALE  POASTBLE-RD

TNCT OR Male

VERE tries to find an open verb slot To put "is" nn. It can’ t tind one, but it is able to

find& stack structure whose message is POSSIBLE-RC. It removesthe message,

vert and head noun from the structures, forms & new verb structure, and places it in

the stack just above the old one. This forms & new stack,

VERE { (WATE })
wi PEOPLE

FUNCT IONE BC

WOUME (CITY TE}
Timi TiONE WiiN

which is has & place Tor ihe ver “ia"™

3.2.3 Verbs which accept cisvses

Grammar& (section 3.1 4) showed one way of handling verbs which can accept

clousesas case Tillers. Like the Test relative clause mechanism, it was essentially

to: down. When 8&8 vert thet was able to accept! & cleuse was sdded to 8 structure,

& second partis! parse was crested with an amply verk structs whose Tunction

was WHAT pushed onic the stack & better method is to well for the verh of the

clause to arrive before sprouting another partial parse. “1 saw the man in the store

sieal the book. ™ would then have one partial parse at the lee “stesl™ was resd:
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mig= WOU, mi « WIL

FREF iE

<. NOUR. (ITORE Twi}

VERE ((SFE-3a))
UE |

WOURT [MAE THE|
i. FORCTIOR: Wie

"See-zaw” ix the vert: used by Resder 10 represent either the past tenses of "ses®

of the present tense of “saw™ It has aff the syntactic properties of both. if

something in the parse resolves which vert is intended, Reader makes the change.

When “steal” is read, VERS looks down the stack for & structure that can accept &

vert. it finds structure 1. which has & verb, “see-sew™,that can sccept & clauses.

The steck is collapsed down to structure 1. yielding

VERE ([{%EE-1aw))
woUN] |

ROURT (MAN THE (IN (STORE TME}1)}
1 FETIOR WAR

& verd structure with function equel WHAT ix crested to hold "stes!®. NOUNZis

removed from structure 1. and placed In the new structure, which is pushed onto

the top of the sisck. The vert “see-saw” ha: been changed to “see® by the

program which pushed the WHAT structure onto the stack. since “saw cannot

accept& ciavse The result is:

VigR {{i%isi)}

WUE: (MAR THE [Im (3TORE THE)
gf FU TIOmE WAT

VRS {({Mf 10};
mous

1. ¥ixTioE wile
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4.2.4 Conjunctions

Conjunctions are simiier to other sentence constituentsin that, syntactically, they

usualy can be attached to more than one sentence constituent. For axampie,

“The man in the sult and tie. ™ {suit ans tra form the conjunction. }

“Tha man in the sult and John ® {man and John form the conjunction.

“Bill bought the turnisbie John was selling because he needed the money *
("because he needed the money™ specifies why “John was seling®.

"BIE bought the turntable John was selling because he liked the way it sounded.”
("because he liked the way it sounded" specifies why “Bi bought )

Ambiguities arising from which constituent the conjunction shouldbe sttsched to are

handiedby the stacksnd COLLAPSE. “The men nn the st and Jobn™ would be
parsedinto the stack,

PREPOSTY ION a
3 WUE JO

PREPOSITION IN
& NOUm (UIT Ted

WOU: (WARE Taf}
I fisCTiORE mele

TANG" [when scling as & tonpnction between nouns] is rested as & preposition

synlacticaiy. When the stack is collapsed, it is determined whether 3. should be
allschedto 1 or 2

Conpunctions between verbs are handled by Pushing & vert structures whose

Salling deceuse he needed the money * would be parsed Ino:
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VERE. ((N1D £0)
SOUME- ME

BOURD: (MOMEY THE}
3. FURCYION  BICaISE

VERE: {{3ELL ImS3{BE ID)
WOUNL Oe

§ Fim{YION Bf

VIES: (iBUY 10)
EEL BILL

MOUND {TURNTABLE THE}
I FomCToe mals

When the stack is Collapsed. it is determined {by the interpreter, acting through
Format} whether 3 modifies 7 or 1.

At first glance, it would appear that the application of & conjunction that can con joi

nnE and verbs {er & conjunction that is alse & preposition, eg, before. ke) to &

Parse wili result in two partis! parses: one in which & vert cisuse is expected {a

vert structure is pushed on the stack], and one in which just & run is anticipated

i& preposition structure is pushedon the stack} Howeverboth sxpectstions can

be handled by pushing on & vert structure’ whose message is POSSIBLE -PREP and

modtying Format so that it formats & vert structure whose message is POSSIBLE -

PREF and whose vert alot is empty as if t were 3 preposition structure whose

preposition is funtion and whose noun 3iof i the valve of the noun slot of the

vort structure Riso, VERE has 10 be modified to search for empty verb structures

Assuming the stect can accept s verdb Conjunction The stack for the sentence
Begg "John and" con only accept “and® as & noun conjunction. The generat
condition ix that & stack cannot scoept & vert conjunction if the top most verb
structore whose message is not POSSI E-PREP does not contels a veh. 1% the
Hack cannot accept & vert conjunction then the parse is continued by pushing &
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WOUEL BILL

MESSAGE POYLIBLE-PRER

2. VURCT ION: REC

VERS: {{LIxE 3)})
BURL Owe

MUR JANET

I FumCTION MALS

if the sentence contmued "John hes Jeane! sod Bll hates JE, "hates™ would be

placed in the verb shot of 1tructure 2. If the sentence was umply “John kes Janet

and BEE", the stack would be collapsed and the format of structure7. would be

fam: BILL)

the same as the format of the preposition structure,

PREPOSITION an
Em EiLl

Finally, if The sentencewere “John Bes Jane! and Bll and George hate JIE", "hate™

would be spphed to the following stack:

WOUND GF ORGE
ME LSAGE POSSINLE-PREF

I FUNCTION AND

OUR] Bill

MELLALE POALIALE-PEER

d FOsCTION ash

VERE (LIKE %))
WOUST JO

WORT Jami?

| FimCTION wWhiw

VERS would first try to add “hate” to structure J. This would fail since “hate®™ and

“George”do not agree. It would then try to add “hete”™ to structure I, after having

attached 3 This would succeed 3mce “hate™ and (BILL (AND GEORGE!) do agree.

Note that If "hate™ could have been added lo structure J (If the sentence were

=John Hkes Jane! snd BE and the children hate JiLY, for instance} then VERE would



SEE heave tried to stiach “hale” to & structure lower dows in the stack 3c that af

the possible meanimgs of The sentence Could be uncovered "John kes Janet snd

Bal and the childrpn hats Ji * could mean either

{Com} ane (Con) aap
oF

{01% wm (LIXE w=

[ous Joes} jo Jw[OBS Jang?) OBJ (AND JamgT
E iLL

1]
[WE TE we i

{308 (awd BiLL
(CHILD +) {WATE mw

1} [S08 (Twlin PLY)
[O08 Ji} [08 FIL)

3 i
] ;

In producing the two parses above. Reader did not have to pit Into two parses

until the word “hate” wes encounlered.

3.2.8 Verbs intiectedwith ed endings

Verbs inflected with an “ed” ending which sre not preceded by suxiiary verbs can

ususly be sppled to & parse {a3 verbs} in two different ways: as the main verb of

& Clause, “The police captured the robber.™, of as & modifier following & noun, “The

robber caplured by The police was Ccomvicled®. The grammar Resder uses combines

When an “ed™ verb is encountered, any combination of

1 There is & vert structure in the stack that has sn empty
verb slot.

< There is & structurein the stack that has & noun which
could be modified by & relative clause.

canbe true. Suppose an “ed” verd is encountered.
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i the lest operation on the stack was the addition of & verb {mag =
VERE], and the “ed” verb forms & legal vert group with the verb juss
added, it is added inio the top structwe In the slack &s part of the vierh
group. VERE exits

IF 1 and 2 are true, thes a vert structure is pushed on to the stack
with FUNCTION equal REL-OR-MAIN, VERE equs! the “sd” verh, and
NOUN equal ‘match _te_hesd noun. if the verb clause is used as the
predicate of the sentence, then ‘matchtc head noun wilt be replaced
by the ROUNE of the structure it Is sdded to

WH just 2 is true, then & verb structure is pushed on the stack with
FUNCTION sequel REL

It Just V is true, the steck is collepsed down to the structure with the
empty verb slot, end the vert is added

It neither 1 or 2 i= true, then VERB simply exits The parse wilt be
continued by using the "ed" vert: ss & modifiar

Theze methods parse "The man in the photograph framed for the police was his

fathe!™ as follows The stack, before “framed” is read and after “police” Is read,

is shown below:

PEEP FOB

&@ NOUR {POLICE TE}

VERE ((FRAME ED))
KUN: imEtch-1ohead noun

3 FUNCTION REL-OB-MAlK

FEF IN FEEP IN

d ROUN  [PFHOTOGEAFW Tw} § WAN (PHOTOGRAPN THE}

NOONE (MAR THE) WEL (MAN THE)
| FumiTiON min I FUSION: mii

"The man In the pholog-iph framed for the police

& verb structure with FUNCTION equa! REL-OR-MAIN has been pushed of, since the

slack containg both § structure withan empty vert sict {1} and one {both 1. and 2.3

with & noun which could be mo. ted by & Telative clause. if the sentence ended
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with “police”, the stack would be collapsed, and the deduc!'ve system would be

asked to choose from among the tivee possible parses the stack could be collapsed

10:

“The man in the photograph which wis frames for the police.”

{MOUN (MAR THE {IN [PHOTOGRAPH THE {FRAME PN

[C8] match te hesd moun)
[FoR (FOR (POLICE THEY))

Fil}s

"The sgn tn Lhe phologriph who wis fremed for the police ©

(MOAR (MEK THE (18 (PHOTOGRAPH THE} (TERME FN

jo imgtch_is_head_ noun)FOE {POLICE THEY]
Vi}

“The men 1n Lhe phologreph ¢1¢ frame {pholo: or people) Tor the police.”

(FRAME PR

Fa {THE aN {ik (PHOTOGRAPH TeE}})EFOR {FOR (POLICE THE}))
}

The sentence continues with "was™ however. The VEAR program apples "was® 1o

the slack by sesrching down the stack for a structure with an emply verb slot. it

finds 1., and collapses the stack with the purpose of inserting & verb. This means

that 3 cannot be sttachad to ¥. as the main verb of the sentence, since that saint

Is now reserved for “was® The deductive system decides whether the man of

photograph was framed (we will assume “the man®}, and "was" is inserted in the

rasufling structure. This yields

VIRE: {{8f ED))

MOUN]. (MAR THE {iN [PROTOGRAPH THE))
{V FRAME Px {OBJ Teatch lo head noun)

: {FOR (FOR {POLICE THE)I}S
FUSCTION MAR

and the parse iz continued. in the parse of the completa sentence, the companion
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system never had to consider & meaning which used “the man® as the SUBof

"frama®.



TE

&. A closer look

This chapter explains some of the algorithms mentioned earlier in greater detail

#1 Measure

Each stack structure has & siol set aside for its messure, which is used by Reader

to help it choose among competing partis! parses. The measwe of 8&8 structure rates

both the syntax and semantics of the structure. The deductive system {via Format)

i= responsible for delermining the semantic component of & structure's measures.

Section 5.0 explains how semantic measure is calculated in the Resder-interprater

system.

Two measures sre compared by first comparing the two semantic components. If

one messure has & belter semantic rating {section 4.5.1) than the other, It Is

preferred. if the semantic components are equal, the measure with the best syntax

rating {section 4.1.2} is preferred. if both components sre equal, the measures are

equsl. This comparison system prefers & very unususi {but legal} syntactic

structure to & more common syntactic structure if the former Is judged 10 be sven

slightly better semantically.

A structure i= measured when It is Formatted Forms! returns the format of the

structureas wel as Its measure, which Is then merged’ with the contents of the

measureslot of the structure recehving the formatted structure. The measure of&

Y i arauf Em
The merge of two messures, M1 and MZ, is the messwe whose semantic and

syniaclic componenls are the union of the semantic and syntactic components of
MT and M2,
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structure, therefore, conteinsg the measwrs of af the structures that have been

attached io it.

#.1,%f The semantic component

The semantic component consists of three features. The interpreter is responsibie

for rating each festure. A rating can have one of J values.

perfect: The interpreter is perfectly sstistied with this feature.

acceptable: The interpreter would prefer something eise but the
feature ils acceptable.

unacceptable: The featurs is unacceptable.

A semantic component 4 is baller than & semaniic component 8 if

1. & has fewer unaccepisbie Teslures than 8

oF

&. A sand § have the same number of unacceptable features, and 4

has fewer features which are merely acceptable.

This sigorithm would prefer & semantic component with only acceptable features to

& component with one unacceptable feature end & large number of perfect features.

An alternative method is fo allow some number of perfect features to cance! the

effects of an ynacceplablie festure.

The following features contribute to the semantic component.

Verb Cases

iz the verb weli moditied? The ratings are:

perfect: The verd has ali the cases it needs to be weil defined.

acceptable: The verb is missing some cases which are usually found
with it.
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unsccepisble: The vert is missing some cases which 87% Necessary.

"Puttis an exampleof & Yoh requiring & case. namely & whers-put case. One

almost never says “John put the bali*. Therefore= vert structure whose main verb

Was "putl™ that did not have & where-put case would be rated unsacceptabie. This
does not prohibit the parses from parsing & sentenceSke "Joh put the balt™. If

that were the sentence the parser was piven, ther the best structure the parser
would be able to find would be one whose measure contained & semantic component
with &t issst one unacceptable rating.

Ar acceptable, but not perfect. case of verb modification can occur with verbs lke

"20". "Go" prefers & case expigining where the SUB has gone. However it |s falrty
Commonto omit that caseIf It is implicit trom soma other information.

Noun Modifications

This Is an evaluation of the sppropristensss of each noun group In the structures.
The ratings assigned sre, |

perfect: The noun group ls perfect. The deductive system can find an
object in its representation of what has been ssid which the NOUN grouprefers to

acceplabis: A referent cannot be found, but all the modifications in the
foun group are meaningful to the deductive system. eg. The deductive
System will know how to interpret the noun group.

unacceptable: The deductive Eystem cannot! understand the proposedmodifications.

Sometimesthe rating givena oun group will depend on the context the sentence

containing the noun group occurs in. Consider the noun group "The student

George™. If there were two George'sand one of themwas known1o be & student,
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one might want to disambiguate which Gaorge was being referred to by using the

phrase, “the student George®. 23 in “The student George is always busy”.

However we would not want the parser to consider the phrase “the atudent George

saw” as having & meaning other than “the student that George saw”, axcapt in

such& context.

This feature is also responsible for messingthe Tit of the modifierscoming after

the noun. "The bal in the box™ would be rated perfect if the interpreter could ting

& ball in the box, sccepiableif not. “The storehe Kissed”would be rated perfectif

the interpreter could locate § store that was kissed, unaccepiabie if not.

Appropriateness of Verb Cases

Most verbs prefer certain fypes lo fill thew cases The interpreter should have a

verb frame for each vert [Reader can operate without this frame. it just means that

one more level of discrimmationis lost, which might result in Reader finding more

interpretations of & sentence than a person would] which it uses to evaluate how

well the verk's cases fit it. The values are,

perfect; The verb and csse satisfy the interpreted’ & sxpeciations.

acceptable: The verb does nol usualy conisn the case, bul the
interpreter is aware of idioms thal would Cause the verb to receive it.

unacceplable: The interpreter is unable to tind any role Tor the case to

piay In the verb’s definition

The verb "give"® prefars & human as its SUB, a non-human as its OBJ and a human as

its OB {recipient}. Using these expectations enables & person to tind only one

meaning for "He gave the balk Bii gave the salesr0", namely
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{GIVE P%

Loe i]08) {BALL "ME [GIVE Pe

j Su Big}10k (SACETmaE THE3]
113

3

ang not Consider,

{GIVE Pe

[Sus wt)
[T08 {BALL ™ (GIVE Pe

. $37BFHEHH

(OB) (SALESWAR Twii)

Since the second Interpretation sssigns “give” & non-human for its WOE case and &
human for Hs OBL

& parser cannot! affordto feject possible parse: that contain verbs that don” 1

accept their cases since one frequently uses verbs n ways which violate their

case preferences, as in “He gave the bride swsy*, "The noise gives him a
headache™ of “He pave the weak & kick”.

4.1.2 The Syntactic Component

Reader tries to filter out some of the partis! parses that are valid syntactically,

semantically meaningtut, and yet would not be selected by & person. if a structure

has this property, It is marked in the syntactic component of its measure. The

syntactic component with the fewest such markings is the best. A structuras

inherits the messureof sny structure that Is attachedto it, so it is possible for the

syntactic component of the measureof & stru-tureto have more than one syntactic

mark againstit. Hereis an sxampleof this ides:
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“The salesman crushed by the sievetor was hurt” is understood by resliring that
the verb plwase, "the ssiesman crushed by the elevator”is the subject of was.

Using the same methods Reader finds two mesnings to *i saw the salesman
crushed”.

The only meaning most people would consider is, M1: */ saw the act of salesman
being crushed™,

{ME =

po i}WHAT [CRUEPe

(OB) {SALESmaN THE))
i

k

Resder finds another interpretation,which is M2, saw Ihe salesman who was
Cri shecr™

{SEE PH

hp i}OBJ (JALESMAN THE (CRUSH PR

(O82 imetchto head noun)
pi

}

People who want to convey the second meaning say the senlence differently, so

we O00 not want the parser io return with two parses for *i saw the salesman
crushed” since people do not find it ambiguous. The second meaning has to be

considered, since the parses may be given “i saw the ssiesman crushed by the
elevator walk away unhurl®. Resder marks the syntactic component of any verb

structure whose vert can accept & cisuse and whose OBJ Is & noun modified by a
verb clause with imatch_to_headnoun for a dummy OR). Thus, if Reader were

Piven the example sentence * sew the salesman crushed”, M1 would have & batter

Measure than M2, so Reader would return only one parse for the sentence.



ft should be noted that the rues used in determining the measure of & structure are

distinct from the rules vied in the grammar The role used i= the sbove exampis

i". mark any vert structure whose vert can accept s clause. and whose OBJ is

foun modified by & verb Clause with ‘match ic _hesd noun for an OBS} may seem

somewhat ad-hoc. But this rule In no way effects the structuring of an input

sentence tis merely used lo Miter structures that the parser finds. Without this

rule, the Fystem working with the parser would have io decide for Hiself whether i
saw the salesmen crushed™ meant M1 or M7

Other parsers have used venants of & “messes” concept. Robinson, {Robinson

75], uses the term factor score 10 refer 10 how wel various syntactic features “ft

together. In theory. this seems guite similer to the syntactic component just

defined. In practice, it is used quite @fferently, since the motivation for factor

Scores les in the smdiguous Inputs & speech parser must desl with Reader uses
the measwre of = structure 1c help it choose from among completed parse

structures, or from among structures resulting from the collapse of & stack segment,

Measure Is never used to determine how & word should be applied to & parse, or

whether or not to continue & parse. In contrast, factor scores are primarily used to

determinethe priority of active parse paths. The factor scoreof “out® eliminates a

parse path. An exampleof an “out® factor score is the combinationof *fool* and

"8%. Presumably, the spesker intended the “8° a3 the first letter of the word

following “foot”, rather than the last! letter of the incorrect plursi *foots®. This levet

of detall is unnecessary in & parser intended for written input.

In many cases, the syntactic measure can be done awsy with in favor of more

stficient parsing methods. In the sxsmpis above, syntactic messwe is needed



whenever the grammer “spits” on & vert inflected with “ad” by cresting & parse in

Which The “ed” vert is the mam vert of & clause. and One I which the “ed™ verb is

Part of an pmbedded Clause modifying & noun I= 3 gremmar whach did not plt (see

Pecion 3.251 7) sew the seleaman crushed by The slevator” would be divided into:

SL
P owum (ELEveloE Te)

vies LeChusm £9)3
WOUND matonlo head meus

d FuMCTIOE WEL

VERS E4388 ED:
ww

BOUND (mam Te}
EO FosTion waiw

When the stack 8 collapsed, J would be silached 10 t. as The WHAT case of

“see, and ‘match _to_ head noun would be replaced by “the man™ If the sentence

were "I saw the man crushedby the elevator walk sway". then when walk was

TTRad, the only place 10 put it would be the vert siof of The WHAT caseof “see”

Theratore the stack would De collapsedwith ihe purpose “VERE, meaning. "Don’t

fi Up any varb slots" This would cause 2. to be attached 10 1. as & modifier of
“man”, rather than as the WHAT case of “ses”.

4.2 Collapsing

Collapsing& stack {or stack segment} consists of converting it into & single stack

structure by sttaching af the Siructures in the stack to seach other until there is

only one left that haz not been attached to any other. The methods used to build

the slack ensure that structures will only modify structures beneath them in the
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stack. Theve is one “syntactic™constraint the collapse must satisfy. Given& stack

[Sm Spt... 852 857) it 5k is attached to S/ then for all /, & > / > J, §5/ cannotDe

attachedto Sm, | > m Thi: constraint. which may be viewed as nesting condition,

reflectsthe syntax of English As an Bustration, the stack {0 C 8 A] could be

collapsed= five different ways:

(2B C D} A modified independentlyby B. C and D.

{h BEC D}} A modified dependently by B ad C modified by T.
{A {8 C D}} & modified by B modified ndependenttyby C andD.
{4 {8B {C D}}} & modified by B modified dy C modified by 0.
(A{B CD) & modived by independently by B modified by C, and 0.

it can t be collapsed soc that [ modifies B, which then modifies &, and CT modifies &

sine this would vidiate the nastng COMMITION,

Dependingon the slack, each one of the above structurescould be the meaning

intended in the sentence, so the Tollspse sigorithm must he able to consider each

possible collapse snd returnthe ones} with the best measure.

The following sentence illustrates the fect that any one of the five structures could

be the preferred Interpretationof & four structure stack. “He puts the block in the

box in the carton on the table.” would be dvided into

D. on the table

C. In the carton

B in tha bax

A. He puts the clock

Depending on the clecumsisnces the sentence scoured in, It could mean either:

{& {8B (C D)}} ~~ The box is in the carton, the carton is on the table, and the block is
put in the box. [When B modifies A 11 can modify either the location of the block, or
where the block wes put. 1f only B modifies & dieectly, then it must specify where
the block was pul. If there it another modifier that could specify where the block
was pul, then B specifies the location of the block. }

{A {BC} D}-- The block is in the box, the box In the Certon, and the block is put on
the table.
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(& B {C D)} - The block is im the box, the carton is on the lable. and the block in
put in the carton

Changing[ to "on Thursday™ yids

{A&B CD} -- The block is in the box. It ix put = the carton. The actionis done On
Thursday.

ChangingT to “with the cover” ywids

{Ah {8B C Di} -- The box has & cover. The box is on the table. The block is put In the
box.

The simplest sigorithm for collapsing the stack would be to generste all legal

collapsesand then choose one with the best messurs [This methodia not used

because the numberof structures& stack can be collapsed to grows exronentisly

with the length of the stack. In fact, the sequence followed is the Catalan’

sequence, which is £1, 1 2 5 14, 42 132 426 1430, 4882 168706.) The

closed form for the Nih term of the segQuende iS

Fit HAL

veseesess a The nomber of ways & stack of length ¥ Can be Collapsed
EEREL

So it is obvious thal we will wan! 10 use & more ntellgent method for collapsing.

The sei of structures & stack S maybe reducedio 18 Calledthe collapse sed. Wa

wish 10 generate the members of the collapse ef In an order thal gives us the beat

chanceof Tinding the preferred structure in the sel before generatingthe entire

set.

in English usage, sentence constiluents have & tendency to modify the constituents

that are closes! io them in the sentence. in & stack. this translates a3 “& slack

¥ Which, among other things, counts the number of ways & convex polygon of N
sides can be tranguisted[Gardner 78]
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Structure is most likely to modify the one directly benssth It in the steck® har

heurtatic is tc generates the members of collapse sof ths: have the “ciosest

modifications™ first’, and stop 83 3000 a3 we generate & structure with perfect
MEAT.

We define3 metric to measures how well & member of the collapse set fits the “close

modification” criterls. The metric counts the number of structures in the siack that

modify structures a structures benesth them SINT NZ. Nk} is the subset of

colispsese! whose members contains N1 Structures that jump over one structure to

find the structure they modify, N2 structures thal jump over 2 structures to find the

structure they modify, etc. The members of SINI.N2Z_NE} sre more closely modified

than the membersof S(M1.M2._ML} if and only if the sum of the Ni (/=1.A} is less

then the sum of the Ms (/+1.4), or the sums sre squat and there existsJ (1 ¢ § 5 &k)

such that Nj > MM} and Bi: = M/ for alt / jess thas & eg. For & stackof five

Structures. the structure with the closest modifications lz S{0.0.0} the structures

that are In 5(1.0.0} are the next most likely Interpretation of the stack, and the

structures In S5{2.0.0.} sre preferred over those In S(1.1.0} The Collapse routine

generates the structwes with the closest modifications first. with one mporiant

exception. Suppose the modificationof structure N by structure M lesds to & bad

measure. Then every final structure in which M modifies some other structure with

® better measure than it does Nis generated before those containing N modified by
A, even though the istter may be more closely modified.

Here = how this works on the sentence.

¥ ners are certain exceptions for exemple, if ® ver structurein the stack has &
PASSIVE Verh group. and thers is & preposition structure whose preposition is “by®
above It. then the collapse routine tries 10 sltech the "By* preposition structure to
the vert structurefirst



& closer look a0

“Write me 8 program called Intersection which prints a set of ists
of numbers and outputs the numbers which are in all of them*

The steck to be collapsed is
PREP; OF

GB. NOUN: THEM

PREP. IN

EB MNOUN: ALL

VERE: ({BE}}

NOUR, (WHICH PU)
Ff FUNCTION: WHICH

VERB: {({PRINT 813

NOUN: ‘matchto _conjunct sub
NOUNZ: (NUMBER PL THE)

6 FUNCTION: AND

PREP: OF

6 NOUN: (NUMBER wi}

PREP: OF

A NOUN: {L157 wp)

VERB: {{READ S8))
NOUS: (SET a)

BOUT {WHICH 15ING)
& FUNCTION: WiBCH

YERB: {iCal £0OH

NOUNT. 1RINTERSEC TION

NOUNT: 'match_to_hesd_noun
£. FUNCTION: PASS

VERB: ((WRITE))
KROUNS: (PROGRAM &)
NOUN2: ME

ROUNY: YDUI®

MSG: {IMP}

3. FICTION: MAIN

Of more simply,
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2. of them

8. in ali

TF. which are

. and prints the numbers

6. of numbers

& of lixts

J. which resds & set

£ called Intersection

1. write me & program

Collapse begins by trying to generate {1 (2 (3 (4 {5 (8 {7 (8 SY). the only

member of 8(0,0.0,0,0,0,0} #1 successfully forms {8 (7 {8 ©})) and tries to attach

it to 6 it cannot since §. must be aifsched to vert structure. An ilegat

afiachmeni snd an sifachment with bad measure are handiad similariy® Colispse

now looks down the stack for the closest structure which will accep! 6. with a

perfect measure. 11 finds 3. which means it now has to collapse the stack segment

trom &. to 3. It celis sel recursively on the stack consisting of 5.4. and 3. which

results in the structure [3 (4 5]). The structure (8 {7 {8 8))} Is attached 1o it, end

Collapse goes back 10 work on the stack consisting of 1, 2. and {3 (& BY {8 {7 {8

21. The result is,

SE
#g. If the attachment were iegal but had & bad measure, Collapse would

immediately start lookingfor & batter place to put It. If none were found, 1 would
settle for the bed messurs.
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(IWF (29WRITE WN

{ERG} YOU=)
[ARGS mf)
[ARGE (PROGRAM R [18CAl: PN

[ARG 'melchite hedd noun)
(ARG? 1®INTERSECTION]

;

[Co=} amd

FIRIAD WN

[STEPOF matchto hesd nounl

| CARES (£7 & (OF JLiSY 1PL {OF (wdei® 12013111)
{I80TFUT NR

[STEPOF match to tongunct sub)
[ARGS [MBER THE IPL (Jwhi Nw

[ARG {imstchto _hesd noun)}
[ARGZ (ALL (OF Them)}}

$13
}

ii}
}

!

4.3 Formatting

Format is the sigorithm which prepares & structure for output. it is responsible for

calling the deductive systems to measure the structure.

4.3.7 Noun groups

the noun group of en unformatted structure is & list of the head noun and its

modifiers. This list is handed to the deductive system which structures it snd

returns & measure of the appropristeness of the noun group. The representation

used for the noun group's structureis dependent on the needs of the deductive

system. SupposeFormatwere given & structure containingthe noun group,

BUN. (PROGRAM THEORY FORDMLTION THE)
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The deductive system would be asked to structure it. The structure returned by
the interpreter {chapter 5) would be:

MOU PROGRAM

progrem- Lype: THEQEY FORMAT (ON
definite: 7

MEARE- PERFECT

where “THEORY-FORMATION® is an atom denoting & certain king of program.

The noun group representation used by the the deductive system does not matter

to Reader, since once & structure is formatted, the parser no longer accesses it

The important plece of information, as far as Reader is concerned, ix the messure of

the noun group. it Iz not unreasonable to expect the deductive system to be

capable of supplying such a measure. A system's sbility to represent a noun group
in 8 useful fashion implies thatit has = measureon how wel the noun group fits the
representation

The structured noun group Is returned in the proper slot of Format’s output. The

measure of the noun group is sddec into the structure's mesure, which will be
returned slong with the formatted structure.

4.3.2 CTonjunclions

Format is responsible for bringing conjunctions up to their proper level in the

sentence. “He resds: books and writes poetry and music™ would be parsed into
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ROUN: MIC

¥ OFUSCT ION: AED

VERE {(WmITE 53)

®OUNL- “match _to_conjunct SUS
WOUND POETRY

d FUNCTION an

VERE. ({READ 3})
SORE. wi

WOLKE JROOE 8)
I OFIsCTION MAIN

When the stack Is collapsed, J. wouldbe attached to 2. yielging

VEER: {{WRITE 33)

NOUN]: ‘matchto comsumct SUB
NOUN? (POETRY (AND MUSICH

+ FUSCTIONAND

When 2. is formatted, the conjunction {which until now has been trested just like &

proposition] in NOUNZ is brought up to topleved, producing [AND POETRY MUSIC)

When the formset of2. is atlachedto 1. it is placed In the casas slot:

VERE  {{READ 5;
MOUS]: WE

WOUND [BD0% PL)

CASES: ((ANMD {(WE[TE %% [{l08 Nr aieoCendue us)| {0B {AND POETRY MUSICIIIIND
I FimlTioN maim

Format brings it up to top Jevel 20 that the result of the parse (2 easily seen 10 be &

con func tion:

PCO} AND

{READ WN

«UE ME}
[0R) {BOOK IPLY)

{WRITE WN

SUB match te conjuncl SuB)1{AND POETRY
MUSIC)

i

i
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The symbol “imatch_to_conjunct_SUB" (section 2.4.8) refers 1o the SUS of the first
conjunct ("he").

4.3.3 Fling In extra cases

Format provides a channel! for the deductive system to determing if there are any

missing cases in the verd that can be filled in from the rest of the sentence.

Consider the sentence "John drove through and destroyed the plats glass window."
taken from [Woods 73] Syntacticsily, It is possible for the object of the

preposition “through™ to be “the plate glass window.® Reader asks the deductive

system if this would make sense. If the answer is sffrmative, Format would return

[COm: and
{DRIVE PN

Ins JO}WHERE (THROUGH (WINDOW THE PLATE GLASS)
H

{DESTROY PR

Sry Imgtch ts _conjunct SUS)OB) imalck_lo_conjunctPRIP)
}

}

where “match_to_conjunci_PREP® is to be matched to “the plate glass window™.

Notice that Reader cannot add cases 10 8 verb without consulting the deductive

syslem. in the sentence “John drove through and destroyed her confidence in
him." the object of “through®is not "her confidencein him®

4.3.84 Choices

Any choices in the parse structure {section 2.3.4) are generated In Format,

Consider the choice offered for the SUB of “be” In
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(ENOW PH “i know that ice is slippery®

LAT 18 PH
(=8B {«D0IE ICE

{ICE THAT)

{ES SLIPPERY]
: ii

Just before Format asks the deductive system to structure & noun it examines i 0

see if a choice can be made from it. In this case, the test that succeeds is that

the noun is modified by “that”and ia the SUB of & verh which belongs to& struciure

whose functionis WHAT. The consequence of the test is that & choice of noun

groups should be offered, one with "that" as a modifier, and one without “that™. if

the origina! sentence had been “i know thal that ice is slippery™, the second "that

would not have been added to the Modifier List. instead, & message would have

bean left in the message siot of the verb structure which would have signe bed

Format not to test for this particular choicebeing present.

4.8 Parallei processing

ReaderIs designed to follow partis! parses in parallel If this were implemented

straightforwardly, it would lead to an unfortunate amount of duplicated effort.

Considerthe parsingof the sentence “He had another lookat the man in the trench

coat who had been followinghim for the last hour.When “st* is read there are two

partial parses:
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1. msg » BOUK, ml « Wil 2 mag« VERE, =} « Wil

VERE: {({savi £D}) VERE: ({L00x])
NOU]: WE wOUK] ANOTHER

NOUR- [LOOK ANOTHER) FUNCTION: WHaY
FORCTION: ™Malw . = =

ah VERE: {({navg ID}}
NOUR]. WE

Fr TION: MATH

if reader used simple parallel processing, "al™ wouldbe addedto both partial

parses, producing

i mag « PRIF, =! = El{ ¢ myg + PREP, mt « RIL

FREE AY PEEP AT

VERE: ({MAVE fD}) VERE ({LO00x}}
NOUN] NE WOU ANOTHER

ROUND: {DOK ANOTHER) FUNCTION WHAT
FORCTION Man - rw

- = = VERE: ({MAVE £0))
WOR] mE
FUNCTION: Mein

At this point, both stacks have the same top structure. The rest of the sentence,

consistingof the noun group “the man in the trench cost who had been following him

for the last hour® Is going 1c be parsed twice, once for each partial parse. The

different parlis! parses arose because words were applied tc 8 single partis! parse

in different ways. This necessiiated two different parses. because each could

accep! words ifferently. Parse 2. was able to sccep® "ook™ as & vert and parse

1. was able to accept it as & noun. But now that the stacks of sach partial parse

have the same lop structure, most words will be added to the stacks in ihe same

fashion. We can take advantage of this fact to avoid parsing the object of "at"

twice.

in genersi, whenever two {or more} partisl parses have identical tue structures,
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they are mergedinto ong partial parse with & branching stack. The two partiat
parses above would be merged to:

sig = PREP, si «= NIL

PREP: A1

VERB 1 (HAVE £01} VERS: § HOX
NEN: NEN: ANOTHER
NEN: {LON AMDTMERS FUNCTION: Bal
FICTION: MATH i -

NANI: WE
FIMCTION: MAIN

The stack branchingIs vwisibie 10 the grammar programs. Whena SHIFTix calledon

& branched stack It stoma tically follows down aE the branches and separates the

branched slack as required. in this tase, the merge of the two partial PRFSeY Cults

the parsingtime for the rest of the sentencein half, The succeeding words in the
senience are applied to one partial parse, nstead of two. Since none of the words

the remainder of the sentence are atiached 10 structures below the current top

of the stack, the two partial parses remain merged until the end of the sentencw.
After the last word in the sentence has been read, the stack ooks ke:
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mag = NEN, =! = NL

PREP:FOR
NEN: HDF LAST THE?

Mg Ld INGHIBEEN: (MAYE ED)H

HENS Min
FUNCTION: BO

PREP: IN
HON: COAT THENDH THES

PREP: AT

MEN: {naM WE

VERE {(MAVE EDI) VERB: (800K)MEN ME i: RTHNLRC (LOE AMDTWERD FUME TION: WalFUNCT ION: MAIN -
i VERB: §IMAYE EDi}

NONI: HEFINCTION: Malin

Collapsing this stack produces two different parses:

{ HAVE PE

jae HE }OBJ {LOOK ANOTHER [AT (MAE THE (IN {COAT THE TRENCR))
(FOLLIN PR]

[50% matchio head moun]
(O82 ®in}
[FOR (FOR {MOUR THE LAST})]

1133}
s

snd

[HAVE PN

[sus =f]
EWHAT {LOOK WN

Hg ANOTHER |AY [RY {MAR ThE {0% [{0aY Tel TRENCE})
(FLO PPT

[o> tmgtch ie head noun)of win}

3 FOR [FOR {WOUE TW LAZT)::
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Merging partial parses is the other complication mentioned In the generst comtrod

structure presented in section 2.2. Step 8 was "Reset partial-parse-iist io & list of

the partial parses formed in step 4° What sctusfy occurs. is that Aesder

examines the list of partial parses formed in step 4. and modifies it by merging any

partis! parses whose stacks have the same lop structure. partisi-parse-iisf 12 then

resell to the modifiedlist

The merging of partial parses is similer (in effect] to the use of & well-formed

Substring table (WFST} by parsers which use backup to achieve non-delerminism

rather than parallel processing & well-formed substring lable. [Kunc 63] i==

colilsctionof parsed sentence constituents. When 3 parser using& WEST backs up,

1 avoids reparsing sentences constituents by picking conetituenis it has siresdy

parsed out of the WFST Simiarly. it & paralei processing environment, the merging

Of partis parses avoids the reparsing of constituents by allowing seach parsed

consittuant to be shared by every active partis! parse which cen use it

4.5 Other parsers

A considerabie amount of the work has been done in the field of naturai language

parsing. Much of this work has concentrated on syntax based parsers. Thess have

evolved from simple systems mplementing context free grammars. to rather

complex systems motivated by transformations! grammar considerations. Such

parsers have grammars which consist of & context free grammer, slong with & set of

tree may be modified while it is being constructed [Woods 73]. or after it has been
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completed [Ssger 73] This section sxsmines the differences between some of

these systemsand Reader.

Aesders organization is similar10 these systems in thet! we can view Format sg the

transformational component, and the grammar programs as the context free

component. The differences in the systems he primary In the "context free”

component. The first differenceis that the grammar programs &Fe mors powerful

than& context free grammars Considerthe sentence “Onlyc.o8 man was found who

cowl speak Inglish™ In this sentence, “whe could speak Englsh® modifies “man®.

Hesder parses the sentence by dhadingit into & stackof two structures. When the

stac: is Collapsed. the top structure is sitschad to the bottom structure. which

results an the proper modTicstion. This modification cannof be expressed Mn =

sirictly context free grammar.

& more important difference liesin the way the “context free” component operates.

The grammars for most syntax based parsers consist of & description of legs!

sentence structures The grammar’s application to 8 sentence results In & series

of choices about which kind of constituent should be built st & particulsr point in the

parse. Each system makes some effoil to diminish the number of unsucrassful

guesses For example, Woods slows the gramms: writer io “recommend” what

guess to make at any point in the parse. Winograd’s gramsar attempts to use the

information gained from & failed guess st & decision point to allow it to choose

intelligentlyfrom the remaining choices at the decisionpoint.

5 The grammar in Winograd’ parses also consistsof & sel of programs, However,
the programs des! solely with the construction of & parse tree, and are not oriented
towards buliding structures that can represent more than one psrse tree at & time.
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Reader= grammar consists of 8 set of programs which determing the different

ways & word may be added lo & parse in 2 given configuretion. The two methods

sre similar in that the guesses the cider persers make correspond to the guesses

Resder must make in deciding which way to add & word to & partial parse. The

difference in the methods is that Reader provides & framework {the stack) and &

mesns (the grammad programs} for writing grammars that diminish the numbers of

ways & word can De sppiled to & partial parse while stil maintaining & substantial

grammar in most Cases the grammar programs wil apply 8 word class to 8 parse In

only one way However, 8 word which belongs to more than one word class will

generally” be spphed to & parse once for pach word class it belongs to.

1 can be argued that since 6 the more recent systems have the power of luring

machines, they can perfors any algorithm, including those that Reader carries out.

k simple answers to this is “Ah, but they don" t* The reason they dont is that in

many of the systems the “lull power of 8 Turing machine” is used only to modify, as

opposed 1c help build, the parse trees generated by the context! free component.

in other words, the Turing maching comes in after ali the guessing has bess done.

fhe methods used by Header: 10 evold nondelerminiam include a mechanism used In

the ETN parser described in [Woods 10870] Wood's parser is partially based on &

finite state machine, end the method referred to involved the technique of making

an arbitrary nondeterministic finite state machine deterministic by Introducing

several new states. Some of Resder's sistegles cen be viewed in this light, but

most cannct, since they ere involved with eliminating nondeterminism from situations

which involve pushdown operations in the ATH formalism,

¥ Exceptionsare single seplications for words which sre both conjunctions and
prepositions, and words which are both nouns end modifiers.
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Here i= & concrete example. Section 3.2.2 explains how Header parses simple

Telstive clauses deterministically, using the exsmple sentence “The city people

hate is Tokyo™ A nondeterministic ATN would begin parsing the sentence by

sltempling 10 find & noun phrase. It would have 10 guess whether te fing “the city

people™ or “the city people hate® The guess consists of deciding when 1o "pop™
up from the “push” of finding & noun phrase: €xaclly the king of guess that & finite

siale machine transformation cannot help.

Another advantage fisted for ATNs Is the use of registers to make “._ tentative

decisions sbout the sentence structure snd then change one's mind later In the

sentence without? backtracking® This Is obviously & good features for a parser to

heave, and seems sguivalent to Reader's method of representing both sides of a

decision while reserving the right to chose one of the other {without backtracking)
later in the sentence. In Resder, this sliows one fo passe relative clsuses and

conjunciions deterministically, delay etiaching various parce structures until mora

information ts gathered sbout the reason for the attachment (thereby reducing the

combinatorics of the sttachment), combine different word ciass usages of a single

word inte one parse, etc In contrast, {Woods 1970] contains two examples of the

tentative decision method at work, which occur in the parsing of the sentences

“John was believed 10 have been shot® The first decision is that was is the main

verb of the sentence, which is later revised to believe Is the main vert snd waz is

arn auxiliary verb The second is the decision that John is the subject of was,

revised ster to John Is the object of believe. and revised still later to John Is the

object of shot. In Readers formalism, ail these “decisions™ are made and revised
trivially. The final slack to collapse is:
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VIBE {(3MDOT ID} BEEN)}{HAVE)]}

WN] Tmslch_te_sub
2 TUMCYION [wf

VIES ({BILIEVE TD)BE B3L13P)}
WAN] JOHR

PO FONCTION Milk

The decision to make was & helping vert is accomplished by simply adding believed

ta structure 1. There Is no need to assume what case John Tillis unt the structure

it Is by is Formatted Attaching an INF structure whose VERE i= psssive to a

structure with & passive verb which scceptis & clause snlsils removing the first

noun in the latter structure, Installing It as the frst noun of the INF structure, and

thea attaching the INF structure as the clause case. When the INF structure is

Formatted, “John® is made the object of "shot®. The parse is,

(BILIEVE PN

[amt (SHOOT WP
[OBS JOWN]

i}
]

There is at least one other parser under development that also tries to avoid

needless guessing. it Is being written by Marcus [Marcus 75] and is based In the

belief that “. the structure of natural language provides enough and the right

information to determing exactly what to do next at sach point of the parse.® The

claim is that the parser will be able to avold guessing what to do at & decision point

because there is really only one acceptable choice. The system is still being

written,so it is too early to commenton it. However,If seems that this approach

will encounter problems when working with & sufficiently large grammar and words

that can assume more than one syntactic category.
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Some more recent parsing systems have deen developed which deemphasize the

role that syntax plays in the parsing process. Naturally, such parsers do not

produce s “classical™ parse tree, but mstead produce & structure which iz said to

fepresent the “mesning™ of the sentence being parsed. Examples of this type of

work may be found in [Riesbeck 74] and {Wiiks 73] As this work has come after
the more syntax oriented parsers discussed above. we should explain why we have
rejected this approach,

The main reason is our belief that most remantic processing will be mors # ¥pensive

than syntectic processing In 8 rich ermvironmant. Therefore, it is desirable to use

syntax to minimize the number of semantic interactions that need be considered.

This contrasts with (for example) Riesbeck's work, in which he 32ys “the functions

Of the analyzer to be described here ask questions about the relationship of words

and concepts® Here, the process has been reversed. semantics and deduction are

used to determine which words Interact, and syntax is used only later, if at ali, to

ensure that & proposed modification between words is permitted. If one limits

oneseil fo simple sentences, the added expense of using semantics instead of

syntax to decide whether two words infersct will not be overwhelming, since the

Possible interactions in & simpie sentence will be few in number. However, the

aumber of possible Intersctions to be examined semantically grows exponentisily _ :
with the complexityof the sentence,so it seams that these methods wif not be

practical in & rich emvironment {in which there re many possible relationships

between simost aff words end concepts) which has to dest with complicated
sentences.
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&. The interpreter

A brie? overview of the interpreter is given in sections 1.2.2 and 1 5.2. Essentially,

is = SOWPTIn program which Sitampts to understand natural language. There are

many other computer systems which would make the same claim. The points of

interest in ali programs of this type sre

1 The representation used for the information contained in the natura
language. For the Interpreter, this is the program specification

Z. The representation{s} used for the knowledge basse needed to
understand the naturs! language.

3. The mothods used for activating parts of the knowledge base 1c besr
on & particular task.

The first point is covered in Section 51. Examples of different types of program

specification types are given, along with an example which Wiustrates how several

components fit together to describe s compuler program. The section also

discusses the representation of user's replies which sre not mcorporsted into the

program specification

Section §.2 introduces “concepts” and “definitions®, the two representstion units in

the interpreter’s knowledge base. The simples: type of concepts are those which

sre abstractions of components in the specification. An exampleof such a concept

is ®#ADD, which refers to the concept of #00ING up several numbers. information

included In the PADD concept is,

#ADD can be instantiated as & step= the program specification.

FADD takes two OF more arguments.

The arguments should be numbers. But an exception occurs when
there is one argument which is & set of numbers. In that case,

rum Hie s@t should be consideredthe argumentsof the
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Definitions provide Instructions for mapping English word strings Into concepls. The

definition of “sum®™ contains information which allows the Interpreter oo map "The

programsums up the last three numbers.™ into an FADD which i= & stepof “the

program” and whose arguments are “the last three numbers™.

The task of relating & phrase lke "the last three numbers® to a specilic component

for components) in the program specification Is referred io as matching. Section

6.4 covers the matching process, explaining how the information contained in

consepts and definitions is used during matching.

The primary gosls of the processing performed by the Interpreter are conceptually

vary simple, snd sections 5.2, 6&8 and £3 (which explains the interpreters

processing cycle to provide backgroundfor section 5.4) shouldbe read with them in

mind. The goals upon receiving & parse structure, are

1. Determinewhich definitions can be spplied io the parse
structure, and therefore which concepts the parse structure is
woking,

2. Find or create referents in the program specification for the
descriptor siots of the concepts the parse has been reduced to.

4. Incorporate the asppropriste concepls into the program
specification.

Section 5.5 sxplains how definitionsand conceptsare used to provide the measure

Information necessary for the interfece between Resder and the interpreter. The

fina! section mentions some work remainingto be done.
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8.7 The results of interpretation

5.1.7 The program specification

The program specification contains & record of everything the user has said {and

the interpreter has inferred} which is relevant to the description of the program

being written. The parser/interpreter uses 1 ss & dats base for meiching, the

parser/interpreter interfece etc. This section describes the format of the

specification. (ster sections will show how It is utilizedby the parser/interpreter,

The principal result of the Interpreter is the program specification. The program

specification’ represents a computer program, and can be viewed as a high level

programming program language. It consists of & connected set of components.

Such & date structure has been labeled & "entity-attribute-velue dats structure” in

[Heidorn T7&], snd 8 “set of conceplus! entities with associsted descriptions™ in

[Bobrow 76]

The description of & component is & collection of descriptor/value pairs which

specify the actions and structure of the component. For example, 8 component may

‘have as Its description,

ADIGE

ciass: ALG

type: OUTPUT

args: “Fesdy®
step-of: ADJ6T

which means that # is an Algorithm component that should be mapped Into an

“output” operation in the target! language {eg., WRITE in Fortran, PRINT in Lisp, etc.)

' The program specification semantics were developed with Jorge Phillips.
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The argument of the output is the string "Ready®. The step-of duscriplor indicates

the position of the component in the specification; it is one of the steps of an

AlGorithm component denotedby AD3ET.

Each descriptor has an inverse associatedwith it. For example, if 8 componentX is

in the sisps descriptor of L component Y, this fact can be derived by examining

sitherX of Y,

A component belongs to one of two classes: ALGorithmor DATA. Each classis

subdivided into severs! types. Figure 5.1 shows some control structure ALGORITHM

typos.
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Pen Bs hel of DATA componentswhores ype is BOUND.
| DEFINITION: Ar ALG covwoorent. »

STEPS:& ist of ALGE 10 be executed in sequentialorcer. |

| CASE |
| CONDITION:

| es ALJ wiitvs RESULT #i0k, 07 4 DATA wivoh in the RESALY
STEPS:» ef of ALTS 1o De seacuted +f (he CONDITION is TRUE,

COND |
: CASES:

s hisi of ALES whee Ans is CADE. The first CASE whose conditionis TRUE is axacuisd res! are ignored

: ENUMERATE

: ON mw DATA whose type ie SET,

st limi of ALTS10 be axeculed seguenially for seach siement |: on obs: or ry
theON sel. The itersbhon slemen! 18 represented Dy the genenicelerrer of the ON sat. By

LDOF

EXITS:a list of ALCS whose type is CASE.
] CORNTER:

® DATA of types INTEGER whoess values is the number of times

g ire L DOP hes boon enaculed,
nm hel of ALGSs whch inChutes svery CASE in EXGTS. The ALG in
STEPS are repesiedly executed untd the condition of 3 CASE in
EXITSia satslion

CALL

PROCEDURE: an ALG of types PROCEDURE.
ARGS: = bat of DATAs whch sre Doug Io Ihe args of PROCEDURE.

Figare5.1

Condrol stnclurs AL Goniitwns types |

The remaining AlGorithe: types can be divided into predicates and primitive
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operations. The aumbe: of these is essentially usimited, since anything the PS:

Coding module can code can without instructions from the user can be considered
primitive. Figure 5.2 provides some samples of the primitive operations and
predicates used by the current system

FA

ARGE 8 UATA components whose Hype is MAPPING.ARGS: a DATA component

MADE LEAT : {cation lve for PesoCatng DATAi. PFOQFET pec on prvlvs fo or Compe i
ARCS th another (ARGS; va the repping ARGL His n lion Of
MAE :
ARG: ss DATA Components whose types is MAPPING.
ARGS: =u DATE component

HESULT: the DATA componentthet ARG! maps ARGS ia
COMPUTE

: Rear oh Component which is 8 Bet.RESET: es DAT component whch is 5 set, |RuANITY esther ALL, SOME or DATA component wheCh is an integer.
Bist of ALGs which are assertions involving the genericevantof I RESLE YT set.

| a.”Sanat OF Tw Tt aut SOME raox aryrn on : : OF & Number :of the slements in the ON set whch satisfy the ASSEN Ta or
PLT

ARGS: » hei of Pr DATAS baing read inPROMPT: a DATAof ype &T whch is oulput to herald the INDUT.

MEMBER

ARGE & DATA comporent,

RESULT a Component whch is & SET.RESILT: mn DATA type BOOLEAN wiwch refiects whether ARGH is in ARGS.

F ANCINGS: mi of DATA eT BOUND.i 3 is
PREDICATE:an ALD with os RESLE T
RESET: =» BOTLEAN which is the truth value of uverssl quantification

Figures 5.3

Data structures, lke primitive operstions, come in any form that the coder is able to
hardin, Figure 5.3 shows some DATA types and example DATAS.
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"i
ELEMENT: & DATA whch is the perenic slemeant of The set.

RECORD

FIELDS: ou lisi of DATA components whose types & FIELD

FIELD

DATA: i DATA CUMMING vebicr he Sorients of NAME Hee of w RECDRG.MAME: [re reelOf [hee FIELD
CLUANTIFY: esther ALL, SOME or DATA componant whch is an nleger.

| cisas DATA
type SET {the srepty set}
vious Ph

vai TALE

cine DATA
ive RECORD
rep GRAPH
rstercesf ADDO!

sasertions {ADODZ2 ADDO3;

The DATA ahove #iusirpies the ree descrpiors ary DATA rey Pave

The REP descriptor sncicales that the Su 1 Pe ac: 10 11s component by ihe word “graph ALG components may iedREF pescriptors. The INGT gescrDior indicales Mai he

sinciurs of TE HE Psi of Hw
“ of assertionsabout the component.

Figures 5.3

| Dats alructurs types 80 sarrgies

6.1.2 An exampleand comparizon

This section ilgstrates how theses peces are combined in a program description.

figure 5.4 contsing 8 short dialogue, the programs specification the interpreter has

but from 1, and the pretty printed version of the specitication.
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WAAT IS THE NAME OF THE PROGRAM YOU WASH TO WRITET

Loneait,

DESCRIBE LESSALL.

LESUME MAST % TAOS KE EHS aT i returns Troe ifine number iB Teas [Men avery number an The bed it relurre False

x type PROCEDIRE
nase ®

definition] :args ® ® |
re? ® i COND ®t NATEhi onl A hy wl LESSALL
# type BONG = types BOND t

boursdtio = boundic =

Ji | * type CASE * type CASE
= type NMIFEER | = type LIST ion = ceition TREsionent = steps = steps =

1 NIBER ® 1 RETIAN | = 3 RE TURNil ae aIE
# type FORALL

| type BOND predicate sess type IMPLIES! bourwito bindings = antecedent =

1 consequent = |

+ type TETEER |F eiement ® ® type LESS
set = api ow

| —- yz = |

LESSAIE {81 atIf FORRLL{EY; IwLitSimiEERiB] 41)

rn BE veut LESS(BI 83)}
else RETURNFALSE)

EB 1: & wvoartable bound to Ai. B2 13 & vartable Bound lo AZ.

EB] 13 # weriable bound to AY. AJ tx & nomber. Al 3 lhe generic elemeni of AZ.

AF 15 & 113% vhese gener slement 13 § mumber.

Figpre 5.4

Lessa! and its progrem specif icstion
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The top node in the program specification is always a PROCEDURE component. in

this case,It has two srguments, which are bound to & number and list of numbers

respectively, This structure formationis required by the coders,as i enables

choose Its algorithm based on the dats structures the sigorithm is meant to

manipuiste. The body of the procedure is & COND with Two Cases. If the condition

{*¥%% ¢« BY «>» Bi « ¥°, where 81 is the number and BZ the number list} is True,

then True’ is retumed. if not, the STEPS slot is ignored and the second CASE is

tried. The condition of the second case is True, sC anytime the Test condition does

nol obtain, False will be returned. The control structure and datz descriptions

beneath the specification diagram are the distillation (as oblained by the

specification pretty printer} of the program description information containedin the

diagram.

The LESSALL program was taken from & paper on the Dedalus system, [MANNA 77]

Dedalus l= an automatic program synthesis which uses s& formal specification

language as Ns input. rather than English Since the Interpreters output

corresponds to the mpul of such & system & companson between the two is a

useful measure of the effectiveneas of the interpreter. in this case, the wo are

virtually identical: the Dedslusinput for LESSALLis

LESSALL{X L) <== computeX { aL}
where X is & number and L is & list of numbers.

The axpressionX < afl) means thet *__X Is ess than svery mesber of the list L.*

¥ to save space,TRUE and FALSE have been used lo represent the BOOLEAN
componentswhose values are TRUE and FALSE.
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5.1.3 Maste-comments

Some of the program designer's instructions to the systemdo not describe the

program. but instesd are intended towards directing the course of the dislogue.

Comments fe,

i don’t understand.

What we were Lalking aboutT
What 8d you mean by “the predicsete fits?
Forget about prompts.

da not Tit into the program specification, bul are mesningful nonetheless. Such

statements sre sent fo the delogue sxpert as 8 filled In case frame. The case

frame is aclualy & concept (next section) and i is filled in in exactly the same way

that concepts are instantiated. The only difference is that instead of being added

to the program specification, the instantiLied concept is sent to the PSI dialogue

module for processing.

Az an example, we wif examine the concept of FUSER-QUESTION-REQUEST.

Statements like,

Ask about the scene before the concept.
ie’s talk about the scene.

Ask me about prompts before asking me about the scene.
Ask me about the structure of the scene first,

which are sddressedlo wh. and which questions should be asked sre mapped to

SUSER-QUESTION-REQUESTs. & SUSER-QUESTION-REQUESY is specified by three

descriptors:

QUESTION: either & question type {eg. STRUCTURE), & question (eg.
{STRUCTURE ADQ12}} or & component (eg. ADOI2)

TIME: either BEFORE, AFTER (in which case REFERENT must be present)
of LATERor NOW,

REFERENT: takes the same values as question
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The interpretation of & FUSER-CUESTION-REQUEST is ask
{one ot)

all questions of type QUESTION
this particular OUE STHON

any questions sbout the component which is GLE STION

wither NOW of LETER, oo

BEFORE or AFTER asking

{one of}
afl guestions of type REFERENT

this particular question which is REFERENT

ary questions shout the component which is REFERENT

Then #1 ADDTY points to the scene, and ADD02 to the concepl, we have,

hak shout the scene before the concept

(BUSER-OUE STION-REQUE ST Question: ADO0 Time: BEFORE Reterent: ADDO 2
Let = talk about the scens

[ #FUSER-QUE STION-REQUE 5T Question: ADDCT Time: HOW

Ask me about prompts belore asking me about the scene

{FUSER-QUE STION-RE QUE 5T Question: PROMPY Time: BEFORE Referent: ADDO}
Ask me about the structure of the scene firs!

[RFUSER-QUESTION-REQUEST Question: {STRUCTURE ADCO} Time: ROW]

8.2 The knowledge base

The knowledge base used by the interpreter consists of two declarative blocks of

knowledge, and 8 set of programs which make use of the information In them. The

Programs are used 1o construct the specification, using the descriptions contained

tt Concepis and Definitions, the two declarative blocks. There is no formal

definition of what constitutes & concert; & concep! is anyibing which the

Interpreter can roason shout Hence there is & concept behind avery ALGorithes

snd DATA type In he specification, as well gs: severs! higher order concepis. A

definitionIs & means of mapping& sequence of English words into & concept,
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5.2.9 Concepts

Concepls xpress many things, but are oflented towards supplying the information

neaded to instantiate and reason about components. Instentislion refers to the

process of creating & component and filling in its descriptors with other components

in the specification, 50 that if too becomes part of the specification.

The information contained in & concept is

Descriptors. What descriptors the concept cen lake, the type
checking constrains the descriplors must obey, questions fo ask
if the concept is presented without & necessary descriptor and

de fsidt descriptor values.

Postconditions: what 48 true afler the concept has been

executed

Side effects: what changes ic make to the program specification
when the concept has been recognired

for an example, consider the concept #MAF., #MAP represents the primitive

operation in the specification which allows the user to sssociate one datas with

another. Figure 6.5 contains the #FMAF concept.
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AAP

DESCRIPTORS:
STEFF

CHECK 1: [SE ALG

sigs TET HONS: Where does the FTP belong?
CHECK Ly [SA #FAPP NG

ARG

CHETX] ISA ETIATA
ORK EAP.CHECKZ ARSE ARG. ARGS

| anor ESTING: What fe being MAPpec?
CHECK]: iA FDATA
CHECX FRAP -CHECK Z {ARG ARG? ARGII

| QUESTIONS: Unat is ARGZ deing #MAPped to?

POST-CONDI TIONS: (SEGAL (RIMAP ARG ARG2E ARGH

SIRE -EFFECTS: MAPPING-LPDATE{ARGCE ARGZ ARGTS

Figpra 58

Tre sMAP concept

Figure 5.5 shows that a EMAP is specified by four descriptors. Tach fescriptor has

mformation associated with it which assists the interpreter in filing In the

descriptor slot. For instance, ARGZ must be & DATE component [#DATA refers to the

concept of & DATA component). The second check provides 8 more contextual type

checking which is used during matching and the parser/interpreter interface. Since

the check is more complicated than a simple type check fog. ISA #OATA), & program

{(MAP-CHECK2) is called which returns True or False, depending on whether ARGY is

& MAPPING which maps components of type ARG? into ARGS. If a #MAP iz to be

instantisted and ARGZ Is not present, then the question "What is the second

argument of the map?”, represented by (ARG2 ADOQ1} where ADDO! points 1c the
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instantiated MAP, is asked SIDE-EFFECTS consists of things which should be done

whenever & component 8 instantiated In the case of #FMAP, SIDE-EFFECTS

consists of & program [(MAPPING-UPDATE]} which updates the range and domain of

ARG? if necessary. The POST-CONDITIONS are what is true after the concept has

been executed Section 52 on matching explaing how the POST-CONDITIONS and

CHECKS are used

Figure 5.8 shows the Interpreter’ s concep! of #DATA and #5ET.

EDATA
DESCRIPTORS:

INFTIAL-VALLE

cEit 154 SOATA

or STIONS: What is the initiel value of the DATA?
CHEDX: ISK #0OATA

PREPOSE THINS:
HiTH

CHECK]: ISA SOATR

a MEANING:  (SASSOCIATE data object’
CHECK]: ISA FSET
MEANING: TETEER data object!

FSET
DESCRIPTORS:

ELEMENT

(HELK] ISA FDATA |
SIZE AMET: instantiation of #& DATA whose REF is ELEPENT.

on Tp 5A FINTECER
FERS ION:

CHELX]: EMR nyMEANING: ELETE

Figure 5.8 |
Tree «DATA and «SET cooapis

The concepts in Figure £6 both have information about prepositional modifiers.

Such Informationis usualy sssocialed with indhvidual word definitions, but when the
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modification is standard for the concepl, regardless of how it is expressed in

English, the Information is tind to the concept itself. The "in™ modification for #DATA

means that every time s word which maps to & #DATA is modified by & prepositional

phrase whose preposition is "in" and whose object is & FSET, the meaning of the

modification is that the component the word matches to is 8 member (represented

by the Interpreter concept #MEMBER] of the component the preposition object

matches to. The “of" modification for #5ET is slightly different in that the meaning

of the modification is & descriptor of #5£7 rather than 8 concept. This means that

the object of the preposition fills that slot in the #5ET description. The check for

"of" is & program which makes sure that the preposition object is & plural noun

which is & #DATA

The CLASSIFIERS slot is similar to PREPOSITIONS in that if appears in definitons,

rather than concepis, excep! in cases in which the meaning of the classifier is the

same for all nouns mapping to the concept. For #5ET, the CTLASSIFIERS siot says

that if 8 noun modifies 8 noun mapping to set, and the noun satisfies the checks for

ELEMENT, then it fills the ELEMENT descriptor of the #5ET. eg. In “the integer list™,

“integer” Is & classifier of "list™ which maps tn #5E7. Since “integer” is a #DATA, it

is assumedto be the generic slement of the fist.

To svoid neediess duplication of information, the concepts are srranged in a

réfinement tree in which every concept shares sii the information associsted with

its parent In the tree. #5ET i= s refinement of #DATA. Thus when checking #5ET

for information, afl the Information connected to #DATA appiles. eg. If ADAZ4 has

just been instantiated as & sel, the question “What is the initial veilue of AD4247"

will be pending. OF course,If the system can shawerthe question {perhaps AGA24

is the argumentof an INPUT], & will never be sskedof the program designer.
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Concepts are elsc used to capture regularities in language. English provides many
different ways to express the same thought. For sxample, X iz & function of ¥ Can
be stated as,

X depends on Y.

X Is calculated from ¥.

X is determined from ¥.

X is calculated on the basis of Y
X can be found from ¥.
Xizbassedony.

X 3 obtained from ¥.

X Is related to Y.

X is found by examining ¥.

As an aid In writing definitions, it is useful to have ait these phrases map Into =

single manipulsble entity, namely the concept of #FCALCULATION. #CALCULATION has
two descriptors, ARGY, which is = FOATA, snd ARG2 which Is #PREDICATE. Methods

tor using concepts like #CALCULATION sre Explained in the following section on
definitions.

£.2.2 Definitions

Definitions sre used to map from English words to concepts. At the same time, they
providethe parser with measure information it needs.

The information contained in a definition is,

Concept: What concept the definition maps to.

Word: what word the definitionIs & definition of.

Case-Descriptor relationships: Which 1 art Cases Can be used to
fit the descriptor siols of the conCepl. Which cases must be, of
are preferred to be, present for the definitionto succeed,

Prepositions: Which descriptors prepositions cen fli
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Defaults: Default values for some descriptor siots.

Clauses: Which descriptors can be filled by clsuses not

introduced by conjunctions.

Figure 6.7 contains an example.

1 8MARK ;
CEEINITION-DF: MASK
iA: AP
CASES: (SB STEPORIDB) ARGY Mustiil(B ARS Preferred)

PROPUS: 11M:
CHECX 1: [SA SDATA
MEANING: ARGS

DEFALR TS:
ARG: (E7T-MAPPING (MARK

IDLECTION
(EFINITION-OF COLLECTION
iSA ET

Fire 5.7

A delintiore of mark ard collec bon

Suppose that the interpreter recelves the sentence “Mark the scene

‘necessary’. The parse Is

[HARE NN

Loy YOhte 3OBJ (SCENE Te)[108 “necessery”
i

The definition will successfully map the sentence Into the concept If all the

requirements for the concept descriptors are met. Following the CASEs slot, YOU" is

matched to an ALGorithm component as the STEPOF descriptor, and "the scene” and

"necessary are matched to #DATAS as the ARGZ and ARG3 of the FMAP to be

instantiated. The “"Mustl®™ in the Of) mapping indicates that the OBJ cess must be
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present for the definition to succeed Similarly, the “Preferrad® in the 108 cose
moans that 108 case is strongly preferred to be present, but not necessary. This

means that using the vert “mark™, something can be marked without specifying

whatthe marking iz, bul » marking cannot de specified without mentioning whatIs

being marked. ARG! of the #MAP comes from the default siot of the definition: the

value of & program {GET-MAPPING) which finds the MAPPING component be used for

"mark”. or creates one If this is the first instance of "mark® In the program
apacification.

Nouns are defined similarly to verbs, with the exception that the Case information is

missing (it is usually replaced by classifier information) Figure 6.7 contains the

Interpreter’ 5 definition of "coliection®,

Figure 5.8 contains two definitons which utilize the #CALCUL ATION concept.

RRIN TIoN-0Fs CL. FY

Be ME sree
a
OTF se PROCEDURE {extract ARGZ]¥

RESALE tngtantiation of 3 DATE whose REP is CLASSIFICATION.
"DEFINI TION-OF BASE
Fi; |

Sid Fe TY
CHECK]: 15a #98EDMEANING: Ho KAR

Figure 58

Considerthe processing of the sentence "it classifiesthe scene based on whether
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it fits the concepl™ "based on whether it fitz the concept” Is mapped ioc =»

ECA CULATION whose ARGZ is the predicats "it fils the roncepl™ I is also &

clause which modifies “classify” (anticipating section 5.5 on the perser/interpreter

interface, we note that the reason the parser knows "based" modifies “classity™

rather than “scene” iz precisely becsuse one modification is meaningful {all the

words -} definitions -» concepts maps succeed) and the other is not). Accordingto

the definition, & clause cen modity “classify™ iF #2 ls 8 FCALCULATION. If It is, the

modification instructions are to fll the PROCEDURE slot of the “classify™ #CALL with

ARGZ of the #FCALCULATION. This work is done during Formatting, so the parse for

the sentence is,

(iM [CLASSIFY Wn

LETIRDE vOUe}
[ARGS {3Emi TE})
[PROC (FIT WM

[ARSE IT}
[ARGS (COMCTFY THE}}

+]

}

Had the sentence been,

Clazsity the scene on the basis of whether it fits the concept.
Classify the scene as & function of whether it Tits the concept.
Classify the scene depending on if it Tits the concept.
etc.

the result would have been the same.

Many times, unknown words are used to refer 10 undelined predicates OF supparts

of the program being described. Since it would be uweasonable to expectall words

to be Included in the system, and often, the definitons of such words sre inferable

from contexi, the Interpreter uses & “tempiste™ definition to try to create &
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HereIs an example:

The program reads & graph and & node. A graphis & set of paws.

Esch palr consistsof two nodes, which are primitive. The program
prints a lst of af the nodes which can be resched from the input
node.

When the interpreter encounters the last sentence, it has ro information about

“reach” other Than that it is 8 verb. Because it is being used as the main verb of a

clause which modifies & noun, the interpreter assumes that it represents a

predicate which the program designer has yet to define, The “tempiste™ predicate

definition and its instantiation for “reach” is shown in Figure 5.8

| PREDICATE - TEMPLATE
EFINITION-OF:  ---
154: SFPRYTDRD
CASES: {SUE8 ARGS! (081) ARCS)
PREPOST TIONS
Bitch

CHECK]: 1S& DATA
MEANING: ARGS

1am ADw

DEFINITION-(F: REACH
iSA: YEORE
CASES: (SUE ARCS 108 ARGSH
PREPOST TIONS:
FRO

CHECKS: 154 FOATA
MEANING: ARGS

| A template definbion and ite instantiation

The template definition maps to & PROCEDURE. The “maich™ in its PREPOSITIONS

slot matches to any preposition that the Interpreter cannot attach to anything elise.

The resulting definition of “reach” asserts that “reach® is & PROCEDURE, and that

the preposition “from®™ can be used to introduceone of Hs arguments,
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5.2.3 Procedural embedding

Most of the Interpreter = knowledge sbout programming is represented by

procedures. This information is necessary in order 10 incorporate what the program

designer has said in the program specification without! asking guestions which the

designer would feel his statements have implicitly gddressed. 11 is not intended to

help the Interpreter from 8 problem solving (eg. writing efficient algorithms from

inetficient descriptions] standpoint. The information was modeled proceduraily

since this seemad to be providethe esslest way to encode and spply it. The

disadvantages of the procedural approach (primarily opacity} do not apply, as the

information encoded in the procedures is not needed sisewhere in the system

The information Is organized into several modules which sre expert in building

various constructions in the program apecification. There sre modules which build

CONDs from a series of CASES, construct COMPUTES, note scoping ambiguities, bulid

quantified expressions from phraces like "sf relations in the concept not in the

scene...” etc As an sxample, we will consider the EXIT-TEST module.

The EXIT-TEST module is responsible for setting up the exit conditions of loops. Its

srguments are the loop snd the phrase which indicales the exit condition. The

method for building & loop from each of the phrases i knows sbout is simply

programmed out. Here is an example.

Figure 5.10 contains a fragmentof & program specification
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® LOOP
bw Weal eal :

= type [NPUT = type TALL
args = procethre Be—e :

L bo |
he ye Wn

Figure 5.10

winthe user types "Dul’™

The interpreter is about to process the response the sentence “5tlop when the user

types “Oui” .® which was in response to the question “Should there be an exit test

for the loop T"

EXIT-TEST receives [FINPUT {ARGS “Quit"}] snd the LOOP as its input. When the

phrase is an #INPUT concept, EXIT-TEST finds an INPUT in the loop and places &

test for the ARGS of the FINPUT concept after it. The result is shown in Figure

511.
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= type LOVP
exits =»

steps jit« type INPUT type TASE « type CALL
gE ® condction = ProOCetUTE Bee——

«= type EOEAL
pgs = =

t ALTERNATIVEA ats ® 0®

I type STRING t SETvalue "Duit”® by, le Eh

Figure 5.11

THS PIO See SERS aUon Sir. SF aigira aenience,op when (Me une types "Dust,

The exit test building program has sdded four new components: the CASE

componentwhich is the exit test, an EQUAL componentwhich is the conditionof the

exit test, and & STRING and ALTERNATIVE component. The ALTERNATIVE component,

which replaced the SET as the srgueent to the INPUT, reflects the fact the

arguments to the INPUT may now De either the SET or 8 STRINGwhose valueIs

"Out®. The ALTERNATIVE has been installed as one of the arguments of the exit

test, while the SET remains as one of the arguments to the CALL followingthe test
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85.3 The processingcycle

The processing cycle refers to the sequence of actions taken by the Interpreter

during the processing of & user reply. The cycle begins with the receipt of &

question and user reply from the PSI dlalogue module. Ine reply may be & phrase oF

any numberof sentences. The question typically consists of & descriptor siot and &

component {the question object] which is missing information for the siot (og.

[ARGS X) means “Wheat are the arguments for X°

The fiest sclion takenby the Interpreteriz to update the focus to the object of the

question. Section 54 explains the use of the Focus and its companion. the Dats

Focus.

Then each sentence in the reply is parsed and the result is analyred The analysis

consislsof delermining which concepts the sentence invokes, finding {or creating)

components to Nil = the descrgtor slots of these concepts, ang Instantisting the

concepls found nlc components in the progres specification. Analysishas severs!

side effects besides the hullding of the specification

Throughout analysis. the Focus and Dats Focus are constantly updated to reflect

the components the program designer is 1alking about.

Another importantside _ifect is The guestions are posed by the instantiation of

incomplete concepts For instance,the reply,

result of this lest with the user, and * pdates the concent. Then

causesthe Questions,

What is the structre of the scene?



The interpreter 130

What is the structure of the concept?
What is the initial value of the concept?
Describe verifying the test result
Describe updating the concept.
Describe the test of whether the scene tits the concept?
What is the exit test of the loop?

to be placed on the question queue

The instantiation of ar incomplete concept may also lead to & job being put on the

background job queue. The beckground job queue consists of questions which the

Interpreter cannot answer immedistely, but expects 1c be able to answer after

mois information has come in if the information never arrives, the IMerpreter

mEsumes hat the program designer was leaving the implomentation to the PS!

coding modide. These guestions sre placed on the background job gueuve [rather

than the question gueuve) queue to ensure that they will never be asked of the

user. The background job queue is implemented as & lis? of procedures and their

srguments, which ere run at the end of every processing cycle. Those that

succeed In answering thelr questions are removed from the cycle, An example of &

Background is the one associated with the FASSOCIATE concepl. #ASSOCIATE is

used by the Interpreter &s 8&5 termediate representation of the fact thet we

OATAs are somehow being ssaocisted For instance, in

"Cookbook resds & recipe ksi, and then repeatedly roads & name
ard prisits the recipe with that name™

“wilh thet name” maps into an #ASSOCIATE whose args are “the recipe” and "the

nhame™. Al this point, there is no way tc 1ell how the program designer sxpectis

"names anc “recipes” to be associated, so background job is sel up, A

background jobIs used rather than a questionsince If an afdweris never found,
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the PSI coder will be able to choose an efficient implementation, and In fect, the

user may be too unsophisticated to answer such & question. The background job

remains active until the program designer says,

4 recipe has & name, an ingredient-lis], and directions.”

This defines “recipe” ss record structure with three tields, one of which Is & name.

One of the situations the #ASSOCIATE background job knows how io resolve Is the

case wheres one of the associated DATAs is & field of the other. it changes THE

#ASSOCIATE assertion from

[ASSOCIATE srgt: AY arg: AZ}
to

[EQUAL mrgs: ([FETOH arpl: AY label: NAME] A2}]

whare At and AZ point io the recipe and name, and FETCH is the Interpreter

primitive which gets the DATA of the label FIELD of its ARGY.

When each sentence in the program designer’s reply has been analyred, the

background jobs sre run and the guestion list is examined to see i any of the

questions have been answered by subsequent analysis. The revised quastion list is

sent to the PSI dislogue module, which selects & question, gets & reply from the

program designer, and gives the question chosen and the designe’’s Tesponse to

the Interpreter to start anothers cycle,
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5.4 Matching

This section is concerned with the identification of English noun phrases. which

occurs during the filling in of & concept’s descripior slots, and consists of finding

the component, of creating the component if none exists, which ix the contents of

the descriptor sot being filled, based on the English presentation of the component

{eg., the noun phrase).

The system's handling of pronouns and nouns is virtuslly the same. The only

difference los in the possible match set. A pronoun may match any component in

the specification which has been mentioned and meets the syntactic requiremants

{eg. plural, animate etc.) of the pronoun. & noun may match any component In the

specification which has been referred to in the same (of & synonymous} way. The

key to the matching process is the context supphed by the concept whose skot is

being fied.

5.4.1 Nouns

The first time & nounis used, the system creates & component which is indexed

under ithe noun's definition. Thus, "it reads wv & scene.” would Cause the

component:
At

class DATA

rep 1#S5CERE

to be crested, where 185CENE is & definition the Interpreter Creates for “scene™.

1#SCENE is assumed to be 8 #DATA so thet it satisfies the type constraints of the

ARGS of an #INPUT. Associated with T#SCENE is the fact that Al is an

instantiation of “scene”. The situation we have outlined wads 10 the simplest kind
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of matching. If the user says, "Print the scene.®, “the scenes” Is matched to AS

beacause the “the” implies that the referent should be found in the specification, A}

is the only instantiationof “scene” in the specification,and it satisfies the type

constraints of the ARGS of #OUTPUT.

Now consider & slightly more complicated situation. Supposewe have scenes and

concepls, each of which sre sets of relations. Further, the relations in the concept

are marked either “possible™ or “necessary”. Figure 5.12 shows how this would be

representad in the program specification

= A] # A3

class DATA ciass DATA
tupe SET type SET
rep CONCEPT rep SCENE
element = eigneni =

Ly class DATA
ciass DATA rep RELATION
rep RELATION

&sser tions i
= class ALG .

type EOUAL
ArQgs ® Be——a Cipgex (ATA

I type ALTERNATIVESfterndtives = =

= class AL rrBrgl se—es AS

Ags ciass DATA Class AIX ® class DATAtype NAPPING type STRING type STRING
name MARK value “possible” value “necessary”

Fippre 5.12

Sceres, corceptsand relalione

The user says, "Print the relstions in the concept which sre marked ‘possible’™.,

whichis parsed 1a
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{18PRINT WN

Shin Yiu §ARGS: (RELATION IPL Tel {im (CONCEPT THE)
| i mkRE PE

(ARG? 'matehte head noun)
[ARGS "possible" ]

$3
2

The interpreter must find (or creste) 8 component which can be used a: the ARGS

of the FOUTPUT 1#PRINT maps to. if the noun group were simply “the reistions®™,

the interpreter would match it to AY or AJ, whichever was mentioned est. Put in

this case, there sre modifiers which will presumably narrow down the choice.

The first modifier is the prepositional phrase “in the concepl™. The #DATA concept

{Figure 5.6) is used to determ'ne the mesning of the modification. It Is {#MEMDER

AG AY) where "the concept” has been malched lo AY and AF is being used to

represent the DATA which will be the final answer to the maich #FMEMBER is

rested as & special Case in the mafching process. The first MEMBER in the

modifier list which Is not negated”, and whose ARGY is the noun in question, is

transformed to the descriptor-siot/velue palr of (FEEMENTOE XK} where X is the

ARGZ of the MEMBER. So in this case, the FMEMEER is resolved to {(ELEMENTOF

Al} Following the ELEMENT siot of &1 jeads to AZ which becomes the only match

possibility. If there were no more modifiers, the malch process would return AZ as

the “relations in the concept™

The next modifier is & #MAP. The post condition of #MAP (Figure 5.5) Is filed in

with the #MAP descriptors, yielding, (FEQUAL (#FIMAP AR AB) “possibie™). If this did

nol contradict the assertion list of AZ, then AZ would be returned as the meaning of

3 in "The reistions which are not in the concept®, the meaning of the prepositional
modification is (#NOT (FMEMBER A6 AY j), which is inserted in the assertions ist
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the noun phrase. it does, though, since the the sssertion list of AZ asserts that a

relation in the concept may be marked either “poasible™ or "necessary® Therefore

a new component must ba created, one whichis the generic element of & subset of

AT which consists of af relations marked "possible™. This is sccomplished vie the

SUBSET module. which is another example of & amall bit of knowledge being bound

up In & procedure. The SUBSET module takes & se! and an assertion lst and

creates& COMPUTE component which bulids the subset. The COMPUTE crestedis

shown in Figure 5.12

$ia3e ALG ®wpe COPEL
quanti fy ALL
on Bl
result fr—— AT

#sseriipneg = Class SATAtype 1: ¢lemeni Pm AL

class DATA
rep RELATION
énsertions = ]

ciass ALG

tyne EQUAL
Arges ® Seay Clase ALG

type NAF
argl AS
gl =

class DATA
type STRING
vive “possibis”

Figure 5.12

The COMPUTE for "The reiations in the corcept merced ‘possibis’ ®

AB is the result of the meiching process. The COMPUTE ix inserted into the program

specification when the “print™ OUTPUT component Is.
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65.4.2 Pronouns

As we have indicated, the difference between pronoun reference and noun

reference Is in the possible match set. The Interpreter keeps track of two special

components, the Focus and Dala Focus, which sre used to help reduce the number
of pronoun match possibilities.

When the program designers beging his reply, the Focus refers to the object of the

question. During the processing of the Program designer's reply, the Focus

changes, so that It always points to the lest Component modified by the interpreter.

We are making & distinction between "modifying® and “creating 8 component. Foe
exrmple, the phrase, "it tesis the conCept™, will cause a CALL component ioc be

crested wilh ARGS “concept™; we do not consider the CALL component to have

been moditied until some of its olher descriptors (eg. PROCEDURE) have been fied

The Date Focus is the last DATA component which has been modified, described as &

part of another DATA, or used as the ARGS or ARGT of an ALGorithe: component. The

rudes for the Focus and the Dala focus have been selected so that they sre the

mos! likely referents for any pronouns used by the program designer. Of Course,
they sll must satisfy the requirements of the descriptor they sry being proposed

for. if they don’t, the interpreter falls back on searching for & referent from the

pronoun reference lst, which is & 8s! of esch tomponent that has been mentioned
by the program designer.

Wea can see how this works on the following gquestion/reply pair:

PSI: Describe the program.

USER: It reads & scene, tests whether it fits the concept,
verifies the result of this test with the user, and
updates the coscept. Then it repeats the process.
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The question seis the Focus to “program™ The first "it* is matched to the Focus

since “input” requires that it's 5U8 be an ALGorithm. The Dals Focus Is set toc the

“scene” because “scene” is the ARGS of the mos: recently created ALGorithm

componani {the INPUT). The second “it® ix matched to the Dats Focus, since the

Focus Is not 8 DATA {as is required by the ARGS of fit). The third It” is matched

to the Focus, since the STEPOF of “repest™ must be an ALGorithm. Note that none

of “test”, "verity", or “update” were proposed as referents for the third "it*, sven

though they are al AlGorithm components. |f there is no resson not to use the

Focus or Date Focus as the referent, no other possibilities are checked

When the Date Focus and the Focus both refer to DATAs, the preference checks

given in the concepls sre used to choose from between the two. Consider the

dialogue fragment below:

The two major date structures in the program are the
concept and the scene. The concept is & set, which is read

at the start of the program. The scone has two parts. The
first part is & nama. The second part is a list.

1. It should be read in after the concept.
2. It consists of thee elements.

Either sentence 1. or 2. can logically follow the preceding paragraph, yet the “it™ in

1. refers 1o the "scene™, which is the Focus, and the *i* in 2. refers to the “Hst®,

which is the Dale Focus. in 1, the cholce between the Two is resolved by the

CHECK2of FINPUT. The check prefersthat the ARGS of #INPUT should not be parts

of other components, or ARGS of an already instantisted #INPUT, Sincethe “ist” is

part of the scene, the “scene”is preferred as the referent. A similar process Is

used to find ™ist™as the proper match in 2. The definitionof “consists™ that

succeeds Is one that! assigns the structure of the OBJ to the SUR Naturally, It
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prefers that its SUB have either no structure,of & structure which does not conflict

with the OBJ. Since “scene” is known to be & RECORD with two fields, “list™is

preferred for the match.

The methods we use for resolving reference amount to & heuristic filteringof

possible referents (the Focus snd Dats Focus) followed by type checking on the

surviving candidates. 11 works because the objects in our domain are aasily

ciassifiable, as are the effects (representedby which slots the objects have filled)

of various actions upon them Furthermore, the fact the we are talking about

programming severely mits the gifferent number of contexts things can De said in,

which means that the preference checks sssocisled with each component are kkely

to be consistently correct. Also, & conacientious program designer will probably find

himsei! not using pronouns when he is intentionally violating these preferences. For

instance, if one really wanted10 write & program in which the "it" in 1. referred to

the "name®, he would find himsei! saying, “The name should be input after the

concepl”.

For difficult reference problems, the Interpreter relies on the power of the

situations! checks associsled wilh each concept's descriptors. Section 1.82

provided sn example of thelr use in noun reference. In some respects, the

situstional checks are equivalent tc methods proposed in other systems. [Hobbs

77] presents & system in which some pronoun reference is achieved by “detecting

intersentence relations®. One such relation is,

A sentence asserts a& change. and the following sentence
presupposes the final state of that change.

When there is & reference problem it is resolved in 8 way which realizesan
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intersentence relation. The relation above helps match the “IE® in 1. 2. and 3.
below,

I. Decrease Nby 1. if it is O, reset it to MAX
£ DecreaseNby J If His 0 reset it to MAX

3. Subtract J fromKi. It # has thereby gone down to 0, reset it to MAX,

since N was changed in the first sentence and the second sentence has assumed

{via the “it"} the fina! state of "It". if "11" is matched 1o *K®, the pattern holds, if it
is matchedto either "1" or "J%it does not.

The interpreter achieves the same effect by sasociating & situational check with

the ARGS of #FEQUAL which prefers that one of the ARGS be a varisbie whose value

has been changed Advocating such rules lays one open lo charges of “ad

hockery™, but the situational checks sre used for both noun and pronoun reference,

&3 wel as the parser/interpreter interface. When an individual check seems

obscure, it Is only because it reflects something whick people rarely think

consciously sboul 11 is true, of course. that the situstionat checks currently

associated with each concept sre not now complete enough to handle ali the

reference problems one might encounter. However. The system’s heuristics enable

it 10 cope nicely with reference problems i must! handie without compiete

information. For instance, even though the three sentences from [Hobbs 77] were

chosen to break the usus! pronoun heuristics {the first introduces the problem, the

second refutes the “0 shouldn'i equal 1* method, and the third disproves the

“positional” hypothesis), the interpreter would have found the correct referent in

each case with the#EQUAL situationslcheck omitted. The Dats focusnt af three

sentences is "N°, since It is the ARG of the most recently crested component {the



The interpreter 140

SUBTRACT}, and in the absence of any other information,it would be chosenas the

referent of "i"

5.4.3 Matching to implicitly mentioned components

Often, the Interpreter will have to maich to 8 component which has been mg hoithy

mentionedby the user. A simple exampleof this cen be seen In the phrase.

"...classily the scene and print the result*

“Hesult™ refers to the result of the classificstion. The methods described above

would simply look for &@ component mdexed by result, snd not finding one, would

Create& new component as the result of the match. The solutionis to do a Eitie

preprocessing before the matching process begging. Whenever a component is

created which has & result, {in the example sentence, the CALL component created

by “classify™} 8 DATA component is instantiated, and then indexed through “result™

and its synonyms, &s wel as any default indexing set up by the verb's definition

(eg. "classification™ for “classidy®, ss shown in Figure 568)

A more sabtle example occurs during proposed interchanges between the desired

program and fs user. Consider what might follow the sentence,

"ER request & storyby typing& key word™.

The program designer might say nothing, nn which case the system should ask how

the request should be answered Or, the user might follow immediately with a

description of how the request should be handied, And finally, the user might just

say what the “reply™ should be. in that case, it Is up to the system 10 realire that

“reply” refers to the answeringprocess, and that the “reply” shouldbe printed out.
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Yerhs which imply an interchange of dats between the program {eg ask, request,

snswer, etc.) sre mapped mlo FINTERCHANGE concepts. #INTERCHANGE concepts

are representednn the specification by & SEC with the sppropriste steps. The SEQ

is set up by 8 procedure associatedwith FINTERCHANGE. Whenthe program is

asking somethingOf the user, the procedures execution results mn & SEQ whose

first step i= an OUTPUT component A dateiz crested which is indexed to “reply™

{and “reply” synonyms} and & background job is set ups 10 complete the SEG if the

user says nothing further. Completing the SEC consists of setting up an INPUT

component whose ARGS is the “reply™ dats set up by the FINTERCHANGE procedure

if the program is responding io & user query. the INTERCHANGE procedure sets up

a SEQ whosa first step ia an INPUT slong with a “reply” DATA A shghtly different

background profren i used, howeve!, which sets up 8 SEQ which lakes care of the

processing required 1o answer the user’s Query The FINTERCHANGE background

jobs does nothing if the “reply” data has been used a3 the ARGS of & last INPUT or

OUTPUT of the FINTERCHANGESEQ. This machmery allows the interpreter to handle

the following examples

"Output the result of the fost, ask the user if this is Correct. and
read in the user= response™

in thiz sxample, the designer has followed the SINTERCHAMGE (“ask”) with &

description of the remainder of the #FINTERCHANGE “Response” matchesio the

“reply” DATA sel up Dy the INTERCHANGE procedure and the delogus continues.

The FNTERCHANGE bschkground does nothing since the “reply” date is = the ARGS

of an INPUT {the “read®] If the user had said only, “_ snd ask The uses if this

correct”, The background job would have been Called to crests sn INPUT with the

“reply”DATA as ARGS.
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An pxample of & user initiated FINTERCHANGEis,

PSEDescribethe programs.

USER: 1 has & dats base of news stories. Each story hay & set

of key words associated with it I'l request & story by ging =
key word The response should be ali the stones with that key
word,

*"Reguesi® seis up an FINTERCHANGE. “Response” i msiched 10 the “reply™ DATA

and the background progres sels up an OUTPUT to print the “response” {as defamed

by the program designer] 10 the user.

5.48.4 Coercion

The type resthichions implemented in the definitions and concepts are 100 strict to

sccount for casusl ianguage usage People often refer fo an object by one of its

parts.10 & part of an object by the arlee object. to an slirbute of an object by

the object, ic. The imterpreter must be able to “coerce” the Component The user

has spectied ino the one he really meant, eg. The one whech satisfies the type

cons emis of the descrpior sof beng fled.

For instence. suppose the user defmes a graph ax “as set of nodes and & mapping

which maps & pel of modes nie an edge” The Interpreterassumes that & graph is

& record with two fields, & set and & mappng. Then if the user mentions “the nodes

in the graph”, the Interpreter, if using & strict mlerpretaton of type restrictions, will

fall 10 understand, since the meaning of "In" isading to FMEMBER requires that its

objectbe a FSET. This is pat & specific Case of The more general “If X is & record

and fails to satiaty & type Check, the speskher may have inlended one of The Tieids

of X=.
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The interpreter’ s type checking is implemented Theough the function ISA and the

more complex secondsry Checks ISA returns False of its object falls to satisfy the

check, and 8 component if the object satishes the check The component may be

the original object. or. If the object falls 1c selisty the type but can be coerced into

it, the component resulting from the coercion Thus if {154 X #SET) is evelusted and

Ris record structure with 3 field whose DATA is the set ¥. then the result of the

evaluation will be ¥ and ¥ will be used to 1 the descriptor slot

This type of matching slows the interpreter’ s matching rules to be written with a

great dest of Nexibiity In section | 57, we used,

“It reads in @ tnsl-item, matches the /apuf 1c the ternal concept
model, and prints the result of the match *

to Hustrate how input is matched Io “trab-dem”™ rather than “the read “put

operation” because of the requeromentthet the ARGS of "match®™be a FOATA #t is

sCtusly implemented through the Coercion feature. in the sbsence Of & component

being exphcitly re‘srred to as an “mput®, the matching process looks for an FINPUT

Operation When an INPUT is found, and is required to be a #DATA, ISA returns the
ARGSof the INPUT

5.8 The Reader/interpreter interface

The Reader function Forms! is the interface between Reader and the Interprets:

Section £.1 ksted the criterias used by Format 10 supply sach parse structure with =

measure. fiesder uses the messwrss to Choose from among competing parse

structures. The information requred for measuring is,

1. Does the vert have all its 7equired Cases?
<2. Are the case contents of the verb understandable”
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&. Do the case contents satisfy the case requirements?

the Interpreter supplies the messure information through its concepts and

defmitions. Whether & verb has afi Hs cases can be read directly from the

definition. | 1 is missing cases the definition has marked "Must". the rating is

ungcceptsble I It has ali the Mus! cases. but is missing cases marked "PFrefered™,
the rating i= acceptable. Otherwise i is perfect

Determining whether the case contents are understandable consists of checking
that the meaning of all modifications in the Case contents are covered by delinitons.

If they sre not sll covered Ihe reting is unacceptable H they sre covered, but not

all contexiual checks In the relevent definitons are salistied, the Feating is
scceplable Otherwise it is perfect

Checking the! the case contests of & verb selisfy the verb’es case requirements
makes use of the descriptor checks in the Concept the verb is being mapped to. it

The case satisfies the first check H is acceplable. If it satisfies the the Second
check, then it is perfect Utherwise, the case is unacceptable

The remainder of this section CONSIEls of three examples Mustrating how the tives
different measure parts are used to stiect the Parsing process.

In the sentence "The program stores and felrleves dats, “deta” should be viewed

8s thet object of “store” as web 85 “retrieves” At we noted In 83.3. this depends

on the mesnings of “store” and “data”, and is not true for all sentences with this

syntax The parser decides whether to use "date" ss the OBZ of “storg®

depending on which Is betler, the messure of “The program stores”, or the measure
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of "The program stores dete” The measure of the latter is beller since the

definition of "store states that the OBJ cease is preferred, and “dats™ does nol

violate the cass preferences of “store”.

For an sxemple of the case preferences at work, consider the sentence, “if the

scone fit and the user sald the guess was “correct, then every..." The clause

introduced by "H"™ has two syntactic readings. namely

[if {COMI AND or [IF {5&Y Pe
CSUE AND (FIT THE SCEME)

{F117 P% {USER THE)]

[SUB (SCEIME THE) EWHET {BE PN

} Ly {GUESS THE:08) “Correci”}]
(SRY PH Bi

[SUB (USER THE}
[WHAT (BE PN

fSUB (GUESS THE)
fog) “Correci®}il}

i

)

tha definition of "say" which maps to #FINPUT requires the! the SUB cease satisfies

the check {ISA #10-DEVICE), This ghves the first parse a better messure than the

second, since the SUB of the second includes "Hit" as part of its compound SUB, and

=f" cannot be viewed ax FIO-DEVICE.

The noungroup “each relation in the concept which Is in the scene.” provides an

example of the "undersiandability" criteria. There I nO 8 prior reason for it to

mean

[WOUse (RELATION EACH (IN (CONCEPT THE))
{ IeBE mM

[ARG] ‘melch_to_head noun)
{ARGY (SCENE Twi)}]

11}

rather than

[NOUN [RELATION EACH {ie (CONTEPY THE {led WN
{ARGE Tmailch_lo_hesé_ noun}

Jig (SCENE THE}]iid
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But It scenes, concepts and relations hed been defined as shown In Figure 6.12, the

first parse would obviously be correct. The first modification in sach is perfect

The reason is that “relation” is & FOATA {Figure 6.8), hence there is & meaning for it

to be modified by & prepositional phrase whose preposition is “in®. The meaning of

the modification is #PMEMBER, and "concept™ satisfies both FMEMBER checks; it is &

sel, and its generic clement is & “relation” The second modification in the first

parse is also perfect. 1#8E maps toc #MEMBER, sand “scene” satisfies both checks.

The second modification of the second parse is only acceptable, however, since it

falls the second #FMEMBER check since “concepis® cannot be viewed as the

generic element of the scene.

5.8 Future work

5.6.1 Tense evaluation

The Interpreter makes aimost no use of the tense information returned by the

parser. This does not affect fs performance greatly, ss the dialogues it has

handied have ali been straightforward (with no skipping sbout Into the future of

past] linear algorithm descriptions,

But 1t is easy 10 see how the proper interpretation of tense information is necessary

for understanding even the types of dislogues we have been considering.

In “Sel X to the tallof X. If the headof X is/was 5, than ..* the use of "is" or

"was”® determines whether the program designer means the first or second slement

of the original X_
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Similarly, in

“Testif the scenes fil the concept and print *fits® if it does. Then
modify the concept. if the scene fits/fit the concep...”

the use of "fit or “fits™ determines whether the “#t" predicate should be

recaiculsted for the new modified concept, or whether the oid value should be
accessed.

8.8.2 More domain and general programming support

Programming and domain knowledge is necessary for severs! reasons. A system

well versed In programming and domain knowledge wii ask fewer unnecessary
questions of of the user, thereby making for a more practicsl system & wall
informed system wif also ba sbie to follow the program designer that much more
easily,

For instance, if the designer REYES,

"Write me a program which sorts & list of words. The comparison
function should be siphabetical order,

understanding the second sentence fequires knowing something about sorting
programs. information like this wi? be forthcoming from the two PSI modules
concerned with domain and geners! programing support. The modules and the
interface between them and the interpreter are being developed.
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§.6.3 Buildingup more concepts and definitions

Expanding the interpreter’'s collection of concepls and definitons is the most

obvious improvement that can be made to the system. It is impossible Tor the

Interpreter to understand 8 primitive ides unlessit has & concept to represent that

thought. Thus & simple sentence like "Print the greatest number in the Fst™ cannot

be understood unless the system has the concepls #GREAT snd #SUPERLATIVE.

Ard #t it can understand that sentence, the Interpreter sti won't be able 1o

understand, "Print the numbers in the list which is larger than any other number in the

Hst®™ unless it has defimions which map “larger” inte #GREAT and “any other

numbea:® into 8 #SUPTRLATIVE.

However, with the proper concepls and definitions, which are easy io wrile, the

interpreter can undersiand these sentences and many more By having people

exercise the system, and then teaching the system any unknown concepts and

definitions which have been used, we hope 1a build up & collection of concepts and

definitions which wif be comprehensive enough to support most reasonable

dialogues. Appendix A& contains dialogues Bustrative of the system's current

capabilities.
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Appendix & Exsmpie Dialogues

Herewe present & number of dialogues handled by the system. Some ars target

dislogues for PSI system and others were written to Bustrate s point nn natural

language processing Each dislogueis followedby the program apecification the

interpreter produced from it.

The frst distogueis one of the originalPSE target dislogues. In it, the user wishes

to write 8 program similar to one described in [Winston I'S] The program, known ss

& concept formation program, 3 * 3 ivpe of simple learning program that tekes as

mput severs! objects that sre instances of some concept and slac several objects

that sre not instances of the concept As output #@ produces an sbsliracted

description of the concept so that given & now instance, it can classify that

instance as representing the concept or not" [GREEN 768] The second dislogue is

another version of the same program. The nexl Hwee dislogues are PS! target

dialogues which are simpier versions (from & coding standpoint] of concept

formation programs.

Dislogues six and sevenare two different wiys of specifying & graph traversal

algorithm. The first Is & descriptionof whal the alporithesis to sccompiish. The

The last tour dislogues are af variants of information retrieval programs.
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IRALOGUE 1-

WieAT 1% THE RAMEE OF Tei PROGRAM vO WASH TO WT» TF

COM X TF MAYE 4 SFEDIAL PRDORAW TYPED Tharory formgilon

Of SCholfTH

Howwmitsbb obleee besli whe Pa i 1s Bee concept, verified Pw ret of Beg bead
with The aes at updates Pa concept Then i repeatsBe Focssd

WHAT IE THE STRUCTUREOF Tad SCTE=

Aen oad aoene wil psf beg collection of reighone, Bach OF whith is 3 property name
followed by The somes of The obectt over which The property holds.

SWMAY of THE STRUCTURE OF Tel CONCERT

Hoahould be & Bat of relaliont, sach marked sliver ‘posailbias® oF “recessary”

WHAT5 Tel NET vERILE OF ei CONCEPT

Initially the Cofwed! has ee descrip oes ai 8%

PLEASE DEFINE WHATIT Mf ARS FOR & SCENE TO MT & CONCEPT

The wen THE The concept H afl of Be ralahions In The Conca!
Fat are mpted "mecetiacy” oe part of Pa Cane

DE SCARE viISF vel Tw CONCH#T

Output hee rent oF The Seal wk Por owned IF Buy lp comect, nd Ppt Bee shel Pe RpOREE

WHET IS THE ARGSOF THE ASe”

“ooevpctof weoegT"

WHEY IS Tf STRUCTURE OF THE BESHONSE?

The reaper sp should be “crerecT™ & “weoeg”

Of SCAME UPDATING THE DONCEPY

Thesere fous cases ¥ fhe score 1 and Bae caer 308 Bos usas wii Comect Wan
ery elation Tat 1 part of Pe scene ud nol part of Bue COMORPE should be paed to
Ts coMCept pred mari ed “pagyibie”

DESCRIBETel ExT CASE

The nest case be 0 Tw scene TT and Pa vaee Gi “wrong™ Twn Ping 5 relation i= Bw

Concept which bi mahed “possible” ard wich Is Mat In Pe CPW Oharps Tie marking to "necessary.

DESCRIGE Tw NET CASE.

IF the scene Sd not 11, ard Pw wer ald “roe, Bes fe noBeng.

DE SCWIRd THE WEST Cas

The scene Sd rot TI, ard Ta ver Sai “wrong”, Teen Tor aah relplion In Be concept
hd Cred sasary” Bat lp nol in he soe, re -omaet W poaaibie”

WHAT IS Twi FORMATOF THE OUTPYE

Output “15” IF The soem BIE, “didn't 10° iF § SL

WHAT IS THE EXIT TESTOF THE DOFF

Diop whanThe urs Type: “gdT ates’ of an put scene,

ARE WE FINESHEDT yes
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"

Hi « Pw}

LOOP,

PRINT ("Ready ter gp BOISE)
a « Maps

I POU PRI “gest”

Tran C8 EXIYS

Bk « TIT &10

Toswe: |v Ba
Toms PETEYC%9.7%%

LTTE LE iF CE
Viegn PEIET ("gms 10°70

PRINT {"pwrrart or wreeg’
=EO

Cones: JF TNDIRe JO0WE0% “cerrect0}

Then Bi] « "Sa get of 800 BIE om i seh That:

WrageBe

Far ath BIE «= H]] da

&f « THEW IRIE ®)

EEE BE “pease iwiel

sien 0 PEE IRE [DUE1 Camb

TomsBF & Tow aay of oy| 8 a Bf ssm™ Wait
aoo EE ong E01

FOS (FRY EE “sees iwisTTE
Ear wir BE su EF aa

EEE ME escesaery
wigs 14 llowl ons
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Togs Wi

wing [+ SNOE0T (8a:
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TNERE REE

Far ati BE v= B90 ae

EE BE “peas aie)
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EERE

TITERE AY
Toe| FRY TW DED NED REE VI IRE FY seeessery

eb ih LE Sil

LheAL SRTRL

Wh og om Thee § BV Ing ehees chles VE Cereegt ow BEE ong lees wl lel 8 Bees

BE vg wither TEE po FEE. §i @ & «ule weesd 5 1.

A) rg & mapping Tres the slemsste 8! Bl be oa Et 8 8 ong JRElE 8 hal

iE Cmacssaary Ow 8 OFT ong aRees 8 les cB peediE be

BY x & ver abi Bees be BE] RB cE willie wees be Bi

BY ix wi her @ wed sheed gee a sbeeeesd oa § feee-d shees fate Fe
FEOMERTY. & promi toon nies Seal WE BET. 2 eet shees geesie sleEest ia

CIE ETTREE CE EETEESE I la

BE ik 8 et uhens peesof ateaeet LE e0Eed Thess oats are FEPLETY,
EEen ams peed BE CBE T 5 eet ohees ge of 8 ERT 8B
a TREE EsdEREE pt
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~ mleOEJ

alt WS Teil MANE OF Ted PODRAE YON Wells TT WRTE
Aa

Cos % aCe milky 4 SY DUE PROGRAE TYRE

Phar tremmg Tan

0 SCRE AR

The mograwmop oap De sph Seglaen0 eels B 3
Ee a a aE a ah a a ahaa iE

Fis mE reat of Pe matt The ase wat Ten rien Be

fregh arm whe es ow ted Ta Geen 8 comet ped Te pages
dl tas My Sele SF Be Dees eet a Carer

WET 1% Taf ETRGCTOEE OF Te TRAYEW

A wig hee mo wel of eaSiens

ek? 0S Vel TYEETERE OF Tel WODELT

Thug males 5 § aed of celal Ser WEEE TROBE BF

Ea a

Wh 1S VF STRUCTURE OF Tel Ng SONSE

"passata “weedy”

heh BE Tel BTR TURE OF Ted Wg aTW0EESMe Tel TRRAL TREC

u pkptiees yg papel apes gal § Be oF gua

wht TH Yeu TARE wRLUE OF Tel ODE L”

ng

PLN RSE DEE AAT IT US ANS FOE B SCENE TO BATO= & CONTEFY
& wg ee mich Bu mode: Fgh Pup elgg Pe Sui

wt gE Ee Cher eA Ee Seemed 0F See WEE Tape

AY TS Tel OEETY OF Tell MealY "

Toms Ting uml ees matched OF Pap Saal ee wagbobad a

ay Waa Thee Sees met Saghos’ FF Slet

OF SCealE AOD viel Tel ODEL

Tap pee PEETOM Te Tig Them aPel i eT Pa ode
amid Be pt = Bap edie! #0 Eel TBoaslie” FW Pa

wig ees mpiotad gel Pe gee LBA Neen” | Teen Chg Be

ry ag Fgelgg“pedal aleck iE Pe eee wed
wd a Rad eee bE TSeseaaary TF Te Epler int

mate eel Bap ener aa Toast | Pee fc note, # Se

ar pleas Be ede Teed hecssdEty Pei iw spl w Pe

gl Mee “pepe”

wesikT 06 TeaE § WIT TESYOF Tel LODE"
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AE WE TSED" yea
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=

Wi - Pj

Loe

FEE Naaey ler ves TRIE WE
Bl « WE

I TO Em “gee

hes LF FEIT]

4 . METCROET 6
Canew: [0 Ba

Than PRINT Coke ve opto bel owe been
aves Iv EDT OEE

Flap: PETTY (“mg or of. bem mee wet meen
",. - "TRE

Comes: | S00 ole {00M9% “pervect

Than BIL « The wet uf ait BIE ce BY geen mat;
Lh bth FERTRE

Far 8:9 BIR v= Bl a

Bi «» IWGE®YoRGE @10

EE ALE “pews wig” F

vime [7 BND Sd [OR TES Carpet)
TownBY « Pow set of wy | BE iw EB sees wet

ET ERE RD)
Eo ma RY BE ey cig”) E

Far pil BE = BE aa

RET ME Cesowsnaryg
wine [FE CETTE

TONE I “pear? T10
Fags

wie [4 SNE DY oka

TETW “wey
ThamBF « Tow wet £f 400 BE om Bj penn TRE

Eyve CRY RE “macepemry
WY EE A)

a me aE va WR
EYMM “pews iat

Save LOOFL

ER FEET

METINEGRI AN

TOREEL BY IL DES of NE BE “sessssery
Lb LE SIE eh

"WEBERRY $i:

BE in har 3 30 ing shass column cB wees” = o8 Thing sheet view iE Toeresdl”.

Bor wither TREE or TEM. BF a 8 wr oskis beens Te Bi.

dR Re Bae LE TR TLSp ——
‘E TeeSE Rie a BE ing chess Blew CF Tssceahery”

Lo IEE SE CE IETEEETeae——

LEE TE TE LS J | J ap— i rererd hese |inlds Pw
PROPTETY: 2 or omc toon mame ae SPOR. THY, & §igt aa Eo EE
FE # primeliee 8 BF a isy chess hie 8 Teel.

Bi on 8 SET whos pene0 siemeel x8 TReerd whees | oslds aes PEOPUETY,
& primitive name aed BTORLIET: 8 tur chose peeric sleemst ix @
a ELE Tal = T

FEISTY Uma [OU1 CRT Ba BEN

BIR in mothmr & wiv ing sess weive TE “pes ibie” ar 3 ring sheen vies is nasesnmry
Lal IE aBLE JREFRETRee———



Appendix A Example Dialogues 168

DAL OOUE 3-

WHAT 15 Tl NAME OF Twi PRAOGAAR YOU WITH TO WRITE? CLAMS

DOES CLASSE WAVE & SPECIAL raDGRAN TRE? LE

Of SCRIBE CLASS

CLASS tia! puts 8 concapt. Then it ispestediy scoepis on gut scene Prom 3» user, slaseities
1H biped on whether or nod BOGE Pee cohoepl, ad mags Bd classMeation io Bu uses

WHAT LS THE ETRUCTUNE OF Teg CONCEPT?

The comorpt wit just be & cofechion of mations, seach of which ig & property Pame
followed by the names of Tw objects over which Pe property holds.

WHAT i5 THE STAUCTURE OF THE SCENE

The somre has Me lame suchas af Tae concep!

PLEASE DESCRBE WHAT IT WEANS FOR& 3CENE TO FIT 2 CONCEPT.

The scene Mi the concept if aft of Pe relations = The concep! wre part of Bw Boene.

WHAT iS THE FORMET OF TWE OUTPUT?

Thpegl "FI" ® Pw joes 15, “Didct fe BB Sas

Woe AT US THE EET TESTOF Teil LODE?

Diop when Pw user fypes "A" indtesdof a0 ps scenes

ARE WE inceD7 aa]

LiR3E

FRIST i“Baady Tor Ika (OMCEFI"
Bi « Winds
§O0#g

PEINT ("Bpanyg ter ing SCENE~)
Rl « BEAD)

iv (OUTR “Qeit™t
Than C0 EXIT

B31 « TIVGRT &ib
Cowen: [+ RE

Than FRISTESF a0")

wipe FE WHT HZ

Than PRINT I"Doan"y 440")

Cute LOOP]
 RERET

FiFikE &1
Pom| 1B3 IPL TEEIMERBERERY B82)

mEmpEE CRY Bid

BF ia sither THIN o FELBE. £0 iv # vor ioble bows te AZ.

EF is # vor ishie howd to R6. Bl 16 # vor table bound 1s A}.

BI sa sither & wo! whois gener ic siessnt is # record whose fists are
PROPERTY, & prometivw moms ard WPS BET: § 30% whous gesaric siesest ia
primitive Rams o¢ 8 81° ing whose veiw is "Buit™,

Bl is # N81 whous generi wiosen] it & record whens fields srs PROPTETY,
Boprimifive hae ped BR CBET: go wet whose penser ic slement Ig B pe IITve nee.

Bi jg tha generic siament of §)
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~[ME; OCF &-

WHAT 15 THE NAME OF THE PRODRAM VOU WISN TO WRTE?

Ciaag?®

DOES CLASSY MaVE & SPECIAL PROGRAM TVR

uy

DE SCRIBE CLASS.

H reads § concept Then 1 repeatedy reads & ang and tests If
Er 3 ee concept. IF 3 b, H types "Ns INT. Otherwise, If types
"rad nT The concept 14 & collection of s¥egs.

WHAT IS THE FIT TESY OF Tal LOOP?

Steg when Pe use types “alt”

ARE WEFiniSsD7

ea

CLiRss:

FEIN "Beady for the COWD[PT™:
BE, « BERD
LGD|

FEIT ("Boas for ths STEINC")
Bl = BERD

it fou TR} "gait™
Than CO SEEY]

Al » MinEi®IR; RID
i+ B83

Than PEISTIlog m1}
wien PRIEY ("ngs in*}

fete LDOF|
fElYL.

BE ip sither THE o FRESE.

Be ing wither Wiring oF & wiring whose veloe ie “quit”.

Bi is» wet wheee peeacit 2lement Ig 8 whe ing,
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DEAL DUE §-

WHAT IZ THE NAGE OF Tue PROGRAM VOU Wiles Tr wT?

Classd,

DMS CLASES ave & SPECIAL PROGRAM TYPE?

ay.

Of SCs CLassD.

"reads& Concept,

WHAT 5 THE STRUCTURE OF THE CONCEPT)

# collection of atria,

AME WE FibsD0

Then | repeatedly rads & 38t of Siings and iets "Ns & Jubset™ if al The
slameanti Te tel ae he concept. Otherwios B prints “mot 8 subset

WHAT IS THE £217 TEST OF THE LD0e .

Bio when uw seed types “git

ARE WE FaiSmaior

Yer

(= Rs8F

rE INT "Beaty for the CONCERT:
Bi « EQ

FD}.

PRINT ("Feany tor he ELEMENT-SET™S
By « W{EDIY

iF FOUN IRD “guci™i
Toa C8 [HITS

IF FOOSE LEB: Im MES TIMBERCRE a)
fed "EH: VIRTRE)

Than PRINTI" its 3 wubuwi"
sian PRINT ("rai & wubasi™)

Gate LOOPS
Fits:

BE tv 8 variabin bound 3p 5).

BI te wither § ast hese generic siemens is # La EE EE
vibluw in “suit™.

i ix & sat haus geraris wlement fg 8 A0F ing.

RI ia Ihe generig siesest pf BI,
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- Dll OLE &-

WHAT IS THE NAME OF THE PROGRAM YOU WISH TO WRITE? Pedroia

OES Femail 5 mid vE & SFEDAL PROGRAM TVPE? Co]
DESCRIBE PNDNOOES.

Ie Progra s shouts bat & rank ands Rode. A ach sk set of per
Each pak consists of two nodes, which Be Iwas The progam
SURE & Tat of 2 Phe nodes which Tn BE Teached From Phe put hod.

FLEASE DESCRSRE WHAT IT WEARS FOR A MODE TO B38 READHED PROM ANOTHER NODE
£ hoe X is connected fo & noe ¥ IF Buvs axiits & pot Bt Be rach
Mach That Ean ¥ are bn De pal. K can be reached fram ¥ FE 1s
COReCiad te ¥ or I X can De reached from § nose which I tomacied fo ¥

ARE WT FINISHED" ves

iwi5

PEIET( for The CERPEang the NODE ~)
Bl « PERQ;

#5« The wet of sit AD im all BE le BE ge tha
RCW ORY RSS

to Fe SEY

FEE £2

DECOWNECTEBL BY

ERISTS eh: Aw Cwm {TBE Bt
RERCRIEL BEE

TowCT ORY Ba)

ERIS BY)LlTEE AE
ARIEBL
MMEITge Fi)

BE in & variate Bound ts TE. Bh ix # wor lobie bowed 18 EF

BE cu 2 voc inhie baud fg F. $Y in 8 varimmiebound te ¥ |

BI 1% # wer iad in Bound is ¥, Bi va2 variable Bound 1g 3

Bi ix he generic wivment of Bf. BD 1s Cl TLE

BL in» et wher penserie 3 isment i 3 satoF sive I whose poner ieSiommnt ig 8 primitive,

Pig ge primition. ¥ Ig & Ee,

BY in # wat af wire T hows PeniT Slemest 8 #2 primis,
WE ie & primitive,
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Ral DUE T-

WHAT 1S THE NAME OF Taf PROGRAMVOU WITH TO WRITE? Seach

DOESNE ADH MavE & SOR PROGRAM TYPE” Ne

DE SCRalF RE Al

reads5 paph and § node. The graph bg set of nodes and 8 mapping which mags & pak of
reo INLD a dpe. Nodes aed edger are reitived The (Fogfemmite Te Ft fodie 00
§ vot Nodes Ther BM repesiedy Tes & note W Nodes which is net merted “done” marks
sora? | and placed aE Pe raph rode Conmected Ba TE which are mod Nodes io Nodes

WHAT 1 THE eETial VALUE OF MODS" Me

PLEASE DEFOE WHAT {7 WH ANS TOR & NODE TO BE CONNECTEDTO ANOTHER NODE

Tos nodes Be cored led 1 Fay pe mapped Pio pn eige

WHATtS Tel £57 TESY OF Te LODORT

Alo wwbeen Thats 308 No nodes tr Nodes which pe nl marted "lore"

ARE WE fiesDT Dupt Modes

WET ONE OF THER REACH DR THF (ODF DOES Tel OUTFIT BELONG WT”  Raach

BE Aw

WEE «- Pej

PENT i"Fpan ter thy (HBP pag the DOE")
Bf « HEQe

a « PREOL)

HODES « IWSERTIRD wid %)

ioe]:

BE « Tow pet of soy| EF on BESsah thad;
WOT Oui (feeR lS REF Teese

£7 fee sha Pe]
Than G3 FEIT]

Fger at: BY in B45 Sai

RAE TE BY “sensei

BE « The set oF 200 BE on BF pach Aha

Ea ERLEIBY TR METERRAGE] Bal
CommiCT RE BEd

Tome REE RE WES

Fr #11 BR on BE de:

EES « InSERTINE wODE I:

Cote LDDP]

ERAT

PEIET (mE 5

Comoe CTR EY) ERISTH (Ba) DomesiINF RE BET B50 F Bat

BE op thes DETE git the MOPPING figie of Bi. Bd te & cor isbie bound te ELE. RZ in 2 primitive.

EI) vn 8 war iabhie bewst te BIE. Bi in 8 veriabie bound te BE. EJ iw warisie bound Ve Rij.

BA? iu The DETE af the WDD -BET finld of Bl. WEEE in & ani chess geid Element I% & pF IEITive.

BY ix & mapsing from the siesenis of Bd In & wiring shone value IE “dena”

Wi in 8 reonrd whose (inte see WDE-SET: @ set shows generic element FE FRET len aed
NOPE EL: & saps ing from 3 set 2) Bike I whens gear ie slement Eb PPIBILIW TE OB PIRI.

Bi is 8 primitive. Bf} tg 8 promitive. BIE te opr imil ies.



Appendix & Example Dislogues 183

=i OLE &-

WHAT [5 THE NAME OF THE PROGRAM YOU WISH TO WRITE F

COO BOR,

DOLE COD RODE. HAVE & SPECIAL PAOGRAM TVPE®

ma

OFSCRIBECOO UROOS,

Cookbook guts & "scipe si. and Pan lepasiady puts § name and
pds The recipes wi: Pat rane

WHAT 6 ThE STRUCTUREOF Tw RECIPES Tig (2ST

& recipe has § name, an Ingredient xt, snd Srecthond The name ard The Brecon ae
pire of Chava tere het ingredient Rat in 5 Nal whose shemends have 8 gradient and an Emu

WHATIS THE STRUCTUREOF Taf moni DENT?

An Ingredient ard an amount are Doth srings of Characins.

WHATiF THE £27 TEST OF THE LOOPY

Top when Tw we Type "git" as § FeCDE Tare.

ARE WE Finis 0 Yes

ODE pODE WEL

FRINY i"Raaay tor vem RECIPE L197)
Wi - BEE:

LO|

PEIRT (“Haat vor ing WE)
Br« WimGis

i CEDURE CRY “guitt)
ToesGF $511}

BE « The sed oF 230 BY in BE perk that:
CoRang 8, FETOCWOmS wowmg ss

For aif M1 in 86 da:
rEIWY (ED

Cote LOOP]
TEEYE,

}

BI ig witha & primitive nome oF £ Airing whew wiles is “geil

Bl is # lint hows generiz sleonent iE # recerd PhouE Fis tow
whe img | INCEESIENT-LERY: & dome whatE perar it ulewest fe B wetted:
finide are INGEEDTINT) & string ona WOOUNT: 2 wiring , aed
BIRECTION-SET: & sat whose goerin slenent ig & 5ir ing.
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Dhl DOLE §-

WHAT 5 Twi SAME OF Tell PROGRARE vO WASH TO WRITE? |

Fal ipa

DOES REC] MEvE & SMC PROBA TYPED

a]

OF Sais w= Ory

# reads nok recipeBai A recipe coralits of § name and § EG
Then Tt eedevs § loop winch reads 8 recipe same Bnd reds the recipe
with Pat name WF Ture i ne recipe wit Bad nae, FRE "Bo such reips®

WHAT 5 THE oT TESTOF Twi (OO

drop what he user hypel “ut

ARE Wi FepReEDY

Yk

WES IPE

PEISTI "Baa for tng RECIPE.L IST")
®f = BERECS

i Dal| +

PRINT “Ready far Teg WON D
EB « BEDI

ie TOUS FB] “guit™
Then C8 TEIY)

BE» Tow gut of $10 BY in8 gah hat
TREE (FICEca} ws B01

i TOU RE Pel

Than PEINT ("me sex® recipe}
wing Jor #il AF vn8 sa

Me IwT (AY

Cate LOO

15EVi

BI iu widher & primi Tien he 3 & BIT ing wees velue iB Twit

Bf iw B® Eimt Tid slemsnt ig & recerd ohaas fisnlde re BE, @primibion nome and STEINE: & oir img,
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~PRALDOUE 0O-

WHAT IS ThE MAME OF THE PROGRAM YOU WSK TO WRITE? Hews,

DOES MEWS HAVE & SPTOAL MOGRAM TYPE? Rew reirievst
OF SCRIRE Ni ws

"t eres guesiions about & Sete Base

WHAT IS Teil STROCTURE OF Twi Gf mal [LESMNTOF THE DaTa-BaSE ™
The Sate Base ls 2 As of Seacripions. sack of WhCh SescrBes one Rewapape’ Flory.
WHET15 Tef STRUCTUREOF Tel DfSCRFTOES

& Ge poniplor comaiste of & ant of feshares

WHATIS Tes STRUCTUREOF Tee RESTON
& tegteeant & Mag

WHAT 15 ThE STRUCTURE OF Tw TEATURES™ Twi Dd SCRSFTOR™
Each Toate consists of 5 property ane 3 walos. kb property it 8 hae wide
"* & character Ig & valu is #Pw & meter ir § bg of charscies

WHATIS ThE STROCTUREOF TE FLAG®
The Mag will be $i “Sescrpicrs”oF “rmber®

WHAT 8 THE WTA VALUE OF ThE DATA- BASE” Ura sinary.
DENCE TE ANSWER

Fhe Tag bs "deacrgtins® | Tee Be rages should pred aach
Be roripled Pad comtging Pe Peake

ARE WE FingSasfD

Pe Flag th Ceueber” | Pan Bt ihould uni print Be Sets
mbarof ach Sepcriphers

ARE WT FigsDD" ves

wf w

FEIT ("Poasy fae tng DUE TTIDN"E
i « Bah

Be + Thu wet at 207 47 im BY wees Thai
MEE EES ED

BF TON BE “weyrr piers”?
hn Be Fi BD om 8G de

Le 38SETWg}

Pt OLN EE member7
Tagn PERT IRF)

BE on the DATE gt tng TUE Foate of Bi. BS in vee DATE i wee FESTUS femidof Wj,
LAE e——— rh ol TRG Fog at BE

EY ie & lant whois gener ic iement iE EF pet ‘ws genetif ema in & recerd
whose Vinlgs are PROPERTY: § wiring ond TLE: oi ther LELalFE EEF Se

BE 8 8 rererd whens Tiaiey ary TEETER, & racerd whens fieldsare PRDPERTY;
EB EIring aad VILE: wives 3 pir ing aE member ae FLEE: wither3 wiring
Whee valued iB “nosher® ae ¥ uiring hess wales is “descr piers”,
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ORAL DOLE 11-

WHEY IF THE Ras OF Tel PROORAM YOU WSN TD WRITE?

rie me news Fe iTievel Fog ee

WHET 1% THE MAME OF THE PROGRAM YOU Wells TO WRITE? News

OfSCRE WE Wh

Bhat & Sale base of nears lores Tach ptery bas gael of Ley words associated wel MIF

Feast & Mery By Peng & bey word Tha reap me Should be of Te stories with Bud Ley werd
Te command is “umber” lolowed by & bry werd, Tes The fumber of stories having Pat
wey word Vhoutd be preted

WHATiS THE STRUCTURE OF Te STORYS & Tel DATA -SASE™

Tuygre Eirege

WhaT iE Tell STRUCTUREOF Toff Wf v-WORDS& Tf SET?

Aas

WAT 1S Teof METAL VALLE OF Te DATA-BASE"

hhii

WHAT5 Tol METAL VALUE OF TW LEY WORD SET?

FEE RY

ARE WE Fogel[FF pes

- us

FEINT ("Raany for eg TT VF0BY
Al «- EHH

iesen: [Ff JOUR IB; G1)

Tome BIE « Tog set of 270 BF om EF penh "hat;
PERE oR]] ne oRE B90)

PE TET (EE

wiee 7 00S IB] AE:

Than BE « Tog ge of 200 8) on BY} gens hats
WENEEREL INP RE RB]

PEIN IRT)

Bll veo pF oomi die,

SE x ob recnrd whese Tintin ars STRING: & wiring shane soles 15 “rahe
wef LEVEE, 5 pone tiow

&T ix # sashes when ig Tes sige pi BE

BE ix » mapping fepn thy giomseis of BE} to 5 pot chon gare li Bienen iE 8 pr iT ive,

BE ix the DAVE gf vee FEV-UDED tepid of AR

BY x # wat shossgoer if siosest 5 8 being. CB] ix omciherBil ae AE


