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Abstract

Within the framework of the European project EcoBioCap, we
model a real world use case aiming at conceiving the next generation
of food packagings. The objective is to select packaging materials ac-
cording to possibly conflicting requirements expressed by the involved
parties (food and packaging industries, health authorities, consumers,
waste management authority, etc.). The requirements and user prefer-
ences are modeled by several ontological rules provided by the stake-
holders expressing their viewpoints and expertise. Since several as-
pects need to be considered (CO2 and O2 permeance, interaction with
the product, sanitary, cost, end of life, etc.) in order to select objects,
an argumentation process can be used to express/reason about differ-
ent aspects or criteria describing the packagings. We define then in this
report an argumentation approach which combines a description logic
(DLR-Lite) within ASPIC framework for relational database query-
ing. The argumentation step is finally used to express and/or enrich a
bipolar query employed for packaging selection.

1 Introduction

Within the framework of the European project EcoBioCap (www.ecobiocap.eu)
about the design of next generation packagings using advanced composite
structures based on constituents derived from the food industry, we aim at
developing a Decision Support System (DSS) for packaging material selec-
tion. The DSS will consist of two steps: (1) aggregating possibly conflicting



needs expressed by several parties involved in the considered field and (2)
querying a database of packagings with the resulting aggregation obtained
at point (1). For example, in order to pack cheese, researchers focus on the
permeance properties in their following argument: “a wheat gluten based ma-
terial packaging is suitable for cheese because it offers a good atmosphere con-
trol”, and cheese producers can retort with the following counter-argument
“a gluten layer cannot putl in contact with cheese since the bacteria in the
crust would degrade the packaging”, considering here the interaction with the
packed food aspect. In this real case, packagings have to be selected accord-
ing several aspects or criteria (permeance, interaction with the packed food,
end of life, etc.), highlighted by the expressed stakeholders’ arguments. The
problem at hand does not simply consist in addressing a multi-criteria opti-
mization problem [6]: the domain experts would need to be able to justify
why a certain packaging (or set of possible packagings) are chosen. Argu-
mentation theory in general [13, 4, 20| is actively pursued in the literature,
some approaches even combining argumentation and multi criteria decision
making [2].

These arguments are based on syllogism reasoning. For instance, given
that all packagings providing a well controlled atmosphere are suitable, and
since wheat gluten based materiel packaging is a well controlled atmosphere
packaging, then it is suitable too. To be able to model this kind of reason-
ing, we need a structured format for arguments in which it is possible to
express the involved concepts and rules modeling the semantics behind the
text. Therefore, we rely in this work on a logical structured argumentation
system [1, 19, 17] since it (i) allows the expression of logical arguments as
a combination of facts and inference rules, (ii) defines attacks and defeat
relations between arguments based on a logical conflict notion.

Furthermore, the reasoning process underlying arguments is related to
a domain which can be easily set-based interpreted. It is then possible to
consider certain subsets of description logics to define concepts and rules
forming arguments, for their well known trade off between a good level of
expressivity and computational decidability. Here we make a choice to use
the DLR-Lite description logic |11, 7| since it also allows a direct connection
to a database schema and relational tables needed in the second step of
querying. Concepts are defined by m-ary relations connected to sets of tuples
from a database and rules can be expressed by natural subsumption between
concepts. In this way, the interpretation of the arguments is closely related
to the domain of definition of a database, and the result of the argumentation



process can be directly harnessed in the querying phase.

Stakeholder’s set of arguments ¢ is then modeled as concepts, facts and
rules to build a partial knowledge bases Kz,. The union of every stakeholder
knowledge base I = | J;,_, _,, Kz, will be used to instantiate the ASPIC[1] ar-
gumentation system. Indeed, ASPIC is based on a logical language equipped
with a contrariness function and certain assumptions on the form of infer-
ence rules. The attack and defeat relations are then inferred based on this
logical language, and rationality postulates (completeness under closure of
strict rules, and consistency) are used to ensure the quality of the output.
ASPIC+ [19, 17| extends ASPIC in a number of ways but the extensions
are not needed for the simple logic language we employ in this report. The
language is quite simple (in terms of expressivity) thus the ASPIC defined
argument and attack definitions are enough for instantiation.

The solution developed in this report is to instantiate for each criterion,
called viewpoint or aspect, an argumentation system to reason about argu-
ments solely expressed on it. This will then be used to generate the query on
the packaging database. The main contribution of this report is to demon-
strate the use of argumentation in a real world industrial scenario within the
EcoBioCap project. To this aim we show how to instantiate ASPIC with the
DLR-Lite logic modeling expert ontologies in this real world scenario.

In Section 2 we introduce parts of the designed DSS for the Ecobiocap
project. In Section 3, we detail our approach defining a DLR-Lite based ar-
gumentation theory relying on ASPIC. In section 4, we detail our modeling
choice of the rules expressed within the text arguments and we point out its
limitation. Then, we propose in Section 5 a solution based on viewpoints
to overcome the modeling limitation. Section 6 is dedicated to the imple-
mentation and the test of the approach. Section 7 sums up some related
works, and finally, in Section 8 we recall our contributions and introduce
some perspectives.

2 A DSS for the EcobioCap project

The Ecobiocap workflow is divided into 7 work packages, denoted WP in
figure 1. As part of the WP1, dealing with industrial and environmental
concerns, we are involved in the design of a decision support system (DSS)
allowing the users to select packaging materials, based on such aspects. The
DSS is made of two parts: (i) a flexible querying process which is based on
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Figure 1: The EcoBioCap workflow.

a bipolar querying approach [12| dealing with imprecise data corresponding
to the characteristics related to the food product to pack like the optimal
permeance, the dimension of the packaging, its shape, etc., and (ii) an ar-
gumentation process which aims at aggregating several stakeholders require-
ments expressed as simple text arguments, to enrich the querying process by
stakeholders’ justified preferences. The former implements a database con-
taining the respiration parameters of the packed food, and a second database
storing the characteristics of packaging materials (Oy and C'O, permeance,
biodegradability, transparency, etc.). The user can also specify some prefer-
ences such as the preferred storage temperature, dimensions of the packaging,
etc, which could be mandatory or optional. This part of the software com-
bines these inputs to compute the optimal permeance which guaranties the
best shelf life for the packed food. Then, this optimal permeance are mixed
with other user preference to form a bipolar query addressed to the packaging
database. The returned list of packaging is ranked from the most to the least
relevant one with regard to the expressed preferences.

To collect the user preferences, different surveys have been carried out



among the stakeholders involved in the design of packaging: researches, pack-
aging industries, food producers, consumers, etc. The asked questions are
about cost, end of life, biodegradability, the use of nano-particles in the
packaging, etc. For each criterion expressed through surveys, the stakehold-
ers identified its importance, indicated the preferred values, and the reasons
that justify their choice. The importance permits to give a priority to cri-
teria over others, used in the bipolar approach considering mandatory and
optional preferences. For instance, sanitary criteria ensuring a good preser-
vation of the packed food are naturally more important than the color or the
transparency of the packaging. The values, in the other hand, can be easily
used as predicate in the bipolar query. But, in the current version of the DSS,
the justifications associated to criteria have not been used in this querying
process. These justifications are then seen in this report as arguments pros
or cons some choices or values. They can justify why a packaging is better
than another and can be then used to enrich the bipolar querying system. So,
we detail in the next sections how arguments are logically modeled within a
structured argumentation system and how the delivered justified conclusions
can be used in the querying process.

3 Ontology-based argumentation theory

We describe in the following subsections the elements of our ASPIC argumen-
tation system AS based on the DLR-Lite ontology extended to a negation.

3.1 Language specifications

In this report, we only consider the crisp interpretation of fuzzy DLR-Lite
|11, 8] specification based on a database.

3.1.1 A reminder of the DLR-Lite

A DLR-Lite is a restriction of the fuzzy DLR-Lite [11, 8] knowledge base to
crisp facts, rules and operators. A DLR-Lite is made of facts (F) extracted
from a database, abstraction rules (Abs) and an ontology component (O).
The facts component F contains tuples from relational tables of the form
R(cy, ..., cm), where R is an m-ary relation.
The ontology component O defines the domain concepts by means of pro-
jection, intersection and inclusion axioms.



Inclusion arioms have the form (Ry M Ry M ...M Ry C Ry), where [ > 1,
R;i=1,.; and R, are relations of the same arity. This inclusion expresses a
subsumption relation between the concept built by the intersection of the
m-ary relations R; ;- ; and the the right-hand side relation R;.

Projection axioms are used to define new concepts by extracting columns
from relational tables. Simple and restricted projections are defined. The
former is of the form J[iy, ..., ix| R, and expresses the projection of relation R
on columns iy, ..., i, and the latter is of the form J[iy, ..., ix] R.
(CondyM...NCondy,), and restricts the projection of R according to conditions
Cond; ;1.1 of the form ([i]0v), such that 0§ € {<,<,=,#,>, >} and v is a
value.

The abstraction component Abs defines statements which express rela-
tionships between concepts defined in the ontology component and tuples
defined in the facts component. Simple and complex abstractions are de-
fined. Simple abstraction statement has the form Ry —— Ro(cq[ty], ..., ck[tk])s
which states that k-ary relation R; € O is mapped into the projection on
columns ¢; of type t;,i = 1,...,k of the m-ary table R,, such that k£ < m.
Complez abstraction statement has the form Ry — (¢4, ..., tx).sql, where Ry
is a k-ary relation in O and sql is an SQL query which returns k-ary tuples

(1, o th).

3.1.2 DLR-Lite language: the syntax

Definition 1 (m-ary relations R). An m-ary relation

play,...,an) is a complex concept made of m attributes ay, ...,a,, from a
database schema. Fach attribute a; defines a data property which associates
each instance from p a value from the domain of definition of a;. The carte-
stan product of domains of ay,...,a, forms the domain of definition of p.
The set of m-ary relations is denoted R.

Example 1 We consider a database about packagings, we can consider the
m-ary relation Packaging (id, color, shelflife, machine, labellingType, mate-
rial, cost) of arity 7.

The language defines the operators of projection (), restriction (o), ab-
straction (o), and intersection (M) as defined in the DLR-Lite. It is also
extended to a negation operator.



3.1.3 DLR-Lite language: the semantics

In ontologies, the semantics associated to concepts and roles is set-based, and
each concept describes a set of objects sharing the same characteristics. The
conjunction and subsumption between concepts are interpreted respectively
by the intersection and the inclusion between their corresponding sets of ob-
jects. An interpretation is a pair (AZ,.7) where AZ is a non-empty set called
the domain of interpretation, and .Z is an interpretation function mapping
the concept constructors into subsets of AT where:

e The semantics attached to operators of projection, restriction, and in-
tersection is the same as in the relational algebra and in the SQL lan-

guage,

e An me-ary relation is defined by its relational table.

3.1.4 Extension of the language to a restricted negation operator

The set-based interpretation of the negation operator in crisp DL is (—A)% =
AT — AT, This interpretation is not adequate for an ontology-based database
querying process because it does not satisfy the inclusion set property: if
A C B then =B C =A, which is important w.r.t. the inference rules and
the rationality postulate concerning the closure under strict rules (studied
below) in the argumentation system.
So, we propose a restricted negation, denoted =, having the following
interpretation:
(FAT =G4 - AT =GEn AT (1)
where G is the concept generator of A (defined below), and AZ is the com-
plement of AZ.

Definition 2 (Concept generator G4). Let A be a concept in an ontology
hierarchy. Its concept generator G 4 is the abstract concept Thing if Thing
is the direct ancestor of A. Otherwise, G4 is the most generic ancestor of
the same domain of A having Thing as direct ancestor.

It is worth noticing that a concept could have more than one concept
generator. This case happens when a concept A is subsumed in the ontology
by several super-concepts, which are in their turn derived from the most ab-
stract concept of the ontology (Thing in domain ontologies). The definition
of G4 is then the union of the super-concepts the concept A is derived from.
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Definition 3 (Generalized concept generator). Let A and Sy = {Aq, ..., A, }
be respectively a concept from an ontology hierarchy its ancestors directly
derived from Thing. The concept generator of A is then G4 =U,_; _,(A:).

The interpretation of the restricted negation in this case becomes then:

A =( | @) -AT=(J @h))nar (2)

i=1,...,n i=1,...,n

Remark 1 If Sy = {A} then formula (2) is equivalent to formula (1).

3.2 DLR-Lite based argumentation framework
3.2.1 Dung argumentation principles

Dung argumentation framework (AF') [13] is a tuple (A,C), where C C Ax A
is a binary attack relation on the set of arguments A. For each argument
X € A, X is acceptable w.r.t. a set of arguments S C A iff any argument
attacking X, is attacked by an argument of S. A set of arguments S C A is
conflict free if VXY € S, (X,Y) ¢ C. For any conflict free set of arguments
S, S is an admissible extension ifft X € S implies X is acceptable w.r.t. S; .S
is a complete extension iff X € S whenever X is acceptable w.r.t. S; .S is a
preferred extension iff it is a set inclusion maximal complete extension; .S is
the grounded extension iff it is the set inclusion minimal complete extension;
S is a stable extension iff it is preferred and VY ¢ S, 3X € S such that
(X,Y)eC.

For T' € {complete, preferred, grounded, stable}, X is skeptically (resp.
credulously) justified under the 7" semantics if X belongs to all (resp. at least
one) T extension. Output of an extension E is Concs(E) = {Conc(A), A €
E}, where Conc(A) is the conclusion of argument A. The skeptical output of
AF is Output(AF) =) Concs(E;) such that E; are its T' extensions.

=1,....,n

3.2.2 ASPIC knowledge base and arguments

In this report we consider a simpler ASPIC argument structure than the ones
presented in [19] . The subset of ASPIC+ we use is compatible to the one
presented in [1]. In the following an ASPIC argumentation system is denoted
AS = (L,cf,R,>), where:

e L is a logical language,



e cf is a contrariness function which associates to each formula of £ a
set of its incompatible formulas (in 2¢),

e R =R;UR,is the set of strict (R) and defeasible (R) inference rules
of the form ¢, ..., 0, = @ and 1, ..., p,, =  respectively, where ¢;, ¢
are well-formed formulas in £, and R, N Ry = 0,

e > is a preference ordering over defeasible rules.

A knowledge base in an AS = (L,c¢f,R,>) is K C L such that £ =
Ko UK, and £, N K, = 0, K, contains axioms and C, contains ordinary
premises.

3.2.3 The contrariness function on L

The contrariness function cf : £ — 2%, where £ = £\{r,0,a}, has to
specify to each formula of £’ at least a contradictory formula. We discard
from L operators {m, o, a} since they refer to relational operators which define
facts from a database and are not directly involved in logical formulas. In
our case, cf = = with: cf(A) = {FA}, ¢f(5A) = {A}, and cf(A; M Ay) =
{=(A; 1 A)}.

We notice that the union operator is not defined in the DLR-Lite. We can
obtain it indirectly by combining the negation and the intersection operators.

3.2.4 Inference rules R
We define the following rules:

e Strict/defeasible subsumption: a strict subsumption, denoted L, ex-
presses natural inclusion in the domain, as "GlutenPackaging is a Pack-
aging”. A defeasible subsumption, denoted &, expresses an inclusion
involving a user choice, as "GlutenPackaging is a suited Packaging”.
So, Ry C / € Ry with Ry, Ry are two relations of the same arity, means
that Vo € R; then x € Rs,

e Intersection: let Ry,..., R, and R,  be m-ary relations (of the same
arity). The rule RiMReM...NR,, T / € R, means that if v € Ry j—1
then z € R,. This rule is denoted simply by Ry,...,R, C / € Ry,

..... ns

e Transitivity: let R;, Ry, R3 be three relations of the same arity. If
(Rl[/@RQ)/\(RQ[/@Rg),thean[/@Rg,

9



Contraposition: if (1 C / € ry) then =y C / € 1.

3.2.5 DLR-Lite based ASPIC argumentation system

In our application case:

K, contains the concepts of the considered domain, and K, contains
user choices,

L is the language defined in subsection 3.1,
cf is the contrariness function corresponding to =,

R = RsURy, where Ry / Ry is the set of strict / defeasible subsump-
tions as defined in Subsection 3.2.4,

> is a preorder on defeasible rules, not defined.

A DLR-Lite ASPIC argument A can be of the following forms:

1.

) C / € cwith ¢ € K,/K, such that Prem(A) = 0, Conc(A) = ¢,
Sub(A) = {A}, Rules(A) =0,

TopRule(A) = undefined with Prem returns premisses of A, Conc
returns its conclusion, Sub returns its sub-arguments, Rules returns
rules applied on A, TopRule returns the last rule applied,

Ay, ..., Ay T/ € ¢, such that there exists a strict / defeasible rule in
Rs/R4 of the form

Conc(Ay)M...MNConc(A,,) T / € ¢, and Prem(A) = Prem(A;)U...U
Prem(Ay,), Conc(A) = ¢, Sub(A) = Sub(A;) U ... U Sub(4,,) U{A},
Rules(A) = Rules(A;)U...U Rules(A,,) U{Conc(Ay), ..., Conc(Ay,) C
/ € ¢}, TopRule (A) = Conc(Ay), ..., Conc(A,) T/ E c.

We make the assumption that the set of arguments constructed from the
argumentation system is finite. An argument is said strict iff it does not
involve any defeasible rules. Otherwise, it is called defeasible.

The set of strict rules R, is consistent iff AA, B such that A, B are strict
arguments and Conc(A) = SConc(B).

10



Remark 2 (Notation). An ASPIC argument has a nested form. A subargu-
ment is also an arqgument. To improve the readability, by abuse of notation,
we associate to each argument a label made of a capital letter followed by a
subscript number. The labels are then used in an argument to refer to its
subarguments. In this notation, a label followed by colon is not a part of the
argument.

Ezxzample 2 Let AS be an ASPIC arqumentation system defining the rules
Rs = {aMb C ¢} and the ordinary premises K, = {a,b}. The following
arguments can be built:

e A :0ca e A0 &b e As: A, Ay Cc.

3.2.6 DLR-Lite based ASPIC attacks and defeat

We considered rebutting and undercutting attacks. Argument A rebuts ar-
gument B iff A" € Sub(A) : Conc(A’) = ¢ and B’ € Sub(B) such that B’
is of form Bj,..., B € Sp. It is defined as a restricted rebut attack [9] to
satisfy rationality postulates as shown in [9)].

The undermining attack [19] is a particular case of the rebutting attack
(A undermines B on B’ = ¢ iff Conc(A) € ¢ and ¢ € Prem,(B)). An
ordinary premise is a conclusion of an argument of form §) € C, C € K,,.

Argument A undercuts argument B iff 3B’ € Sub(B) of form By, ..., B], C
¢ and JA" € Sub(A) : Conc(A’) = = [Conc(BY),...,Conc(Bl) € ¢], s.t.
operator [.| converts a defeasible rule into a literal.

Then, A defeat B if A rebuts or undercuts B.

3.2.7 Rationality postulates

In [9], it has been shown that the closure under transposition of the set of
strict rules (denoted Cl;,) ensures the closure of the output, and Ry must
be consistent to ensure consistency of its output, which corresponds to the
c-consistence introduced in [17].

Since the implication operator is the logical counterpart of set inclusion
operator, it is easy to show that the proposed AS satisfies the rationality
postulates (closure, direct and indirect consistency). The proofs are similar
to the ones in [19, 9]. We remind the postulates below.

Let AS be an argumentation system, and Fj, ..., F, is its extensions under
one Dung’s semantics, and its Qutput = (,_, , Concs(E;) (following [9],
because credulous attitude can lead to inconsiszcehcies).

11



e AS is closed under sub-arguments iff
VA € E;, Sub(A) € E; [19],
e AS is closed under strict rules iff
(i) VE; =1, .n, Concs(E;) = Clg,(Concs(E;)) and
(i) Output = Clg (Output).
e Asin [9], AS is directly consistent iff
VE;iz1,.n, Concs(E;) and Output are consistent,
e AS isindirectly consistent ift VE; ;_y ,,, Clg, (Concs(E;)) and Clg, (Output)
are consistent.

Property 1 DLR-Lite based ASPIC argumentation system is closed under
sub-arguments, closed under strict rules, direct and indirect consistent.

4 Modeling rules in the DLR-Lite based argu-
mentation system

In this section, we investigate the way to model the rules involved in the ar-
guments. We recall that rules can be either strict or defeasible. It is intuitive
to consider ontological rules such as a wheat gluten based packaging is a pack-
aging or a wheat gluten based packaging is a packaging which provides a good
atmosphere control as strict rule since they represent real and measured facts,
and rules such as the user prefers wheat gluten based packaging or packaging
providing a good atmosphere control is suitable packaging as defeasible, since
they express context-based and questionable user choices. However, we can
show through the following example a limitation of this modeling approach
from the decision making standpoint, when the arguments are expressed on
the same objects but according to different aspects.

Example 3 We consider a database about packagings and two stakehold-

ers: researchers and cheese producers arquing aboul cheese packagings. Re-

searchers say: "wheat gluten based packagings are suitable because a wheat

gluten layer provides a good atmosphere control", and cheese producers say:

"gluten cannot be put in contact with cheese because the bacteria in the

crust would eat the gluten, degrading then the packaging layer".
Researchers ontology defines the following elements:

o AtmControlPack, denoted ACP: is a concept referring to packagings
that ensure a good atmosphere control,

12



e SuitedPack, denoted SP: a concept that refers to the set of acceptable
packagings,

o ACP € SP: a defeasible rule expressing that any well controlled atmo-
sphere packaging s a suited packaging,

o GlutenPack, denoted GP: a concept defined by the restriction of the
relation Packaging based on the condition matPack = "WGluten’. As
it represents a user choice then GP € Iy,

o GP C ACP: a strict rule expressing the measurable knowledge relating
the wheat gluten based material and the packaging permeance property.

Cheese producers ontology defines the following elements:

e SuitedPack and GlutenPack defined in the same way as in the re-
searchers ontology,

e DestructivePack, denoted DP: this concept refers to destructive pack-
agings,

e DP € 5SP: a defeasible rule erpressing that any destructive based
material packaging is not suitable,

e GP C DP: this strict rule expresses the interaction with the packaging
material and the packed food.

These ontologies are merged to define the knowledge base on which we
instantiate the DLR-Lite based argumentation system AS = (L, R, =, >) such
that:

o Strict rules Ry = Cl;,,{GP =_ ACP,GP C DP} =
{GPC ACP,~ACPC ~GP,GP C DP,
“DP C <GP}

e Defeasible rules Ry = {ACP € SP,DP € =SP}
o K, = {Packaging} and K, = {GP}.

Researchers and Cheese producer’s arguments are then:

13



e Ay: D €GP o A;: Ay DP
OAliAoEACP
o Ay: A €SP e Ay: A3 @ 2SP

We have a mutual attack between As and Ay. We get then, for instance,
two preferred extensions:

) El = {Ao,Al,Ag,Ag} cmd
Output(Ey) = {GP,ACP,DP,SP}.

[ EQ = {Ao,Al,Ag,A4} and
Output(Ey) = {GP, ACP,DP,~SP}.

The skeptical output (this follows the line of work of [9], because credu-
lous attitude can lead to inconsistencies) of the arqgumentation system is then

Output = {GP, ACP, DP}.

In this case, the argumentation system delivers no decision about the re-
jection and the acceptance of an option. When we consider only delivered
extensions, we notice that the system recommends the acceptance and the
rejection of the considered option (GP) based on the same knowledge about
it ({GP,ACP,AP,DP}). One can suggest to model all the rules as defeasi-
ble but we obtain the same extensions inasmuch as the rules of acceptance
and rejection are defeasible.

The behavior described in Example 3 shows that the problem lies in the
fact that the system is unable to catch that an object can be at the same
time accepted according to a criterion and rejected according to another. To
make the system able to capture this way of reasoning, we have to consider
the rules from criteria point of view. In other words, when the system applies
the rules defined on a criterion, it must discard all the rules (defeasible and
strict rules) defined on other criteria. Then, when an agent expresses an
argument over one criterion (according to its knowledge), he/she does not
presume any knowledge related to the other criteria.

We define then in the next section a viewpoint argumentation system in
which a viewpoint corresponds to an instance of the DLR-Lite based argu-
mentation system limited to the rules defined on one and only one criterion
(attribute) describing the objects of the considered domain. The approach

14



defined next is similar in spirit to the intuition presented in the approach
of [2]. The difference with this work is the logical language used (|2] uses
propositional logic) and the practical scenario demonstrated in the report.

5 Viewpoints DLR-Lite based argumentation
system

Rather than merging the knowledge expressed by the involved part in the
project, here we split rules according to the considered aspects. We then
instantiate on each subset of rules the DLR-Lite based argumentation system,
as shown in the following example.

Example 4 We consider the arqument expressed in Erample 3. From the
researchers’ standpoint, the criterion atmosphere control (denoted atm) is
constdered, whereas cheese makers consider the interaction with the product
criterion (denoted int).

Researchers’ arguments are based on viewpoint v = Vg :

hd R’Ul = (RSU17 Rdvl); thh Rsyl — {GP E ACP,
SACP C =GP} and Ry, = {ACP € SP}

Cheese makers™ arguments are based on viewpoint vy = V!

L Rsvg = (Rsv27 Rdvg) with Rsvg = { GPrC DP,
“DP C =GP} and Ra,, = {DP € =SP).

Researchers’ arguments under Rg,, and Rg,, are:

o A ) EGP o Ay : A, C ACP e A;: Ay @ SP
The set of arquments a = { Ay, A, A3} forms the only preferred extension in
the defined view vVgip,, and
Output(vgsm) = Concs(a) = {GP, ACP,SP}.

The cheese makers’ arqguments are:

e B, :) eGP e By: B, C DP e B3: By € 5SP
The set of arguments b = { By, By, B3} forms the only preferred extension in
VIEW Vgqp, aNd

Output(vsan) = Conces(b) = {GP, DP,~SP}.

15



We obtained in Example 4 two views vy, and v;,; made of arguments
{A1, Ay, A3} and { By, Bs, B3} respectively, which do not attack each other
(according to the definition of attacks), but their conclusions are contradic-
tory.

We can gather views according to goals to form collections, which sup-
port/oppose them.

Example 5 In Ezample 4, we can form collections Csp = {Vam} and C=gp =
{vint} on goals {SP,=SP}, which indicate the (in)compatible criteria for
gluten based material packagings selection.

5.1 Rationality postulates in a collection

Each viewpoint satisfies the rationality postulates since it an instance of the
DLR-Lite based argumentation system. It is also important that the de-
livered collections are consistent and closed under the strict rules involved
in them to ensure the completeness of the reasoning process. Let C, =
{vi,...; v} be a collection of m’ views on goal g. The strict rules of C, is
Rscy = Uizt Rsvi- Cy is closed under Ryc, iff Output(Cy) = Clg, . (Output(Cy)).

Property 2 C, is closed under Ryc, .
Property 3 If Ry, is consistent then its output is also consistent.

Finally, a viewpoint argumentation system limits the effect of contam-
inating formulas [10], since ill-formed rules cannot contaminate other syn-
tactically disjoint viewpoints, and it is possible to discard an ill-formed rule
from a viewpoint as in [24] to prevent its crash.

5.2 Using the collections in database querying

The instantiation of our argumentation system is used to write a consensual
query encompassing justified (by arguments) stakeholders’ requirements and
needs. We can then deduce automatically such queries from the collections
the users formed during the argumentation process. Indeed, we can carry out
an analogical reasoning by generalizing results obtained from an argumenta-
tion process applied upon instances, where an instance of the sought objects
can help to better understand the involved stakeholders’ needs and then to
be able to express, based on arguments pros and cons, a query reflecting the
way objects should be selected from a database.
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Example 6 In example 4 about gluten based material packagings, the system
can deduce that the desired packagings are those ensuring a good atmosphere
control and having no risky interaction with the packed product. The retrieved
packagings from the database are similar to the one used as samples in the
argumentation process.

6 Implementation and tests

The implementation of the approach has been done in the context of the
EcoBioCap DSS. A java GXT/GWT web interface was developed and a
open version is accessible on pfl.grignon.inra.fr:5880/EcoBioCapProduction.
The main difficulties encountered were the translation of text arguments into
DLR-Lite formal representation. In the freely available version, stakeholder’
arguments are provided as a manually built XML file specifying viewpoints
and rules. The system generates then arguments and attacks and computes
the extensions (stable, preferred, admissible, grounded, naive, etc. seman-
tics) inside each view. Figure 2 shows the main interface of the applica-
tion and a fragment of rules formalizing an argumentation scenario about
the aspect end of life of packagings. Stakeholders argued about biodegrad-
ability, recyclability and compostability (the test XML file is accessible on
https://docs.google.com/file/d/0BODPgJDRNwb
LR2RjWWhwMjgwVEU/edit?usp=sharing). The following text arguments
about the end of life have been collected during an interview with experts in
the domain of waste management:

e Packaging materials (biodegradable, compostable, recyclable) with low en-
vironmental impact are preferred,

e Life Cycle Analysis (LCA) results are not in favor of biodegradable and
compostable materials,

e Consumers are in favor of biodegradable material because they help to
protect the environment,

e Biodegradable materials could encourage people to throw their packaging
in nature, causing visual pollution.

From the obtained extensions (see Figure 3), we know the reasons why
recyclable packagings are recommended and why biodegradable and com-
postable packagings are not. This result can be used in the querying process
by adding to the query the predicate “recycle = true” to retrieve the recy-
clable packaging materials from the database.
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Save | (7 Load Ontology Create ViewPoints ;1 Minimize % Generate Arguments ; Calculate Attacks ﬂ Compute Extensions aammowm {%’} Configuration

Cost | End Of Life || Information Log || Formaicze Text Arguments (Beta) |

“18 Rules

EMPTY CompostablePackaging

VisualPollutionPackaging

Blode?radabIePackaging —T* HighEnvImpPackagin

RecyclablePackaging Not AcceptedPackaging
13 Arguments

Extensions

[=|output

[Fh

Figure 2: The user interface of the system.

o, L .
Save | L) Load Ontology %’ Create ViewPoints @ij Minimize % Generate Arguments | g Calculate Attacks m Compute Extensions v
Cost | End OfLife || Information Log || Formaiize Text Arguments (geta) * |

Preferred:

[3, 7, 5] = [AcceptedPackaging, BiodegradablePackaging, CompostablePackaging, LowEnvimpPackaging,
ProtectedEnvPackaging, RecyclablePackaging]

[2, 1, 6, 4] = [-AcceptedPackaging, BiodegradablePackaging, CompostablePackaging, HighEnvimpPackaging,
VisualPollutionPackaging]

Complete:

0=10

[3, 7, 5] = [AcceptedPackaging, BiodegradablePackaging, CompostablePackaging, LowEnvimpPackaging,
ProtectedEnvPackaging, RecyclablePackaging]

[2, 1, 6, 4] = [-AcceptedPackaging, BiodegradablePackaging, CompostablePackaging, HighEnvimpPackaging,
VisualPollutionPackaging]

SemiStable:

[3, 7, 5] = [AcceptedPackaging, BiodegradablePackaging, CompostablePackaging, LowEnvimpPackaging,
ProtectedEnvPackaging, RecyclablePackaging]

[2, 1, 6, 4] = [-AcceptedPackaging, BiodegradablePackaging, CompostablePackaging, HighEnvimpPackaging,
VisualPollutionPackaging]

Figure 3: Extensions delivered for the viewpoint end of life.
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7 Related work

There are several ways to combine ontologies and argumentation systems.
We mention the developed systems relied on mapping DL ontologies into
DeLP program [14] as in [22, 21, 3, 15, 23|. The system knowledge base in
this case contains stable knowledge (formalized within the DL part of the sys-
tem) and defeasible knowledge expressed as exceptions. Such system rely on
having a goal, or query to answer, based on which the arguments supporting
it are computed using backwards chaining algorithms. In our case such ap-
proach is not possible as the goals are not known apriori- the argumentation
process allows to identify them. In [3], conflicts between rule conclusions are
resolved by a superiority relation, defined between rules. In [16], the devel-
oped argumentation system uses the Defeasible Description Logic (DDL) as
logical language to analyze the Semantic Security Policy Language (SSPL).
It does not define attacks notion between arguments and only conflicts can
be modeled. In [23] authors principally interested in whether or not two
formulas are mutually inconsistent, or whether one entails the other. The
mutual inconsistency corresponds to the notion of conflict. No attacks are
defined in this approach and a preference relationship between defeasible
rules is defined to resolve conflicts through the notion of defeaters. In the
second category, logical modeling of arguments have been introduced based
on the available operators in the considered description logics. In [18], an
argumentation process is used to restore the consistency of an ontology (ALC
description logic), based on acceptability semantics. Inconsistencies in the
ontology have been presented as attacks in the argumentation graph. To
resolve conflicts the user has to define a preference relation called argument
comparison criterion which states the priority between arguments. The at-
tack relation is then limited to conflicting arguments having the same level of
priority. This process may produce extensions having conflicting arguments.
In [5], a framework for logic-based argumentation with multiple ontologies
via dialogues has been presented. The agent knowledge base in this approach
contains formulas expressed by a description logic. Arguments are then log-
ically structured but they have the same level of reliability since no notion
of strictness and defeasibility can be expressed in the approach. Let us high-
light that both above approaches do not consider rationality postulates [9],
which ensure the completeness and the coherence of the result.
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8 Conclusion

We applied in this report on a real use case from the industry an argumenta-
tion approach, based on a combination of an ASPIC argumentation system
with a DLR-Lite specifications allowing stakeholders to express their pref-
erences and providing the system with stable concepts and subsumptions of
a domain. We have pointed out the fact that where stakeholders express
their contradictory needs as arguments on several criteria, the argumenta-
tion system can returns unsatisfactory result. Therefore, we have proposed
an argumentation system in which each criterion is considered as a viewpoint
in which stakeholders express their arguments in homogenous way. The set
of non conflicting viewpoints are then gathered according goals, to form con-
sistent collections which support/oppose them.

The implementation of the module of arguments semi-automatic transla-
tion from text format to concepts and rules is in progress. As future work,
we need a module of derivation of query predicates from the identified collec-
tions. We also plan to extend the proposed approach to fuzzy argumentation
context to make it possible to deal with vague and uncertain concepts and
rules by exploiting the fuzzy interpretation of the fuzzy DLR-Lite. Another
line to develop consists of studying the bipolarity in our context of argumen-
tation, since collections can be formed to support/oppose goals. Therefore a
bipolar reasoning process can be considered as a refinement of the developed
reasoning process based on argumentation.
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