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INTRODULTIDN

The paper describes inferential manipuiations of a representation of
the meaning structure of naturail language. It differs from previous
descriptions (1, 2, 3, 4 ) of this semantics-based system, wWwhich
have concentrated on the representation itself, and above all on the
procedures by which the representation is produced from Input
sentences  and  paragraphs in English. In this paper | assume that
structure of representation, except for a brief recapitulation, and
concentrate on operations upon it for the solution of a class of
difficult anaphora probliems.

The system deccribed is part of a running sustem for understanding
and translating natural language on the PDOPB/18 at the Stanford A. 1.
Lavoratory, programmed in MLISP and LISPl., 6., I shall not in anyway
strocse the transiation-into-French aspect of the work, but its
presence provides a continual empirical check of the adequacy of the
inferences and "understanding” described here,

IThe varlier emphasis on the construction of the linguistic base is, |
helficve, fully justified., The present system is, to my knowledge |,
the mo et cowmprehensive producer of meaning structrures for
aenersliced natural  language available at present in terms of
implementaticn  , vocabulary, disambiguation of many-sensed words and
ceferents, eto. Moreover, as | have argued elsewhere (2), it is not
Lhe  daplementation of a conventional theory from linguistics, but is
one uith comeulhat different principles of content.

tn what T call its basic mode, the system already resolves anaphoras
deprnding on superficial conceptual content of the text words. This
ie dnes in the course of setting up the initial representation. I
chall call theea type A anaphoras. For example, in "Give the bananas

to the monikeyc, although they are not ripe. They are very hungry",
the system in its basic mode would decide that the first "they"
refers to ihe bananas and the second to the monkeys. It can do that
simply  from what it knous about monkeys getting hungry because they
Are animate, and bananas having phases like ripeness because they are
planto. ALl this information is, one might say collioquially, part of
the wuper ficial wmeaning of "banana "and "monkey".

Thic poaper de-cribes an "extended inference mode" of the system that
Lackive tuo oihor kinds of anaphora example that I shall call types B
and L. Concider the corrsct attachment of "it" in "John drank the
gl sk fram the glass, and it felt warm in his stomach". It is clear
taat Lhe pronoun should be tied to "whisky" rather than "glass", but
how it is to be done is not immediately obvious. Analysis of the
excap be (soe heiow) suggests that the solution requires , among other
rhinags, an inference equivalent to the sentence "whatever is in a
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Anaphor s Like the last [ shall call type B, in that the inferences

cecurit e 1o resolve  them are  analytic but not superficial. By
analagti ] =zimply mean that the sentence above, about parts and
whele o, i« logically true and not in any clear sense a fact about the
veal  norld (hul rather about the meanings of words). What is meant

by “cuperficial in ihe distinction between types A and B will become
cleqr after a discussion of the meaning formalism employed here.

I «ivill also discuss type C anaphoras, uwhich require inferences that
Are nni o oanalytic at all, but weak generalisations (often falsified in
G i e e alhout the —course of events in the world. Yet their
cmp loument here is not in any sense a probabilistic one. In "The dogs
lhased the cats, and 1 heard one of them squeal with pain", we shall,
i order to reeolve the referent of "one" (which | take to be "cat"
not  "deng™), need a ueak generalisation equivalent to "animate beings
(i eved by other animate beings may be unpleasantly affected”. Such
exprecocions  are  indeed suspiciously vague, and a reader who is
o iod at this point should ask himself how he would explain (say,

ter comenne b did not know English well) the way he knew the
pelsrent of "one” in that sentence. It can hardly be in virtue of a
pan Liculae  fact  about cats and dogs because the same general
nteroneo would he made wuhatever was chasing and being chased. I
sl e surprised 1f he does not come up With something very |ike

the inference =udgested, and it may be the nature of natural language
iteelf that is worrying him.

The inferences for type T, then, are general expressions of partial
information(in McCarthy‘s phrase) and are considered to apply onty if
they are adequately confirmed by the context. What [ mean by that
pgill berome clear  in the course of uhat follows, but in no case do
thear expressions uield deductive consequences about the future
course of the world. Indeed, they would be foolish if they did
because the world's course cannot be captured in that way. In the
whisky exanple above, it might have heen his earlier dinner that made

him feel good,

RBRIFI RECAP OF THE SYSTEM'S BASIC MODE OF ANALYSIS

In ite basic mode, the system fragments texts ( into phrase/clause
[ibhe iteme) and attaches a template to each., A template is a
canonicral  form of connectivity of semantic formulas as follows(where

A tormula ie a complex item, to Dbe described, corresponding to a
cenee of an input word):

FloaassaF2asanaal3
/] \ [\
F1l F12 F13 F21 F31 F32



Ft

Fl1, F2. I3 are the principal formulas of the template and are always
agent, actlion and object (in that order), though any of them may be a

dummy i 2ny particular. example. { Fll, F12, F13)is a list of
fermulas dependent on main formula F1 etc. It should be said, in
vieir of oather current uses of "template”, that it is not a surface
item at all, but a formal wunderlying meaning representation.
Horeaver, it does not function within a crude pattern matching

technigue, such that if some text fragment has no templates matching
it it is throun awuau, as it were. Special routines are calded in such

cituations to construct an appropriate template item. All this basic
material is set out in earlier papers.

The structure of formulas is explained below in some detail, In brief
a formula is a nested Vlistla binary tree in fact) of semantic
primitives called elements(expressed here as LISP atoms). Each such
formula expresses a sense of at least one an English word.

Let me give an example of a template structure at this point by using

the follouing simplifying notation: any English words in square
brackets [) eiand for the meaning representation of those words in
ihe Preference Semantics systenm, This device is important in the
expo-ilion of the material in that the content of the coded forms can
he ceen immediately, whereas the compliex coded forms themselves would
be as hard to read as ,say , a sentence read a word at a time, But
it ie important to restate that the rules and formalisms expressed
vithin [} are really structured primitives, and that their tasks
could not he carried out, as some still seem to beliesve, by massaging
the language wWords themselves to stand for their owun meaning

represcntation.

50 then, the template for "The black horse passed the winning post
pasily" could be written (ignoring any ambiguity problems for the
moment):

[horse) wwen[passed] evooos[post]
t ?
[the black] [easilyl [the winningl

It amy or all of the agent, action or object formulas are missing,
the tenplate nodel(s) is filled if with a dummy element DTHIS. Thus a
template for "The old house collapsed"” couid be wuritten:

[houselwocelcol lapsed) woeaDTHIS
0
[the old]

In the rcase of structures |ike prepositional phrases, We consider the
preposition represented as a pseudo action, and the whole template as
having a dummy agent. Thus for "at the Derby", we have:



DTH]Sewnanlat] eeses [Derbyl
?
{the]l

The representation of a text(composed of fragments) is then a network
nf these template netuworks, The templates are interconnected hy case
ties. The notion of case is discussed in more detail below, but for
the moment a case can be thought of as tying one template to some
particular node in another template by a link of @ certain type
nawre ly  the case tupe, wuhich specifies the sort of dependence the
former template has on the latter., In the sentence "He lost his
paslbet  / in the subuay" (fragmented at the stroke) uwe might say that
the arcond fraoment of the sentence depends on "lost" in the first,
aned that the dependence 1is the locative case, Thus in the
pepresentation, the template for the second fragment would be tied to
the ceptral, action, node of the first, by a link fabelled LOCA. The
node on the first templiate to which the case tie ties is called the
mar k of the second template.

fype A anaphora s dealt with adequately within this framework ,
Fouahly(wince the purpose of this paper is not to describe the basic
wedde i operation of the system) because Wwe get a denser network of
finks by coanzidering the formula for the appropriate referent
subetituted  for the problem pronoun than with its rivals, A link is
coneideored inaerted, or strengthened , in the network, wWhen a
prfercorence i satisfied., So, if we think of the formula for “"ripe"
as sxpresaing a preference for application to plants, we see why a
dern~vr  netuork arises in  the above example for correct soluticn,
;ather than for one equivalent to "ripe monkeys". The way in which
formila~ express preferences of various sorts is described belou.

Mhee  owolved, these type A anaphoras also constitute |inks betuesn
tomplates, from the pronoun variable to its correct referent. Thus
Lhe coitveszed  list form of the whole representation obtained from

the bhasic mode (s

(CACL MAHK  AMAPHORA F1 F2 F3 (F1 dependents) (F2 dependents) (F3 .

cdeprndoenta))

Thie inmitial form of representation of a text paragraph is called its

IRCTC ITnterlingual REPresentation), or "semantic block". No emphasis
ha . heen placod  here on syntax analysis of the input, and a reader
i ceaneulte (L, 2, 3 or 4) will see that all of conventional grammar

anigluycis  has been done in the course of setting up this form of
representatiaon, An example of such an IREP, for the monkey-banana
example, is given below as computer output,

Having skelched in the basic mode and its representation, we can now
get to our muttons and sketch in the extended inference mode that s

the heart of this paper.



QUICK SKETCH OF THE "EXTENDED INFERENCE MODE"

The extended inference procedure is called whenever the basic mode
cannot resolve an anaphora between two or more candidates by semantic
link density. In the example about John and his stomach, density
techniques have no uay to decide whether the glass or the whisky s
in his stomach, On a basis of preferred agents and objects of actions
(tihat 1 have referred to as superficial conceptual information) both
are  equally good candidates. The extended inference procedure is
called ., and if it succeeds it returns a solution to the basic mode
uhich then continues nith its analysis.If it too should fail to
reduce the nuwnber of candidates to one, then the top level of the
system tries to solve the problem by default, or what a linguist
would call focus., Roughly, that means : assume that whatever was
being talked about is still being talked about. So, in "He put the
bicycle in the shed and wuhen he came back next week it was gone",
neither density criteria, nor the extended inferences to be described

here, uill help at all. So the system may as wall assume ,in this
limited context , that the bicycle is stili the focus of attention,
and hence the reference of "it".

Coneider again the follouwing sentence after all the basic mode's
routines have bheen applied:

(1: John drank the+ whisky / 2 DIRE : DTHIS from a+glass / 3 :
and it felt warm /IN 4: DTHIS in his+stomach]

Becuaice  of  the square brackets , this item is a template
representation, The case names DIRE(direction) and IN(containment)
indicate the dependencies of templates 2 on 1, and 4 on 3 ,
recpectively.  The DTHISs are dummies added to fill out the canonical
triplet for in cases of missing agents,objects etc. Further assume
that  Ahe "hic<" has been tied to "John" by the basic mode , and
precenta no problem of analysis. And assume too that the basic mode
provided a4 list of "candidates" for the reference of "it"("uhisky"
and Mgluec®). because if there had not been such a list of more than
ane  candidate  the routine under description would not have been
calted into play,

Lxtiactions are then made from each template in turn,and if and only
if a lewplale contains a representation of either an answer word or
the o iable pronoun itself, An extraction is the wunpacking of
el pas-ible  case tie 1 both those in the action (second) formula
nt the lewplate and those labelling ae link to other templates.
T thas example uwe. obtain the following extractions: which are
templale tike forms as follows {where the first digit refers to the
fraument  #, the second to the extraction, and "+" links Words with a
sincgle formala)e

1l [uihicky (IN in ) John +part]

12 (uhisky (DIRE to) John+part)

5
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21: luhicky (DIRE from) a+glass]

41: [ 7it (IN in) his+stomach]
S, in this informal representation e have acquired new
tempiate-like objects that express, in canonical form, neuw analytic

information extracted from the existing templates, and from which new
inferences can be made., [t is postulated that the generation of this

ine>splicit information from the deeper levels of the formulas is
cecential to the process of understanding., These new forms differ
from standard templates only in that their second node, or
peeudo-action, has had a case name CONSd onto whatever the node was
before, Note here that the form (IN in) is not redundant since the IN
locates the case precisely as containment, while the English
preposition can indicate many cases other than containment, as in "in

five wminutes".

e can  deccribe how these particular extractions were made, even in

Cthe ahecnce of any detailed knowledge of the structure of formulas:

1l hae been derived from the template for “"John drank the whisky"
hecanea (rom the structure of the formula for "drink" it follows that
the liquid drunk is subsequently inside the drinker. This is because,
when  making up  the formula for the action"drink", we express in it
that the action consists in causing a ligquid to be inside the- agent
of the action.

Again, 12, is inferred because the same formula specifies that the
Picquid enter the drinker through a specific part of the drinker (his
mouth, of coureel,

21 is inferred from the direction case of the second template, whence
te know that it uas the whisky that was moved from the glass.

Lastity, 41 is inferred from the direction case of the fourth
template,  becianse whatever the referent of it is, it is also in
John'se ztomach,

Let us wee ubere ue are: uwe have obtained new template items that
yietd ascertive information, but did not appear in the original text.
(As e <hall see in the detailed treatment below, some of the above
are obtained from extraction, more strictly defined, and some from
uhat T shall call "repacking the semantic block". )

In the pool for inference procedures we now have the original
templates that mention either the variable pronoun or the possible
"ancuer” referents, plus the extractions. We also have access to an
inventory of Common Sense Inference Rules (CSIRs) uhich are of the
form [ Tl -~ T2}, uhere Tl and T2 are T-forms, that is , templates or
extractions,



e nou try tuo  strategies in  turn:  first we try a zero-point
ctrateqy, which is to try to identify an ansuer template (or
extt g tion) and a variable template(or extraction) without the use of
CST rotbes,

The grneral  assumption here, and it is a strong psychological
Aasciumplinn  ie that in order to resolve these painful ambiguities the
under ctanding cyctem is going to use the shortest possible chain of
inferences il can., And a zero-point strategy will, as it were, have
ne lenath at wll (in terme of a chain of CS] inferences) and so if it
Horke, it uill aluways provide the shortest chain.

Thie <tiateqy 1o adequate for the example under discussion, because
e can {under a4 nuitable definition of matching) identify extractions
1l and  4l.  and identify ?it and the whisky, and we are home. This

(v the colution of a B  type anaphora, requiring only analytic,
neceocari by true  conceptual  information., It should be noticed that
coms U typ= anaphoras (defined earlier by the need of weak inductive
infarmition for their solution) can also be solved by the zero point
strategqy, because some extractions, and in particular those from the
qoal cace (see below) , are inductive and non-analytic.

1f +the zero-point strategy fails, we bring down all the CSI rules
that caontaiin an action subformula pccurring in an answer or problem
T-form in the pool, and attempt to find the shortest chain that leads
from some ansuer to some variable.

Thue, in the csentence "The soldiers/ fired+at the women/and | saw
ceveral fall", we extract a form equivalent to [soldiers strike
momenl , since we can tell from the formula for "fired+at" that the
action is intended to strike the object of the action. We are seeking
for partial confirmation of the assertion [ ?several fall DTHIS], and
such o chain is completed by the rule [X strike Yl - [Y fall DTHIS] ,
though not Ly a rule equivalent to, say, [ X strike Y] -~ [Y die
DTHIS) ., =ince there is nothing in the sentence as given to partially
confirm that rule in a chain, and cause it to fit here. Since uWe
are in  fact dealing uith subformulas in the statement of the rules,
ratlier than natural language words , "fitting" means an ‘"adequate
match of subformulas".

1t ic conceivable that there would be an, implausible, chain of rules
and oxtractions giving the other result, namely that the soldiers
falis l[coldiers fire DTHIS] A . [X fire DTHIS] - [Y fire+at X1 =

Y strike X) » [X fall DTHIS] etc.,based on the assumption that
ithings that fire guns get fired at ("...he who lives by the suword
shall perish by.....") . But such a chain would be longer than the
one already constructed and would not be preferred.
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MORE ON THE BASIC MODE
Formulas

Formulas are structures corresponding to senses of words, expressing
bl ir medaning. Much of the body of this paper is concerned with the
manipulation of  such structures, and the extraction of information
from them, o it is important to have some general idea of their
conctruction and interpretation.

cie mp s am s as ~ [ E P T ey
|8

Formulas are hinﬁrg ress , expressea 45 1is518, of semantic Eiéméﬁfs.
punctunted hy right and left brackets. The elements are either case
elements,  nor actions such as CAUSE, STRIK, CHANGE, or items such as
THIMNG, HAN, EVHNT. I am using, as examples here, element names that
are  self-explanatory  Anglo-Saxon monosyllables, but there are about

P65 i uee, and some need informal explanation, such as GRAIN, used to

mecn tatructuro, There are also elements |ike KIND indicating
cquoci i i, and efements (indicated by and initial %)} that stand for
clacon of ather elements: such as xANI{animatel to cover MAN, BEAST
At THLE Thuman groups) ., In addition , most elements have a negated

fetm MOTX, tihere X is the element name. [ assume here that the use
ot lirguistic primitives of this general sort, that are not logical
predicates, necds no cpecial defense at this point.

The most important element in a formula is its rightmost, called its
head, This indicates what general sort-of item, or action , or type
the anid  sense  expressed corresponds to: for examplie, any word
~ern corresponding te a human being will have MAN as its head.

Sipee faprmglase are bhinary trees of unlimited depth, they can be
continualbly  cubdivided into pairs of elements and subformulas, doun
b b tevel of dihe cemantic primitive elements, This process is
cpeivatent to cither building up the formula, or decomposing it while
int.r o ting it. At cach stage there is a dependence of the left
halt  of  any pair on the corresponding right ¢ this dependence is
o bher ot :

|
1
I

(Aa)iten {AHgenl or object) on action
(L) anatilier on item o action
fr} a1 cace cpccification on action or item.

I'noang particular esample the interpretation is unambiguous, once ue
o the range of  functions of  the elements in play. So, the

e forma b a (1A WRAF) aluays means "a human envelops
o thiing " because  WRAP is  atways an action when in the right hand
pacition  {and always a qualifier wWwhen in the left,dependent,
pevsiobian. It is never an item) and MAN is a agent not an object in

thic example (it wouled be an object if in the representation of a
human  heing  is enveloped")because agents of actions may be unmarked
- thveugh abjecis are never unmarked., Conversely (WRAP THING) is a

8
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cantainer, since WRAP is always a quaiifiér when in the left hand,
dependent, position in a pair .

An important notion is tat of the semantic preferences that formulas
can expreas, Consider the formula for "grasp"of objects:

nrasp” factianl) - ( {xAN] SUBJ) ({(»PHYSOB OBJE) (((THIS (MAN
PARTYYTHASTY (TOUCH SENSE) Y )))

"

The caer elonents SUBJ and OBJE occur at the top levels on the left
of the formula, and at that level in an action formula they express
the preferred agent and object of the action concerned.

Thua, arasping, in this sense is an action preferably done by animate
heings (kANI) to physical objects (%PHYSOB), and consists in a act of
ceneing, by touch, and done uwith an instrument (INST is the case
element)  wuhich is a part of the body. When I say "prefers" here, |
mean that , if  the preferred agent or object cannot be found,
A template ie constructed with whatever s available. Thus, “"The
robot  grasped the block"” would never be rejected; it would only be
lece preferred than any possible compsting interpretation that had an
animale  agent. 1 have argued in (2) that this approach to rules of
formation has unsuspected consequences for linguistic theory.

HBut we vould also expect another formula to be available for "grasp",
one such as: ’

"grasp" faction2)s ((xHUM SUBJ) ((SIGN OBJE) (TRUE THINK)))

I Ahin sence, ue have an action, preferably done by human beings to
signe (uhich could be ideas, principles etc), namely of thinking them
to he true, or adequate, signs.

The procedures of the basic mode always fit this last formula into a
teaplate  structure  for "He grasped the principles", and the other

formula for "gracp” into the template for "the boy grasped the toy",
by means of the preference and semantic density technigques described
in earlier papers. These preferences for agent and object are part

of the "superficial conceptual information" referred to earlier.

A fru ather rules will help to clarify the notion of "knowing our way
rotand g tormula Y owhen interpreting it

Agrnt s are  dmplicit  (need not be specified by SuUBJ case)
unleesfl) they occur at the top level in an action formula as
deccribed above, or they attach to the head of a formula , as in:

"hatient" fitem) - ((NOTPLEASE FEEL) (SUBJ MAN))

Here o e normal order, of agents heing to the left of (= dependent
onl the corrcespanding action, is violated, since MAN is the agent for
FEFED, uhite at the same time being the head of the whole formula.

8




Thio. wvialation of order in search is indicated by also violating the
arder restriction that normally makes the SUBJ case element the
OV o (right  hand member) of the pair in which it occurs. The
Correaponding tule of analysis is "On encountering SUBJ as dependent,
cwpecd action tor the agent to follow to the left",

Py e be, heiever,  are  never  implicit, Moreover, an object is
comeidered on ebject of all actions to its right. This enables us to
express  the dwmportant notion of real and apparent agents of actions.
So for example in:

"t ewat" (action)-
(G SUBJ)Y ( Geall OBJE) ((STRIK GOAL)Y ((THING MOVE)CAUSE))))
Thie action (done preferably by human beings to animate beings) is

otk of causing A thing to move (the bullet) with the aim (GOAL case)
af <lriking something. Since %ANI is the object of all actions to its

"right, it the object not only of CAUSE, but also of STRIK. Hence the

stribing is alesn of thesame animate bheing. Moreover, THING(the
bullet) e  internally the agent of MOVE, not the object of CAUSE,
which is corrcct as far as the meaning of "fire+at" is concerned.

Cuacee

At prezent  wue aperate uwith a distinction system of ten cases, which
are Fiated  bhelow, together with (in capital letters) the semantic
etemente thal represent them, the gquestions that define then, and
examplee of subiormulas expressing them., Defining a case is a tricky
matice, but the question method is reasonably adequate. Note that
tlie subformula  examples are of those parts of a formula that would
mepress that notion AS PART OF THE MEANING OF A WORD. The subformulas
Ao nal o, nf course, how the system would express the quoted uwords if

encountered in a4 text, when they would be represented by a template.

fecipient:  FOR "for a woman" - ((FEM MAN)FOR)
nhat/uho ta? uhat/who for?
inctrument: IN3T "with a stick" » ((LINE THING)INST)

that with? by what means?
direction:  *0IRE (see below), T0O, FROM ,UP

"from the top" - ((UP POINT)FROM)
(e to uhere from?  at what? out of where? by what?

poesessive:  POSS "owned by a man" s ((MAL MAN)POSS)
uho owns the thing mentioned?

10



focation:  LOCA "at that time" o+ ({THIS(WHEN POINT).)YLOCA)
then? nhera? here at? by what? in what time? near what? at what
time? during when? nefore when?

conbainnent: [N "in a glass" » (((((FLOW STUFF)OBJE)WRAP ) THING)IN)

i ot ?

con ces o s0UR ‘ "out of wood" -» ((PLANT STUFF)SOUR)

outef what? from uhat?

aqoat:s GOAL
"o s to strike a woman'"=

((C(FEM MAN)OBJE)STRIK)GOAL)

to that end 7 for uhat purpose?

Aot el l-” TH )
"without a glass"->(((({FLOW STUFF)OBJE)WRAP)THINGINOTWITH)
arcompanied hy what/wuho? with what/whom? without what/whom?

cubject:  SUBJ uho did this?

abject:  OBIE ohe/uhat was this done to?

Cerdtain cazes  above have negative forms leading to additional
eleomentae (IDTFQR, MOTPOSS, NOTIN, NOTWITH.

ase  elements  have  tuo  functions, and occur in two sorts of
Ccone broe L ianes formutas and JREPs. In formulas they express part
af the o wmeantng af oA woerd sense. Thus in

“drine " COUUPATR THING) INY (O (FLOW STUFF)SOUR) THING))

1 e Al a deink has a liquid source (FLOW STUFF) , and is in a
condtainer (UOATD THING)Y The other function of these elements is, as
Alveaiy  explained, the name of the tie betwsen the template for some
frooguent and some part of another template.

#THE i the nawe of the class of direction case elements (7O  and
ROy and it occure only as the indicator of the case of a fragment,
never in formutas. Conversely POSS occurs only in formulas, never as
Lhe dndicater of a fragment case.

Cace dnforwmation  is only included in a formula when it is specific:
it e can way uhat aspect of the case is involved. In  the formula
for  "pooar ", tor  example, e include a direction specification for
dotnoacoas CHOTHP FPOINTIT0) .- Houever, inthe formula for "move" we do
notoinctude the clement 10 or FROM, even though movement must in fact

fbe i ceme direction, since have no reasonable expectation about it

A5 e dde uith "pour",  Sentences containing "move" may very well go

on Lo epocitfy the direction involved, but its association Wwith "move™

iz vconceptually arbitrary and ue cannot expect any confirmation of

expectations that would, say, resolve ambiguities. In this respect
11
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the custom differs from other systems that do create case
expectiations for nide classes of actions, wWhich are wessentially
uncpoecific, @e in this example, and 8o we would claim unhelpful

somantically,

Tine THIY, or semuntic hlock representation

Wival i1alleus is an example of an IREP for a pair of English
centences, The format of the block is the list structure described
coarlicr. as the result from the basic mode of operation. The only
differenca  from thai format is the presence in it of the stereotypes
frow uhich Freach io subsequently generated(see Wilks and Herskovits
4. Hey =bavite B), The French, as generated from the block, is written
St Yhe print wut of the block itself for diagnostic purposes. The
Appr o iate context-sensitive stereotypes are drawn into the block
diring omalysis, along with the formulas. The process of generation

i dhen g recursive unurapping of the block.

LIVE BANAIIAS 10 THE NMONKEYS ALTHOUGH THEY ARE NOT RIPE! THEY ARE VERY
HI R Y

DO DES DANAMNES  AUX SINGES BIEN QU' ELLES NE SOIENT PAS MURES |
PLoanT TRED TAIR. _ ,

(0 IV DALAHAS)  ((EX  NIL NIL  ((IMPCL)))) & (((THIS DTHIS)
DUETT oy CRTs ((xENT OBJE) GIVE)) GIVE (DONNER)~ ) ((MUCH (( (%ANI
SabE D i basE SENSE) LANT)) (OBJE PLANT))) BANANAS (FEMI BANANE)) NIL
MIL  HILyYy  ((FTO  THE MONKE~ YS) ((PTO (GIVE) RECI ((&PREOB A}})) 6
COOTHT Y OTHTS)Y DUMTHING) ((THIS PDO) PTO NIL) ((THE (MUCH ({MAN LIKE)
BEA~ i) ))  NMUHKEYS  (MASC SINGE)) NIL NIL NIL)) ((ALTHOUGH THEY ARE
NOT 11110 ') {(ALTHOUGH (GIVE) CONC (BIEN QUE (SUBC~ L)))}) 1 (((MUCH
(CCenlll SURD ((TASTE SENSE) WANT)) (OBJE PLANT))) (THEY BANANAS)
{ (sl v TASC PLUR)Y) ) ((NPRES ~  (BE BE)) ARE  ((IS_OBJECT HUNGRY)
AVOTD (DIRDR  Q FAIM))  ((1S_OBJECT THIRSTY) AVOIR (DIROB Q SOIF))
({15 NRIFCT AF~ RAID) AVOIR (DIROB Q PEUR)) (ETRE)) (((PLANT PQOSS)
( (A1) (CAN  USE)) KIND)Y) RIPE (MUR)) NIL NIL NIL)) ((THEY ARE~ VERY
HURGRY /. ) (INTL NIL NIL U(INDCL))))Y 1 (((THE (MUCH ((MAN LIKE)
BEAST))) (THEY NMONKEYS) ((PRON 6 MASC PLUR~ )}) ((PRES (BE BE)) ARE
((1% DB JECT HUNGRY) AVOIR (OIROB Q FAIM)) ((IS_OBJECT THIRSTY) AVOIR
(DIRNS 13 S01F))Y ((I~ S_OBJECT AFRAID) AVOIR (DIROB Q PEUR}) (ETRE})
(C(kANT FU55) ((((TASTE SENSE) WANT) STATE) KIND)) HUNGRY (AFFAME~ 1))
NIL (((HUCH HOW) VERY (TRES))) NIL)))

12
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THE ITNPLEMENTATION OF THE EXTENDED MOGE

There gre threo parts to the extended inference mode: the REPACK
rontine fhat takes the TREP block and repacks it; the EXTRACT routine
shich produsco oxtractions, new knowledge not explicit in  the text
aviluscds and INFER S which  tries to link an answer T-form to one
cvpnes ding o problem variable, that is, a text pronoun giving
troohidbe,

e REPALCK routine.

firie atteapts Lo replace dummy nodes in the IREP wuwherever possible
bhefors handing the whole representation to the extraction procedure.
Thie repiacrment s itsalf a complex form of inference, sometimes as
comp e e the inference routines on which we are concentrating here.
Houvever . there i no pretense  that these procedures are mutually
organiced in any hieracchical  fashion, so we may legitimately

crencentrate moeogttention one a single process in  this way. The

dogres of oy rewriting done by REPACK, in the construction of a
et hilock TREFE from 1REP, varies with particular action cases.

I{ ue iook hack at the informal extractions done from the "John drank
the whisky, . . " exanple , we uwill see that the new T-forms 21 and
Al are aetually obtained by filling in a dummy agent in some tempiate
from o node in another template. Thus from [2 DIRE : DTHIS from
atglasal e obtained the new T-form, numbered 21, [whisky (DIRE from)
Atglassl.  This wuas done by filling the dummy agent node of the
template for "with a glass" with the formula for ‘"whisky", and
shifting Lhe direction case marker into the pseudo-action. This is
2 repacking, not an extraction praoper, since the T-form obtained
simply replaces a template "assertion” already in the representation.
As ne zhall see, a true extraction is a new T-form altogether.

Let us nou distinguish replaceable and unreplaceable cases roughly as
tollows The dummy agent in the second (instrumental)template for "He
it hie father/uith a club" cannot be replaced to yield any form
eonivalent 4o [father  (INST with) a+clubl. So we may say that the
inztrum-ntal case in unreplaceable, But the dummy agent in the
secondlrecipient)  template of "He bought the flowers / for his
mother™ can be ceplaced to yield a  form for [flowers (RECIP for)
hi-vactherd, and co recipient case is replaceable, and is replaced by
v aper abion of DEFPACK.

A dhie tap deve ! REPACK can be written in LISP as:

REPACK(IREP)~ IREPR

13
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P A iakce each T-form, or template-like item, in IREPR in turn

ated pentaces it modified if necessary, in a new block [REPE,
fotdei ot o T forms extracted from it. At present, extractions are
andg w b feom tenplates that contain either one of the possible

At o, ona2 of the variables of the problem. The former are
trmpebato~ containing a formula for a word on the list ANS, the latter
gt e cemplates one of whose nodes is (QUERYMARK THIS), Any templates
tiod centain i ther an ancuer or a variable are simply transferred
(e hanagesd from TREFPR to [REFPE.

fhus the agoaner sl form of the extraction routine at the top level is
-ATRACT(IREPR ANS) - IREPE

lakiteg  vach template in turn, we first consider those processes that
modidfy L, Lo then those which produce new T-forms from it. In the
Civet rcat~gory come manipulations to do with negation, and uith the

SUHCL b b aee s,

T an aqendt obiect formula is  negated, the negative item in its
forwala  ie  removed and the head of the corresponding action formula
i negqated, because all  the subsequently applied inference rules
canonie ally negate the action. Thus, in [l notation, we would achieve
by This procedore the coded equivalent of

fdohn deank nosgind - [dohn not+drink gin)

Cach agent and object formula is then scrutinized by the question
“does it eatisfy the preference expressed by the corresponding
action, 1f it does not, does any "of-phrase" qualifier of it do so
inztead", If so, replace the agent or object by that "of-phrase"
aqualificr as the true agent or object.

Thoas
{lehiy drank a4glass+of+uinel - [John drank wine)
[Adaronprenfiuomen drank winel -» [Women drank winel

fhe wain phase of EXTRACT takes the action formula of a template and
nmoves  lefiwards  through it seeking case heads (other than SUBJ and
AN If it finds one, it asks is it replaceable, and , if it s,
FATHALT  tunks At subsequent fragments to see if REPACK has already
replacod it It it has been replaced it is forgotten, thus avoiding
iy s cas. information being extracted twice. It detects that
REFALE has made such a replacement by finding the case name itself in
the pecuda-action of a succeeding template, and a replaced dummy as
the covreeponding agent.

14
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Lith the qgoal cace, for example, the dependent of the case element
hecames  the  aclion of the new T-form, In this case, as uith every
other, on attemapt is made, on finding & potential agent or object for
ihee new T=form at the top level of the action formula of the template
nder inopection, to identify it with the main agent or object
formula  of the template. If this can pe done, the agent or object
forwata of the orginal template is used, as being more specific. For
wwample, in  exlracting from the action formula in the template for
“dabhn firedrat the deer”, we find the goal case in [fired+at]l, with
dependent 3TRIK,  uhich is the attempted action., The object of that:
getion, found io its left, is %AN] Which can be instantiated by the
tarmula for "deer" in the main template., namely(THIS BEAST). So the
Jatler s used as the object of the new, extracted, T form [John
ctirikes deerl, |, since "deer" is more specific than "animate being".

For o mast other cases (recipient, direction, location, containment and
o cel the case element provides the new pseudo- action, and the

et abjest itenlf oic specified as the dependent of the case element.

Pive e agent 1w found as follows: it is  the highest level object
gdctual i available of the action that dominates the case (to its
imme diate eight o in o the formula)l.

So o in o the forwala for "pour" in "l pour the wine"
(CHLET SUBL CORLDW STUFFYOBUJE) ((((WRAP THING) TO)MOVE)CAUSE) ))

pe cneotunter (moving leftuards through the the formula)the direction
rase  in theeubformula  ((WRAP  THING)TO), implying that the (FLOW
STUEEY , diquied, uhich is the highest level object in the formula, is
moved  in the  direction of a container, or (KRAP THING). The case
clement TO i« dominated by MOVE, whose highest level object is (FLOW
STHT ), nhicth would become the pseudo agent of the new extracted
I~ foim, bul «ince it can be identified with the object of the old
tomptate,  nmamely "wine", it is, and that becomes the pseudo-agent of
tlve e T-form, since it is more specific that "liquid". it is.
(WRAE THINGY, the container, becomes the object of the new T-form and
the dircction cace olement becomes the action so we get an extractted
farm ‘

( COIAR OBUEYILTASEY (FLOW STUFF)) (7O PDO) (WRAP THING) )

phictn e [wine (UIRE t1o) some+container)

The THNFDD rouline

[hie rroaline has access to the representation I[REPE produced by
Crliart, ANS anmd T51R, the inventory of common sense inference rules.
Tte dfenwm at the top level is

INFER(IREPE ANS CSIR) - ANS’

15



r

Nt

Hher o AMSY e

ither ANS or some sublist of it, preferably containing
onlyg & cingle item

the solution.

THFER firsl tries the zero-point strategy: trying to match some

T -form nith some variable T-form directly, with no use of CSIR
NN EREN Matehing here means that the two T-forms as arguments of a
funce Lion TATCHT produce a non-nil result, Wwhich will be a list of the
corveaponding, but non-identical, nodes in the two matched T-forms.
Thus the <olution of the example "John drank the Whisky. « . . . " is
abtained by the zero-point strategy, and rests on the matching of the

tue T-torme:
luhiskuy (IN in) John+part]
( ?2it (N in) stomach)

pher o MATCHT  returns  the tist (21t whisky) (John+part stomach))
containioag  the answuer, Mo such match can be made for the alternative

Coolution "glass”,

It aveprall principle of inference at work is to select the shortest
poccible  chain of inferences, on the assumption that an ambiguity of
e standing of this sort should be solved in the most shallow way
pocsilbibe, leot the situation becomes intolerable for the
undor iander.  Thus a zero-point solution, if available, will aluays
ve 1he shortest possible chain of inference.

[f the sero-point strategy fails, the CSIRs are called , stored as a
lied anesmssible by their action subformulas, and, moreover accessible
from both "anlaecedent" and the "caonsequent" action subformula, At
prccent o cope oanly with inferences of length one @ those which
reguirse  only 8 wingle CSIR for their solution. However, it shouid be
poecible to exiend the present strategy to at least length two; and
fope ol by they oill almost never be any longer,

Led e look once more at the example "The soldiers fired+at the women
Jamd 1 oau Jaeveral fall", We have to resolve “"several", which cannot
B dune by The basic mode since both soldiers and women can equally
el b o fail. Let us et out the fragment representations and the
vt tions obltained as fol lows:

L oLradddiers Tire+at nomenl
Il leoldiers fire THING]
oo leeldivers atrike uamen]
SO0l cmn DTHIN]
S0 ?Poeveral fall DTHIS]
21 Pewveral (NOTUP BE) DTHISI
16
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The inventory of rules is searched for those containing any action
cubformala vcocuring in a T-form in the pool that also contains either
an "aneuer"  or oa "probiem variable". In this case wWwe pull in a rule
informally expressed:

{1 strike {(xAND 201 « [{xANI 2} faii OTHIS]

Here  variables are indicated by numbers 3 xANI expresses a

restriction on lhe variable that any value of it must be animate, and
the double « indicates that this rule can be considered as running in
mither direction.

Thie CSIR form is of course a more perspicuous form of:

{1 (THIS STRIKY (xANI 2} ) e« ( (xANI 2) (NOTUP BE) DTHIS )

which would of course cover a wider class of activities than simply
the Cnglich verb "strike"., It would cover at least "hit" "batter"

Tt A oueli.

Thus o chain of length one is established by the rule from T-forms 12
tm 21, since the "animate condition " is satisfied and the variable
Peeveral is identified by the rule with the formula for "“women". It
chould e noterd here that the inference rules are very weak in that
the application of a rule |like the present one is perfectiy
consistent with the description of @ situation where an animate being
ie struck in come nay but does not fall. And this weakness is wholly
intentionat,

One important inflection in CSIRs is whether or not negation is
significant in them. The negation of the action in a T-form is
normally significant. Consider "John drank no gin / in his martini /
but it felt uarm / in his stomach nonetheless”, In the template for
the first fragment, shifting the negation to the action, and
extracting for the containment case from the formula for "drink", we
shall obtain a T-form

lgin (MOTIN BE) containerl
and another g
lgin (NOTIN BE) .Johnl

Conversely we =hall obtain , by the same method, from the second
templiate  fwartini (IN BE) contdiner ] and [martini (IN BE) Johnl. In
truing to tie only one of these drinks by matching to the extraction
[ ?it (IN in) John), we shall, Wwithout the use of CSIRs be able to
cul the ANS izt doun to a single member, namely I[martinil, since
MATCHT will show us that [gin)l cannct stay on ANS.

17



Heever, i ue appiy  the same analyses to a sentence like "John
vanted Ahe car / in the uindon / and he knew /that he would get it",
fe bcn the carcect referent of "it" s "car" and not "window" and we
“hab b fine At celves binking the first and fourth T-forms with some
vube oo as U tRANT L)Y want 21 - [ (xANI 1) have 21

Loty el the 0 e point, i f the same sentence had concluded . . .
bt e ke he goubd not get it" we should have required the same
rabe ot Ahe came ansder,  this  rule has its "consequent” action
mar b Lo chen that negation of it is irrelevant to its application.

Fhvio antereantiai method can be seen to be non-deductive very cleariy
A tloiee peint sinee it could be said to be of the farm A-[B v -B),
phvich i ot g rule with any content whatever in a deductive system,
et e el here i clrar and necessary,

CGEMER AL D iss TON S AND SOME PARTICULAR COMPARISONS

fhee o tem described  cannot  be considered in any way adequately
. partin because no one has any very clear idea of what
cons i bigtes s teet in this area. But even to qualify, the basic mode
musiohe oo 1o e stable under a considerable vocabulary and range
ot centes for pords, and the extended mode must be shown to be
determinats with a decent sized inventory of CSIRs,

Tere Longd

The 41 ategies now enploye in this extended mode will also be those
amp laned in 3 general discourse ambiguity procedure to back up the
hasic wnde’ s prasenl ability to resolve ambiguity wWithin a small
conte~t  of a few fragments., Ambiguity over a context larger than
that i~ vare in discource, just as is ambiguity of the sort discussed
in o thic pape=r.  but e should be prepared for it in an adequate
vneler o scker,

The ook de cribed hae 3 strong , and possibly naive, - psychological
Aty namely  that  chain length is a reasonable metric to

Standb it predvrred  inferential interpretations. I think it is
reaconahbe, and that the tension introduced into understanding by
prolongod unrecolved apbiqguity has been overlooked.Notice here that
chain=tennth me s number of CSIRs emplioyed, not counting
ex it antione, Hence | different ways of writing down formulas will not
attoct chain length,

Hareaver, 1 nould  justify  the principle as being essentially an
cedencaian of uhat 1 o called semantic preference (Wilks 2) used in
ol ting ap the basic representation, That preference was justified as
an apting for the "cemantically densest" interpretation which was, |
b, tlhe  one  "uith  the least meaning"(in the sense in which a
S od vardam nords carries  the maximum  possible  information),
Tiwmitarly,  the chortest chain of inferences also minimises the
it mation in piay, and introduces the least extraneous inductive
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information into the system, [t is clear that such a notion of
information based choice is ultimately inadequate. We only have to
concider a centence like "1 was named after my father" where it seems
clear That ne exclude one interpretation simply because it contains
vitually nn  information. This alone shows there must be some
qualification tn a "minimising information" theory. However, the fact
TR a1l available theories are Wrong, by no means puts them all in
Lhe same position, I think such hypotheses about the overall manner
in uhich an understanding system endeavors to maintain its coherence
are well worth making and testing, and that they represent an aspect

of  human lanquage? "competence" almost wholly ignored by current
Pingui-tics and arlificial intelligence., One could make the point
more precise  as followus: virtually all the systems in those areas

define "cucceas", that is to say the success of a particular parsed
representation uith respect to a text. What they do not tell us is
nhat io o uher o number of success are registered, as is almost
alumyge Al rawe in realistic practice. But human understanders do not
just crept the many, or opt for the first they find, or pick one at

mload famat
[SAl

im mAartiecrlan Al o 2aamae AR imed =
in [ iar OnN i c OadSid.

the [8X=] cu SGaic princ

iAo ey prafer one
[t ie for this reason ithat the subject investigated in this paper
cantodl be treated in isolation from an  adequate linguistic base
caystem, as  =ome seem to think, The inferring of a correct
inlerprotation is intimately related to the systematic exclusion of
compeding  interpretations, and any system that <does not allow
realictic ambiguity of sense and structure in at the start can hardly
app ecidate this point becauce thed difficulty never arises there, but
then neither dess one essential aspect of natural ianguage either. I
havs developed elseuhere (B) an abstract view of meaning along these
liness that to have meaning is essentially to have one meaning
RATHEDR THAM ANCOTHER. Or, put another way, having meaning essentially
invalves procednees for the exclusion of alternative interpretations.
Thie, i helieve, iz the residual truth lurking beneath the
“procoddin gl view of meaning", a thesis which when taken a face value
ie patenily falaa,

{ ot me wmention a cleosely related shortcoming of the micro-world
spproach ta natural language analysis: it concerns what | believe to
e o enddemic o muddle in Al about the notion of "inference". Let me
ciarl by orestaling the obvious, not from dry motives of clarity, but
hecsinee | bkelieve the muddle has important practical consequences in
the areqa of natwal language understanding.

[lore are zowe inferences, in the bare sense of that word, of
troamay o that people might make from one assertion to another,

(iYALD neglishmen are untrustuorthy and Cecil is an Englishman, S0 he
ooan by buor Lhiy,

{(ii)Cerit iz an Cnglishman, S0 he is untrustworthy.
(iiiVIhie is triangular, 50 it is three-sided.
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1 il . Vo PO {3 e A decdiicdiAan trite tm all nAaeceihla wAar lAde ool
1 tarke bt thiat U)o 1e a8 geaquction, Irue 1h @iy pécesivie worias, ana
quite indepencdoent of the meanings of the words "Englishman”, "Cecil"

ancd Montrustoor thy',

{(ii) i~ an inference , simply and solely, and certainly not wvalid,
ghother or not it happens to be true for some English Cecil.

{iii) s a valid inference, true in all possible worids, as they say,
hecaiice of the coniral weanings of "triangular" and "three sided", a
fact that o comectimes expresced by sauing that the premise missing,
for thi- to be o deduction, namely "all triangular things are three

cicded” to anadlutically true.

LA ie the npoint for our purposes of all this dogmatic and
semi-Araditional classification? Simply this: the extra-conceptual
{ont~ide  the sewmantic dictionary, that is) CSIR inferences of the
et g, have discussed in this paper problems in text, are of type
(i), Theee inferences could function as part of a deductive system
vy the arddition of sufficient inductively wunreliable premisses to
convert thew lo farm (i), Theu could then function within established
decductive machinery, such as first order PC, PLANNER in one of its
modes ol oprration, etc.

But  there mwmay be no reward for doing that, at least in the case of
natural lannusge analysis, because the conclusions reached can be no
more reliable  than the dubious generalisations functioning as
premisaera, uhatever the pouer of the deductive machinery intervening.

Inm thic paper | have described how such weak information can fulfil a
problem colving role  in natural language analysis, in terms of a
nolion of "adeqguately confirmed" inference in context, But that does
nat 1 equite the derductive machinery at all. .

My poinl  will he clarified here by noting two research situations
het o, by contracst, the deductive machinery may pay its way: (1) in
robots and (2)Yin simulated micro worids.,

In the case of a robot, really moving about in the world wWwith
dediuctive by wanipu'ated information and plans, the world itseif can
provide o clear  cence of contradiction, 1f the robot’s deductions
tell it tie door 15 open, hut it bangs into the firmly closed door in
fart, therm the canclusion is contradicted and the preceding premisses
can bhe reexamined, as would he the case wWwith a scientific theory
otatedd o ouncieseeaful experiment. That is to say, the premisses may
b vt el iable, bot because there can be contradiction of conclusions
fhe  dedoaetive machinery can transfer the "not" back to some premise,
A i f o iuting o oncientific theory. (though the question of which
ptemiee it chonld be transferred back to is very difficult of course
|



Tlhiec ~itoation ] maintain is guite different from the analysis of
Comd T o bieal languiage where there is little or no expectation

Of ot el tion: if, in understanding the text, the understander
v o by infera A, there is little or no chance of encountering
e oo g Tivn A in the lext in the near future. A robot could in

P ip e conduot i ian experiments, and in the case of a dialaog in
gl ol bomepnege, ane can o aluwags step back and ask questions of the
Pt Lo, el one Hnﬁwrflunde texfs without experimenting on them. The
pir e s tem ks oae claime at all to discover such contradiction
i a0 aencral o usg and to backtrack having done so, to the next least
prwf«w,ful internretation. And at the moment no system is in striking
Aictance of cuch an ability. .

The rcace of oimulated micro-uorlds is different. Here there is no
contr ot tian ot s l, but there is no need for it since all premisses
i analytic, and no real information can ever enter the

RIS (N .

cagetew, o owauple, after executing the command "Clear off the top
oy Pl ead Ibee k", it is clear Dby definition ,apart from the
peaes ihidbity of definitional contradiction. No lingering and sticky
Cien e 4t ed can remain tg imperil the stability of the house of

oo b boes bt b e i bty Tt will be clear that such situations have
R b oo idih the unreliable inductive information required for
the analogsis of natural anguage.

My main paint here has been that if there is no payoff to be obtained
from a4 strong deductive approach to natural language understanding,
fhoer o i i s brong cage for pursuing it, This position is different
tream, thaugl quite consistent with, the position that distinguishes
Forbopeen et and deductions in formal fields, and urges the pursuit
ot The inve-tiaalion of the former: that is to say, the search for
Lhe e ol principles at work in a field rather than a search for an
Svicoinc ot iege o f principles about whose content we are ignorant. An
Aot ion o of the deductive position is that their method does also
proovede  peinciples of content, or human competence in this area, and
mat wmer ey the farmalisation of principles that could be expressed in

oot ot hen [REEERIS

After iho=se clarifications, some very bhrief comparisons follow
hetueon the tnork described here, and three other Al approaches to
Paneuaoge  onederotanding e those of Charniak(7}), Schank(8) and
imoge o 0N, Detailed comparison and criticism of seystems is not
bt opt cate heee,  and I ogive only brief general remarks, in orderto
cantrant dificrent systems along a number of dimensions; which are
(a) the adequacy  of  the linguistic base constructed or proposed, in
Ferme of appiication to sveryday texts in English. (b)the degree of
fmplementation  and  the definiteness of the task proposed as an
cwplication of the elusive notion of ‘“understanding". (c) the
placing of the system within the inference-deduction opposition. and
() the dmptlementation of a preference system that both prefers
cer tain interpreiations to others on a reasoned principle.



(A)Uhan niak  does not consider the linguistic base essential , and is
not pondiicularty interested in the ambiguities of sense of iwords,
TR EERTI i the most adequate linguistic base of the three, and the
e Lo o the present system in general presuppositions.,

Wirear o™ eyctem  ie restricted to unambiguous simple words, and a

-~
L

ysis of their meaning. Even if the words had only
t is dountful if the meaning of complex concepts ,
. could be expressed in that way.

o tag voe i i
gl TR Ee

i
Pl an bt ione
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(Wl niar " syetem ie hot intensively implemented but has a very
deciimi e tack e fined for it, the resolution of the sorts of anaphora
poob e i Lo ed i this paper. 1 think the sirategies we advocate
foear e problem differ chiefly over whether or not the rules form an
tn e b betatbity i f expressed at the word level, as he does, and
G boabe b one newsds the facility to chain CSIRs, or what he calls
“ebeawais T, Tabiank s cyztem is on the verge of implementation  through
1 Socinne Dien of oa naaher of large programs. However, at present it
dhovcc e e divecled to a epecific task in the inference field,
e e tranina of inferences per se (as distinct from the drawing
o f them o i alution of some problem or performance of some task)
P g st e Lo assess, The "inferences to be drawn from x" is
rod o il dedined notion, outside the pages of detective fiction.
Pl ot s tem de completedly  implemented within its original

e ol directed do o precise and assessable task., Its merit, as
the aapdemintatoon of an existing theory of grammar, is often said to
e Pt it oo ting the  syntax  and  the semantics (Minsky and

Pl L S I Thie ig an odd remark, in an Al context, in that it
e tppe s conventional and traditional distinction (semantics and
o, Foot i) that  wmuch work in semantic analysis by computer
Coboant e ot present work for example) has  found unnecessary  in
P s e The remark  is  interesting in view of the same authors’
ced b o f the perception-cognition distinction as

vl oenne e ieal o and diepensible.
Cobliith infervnce and deduction 1 do not feel on sure ground becauss
Pt hesod 4o aoaece the  authors’  work, since, naturally their
I C I IR IR ner not o designed  to  answer this question of mine.
loscover o L idtuation is complicated by the fact that some of the
Author s ges Sdeduciion to cover processes that are almost certainly
fed e Bivee 3t b b o My feeling is  that Winograd's system s
de dus bivwe ind thal Tharniak's and Schank's, like the present one, are
ety bbbt e te oo, thee latter call  in inference rules whose
gppvieation i detecwined anly by by the possibility of fitting them
Pipraic ticatbag to the fanqguage context in hand, Any clarification
Pcom the author s on the relation of their work to this distinction
il bhe gratefally received,

Dn point () my central one of preference and choice betueen
interpretalions ] ithink nothing has been done by the authors , and
poriogee theg belbieve that there will  aluays be one and only one
interpretation successful in terms of their rules, or that the first
foond il do. Huillian, is, [ think, the only worker in the field
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Lho

brive

given any attention to this question.,
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