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ABSTRACT

The ArguMed-system is presented, which is an example of an
argument-asdstance system. Its goal is to asdst the user while
making statements, adducing reasons, inferring conclusions and
providing exceptions.

Automated argument asdstance shoud be distinguished from
automated reasoning: while auitomated reasoning systems replace
the reasoning of the users, argument-assstance systems do nd
reason themselves, but are tools asdsting the users reasoning.

ArguMed is the succesr of the Arguel-system. Arguel's
graphicd interfacewas considered too urfamili ar for the intended
users, and its underlying argumentation theory was not
sufficiently transparent.

The system as described here is the second version d the
ArguMed-system. Two drawbadks of the previous version have
been solved. First, though the aguments were presented
graphicdly, argument attack was not. It was graphicdly shown
that an argument was defeaed by an attadking argument, but not
by which argument. Sewmnd in the agumentation theory
underlying ArguMed's first version, it was not possble to pu at
isale that a particular statement was a reason for ancther
statement, or that a statement was an exception.

Solving the first of these two drawbadks has led to a new
graphicd representation o the aguments, in which argument
attadks are shown, and to a dange in the agumentation theory,
viz. the introduction o anovel notion o an argument, viz. that of
a dialedical argument. Briefly, a didedicd argument is an
argument in which attacks (and courterattadks) are incorporated.
Solving the seand dawbadk has led to the introduction o step
warr ants and undercutter warr ants into the agumentation theory.
The resulting notion o a warranted daledical argument is the
analog for defeasible agumentation o the notion d a (Hil bert-
style) proof of clasdcd logic.

The present version d the ArguMed-system is put in context
by a brief comparison with seleded ather systems, viz. Loui's
Room 5, Gordon and Karacailidis Zeno, ArguMed's preaursor
Argue! and the previous version d ArguMed.

1. ASSSTING LEGAL ARGUMENT

1.1 Argument asgstancesystems

In recent reseach in legal information techndogy, a number of
experimental argument assstance systems have been presented,
i.e., systems that can asdst the agumentation o one or severa
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users. One can think of alawyer who wses an argument-asdstance
systemin order to draft his pleading in court. Such a system could
be part of the lawyer's word processng padcage, and provide
asdstance, e.g., by helping the lawyer to structure his unpdished
arguments, and by providing tools for analyzing the aguments.
Argument-asdstance systems can also serve in a @ntext of more
than ore user: so-cdled argument-mediation systems can be used
to keep tradk of the diverging positions with regards to a public
isaue, and asdst in the evaluation o the opinions.*

More spedficdly, argument-asgstance systems are ads to
draft and generate aguments, e.g., by

- administering and supervising the agument process

- keeing tradk of the isaues that are raised and the asaumptions
that are made,

- keeing trac of the reasons adduced, the conclusions drawn,
and the urterarguments that have been adduced,

- evaluating thejustification status of the statements made, and

- chedking whether the users of the system obey the pertaining
rules of argument.

Marshall (1989 spe&ks in a similar vein of tods to suppat the
formulation, organization and presentation o arguments.

Argument-asdstance systems must be distinguished from the
more @mmon automated reasoning systems. The latter
automaticdly perform reasoning on the basis of the informationin
their 'knowledge base'. In this way, an automated reasoning
system can do (often complex) reasoning tasks for the user.
Argument-asdstance systems do nd (or not primarily) reason
themselves; the goal of asdstance systems is not to replace the
user's ressoning, but to asdst in the reasoning processof the user.

The different nature of argument-assstance systems and
automated reasoning systems has two consequences. First,
argument-asgstance systems are more passve than automated
reasoning systems. Several of their functions are implicitly
available, or operate 'in the badground. For instance the
evaluation o argument data, such as the airrently justified
statements, can occur in the badkground much like the spelling
chedks of recent word processng systems: after ead adion by the
user, the agument-assstance system automaticdly updates
previous evaluations.

Seand, in the development of argument mediation systems,
the notorious difficulties of the inherent complexities of the law
(such as its open and dynamic nature) are less intense than for

1 Previoudly, eg., [Verhdij, 1998, | used the term ‘argument-

mediation systems' as the generic term for both single and multi-
user argument-assstance systems. Examples of the latter are
Room5 by Lou et al. [1997 and Zeno by Gordon and
Karacaili dis [1997. Since mediation suggests that several users
are involved, | now prefer the term ‘argument-asgstance systems.
The name of the ArguMed-system, that | would nolonger cdl an
argument-mediation system, but a single-user argument-
asdstance system, was chasen before the change of terminology.



automated reasoning systems, since they can to a large extent be
|eft to the user.

Several experimenta systems for legal argument assstance
have been developed (e.g., Room 5 by Loui et al. [1997, Zeno by
Gordon and Karacailidis [1997, and the Argue!-system by
Verhej [1998&]).2 The systems differ in their goals, the
underlying argumentation theories, and the user interfaces.

It shodd be noted that, for now, the development of
argument-asgstance systems is gill mainly in an experimental
phase. A first difficulty is the lack of a canonicd theory of lega
argumentation. However, in the recent abundance of reseach on
legal argumentation,® a slow convergence of opinions ®ems to
arise. A second dfficulty is that argument-assstance systems
require the design of user interfaces of a new kind. Thereiis little
experience with the way arguments can be sensibly and clealy
presented to the users, or with the way argument moves soud be
performed by the user. Difficulties such as these could be the
cause of the striking differences between the agumentation
theories and wser interfaces of argument-assstance systems (cf.
sedion 4).

1.2 The ArguMed-system

In this paper, an experimenta system for lega argument
assstance is described, the ArguMed-system. The ArguMed-
system has been developed as the succesor of an ealier
experimental argument-assstance system, the Arguel-system®.
The latter system has a graphicd interface in which the user
'draws the agument data on the screen. A sample screen of a
sesson with the Arguel-system is shown in Figure 1. The screen
is intended to depict that the (prima facie) reason that Peter has
violated a property right does nat imply its conclusion that Peter
has committed a tort, as a result of the exception® that there is a
ground d justification for Peter's ad.

During the development of the Arguel-system, it becane dea
that the graphicd interface was too urfamiliar for the intended
users, and that its underlying argumentation theory was not
sufficiently transparent.

In order to enhance bath the famili arity of the user interface
and the transparency of the agumentation theory, the newly
developed ArguMed-system presented here, has a template-based

2 This is only a seledion, guided by three citeria: 1. the system
must be meant for argument assstance (including argument
mediation), 2. argumentation must be defeasible, and 3 the
systems must be developed with a (semi-)legal context in mind.
Not mentioned are, for instance, Nute's [1989 d-Prolog, Poll ock's
[1987 1995 OSCAR, Gordoris [1993 1995 Plealings Game,
IACAS by Vreeswijk [1995, DiaLaw by Lodder [1999, Tarski's
World by Barwise ad Etchemendy (see http://cdi-
www.stanford.edwhp/), and HUGIN (http://www.hugin.dk/).

3 For an overview of argument models in law, seg e.g., Bench-
Capon [1999 and the spedal issue of Artificial Intelligence and
Law, Vol. 4, Nos. 3/4, 1996 edited by Prakken and Sartor.

4 Verhelj [1998] most extensively describes the Arguel-system.
Lodder and Verheij [1999 and Verheij and Lodder [1999
present Lodder's DiaLaw and Verheij's Arguel-system as
examples of the verbal and the visua approach to argument
presentation, respedively.

5 In this paper, exceptions are of Pollock's [1987 undercutter-
type, i.e. they block the mnredion between a reason and its
conclusion.
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Figure 1: asample screen of the Arguel-system,
ArguMed's preaursor

user interface the user gradually constructs arguments, by filli ng
in templates, ead correspondng to an argument move, such as
making a statement. It is expeded that in this way the user
interface beacomes more familiar since filling in templates is
common in present-day, window-style interfaces, and that the
argumentation theory underlying the system becmmes more
transparent since the posshle agument moves are restricted to a
small number of common argument patterns, ead accessble by a
different, dedicaed template.

In fad, the system described in this paper is the second
version d the ArguMed-system - the first version hes recently
been described by Verheij [19984.

There ae two significant differences between the first and
seoond versions of the system. First, the present system uses a
novel notion d an argument, viz. that of a dialedical argument.
Briefly, a diaedicd argument is an argument in which
courterarguments (based on undrcutting exceptions) are
incorporated. Seaond, the present system alows warrants, both
for argument steps, i.e., the reasons that suppat conclusions, and
for undercutters, i.e., for the exceptions that block the mnnedion
between a reason and a onclusion. Step warrants expressthat a
particular statement can be alduwced as a reason for anocther
statement. They are similar to Toumin's [195§ warrants, and
play arole that is analogous to that of the material implicaion in
the dasdc rule of inference Modus porens. Undercutter warrants
express that a particular statement provides an exception that
bre&s the mnredion between a resson and a @nclusion. They
are anew notion, and are spedfic for dialedicd arguments.

These two novelties in the agumentation theory have led to
correspondng adaptations of the interface First, away had to be
found to present dialedicd arguments to the user. Second the
user had to be given the oppatunity to make the warrants of an
argument explicit (both for the steps and for the undercutters in
the agument).

The novelties in the seand version d ArguMed solve two
drawbadks of the previous version. First, though the aguments
were presented graphicdly, argument attadk was not. It was
graphicdly shown that an argument was defeaed by an attadking
argument, but not by which argument. Sewnd, since the
argumentation theory underlying ArguMed's first version dd na
have step and undercutter warrants, it was not possble to pu at
isale that a particular statement was a reason for another
statement, or that a statement was an exception.

The three systems (Argue!, ArguMed 10 and ArguMed 2.0)
can be downloaded at http://www.metajur.unimass.nl/~bart/aad.



In sedion 2, ArguMed's underlying argumentation theory is
described, and in sedion 3 its interface Sedion 4 contains a brief
comparison with seleded ather argument-assstance systems.

2. ARGUMENTATION IN ARGUMED

In this <«dion, the agumentation theory underlying the
ArguMed-system is informaly explained. Conredions and
differences with related argumentation theories are discussed in
sedion 2.5. The nation d diaedicd arguments and warrants, and
the distinction o assumptions and issles are new or occur in an
innovative way. Example aguments based on Dutch tort law
serve asill ustrations.

2.1 Reasons, conclusions, exceptions
The simplest form of an argument (in ArguMed's argumentation
theory) is a statement, e.g.:

Peter has committed atort.
In an argument, reasons can be given for other statements, e.g.:

Peter has committed a tort, since he has violated a property
right.

The mnverse of addwcing reasonsis inferring conclusions:

Peter has committed a tort. Therefore he has the duty to pay
for the damages.

In defeasible agumentation, it can be the cae that a wnclusionis
nat justified though there is a prima facie justifying reason for it.
For instance an exception (of Pollock's [1987 undercutter-type,
cf. note 5) can hrea the 'conredion’ between a reason and a
conclusion:

Peter has violated a property right. As a result, at first sight,
he has committed a tort. However, there is a ground d
justificdion for Peter's ad. As a result, on second thoughts,
Peter'sviolation o a property right does not justify that he has
committed atort.

It is charaderistic of an undercutter-type exception that the prima
facie conclusionis not replaced by its oppasite, viz. that Peter has
not committed a tort: there could be aanather reason justifying
the @nclusion that Peter has committed a tort, even though the
reason that Peter has violated a property right, does naot justify that
conclusion.

In Figure 2, the reasorn/conclusion/exception-structure of an
argument is graphicdly depicted. In the agument there ae two
reasons for the statement that Peter has committed a tort, viz. that
he has violated a property right, and that he has aded against
proper socia conduwct. Only the first of these reasons is blocked
by an exception, viz. that thereisaground d justification.

Reason/conclusion/exception-structures, as in Figure 2, are
(unwarranted) dialedical arguments. They can be thought of as
structures of argument steps, i.e., the direded conredions of a
reasson with its conclusion, and argument undercutters, i.e., a step
with an exception lre&ing the wmnredion between the step's
reason and conclusion. The agument in Figure 2 consists of three
steps, and ore undercutter that encompasses one of the steps. A

| Peter has committed a tort

| Peter haz the duty to repair the damages |

’L‘ Peter has committed a tort |

There iz a ground of justification for Peter's act |

Feter has violated a property right |

Peter haz acted againzt proper social conduct |

Figure 2: A dialedicd argument (withou warrants)

| Peter has committed a tort |

|AS A RULE, IF Peter has violated a property right, THEM Peter has committed a tort |

Peter haz violated a property right |

Figure 3: A warranted step

resson for a cnclusion can itself be suppated by a reason
(subardination), a conclusion can be suppated by more than ore
reason (coordination), a step can be undercut by more than ore
exception (multiple attack), and reasons for undercutters can
themselves be undercut (courterattack).

2.2 Warr ants

It is not the cae that any statement is a reason for any other
statement. If such a mnredion between areason and a conclusion
exists, the mrrespondng argument step is sid to be warranted.
That some statement implies another statement, in the sense that it
can be alduced as a reason for the statement, is itself a statement,
and can, e.g., be expressed as foll ows:

As arule, if Peter has violated a property right, then he has
committed atort.

Any step in an argument (i.e., any conredion d areason with a
conclusion) has a mrrespondng step warrarnt (or rule) that can be
attached to it. An exampleis shown in Figure 3.5

Step warrants play a role that is analogous to that of the
material implicaion in the dasdcd rule of inference Modus
porens (fromP and P - Q, infer Q).

Anaogoudly, it is not the cae that any statement is an
exception, bre&king the m@nredion between any resson and
conclusion. Just as geps, undercutters need to be warranted. That
some statement is an uncercutting exception, is itself a statement.
Such 'excepting statements' provide the warrants of undercutters.
An undercutter warrant can, e.g., be expressed as foll ows:

That there is a ground d justificaion for Peter's ad, is an
exception to the rule that, if Peter has violated a property
right, then Peter has committed atort.

In Figure 4, an undercutter is shown with its warrant.

® The use of uppercase charadersin the 'step warrant statement' in
the figure ae meant to suggest that AS A RULE, IF ..., THEN ...
shoud be mnsidered as a two-placelogicd conredive. A more
'logicd' notation expressng a step warrant would, e.g., be p ~ g.

| THAT There iz a ground of justification for Peter's act, 15 AN EXCEPTION TO THE RULE THAT. IF Peter has violated a property right. THEM Peter hag committed a tort

There iz & ground of justification for Peter's act |

Peter has violated a property right |

Figure 4: A warranted uncercutter
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| Peter has committed a tort

|.t’-‘n.5 & RULE, IF Peter has violated a property right, THEM Peter has committed a tort |

| P Pl hsr commiag 8 A

| | Peter has violated a property right

T—( According to art. 6:162.2 aof the Dutch civil code, violations of property rights are tarts |

Figure 7: Anissie and an assumption

Peter haz violated a property right |

Figure 5: A reason for a step warrant

Any uncercutter in an argument (i.e., any exception 'crossng
out' the mnredion ketween a resson and a @nclusion) has a
correspondng undercutter warrant that can be atached to it.’

The reason/conclusion/exception-structures with warrants
attached to ead step and ead undcercutter, as discussed above,
are warranted daledical arguments, or arguments, for short.
They are reaursively constructed as foll ows (for brevity, using the
logic-style notation d notes 6 and 7):

1. A statement is an argument (containing one statement, no
steps and no unércutters). Its conclusion and orly premise
are the statement itself.

2. Any argument containing a statement | can be extended with
a step ¢ // Y by adding statements ¢ ~ ¢ and ¢ to the
argument. In the resulting argument, ¢ is areason for Y. The
resulting argument's conclusion is that of the origina
argument; its premises are ¢ ~ J, ¢ and those of the original
argument, minus ¢.

3. Any argument containing astep ¢ // Y can be extended with
an uncercutter by adding statements X x (¢ ~ ) and x (for
some X) to the agument. In the resulting argument, X is an
exception to the step ¢ // Y. The resulting argument's
conclusionisthat of the original argument; its premises are
X (¢ ~ W), X and thaose of the original argument.

There can be more than ore reason for a @nclusion and more
than ore exceptionto astep.®

It may be thought that step warrants and undercutter warrants
add littl e to an argument, and oy make explicit what is already
in the eample steps and undercutters themselves. However,
warrants can themselves be the subjed of argumentation. An
example is $own in Figure 5. In this argument, a reason is
adduced for the step warrant that, as arule, if Peter has violated a
property right, then he has committed a tort. This reason is that,
acording to art. 6:1622 of the Dutch civil code, violations of
property rights are torts.

" Sentences expressng undercutter warrants are obtained by a
combination d other sentences, using the threeplace logicd
conredive THAT ..., IS AN EXCEPTION TO THE RULE
THAT, IF ..., THEN ... . A more 'logicd' notation expressng an
undercutter warrant would, e.g., beex (p ~ q). Cf. note 6.

8 To avoid unrecessary technicdliti es, all arguments in this paper
are asumed to be finite. Looping steps (as, e.g., in the agument
'P. Therefore Q. Therefore P') and looping attadks are dl owed.

| Peter has committed a tort |

Similarly, the agument in Figure 6 shows an argument
containing suppat for an undercutter warrant.

Note that the aguments own in Figures 5 and 6 are strictly
spe&king not warranted since not all steps and undercutters in the
arguments are warranted. For instance in the agument of
Figure5, there is a step withou its correspondng warrant: the
step from the reason that, acording to art. 6:1622 of the Dutch
civil code, violations of property rights are torts, to the step-
warrant statement (‘As a rule, if ..., then ..), is itself not
warranted.

Any dialedicd argument that is not or not completely
warranted can easily be etended to a warranted daledicd
argument, simply by attaching the gpropriate warrant statement
to any step and undbrcutter that does not yet have a warrant
attached to it. (Note that the sentences expressng step warrants
and uncerecutter warrants are the result of aformal combination o
other sentences by an appropriate logicd conredive. Cf. notes 6
and 7.) In pradice it is convenient to leave dl warrants implicit
that are nat themselves the subjea of further argumentation.

2.3 Justification

Warranted daedicd arguments are the anadog for defeasible
argumentation o the proofs of clasdcd logic: a warranted
dialedicd argument determines whether its conclusion is justified
asaiming its premises (i.e., the statements at the 'roots of the
argument 'treé€). In contrast with classcd prodfs, that are dways
justifying, a warranted daledicd argument is, as explicaed
below, either justifying, or not justifying, e.g., as a result of an
exception cceaurring in the agument. Moreover, it will become
clea that extending a warranted daedicd argument (e.g., by
adding an exception) can change its justification status. Whether a
didedicd argument justifies its conclusion depends on the
structure of the agument, i.e,, on the reasons, conclusions,
exceptions and warrants that occur in it, and onthe way they are
related.

The justification status of an argument is here made dependent
on given asaumptions, that not necessarily include the premises of
the agument. This all ows that arguments have 'hanging' premises,
i.e, premises that are not asuumed, but an issue for further
argumentation, which is convenient in pradicd argumentation
(seebelow).

For didedicd arguments with the simplest structure, viz.
statements, the justification status with resped to the given
asaumptions is trivia. If the statement is itself an asauumption, the
justificaion status of the statement (considered as an argument
with trivial structure) is justifying. The ‘conclusion’ of the
argument, i.e., the statement itself, is justified. If the statement is

| THAT There iz a ground of justification for Peter's act, 15 AN EXCEPTION TO THE RULE THAT. IF Peter has violated a property right. THEM Peter haz committed a bort

T—{ According to art, 6:162.2 of the Dutch civil code, violations of property rights are torts, unless there is a ground of justification

Thiere iz a ground of justification for Peter's act |

Peter haz violated a property right |

Figure 6: A reason for an undercutter warrant

46



| ? Peter has committed a tort |

T—( | Peter has violated a property right |

Figure 8: Anisauejustified by ajustified reason

| ? Peter has the duty to repair the damages |

’L‘ ? Peter has committed a tort |

’L‘ I Peter has violated a property right |

P Faar Aas aoied amaied arnar oo conctact |

Figure 9: A hanging premise

not an assumption - in which case it is cdled an iswue -, the
statement is (as an argument) nat justifying and (as a statement)
not justified. In the figures, assumptions are marked with an
exclamation mark, issues with a question mark. Statements that
are justified, are shown in a bold font, statements that are nat, in
an italic font. For instance, in Figure 7, the statement that Peter
has committed a tort, is an issue, whil e the statement that he has
violated a property right, is an assumption.

In an argument with no exceptions and no explicit step
warrants, an isale is justified if there is a justified reason for it.
For instance the didedicd argument shown in Figure 8 is
justifying, and the issue that Peter has committed a tort, is
justified.

A justifying didedicd argument with a dlightly more
complicaed structure is $rown in Figure 9. In this argument, the
isale that Peter has the duty to repair the damages, is justified by
the (justified) reason that he has committed a tort. The isaue that
Peter has committed a tort, is justified since one of the reasons is
justified, viz. the assumption that Peter has violated a property
right. The issue that Peter has aded against proper social condLct,
has no effed on the status of the issue that Peter has committed a
tort, sinceit isitself not justified, and therefore is not a justifying
resson. It is an example of a hangng premise in an argument: a
premise of an argument that is not assumed, but an issue for
further argumentation. Hanging premises do nd affed the
justification status of the agument. In the dynamic pradice of
argumentation (cf. sedion 2.4), a hanging premise can become
justifying onceit isitself justified.

Exceptions have the dfed that a reason daes naot justify its
conclusion, even if it isitself justified. For instance the agument

| P Faarhae comaiiad 3 AV

P Flaa har commiiag 2 faf

I There is a ground of justification for Peter’s act

| Peter has violated a property right

Figure 10; An exception making areason nonjustifying

? Peter has committed a tort

P Thar i @ gt of daiiitaste S Pk aof |

| The official giving the command was unauthorized to do so

| Peter obeyed an official's command |

| Peter has violated a property right |

Figure 11. An exceptionthat isnot justified

in Figure 10 is not justifying, since the only reason for its
conclusion is undercut by the exception that there is a ground d
justification for Peter's ad. The exception itsdlf is trivialy
justified sinceit is an assumption.

If an exception is itsdf nat justified, it has no undercutting
effed. For instance the agument in Figure 11 isjustifying.

Until now, the warrants of the steps and undrcutters have
been left implicit (cf. the discusson at the end o sedion 2.2). As
long as the warrants of adialedicd argument are not at issue (but
are instead implicitly asuumed), they do nd influence the
justificaion status of the agument. If the warrants are & isaue,
they have dfed on the justificaion status, as follows. If a step
warrant statement is nat justified, the amnclusion d the step is nat
justified by the step's reason. Similarly, if an undercutter warrant
is not justified, the arrespondng undercutter has no effed (i.e.,
the undercutter's exception daes not block the cmnredion between
reason and conclusion).

For instance, in Figure 12 an argument is $hown that is nat
justifying because one of its deps is not warranted (in the sense
that one of its ¢ep warrants is nat justified). The agument is
based onthe opinion in the literature on Dutch tort law that bare
violations of property rights are nat torts by themselves. The faa
that the step is unwarranted, is visualized by the use of a dotted
arrow.

As sid, an exception hes no undrcutting effed if the
correspondng undercutter warrant is not justified. For instance, in
the agument shown in Figure 13, the statement that Peter is nat

| | P AR UL S Pt g winilBiad 2 saner v, THEN Al hos commitad 3 (it

| According to Dutch legal doctrine, bare violations of property rights are not torts by themselves |

i | According to art. 6:162_2 of the Dutch civil code, violations of property rights are torts |

- | Peter has violated a property right

Figure 12: A step warrant that is not justified

| ? Peter has committed a tort

| P TET Pt il Aeld st A i ol AN EXTEFTION T THE SLEE TRAT, I Fatr has vilaiad @ prnen gt THEN Fafs Ads comaiiag 3 fort

: -| | Peter iz not held culpable for his act |

| Peter has violated a property right |

Figure 13: An undercutter warrant that is not justified
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held culpable for his ad, occurs as an exception to the agument
that Peter has committed a tort because of his violation d a
property right. However, it has no effed since the wrrespondng
undercutter warrant is an (unjustified) isaue. In fad, justifying the
undercutter warrant in this argument would be in conflict with
acua Dutch tort law: the ladk of culpability does not exclude that
one has committed atort, but can have dfed on the duty to repair
the damages arising from the tort.

To summarize, whether a statement is justified, a reason is
justifying, or an exception is undercutting, depends on the
(reaursive) structure of the agument in which they occur (cf.
sedion 2.2), and onthe assumptions, as foll ows:

A statement isjustified if

1. the statement is of assumption-type, or

2. the statement is of isaetype, and there is a reason

justifying the statement.

Otherwise, the statement is not justified.

A reasonjustifiesa mnclusionif

a thereaonisjustified, and

b. the orrespondng step warrant statement is justified (or
not made explicit), and

c. there is no exception undrcutting the mrrespondng
argument step.

Otherwise, the reason daes not justify its conclusion.

An exception undercuts an argument step if

a the exceptionisjudtified, and

b. the orrespondng undercutter warrant statement is
justified (or not made explicit).

Otherwise, the exception das not undercut an argument step.

This definition suffices for finite aguments (recdl note 8).

2.4 Argumentation asa process

Argumentation is a dynamic process During argumentation, new
ressons and exceptions are alduced and rew conclusions are
drawn. Step and undercutter warrants can be put at isue. As a
result, a statement that is justified can become unjustified, and
vice versa. Premises are not fixed duing argumentation, since
new statements can be alduced as reasons for the premise of an
argument.

The aguments above provide eamples. A line of
argumentation can start with the two statements of Figure?.
Argumentation can continue by turning one of the statements into
areason for the other (Figure 8). The aguments in Figures 9, 10,
12 and 13 are eab possble mntinuations of the agument in
Figure 8. In Figure 9, an additional conclusion is drawn, viz. that
Peter has the duty to repair the damages, and a new (unjustified)
resson is adduwced, viz. that he has aded against proper socia
condurt.

If the agument in Figure 8 is extended to that in Figure 10, a
status change occurs becaise of a new undercutting exception: the
isale that Peter has committed a tort, that at first was justified,
bemmes unjustified. If argumentation proceads, resulting in the
argument of Figure 11, the statement is reinstated: it again
becmmes justified. Note dso that the statement that there is a
ground d justification for Peter's ad, is first an assumption (in
Figure 10), but has been turned into an iswue (in Figure 11) for
which a (honjustifying) reassonis adduced.

In Figures 12 and 13, respedively, a step and undrcutter
warrant of the agument in Figure 8 have been made explicit. In
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both cases, the warrant is not justified. In the cae of the
unjustified step warrant of Figure 12, the dfed is that the
statement that Peter has committed atort, is no longer justified by
the (justified) reason that Peter has violated a property right. In
the cae of the unjustified uncercutter warrant, the (justified)
exception that Peter is not held culpable for his ad, does not
acdually undercut the agument that Peter has committed atort.

In sedion 2.3, it was explained hav hanging premises are
convenient in dynamic a.gumentation.

2.5 Related argumentation theories

In this subsedion, the informally presented argumentation theory
uncerlying ArguMed, is briefly compared to seleded other
theories of defeasible agumentation. Knowledge of those theories
is asumed.

As a start, Toulmin's [195§ argument scheme is discussed.
Toulmin's nations of datum, conclusion, warrant and badking are
respedively similar to the nations of reason, conclusion, step
warrant and reason for a step warrant of the present paper.
Toulmin's Theme ontains rebuttals’, that just as the exceptions
in the present paper, make agumentation defeasible. The modal
quantifier in Toumin's sheme does not occur in the
argumentation theory presented here. The present paper's
uncercutter warrants have no courterpart in Toulmin's <heme,
sinceit is not posshble to argue that some statement is a rebuttal.
Toumin dces not give an explicit charaderization o the
justificaion status of statements. Toulmin's shemeis not put in a
procedura context, and dces nat distinguish between assumptions
andisaes.

Next, Reiter's [198( default logic deserves discusson, as a
theory of defeasible agumentation avant-la-lettre. A difference
between Reiter's default logic and the present argumentation
theory is that the former uses a first-order language with variables
and quantifiers, whereas the language of the latter only uses
sentence @nredives. The prerequisite a, the justificaion 3 and
the @mnsequent y of a default a: 3/y, correspond closely to a
reason, the negation o an exception, and a @nclusion,
respedively. Step warrants and undercutter warrants are ladking in
Reiter's default logic, resulting in the (for long recognized)
drawbadk that defaults canna be derived. Reiter's s/stem
definition o extensions can be interpreted as the definition o the
sets of statements that are justified with resped to fixed
asamptions.’® Reiter's default logic is not put in a procedural
context, and daes not distinguish between issues and assumptions.

Pollock's [1987, 1999 theory of defeasible agumentation hes
aready been mentioned. Poll ock's logicd system isricher than the
one presented here, eg., since Pollock models nat only
uncercutting, but also rebutting exceptions, and adds numericd
weights that measure the strengths of reasons. Pollock discusses
expressons of the form 'P wouldn't be true unless Q were true,
that are dosdly related to the step warrants of the present paper.
Pollock charaderizes undercutters as reasons for the negation o

9 Toulmin [195§ does not yet make Poll ock's [1987 distinction
between undercutting and rebutting exceptions, that is by now
standard.

10 |n this paper, Reiter's lacing or multiple extensions (that are
the analog of the unevaluable or ambiguous justificatlion statuses
of statements in current argument-based formalisms) are excluded
from the discusson. Tedhnicdly, this is achieved by only
considering finite dialedicd arguments (cf. note 8).



these expressons. Apparently, thereisno dscusson d (an analog
of) undercutter warrants in Pollock's work. Pollock's inference
graphs (extended with his 'defea links) are related to the
dialedicd arguments of the present paper, but are not considered
as the analog of classcd proofs of a awnclusion. Poll ock's central
use of inference graphsisin the definition o justification. Formal
differences are that Pollock considers the set of defed links as a
graph, whereas the undercutters in a dialedicd argument are
reaursively ordered, asin atreg and that Poll ock's defed links are
areation onsequents (a suppdaition-conclusion pair), while the
present paper's undercutters in a diaedicd argument conred a
statement and an argument step. Pollock's notion o interests
seansto berelated to that of issuesin the present paper.

In Vreeswijk's [1993 1997 abstrad argumentation systems,
the treelike reason-conclusion structure of arguments (but ladking
the wordination o reasons) is dudied in relation to defea.
Vreeswijk uses an (almost) unstructured language with ore
distinguished sentence that denctes contradiction, and therefore
does nat include step warrants in his main argumentation theory.*
Vreeswijk considers inconsistency-triggered defeat (a term used
by Verheij [1996): an argument can only be defeaed if there is
an undfeded argument with conflicting conclusion. In
Vreeswijk's argumentation theory, suppat and attadk are
considered separately, viz. in the definition o arguments, and in
the definition d the 'in forcé arguments, wheres in the
argumentation theory of the present paper, suppat and attadk
occur side by side in daedicd arguments. Vreeswijk puts
argumentation in a procedural context, but his argumentation
sequences have fixed assumptions. Issues are not distinguished.

The aguments of Prakken and Sartor's [1996 argumentation
theory are formed by chaining rules together. Prakken and Sartor's
rules are the condtionas of logic programming, and cannat be
nested. They are not comparable to step warrants snce there can
be no suppat for the rules themselves. There ae no undrcutter
warrants. Suppat (by reasons) and attadk (by exceptions) are
treaed separately, and nd simultaneously as in the dialedica
arguments here. Prakken and Sartor discuss a rebutting and an
undercutting type of defea, where it shoud be noted that the
latter is unrelated to Pollock's [1987, 1999 standard distinction.
A naming technique is used for argumentation abou priorities.
Argumentation is put in a procedural context by the definition o
dialogues.

In CumulA [Verheij, 1996, arguments are treeli ke structures
of reasons and conclusions. An urstructured language is used, so
that Cumul A does not have nations of step warrant or undercutter
warrant. Suppat and attadk are separated. CumulA includes
several types of defea (including defed by parallel strengthening
and by sequentia wedkening), and nd just the present paper's
undercutting defea. In Cumul A, argumentation stages are chained
in lines of argumentation, as a representation o the process of
argumentation. Premises can change during a line of
argumentation, and are mmparable to the assumptions of the
present paper. Issues are nat distinguished.

Reason-Based Logic, as initiated by Hage, and further
developed in cooperation with Verhelj [Hage, 1996 1997
Verheij, 1996, can be tharaderized as a theory of rules and
ressons. It does not have ancation d an argument, but focuses on

1 In an appendix, Vreeswijk [1997 p. 275f.] uses a richer

language, including defeasible cndtionals, comparable to step
warrants, in abrief discusson o Poll ock's undercutters.
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Figure 14: A sample screen

types of sentences related to rules and reasons, and onthe states of
affairs expressed by sentences of these types. It is of relevance
here, since the agumentation theory presented in this paper, has
resulted from my attempts to bridge the unsatisfadory gap
between Reason-Based Logic and CumulA, as it occurred in my
dissrtation [Verheij, 1996. Reeason-Based Logic's sntences
expressng the validity of arule ae mmparable to the step warrant
sentences of the present paper. Sentences expressng undercutter
warrants do nd occur in Reason-Based Logic, but are related to
the validity of a rule with the exclusion o ancther rule & its
conclusion. The definition o Reiter-style extensions in Reason-
Based Logic can be regarded as a definition o the statements
justified with resped to a set of asumptions. Iswues are not
distinguished.

Summarizing, the present paper's notions of diaedicd
arguments and d step and undercutter warrants are innovations.
Limitations of the present paper's argumentation theory are the
constrained expressveness of the logicd language, and the
restriction o attack and defea to undercutter-type exceptions.

3. ARGUMED'SINTERFACE

The ArguMed-system is an argument-asgstance system with a
template-based interfface The wuser gradualy constructs
arguments, by filling in templates that correspond to argument
patterns. The system keeps track of the mnstructed arguments and
of the justificaion status of the statements made. A sample screen
of asessonwith ArguMed is shown in Figure 14.

3.1 Moves

There ae three basic argument moves: making a statement,
adding areason and its conclusion, and providing an (undercutter-
type) exception Hocking the cmnredion between a resson and its
conclusion.

Each of the three'Argue’-buttons (seeFigure 14) gives access
to ore of the three agument templates, provided by the ArguMed-
system, ead correspondng to ore of the agument moves of the
system. To perform an argument move, the user fill sin atemplate.
The first template is the statement template (Figure 15). It alows
the inpu of a statement: the user can type asentence and choose
the statement's type. Statements can be of two types, viz. of isaue-
type and d asumption-type, cf. the distinction between ises
and assumptions, as discussed in sedion 2.3. For new statements,
the isaue-type is sleded by default. The template can also be
used to change the type of a statement added at a previous gage.

The seoond is the reasorn/conclusion template. It alows the
inpu of areason, and a cnclusion suppated by the reason. Both
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Figure 15: The three agument templates

the reason and the @nclusion can be new statements, or can be
seleded from statements added at a previous gage.

For anew conclusion, theisauue-typeis ®leded by default, for
anew reason, the assumption-type. The intuition kehind the latter
default choiceisthat areasonis normally given as the immediate
justificaion d a onclusion, and oy ajustified reason, such as a
reson d assuumption-type, can provide such suppat. If areason
isitself of isae-type, it can orly indiredly justify its conclusion,
viz. if the reason is suppated by another (justified, non-blocked)
reason.

By default, the step warrant correspondng to the
reasor/conclusion-move is not made eplicit. By seleding the
appropriate box, the user can choose to add the step warrant as an
isdle or as an asumption.

The third is the excetion template. It alows the input of an
(undercutter-type) exception, and the reason and the mnclusion,
the mnredion d which is blocked by the exception. The user
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normaly is meant as an immediate block of the @nredion
between the resson and the @nclusion, and oy a justified
exceptionis such ablock. If the exception is of issue-type, it only
blocks the mnredion ketween the reason and the mnclusion if it
is itself suppated by a justified, non-blocked reason. For a new
conclusion and reason, the default types are the same & in the
reasor/conclusion template.

By default, the undercutter warrant correspondng to the
exception-move is hot made explicit. By seleding the gpropriate
box, the user cen chocse to add the undercutter warrant as an
isaue or as an asamption.

3.2 Views

The ArguMed-system provides threeviews, providing information
abou the aurrent argumentation sesson. Each view is accessble
by one of the three'View'-buttons (see Figure 14). In the 'line of
argumentation-view, the agument moves as performed by the
user are listed in the order in which they have been performed by
the user (Figure 16).



In the 'statements-view, al statements made by the user are
presented. The type of the statements is visualized as follows. a
question mark indicates a statement of issue-type, an exclamation-
mark a statement of assuumptiontype. Whether a statement is
(currently) justified is shown by the use of colored baxes and
arrows, and dfferent fonts (bold/italic).

In the 'arguments-view, the aguments that can be wnstructed
on the basis of the arrent user input, are shown. The aguments
are shown as in the figures of sedion 2.3. Optionaly, only the
structure of the aguments is sown, as in the figures of
sedion2.2.

3.3 Algorithms

The ArguMed-system has two hasic dgorithms. The first
computes diadledicd arguments, based on the agument moves
performed by the user. The seaond computes which statements are
justified, with resped to the cmmputed diaedicd arguments.

The  dgorithm  computing  dialedica arguments,
straightforwardly constructs didedicd arguments using the
statements, reasons, conclusions, exceptions and warrants, that are
available by the user's moves. The reaursive definition o
argumentsin sedion 2.2 is used.

Each computed daedicd argument makes maxima use of
the avail able data; arestriction is that loops in (any branch of) a
dialedicd argument (as, e.g., in the agument 'P. Therefore Q.
Therefore P") are not further developed.? The dgorithm depends
on the order in which the moves have been performed: e.g., the
order in which statements have been adduced has effeds on the
order in which they are shown onthe screen.

The dgorithm computing which statements are justified,
follows the discussonin sedion 2.3.

4, A COMPARISON OF ARGUMENT-
ASSSTANCE SYSTEMS

In order to pu the ArguMed-system in context, it is briefly
compared to ather systems, viz., Room 5 by Loui et al. [1997 and
Zeno by Gordon and Karacailidis [1997. Room 5 is cdled a
testbed for pubic interadive semi-forma legal argumentation.
Zeno is meant to crede alvanced suppat for complex multi-
party/multi-goal dedsionrmaking. The ArguMed-system is aso
compared to its preaursors, i.e., the Arguel-system [Verheij,
1998 and the first version d the ArguMed-system [Verheij,
1998H.*® The two versions of the ArguMed-system are referred to
as ArguMed 10 and ArguMed 20, respedively. First, the
underlying argumentation theories are discussed; sewnd, the user
interfaces.

4.1 Theunderlying argumentation theories

In the underlying argumentation theories of al systems
argumentation is dynamic. Statements can be made, and reasons
can be adwed. In Room 5 and Zeno, argumentation is issle-
based (as in Rittel's well-known Issuie-Based Information System
(IBIS) [Rittel and Webber's, 1973). No new conclusions can be
drawn, since these systems focus on the justification o an initial
central issue. In Argue! and bdh versions of ArguMed,
argumentation is free in the sense that there is no centra isue,
and bdh inference (i.e., 'forward argumentation, drawing
conclusions from premises) and justification (i.e., 'badkward'

12 Also ‘attack loops (see e.g., Verhej [1998y; 1996 pp. 146
151]) are not further devel oped.
13 Seenate2.
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argumentation, addwcing reasons for isues) are dlowed. Also
conreding previously made aguments (e.g., by turning the
conclusion d one agument into areason for a premise of another
argument) is only posshlein these threesystems.

In al systems, reasons can be chained (subardination) and
suppat a onclusion in paalld (coordination). In Room 5 and
Zeno, a distinction is made between reasons for and aganst a
conclusion. The aguments in ArguMed 20 incorporate
courterarguments by means of undercutting exceptions. Only
ArguMed 20 has a nation d the warrants underlying argument
steps. It also adds undercutter warrants.

All systems model a nation d defeasibility of argumentation.
In Zeno, weighing the orflicting reasons determines which
conclusions are justified. In Argue! and bdh versions of
ArguMed, undercutter-type excetions can block the justificaion
of a @mnclusion by a reason for it. Argue! has composite-type
defeat, such as defea by sequential wedkening (terms used by
Verheij [1994).

In Room 5 and Zeno, argumentation is considered as a game
with paticiparts. In Room 5 and Zeno, the game charader is left
implicit, but obtained by the distributed accessto the systems, on
the World-Wide Web. Argue! and the two versions of the
ArguMed-system, dl threedesigned as sngle-user systems, have
no explicit nation o game participants, but can be @mnsidered as
one-participant games.

Zeno, Argue! and the two versions of the ArguMed-system
are ewvaluative the status of statements and arguments can be
determined by the system. In Zeno and the ArguMed-systems,
evaluation accurs automaticdly in the background In Argue!, the
user asks the system to upchte the evauation o the statements
and arguments.

4.2 Theuser interfaces

All systems have awindow-style interface Room 5 and Zeno are
web applications, Argue! and the two versions of ArguMed are
PC applicaions (downloadable from the aithor's web site).
Argue! has a graphical interface in the sense that the user draws
the agumentation dbta on the screen uwsing a pointing device
Room 5, Zeno and the ArguMed-systems have atemplate-based
interface users fill in forms to perform an argument move. The
ArguMed-systems innovates this type of interface by using
different templates for different types of moves.

All systems present arguments in a visua manner. Zeno,
Argue! and the ArguMed-systems use atreelike presentation.
Room 5 uses a dever system of boxes-in-boxes in an attempt to
avoid 'pointer-spaghetti'.

In Room 5 and Zeno, courterarguments (based on reasons
against conclusions) are grouped together in the visual argument
structure. In Argue!, courterarguments are shown by a spedal
visual structure. In ArguMed 1.0, counterarguments (based on
undercutting exceptions) are nat diredly shown; the exceptions
are presented with their correspondng argument stepsin a spedal
viewing window. In ArguMed 20, courterarguments are
incorporated in the aguments themselves, which is posshble by
the new concept of dialedicd arguments.

In the ArguMed-systems, the dynamic @esped of
argumentation is siown by a view on the sequence of moves. In
Room 5, Zeno and Argue!, only aview onthe arrent stage of the
argumentation processis visible. In Room5 and the ArguMed-
systems, it is posshle to switch between dfferent views owing
different types of information.



5. CONCLUDING REMARKS

In this paper, the notion o automated argument assstance has
been introduwced. It extends the notion d automated argument
mediation. Whereas argument-mediation systems, such as Zeno
and Room 5, aim to be used in a pubic context, e.g., in order to
structure the pubic discusson concerning an issue, argument-
asgstance systems in general adso have private uses, eg., the
drafting and testing of court pleadings.

Automated argument assstance shoud be distinguished from
automated reasoning: while aitomated reasoning systems replace
the reasoning of the users, argument-assstance systems do nd
reason themselves, but are tools asssting the users' reasoning.

Elsewhere [Verheij, 1998, 19981, | have agued that even in
this experimental phase the development of argument-assstance
systems is relevant. | distinguished four ways in which the
development of argument-asgstance systems is worthwhile: first,
such systems can serve s realizations of (formal) argumentation
theories, which is espedaly relevant because of the (well-
recognized) technicd difficulties of many theories; second they
ae test beds for argumentation theories, technicdly,
philosophicdly and in pradice third, argument-assstance
systems can be showcases, giving the agumentation theories
more aedibility; and, finaly, they can be practical aids, with
applicaions in, eg., lega dedsion making, planning and
educaion. Currently developed systems are dready worthwhile in
the first two, more theoreticdly oriented ways, and are starting to
becme so in the secondtwo, more pradicdly oriented ways.

During the gradual maturing of argument-assstance systems,
the growing value of these systems in legal pradice will go hand
in hand with a degoer understanding of legal argumentation.
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