An earlier \ersion appeared in:

The analysis of Meaning: Informatics 5

Proceedings ASLIB/BCS conference, Oxford, March 1979,
Eds: M.MacCadkrty and K.GrayPublished by Aslib

THE PRIMA CY OF NON-COMMUNICA TIVE LANGU AGE

Aaron Sloman
School of Computer Science
The University of Birmingham
Birmingham
B15 2TT, England
http://www .cs.bham.ac.uk/~axs/

(Written in 1979 while at The Uwersity of Susse)

Intr oduction

How is it possible for symbols to be used to refer to or describe things? | shall approach this
question indirectly by criticising a collection of widely heldwgof which the central one is that
meaning is essentially concerned with communication. A consequence of this that arything

which could be reasonably described as a language is essentially concerned with communication. |
shall try to shw that widely knevn facts, for instanceatts about the bewaur of animals, and

facts about human language learning and use, suggest that this belief, and closely related
assumptions (see Al to A3, beloare filse. Support for an alternaiframevork of assumptions is
beginning to emege from work in Artificial Intelligence, wrk concerned not only with language

but also with perception, learning, problem-solving and other mental processes. The subject has not
yet matured stitiently for the ne/ paradigm to be clearly articulated. The aim of this paper is to
help to formulate a me framevork of assumptions, synthesising ideas from Artificial Intelligence

and Philosopy of Science and Mathematics. Thedliframevorks can be brieflyer-stated thus:

OLD: A language is essentiallysacialphenomenon and meanings are essentially things to be
communicated, so that it is impossible forytng to use a language solely for vate
purposesthe primacy of communication.

NEW: the essence of language is storage of information for use and manipulation by an
individual, and communicate potential is an wolutionary side-dect of this function:the
primacy of epresentation.

A very clear formulation of the first thesis can be found in chapter 2afd(1977), and a not
so clear bt very influential discussion in Mtgenstein (1953). Johnybns has dran my attention
to Chomsk (1975), which criticises ersions of the first thesis propounded by Searle, Grice and
Stravson. The wrk of formal semanticists and mathematical linguists is usually neutral on this
Issue, since theare not concerned taxplain haw it is possible to use language meaningfublyt
merely eplore consequences of formal assumptions about meaning. Sometleirtgelisecond
thesis is implicit or eplicit in a great deal of wrk in Artificial Intelligence wer the last twenty
years or so (for sueys e Boden 1977, Wston 1977) and a relatecrgion is gpounded at
length in Fodor (1976). My wn (1978) taks the second thesis for granted throughout. As should
become clear latethe second thesis does not yiéimat there are languages (e.g. English, French...)
which are used lgely for communication, nor that mawf their main features dee from this
use. The claim is that use for communication with othewiddals is not a necessary pre-condition
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for the meaningful use of some language.

The standard framework

The old thesis is part of a collection of widely held assumptions which | shall challdege.is a
summary of a central subset.

Al. The primary function of language is communication betweenrithdils (e.g. kons writes: 'it
is difficult to imagine an satisfactory definition of the termdnguage’ that did not incorporate
some reference to the notion of communication’ (1977), page 32, and goes on to state that it is
obvious that it is impossible to account for meaningept in terms of communication). So
language is essentially social.

A2. Learning a public, shared, language is a pre-conditionvifdn&nownledge, beliefs, intentions,
principles, and of thinking, deciding or inferring.

A3. Human beings are the only animals which use language to describe things and reason with.

These assumptions are not necessarily all held simultanefardijey are independent of one
another (though I shall not try to me that nav). But the/ are often held togethet shall ague
against them all, trying in particular to skdhat there are at least three senses in which the use of a
rich and pwerful internal languagevithin an indvidual is prior to the use of language ined
communication between indduals. I1then sletch a theory of he it is possible for an internal
language to be used to refer to and describet@nral world.

| do not claim that there is gnoneinner language common to all animals geredl human
beings (compare dedor 1976), for the inner language or languages gpfcme indvidual would
develop under the influence of that indlual’s unique historyincluding possibly eents prior to
birth and certainly afterx@osure to a public language. It is a consequence of the thexiches#
below that a language may b&tended by the addition of wesymbols not defined in terms of the
previously knavn symbols. It follevs that some learning of arvest language mayexend an
individual’s inner language, rather tharways simply relying on a fixd inner language to define
nev symbols. Itcould even be agued that the wlution of social systems, using shareekerd
languages, wuld, through natural selection, influence the genetically determined internal linguistic
abilities, for instance allwing them to be more open taternal influence, and therebgdilitating
cultural eolution, which permits more rapid adaptation to changing circumstances than Darwinian
evdution. Thussome of the innate linguistic abilities of a social animal might be geared to the
communicatre function of languageBut | shall try to she that this is not a necessary condition
for having linguistic abilities.

What is a language?

Of course, one can easily define "language" in suchap &s to restrict language toeot
communication between indduals, and that auld male Al, abwe, true, lut true by definition
and misleading, as | shall sholn any case, to talk of indiduals communicating by means of
symbols implies that tlyecan undestandthe symbols, i.e. interpret them as meaningful, amd ho
this is possible cannot bemained without reference to internal processgspulative cefinitions
don't help with this.

There is a clear and important sense of tbhedwlanguage" which does not neaRl true by
definition -- and in this interpretation Al is still widely assumed to be true. What is this broader
sense of "language"? | shallvgi smly an incompleteanswer | believe that most students of
language wuld, at least after some reflection, accept the iatig asnecessaryconditions for
saying that X uses a language ler if they are not suficient conditions. (Thefirst three
conditions dexie from the vork of Frage, lut are nav widely accepted.)
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L1. L includes both simple and compleymbols, the latter being composed of the fornera
principled faishion. (Symbols are warkind of entity used in constructing maps, descriptions,
representations etc. Non-denoting symbolg pirentheses and other syntactigides may be
included.)

L2. There is at anone time a definite set @dimple symbolsf L known to X (or usable by X),
although this set may be erdad wer time, and some of the symbols mayl but of use.

L3. There is at anone time a restricted set ofodes of compositiasf more complg symbols of L
from less compbeones knavn to X, though the set of rules of composition (grammatical rules)
may change, and need not beleitly formulated in X or agpwhere else: e.g. themay be
consequences of other features of the procedures padpby X for using the symbols.

L4. X does not merely construct or contemplate such symhaisises them at least (a) txpeess
beliefs and possible beliefs i.e. to represent what is or may be the case (b) to formulate
guestions i.e. to specify missing information (c) to formulate goals or purposes or intentions, or
instructions. V& need not assume that thesdatént uses correspond tofdifent subsets of L.
For instance it may be that which of these uses Xemak a particular symbolavies from
contet to contet, or even that no symbol isver used with &actly one of these functions.

| shall not nav attempt to define precisely what is meant by suchda as "symbol”, "rule”,
"facts"”, "questions","goals”, "instructions”, etc., or to go into all theynaad subtle distinctions
made by logicians and linguists and discussed at lengtyoimsL1977 @l 1. | assumeweryone has
at least a rough and ready grasp of L1 to L4, and car ismke sense of the distinctions in L4
between using symbols to record what is the case, using them to spgafyngvhat is recorded as
being the case, and using them to generatevimitaby describing the betiaur. (How these
things can be done is another maytBartial analyses will be tdred laterlt is not implied by L1 to

L4 that X need be conscious of using L.

L1 to L4 do not say aithing eplicitly about communication between in@tluals. So it is not
ohviously true by definition that something which is a language in the sense implicitly defined by
L1-L4 is primarily used, orven used at all, for communication between induals. X might use L
entirely in a pwvate diary or in its mind only as far as L1 to L4 are concernedrknstance, X may
formulate a question specifying missing information in the course of constructing a plan -- the
guestion may be used to generate inferences and informaitiberigng processes. It need not be
addressed to another imaiual. Similarly instructions may be part of a stored plan or sisatesed
by X.

Nevertheless, | think it is widely heldven if only implicitly that in some sense the main or
primary use of aything which would be a language in the sense of L1-L4 must necessarilyetie o
communication between indduals. Othermore prvate, uses wuld hase o be derivative, in ome
sense. The most perful exponent of this essentially public weof language was Wttgenstein
(1953). Havever, related, though less sophisticatedwseare quite commonWhat is wrong with
this cluster of vievs? Once agin my approach will be indirect.

Intelligence in lesser mortals

Have you ever wondered hw it is possible for animals to learn circus trick€t how birds manage

to huild nests? Or he it is possible for mon&ys to leap through trees at high-speed without
frequently crashing into branches or missing them completely almigfto the ground? Or ko
hunting animals find their &y back to their lairs? Or tofrogs, flies, and other apparently stupid
animals are able to manoeuvre themsglwnto the right position to mate with other induals? Or
how a rew-born deer can run after its mothe€ haov spiders manage to makheir webs in a
variety of geometrically dferent plysical situations, and to patch them wherytire damaged?
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Of course, it is possible to assume that such things just happen, thatethieatural”, that no
explanation is required, just as it is possible not to be puzzled abouaicthtedt unsupported apples
move twads not avay from the earth, or thea€t that frogs’ ggs eentually grav into frogs and
not fish. This flabby acceptance atfs may sidice for phenomenologically minded philosophers
and the man in the streeythf one wishes to understand the possibility of such phenomena it is
necessary to attempt to construct theories alnodérlying melsanisms.

At present no adequate theories about underlying mechanismsadable for the abilities
listed in the preious paragraph.There are mantheory-luilding tools, including concepts of
physics and analogies with ydical processes, concepts of neurggiblogy, concepts and
formalisms of control-theory and systems-the@yd most recently concepts and formalisms of
computing science and artificial intelligence. The latter are concerned with mechanisms which
generate processes in which symbols are constructed and manipulated. At the moment it looks as if
only this last set otomputationatheory-huilding tools has anhope of being useful fordilding
theories about mechanisms which could generate bothathety and the fine-structure of the
intelligent behwiour of animals.

Claim:

No non-computational mechanism currently \nois capable of generating a range of
gualitiatvely different patterns of betmur intricately related and adapted to both the
sensed structure of thewm@nment and to prexesting goals.

What, then, is a computational mechanism?

The general brm of Artificial Intelligence Theories

Water running dwn a hill will, to a certain xtent, aoid obstacles. But there is no need to assume
that it has the goal of getting to the bottom of the hill, or thgtiatelligence is imolved in
generating its bel#ur. Each portion of vater merely responds in accordance with nedbfi
simple mechanical principles tocal conditions, and theverall behaiour is simply thesumof all

these local processes. Thus something tile mathematics of dédrential equations and boundary
conditions, possibly enhanced by singularity theauifices to represent andmain what is going

on - even though in man cases measuring the boundary conditions and solving the equations may
present ery great technical ditulties.

In particular there is no need to assume that tregew malks use of aepresentationof the
current situation which is compared withrepresentatiorof a goal situation, or that the results of
such a comparison lead to the selection or construction of some\gtrdiese recution requires
the collaboration of sub-systems which are under the control of a cetatiee. Processes lik
these wuld require a computational, i.e. symbol manipulating, mechanism.

By contrast, theories in A.l. areconcerned with mechanisms whictuild, compare,
manipulate, search fointerpret, analyse, or opesymbolic structures of some kindlhe «isting
theories hae mary limitations, such as a lack of parallelism, a restriction to discrete (digital)
symbolisms, and, abe dl, a very small amount of information (compared with what a human or
animal brain seems able to stor&Joreover, Al programs sodr hare had a ery simple structure:
for example there are none which could be describedvas gproximately lile a @mplete
organism with its avn system of goals, perceptual abilities, planning abilities, and learning abilities.
However, some of these restrictions aregi@ning to be wercome, and others probably will be, as
far as an be judged at present.



Types of symbol manipulating mechanism

What | am claiming then is that the only paradigm of theory construction which looks remaely lik

being able to pndde theories accounting for much animal bebar is the computational

paradigm, which describes mechanisms using internal symboligvasan distinguish dferent

degrees and kinds of sophistication in such mechanisiige followving is kut a short list of

examples:

1. Asingle branch-free program is used, which, once triggeredyslicauses essentially the same
sequence of instructions to be pbd.

2. Whilsta program is being oly@d, sense-gens are continually updating some symbol store, and
at certain points conditional instructions generate \ieha which depends on this incoming
information, e.g. adjusting musculategtion to the wind resistance.

w

. Asin the preious case, xxept that incoming information fatts not just local bekeur (i.e.
what is done at particular stepsytthe global flav of control, as in a program which under
certain conditions will transfer control to a quitefeliént program e.g. a switch from food-
gahering behaiour to escaping bekiour triggered by the smell of a predatimr instance.

4. Alongside other behaiour there may be a process of analysis of incoming information,
producing an internal symbolic representation of the currentoement, whether or not it is
relevant to current needs and stigites: e.g. the construction of descriptions of redti static
three dimensional objects and relationships on the basis of continaglipg two-dimensional
retinal information, or the construction of some kind of map of tk@@ment on the basis of
exploring a sequence of routes through (#ust one of thesevelve before the other”Both
require the ability to represent spatial information.)

5. Insteadof using a permanent set of stored programs thanmm may modify its programs, or
synthesise ne ones, in the light of an analysis of the short-comings of the old ofless.
presupposes internal descriptions of some of the programs and of both their intended and their
actual efects.

6. Insteadf having a permanent set of stored procedures for making major decisions, on the basis
of available information, the system may include procedures for modifying its decision-making
stratgies, including both the alteration of rela&tiweightings of preiously used criteria, and the
synthesis of ng principles and policies.

This is not meant to be wihming like an exhaustve survey d types of symbol-using
mechanisms which might befefed as eplanations of increasingly sophisticated patterns of animal
behaiour. The examples do, hwever, illustrate a number of dimensions in which computational
systems canary, namely:

A: the extent to which decisions (including decisions aboutvho make decisions, etc.) are
postponed till "run-time"

B: the extent to which information is tah in and storeth caseit may be useful, reducing the
reliance on the immediateveronment to preide information for decision-making processes.

C: theextent to which the system alters, or synthesiseswitsgrograms.

D: theextent to which diferent actities can go on in parallel, e.g. performing actions, monitoring
their efects, taking in n@ information, reconsidering goals and plans, etc.

Variations in these dimensionowld account for &riations in dgrees of flgibility, generality
of learning abilities, ability to soé/problems, ability to adapt to changing circumstances, Ebte
evdution of consciousness is probably connected withrslification of functions alluded to in D.
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Whether or not mechanisms of the general fornetcsled abee d underlie the intelligent
behaiour of animals, it is at least clear fronmosk in computing science and artificial intelligence
that such mechanisntan «ist, and that thg are capable, in principle, of generating m&mds of
behaiour (internal and xternal) preiously thought to be restricted to humans, sinceipos
concepts of "mechanism" were based on analogies withvalyasimple plysical systems, li&
clocks, steam-engines, and telephaoxehanges.

| havetalked aboutmechanisms which use symbols, including symbxsessing instructions
which can be ohbed, descriptions of aspects of theviemnment, and principles of decision-
making. The most basic and prinaéitype of symbol-use is thexecution of instructions. W can
even treat the hill andthe water flaving down it as a system in which the shape of the terrain
amounts to a sort of stored symbolic prograeceted by the ater under the influence of grey
and its internal constraints. But it is ary primitve kind of program, capable of generatingeayw
limited class of behaour, with little capacity for producing qualitagly varied beheiour in the
light of information coming in from outside the system. An earthguak bomb, may change the
program, It the program does not include testpleitly anticipating changes, with alternadi
stratgyies for achieing goals. Nor can it cope with tBfent goals at diérent times. Further
repeated xeecution may lead to changes, through soil erosion famgple, it these can only be
gradual and relately continuous, unlie the sudden qualitat cdhanges of behl@ur of which a
self-modifying computing system is capable. The system carypathretically &plore alternatie
internal changes then select one which fits some requirement.

This example is intended both to illustratevihdroad the spectrum of mechanisms is which
might be described as computational, and to illustrate that the kinds grekslef dilerence
between diierent locations on the spectrum may be so great that the metaphspexftaumis an
oversimplification. Theexample also illustrates othe same chunk of reality may bewed in
different ways - e.g. as a phical system or as a comput@eeuting instructions.

The semantics of intenal languages

| havesuggested that the most priméiand basic kind of symbol must be some kindnstruction,

i.e. something which generates and controls Wiehain an appropriateterpreter There is a gry
varied class of types of instruction, ranging from what might be thought of simplyyascah
causes (e.g. the shape of a hillside which only ierg &tended sense can be said to instruct the
water floving down it), to very much more "descripg" instructions which include a description of
an action to be performed (e.g. "turn your head to the left"), or specify an end state to \msl achie
without specifying the action to ackeit (e.g. "Be here at noon tomowd or "find some food").

What we are kgnning to understand, as a result of a series of increasingly comple
computational wperiments in the form of designing and implementing A.l. languages and
programs, is that pvwded you hae the first, most primitie, type of symbol-obgng system, in
which the meaning of a symbol is little more than tHea¢fit has on the machine (including such
effects as changing some of the symbols), you can construct on top of it a series of layers of
increasingly sophisticated virtual machines, including ones in which symbols are used to describe
objects and their relationships, angergually systems in which some of the symbols which are
interpreted as instructions themsedwcontairdescriptiveelements: for instance in PLANNER-¢ik
languages where procedures ax®ked not by name bt by some kind of articulated pattern, which
may function as a description of a state &dief to be achieed. (E.g. see \Wograd 1972).

In short,descriptivemeaning golves out ofprocedual meaning, and more elaborate types
of procedural meaning mayave out of descriptte meaning. Thisevdution has
occurred in computing sciencd?erhaps it also occurred in thevdepment of Iving
organisms.
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We row return to the "central problem of semantics™:

Under what conditions can such a mechanism use some of its inner symbols as
descriptions of what is the case, descriptions which, instead of merely producing some
effect on the mechanism, refer to or describe things other than thes)sehd do so
correctly or incorrectly?

Note that the central idea is nowireg a meaning, it being used with a meanin@his central idea
does not normally enter into formal theories of semantics such asotkeotvTarksi: hence their
limited interest for our purposes$.don’t think the answer to the question is simple oriobs, and
neither is it clear thatxésting computing systems & reached the kind of sophistication required
for us to say that tlyeundestandsymbols as descriptionsyan though in may caseswe clearly
attach descripte meaning to the symbols thaise, including the internal data-structurd&ut we
also attach significance to the contents of filing cabinets and tape recordirfgs! discussion
would require analysis of ddrent kinds of referential and descnatiuses of symbols.A full
analysis is not yetvailable. Howvever, we @an tentairely formulate some apparently necessary
conditions for symbols to be used descvigyi.

Preconditions br descriptive meaning

In order that a system S be said to use symbols from a language L to describe certain (types of)

objects and their properties and relations, we could require thevifadj@onditions:

M1. S must be able to use sensory-detectors capable ofingcsiimulation directly or indirectly
(e.g. via light or sound aves) from the objects, the actual stimulation being determined in a
principled &shion by the things andsSelationship to them (e.g. visual stimulation depends on
viewpoint).

M2. S must be able both boild and toreject or modifydescriptions using the language L, based on
processes of analysis of the stimulation mentioned in M1.

M3. S must be able to mainferencesrom some descriptions formulated in L to otheffat is to
say S nmust be able to use some descvptsymbolic structures as a starting point failding
others related to them(E.g. A.l. work on visual perception and the analysis of pictures/sho
how the construction of a 3-D interpretationvaflves an enormous amount of inference
making)

M4. S must be capable of noting (in at least some cases) that more descriptions in L of some
state of dhirs cannot all be acceptable (i.e.ythae inconsistent), and, in at least some cases,
capable of taking steps to find out which should be rejected.

M5. S must be capable of using the descriptions in L as a basis for taking decisions abimut ho
act. Moreprecisely S must be able to use some symbols as representations of possible states
of affairs, and also be able taitd a description of a series of possible actions whioklgy
make auch a state of &irs actual.

M6. S must be capable of diseing (whether or not it>@resses the diseery in L) that it lacks
some information and using a complg/mbol in L to specify what is missing and guide a
process of attempting to acquire the information either by inference from othEbke
descriptions, or by using the sensgans. 1.e.S can use some symbols of L as questions.

These conditions will beamiliar to philosophers of languag&hey will be relaxed somehat
later on. They do not completely define the semantic concepty tise, and wen as incomplete
definitions thg are circular It remains to be seen whether this circularity can be analysed as an
acceptable case of mutual recursid@ven if the circularity is acceptable, the reariwremains to
be done, namely to flesh out these conditions féerdift kinds of symbols and thfent aspects of
the world, including, for @ample, geometrical, gisical, biological and social aspects of reality: the
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preconditions for meaningfully using aovd to refer to circles will beery different from the
preconditions for meaningfully using avd to refer to cultural melutions, for «kample.

Further analysis of M1 to M6 auld tale us into hoary debates about concept-empiricism, the
verifiability and testability criteria of significance, distinctions between refermpgessions and
predicates, the role of quantifiers, modal operators, the importance of implicit definitions and
meaning postulates, e.g. segeA (1946), Hempel (1950), Carnap (19563pR1963), Popper
(1959), Quine (1953) and mamore. Inparticular we hould need toxgplain hav a gystem may
use symbols to describe objects, properties, and relationships, in a domain to which it has no direct
access, so that it canvwee completely \erify or falsify statements about the domain (see my 1978,
chapter 9, and discussions by philosophers of science of the role of uabbseiu theories, e.g.

Pa (1963)).

An important idea in such philosophical debates is that implicit, partial, definitions (e.g. in the
form of an axiom system) enablewneoncepts to get bthe ground.For instance, a collection of
axioms for Euclidean geometry in the cottef a set of inference proceduregudd partially and
implicitly define concepts l& "line", "point”, "intersects”, etc.In A.l. programs, e.g. programs
concerned with describing visual scenes, instead of axioms and logical inference rules we often find
a wmllection of procedures foruiding data-structures and for relating them to othefbe
procedures partially and implicitly define the meanings of the structures. This is a phenomenon
crying out for more formal study

The analogy with theoretical concepts of science and mathematics implies that nadyall ne
acquired concepts need translatableinto ones previous symbolism. (CompareoBor 1976.) It
also implies that the system may use predicates to describevitemerent which are not definable
explicitly in terms of tests which may be applied to sensory data. Instead, the descriptions are
inferred from inconcluse tests on the basis of theoretical assumptidfes.instance, the notion of
a ‘climbable object’, or asurface meing nearer’ need not baefinedin terms of operations on
retinal input, it may beinferred from descriptions of retinal inpufThe meaningsf the symbols
used to describe the \@ronment, will be partially defined by the collection of inference rules
(transformation and construction procedures) and theoretical postulates (inital data-structures) used.
The postulates and inference rules need na tak forms studied by logicians: for instance ythe
may include the use of analogical representations in the sense defined in Sloman (1978)yand man
domain-specific inference procedur&hie definitions implicit in such assumptions and procedures
will be inherently incomplete, and the concepts indefinitetgredable by adding metheoretical
assumptions about the nature of the reality referredlteese features arevident in theoretical
concepts of sciencdt is not so easy to detect them in moaeniliar concepts lig "hard", "wet",
"dog", "food", etc., since we are less conscious of the inferences veeimaklinary life.

The essential incompleteness of semantics

Thus we may say that intelligent systemse Ikientists, necessarily use symbols without full
understanding, and withouvex being able to establish finally whether whatyttsay is true or
false. Butthis is not something to lament: it is anvitable fact about the semantics of a language
used to represent information about things outside oneBRi& fact seems to lie at the source of
much philosophical discussion about whedge and scepticism.

So the conditions M1 to M6 abe d not imply thatewvery descriptve a referential symbol S
understands must be one which S can ralatectly, using perceptual procedures, to the reality
described or referred to. The symbol-system L mayemaktact with reality eg. through $
sense-ggans, only at relatiely scattered points, and only in indirecayg (like the connection
between reality and our concepts of "atom’, 'gentiie’distant past’the remote future’, 'another
persons mnd’, 'the cause of anvent’, 'Julius Caesar’,the interior of the sun’,the battle of
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Hastings’, and so on)The points of contact with reality mawny considerably from indidual to
individual, hut this need not pvent different indviduals storing much the same information about
large chunks of the arld. Thisis because their inference procedures permit themxttapolate
beyond what thg havealready learnedFor instance because thean communicate, people who
live in different places can share kvledge about the geograplof the earth. And different
animals who do not communicate may sharewtedge about a forest, gleaned in difereiatys:

All this has much in common with some wie expounded in Quine 1953, and Sson 1959.

For most of us, most of what we bele a think about is the result of a process of inference,
hypothetical construction, use of indiregidence, or acceptance of reports from intermediarigs, b
this doesrt’ stop us haing beliefs and thoughts which refer to more or less remote portions of the
world. Thesame could be true of other animals, or machings, i their sources of information
about the wrld are less rich, and include no other communicating intermediaries.

This view of the semantics of inner symbolisms implies that the inner language may be
extended by the addition of wepartially and implicitly defined symbolsContrary to Bdor’s
claims, a n& language may therefore be learnt without aew gymbols beingtranslatableinto
old ones -- more on this b&o Hence diferent humans may use féifent "mentalese"ven if they
all started dfthe same.This admittedly sktchy analysis applies not just to the semantics erbal
or logical languages ub also to the use of maps and other analogical representations.

We oould ague at length wer whetherall of the conditions M1 to M6 are necessary for S to
use L with descriptie meaning, or whether some other necessary conditions should be added to the
list, such as consciousness of the use being made of synihdlsuch debatesauld be fruitless,
amounting to little more than semantic squabbls bow we should use wrds like "symbol",
"language”, or "meaning"There are no doubt mardifferent sorts of cases which could arise,
forming yet another "spectrum” ranging from systems which satisfy only minimal conditions (see
end of this paper) to systems asvpdul as peopleOne of the goals of Al and Computing Science
should be to xplore this range of possibilities, using both theoretical analysis and computational
experiments.

The primacy of inner languages

However, what is important in relation to assumption Al is that the conditions M1 to M6 are
intelligible, and that it mads sense to suppose that most or all of them might be satisfied by some
symbol-using system which is not part ofyaociety using ay kind of overt language. Insaf as

any communication is imolved, it is only communication between sub-processes of a single system.
Furthermore, | do not kmohow we can b@in to eplain the intelligence of mgforms of animals
without assuming that tgemake use of such internal symbol-systems. The ricriety of
behaiour, the extent to which thg can match fine details of their bef@ur to the requirements of

the environment, the ability to generalise from one situation to others, the apparent ability to acquire
information and then use it on another slightlyfed#nt occasion, e.g. tv@d danger or to find a

nev way home -- all these seem incapable of beirglagned without reference to internal
processes in which information is stored in some symbol system.

Furthermore, dcts about human iafits and the ark on learning in A.l. (e.gWinston 1975,
Sussman 1975) strongly suggest that human learning, including early language-learning and the
development of sensori-motor skills, could not occur without the priastence in indnts of rich
and compleg symbol-manipulating systems capable of forming, testing, and modifying both plans
and theories. My é&brts to find alternatie eplanations in the writings of selopmental
psychologists, such as Piaget,véamnearthed only ague hand-aning, or metaphorical re-
description of obserd behgiour. Work on Al systems which process English and other natural
languages suggests thaee the use of amvert language requires the use of internal symbolisms

-9-



for building up descriptions and interpretations of fragments of sentences, and for making
inferences from what is actually said.

All this implies that there are at least three senses in which the use of an internal symbolism
with descriptve and procedural semantics is prior to, or more fundamental than, the useweftan o
language for communication between induals.

P1. The use of some kinds of inner languages must &alved before thewlution of what we
normally call language, since intelligent animatsseed before social languages. (Note that |
am assuming that something not todedént from Darwins theory of biological golution is
correct. Theists may reach féifent conclusions.)

P2. The use of an inner language is a precondition for the learning of a human languBygisk
or Urdu.

P3. The use of an inner language is a precondition for the continued ugeroélelanguages,ub
the cowerse does not hold (in weof P1 and P2).

| summarise all this in the slag:representation (or symbolisation) is prior to communication.

If all this is correct then the three assumptions Al to A3 aeef D rescue the assumption
that language essentiallyvmlves communication by making it true by stipulatiomwd conceal
important fcts about the possibility of internal symbolisms which shaveraefunctions with
external languages.

Wittgenstein’s private language agument

The theory s&tched here may appear @l ffoul of Wittgensteins (1953) aguments aginst the
possibility of a piwate language His agument is that the notion of follong a rule is inapplicable

to the use of some "logically pate" symbolism since the correct/incorrect distinction could not be
used when there is no possible public check that the rule has or has not beeedfollthis
argument has aery dubious statusub, as Bdor remarks, it is irrel@nt to computational theories,
since nothing said ake implies that the inner symbolism lsgically inaccessible to outside
scrutiry. In practice the diiculty of opening up a brain, or computer anorking out what is going

on may be insurmountableytthat is another matter

How should meaning be epresented?
It is important to distinguish taquestions

(a) How should a theorist (e.g. linguist, psychologist, logician), represent the meanings of symbols
of certain kinds?

(b) How are the meanings of the symbols represented by their user?

The answers to these questions may be the same for some users of some syinthas, b
need not be When a computer "understands" some machine language, it doevaat bse ayy
explicit representation of the meanin&ather the xastence of bilt-in machinery for interpreting
(obeying) instructions gies the symbolism its meaningl'his need not prent computer scientists
from attempting to describe the semantics of the languqiieidy.

Similarly if a relatvely high-level language is interpreted, instead of being compiled, (a
possibility Fodor never discusses) then the stored symbols may be capable of generatingpbeha
in a systematicashion It there need not be yageparate internal representation of their meaning:
what meaning thehaveis implicitly assigned by the procedures for interpreting them -- possibly in
a montext-sensitve fashion. Thesame applies to descripdi (hon-procedural) stored symbolism,
which is implicitly defined by the ay the system is used, as outlined\a&bdhis is discussed
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briefly by Fodor in connection with "meaning postulates” (1976, pp.0)4®jit only in relation to

the learned public language. Hevaeconsiders that the "mentalese” symbolism jraayeast in

part, be assigned a meaning in just thég/whe natve mentalese can then be gradualiemded

by the addition of n& stored representations, partially and implicitly defining some premitive
symbols, and modifying the meanings (use) of old oifksnight also golve through deelopment

of the underlying interpretgr The upshot would be a system in which there is no clear functional
distinction between the concepts of mentalese and those of some other language. This is the sort of
thing which justifies a claim to ke learnt to think in a e language. &dor's analogy with
compiling a high-leel programming language breakswdn However, this is still too \ague and

leaves gpen a wide range of possibilties for the internal symbolism - including stored sentences in
an essentially public language (as when we memorise a poem or a set of directions to get to the
station), "analogical" representations - e.g. 2-D arrays depicting retinal images or maps, or lists of
ordered items representing the order wénés or objects in the ovld (e.g. a memorised list of
names of winners at Mibledon, or a netark of routes) and no doubt mamore.

Reflecting consciously on the meaning of an English sentence can tell us little about the myriad
unconscious processevalved in producing it, understanding it, inferring it, or balg what it
says. V¢ dill need to learn a great deal about the trade-ofvolved in alternatie types of
symbolisation. Wrking in the A.l. paradigm forces one to address issues about mesnouwy
problem-solving, about recognition, about learning, aboayswof achieing eficieng. For
instance, wrk in A.l. suggests that if decisions and interpretations are required quiekly often
be useful to store information in a highly redundant form. Peammms may sufce for a logician
interested in number thegrput no computational system frequentlyimg to sole aithmetical
problems could do so reasonably quickly without storingelarumbers of ’partial results’, which
are logically redundantOtherwise enormous searches among possibleatienis from the axioms
would be required for each wearithmetical task. Similarlythe use of an economically represented
generatte gammar might be much more time-consuming than the use af adre redundant
system, including what Beek (1975) describes as a ’phrasatiden’. This redundant system
would be especially useful if ddrent rules could be processed in parallel, and if incoming
information was often incomplete or geaded by noise, mis-pronunciation, slips of the tongue,
sloppy sentence-construction, etc. Iltems rejected by the ’basic’ rules might be found to match
relatively large stored schemas quite well. Once redungdanters into the system, the scope for
inconsisteng increases. This could be a majactbr in the deglopment of language. Thus the
criteria favaured by mathematical linguists, such as economy and congisiegcammars, might
be the last things we should require of eithdcieht working systems or theories of wigeople
and animals use their pate and public languages.éMeed to gplore these and other issues by
designing and analysing wesymbol-using systems displayingnous forms of intelligence. The
subject is so young, there are bound to beyrmsarprises in store for us.

Solipsistic Intelligence

One of the surprises may be that weehd wealen some of the conditions listed abdor using

symbols with descripte meaning, such as M1 and M3 here could be t machines running
programs P1 and P2, the former connected to TV cameras and mechanical arms, as well as a
teletype, and the latter only to a teletype. If P1 satisfies the conditiosrs dpove, and P2 is a

subset of P1, then under certain circumstances we may be able to say that P2 contains all of P1
except the links to TV cameras, and perhaps the soétvior some of the eest level analysis of

sensory input. Thus if P1 can learn about theldveither through its cameras, or through the
teletype, then wishould we dey that P2 can learn about thend through the teletype alone,dik

a dind and paralysed person who does not lack the computational abilities underlying sight and
physical motion? P2 will not acquire so much information so easilypay hare © spend much

effort speculating about details P1 pevesj and it might generate and accept mamksef
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hypotheses.

Thus, using symbols to formulate beliefs aygdtheses about axternal world does not
require that the wrld in fact be sensed and acted on, only that the internal symbols and
procedures be didiently rich to hae the potential to support such processes of
interaction with the wrld.

As far as | knw, A.l. work on language understanding has not yet realjpubeo address the
guestion of har such potential can be siwo to «ist in a program which can communicate only via

a teletype. Itmay be that there is no adequate test short of actually embedding the program in a
more complete system, though | hope it will turn out that theoretical analysis will be possible
instead. Thehought processes of such a system might not be téeredif from some human
thought processes disconnected from the realdywsuch as religious and metgpital thinking,

and some kinds of mathematical thinking, for instance about infinite-dimensional spaeefal

step is to notice that noven the teletype is necessary!
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