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PANEL DISCUSSION
UNDER WHAT CONDITIONS CAN A MACHINE ATTRIBUTE MEANINGS TO SYMBOLS

Aaron Sloman
(Panel Chairman)
University of Sussex

It is easy to produce arguments purporting to show
that computers can never be conscious, have pur-
poses, understand anything. One standard response
is to claim that since computers can manipulate
symbols they have the potential to support any kind
of mental state or process, if appropriately pro-
grammed. The task is then to investigate what sort
of prograrmming will transform a symbol user into
something with mental states. Much work in Al 1is
concerned with specitic subgoals of this investiga-
tion, taking it for granted that machines can mani-

but can this be taken for granted? Certainly
computers construct and transform patterns. ke can
interpret them as meaningful, but it does not” fol-
low that the computer does, any more than a filing
cabinet interprets documents. If interpreting sym-
bols already presuppose being conscious, having
beliefs and goals, etc., then the ability to assign
meanings to symbols cannot explain these other
abilities.

One popular reply is to postulate _§§2§9£§__3nd‘,

motors. No mind or computational process can refer
to particular events or objects in the physical
world without being causally embedded in the world.
Perhaps even reference to properties and relations
(universals) requires such causal embedding. So if
we find suitable causal relationships between
internal processes and external events, then this
that the
internal processes use symbols with a meaning.

Eut is this necessary for every form of mental-
ity, every meaningful use of symbols? Can't we ima-
gine someone totally paralysed, blind, deaf,
anaesthetised, yet conscious, thinking, even
experiencing hallucinatory physical sensations - or

at least solving problems about number theory? Or
do we only think we can imagine this? People often
assemble meaningful words into deceptively
incoherent phrases, like "the view of the universe
from outsiae time".

I claim that we should accept the anti-

behaviourist intuition that the meaningful use of
semantic quibble about the meaning of "meaning".
kKather, the point is that different sorts of
internal computational architecture have profound
implications for different sorts of mentality,
independently of external relations. It is signifi-
cant that computers have been designed 1in such a

way as to
instructions,

support talk of machine-languages,

addresses, conditionals, logical
operations, arithmetic operations, and the 1like.
The use of such terms in computer science does not
depend on external relations. It is justified by
the structure of internal processing. For instance,
a computer can use numbers to count internal opera-
tions, or to count internal symbols, just as we use
them externally.

The issues are surprisingly tricky. Given an
uninterpreted computer you may be able to work out
which symbols the machine interprets as booleans.
But could you tell which one was taken as "true"
and which as "false"? Can the distinction can only
be made only in terms of a computational architec-
ture rich enough to support a division between
beliefs and goals? Wwe don't notice the need for
this normally because machines come with manuals
which beg the question by telling us which opera-
tion is "and", which "or", etc.

we shoula explore the ability of different
sorts of computational architectures to support
such notions as reference, instruction, goal,
description, truth, plan, desire etc. In particu-
lar, we need to understand the conditions under
which a machine could have beliefs and goals relat-
ing only to internal states and processes, such as
the belief that two lists have the same contents,
or a goal like counting the number of even integers
in an internal 1list. (The differences between
beliefs and goals lie only in their roles in pro-
cessing.) The relevant architecture need not be
directly implemented in a physical machine. It
could be a virtual machine implemented in a lower
level machine with a simpler architecture. All this
contradicts a philosophy which stresses the social,
communicative, role of meaning.

5o ordinary digital computers, suitably pro-
grammed, seem capable of supporting quite complex
notions of meaning and mentality independently of
external connections. Paradoxically, it 1is far
less obvious how brains can support the self-
referential abilities which enable ordinary comput-
ers to be described in mentalistic language. Do
brains intrinsically require external connections
for their use of symbols with meanings?

I have deliberately invited a biased panel to
discuss these issues. When one side of a debate is

so easy to argue for, we may hope to profit most by
listening to the other side.
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PANEL DISCUSSION
UNDER WHAT CONDITIUNS CAN A MACHINE ATTRIBUTE MEANINGS TO SYMBOLS?

Drew McDermott
Yale University

meanings to

what

meanings to symbo

sense do they assign
1s?

3. tLould machines assign meanings the way humans
~A7?

machines think of their

assignments the way humans do?

meaning-

bany humans
perception is

are made

think that the first step in
sensation, and that larger percepts
e hWe now know that it
ppeal to sensation to explain
d arbitrarily label the first
in perception "sensations", but there is no
ompelling reason to.) It looks now as if we could
! a complete vision system that had no
intuitions whatever about "atomic feelings"
occurring inside T Wwhy then do we think
sensations play a role? how could we augment the
vision system so it could think this about itself?

e
I

&
o

a0 oo
<
@ "
=
ct D
9}

@®
%]
[oR
x
=

Similarly, we should expect in studying meaning
(and other mental phenomena) to find discrepancies
between what actually happens and the way we

perceive 1it.
overwhelming
symbol

Cne such discrepancy accompanies our
intuition that when we know that a
refers to something, we are "connecting" an

abstract sysbol to a concrete reality. I don't just

have a formal theory about anindividual named
keagan; I know who this name refers to.

But when we build robots, there 1is nothing
inside the robot to actually "connect" a symbol to.

In fact, the major intellectual achievement of
computer science in western culture 1is to
demonstrate that a device can manipulate symbols
Qcorrectly" without knowing what they mean.
Previlusly, mind-theorists who tried to build
theories based on symbol manipulation kept
stumbling over the homunculus, required to

understand the symbols being manipulated.

Loes this mean that a robot does not succeed in
referring to the world at all? No, as the following
sketch should demonstrate.

A robot can be modelled as one or more formal
systems, connected to the world by way of sensors
and effectors. They will be formal, systems in
that they operate by applying elementary operations
to uninterpreted symbol structures, deriving new

Ihis’wnrksjfecause the
interpretation which matches the

LA ot i AN 2l
—closety. I«€.

uninterpreted symbol structures. The sensors create
the first symbol structures; the effectors receive
some of the inferred symbol structures, and execute
them as instructions.

formal system has an
real world
there is an assignment of real-world

entities, properties, and propositions to the

symbol structures of the formal system, with the

following properties:

¥  Input soundness: the sensor apparatus 18
constructed so that the symbolic structures it
constructs usually correspond (under he

interpretation) to actual states of affairs; that

is, they are usually true.

* Inferential soundness: the formal system 1is
constructed so that it tends to infer ‘true
symbolic structures from other true symbolic
structures.

¥  Cutput soundness: the effector .apparatus is
constructed so that it tends to perform the

actions that she interpretation assigns to the

symbol structures given to it.

For example, when a car is coming, the robot's
sensors put an expression (CAR-COMING) into the
formal system, which infers (SHOULD-DO (JUMP)), and
sends (JUMP) to the effectors, which actually
causes a jump.

Having an interpretation, does not mean that
the formal system has access to something, but that
there exists an interpretation in the mathematical
sense. It is futile to ask for more. If the robot
had access to a thing purporting to "contain the
meanings" of its symbols, then either this thing
woula be just another formal system, and wouldn't
contain the meanings after all; or the robot would
not be a Turing machine, but some more mystical
entity. If we want to stick with the formal robots
that have revolutionized our thinking about the
mind, we must place the interpretations of their
symbols outside their heads.

So the interpretation can play no functional
role in how the robot works. It is simply an
analytical tool, to explain how it works.

what if there is more than one
of the formal system? After all,
system will have an infinite number of

interpretation
any interesting
different
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models. But most of them will fail to satisfy the
three soundaness conditions. There is an
interpretation in which (CAR-COMING) means "Rice
pudding present", and (SHOULD-DO (JUMP)) means "My
nother is standing on her head", but the sensors,
effectors, and inference machinery do not work
correctly under this interpretation. I expect that
for any robot, there 1is a "standard sound
interpretation" that does satisfy the soundness
conditions in our world. Since these conditions are
stated as engineering precepts ("component X
usually operates according to the interpretation"),

there are probably lots of unimportant variants of
the sound interpretation, but I will ignore this
issue.

1 have now answered my original questions 1 and
3, how meanings actually work. We must now ask how
humans and robots might think about how they work.
First, let me acknowledge that there is a mystery
here about why humans have any opinion at all about
whether they assign meanings to symbols. The answer
Ight—Xhe that humans are Jjust naturally
qgéuisitiVG, and have opinions about everything,
but perhaps there is some special reason to have
opinions of certain kinds about oneself.

The symbols people think they manipulate are
not those in the robot's formal system. Wwhen people

think of symbols, they think of words, names,
mathematics, and road signs. Suppose a human, to be
specific, kdwin Meese, is mediating on the meaning

of "Keagan'". He knows that this symbol refers to
his boss, person he sees often. He believes he can
think about HKeagan any time he wants, and that this
name refers to that person.

The truth is that for Meese to think about
Reagan 1s for him to manipulate symbol structures
that refer to Reagan in his standard sound
lnterpretation. Ironically, for him to think about
the name '"hkeagan" is to manipulate symbol
structures in much the same way. (Since the name is
a social object about which various things are

known, e.g., it's pronounced differently from the
name of the Treasury Secretary.) The idea that the
one object refers to the other is a third symbol

structure, used mainly by natural-language modules.
The mind conceals such facts about itself. (It

usually pretty easy to see why, but that isn't

%
%]

my main topic.) It tells itself that to think about
Keagan is to "directly apprehend” him. You can
think about an object if you are "acquainted" with
it, if you know "which object it is",

This is contrasted with another situation we
have all been in, where we know someone (or
something) by name only. Suppose someone has been
maroconed on a desert island for twenty years, and,
having returned, hears people blame someone named
"keagan" for all our troubles. Obviously, .this is
someone he ought to know about; he ought to know
who the name refers to. Somehow, just knowing that
Reagan is "the person everyone is blaming for our
troubles" is inadequate. After finding several more
facts, and seeing Reagan on television, he begins
to feel tht he is "knows who Reagan is", that he
can think about him any time he wants.

People feel a sharp difference between only
ing the object

knowing something's name aﬁg_jaﬁh\
reality,

directly. I think this is aqléilusiong in

one accumulates information —#8out an object
graaually. There is no well defined point at which
one 1is '"really" acquainted with it. The sharp

feeling is akin to a sharp feeling of hunger; there
A . ) —5c

1s no qualitative difference between an empty

stomach anc a full one, but it feels like there is;

if it aidn't, you wouldn't work so hard at finding

food. In the case of acquaintance, you need a

reason to work hard to gather information.

Whatever the source of this feeling, it leads
to aisbelief that all knowing is mediated by a
formal system. If all you have is symbols, then you
aren't "really" acquainted with anything, and you
don't "really" understand anything. In fact, the
sketch 1 started with explains quite satisfactorily
how a purely formal system can nonetheless deal
with the real world, and, in a certaig sense, have

its symbols mean things in that world. Being
"directly connected", or "knowing what the symbols
mean", plays no role.

This answers my second question, How do people

think they assign meanings to symbols? The fourth
question, how might we get machines to think about
themselves this way?, I will leave unanswered.
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IJCAI SYMPOSIUM
UNDER WHAT CONDITIONS CAN A MACHINE USE
SYMBOLS WITH MEANING?

W. A. Woods
Bolt Beranek and Newman Inc.
10 Moulton Street
Cambridge, MA 02238

Most existing computer systems use
representations that have meaning to their
designers, but do not stand in any relationship to
their intended meaning whereby one could say that
they had that meaning to the machine itself. I
will be concerned here with the question of when
symbols'actually have meaning to the machine. This
question presupposes the answer to a prior
question: why should one maintain a distinction
between the meaning of a symbol and rules that
simply imply its applicability or inapplicability?
I will attempt first to answer this question, from
which an answer to the former will follow.
Briefly, I will argue that the distinction {is
necessary in order for a system to make proper
adjustments to its knowledge base as a result of
experience.

In a previous work [1], I have argued that the
meaning of a symbol resides in an abstract
procedure, not necessarily executable, linking the
symbolic expression to the physical world through
the (computational / inferential) operations of a
physical interpreter operating on a combination of
internal representations and sensory/motor
connections to the world. Moreover, I argued that
this meaning specification (the meaning function)
is distinct from the procedures that one ordinarily
uses to conclude the truth of a description in
everyday situations (the recognition functions).

I will assume here that both meaning and
recognition functions can be represented by
collections of rules of the form "p implies q",
provided that a distinction is maintained by the
system between those rules that it applies as part
of the meaning (i.e., "meaning postulates") and
other implications between symbols (which I will
refer to as hypotheses).

If a system is to try to develop a model of the
world in which it operates, then it needs to record
rules of the form "p implies q" where, in the
simplest case, p denotes some observable attribute
of the world and q denotes some other observable
attribute. The utility of such a rule lies in the

'I will use the word "symbol"™ here as a generic
for the entire class of symbolic expressions used
by the system, including designating expressions,
predicates, propositions, etc.

ability to conclude q without actually perceiving
it. Let us call p a sensory symbol (for a system)
if there are processes in the world that
(physically) cause the system to conclude p or to
conclude not p. I will take the physical processes
which operate in this way as determining the
meanings of such sensory symbols.

A system with no sensory symbols could not be
expected to acquire a model of the world except
through the intervention of an external agent
(i.e., a programmer). In this case the meanings of
its symbols would reside solely in the head of the

programmer, and the system would be open to
different interpretations by different external
observers, however consistent its internal
operations were with some particular
interpretation.

Consider a system that has both sensory and
nonsensory symbols and that hypothesizes rules of
the form "p implies q" under some circumstances. A
validated hypothesis "p implies q" is useful to the
extent that one knows under what conditions to
invoke the hypvthesis (i.e., one knows the meaning
of p) and one knows what claims are being made
thereby (i.e., one Kknows the meaning of q).
Moreover, in order to determine the validity of the
hypothesis, one needs to be able to determine the
truth and falsity of p and q in most circumstances.

Suppose that this system encounters a violation
to a pair of rules "p implies q" and "q implies r"
by perceiving that p is true and r is not. If q is
a sensory symbol and its truth can be determined by
perception in the situation in question, then the
appropriate response is simple -- either the "p
implies q" rule or the "q implies r" rule should be
modified, depending on whether q is false or true.
If q is not a sensory symbol, the system needs some
criterion to decide which of the two rules to
modify. Since one rule implies q is true, while
the other implies it is false, what the symbol q
means (either to the system or to an external
agent) becomes important at this point in deciding
what to give up.

To claim that the symbols in a machine have
meaning is to claim that above and beyond the rules
and procedures that lead them to be deduced by the
system, there is some further claim about the state
of the world that is being made by virtue of such a
deduction. That 1is, regardless of one's reasons
for believing p, there 1is some claim about the
world that p makes, which may be either true or
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false. Without such a distinction, a system would
be unable to formulate a predictive model of its
world, and could at best keep a record of its
experiences; no deduction that it made could ever
claim anything more than that it had made the
deduction.

One of the main benefits from having a notion of
the claim made about the world by a symbol (i.e.,
its meaning) is that if one encounters a sequence
of deductions from some sensory symbol p to some
sensory symbol q, while perceiving that p is true
and q is false, then one can attempt to localize
the erroneous rule by examining the truth of the
intermediate symbols involved in the deduction. 1In
particular if some intermediate symbol s is
determined to be true (by virtue of its meaning)
then the deduction leading from p to s may be left
intact and attention directed to finding the error
in the deduction from s to q (and conversely if s
is determined to be false).

Without some such criterion for localizing the
error, any one of the intermediate rules could be
changed to eliminate the inconsistency in the
momentary situation, but with little confidence of
the effect on other hypotheses (perhaps already
strongly verified). That 18, it would be
inappropriate to change the meaning rules (and
thereby the meaning) of any of the symbols already
involved in partially verified hypotheses, thereby
changing the claim made by those hypotheses and
either invalidating them or weakening ‘their
previous validation.

One can imagine situations in which the minimal
change to an entire belief system in order to bring
it into line with some body of observations is to
make a change in the meaning of some symbol,
thereby eliminating inaccuracies in, or increasing
the coverage of, existing hypotheses. However,
such a change would have to come from a complex
analysis of a large portion of the system's
knowledge base. This would be a revolutionary
rather than evolutionary modification and would not
be an appropriate mechanism for performing routine,
incremental modifications to knowledge.

If one considers such modifications in an
internal language of thought, coupled to symbols in
the external vocabulary by connections that can
themselves be learned and modified, then any such
revolutionary change could also be effected with no
changes in the meanings of internal symbols by

merely moving the affected hypotheses (and
appropriate external symbols) to new (internal)
symbols with the desired meanings rather than

changing the meanings of the old ones. Thus, in
the internal language there appears to be no need
to ever change the meaning of a symbol.

An obvious question, at this point, is whether
an analysis along the above lines can apply to
natural kind terms as well as to terms with obvious
necessary and sufficient conditions. I believe
that this 1is the case, although the story now
becomes a little more complex. In this case, the
question of interest about the meaning of a symbol
has to do with what natural kind the system has got
hold of when it forms a hypothesis. (In general a

satisfactory account of natural kinds must allow
the meaning rules to leave "gaps" in which the
system has no intentions as to whether some
hypothetical situation embodies an instance of a
symbol or not, and must permit meanings to be
extended in certain circumstances by narrowing the
gap -- see [1] for further discussion.)

Consider the hypothesis "snakes are harmless"
expressed in New England, where there are virtually
no poisonous snakes. One may ask whether the
meaning of the internal symbol for snakes in this
case refers to only (nonpoisonous) snakes of the
kind that live in New England, or to all kinds of
snakes. (I assume that both these classes are
natural kinds). The answer, I would argue, depends
on the intentions of the person when the concept
snake was formulated and the preservation of those
intentions in the meaning rules for the symbol
(i.e., whether the scope of the meaning rules was
sufficiently broad to cover all snakes or included
enough specific characterization of the range of
snakes experienced to rule out the poisonous kinds
that exist elsewhere).

Once again, the meaning intended and encoded in
the meaning rules will determine the reaction to
encountering an anomalous situation -- in this
case, whether to attach the external word "snake"
to a new internal concept which includes poisonous
snakes, or to subclassify the the internal concept
and move the "snakes are harmless" hypothesis to a
more specific subclass.

If we take the above simplified story as the
reason for maintaining a distinction between the
meaning of a symbol and a mere collection of
conditions that imply it or that it implies, then
it follows that for symbols to have meaning to a
system, there-must be sensory symbols to which the
nonsensory symbols are related by a distinguished
set of meaning rules or some equivalent mechanism.
These rules together with their interpreter and the
physical processes that govern the senses determine
the meanings of the system's symbols.

By this account, a system that read stories and
answered questions about them, based solely on the
manipulation of internal representations with no
experiential base, would, from its own perspective,
be manipulating meaningless symbols. Similarly a
pocket calculator would be a manipulator of symbols
whose meanings were externally attributed (even
though its internal structure does faithfully model
the intended interpretation). On the other hand, a
simple robot creature with primitive perceptions
can be said to have meanings for its symbols that
are not externally imposed if its symbols are tied
to those perceptions by some distinguished
mechanism equivalent to meaning rules.

Reference

[1] Woods, W.A., "Procedural Semantics as a Theory
of Meaning, " in A. Joshi, I. Sag, and
B. Webber (eds.), Elements of Discourse

Understanding, Cambridge University Press,
1981, pp 300-334.
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t;ge ajuveo.prehistory.l
1976-1977 at Essex

[Languagel

Charniak: "Jack and Janet in Search of a theory of knowledge"

Charniak: “Organization and Inference in a frame-like system of common sense knowledge"
Schank: "“Identification of Conceptualizations Underlying Natural Language"
Schank: "Using knowledge to understand (SAM)"

Wilks: "Summary of Natural Language tutorial lecture"

Rieger: “The commonsense algorithms as a basis for computer models of ...
[vision] -

Gregory: "Seeing" and "Art & Reality" from Eye and Brain

Minsky,Papert: "Progress Report on AI"

Winston: "“The MIT Robot"™

Marr: “On the purpose of low-level vision' (seeing under uhingsl)

Weir: "The perception of motion: Actions, Motives & Feelings"
Navatia,Binford: “Description and Recognition of curved objects"
Marr,Nishihara: “spacial Disposition of axes in a generalized cylinder representation”
[Planning]

Waldinger: "Achieving several goals simultaneously"

Sacerdoti: “The nonlinear nature of plans"

[Programming]

Davis,King: "An overview of Production Systems"

Mcdermott ,Sussman: "Why conniving is better than planning?"

Green,Barstow: '"Some rules for the automatic aynthesis of ptograms"

Hardy: "Synthesis of LISP functions from examples"

Bornat,Waldinger: "Does Al programming really have to be like knitting with apaghettx?"
[Frame theoryl

Minsky: "A framework for representing knowledge"

Winograd: “frame Representations and the Declarative/Procedural Controversy"

Bobrow et al.: "GUS, A frame-driven dialog system"

Bobrow,Winograd: "An overview of KRL, a knowledge representation language'
Bornat,Wielinga: "An underview of KRL, - is it a P,L.?"

[Semantic Net]

Woods: "What”s in a link?"

Schubert: "“Extending the expressive power of semantic networks"

[Geometry theorem provers etc.]

History of AIUEO compiled by Yasuki SAITOH

(Original members are Saito, Shirai, Nakashima, and Katagiri)
1977
12-Dec-77(Mon)10-12 Saito
M.Minsky, "Plain Talk about Neurodevelopmental Epistemology",
~ S5th IJCAI, pp.l1083- (1977).
19-Dec=77(Mon) 7

1978
23-Jan-78(Mon)10-12 Shirai
Roger C. Schank, "Identification of Conceptualizations Underlying
Natural Language',
Chapter 5 of Computer Models of Thought and Language, (1973).
13-Feb-78(Mon)10-12 Nakashima
Sussman & McDermott, "Why conniving is better than planning?"”,
Carl Hewitt, "PLANNER: A language for proving theorems in Robots"
lst IJCAIL, pp.295-301, (1969).
3-Apr-78(Mon)10-12 Katagiri
Bobrow, Winograd, "An overview of KRL, a knowledge representation language'
28-Apr-78(Fri)13-15 Saito
David Marr, “A Theory of cerebellar cortex",
Journal of Physiology vol.202, pp.437-470, (1969).
29-May-78(Mon)13-15 Nakashima? or Shirai?
?

12-Jun-78(Mon)13-15 Suzuki
J.L.Peterson, ''Petri Nets',
Computing Surveys vol.9, No.3(1977)
26-Jun-78(Fri)13-15 Katagiri
D.Rumelhart & D.A.Norman, "The Active Structural Network",
chapter 2 of Explorations in Cognition (1975).

7-Jul-78(Fri)13-15 Shirai
T.Winograd, Lecture 1 of Winograd”s five lectures on AI.
21-Jul-78(Fri)10-12 Saito

Douglas B. Lenat, "Automated Theory Formation in Mathematics"
5th IJCAI, pp.833-842, (1977).
Douglas B. Lenat, "The Ubiquity of Discovery",
AI vol.9, pp.257-285, (1978).
(5-Aug-78 Nakashima left Japan.)
6-0ct-78(Fri)l3-15 Suzuki
¢.Hewitt & H.Baker, "Laws for communicating parallel processes",
Information Processing “77 IFIP, pp.987-992, (1977).
C.Hewitt & H.Baker, "Actors and Continuous Functionals", Draft.
27-0ct~78(Fri)13-~15 Yokoo?
Patrick H. Winston, "Learning by Creating Transfer Frames",
Al'vol.l0, pp.l47-172, (1978).
17-Nov-78(Fri)y13-15 Katagiri?
Kenneth Kahn & G.Anthony Gorry, "Mechanizing Temporal Knowledge",
Al vol.9, pp.87-108, (1977).
1-Dec-78(Fri)13-15 Saito
R.J.D.Power and H.C.Longuet-Higgins,F.R.S.,
"Learning to count: a computational model of language acquisition”,
Proc. R.Soc.Lond.B. 200, pp.391-417 (1978).

1979

12-Jan-79{Fri) -> 19-Jan-(Fri) Saito
R. L. Gregory, "Will Seeing Machines have illusions?",

— 4 -




Machine Intelligence 7, pp.169-177, (?).
9-Mar-79(Fri)?
around here the following book was intensively read.
rotation is Shirai Suzuki Yokoo Katagiri and Saito
Margaret Boden, “Artificia! Intelligence and Natural Man",
The Harvester Press, Hassocks (1977).
Part I Introduction
1. What Is Artificial Intelligence?
Part II The Personal Dimension
2, Artificial Neurosis
3. Function and Failure in the Neurotic Program
4. Personal Politics and Ideology Machines
Part III Language and Understanding
5. Responding to Language
6. Intelligence in Understanding
7. Sense and Semantics
Part IV The Visual World
8. Adding the Third Dimension
9. Glimpses of the Real World
Part V New Thoughts from 0ld
10. Learnig
11. Creativity
12. Problem Solving
Part VI The Relevance of Artificial Intelligence
13. Psychological Implications
14, Philosophical Tssues
15. Social Significance

17-Mar-79(Sat)10-12
12-May-79(Sat)15-17 => 19-May-(Sat)15-17
2-Jun-79(Sat)15-17 Shirai
?77LUNAR chapters 1-6
"Semantics and Quantification in Natural Language Question Answerlng s

Advances in Computers vol.l7, pp.1-87, (1978).
23-Jun-79(Sat)14-16 Yokoo

ditto
(29-Jun-79 Nakashima came back)

(colby AI&NM around here, parallel ?)
7-Jul-79(Sat)14-16 Saito
J. Backus, "Can Programming be liberated from the von Neumann style?
A functional style and its algebra of programs”,
CACM vol.2l, no.8, (1978).
21-Jul-79(Sat)14-16
(Nakashima OWL + LMS around here)
1-Sep-79(Sat)14-16 Nakashima
Jon Doyle, "A Glimpse of Truth Maintenance System",

6th 1JCAI, pp.232-237, (1979).
13-0ct-79(Sat)15-17 Saito

1
27-0ct-79(Sat)15-17 Katagiri

R.C.Schank, M.Lebowitz, and L.Birnbaum,

“Parsing Directly into knowledge structures',

6tk IJCAI, pp.772-777, (1979).
17-Nov-79(Sat)15-17 Shirai

Wendy Lehnert & Yorick Wilks,

Cognitive Science vol.3, pp.1-28,
8-Dec-79(Sat)14-16 Yokoo

Daniel G. Bobrow & Terry Winograd,

Cognitive Science vol.3, pp.29-42,
22-Dac-79(Sat)14-16 Suzuki

“A Critical Perepéctive on KRL",
(1979).

"KRL: Another Perspective'
(1979).

T.Winograd, “Beyona Programming Languages",
CACM vol.22, no.7, pp.391-401 (July 1979).

1980
19-Jan-80(Sat)14-16 Nakashima
Jerry R. Hobbs, "Coherence and Coreference"
Technical Note 168, SRI Artificial Intellxgence Center (August 1978).
2-Feb-80(Sat) 14-16 Katagiri
P.R.Cohen, "Elements of a plan-based theory of speech acts",
Cognitive Science vol.3, pp.177-212 (1979).
23-Feb-80(Sat)14-16 Saito
Douglas R. Hofstadter,
"Godel, Escher, Bach: Eternal Golden Braid", Chapter XI Brains and Thoughts,
Basic Books Inc. Publisher, (1979).
8-Mar-80(Sat) 14~16 Akiyama
Yasunaga, "Bunretsubyo-shojyokikou-nikansuru-ichi-kasetsu"
5-Apr-80(Sat) 14-16 Katagiri?
D.McDermott, "Planning and Acting",
Cognitive Science vol.2, pp71-109(¢1978).
19-Apr-80(Sat)13-15 Saito
Yuichiro Anzai and Herbert A. Simon,
Psychological Review vol.86, no.2, pp.124-140,
10-May-80(Sat)14-16 Shirai
R.Jackendoff, "Grammar as Evidence for Conceptual Structure"
24-May-80(Sat)14-16 Suzuki (Enter Aida)
Johan de Kleer, "The Origin and Resolution of Ambiguities in Causal Arguments"
6th IJCAI, pp.197-203, (1979).
7-Jun-80(Sat)14-16 Nakashima
R.Waldinger, "Achieving several goals simultaneously",
Stanford AI Center Technical Note 107.
21-Jun- -80(Sat)13-15 Yokoo?
Steve Rosenberg & Bruce Roberts, "Coreference in a frame database',
" 6th 1JCAI, pp.729-737, (1979).
Steven Rosenberg, "Reasoning in incomplete domains",
6th 1JCAIL, pp.734-737, (1979).
5-Jul-80(Sat)14-16 Akiyama
Kawamura, "Kotenteki-jyokenzuke-no-shinkei-kikou",
Shinkei-shinpo vol.22, no.5,(1978).
26-Jul-80(Sat)14-16 Katagiri
Hubert L. Dreyfus, "A Framework for mlsrepresentlng Knowledge"
chapter 6 of Philosophical Perspective in Artificial Intelllgence.

"The Theory of Learning by Doing",
(1979).

9-Aug~80(Sat)..11-Aug-80(Mon) AI summer seminar
Aaron Sloman, "The Computer Revolution in Philosophy:
Philosophy, Science, and Models of Mind",
The Harvester Press (1978).
1. Introduction and Overview
Methodological Preliminaries
. What are the Aims of Science?
Science and Philosophy
. What is conceptural analysis?
. Are Computers really relevant?
Mechanisms
. Sketch of an Intelligent Mechanism
. Intuition and Analogical Reasoning
. On Learning about Numbers: Some Problems and Speculations
Perception as a computational process
0 Conclusion: AL and philosophical problems

PART One

(VR O

PART Two
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6-Sep-80(Sat)14-16 Katagiri
Terry Winograd, "Extended Inference Modes in Reasoning by Computer Systems',
AI vol.l3, no.l,2, pp.5-26, (April 1980).
20-Sep-80(Sat)15-17 Saito
Drew McDermott and Jon Doyle, "Non-Monotonic Logic I,
AT vol.l13, no.l,2, pp.41-72, (April 1980).

11-0ct-80(Sat)14-16 Saito
ditto
1-Nov-80(Sat)1l4-16 Shirai

R. Reiter, "A Logic for Default Reasoning"”,

Al vol.l3, no.l,2, pp.81-132, (April 1980).
22-Nov-80(Sat)14-16 Shirai, Suzuki

R. Reiter, “A Logic for Default Reasoning",

Al vol.13, no.l,2, pp.81-132, (April 1980).

John McCarthy, “Circumscription - A Form of Non-Monotonic Reasoning",

AI vol.13, no.l,2, pp.27-39, (April 1980). .
13-Dec-80(Sat)14-16 Nakashima

Drew McDermott, “The PROLOG Phenomenon",

SIGART pp.16-20, (July 1980). 4

1981
24-Jan-81(Sat)14~-16 Matsukata
Masami Hagiya, "Yoiko no Hyperlisp"
Masahiko Sato, "Theory of Symbolic Expressions",
Technical Report 80-16, (Sep 1980).
21-Feb-81(Sat)14-16 Mizoguchi
Patrick H. Winston, "Learning and Reasoning by Analogy",
CACM vol.23, no.12, pp.689-703, (December 1980).
7-Mar-81(Sat)14-16 Aida
Keith L. Clark, "Negatiom as Failure",
from Logic & Date Base
28-Mar-81(Sat)14-16 Suzuki
Harold Boley, “A Preliminary survey of Al Machines",
SIGART pp.21-28, (July 1980).
11-Apr-81(Sat)13-15 Akiyama (Enter Matsubara)
Masterson, "A separation—Individuation Failure:Interpersonal”,
chapter 3 of Psychotherapy of the borderline adult.
"Ighiki-no-shougai'
25-Apr-81(Sat)14-16 Ogasawara
Winograd, "What does it mean to understand language?",
Cognitive Science 4, pp.209-241
9-May-81(Sat)14-16 Katagiri?
1, Knowledge representation?
23-May-81(Sat)14-16 Saito
S.Turkle, “Computer as rorschach:
MIT memo.
6-Jun-81(Sat)13-15 Shirai
H.Levesque & J.Mylopoulos, "a procedural gemantics for semantic networks",
pp-93-120, Associative Networks(Findler ed.). -
20-Jun-81(Sat)14~-16 Suzuki
Alan Bundy & Bob Welham, "Using Meta-level Inference for Selective
Application of Multiple Rewrite Rule Sets in Algebraic Manipulation',
Al vol.16, pp.189-212, (1981).
Alan Bundy & Bob Welham, "Using Meta-level Desecription for Selective
application of Multiple Rewrite Rules in kAlgebraic Manipulation",
Working Paper 55, Dep. of AI Edinburgh Univ. (May 1979).
11-Jul-81(Sat)1l4-16 Nakashima
Hector J. Levesque, "A procedural Approach to Semantic Networks",
Technical Report No.105, Dep. of CS, Univ. of Toronto (April 1977).

Subjectivity and social responsibility",

" (Enter Hori)

18-Jul-81(Sat)14-16 Nakashima

ditto

Special Issue on Non-Momotomnic Logic

Al summer seminar
“"A procedural Approach to Semantic Networks',

of Toronto (April 1977).

1-Aug-81(Sat)..3-Aug-81(Mon)
Hector J. Levesque,
Technical Report No.105, Dep. of CS, Univ.

12-Sep-81(Sat)14~16 Mizoguchi
Fernando C.N. Pereira and David H. D. Warren,
“Definite Clause Grammars for Language Analysis - A Survey of the
Formalism and a Comparison with Augmented Transition Networks',
AL vol.l3, pp.231-278, (1980).

26-Sep-81(Sat)1l4-16 Mizoguchi
ditto
17-0ct-81(Sat)14-16 Katagiri

Robert W. Lawler, '"The Progressive Construction of Mind",
Cognitive Science vol.5, pp.1-30, (1981).

7-Nov-81(Sat)14-16 Ogasawara
Richard E. Fikes, "Odyssey: A Knowledge-Based Assistant",
AI vol.l6, no.3, pp.331-361, (1981).

(28~Nov-81(Sat)15-17 Kumon did not show up)

5-Dec-(Sat)15-17 Kumon
E.Charniak, "A Common Representation for Problem-solving and
Language—-Comprehension Information",
AI vol.l6, pp.225-255, (1981).

19-Dec-81(Sat)14-16 Saito
P.N. Johnson-Laird, "Mental Models in Cognitive Science",
Cognitive Science vol.4, pp.71-115, (1980).

1982
9~Jan-82(Sat )15-17 Shirai
Roger C. Schank & Christopher K. Riesbeck,
"Inside Computer Understanding: Five Programs plus Miniatures",
Chapters 5-8, Lawrence Erlbaum Associates, Publishers (1981).
23-Jan-82(Sat)17-19 Suzuki
Larry Tesler, “The Smalltalk Enviroument", pp.90-147
James C. Althoff Jr.,
“Building Data Structures in the Smalltalk-80 System", pp.230-278
L Peter Deutsch,
"Building Control Structures in the Smalltalk-80 System", pp.322-346
BYTE vol.6, no.8, special issue on Smalltalk (August 1981).
6-Feb-82(Sat)13-15 Saito, Katagiri
Alan Borning, "The Programming Language Aspects of ThingLab,
a Constraint-Oriented Simulation Laboratory",

'ACM Trans. on P. L. and Systems, vol.3, no.4, pp.353-387, (Oct 1981).
13-Feb-82(Sat)13-15 Nakashima

ditto
27-Feb-82(Sat)13-15 Hori

" Albus, "Brains, Behavior, and Robotics",
BYTE books.
20-Mar-82(Sat)13-15 Nakashima
Ehud Y. Shapiro, "Inductive Inference of Theories From Facts',
Research Report 192, (February 1981).

10-Apr-82¢Sat)13-15 Nakashima
ditto
17-Apr-82(Sat)13-15 Horimoto

Jurgen M. Janas & Camilla B. Schwind,
“Extensional Semantic Networks: Their Representation, Application,
In Associative Networks (N. V. Findler ed.), pp.267-302, (1979).

—_— ;g —
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( 8-May-82(Sat)13-15 Matsukata postponed)
22-May-82(Sat)13-15 Matsubara
Paul S. Rosenbloom, "A World-Championship-level Othello Program",
CMU-CS-81-137, (August 1981).
1981 July issue of BYTE (related article).
5-Jun—82(Sat)13-15 Matsukata
Michael R. Genesereth, Russell Greinmer, and David Smith, "MRS Manual",
Stanford HPP Memo HPP-80-24, (December 1980).
19-Jun-82(Sat)13-15 Mizoguchi
Mark Stefik et. al., "The Organization of Expert Systems, A Tutorial",
AT vol.18, pp.135-173, (1982). ‘
3-Jul-82(Sat)13-15 Aida
Allen Newell, "The Knowledge Level",
Al vol.18, ppB87-127, (1982).
17-Jul-82(Sat)13-15 Katagiri
Wendy G. Lehnert, "Plot Units and Narrative Summarization',
Cognitive Science vol.4, pp.293-331, (1981).

30-Jul-82(Fri)..1-Aug-82(Sun) Al summer seminar
Karl R. Popper & John C. Eccles,

“The Self and Its Brain -- an argument for Interactioniem",
Springer International (1981).

Part 1

Pl Materialism Transcends Itself Aida

P2 The Worlds 1,2 and 3 Katagiri

P3 Materialism Criticized Nakashima

P4 Some Remarks on the Self Goto

P5 Historical Comments on the Mind-Body Problem Saito
P6 Summary

Part II

El The Cerebral Cortex
E2 Conscious Perception
E3 Voluntary Movement
E4 The Language Centres of the Human Brain
E5 Global Lesions of the Human Cerebrum
E6 Circumscribed Cerebral Lesions
E7 The Self-Conscious Mind and the Brain Mizoguchi
E8 Conscious Memory:
The Cerebral Processes Concerned in Storage and Retrieval Matsubara

Part III

Dialogue I Sato
Dialogue II Shimada
Dialogue III Shirai
Dialogue IV Suzuki
Dialogue V Tada
Dialogue VI Terano
Dialogue VII Tomura
Dialogue VIII  Nakagawa
Dialogue IX Kumon
Dialogue X Hori
Dialogue XI Matsukata

Dialogue XII Suzuki

21-Aug-(Sat)9-17
Karl R. Popper & John C. Eccles,

“The Self and Its Brain —— an argument for Interactionism",
Springer International (1981).
11-Sep-82(Sat)13-15 Kumon (Constraints start)

Judea Pearl, antonio Leal, and Joseph Saleh,
"GODDESS: A Goal-Directed Decision Structuring System",

IEEE Trans. on PAMI vol.PAMI-4, no.3,'ﬁp.250—262,'(ﬂa§ 1982).

Constraints separately going

Guy Lewis Steele Jr.,

"The definition and implementation of computer programming language
based on Constraints',

MIT doctoral dessertation.

11-Sep-82(Sat)16-18 Shirai
25-Sep-82(Sat)16-18 Nakagawa?
9-0ct-82(Sat)16-18 Katagiri

30-0ct-82(Sat)16-18

Members as of 3-Jul-1982

Aida, Akiyama, Ogasawara, Katagiri, Kishi, Kumon, (Goto), Saito, Sato, Shimada,
Shirai, Suzuki, Tada, Terano, (Tomura), Nakagawa, Nakashima, Hori, Horimoto,
Matsukata, Matsubara, Mizoguchi, (Yokoo)

25-Sep-82(Sat)14-16 Saito

Patrick J. Hayes, "The Naive Physics Manifesto”,

In Expert systems in the micro electronic age (D.Michie ed.), pp.242-287, (1979).
9-0ct-82(Sat)13-15 Shimada

R.Wilensky, "Meta-Planning: Representing and Using Knowledge About Planning

in Problem Solving and Natural Language Understanding",

Cdognitive Science vol.5 ,pp.197-233, (1980). :
30-0ct-82(Sat)13-15 Shirai

Reid G. Smith,

"A Framework for Distributed Problem Solving", chapters 1-3,

UMI research Press, Computer Science:Artificial Intelligence, No.l0.
6-Nov-82(Sat)10-17 Saito, Mizoguchi, Matsubara

Karl R. Popper & John C. Eccles,

"The Self and Its Brain —— an argument for Interactionism",

Springer International (1981).
13-Nov-82(Sat)13-15 Terano

Reid G. Smith,

"A Framework for Distributed Problem Solving", chapters 4-7,

UMI research Press, Computer Science:Artificial Intelligence, No.1l0.
4-Dec-82(Sat)13-15 Suzuki

Giuseppe Attardi & Maria Simi, “Extending the Power of Programming by Examples",

Proc. of SIGOA Conference on Office Information Systems, pp.52-66, (June 1982).
18-Dec~82(Sat)13-15 Nakagawa

M.P.Georgeff, “"Procedural Comtrol in Production Systems",

Al vol.18, pp.175-201, (1982).

1983
8-Jan-83(Sat)15-17 Nakashima
Hideyuki Nakashima, "A Knowledge Representation System: Prolog/KR",
Doctral Thesis submitted to the University of Tokyo (1982).
22-Jan-83(Sat)14-16 Nakashima
ditto
29-Jan-83(Sat)14-16 Nakashima
ditto
5-Feb-83(Sat)14-16 Hori

P.H.Winston, "Learning New Principles From Precedents and Exercises”,
AI vol.l9, pp.321-350, (1982).

26-Feb-83(Sat)13-15 Hashida
Koiti Hashida, "A Real-time Syntacitc Analysis of Natural Languages’,
M.Sc Thesis submitted to the University of Tokyo (Jan 1983).

— |



19-Mar-83(Sat)13-15 Hashida
ditto
2-Apr-83(Sat)15-17 Hiraga

Drew McDermott, “A Temporal Logic for Reasoning About Processes and Plans",
Cognitive Science, vol.6, pp.101-155, (1982).
16-Apr-83(Sat)15-17 Hiraga
ditto
7-May-83(Sat)15-17 Matsukata
Ryszard S§. Michalski, "A Theory and Methodology of Inductive Learning",

AT vol.20, pp.l111-161, (1983). ; 1984
21-May-83(Sat)15-17 Matsukata S

ditto 7-Jan-84(Sat)15-17 Tanaka
28-May-83(Sat)15-17 Matsubara Zohar Manna and Amir Pnueli,

Gerald Jay Suesman and Guy Lewis Steele Jr., “CONSTRAINTS —-- A Language
for Expressing Almost-Hierarchical Descriptions",
- AI vol.l4, pp.1-39, (1980).
11-Jun-83(Sat)15-17 Aida %
Lewis M. Norton, "Automated Analysis of Imstructional Text",
AL vo.20, pp.307-344, (1983).
25-Jun-83(Sat)15-17 Katagiri
Jean Mark Gawron et al.,
“Processing English with a Generalized Phrase Structure Grammar',
ACL Annual Conference, pp.74-81, (1982).
(Association for Computational Linguistics)
9-Jul-83(Sat)15-17 Tanaka
Takushi Tanaka, "Representation and analysis ,of electrical circuits
in a deductive system",
Proc. IJCAI, Karlsruhe, W.Germany. (1983).

18-Aug-83(Thurs)..21-Aug-83(Sun) AL Summer Seminar
Douglas R. Hofstadter, Daniel C. Dennett,
"The MIND’S 1 Fantasies and Reflections on Self and Soul",
Basic Books Inc. (1981). R
I. A Sense of Self Hori, Kishi, Kumon
IT1. Soul Searching Shirai, Nakashima, Hiraga
III. From Hardware to Software Hashida, Yokoi, Aida
IV. Mind as Program Matsubara, Matsukata, Terano
V. Created Selves and Free Will Saito, Katagiri, Nakagawa
VI. The Ioner Eye Shimada, Shinohara, Tada

10-Sep-83(Sat)15-17 Kishi, Shirai
Robert C. Berwick, "Introduction: Computational Aspects of Discourse",
Chapter 1 of ?
17-Sep-83(Sat)14-16 Shimada, Shinohara, Tada }
Douglas R. Hofstadter, Daniel C. Dennett, "The MIND"S I",
Chapter VI. The Innmer Eye, Basic Books Inc. (1981).
1-0ct-83(Sat)15-17 7
?
8-0ct-83(Sat)15-17 Kishi, Shirai
Robert C. Berwick, "Introduction: Computational Aspects of Discourse",
Chapter 1 of 1
22-0ct-83(Sat)15-17
ditto
5-Nov-83(Sat)15-17 Saito
Ken Forbus, "Qualitative Process Theory",
MIT AI Lab Memo No.664, (Feb 1982, Revised June 1983).
19-Nov-83(Sat)15-17 Shinohara
Marvin Minsky, "Jokes and the Logic of the Cognitive Unconscious",
MIT Al Memo, No.603, (1980).
17-Dec-83(Sat)15-17 Shimade

Kishi, Shirai

R E; sy

28-Jan-84(Sat)15-17

18-Feb-84(Sat)15-17

25-Feb-84(Sat)15-17 Terano
10-Mar-84(Sat)15-17 Hiraga

31-Mar-84(Sat)15-17

6-Apr-84..8-Apr-84

26-May-84(Sat)15-17

Douglas B. Lenat, "The Nature of Heuristics",
AI vol.l9, pp.189-249, (1982). |
"Theory Formation by Heuristic Search

The Nature of Heuristics II: Background and Examples",

AL vol.2l, pp.31-59, (1983).

"EURISKO: A Program That Learns New Heuristics and Domain Concepts

The Nature of Heuristics III: Program Design and Results",

AT vol.21, pp.61-98, (1983).

“Verification of Concurrent Programs, Part I:The Temporal Framework",
Research Report No.STAN-CS-81-836, (June 1981).

Nakagawa, Terano

Jon Doyle, "A Society of Mind

Multiple perspectives, reasoned assumptions, and virtural copies”,
8th IJCAI, pp.309-314, (1983).

Nakashima

Yorick Wilks and Janusz Bien,

“Beliefs, Points of View, and Multiple Environments",

Cognitive Science, vol.7, pp.95-119, (1983).

7, "XPLAIN",
AI, vol.2l, no.3, pp.285-7, (7).

Derek Bickerton, "Creole Languages",

Scientific American, vol.249, no.l, (July 1983).

Hashida

Dedre Gentner, "Structure-Mapping: A Theoretical Framework for Analogy",
Cognitive Science, vol.7, pp.155-170, (1983).

Al Spring Seminar
J. Fodor, "Modularity of Mind"

21-Apr-84(Sat)15-17 Hori

Patrick H. Winston, Thomas O. Binford, Boris Katz and Michael Lowry,
“Learning Physical Description from Functional Definitions,

Examples and Precedents",

Stanford Report No.STAN-CS-82-950 or MIT Al Memo No.AIM-349

12-May-84(Sat)15-17 Aida

Joxan Jaffar, Jean-Louis Lassez and John Lloyd,
"Completeness of the Negation as Failure Rule",
Proc. of the 8th LJCAI, pp.500-506, (1983).

Matsubara

Josef Psotka,

“"Perceptual Processes That May Create Stick Figures and Balance",
Journal of Experimental Psychology, Human Perception and Performance,
vol.4, no.l, pp.101-111, (1978).

16-June-84(Sat)15-17 Kishi

Paul Lefrere, "Text Processing”,
chapter 13 from Artificial Intelligence - Tools, Techniques,
and Applications by Tim O’Shea and Marc Eisenstadt, Harper & Row.

7-July-B4(Sat)15-17 Koyama

William A. Lornfeld, "Equality for Prolog”,
Proc. of the 8th IJCAI, pp.514-519, (1983).

21-July-84(Sat)15-17 Saito
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