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Introduction

Ø Abstract Argumention [P.M. Dung ‘95]
Ø Quadratic Unconstrained Binary Optimization problems

(QUBO) [Hammer, Rudeanu ‘68]

Ø A QUBO encoding for all (classical) NP-Complete problems in 
argumentation

Ø We solve the encoding by using pycubo
Ø Simulated Annealers (locally)
Ø Quantum annealers (on D-Wave™ cloud-based quantum computers)
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Abstract argumentation

a defends d from c

c attacks d

F = <A, R>

F = <{a,b,c,d}, {(a,c), (b,c), (c,d)}>

a
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d is defended by {a, b} (or acceptable w.r.t. {a, b} in [Dung ‘95])

{a, b, c} is conflict-free

Semantics declaratively defined by elaborating on:
1. Conflict-freeness
2. Acceptability



Abstract argumentation: semantics

Admissible sets:  {{}, {A}, {B}, {A,B}, {A,D}, {B,D}, {A,B,D}}
Complete: all acceptable arguments must be in. {{A,B,D}}
Preferred: maximal admissible w.r.t. set inclusion. {{A,B,D}}

Stable: conflict-free and attacks all arguments left outside. {{A,B,D}}



Semantics

Grounded: minimal complete w.r.t. set inclusion – unique. {A,B,D}

Or intersection of complete extensions



Semantics

Grounded: minimal complete w.r.t. set inclusion – unique. {A,B,D}

Or intersection of complete extensions

Ø In the following, {A,B,D} is an extension satisfying the grounded
semantics

Ø 𝜎 will stand for a generic semantics
Ø E ∈ 𝜎(F), means a subset of arguments E satisfy a semantics 𝜎



Classical problems



Complexity



Other approximate solvers

Ø International Competition on Computational Models of 
Argumentation (ICCMA)
Ø Exact (SAT, ASP, CP, ad-hoc) and approximate solvers
Ø 2015, 2017, 2019, 2021, 2023(?), …

Ø Harper++ (by M. Thimm). A positive answer to DS-gr implies
a positive answer to DC and DS for σ ∈ {co,st,pr,sst,stg,id}. 

Ø AFGCN (by L. Malmqvist) uses a Graph Convolutional
Network, to compute approximate solutions to DC and DS 
tasks for σ ∈ {co,st,pr,sst,stg,id}.



QUBO

Ø QUBO is an NP-Complete Combinatorial Optimization
Problem: a vast literature is dedicated to approximate
solvers based on heuristics or meta-heuristics, such as
simulated annealing approaches, tabu-serch, genetic
algorithms or evolutionary computing. 

Ø There exist also exact methods (100-500 variables). 

Ø QUBO encompasses SAT Problems, Constraint Sat-
isfaction Problems, Maximum Cut Problems, Graph
Coloring Problems, Maximum Clique Problems, General 0/1 
Programming Problems and many more 



Ø A solution of a QUBO problem simply corresponds to 
minimize a quadratic function over binary variables (0/1) 
Ø Coefficients represented with a symmetric square matrix

QUBO



QUBO

Minimize y = -5x1 -3x2 -8x3 -6x4 +4x1x2 +8x1x3 +2x2x3 +10x3x4

Linear -5x1 -3x2 -8x3 -6x4
2

and quadratic 4x1x2 +8x1x3 +2x2x3 +10x3x4

Since xj = xj
2 the linear part can be rewritten as -5x12 -3x22 -8x32 -6x42



Example



Ø The formulation of a discrete constrained optimization
problem as QUBO requires the following steps
Ø (i) find a binary representation for the solutions
Ø (ii) define a penalization function, which penalizes unfeasible

solutions (i.e., violating a constraint)

Finding and encoding

0 energy



An example of encoding



An example of encoding



Ø Defense is not one constraint, but a composition of three 
layers:
Ø Conflict constraints
Ø Attack-tracking constraints (“who is attacked by E?”)
Ø Defense-enforcement constraints (“you can select only defended 

arguments”)

Ø Or comnposition for attacks

Defence



Ø And composition for defences

Ø Enforce defense (the final glue) to you connect defense 
back to selection. 

Ø if  xi = 1 (you choose argument  ai) but  di = 0 (it is not 
defended) then the penalty is positive 
Ø xi(1−di)

Defence



Ø For each argument ai, add: (1− xi) di

Complete extensions

(x_i) (d_i) penalty
1 1 0
1 0 0
0 0 0
0 1 > 0 (forbidden)



Complete



Tests using Simulated Annealing

Tested on 100 –YES– problems taken from 
ICCMA19 benchmark 



Tests

Tested on 100 –NO– problems taken from 
ICCMA19 benchmark 



Tests

B1 = 100 –YES–
B2 = 100 –NO–

Harper++ and AFGCN do not solve
these problems

B1 = 100 –YES–
B2 = 100 –YES–
B4 = 100 –NO–

Harper++ and AFGCN do not solve
these problems



Solving it with a quantum annealer

Leap™ Quantum Cloud Service 



Ø SBA is NP-Complete

Value-based AFs



Conclusion and FW

Ø Conclusion
Ø A new approximate approach to solve problems in Argumentation
Ø To be used with Simulated Annealers and Quantum annealers
Ø We solved this kind of problems with Quantum machines for the first 

time
Ø Good results when compared to related algorithms
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Ø Conclusion
Ø A new approximate approach to solve problems in Argumentation
Ø To be used with Simulated Annealers and Quantum annealers
Ø We solved this kind of problems with Quantum machines for the first 

time
Ø Good results when compared to related algorithms

Ø Future work
Ø Finding new Quantum machines
Ø Ad-hoc Simulated Annealers
Ø More optimization problems than numerical problems
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