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Design&build machines that argue:

– To resolve conflicts (within and across)

– To reason with incomplete information

– To explain outcomes

1. Argumentation frameworks

2. Dialectical/gradual 
semantics/algorithms/properties/systems

3. Mining argumentation frameworks



1. Argumentation frameworks

• Abstract

• Structured (e.g. Assumption-based)

• Bipolar (e.g. Quantitative Debates)

• Tripolar

arrows=attack

double arrows=support

∆⊢ ത𝛼

{α, … } ⊢ ҧ𝛽

{𝛽, … } ⊢ 𝛾

dashed arrows=?



2. Semantics/algorithms

– “Dialectical” semantics/algorithms, e.g. 

• a set of arguments is admissible if it does not attack 

itself and attacks every argument attacking it

– Gradual semantics/algorithms, possibly (in 

Quantitative Debates) starting from a-priori 

strength (e.g. 0.5)

0.6250.5 0.25 0.5



2. Systems

0.6250.5 0.25 0.5

www.arganddec.com

www-abaplus.doc.ic.ac.uk

∆⊢ ത𝛼

{α, … } ⊢ ҧ𝛽

{𝛽, … } ⊢ 𝛾

(with preferences, bottom-up)

X-dispute derivations  (proxdd and abagraph)

(without preferences, top-down)



3. Mining argumentation frameworks

• From text

• From other data (of various types)

• From rules

Integrating mined argumentation

frameworks and “reasoning”with them can

empower several applications, possibly in 

combination with other (AI) methods



Mining argumentation frameworks 

- from text -

Carstens, Toni 2015, 2017

Cocarascu, Toni 2017



Relation-based argument mining

Review 1: I recommend the hotel, it has nice rooms

Review 2: The room was very dusty

The hotel is 

recommended

The hotel has 

nice rooms

The room was 

very dusty

Bipolar argumentation framework

Dataset (movies, technology, politics):

• attack pairs (31%) 

• support pairs (32%) 

• neither pairs (37% )



Mining          Systems

Book is recommended!



Detecting deceptive reviews:

Cocarascu, Toni 2018

Mining          Systems          Other applications

BA

Frameworks

Random Forests 

(machine learning)



Mining argumentation frameworks 

– from other data –

?

Cyras, Satoh, Toni 2016



www-abaplus.doc.ic.ac.uk

!

Mining          Systems



Data: Cases

e.g. CB=

(N,?)=



Cases        AA frameworks

e.g. 



AA frameworks          Prediction

e.g. 



Mining          Systems          Other applications

Cocarascu, Cyras,Toni 2018



Mining argumentation frameworks 

– from other data –

Rago, Cocarascu, Toni 2018

predicted

rating by u
rating by v



Rago, Cocarascu, Toni 2018

Watch f1 because of d1

(the strongest supporter)

Mining            “Explanation Systems”



Data: Aspect-Item recommender system

⟨𝓘,𝓐,𝓣,𝓛,𝓤,𝓡⟩ such that: 

• 𝓘 is a finite, non-empty set of items

• 𝓐 is a finite, non-empty set of aspects 

𝓘 and 𝓐 are pairwise disjoint 

• 𝓣 is a finite, non-empty set of types

(each aspect has a unique type)

• 𝓛 ⊆ (𝓘 ×𝓐) is a symmetrical binary relation

• 𝓤 is a finite, non-empty set of users;

• 𝓡 ∶ 𝓤 ×𝓧→[−1,1] is a partial function of ratings. 

Each item-aspect has 

a predicted rating



Data         Argumentation Framework

– Item-aspects are arguments (that the user (dis)likes that item-aspect).

𝓧 = 𝓘∪𝓐

– Argumentative relations depend on user ratings for direction 

and (predicted) ratings for polarity:



TA framework          Explanation 

Aspect-Item recommender systems:

The explanation for (recommending) f1

is the subgraph in which all nodes have a path to f1

Tripolar argumentation frameworks:



Mining argumentation frameworks 

– from rules –



Mining          Systems

COVERED FOR: UK/EU Breakdown 

Assistance for account holder(s) in any 

private car they are travelling in

NOT COVERED FOR: private cars not 

registered to the account holder(s) unless

in the vehicle at the time of the breakdown

Mary: account holder traveling in friend’s car; car breaks down

www-abaplus.doc.ic.ac.uk

Mary should be covered!



Prescribe this 

treatment 

because…

but 

…

Healthcare (decision-support): 

ROAD2H

EHRs

Electronic 

billing data

18 |  Methodology 

Figure 13. Calibration of the Optima model to ART data in Sudan 

 
Note: Black discs represent available data for the number of people on first line ART. Lines attached to these 
discs represent uncertainty bounds. The solid curve is the best fitting simulation of total ART patient numbers. 

3.3 Optimization function 

The mathematical optimization provided by the Optima model is a formal and precise 

way to determine the “best” allocation. In this process, different objectives (e.g. 

minimize HIV incidence, minimize HIV costs) yield different optimal allocations of 

resources or spending. The model determines the resource allocation required that 

best meets the objective. This process can be graphically depicted as follows: 

Figure 14. Optima's optimization function 

 
Source: UNSW unpublished documentation on Optima 

Protocols/guidelines

/…

Standardised 

guidelines(flat) ABA 

Frameworks

AA 

Frameworks

Decision, Explanation



In summary…

Some AI

Some 

argumentation 

framework

Some 

argumentation  

semantics/system

Some task 

(explainably)



Conclusion

1. Argumentation frameworks

2. Semantics/systems

3. Mining

Deception detection 

(fake reviews)

Healthcare 

(decision-support)

Legal tech 

(explanations) The future: 

machine arguing 

for explainable AI? 



Questions?


