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Abstract
In the current paper, we re-examine the connection betwestireet argumentation and assumption-based

argumentation. Although these are often claimed to be atgrit, we observe that there exist well-studied
admissibility-based semantics (semi-stable and eagegrumhich equivalence does not hold.

1 Introduction

The 1990s saw some of the foundational work in argument#tieary. This includes the work of Simari
and Loui [16] that later evolved into Defeasible Logic Pragming (DeLP) [12] as well as the ground-
breaking work of Vreeswijk [19] whose way of constructinggaments has subsequently been applied in
the various versions of the ASPIC formalism [5, 15, 14]. Tvapmpaches, however, stand out for their
ability to model a wide range of existing formalisms for n@onotonic inference. First of all, there is the
abstract argumentation approach of Dung [10], which is shimbe able to model formalisms like Default
Logic, logic programming under stable and well-founded sie@mantics [10], as well as Nute’s Defeasible
Logic [13] and logic programming under the 3-valued stabtelal semantics [20]. Secondly, there is the
assumption-based argumentation approach of Bondarenkyy,Xowalski and Toni [2], which is shown
to model formalisms like Default Logic, logic programmingder stable model semantics, auto epistemic
logic and circumscription [2].

One of the essential differences between these two apprséthat abstract argumentationis argument-
based. One uses the information in the knowledge base tdraoharguments and to examine how these
arguments attack each other. Semantics is then defined omesbking argumentation framework (the
directed graph in which the nodes represent arguments andrtbws represent the attack relation). In
assumption-based argumentation, on the other hand, sesentlefined based not on arguments but on
sets of assumptions that attack each other based on thsib@isferences.

One claim that occurs several times in the literature is #istract argumentation and assumption-
based argumentation are somehow equivalent. That is, ttteroe (in terms of conclusions) of abstract
argumentation would be the same as the outcome of assumgaaed argumentation [9, 15]. In the current
paper, we argue that although this equivalence does holdrgnthesemantics, it definitely does not hold
undereverysemantics. In particular, we show that under two well-kn@md well-studied admissibility-
based semantics (semi-stable [18, 3, 6] and eager [4, 1tHEldutcome of assumption-based argumentation
is fundamentally different from the outcome of abstractuangntation.

2 Preliminaries

Over the years, different versions of the assumption-baggdnentation framework have become available
[2, 8, 9] and these versions use slightly different ways cfctibing formal detail. For current purposes,



we apply the formalization described in [9] which not onlythe most recent, but is also relatively easy to
explain.

Definition 1 ([9]). Given a deductive systefi, R) whereL is alogical language an® is a set of inference
rules on this language, and a set of assumptidns £, anargumenfor ¢ € £ (the conclusionor claim)
supported bys C A is a tree with nodes labelled by formulasdnor by the special symbadl such that:
e theroot is labelled:
o for every nodeV
— if N is a leaf thenV is labelled either by an assumption or By

— if N is not a leaf and is the label of N, then there exists an inference rule«— bq,...,b,,
(m > 0) and eitherm = 0 and the child ofV is labelled byT, orm > 0 and N hasm children,
labelled byb,, .. ., b, respectively

e Sis the set of all assumptions labelling the leaves

We say that a set of assumptioAsms C A enables the construction of an arguménpr alternatively,
that A can be constructed based.dnms) if A is supported by a subset dfsms.

Definition 2 ([9]). An ABA framework is a tupléZ, R, .A,”) where:
e (L,R) is a deductive system
e A C Lis a(non-empty) set, whose elements are referred to as apsisuns
e ~is a total mapping fronK into £, wherea is called the contrary o

For current purposes, we restrict ourselves to ABA-franresdhat areflat [2], meaning that no as-
sumption is the head of an inference rule. Furthermore, WeW¥d9] in that each assumption has a unique
contrary.

We are now ready to define the various abstract argumentsgimrantics (in the context of an ABA-
framework). We say that an argumefit attacksan argument, iff the conclusion ofA; is the contrary
of an assumption iM,. Also, if Args is a set of arguments, then we writergs™ for { A | there exists an
argument indrgs that attacksd }. We say that a set of argumentsys is conflict-freeiff ArgsN.Args™ = 0.
We say that a set of argumemdsys defendsaan argument! iff each argument that attaclksis attacked by
an argument indrgs.

Definition 3. Let(L, R, .A,”) be an ABA framework, and letr be the associated set of arguments. We say

that Args C Aris:

a complete argument extensidh.Args is conflict-free anddrgs = {A € Ar | Args defendsA}

a grounded argument extensithit is the minimal complete argument extension

a preferred argument extensidhit is a maximal complete argument extension

a semi-stable argument extensidfit is a complete argument extension where

Args U Args™ is maximal among all complete argument extensions

e astable argument extensidfhit is a complete argument extension where
Args U Args™ = Ar

e anideal argument extensiaff it is the maximal complete argument extension that istzioied in
each preferred argument extension

e an eager argument extensidffiit is the maximal complete argument extension that istzioed in
each semi-stable argument extension

It should be noticed that the grounded argument extensioniggie, just like the ideal argument exten-
sion and the eager argument extension are unique [4]. Alsoy stable argument extension is a semi-stable
argument extension, and every semi-stable argument éxteissa preferred argument extension [3]. Fur-
thermore, if there exists at least one stable argument gixterthen every semi-stable argument extension
is a stable argument extension [3]. It also holds that thempled argument extension is a subset of the ideal
argument extension, which in its turn is a subset of the eaigemment extension [4].

The next step is to describe the various ABA semantics. Taesdefined not in terms of sets of argu-
ments (as is the case for abstract argumentation) but irstefreets of assumptions. A set of assumptions



Asmsy is said toattackan assumption iff Asms; enables the construction of an argument for conclusion
a@. A set of assumptionglsms; is said to attack a set of assumptiosms, iff Asms; attacks some as-
sumptiona € Asmss. Also, if Asms is a set of assumptions, then we wridems™ for {a € A | Asms
attacksw}. We say that a set of assumptiadsms is conflict-freeiff Asms N Asms™ = (). We say that a
set of assumptiondefendsan assumption: iff each set of assumptions that attackis attacked byAdsms.

Apart from the ABA-semantics defined in [8], we also define isstable and eager semantics in the
context of ABA?

Definition 4. Let(L, R, .A,”) be an ABA framework, and letsms C A. We say thatdsms is:

e acomplete assumption extensiifindsms N Asms™ = ) and. Asms = {a | Asms defendsy}

e agrounded assumption extensiffrit is the minimal complete assumption extension

e apreferred assumption extensiifiit is a maximal complete assumption extension

e asemi-stable assumption extensitint is a complete assumption extension where
Asms U Asms™ is maximal among all complete assumption extensions

e astable assumption extensidhit is a complete assumption extension where
Asms U AsmsT = A

e anideal assumption extensidfit is the maximal complete assumption extension thabigained in
each preferred assumption extension

e an eager assumption extensiihit is the maximal complete assumption extension thabrgained
in each semi-stable assumption extension

It should be noticed that the grounded assumption extensianique, just like the ideal assumption
extension and the eager assumption extension are uniquem, Avery stable assumption extension is a
semi-stable assumption extension, and every semi-stablargtion extension is a preferred assumption
extension. Furthermore, if there exists at least one stagdemption extension, then every semi-stable
assumption extension is a stable assumption extensiosolhalds that the grounded assumption extension
is a subset of the ideal assumption extension, which iniitsitua subset of the eager assumption extension.
Formal proofs are provided in the [7]. For now, we observe ihdahe context of ABA, semi-stable and
eager semantics are well-defined and have properties thaimailar to their abstract argumentation variants
(as described in [3, 4]).

3 Equivalence and Inequivalence

As can be observed from Definition 4 and Definition 3, the waguagption-based argumentation works is
very similar to the way abstract argumentation works. In,fdxere is a clear correspondence between these
approaches, that allows one to convert ABA-extensionsstratt argumentation extensions, and vice versa.

Definition 5. Let (£,R,.A,”) be an ABA framework, and letr be the set of all arguments that can be
constructed using this ABA framework.
e We definalsms2Args : 24 — 247 to be a function such thatsms2Args(Asms) = {A € Ar | A
can be constructed based gtyms}
e We defineirgs2Asms : 247 — 24 to be a function such thatrgs2Asms(Args) = {a € A | ais an
assumption occurring in ad € Args}

Theorem 6([8]). Let(L, R, .A,”) be an ABA framework, and letr be the set of all arguments that can be
constructed using this ABA framework.
1. If Asms C Ais a complete assumption extension, thems2Args(.Asms) is a complete argument
extension, and iidrgs C Ar is a complete argument extension, thegs2Asms(Args) is a complete
assumption extension.

1please notice that our definitions are slightly differemnirthe ones in [8] (as we define all semantics in terms of cample
extensions) but equivalence is proved in [7].



2. If Asms C Ais the grounded assumption extension, thens2Args(.Asms) is the grounded argu-
ment extension, and.drgs C Ar is the grounded argument extension, tAegs2Asms(.Args) is the
grounded assumption extension.

3. If Asms C Ais a preferred assumption extension, thems2Args(Asms) is a preferred argument
extension, and iflrgs C Ar is a preferred argument extension, thefgs2Asms(Args) is a preferred
assumption extension.

4. If Asms C A is the ideal assumption extension, thesms2Args(.Asms) is the ideal argument
extension, and ifArgs C Ar is the ideal argument extension, thengs2Asms(.Args) is the ideal
assumption extension.

5. If Asms C A is a stable assumption extension, thems2Args(Asms) is a stable argument exten-
sion, and ifArgs C Ar is a stable argument extension, thefgs2Asms(Args) is a stable assumption
extension.

Proof. Points 2 and 4 have been proved in [8], and point 5 has beeregino17, Theorem 1,s0 we only

need to prove points 1 and 3.

1, first conjunct: Let.Asms C A be a complete assumption extension and4defs= Asms2Args(Asms).

The fact thatdsms is conflict-free (that isdsms N Asms*™ = ()) means one cannot construct an
argument based adsms that attacks any assumption.isms.® Therefore, one cannot construct an
argument based oA sms that attacks any argument based.dsms. Hence,Args is conflict-free
(thatis, Args N Argst = ().

The fact thatdsms defends itself means thatsms defends each assumptionityms. Hence, Asms
defends each argument based4wns (each argumentipirgs). That is,Args defends itself.

The fact that each assumption defended4yns is in Asms means that each argument whose as-
sumptions are defended bsms is in Args. Hence, each argument defendedAwys is in Args.
Altogether, we have observed thdtygs is conflict-free and contains precisely the arguments it de-
fends. That is, Args is a complete argument extension.

1, second conjunct: Let Args C Ar be a complete argument extension and4etns = Args2Asms(.Args).
Supposedsms is not conflict-free. Then it is possible to construct an angat based o sms (say
A) whose conclusion is the contrary of an assumptiomlims. A cannot be an element ofrgs
(otherwiseArgs would not be conflict-free). From the thus obtained fact tha¢ Args, together
with the fact thatdrgs is a complete argument extension, it follows tiays does not defend. But
this is impossible, becausérgs does defend all assumptions.n Contradiction. Thereforedsms
is conflict-free.

The fact thatdrgs defends itself means that evefye Args is defended byAdrgs, which implies that
every assumption occurring iArgs is defended bydrgs, so everyn € Asms is defended bydsms.
Hence,4sms defends itself.

The final thing to be shown is thatsms contains every assumption it defends. Suppdse:s de-
fendsa € A. This means that for each arguméhwith conclusiori, Asms enables the construction
of an argument’ that attacks3. The fact that all assumptionsdnare found in arguments fromdrgs
means tha€’ is defended bydrgs (this is becauselrgs defends all its arguments). The fact thtys

is a complete argument extension then implies that Args. This means thatlrgs defends the ar-
gument (sayA) consisting of the single assumptianHence A € Args, soa € Asms.

Altogether, we have observed thdtms is conflict-free and contains precisely the assumptions it
defends. That isdsms is a complete assumption extension.

3, first conjunct: Let.4sms C A be a preferred assumption extension andllets = Asms2Args(Asms).
From point 1, it then follows thatdrgs is a complete assumption extension. Suppose, towards a
contradiction, thaidrgs is not amaximalcomplete argument extension. Then there exists a complete
argument extensioglrgs’ 2 Args. Let Asms’ = Args2Asms(Args’). It then holds thatdsms’ D

2please note that our definition of ideal and stable semaistlightly different than in [8, 17] but equivalence is peovin [7].

3We abuse terminology a bit and say that arguméattacks assumption iff the conclusion ofA is @. Similarly, we say that a set
of assumptionsdsms defends an argument iff it defends each assumption i#h, and we say that a set of argumentsgs defends
an assumptiow iff for each argumenB with conclusiona, there is an argumeidt € Args that attacksB.



Asms. Moreover, from point 1 it follows thatlsms’ is a complete assumption extension. But this
would mean thad sms is not amaximalcomplete assumption extension. Contradiction.

3, second conjunct: Let Args C Ar be a complete argument extension anddeins = Args2Asms(Args).
From point 1, it then follows tha#lsms is a complete assumption extension. Suppose, towards a
contradiction, thafdsms is hot amaximalcomplete assumption extension. Then there exists a com-
plete assumption extensiofisms’ 2 Asms. Let Args’ = Asms2Args(Asms’). It then holds that
Args’ 2 Args. Moreover, from point 1 it follows thatlrgs’ is a complete argument extension. But
this would mean thatlrgs is not amaximalcomplete argument extension. Contradiction.

O

Proposition 1. When restricted to complete assumption extensions andletarggument extensions, the
functionsAsms2Args andArgs2Asms become bijections and each other’s inverses.

Proof. Let Asms be a complete assumption extension and4ejs be a complete argument extension. It
suffices to prove thatrgs2Asms(Asms2Args(Asms)) = Asms and thatisms2Args(Args2Asms(Args)) =
Args.

1. Supposex € Asms. Then there exists an argumentdne Asms2Args(Asms) consisting of a single
assumptiony. Thereforen € Args2Asms(Asms2Args(Asms)).

2. Supposer ¢ Asms (assume without loss of generality thatc .A). Then there exists no argument
in Asms2Args(Asms) that containgy. Thereforep ¢ Args2Asms (Asms2Args(Asms)).

3. Supposed € Args. Then all assumptions used iwill be in Args2Asms(Args). This means that
A can be constructed based rgs2Asms(Args). Therefore A € Asms2Args(Args2Asms(Args)).

4. Supposed ¢ Args (assume without loss of generality thdt € Ar). The fact thatArgs is a
complete argument extension implies thhts not defended bydrgs. Therefore, there exists an
argumentB € Ar that attacksA, such thatAdrgs contains noC' that attacksB. Assume, with-
out loss of generality, thaB attacksA by having a conclusiors, wherej is an assumption used
in A. ThenArgs cannot contain any argument that uses assumgtigotherwise, this argument
would not be defended againBt so.Args would not be a complete arguments extension). There-
fore, 8 ¢ Args2Asms(Args). This means thal cannot be constructed basedgs2Asms(Args).
Therefore A ¢ Asms2Args(Args2Asms(Args))

o

From Proposition 1, together with Theorem 6 and the factaéhah preferred, grounded, stable, or ideal
extension is also a complete extension, it follows that uedenplete, grounded, preferred, stable or ideal
semantics, argument extensions and assumption extergmpnae-to-one related.

The above results might cause one to believe that similarghons can also be made for other seman-
tics. Unfortunately, this is not always the case.

Theorem 7. Let (£, R, A,”) be an ABA framework, and letr be the set of all arguments that can be
constructed using this ABA framework.
1. Itisnotthe case thatifdsms C A is a semi-stable assumption extension, then
Asms2Args(Asms) is a semi-stable argument extension, and it is not the caséftillrgs C Aris a
semi-stable argument extension, thegs2Asms(Args) is a semi-stable assumption extension.
2. Itisnotthe case that ifdsms C A is an eager assumption extension, then
Asms2Args(Asms) is an eager argument extension, and it is not the case thdigé C Ar is an
eager argument extension, thefgs2Asms(Args) is an eager assumption extension.

Proof. Let Fe.1 = (£, R, .A,") be an ABA framework withC = {a,b,c,e,a, 3,7,¢}, A = {a, 8,7, ¢},
a=a,pB=b75=ce=eandR = {ry,rqy,r3, 14,75} as follows:

ri:oCc ro: a<+f rg: b+« T4l C Y, r5: e+ €

The following arguments can be constructed from this ABArfeavork.
e A, using the single rule;, with conclusiorc and supported by}



As, using the single rule;, with conclusioru and supported by3}

As, using the single rules, with conclusiorb and supported bya}

Ay, using the single ruley, with conclusiorc and supported by, o}

As, using the single rules, with conclusiore and supported bye, 5}

A, Ag, A, and A, consisting of a single assumption 3, v ande, respectively.
These arguments, as well as their attack relation, are shofigure 1.

s

Figure 1: The argumentation framewaodl.,.; associated with ABA framework,, ;.

The complete argument extensions Af.,; are Args; = 0, Argsy = {A2, Ag}, and Args; =
{43, A,, A }. The associated complete assumption extensiods of are Asms; = 0, Asmss = {3},
and Asmsz = {«,e}. Notice that, as one would expectirgs, = Asms2Args(Asms;), Args, =
Asms2Args(Asmss) andArgs; = Asms2Args(Asmss), aswell asdsms; = Args2Asms(Args, ), Asmsy =
Args2Asms(Args,) andAsmss = Args2Asms(Argss).

It holds thatArgs, U Argsy = 0, Args, U Argsy = {As, A3, A4, A, Ag} and Args, U Args3 =
{Aq, A3, As, Ay, A, Ac}, as well asdsms; U Asms] = 0, Asmsa U Asmsy = {a, B} and Asmsz U
Asms3 = {a, B, ¢}. Hence,Args, and.Args, are semi-stable argument extensions, whereasdslys is
a semi-stable assumption extension. We thus have a coxatepée against the claim that.frgs (Args,)
is a semi-stable argument extensiofyms = Args2Asms(Args) (Asmssz) is a semi-stable assumption
extension.

We also observe that the eager argument extensidmgs, whereas the eager assumption extension is
Asmss. Hence, we have a counterexample against the claim thétg$ is an eager argument extension
then Asms = Args2Asms(Args) iS an eager assumption extension, as well as against the that is
Asms is an eager assumption extension thetys = Asms2Args(Asms) is an eager argument extension.

The only thing left to be shown is that flsms is a semi-stable assumption extension, thegs =
Asms2Args(Asms) is not necessarily a semi-stable argument extension. Eowmth slightly alter the ABA
frameworkF..; by removing rule-; and the assumption(call the resulting ABA frameworl, ). Thus
the argumentsi; and A, no longer exists and hencérgs; = {As, Ao }. As now Args; U Argsy =
{As, A3, A, Ag} is a proper subset odrgs, U Args3 the setdrgs, is no longer semi-stable. On the other
side bothAsmss = {5}, and.Asms; = {«} are semi-stable assumption extensions. O

4 Discussion

The connection between assumption-based argumentattbatsiract argumentation has received quite
some attention in the literature. Dumg al, for instance, claim that "“ABA is an instance of abstract ar-
gumentation (AA), and consequently it inherits its varimagions of ‘acceptable’ sets of arguments” [9].
Similarly, Toni claims that “ABA can be seen as an instanc&&fand (...) AAis an instance of ABA’ [17].
While we agree that this holds feomeof the admissibility-based semantics (like preferred amdigded),
we have pointed out in the current paper that this certaiagsdot hold foall admissibility-based seman-
tics (semi-stable and eager). One could argue that clakegHbse above are perhaps a bit too general.



Figure 2: The argumentation framewaodl,..» associated with ABA framework,,».

Prakken claims that “assumption-based argumentation JABA special case of the present framework
[ASPIC+] with only strict inference rules, only assumptitpe premises and no preferences.” [15]. This
claim is later repeated in the work of Modgil and Prakken, wtate that “A well-known and established
framework is that of assumption-based argumentation (ARA)which (...) is shown (in [15])) to be a
special case of the ASPIC+ framework in which arguments ailé foom assumption premises and strict
inference rules only and in which all arguments are equdtlyng” [14]. However, we observe that the
argumentation frameworks of Figure 1 and Figure 2 are coexdnples against this claim, in the context
of semi-stable and eager semantics. These semantics,dukinigsibility-based, should work perfectly fine
in the context of ASPIC+ (the rationality postulates of [5jwid be satisfied). Nevertheless, correspondence
with ABA does not hold.

A possible criticism against our counter example of Figuie that it uses a ruler() that is subsumed
by another rulexf;). This raises the quesion of whether counter examplesstdt when no rule subsumes
another rule. Our answer is affirmative: simply add an assiamp and an atomi such thats = d,
replacer; by ¢ < ~,6 and add another rule:) d «+ 6. For the resulting ABA theory, the semi-stable
assumption extensions still do not correspond to the stabiesargument extensions. Hence, the difference
between ABA semi-stable (resp. ABA eager) and AA semi-stétdsp. AA eager) can be seen as a general
phenomenon, that does not depend on whether some rulesostensed by others.
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