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Model types:

e Abstract (e.g. Dung AFs) - focus on relations between arguments

e Structured (e.g. ABA) - include premises, rules and inference steps

Reasoning views:
e Argumentation as inference - decide acceptable arguments or claims

e Argumentation as process - argumentation as the reasoning mechanism itself

Argument games: discussion between proponent and opponent; provide
dialectical justifications, support interaction, connected to dialogical models —
useful for XAI
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e Research on implementation methods arguably biased toward abstract and
inference-focused models

e ICCMA focuses on decision problems and only added a structured (ABA) track
in 2023

Some likely reasons:
e Simplicity and popularity of Dung’s AFs
e Reduction-based methods (SAT/ASP work especially well for inference)
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e We present the first use of multi-shot ASP for argumentation games
e Focus on ABA dispute derivations and Dung’s AFs

e Rule-based flexible ABA disputes from [Dille, Gaggl, Gorczyca 2021],
elaboration on [Toni 2013], [Craven, Toni 2016]

e Multi-shot environment provided by clingo [Gebser et al. 2019]

ABA Disputes in ASP M. Diller, P. Gorczyca 3/11




Technische

Advancing Argument Games: Multi-Shot Solving QY Univeriac

Dresden

Next:

ABA Disputes in ASP M. Diller, P. Gorczyca 3/11




Technische

Advancing Argument Games: Multi-Shot Solving QY Univeriac

Dresden

Next:
1. Multi-shot ASP for Dung’s AFs

ABA Disputes in ASP M. Diller, P. Gorczyca 3/11




Advancing Argument Games: Multi-Shot Solving QY Univeriac

Dresden

Next:
1. Multi-shot ASP for Dung’s AFs

2. Extension to ABA disputes

ABA Disputes in ASP M. Diller, P. Gorczyca 3/11




Technische

Advancing Argument Games: Multi-Shot Solving QY Univeriac

Dresden

Next:
1. Multi-shot ASP for Dung’s AFs

2. Extension to ABA disputes

3. Empirical evaluation
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#program updateState(t).
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#program step(t).
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#program base. from clingo

def main(instance
ctl = Control
#program

-
i L
| 1 L
Wl b W Bl LA
4 o
o 1 [ .
A e e I Y [ ]
- | '
1 || I
| - ] i ]

BESERS

while True:
ctl.ground([("updateState",[N(t)])])

Ooo~NoUs WN

nd",[N(t),F("p")]),True)
olve(assumptions=[p win],
on model=print)
if res.satisfiable:

return True
#program step(t). o_win = (F("end", [N(t),F
m(t,o,A) :- pm(t 0. A). res = {IL.S?TH?(ﬁ%§Y“ﬁTZ“
{ m(t,p,A : pm(t DAY : not pm(t 0 : LT Fes.UNsSatlsTIianLe

B return False

#show m/3. =l
#show end/2. ctl.ground([("step”, [N(t)])])
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:— not end(p,t). SAT:

:— end(o,t). UNSAT?

#program step(t).
m(1 ,0, A )

{ m ( t r . . : ‘ : D g ___:_'-_‘__. : } : Nno nDm ‘ ... p 0 : r t:=t+1 J

Lgrnund step(t)

#show end
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#program base.
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#program step(t).

n(t o A)

#show end
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#program updateState(t).
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ground base.
sett:=0

:— not end(p,t). SAT:

:— end(o,t). UNSAT?

 ti=t+i
LgrnurmisteP(t).
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#program base.
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m(0,p,G) :- g(G), not att(G,G), arg(G).
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% 1nitialize
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#program base.
% 1nitialize

n(0,p,6) :- g(G), not att(G,G), arg(G).
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Output:

#program St

21 #show m/3.
22 #show end
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#program base.
m(G,p,Gi :—.g(G), not att(G,G), arg(G).

#program updateState(t).
defeat(t,C) -/
i el N \ e ¥ -
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Output:

#program step(t).
m(t,o,A)

!
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#show m/3.

22 #show end/2.
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TR s s ground base.
# {. ogram Dase. et e D
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:— end(o,t). UNSAT?

#program step(t).
m(t,o,A)
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Lgrﬂund step(t)
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M et bt ground base.
#Program DaSe.

sett:=0

-'QE;)'{'

:— not end(p,t). SAT:

:— end(o,t). UNSAT?

#program step(t).
m(t,o,A) :- pm(t 0,A).

LgrﬂurmisteP(t)

#show end
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1 [ 1 " F |r. - .'i

#program updateStat )

pm(t,p,P) :- m(_ att(
not m(_,
not att(
pm(t,o0,0)

not m( ,o,
end(t,p) :-

gereatl 0

OLoo~~NouUbHWN-

P
P

0). % possible
g(G), m(_,p,G),
1) : m(_,0,01).

end(t,o) :- not pm(t,p, ), m(

not defeat( , 0). % opp.

“m | N ]. i W
L] I III. 1 |
s 1
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, } not att (P, P)
D0 B FES  (T l  [
- m( ,p,P), att(D,P)
0.
not

e(t
defeat(t,C) :- m( ,p,P), dLL(P
0,0),

i"-'.'L'r. {._} i" |

,0,0),

move
pm(t,o,_

WO
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ground base.
sett:=0
Y
a@rnund updateState(t))

:— not end(p,t). SAT:

:— end(o,t). UNSAT?
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(0,p,G) :- qg(G),

#program updateState(t).
defeat(t,C) :- m( ,p,P),
pm(t,p,P) :- m( ,0,0), att(P,0),
not m(_ ,p,P), nnf att(P,P),
not att(P,D1) : m( ,p,D1). %
pm(t,o0,0) :- m( ,p P), att(o0, P)
not m( ,0,0). )ssible 0. move
end(t,p) :~ (G) ( _,pP.,G), not pm(t 0,
defeat( ,01) :Iﬂ( ,0,01). % p. won
end(t,o) :— nut pm(_,p ), m( ,0,0),
not defeat( , 0). )PP . won

not de

OCoo~~NounbsWN -
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#program base.
m(O,p,G)

B

#program updateState(t).
defeat(t,C) :- m( ,p,P),
pm(t,p,P) :- m(_,0,0), att(P,0),

ook WN -
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#program step(t).
m(t,o,A)

!
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#show m/3.

22 #show end/2.
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#program base.
L0, R, Gl = gla);
#program updateState(t).

defeat(t,(C)
( . }:-.;: " j*; .

1 1l a '
2 2 att(
3 3 att(
4 4 d {
5 5 d {
6 6 a {
/ ¥ ] a ':
8 8 g(d)
9

Output:
m(0,p,d).

21 #show m/3.
22 #show end/2.
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#program base.

#program updateState(t).
defeat(t,C) :- m( ,p,P), att(
pm(t,p,P) :- m( ,0,0), att(P,0),

not m{ ,p,FP), net att(P,P),

not att(P,D1) : m( ,p,D1l). % possible p. move
pm(t,0,0) m( ,p,P), att(0,P), not defeat( ,0),

r~1"

f e tt(P,C)

'Dt defeat( ,P),

1 a
2 2
3 d
4 2
5 a
6 a
!/ a
8 0
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r
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Output:
m(0,p,d).
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#program base.

1 a
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3
4 2
5
6 a
!/ a
8 ¢ !

Ooo~~NouUmbs WN -

(t(P.D1) : m( ,p,D1). % possible p. mo
.- m( ,p,P), att(0,P), not defeat( ,0),
. % possible o. move

Output:
m(0,p,d).

r ' 3 - | ! . - r - sy
= ' . oy @l m "\
™ \ . | -~ "1\ . f
| | L LS |

#program step(t).
m(t,o,A)

!

'[' . | - A\

#show m/3.

#show end/2.
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#program base.

1l a '
2 att(
3 a (
4 a (
5 a {
6 att(
7 att(
8 g(d)

Ooo~~NouUmbsWN -

- m( ,p,P), att(0,P), not defeat( ,0),
not m( ,0,0). % possible o. move

Output:
m(0,p,d).

end(t,p) :- g(G), m( ,p,G), not pm(t
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#program base.
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Output:

.)"E-]Ot.pm(tfop_)r m(Og;P,d-)-

). % p. won

#program step(t).
m(t,o,A)

!

'[' . | - A\

#show m/3.

#show end/2.
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#program base.

m(0,p,G)

#program updateState(t).

[ 1 [ )
A [ '.__ j

1 a
2 2
3 a
4 2
5 a
6 a
/] a
8 ¢

Ooo~~NouUmbsWN -

¥ ..I _: I"
)
(
)

r !

Output:
m(0,p,d).

\

not | 0y, o

enaie. pl S gyel), mi ,p,.4J
Il am=md ™ . . | M1 \

= 1 Sl L \ ’ '-._.I il l-||_ J L I.II ¥

ena(t,o) T- not pm(f,p,;), m(_

not defeat( , 0). % opp. won

#program step(t).
,0,A ']. . pm (T- l ,0,A).
A) : pm(t-1,p,A)
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#program base.

m { O ! D F 1 :F

1
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#program step(t).

m(t,o,A) :

[ R
"L { L
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Lgrnund step(t).
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Y
a@mund updateState (t))

:— not end(p,t). SAT:

:— end(o,t). UNSAT?

#program step(t).
ﬁ(i{ﬁ,ﬂ)

{ m ( t r . . : ‘ : D g ___:_'-_‘__. : } : Nno nDm ‘ ... p 0 : r t:=t+1 J

LgrﬂurmisteP(t)

#show end
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#program base.

1
2
3
4
5
6
7/
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.),.not.pm(t,o,_),

M {
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. % p. won
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Output:
m(0,p,d).

o L 1\ } Y ]

"l

end( ,ﬁ) .- g(G), m(;,D,G), not'pm(t,o,_).
defeat(_,Ol) : m( ,0,01). % p. won

),0)

end(t,o) :- not pm(t,p, ), m(

#show 5/3#
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#program base.

m { O ! D F 1 :F

1
2
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4
D
7/
8
9

#program step(t).

m(t,o,A) :
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ground base.
set t:=0

:— not end(p,t). SAT:

:— end(o,t). UNSAT?

#program step(t).

m (T 0, A)

{ m(t,p,A) : -. ::- - ::_'::.-. ) } - not pm(t-1,0, ). ( o J

Lgrnund step(t)

#show end
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#program base.

#program updateState(t).

defeat(t
om(t,p,P)

1
2
3
4
5
6 .
74
8
9

end(t,o) :- not pm(t,p, ), m( ,0,0),

not defeat( , 0). % opp. won
#program step(t).
e T | . 1 r I' : }

#show m/3.
#show end/2.
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ground base.
sett:=0
A 4
a@ruund updateState(t})

:— not end(p,t). SAT:

:— end(o,t). UNSAT?

(  t:=t+1
Lgrnurmistep(tj.
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| r I

1
2
3 |
4
5
6
P
8
9

0,0). % _

jefeat( ,01) : m( ,0,01).
), m(
not defeat( , 0). % opp.

endft:é) :Q-Hét pm(t,p,
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Extension to ABA Disputes: Code Q> Unversat

Dresden

ground base.
set t:=0
a(g round updateState(t) )

:~ not end(p,t). SAT:
:— end(o,t). UNSAT?

i t:=t+1
kgmund step(t).
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#program base.
branchMT (pbl;pb2;pf2). % branching (br.) move types

\ P
\

il
2
3
4
S
6
7/
8
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#program base.

S), not contraly(S S), plr(P). % goal - initial statement
+- head(R,H), rS(R,S1), rS(R,S2), contrary(5S1l,52). |

il
2
3
4
S
6
7
8
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Extension to ABA Disputes: Code Universiit

Dresden

pm(t,p,pbl,R) :- remR(t,R,H,p), not remBloR( |, ,P), unexpS(t,H,p). % possible move:
pm(t,p,pb2,R) :- remR(t,R,H,p), not remBloR( |, D) culCanit ), icontrary tc, /1),
not stS( ,H,p), not contrary(D, H) : def( ,D
pm(t,p,pf1l,R) :- remR(t,R,H,p), not remBLoR( ,R,H,p), comS(t,B,p) : body(R, B).
pm(t,p,pf2,A) :- culCan(t,C), contrary(C,A), assumption(A), not stS( ,A,p),
not contrary(A,A), not cul( ,A), not contrary(D,A) : def( ,D).
pm(t,o,obl,R) :- remR(t,R,H,0), not remBloR( ,R,H,0), unbloSupSS(t,H,o0).
pm(t,e,0b2,R) :- remR{t,R,H,0), not remBLoR({ ,R,H,0), contrary(D, H), def{ ,D).
pm(t,o,ofl,R) :- remR(t,R,H,0), not remBloR( ,R,H,0), unbloComS(t,B,0) : body(R, B).
pm(t,o0,072,A) :- contrary(D,A),

R, H
R, H
) .

def( ,D), assumption(A), not stS( ,A,o0).
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44
45
46
47
48
49

50

ol |

5.3 end(t p) .- term(t), not pm(t,o
54 end(t,o0) :- not term(t), not pm(
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Extension to ABA Disputes: Code Q> Universa

Dresden

_J.'r— - g = p~ - _..1II . - | ~ f L 3
#program step(t).

m(t,P,T,X) :?kpm

| (t-1,P,T,X), not branchMT(T), t > 0.
L m{t,P,1,X) : pm(t-1,P,1,X) } =1 i- t > 6, branchMi({Il]
#show m/4.

J '
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#program step(t).

m(t,P X) - pm(t P, T,X), not branchMT(T), t > 0.

{ m(t,P,T,X) : .-t > 0, branchMT(T)
#show m/4.
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A=Ha,b,ed,eef}, (z)=TFTofeec A
R={s«d,p,a; p+ ¢ c+ f;
a+bt; d<e t<c }
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- --------- -&}@—> d + *QK : m(1l,p,pbl,s <« d,p,a).
i D — s i m(2,0,0b2,d <+ e).
o :
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Solvers:
e MS-DIS - lightweight Multi-Shot ASP dispute-based solver

o flexABle [Diller, Gaggl, Gorczyca 2022] - state-of-the-art ABA dispute-based
solver, written in Scala

e aspforaba [Lehtonen, Wallner, Jarvisalo 2023] - reduction-based one-shot
ASP solver - upper bound on performance

Setup:
e ICCMA23 ABA track instances (containing 25-5000 atoms)
e 600s timeout
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e first multi-shot ASP implementation of argument games (ABA & AFs)

e modular and declarative design separating formal definitions (in ASP) from
procedural control (in Python)

e casily extensible - interactivity, visualization (via clingraph [Hahn et al.
2024]), additional semantics (e.g. stable) can be added by providing only a
few extra ASP rules

e outperforms existing dispute-based ABA systems (e.q. flexABle)

e suggests multi-shot ASP as a general, adaptable framework for implementing
and comparing argument games across formalisms
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o co or, 1 g reen 1 ) - m ¢
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I \ | I‘-. J:-. .-:I L .'-_. s | | !
3\ 1 L 1 -
| ANOo ) . ( | A )
e e L - I ' p IO -

1
2
£
4
5
6
/
8
0

L ]
; m(l,

,miizﬂligulightb{aéﬁ)




Evaluation (2)

400

aspforaba MD-DIS flexABble
a=10 a=5 a=.25 a=.05
#t-out. 3 214 81 0 250 146 43
#inc. 0 0 30 153| O 69 114
time[h] 1 138 19 2 143 25 8
%acc. t 99 144 71 60|34 44 59

Technische
Universitat
Dresden

N\

n[#]

200

flexABle

100

I | | I I ’t[s]

100 200 300 400 500 600



