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Abstract. The paper tackled the issue of arguments evaluatiareighted bipo-

lar argumentation frameworks.e., graphs whose arguments have basic strengths,
and may be both supported and attacked). We introduce aximahsn evalua-
tion method (or semantics) could satisfy. Such axioms angwgeful for judging

and comparing semantics. We then analyze existing sersantithe basis of our
axioms, and finally propose a new semantics for the classyafiagraphs.

1 Introduction

Argumentatioris a form of common-sense reasoning consisting of the joatifin of
claims by arguments. The latter have generally basic stinshgnd may be attacked
and/or supported by other arguments, leading to the seethipolar argumentation
graphs(BAGS). Several semantics were proposed in the literaturéhe evaluation of
arguments in such settings. They can be partitioned intantham families: extension-
based semantics [1-5], and gradual semantics [6—8]. Thaesioextend Dung’s classi-
cal semantics ([9]) for accounting for supports. They thuspute extensions of argu-
ments, and then assign a three-valued qualitative degreef{ted, undecided, rejected)
to each argument. The second family defines scoring furstivat assign a numerical
value to each argument. The value represents the overligilr of the argument.

This paper extends our previous works [10, 11] on axiomatinfiations of seman-
tics for unipolar graphs. It defines axioms (i.e. propejtiest a semantics should satisfy
in a bipolar setting. Such axioms are very useful for judgind understanding the un-
derpinnings of semantics, and also for comparing semaafitise same family, and
those of different families. Some of the proposed axiomssarple combinations of
those proposed in [10, 11] (for graphs of attacks and grapbspports respectively).
Others are new and show how support and attack should begaggde The second
contribution of the paper consists of analyzing existingiaetics against the axioms.
The main conclusion is that extension-based semantics tfollhoexploit the support
relation. Indeed, when the attack relation is empty, thetag semantics declare all
(supported, non-supported) arguments of a graph as eqagpted. Gradual seman-
tics take into account the support in this particular case third contribution of the
paper is the definition of a novel semantics for the sub-aésgyclic bipolar graphs.
We show that, unlike existing semantics, it satisfies allght@posed axioms. Further-
more, it avoids theébig jump problem that impedes the relevance of existing gradual
semantics for practical applications, like dialogue.

The paper is structured as follows: Section 2 introducegbastions, Section 3
presents our list of axioms as well as some properties, @edtanalyses existing se-
mantics, and Section 5 introduces our new semantics andssiss its properties.



2 Main concepts

This section introduces the main concepts of the paper.d.begin with weightings:
Definition 1 (Weighting). A weightingon a setX is a function fromX to [0, 1].

Next, we introduce the argumentation frameworks (calleps in the paper) we
are interested in, namely weighted bipolar argumentatiaptis (BAGS).

Definition 2 (BAG). ABAG is a quadrupleA = (A, w, R, S), whereA is a finite set
of argumentsw a weighting on4, andR, S two binary relations or4, i.e., R,S C
A x A. Intuitively, aRb meansu attacksb, whilst aSb meansa supportsh, andw(a)
represents the intrinsic strength of argument

We turn to the core concept of the paper. A semantics is aifimttansforming
any weighted bipolar argumentation graph into a weightinghe set of arguments.
The weight of an argument given by a semantics represenggéisll strengthor ac-
ceptability degreelt is obtained from the aggregation of its intrinsic stréngnd the
overall strengths of its attackers and supporters. Argisnérat get value 1 arex-
tremely strongvhilst those that get value 0 anrthless

Definition 3 (Semantics).A semanticds a functionS transforming any BAGA =
(A,w,R,S) into a weighting onA. Leta € A. We denote bPeg3 (a) the overall
strength (or acceptability degree) af i.e.,Deg3 () is the image of; by S(A).

Let us recall the notion aBomorphisnmbetween graphs.

Definition 4 (Isomorphism).LetA = (4, w,R,S) andA’ = (4", w',R’,S’) be two
BAGs. Arisomorphisnfrom A to A’ is a bijective functiory from A to A’ such that:

—Vae A wa) =w'(f(a)),
—VYa,be A aRbiff f(a)R'f(b),
—Va,be A aSbiff f(a)S'f(b).

Notations: Let A = (4, w, R, S) be a BAG and: € A. We denote byitta (a) the set
of all attackers ofi in A (i.e.,Atta(a) = {b € A|bRa}), and bysAtta (a) the set of
all significant attackersf a, i.e., attackers of a such thabeg3 (z) # 0. Similarly, we
denote bySupp 4 (a) the set of all supporters af(i.e.,Supp, (a) = {b € A |bSa}) and
by sSupp 4 (@) thesignificant supportersf a, i.€., supporters such thabeg3 (z) # 0.

LetA’ = (A, v, R’,S’) be another BAG such thatn. A’ = (. We denote byA A’

the BAG (4", w” , R"”,S") suchthatd’ = AUA', R"=RUR',§"=SUS’, and
vz € A”, the following holdsw” (z) = w(x), if z € A; w” (z) = w'(z), if x € A'.

3 Axioms for acceptability semantics

In what follows, we propose axioms that shed light on fouiuatett! principles behind
semantics. In other words, properties that help us to batiderstand the underpinnings
of semantics, and that facilitate their comparisons. Thst filne axioms are simple



combination®f axioms proposed for graphs with only one type of interaeti(support
in [10], attack in [11]). We also propose three new axiomg ghew how the overall
strengths of supporters and attackers of an argument shewdgregated.

The first very basic axiom, Anonymity, states that the degrfean argument is
dependent of its identity. It combines the two Anonymityaxs from [10, 11].

Axiom 1 (Anonymity) A semantic$ satisfiesanonymityiff, for any two BAGSA =
(A, w,R,S) and A’ = (A, w',R',S’), for any isomorphisny from A to A’, the
following property holdsY a € A, Deg$ (a) = Degi, (f(a)).

Bi-variate independence axiom states the following: theeptability degree of an
argumentz should be independent of any arguménhat is not connected to it (i.e.,
there is no path from to a, ignoring the direction of the edges). This axiom combines
the two independence axioms from [10, 11].

Axiom 2 (Bi-variate Independence) A semantics$S satisfiesbi-variate independence
iff, for any two BAGRA = (A, w, R,S) andA’ = (A’ w', R’,S’) such thatdAN A’ =
0, the following property holds? a € A, Deg? (a) = Degi 4 o/ (a).

Bi-variate directionality axiom combines Non-Dilutiorofn [10] and Circumscrip-
tion from [11]. It states that the overall strength of an angmt should depend only on
its incoming arrows, and thus not on the arguments it itd&dics or supports.

Axiom 3 (Bi-variate Directionality) A semanticsS satisfieshi-variate directionality
iff, for any two BAGA = (4, w,R,S), A’ = (A", w', R',S") suchthatd = A", R C
R’,andS C &', the following holds: for alk, b,z € A, if R’ US' = RUSU{(a,b)}
and there is no path frorhto =, thenDeg$ () = Deg3, (z). Note that a path can mix
attack and support relations, but the edges must alwaysreetdd fromb to z.

Bi-variate Equivalence axiom ensures that the overalhgtite of an argument de-
pendsonly on the overall strengths of its direct attackers and suppmrtt combines
the two equivalence axioms from [10, 11].

Axiom 4 (Bi-variate Equivalence) A semanticsS satisfiesbi-variate equivalencif,
for any BAGA = (A, w, R, S), forall a,b € A, if: — w(a) = w(b),

— there exists a bijective functighfromAtta (a) toAtta (b) suchthatvz € Atta(a),
DegR (z) = Deg} (f(x)), and

— there exists a bijective functioff from Supp, (a) to Supp, (b) such thatvz €
Suppy (a), Degh (7) = Degi (f(x)),

thenDeg?3 (a) = Deg3 (b).
Stability axiom combines Minimality [10] and Maximality I] axioms. It says the

following: if an argument is neither attacked nor supportedoverall strength should
be equal to its intrinsic strength.

Axiom 5 (Stability) A semantics$ satisfiesstability iff, for any BAGA = (A, w, R,
S), for any argument € A, if Atta (a) = Suppy (a) = 0, thenDeg?3 (a) = w(a).



Neutrality axiom generalizes Dummy axiom [10] and Neutyatine from [11]. It
states that worthless attackers or supporters have nd.effec

Axiom 6 (Neutrality) A semanticsS satisfiesneutrality iff, for any BAGA = (A4,
w, R, S), Va,b,x € A, if Atta(a) C Atta(b), Suppa(a) C Suppy (b), Atta(b) U
Suppa (b) = Atta (a)USupp, (a)U{z}, andDeg3 (z) = 0, thenDeg3 (a) = Deg3 (b).

Bi-variate Monotony states the following: if an argumenis equally or less at-
tacked than an argumebt and equally or more supported thanthena should be
equally strong or stronger than This axiom generalizes 4 axioms from the literature
(Monotony and Counting [10] for supports, and the same agifsom [11] for attacks).

Axiom 7 (Bi-variate Monotony) A semanticsS satisfiesbi-variate monotonyff, for
any BAGA = (4,w,R,S), forall a,b € A such that:

— w(a) =w(b) >0,
— Atta(a) C Atta(b),
— Supp, (b) C Supp, (a),

the following holds:

— Deg? (a) > Deg3 (b); (Monotony)
— if (Deg3 (a) > 0 or Deg3 (b) < 1) and EAtta (a) C sAtta(b), Or sSupp, (b) C
sSupp, (@), thenDegi(a) > Degi(b). (Strict Monotony)

The next axiom combines the Reinforcement axioms of [1Q,It klates that any
argument becomes stronger if the quality of its attackeredsiced and the quality of
its supporters is increased.

Axiom 8 (Bi-variate Reinforcement) A semantic$ satisfiedi-variate reinforcement
iff, for any BAGA = (A,w,R,S), for all C,C" C A, for all a,b € A, for all
z, 2’ y,y € A\ (CUC") such that

- (a) w(b) >0,

the following holds:

— Deg? (a) > Deg3 (b); (Reinforcement)

— if (DegA(a) > 0 or DegA(b) < 1) and Deg3 (¥) < Deg3 (y), or Deg3 (z') >
Deg (y')), thenDeg¥ (a) > Deg} (b). (Strict Reinforcement)



Our next axiom combine Imperfection axiom from [10] with Riesice axiom from
[11]. It states that an argument whose basic strength igiess1 cannot be fully re-
habilitated by supports. In other words, it cannot get areptability degree 1 due to
supports. Similarly, an argument cannot be completelyrdgstl by attacks. This ax-
iom is important since it prevents irrational behaviorkeIfor instance a fallacious
argument which becomes very strong just because one ofeitsipes is supported by
an argument. Consider a dialogue where the arguments A, Eamd exchanged:

A: Tweety needs fuel, since it flies like planes.
B: Indeed, Tweety flies. Itis a bird.
C: Tweety does not fly since it is a penguin

Clearly, the argument C attacks B, and B supports A. Notedlian if B is not
attacked by, its support to A is not sufficient to make A very strong sincesfains
fallacious. Similarly, even if C attacks B, the argument Bti#f a reasonable argument.

Axiom 9 (Resilience) A semantic$ satisfiesesiliencaff, forany BAGA = (A, w, R, S),
foralla € A, if 0 < w(a) < 1, then0 < Deg(a) < 1.

The next three axioms are new and answer the same questianthkeooverall
strengths of attackers and supporters of an argument aregaggd? To answer this
question, it is important to specify which of the two typedmEractions is more im-
portant. In this paper, we consider both relations as egjiafportant. Hence, Franklin
axiom states that an attacker and a supporter of equal #tirehguld counter-balance
each other. Thus, neither attacks nor supports will havaanpn the argument.

Axiom 10 (Franklin) A semantic$ satisfiedrankliniff, forany BAGA = (A, w, R, S),
forall a,b,z,y € A, if

_ U}(b) = w(a),

— Degi(x) = Degi(y)

— Atta(a) = Atta (D) U {z},

— SuppA(a) = SuppA(b) U {y}’

thenDeg? (a) = Deg5 (b).
We show that attacks and supports of equal strengths eliengzch others.

Proposition 1. LetS be a semantics that satisfies Bi-variate Independenceqiiite
Directionality, Stability and Franklin. For any BAQA. = (4,w, R, S), forall a € A,
if there exists a bijective functiohfrom Att 4 (a) to Supp, (a) such that/z € Att(a),

DegR () = Deg (f(x)), thenDeg3 (a) = w(a).

Weakening states that if attackers overcome supportersrtfument should loose
weight. The idea is that supports are not sufficient for certhilancing attacks. Please
note that this does not means that supports will not have gaétmon the overall
strength of an argument. They may mitigate the global logstdattacks.



Axiom 11 (Weakening) A semantics$ satisfiesveakeningff, for any BAGA = (A4,
w, R, S), forall a € A, if w(a) > 0 and there exists an injective functighfrom
Supp, (a) to Att s (a) such that:

— Va € Supp, (a), Deg(z) < Deg(f(z)); and
- sAtt(:?((a)))\ {f(z) | z € Suppp(a)} # 0 or 3z € Supp,(a) S.tDeg(x) <
Deg(f(x)),

thenDeg(a) < w(a).

Strengthening states that if supporters overcome attadkerargument should gain
weight. Indeed, attacks are not sufficient for counter+atay supports, however, they
may mitigate the global gain due to supports.

Axiom 12 (Strengthening) A semantic$ satisfiestrengtheningff, for any BAGA =
(A,w,R,S), forall a € A, if: w(a) < 1 and there exists an injective functighfrom
Atta(a) to Suppy (@) such that:

— Vz € Atta(a), Deg(z) < Deg(f(z)); and
— sSuppy (a) \ {f(z) | x € Atta(a)} # 0 or Ix € Atta(a) S.t.Deg(z) <
Deg(f(x)),

thenDeg(a) > w(a).

It is worth mentioning that weakening and strengtheningegalize their corre-
sponding axioms in [10, 11]. Indeed, when the support i@lds empty, bipolar version
of weakening coincides with weakening axiom in [11]. Howetehandles additional
cases when supports exist. Similarly, when the attackioelé empty, the axiom coin-
cides with strengthening axiom in [10].

Almost all axioms are independent, i.e., they do not folloanf others. A notable
exception is Bivariate Monotony which follows from five aris.

Proposition 2. If a semantics satisfies Bi-variate Independence, Bi-varzirection-
ality, Stability, Neutrality and Bi-variate Reinforcentethen it satisfies Bivariate Monotony.

All axioms are compatible, i.e., they can be satisfied aletbgr by a semantics.

Proposition 3. All the axioms are compatible.

4 Formal analysis of existing semantics

There are several proposals in the literature for the etialuaf arguments in bipo-
lar argumentation graphs. They can be partitioned into @voilfes: extensiorbased
semantics [1-5] andradualsemantics [6-8].

Extension-based semantics extend Dung’s semantics [@¢fmunting for supports
between arguments. They take as input an argumentatioih g@épo, R, S) whose
arguments have all theamebasic strength, and return sets of arguments, called ex-
tensions. From the extensions, a three-valued qualitdid¢gee is assigned to every



argument. Indeed, an argumenaiceptedf it belongs to all extensionsindecidedor
credulously accepted) if it belongs to some but not all esitars, andejectedif it does
not belong to any extension. It is worth pointing out that whige support relation is
empty, the semantics proposed in [1-5] coincide with Dungss. Thus, they violate
the axioms that are violated by Dung’s semantics (see [Ir1§fdetailed analysis of
Dung’s semantics). For instance, stable semantics violattependence, Equivalence,
Stability, Resilience, and strict monotony. When the &ttatation is empty, the ap-
proaches from [1, 2, 4] return a single extension, which @imistall the arguments of
the BAG. Thus, all arguments are equally accepted. This shioat the support relation
does not play any role, and a supported argument is as abéepsa non-supported
one. To say it differently, these approaches violate stt@rgng axiom which captures
the role of supports. The approaches developed in [3, Sirretgingle extension when
the attack relation is empty. This extension coincides wWithset of arguments when
there are no cycles in the BAG. Thus, they also violate sttemgng and the support
relation may not be fully exploited in the evaluation.

The second family of gradual semantics was introduced ffitht time in [6]. In
their paper, the authors presented some properties thatseisantics should satisfy
(like a particular case of strengthening). However, theyrdit define concrete seman-
tics. To the best of our knowledge, the first gradual semansicQuUAD, introduced
in [7], for evaluating arguments iacyclic graphs. This semantics assigns a numerical
value to every argument on the basis of its intrinsic stiengmd the overall strengths
of its attackers and supporters. It evaluates separatelgupporters and the attackers
before aggregating them.

Proposition 4. — QUAD satisfies Anonymity, Bi-variate Independence, BiavaDi-
rectionality, Bi-variate Equivalence, Stability, Neuitg, Monotony, Reinforcement.
— QUAD violates Strict Monotony, Strict Reinforcement, Ragte, Franklin, Weak-
ening, and Strengthening.

As a consequence of violating Weakening and Strengthe@ngD may behave
irrationally. Consider a BAG wherel = {a,b1,b2,b3}, w(b1) = w(ba) = 0.8,
w(bs) = 0.9, R = {(ba,a), (b3,a)}, andS = {(b1,a)}. Thus,a has an attacker and
a supporter of equal strengths, and an additional attagkédote that ifw(a) = 0.2,
thenDeg? (a) = 0.422 meaning that the single supporter is privileged to the two at
tackers. However, ifu(a) = 0.7, Deg3 (a) = 0.477 meaning that attacks are privileged
to support. More generally, we can show thatvifa) > 0.5, thenDeg$ (a) < w(a),
elseDeg (a) > w(a). Choosing which of support and attack should take precedlenc
on the basis of the intrinsic strength of an argument is adamalccounter-intuitive.

QUAD was recently extended to DF-QUAD in [8]. The new senafibcuses also
onacyclic graphsUnlike QUAD, it uses the same function for aggregating sufgrs
and attackers separately. It satisfies Franklin axiom, thueats equally attacks and
supports. It violates Strengthening and Weakening in masef attackers/supporters
of degree 1. However, the semantics avoids the irratiortaier of QUAD.

Proposition 5. — DF-QUAD satisfies Anonymity, Bi-variate Independencediate
Directionality, Bi-variate Equivalence, Stability, Neality, Monotony, Reinforce-
ment, and Franklin.



— DF-QUAD violates Strict Monotony, Strict ReinforcemerdsiRence, Weakening,
and Strengthening.

Both semantics (QUAD and DF-QUAD) suffer fromb#y jump problem. Let us
illustrate the problem with the BAG depicted in Figure 1. 8ltitat the argumend(:) =
0.1, hence its basic strength is very low. This argument is stpddy the very strong
argumentj. According to QUAD and DF-QuADDeg3 (i) = 0.991. Thus, the value
of ¢ makes a big jump from 0.1 to 0.991. The argumehecame even stronger than
its supporter;. There are two issues with such jump: First, the gain is enasrand
not reasonable. Assume thats the argument “Tweety needs fuel, since it flies like
planes” It is hard to accepteven when supported. The supporter may increase slightly
the strength of the argument but does not correct the wroagniges of the argument.
Second, such jump impedes the discrimination of differases wherev(i) > 0.1
since whatever the value af(¢), the overall strength is almost 1.

5 Novel semantics

As shown in the previous sections, no existing semantigsfigst all our 12 axioms
together. The goal of the present section is to handle tkiseisMore precisely, we
construct a new semantics satisfying all axioms, but at &t of a certain degree of
expressivity, i.e., only a subclass of BAGs is considered.

Definition 5 (BAG properties). ABAGA = (A, w, R, S) is acycliciff the following
holds: for any non-empty finite sequenge= (a1, as,...,a,) of elements of4, if
Vie{l1,2,....,n—1}, {(a;,a,41) € RUS, then(a,,a1) ¢ R US. Next,A is non-
maximaliff Va € A, w(a) < 1.

The loss of maximal BAGs is not a big deal. Indeed, few argusare intrinsically
perfect. The probability of false information, errors, egtions, etc., is rarely 0. In
contrast, the loss of cyclic BAGs is annoying. But, we coasithat the class of all
acyclic non-maximal BAGs is expressive enough to deseteaton.

Definition 6 (Restricted semantics)A restricted semantids a functionS transform-
ing any acyclic non-maximal BAG = (A, w, R, S) into a weighting onA.

All notations and axioms for semantics are straightfonlaadiapted to restricted
semantics. Before presenting our semantics, we need tudinte a relation between
arguments based on the longest paths to reach them (mixipgdand attack arrows).

Definition 7 (Well-founded relation). Let A = (A, w, R, S) be an acyclic BAG and
a € A. Apathtoa in A is a non-empty finite sequenge= (a;, as, . .., a,) of elements
of A such thata,, = a andVi € {1,2,...,n — 1}, {a;,a;+1) € R US. We denote by
Rel(A) the well-founded binary relatior on A such thatvz,y € A, z < y iff
max{n | there exists a path te of lengthn} < max{n | there exists a path tg of
lengthn}. SinceA is acyclic, those maximum lengths are well-defined, 8eigA).



We are ready to define tHeuler-based restricted semantid&he general idea is to
take into account supporters and attackers in an expdneit (the Euler's number).
More precisely, the stronger or more-numerous the supottee greater and more-
likely-positive that exponent. Obviously, the inverseriget with the attackers. Then,
the overall strength of an arguments naturally defined as/(a)e”. Finally, we need
certain tweakings (including a double polarity reversaintake our function a restricted
semantics in the first place, and to have it satisfy all ouoies. More formally:

Definition 8 (Euler-based restricted semantics)We denote b¥bs the restricted se-
mantics such that for any acyclic non-maximal BAG= (4, w, R, S), Ebs(A) is the
weightingf on A recursively defined witRe1(A) as follows:Va € A,

_ 2
fla) = ‘%
where
E= > J@- ) [@
z€Supp(a) zEAtt(a)

As an immediate corollary, we have:

Corollary 1. LetA = (4,w,R,S) be an acyclic non-maximal BAG amade A. The
following holds:

1 —w(a)?

Ebs _ _
Dega~(a) =1 1+ w(a)ef

where
E= Z Deg®(z) — Z Deg®(x).
z€Supp(a) zeAtt(a)

Below is an example where most axioms are exemplified. Eviecjeccontains
[argument name]:[intrinsic strength] and beloov§rall strength].

Example 1.The axiom neutrality can be checked wighande, stability with e.g.d,
bivariate monotony withu andb, bivariate reinforcement with and ¢, Imperfection
with 4, Franklin witha, weakening with e.gh, and strengthening with

Theorem 1. Ebs satisfies all our 12 axioms.



Note that being supported by an extremely strong argumezg dot cause a weak
argument to become extremely strong as well, which showtsEtbsadoes not suffer
from the big jump problem. Note thaegi>*(i) = 0.22 and thus the jump is not big.
Note also that by satisfying Weakening and Strengthenhmg,semantics avoids the
irrational behavior of QUAD.

6 Conclusion

The paper presented for the first time axioms that serve akeljués for defining ac-

ceptability semantics in weighted bipolar settings. Ibasalyzed existing semantics
with regard to the axioms. The results revealed that extedsased semantics like
[1-5] fail to satisfy key properties. Furthermore, the rolsupport relation is a bit am-

biguous since in case the attack relation of a BAG is empgyatlyumentation graph
has a single extension containing all the arguments. Thsnsi¢hat supported and
non-supported arguments are all equally acceptable. @rasgmantics defined in [7,
8] satisfy more but not all the axioms. We proposed a novebsdics which satisfies

all the 12 axioms. However, this semantics deals only witfthe graphs. An urgent

future work would be to prove whether the sequence of valuesiirns converges in

case of acyclic graphs. We also plan to investigate additiproperties where attacks
and supports do not have the same importance.
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