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Part!l Somecommentson the Lighthill
Report and on Artificial Intelligence

N. S. Sutherland, Professor of Experimental Psychology, University of
Sussex. August 1972,

Introduction

No one is likely to quarrel with Lighthill’s clasification of work in Al
as falling roughly into three areas; nor is his recommendation to support
good work on automation and on the computer simulation of neuro-
physiological and psychological processes controversial. The crux of

- the report is the condemnation of work in the bridging category and |

shall therefore concentrate on this aspect of it. It will be argued that
Lighthill’s definition of area B is misleading, that some of his arguments
against work in this category are unfounded, that the achievements and
promise of the work can be seen in a very different light from that which
he presents them.and that it is hard to see how work in areas A and C
can flourish unless there is a central core of work in area B. In what
follows, Lighthill's abbreviations for the three areas will be retained,
but B will stand for ‘Basic research in Al’ rather than for ‘Bridging’
research: the same work is denoted, but the connotation is different.

1 Definitions and aims of area B

On page 2 Lighthill defines area B as ‘a bridge category where aims
and objectives are much harder to discern (than in the case of categories
A and C) but which leans heavily on ideas from both A and C and
conversely seeks to influence them'. Later (pages 7 and 8) we are
told that the basic component of arca B is building robots and that this
activity is ‘justified primarily by what it can feed into the work of
categories A and C’. Area B is already being placed in a bad light since
on the one hand it is said to borrow its ideas from A and C, and on the
other hand its main justification is said to be what it can contribute to
these areas. Four points arise.

First, area B has clearly defined objectives of its own. Its aim is to
investigate the possib/e mechanisms that can give rise to intelligent
behaviour, to characterise these mechanisms formally, and to elucidate
general’ principles underlying intellicent behaviour. These seem to be
valid scientific aims and are clearly different from those of work of types
A and C. Workers in area B need not concern themselves with such
problems as whether a given mechanism is the most economic method
of doing something nor need they worry about whether itis a mechanism
actually used by an organism. Lighthill gives no reasons why the
theoretical investigation of intelligent mechanisms is not a useful
scientific enterprise in its own right. Moreover, | believe that this view

. of the aims of work in the central area of Al is shared by the hard core

of workers in the subject. e
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Secondly, Lighthill suggests that so far work in area B has received
more benefit from ideas emanating in areas A and C than vice versa. No ?
evidence is given.in support of this view and it could indeed be argued ’quﬁ.p (e -
that so far almost all the spin-off has been from the central area (B) to /
A and C rather than the other way round. The new concepts central to -
all work in Al (eg list processing, backtrack, heterarchy not hierarchy,
knowledge as procedures) have developed from work in B rather than
from work in areas A and C. Moreover, the family of languages known
collectively as list processing languages was developed almost entirely
by workers in area B and these languages have been of use to workers
in areas A and C and to computing science as a whole.

Thirdly, the categoridation of all work in area B as ‘robotics’ is
tendentious. The word robotics is best kept for ‘hand-eye’ projects and 1
although Lighthill mentions work on scene analysis, question and /
answering, and the understanding of an input in a natural language as v,
belonging to area B, little attention is given to the achievements of
such work; rather the alleged stigma attached to work on robotics is
taken to characterise area B as a whole. :

Fourthly, because of the vagueness in Lighthill’s definition of area B, u_““‘(:“
it is not clear who he thinks works in this area and who does not. Some— £
of the most outstanding work in the field of A as a whete s been ;
achieved by workers such as Minsky, w inograd, Winston, f'eC :
Evans and Raphael, all of whom would Preperty regard themselves as

in the central area of Al; it is hard to think of any work in area A and € . 7
that is of such scientific importance. If SRC is to support one area of Al
rather than another, the question of definition becomes very important. N
Moreover, the lack of definition and the lack of names may mean that

Lighthill is attributing achievements in area B to area C. For example,

itis said that there is a group at Edinburgh working in C but on the above

- definition all the work at Edinburgh would be in areas A and B.

2 Lighthill's arguments against work
in B : ‘
-

_ Some of Lighthill’s arguments against B seem rathe&tendéntious)A
listing and rebuttal of these arguments follows.

2.1 It may or may not be true that some male scientists’ work on ’j 0
robotics is unconsciously motivated by a desire to give birth (page Li e\jcm?f‘:/
7). What is certainiy true is that a scientist's unconscious motives )%
for undertaking the work he does have nothing whatever to do with the
assessment of the scientific value of that work. The ascription of an
amusing if somewhat derogatory motive for undertaking work on
robotics would not matter if some attempt were made to assess the
scientific reasons for undertaking robot work. There is a scientific
Justification for robotics, although it is not explicitly stated in Lighthill's -
report. Only by having a machine that takes an input directly from the
real world and itself operates on the real world is it possible 10 make
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in category B has been the development of appropriate high—level

tQ ‘write proerams to undertake highly compiex operations using -
.machine code. By developing higher—evel concepts that summarize -

As Lighthill points out, the realis/ation that this sort of solution to the \ A

problem of intelligent behaviour is impossible (as well as scientifically "% IS

uninteresting) has lead to the development of "heuristic’ methods. Such
methods hopefully cut down the search space and so make it possible

to achieve a goal with the minimum amount of random search, often
at the expense of failing to guarantee a solution in the way that an
algorithm would do. Lighthill levels two criticisms of this way of
proceeding. First, he complains that the heuristics are supplied by the

human programmer using his own intelligence and hence the program

is not intelligent and secondly he seems to doubt whether even the use

of heuristics will be sufficient to enable machines to deal with very large

data bases because of the combinatorial explosion.

His first argument seems to me to be beside the point. The formal-
isation and use of heuristics in programs and the study of how to do this
may have scientific value whether or not the heuristics are supplied by
human intelligence. The investigation of how to use heuristics to produce o
intelligent behaviour is precisely one of the goals of work in category B. /kc
Good heuristics express a knowledge of a subject domain in such a way & J

as to facilitate the solving of problems in that domain. They depend on a 'E‘v: <)

deep understanding of the problem domain and are by no means ad hoc k<
tricks. : & '\

Lighthill is of course right in thinking that one .of the problems
confronting work in theoretical Al is that of discovering how to build
into a program _general-heuristics such that the program can then itseif -
develop specific heuristies-appropriate to a particular problem domain.
The successful solution to this probiem depends on our own intelligence
and on the amount of effort that is put into it. As in any scientific
enterprise there can be no guarantee of success nor can there be any
proof that it is impossible to succeed. What is certain is that work in
category B has uncovered some very interesting methods of expressing
knowledge especially in the areas of language understanding and
scene analysis and progress on this problem seems to be accelerating

rather than decelerating.

Lighthill's second argument is obscure and seems to be almost an act
of faith; one simply cannot know at this stage how far (or how soon) it ’ZL‘O

will be possible to build systems with very large knowledge bases g 500
using appropriate heuristics to overcome the combinatorial problem. Lo 506 {«o PEg
n l t. e A

3 Evaluation of work in area B

As mentioned above, one of the most important contributions of work

programming languages in which to program machines to perform
intelligent tasks. If the subject is to progress, such languages are not
merely a matter of convenience, they are a matter of necessity. Because
of the way the human brain is organised, it can only keep track of about
seven concepts at any one time and it is therefore virtually impossible

i

G




P RO R

Ll

1

L =ol

cLI-& | o gued®

Hut

-

WO G..\.}."

ro b

1

(- R

Eangne
i m ;tj:;.:,snf'[
ot

: | angues®

{h.kﬁ-

P Vc,are%'j

© 26

S S

v

], gbrons

g_Ra &93

F(%v‘ho

dot
le b

tle
9

i 1

WA

ocks of low level operations, workers can think in terms of such
concepts without having to worry about the détails of how they are

implemented.

Moreover, many general ideas that can be used in tackling many
different substantive problems in Al are embodied in the languages
w'that have been developed, eg.list processing, backtrack, knowledge—
based procedures, structural descriptions. Considerable progress has
been made in understanding what is involved in picture processing, the
interpretation of natural language and the sorts of representation
necessary to characterise meaning. Almost all the progress stems from
work in the USA and most of it comes from the MAC project at MIT,
Stanford University and the Stanford Research Institute.

One recent insight derived from Basic research on Al is that inter-

preting the meaning of any complex input, it is_impossi
rigid step by step procedure. For example, in deriving the meaning of a
o\ sentence, it is not possible first to parse it grammatically and then to
proceed to a semantic interpretation. A whole range of different
strategies based on both a knowledge of grammar and a knowledge of

to use a

possible semantic structures have to be applied at each step of the
analysis, and where one procedure fails others have to be called.

Again the processing of a scene involving objects with plane
surfaces cannot be achieved by successively mapping picture points
onto lines, then discovering closed regions bounded by connected line
segments, and finally mapping such regions on to a 3-D representation °
that interprets the lines as edges and the regions as surfaces and that
specifies the relations between the surfaces (concave, convex, etc).

Because the input picture (if taken from the real world) is always noisy,
some lines that do not represent edges will be-recovered in the line
domain, others that do represent edges will not be recovered. It is
therefore necessary to bring a knowledge of what three-dimensional
structures are possible and plausible to bear at each level. For example,
if the most plausible 3-D structure has an edge for which no correspond-

ing line has been found, it may be necessary to call a procedure

operating at the level of picture points to discover whether there is local
evidence of such a line that had originaliy been missed.

In short, the machine must have a ’knowledge’ of what are the possible

structures in different demains (picture points, lines, regions, surfaces)

and must be able to bring this knowledge to bear at all stages in the

interpretation. Many other varieties of knowledge fave to be deployed

in interpreting an input picture. For example, ssme scene analysis
programs are provided with a knowledge of what it means for one body

to support another and this knowledge is used to interpret the pictorial
input as bodies and to arrive at the spatial relationships obtaining

between the bodies. It is also necessary to use @ knowledge of the
l effects of lighting in scene interpretation.

The advances made in the subject can perh@ps most readily be
appreciated by comparing this type of approach with the very crude
_approaches being made to pattern recognition twenty years ago, when,

PR
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blind process of template matching or by the simple partitioning of an
n-dimensional space in which the dimensions represent pictorial
attributes. :

Although the examples given come from -work on scene analysis,
the same approach-is being used. in other problems such as speech
recognition and the interpretation of natural language. Itis now accepted
that to be usefully deployed knowledge must be incorporated not in the
form of a static data base but in the form of procedures that can be
brought to bear on the processing of input data at the appropriate points.
The methods used for embodying knowiedge in procedures and for
integrating the different procedures so that they can be called at the
right time have considerable generality. These methods are embodied in
advanced programming languages such as PLANNER.

Although it remains true that no solution is in sight to the problem of
how to make a program create its own heuristics, basic work in Al isat a
very exciting stage at the moment and is advancing rapidly. Considerable
progress has indeed been made in the two years that have elapsed since
Winograd's thesis. More flexible languages than MICROPLANNER
eg- BBN-LISP and CONNIVER) are being implemented. MICRO-
PLANNER made it possible at any stage in the processing of input
information to call a variety of procedures.

Instead of being called by name such procedures were called by a
process of ‘pattern matching." The existing pattern of data and the
immediate objectives were matched to a sct of stored patterns represent-

_ing the abiiities of knowiedge based procedures, and instead of caliing |

procedures by name, it was possible to call the procedure that gave the
best match to the existing pattern of data. If the procedure failed to help
in the meaningful interpretation of the data, the data pattern could be
re-entered and a different procedure tried (backtrack). However,
MICROPLANNER makes it difficult to take account of the reason why a
procedure fails. CONNIVER makes it easy to evaluate the reasons for the
failure of a given procedure in interpreting a given pattern of data and
to use this information to make an ‘intelligent’ choice of the next
procedure to be tried.

It is virtually impossible in a short space to give an adequate apprecia-
tion of progress in the central field of Al work, and this difficulty is
compounded by the fact that | am not myself an expert in it. | believe
that work in area B has lead to important insights into the nature of the
mechanisms that can mediate intelligent behaviour, and that although
individual heuristics have limited generality, the methods by which

. these heuristics are put together and brought to bear on a common

problem are not task specific and are of considerable general importance.

Some workers in Al see their aim as the development of formal
systems in which to characterise and deploy knowledge. It is worth
noting that such work has important implications for philesophy
(particularly for epistemology) and for linguistics, as well as for work in
the other two areas of Al to which we now turn.

B—
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4 Relations between areas B and A

Work in area A must ultimately be judged by its cost effectiveness.
However, the best economic solution to a problem in automation does
not necessarily involve setting up an ‘intelligent’ system. For example,
if we want to land a plane automatically, we do not need to construct a
device with the intelligence of a pilot, all we need is a moderately
complicated but totally unintelligent system to guide the plane down a
beam. Where the aim of Al work is automation, the scientist has an
obligation to produce the most economic solution which may be ;
intellectually rather dull. He is not directly concerned with the funda-
mental problem that activates workers in area B — /e-the attempt to
understand the principles that make intelligent behaviour possible.
Moreover, because of the pressure to produce results

usefulness, he normally does not have the time to think gener wibég:—/ :
the problems nor to produce the general purpose types of language tha i
ultimately benefit all three divisions of the subject.

practical

In contrast to this, the worker in area B is free to pick any problem that
he thinks will constitute a useful test bed for the development of new
ideas and approaches to the subject, and need not concern himself
with short cuts that may be of great practical usefulness but do not
lead to any new insights about the nature of intelligent behavioﬁr.

It is perhaps for these reasons that despite the achievements of work
~im-area A, generai advances in our way of thinking about the problem of
inteliigence and almost all the important new concepts have come from
work in area B not from work in area A. Moreover, as Lighthill rightly
points out, it is essential for the worker in area A to have an extensive
knowledge of the problem domain. Because of the specialist knowledge
the problem domain requires examples drawn from area A are rarely
suitable for the purpose of teaching and developing the techniques of
Al. For these reasons, | believe it would be a disaster to support work

in area A to the exclusion of work in area B.

5 Relations between areas B and C

As mentioned above, Lighthill’s report does not make the demarcation
between areas B and C clear. Anyone working in area C must take into
account what is known of the nervous system at a physiological and
anatomical level and must also be concerned with what is known about
the actual behaviour of organisms. Such behaviour is often highly
irrational and unintelligent .and unless workers are concerned to
reproduce in their programs the limitations and errors made by organisms,

they cannot truly be said to be working in area C.

For example, it is well established that only about seven chunks of
information can be held in short term memory: the chunks can be of any
complexity provided that representational structures for a given chunk
have already been built up in the brain. Workers in area B are not
concerned with simulating this type -of limitatiom on the power of the
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human brain: they would regard it as an adventitious limitation that
has little to do with the theoretical mechanisms underlying intelligence
though it has a great deal to do with how those mechanisms are actually
305:5- instantiated in the human brain. '
Hle, Like workers in area A, workers in C are constrained by the nature of
't a their problem domain: they are limited to considering those intelligent : i
ely mechanisms that actually exist in known organisms and they do not 3
N a investigate the general nature of intelligent behavioUr from a theoretical ;
an standpoint. It is not clear what are the achievements of workers in area ‘|’£~ ;
be C to which Lighthill refers: the only-example given is the development 2 S e ;
ia- of the concept of ‘visual bufr’erstore’%ut this concept was borrowed from i qof A vgin
to computer sciencﬁ%g-am(ﬁﬁ?f_the existence of such a store in man :
le. came from experiments and did not involve any computer programming. -
cal Concepts developed in area B have heavily influenced experimental and ' 4
yut theoretical work in experimental psychology; for example, ‘structural E
1at descriptions’ are made much use of in work on pattern recognition,
and there has been a spate of work on semantic networks in man !
influenced by the ideas of Quillian and Raphael who work in area B. It is '
at also true that there has been considerable feedback from work in ;
i experimental psychology into area B: for example many of the detailed {
elf heuristics used in scene analysis including the interpretation of shadows :
1ot and the use of support and of symmetry were foreshadowed in the ]
experimental psychology literature though it remained for workers in :
rk area B to instantiate these ideas in working programs. :
of Work in area B has also benefitted work in exoerimental psychology By « —
g . showing that it is possible to put forward precise models of intelligent f‘o e
ly behaviour and hence raising the standard of precision to be aimed at. 1
ve Moreover, the existence of well formulated models of intelligent
e behaviour must throw some light on human intelligence since it would A e
ly be surprising if some of the principles and methods used in Al were not
of also used by the human brain; even if methods are devised that are not
rk ~ used by the human brain, they are likely to throw light on its workings
if only by contrast in the same way as the existence of the propositional
calculus has sharpened our understanding (by contrast) of the ways in
which such words as ‘and’ and ‘not’ are used in everyday language.
In summary then, many of the discoveries made in area B have been /;f
made quite independently of work in C and there is no evidence that S et
n they would have been made if only work in C were supported. Like .. —- e =15
0 mathematics, Al tends to be a young man’s subject and it is therefore T
d important to train workers in it when they are young: it would be ., ss% - .—&"[
it difficult to give an adequate training both in the techniques of Al and | A Sy
Y in those. of psychology and neurobiology and this means that some o~ \ o
0 workers should receive a training primarily in Al which once again wls A -
. means studying the work done in area B. One would hope thatsomeof (., .. ., &
the workers so trained would subsequently move into area C and con- e e
f tribute directly to our understanding of human and animal behaviodr, -l &% e
v but unless the central area of endeavour in Al receives suppart, it*is - - (’ 7 \
. hard to see where such workers will come from. w 1 (o : 4 Gk
t Incidentally, much of the modelling in experimenta! psychology ,.kcfajri e b
; undertaken over the last 20 years has been done by workers tained in - & o g e _
:
% 3
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conventional mathematics. The results have' for the most part been
singularly useless since mathematical formalisms fail to capture the
significant features of intelligent behaviodr. (Two exceptions should
be made — some applications of control theory and of signal detection
theory have been useful). One of the aims of workers in area B is
precisely to establish a good formalism for dealing with the problem of
intelligent behaviour. In my opinion, work in area B is likely to have an
increasing impact on thinking in experimental psychology and it is
providing a new and better way in which to formulate theories. Good
work in C, therefore, definitely merits support.

@) :
6 The future of Al in Britain

It has been argued above that Lighthill's area B so far from being a
bridging area is really the central area of progress in Al that work in this
area is worth supporting in its own right and that if it is not supported
areas A and C will suffer, both through a dearth of the sort of new
concepts produced by workers in area B and also through a lack of
trained workers in Al, since area B appears to be the most appropriate
training ground for workers in all three divisions of the subject. Any
judgement of the worth of a scientific field, particularly one as new and
underdeveloped as Al, must of course be highly subjective, but it
seems worth presenting a different point of view from that which
appears in the Lighthill report. However, even if it is accepted that area

B is worth support, it is not easy to decide how such support should be
- -given in Britain. S S o

The problem is that there is little first class work on basic Al in
progress in Britain at the moment; much of the work is about seven
years behind that being undertaken in the three main laboratories in
the States and shows little sian of catching up. It is almost impossible
to get an adequate training.in the subject in Britain. The one post-
graduate course (at Edinburgh) places too much emphasis on con-
ventional mathematics and logic and dees not capture the essence of
the subject as understood in the US. There is therefore a real chicken
and egg problem. If area B is important and exciting in its own right,
then something should be done to remedy this; moreover, the absence
of good work in area B means that areas A and C_which Lighthill
agrees merit support are starved of good workers. The shortage of
first class workers in pure Al means that it would not be profitable to
spend a large sum of money (eg,£1,000,000) immediately. The following
steps could however be taken:”

6.1 Good young workers should be encouraged to study in the
main US laboratories (particularly Minsky's laboratory at MIT) and to
return here. -

6.2 It is worth considering the possibility of attracting some talent
from the States to help in getting the subject off the ground here.

6.3 Steps 1 and 2 would be greatly facilitated if there were in

existence in Britain machines accessible to Al workers that could accept
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Al software written in the United States. It is impossible to attract good
American workers for short ar lengthy periods unless they can run their
existing proarams and use tie languages they have developed; similarly,
it would be very discouraging for a British student to return here after
working in America if he was not able to build on the work he had .
undertaken there for lack of a suitable machine. Moreover, work in : '
Al is very much a boot-strapping operation and little progress can be

made here unless the latest languages (such as PLANNER and CON- /

boade it LAl o L e s L0 B i il s o A e

NIVER) are readily available for use. The most suitable existing machine
is a PDP 10 and no group in Britain is likely to get far without access to
such a machine.

6.4 Generous support should be given over a 5 to 7 year period
to any individual in Britain who can be identified as capable of making
a real scientific contribution to the central area. Such support would \/
involve provision for bringing over American workers, provision of a /

f PDP 10, and an ample supply of studentships since it is essential to

: train more young people. Only if area B is supported in this way will

j there be sufficient trained people to make an impact on areas A and C.

f 6.5 |fit were felt desirable to make a special effort to promote work

2 in Basic Al, it might be worth re-examining the way such work is

/ funded by SRC. On the definitions given here of area B, it is not really

i appropriate for the work to be supported through the engineering board.

{ As already pointed out, work in Al has very close links with formal

3 linguistics, the aim of which is to characterise formally the knowledge

3 we have of a natural language. Formal iinguistics is also in an anomalous

: position within the structure of SRC. Al work also has close links with
psychological work on coghnition and on psycholinguistics. Such work

! is at present funded through the Biological Sciences Committee

! and again the position is slightly anomalous in that the ways of thinking

5 in this area of psychology have little in common with conventional

X biology. It might therefore be worth considering setting up a panel

3 reporting direct to the Science Board to fund all three areas: the panel -

3 would take responsibility for all work aimed at gaining a better under-

f standing of cognitive processes at a formal level. The enzyme panel

. forms a precedent to this idea.
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