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Preface

This report describes efforts complected in the Language
Studies project at Syracuse University under RADC contract
F30602-77-C-0235. The work covers the period October 1, 1977
thrcagh September 30, 1980.

The report is produced in five volumes to facilitate single 1

volume distribution.

Volume 1. Report from the Very High Level Programming Systems
task. Report title is "Logic Programming in Lisp". r
Volume 2. Report from the Systems Studies task. Report

title is "Multiple Finite Queueing Model with Fixed

Priority Scheduling".
Volume 3. Report from the Systems Studies task. Report title
is "An Algorithmic Solution for a Queueing Model
of a Computer System with Intcractive and Batch Jobs.
volume 4. Report from the Grammars of Programming task. Re-
port title is "Integrated Parallel Processes: The
Elements of Meaning in Language".
Volume 5. Report from the Proving Program Correctness task.

Report title is "Proving Program Correctness" task.
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Abstract

3
A

This document reports in summary form some inves-
tigations into the notion of meaning underlying lan-
guage, thought and behavior in humans. The general
conclusion is that a rigorous specification of cyclic
or recurring processes, and the hypothesis that these
processes are the realities that underly language,
thought and behavior will significantly expand our
understanding of these 1issues, and will enhance our
capacity to develop disciplined and responsible tech-
nology to improve human communication. In particular,
we may look forward to more fully adequate and more
sensitive systems for communication between the human
and the computer.,

This report presents its material in a preliminary
way and discusses in outline form some ideas current in
the relevant literature that 1led to that material.
Precise formulations are not included, nor are there
adequate examples to justify the material., Careful and
thorough formulation, adegquate implementation, and
substantive applications constitute the next phases of
this project.
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0. Summary

In the introduction we review some general phenomena of
language and consider some matters of perspective in its study.
In the second section we present a skeleton of a theory for the
forms found in language, thought and behavicr, and for the inte-
gration of personality factors, integrative processes which we
believe affect language and thought in essential ways. In the
third section we discuss some general issues in the relation be-
tween syntax (or grammar) and meaning and relate them to the
perspectives discussed in the first section,

In the fourth section we consider computation regarded as a
physical or real ©process, anq4 see that the issues that arise
clarify the widespread suspic... that the brain/mind (or what-
ever) is a computer. In the fifth section we consider very
briefly the idea that the brain is a computer, and we see that
the suspicion 1is not confirmed by direct observation of brain
structures and processes.

In the sixth section we consider the contemporary study of
grammar from the point of view of computability theory and see
that what is described in computational terms is necessarily void
of 1interpretation - of meaning in terms of familiar concepts and
abstractions. 1In section seven we look at the abstact theory of
computing and see what is involved in concluding that a process
is a computation, or that a phenomenon is a computed structure.

In the eighth section we review two theories about semantics
in generative grammar and see that they are really alternative
theories about the organization of computational systems. The
ninth section 1looks superficially at just a few ideas about the
structure of mental images, and the tenth section looks in detail
at the deep structures of grammatical theory and how they inte-
ract with lexical processes. In the eleventh section we survey
some ideas about lexical structures themselves.

Section twelve offers an intuitive, not precisely specified,
theory of the forms of meaning, a theory that regards those forms
as recurrent processes that can combine in specified if not fully
definite ways, and can undergo changes in combination dynami-
cally, where the forms of these changes must adhere to rule but
may be unpredictable 1in general. We postulate that all these
forms are the "carriers" of experience or perception. In the
last section we describe the prototype of a computer system to
implement cooperating recurrent processes,

The Appendix summarizes some earlier ideas about the nature
of occurrences. Those ideas did not lead to productive results
until we appreciated that dynamic processes could be identified
exactly with occurrences, These processes can be simulate,. and
that simulation is what is described in the thirteenth section.
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l; Introduction

"I never forgot it. I went to a seminary just after high
school, and we had religion class on Sunday. This one Sunday
afternoon something must have gotten to the priest who taught us
because he was really fired up. He said that there were, as in
most other human systems, two forms of religion. One, he said,
was concerned with devotion, with ritual, with keeping up to a
set of rules and regulations. This variety, and he spoke with
distaste, tried to bring deep and universal philosophical and
theological issues down to the level of the common man. But the
end result, he went on, was often nothing more than bead jingling
: and the worship of statues. The other variety, he said, was
¢ concerned with the ultimate nature of reality, with the human
. spirit, with the ultimate conscious source of all reality, It
tried to understand our destiny in terms of this ultimate con-
sciousness. This latter variety, he said, seems to be beyond the
intellectual capacity of most human beings, but it was the only
variety that was intellectually worth studying. Bead 3Jjingling,
: he said, was mere operationalism, a word I did not yet know.

"His remarks brought my mind to a standstill then, and TI've
never been the same since. Every time I come across a body of
thought that proposes to be a systematic treatment of some class
of phencmena I ask myself whether I am looking at the deep and
substantive side of it or whether I am seeing only the bead
jingiing. Technology has always struck me as the bead jingling
: side of science, and I guess that's why I have never been abije to
f get interested in technology for its own sake.

"Oniy some years later did I come to appreciate that this
; priest had missed something. I think he did not appreciate that
both aspects are needed if you are to have a meaningful religion,
and that in general both aspects are needed if you are to have a
meaningfui system of thought on any subject.

"Maybe he was right in identifying operationalism with bead
jingling. But his tone suggested, at least to me, that its dis-
tance from theory made it inconsequential, if not foolish. If
that's what he meant, then he was wrong for sure. There are
surely universal organizing principles that govern all of reali-
ty, or at least whatever of it we can know. But we sort these
principies out with reference to our statues and beads, and we
learn a lot by illuminating our statues and jingling our beads."

This protocol, from a confidential counselling session, oc-
curred naturally in four segments, represented here as para-
. graphs. Each paragraph in turn consists of a sequence of sen-
f tences. Some of these are factual and others are metaphoricail. !
- And the subject matter of this discourse is hardly concerned with .
. immediate and tangible aspects of physiclal reality. Experience
might have provoked it but its topics are quite abstract and re-
mote from such notions as mass, position, momentum, or the
shapes, sizes and movements of constellations of physical objects
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in a localized environment.

It is an interesting e:ercise to appreciate that the shift 1
from the first four paragraphs here to the next one was accompa- '
nied by what we have to cail, for want of a better terminology, a J
kind of "mental feeling®™, a feeling that accompanies not a shift ‘
from one topic to another, but a shift from one level of atten-

tion and organization to another, related but different, levei of
attention and organization. And in fact this present paragraph

itself provokes yet another such shift.

The task that confronts the study of language is tc under-
stand how such arrangements of verbal signals as those exhibited
above and their associated shifts in impression are implicated
with human thoughts and feelings, and in particular with the
kinds of thoughts and feelings that seem to be expressed in those
particular signals.

This study began as a study in computationai 1iingquistics -~

how can a computing machine be made to do some of the things hu-

man beings seem to do with language. As the study progressed, I

came to see that there are two ways to pursue answers to the im-

portant questions involved. According to one ©pian we assemble

| systems which perform as human beings appear to perform. To the

t extent that these systems are successful we add them to our

technological arsenal. And if we wish, we can try to see whether

the technology we used to assemble them is refiected in the bio-
logicali instruments that humans appear to use to simiiar ends.

According to the other pian we try first to determine what
instruments, what structures and processes the human brings to
bear on his activities. When we find them, we may then try to
incorporate anaiogous structures and processes into our technol-
i ogy. This study came finally to focus on this Jlatter kind of

pian. It came to be concerned with a search for the structures
and processes that underiy the human use of language. '

A number of disciplines are implicated in this search for [
these structures and processes. Philosophy through the ages, and
in more modern times linguistics and psychology have sought them.
Religion 1is deeply involved, and anthropology and sociology are
in important ways relevant. The physical sciences have provided
one paradigm for the entrainment of theorizing with observation,
3 and mathematics and modern logic have tried to ciarify those most
fundamental notions for ail thinking humans - the ideas of cohe-
4 rerice and of consequence. !

Yet, within this spectrum of investigations, one finds again
the constrast between observation of what occurs, and the obser-
vation of the structures and processes that are instrumental. !
The search for and the study of these instruments is in principile
a study of forms - exactly and definitely specified structures
and processes, where exactness and definiteness are achieved by
expression in the language of mathematics and, fipally, in some
ianguage of logic. This study is concerned with the forms

- 3 -
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directly associated with language and with the ways these forms
are entrained and harmonized together through the processes of
language. The uses of these forms, these structures and pro-
cesses, for particular ends is a different study alitogether.

Perhaps I should indicate very briefiy why I think it ap-
propriate that a study supported by the Department of Defense be
oriented in this way. The defense establishment 1is organized,
administered, and its obligations executed by human beings. And
military, diplomatic and intelligence activities invoive compiex
systems of interacting human personalities, whether in a neutrail
exchange of information, in a competitive situation or in an ad-
versary relationship. We surely improve our position when we
deepen our understanding of the instruments that humans are con-
strained to use when they think, speak and act. Secondliy, an
open-minded search for these natural instruments holds out the
elusive but nevertheless real possibility that we may come upon
fundamentaliy new technologies - perhaps technologies that have
been used for hundreds of millions of years by organisms evoliving
in a not altogether friendliy environment.

I will offer here a framework for thinking about the human
personaiity and a meager hint about novel technology. Neither of
these offerings is originai in any important sense, but their
integration may be of interest and may eventually yieid techno-
logical benefit. Unfortunateliy I can offer iittie in the way of
substantiation or justification, either theoretical or technolio-
gical. The framework I will describe is the resuit, or outcome,
of this study, and this report wouid be very different in sub-
stance had I had this framework available to me three years ago.

A study that is concerned with the relation between natural
language and computation 1is one that invoives a number of dif-
ferent aspects of the human personality. If it 1is to be non-
trivial, it will necessarily be cross-discipiined, heterogeneous
and eclectic. I will not offer now any specification for what I
mean by "the human personality" since that notion is, in a sense,
the subject of the entire study. I do mean it to inciude a va-
riety of functions, processes and structures that are characte-
ristically human if not uniquely human. This study 1is then a
speculative pre-scientific contribution, rather than one which
adds to scientific methodology or technoliogy. But at the end I
will propose a certain instrument which may have not onliy tech-
nological appiications but may also constribute to empiricai and
methodoiogicali aspects of the study of human nature, of human
language, and more generally of the role of computation in human
activities. Beyond the possible experimental applications it is
suggested that this technology may be useful in the development
of miiitary and industriai command and control systems, in man-
machine interfaces, in computer-assisted instruction, and even in
such a routine setting as a simpie time-shared computer system
supporting conventional scientific &nd business computations. In
general, candidate appiications may be found wherever human com-
munication is involved.

-4 -
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2. Sketch of personality structure

I will presuppose a certain characterization Jf the human
personality, one which I think is fairly unexceptionable, al-
though its relevance to other issues may be called into question.
It provides a framework which motivates the emphasis of this
study and provides organization at certain crucial stages. I
will suppose that each individual human personality is distinct
and unique in important respects, but that there are formal or
structural features that are common to every human personality.
Individual variations are thus additions to, elaborations of and
constrained deviations from this common norm. The generaliza-
tions I propose are not to be construed as assertions made with
any certainty, nor are they necessarily empirically testable,
although future insight may make some of them so. Tacit
throughout will be suitable qualifiers such as "I think that
«ss", "It may be the case that ..." or "It is proposed that ..."
to cite some typical hedges. I will speak of the idealized com-
mon part of the human personality as "the human norm", either to
refer to an individual instance or in a generic sense.

The human norm has access, by orderly means, to an abstract,
organized and stabie record of its experience. I will not at the
moment consider how this record 1is obtained from experience,
exactly how it is organized, or how new experiences in succession
are integrated into it. I require this record to be abstract
since a consideration of the concrete record of experience be-
longs properly to the biological sciences and more particularly
to neurophysiology in all its branches., In any case the issue is
moot since at the present time we do not know how perceptions are
reiated to physiologically defined sensations, or how the ab-
stract organization of perceptions is related to these sensations
and the physical structure of the organism. When neurophysiology
provides us with a reliable and verified theory for the physical
basis for memory, we will then have to relate the structures and
processes of that theory to whatever we will then know about the
stable, organized, abstract record of the experience of the human
norm, how that record is used and what it is used for.

The human norm routinely and sometimes voluntarily engages
in purposeful activity that in part determines a selection pro-
cess acting upon the record of experience (the "RE"). One mavy
think that wvoluntary purposeful activity can be accounted for
solely with reference to behavior, but this thought ignores too
many issues, Until we can account with some certainty for the
reiation between sensation and perception and between perception
and motor activity physiologically described, we have no adequate
or coherent 1ink between voluntarily adopted purpose and behav-
ior. This is simply because many of our thoughts and actions are
organized with respect to what is in perception and very rareiy
with what 1is in sensation. It is iikely that several distin-
guishable aspects of the human norm participate in an orderly way
in determining this selection process. The process itself is a
function in part of both the form and the content of RE. Addi-
tionally it may be conditioned by the behavior of the human norm,
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and by anatomical and physiological characteristics unique to the
particular physical eexpression of that norm. And it will cer-
tainly be conditioned by the environment in which the human norm
functions, as well as by the processes that organize RE and in-
corporate new experiences into it. I will assume that conscious
awareness 1is also essentially implicated with this selection
process. In particular I will assume that we can be precisely
aware of just one item from immediate experience or RE at a time,
whether that item is simple (atomic) or complex, and I therefore
also assume that the distinction between atomic and composite
entities in RE can be made sufficiently precise. That is, the
human norm has the <capacity to particularize and localize its
focus of attention on differentiated items in RE.

The human norm has the capacity to organize freely, and to
reorganize, transient occurrences of fragments of its RE with
reference to an orderly system of interacting preferential Jjudg-
ments. In a loose and informal way we may understand these to be
described with reference to a number of dimensions, many of which
are similar in character to what have been called "emotions". A
direction is associated with each such emotional dimension, and
it is this direction that gives rise to the concept of prefer-
ence. Specific patterns of preference will not be part of the
human norm. Each instance of the human norm will have charac-
teristic preference patterns that vary with experience, past and
present, and these patterns are also infiuenced by other factors
in the human norm and its environment. But the capacity for
patterns of preference will be universal - an essential aspect of
the human norm,

Along the dimension of acquisiti~eness, for example, we will
have the biologically normal disposition to acquire what is
needed for biological survival, and beyond that we will have
different degrees of desire, with extremes of greed, and beyond
to obsession. Moving in the other direction we will have in-
creasing indifference to acquisition, and in extreme cases a
nearly complete neutrality or nearly total lack of concern. But
the presence of the dimension indicates some degree of acquisi-
tiveness, however slight. To eliminate all acquisitiveness is to
eliminate the dimension itself. We also note that with respect
to acquisitiveness, a human personality with total lack of con-
cern 1is one with no felt need to solve problems connected with
acquisition.

Aiong the dimension of aggression, for another exampie, we
will have the biologically normal disposition to fight for sur-
vival when it is appropriate. Moving farther out on this dimen-
sion we find increasing disposition to more and more arbitrary
argumentative attitudes and orientation toward violence, both
physical and mental. But interestingly, as we neutralize ag-
gression, we find, as before, increasing indifference and iack of
concern. Along the dimension of submissiveness we have the nor-
mal disposition to cooperation, and in its extremes, the feelings
associated with obeisance, fawning and self-humiliation. Along
the dimension of cheerfulness we have a varying normal disposi-

-6 -




tion to good humor, and in its extreme the disposition to believe
unrealistically in the "best of all possible worlds". There are
dimensions of comedy, tragedy, hate, love, generosity, vengeful-
ness, guilt, innocence, temperance, and a vast host of others.

It is important to note that these dimensions do not con-
stitute contrasting pairs of dispositions on one dimension.
Greed and generosity are not opposite ends of the same scale.
Indeed, we may find both factors operating simultaneously and
selectively in the same human norm. Note also that I am not
speaking here of behavior, of acts of greed or generosity, but
only of a preferential attachment applied to selected dimensions,
placing the human norm at least temporarily at specific degrees
of preference. At the low end of each of these dimensions we
find 1increasing 1lack of involvement with the emotion, lack of
attachment. And finally we note that we may try to define com-
posites - dimensions which are expressed as combinations (1li-
near?) of others. And then preferential judgments may come to be
associated with these composites. For example, we may express
guiit as the sum of degrees of shame and responsibility, satis-
faction as the sum of desire and gratification, and pity as a sum
of aversiveness and compassion.

These dispositions to preference are wuniversal in their
form, although individual human personalities may make varying
use of the general capacity. Other dimensions of human experi-
ence that admit of preferential judgment include believing, ho-
ping, wishing, doubting, denying, suspecting, 1imagining, assum-
ing, guessing, dreading, fearing, and on and on. The absence of
each of these is in the specified respect a neutral state. In
each case, as one moves further and further to the low end of the
scale one encounters not complementary judgments but rather the
absence of the judgmental attitude. The less one is involved
with these scales the more objective can be one's perception of
reality, and one's purposeful activities. And then, perhaps, the
more detached one is found to be.

To say that the human norm refers its activities to prefe-
rential Jjudgments is to say that it has the capacity to try to
position itself at arbitrary points on these scales. It may at-
tempt to increase 1its involvement with one (attachment) or to
decrease its involvement with another (aversion). I will take
these capacities for attachment and aversion as universail
properties of the human norm. These two contrasting universals
are then the origin of the directionality inherent in emotionail
dimensions.

There is aiso in the human norm a capacity to conceptualize
or to abstract. It is an abstraction to distinguish visual from
non-visual experiences. Red is an abstraction, as is squar=zness,
trianguiarity and circularity, and straight lines and even points
are abstractions. Softness, roughness and smoothness are tactile
abstractions, and the notion "tactile"™ is itself an abstraction.
In the auditory system, harmonies and dissonances are abstrac-
tions as are the notions of harmony and dissonance themselves.

-7 -
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The capacity for abstraction is so widespread, so inevitable,
that we suppose a separate organ in the human norm to account for
this pervasive and indeed decisive activity. We note that in
particular this capacity to abstract may operate not only on di-
rect sensations, but also on the dimensions of preferential
judgments and their composites, as well as upon the results of
the action of the abstraction agency itself.

There are, then, four capacities that are universal to the
human norm - the capacity to select purposefully from the record
of experience, the capacity to form varying degrees of attachment
and of aversiveness, and the capacity arbitrarily to form ab-
stractions and conceptual systems.

It is theoretically inherent in the capacity for abstraction
that it has no apparent limit. The organization of experience
into visual, auditory, tactile, olfactory ad gustatory categories
is only the beginning. Even if we believe with Langer that the
sense organs provide us with organized forms, we still recognize
that occurrences of these forms are subjected to unbounded ieveis
of abstraction. This abstraction capacity is at the foundation
of science, art, ritual, religion, politics and all social in-
stitutions. At the personal level it is implicated with the
control of waking iife, with dreams, with structured institutions
and with the role of the individual in them, with metaphor, with
social deviance, with neurotic attitudes and with the variety of
what we call "psychopathologies". It is the selective interac-
tion of particular abstractions with the universal capacity for
preferential judgments that produces the dimensions of the emo-
tions. This is simpiy to say that preferences are not complietely
arbitrary. Their variation is systematicaily related to other
aspects of the human norm.

3. The nature of meaning

— — —— .

It is a system of abstractions and preferential judgments,
along with the current experience and the operation of the agency
that integrates that experience into RE that determines at least
in part the fragment of RE that will occur in conscious aware-
ness, or that will constitute conscious awareness at particuiar
moments, and these are also the factors that will determine the
meaning of any particular utterance in language made by the human
noerm. In summary, these aspects of meaning are,

(i) a fragment of the record of experience;

(ii) a conceptual organization of this fragment;
{iii) a system of preferential judgments;

(iv) current experience;

(v) purpose -~ a primary preferential judgment.

-8 -
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In addition there will be the processes that integrate these as-
pects of experience, and the overall process of coordination a-
mong these processes themselves. These include

(*i) incorporation of current sense experience into RE;
(¥*ii) selection of particular preferential judgments;

(*iii) applications of selected preferential judgments to
contents of awareness and its supporting unconscious or
background substrate;

{(*iv) organization of elementary units, at each levei, into
composites meeting conditions of relevance where relievance
is related to systems of abstraction and systems of prefe-
rential Jjudgments as well as to the current fiow of sense
experience.

(*v) integrative processes to organize and synchronize
these mental processes..

I will need a specific term to refer to this arrangement of
structures and processes in the human norm at any given moment
and I will use the word "estate". We have a function, esteate
which takes a moment of ¢time as an argument and returns the
norm's estate at that moment as its value. One of the tasks of
linguistics is to relate these structures and processes that
constitute the estate to those that are implicated in the use of
natural language.

If we try to use current views about the nature of 1langquage
to communicate with a digital computer using naturai langquage,
the computer will have to be able to construct, according to ai-
gorithmic design, a pairing between expressions in the selected
natural language and well-defined objects in a domain represen-
ting all or parts of the estate, a domain whose structure is
distinct from the structure of 1linguistic domains. That is,
there 1is no reason to expect that the material which is the sub-
ject matter of language discourse will have the same structure as
do expressions 1in the language. The subject matter of language
discourse is constructed in part by the capacity for abstraction,
and since this is an arbitrary capacity, we may not assume in
advance what will be the nature of the relation between the
structure of reality and the structure of the product of this
abstraction capacity. But if an adequate pairing is to be ob-
tained, both the domain of language expressions and the domain of
estates must each be expressible as computable structures, and
the pairing process itself must be explicitly articulated as an
algorithm. These considerations may 1lead us, incorrectly, I
think, to 1imagine that a purely referential or denotational
scheme can capture what i3 important and valuable in the wuse of
natural language for communication with a computer.

-9 -
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For example, if Exp is a set of expressions, atomic and
composite, and Ob a set of objects and processes which occur in a
natural estate, which expressions are to refer to, then with
reference to a proper naming function Prop, we can define a ref-
erence function, ref:Exp -> Ob, in very general terms as folilows:

If x is atomic then (ref x) is (Prop x), and if x is
the composite (x1 x2 ... xN), then (ref x) is
(comp (struc x) (ref x1l) ... (ref xN)),

where struc :8 similar to quotation in that it dispiays the syn-
tactic structure of the unevaluated expression suppiied to it.
struc might be expressed, in slightly expanded form, more sug-
gestively as a composition,

(struc x) = (syntactic-form (quote x))

comp is an extraordinary and interesting function. comp spec-
ifies how the reference of a composite expression x is determined
not oniy by the references of its immediate constituents but also
by the "grammaticali™ composition rules according to which x is
formed out of its immediate constituents.

But we may raise questions about this general plan. What
constitutes an adequate set of 1language structures for these
purposes? What is the nature of the function comp? Is verbai
text 1in fact the best means for communicating? What other kinds
of signals are reqularly invoived in a communication event? Is
communication with language facilitated by simultaneocus reception
of signals in non-verbal modalities? If so, how can knowledge of
these " be brought to tear on human communication? The probiem
with the ref function is that it tells us a great deal about how
forms are manipuiated if we already have some idea that what the
forms are associated with can be "appiied"™ to certain other
forms. That is, the systematic form of reference and denotation
presupposes an "appiicative" language. But any association of
this form manipuiation with the substance of what the forms are
associated with is quite arbitrary. It is true that the appli-
cation of arithmetic functions to numerals can be uniformiy de-
scribed with a function like ref, but then there are no arithme-
tic functions in reality, and there aren't reaily any numerals
either. These latter objects exist only as a consequence of our
capacity for abstraction, and a certain social fiuency for giving
selected abstractions wide conventional currency.

Another problem with ref is its focus on immediate consti-
tuency. The more general notion of constituency is surely a va- ;
1id one, but it is not at all clear how one would express a re-~ '
vised version of ref to account for the situation in which arbi-
trary constituents of an expression determine its wvalue under
ref. And perhaps more fundamentally, we might very well want a
version of ref that ailows the vaiue of (ref x) to affect the
values that ref will determine for constituents of x.

-~ 10 -




If the sets Exp and Ob are well-defined sets, then the
function ref given above 1is simply a realization of what is
cailed "model theoretic semantics" for a formal language. (Jar-
dine, 19751 has shown that the plan to apply model theoretic
semantics to natural language may make unreasonable demands on
natural language. I think his point is that the truth condition
for an arbitrary sentence in natural language may depend upon the
truth or falsehood of other sentences in the language, and this
is theoretically unacceptable for a simple reason. We lack a
decision procedure for sentences in complete logical languages
that include quantifiers. Other linguists and philosphers have
seen other aspects of the attempt to use model theoretic seman-
tics. [Potts, 1975] has observed that very little 1is added to
the notion of meaning in natural lanquage by model theory, be-
cause the system to which the function ref maps expressions must
itself be just as well-defined as the system of well-formed ex-
pressions in the language itself.

In short, the question of meaning just gets shifted from one
system to another without any substantial clarification.

Another issue related to model theoretic semantics and logic
is that of "presuppositions". Let me use asterisks to indicate
stress, one for minor stress and two for major stress. Then the
sentence

John called *Mary a **virgin and then *she insulted **him.

is said to presuppose that to call someone a virgin is to insult
that person. I think this is obviously wrong. In the sample
sentence, what is infact communicated is the suggestion that to
call someone a virgin is to insult her. It is part of the mes-
sage itself, and is relative to the occasion of utterance. Other
confusions surround the notion of presupposition. [Keenan, 1975]
for example says that

A sentence S logically presupposes a sentence S' just
in case just in case S logically implies S' and the
negation of §, ~S, also 1logically implies S°'. In
other words, the truth of S' is a necessary condition
on the truth or falsity of S.

This is clearly inadequate, because the conjunction of the two
implications 1is truth functionally equivalent to S'. The given
condition for presupposition is thus simply equivalent to S' it-
self, and is therefore no condition at all.

One can say that the issue is not simpiy ¢truth functional,
but then we face the same problem that Jardine pointed out - to
determine presupposition we have to have, in general, a procedure
to decide consequence among sentences with quantifiers. I think
that much of the notion of presupposition evaporates if we real-
ize that a sentence ought to mean rather all of what it says.
"Mary loves the puppy she found"™ doesn't preuppose that Mary

found a puppy - it tells us that she found one. "Fred ate an-
- 11 -
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other turnip" doesn't presuppose that Fred ate at ieast one tur-
nip - it tells us so. I suggest that in the absence of strong
and clear evidence to the contrary, we have to regard presuppo-
sition, as exhibited 1in these and similar examples, as a straw
man.

And even more broadly we ask in what ways does a specifica-
tion of syntactic structures restrict the facility with which we
can integrate communication signals in a variety of different
modalities. And 1indeed, what do we mean by "different modali-
ties"?

In very broad and general terms we may ask how subject mat-
ter domains are to be represented in computational form. This
question has received considerable and sophisticated attention
not only in the field of modern linguistics but also in computa-
tional linguistics and artificial intelligence. To what extent
are the schemes devised so far in those fields adequate? Given
well-defined domains of language and of subject matter, what
constitutes an adequate pairing? Is the denotational aspect of
language the appropriate basis for the pairing aigorithm? What
are the alternatives? Are less well understood associations im-
portant, or even essential? If so, how best is the structure of
an association net, for examplie, integrated effectively with the
structures of language? Does this integration require specific
new processes, or are cognitive processes already available for
other purposes adequate? Is something excluded by adopting a
denotational scheme? Does the wuse of a computer in principle
exclude any important features of language and of communication,
or more simply, expression in general?

The central idea in this discussion is of course that of a-
dequacy. When 1is a definition of language stucture adequate?
When is a definition of subject domains, or of a particular sub-
ject domain, adequate? When 1is a pairing algorithm adequate?
And it is hardly surprising that these questions are so complex
and so difficult to answer. The human mind is implicated in the
domain of language and the rest of reality is impiicated in the
other domain. And the connection between the two involves the
most basic and universal issues of thought and action.

It seems that there are two ways of arriving at a workable
notion of adequacy. One may be described as a task-oriented ap-
proach and the other as an experimental approach. The task-ori-
ented approach proceeds from a point of view that I think is
fairiy paraphrased as follows.

The important thing about 1language 1is language in
use, 1language to achieve an effect or a desired re-
sult. If a computer system for language "works", if
it does what we want, then that success is itself
important confirmation that we understand at least as
much language as is involved in achieving that suc-
cess. To understand is to know how to use.
- 12 -
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An apparent advantage of the task-oriented approach 1is that it
seems to have an operational character, and operational ideas are
always in favor.

On the other hand, we may adopt a more strict experimental
approach. The goal here is to understand the structure of natu-
ral language as it really is, the structure of reality, and the
nature of the connection between them (presupposing that there is
such a connection). This will predictably be a difficult issue.
Language and mind are so intimately involved that there seems to
be no objective, reproducible set of experiments that can inform
us about those aspects of language that are essentially related
to mind. Distributional linguistics was conservative in this
; regard. Its studies, some decades ago, consisted largely in or-
i ganizing linguistic data, with careful attention to the exclusion
of subjective iu” - wment and mental attitudes. At least, the de-
sirability of th+: z.clusion was kept in the foreground. Chom-
sky's advancé¢ 4.7 the traditional theory was to propose that
linguistic phw-J#<:.» manifest, in an observable and predictable
way, structur® *. .. leads us to conclude first, that language is
administered ¥y ux.t by some kind of definite, "effective" pro-
cess, and swccal, that from the manifest details of this struc-
ture we carn properly infer something non-trivial not only about
the effective processes and the agent that administers them, but
; also about th¢ mind that is involved with them.

| It is important to appreciate that modern linguistics is as

much a hard science as is any "physical" science. The apparent
| phenomena of position and momentum dominate physics, for example,
| along with the slightly less apparent phenomena of radiation and
| electric and magnetic fields. Apparent speech signals dominate
language, along with the slightly 1less apparent phenomena of
cognition, feelings, attitudes, intentions, purposes and
thoughts. Physical science has its common basis in the entireiy
fictitious creations called numbers, equations and deductions.
There wused to be, in France, a standard meter stick. But there
never was, in France or anywhere else, a bottle with the standard
zero 1in it. There are no numbers anywhere in physical reality,
just as there are no equations and no deductions. These are
"useful" abstractions, helpful in organizing our description of
that part of reality that is characterized in terms of position,
momentum and other similar phenomena. The bits and pieces of our
perceptions of these phenomena are organized by arithmetic, ma-
thematics and 1l1ogic. In an exactly similar way, the bits and
pieces of linguistic signals are organized into categories and
relationships that are theoretically constructed and then expe-
rimentally confirmed or disconfirmed by further direct observa- .
tion, or by inference from direct observation. The bits and :
: pieces the iinguist starts with are physical observables (the
5 measurables corresponding to mass, charge, position, momentum,
; etc.) and his arithmetic is a greatly extended but still quite
precise system of symbol manipulations (as, of course, is the
case with the application of mathematics to the physical sci-
ences). Modern generative linguistics proposes several levels of -
structure, and it is a fact that the more remote a structural !

- 13 -
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' level 1is from the raw phonetic data, the more difficult it be-
comes to get agreement about verification of prediction. At ab-
stract 1levels of linguistic organization, one occasionally comes
to depend on an implicit feeling of recognition, a subjective
response, in order to accept the relevance of an experimental
observation.

Here, for example, are contrasting pairs of utterances which
are said to induce recognition of systematic variation in form
and interpretation.

They are harvesting wheat.
They are dazziing insights.

Revolutionary new ideas appear infrequently.
Colorless green ideas sleep furiously.

To prove that theorem was difficult.
Proving that theorem was difficult.

Those men are visiting dons. Visiting dons can be boring.
Those folks are groveliing dupes. Groveling dupes can be boring.

Last night I suspected that Tabby ate the mouse.
I suspected that Tabby ate the mouse last night.

This picture was painted by a real artist.
This picture was painted by a new technique.

The escaped prisoner was caught by the gendarme.
The escaped prisoner was caught by ten o'clock.
The escaped prisoner was caught by the student union.

I found the man eating in the cafeteria.
I know the man eating in the cafeteria.

The police were ordered to stop loitering after midnight.
The police were ordered to stop patrolliing after midnight.

One can see that, prejudice and habit aside, the situation is no
different in principlie for the physical sciences. This is be-
cause what we choose to describe with numbers, equations and de-
ductions is arbitrarily selected.

It is of course a completely open question whether or not
there are mental structures that are not describable with refer-
ence to radiation, say, or position and momentum. And if there
are we would hardly be surprised that we cannot detect them with
the instruments of physical science. 1In principle, the «correct
way to determine if there are extra-physical phenomena is to
formulate a neutral framework in which neither conclusion is as-
sumed, and 1in which external events can effect a determination.
I do not know of such a framework, but we may keep an open mind
into the future. The issue does have consequences. Fodor writes
for example that
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...the operation of a sensory mechanism in res-
ponding to a physical property of an environmental
event is an empirically necessary condition for the
organism's perception of any property of that envi-
ronmental event. _—-

This, as an assumption, is sureiy incorrect, for physically de-
termined responses can account only for physical properties, and
these only relative to a conceptual scheme provided by the capa-
city for abstraction. And in the liong run we may have to extend
the scope of "sensory mechanism®™ so far as to make the notion
almost meaningless.

There is a third approach to the study of language, an ap-
proach which has received 1iittie or no attention to date, ai-
though it may, in the liong run, have considerabie impact on our
understanding of human communication in general and in particuiar
on those communication systems that invoive humans and computers.
In general terms it proposes that ianguage may best be understood
as a process whereby mind and physical reality are 1integrated
together to meet some universal condition of coherence or con-
sistency. We can better appreciate the point of this proposai
when we have reviewed in more detail the serious studies of ian-
guage that have taken place in the last quarter of a century,
both in the task-oriented approach and 1in modern generative
transformationai grammar. We will then be ablie to ask whether or
not this approach can be instrumented in a concrete way.

There are two deficiencies with the task-oriented approach.
One concerns the choice of a decision~-making agency to decide
which tasks should be pursued. In principie, the "it works"
criterion is completely arbitrary. We find it sociaiiy unaccep-
tabie to allow a psychopath to expioit ¢this principie 1in his
daiiy iife. The question is, who is to decide what it is that is
to work. {We say that in a democratic society, short run diffi-
cuities aside, we can count on the voice of the majority in the
iong run to make proper choices. But science is not and shouid
not be a democratic affair. Science is socially useful preciseiy
because it is neutral, objective and experimentaliliy verifiabie.)
But a deeper flaw with the task-oriented approach is tkat it may
not ask questions that are experimentally confirmable. For ex-
ampie, a sieight-of-hand artist may be observed to pick a 1iit
cigarette out of someone's ear. But we know on other, quite
reasonable and reliable grounds, that cigarettes cannot iiterailly
be picked out of anyone's ear. What we conciude is that our ob-
servation in this case was in some way deficient. In an exactly
similar way, a computer system may give the 1illusion of wunder-
standing some kind of natural language, probably by virtue of its
behavior, taking the notion of behavior in a 1loose sense. But
our observation of this behavior, and our interpretation of it,
may not be held relevant to the understanding of naturaliy oc-
curring 1language in the absence of some kind of objective, expe-
rimentaily confirmed and theoreticallly based treatment that re-
lates natural language, the biological instrument of illusion, to
the computer, the artifactual instrument of illusion. This re-
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quirement and some condition of coherence are the most basic re-
quirements of science. And it hardly needs to be said that the
task-oriented approach cannot be justified as anything more than
technology simply by a majority vote among a population of spe-
cialists. We simply have to to distinguish between types and
degrees of illusion and of reality.

If the final goal is to produce technological artifacts that
adequately execute a weil-defined function, then we can say, in a
number of cases, that this goal is met. But if the goal 1is to
understand the role of computation, algorithms and computable
structures in naturally occurring phenomena, then computer tech-
nology has contributed almost nothing to that goai. This ques-
tion is of some importance and in the next section we wiil dis-
cuss it in some detail.

4. Computing as a process

In order to confirm that computation is an essential part of
a natural phenomenon we would have to make objective, repeatabie
observations verifying the following criterion:

Criterion I. A structured physical object is a com-
puter 1if we can identify among its constituent parts
specific substructures which interact to produce re-
cognizable computations.

We can state this in a more specific way.

A structured physical object is a computer if we can
describe its structure and function in such a way
that it is seen necessarily to administer the manip-
ulation of forms, where the forms and the patterns of
manipuiation meet theoretically specified conditions
of definiteness, finitude, stability, and so on.

We can sketch very briefiy here the kinds of issues that are
involved 1in such conditions. There are conditions on the ele-
mentary objects, or atoms, that enter into computations, and on
the composite objects that have those atoms as ulitimate consti-

tuents. There are primitive acts, and composite acts. In one
form or another there will be a "fetch-execute" cyclie, a syste-
matic means of administering control structures - of managing

composite acts. There will be input and output mechanisms and
there will be memory. I will treat just a few of these here.
The atomic objects that enter into a computation are its

irreducibles or atoms, and it is with occurrences of these that a

computer deals. The computer may recognize no internal structure

in these occurrences of irreducibles. The computer must be able

to inspect a candidate (occurrence of an) irreducible, to iden-

tify it, to create a dstinct occurrence of it, and even to anni-

hilate occurrences. An occurrence of an irreducible must be
- 16 ~




bounded in extent, on all physical dimensions. Its position and
momentum must be exactly known, or at ieast must be known to
within bounds that are set in advance, and its position and mo-
mentum must never stray outside those bounds. If the computation
proceeds in space and time, then computational characteristics
may not depend essentiaily upon spatiai or temporai factors. If
computation refers essentially to energetic factors, then it must
be independent of any particular quantitative energetic measures.
All relievant physical configurations must remain invariant
throughout the requisite lifetime of the computation.

Composite objects must exh