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Introduction

It is now about twenty years since pleasant contacts started, over a
Chinese dinner table, between a small community of philosophical
logicians and some incipient argumentation theorists in The Netherlands.
At that fabled time of the early seventies, we were looking for common
intellectual ground. In the intervening years, however, the two groups
have largely gone their own way (and not unsuccesfully). The purpose of
this invited lecture is to re-assess the situation, twenty years later. Much
has changed, at least, in modern conceptions of logic, and it may be of
interest to compare the agendas of both fields in their current state. In
what follows, I will look at some broad features of human reasoning,
viewed through the eyes of a contemporary logician.

The Texture of Argument

The early leaders of argumentation theory often operated in conscious
opposition to what they considered the tradition of 'formal logic'. For
instance, Perelman & Olbrechts-Tyteca 1958 claimed that the traditional
logical metaphor for human argument is fundamentally mistaken. It
views arguments as mathematical proofs, viz. on the analogy of a 'chain’,
which becomes worthless once a single link has been broken. This rigid
foundationalist view could lead, e.g., Gottlob Frege to think that the
discovery of one single contradiction would bring all of mathematics
down 'like a house of cards'. Real argument, however, is more like a
piece of cloth: it still functions when a few strands have broken and
become ragged. Its strength rather lies in a web of interconnections. Thus,
in contemporary jargon: real argument admits of 'graceful degradation'.
This may seem a mere play with images, but e.g., Lakoff & Johnson 1980
have shown convincingly how deep metaphors determine both our
ordinary and scientific thinking in many hidden ways, sometimes
beneficial, sometimes quite insidious.



Of course, less chain-ful types of argument abound, even inside the exact
sciences. For instance, Lakatos 1976 has shown convincingly how real-
life mathematical argument is a complex mixture of proofs, refutations
and redefinitions of concepts. And more globally, even mathematicians
engage in cloth-like common sense argument when 'negotiating' the
importance of results and creating common perspectives and research
agendas — in what Withaar 1983 has called the 'context of persuasion’ in
science. But also, it seems fair to say that, even at a more standard formal
level, current logical conceptions of reasoning have become broader. This
is caused to a large extent by influences from Artificial Intelligence,
where the analysis of so-called ‘common sense reasoning' has become an
urgent and respected task (Hayes 1979, Davis 1990). The subsequent
repercussions for our understanding of Logic are slowly making their
way into some of the more enlightened text books, but have not yet
changed the 'standard image' of the discipline.

Incidentally, the chain metaphor is not all bad, and conservative. When
we view reasoning from a Popperian point of view of refutation, rather
than justification, having a chain-like system of reasoning which is easily
attacked — without a refuge of vague forms of cloth-like 'half-functioning'
— may be the preferable strategy for achieving critical progress.

The Toulmin Schema

To demonstrate the new thinking at work, let us consider the famous
‘Toulmin Schema', which has served as a rallying point for informal
argumentation studies in the early seventies. In fact, Toulmin voiced
three influential general criticisms of formal logic. First, reasoning is not
uniform, but task-dependent: the appropriate inference mechanism may
depend on the subject matter. Second, reasoning is more richly structured
than the standard 'premise-conclusion' schema would have us believe.
And third, what is crucial in reasoning is not the static 'form', but the
dynamic 'formalities' of inferential procedure. Behind this lies a proposed
paradigm shift for logic from 'mathematics' to law".

Let us give away our game straightaway. By current logical lights, all
three tenets in Toulmin's critical position make good sense. For instance,
the dependence of human reasoning behaviour on its subject matter has
been demonstrated convincingly by cognitive psychologists (cf. Wason
and Johnson-Laird 1972). But there are also more internal logical reasons
for appreciating the above points. Let us make this more precise, using
the actual 'schema’' as a convenient setting. One replaces the traditional
binary view of

P > C

premises conclusion



by the following richer structure, whose various components probably
speak for themselves, to a first approximation: .

D > C
data claim
| I
W warrant Q qualifier

l I
B backing - U rebuttal

Typology of Inference

Let us first start with the role of the qualifier Q. This is the expression
giving the force of the inferential transition from data to conclusion,
sometimes linguistically encoded (say, by a modal adverb like "certainly"
or "probably"), sometimes merely understood in context. Qualifiers can
be deductive or inductive (probabilistic), or yet otherwise. This way of
viewing inference is quite congenial to what has been happening in the
literature on reasoning in Al. Especially, Shoham 1988 has pointed out
how, in addition to classical reasoning, whose qualifier ("absolutely")
says that the conclusion must hold in all models of the premises, there are
pervasive 'preferential styles' of default reasoning. In the latter styles, the
qualifier is something like "presumably”, whose claim is that the
conclusion holds in all most preferred models of the premises. Another
way of describing this feature is that we are engaged in the art of
reasoning 'under normal circumstances', being the most preferred cases
for us to take into account. (Incidentally, this is also the art of scientific
reasoning in the natural sciences!) Examples would be situations where
we reason about train travel in Holland, using a mixture of logical laws in
figuring out our itineray plus default assumptions about this country, such
as the absence of strikes, or the continued validity of the laws of physics.
(And of course, there is always the over-riding 'mother of all defaults' in
The Netherlands, prefixing every practical undertaking by the rider
"assuming the dikes don't break".) Note, incidentally, that preferential
reasoning is not necessarily statistical in nature: the 'most preferred' cases
need not be the most frequent ones (although the two will often coincide.)

Preferential reasoning differs from classical reasoning, even in its most
simple domestic properties. These lie encoded in so-called 'structural
rules', stateable without any reference to special logical constants. One
famous structural rule which may fail now is Monotonicity: unlike in
classical logic, preferential conclusions which follow from some set of
premises need no longer follow from any extension of these premises.
(Just suppose that the extension contains facts which tell us that we are in
non-normal circumstances after all.) In fact, more general logics in Al are



often called 'non-monotonic', a somewhat unfortunate term which
emphasizes their iconoclastic character, rather than any positive virtue.
(One is reminded of the now-defunct Dutch calvinist "anti-revolutionary
party", which existed for one and a half century, starting from an initial
program of merely opposing the principles of the French Revolution.)
Another conspicuous failure of a classical structural rule is so-called non-
Transitivity. proposition B may follow preferentially from A, and C again
from B, without C thereby being true in all most preferred models for A.
(Well-known examples of transitivity failures occur in inductive logic:
where exceptions may overflow any pre-set threshold in a number of
steps.) As it turns out, though, preferential and classical reasoning still do
agree on some familiar structural rules, such as Permutation of premises
(their order is irrelevant to conclusions drawn) or Contraction (the
multiplicity of occurrences of premises is irrelevant, t0o).

For the sake of concreteness, we list some well-known classical structural
rules in their most general sequent forms:

Monotonicity XY = A
X,B,Y = A

Transitivity X = A Y,A,Z = B

Y, X,Z = B

Permutation X,A,B,Y = C
X,B,A,Y = C

Contraction X,AY,A,Z = B X,AY,A,Z = B
X,A,Y,Z =B X,Y,A,Z = B

Nevertheless, there is also a basis here for a more refined positive
typology of inference (cf. Makinson 1988), starting from the observation
that some variants of classical structural rules do remain valid in the new
setting. (Non-believers are not necessarily total rejecters.) For instance,
preferential reasoning does satisfy 'Cautious Monotonicity', saying that
adding already derived conclusions will not disturb inferences:

X =C X =B

X,C=>B



Moreover, there is also a converse principle of 'Cautious Transitivity',
telling us when indeed we can 'chain inferences":

X =>C X,C=8B

X =8B

An aside. Here is a, perhaps perverse, logician's question. Can there also
be structural rules that are valid for preferential reasoning, but not for
classical reasoning? The answer is negative. Among all preference
relations, there is the universal indifference relation, which makes all
models of the premises 'most preferred'. Therefore, classical consequence
amounts to preferential inference over a restricted universe of preference
relations. And then, each structural rule for preferential reasoning (being
a universal statement) will carry over to this subdomain, and thereby hold
for classical consequence.

Another aside. A further source of refinement in the above typology is
the following. Some classical structural rules may even continue to hold
in their unrestricted original format, but then only for special linguistic
forms of statement. For instance, in Circumscription (a popular specific
system of preferential reasoning in Al; cf. McCarthy 1980), so-called
'purely universal' statements can always be added to the premises without
endangering earlier conclusions.

So far, we have considered only the logical role of the qualifier Q . But
there is also a modern counterpart to the rebuttal element R in Toulmin's
schema. The latter is the 'rider' of the form "unless ..." which states when
the qualifier admits exceptions. Similar elements have appeared in the
computational literature, witness the 'abnormality predicates' in the
logical formalization of circumscriptive arguments (cf. Sandewall 1992),
which regulate the domain of exceptional cases.

The more general situation here suggests an agenda that can already be
found, in fact, in an earlier phase of modern logic. In what may be called
'‘Bolzano's Program' (cf. Bolzano 1837), the aim was precisely to develop
a rich typology of hman styles of reasoning. Bolzano distinguished
deductive and inductive varieties, as well as an especially 'strict'
professional philosophical style of reasoning. Moreover, he made a
sustained effort to chart the structural behaviour of these styles, including
their interaction with changing vocabularies of 'fixed' and 'variable' terms
— a level of refinement yet to be attained in much of the contemporary
literature. Another famous logician pursuing a similar program (around
1890) is C. S. Peirce, who emphasized that humans display a variety of
inferential skills, which logic should analyze and bring out (cf. the
collection Peirce 1960). In particular, he distinguished both 'forward' and



'backward' styles of reasoning, which were then classified under such
headings as deduction, induction and abduction. The latter is a backward
process of inferring the most plausible explanation for observed facts.
Another important backward reasoning process is presupposition, well-
known from the linguistic and philosophical literature, which provides
necessary 'preconditions’ for our understanding of a sentence — whereas
the usual forward reasoning rather provides 'postconditions'.

Repercussions and Elaborations

The preceding general point of view has many interesting consequences.
For a start, on the practical side, it will affect traditional empirical topics.
Notably, it is no longer so clear what are argumentative fallacies.
Observed inferential patterns which seem 'wrong' according to one notion
of inference might just as well signal that the speaker is engaged in
correct execution of another style of reasoning. E.g., take the concrete
fallacy of 'affirming the consequent' (cf. Hamblin 1970). What we
observe somewhere, say, is an instance of the propositional fallacy:

A — B, B "and therefore" A

But note that this pattern would be valid as an instance of abduction
(since A is certainly the only available explanation here for B ) . This
abductive use of 'the only available source' is also what drives logic
programming in the Prolog-style (an extremely useful computational
mechanism, which tends to strengthen implications to equivalences; cf.
Kowalski 1979). Of course, this is not the end of the matter. The above
analysis also suggests that, when confronted with 'fallacies', we extend
our field of vision from observing single inferences to sequences of
inferences. If the speaker is engaged in abduction, then the structural
rules should not be the same as for classical logic. In particular, in this
case, we do not have Monotonicity. In particular, what should not be
valid, even as a specimen of abduction, is the transition:

C — B, A — B, B "and therefore" A.

For now, there are two possible explanations for B, and the 'best' one is
rather the disjunction C-or-A . Thus, we also learn that fallacies should
not be studied in isolation. Similar observations can be made about
juridical reasoning (cf. Prakken 1993, Feteris 1994). For instance, there is
a legal argument pattern called "a contrario”, where one reasons as
follows. "The law only explicitly states a penalty for male offenders. This
person is a woman. Therefore, she should not be punished for this
offense." Formally, we have an 'invalid' transition here ' from A — B
and not-A to not-B ', to which all the previous points apply.



Next, the preceding perspective also has technical consequences in logic.
It is not enough to say that there exists a multitude of inferential styles in
reasoning, and then rejoice. For now, the logician has acquired the task of
explaining how all these styles manage to co-exist, and indeed cooperate.
Thus, one needs mechanisms for combining logics (cf. Gabbay 1994), as
well as 'triggers' that tell us when we are switching from one reasoning
style to another. (Here the earlier qualifiers may play a systematic role —
whence we would need a more systematic logic of modal adverbs from
this inferential point of view.) Here, let us just show what combination of
inferential styles might involve. Assume that we have two meta-arrows fi
(for classical reasoning) and --> (for preferential reasoning). Then we
must at least enquire into their combinations, such as:

does A-->B, B=C imply A-->C?
(the answer is yes)

does A= B, B-->C imply A-->C?
(the answer is no)

does A-->B, B=C imply A= C?
(the answer is no)

does A= B, B-->C imply A= C?
(the answer is no)

Thus, logics must now be able to manipulate and combine diverse forms
of inferential information.

Parameters of Inference

Another attractive feature of the Toulmin Schema is its richer structuring
of the material from which conclusions are supposed to follow. This is in
line with most accounts of reasoning from theories in the philosophy of
science, as well as computational theories of data bases. From the binary
'premise-conclusion’ pattern, one moves to a ternary view, where basic
'data’ are distinguished from background theory:

P > C
T

There are many examples where the third parameter T emerges naturally.
For instance, in the above notion of abduction, T is indispensable for
providing the available 'explanations'. This is also true more generally for
scientific explanation in the Hempel-Oppenheim style, which even
distinguishes further levels: 'facts’, 'theoretical laws' and 'auxiliary
hypotheses' (essentially, the relevant default assumptions). And the point
also emerges in the linguistic study of conditionals, where the basic
'Ramsey Test' presupposes revision of some explicit 'stock of beliefs', so
as to accommodate recalcitrant antecedents (Sosa 1975 collects various



papers on these matters). The general situation is even more diverse, in
that the third 'theory' parameter itself has inner hierarchical structure. Not
all theoretical principles are equally general and important. "Structured
theories" accounting for this behaviour are coming up in contemporary
computer science (cf. Ryan), and we may also think of the much richer
structuring found in the computational literature on abstract data types
(Meseguer 1989) or module algebras (Bergstra, Heering & Klint 1986).
As a final thrust towards more hierarchical views of theory structure,
allowing shifts in perspective, we mention Blackburn & de Rijke 1994.

Logical Levels of Aggregation: From Propositions to Proofs

The traditional field for logical analysis lies at the sentence level, where
propositions are expressed. This follows standard grammatical practice in
linguistics. But reasoning also involves higher levels of aggregation.
Evidently, real arguments are texts, i.e., configurations of sentences,
which shows clearly in argumentation studies (cf. the various
contributions in Van Eemeren & Grotendorst 1994, which mostly
propose text structures). And of course, the above 'third parameter' T
hints at still higher levels of organization, with configurations of texts
into theories. Logic as it is does not have a well-developed theory of text
structure for argumentation. Nevertheless, there is much implicit material
here, once we turn to systems of logical proof and the subdiscipline of
proof theory (cf. Sundholm 1986, Troelstra 1994). Let us illustrate this
potential by means of a little example.

Here is a simple 'natural deduction tree' for the inference from the two
premises not (A&B) and (B or C) to the conclusion (if A, then C) :

A not (A&B)

not B Bor C

-------------- withdraw A
if A, then C

The following view of argumentative texts lies behind this example. First,
the structure is 'chain-like": the smallest error anywhere would invalidate
the deduction. Also, explicit rule annotation is needed: we need to justify
each basic step across a bar by reference to some pre-given repertoire of
admissible basic steps. And finally, and very importantly, there is a
dynamic pattern of changing dependencies. For instance, the intermediate
conclusion C inherits the assumptions from both its ancestors 'not B'
and 'B or C', three in all, but the final conclusion has lost one of these.



What of this is relevant in 'real life argument'? This is not the place to
perform a detailed comparison with empirical argumentation studies, but
a few things may be observed, showing the interest of such an endeavour.
First, in reality, there may be a more 'cloth-like' structure, whereby one
intermediate conclusion is supported by several bunches of premises.
Formally, this requires AND/OR trees, rather than just AND-trees in
natural deduction. Thus, we obtain 'forests', rather than trees, where
conclusions can have multiple support. Such a logical system would
incorporate the natural distinction between 'subordinate’ (i.e., sequential)
and 'coordinate' (parallel) structures in argumentation discussed in
Snoeck Henkemans 1994, with patterns like

P1 & P2 Il Q1 & Q2

C

This coordinated structure has the virtue of explaining something about
our actual argumentation, namely its 'robustness'. We are seldom willing
to give up a conclusion on the basis of one single problem. This need not
be logical immorality or blatant self-interest. A more rational reason is
again the cloth picture: that conclusion may be tied to many things
supporting it. (As observed earlier on, though, a more refutation-oriented
logical strategy might sometimes be preferable from a cognitive point of
view — for instance, when engaging in physically dangerous endeavours.)

Next, what seems utterly lacking in reality is explicit rule annotation. The
standard argumentative pattern is rather one of 'bare dependency": certain
statements stand in certain 'support relations', which are seldom explicitly
tagged. Thus, practical argumentative analysis uncovers a 'pre-structure'
of dependencies (somewhat like 'argument structures' found in Al),
operating at a level somewhat like pure grammatical constituent trees,
which are still to be decorated with an appeal to specific derivation rules.
(From a mathematical-logical point of view, we still have a 'type-
assignment problem' ahead: cf. van Benthem 1991, Barendregt 1992.)
Finally, natural deduction also makes one telling empirical point. The
delicate dynamics of changing assumptions is a well-attested feature of
actual human argumentation and debate. In particular, when viewed in
isolation, one cannot tell what an assertion in an argument 'means': since
that depends on its 'contextual burden' at the relevant stage of the
argumentation. Even the same assertion may occur with different loads of
assumptions in the course of one and the same argument.

Here is one more example. Consider the well-known elegant natural
deduction for the propositional law (A <> (A — B)) —» A, expressing a
form of 'Lob's Paradox'. Dependencies on previous assertions are
explicitly indicated at the inference bars:



(1
(A (A—-B))
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(A->(A—>B)) A
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(A—->B) A
D, )
A (A—>B) B
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(A>B)—> A) (A—->B)
(n
A

Note the variable burdens for the occurrences of A and (A—B).
Incidentally, with two more steps, this tree becomes a natural deduction
for the proposition B, from just the single assumption (1). (This is the
core of the mentioned 'paradox’: cf. Boolos 1979.)

Discourse Grammar

The preceding view of proofs as texts suggests that there is a higher level
of linguistic discourse structure that may be quite relevant to logic.
(Cf. Polanyi & Scha 1988, as well as the more general computational
tradition of Grosz & Sidner 1986.) In particular, logical particles such as
"so", "then", "unless", "although" specify various of the above-mentioned
argumentative connections in texts. Moreover, there are various discourse
uses of "and", signalling the earlier parallel and sequential structures.
These particles will exhibit linguistic behaviour that is very similar to
what happens at the sentence level. For instance, "so" is a scope-bearing
operator, looking backwards from a conclusion to bring a number of
previous assertions within its inferential ambit. This is why texts of the
form "P1 ... Pk. Therefore C", as found in the usual discussions of
argument patterns, are often ambiguous. Which of the initial assertions
are in the backward scope of the operator "therefore"? Hence, one cannot
draw far-reaching conclusions from untutored intuitions about such flat
patterns. (This linguistic point is even relevant to discussions of potential
failures of monotonicity: perhaps, in actual examples, the additional
premises do not make it into the scope of the conclusion particle. See
Kameyama 1993 on the topic of 'linguistic surplus information' in the
analysis of puzzle solving in Al.) Similar scope behaviour is exhibited by
other discourse particles, such as the 'assumer' "if", whose companion
particle "then" rather functions as an anaphoric pronoun.

A more systematic study of this linguistic fine-structure may serve

various purposes. For instance, one would also hope to discover explicit
cues as to the 'current inferential style' being performed. Some of these
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cues lie in the earlier modal adverbs, but the situation can be more subtle.
For instance, question-answering is often 'exhaustive' (in a Gricean sense:
cf. Groenendijk & Stokhof 1984). An answer "John and Mary" to the
question "Who are dancing?" suggests that John and Mary are the only
dancers. This means that we are making a preferential inference to the
smallest models — in terms of individual facts— satisfying these data
(cf. van Benthem 1989 on this connection with preferential reasoning).
Not surprisingly again, this inference is defeasible by further premises:
"And Claudia". Note that this exhaustive mode is the default, which does
not need any explicit syntactic triggering. But it does seem that it can be
switched off explicitly through certain linguistic (re-)formulations of our
answers. For instance, the hedged reply "at least John and Mary",
although semantically having exactly the same minimal models as the
previous one, does not allow any inferences beyond the classical ones.
What we learn from the latter is merely that John is dancing and Mary is
— but Heaven knows who else besides.

Mechanisms of Reasoning

There is another source of 'plurality’ in current logical theorizing.
Inference is just one of many general cognitive procedures, such as
learning, updating or revising (Géardenfors 1988). Indeed, one can discern
a kind of general 'procedural turn' in recent work in artificial intelligence
and linguistic semantics, emphasizing the undeniable and crucial
imperative procedural aspects of our cognitive behaviour. And also with
our present concerns, after all, much of the art in actual argumentation is
sequential 'timing' and playing one's cards correctly. Now, standard logic
is largely declarative, focussed on static truth conditions. Thus, the new
task becomes to bring these dynamic procedures within the scope of
logical investigation too: focussing rather on update conditions
(Groenendijk & Stokhof, 1991, Kamp 1984, Stalnaker 1972, Veltman
1991, van Benthem 1991, 1994).

There are various broad technical paradigms for bringing out this
dynamic structure. Traditionally, there has been the approach via games
(Lorenzen & Lorenz 1979, Hintikka 1973), which continues to exist as an
undercurrent in contemporary logic. It has also been the main formal face
of dynamics in argumentation theory so far (cf. Barth & Krabbe 1982).
But the dominant paradigm in the current logical literature comes from
computer science: 'texts are programs' denoting cognitive processes that
change human information states. One immediate appeal of this view to
many people lies in its concrete mentalist interpretation (although its
protagonists tend to be non-committal on this score.) Another attractive
feature is that we can now avail ourselves of the acquired expertise in
computer science concerning the logical properties of procedures.
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The dynamic view considerably enriches the earlier landscape of styles of
inference. For instance, here is a strong contender for a notion of valid
dynamic inference. 'Processing the successive premises always brings us
to an information state where the conclusion should hold.' (On this view,
a discourse particle "so" keys us for a change in pace from premises to
conclusion: from recording to testing.) Here is a picture for this view:

Dynamic inference

¢ > > °* > -OC
premises

The loop at the end expresses that processing the conclusion will not
change the information state already attained: that is, it already 'holds'
there in some dynamic sense. This view of inference is quite congenial to
the world of computational data base updates — which again may not be
such a bad model for human reasoning either.

conclusion

Like the preferential style of inference, the dynamic one loses central
classical structural rules such as Monotonicity and Transitivity. This may
be seen somewhat domestically by viewing the above notion as follows:
the premises form a 'recipe’ for achieving the conclusion. Monotonicity
then says that inserting arbitrary instructions into the recipe would not
change the effects previously obtained: and this is obviously implausible.
But this time, there are even more dramatic divergences from classical
reasoning, expressing the sequential character of imperative procedures.
Permutation fails: changing the order of instructions in a recipe may
produce dramatically different outcomes. And also Contraction fails.
Evidently, the amount of times the same instruction is performed may
matter vitally to what is produced by a recipe. Nevertheless, as before,
there rmains a positive typology too: dynamic inference satisfies some
well-defined variants of classical Monotonicity and Transitivity, which
turn out to completely determine its inferential behaviour. (There is a lot
of recent work on complete proof theories for dynamic inference. Cf.
Blackburn & Venema 1993, Groeneveld 1994, Kanazawa 1993.)

Again, there are many further logical repercussions of this viewpoint,
which we cannot begin to enumerate here. For instance, dynamically, one
has to redefine the role of the traditional 'logical constants'. These now
become more like programming constructions, and can be studied using
algebraic techniques from computer science, as well as from modal and
so-called 'dynamic logic' (cf. van Benthem 1991, 1994). Sometimes, this
makes them, say "and", "or" and "not", behave more like the above
discourse particles than as the original sentence operators — but that, of
course, is all to the good in a dynamic perspective on argument.

12



Conclusion

This brief essay by no means exhausts the potential interfaces between
current developments in logic and argumentation theory. For instance, it
would be of great interest to also compare actual argumentation patterns
with other logical paradigms — such as the partly dynamic, partly
declarative styles of reasoning formalized in logic programming
(Kowalski 1979, 1989). Moreover, it might be a good idea to bring the
disciplines together, not by comparing their consolidated assets, but
rather by undertaking some new and challenging joint task, say the
detailed exploration of juridical argumentation and procedure, using
insights from both disciplines in tandem.

It seems fair to say that contemporary Logic and Argumentation Theory
share a common concern with the variety and fine-structure of reasoning.
Therefore, the initial tension found with Perelman and Toulmin seems
unproductive by now: logical tools and attitudes have matured. Of course,
such an optimistic message brings to mind commercials for detergents.
The old product has totally changed, according to a 'new formula', and it
is being recommended by prominent scientists and other authorities. Why
should argumentation theorists buy modern logic? What is the pay-off of
the new subtleties and (if the truth be told, sometimes) new complexities?
I would recommend that the two communities pull their research agendas
and at least begin to find out.

References

H. Barendregt, 1992, Lambda Calculi with Types', in S. Abramsky, D. Gabbay & T.
Maibaum, eds., Handbook of Logic in Computer Science, vol. 2, Clarendon Press,
Oxford, 118-309.

E. Barth & E. Krabbe, 1982, From Axiom to Dialogue, De Gruyter, Berlin.

J. van Benthem, 1989A, 'Reasoning and Cognition', in N.O. Bernsen & H. Schnelle,
eds., Logic and Linguistics; Research Directions in Cognitive Science, L.
Erlbaum, Hove (UK), 185-208.

J. van Benthem, 1989B, 'Semantic Parallels in Natural Language and Computation',
in H-D Ebbinghaus et al., eds., 1989, Logic Colloquium. Granada 1987, North-
Holland, Amsterdam, 331-375.

J. van Benthem, 1991, Language in Action. Categories, Lambdas and Dynamic Logic,
Elseviers Science Publishers, Amsterdam, (Studies in Logic 130).

J. van Benthem, 1994, Dynamic Logic and the Flow of Information, Institute for
Logic, Language and Computation, University of Amsterdam.

J. Bergstra, J. Heering & P. Klint,1986, 'Module Algebra', report CS-R8617, Centre
for Mathematics and Computer Science, Amsterdam.

P. Blackburn & M. de Rijke, 1994, 'Zooming In - Zooming Out', Centre for
Mathematics and Computer Science, Amsterdam.

P. Blackburn & Y. Venema, 1993, Dynamic Squares, Logic Preprint 92, Department
of Philosophy, University of Utrecht. To appear in Journal of Philosophical Logic.

B. Bolzano, 1837, Wissenschaftslehre, Seidelsche Buchhandlung, Sulzbach.
Translated by R. George as Theory of Science, University of California Press,
Berkeley and Los Angeles, 1972.

13



G. Boolos, 1979, The Unprovability of Consistency, Cambridge University Press,
Cambridge.

E. Davis, 1990, Representation of Commonsense Knowledge, Morgan-Kaufmann
Publishing Co., Los Altos.

F. van Eemeren & R. Grootendorst, eds., 1994, Studies in Pragma-Dialectics IV, Sic
Sat: International Centre for the Study of Argumentation, Amsterdam.

E. Feteris, 1994, 'Rationality in Legal Discussions', in F. van Eemeren & R.
Grootendorst, eds., 29-40.

D. Gabbay, 1994, Labeled Deductive Systems, Department of Computing, Imperial
College, London. To appear with Oxford University Press.

P. Girdenfors, 1988, Knowledge in Flux. Modelling the Dynamics of Epistemic
States, Bradford Books / MIT Press, Cambridge (Mass.).

J. Groenendijk & M. Stokhof, 1984, Studies on the Semantics of Questions and the
Pragmatics of Answers, dissertation, Philosophical Institute, University of
Amsterdam.

J. Groenendijk & M. Stokhof, 1991, 'Dynamic Predicate Logic', Linguistics and
Philosophy 14 (1991), 39-100.

W. Groeneveld, 1994, Logical Issues in Dynamic Semantics, dissertation, Institute for
Logic, Language and Computation, University of Amsterdam.

B. Grosz & C. Sidner, 1986, 'Attention, Intentions and the Structure of Discourse',
Computational Linguistics 12, 175-204.

C. Hamblin, 1970, Fallacies, Methuen, London.

P. Hayes, 1979, 'The Naive Physics Manifesto', in D. Michie, ed., Expert Systems in
the Microelectronic Age, Edinburgh University Press.

J. Hintikka, 1973, Logic, Language Games and Information, Clarendon Press,
Oxford.

M. Kameyama, 'The Linguistic Information in Dynamic Discourse', Report CSLI-92-
174, Center for the Study of Language and Information, Stanford University.

H. Kamp, 1984, 'A Theory of Truth and Semantic Representation', in J. Groenendijk
et al., eds.,Truth, Interpretation and Information, Foris, Dordrecht, 1-41.

M. Kanazawa, 1993, 'Completeness and Decidability of the Mixed Style of Inference
with Composition’, Report CSLI-93-181, Center for the Study of Language and
Information, Stanford University.

R. Kowalski, 1979, Logic for Problem Solving, North-Holland, New York.

R. Kowalski, 1989, 'The Treatment of Negation in Logic Programs for Representing
Legislation', Proceedings ICAIL-1989 Vancouver, ACM Press, 11-15.

I. Lakatos, 1976, Proofs and Refutations, Cambridge University Press, Cambridge.

G. Lakoff & M. Johnson, 1980, Metaphors We Live By, Chicago University Press,
Chicago.

P. Lorenzen & K. Lorenz,1979, Dialogische Logik, Wissenschaftliche
Buchgesellschaft, Darmstadt.

D. Makinson, 1988, 'General Non-Monotonic Logic', UNESCO, Paris. To appear in
D. Gabbay et al., eds., Handbook of Logic in Artificial Intelligence and Logic
Programming, Oxford University Press.

J. McCarthy, 1980, 'Circumscription - A Form of Non-Monotone Reasoning',
Artificial Intelligence 13,295-323.

J. Meseguer, 1989, 'General Logics', in H-D Ebbinghaus et al., eds., 1989, Logic
Colloquium. Granada 1987, North-Holland, Amsterdam, 275-329.

C.S. Peirce, 1960, The Collected Papers of C.S. Peirce, vol. IV, Ch. Hartshorne & P.
Weiss, eds., Harvard University Press, Cambridge (Mass.).

Ch. Perelman & L. Olbrechts-Tyteca, 1958, La Nouvelle Rhétorique. Traité de
I'Argumentation, Editions de 1'Université de Bruxelles, Brussels.

L. Polanyi & R. Scha, 1988, 'An Augmented Context-Free Grammar of Discourse’,
Proceedings of the 12th International Conference on Computational Linguistics,
Budapest, 22-27.

14



H. Prakken, 1993, Logical Tools for Modelling Legal Argument, Dissertation,
School of Law, Free University, Amsterdam.

M. Ryan, 1992, Ordered Presentations of Theories. Default Reasoning and Belief
Revision, Ph. D. Thesis, Department of Computing, Imperial College, University
of London.

E. Sandewall, 1992, Features and Fluents, Department of Computer and Information
Science, Linkdping University

Y. Shoham, 1988, Reasoning about Change. Time and Causation from the Standpoint
of Artificial Intelligence, The MIT Press, Cambridge (Mass.).

F. Snoeck Henkemans, 1994, 'Complex Argumentation in a Critical Discussion', in F.
van Eemeren & R. Grootendorst, eds., 69-78.

E. Sosa, ed., 1975, Causation and Conditionals, Oxford University Press.

R. Stalnaker, 1972, 'Pragmatics’, in D. Davidson & G. Harman, eds., Semantics of
Natural Language, Reidel, Dordrecht, 380-397.

G. Sundholm, 1986, 'Proof Theory and Meaning', in D. Gabbay & F. Guenthner, eds.,
Handbook of Philosophical Logic, vol.1ll, Reidel, Dordrecht, 471-506.

S. Toulmin, 1958,The Uses of Argument, Cambridge University Press, Cambridge.

A. Troelstra, 1994, Lectures on Proof Theory, Institute for Logic, Language and
Computation, University of Amsterdam.

F. Veltman, 1991, 'Defaults in Update Semantics', Report LP-91-02, Institute for
Logic, Language and Computation, University of Amsterdam. (To appear in the
Journal of Philosophical Logic.)

P. Wason & P. Johnson-Laird, 1972, Psychology of Reasoning, Batsford, London.

H. Withaar, 1983, The Context of Persuasion, Master's Thesis, Philosophical Institute,

Rijksuniversiteit Groningen.

15






institute for logic, language and computation

ILLC Research Reports and Technical Notes

Coding for Research Reports: Series-Year-Number, with LP = Linguistics and Philosophy of Language;
ML = Mathematical Logic and Foundations; CL = Compuational Linguistics; CT = Computation and
Complexity Theory; X = Technical Notes.

All previous ILLC-publications are available from the ILLC bureau. For prepublications before 1993, contact
the bureau.

LP-93-01 Martijn Spaan, Parallel Quantification

LP-93-02 Makoto Kanazawa, Dynamic Generalized Quantifiers and Monotonicity

LP-93-03 Nikolai Pankrat’ev, Completeness of the Lambek Calculus with respect to Relativized Relational
Semantics

LP-93-04 Jacques van Leeuwen, Identity, Quarrelling with an Unproblematic Notion

LP-93-05 Jaap van der Does, Sums and Quantifiers

LP-93-06 Paul Dekker, Updates in Dynamic Semantics

LP-93-07 Wojciech Buszkowski, On the Equivalence of Lambek Categorial Grammars and Basic Categorial
Grammars

LP-93-08 Zisheng Huang, Peter van Emde Boas, Information Acquisition from Multi-Agent resources; abstract

LP-93-09 Makoto Kanazawa, Completeness and Decidability of the Mixed Style of Inference with Composition

LP-93-10 Makoto Kanazawa, Weak vs. Strong Readings of Donkey Sentences and Monotonicity Inference in a
Dynamic Setting

LP-93-11 Friederike Moltmann, Resumptive Quantifiers in Exception Sentences

LP-93-12 Jaap van der Does, On Complex Plural Noun Phrases

LP-93-13 Natasha Alechina, Binary Quantifiers and Relational Semantics

LP-93-14 Mati Pentus, Lambek Calculus is L-complete

LP-93-15 David Ian Beaver, What comes first in Dynamic Semantics

ML-93-01 Maciej Kandulski, Commutative Lambek Categorial Grammars

ML-93-02 Johan van Benthem, Natasha Alechina, Modal Quantification over Structured Domains

ML-93-03 Mati Pentus, The Conjoinablity Relation in Lambek Calculus and Linear Logic

ML-93-04 Andreja Prijatelj, Bounded Contraction and Many-Valued Semantics

ML-93-05 Raymond Hoofman, Harold Schellinx, Models of the Untyped Il-calculus in Semi Cartesian Closed
Categories

ML-93-06 J. Zashev, Categorial Generalization of Algebraic Recursion Theory

ML-93-07 A.V. Chagrov, L.A. Chagrova, Algorithmic Problems Concerning First-Order Definability of Modal
Formulas on the Class of All Finite Frames

ML-93-08 Raymond Hoofman, Ieke Moerdijk, Remarks on the Theory of Semi-Functors

ML-93-09 A.S. Troelstra, Natural Deduction for Intuitionistic Linear Logic

ML-93-10 Vincent Danos, Jean-Baptiste Joinet, Harold Schellinx, The Structure of Exponentials: Uncovering
the Dynamics of Linear Logic Proofs

ML-93-11 Lex Hendriks, Inventory of Fragments and Exact Models in Intuitionistic Propositional Logic

ML-93-12 V.Yu. Shavrukov, Remarks on Uniformly Finitely Precomplete Positive Equivalences

ML-93-13 V.Yu. Shavrukov, Undecidability in Diagonizable Algebras

ML-93-14 Dick de Jongh, Albert Visser, Embeddings of Heyting Algebras

ML-93-15 G.K. Dzhaparidze, Effective Truth

ML-93-16 Maarten de Rijke, Correspondence Theory for Extended Modal Logics

ML-93-17 Alexander Chagrov, Michael Zakharyaschev, On the Independent Axiomatizability of Modal and
Intermediate Logics

ML-93-18 Jaap van Oosten, Extensional Realizability

ML-93-19 Raymond Hoofman, Comparing Models of the Non-Extensional Typed I-Calculus

ML-93-20 L.A. Chagrova, Dick de Jongh, The Decidability of Dependency in Intuitionistic Propositional Logic

ML-93-21 Max I. Kanovich, The Relational Knowledge-Base Interpretation and Feasible Theorem Proving for
Intuitionistic Propositional Logic



ML-93-22 Andreja Prijatelj, Connectification for n-contraction

CT-93-01 Marianne Kalsbeek, The Vanilla Meta-Interpreter for Definite Logic Programs and Ambivalent Syntax

CT-93-02 Sophie Fischer, A Note on the Complexity of Local Search Problems

CT-93-03 Johan van Benthem, Jan Bergstra, Logic of Transition Systems

CT-93-04 Karen L. Kwast, Sieger van Denneheuvel, The Meaning of Duplicates in the Relational Database
Model

CT-93-05 Erik Aarts, Proving Theorems of the Lambek Calculus of Order 2 in Polynomial Time

CT-93-06 Krzysztof R. Apt, Declarative programming in Prolog

CT-93-07 Janusz A. Pomykala, Approximation, Similarity and Rough Constructions, Part I. Elementary Intro-
duction

CL-93-01 Noor van Leusen, Laszlé Kdalman, Computaional Linguistics
CL-93-02 Theo M.V. Janssen, An Algebraic View On Rosetta
CL-93-03 Patrick Blackburn, Claire Gardent, Wilfried Meyer-Viol, Talking about Trees

X-93-01 Paul Dekker, Existential Disclosure, revised version

X-93-02 Maarten de Rijke, What is Modal Logic?

X-93-03 Michiel Leezenberg, Gorani Influence on Central Kurdish: Substratum or Prestige Borrowing

X-93-04 A.S. Troelstra (editor), Metamathematical Investigation of Intuitionistic Arithmetic and Analysis, Cor-
rections to the First Edition

X-93-05 A.S. Troelstra (editor), Metamathematical Investigation of Intuitionistic Arithmetic and Analysis, Sec-
ond, corrected Edition

X-93-06 Michael Zakharyashev, Canonical Formulas for K4. Part II: Cofinal Subframe Logics

ML-94-01 Domenico Zambella, Notes on polynomially bounded arithmetic

ML-94-02 Domenico Zambella, End Extensions of Models of Linearly Bounded Arithmetic

ML-94-03 Johan van Benthem, Dick de Jongh, Gerard Renardel de Lavalette, Albert Visser, NNIL, A Study in
Intuitionistic Propositional Logic

ML-94-04 Michiel van Lambalgen, Independence Structures in Set Theory

ML-94-05 V. Kanovei, IST is more than an Algorithm to prove ZFC Theorems

LP-94-01 Dimitar Gelev, Introducing Some Classical Elements of Modal Logic to the Propositional Logics of
Qualitative Probabilities

LP-94-02 Andrei Arsov, Basic Arrow Logic with Relation Algebraic Operators

LP-94-03 Jerry Seligman, An algebraic appreciation of diagrams

LP-94-04 Kazimierz Swirydowicz, A Remark on the Maximal Extensions of the Relevant Logic R

LP-94-05 Natasha Kurtonina, The Lambek Calculus: Relational Semantics and the Method of Labelling

LP-94-06 Johan van Benthem, Dag Westerstahl, Directions in Generalized Quantifier Theory

LP-94-07 Natasa Rakié, Absolute Time, Special Relativity and ML”

LP-94-08 Daniel Osherson, Scott Weinstein, Dick de Jongh, Eric Martin, Formal Learning Theory

LP-94-09 Harry P. Stein, Linguistic Normativity and Kripke’s Sceptical Paradox

LP-94-10 Harry P. Stein, The Hazards of Harmony

LP-94-11 Paul Dekker, Predicate Logic with Anaphora

LP-94-12 Paul Dekker, Representation and Information in Dynamic Semantics

CT-94-01 Harry Buhrman and Leen Torenvliet, On the Cutting Edge of Relativization: the Resource Bounded
Injury Method



CT-94-02 Alessandro Panconesi, Marina Papatriantafilou, Philippas Tsigas, Paul Vitdnyi, Randomized Wait-
Free Distributed Naming

CT-94-03 Ming Lee, John Tromp,
Paul Vitanyi, Sharpening Occam’s Razor (extended abstract)

CT-94-04 Ming Lee and Paul Vitdnyi, Inductive Reasoning

CT-94-05 Tao Jiang, Joel I. Seiferas, Paul M.B. Vitdnyi, Two heads are Better than Two Tapes

CT-94-06 Guido te Brake, Joost N. Kok, Paul Vitanyi, Model Selection for Neural Networks: Comparing MDL
and NIC

CT-94-07 Charles H. Bennett, Péter Gdcs, Ming Li, Paul M.B. Vitanyi, Wojciech H. Zurek, Thermodynamics
of Computation and Information Distance

CT-94-08 Krzysztof R. Apt, Peter van Emde Boas and Angelo Welling, The STO-problem is NP-hard

CT-94-09 Klaus Ambos-Spies, Sebastiaan A. Terwijn, Zheng Xizhong, Resource Bounded Randomness and
Weakly Complete Problems

CT-94-10 Klaus Ambos-Spies, Hans-Christian Neis, Sebastiaan A. Terwijn, Genericity and Measure for Expo-
nential Time

X-94-01 Johan van Benthem, Two Essays on Semantic Modelling

X-94-02 Vladimir Kanovei, Michiel van Lambalgen, Another Construction of Choiceless Ultrapower

X-94-03 Natasha Alechina, Michiel van Lambalgen, Correspondence and Completeness for Generalized Quan-
tifiers

X-94-04 Harry P. Stein, Primitieve Normen
Linguistische normativiteit in het licht van Kripke’s sceptische paradox

X-94-05 Johan van Benthem, Logic and Argumentation

Titles in the ILLC Dissertation Series:

1993-1 Transsentential Meditations; Ups and downs in dynamic semantics, Paul Dekker

1993-2 Resource Bounded Reductions, Harry Buhrman

1993-3 Efficient Metamathematics, Rineke Verbrugge

1993-4 Extending Modal Logic, Maarten de Rijke

1993-5 Studied Flexibility, Herman Hendriks

1993-6 Aspects of Algorithms and Complexity, John Tromp

1994-1 The Noble Art of Linear Decorating, Harold Schellinx

1994-2 Generating Uniform User-Interfaces for Interactive Programming Environments, Jan Willem Cornelis
Koorn

1994-3 Process Theory and Equation Solving, Nicoline Johanna Drost

1994-4 Calculi for Constructive Communication, a Study of the Dynamics of Partial States, Jan Jaspars

1994-5 Executable Language Definitions, Case Studies and Origin Tracking Techniques, Arie van Deursen

1994-6 Chapters on Bounded Arithmetic & on Provability Logic, Domenico Zambella

1994-7 Adventures in Diagonalizable Algebras, V. Yu. Shavrukov

1994-8 Learnable Classes of Categorial Grammars, Makoto Kanazawa



