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Abstract

Assessing the strength of arguments is essential for deter-
mining the outcomes of any argument-based system. A wide
range of semantics has been proposed in the literature. These
take as input a set of arguments—each assigned a basic
weight and potentially subject to attacks from others—and
compute a single strength value for each argument. Despite
the diversity of argument types (or schemes), existing seman-
tics apply uniform evaluation criteria across all arguments.
In this paper, we advocate for type-dependent evaluations,
acknowledging that the impact of attacks can vary across
types. Given that many argument-based systems involve het-
erogeneous types of arguments, we propose a broad family of
hybrid semantics that combine distinct evaluation strategies,
each tailored to specific argument types. We investigate their
theoretical properties, present concrete instances within this
family, and examine their computational complexity.

Introduction

Argumentation is a powerful approach for addressing vari-
ous reasoning tasks, such as non-monotonic reasoning (e.g.,
(Simari and Loui 1992; Garcia and Simari 2004; Dung 1995;
Prakken and Sartor 1997)) and decision making (e.g., (Bonet
and Geffner 1996; Amgoud, Dimopoulos, and Moraitis
2008; Amgoud and Prade 2009; Baroni et al. 2015)) (see
also (Baroni et al. 2018; Simari et al. 2021) for more ap-
plications). At its core, it involves justifying claims using
arguments—reasons supporting a conclusion—which may
carry an initial weight and can be attacked or supported by
other arguments. Evaluating the strength of arguments —the
level of support an argument provides to its claim—is key to
determining the outcomes of argument-based systems. For
instance, a decision-making system might favor options sup-
ported by the strongest arguments. In the literature, consid-
erable attention has been devoted to formalizing this evalua-
tion process through what are known as semantics.

Existing semantics generally treat arguments as abstract
entities and evaluate them uniformly, regardless of their na-
ture. However, as illustrated in (Walton, Reed, and Macagno
2008), arguments can take various fypes or schemes, such
as causal, analogical, or practical. These types are often
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classified based on the nature of the underlying reason-
ing—deductive, abductive, or inductive. When premises
hold, deductive arguments are generally considered stronger,
as their conclusions follow necessarily from the premises.
In contrast, abductive and inductive arguments yield conclu-
sions that are plausible but not guaranteed. Thus, types sig-
nificantly influence the perceived strength of an argument.
Besides, the impact of attacks can depend on the argument’s
type. For example, a single strong attack may be enough to
invalidate a deductive argument (Dung 1995), while analog-
ical arguments tend to be more robust, requiring multiple
attacks to be effectively disqualified (Amgoud 2020). Sim-
ilarly, practical arguments are often sensitive to the quan-
tity rather than the severity of attacks. Overlooking these
distinctions can result in inaccurate evaluations, leading to
flawed or suboptimal outcomes in systems that incorporate
multiple argument types. The following example, based on
a decision-making problem, illustrates this issue.

Example 1. Consider the following exchange between two
friends deciding where to take their guest, Carla.

p1: Since Carla likes art (ar), let’s go to the museum (mu,);
p1 = {{ar, mu — ar}, mu).

po: Let’s instead embark on a picnic (pi), as she likes fun

(fu) when the weather is not rainy (ra);

p2 = ({-ra, fu,—ra A pi — fu}, pi).

It’s going to rain because the weather is cloudy (cl);

dy = {{cl, cl — ra}, ra).

da: The weather is not cloudy, the sun is shining (su);
dy = ({su, su — —cl}, —cl).

OnOnOR0

The two arguments dy,ds are deductive, while py,ps are
practical and so follow the following general schema:

d1:

(Premise 1.) g is a goal,
(Premise 2.) Choosing option A leads to g (A — g),
(Conclusion.) Therefore, choose A.

Fun and art are two goals of Carla. Assume that Carla
prefers fun to art. Assume also that w(dy) = 0.98, w(dz) =
1.0, w(p1) = 0.7, w(pa) = 1, where w(z) € [0,1] is
the initial weight of x, w(d;) is the certainty degree of the
premises of d; while w(p;) represents the importance degree
of the goal promoted by p;, with i € {1,2}.



Any existing extension semantics would yield a single
extension—{ds, p1, p2 }—for this weighted argument graph
(e.g., (Prakken and Sartor 1997; Amgoud and Vesic 2011)).
Such semantics use the initial weights of arguments solely to
block attacks from weaker sources against stronger targets.

The above evaluation of arguments implies that the two
options, mu and pi, are equally acceptable. However, the
goal pursued in po is more important than that in py. Then,
one would expect the system to recommend pi over mu.

Let us now consider a gradual semantics, such as Mbs
from (Amgoud et al. 2017), which better accounts for initial
weights. This semantics yields the following strength values:
(S(dl) = 0.49, (5((12) = 1, (5(]?1) = 0.7, and (5([)2) = 0.68.
Based on these values, the decision system would recom-
mend mu, since 6(p1) > d(pz2). This outcome remains un-
satisfactory, primarily due to an overestimation of the de-
ductive attacker dy targeting ps. Recall that a deductive
argument is valid only iff all its premises are true. Conse-
quently, the falsification of even a single premise is suffi-
cient to entirely disqualify the argument. In this example,
the premise cl of dy is undermined by ds, rendering it false.
Therefore, 0(dy) should be infinitesimally small, or even
zero. In that case, pa would retain its initial weight, making
pt the optimal decision. However, the gradual semantics Mbs
satisfies a resilience property that prevents any argument x
Sfrom receiving §(x) = 0 unless w(z) = 0. As a result, Mbs
is ill-suited for handling deductive arguments.

This example shows a key insight: extension semantics
tend to produce more appropriate results for deductive ar-
guments, whereas gradual semantics are better suited for
evaluating practical ones. Moreover, as shown in (Amgoud
2020), analogical arguments are best assessed using gradual
semantics that account for all attackers, but with a nuanced,
graded impact. More broadly, different argument types re-
quire different evaluation criteria. To our knowledge, no ex-
isting semantics evaluates arguments differently based on
their type within the same graph. This paper addresses this
gap by introducing the first semantics that explicitly account
for argument types. Focusing on weighted argumentation
graphs—where arguments and attacks are assigned initial
weights— it defines the concept of hybrid semantics that
integrates distinct evaluation strategies, each tailored to spe-
cific argument types. The paper’s contributions are fourfold.

1. Tt introduces a novel principle that provides a foundation
for comparing arguments across different types. Addi-
tionally, it adapts the set of principles introduced in (Am-
goud and Doder 2019) to the context of hybrid semantics.
Most of these principles are type-dependent—meaning
that a given semantics may satisfy a principle for certain
types of arguments while violating it for others.

. It proposes a broad family of hybrid semantics and ana-

lyzes their theoretical properties.

It examines some of its representative instances.

It establishes the computational complexity of some ex-

isting gradual semantics.

The paper is structured as follows. It begins with the
formal setting, followed by the presentation of the prin-
ciples. Next, it introduces the family of hybrid semantics,
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with its instances discussed in a subsequent section. The
final section covers related work and concluding remarks.
Detailed proofs are in (Amgoud, Hanocq, and Lagasquie-
Schiex 2025).

Background

In this paper, we consider typed argumentation graphs,
where nodes represent arguments—each associated with a
type (or scheme) and an initial weight (e.g., reflecting user
preferences). Edges denote attacks (i.e., conflicts) between
arguments, and each edge also carries an initial weight.
Let args denote the set of all possible arguments, and let
types {t1,...,tx} be the non-empty set of possible
types (e.g., the schemes identified in (Walton, Reed, and
Macagno 2008)). The set types is equipped with a fixed
binary relation >, which is a preorder—that is, a reflexive
and transitive relation. For any ¢;,t; € types, the nota-
tion ¢; = t; expresses that type ¢; is at least as robust to
attacks as type t;. We assume that = is total, that is, for all
t;,t; € types, t; = t; ort; = t;. The notation ¢; >~ t;
is a shortcut for ¢; = ¢; and t; ~ t;. For example, if ¢; is
deductive and ¢; is practical, then we may have ¢; >~ t;. We
abstract from the precise specification of >, as this is beyond
our scope. The set types is partitioned into disjoint equiva-
lence classes, types = T U ... U Ty,, where all types in
each T; are equally robust, and are more robust than those
in T, with j < ¢. So, T, contains the most robust types.

Definition 1 (TAF). A typed argumentation framework
(TAF) is a tuple H = (A, t, R, w) such that:

* A C args, A being finite, * t: A— types,

*c RCAXA, ew: AUR — [0,1].
TAF is the set of all typed argumentation frameworks.

Note that an argument may be hybrid, in the sense that it
combines elements from two or more types. This richer form
of argument is left for future work. In this paper, we do not
impose any constraints on the attack relation—for instance,
we do not prohibit attacks from arguments of type ¢ to ar-
guments of type ¢’. Some works (e.g., (Hadidi, Dimopoulos,
and Moraitis 2010)) disallow practical arguments from at-
tacking deductive ones. We assume that such constraints, if
required, are incorporated into the definition of the attack
relation R, as it is commonly done in the literature.
Notations: For H = (A t,R,w) € TAF and a € A,
attg(a) = {b € A | (bya) € R}, ie., the direct at-
tackers of a in H. Let H' = (A, t/,R',w’) € TAF be
such that AN A" = . We defne Ho H' = (AU
At RUR’, w") € TAF such thatVa € A (resp. a € A),
t"(a) = t(a) (resp. t"(a) = t'(a)), and Vo € AU R (resp.
ze A UR), w'(z) =w(x) (resp. w'(z) = w'(x)).

We start by recalling the notion of path in a graph, and
then define an isomorphism between two TAFs.

Definition 2 (Path - Isomorphism). Let H = (A, t, R, w),
H = (A ,t',R',w') € TAF, and a,b € A
* A path from b to a is a finite non-empty sequence
(x1,...,2Tn) of arguments in A such that 1 = b, ©, =
a, and V1 <i <n, (z;,z;41) € R.
 Anisomorphism from H to H' is a bijective function F :
A — A’ such that:



-VaeAt(a) =t'(F(a)) and w(a) = w'(F(a)),
—Vabe A (a,b) € Riff (Fa), F(b) € R,
- V(a,b) € R, w((a, b)) = w'((F(a), F(b))).

A semantics evaluates the strength of arguments in typed
argumentation frameworks. Formally, it is a function that as-
signs to each argument a value from the ordered scale [0, 1],
with higher values indicating stronger arguments.

Definition 3. A semantics is a function S mapping any H =
(A, t,R,w) € TAFto V§; : A — [0,1]. Fora € A, V§(a)
is the strength degree of a in H under S.

Principles

Properties, often referred to as principles, have been pro-
posed in the literature (e.g., (Cayrol and Lagasquie 2005;
Baroni and Giacomin 2007; Amgoud and Ben-Naim 2016;
Bonzon et al. 2016, 2017; Amgoud et al. 2017; Baroni,
Rago, and Toni 2018; Amgoud and Doder 2019)). They
are desirable features that semantics may exhibit. They help
clarify design choices behind semantics, enable formal com-
parisons between semantics, and serve as a guide for select-
ing suitable semantics in practical applications.

We introduce thirteen principles for semantics that ac-
count for argument types. The first twelve are adaptations of
the principles defined in (Amgoud and Doder 2019), while
the thirteenth is a new contribution for which there is no ana-
logue in the literature. We organize the adapted principles
into two groups. The first comprises four type-independent
principles that must hold regardless of the specific type of
each argument. The second group comprises type-dependent
principles—properties that must hold when attention is re-
stricted to arguments of a fixed type. These principles may
be satisfied for one type and violated for another.

Throughout the paper, given any principle P, we say that
a semantics S satisfies t—P if the conditions of P hold when
one considers only arguments of type ¢t € types; S satisfies
P if it satisfies t—P for every ¢ € types.

Let us now introduce the first group. Independence en-
sures that the strength of an argument does not depend on
unrelated arguments; Directionality further requires that in-
fluence between arguments occurs only along directed paths;
Maximality states that every non-attacked argument should
retain its initial weight; Weakening holds that an argument
should lose weight if it receives at least one serious attack.
Independence: VH = (A, t, R, w), H = (A’ t/, R/, w')
€ TAFst. ANA = @, itholds: Va € A, V§(a) =
VEI@H' (a).

Directionality: VH = (A,t,R,w) € TAF, Va,b € A,
VH = (A t/ R',w') e TAF st A’ = At/ =t, R =
RU{(a,b)},Vz € AUR, w'(z) = w(x), itholds: Vx € A,
if there is no path from b to , then V§(z) = V§, ().
Maximality: VH = (A4,t,R,w) € TAF, Va € A, if
attp(a) = 9, then VE (a) = w(a).

Weakening: VH = (A, t,R,w) € TAF,Va € A, if w(a) >
0 and 3b € atty(a) such that V§(b) > 0 and w((b,a)) >
0, then V§(a) < w(a).

The first principle in the second group is Anonymity,
which ensures that the strength assigned to an argument is
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independent of its identity. Equivalence states that an argu-
ment’s strength depends only on its type, initial weight, and
the strengths of its direct attackers. Counting ensures sensi-
tivity to the number of attackers, and Resilience guarantees
that an argument does not lose all of its initial weight, pro-
vided that the latter is positive. In what follows, we assume
a fixed but arbitrary type ¢ € types.

Anonymity: VH = (A t, R, w), H = (4 t//R',w') €
TAF, for any isomorphism F' from H to H’, it holds: V a €
A,V (a) = VE (F(a)).

Example 2. Consider the typed argumentation graph de-
picted below, where w 1, i.e., all arguments and at-

tacks are assigned an initial weight of 1. Assume also that
t( )—tl, ( )—tz, (a1 —t ag —t(bl —t bg)—tg

@@L @)

Observe that the subgraph on the right is not isomorphic to
the left one since a and b have different types. Thus, these
two arguments may get different strength values.

(A, t,R,w) € TAF, Va,b € A, if:

Equivalence: VH =

* t(a) =t(b) =t,
* w(a) =w(b),
* there exists a bijective function F' attg(a) —

attg(b) such that Va € attg(a),
- w((z,a)) =w(F(x),b) and
- Vi(z) = VR(F(2)),
then V§(a) = V§(b).
Counting: VH = (A, t, R, w) € TAF,Va,b € A, if
e t(a) =t(b) =
* w(a) =w(b),
* attp(b) = attp(a) U {z}, withz € A\ attg(a) and:
- Vz € attu(a),w((z,a)) = w((z,b)),
- VE(z) > 0and w((x,b)) > 0,

s V§(a) >0,

then V§ (a) > V(b).
Resilience: VH = (A, t,R,w) € TAF, Ya € A such that
t(a) =t, Vi (a) > 0 whenever w(a) > 0.

Four additional principles belong to the second group;
their definitions are deferred to (Amgoud, Hanocq, and
Lagasquie-Schiex 2025) for reasons of space: Neutrality
states that worthless attacks have no impact on their tar-
gets; Proportionality asserts that the strength of an argument
is sensitive to its initial weight; Reinforcement ensures that
an argument’s strength reflects the quality of its attackers;
Attack-sensitivity guarantees sensitivity to attacks quality.
Principles of the second group ensure equal treatment of ar-
guments of the same type. But, they do not address how to
compare arguments of different types. To highlight the im-
portance of addressing this gap, consider the next example.

Example 2 (Cont) By Maximality, V(a;) = V(b)) = 1,

Vi € {1,2}. Note that the only distinction between a and
b lies in their types. As a result, the equivalence principle



does not apply in this case. Assume now that a is deductive
and b is practical, hence ty > ti. Thus, one may expect
V(a) < V(b) since b would be more robust to attacks than
a.

Thus we introduce a novel principle—absent from the ex-
isting literature—that explicitly accounts for argument types
when comparing arguments of different kinds. This principle
states that, all else being equal, an argument whose type is
more robust to attacks should be assigned a higher strength
value. Naturally, the principle is applicable only when there
is at least one significant attack, as in the absence of attacks
or in case all attacks are worthless, the Maximality and Neu-
trality principles would yield the same result—namely, the
argument’s initial strength.

Type-Sensitivity: VH = (A, t, R, w) € TAF, Va,b € A, if
e t(a) > t(b),
* w(a) =w(b),
* 3z € attg(a) such that V§(z) > 0 and w((z,a)) > 0,
* there exists a bijective function F attg(a) —
atty(b) such that Vz € atty(a):

w((2,a)) = w((F(2),b)) and V§(2) = VE(F(2))

s V§(a) >0,

then V§(a) > V§(b).
We show that the principles are compatible—that is, they
can all be simultaneously satisfied by a single semantics.

Theorem 1. There exists at least one semantics that satisfies
all the principles.

Hybrid Semantics

Certain types of arguments, such as analogical arguments,
are inherently robust to attacks. In these cases, arguments do
not collapse under attack but may lose strength in a nuanced,
graded manner. Semantics thus should support such grad-
uality. One effective approach is to define semantics using
aggregation functions, as originally proposed in the seminal
work by (Cayrol and Lagasquie 2005) for flat graphs—that
is, graphs without initial weights. In our paper, we consider
three distinct functions, f, g, h, whose roles are as follows: h
aggregates the strength of an attacker with the initial weight
of the corresponding attack; g merges the strengths of all in-
coming attacks; and f combines an argument’s initial weight
with the aggregated strength of its attacks. Tuples of such
functions should satisfy some required constraints—a subset
of those used in (Amgoud and Doder 2019).

Definition 4. A well-behaved evaluation method' is a tuple
M = (f, g, h), where:

e £:]0,1] x [0,400) — [0,1]
+oo

e g: UJI0,1]™ = [0, +00)
n=0

* h:[0,1] x [0,1] — [0,1]

and the following conditions hold.

!The term well-behaved is used in (Leite and Martins 2011;
Amgoud and Doder 2019) for evaluation methods that satisfy other
sets of constraints.

1. a)f(z1,y) > f(x2,y) whenever 1 > x4,
)>f

b) f(y, ;71 (y, x2) whenever 11 < x5 andy # 0,
c)f(z,0) =z,
) £(0,2) = 0,

e) T is continuous in the second variable,
f )\f(:vl,)\xg) < f(l'l,"ﬂQ), VA<, a9 7& 0.

2.a)g() =0,
b) g(l'l, s a‘rn) = g(xh ceey Ty O)r
C) g(xlv cees T, y) < g(‘rlv <oy Ly, Z) Whe”every <z
d) g is commutative, ie, g(r1,...,Ty) =
g(Ty(1),--->Tpny), for any permutation p of the

set {1,...,n};
e) g is continuous.
3. a)h(0,z) = h(z,0) =0,
b) h(z,y) > 0 whenever xy > 0,
c) h is non-decreasing in both variables,
d) h is continuous in the second variable.
4. g(h(yh )\xl)7 RS h(yn7 )\xn)) > )\g(h(yh 1'1)7 cee
h(yn,z,)), YA €0, 1].
M is the set of all possible well-behaved evaluation methods,
F (respectively G and H) is the set of all functions f (resp.
g, h) that satisfy the above corresponding conditions.

Table 1 presents examples of functions that satisfy the
above constraints. They form well-behaved tuples.

Proposition 1. Let M = (f, g, h) be a tuple such that h €
{hprod7 hprod,aa hmin}~
* Iff S {ffrac7 ffrac,a} and g € {gsumvgsum,a7gmax}) then
M € M.
o Iff =foyp and g = graw, then M € ML

Evaluation methods form the foundation of semantics, as
they determine the properties that a semantics can exhibit.
Thus, certain methods may be well-suited to specific types
of arguments, while others may not. For instance, in ana-
logical arguments, each individual attacker affects its tar-
get (Amgoud 2020), rendering the function gy, unsuitable.
We now introduce a broad family of semantics, which com-
bine multiple evaluation methods tailored to argument types.
Since a semantics should be capable of evaluating argu-
ments in any typed graph—including those that involve all k
types—we assume that one evaluation method is associated
with each argument type. To ensure generality, types may
nonetheless be evaluated using distinct or the same methods.
Definition 5. Let types = {t1,...,tx}, My,..., My €
M, with M;—; .. x = (fi,g,h;). A semantics based
on (My,...,My) is a function S mapping any H =
(A, t,R,w) € TAF into V5 : A — [0, 1] such thatVa € A,

f; (w(a), gi (hi (w(al, a), V%(aﬂ), ce

Vii(a) =
h, (w(an, a), V%(a,ﬁ)))
where t(a) = t; and {a1,...,a,} = attg(a). S is called
base semantics if M1 = - -- = My, otherwise, it is hybrid.

The idea is to associate each type ¢; with an evaluation
method M;, and to assess all arguments of type ¢; using M,.
Let us illustrate the approach with an example.



f | g

[ h

ffrac(xla zQ) - 1_7_7;2

n
Csun(T1,. .., Tn) = Y T4
=1

hprod(m, 1‘2) = T1x2

n

frrac,a(21,22) = 1+$le2’ a>0 | Bsuma(T1,..-,2n) = (Z(mi)“)i, a >0 | hyrog,a(z1,22) = 2§22, > 0
i=1

fexp(xlaxQ) :1'1€7z2 gmax(xla"'axn) :max{xl,...,zn} hmin(xlaxZ) :min(xlax2)

Table 1: Examples of functions f, g, h.

Example 1 (Cont) Assume that types = {t1,t2,t3},

t(di) =t(d2) =11 t(p1) = t(p2) = to.
A semantics S should be based on three evaluation meth-
ods: (My, My, M3), with Mic(1 03y = (fi,8i,h;) being
associated to the type t;. S evaluates the arguments d;, ds
by M and p1, ps by Ms. We get the following equations.

* Vii(da) = f1(w(dz),g1()) = w(da) = 1

* VE(p1) = f2(w(p1), 82()) = w(p1) = 0.7

* Vii(dh) = fi(w(d1), g1((hy(w((d, dr)), VEi(da))))

* VEi(p2) = fa(w(p2), g2 ((ha(w((d1, p2)), Vi (d1))))
Note that V5 (d2) = w(dz) and VE(p1) = w(p1), since

from the condition 2.a) in Definition 4, g1() = g2() = 0 and
Sfrom the condition 1.c), f;(x,0) = z, for any f;. Moreover,
in this example, M3 will not be invoked since there is no
argument of type ts in the typed argumentation framework.

Notations: Let Sem = HSem U BSem denote the set of all

semantics formed from M, where HSem is the set of hybrid

semantics and BSem the set of base semantics, i.e., BSem =

{S is a semantics based on (M, ..., M) | M € M}.
————

k
Remarks: Base semantics ignore argument types and eval-

uate arguments in a uniform manner. They therefore apply

to weighted argumentation graphs of the form (A, R, w),

which have been discussed in (Egilmez, Martins, and Leite

2013; Amgoud and Doder 2019). Indeed, for any semantics

S based on (M, ..., M) with M = (f, g, h), forany H =
———

K
(A, t,R,w) € TAF, a € A, {a1,...,a,} = attu(a),

f(w(a),g(h(w(al,a),VIS{(al)>, cel

h(w(an,a),V%(an))>>.

Table 2 presents examples of base semantics, among which
eHbs, eMbs, and Ebs were introduced in (Amgoud and Do-
der 2019). Our setting generalizes that work by subsuming
its base semantics and introduces new ones, such as the
parameterized semantics pHbs and many others that rely
on functions h which violate the constraint h(1,z) = =
imposed in that paper. An example of such function is hy,,
where hyax (2, y) = max(z,y).

Vii(a) =

As illustrated by the example, evaluating arguments
amounts to solving a system of equations—one per argu-
ment. This raises two natural questions: does a solution ex-
ist, and is it unique? The following theorem answers both
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in the affirmative. Uniqueness is equivalent to the follow-
ing property: if two semantics are based on the same well-
behaved evaluation methods, then they coincide. This result
guarantees that all semantics in the set Sem are well-defined.

Theorem 2. Let types = {t1,...,tx}, S € Sem with S be-
ing based on (My, ..., My), and H = (A, t, R, w) € TAF.
For every a € A with t(a) = t;, M; = (f;,g;,h;)

and attg(a) = {ai,...,a,}, we define the sequence
(u(a)™)*° in the following way :

e u(a)® =w(a)
e u(a)mth) =f; (w(a),gi <hi (W(al,a),u(al)(m)),

.., h; (w(an,a), u(an)(m))>>

—+oo

m=1

For every a € A, (u(a)™)

i (m)
o, BT

converges and V$;(a)

The set Sem is non-empty since it includes semantics con-
structed from the well-behaved function combinations iden-
tified in Proposition 1 from Table 1.

Proposition 2. Let S be a semantics based on a tuple
(My,...,My) such that every M; is a well-behaved tuple
in Proposition 1. It holds that S € Sem.

The following result shows that the strength of any argu-
ment is bounded by its initial weight, irrespective of its type.

Theorem 3. Let S € Semand H = (A, t,R,w) € TAF.
For every a € A, V§(a) € [0,w(a)).
Before analyzing the new semantics, we introduce three

relations that order the functions in F, G, and H according
to their level of generosity, from most to least generous.

Definition 6. We define =y (resp. =4, =) as a preorder on
F (resp. G, H), s.t. Vf1,f; € F, Vg1,82 € G, Vhy,hy € H,
o f1 = £ iff Vo, y such that xy > 0, f1(z,y) > f2(x, ).
* 81 >y 8 iffVa1,. ..,z €[0,1] such that 3i, j € [1,n),
Z; # 5, gl(l’l, e ,.Tn) > gg(l’l, . ,:cn).
* hy >4, hy iffVa,y € [0,1] such that zy > 0, hy (z,y) >
hZ(xv y)
Let us now introduce some additional properties for func-
tions g and h.

“+o0

Definition 7. Letg : | [0,1]" — [0, +00) and h : [0, 1] x
n=0

[0,1] — [0,1].



VeHbs a) = w(a) VeMbs a) = w(a)
e 1+ & ma(w((bi0). Vi (e) L) v mave i (wi(bs,0), VP (00)
—  max W((bi,a))xvgs(bi)
Vprs a) = w(a) ,a € 1,400 VES () = w(a)e Ci@)ER
m (@) 1+a(b_z;enmin(w((bi,a)),vPHHbS(bi)) [ [ H(@) (a)

Table 2: Examples of base semantics (for eHbs, pHbs and eMbs, h = h,jy,, and for Ebs, h = hyreq).

-axn7y) >

e g is strictly increasing iff g(xy,..
g(x1,...,xn, 2) whenevery > z.

* his strictly increasing in the first variable iff h(z1,y) >
h(xy,y) whenever 1 > xo and y # 0.

* h is strictly increasing in the second variable iff

h(y,z1) > h(y, x2) whenever x1 > x5 and y # 0.

The next result evaluates the newly introduced semantics
against the thirteen principles presented in the previous sec-
tion. It shows that all semantics satisfy nine of these princi-
ples unconditionally for all types. The remaining four prin-
ciples are satisfied under certain constraints on the evalua-
tion methods employed by the semantics. For instance, type-
sensitivity is ensured when the semantics uses identical ag-
gregation functions g and h, along with more generous func-
tions f for argument types that are considered more robust.

Theorem 4. Let types = {t1,...,tk}, S € Sem such that

S is based on (M, ..., My).

S satisfies independence, directionality, maximality and

weakening, anonymity, equivalence, neutrality, propor-

tionality, and resilience.

If S € BSem, then S violates type-sensitivity.

If S € HSem, then S satisfies type-sensitivity if Vt;, t; €

types s.t. t; = t;, one of the following conditions holds:

- f; =t fj, gi = 8j» and h; = hj.

-1, =158 >-g i andhi = hj.

- f, =1, g, = g; with g; being strictly increasing, and
hj = h;.

If for any M; g; is strictly increasing, then:

— S satisfies t;-counting.

— Iffor any M; h; is strictly increasing in the first vari-
able, then S satisfies t;-attack-sensitivity.

— If for any M; h; is strictly increasing in the second
variable, then S satisfies t;-reinforcement.

The above results are general, as they abstract from aggre-
gation functions. In what follows, we investigate the proper-
ties of semantics that are grounded on the functions of Ta-
ble 1. Recall that the set of types is partitioned into m equiv-
alence classes, T, ..., Ty, where Ty, > ... = Tj.

Theorem 5. Let types = {t1,...,tk} = T1U...U Ty,
F = {ffracyffrac,ayfexp}’ G = {gsu.m7gsum,a7gmax} and
H = {hprod, hprod,as hpin}. Let S be a semantics based on
(Ml, ey Mk) such that ¥i € [].,k], M; = (fi,gi, hz),
f,e F,g, € G, andh; € H.

e S satisfies independence, directionality, maximality,

weakening, anonymity, equivalence, neutrality, propor-
tionality, and resilience.
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* If S € BSem, then S violates type-sensitivity.
® Ifgz S {gsumvgsum,a}’ then:

— S satisfies t;-counting (t; is the type associated to M;).

- If h; € {bhproq,hproan}, then S satisfies t;-

reinforcement and t;-attack-sensitivity.
* S satisfies type-sensitivity if the following hold:

-Vie [1, m], Vi, e T, £, = ffrac7al, with o > 0,

- Q1 > ...> Qm,

- Vi,j€[l,k], g =g;jandh; = h,.

The above result illustrates a case where type-sensitivity
is satisfied—namely, when only the function f varies across
types. A natural question arises: would a semantics based
on My = (f, gpax, h) and My = (f, gsun, h) also satisfy
the principle? The answer is negative due to the equality
Znax (T) = sun (). As a result, arguments with a single at-
tacker receive the same valuation regardless of their type,
thereby violating type-sensitivity.

Instances of the family

Theorem 5 wunveils hybrid semantics—instances of
HSem—that satisfy all thirteen principles. Each such seman-
tics is defined by evaluation methods that share a common
aggregation function h from the set {hyrea, hproa,n} and
a common function g € {8sun, 8sun,o}- Additionally, it
employs m distinct functions ferac o, - - - » frrac,a.,» ONE for
each equivalence class of argument types, where the pa-
rameters satisfy the inequalities a3 > -+ > ., and m is
the number of equivalence classes (types = T U...UTy,).
In this setup, all types within the same equivalence class
are evaluated using the same evaluation method, while
more robust types are assigned less generous evaluation
functions f. Below a schematic summary of these semantics.

Tm - - T,
tmysetmy tig,etiy,
<ffrac,am7g7 h> <ffrac,a17g7 h>
m < < a1

To sum up, such semantics use m distinct evaluation meth-
ods and every argument whose type belongs to the equiv-
alence class T is evaluated using M; = (ferac.a;,8,h).
In what follows, we discuss an example of such semantics,
called THbs, and that is grounded on ferac o, sun, and hyroq.

Definition 8 (THbs). Let types = T; U...UT,,, H =
(A, t,R,w) € TAF, and a € A.
w(a)

w((b,a))VE3(b)’

VTHbs —
u (a) T+a

)y

beatty(a)



where t(a) € T, o4 m
S wi(ba) VER(b) = 0 i attr(a)

beatty(a)

Note that if t(a) € Tp, then oy, = 1, if t(a) € Tp_1,

then am—1 = 2, and if t(a) € Ty, then ;7 = m. We now

illustrate the semantics using the running example.

Example 1 (Cont) Recall that types = {t1,ta,t3}. Let:
T3 = {tQ} b T2 = {ts} - T1 = {tl}

Note that a; = 3, ag = 2, and a3 = 1. Recall that t(d;) =

t(dz2) = t1 and t(p1) = t(p2) = ta.

* Vi (dz) = w(ds) = 1,
s VI (p1) = w(p1) = 0.7

i + 1, and
= .

(p1)
. s — w(d1) _ 098 __
V}}{b (dl) T THaiw((ds,d))VE=(dz) — T+3x1 0.24
. s _ w(p2) — 1 —
ng (pQ) B 1+03W((d1,522))VTH“"5(d1) — 1+1x0.245 —
0.8.

Note that V35S (p2) > VEPE(py).

The example demonstrates that the hybrid semantics THbs
produces the expected outcome—namely, recommending
picnic (p2) over museum (mu). This underscores the crucial
role of argument types in argument-based reasoning.
Example 2 (Cont) Assume that types = {t1,1t2,t3}, T3 =
{tz} =Ty = {tg} - T = {tl} So, a1 = 3, ag = 2 and
ag = 1. Recall that t(a) = t1, t(b) = to, t(a1) = t(az) =
t(by) = t(ba) = ta.

* Vi™(a1) = Vi™(az) = V(b)) = VE™=(b2) = L.

. s _ w(a) _ 1 o
ng (a) = 1T4a, w((a,,a) VB (a;) — 1+3x2 0.14.
i=1,2
. S — w(b) — 1 _
V'{_Iilb (b) - 1+as3 W((bi,b))vgbs(bi) - 1+2 — 033

i=1,2

Note that even if the arguments a and b have the same ini-
tial weights and are targeted by equally strong attacks, the
effects of those attacks differ due to the types of the argu-
ments: the type t(b) is more robust to attacks than t(a).

Theorem 6. The semantics THbs satisfies all the principles.

Hybrid semantics in the set Sem are grounded in base se-
mantics such as eHbs, pHbs, eMbs, and Ebs. In what fol-
lows, we analyze the worst-case complexity of computing
these semantics. The convergence result (Theorem 2) pro-
vides a simple iterative algorithm to perform this computa-
tion. It also guarantees the existence of an upper bound B on
the number of iterations required, where B depends on the
functions f, g, and h, as well as the target precision .

Theorem 7. Let H = (A, t,R,w) € TAF s.t N = |A],
S € {eHbs, pHbs, eMbs,Ebs}, B the bound of the num-
ber of iterations used in the computation of S over H. The
complexity in the worst case of the computation of S is
O(B x N?).2

The bound B is an unknown parameter that cannot be de-
termined in general, as it depends on various factors, includ-
ing the topology of the graph.

20 is the standard Landau notation commonly used in algorith-
mic complexity theory (see (Cormen, Leiserson, and Rivest 1990)).
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Related Work and Summary

We introduced hybrid semantics, which integrate multiple
evaluation strategies tailored to different types of arguments.
We proposed a broad family of semantics, some of which
satisfy all the principles, including type-sensitivity. To our
knowledge, no existing work in the literature has explored
the integration of types into the evaluation of argument
strength. This paper offers the first contribution in that direc-
tion. However, the combination of semantics has been tack-
led in two prior works, albeit for different purposes.

In (Bonzon et al. 2018), the authors advocate for maxi-
mizing the comparability of arguments with respect to their
strength. To achieve this, they apply separately both a grad-
ual semantics and an extension-based semantics to the same
argumentation framework. They use the ranking induced by
one semantics as a basis and resolve ties using the rank-
ing provided by the other. However, this approach does not
address the central problem raised in our work, as it disre-
gards argument types. For instance, in Example 1, apply-
ing Hbs yields the ranking: dy > p; > p2 > dj. Since
no ties arise, a second semantics is unnecessary. Neverthe-
less, as discussed in the introduction, this result is unsatis-
factory because it evaluates both types of arguments using
the same criteria. In Example 2, Hbs produces the scores:
d(a) = 4(b) % implying that a and b are equally strong.
Moreover, the grounded extension is {ay, as, b1, by }, mean-
ing that both a and b are rejected and therefore equally weak
under grounded semantics. Hence, this approach fails to re-
solve the tie. In contrast, our hybrid semantics fully integrate
different evaluation methods in a type-sensitive manner. In
Example 2, this results in d(a) < d(b), as the type of b is
more resilient to attacks than the type of a.

The closest related work is the recent study by (Amgoud,
Doder, and Lagasquie-Schiex 2024) on gradual semantics
for higher-order attacks. That paper proposes semantics that
evaluate both arguments and attacks, some semantics treat
them differently, but do not incorporate types. Our approach
builds on a similar principle of nesting distinct evaluation
functions within a unified semantics, while extending it to
account for multiple argument types.

It enables a more nuanced assessment of arguments,
which is particularly crucial in contexts where different
types of arguments interact. For example, decision sys-
tems such as those proposed in (Amgoud, Dimopoulos, and
Moraitis 2008; Hadidi, Dimopoulos, and Moraitis 2010; Di-
mopoulos, Mailly, and Moraitis 2019) distinguish between
two main types of arguments: deductive (or epistemic) argu-
ments and practical arguments. However, both are evaluated
using extension semantics, which, as illustrated in our run-
ning example, can lead to counter-intuitive outcomes.

In our setting, we assume a fixed total preorder over types.
While this assumption is motivated by well-established
comparisons, a fully specified ordering remains an open is-
sue. As part of our future work, we aim to derive such a pre-
order through a theoretical analysis of the argument schemes
presented in (Walton, Reed, and Macagno 2008).
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