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1. introduction

This paper describes & naturs! language processing system. The system interscts
with & human user, who describes & computer program o it in English. The output of
the system iz & program specification, & formel representalion of the computer
program the user has described The program specification can be used as & dats

bese tor coding the user” s program by computer programs without lingulstic shifties.

Understanding program descriptions obtsined via dalogues requires cspabilities for
handling simost aff issves associsted with natuwrel languege processing. Indeed,
{Hobbs 77} mentions that even processing “wel written aigorithm descriptions™
involves " some of the hardest problems of Snguistic analysis ® Since many of the
program descriptions posed by the ussrs of the system cen best be characlerired

&% "not 5o well written®, the system’ s neturs! language abiliities must be extensive.

The aysiem is most naturally viewed as two interreiated programs: & parser and an
interpreter. Reade, the parser, provides the means of storing and utiizing the
information sbout sentence structure (caled syntax) which is necessary for the
proper interpretation of the mesning of a sentence. Aesader Is used to transform
the user's replies from strings of words into structures in which the relations
between words are made explicit. The Interpreter uses the structures supplied by

Resder to construct the program specification
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1.1 Organization

The mext section discusses the natursl Ly Goegs YHNES 97 Erionet g ea_ning
natursi lsnguege system should heve. The Hiacwong Idetsn Qﬂ“ﬁ"j threl short
exampies which should help 1o exactly clarifty whet = Teant Ty the —ogrin
specification, and provide some perspective on the netwal ierjveaas Pr(rrEsds
dona by the system The perser/interpreter can be used Bs pe) =) 5 Acve
complets sutomelic system. Section 1.4 briefly describes O svsiem and vho
interprates” s intesaction with i1, Section 1.5 is & short ovenrvdew of the Op=s2180m .~

both Resder and the Interpreter.

Chapler & is & genersi Oscussion of Resder. Chaplers 3 and 4 continue that
discussion in much more delad Chapler § describes the program specification and
how 1§ s bullt by the interpreter. Appendix & contsing severs! dislogues run by the

system.

1.2 Capabiiities

1.2.1 The parser
Resder was designed with the following criteris in mind,

The parser shouid be sble to guickly recognize & substantisl subset of Engliah. The
parsing should be done quickly, 50 that the parser can be used In & practical
system. We sention parsing speed and grammar coverage togethetr, becauss it is

easy 1o theorelically schieve one of the other seperately. Almost alf parsing
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wCNGAOS T PErs ‘8 smal; set of sentences guickly, but few do as well when
thhruMﬂWﬂﬂhmmmim
which inclides &% possible syntiactic uses for sach word in the vocsbulery, Resder
achigves speed without aucriicing grammes Treadth becasuse its Parsing process
can combine MﬂmmW-tm!ﬂnﬂmwﬂr
W-Mﬂm‘hﬂmumkmmm
characierizos many other parsing schemes.

MMhmmmmmmmmwmmmm
mm-mIﬁ-mam-ﬂh'mmmﬁnnﬂhﬂuﬂrm-m
Tompeling parses which are possibie syntactic interpretations of & sentence. This
s necessary becsute mam sentences have more than one synisclic interpretation.
For #xample, in * find & reistion in the concept marked ‘possible.” *, the parser
must be able lo ask whether the object of *lind™ is “& relation whose marking is
‘possibie” whick is mmw.ﬁuﬁmmumm“
{ “possibie” } concept

Murmmtcmmmmmmmﬂmmﬂh
.mpumhmmmmmww#wmm. Consider the
sentence, “Classify the input kst on the basis of whether or not it fits the initial
=l The interpreter Mhmnhmm=mmm‘mm
basiz of*. “classity® and the clause introduced by “whether®. The parser should
thmhmnuumwmﬂuspm.M'h-tM'lmm

cioser to the mesning of the sentence thaen & mere synltactic structure.
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The parse can be Interpreted as,

Perform & classification. The argument of the classification

fs the nput Nst. The procedwre for camying out the

clisssification is to test if the Input lis. Mts the initied kst
MWiﬂ‘;anwMMmmmimtﬂmdhmlMi
possible parse of s sentence on semanlic grounds. The parsed -interpreter
interface should only be ssked te evalus'e parses which sre synlactically
equivelen:. Two partial parses sre syntsctically equivalent i both wilt lesd to &
successiul parse on the same sentence endings, or it the end of the sentence has
been resched and each Is & successht parse. The reason for this decision is that
m'mm“m-miMlﬂmm“tmwu
mtmiuh-mtt:mmmtﬂnhcﬂemmwm
determing that the parse cennot lead 1o & syntaciic interpretation. Woods, In
{Woods 73] has expermentsd siong these lines and found that {in hs case} *. .1t
looks #s i it takes ionger to do the parsing and semantic interpretation overat if
mmt-mumwﬁmmumnmmﬂmwn
snd the interpretation slterwerds * Of course. semantic processing wi have to be
mw-ﬂﬂmm:ﬁ!mmﬂmm-ﬁmfw;'m
smuzm:mmwmw-mwmm-mn!mwh
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The assumption sbout the (elative cosls of Semsntics eas CyTiaclic processing
cannat be proved. We can note, howsver, thal svin M siepinst Kinds of semantic
chacks csn require arbitrary ssooniz 5F inference w & genorsl system For
sxample, colyidet the decimon of whothar & pew of wrds [(“street lights® for
sxample) is & COMDOUST Ao, o & Tigun Tollowes Dy & verh. At first glance, It would
seom that this “ouid Le cheaply done by simply checking & marker on the first word
{"straet™}, which nilatos whether It is & suitable subject for the proposed verbh
{"ligh*s™}. Howewver, there sre two problems with this spprosch. One is that simple
markers on words are inedeguate for dealing with the problems of languege. Many
words can bé Sodified sc thal they are scceplable subjects Tor verbs which are
not ordinarity sssocisted with them, eg, “The glowing radicactive street lights the
way for % The process of dolermining whether & modified noun Is s asultabile
subject for an arbitrary vert seems beyond simpie look-up technigues. The second
probiem is that even if the potentist subject is unmoditied, the syntlax and mesning
of the remainder of the sentence mey consirain the behavior of the ambiguous pair
to be the opposite of what one mighl sxpect. For instance, “water bolls™ would be
predicled o be & noun-verb pair, yel in “Water boils are dangerous parasites
which can be found in the Groat Lekes.™, it acts as & compound noun. It should alsc
be noted that occasionally semantic ana'ysis wif be unable 1o act as & iter. "Set
X® may be sithed & houn-verh palr of & noun and itz appositive. !mmm.mm
s to know the syntaclic context the words appes” in. In "Set X to the empty 381",

"set™ acts &5 & verd: In "Set X iz the smpty sel ™, "s&t"™ actls & nOun.



Introduction ]
1.2.2 The Interpreter
The Interpreter must by abis to do the following:

1. Ask guestions of the uned. This enablez the system o clarify actions 1t has

taken and prompl the user for information he has omitted
<. Understand throe differsnt types of user stetemonts-

User statements meant s: steps in the program. These are transiated into
Primitives in the program specification lenguage. Tiis Is the basic method for
buiding the program specification. "Print the grestes! number i the Est™
must be trensiated Inte an “output® primitive with en srgument representing

"the gresies' number™.

User statements directed as mets commaris sbout the dislogue. These are
transiated into cese frames which ®Apress thek intent. fhis aliows the usgr
1o control the flow of the disiogue. “Ask me sbout the structure of the datas
base first.* must be interpreted as & request for & different question, rather

thar part of the program being written,

Finally, some uses statements should be understood as general comments
about the progrem rather than &5 explicit nstructions on coding 1t. “The
program stores and relrleves date ™ is mesnt &5 &n oversll description of &

Program, not its first two steps.

3. ldentify any objects snd aclions mentioned by the user with thelr correct
reterent In the program specitication. i the user s8ys “Alter printing i, print the
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st containing ", the interpreter must find & referent for “i1™, determine which
"Hzt® iz moent, and msich “printing 1™ to the approprists operation in the program
specification

4 Use the question it has asked to aid in undessianding the user's raplies. In
processing & description of two data structures, which sre referred tc as 1he
"scone® and "concept®, "The same s the corcept.” should be understocH s mean
“The scene has the same structure thst the the concept has™ If the guestion
ssked i "What is the structure of the scens?* However, the systom must aisc be
abie 1o sccept more Informetion {In any order] then s gquestion has asked for, eg.,

What is the definltion of the predicste "Resch™?

A node N is connected to & node ¥ if there exists & pal in the

graph such thet X and ¥ are In the pair. X cen be resched from ¥

It X is connected to ¥ or if X can be reached from & node which |s

connected o Y.
5. Learn definitions for any undetined words used by the user. If the aystem is 1o
be robust, it must be able to infer cortain Information about words, rathet than
depend on knowing everything in sdvance. In the sxample sbove, the system
inferred that “connected™ Is & binery predicate on nodes. If It is necessary to
preprogram information of this sort, the system wilt fall svery time an unfamilisr word

15 used, aven though the word occurs it & contex! in which s mesting s apparent.

8. incorporate implicht instructions from the user inlo the program specification while
svoiding redundancy If the same instruction is ister made expiicl. Consider,

1. Print the resuft of the test ssk the user If this s correct, and
read in the yser” s response.

VEISUS
Z. Print the result of the test and ssk the user if this is correct,
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In both 1. and 2., the next question the system shouid ssk 1 "What is the structurs
of the user's response?™. In 1., there is an explicht Input cperstion mentioned. in
2., the system must infer the Input operstion because "ask* implies both an output
and sn Input ?M-mtﬂmimﬂﬂmmammhrcnt 2., but realize
that the user has alresdy mentioned the npil for case 1. This is not as triviei as
just checking for an Input sfter wvery oulput genersted from “asks™, since It the
user says,

"Output the result of the test #nd ask the user If this correct.
Then resd in another test item.™,

the system mest still ask for the structure of the uses's response.

7. Use & certaln amount of Plogramming knowledge to sid in s construction of the
Program specification. Understanding many of the user's replies wili resquire
specific bits of programming knowiedge. If the Eystem asks, "What is the sxit test
of the loop*, and the user rephes, “Stop when "quit’ is typed”, the Interpreter must
know that thiz means to test the argument of the (presumabily one} input op:  tion
it the loop 1o see If It Is “guits. it 50, the iocop should be exited. The same
information tells the Interpreter that the test should be Inserted into the program

&fter the input operstion.

1.3 Three Examples

This section consists of three drief examples’ intended 1o Mustrate the extent of
mmmmwmm

! Every sxampie In this paper was produced by the system,




WHAT IS THE NAME OF THE PROGRAM YDU WASH TO WHRETE?

Write me B : called inlersacton wisch rencs & et of liste
of rumbers prints tre rumbers wihich ore il of e

INTERSECTION
Bl « EfAD{}
AE o The set of at8 &2 tn &%) RE v &} suck that-
FORALLIEL)Y DPLiEsS{EmERIR] M;
MEMER{AT R] Y
For &t A7 wn %8 do:
PRINT{AF]

2] 13 & vervabsle bound 1o AL
AF T3 The gereri. siesent of &I

AT 13 & set whose generic slemenl 13 & 1131 vhose generic ¢lvment
13 & rumber

Figure L} 1
An aigorithm deecriplion and its progre specificntion

The top section of Figure 1.1 contsins & description {in snswer to the system's
quéstion} of & progrem which finds the intersection of & set of ists of numbers. The
program specification for the example is shown in Figure 1.2 on the following page.
it consisls of = serles of interconnected nodes which represent the various
components of the program. Each component type Is fully described in Chapter five,
For large programs, the program description i3 1oo bulky (and generally unresdabie)
to exhibit, 30 & "pratty printed® version of it wif dbe shown instead. A simpia
program is used to print the specification ss an Algol ke control structure with data
descriptions in Enghsh. The result of printing the specification in Figure 1.2 is
shown benesth the sigorithm description in Figure 1.1,
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1
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The relation between the apecification and it “pretty printing® i= apparent. As an
example, consider the printing of the ENUMERATE component. ENUMERATES sre the
spacification primitive for performing an sction (the STEPS siot} on w##ch siomaent of
& set (the DN siot). Yo “pretly print™ an ENUMERATE component, the printing
program merely concalenales,

For st

Cibe ELEMENT of {the ON of ENUMERATE Y}
in

Cihe ON of ENUMERATE>
it STEPS of ERMERATED
One of the points this exemple makes is that mmtmmmmm
user' s program is not necsssarily contained in the program specification. If the
program specification were implemented stralghtforwardly, the resulting program
would be grossly inefficient. The intersection se! would be created by cycling
through every list in the Input set, rather than just (he tirst. The reason, of course,
it that the user has ssked the system ic wiite & program which finds & set
satistying some sssertions, but has not given & method for determining the set.
Theratore the system falls beck on the method of testing sach siement in the set 1o
see it it satisties the sssertions. The Interpreter con sccept more process orlented
program descrigtions. Figure 1.3 contsing & very low level description of an

"intersechon® program,
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WHAT 15 THE NAME OF THE PROGRAM YOU WISH TO WRITE?
Intersaclion

DESCRIBE INTERSECTION.
il rencie & list X

M‘FEMS{TW&EEMWMEI‘?
A kst of of nombers.

ARE WE FINISLED?

rtqum.mﬁm-NMHmum.-ﬂ
Fm“ﬂ'luﬂ"mﬂﬁmmmmhmﬂ X, ardd g
hﬂinlhfﬂtmtmﬂhfmthhrﬂh
ir-f_:lufﬂ!ﬂfrmm#frrmm—ti?m o itw ek,
-ﬂﬂnttatr-lﬂn!xmwlu'hwmm-u
Mhh'mﬁﬁﬂwmhhmﬂn‘

INTERSECT 0%
E o« READ{ L
FIRST « WEdD{x)
OUTPET = MEaD{x)
REST « TRjLEMY
Labell: I7 EQUAL(FIRSY Pul}
Ther PRINT{OUTPET)
RE T )
PP EQUAL{REST Pi))
Then FIRLT o TRILEFINSY)
REST « TRI{%S
SO0 Label}

B MOT{MEMBER{ MEADSE |R8Y
HEAD(REST) )}
Than OUTPUT « REMOVE( FIRST) OuTPUT}
FIRSY o TRIL{FIRST}

BEST « TRIL{XS
GOTO Ladell

eipe RESY « TAJL(RESTY
GOTE Labei]

13 & number,
QUTPUT v5 & 1131 vhose generic slement 13 & Fricmiyg -,
FIRSY 93 & 113t vhose generic elesest 15 & numbEr

REST t3 & 145t whose gereric & lement 5 & Tl whose generic tlement

X 13 & 1158 whose generic element 5 3 115l wvhose generic wlement iy
& TRmbar .

Fipre 13
A low levei deecription of intersection
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As & prelude 1o chapter five, note that sven though this dialogue {unliks most the
system handies] transiates fairly directly into primitives in the program
specificetion, there are sUE seversi nelursl languege problems embedded In It
Ditferant ways of specifying the same action:
SetXezusite¥. GobacktioX
Set X to ¥ G o X
Lot X sgual ¥, Retyrs to X
Referance problems:
LAtE tal
.Femove i trom Dutput.
.00 to the Yrst condithonal.
Ahe conditionat.
JAhe first element in First.
Langusge conventions:

Otharwise, ast...

The interpreter can handie more “structured™ jow level descriptions. Figure 1.4

containg an sxemple.
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WHAT 1S THE NAME O THE PROGRAM YU WISH TO WRITED
Infereection

DESCRIBE INTERSECTION.
um;mxnn:mum-ﬂmLumm
h?‘dﬁxﬂﬂ.ﬂﬂ.i“rﬂlmriﬁillﬂ-m$ﬂ
=M!nhﬂﬂthhihmm.ﬂh-h—ﬂﬂ

Firnt is not &8 member of h?—dﬁmmium-&m-ﬂ
®st Rest! o srpty, Otherwise set Reet 1o the inil of Past.

DOES THE SECOND LOOP BELONG IN THE TOF LEVEL OF INTERSECTION DR IN
THE Tﬂ"-'i.-ﬁﬂ OF THE FIRST LOOPT

b the loon
ARE WE FINISHEDP
Mhhmmmﬁﬂhhﬁﬁﬁﬂ
ARE WE FiNISHED?
m&ﬂ“ﬁlﬂh!wﬂm

IRTERSICTION
o« READ
FIRSY « MEADIX}
OUTPUT « FiESY
White ROT{EQUAL{T IRST PH11) oo
REST = TRIL(N}
While MOT{EQUAL[REST Fut;] du
HE MOT{MEMBER{ MEAD(T jgY
HEADEREST)
Then OUTPUT « KEMOVE(MEAD{F IRST) OUTPUT)
REST » PH}
elee REST o TALJL(REST)
FIRSY « TAIL{FIRST)
PRINT{CUTPUTS

BEST 13 3 1151 vhose generic plement 15 & 115t vholw generic olement
15 & rumber i

CUTPUT f3 & 1asl vhose gemeric element 135 & rmber
FIRST 93 & 115t whose peneric ¢lement it § Pumber

K 3 & 151 whose generic eiement 13 & 113t whate generic slement i3
& ramber,

Figure 14
% more siructured Intersaction progrem
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Mﬂuﬂuth-mumuuntMMWﬂMhlﬂﬂmMﬂaun
mumwmmmt-mm:ﬁmwmw

' the dialogue from Figure 1.4, the interpreter had to ask the user whether the
second loop was esmbadded in the frst More programming knowledge would have
supplied the answar for the Interpreter.’ It should have been obvious thet the
description of the Tirst loop was Incomplete, sinCe the exit test checked the value
ﬂum-ﬂmammwhmw. Such knowledge is beyond
the scope of the present parser/interprater project. instead, it is made avaliable
to the Interpreter via the PSI system [Green 531

1.4 PSE

Thnﬂm!htmt-fhnbmmwmuimﬂmpﬂmm
program synthesis system. mrﬂmtmuhlﬂthmﬂm“n:m
project at the Stanford mmmmtm-mf consists of &

rﬂﬂhﬂtmmmmmhummmm;m
-hﬂmﬂtmmﬂnﬁtmﬂhn“immmhwm
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specificelion mmmnm:mmm:uwmwmh
hwnmmmtmmmmmﬂﬂmmﬂ
program, but not its implementation. [Serstow 77} and [Kent 77]

The remsining modules in PSI help support the the dislogues rum by the
parserfinterpreter. The parser/interpreter can run independently of them, but its
pmhm!umthihMMmmmhw
for. The other PSI Modules are:

An English generstor being devekped by Richard Gabriei. The generstor
should not be confused with the Enghsh dais descriplion printer used In
pretty printing the program specification. The dsls description printer uses &
“fill in the blonks® paradigm (X is & ¥ with 7 whose O #lc.}, which is sdequelw
for its purposes. The completed PS! generation system wit include & program

sxplanetion module which wilt displace the dsls descrniption priner,

& programming knowiedge module. This module i3 responsibie for checking
the conaistency of the program specificstion, suppling questions 1o be asked
In case of inconsistencies, snd snswering questions whose snswers can be
derived from information sbout programming. [McCune 77

A domain knowledge module which Is being written by Jorge Philips. This
moduie is analogous to the programming knowledge moduls sxcept that it has
hhm=mmmmﬂm-mltm'h
programming in general. It might know, for instance, that in & text editing
domain, when the user says “exit the fie®, he means “write sl the changes
made onto the disk and then exit the file.”
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numm.nmmmmmwhmm

progeam In terms of exemples and tracos &3 web as English. [Philips 78)

A dislogus moderster which coordinstes the various PSE modules, chooses
wﬂchmmm-lﬂm“uxt-wmmtm‘.im

about the dislogue supplied 1o It by the parser/interprater. {Steinberg 78}

1.8 An Overview

lop-down and bottom-up siralegies. The method used &l any point in & parse is
datermined by the grammar writer. The grammar consists of & set of Lisp programs
which manipulste the dats structures and datse structure building primitives supplied
by the parser.

ﬂnﬂnhﬂhhtﬂﬁmﬂy%a%%ﬂ!mﬁﬁ”mﬂnm
mmmmummmmm‘ﬂ:mtmt. It should be
stressed. however. that Reader is not completely deterministic®. Complete
mtmwmmwmﬂu“ﬂmmaﬂmw
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berlow. mmmn.ammwmmanaumm
differant categories.

1.1:M¢mtm-nthmbmmm;-mtmmm
haxwmmwmmuﬁiuﬁm-ﬁwmmme can
accept the frst as & modifier

z.immammtmmuu;m}mm
mmmm-ﬂ%uwwm:wiu of the
sentence. & simpie oxampie of “delayed alf * occurs in the
sentencs, "The program called Intersection * The constituent “calied
Intersection™ is not attached to “the program® untit the words following
"Intersection™ require that the atischment be made.

3. Because of 7., when & constituent |s atiached tc ancther, the parser
generally knows the resson for the wttachmeni, and Can use that reason
1o guide It in making the attachment For instance, in “"The program
caffed Infersection was wrilten by George ™, “"was* forces “cafled
intersection® 1o be stlached 1o “The program™ Tha resson for the
silachment iz o sllow “The program™ 10 be the subject of “wes”™ so it is
Clear that “called Intersection” is to be attached 8: & relative clause
modifying “program®, since if it were sttached as the main verk, thers
would be no place 1o put "was™. In *The program called intersection and
returned ™, when “and relurned® is read, the parser knows that the
clauze “called intersection® must He an active constructon {s3 opposed
to the passive construction which leads to the relstive clause
interprotation] so that it can be attached to "The program™ ss the
predicate of the sentence.

4. The parser uses one syntschic structure o reprasent more than one
possibility. in “The program cafled Intersection «", the structure “cslied
intersection® simuitansously represents the predicats of the ssntence
and & relative clause. Which interpretation to use iz determined after
more of the sentence had been read.

& The parser provides for locsl ambiguity in the parse structure that it
returns. For instance, *i know that ice is dangerous® could mean either
" know loe is Jangerous.” o " know that thet {particuiar} ice is
dangerous.”. The parser finds both inlerpretations following & single
parse path, and continues following & single path after the smbiguity has

As we have hﬂcttnﬂ.m&amm“twmmmnmmmﬂ: 1

& time. Tu-wuumdymtmm:mmt-mmm:ﬂh

T—
R e
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ancountered on & different pere peth, Resder uses 3 veration of the well-formed
substring table ides (section 48] This ensbles & constituent which has been

snaly *ad o be sitectively shared by sach parse path that can use 1L

The perser-interprelsr nterfece is only calied 1o raie structures which are about 1o
be stisched to other structwes. Structires are stteched o other structures only
when the synisx of the sentence forces the stischment. These two facts imply

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

which are syntsclicslly squivalent® For a simple exampie of this, coasider *"The
number in the kst the program privted was " "Was™ forces the *The number™, “in
the Hs1™, and “the program printed” to be attached (o one another for the purpose
of allowing “The number” to be the subject of “wss® The parser-interpreter
interface must choocse from between structures which represent the meaasnings *fhe
number which was printed and in the list™ snd "The number which was In the
prioted Hist.” Since sach structire plays the sameé syniactic role, namely that of &
nOUR Qroup, any seguence of words Tollowing “was™ will iead to & parse for elither

both of neither of the two interpretstions.

Reader’ s interface with its interpreter is & program cslled Format which rates sach
syntactic structure bulit by Reader before i is attached to another. The criteris
messured by the interface are:
1. Does the vert of the structure {if there is one} have enough of its
ceses filled in o properly specify the action It represents?T For
example, the verb “"put® requires s case which specifies whers the
object of "put® was put.

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

* fwo parses are syntacticaily eguiveient if and only If the end of the sentence
haz been reached and both are successful parses, o If both wilt lead to e
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3. How appropriste se the contents of the ceses Of the structure’s
werb. For instance, "straet® is &n inapproprists subject for "light™.
The resuits of the rating sre used to pick the most meeningld structure from among
sgivelant syntectic possibilitiss. Structures which svalutte poorly can still be
included i the parse of the sentence, as long as there are no ctheae parses which
contgin structures with betler evelustions. The perse of “Watler boils are very
smali® conisins the “inappropriste™ noun group “water bolis®, since there |8 no

synlactic iInterpretation of the sentence which does not use “waler bolls™ a8 & noun

groug.

1.5.2 The iInterpreter

This section briefly louches on reference and concepl mstching. two of the
subjects mentionsd in section 1.2.2, &3 an Introduction 1¢ the methods used by the
interproter. They have been singled out becauss they are the basis of 2t higher
ieve! inferences performed by the Interpreter. Thapter § cover: much more In

greste: delal

The interpreter’ s primary means of understanding user statements is vie & set of
case frames and concepts. The cese frames map English verbs and thelr modifiers
imlo the concepts, which can then be incorporsted into *he program specification.
for & simplified exemple, consider the concept of an input operation, denoted
#INPUT. For now, we will sssums thet #INPUT takes has descriptors, its arguments
{ARGS}, its place in the progrem spocificetion {(STEPOF), and the Input device
{DEVICE).
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EiRPUT ETTPE
DESCRIPTORS . ADY 138 BOATE} CASES: SURJICY « DEVWICE
STEPOF {130 BALEY 085 =« ARGS
DEVICE ¢y #DEVICE) [SE BINPLUT

GEFIRITION-OF TYPE

Figere LS
& corcept e 8 detmelion whch can be mapped o ik

Figure 1.6 shows the concept and & definition of "type™ which can be mapped to it
The definition says that if we have an instance of the verb "type®™ and its cases
{as determined by the parser] car be mapped successfully (le , the contants of the
cases satisty the criteris In the descriplors of the FINPUT), then we can view the
vert and s cases s an instance of the #INPUT concep! and take the appropriate
action. Concepis can represent move than & single primitive in the program
specificetion language. For instancs, “request® in *I'8E vequest & story by giving &
key word ™ maps into an FINTERCHANGE concept which involves -~ INPUT and

OUTPUT operation with & caiculation of what should be output bn between,

Noun snd pronoun reference is facilitsted by the context supplied by the sslection
criteria of The descriptors of & concept. In,

"It reads in & trigi-ltem, matches the /npid 1o the internal concept

model, and prints the result of the match™
& referent must be found for the noun ®iInput®. There are two possibilities: the
INPUT crested by the “read®, and the trisl-item which is the argument of the “"read”,
Since “match® is mapped to & concept (FPREDICATE} which requires that its ARGS
descriptor be & POATA (rather than an FALGORITHM ke the “read™} the ambiguity is
resolved.
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¥When the choice smong possible referents cannot be decided on the basls of the
mmnwmmmm.mm-wmumw.
Consider,

'H!Hﬁrilﬂﬂﬂ‘hﬂtiﬂ&lh!ﬁfm. it X is in the Hist

then.."

There sie two referents for *the Kst™; the number list and the string list. Sice

they both satisfy the selectionst criteria® for the second argument of the #MEMBER
"is In" maps intc, something more contsxt dependent is needed. Fach concept has
& second layer of selectionsl requirements which sre calied . hen simple tvpe
checking falls to narrow down the field of choices sufficiently, For #MEMBER, the
check succesds If the first argument has the same type, or is referred 1o In the
:mww.u!h;nmﬂmntnlm:iﬁundmL 50 in the sxample, If X
were & siring, “the Ist™ would be matched to the stiring ist, and if X were & number,

“the Est™ would be matched 1o the number list.

in the svent of & referent which remains ambiguous sfter all tests have been
applled, the timeé honored method of falling back on the most recently mentionad
possibility Is used, Hopefully, the speaker has felt free 1o LIE & pronoun in an

ambiguous situstion becsuse the referent he had iIn mind was the most recently

mentionad possibility.

5 They are both sets.
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Natwrsl languege processing beging with parsing. Determining the mesaning of &
sentance requires knowing the man vert of the sentence and how The resl of the
wodds in the sentence relate 1ot In this system, for exampie, 1he mapping of the
sentence “*Print the fisL" into & structure which is an OUTPUT operation whose
argument Iz the referent of list is dependant on kEnowing that the main vert of the
santence is “print*, the syntactic object of "print® is “the Eat™, and the sentence is

an imperative.

2.7 The Baslc Aigorithm

& pa .o shows one 1o store and utilize the information aboul sentence structure
needed to Interpret sentences properly. The information that is stored Is referred
toc as the grammar, while the methods for applying the gremmar o a particular
sentence are usually thought of sz the parser. Resder ls organized somewhat
ditferently from most parsers’ in that Reader is not synisx directed. Writing &
grammar for Reader consists of specilying the processes which dbulld the structure
of an input sentence. Thus the grammar writer specifies how the grammar |Is
actually appiied 1o & sentence, as wel as the grammar itself. Reader’ s function ir
to provide the dats structures the grammar is intended to use, the control structure

which sctivates the grammar, and programs for manipulating the dete structures.

The two besic dets atructures thet Reader supplies are the modifier list and the

! The parsers of Winograd snd Riesbeck s7e also exceptions. See section 4.5.
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stack. The modifier list iz & lst that the grammar writer can use 1o store words
whose use has not yet been determined. The stack is used 1o store the structure
bulit up while the parse is In progress. The next section describes the stack in
delal. A stack, & modifier kat, & messape about what has just happened to the top
of the stack, and & message concerning the entire stack constitute & partisl parse.
The top of the stack message is ususlly & Lisp atom, eg., messsge = NOUN, VERE, or
CONJUNCTION means that & noun, verb or conjunction has just been added 1o the
top structure In the stack. The stack message Is & list of festures that the stack
hes. Each feature iz represented by an stom. Example festures are “the stack
contains & verb structure with & vert that can sccep! & clause as one of its cases®

and “the stack represents & sentence which &s an mierrogative®.

The parse is performed by sdding each word in the Input {going from left to right} to
the partisi parse formed by the addition of the previous words in the sentence. The
firs1 word in the sentence is applied to “the initls! partiat parse®, which consists of
the “initial stack™ (& stack containing & single structure which wili eventuslly hold
the main verb of the input sentence), and &n empty modifier st The *top of the
stack message” for the initisl stack is BEGIN, snd the message concerning the

antire inftial stack Is NiL, meaning that the stack has not acquired any festures vet.

The mnﬂaﬂ“w&h!kmﬂiﬂpmhmhﬂﬂhﬂuplm. The
Qrammar 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 & plven configuration. in general, there msy be more

T ithe word classes the parser uses are VERS, PREPOSITION, NOUN, MODIFIER,
ARTICLE, CONJUNCTION, and PUNCTUATION,
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than one wsy & word class can be added to & pertist parse. it Is aiso true that
many words belong 1o more than one word ciess. For instance, the word "ilke® can
be & noun ("His likes sre different than mine."), & vert {"She lkes Nm."}), &
preposition (& man Wike him."}, & conjunction {"MHe pleys like Jack used 10.%), or &
modifier {(“men of like temperament.®). These two facts {& word may be sadded to a
partial parse In more than one way, and & word may belong to more then one word
class} imply that the parser should be sble 1o handis more than one parlial parse of
the inputl at & time. However, it should be kept In ming that one way 10 schieve an
efficient parsing process is {0 write & grammar which minimizes the number of
possible parses the parser has to follow &t once, while st the same lime writing &
sel of rules which sdequately express English syntax. Section 3.2 shows some of

the methods used by Reader’ s grammer to svoid & muttiplicity of partistl parses.

The partis! parses are placed on & kst called the “partial parse Ust™. The parser’s
control structure is as follows:
1. sentence « the list of words comprising the input sentence.
2 partial-parse~list = s list of the initial partial parse.
3. WHILE sentence DO
4. Apply the next word in senfence to sach partial parse In
partiai-parse-list, using the program associated with sach
word class the word belongs to.
5. Reset senfence by removing the first word in it

6. Resel partiai-parse-list to & Hst of the partial parses formed
in step &,

7. Dutput partial-parse-Jist.

atm&h:mmmtmmmmmmmuh the input
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sentance and use more Then one word at & Ume. If & grammar program continues &
partial parse P by applying the fest » (2 ) 1) words in sentance 1o 11, & message is
a1t which prevents the next f - T words Trom baing applied to F. This presentation
of the controf structure i acCurste with the exceplion thet steps 6. and 7. sre &
bit more complex than they have been made o sppesr. They will be explained in

more detak in later sechons.

The control structure indicates that the paraliel processing is invisible to the
grammar writer. This mesns that in writing the grammes programs, the grammar
writer need only concern himselt with one stack and one modifier list, since each

grammar program I called on each partial parse in partial-parse~iist in turn,

2.2 Stack structures and collapsing

The stack is the mejor dats siructure Thet Resder uses. itz function is 1o store the
structures bulll up during the parse untll it is decided how the structures should be
attached to one snother. This tresitment aliows for sasy handiing of & certain type

of ambiguity thal artses freguently n Engliah ultersnces.

Consider the sentence, ™ had another look st ™. H can mean either “ ashed
someone eise [o jook a iT* or *7 look one more fook at it®. The ambiguity arises from

the different uses of “had™, “look™ snd “snother™ iIn sach interpratation.

The sentence “John spoke 1o the man with BE® is ambiguous In & different way. It
might mean “John and 8ilf spoke fo the man.* or “John spoke lo the man who wes
with Bill.® In this sentence the ambiguity dertves from the fact that “with BlI™ can
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timﬁhmmmmlmmdninuwﬂunum-m i sach
meaning, tht:m'ﬂntmm-mthwh-ﬁwﬂhth'mim
mﬁmm,mmmmm-mmtmm
fmmmmmwdhmm*m-hmufmdhn*pmm
predictable ambiguities® in { Ssger 73]

The atsck mnl-ﬂﬂhmmhuﬂmltmtitdty asllowing for
the structuring of most of the constituents of the sanience before it iz decided
which words they wif modity. The elements of the stack are calied stack
structures. Ywo different types of stack structures are employed by Reader:
preposition structures and verb structures. The sentence “John lost the toy he
bmnhththtmﬁm&mr‘mﬂhmﬂmm%h-hq stack:

4. {on Sunday}

3. [in the woods ]

2. [he bought]

1. [Jobn lost the toy]
1. and 2. would be represented by verb structures and 3. and & by preposition

structures. Vert end preposition structres Can be filled in as follows:

Verh structures Preposition structures
nound mouns
nounl prap
nowun sdverbs
verb-group MERIUTE
adverbs messaQE
cases
func tion
measure
mesIage

mm—mﬂmhﬂﬁhlhtﬂm Each vert consiats of &
Tool and an ending.
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mmmamw-mmmwmmmu
ereposition,

The Cazes siotf is filled by the cases the vert has that &f® introduced
by prepositions and conjunctions.

m#mmw-um-mwﬂﬂ-mm. MAIN iz
used o ndicate ﬂut:mnmmm-mmmﬁu
utterance, RC indicates & vert structure s being used ss & relative
clause, sic,

miru:hthdd:lh-prm!ﬁmnfim:mm.

The message siof contains information relevant to the stack structure.
Itz contents are controlied by the grammer. We will see sxamples of its
uses when we discuss the grammar

The measure siot contains the parser's rating of sach structure. The
riiwhwiummcmthmw-mm&mgmu 1% wil
be defined In section 4.1

Throughout this paper, stack structures wilf be printed a3 & coliection of siot-value
peairs. Empty siols wilf a0t be printed Under thiz scheme, the slack for the
sentence sbove would be printed as

PREP: ON

4. NOUN: SuNDAY
PREP:

3. NOUN: {WOODS THE}
VERB: {{BUY ED}}
NOUNY: HE

£. FUNCTION: RO

VERS: {(LOSE £0)}

NOUN1: JOHN

NOUND2: {TOY THE}
1. FUNCTION: MaN

“John lost the 10y he bought in the woods on Sunday.”
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MItiﬂmﬁhmhmﬂﬂfMﬂﬂ:

The process of determining which of the interpretations was actuaily intended by
the spesker is rlfmdhﬂnﬂ@ngfhﬂtﬂ. since m‘htﬂ.'fiﬂi
interpretation of the stack consists of feducing the stack to one stack structure, I
We accept meaning C. as the proper interpretation of the ebove sentence, then the

singie 3teck structure that represents that meaning of the 3tack is

VERE: {({LOSE FO5

NOUNT: (TOY THE (BUY PN [SUB HE] )}

ROUNZ: JOHN

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

where “he bought™ umm:mmﬁmw-mmmwm
tost, and “in the woods® specifies where the toy was st

metwmmmm:ntn’amitﬂm-ﬂmnm.
Thﬂ-mmtmmm:“hhMH mrmhwﬁwtnhuyt

mhmm.mmmum*tm-wmmwmm The
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. & toy was lost in the woods by John, John had bouwght the toy.

The toy was dought on Sunday.
&3 & possible mesning for the sentence since o, feguires that steck structuwe 4.
modifies 2. while 3. modifies 1, inﬁhmxmwmmM.m
?htmﬁmhltiﬂcﬂ'ﬂ-rﬁ.ulmm.

Tumm:mhmmwu &nd the interpreter iz & function
named Format. Format is calied to evaluste & structure ust before 1t is atlached 1o
another structure during & Collapse.’ The algorithm used by Coliapse ensures that
once & structure has deen stlached to another, it cannot be modified {ie., have
snother structure stteched 1o it}. Formetting serves the dusi purpose of preparing
® structure for output, and providing the deductive system with an opportunity 1o
tate the likelihood that the spesker intended the words n the structre to be
grouped with sach cther. The rating of & formatied structure is merged with the
contents of the messure siot of the structure it iy being sltached to. Thus the
messure siot of & structure containe the ratings of all the structures that have
been sttached to that structwre. The meassure of & structure is discussed in

section 4.7

Coliapse :Mnm“mmmmm-mmmttmmuh
coliapsed to by picking the structure with the best measurs. if there iz more than
one partial parse active at the end of the sentence, Reader returns the onels)}
whose collapsed stacks have the best measurs. The format of & preposition
lhm!wthﬂ:mﬂﬂiktﬂh#mmﬂhrtdmﬂuh-ﬂ
uum:nmmumnmm-wumﬂﬂm&mm-mmw

. msumw=wummmmmm

process.




Whan the stack lut‘dutmhﬂthl:whchm;hihthﬂﬁm Sundey.* is
collapsed, the messure of any resuiting structure which includes structure 3. {in the
woods} attached to structure 2. (he bought). wilt be worse than those that don't,
sinCe the messure of structwre 2. moditied by structurs 3. will be “unacceptable™
{see section 4.1} since the PATSEr' 8 deductive system would “know" that “the
woods® does not satisly the requirements that "buy™ has for places whers one can
buy things. smﬁ.ﬁummm'tm-um:wmm
Readerfinterpreter aysiom,

We can now mention the comphication referred 1o in step 7. of the coatrot structure
presented in section 2.2. Step 7. waE iginally “Ouvtput the list of partisl parses®™,
What reslly happens iz that Resder coliapses the stacks associated with sach
partial parse, esch structurse fesuiting from the collapse is Tormatted. and then
Reader then outputs & st of the formatted structure{s) with the best messure.

TMMMMHW!HHI&MMHMN“:

1. There are onty Mr!liﬂn'hm{hrmt:iﬂhlrmmﬁ
the sentence has been reached, i which case the stsck is colispssd
down hnmlMW.ﬁmmitlunﬂrmwmamrha

m-hnw;rdm-;m”“ui inuﬂﬂtdhuﬁng:w
to discard alf but mﬂ'thﬂmﬁﬂl collapse, since
:mwﬂcfmmhﬂmm&um-mmm
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2.3 Resder s output

Z2.3.1 Cases

M:m.&ﬂ-m‘:mmnﬂmmmﬂ S, together with
its cases. If 5 is the simpie sentence, "B hits Joha®, then Resder s DUTEut would
be the parse below:

LIt
{508 301L )
{08 Josm}

The open bracket, *{". signais the beginning of & presentation of & vert and its
cases. !ﬂhnmm;wﬂm-nmﬂh-mm. The SUS case
{cases are introduced by square drackets, *1"} of *hit* s “BE™ gna the O8J case Is
Soha™.

We are using "case® In & difterent sense than most of the current terature does.
in the Ntersture. “case® is usually used toc refer to “deep case®, a concept
Popularized by Fillmore in [Flimore 68] A 9004 definition of “deer case® cen be
found In [Bruce 76) *The deep cases are binary reistions which specify an svent

-mliﬂmliwflﬂmmnfﬂltﬂWﬁMnt:Miﬁm

thing the object Irhthuw%HEMﬂLﬂhmrMhhﬂpm
the hitting (AGENT]. Then in
1. Bill was hit by the hammer.

z.mm-ummm.
a\ummmmmwm
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#. The hammer hit Bl

8. John hit B8
"B is the OBJECT n ol five sentences, “hammer” iz the INSTRUMENT in the first
four sentences, and “John™ is the AGENT = sentences 2.3 and & Consider the
knowledge needed io choose the cases of & "Mit". In sentence 0, the AGENT is
distinguished from the OBJECT by the relative positions shout the verb. The
surface structure Of the sentencs, then, is one source of information in determining
& verk' s cases. It is obviously not the only sowce. Sentence & has the same
surface structure a3 sentence 5., yel ihe noun preceding the vert Is considered
the INSTRUMENT, rather than the AGENT FTurthermore, If we Y,

“George went berserk. He battered Johwi nic unconsciousness,
picked him up, and hurked hem ot Bl Jobw hit Bt ™,

then John is the INSTRUMENT of "hit™ in the iast sentence. Therefore. determining
Cases requires the surfece struciure of the sentence as well a3 Information about
the objects the sentence refers to, and the context the sentence was utlered in
Resder produces & set of cases which are derived from the surfsce structure of
the senfence. & deduclive system can then use Reader's cases i combinstion
with the mnformation f has sbout the Concepls mentioned in the sentence to derive

Ifs own cases,

The three prim sy cases used by Reader are SUB, OBJ end 108 (indirect object). in
& passive senfence. one mn which the verd grous s & vert pivase whose last two
““hw“ﬁh‘ﬂﬂiﬂmmlﬂmﬂ'ﬂ'w‘ﬂﬂm
the OBJ precedes the verd and and the SUS Is introduced by "by™. If the sentence
is not passive, the DBRJ follows mmedistely sfter the vert and the SUEB precedes
the vert. The 108 is & noun thet can modify & verh, without needing s preposition to
miroduce it, only In the presence of both the SUl end OB
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“Jdohn® is the 108 in "Bl gives Jobn the book * since we can notl say “John gives
Bill * 1o moan that "Bl received something from John *, but can ssy "Bt gives the
book * 1o indicste thet *A book WaE given 1o someone by Bill ™ Similarly, John is the
KO8 I "Il names the cat John™ since we can'l say "Bill names John * o mesn that
"Bilt has given the neme JOHN to something =, but can s2y "B names the cst™ 1o
inchicate that Bill given some name 10 the ca! Another way o look &t this is that
(without resorting to prepositions) you cannot say {using the vert "give"} who you
are ghving something to without mentioning wha! you are giving, and simiiarly you
can't mention what you are naming something without mentioning the thing being
named  The reversal in the normat order of 108 snd OBJ that verbs fike "name”
uhibit is considered & syntactic property of the verb. Uniess & verb is tagged with

this property, Reader assumes that it 1akes its OB 5nd 108 In the normal order,

With the exceplion of "by" and “tc", Resder does not iry 1o sssign meaningfil case
dames lo nouns introduced by prepositions, since the mesaning of the modification
belween & verk snd & prepositions! phrase depends on both the verb and the
oblect of the preposition. The deductive system is expacted to supply & case

name when it judges the sppropristeness of the modification.

In passive sentences, "by™ frequentiy Introduces the SUB. When fleader parses
such & sentence If retumns the object of “"by™ as the SUB of the verb ¥ the
deductive system agrees that the object could serve as the SUB  Given the
sentence “BIF was shul by Jeck®, Reader would ssk the deductive system whether
Jack could shoot Bili I the answer were "yes®, Jack would appear as the SUB
case of "shoot™ Change the sentence to "Bif wss shot by the door™ snd the
deductive sysiem would answe: "No, doors cannot shoot®, #nabling Reader to use
“by the door™ 1o specity the locstion of the shooting.
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"To" is trested similariy to “by* by Reader in that Resder assumes that “to" always
introduces sn 108 If the syntax of the sentence permits this Thersfore,

'ﬂﬁi;ﬂﬂﬁﬁhﬂ'“‘ﬂw=m=m1ﬂM'wuh

{GIVE Wi {EIVE wk
SU8 BILY 508 B}
Eiﬂ JOsN } 108 (pODE THE}}
{082 {po0E THE}) 108 Joes)
i
respecthvely.

The parses for the five wxsmpie sentences sre:

Bifi was hit by the hammer,

(KT PN
[OoB) EILL)
{Su8 (MameE The))
¥

Johr hit Bl with the hammer.
iH1Y PN
{sue Josm)
im B3
PREF (WITH (HAMMER THED})
Bill was hit with the hammes by John
{MIT PN
082 HLL%
Sul 20w
PREF (WITH (MAMMER THE}}]
The hammer hit Rat
{KiY PN
[SU8 (WAMMER THE))
{082 #1113
Johr Mt BE

{NIY Px
gt
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We can see thet U0 corresponds to either AGENT or INSTRUMENT, and that OBJ

corresponds 1o OBJECT in the cese svstem we had made up for "hit™,

To transiste Reader' s cases inlo the “hil® case system one would only have to
decide which SUBs were INSTRUMENT: and which were AGENTsS, equate OBJECT
with ORZ, be sawers that "with® cens introduce the INSTRUMENT, and be able to
distinguish when "with® refers 1o an instrument and when it doesn™t. A non-trivial

task, since we could say

*He hit John with B~ {accomplice)
“He hit John with vim and vigor® {methoa}
"He Nt John with malice™ {emoton}

Section 5.2 sxplains how Header's cases are mapped into the Interpreter’ s case

system,

fleader actually uses more cases than than the primary ones mentioned sbove. But
the other cases are essentisily sd-hoc ones that Aeader uses to store modifiers of
the verb. Any preposition or conjunction (not top-level) defines Its own case. As
an example, consider “John pushed Jane! intc the closet because he thought Bilt
would see her.”, which is parsed to:

{PUSH PK
[3uk Jowk]
(O8] JANET)
PRLP {INT0 {CLOBEY THE))
SECAUSE {THINE PN
{m W3
WHRT (SEE {WN MOULD)
f“ BILL}
08J ME}
il
13
H

John and Janet are the SUB andg OB of push. “into the closet® Is & preposition case
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M‘M‘;Mh'mmmﬂtmh The conjunction “beceuse” fils in
ﬂumgmﬁr“mthmtﬂ-m.whmi case of the verb. it
containg the vert clause whose main verd is “think*. "He" It the SUB of “think™.
"What MMH'WhaWchmTuuﬁ’m‘ The contents of
the WHAT cese is the vert clause whose mals vert s “see™

2.3.2 Yense markers

u-wmmm:wﬂlhmMrlMMnu!Mvmt & vert group
can be composed of adverbs, modals and other verbs. The information contained in
iMmmltﬂmm:y:ulmmu:htﬂihuhmmm
mtmmnmmmwm:mﬂmmm. Reader saves the modals
and sdverbs and returns them In appropriate siots in the parse structure. The root
ﬂlhl“hvﬂbﬂ?lhtmm}hiﬂﬂ*yﬂm This means that Reader must
supply the tense of the verb as & seperate plece of information. Resder uses six
basic tenss symbols. Thutmlumh-m 2.1, together with an sxempie of

the verts group sech represents.
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YERE GROUP TENSE
P wsle WE  The present tense oF the verd *1thout any
tux i E1ary verhs
I wElied PE  The past temse of the verbk withogt &ny
Bt VEry verds
Fowild wals F& The Buxiitary “wili® followed 2y the
uninf tected agin very
b hive walipg NF The present lense of the aumtitiry vers “hges™
Tollowed by the mitn vorh in PRIl lwnge
I hit walieg PP The pdsl tense of the #rt] thry verd

felloved By the main verb n pest tenss

P wtll hive waleed  §F  The duxtirary “will®, followss by the suxilvary
Thave” followes by the BEtn vers in PEIT Tense.

Figure 2.3
Vet ternses

The tense markers are mot vated by an analysis found in {Bruce 78] Simpiitied, it
says that & tense consists of a st of binary relations on & set of reference points.
For instance, the tense of "hag walked” consists of the relations or: the three
reference points: “the time of the speech® {51), the “time of the subject™ {82},
and the “time of the action® (S3). S2 is in the Past of 81, and 53 is in the Past of
52, 30 the tense of the verk group is Past-Past o PP Similarty, the tense of *have
waiked® is Now-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® is In the Past of the "time of

the subject™. To see how this works, consider the senlences:
1. George, the chub president, has welked through these halis, (NP}

2. -Gwmma#mmt 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™ so thet we
may not assume that George was president when he walked in these halls, but we
do know that he is president now, since the time of the subject and speech sre the
sameé. in 2. the time of the action and subject are the same, 50 we know that
George was president when he walked through these halis, but is not necessarily

prosident now.

We gel six more lense symbols by comsidering vert groups whose maln vert ends in

"ing®. These tenses sre represented by appending s *C* {continuing aspect} to
ihe tenses sbove:

VIRE GROUP TENSE
i o= wtlhing L
i war weliing Nl
i wil] be wiliing L
{ have been wilking WP
i Mg been willing P
I w1l have been waliing FRC
Figure 2.3
Tenses for verbs with & continuing sapect

When & verd is used as an infinitive, eg.. "to hit® In *Bili wants to ht John®, the
tense marker retumned is “INF". When & vert appears with an "ing" ending and no
suxiliary verbs, as in "The man sitting on the chak..®, the tense marker returnad is
“CC™ {an arbltrary symboi). in terms of tense markers, passive constructions are
indistinguishable {the order of the cases determines whether & construction is

passive of not] from regulsr constructions, 8o the tense of “lz walked™ is equivalent
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to the tense of “walks", namely NN. Vert groups consisting of the suxiliary verb
“do® and an uninflected main vert (eg. “He did go.."} are piven the tense of the

auxiBiary "do".

We have loft oul tenses which require the vert "to go® as an auxilisary vert. The
resson is that verb groups using “go™ &s an suxiliary sre smbiguous. A verb group
fike "I am going to walk " might mean sither “in the future some fime, f will we!k™ or
“f am actvally going to some piace {ithe beach, for example} in order to waik®,
Rather than try 1o resolve this ambiguity, Reader treats the Infinitive as & case of
the verb "go® and expecis the deductive system 1o be sware of the possible
ambiguity and to have enough information to resolve 1. Therefore “i am going to
walk™ is parsed as

(60 Wl
feue £}
{ 1% (Wi {wF
; [Su8 tmateh_to SUs)
¥

The infinitive clause “to walk™ is treated as & case of the verb “"go® (INF). The
system reading the parse must be aware that it can be interpreted as though the
main vert were the vert of the INF case (“walk"}, with & tense derived from the
verh group “am going 1o walk®. The SUB of "walkk® is & dummy noun that should be
matched to the SUB of "go™ (I} The smbiguous situation is sasy 1o recognize. it
occurs whenever the main verb of clause is "go®, and the ciause has two cases,

Some temporsl Information Is contained in the cases of the verb rather than the

tense. “i went yesterday® parses io
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{eh PR

[sus 13

[WeEX YESTIRDAY]
}

30 that the exact time in the past that the action occured in is specitied by the

WHEN case,

The verb “"have™ often occurs In verb groups as & modal. ! have o go away"
sssentially means "i musi go swsy"™. When “have® iz used as & modal, it is
unambiguous. Therafora, when " have 16 verd . * occurs &s & verd group, Reader
returns verd as the main verb, assigns it the tense of the vert "have®, and places
the marker "HAVE-TO" in its adverb siot. "i wili have to lesve™ parses to:

[LEAVE T {RAVE-TO)

: sus 13

This does not mean that every time the phrase “have to wverd™ appears in &
santence that “have 10" will be rested as & model. The noun phvase "The book |

have to glve" would be parsed into & three structure stsck:

= = o=

VERE: [{GIVE})
3. FUNITION: IwF

- W

VERE: [{Ma¥E))
®OUKL:
. FUmCTION: RC

NOUKL : {BOOK THE}
1. FURCTION: MaIN

The stack can be interpreted in two different ways: “The book | must give™ (3.
attached to 2 attached to 1), o *The book 7 have in my possession which | wit

give.™, (3. and 2. attached 12 1. independently]. Only the first interpretation treats
"have 1c® a8 & modsil,
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The tense contains aff the information in the sentence, yet leaves the decision of
what to do with it for the system using the parser. For axample, if the tense of &
statement is NN the system can infer that & narrative is taking place, that the

action described In the statement is habitusi, stc.

2.3.3 Noun groups

Resder uses & different representation for noun groups thas most persers. To
feader, & noun group Is & ist whose first slement is the hesd noun of the group, and
whose remaining slements are the modifiers of the head noun. The difference in
representation fies in the fact thal Reader does not structure the modifiers that

preceded the noun in the origing’ sentence.

Theretore, "The massy green Qarbsge can cover” is paraed as

[NOUN {COVER THE MESSY GREEN GARBAGE CAN}]
since Reader does not try 1o determine whether this means either

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

BB -

Instead, it aflows the deductive system to structure the noun group whan _thl stack
entry containing the noun group is Formatted {section 4.3). This is necessary to
avold neediess ambiguity. The sentence “A man people can trust is usually
dangerous™ can be parsed {corroctly) as:
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(B W% (USUALLY}
{308 (MA% & {TRUSY (W% CAk]
{5U PEOPLE]

Fi%
[DES DANGERDUS
]

But uniess the perser can discover from the system that there i= unlikely 1o be *a
man people can trust® {trust modified by can, peopls, man and the} it will slsc find

{BE W% (USUALLY)
L% [T1RUST & WAK PEOPLE CAK))
OES DANGEROUS )

since “man®, “can®, and “peopie™ are nouns, and thersfore potentisl modifiers of
*trusi®. The modifiers that foliowed the noun in the origing! sentence are structured
by Resder, with help from the deductive system. This s necesssry since Reader
must know whether & sentence constituent coming after the noun modifies 11, the
verd the noun modifies, of s~me other conatituent in the sentence. *The relation in
the concept! that is marked 'possidle’ ™ Is parsed as:

[OUN {RELATION THE (1% {COMCEPT THE))
{MARE PE
{083 THAT)
) {108 “POSIEBLE")
3

in & context whers the deductive system was abls to determine that relations had
markings and concepls did not, end as:

[wOUs {RELAYION THE {1% CORCEFY THE {mMARE PH
OB} THAT}
108 "POSSIBLE]
111

in & context where the deductive system thought that conCepls were more likely to
have markings than relations. The “closer™ modification is slac the preferred one In

the sbsence of any information about whether concepts of relations have markings.
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The point here is that sach modifier {at tog leved in the noun group st} coming after

m“‘mhcmmm.

-h-m‘simmmmwmrMﬂ'mﬂmmm
ﬂmrunmﬂMM:mtﬁﬂyuMhﬂuﬂmﬁw&mm
groups immadiately WH““t:mlﬂ:!wﬂﬂl'ihmr
grean garbage can cover . nwmutmmwmmwum-
mmﬂmmmmﬁuwm:mmmmﬂ-hmma
cf the six or more possibilities the phrase represented. It would have to call in the
mmtptmmmmnmmmrw-mm:ﬂ;mm
massy cans, etc. By delaying the structuring unté ister, Reader can provide the
deductive system with more information {information including the main verb of the
clluu.!ul:iulmmtuuﬂmmmmm}hmn:umm
ﬂ.tml’hﬂ-IMMﬂi'hlmm. H#hmh-mtm
1o be '¥ht-u:rwmm:nwm-mtmmﬂ-mhmiﬂ

structuring the noun group.

2.3.4 Choices

Dccasionslly, & sentence contains an ambiguous constituent whose amblguity can
a:w:maﬂm:mw&mm:ﬂm. When this happens,
Reader returns one parse structure, and offers & choice between the ambiguous
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*I knew that ice was slippery.” could mean efther "! knew that fhaf ice was
slippery™ or "l knew lce was slippery®™. ¥ the deductive system is unabie to
determine which noun group It prefers &t the time it = asked 1o structure the noun

proup, Reader would reatum the following perse, offering & cholce for the SUB of

"ba".
{XNOM PR
§$ll ]
VHAT [3E PN
(308 («IWOICE ICT
y {ICE TRAT)
i
{045 SLEPPERY)

1]

"The man hitting Janet angered BI™ could mean either *The man who was hitting

Janat sngered BiE® or *The man' s hitting of Janet sngered BIf*. Reader represents

thiz as follows:
{ANGER PR
{308 (=CMOICE {WIT CC
[SU8 (MAx THE)]
[o83 JamET)
}
{MAN THE (WiT CC
[SUE imatch te head moun}
[08) JamEY}
i}
13
{083 BilL]

The first cholce is the action *hit". The second choice is “man® modified Dy “the”
and & verb cieuse with & dummy SUB ('match_to_hesd_noun] that should be matched
to the noun it is modifying ("man™]. In genersl, & cholce can be offersd as the
contents of any Case.

Another method Resder uses fof representing ssbiguous sentences i3 prefixing the
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name Of & case with an asterisk. This means that the case cen modify sither the
verh of the noun in the case directly above I “Johs hts The salesman with the
hamme:* iz parsed to

{HIT nN
U8 JowK )
D82 (SAlfTwaN ThE D]
(ePREP (WITH [WAMPER THELED
]

The asterisk precedng the case name "PREP® indicates that the PHEP case could
be & case of "ht" or that it could modily the sslesman The frst interpretation is
“The sslesman was Mt by John with the hammer® and the second is *The salesman
with the hammer was Mt by John® Reader ules The asterisk notalion when running
without & deductive system. of when running with & deductive sysiem ths! cannot
decide which interpretation is more Skely ot the time Resder asks. The parse would
have been

iWET
SUE Jown ]
OB} (SALESMAN THE (WITH (WAMMER THE}))Y)
¥

W the syatem waz sble o delermne the ssiesman had the hammer when grven The

choice by Reader

2.3.8 Conventions

Fesder empiovs seversi ot g tsnat cConventions

Whenever & conjunction contains an impled SUS, a3 n "The program rsads the dets
and prints the answer® the implicit SUB s represented by the asymbol
“imateh _to_comjunct SUB*. eg.



foom) ANE
(READ e
[SuB {PROGRAM THE)]
FOB) (DATE ThE)]
3
(PRINT W
508 ‘meich le_conjunct SUR]
ol (aenEE ThE})
j
I

match_te_conjunct SUE has the same referent &s *the program™

M-i“u-mhtuhmm.thmm“:mmmm
reiative clause i heid by the symbol 'match_to_hesd_noun For axeample,

“Tne min Chplured by Lhe palve ©
[moum (MAN THE (CAFTURE MR
k3 ‘matck_to_hedd_noun ]
sup {pocic ThEY)
it
=“Thi wpr Lhe police chplured
[noum (MR TeE (CAFTURE Pe
{5 (POLICE TWE)]
, {08} 'maleh_to_hedd_moun]
b

match_1o_hesd_noun hes the same refersnt as “the man®, The noun the vert Clause

8 mOMTYING

'match_to_hesd_nous is also vsed In sentences which contsin dangiing prepositions.
=The man | come wilh™ parses 0
[mOU% (AR TWE (COME PR
U f)
3 PREF [(WITE ‘match_te_head_mowni]
)

mﬁ;ﬂmmﬂm:ﬂﬁnﬂut“m‘!ﬂﬂﬂh
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When & conjunction contains en implied object, Reader uses the symbol

tmateh to_cosjurct OBSF 1o merk the second occurrence. "He breeds and ralses
rabbita™ parses o

[roms Asd

(BREEDS WN

%HI M

OB (RABBEY 'PLY}
¥

{ER|SE: W8
[SUB Imateh 1o _congunci SU8)
(08 lmalch o _compunct OBJ]

in conjunctions in which the vert e omitted, Reader simply repeats’ the verb. “Me
geave Johr s pencil end Janet a pen” parses 0

fO0M3 AN

(GIVE PN
50k Wil
F108 J0ms)
[oR) {PENCIL A)]
i
(GIVE PN
TEUN ‘satck Lo conjunct SURD
108 Jamit}
08 {PEE A})

Sulfizes sre removed by the perser. If & word 45 & plural, the symbol 'PL appears in
its modifier Bst. “The snswers” parses o

[N0im (ANSAEE THE 170})
if & word can be either singuler or plursi, and sgreement constrains it 1o be one o

®  imatch_to_conjunct PREP |5 used when the OBJ refers 10 the object of &
preposition in the higher conjunct.

? Nouns sre represented by symbois (rather then being repeated]} sc that the
Interpreter wilt not have to find the referent of The same noun twice.
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the other, 1t ls noted by Inserting IPL or 1SING inte the modifier ist. “The fish is
dangerous.* end "The fish are dangerous” parse to:

{RE W (BF W
;m (FISH THE 15I%G] {3U8 {715k THE IPL)
DES DANGERDYS ] iDES DANGEROUS

H i
in "The fish can be dengerous®, The SUEB case is [SUB (FISH THE]] since there is

no agreement Information.



&, Gremmer writing

This chapler s=Episins how 10 wiile grammars in the formallss we have been
discussing The sctusi grammaer i3 written i Lisp, snd consints of & set of programs,
one Tor sach word class, which expiain when and how & word mey be added to &

partial parse. The prammar also uses seversl uliity programs and predicalas.

An sxampie of a utility program iz ADD-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
ng = (MAN THE) and s is VERS: {{SAVE ED})
NOUNT: (BOY THE)
FUNCTION: MAIN
then {ADD-NOUN ng 5} i3 VERB: {{SAVE ED})
NOUN'T: (BOY THE)

NOUNZ: [MAN THE}
FUNCTION: MAIN

An sxample of & predicate is CAN-ACCEPT-A-NOUN. it fakes one argument, which is
& structure, and returns T if the structure can sccept & noun, and NIl otherwize. A
structure can sccept & noun it it is either

1. & preposition structure without & noun.

2. & vert structlure without & noun

4. & verb structure with & verb and one noun whose verb iz transitive,

It the verb group Is passive, the maix verb must lake & beneficlary or

indirect object.

4. & verhb structure with two nouns and & main verh that takes =

beneficlary or indirect object. The verb group must not be passive,

3. and 4. must also satisfy the condition that the verk has not recelved any Cases
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since It was added to the structwre’ On the surfacs, it would seem that this
definition would rule out slightly peculier constructions ke “That he lkes”, (instead
of "He likes thatl®} since & verbleas vorb structure with one noun cannot accept

anather noun. However, such constructions are handied as relstive clauses.

Reader has othet predicates which test for legal verd groups, whether & structure
has & noun which can be modified by another structure, whether the verh group of &
structure is passive of active, stc. When, in describing the actions of the parser,
we say that s structure satisfles some condition, we mesn that the proper

predicate has beon applied to that structure and that the test has succeaded.

Aeader also has two programs, SHIFT and SEARCH, which are useful for manipuating
the stack. SEARCH is vsed 1o search the steck for structures with s certain
property. The Information geined from s search is ususlly used to determine
whather & particular ttructure should be pushed on 1o the stack. For instance,
would be pointless to push & relstive clause structure (section 3.1.3) onto the
stack if there were no structures in the stack that contained & noun which could be
modified by & relative clsuse. SHIFT, described more fully In section 3.1.2, s used
1o facilitate the addition of words to structures other than the one st the top of the
steck. Basicelly, SHIFY searches the stack for & given structure, coliapses the
stack down 1o that structure, and then applies the input word 1o the resulting stack.
SHIFT is important because most actions thet can be appled to the top of stack,
such as adding in & noun or verb, can also be spplied 1o structures lower down in
the stack. Similarly, SEARCH is important because pushing & structure onto the
stack usuelly depends on the sxistence of & structure with & given property,
regardiess of its position in the stack.

' Eg., "He spent in the stors the money.” is incorrect.
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3.9 Some begirning grammers

& series of grammars is described, each one more complicated than the previous
ona. An sxample sentence & parsed Tor sach pgrammar delined. Tha first two
examplas, Grammar.? and Grammar.l, will step through the senience in delail,
examining how each successive word is applied to the partial perses formed by the
application of the previous words In the sentence. The remainder of the sxamples
will cover only the methods used to apply words that wers not handled by the

praviously delined grammars.

Section 3.2 shows some more afficient methods for parsing the subset of English

handisd by the sxample grammars,

The varisbles used in the examples are:

stack The stack.

word The current input word

o 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 messape conceming the entive slack.

+.5.% Grammar.§

The first grammar handies sentences of the form “noun vert noun noun® or “noun
werb noun™. Al that is nesded is & NOUN program and & VERE program.

The ROUN program:
The NOUN program forms the noun group consisting of the modifiers on the
modifier st and the noun. Then, if the top structure in the stack can sccept
& noun {eg, sstisties the predicate CAN-ACCEPT-A-NOUN, defined &t the
‘begining of the chapter), & partial parse Is created with:

msg = NOUN, indicating that the last addition to the stack was & noun.
mi = NI, the modifier st is emply.
stack-msg = stack-msp, the sddition of & noun doesn't change sfack-msg,
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steck = (REPLACE-TOP-STACK {(ADD-NOUN [MAKE -NOUN-GROUP word i}
{TOP-STACK stack})
stack}

where MAKE -NOUN-GROUP is & predicate which returns the noun group formed
by fts srguments (o¢ NiL if one cannot be Tormed), and TOP-STACK and
REPLACE-TOP-STACK are utiity programs. TOP-STACK retumns the top
structure of the stack that is its argument. REPLACE-TOP-STACK retumns the
stack which ig its second argument with the top structure replsced by its first
argument

The VIERE program:
The VERS program axamines the stack. if the top structure in the stack is &
vert structure with one noun and no verd, it creates & partial parse by adding
the vert to the top structure in the stack.

Here is how this grammar parses the sentence "John drinks weter ™

Feader siaris out with the initisl pertisl parse.
myg « BIGIE, wi = WL
FUNCTION: MATN
TJohn® is Input. it belongs to only one word class (NOUNJ, and therefore has only
one program associated with it {(NOUN). The partisl parse produced by spplying the
NOUN program |s:
mig « NOUK, =1 « NiL
WOUR - J0MK

FUNRCTION: MALE

“drinks®™ iz the next word. It can be used as either & noun of verb. The top stack
structure cannot sccept & noun 30 the spplication of the noun program does not
rasult In & continuation of the parse. The verdk progrem is then applied to the parse
which causes the following partisl parse o de set up:
mig » VERE, mi « Wil

VERE: {{DRimx . 5}}

WOUME - DOME

FUNCTION: Mhi%
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"Water® can sisc be used as & noun or verb. The verb program falls though, since
the top structure siready has & vert. ’lhmwnmhmmm
parse by sdding the noun “waler® tc the top structure in the stack, producing,

mig « NOUK, »i s NIE

VIRE. ({DaIm . 1))
WNOU - JOsN

MOURZ . WTER

FUNCY JOK: MEIN

The input sentence is exhausted so Reader collspses the stack, {trivial since there
is only one structure in it), and formats the resulting structure. This yiolds

{Dm e we
fLu Jowm]
{08 WTER]

&% the parse.

3.9.2 Grammar.2

hm-mmﬁm.hmmmmnn#mmﬂm!mm
grammar. The next grammar includes prepositions, articles snd moditiers.
The MODIFIER program simply sdds word 1o mf.

The ARTICLE program adds word {which is an artiche] to mé it mi Is NIE or
consists of words {almost, s, elc.) which can appear before an artiche,

The PREPOSITION program chocks 1o see whether the preposition can be
modified by the modifiers on md, nmmmm-ummw
mlmm-mm-mm“-hmwm
stack.
Az the grammar grows, the grammar programs has 1o be prepered 1o handle stacks
contalning more than one structuwre. In genersl, there will be two parts e every

grammar program: & sol of actlons assoclated with just the top of the stack and &
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set of actions that should be applied 1o avery st scture in the stack that satisfies
certain conditions, For exampie, in parsing “He gave the man in the store the book *
& noun {the book) must hmm;nmﬂhynmm}mu not at
the top of the stsck. mm:usmwmmmﬂmn-ﬂh
faclitated by the program SHIFT
{SHIFT stack program args purpose number predicals? predicate?}

The ides behind SHIFT iy to find & structurels) in the stack whick satisfies & given
prodicete, {CAN-ACCEPT-A-NOUN, Tor example, would be used o search down the
stack for & structure to a3d & noun to), then collapse the slack down 1o that
structure, snd then apply & program 1o the collspsed stack. SHIFT snables the
grammer writer 1o specify the purpose of the collapse, which ‘s valuabis I Quiding
the way the collapse is carried outl. For nstance, if SHIFT is collapsing the stack of
the sentence “He gave the man in the store ... for the purpose of finding a
structure which can sccept & 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 sesrches down stack fooking for & structure 5 that
salisfles predicatel. stack is then divided Into two segments, 51 starting from the
top of stack and going down 1o 5. #nd 52 consisting of the structures not in S1. 8%
is then collapsed into & single structure S5 If 8§ satisties predicate?, then
WHHWM{:HACH-NEHEESHWWMHEM Pumbes
controls how many times the sequence is performed. It number is an integer a,
SHIFT tries 1o Tind the first » structures that satiafy predicalel. number = T means
that shift finds s the stack structures satistying predicatel. purpose is sn atom
lu..ﬂ!mh“ihﬁhehi-mmm“mim
mmihﬁlm“mHMEmMﬁi
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Grammar.2 involves sdding & SHIFT ‘luhlhmmmﬁﬂﬂ-ﬂﬂrm. The SHIFT
b nown searches for ok struclures in the stack which can sccept & mnount, and then
adds the word to that structure. The SHIFT in vert looks down the stack for the

topmost vert structurs in the stack which can sccep! & verb.

Grammar.2 can handle sentences ke ‘H-mhn-mwm geve the man
in the store the news*™. The parse starts out with the Inftisl parse. After “*The* is
put, there is one pertisl perse.
mig « BEGIN, wt o (THE)
H'H-tiﬁ MAIR
“women” is resd. MAKE-NOUN-GROUP Torms the noun group, [WOMAN THE ).
mig o+ WOUN, ml s NIL
ROUN (VO THe)
FUNCTION Miiw
“from™ is resd The preposition program causes & preposition structure tc be
pushed on the stack.
a3y « PREF, =l « %)L
rRer. raow
WOURT | (Worn THE )
FOMCTION: MATN

"the” is read and placed on the modifier list “city® is resd. All nouns sre treated

as both NOUNs -mmmh;mmﬂ:mmwm:

I mag « NOUW, =} » %j| 2. mag » PREF, m) = (CITY THES
PREF. FROM PREF: Fiom

WOUN {CITY THE) * s n

- .- WOUK] . (VOMRR THE)
NOUNT | (WOMAK THE ) FUmCTION: MeTE
FURCTION: Mkik i
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"bank™ iz resd. Hun‘hﬁ'hmulm.wwnimmh
continued since “bank* {as & verd} does not accept the modifiers, (CITY THEL on
the modifier list. qum!:mhmmm‘nim.m
IWWTHI!MMW‘MWEM.WM'M“'?II:EHI“
with the noun group {WOMAN THEL The sgreement is tested using = predicate
mmu:m-mmam-uumnumﬂmdnum
nhutmm.:wuummwwwmmmw
-gmﬂtw..%nw‘umwg-mm*hm“m;uﬂwﬂ
“see”, 13 opposed 1o the present lense of 'w,}mm-mmmw.
nmmm‘hﬂ*hhﬂhpmwmuim Partis! parse ¥ does
not contain & structure that can accept & nowm, so no partisi parses can be
continued from it m*m*umnmmm Z., 1t accepts the
MME-M!M-M&#HiﬂKW!ﬂMMM!MM

producing

mig o« WU e o Nif
FRiF. FROM
ROUN [Bamx TME CETY:

ROUK] {JOMAR THE )
FURCTION: malNn

“gave” is resd. The wrmnmmmnmm‘hmm:
structure the! can sccept & verb. It collapses hﬂ-ﬂhhm-tmm-lﬁ
adds In the verd, which produces,

mag « VERE. W . WL
VERE. {(GIVE £D}}

WOUNL: (WOMAN THE (FROW [BAW TME CITY)))
FOmCTIOn: MAlR

- o o

"the" M'ﬂn‘iﬂﬂﬂhﬂdwhﬁlmtlﬂd=mm
'-n‘hwi-m-:mnii-mnmw“m=



I mag « BOUS, MW - Wit 7 WEE - WOUM_ W . (WA T}

YRR {(6IVE D)) VERE {(G1VE ID)}

MOUNL: (WOMAR To {TROM {(BaME THE CITY))S WOUR] (VOMAE T (TROM (BANE T EIFYR)}
WOURD . (mAx T ) FOmiTion WelE

FUMCYION: MAlN 7

- = =

in" iz resd. ThHMM'MiMlﬂﬂtﬂ‘lhhw
of the stack of partial parse 1. HNothing is done with partial parse 7 since the
preposition does not accept the moditiers, (MAN THE ), on the modifier Bst
wag « PREF, M - NI
PREP DN
eﬂ: *ﬁm’ﬁ (FROM (DAME THE C1TY))}

NS (WAE T}
TURCTION maik

"the® and “store™ are read As before. two parses are crested when “store® is
read in mmmm“mm-m*mw“ﬁm
-Hmﬂmﬂwmihm#m:!m-ﬂlmnhm*.M'u
trested s & modifier When "store™ &5 tried a8 & vert it fals since 1 cannot
accept “the” as a modifier. “the® is read in n the former partial parse, it is simply
sdded to the modifigr hst hhiﬂr.ﬁwhiﬂlh‘h=ﬂlﬂ%
m&mm-m:m{:mimwmhMum
mag o« WOUM, W o« (THE}

FREP: N

WU (STORE THE)

VIRE {(GIVE £D}}

NOUNE - [WOMAR THE (7ROM (BABE THE CITY}))
WOUNE - {MAR THE §

FURCTION: Walx

- o

"news" is read. mnumn:mmwmummﬂm

stack That can sccept & noun, collapses the stack to that structure, and then sdds
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¥ the noun group (MEWS THEL mm*nmnamnhm

added to the moditier st
I ®sg » WOUK, =i « Wi 1 meg - NOUM, ®! . (NEWS THE )
VIRE {{GIVE B0} FREF iw

WOURT (VOMRE TME (FRON (BAME TWE CITY))) woum [iTomE e
WOUNT  (WAR TME (1N (3TORE TMEL)) .

Ul (mEw T} "H-.II ({&ivt I8))
FimCTION meie WOUND  (WOMRE THE (FROW (BAME T CETYEY)
S WOuR? (W TH

TURCT IO wRIE

There sie no more Input words Wm&tm:lmch-mhlh
not emply. The steck hﬂwmt.-ltmt“liﬂﬂhhm
N'MHuﬁmiM!nhm:uﬂjﬂhmmmi
formatied and returned es the perse of the sentence

{GIVE ™
[SUB (woPE THE (TROM (BAMK THE CITY)})
}m (ol ToE (im (STORE TeE})3)
OB (VS T™E))

3.1.3 Grommar 3
Grammar 3 ¢ xpands m.zwmmﬂmmwmm clauses.

To parse rﬂﬂh&ﬂtﬂﬂ.thﬂh“h“ﬁtﬂﬂtlhtﬂﬂiﬂﬂhi
Hﬁlﬂmhihﬂmﬂiﬂlm;lnmﬂlﬂtmh=wwm-llm:h
CAN-NOUN-BE -MODIFIED. 1f the test succeeds, NOUK pushes # vorh structure with
function squs! RC on the stack and adds the noun group to it This sddition snables

the grammar 1o parse “The mirror on the wall he droka®. The parse proceedes

exactly ss the previous ones untl "he” i reached. The partial parse” when *he® is

¥ Thers are actuslly two partiat parses. The second uses “wall® 35 & modifier and
hWMMWIﬂhmimmhﬂM'ﬂ
EWALL THEL
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rosd

wEg o WOUR. =7 » N

rEEF Om

i (AL Tef b
WP mMDOE Teg )
FMCTION WRlE

tﬂt-m-ﬁmiﬂmu'hmmmm top of the
stack !MMiIﬁ*ﬂﬂmmiMlmmwﬂlﬂh
previous stack mmmmmmmumwmm
thw.ﬂt“*ﬁlimmimmlw.
mig = WOUR =Y . EiL

Lt

Fim T &

FREF W

WO (WAL T

W] WIEROE THE )

FomCTiOR MElR

"beoke™ is read M?un“ﬁ*ﬁlmrmhrﬂuuﬂvﬂ“. n
mummﬂmcmmm;tm.mm:mw'nm:ﬂnn

wig + NOUN. a! . Ni{

VERE ((BREAK D)}
U] oW
fTIoN RC

rer ox
OUN  {VaLL THE)

WML (WIRROR T}
FomiTion wim

- =

Thmlmhm.ﬂhmhﬂﬂhh-“ﬂmm The
mm.mmwminlﬂﬂ'htﬂ'u "the mirror® weas broken. It
we a3sume that m-w-nhunmm-ummuﬂn
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WOURL  (MIRROR THE (O {WACL THE)} (BREAK PR (S8 )
{082 imatch_to_hesd_noun}})
FomCTIoE MATR

The formst of such & structhre is simply the noun. Resder returns

[WOUm (MiRmOE TRE (OW [WR(L THE})
(hREag Mu
{508 wt ]
} (082 tmatch_ts_head_noun]
i}

A% the parse. “Mirror® ia the DBJ of the vert “breesk®. Notice that the noun CAN-
NOUN-BE -MODF D succesded on was not the noun that was modified by the

reletee Clouse.

Parsing vert groups requires the sddition of & test o VERS which tests that msg
eQuals YERB 1 the tesi succeeds. mesning that the last thing done to the stack
was the sddtion of & verb. VERE tries to form & vert grous with word and the verbs
siresdy in the top structure i the steck. If & Jegsl vert group can be formed, {this
umnwm:—-m-umummmn-:mu-}mm
s continues by adding the verd inte the verd group siot of the top structure in the
Stack. As sn oxample. consider “He was given the prize”. When “piven”™ is reead,
thers s one partial parse
sy « VIRE, ! « Wi
ﬁi‘;zz £
fomCTION MRlE
The meg i VERE and “was given” is & legal vert group se the parse is continued as:
g = owerk, wf « Wi

ﬁ-‘ {am MM )
NOUm: W
FOmCTION mEiw

L

*The" and "prize” are read n The stack is collapsed and formatted The result is
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{GIvE Pe
[H’.ﬂ HE }
(o8} (FRIZE THE) ]

3.1.8 Gremmar.&
Grammar 4 extends Grammar.d in two ways

The first sddition is & test lor time and place referents that witl be placed in the
NOUN progrem. This wilf enable the grammes to handle sentences like *! saw 1he

man dowrlown. ", "Yesterdsy John wes in town ® glc

NOUN is augmented with & test which checks whether the noun-group can be used
8s & time or place {this is considered & syntectic property of the head noun of the
group). i so, & preposition structure is crested with preposition equsl «TIME o
*PLACE. The preposition structurs is pushed onto the stack and & new partiai parse

cresled

The second addition sfiows the parser \o parse sentences with verbs that sccept
other verbs as case tillers. An example of & verb with this property is "see". In
saw John leave town®, the clouse "John leave town®, is & case of "sew”. A test is
sdded to VERE which checks whether the main verb of & structure can sccept &
clause. If sc, an emply vert structure with function equal WHAT is pushed onts the

stack #nd & new pertisl parse crested
Grammar. 4 handies sentances ke "Yesterdey the man knew John had rotumed.”

“Yesterdey” causes the tormation of two pertial Parses, one I which it is trested
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uitmNrwm.lndmh=mnhmHnthﬁulmu!mm

structure.
Pomig » WOU%, =1 « ®iL & omyp » MOUK, ML o« Wil
NOUMS . YESTERDAY PREP. 7
FUmiT|om: mare EOUK: VESTERDAY

o FURCTION MATN
When "man® iz Input, It cannot be sdded to partisl parse 1, since there is no
structure In the stack that cen sccept & noun “man® can be added to partial parse
<, by collapsing the stack down to the MAIN structure and adding "man® 1o the MEik
structure. This results in
®ig s NOUN. w1 s NIL

NOUKT (WAN THE)

CASES - [{WsEN YEATERDAY))

FURCTION: MalK
az the COLLAPSE routine knows that preposition structures whose preposition is

=TIME 1l the WHEN case of the verbs they modify.

"Know" can sccept & tisuse, s0 the applicetion of "Knew® to the partial parse
abowve resuits in two different partial parses:

1. m3g = VERE, w1 » XL & mag o« ML, Mo NI
VERE  ({EMOW ED}} FURCTION. wsiey
WOUNL . (MAN THE ) o s
CASES. ({WE® YESTERDAY}) VERE: {{xww £D}}
FUMCTION: Malk MOUND: [WAN THE)
e CAIES: ({WMEN YESTERDAY})
FURCTION. Mei%

“John" Is added to both partiat parses:
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E.omag =« MOUN, ®) - N} Itu*m Mo« NI
== ml Jork
VIRE: ({owv D) FUsCTION: WWkY
ROUNL: ([MAN THE} == .
WOUNE - o VIRE: {{emOv £01)
CASES: {(WHEN YESTERDAY)) MOUNL: {MAN THE)
FUNCTION: MRS CASES: {{wmEN YESTERDAY))

ﬂ.ﬁ‘l‘lﬂ METN

“had® is spplied to each pertial parse ss verb. Partial parse 2 iy continued by
sdding “had™ to the top structure of the stack. Partial Parse ' cannct be

continued.

The addition of "returned™ to the stack produced by the application of "ha g™

produces,

mig + VERE, M « NiL

I{‘Uilll £R)}{mas EDY)
m:
IMHH WI

VEH HIW o)}

NOUKL . (AN THE)

CABES: ({wMEK YELTERDAY})
FUNCTION, MalN

The Input sentence Is sxhausted. The :tmhmmihlrmm
structure formatted.

[ENU PN
EWMEN YEITERDMY)
SUB (MAK THE]
WHAY (RETURN PP
; [sus Jacx}
b
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3.2 Grammar efficilency

The primary objective in writing en efficient grammar Is keeping the number of
partial parses low. This is sccomplished by minimizing the number of ways a word
can be successfully sppled to & partial parse. There are basically thrae diffsrent
ways of handling this within the Reader formalizm

Rt The use of the steack to avold attaching sentence conslituents to

sach other untit more wformetion is lserned sbout the nature of the

stlachmant.

Re. The use of one steck structure to represent more than one syntactic
possibiity.

Rl The use of boliom-up and 1op-down parsing techniques together.

The simpiest example of the first tecnnique is the handling of sentence
constituents which can modify many different structures in the sentence [(eg..
prepositionat phrases, relative clsuses, etc.). Such constituents are placed on the
stack, thereby svoiding the necessity of a different parse path for sach sentence
structure that can sccep! them as & modifier. Woods, in [Woods 73], mentions &
simiiar Teature, called “selective modifier placement™. However, It seems limited to
the simple applicstion mentioned sbove. More powerful uses of the stack are

oblained in conjunctlion with RZ2.

A2 makes use of the Tact thal in many cases, two of more syniactic poasibilities
can be combined in & single perse structwe. For sxample, consider & sentence
beginning “The boy that..® Obvicusly, “that® is part of & relative clause which wili

modify "boy™. But it is not clesr whather *that" is sither

i. the subject of the reistive clause {“The boy that fikes ice cream...®)

2. & modifier of the subject of the reistive ciause {"The boy that giri
fikes. . "}
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3. & function word {"The boy that the giri likes. *).

A single stack entry which covers sé these possibiities Is

§ = I‘I;I- THRT
FumCTioR =

If & vert: is wmtm.ﬂadmmsumﬁ:mhws-ﬁhwm
& successiul parse. Now Suppose & noun is appled before & verb. it & noun group
can be made from “that®, the modifiers on the modifier list, and the noun being
added, then the sentence involves usage 2, and “that” iz replaced by the noun
group”. I?lmmcMHmuﬂﬁm‘m{'.Mcmh'mm
just the modilier htm#mmnwﬂmi‘ufw-tbrhmm{-um

3.3

R2 can be used with Rt in & shghtly different way. Consider the Two sentences:

1. "He saw the man running out the door ™
2. %miﬂmmﬂﬂih“hhﬁ'

in sentence 1. “running out the doo™ iz most likely interprated as "whet he saw
ihe man doing®. In sentence 2, "running out the door® is & relative clause which
modifies “man®. One structure,

5o+ VIRE ({8O0N ING)})
FUNCTION: PARTICIPLE

can represent bolh interpretations. It is decided which interpretation to use

Ww-mmmmﬂn&hﬂm!:m The relative clause

‘r“IMMMIM'H“mw*mt'.E'mhhﬂm
indicates h'!'mﬂ-ttmnmww‘tmm
should be offersd.
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interpretation is used If the stack is being collapsed tc add & verb, and the “see™
cese filler Interpretetion is used otherwise. A more delsiled sxsmple can be Tound

in section 3.2.56.

Section 3.72.3 provides an exampie of R3. The following twe sections contain

axamples of R2.

Z.2.% Nounz sz modifiers

Virtuelly sl English nouns can also be used as modifiers. In "The besebal bat is
used to hit the basebsll™, the test occwrrence of “baseball™ is used as & modifier,
while the second is used as & noun. The grammars n section J3.1.1 coped with this
by applying sach noun to avery possible partisi parse as both & noun and & modifier.

The sxample sentence would have Two partisf parses sfier “basebaf™ was read.

I omag = WK, »F s KL P omag » BEGIN, mi « [BASEBALL THE}
NOUM] . {BASEBALL THE) FUNCTOM: MATE

FUmCTION: MAIE ===

1t = troe tha! one of the two parses will alwsys be killed rather guickly, but it would
be batter to avold the overhesd invoived in carrying extre partisf parsesa. As & noun
cannot modify & vert, there is no sdvaniage 10 be gained from putling one on the
modifier ist. When & noun acts a3 & modifier, it modifies one of the nouns that come
directly sfter It in the sentence. The second parse can be eliminated by sdding &
test to the NOUN progrem thet checks foe:

t. msg = NOUN {mesning the last thing done 10 the stack was
the addition of & nouR group to the top structure}

Z. the noum group consisting of word and the words In the
lsst noun group sdded 1o the tog structure in the stack is =
logat noun group.
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it 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 repisced noun
group as its modifiers. Under this scheme. thers would be only one partis! parse for
& sentence begming “The basebail..* {parse 1, shown above). If the next word in
the sentence were “bat®, its applicetion 10 perse T would result in

mig o+ NOUR, ml o« NIL

MOUND . (DAY TeE BALIRALLY
FURCTIOW AT

&

since parse T meols the requirement of mag = NOUN and “the basebell bat™ is &

tegai® noun group

3.2.2 Relative ciauses

Grammar 3 (section 3 1.3) parses relative clauses in essentially & 1op down fashion.
Whern & noun is Tead. and the slack contans & structure with & noun which could be
modified by & relative clavse, a m:: structure with function squal RC is crested,
munnmummﬁ.mmmwmﬂ-h-m&mmnmm
awalt the verb of the relstive clsuse. If & sentence began "The city people..”

after “people™ was read there would be two partial parses:

I ®3g « WOUM, =} « NiL I omag + WOUN, #i = NiL
NOUK] - {PLOPLE TME (ITY) WOUK] . PLOPLE
FUNCTION MRi% FOmCTION: RO
NOURGC (TITY TeE)
FURCTION: Mkl

if the compietes sentence were "The city pecple hate is Tokyo ™ the second partial

. The test would fafl if the sentence were “The basebslis bst _* since “the
baseballs bat® is not & legsl noun group*™.
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parse would lesd to & perse. “hals™ would be the vert of the "RC™ verk structurs
and "is™ would be the verk of the “MAIN® structure. Parse 1 would use *hate® as
the verb of the “MAIN® structure and the parse would be discontinued after “ia" is
raad, since the steck would not contain & vert structure which could accept "iz®. It
the complels sentence was “The city people favor bonds.®, partial parse ¥ would
inad 1o & parse. Parse 7 would be discontinued when the end of the sentence is
reached and the psrser reakizes thet it cannot sitach “pecpls Tevor bonds®™ to “the
city™. i the main verb of & sentence which beging with & such & compound noun
tskes an indirect object, then the sentence is synlaclically smbiguous. {eg., "The
city people gave the bonds™} The parser must not refuse 1o add “"bonds™ o "people
fm‘{ﬂﬂch-mwﬂwwn-w}ﬂmiﬂ?mm-mmm"!‘h

city people favo: nonds for is Tokys ™

This spiitting can be svoided by making changes i the NOUN and VERE program. In
the previous section, & test was added 1o NOUN which determined when It was
possible o replece the last noun group sdded to 8 siructure with the noun group
consisting of word and the words n the old noun group. If that test succeeds, and
word is & legal noun group by itself, then Instead of parsing for & possible relstive
clause in & new partisi parse {by pushing & verd structure whose function is RC
onto The steck]) & meszage is inserted i the message slot of the tog structurs
axplisining that it s posaible to form & relative Clause with the hesd noun of the last
nous group in the structure. in VERE, the method used to find an empty verd alot is
moditied so that if no structure can be found with an septy vert siot, VERE tries to

find % structure whose message s "Possibis AC",

These changes allow *The city pecpis hats is Tolye ™ 1o be parsed using only one
perse path. After “hete® is resd, there i one partisl parse:
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meg « VIRE, =l « RiL

VERE: {{WATE}}

NOUN: . (PEOPLE TME CITY)
MESIAGE . POSSIBLE-RC
FUNCTION: Maln

VERE tries to find -an open verb siot fo put "is™ n. [ can’ t Tind one., but it is abls to
find & stack struclure whose message iz POSSIBLE-AC. It removes the message,
vert and head noun from the structure, forms & Pew verd structure, and places it in

the alack jusl above the pld one. This forms & new Stack,

VERE {(WATED)

NOUNE  PEOPLE

FUNCTION &

WOUNE  [CITY THE}
FUMCTION MAIN

which is has & place for the verb "™

3.2.3 Verbs which accept cisuses

Grammat 4 {section 3.1 4} showed one way of handiing verbs which can accept
clsuses sx case lilers. Like the Test relstive clause mechanism, it was essentially
top down. When & verb tha! was sble to sccept & clause weas added 1o & structure,
& second partiel parse was crested with an smply verl structure whose fumction
was WHAT pushed onte the stack A belter method it o wall for the vert of the
clause to srrive before aprouting anothes partial perse. | saw the man in the store

steal the book ™ would then have one partial parse st the liee “stes!™ was resd:
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g = WU, e « EIL
PREF 1B
.OWOUN. (STORE THE)
VERE  ({SEE-3AW))
el B

NOUNT : (MAN THE )
1. FOMCTION: WAlE

“See-saw” iz the vert: used by Reader 1o represent sither the past tense of "sga®
or the present tense of “saw™ 1t has sl the syntactic properties of both. if
somathing in the parse resolves which verb i intended, Resder maskes the change.
When "steal” is reed. VERE looks down the stack for & structure that can sccept &
vert. It finds structure T which has & verd, “see-sew™, that can sccept & clause.

The steck iz collapsed down 1o strecturs 1., ylelding

VEER ({SEL-3AW})

WOUN] )

ROURD (MAN THE (TN (STORE THE))}
1 FemCTiOR Walw

& verd structure with function squel WHAT is created 1o hold “stesl®. NOUNZ is
removed trom structure 1. snd placed In the new structrs, which is pushed onto
the top of the stack. The verb “see-sew® ha: been changed 1o “see® by the
program which pushed the WMAT structure ontc the stack, since “sew® cannot

accept & ciavse. The result is:

VIRE {{3Tia))

WOUML  [MAR TME [Ik (STORE TeE)))
& FURCTIOR AMAT

VIRE . {{Mf ©0})

O - §
1 TURCTION WaiE

- oW
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3.2.4 Conunctions

Conjunctions are simiisr 1o other sentence constituents in that, syntscticalty, they
usually can be attached to mors than one sentence constituent. For exampie,

“The man in the suit and tie. ™ {swit and tie form g cOn junc thon. }

"The man in the ault and John * IMMMMMMMM}

“Bili bought the turntasbie Jﬂmmuﬁ;hum:ﬂ“dhw.‘
("because he needed the money™ specifies why “John was seling® }

ﬂwtmw:ﬂnmwmmm-htﬂm:mvum'
{*because he led the way it sounded” specities why “Bilf bought™ )

Ambiguities arising from which constituent the conpmction should be stisched to are
handied by the stack snd COLLAPSE. *The man i the mEt and John™ would be

parsed into the atack,

FREPOSITION anp
Jowum o

PREPOSITION 1IN
& WOUR [3U1T ™)

WO (AN THE )
PofumCTioN maIs

“And® fwhen scling as & conunction Detween nouns} is trested as & preposition
synlacticai®y MNMHMiﬂmm-l-HH

alinched 1o 1. o 2

cnmm“ﬂmh:—-;immm
Mﬁ-'h'h-mﬁm-ﬁh-m "BE bowght he twmiable Johe was
-mmu“lﬁ-_p'-“ti“ﬂm
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VERE: ({™ELD £D)}
WOUNI: ME

WOUND . (MOWEY THE}
3. FURCTION: BICAUSE

VERE {{MELL ImSH{ME €D))

WOURE e
I FUmCYIiON R
VERR: f{dWY ED))
NOUEL - BlLL
NOUKD  {TURNTABLT T}

i FomCTiom maly

When m:mumnkﬂw{hhmmm,umm
Format} whether 3 modities 2 or 1.

At first glance, It would appesr thmm:ﬂlmmmmttnmm
nouny and verbs Eutmﬂthﬁhtum-mwubﬂw.ﬁﬂm;
parse -&ruuuhmw“imhm;mmntwtﬁh
wert struchirs is pushed on the stack], and one in which st & roun s anticipated
i# proaposition structure is pushed on the stack] Howsver, both sxpectetions can
be handied by pushing on & vert structure® whose message is POSSIBLE-PREP and
-M!mtunﬂumlwbtmmmthﬁSM*
PREP m=mmut-—nulnmtmmm
Praposition s Tunclion and whose nown 3iot it the valoe of the nount siot of the
vert structrs. Also, VERE hes 1o be modihied 1o seerch for smpty vert structures

Using thes method, the stack for “John lies Jenet and B _ * would be

¥ Assuming the stack cam accest & verd conjunction The stack for The sentence
m‘.ﬂ-ﬂ..'m-ﬂrwﬂﬂ'nt-m The general
mum:au&wwnmm#mnmm
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WOUNE BILL
MESSAGE - POSSIBLE-PREF
. PUmCTION: AN
vERE: ({LIXE 3))
WOUNL JOWK
MOUNT . JANET
I FURCTIOR MAIN

1f the sentence contimued “John ltes Jane! snd BN hetex JB™, "hates™ would be
placed i the verb siot of atructure & I the sentence wias smphy "John lkes Janet
and BlE*, the slsck would be collapsed and the format of atrectore & would be

famD BILLY
the same as the format of the prepoaiton 3truches,

PREPOSETION AN
L B R

Finally, if The sentence weore "John bies Jane! snd Bl and Georpe hate JlE* “hate™

would be spphed 1o the followng steck:

NOUN]  GEORGE

MESSAGE POSSINLE-PREP
3 OFPUNRCTION Al

ROURT - BILL

MELSAGE POSIIMCE-PREF
& PumCTION &ab

VERE: ([{LIKE §))
NOUNE  JOwN
BT AN Y

1. FosCTion wWaiw

- o

VERE would first try to add “hate® 1o structure 3. This would fail since “hate® and
“George" do not agree. It would then try to add "hete” to structure 2. after having
altached 3 This would succeed 3ince “hate™ and (BILL (AND GEORGE)) do sgree.
Note that If "hate™ could heve bees sdded o structre 3. (if the sentence wers

=Joha Nkes Jane! and BE and the children hate JIL™, for nstance) then VERE would



-mmmummm‘*nn:wmmum:mnmt-ﬂ
the possible mesnwrgs of The sentence Could be uncovered Tlohn kes Janet and

Bl wnt the children hate 3 * could mean either

{coms ang foom) xa
o
{9%E fLIxE =%
[Sum Joea} IUE JowK
[OBF JangET) OB (AND JamgT
} iy
¥}
[T e i
fso8 (e BILL
(CHiLn ', EMETE W
1 508 (OWiee 1))
g SN TER| (o83 214LY

§ i
1 ]

hmmm;mmmﬁm'mmmtmmmu

unld the word “hate” was encouniared.

318 Verbs infiected with ed sndings

wmmumn*wmaﬁmﬂmmh suxilary verbs can
ususlly be apphed to & parse {83 verds) n two ditferent weys: 85 the main vert of
& clause, "The police caplured the robber.”, of a3 & modifier following & noun, *The
robbes captured by The police wet comvicted®. The grammar Reader uses combines

theé fwo possibdities nto one

H-n%rmumw-d.wmmﬂ!

X TMnhtMimmhm'ﬂmm!hnnm
wverh siot.

& There is & structure i the stack that has & nOouT which
could be moditied by & relative cisuse.

can be true. Suppose an “ed™ verk is encountered.
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# the lest operation on the stack was the addition of & verb {mzg =
VERE], and the “ed” verb forms & legal vert group with the verb just
added, it is added into the top structure In the stack &s pert of the verk
group. VERE exits

H T snd 2 sre true. then & verb structure s pushed on to the stack
with FUNCTION equai REL-OR-MAN, VERE equs! the “sd* verk, and
NOUNT equai 'matlch_to_hesd_noun. if the verb clause 8 used as the
predicate of the sentence, then 'match_to_hesd noun wit be replaced
by the ROUNT of the structure it Is sdded 1o

I just 2 is true, then & verd structure is pushed on the stack with
FUNCTION equel REL

I just 1 is true, the steck is collapsed dows 1o the structure wilh tha
empty verb slot, and the verb s sdded

it neither 1. or 2 = true, then VERB simply exits. The parse wili be
continued by using the “ad™ vert ss & modifier
These methods perse “The man in the photogreph framed for the police weas his

fathe:™ as follows The stack, before "framed® is resd and sfter "police™ is read,

i% ahowrn below:
FEEF B
& NOUN {POLICE THEd
VEER ({{FRAME ED})
BOUK]  imetch-io-bead-noun
IOrURCYI0N REL-OB-MEIN
PREP IW FREP  |n
& WOUN- [ PHOTOGEARW THL} 2 WX (PMOTOGRAPH THE )
NN (MAN THE ) NOUNE - (MAN THE)
PoFimeCioe meim P OFUsCEiON: WhiN
“The man 0 the photogriph framed Tor 1he police

& verb structure with FUNCTION equal REL-OR-MAIN has been pushed of, since the
stack containg both s structure with an empty vert sict {1} ang one {both 1. and 2.3

with & noun which could be mo. fied by & Telative clause. It the sentence sndeg



Grammar writing T

with “police”, the steck would be coliapsed, and the decdusive system would be
asked tc choose Trom among the three possible parses the stack could ba collapsed
10:

"The man in the photograph which was Frameg for the pelice
{MOUN (MAR THE {IN [(PHOTOGRAPH THE {FRAME PN
[C8) imatch_ts_hesd_noun}
[FOR (Fom (PoLict THEY))
Filhd
"The man tn Lhe photograph whe wis Tramed Tor Lhe police *
(MOUR (MAN THE (1N (PROTOLEAPE THE)}  (TEAME PN
Oh) tmatch 1o head_noun)
FOR {POLICE THE})
1
“The mén 1n Lhe phologreph 41¢ frame {photos or people) Tor the police. ”
{FRAME PR

SUB {THE MAN £1R (PHOTOGRAPE THMESILE
FOR (FOR (POLICE THE})]

The sentence continues with "was®, howsver. The VEAB program applies "was® 1o
the slack by ssarching down the stack for & structure with an emply verb siot. it
finds 1., snd collspses the stack with the purpose of inserting & verb. This means
that 3. cannct be stteched to 1. as the main vert of the sentence, since that siot
I8 now reserved for “was® The deduclive sysiem decides whether the man or
phctograph was framed {we wil assume “the wman™}, and “was® is inserted in the

resulting structure. This yields

= m =

VERE: {{M D))

MOUM] . (MAN TME {IN [PROTOGRAPH THE })
{#1Mﬂim¥umtm¢ noun }

‘ {FOR (FOR {POLICE TRE)}IN}

FUMCTION MAIE

and the parse is continued. in the parse of the complets senlence, the companion
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system never had to consider & meaning which used “the man® as the SUB of

“frama™.



TE

&. A closer look

This chapter explains some of the aigorithms mentioned sarlier in grester detail.

# 1 Measure

Each stack structure has & siot sel sside for its measure, which is used by Resder
to help it choose among competing partiel parses. The measure of & structure rates
both: the syntax and semantics of the structure. The deductive system {vis Format)
is responaible for delermining the semantic component of & structre's measure.
Section 5.6 axpieins how sementic measure iz calculsted in the Hesder-interpreter

system.

Two measures sre compared by first comparing the two semantic components. If
ons messuré has & belfer semantic reling {section 4.9.1} than the other, it Is
preferred. if the semantic components aré equai, the messure with the best syntax
rating (section 4.1.2]} is preferred. if both components sre equsl, the measures sre
equal. Thizs comparison system prefers & very unususi {but legai} syntactic
structure to & more common syntactic structure if the former is judged 1o be sven

slightly better sementically.

A structure Is meassured when it iz Formatted. Formsa! returns the format of the

struciure x5 well as mﬂmq,-umumm‘mmm“unnm

messure siot of the structure receiving the formatted structure. The measure of &

' The merge of two messures, M1 and M2, is the messuwre whose semantic and
syntactic components are the union of the semantic and syntactic components of
M1 oand M2,
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structure, therafore, conlains the measws of alf the structuwes that have been

attached to 1.

#.1.% The semeantic componant

The sementic component consists of theee festures. The interpreter i responsible
for raling each festure. A rating Can have one of 3 values.
perfect: The interpreter i3 perfectly sstistied with this fasture.

acceptable: Yhe interpreter would prefer something sise but the
feature I3 acceptable.

unacceplable: The festurs is unscceptable.

A semantic component 4 is belter than & semaniic component 8 it
1. & has fewer unaccepisbie Teatures than §.
m 2. # end § have the same number of unacceptabie festures, and &
has fewer features which are merely accepiabie.
This sigorithm would prefer & semantic component with only acceplable features to
& CcoOmponant with one unacceplable festure end & large number of perfect features.
An allernalive method is o allow some number of perfect Teatures 1o cancel the

etfects of an unacceptlabie featvre.

The following features conlribule 1o the semantic component.

Vearb Cases

iz the verb weli moditied? The ratings sre:
perfect: The verd has ali the cases it needs 1o be well defined.

acceptable: The vert is missing some cases which are ususlly Tound
with it
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unacceptable; TMMhmmtﬂmmﬂmw.

"Put® i an exampie of & vert reQuiring & cese. namely & where-put case. One
almost never says “Joha put the bal™. Therefore & vert structure whose main worts
was "put™ that did not have & where-put case would be rated unsccaptadbies. This

does not prohibit the parses #mwm:u;mmtil “Johr put the bali*. ¢

with &t issst one unacceptable rating.

An acceptable, but not perfect. case of vert modification C&n ocour with verbs ke
"90%. “Go" prefers & case sxpleining where the SUB has gone. However it Is Talrky
common to omit thet cane If it is implcit trom soma other information.

The ratings assigned are,
perfect: The noun group s perfect. The deductive system can find an
object in its representation of what has been ssid which the POUN Qroun
refers to
acceplable: A referent cannot be found, but ali the modifications in the
foun group are meaningful to the deductive system. vg., The deductive
system will know how to interpret the NOUT SFOUD.
unacceptable: The deductive System cannot understand the proposed
modificetions,
Sometimes the rating given & Noun group will depend on the context the sentence
containing the noun group occurs in. tmmmmﬂhﬂm

George®, HMMMMﬂ*:WNﬂM“nMirb-;:l!uunt.
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one might want 10 disambiguste which Gaorge was being referred to by using the
phrase, “the student George®™: as s “The student George is always busy™.
However we would not want the parser to consider the phrase “the atudent George
saw”™ 8% having & meaning other than “the student that George saw™, axcapt in

guch & context

This feature is slso responsibie Tor messuring the 1it of the modifiers coming after
the noun. "The belt s the box™ would be 7alad perfect it the interpreter could Tind
& ball in the box, accepliable if not. *The siore he kissed” would be raled perfect if

the interprater could locete & store that was kissed, unacceplabis if not.
Appropristeness of Yerk Cases

Most verbs prefer certain fypes 1o il thew cases The interpreter should have a
vert frame for each vert [Reader can operate without this frame. it just means that
one more level of discrimnation is sl which might result in Reader finding more
interpretations of & sentence than & person would] which it uses to eveiuate how
wel the verk's cases fit it. The valuves are,

pertect; The verh and csae satisfy the interpreled’  sxpeciations.

scceplable: The verb does nol usuaky conlsin the case, butl the
interpreter is sware of idioms thal would ceuse the verd 1o receive it

unacceplable: The nterpreter is unabie to find any role tor the case to

play In the verb's detiniton.
The verb "give” prefars & human as its SUB, & non-human as its OBJ and & human as
its 108 {reciplent} Using these expecistions enabies & person to find only one

meaning for “He gave the bak Bili gave the salesr 0™, namely
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16IVE PR
SUE M)
OB {BALL THE [GIVE P
SUE BlLLl
10k (SALESMAR ThE )]
13
]
wn ot t.'m.
{GIVE %
[sum m ]
E108 {8y THE (CIVE P

[Sue s}
i)
(D87 (SALESWAN nE )]

mmmnmﬂ:mw‘uu'am'mm W8 case and &
human for its ORL

A parser cannol aftord to reject possible parse: that comtain verdbs that don'i
sccept thelf cases since one frequently uses verbs " ways which viciste their
mum!nmu*‘ﬂtgﬂuﬂnhﬂ-n-r.ﬂhm‘mht
hesdache™ or “He gave the wal & kick™.

4.1.2 The Symactic Component

Reader tries to filler out some of the pertis! parses that are valid syntactically,
semantically meaninghut, and yet would not be seiected by & person. i & structure
has this property, It is marked In the syntactic tomponent of its measure. The
syntactic component with the fewest such warkings is the best. A structuwre
inherits the measure of sny structuze that is sttached to it, 2o It is possible for the
syntactic component of the measure of & strutlure 1o have more than one syntactic
mark sgainst it. Here is an sxample of this ides:
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'1hmmwﬂummma:mwwrmmm
mmm.mmmnu-m-uMmmtﬂm
mm“nmmmmwhﬂm=mm
crushed”.

%-mm-u!pm-mmmlﬂ;*rmm-ﬁﬂm
being crushed™,

{SEE P
§3ui il
VAT (CBUSE PR
; (087 [SALESMAN THE)]
i
B

it:ﬂwhcsmhummhmmuﬂ: ke | Saw (he salesman who was
erushec™

{SEE PN
IM 1}
087 (SALESWAN THE (CRUSH PN
(082 imetch_to_head_noun]
33

¥

People who want 1o convey the second maaning say the senlence differently, so
we do not want the parser 1o return with twe parses for *i saw the salesman
crnuahed® since people do not tind It ambiguous. The second meaning has to be
considered, since the parser mEy beé given "i saw the ssiesman crushed by the
elevator walk sway unhuwrl™. Resder marks the syntsctic component of any verb
structure whose verb can accept a clauss and whose OB s & noun modified by «
verb clause with imatch_to_hesd noun for & dummy OBJ. Thus, if Reader wers
Qiven the exampie sentence | saw the salesman Crushed®, M1 would have & better

mm1mm.wﬂuwmmmmmhﬂumlm.
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Hmumﬁmnrun-u-nhmhmuﬁ:tmm“
ﬁmtm=hm-m¢ihm 'mm“nmn-nnm
1‘..Mmmmmmwtm“tm*“mh:
nm-uﬂuwivﬂﬂﬂuﬂmm_hm_n-hnﬂr}m“
somewhst ad-hoc mmmnmmmm‘m“mﬂ an mput
sentence lih“mﬂﬁ“s”ﬂnﬁ!ﬁwhﬁ_'mm
m.thiﬂtﬂ-mmmﬂ-wwm-hn-hm1uﬁlﬂm"t
saw the sslesmen crushed™ meant M1 or M2

Other parsers have used veniants of & “messwe® concept. Robinson. {Robinson
78], uses the term factor scove 10 refer to how well verous syntactic features “fit™
together. In theory. this seems guite similer to the syntactic component just
defined. In practice, it iz used quite @ifferently, since the motivation for factor
mmmmm:ﬂuim-mmlmm Reader uses
the measwre of & :tmauwﬂtmhﬂmmtum-
structures, or from among structures resulting from the collspse of & stack segment,
Meassure is never uthﬂthlmm=H=mtntwﬂ,w
whether or not to continue & parse. In contrast, factor scores are primarily used to
determine the priority of active parse paths. The facior score of “out® siiminates »
parse path. An example of an “out® factor score is the combination of *foot* and
"8". Presumably, the spesier intended the *s" 83 the first lelter of the word
foliowing “foot®, rather than the last letter of the incorrect plursl *fools™. This levet

of detall is unnecesaary in & parser intended for written input,

m-iny:m.'m:nluttmcmhmw-ﬂnh’hmﬂm

etficient parsing methods. In the example above, synlactic messws iz needed
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m-mmm'n;mmmwwm-“n
-hﬂh‘-fu-tt:h-—w-tﬁtm.ﬂﬂudﬂm‘ﬂ'vnu
Mﬂ.HHM'“i“ hir-—rmﬂﬂ“{m
mﬁlﬁlﬂmhmnr“hi-“'”hmm
P
OO (EiEweioE Teg)
VIR fiomurtm fRl
BOUND  'matles 1o heaE_meun
& FumCTION WEL
VERE ({3EF EDY

e | i
BOUMS  (WAN THE

P OFumCTioNn waiw

When the stack is colapses, 7 “h;nmm!.ummrmﬂ
“see”, and ‘match_1o_head noun would be replaced by “the men™ | the wentence
W ‘Emm‘mmwmm:iﬂiﬂniy.'. thes when walk was
“read”, the only place 1o pul It would be the vert siof of the WHAT case of “see”
Therafore the slack would be collapsed with ihe purpose “VERE®, meaning. "Don’ ¢
Tl up any varb shots.™ This would cause 2. to be attached 15 1. as & modifies of
"man®, rather than as the WHAT case of "sea®.

4.2 Coliapsing

Collapsing & steck {or 3tack :wl-man:ﬂ-mﬂmm:m sisck
structure by sllaching of the rmn-uhmumummmm-mh
only one lefl that has not been attached to any other. The methods used 1o Duild
the sleck ensure mttmﬂmmmmnmum
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stack. Theve is one “syntactic™ constraint the colapse must satisfy. Given s stack
[Sm Sa-1.. 82, S1] i 5k s attached to 5/, then for @l §, & >/ > §, S/ cannot De
sttached to 5m, ;| > m This constzaint, which may De viewed 85 nesting condition,
refiects the syntax of English. As an Bustration, the steck {D C 8 A] could be

collspsed in Fve SfTerant ways:

(kB C D} A modifiad Independently by B. C and D

{AB{C DN A modified mdependently by B, a.d € modified by D.
{h{B T D} A moditied by B modifhed independentiy by C and .

{2 {Bi{C DI A moditied by B moditied by C modified by D
{h{BC}D) & modihed by ndependently dy B modified by C, and D.

it can't be collapsed so that D modifies B, which then modifies A, and € modifies &

tinCe this would viclate the nesting comdition.

Depending on the zteck, sach one of the sbove structures could be the meaning
intended in The sentence, so the Collapse sigorithm myust e able 1o consider sach

posszibie collapse and retumn the onels )} withs the beast messwe.

The following sentence Hlustrates the fact that any one of the five structures could
be the preferred inferpretation of & Tour structure stack. “He puls ihe block n the
box i the carton on the table.” would be Evided into

{1 on the {abie

L. in the carton

8 in the box

& He puts the olock

Depending on tThe crcumsiances the sentence sccured in, It could mean aither:

{& {8 (C D))} ~~ The box is in the carton, the carton iz on the lable, and the block is
put in the box. [When & modifies A, it can modify sither the location of tThe block, or
where the block was put. I only B modifies & directly, then it must specity whers
the biock waes pul. If there it another modifier that could specify whers the biock
was put, then B specifies the location of the block.

{& {8 C) D} -~ The block is in the box, the box in the certon, and the block is put on
the teble,
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(A B {C D)} — The block is = the box, the carton iz on the lable, and the block is
put 0 the carton.

Changing [ te "on Thursday™ ywids

(&8 C D) - The block is in the box. 1t is put in the carton. The acton is done on
TmeEsday.

Changing C to “with the cover® ywids
{h{B C D)} ~- The box has & cover. The box is on the table. The block is put In the
box.
The simplest sigorithe for collapsing the stack would be 1o generste alf iegel
collapses and then choose one with the best messurs This method is not used
because the number of Structures & stack can be collapsed to grows saronentislly
with the length of the stack. in fact, the sequence followsd is the Catalan’
sequence, which is {1, 1, 2 5§ 14 42, 132, 429, 1430, 4862, 167/96..). The
closed form Tor the Nih term of the sequence s

(%1130

......... » The number of wayt & stack of length ¥ can be collapsed
{N-1EWe

So it i3 obwvious That we will wan! 10 use & morg mieligent method for collapsing.

The se! of structures & steck S may be reduced to s called the coliapse sef. We
wish 10 generate the members of the collapse 3ol It an order That gives us the beatl
chance of tinding the preferred structure i the set before gensreting the entire

sefl

n English usage. sentence constiluents have & lendency to modify the constituents

that are closest 1o thes s the sentence. in & stack. this transistes 83 "2 3lack

g Which, among other things, counts the number of ways & convex polygon of N
sides can be trianguisted [ Gardner 78}
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structure i3 most Hkely to modity the pne directly benssth It in the steck.® Nur

Mnhhmhmmﬂm“mhﬂhﬂM'mﬂ

modifications® first’, #nd 3100 85 3000 a3 we generste & structure with perfect

We define & metric to measurs how well & member of the coflapse et fits the “close
modification™ criteris. The melric counts the number of structures in the slack that
modify structures » structures benesth them S(NTNZ__NA} is the subset of
coliapse set whose members containg N Structures that jump over one structure to
find the structure they modify, N2 structures thatl jumg over 2 structures to find the
structure they modify, etc. The members of SINI. N2, Ni) are more closely modified
than the members of S{M! M2 _MA} i and ordy f the sum of the Ni (is1 A} is less
then the sum of the M/ (/=1 4}, or the sums are squal and there exists J (1 ¢ } s &)
such that M/ > M/ and Ni = M/ for st 7 Jess thas & eg. For & steck of five
structures, the structure with the closest modifications Is S{0.0.0) the structures
that are In S{1.0.0} are the next most fikely interpretation of the stack, and the
structures in 5{2.0.0.) are preferred over those s S{1.1.01 The Coltapse routine
generates the structwas with the closest modificstions first, with one imporisnt
exception Suppose the modification of structure N by structure M Jesds fo & bad
e B IUCE Tmmfmwm:mmummmm;mm-m
& better messure mamuammmma.mmx-mu by
M, even though the istter may be more Closely modified.

Here s how this works on the sentence.

3 There are certain exceptions for e xample, it & verk structre in the stack has &
ummmmmaimm:mmhw
mﬂ.'ﬂlnhtmmHHlMHﬂtnﬂﬁh!'br‘:mlmh
the wvetl structure fesy
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"Write me & program cafled Intersection which prints a set of dists
©f numbers and oulputs the numbers whick sr¢ in aff of them *

The steck to be collapsed is,
PREE: OF
B. NOUN: THEM
PREP. 1IN
# WOUN: &L
VERS: ({BE)}
NOUR T, (WHICH P}
T FUNCTION: WHICH
VERB: ({PRINT 833
WNOURT ‘match_to_conjunct_sub
NOUNZ: (NUMBER 'PL THE}
. FUNCTION: AND
PRER: OF
B NOUN: {(NUMBER 1)
PREP: OF
A ONOUN: {L1ST o)
VERAR: {{READ S))
NOLMZ: (SET &3
HOUNY | {(WHICH 158G )
& FUNRCTION WHiCH
VERB: {{Cai: F0H
NOUNZ. TPINTERSECTION
NN ‘match_to_hesd_noun
2. FUNCTION: PASS
VERE: {(WRITE))
ROUNS (PROGRAM &)
NOUN 2 ME
NOUNY . YOI
MEG: {IMP}
3. FUNCYION: MAIN
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3. which resds & se!
& called Intersection
i. wrile me & program

Collapse beging by trying to generate {1 (2 (3 {4 {6 (& {7 (8 8111, the only
member of 80,000,000} it successtully forms (8 (7 (& §})) and tries to atlach

it te 6 it cannot since €. must be attsched to verd structure. An illegat

attachment and an sitachment with bad measure are handied similarly®. Colispae
now looks down the stack for the closest structurs which will accep! 6. with &
perfect measure. it finds 3. which means it now has 1o collapse the stack segment
trom 8. to 3. 11 calis itaslf recursively on the stack consisting of 5.4, and 3. which
resuits In the structure (3 (4 5)). The structure {8 {7 {& 8))) is attached 1o it. and
Collapse goes back 10 work on the stack consisting of 1., 2. snd {3 (4 B} (B {7 (B

811}). The result is,

¥ g, It the cttachment were iegal but had 8 bad measurs, Collapse would
immediately start looking for & better place te put It. If none were found, it would

satile for the bad messure.
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(19 (20WRITE WM
[&RGT vou=]
[aRGE M}
(ARG {PROGRAM & [18CALL PY
[ARG: 'melch_te heaé mounl
[ARGE 1®INTERSECTION]

I
[Com} awmp

CIBREAD W
[STEPOF tmatch_to_hesd moun)
(ARes (367 & (B¢ Toisy im {of (wmeer 12033303
]

{10 TPUT N
[STEPOF Imbtch_to_cenjoncy sub)
[ARGS [wOMBER THE 1PL (JeRi W
[ARGE {imaten to_hesd noun)])
}E}m (AL (OF ThEm) )Y
¥

1)

4.3 Formatting

Format is the algorithm which prepares & structure for output. It is responsibie for

cafting the deductive system tc measure the structure.

4.3.7 Noun groups

!Mmmnrmﬂmtiﬂ:Mmhtﬁlﬂﬂnhtﬁmmm

modifiars. ?ﬁihthwmmmmmumrmuﬂw

returns & measure of the appropristeness of the nous group. The representalion

used for the noun group’ s structure is dependent on the needs of the deductive

system. Suppose Format were given & structure containing the noun group,
WOUN . (PROGRAM THEORY FORMATION THE)



A gloser look 23

The deductive system wouid be asted 1o structure it. The structure returned by
the interpreter {chapter 5} would bs:

MOUN - PROCRAN
progras-Lypy: THEORY-FORMAT [OK
definite: ¥

MEASURE - PERFECT

whers “THEORY-FORMATION® is an atom denoting & Certain king of program,

The noun group representation ysed by the the deductive system does not matter
to Reader, since once & structure is formstied, the parser no longer sccesses it
The important plece of information, as far a5 Reader is concerned, is the messure of
the noun group. it Is not unreasonable to sxpect the deductive system to be
capeable of supplying such & messurs. A system's ability to represent & noun group
in & useful fashion implies that it has & measure oft how wek the noun group fits the

reapresentstion

The structured noun group Is returned in the propers siot of Format' s output. The
measure of the noun group is sddec inte the structure's messure, which wili be

Feturned slong with the formeatted structure.

£.3.2 Conjunclions

#wmlurwiwhmmmmemnmwhm
asntence. '@uu-dlbunnmmpuwwm'wﬂhwmm
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ROUN . MSIC
3 FUNCTION. AND

viRs {(wmITL 1)
BOUNL - Tmatch_to_conjuncl SUS
NOUAD - POETRY

2. FTumCTiON &%

VERE. ({REAF 3))
WOURE: M
WOURD : {BOOE P )
P FsCTION. MAIN

When the stack is collapsed, 3 would be attached to 2., yielding

VERE: {(WITE 3))

WOUM] - 'match_lo_comjunct SUB

NOUNZ  (POETRY (AMD WUSICH)
¥ FUMCTION AND

When 7. is formatted, 1he conjunction {which untii now has been treated just like &
proposition] in NOUNZ is brought up to toplevel, producing (AND POETRY MUSIC).

When the format of 2. is attached 1o 1., 1t is placed In the cases siot:

VIRE  ({READ §})
NOUNI: W
NOUNZ . [(BOOK PLI)
CASES: ({AMD {WEIVE %% ((SUE Imslch_to_conjunct SUB)
{08 (AND POETRY MUSICHTHINS
I OFUWCTioR MAlN

& & @

Format brings it up 10 1op Jeved so that the result of the parse (s easily seen 1o be &
TON func Hon:
[CON) AND:

{READ W¥
308 W]
{08} (p00K iPL}]

}
{VRITE W o
SUB Tmatch_te_conjumct
o8 {ANG PHTRY
MISICH]
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The symboi “imatch_to_conjunct_SUB" (section 2.4.8) refers 1o the SUB of the first
conjunct {"he").

4.3.3 Fliling in extre cases

Format provides & channe! for the deductive system 1o determing it there are any
missing cases In the verdb that cen be filled in from the rest of the sentence.
Consider the sentence "Johs drove through and destroyed the plats glasy ﬂgduw.‘,
taken from [Woods 73] Syntacticaily, It is possidle for the object of the
Preposition “through™ to be “the plate giass window.® Reader asks the deductive
system if this would make sense. If the answer i3 sffirmetive, Format would return

[Com: ann
{DRIVE PR
{m Joe}
WHERE (THROUGH (VINDOW THE PLATE GLASS)))

{DESTROY PN
Eiﬂ Imetch_te_conjumct U8}
08J Imaich_Lo_compunct PRIP]
]
H

where “match_to_conjunct PREP® is to be matched 1o "the piate glass window®™.
Notice that Resader cannot add ceses 1o & verd without consufting the deductive
sysiem. In tha sentence “John drove through and destroyed her confidence in

him. %, the object of “through® is not “her confidence in him®,

4.3.4 CTholces

Any cholces in the parse structwe {(section 2.3.4) are generated in Format
Consider the choice offered for the SUB of "be® In
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(KN 7N “i know that ice is slippery ™
[\ |1}
{LHAT BE PN
(S8 «D0IE IE
{ICE TWAT)
i
{DES SLIPPERY]

&

Just before Format asks the deductive system 1o structure & noun it examines it 1o
see if & choice can be made from it. In this case, the test thal succeeds is that
the noun is moditied by "that® and ia the SUB of & verb which belongs to & struciure
whose funclion is WHAT. The consegquence of the test is that & choice of noun
groups should be offered, one with "that® as & modifier, and one without “that™. If
the origins! sentence had been " know thal that ice is slippery®, the second "that™
would not have been sdded to the Modifier List. instead, & message would have
bean left in the message sict of the verd structure which would have signehed

Formal not to test tor this particular choice being present.

&8 Parallel processing

Reader is designed to follow partisi parses In paraliel it this were implemented
straightforwardly, #t would lead to an unfortunste amount of duplicated afforf.
Consider the parsing of the sentence “He had snother ook &t the man in the trench
coat who had been following him for the last hour.® Whan "at™ is read there are two

partiat parses:
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1. msg » MOUN. mi « WiL 2. mag + VERE, 1 « NiL
VERE: {{NAVE £D}} VIRE: ({l00%}}
NOUSL . MNE wOUNL: ANOTHER
NOUN]: [LOOK AMOTHER) FUNCTEON: WMAT
FURCTION: MRIN - e

iieia VERE: ({WAVE 1D}
NOUNL: WE
FUr TION: MATN

- W &

if reader used simple parsliel processing. "1™ would be added to both partisl

parses, producing

1 mag « PREF, m! « ElL 2. myg « PREP, mt = KlL
m; Af PREF AT
VIRE: [{WAVE 4D}) VIRE ({i00K}}
NOUML ME WOl AROTHER
WOUNT: 100K ARDYHER) FUNCTION . WHAT
FORCTION MLIK ..o
e VIRE [{WAVE ED))

HOUN] . W

FONETION: MelN

= -

At this point, both stacks have the same top structure. The rest of the sentence,
consisting of the noun group “the man in the trench coat who had been foliowing him
for the last hour® Is going 1o be persed twice. once for each partial parse. The
different pariisl parses arose because words were appiied 1o & single partis! parse
in different ways. This necessitated two different parses, becasuse sach could
accepl words differently. Parse 2. was sbie 1o sccep® "iook™ as & vert and parse
1. was able o sccep! it &3 & noun. But now that the stacks of sach partial parse
have the same lop struclure, most words will be added 1o the siacks in the same
fashion. We can take advantage of this fact to avoid parsing the object of "st*

twice.

in genersi, whenever two {or more)} partis! parses have identical tup structures,
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!MymWHMM-mmmmiHm=m The two partia

Parses sbove would be merged to:
sig = PREP, =i « NiL

PREF; AT
-'r -
[ 1
VERB (IMAVE £D)1) VERE: f10O0x
NEMl: NENL: ANDTHER
NOEND: (LODY AMDTMERD FANCTION: Wl
F Tilm: Main - -
e RB: ({HAVE EDI3
NUNI: W
FIMNCTION: MAIN

& branched stack, 1t automatically follows dowr a the branches and separates the
branched stack as required. In this tase. the merge of the two partisl parses cuts
the parsing time for the rest of the sentence in hall. The succeeding words in the
sentence are appled 1o one partisi parse, instead of two. Since none of the words
in the remainder of the sentence are aftached 1o structures below the current top
of ine stack, the two partisl parses Temain merged untit the end of the sentencs.

After the last word in the sentence has been resd, the stack fooks ke
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mag = NEN, =1 = NIL

-

MREP, FDR
NOEN: (WEER LAST THED

ﬁm: CIFOLLOM INGI {BEEN? (MAYE £01)
i W0

NN i
FUNCTION: 0
PREP: N
NOUN: COAT TRENDM THES
PREP: &T
NEN: {nax THE
- T -
3 i
YERE {(HAVE EDI) mt LE Nii 4F
NN q: MTHER
lﬂ.'ét (L0 ANDTHERY FUMCTION: WMAT
FUNCTION: MAD -
e WERE: §fiWavE EDiY
NOUN:: M
FUNCTION: MAIN

Cofispsing thizs stack produces two different parses:

[MAVE P
Sus wE )
OB {LODE ANDTWEE (AT {MAE THE (01N JCOAT THE TREMCK!D
{FOLLOM PR
[500 imatch_to_hesd_noun]
FORS %Im}
[FOR (FOR {MOUR THE LAST))]
11313
}
mngd
EMAVE PN
foue wf]
PWMRY (100K WE
UE ANOTMER
AT (&Y {maAN Tef (% (CO&T Tel TRERON})
(PN PRC
g'm fmpich_is_head_noun]
o8 EIn]
FOR (FOR (WOUR TWE LAST))}

3143
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Hﬁm#miﬂ#ﬂmhmmmnmmwnmmﬂm
structure presented in section 2.2. Step & was "Reset! pertial-parse-i/st 1o & list of
the partisl parses formed In step 4° What aciualfy occurs, is that Resder
examines the st of partial parses formed in step 4. and modities it by marging any
partia! parses whose stacks have the seme lop structure. partisi-parse-iist s then

rezet o the moditied lst

Iumalammum{noﬂmihhmmim-!m
subsiring table {(WFST) by persers which use backup to achieve non-del ermenism
rather than parallel processing. & well-formed substring table, [Yumc 63], = =
collechion of parsed sentence constituents When s parser usg a8 WESY backs up,
it svoids reparsing senlences constituents by picking constituenis it has alrpady
parsed out of the WFST. Sumiarly. in & paraliei processing snvironment, the merging
of partisl parses avoids the reparsing of constituents by alowsng each parsed

mmm-mnm-nymnmmm-m::mmﬂ,

#5 Other parser:

A considerabie amount of mmmmmmm“uﬂmwﬂm
parsing. Much of this work has concentrated on syntax based parsers. These have
evolved from simpie systems mplementing context free grammars. 1o rathes
complex systems motivated by transformstionsi grammar considerstions. Such
wnn:mmmmﬁtmnmm‘mm::ﬂﬂ
fules Tor moditying the parse tres bullt by the context free component. The parse
iree may be modified white it is being constructed [Woods 73] or after it has been
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completed [Ssger 73] This section sxamines the differences between some of

these systems snd Aaader

Reader’ s organization iz similar 10 these sysiems in thet we can view Format a5 the
transformational component, and the grammar programs as the context free
component. The differences in the sysiems ke primerfy in the “contex! frea"
component. The first &ifference is that the grammar programs sre mors powesTul
than & context free grammar. Consider the sentence “Only ¢.& man was found who
could spesk Inglish® in this sentence, “who could spesk EngRsh™ modifies "man®,
resder parses the sentence by dhading It 10 & stack of two structures. When Tho
stsci is Collapsed. the top structure = sltached o the Dottom structurs, which
results I the proper modthication. This modification cannot be expressed = &

sirictly conleaxt free grammar.

A more important diffsrencs ties in the way the “context free" component operates.
The grammars for most syntax based parsers consist of & description of lega!
sentence structures. The grammat’s application 1o & sentence resu’ls In & serles
of cholces about which kind of constituent shouid be bullt &t & particular point in the
parse. Each systes makes some affo:l to diminish the nomber of unsuccessiul
guesses For sxample, Woods slows the grammsr writer (D “recommend™ what
guess to make st sny point in the parse. Winograd' s gramsar sttempts 1o use the
information gained from & falled guess st & decision point to aliow it to choose
intelligently from the remaining choices at the decision point.

*_ﬂ- grammar in Winograd' & parser aisc consists of & set of programs. However,
the programs des! solely with the construction of & parse tree. and are not oriented
towards bullding structures that can represent more then one psrse tree at & time.
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Reader' = grammar consists of & setf of programs which determine the different
ways & word may be added to & parse in @ given configurstion, The two methods
sre simiiar in tha! the guesses the Dider parsers make correspond to the guesses
Resder must make in deciding which way to sdd & word to & partial parse. The
difference in the methods is that Reader provides & framework {the stack) and &
means (the grammai programs} for writing grammars that diminish the number of
ways & word can be appiled to & partial parse while stii maintaining & substantial
grammar In mOost Cases the grammear progreams wili apply & word class (o & parse In

only one way Howevel, 8 word which belongs 1o more than one word ciass will

generaily® be eppled to & perse once 1or sach word class it belongs 1o,

H can be srgued thal since eff the mare 7ecent systems have the power of luring
machines, they can perfors any algorithm, including those thal Reader carries out.
& simple answer 1o this s AR, but they don’ ™ The reason they don't is that in
many of the systems the “lull power of & Turing machine”® is used only to modify, as
opposed to help bulic, the parse trees generated by the conlex! free component.

in other words, the Twring maching comes in after sl the guessing has besn done.

The methods used by Reader 10 avoid nondeterminism include & mechaniam used In
the ATN parser described in [Woods 1070] Wood' s parser is partislly based on &
finite state machine, end the method referred to invoived the technique of making
an arbitrary nondeterministic finite state maching deterministic by Introducing
several new sistes. Some of Resder's sistegles can be viewed in this light, but
most cannct, since they ere involved with eliminating nondeterminizsm from situations

which involve pushdown operations in the ATN formakam.

¥ Exceptions are single spplications for words which are both conjunctions and
prapoaitions, end words which are both nouns snd moditiers.
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Here iz & concrete example. Section 322 @xplains how Feasder parsas nimpie
relstive clauses deterministically, using the exsmple sentence “The city people
hate is Tokyo™ A nondeterministic ATH would begin parsing the sentence by
sliemptling 1o fing & noun phrase. It would have 1o guess whether te fing "the city
people™ or ‘the city people hate®. The guess consists ol deciding when to "pop™
up Trom the "push™ of finding & noun phrase; exaclly the kind of puess thet! & finite

stale machine transformetion cannol help.

Another sdvantspge listed for ATNs Is the use of registers tc make “_ tentative
decisions sbout the sentence structure snd then chenge one’s mind later In the
sentence without backtrecking® This is obviously & good feature for & parser to
have, and seems equivalent to Reader's method of representing both sides of a
decision while resorving the right to chose one of the other {without backtracking)
later in the sentence. In Reader, this sliows one to pa’se# relative clauses and
conjunciions deterministically, delay sttaching various pars# structures unitll more
information s gathered sbout the reason for the attachment (thereby reducing the
combinatorics of the sttachment), combine different word ciass usages of & single
word into one perse, etc  In contrast, {Woods 1870} contains tweo examples of the
tentative decision method at work, which occur in the patsing of the sentencs
"John was believed 1o have been shot.® The fiest decision is that was is the main
vert of the sentence, which is later revised to belleve Is the main verb and was is
an auxilisry verb The second is the decision that JoAn is the subject of was,
revised later 1o Johe is the object of belleve, and revised stilé ister o John is the
object of shot. In Reader’ s formalism, all these “decisions” are made and revised
irivialty. The final stack to collapse is:
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VERE  {{5HOOT EDM{BEEN){HAVE)}
WY - Imklch te_sub
4 FUNCTION. Iwe

VERD {{BILIEVE TD){BE BL3IP)}
WOUN]  JOME
P OFONCTIOR: mMaiw

The decision to make was & heiping verb is sccomplished by simply adding believed
to structure 1. There Is no need to assume what case John Tilis untit the structure
it i in is Formatted Attaching an INF structure whose VERB i= passive to &
structure with & passive verb which accepis & clause entsils removing the first
noun in the latler structive, Instaling It a5 the first noun of the INF structure. and
then stteching the INF structure as the clause case. When the INF structure iIs
Formatied, “John® is made 1he object of "shot®. The perse is,

{BELTEVE PW
[ABMAT (SHOOT WP
} [oBS Jowx}
}

There is st least one other parser under development that also tries to avoid
neediess guessing. it Is being written by Marcus [Marcus 75] and is based in the
belief that " _the structwe of naitural language provides enough and the right
information to determing exactly what lo do next at sach point of the parse™ The
claim is that the parser wili be able 1o avold guessing what to do &t & decision point
becsuse there is really only one acceplable choice. The asystem is still being
written, 50 # is too early to comment on it. Howewver, I seems that this approach
will sncounter problems when working with & sulficiently large grammar snd words

thet can sssume more than ong syntactic calegory,
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Some more recent parsing systems have been developed which deemphasize the
role that syntax plays in the parsing process. Netwasly, such parsers do not
produce & “classical™ parse tree, but nstesd produce & structure which is sald to
fepresent the “mesning™ of the sentence being parsed. € xamptes of this type of
work may be found in {Riesbeck 74} and [Wilks 73] As this work has come after
the more syntax oriented parsers discussed above, we should sxplain why we have

rejeciad this approach.

The main reason is our belie? that most semantic processing wit be more # X pensive
than syntactic processing in & rich emvironment, Therefore, it is desirable 1o use
synlax 1o minimize the number of semantic nleractions that need de considered.
This contrasts with (for example) Riesbeck' s work, in which he tays "the functions
of the analyzer to be described here ask questions about the relationship of words
and concepis ™ Here, the process has been reversed. semantics and deduction are
used 10 determine which words interact, and syntax is used only fater, if at all, to
ensure that s proposed modification between words is Ppormitted. If one limits
oneseif 1o simpls sentences, the sdded expense of using semantics Instead of
syntax to decide whether two words infersct will not be overwhelming, since ths
.pmmm-ucmmimm“-ﬂhhwmm, However, the
rumber of possible Interactions 10 be sxamined semantically grows tmﬁuy
with the complexity of the sentence, so It seems that these methods wili not be
practical in & rich smvironment {in which there &re many possibie relationships
between aimost sk words and concepts) which has to dea! with comphicated

sentencos.

e
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B. The interpreter

A brie! overview of the Interpreter is given in sections 1.2.2 and 1 5H.2. Essentially,
1t 16 & CompUlnr program whic® Jitempts to understand natursl language. There are
many cther compuler systems which would make the same claim. The points of
interest in all programs of this type are:

¥ The representation used 1or the nformation contained in the naturs!
language. For the Interpreter, this is the program specificstion.

2. The representation(s) used for the knowledge bsse needed to
understand the naturs! language.

3. The mothods used for activating parts of the knowiedge base 1o bear

on & particular task.
The first point is covered in Section 5.1 Examples of different types of program
specification types are given, along with an axample which lustrates how several
components fit together to describe s computer progrem. The section also
discusses the represenistion of user' s replies which are not incorporsted into the

program specilication

Section 5.2 introduces “concepts™ and “definitions*™, the two representstion units in
the interpreter’ s knowledge base. The simplest type of concepts are thoss which
are abstractions of components in the specification. An example of such & concept
is #ADD, which refers 1o the concep! of sdding uvp several numbers. information
included in the #ADD concept is,

®ADD can be instantisted as & step i the program specification.

FADD takes two or more srguments.

The arguments shouid be numbers. But an exception occurs when

there is one argument which is & set of numbers. In that case,

the numbers In the set should be considered the argumentis of the
#ADD.
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Dafinitions provide instructions for mepping Engilsh word strings into concepis. The
detinition of "sum®™ contains information which aliovs the Interpreter 1o map "The
program sums up the iast three numbers.™ into an FADD which is & step of “the

program® and whose arguments sre "the tast three numbers®.

The task of relating & phrase kke “the last three numbers® 1o & specilic component
{or components) in the progrem specification is referred 1o as maiching. Section
6.4 covers the matching process, explaining how the information contained in

consepls and definitions is used during matching.

The primary goals of the processing performed by the Interproter are conceptualty
vary simple, snd sections 5.2, 64 and 6.3 (which sxplaing the interpreter's
processing cycle to provide background for section 5.4) should be read with them in
mind. The poals. upon receiving & parse structure, are:

1. Determine which definilions can be spplied 1o the parse

structure, and therefore which concepts the parse structure is

invoking.

2. Find of creste referents in the program specification for the
descriptor sicts of the concepts the parse has been reduced to.

4. Incorporate the appropriste concepls intc the program
apecification
Section 6.6 sxpising how dalinitions &nd concepts are used to provide the measure
Information necessary for the interface between Reader and the interpreter, The
fina! section montions some work remaining to be done.
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.1 The results of interpretation

5.5.%1 The program specification

The program specificalion contains s 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/inferpreter uses it as & data base for matching, the
parser/interpreter interface etc. This section describes the format of the

specification. Later sections will show how It is ulilized by the parser/interpreter.

The principad result of the interpreter iz the program specification. The program
specification’ tepresents s computer program, and can be viewed as & high fevet
programming program language. 1! consists of 8 connecied set of components,
Such & date structure has been labeled & "entity-sttribute-value dats structure® in
[Heidorn 72] and & “set of conceplusl entities with associated descriptions™ in

[Bobrow 76]

The description of & component is & collection of descriptor/value pairs which
specity the actions and structure of the component. For example, & component may
have as its description,
ADJISE

cisss: ALG

type: OUTPUT

args: "Resdy*

step-of: A0367
which means that # is an Algorithm component that should be mapped Into an

“output™ operation in the larget language {eg., WRITE in Fortran, PRINT In Lisp, etc.).

' The program specification semantics were developed with Jorge Phillips,
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The srgument of the output is the string "Resdy™. The step-of descriplor Indicates
the position of the component in the specification; it is one of the steps of an

Al Gorithm: component dencted by AD3ET.

Each descriptor has an inverse sssociated with it. For axample if & component X is
in the steps descriptor of L component ¥, this fact can be derived by examining

sither X or ¥,

A componant belongs to one of two classes: ALGorithe or DATA Each class is
subdivided inte several types. Figure 5.1 shows some control structure ALGORITHM
types,
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% st pf DATA components whoes s BOUND,
] EEFHT-EIEM&GW e

SEQ
STEPS: » et of ALGe (o De sxscuted in sequential order.

CASE
an ALG with 8 RESLLT siol, or & DATA which is the RESILY 'J
foa

of ALG.
STEPS: a ket of ALGS 1o be sxecuted if the CONDITION is TRLE

CASES:
8 hsl of ALGS whose i#s CASE. Trwe lirat CASE whoss condilion

is= TRUE is sxecided res! ars ignorec
ENUMERATE f
g&:ﬁi?ﬁﬂmmﬂﬁf. |
s tist Of ALGS 10 be executed sequentislly for sach siement in |
the ON sal. The ilersbhon siemen! is represented Dy the Qenenic
slermeni of the DN ast.
LDORP
EXITS: o list of ALGS whose type is CTASE.
COUNTER
® DATA of type INTEGER whose value /& ihe namber of limes
e L D0 hes beeon meaculed,

n ksl of ALGs whch nchudes svery CASE n EXOTS., The ALGs in
STEFPS ars repeniedy sxecuied unti the condlion of 3 CASE

EXITS 18 satmind

CALL
PROCEDURE: an ALG of type PROCEDURE.
ARGS: & bat of DATAs whch ars bound 1o the args of PROCEDURE,
Figare 5.1
Controk struciurs AL Goniihen iypes

The remaining ALGorithm types can be divided into predicates and primitive
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operations. The sumber of these s essentially urimited, sinca anything the PS:

coding module Can code can without instructions fmﬂumcmhmunwd

primitive. Figure 6§52 provides some samples of the primitive operstions and

predicates used by the cwrrent system

ARGE » DATA components whose vype is MAPPING.

RESILT: s DATA mwm«-ﬁm{uﬂwnmmunm

FORALL
BINDINGS: & st of DATAs whose s BOUND.
mﬂ?memtm .
RESLET: & Mmmuhmmummrm

Figurs 5.3
MM-M“Mn

mt-ﬂmﬂwn,ttmwlmmthwmmnmhmm

handis, !MMMHHHMWMM?M
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SET
ELEMENT: & DATA whsch is the penenic slamend of [he mei.

RECORD
FIELDS: = lisi of ODATA cormporenis whoes (ype & FIELT.

FIELD
DATA: = DATA winch the contents of NAME fied of & RECORD.
NAME : {re reme of The FIELD.
CUANTIFY: ssther ALL, SOME o DATA componant which is an inleger,

cieass DATA
type SET {ihe svpty set}
vishus Pt

’t:-rp-'mim [tre bootesn velus TRUE]
valus TRUE

cinns DATA

lyps

rep GRAPH

matercect D00

pasertons (ADOO2 ADDOJ;
The DATE above Biusirsies Ihe hves oescrpiors arw DATA moy Peve.
The REP descripior snckonles that the dEmgre i rel
fo thie comporent by The word ! G comporents mey niso I
REF gescrplore. The INGT gescrpior indcales iMal ihe

sincius of mwﬂ-w“-hmhﬂﬂw
; weiwch T posnte 1o The ASSERTIONS descriplor contnine

Figure 5.3
Dain alruciurs types and arrgles

5.1.2 An sxpmpie and comparizon

This section illusirates how thess peces are combined in & program description.
Figaie 5.4 containg & short dislogue, the program apecification the interpreter has

budlt from 1, and the pretty prnted version of the specilication.
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TR

WAAT 1S THE NAME OF THE PROGRANM YDU WASH TOWSITET
L onsnil,
DESCRIBE LESSALL.

Lessall takoe & number arxt & het of numbers as
e number is lees e avery numbes 0 Ihe el it

® I retuns Tros
refune Feleg

s type PROCEDURE
name

’ 2 typs FORALL
_.i m predicate sews type [MPL

definition » E
args % #
{ ¢ type COND * type NATE
I Lases mess value LESSALL
# type BOUND = type BOIRD
J boundtoc ® boundic @
! = 1 CASE I
% tupe MFEER | & type LIST o tinn & chndition TRUE
slemant ® steps = L #tsps ®
s 1 NIreER = 1 s 1 RE TLRN
g " ol TR arol FALSE

I
bindings ® antecedent
f conseguent |
1 t’f“ t e E type LESS
L L Brpl we—
3 gl wey

LESSAEE {81 u;
1 romRLL{B} Iﬂitw?lu{u £

LESSINE B3))
Then RE Tﬂd
else RE FRLIE]

% 13 & vartable Dound to AL, A&7 13 & vertable bound 1o A2.

Al 13 & V13t whede gener i element 13 & mamber.

1 5 & vertable boung to A A3 t3 & nomber. Al W3 The generic elemeni of AZ.

Fipurs 5.4
Leassd and ite progrem specifcetion
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The top node in the program specification i ahways a PROCEDURE component. In
this cese, it has two srguments, which are bound fo & number and kst of numbers
respactively. This structure information s required by the coder, as i enables it
choose its sigorithm beased on the dats structures the sigorithm i3 meant to
manipuiste. The body of the procedure is & COMND with two cases. If the condition
{*¥% X ¢ B2 o> B <« X", where 81 is the number and BZ the number lis?} is True,
then True® Is returmed. if not. the STEPS siot is ignored and the second CASE is
tried. The condition of the second case i3 True, 3o anylime the first condition does
not obtain, Falze will be returned The cootrol structure snd dats descriplions
benesth the specificetion disgram are the diatiistion (s: oblained by the
specitication pretty printer) of the program description information contained in the

Hagram,

The LESSALL program was laken from & paper on the Dedalus system, [MANNA 771
Dedalus i= an aviomalic program synthesis which uses & Tormal specificstion
language as s input, rather than Enghish.  Since the Interpretes’s output
corresponds 1o the mput of such & system, & companson between the two s &
usefu measure of the effectiveness of the interpreter. in thizs case. the wo are
wirtually identical. the Dedalus input Tor LESSALL is

LESSALLIX L) <»= compute X < a{L}
whare X i3 & number and L iz & st of nombers.

The sxpression X ¢ aif{L) means thet *._X is wss than svery mesbder of the list £.*

¥ 1o ssve space, TRUE and FALSE have been used 1o represent the BOOLEAN
componenis whose velues are TRUE and FALSE.
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5.1.3 Mete-commenis

Some of the program designer's instructions to the system do not describe the
program. but instesd are intended lowards directing the course of the dislogue.
Comments ke,

[ don” t understand.

YWhat we were Lalking about?

What &id you mean by “the predicste fits™?

Forget about prompts.
do not Tit into the program speacification, but are mesninghsd nonetheless. Such
statements are sent to the duwiogue expert as & filled in case frame. The case
frame is actually & concept (next section} and it is filled in in exactly the same way
that concepls are instantiated. The ondy difference is thet instead of being added
to the program specification, the instanticied concept is sent to the PSI dialogue

module for processing.

Az an exsmple, ws will examing the concepl of PFUSER-QUESTION-REQUEST.
Statements ke,

Ask about the scene before the concept.

iet" s falk about the scene.

Azk me sbout prompis defore asking me about the scene.

Ask me about the structure of the scene first
which are sddressed to wh. and which questions should be asked are mapped to
SUSER-QUESTION-REQUESTs. & SUSER-QUESTION-REQUESY iz specified by thrse
deascriptors:

QUESTION: either & question type {eg. STRUCTURE), & question (eg..
{STRUCTURE ADO12}} or & component (eg., A0O12).

TIME: eoither BEFORE, AFTER (in which case REFERENT must be present)
o LATER pr NOW.

REFERENT: takes the same velues as guestion.
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The interpretstion of & FUSER-QUESTION-REQUEST is ask
{one of)
sl guestions of type GUESYION
this particula: OUE STHOK
BNy guestions sbost the componant which is OUESTION

wither NOW o LATER, oo
BEFORE o+ AFTER asking

{one ot}
ali guestions of tyvpe REFTRENT
this particular gquestion which is REFERENY
any questions shout the component which is REFERENT
Then i ADOD Y points to the scene, ang ADOOZ to the concepi, we have,

Ask sbout the scene before the concept
[ BUSER-OUE STHON-REQUE 5T Question: ADOOY Time: BEFORE Aeterpnt. AQDO2}

Lot s talk about the scenm
[ FUSER-OUE STION-REGUE ST Question: ADOGT Time: WOWE

Ask me about prompts belore asking me about the scene.
{FUSER-QUE STION-REQUE ST Question: PROMPY Time: BEFORE Referent: ADOOT1}

Ask me about the structure of the scene st
{FUSER-QUESTION-REQUE ST Question: {ETRUCTURE ADDOYY Time: W}

8.2 The knowledge base

The knowledge base used by the interpreter consists of two declarstive blocks of
knowtedge, and & sef of programs which make use of the information In them. The
programs are used 1o construct the specification, using the descriptions contained
it Concepis and Definitions, the two deciarstive blocks. There 15 no formal
definition of what constitules & concept; & concepl iIs anyihing whick the
Interpretor can roason sbout. Hence there is & concept behind every ALGorithm
snd DATA type in 'he specification, as well 83 seversl higher oeder concepts., A

definition is & means of mapping & sequence of English words into & concapt.
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85.%2.1 Concepis

Concepls sxpress many things, but ere otiented towards supplying the information
neaded 1o iInstentials snd reason about components. Instantislion refers to the
process of cresting &8 component and filllng in its descriptors with other components

in the specification, so that & 1oo becomes part of the spacificetion.

The information conizined in & concepl iz
Descriptors. What descriptors the concept cen take, the type
checking constraints the descriplors must obey, guestions 10 ask
if the concept is prosented without & necessary descriptor and
defsidt descrigtor values.

Postoconditiong: what 48 true after the concept has boen
executed

Side effecls: what changes i1c make to the program specification

when the concept has been recognized
for sn example, consider the concept #MAF. #MAP represents tha primitive
operation in the specificelion which allows the user 1o essociste ons dets with

another. Figure 6.5 contains the FMAP concept.
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AP
DESCRIPIORS:
POF

CHEDX 1y ISk BAE
QUESTIONS: Where does the BTAP petlong?

CHECK |y ISA #FAPP NG

MEX}J ISA FOATA

OELX AP CHECKZ {ARGE ARG2 ARG

EGESI-I{lﬁi Wnat ie being SMAPpea?

CHECK ] : iSA NUATA

CHECX 21 FMAP-CHECKZ {ANG] ARGY ARGI)

QUESTIONS: Unat is ARGZ Deing BiAPped to?
POST-CONDITIONS: (SEQUAL (F{MAP ARGI ARG2I ARGIH

SIDE-EFFECTS: PAPPING-UPDATE (ARGE ARGCZ ARG

Figra 5.8
The sMAE corcept

Figure 55 shows that a #MAP is specified by tour descriplors. Tach descriptor has
miormation assoclated with it which assists the interpreter in filling in the
descriptor siot. For instance, ARGZ must be & DATA component (#DATA refers to the
concept of 8 DATA component). The second check provides & more contextual type
chacking which is used during matching and the parserfinterpreter Interface. Since
the check is more complicated than a simple type check (eg., ISA #DATA), & program
(MAP-CHECK2) Is called which returns True of False, depending on whether ARGY Is
& MAPPING which maps components of type ARGZ into ARGA. If & #MAP is to be
instantisted and ARGZ Is not present. them the guestion “What is the second

argument of the map?", represented by (ARGZ ADOQ1T) where AQOO points 1o the
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instantiated MAP, is asked SIDE-EFFECTS consists of things which should be done
whenever & component is instantiated in the case of #MAP, SIDE-EFFECTS
consists of & program (MAPPING-UPDATE) which updates the range and domain of
ARGt i necessary. The POST-CONDITIONS are what is true after the concept has
been sxecutad Section 5.3 on meiching explaing how the POST-CONDITIONS and

CHECKS are used.

Figure 5.6 shows the Interpretes’ s concep! of #DATA and #5ET.

FDATA
ESCRIPTORS: .
INFTIAL -VALLE
X1 ISA SDATA
i STIONS: Uhat (s the initisgl value of the DATA?

CHECX T iSA #OATA
PREPOSI TIONS:
uiTH

CHECK] : 1SA SDATA
TEANING: (FASSOCIATE data ob jectd

1%
OECX]: ISk LT
] MEANING: ITETEER dats object!
FEl
DESCRIPTORS:
ELEMENT
{5 4 31 154 #OATA
SHEIII AET: instantiation of & DATA uhose REF is ELETENT. |
CHETK I ISk #INTECER
L IFIERS: ELEFENT
' & P TIONS:
OO GENERIC-ELETENTO
MEANING: ELEME
Figuoe BB
The «DATA and «SET cocapls

The concepts in Figure 5.€ both have information about prepositional modifiers.

Such Information i3 usually sssociated with individual word definitions, but when the
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modification s standard for the concepi, regardiess of how it is expressed in
English, the information ix tied to the concept itself. The "in™ moditication for #DATA
means that every time & word which maps to & #DATA is modified by & prepositional
phrase whose preposition is “in" and whose object is & #SET, the meaning of the
modification & that the component the word matches lo is & member {represented
by the Interpreter concept #FMEMBER] of the component the preposition object
maiches to. The “of" modificaton for #5ET is slightly different in thal the meesning
of the modification is & descriptor of #5£7 rather than & concep!. This means that
the object of the preposition fills that siot 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 siot is similsr to PREPOSITIONS in that # appesrs in definitons,
rather than concepis, except in Cases in which the meaning of the classifier iz the
same for all nouns mapping to the concept. For #SET, the CLASSIFIERS slot says
that i & noun modifies & 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 Nst™,
“Integer” Is & classifier of “lisi™ which maps tn #5E7. Since “integor™ is a FDATA, it

is assumed 10 be the geaneric slament of the list

To esvoid neediess duplication of information, the conceplts are asrranged in a
refinemont tree in which every concept shares ali the information sssociated with
its parent in the tree. #S5ET is & refinement of #DATA. Thus when checking #SET
for information, all the information connocted to FDATA appiles. eg. If AD4AZ24 has
just been Instentiated as & sel, the guestion “What is the inltial velue of ADSD2ET"
will be pending. OF course, If the system can snswer the question {perhaps AC4248
is the argument of an INPUT], &t will never be asked of the program designer.
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Concapts are sisc used to captwre reguiarities in language. English provides many
different ways to express the same thought. For axample, X is & function of ¥ can
be staled as,

X depends on Y.

K s calculsted from ¥.

X is determsined from ¥,

X is calcufated on the basis of Y.

X can be found from Y.

X iz based on ¥,

X is obtained from Y.

X is related to Y.

X is found by examining Y.
uanﬂdhmﬂhgﬂrﬁtmuhunmmm:ithﬂﬂwnumhm:
single manipulable entity, namely the concept of #TALCULATION. #CALCULATION has
two descriptors, ARGY, which is & #DATA, and ARG2 which |s #PREDICATE. Methods
for using concepts like PCALCULATION ars Explained in the following section on

detinitions.

$.2.2 Definitions

Definitions sre used to map from English words to concepts. At the same time, they

provide the parser with messure information it needs.

The information contained is & definition is,
Concept: What concept the definition maps to.
Word: what word the definition 1s & definition of,
fit the descriptor siots of the concept. Which cases must be, or
are preferred to be, present for the definition to succeed.
Prepositions: Which descriptors prepositions can fili
Conjunctions: Which descriptors conjunctions can T
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Defaults: Default values for some descriptor siots.
Clauses: Which descriptors cen be filled by clsuses not

imtrodueced by Cconjunctions.

Figure &.7 contains an example.

18R i
!:Ermznm OF: MARY

fiSE‘.i: (S8 STEPOF 1 IDBJ ARGZ Nusti{10B ARGE Preferred)
PREPUST TIONS:

-0F COCLECTION

Figure 5.7
& deflinl:orne of mark and colisction

Suppose that the mterpreler recelves the sentence “Mark the scene
‘necessary’ ™. The parse s

(MARE N
Eil.ﬁ kie 3
OB (SCEMNE THE)
108 “recessery”

The delinition will successtully map ithe sentence into the concept If all the
requirements for the concept descriptors are metl. Following the CASEs siot, YOU* is
matched to an ALGorithm component as the STEPOF descriptor, and “"the scena™ and
"necessary” are matched to #DATAs as the ARGZ and ARGI of the #MAP to be

instantiated. The "Must® in the O8J mapping indicates that the O8J case must be
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present for the definition 1o succesd m.m%rmw'hmm.&um
moan: that 108 case s strongly preferred 1o be present, but not necessary. This
means that using the vert “mark™, something can be marked without spacifying
what the marking is, but 3 marking cannot be specified without mentioning what is
being marked. ARG of the #MAP comes from the default siot of the definition; the
valus 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

apacilication.

Nouns are defined similarly 1o verbs, with the exception that the case information is
missing (it is usually replaced by classifier information). Figure 5.7 contains the

interpreter’ s definition of “coliection®.

Figure 5.8 contains two definitons which utilize the #CALCULATION concept.

1¥CLASSIFY
CEFINIYION-OF: CLASSIFY
iSA: ®ALL
CASES: (SUB STEPOF) (DBJ ARCSH
CLAUSES:

EHECX) 1SA 2CALCULATION
rl:'ﬂ%i&: PROCECLFE fextract ARGZI
¥

RESILT: instantistion of 3 DATA uhose REP ia CLASSIFICAYION.

LEBASE
DEFINITION-OF :  BASE
I QL {i]'l

Figure 58
Defintions for “cisssily® and "bass”

cmmmmﬂm:mmmm“mm“ﬁ-ﬂw
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ft fits the concept® “based on whether it fits the concept™ is mapped tc =
#FCALTULATION whose ARGZ Is the predicate "it fits the concept™. It is atso &
clause which modifies “classify™ (anticipating section 5.5 on the parser/interpreter
interface, we note that the reason the parser knows "based® modifies “classify®
rather than “scene™ iz precisely becsuse one modification is mesningful {all the
words -} definitions - concepts maps succeed) and the other is not). According to
the definition. & clause can modity “"classily™ i it ls & SCALCULATION. If 1t Is, the
modification instructions are to 'l the PROCEDURE siol of the “classify™ #CALL with
ARGZ of the #CALCULATION. This work is done during Formatting, so the parse for
the sentfence iz,

(1M (CLASSIFY Wx
TSTEROR YOUe)
[ARGS {ICENE THE}]
{PROC (RiT W%
[ARSS 1T}
3 [ARSS (COMCTPT TwE )}
}

Had the sentonce been,
Ciazsily the scens on the basis of whether it fits the concept.
Classify the scene a3 & funciion of whether it fits the concept.
Classify the scene depending on if it fits the concept.
ete.

the result would have been the same.

Many times, unknown words are used to refer o undelined predicates o aupparts
of the program being described. Since 1t would be unreasonable to expect all words
to be Included in the system, and often, the definltons of such words are inferable
from context, the Interpreter uses & “tempials™ definition to try 1o create &

definition 1or any unknown words which are used in the dislogus.
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Here Iz an example:

The program reads & graph and & node. & graph i3 & set of paws.

Each palr consists of two nodes, which are primitive. The program

prints & kst of o the nodes which can be resched from the input

node.
When the interpreter encounters the iast sentence, it has ro information about
"reach®™ other Than thal it is & verb, Becsuse it is being used as the main verb of &
clsuse which modifies & noun, The interpreter assumes that it represents &
predicate whick the program designer has yetl 1o define. The “template™ predicale

definition and s instantiation for “reach® is shown in Figure 5.8

FREDICATE - TEMPLATE
EEFIHIH{H Ok ---
FRYCEDURE

Eﬂfﬁz {SLE ARGSH (0B ARGS)

PREPUSTTIONS:
maich )
CHECK ]+ iS4 SDATA
FEANING: ARGS

1AREATH
DEFINITION-OF:  READH
ISA: #ROCEDRE
CASES: 1SUB ARCS) 108 ARGS)
PREPOSI TIONS:
FRO
CHECX S : IS& SOATR
FEANING:

Fignre B8
A lenpiale delinbon and ils netatistion

The tempiate definition maps to & #PROCEDURE. The “maich® in its PREPOSITIONS
slot matches to any preposition that the Interprater cannot attach 1o snything sise.
The resulting definition of "reach® aaserts that “reach® &z & PROCEDURE, and that

the preposition “from™ can be used to introduce one of iis arguments.
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5.2.3 Procedurai embedding

Most of the Interpreter’s knowledge sbout programming is represented by
procedures. This information i necessary i Ordes 1o incorporate what the program
designer hasx said in the program specification withoul asking guestions which the
designer would Teel his statements have implicitly sddressed. It i3 not intended 1o
help the Interpreter from s problem solving (eg. writing efficient sigorithms from
inefficient descriptions] standpoint. The information was modelied proceduraily
since this seemad to be provide the esslest way to encode and apply it. The
disadvantages of the procedursi approach {primarity opscity} do not apply, as the

information encoded in the procedures is not needed sisewhere In the system.

The information is organized into seversl modules which sre expert in building
various constructions in the program specification. There sre moduies which build
CONDs from & series of CASES, construct COMPUTES, note scoping ambiguities, bulld
gquantified expressions from phraces ke “aff relations in the concept not in the

scend...", atc. As an sxample, we will consider the EXIT-TEST module.

The EXIT-TEST module is responsible for setting up the exit conditions of joops. Its
arguments are the bog and the phrase which indicsles the exit condition. The
method for building & loop from esch of the phrases 7 knows sbout is simply

programmed out. Here i an example.

Figure §.10 contains & fragment of & program specification.
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- 1 BEY
lﬁ:’.ﬂ‘ L

Tha

Figore 3.0

mpaciCalon Delfors procesmng s seniares,
wiwn the user types Dut' "

The interpreter s sboul 1o process the response the sentence “Slop when the user

types ‘Ouit” . which was in response to the guestion *Should ithere be an exit test

for the loopT"

EXIT-TEST receives [FINPUT {ARGS “Guit*}] snd the LOOP as its input. Whan the

phrase is an #INPUT concept, EXIT-TEST finds an INPUT in the loop and places &

test for the ARGS of the #INPUT concept after it. The result is shown in Figure

&1,
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= type LOOF
fuile ®
ateps = { I1lh--u-l
s« type INPUT type TASE * type CALL
Bgs ® condition = procedure Be—s
T ; args = =
s type EGUAL
| e
L type ALTERNATIVE l
1 it s 1
1-1 type STRING —l£ t SEY
value "Duit" f?;.-ﬂt
Figura 811
The spec: i calon sller processing the senterce,
op wihen (Me user types "Dt

The exit test buliding program has sdded four new components: the CASE

component which iz the exit test, an EQUAL component which is the condition of the

exit test, and & STRING and ALTERNATIVE component. The ALTERNATIVE component,

which repleced the SET as the argument to the INPUT, reflecls the fact the

arguments 1o the INPUT may now De sither the SET or & STRING whose wvalve Is

Ousit=.

The ALTEANATIVE has bDeen instalied asx one of the srguments of the exit

tost, while the SET remains as one of the srguments 1o the CALL following the test.
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.3 The processing cycie

The processing cycle refers to the sequence of actions taken by the interprater
daring the procsssing of & user reply. The cycle begins with the receip! of &
question and user reply from the PSi dlalogue module. The reply may be & phrase o
any number of sentences. 1Mm¢tmmmcmttd;mw.mw:
component {the guestion object} which is missing information foe the siot. {eg..

[ARGS X} means “Whet are the arguments for X*

The fiest sction taken by the Interpreter iz to update the Focus to the object of the
guestion. Section 5.4 expians the use of the Focus and its companion, the Dats

Foous.

rmm-mhmumuwwmrmum:m The snalysis
consists of determining wiwch concepts the sentence invokes, finding (or cresting)
components to N in the descriptor siofs of these concepls, and instantisting the
concepls found into components in the program specification. Analysis has several

side etfects besides the bullding of the specilication

Throughout analysis. the Focws snd Dats Focus are constantly updated to refiact

1he components the program designer is lalking about.

Anothe: important side _ffect i3 the guestions ate posed by the instantiation of

Incompiete concepts For nstence, the reply,
mm;-m.-tmmn-mmmm=m
result of this test with the user, and - pdstes the concept. Then
it repeats the process ™

causes the guestions.

What is the structors of the scene?
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What is the structure of the concept?

¥What is the initial velue of the concept?

Describe verifying the test reault

Describe upda‘ing the concept.

Dezcribe the test of whether the scene tits the concept?
What is the exit 1est of the loop?

to be placed on the guestion gueue

The instantistion of an incomplele concept may aiso leed to & job being put on the
background job queue. The beckground job queue consists of questions which the
Interpretler canno! answer immedistely, bul expects 1o be able to answer sfter
mata nformation has come in. If the information never arrives, the Inlerpreter
assumes 1hat the program designer was leaving the implomentation to the PE
coeding module These guestions are placed on the background job gueve (rather
than the question gueue) queue to ensure that they will never be asked of the
user. The background job queue is implemenied as & kst of procedures and their
srguments, which ere run et the end of every processing cycie. Those that
succeed in answering thelr guestions are removed from the cycie. An example of a
Background is the one sssocisted with the SASSOCIATE concepl. #ASSOCIATE is
used by the Interpreter as an intermediale Tepresentation of the fact thet two
DATAS are somehow being sssocisted For inslance, in

*Cookbook resds & recipe hst, and then fepeatedly roads & name

and prints the recipe with that name™
“wilh that name® maps into an FASSOCIATE whose args are “the recipe” and "the
hame®™ A1 this point, there i3 no way 1o tell how the program designer sxpects
“names” anc “recipes” to be assoclated, so & background job is sel up, A

background jobs is used rathes than & question since It an snswer is never found,
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the PSi coder witi be able to choose an efficient implementation, and In fect, the
user mey be loo unsophisticated o answer such & question. The background job

remains sctive untit the program designer seys,

=k recipe has & naeme, an ingredient-lisl, and direclions ™

This defines "recipe” ss record structure wilh three tields, one of which iz & name.
One of the situstions the FASSOCIATE background job knows how 1o resolve Is the
case where one of the associated DATAs Is & field of the other. 1t changes THE
#ASSOCIATE assertion from

[ASSOCIATE eargi: AT arg2: A2}

to
{CQUAL mrgs: {[FETCH argl: A1 lsbel: NAME] A2)]

whare At and A2 point io the recipe and name, and FETCH is the Interpreter

primitive which gets the DATA of the labet FIELD of its ARG,

When each sentence in the program designer s reply has been anslyred, the
background jobs are rus and the guestion list is examined to see if any of the
questions have been answered by subsequent analysis. The revised question list is
sent to the PS| dislogue module, which selects & guestion, gets & reply from the
program designer, and gives the question chosen and the designer’ s Tesponse to

the Interproter to start another cycle.
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5.4 Mstching

This section in concerned with the identification of English noun phrases. which
occurs during the filling in of & concept's descriplor slots, and consists of finding
the component, of creating the component if none exists, which is the contents of
the descriptor siol being filled, based on the English presentation of the component

{eg.. the noun phrase}.

The system’s handling of pronouns and nouns is virtuaslly the same. The only
ditterence Bos in the possible match set. A pronoun may match any component in
the specification which has been menlioned and meels the syntactic requiremants
{eg.. plural, animate etc.} of the pronoun. & noun may match any component in the
specitication which has been referred 1o in the same (or a synonymous} way. The
key to the matching process is the context suppbed by the concept whose siot Is

being fiked.

§5.4.1 Nouns

The first lime & noun is used, the system creates & component which is indexed
under ihe noun's definition. Thues, "It resds v & scene.” would cause the
compomnent:

&%

class DATA

repg 1#SCENE
tc be crested, where 185CENE is & definition the !mlerpreter creales for “scene”.
1#SCENE iz assumed to be & #DATA so thet it satisTies the type consiraints of the
ARGS of an #INPUT. Associsted with 1#5CENE is the fact that A1 Is an

instantiation of "scene”. The situstion we have outlined ieads 1o the simplest kind
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of matching. It the user says, "Print the scene. ™, “the acens” Is matched to At

because the "the" implias that the refarent shouid be found in the specification, &1

is the only Instantistion of “scene™ in the spacification, snd it satisfies the type

constraints of the ARGS of #OUTPUT.

Now consider s aslighlly more complicated situation. Suppose we have scenes and

concepls, each of which sre sets of reletions. Furthes, the relations in the concept

are marked sither “possible™ or “necessary™. Figurs 512 shows how thiz would be

represantad = the program specification

*
z class ALG

tupe EOUAL
argr & sv——n class DATA

= Al * A3
c ”‘HSEB?H c unﬁEﬂ?Tl
 § 1
rop CONCERT rop SCENE
&lement % eigmani T
= Ak
« A2 class ODATA
ciass DATA rep RELATION
rep RELATION
assertions

i j Ti
’mkm YE

FAElives B =

i class AL
type rnag
argl se—es AS
gl e ciass DATA w class DATA *®
type NAPPING type STRING
name MARE v3iuve "possibis"

ciass DATA
tupe STRING
vilue "necessary”

FipreS. 12
Scenes, corcapts and relalions

The user says, "Print the relations in the concept which are marked ‘possible" ™

which is parsed to,
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{I8PRINT WM
Emrﬂr you §
ARG (RELATION IPL THE {IN (COMCEFY THED)

{ieMKRE PR
[ARGZ 'maich Lo head_nous)
[ARG3 “possible®)
i3
}

The interpreter must find (of creste) & component which can be used a2 the ARGS
of the FOUTPUT 1#PRINT maps to. if the noun group were simply "the relstions®,
the interpreter wouid match it 1o A1 or A3, whichever was mentioned st But in

this case. there sre modifiers which will presumably narrow down the cholce.

The first moditier i3 the prepositional phrase "in the concepl™ The #DATA concept
{Figure 5.6] is used to determne the mesning of the modification. It is {#FMEMDER
AG AY) where "the concept" has been maiched 1o AY and AS is being used to
represent the DATA which will be the final snswer 1o the malch, #MEMBER is

rested as & special case in the matching process. The first FMEMBER in the

modifier list which Is not negated®. and whose ARGY is the noun in question, is
transformed to the descriptoc-siot/value pair of (ELEMENTOF X} whers X is the
ARG2 of the FMEMBER. So in this case, the FMEMEER is resolved to (ELEMENTOF
A1} Folliowing the ELEMENT siot of A1 jeads 1o AD which becomes the only match
possibllity. 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 FMAP {Figure 5.5} i3 filled In
with the #MAP descriplors, yieldmg, (FEQUAL (#IMAP AB AB} “poszible®) If this did

not contradict the assertion list of AZ, then AZ would be retusned as the meaning of

* In"The reiations which are nol in the concept®, the meaning of the prapositional
mocification is {FNOT (FMEMBER AS AY ), which is inserted In the assertions list
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the noun phrase. It does, though, since the the sssertion list of AZ asseris that &
relation in the concep! may be marked either "possible™ or "necessary® Therofore
& new component must be created, one which is the generic slement of & subset of
AT which consists of all reistions marked "possible™. This is sccomplished vig the
SUBSET module, which is another sxampie of & amall bit of knowledge being bound
up In & procedure. The SUBSET module takes & set and an asserlion lst and
creates & COMPUTE component which bulids the subset. The COMPUTE created is

shows in Figure 5.12

Sume COPUTE
une
] quantify ALL
on A1

result fe—— AT

#sserfions = ciass DATA
s t &21 |
dlement Sy AF
cisss DATA
rep BELAYION ]

assertions =

e ciaen ALD

type EQUAL
g & Se—s Clase ALD
fypoe TAP
argl A%
argl ®
# ciass DATA
type STRING

walue “possibis”

Fipre 512
The COMPUTE 1or *The refations in the concept merved ‘possibis’ *

AS iz the result of the melching process. The COMPUTE is inserted into the program

specification when the “print™ OUTPUT component is.
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5.4.2 Pronouns

As we have dicated, the ditference belween proncun reference and noun
reference Is in the possible match set The Interpreter keeps track of 1Two special
components, the Focus and Data Focus, which &re used o help reduce the number

of pronoun match possibilities.

When the program designes beging his reply, ihe Focus refers 1o the object of the
question. During the processing of the program designer™ s reply, the Focus
changes, 3o that It abways points to the last component modified by the interpreter.
We are making & distinction between *modifying® and “creating™ 8 component. For
®xrmple, the phrase, "It tesls the concept®, will cause a CALL component to be
crested with ARGS “concept™: we do not consider the CALL component to have
been modified untit some of its other descriptors (eg.. PROCEDURE ) have been filied.
The Data 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 ALGorithm component. The
rutes for the Focus and the Deta Focus have been seiected so that they sre the
mos! likely referents for any pronouns used by the program designer. Of course,
they siill must satisty the requirements of the descriptor they ars being proposed
for. 1 they don't, the interpreter falls back on searching for & referent from the
pronoun reference Nst, which is & st of pach tomponent that hes been mentioned

by the program designer.

We can see how this works on the foliowing question/reply pair:
PSi: Describe the program.
USER: It resds & scene, tests whether it fits the concept,

vetifies the resull of this test with the uger, and
updates the corcept. Then it repests the process.
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The question sels the Focus to “program™ The first "It* is matched to the Focus
since “input® requires that it's 5UB be an ALGorithm. The Dats Focus Is set 1o the
"scene” because “"scene” iz the ARGS of the mos: recently createsd Al Gorithm
component {the INPUT]. The second *it* iz matched to the Dats Focus, since the
Focus Is not & DATA {as is required by the ARGS of *fit*). The third “It* is matched
to the Focus, since the STEPOF of “repest® must be sn ALGorithm. Note that none
of "test”, “verify", or "update™ were proposed as referents for the third "it*, even
though they are all AlGorithm components. If there is no resson not to use the

Focus or Date Focus as the referent, no other possibilities are checked

When the Data Focus and the Focus both refer 1o DATAs, the preference checks
given in the concepls are used 10 choose from between the two. Consider the
dialogue fragment below:

The two major dats structures in the program are the

concept and the scene. The concept is & set, which is read

at the start of the progrem. The scone has two parts. The

first part is & name. The second part is & ket

1. i should de read in after the concept.

Z. It consists of theee sloments.
Either aentence 1. or 2. can logically follow the preceding paragraph, vet the ®it™ in
1. refers 1o the "scene®, which is the Focus, end the *it* in 2. refers 1o the st
which is the Date Focus. In 1, the cholce belween the two is rasolved by the
CHECK2 of #INPUT. The check prefers that the ARGS of #INPUT should not b@ paris
of other components, or ARGS of an alresdy instantisted #INPUT. Since the "Hst® is
part of the scene, the “scene” i3 preferred as the referent. A similar process Is
used to find "his1™ as the proper match in 2. The definition of “consists® that

succeeds Is one that assigns the structure of the 08 to the SUB. Naturally, it
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praters that its SUB have sither no structure, of a struciure which does not conflict
with the O8J. Since “scene” is ktnown 1o be & RECORD with two Tieids, “lst™ Is

praferred for the match

The methods we use for resolving reference amount to & heuwrisiic fitering of
possible roferents {the Focus and Dats Focus) followed by type checking on the
surviving candidates. |1 works because the objects in our domain are easily
ciassifiable, as are the effects (represented by which slots the objects have tilled)
of various actions upon them Furthermore, the fact the we are talking about
programming severely hmits the different number of contexts things can be said in,
which means that the preference checks sssociated with sach component are kikely
to be consistently correct. Alsa, & conscientious program designer will probably find
himsei! not using pronouns when he is intentionally violating these preferences. For
instance, it one really wanted 1o write & program in which the "it" in 1. referred to
the "name®, he would find himsei! saying, *The name shouid be input after the

concepi®.

For difficult reference problems, the Interprater relies on the power of the
situations! checks sssocisled with sach concept's descriptors. Section 1.82
provided an example of thekr use in noun relerence. In some respects, the
situstional checks are equivsient to methods proposed in other systems. [Hobbs
77] presents & system in which some pronouss reference is schieved by “detecting
intersentence relations®. One such reletion is,

A senience asserts & change, and tha following sentence

presupposes the Tinal state of that change.

When there is & reference problem it is resolved in & way which realizes an
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intersentence relation. The relation sbove belps match the “it* in 1., 2. and 3.
trloree,
1. Decrease Nby 1. if it is O, reset it 1o MAX

& Decrease Nby J If it is O, reset it to MAX,
3. Subtract J from K. ﬂhmwmmhmhu.-mtﬂh-m..

since N was changed In the tirst sentence and the second sentence has assumed
(vie the “if"] the fina! state of "I #f *1" is matched 1o *N", the pattern holds, if it

is matched to either 1% o *J% if doss not.

The interprater schieves the same effect by 8330CiaTiNG & situstionsl Check with
the ARGS of #FEQUAL which prefers that one of the ARGS be & varisbie whose value
has been changed Mlmmmuﬂmmhmﬂ‘ﬂ
hockery™, but the situational checks are used for both noun and pronoun referance,
A3 wel as the parser/interpreter interfece. When an individual check seomy
obscure, it Is only because it refiects something which people rarely think
consciously about. 1t is true, of course, that the Situstionsl checks currently
associsled with each concept are not now compiete #nough o handle alf the
reference problems one might encounier. However, the system’ s heuristice enable
it 1o cope nicely with reference problems it must handie without compiste
information. For instance, even though the three sentences from [Hobbs 77] wers
chosen to break the ususi pronoun heuristics {the Tirst introduces the problem, the
sacond refutes the “0 shouldn'i equal I method, and the third disproves the
"positions! hypothesis), the interpreter would have found the correct referent in
each case with the FEQUAL situationsl check omitied. The Data focus in aff three

:mwu%.mnuhﬂqidmmmm:mﬂ{m
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SUBTRACTS, and ¥ the absence of any other information, it would be chosen as the

referent of "it®

543 Mstching to imphcitly mentioned components

Often, 1he Interpreter will have to maich 1o & component which has been g oithy

mantioned by the usor. A simple sxample of this cen be seen in the phrase.,

"__classily the scene and print the result *

“Result™ refers to the result of the classification. The methods described above
mn-ﬂvhnt!uimm:ﬂwm.tndmrmm.mﬂ
Create & new component a3 the result of the match. The solution is o do & fittie
preprocessing before the matching process begins. Whenever & component |s
crealed which hes & result, {in the exampie sentence, the CALL component crested
by “classify™} & DATA component is instantisted, and then indexed through “result™
and its synonyms, &3 well a3 any defsull indexing set up by the verh's definition

{eg. "classification™ for "classity™, as shown in Figure 581

A more sabtle sxample occurs during proposed nterchanges belween the desired

program snd s uyser. Consider what might follow the sentence,

"' B request & story by typing & key word™.

The program designer might say nothing, in which case the system should ssk how
the request should be snawersd. O, the user might follow immediately with &
description of how the request should be handled. And finally, the user might just
say whal the “reply™ should be. in that case, it is up to the system 10 realize that

“reply™ refers to the answering process, and that the “reply™ should be printed out.
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Yarbs whichk imply an interchange of dats between the program {eg., ask, request,
snswer, eic.} sre mapped mic FINTERCHANGE concepls SINTERCHANGE concests
are represenied in the specification by & SEC with ™he appropriste steps. The S0
s set up by & procedure sasoclated with FINTEACHANGE. When the program is
asking something of the user, the procedure’s execution results in & SEQ whose
first step iz san OUTPUT component A dats i crested which is mdexed 1o “reply™
{and “reply” synonyms} and & background job is set up 1o complete the SEG if the
use: says nothing further. Completing the SECQ consisls of setting up an INPUT
component whose ARGS is the “reply™ dats set up by the PINTERCHANGE procedure.
if the program is responding 1o & user query. the SINTERCHANGE procedure setls up
& SEQ whose Tirst step is an INPUT along with s "reply” DATA & shghtly different
background profwes i3 used, however, which sets up & 3EQ which lakes cere of the
PrOCEssing required 1o snswer the uset s Query The BFINTERCHANGE background
job does nothing o the “reply® data has been used a3 the ARGS of & last INPUT o
OUTPUT of the FINTERCHANGE SEQ. Thus machmery sliows the interpreter 1o handie
the foliowing o xampies
*Output the result of the Tost, ask the user if this is Correct. and
read in the yser’ s response ™

in this example. the designer has followed the PINTERCHANGE {“ask*) with =
description of the remainder of the #INTERCHANGE “Response”™ matches 1o the
“reply™ DATA set up by the BINTERCHANGE procedurs and the delogus continues.
The #INTERCHANGE bsckground does nothing since the “reply® dats is = the ARGS
of an INPUT {the “read®]. If the user had zaid only, *_and ask the user it this
correct.”, the background job would have been calied to crests sn NPUT with the

“reply™ DATA as ARGS.
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An sxample of & user infliated FINTERCHANGE s,

PS5 Describbe the progrsms.

USER: 1t has & dats base of news stories. Each story has & set

of key words sssociated with i ' ¥ reguest & story by pwing &

key word The response should be ai the stones with that key

el
"Reguesi® sets up an FINTERCHANGE. “Response® is matched 1o the “reply® DATA
and the background progres 3€is v a0 OUTPUT o pent tThe “response™ {as defmed

by the program dgosiger ! 1o the ules.

544 Coerceon

The type restrichons implesented o the delindlions and concepts ¢ 100 strct to
sccount for casusl fanguage usege Poople often refer 1o an object by one of its
parts, 10 & part of an chject by the srtwe object. to an slirdute of an object by
the object, eic. The vterpreler musl be able 1o “coerce™ the component the user
ha: spectied o the one he feally mesnt, of. The one whech satiales the type

conytamis of the descrplor siot bewg teed

For insteance, suppose the user defmes & graph as “& set of nodes and & mapping
which maps & pak of nodes nic an sdge ® The interpreter sssumes that & graph is
& record with twe fields, & se! and & mappng. Then if the user mentions “the nodes
m the graph™, the Interpreter, if using & strict mierpretaton of type restnctions, will
falf 10 understand, since the mesning of "In" issding to FMEMBER requires that its
object be & FSET. This is st & specific case of the more genersi “If X is & record
and talls to satisty & type check, the spesier mey have niended one of the fieids

of X*,
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Thl:hlﬂprﬂtr‘:tmiHIHMHmeﬂﬁmlﬁlﬂm
mOfe comples secondery checks 15k retiens Faise of object feiis to satisty the
check, and 3 component if the cbject sstishes the check The component may be
mmnm:*ﬂ‘ﬂm:atpﬂhﬁmuﬂlﬂrmmwnnum-dhm
i, the component resulting trom the coercion. Thus if (1S4 X #5ET) is eveluated and
Ihrmi'ﬂﬂ:m-ﬂhtmmﬂlillﬂlmﬂmt“rmﬂﬂﬁ

mm=nnvwvuuﬂdhummm.

This type of matching sllows the interpreter” s metching rules 1o e written with s
great dest of fiexibiity In section | 57, we used,
‘HME:'M&HWH‘IMHMHMW
model. and prints the rest of the metch *
1o Wustrate how inpul is matched 1o “trsi-ftem®™ rather than “the read “input™
operstion” because of the requroment the! the ARGS of “match® be & FOATA it is
actusily impiomented Ieough the Coercion feature. in the absence 0f & component
m-m:munm‘wtm-umm'm:runwm
OP-er 8 bon: hm“i““i“ﬂhhl-ﬂf&ﬁlumm
ARGS of the INPUT.

1. Dows the verk have ol its required Cases?
E.Mh-mm-d-ummv
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3 Do the case contents selisfy the case requirements?

the Interpreler supplies the measure information through s concepis and
definftions  Whether & verb has sl s cases can be read directly from the
datinithon. 1 I is missing cases the definition has marked "Must”™. the rating is
unscceptsble. 17 It has ali the Must cases. but s missing cases markod "Prefersd”,

the rating i= acceplable. Otherwise i is perfect

Determining whether the case contents are understandabie consists of checking
that the meaning of all modifications in the case contents sre covered by delinitons.
if they sre not sl covered Ihe reting Is unacceptabie i they are covered, but not
all contextual checks i the relevant definitons are sslishied, the Feling is

ascceplable Otherwise it is perfect

Checking that the case contests of a verb salisfy the verb' s case fEquitfemonis
makes use of the descriptor checks in the concept the verb iz being mapped to. if
the case satisfies the first check i is acceplable. If it satisfies the the second

check, then it is perfect Gtherwise, the caze is unatCepiable.

The remainder of this section consizts of three exampies Mustrating how the thves

ditferent measure parts are vaed to stfect the parsing process.

In the sentence "The program stores and relrieves dats ", “date”™ should be viewed
a5 the object of "store” st wek as "retrieves”. As we noted in 4.3.3, 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® &z the OBJ of “store”

depending on which s better, the measure of *The PrOQram stores®, or the measure
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of *The program stores deta”™ The measure of the latler is better since the
definition of “store™ states that the OBJ cese is preferred, and “dats" does not

violate the case preferences of “plore™.

For an sxemple of the case preferences st work, consider the sentence, "if the
scone fit and the user sald the guess was ‘correci, then every...” The clause

introduced by "H™ has two syntactic resdings. namely

[iF {CON] AND or [iF {5ay PR
ESLB AND (#17 THE SCEME)
{17 % {USER THED}]
[Sul §5CiNE THE)) EWMAT {BE PN
] {51.! {GUESS THEY]
08) "Correci®}}
FLAY B

e
[SUE {USER THE})
[WHAT (BE PN

{SUB (GUESY THE) 3
foet Correct™il}

¥
the definition o “sey™ which maps to #INPUT requires thet the SUB case satisfies
the check {ISA #10-DEVICE). This gives the first parse & betler messure than the
second, since the SUS of the second includes “fit" as part of its compound SUB, and

=fit" cannot be viewed sz #FI0-DEVICE.

The noungroup “each reiation in the concept which is in the scene.” provides an

exampie of the “understandabiiity® crileris. There Is no & priori reason for 3t 1o

mean
[mouse (RELAYIOR EACH (1w (CONCEPT THE))
§IWBE WN
[ARG] 'match_te_head noun)
{ARGY (5CENE TME}]
b
rather than

[r0im (RECATION EACK {1k (CONCEPY THE {1eBf En
[ARGE Tmatch_Lo_hesd_noun)

[ARGE (3CEWE TME)}
111
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But If scenes, concepts and reistions had been defined as shown in Figure 5,12, the
first parse would obviously be correct. The first modification in sach iz perfect.
The reason is that “relation® is & FOATA {Figure 5.6}, hence there is & meaning for it
¢ be modified by & prepositional phrase whose preposition is "in®, The meaning of
the modification is ¥MEMBER, and “concept® satisfies both #SMEMBER checks; it is &
sel, and its generic slement i3 & “reistion™ The second modificetion n the st
parse is aiso perfect. 1#8E maps to #FMEMBER. and “scene”™ satisties both checks.
The second modification of the second parse is only scceptable, however, since it
falls the second #MEMBER check since “concepis® cannot be viewed as the

generic element of the scene.

5.8 Future work

5.6.% Tensze evaluation

The Interpreter makes simost no use of the tense information returned by the
parser. This does not sffect its performance greatly. as the dislogues it has
handied have alf been straightiorward {with no skipping sbout Into the fulure or

past) linesr aigorithm descriptions.

But 1t is easy 10 see how the proper interpretation of tense information is nocessary

for understanding even the types of dislogues we have been considering.

In "Sel X to the tall of X. If the head of X is/was 5, then ..* the use of “is" or
"was® detarmines whether the program designe: means the first or second slement
of the original X,
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Similarty, in
"Tast if the scene til the concept and print “fits™ if It does. Then
modity the concept. f the scene fits/fit the concep!. .
the use of “fit® o *fits® determines whether the “/t* predicate should be
mﬂh!ﬂhthmﬂfﬂmlﬂ.ummmwvnﬂmu

accessed

5.86.2 More domain and general programming support

Programming and domain knowiedge i3 necessary for seversi ressons. A system
well versed In programming and domain knowledge wili ask fewer unnecessary
questions of of the user, thersby making for & more practicat system. A wel
informed system wif also be sbie to follow the program designer that much more

easiy.

For instance, if the designer REYE,

"Write me & program which sorts & list of words. The comparison

tunction should be alphabeticst order.™,
understanding the second sentence fequires knowing somathing sbout sorting
programs.  information fike this wi? be forthcoming from the two PSI modules
mdmﬁmmmMﬂmmtm. The modules and the
interface between them and the interpreter are being developed.
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§.6.3 Building up more concepts and definitions

Expanding the interpreter’'s collection of concepls and definitons is the most
obvious improvemen! thal can be made to the system. It iz impossible Toe the
interpreter to understand s primitive ides unless it has & concep! 1o represant that
thought. Thus & simpie sentence ke "Print the greatest number in the Fst® cannot
be underziood uniess the system has lhe concepts #GREAT and #SUPERLATIVE.
And it it cen understand that sentence, the Interpreter st won't be able 1o
understand, "Print the number in the list which is isrger than any other number in the
list® untess i1 has defnitons which map “larger” intoc #GREAT and “any other

numbar® inlo & #SUPERLATIVE.

However, with the proper conCepils and definitions, which are easy to 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
detinitions which have been used, we hope to build up & collection of concepts and
definitions which wili be comprehensive enough to support most ressonable
dialogues. Appendix & contsinsg dalogues lustrative of the system's current

capabilities.



148

&. References

{Baizer 78]
Balrer, R, imprecise Program Specilicstion, Technicai Report RR-75-38,
USC/information Sclence inatitute, Maring Det Rey, Califorls, 18758,

{Barstow 77}
Barstow, U.. # Knowledge-based System for Automatic Program Construction,
Procesdings of the Fifth internstional Joint Conference on Artificial
intelligence, 1077

[Bobrow 76]
Bobrow, D. and Winogerad, T, An Overview of KRL. & Er mwiadge Bepeesentadion
Language, Mema 203, Stantord A | Project, Stanford University, 1976,

[Brooks 747
Brooks, M., Another Approack te English, Working Paper 73, MIT Artificiat
Intefligence Labratory, 1874,

{Bruce 72}
Bruce, 8., # Mode! for Temporal References and s dppiicaiion in & Question
Answering Program, Artiticial intelligence, Volume 3: Number §, 1072

[Bruce 78]
Bruce, B, Case Systems for Natural Language, Artificiatl intelligence. Volume §:
Number £, 10876

[Fillmore B8]
Filimore, C., The Case for Case, in Universals in Linguistic Theory, Eds. Bach, ©
and Harms, R, Holt, Rineheart and Winston, New York, 19688,

[Gardner T8}
Gardner, M., Sclentific American, .une 18786, pages 120-125

[Groen 76]
Green, C.. The Design of the PS! Program Synthesis System, in Second
International Conference on Software Engineering. San Francisco, CA.,
Dctober, 1078,

{Green 77}
Green, C., The Design of the F5! Program Synthesis System, Proceedings of the
Fitth international Joint Conterence on Artificist Intelligence, 1877,

{Grishman 76}
Grishman, R, & Survey of Syntactic Analysis Procedures, American Journat of
Unguistics, Microfiche &7, 1878,



References 50

"Heldorn: 74}
Heldomn, G., English as & Very Nigh level language for Simuiation Programming,

Froceedings of & Symposium on Very High Level Langusges, Sigpisn Motices,
Vol & No. & 1874

[Heidorn 76}
Heidorn, G., Ausiomatic Programming Thwouph Natural Language: & Survey, 1BW
Journai of Resesrch and Development, Vol 20, No. &, 1876

[Hobbs 77}
Hobbs, J, From “Weli-writien® Algorithm Descriptions into Code, Resesrch
Fepori #77-1, Department of Computer Sclences, CTily University of New York,
July, 1877

[Kant 77}
kant, E. The Selection of Ifficient Implementations for & High Level Language,
Proceedings of Symposium on Artificial intellicence and Programming
Language:, SIGPLAN Notices, Volume 12, Number 8, SIGART Newslelter, Number
64, August 1977,

[Kuno 63}
Kuno, 5., and Oellinger, A, Mulliple Path Syniactic Analyres, i Information
Processing, North-Holland Publishing Co . Amsterdam, 1963

[McCune 77]
McCune, B, The PS8! Program Mode! Bulider: Syntheziz of Very High-level
Programs, Proceedings of Symposium on Artificial Intelligence and
Programming Languages. SIGPLAN Notices. Volume 12, Numbar 8, SIGART
Newslaties, Number 64, &ugust 1077,

[McCune 78]
McCune, 8, Builting Program Models Incrementally from informal Descriptions,
Phd thesis, A Memo, €5 Report, Artiticial intelligence Laboratory, Computer
Science Depsrtment, Stanford University, Stanford, Caltornie, to appesr.

[Mathotrs 75]
Maihotra, A, Design Crileria for & Knowledge-Based Ernglish Language System
for Management: An Experimental Analysis, Technicsl Report TR-148, Project
MAC, MIT, Cambridge Massachusells, 1875

[Manna 77]
Manna, 7, and Waitinger, R, Symthesis: [veams =3 Frograms WMemo 302,
Stanford A §. Project. Stanford University, 1877,

[Marcus 75]
Marcus, M., Diagnosis as & Notion of Grammar, in Proceedings of & Workshop
on Theoretical Issues in Natural Language Procsssing, fds. Schank, R and
Nash-Weber, B, Cambridge, Mass., June, 10756



References TEY

[Phitiips 7B)
Philips, J.. The vse of inference in automatic programming systems, Al Memo, C5
Report, Artificial inteligence Laboratory, Computer Science Depariment, Stanford
University, Stanford, Californis, 1o appear.

[Riesbeck T4}
Hiesbeck, €, Computer Analysis of Naturse! languege In Context, Memo 238,
Stanford A i Project, Stanford University, 1074

[Rieger 74]
Rieger, C.. Conceptuai Undersianding: A Theory and Computer Program for
Processing the Meaning Content of Natural language Utterances, Memc 233,
Stantord A | Project, Stanford University, 1874,

fRobinson 75]
Robinson, J., & Tuneable Performence Grammar, SRi Artificial Intelligence Center
Technical Note 112, 1875

[Sager 73]
Sager, N, The String Parser for Scientific Lilerature, In Rustin, R, £d., Naturat

Language Processing. Algorithmics Press, 1873

{Steinberg 78]
Steinberg L. & Diafogue Moderator for Program Specitication Dislogues in the
PS! System, PhD. thesis, &I Memo, CS Report, Artificial intelligence L sboratory,
Computer Science Depsriment, Stanford University, Stanford, California, to
sppear.

{Stockwes 73]
Stockwell, #, Schachter, P. end Parlee, B, The Major Symtactic Structures of
English, Holt, Rinehart and Winston, INC ., 1873

[wiks 73}
Wikks, Y., Preference Semantics, Memo 208, Stenford A 1. Project. Stanford
University, 1873

[Winograd 72}
Winograd, 7., Understanding Nastural Languape, Academic Press, 1072,

[Winston 78]
Winston, P, learning Structwrs! Descriptions from £ xemples, in Winston, P.. £d.
The Psychology of Computer Vision, McGraw-Hil Book Company, Inc., 1875

[Woods 70]
Woods, W., Nelwork Grammars for {anguage Analysis, Communicstions of the
ACM, Voulume 1], Number 10, Octobas 1870

[Wooas 72]
Woods, W., Kaplan R. and Nash-Wabder B, /be luner Sciences Natwra! Language
Information System, BEBN Report No. 2378, 1872,



References 52

[woods 73}
Woods, W. s £ rperimentsl Parsing System for Transition Network Grammars, in

Rustin, B Ed. Netursl Language Processing, Aligorithmics Press, 1873



8¥

Appendiz & Exsmpie Dislogues

Here we present & number of dislogues handied by the system. Some are tarpget
dislogues for PSi system and others were written to llustrate & point in natural
language processing. Each dislogue is followed by the program apecification the

interprater produced from it

The first disiogue is one of the originat PSI target dislogues. In it. the user wishes
o write & program similar 1o one described in [Winston 75] The program. known as
& concept formation program, i *._3 type of simple learning program that tekes as
nput seversi objects that sre nstances of some concept and sisc savers! objects
that are not instances of the concept As owtput, it produces an sbsiracted
description of the concept so that gven & new instance. it can classify that
instance as reprasenting the concept or not® [GREEN 78] The second dislogue s
another version of the same program. The next Hwee dislogues are P3! target
dislogues which are simpier versions (from & coding stsndpoint] of concept
formation programs.

ﬁmmm“ﬂhoﬂﬂnwmriﬂmlrwﬂlw
sigorithm.  The first Is & description of what the algorithm is toc sccompiish. The

second describes how the sigoriths shouid be mpiemented.

The iast mm“ﬂwm;ﬁm“hirm”u
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~DRALDGLRE 1-
WAT I THE RAME OF THE PROGRAM vOU WASH 70 WRiTE* ™"
DOF S TF MAVE & SPECIAL PROGRAR TYPEY Phaouy Tormgiiion

O sl TH
HowWRtE B SR bR ETE e T P T concapt, wariThi P tesult of ag beat
Wil The cees, and updates Pae oorcapt Thes & regeats e Pocesd.

WHAY IS THE STRUCTURE OF TwE SCiwE*
hmum-ﬂmhtmﬂmmﬂwmhtm“
Pollownd by T fome s of The olipetls ever winch The property hodSs.

WMAY 5 ThE STRUCTURE OF Tel COMCERTS
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Ity The conwepd Rag e e Rorp g gl B
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=aehad “receiiary® Bal ip not e SCene, M -maet 1 Tpoiaibie”

WHLATY (5 THE FORMALY OF Thl DUTPITE
Chstgast “00F" 1F o soens 10, “dan't 15" o B SL

WHET 5 THE ExXiY TEST OF TeE L00RT
Stap whan The une Iypes gt Paies® of B P soene,

ARE WE TINSSHED®  yas
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~DWALOGUE 3-
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~Dkl OGO &
WHAY I THE NAME OF THE PRODRAM VOU WINN TO WRTE?

Ciaast

DOES CLARS Y MavE & SPECIAL PROGRAM TVPEF
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~DUALOGUE §-
WHAT 15 THE NAME OF THE PROGRAM YOL Wise T WRTE?

Craawd,
DOE S CLRSN RAVE & SPECIAL PROOMAM TvRE P

no.
OF SCRISE CLASSD.
ft ronds & concept,
WHAT 13 THE STRUCTUNE OF THE CONCEPTT
# Coits thar of airimgs
ARE WE FieSHED?

fmnmmumﬂwﬂﬁﬂﬂ'ﬂiwiﬂn
mnﬂm“ihw.MImﬁtmﬂ

WHAT IS THE X7 TEST OF TwE LDD?
Bl when th oued typey “guitt
ARE WE FofiSMEDT

VoL

fiaiss
PRINT {™Raady Tor the COMCERT":
Bi o WG
f00e;, ik
PRI Featy lor pha ELEMENT-SET™S
Al « ®{aDi3
Ee 10U IRD “guii™)
Tram £ [NIT3
P FOPSLLEBIY (P [ESOMECTRER CRE &2
et el TR TEE
Toas PEINTI"its 3 wubaei™
sios PRINY (vt & subnet™)
Cate LDOP]
EXITis

Bl u b vdriabin beond T8 BD.

Bl i% %i1har 3 ant wheve generic siesss! 1§ & BTG 8 & 40 ing whaeE
viblue ix “suil™.

i it & wnt whans geser iz mlemant tg § Aieing,

B 1% 1he generic siement Bt &I,



Appendix & Example Disiogues 18y

~DRALOOUE &
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~DRELOGUE T-
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~DukL DORE 8-
WHAT IS THE NAME OF TWE PROGRAL YOU WISN T WRITE ¥
COOKBIOK,
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-DeALOCLE §-
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DR DGUE W
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DAL DGUE 11-
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