
Block 6: Argumentation in 
practice



Motivation: fraud intake

◦Online trade fraud (10.000s 

complaints/year)

◦ Intake agent for handling 

complaints

◦ Topic of inquiry: should the 

complainant submit a 

complaint of trade fraud?

What
happened?



Requirements

◦Handle natural language

◦Give an accurate advice

◦ Explain the advice

◦Handle incomplete information

◦React fast



https://aangifte.politie.nl/iaai-preintake/#/

User inserts natural language text
(in Dutch)

https://aangifte.politie.nl/iaai-preintake/#/


https://aangifte.politie.nl/iaai-preintake/#/

User inserts natural language text
(in Dutch)

I ordered a bike on Marktplaats (Dutch Ebay) 
and paid for it but did not receive anything. I 
have been waiting for four weeks.

https://aangifte.politie.nl/iaai-preintake/#/


https://aangifte.politie.nl/iaai-preintake/#/

Information Extraction module 
extracts observations

https://aangifte.politie.nl/iaai-preintake/#/


https://aangifte.politie.nl/iaai-preintake/#/

Information Extraction module 
extracts observationsThis happened:

- You tried to buy a product
- You paid for it
- You waited
- No product delivered
- You were dealing on a platform like eBay 

https://aangifte.politie.nl/iaai-preintake/#/


https://aangifte.politie.nl/iaai-preintake/#/

Information was not sufficient: 
user needs to answer additional
questions

https://aangifte.politie.nl/iaai-preintake/#/


https://aangifte.politie.nl/iaai-preintake/#/

Information was not sufficient: 
user needs to answer additional
questionsWere you expecting a postal package?

Did you get a track&trace code?

https://aangifte.politie.nl/iaai-preintake/#/


https://aangifte.politie.nl/iaai-preintake/#/

Advice

https://aangifte.politie.nl/iaai-preintake/#/


https://aangifte.politie.nl/iaai-preintake/#/

Advice

Advice: submit a complaint

Explanation

https://aangifte.politie.nl/iaai-preintake/#/






Buy or sell?

Received
product?

Product 
broken?

Paid
product?

Received
payment? FRAUD

NO FRAUD NO FRAUD

NO FRAUD



Buy or sell?

Received
product?

Product 
broken?

Paid
product?

Received
payment? FRAUD

NO FRAUD NO FRAUD

NO FRAUD

But why?



Buy or sell?

Received
product?

Product 
broken?

Paid
product?

Received
payment? FRAUD

NO FRAUD NO FRAUD

NO FRAUD



Observations

Waited

Delivered

Paid

Fake T&T

Fake payment

Information 
Extraction

Stability

Argumentation
system (ASPIC+) Substantiated 

conclusion

Relevance

Next 
Question

Report
Not fraud: no 

deceptive tricks

Claim is not
stable

Update

Claim 
is stable

Fake T&T ➔ DeceptiveTrick

Fake payment ➔
DeceptiveTrick

Paid, ¬Delivered, 
DeceptiveTrick➔ Fraud

Complaint text



Complaint text Observations

Waited

Delivered

Paid

Fake T&T

Fake payment

Information 
Extraction

Stability

Argumentation
system (ASPIC+) Substantiated 

conclusion

Relevance

Next 
Question

Report
Not fraud: no 

deceptive tricks

Claim is not
stable

Update

Claim 
is stable

Fake T&T ➔ DeceptiveTrick

Fake payment ➔
DeceptiveTrick

Paid, ¬Delivered, 
DeceptiveTrick➔ Fraud



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

Citizens who sent a delivery 
but did not receive a delivery 
and were deceived, usually
are victim of fraud.



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

Citizens who bought products
on a web shop trusted by the
police usually are not a victim
of fraud.



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

𝒬



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

There is a rule-
based argument for
“fraud”



Claim acceptability statuses

Unsatisfiable There is no argument for 𝑙 in 𝐴𝑟𝑔(𝐴𝑇)

Defended There exists an argument for 𝑙 in 𝐴𝑟𝑔(𝐴𝑇) that is also in the
grounded extension 𝐺(𝐴𝑇)

Out There exists an argument for 𝑙 in 𝐴𝑟𝑔(𝐴𝑇) but each argument 
for 𝑙 in 𝐴𝑟𝑔(𝐴𝑇) is attacked by an argument in the grounded
extension 𝐺(𝐴𝑇)

Blocked There exists an argument for 𝑙 in 𝐴𝑟𝑔(𝐴𝑇), but no argument 
for 𝑙 is in the grounded extension 𝐺(𝐴𝑇) and at least one
argument for 𝑙 is not attacked by an argument in 𝐺(𝐴𝑇)



Claim acceptability statuses

Unsatisfiable No argument for claim

Defended Winning argument for claim

Out Only losing arguments for claim

Blocked Arguments for/contra claim are equal



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

User: “I tried to buy a 
product, paid for it but did
not receive anything and the
url looks suspicious.”



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

User: “I tried to buy a 
product, paid for it but did
not receive anything and the
url looks suspicious.”

Police API: “Url has been 
checked before and is 
trustworthy."



Stability

A claim is stable if the acceptability status remains the same in all ways in which

uncertainty can be resolved.*

*For a formal definition see:

Odekerken, D., Bex, F., Borg, A., & Testerink, B. (2022). Approximating stability for applied argument-based 

inquiry. Intelligent Systems with Applications, 16, 200110.



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

User: “I don’t know what
to say…”



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

User: “I tried to buy a 
product.”



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

User: “I tried to buy a 
product, paid for it but did
not receive anything and the
url looks suspicious.”



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

User: “I tried to buy a 
product, paid for it but did
not receive anything and the
url looks suspicious.”

Police API: “Url has been 
checked before and is 
trustworthy."



Relevance

A queryable is relevant for a claim if adding this queryable as knowledge 

“contributes to” making the claim stable.*

For a formal definition see:

Odekerken, D., Lehtonen, T., Borg, A., Wallner, J. P., & Järvisalo, M. (2023, August). Argumentative reasoning in ASPIC+ 

under incomplete information. In Proceedings of the International Conference on Principles of Knowledge 

Representation and Reasoning (Vol. 19, No. 1, pp. 531-541).



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

User: “I tried to buy a 
product, paid for it but did
not receive anything and the
url looks suspicious.”

Adding 𝑡 is blocked-
relevant for ¬𝑓 and
blocked-relevant for 𝑓.



𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑓: fraud
𝑠𝑑: sent delivery
𝑟𝑑: received delivery
𝑑: deception
𝑏: citizen tried to buy
𝑡: trusted web shop
𝑠𝑝: sent product
𝑟𝑝: received product
𝑠𝑚: sent money
𝑟𝑚: received money
𝑢: suspicious url
𝑠: screenshot payment

User: “I tried to buy a 
product, paid for it but did
not receive anything and the
url looks suspicious.”

Adding 𝑡 is blocked-
relevant for ¬𝑓 and
blocked-relevant for 𝑓.

@Police API: 
Can we trust this webshop?



So just compute stability & relevance



Stability

A claim is stable if the acceptability status remains the same in all ways in which

uncertainty can be resolved.*

*For a formal definition see:

Odekerken, D., Bex, F., Borg, A., & Testerink, B. (2022). Approximating stability for applied argument-based 

inquiry. Intelligent Systems with Applications, 16, 200110.



Just generate all ways in which
uncertainty can be resolved and
check status

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏



Just generate all ways in which
uncertainty can be resolved and
check status

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏



Just generate all ways in which
uncertainty can be resolved and
check status

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏



Just generate all ways in which
uncertainty can be resolved and
check status

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏



Just generate all ways in which
uncertainty can be resolved and
check status

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏



Just generate all ways in which
uncertainty can be resolved and
check status

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

… and 6558 more 



Challenges
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1. Exponential growth of future

argumentation theories

2. No fast algorithm (yet) for computing 

status in 1 argumentation theory

?

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏

𝑏

𝑓 ¬𝑓

𝑡𝑠𝑑 ¬𝑟𝑑 𝑑

𝑠𝑚 𝑏 𝑠𝑝 ¬𝑏

¬𝑟𝑝 𝑏 ¬𝑟𝑚 ¬𝑏

𝑢 𝑏 𝑠 ¬𝑏



How to realise this technically?

We needed research!

◦ Complexity analysis of stability (CoNP-c) and relevance problems (Σ2
𝑃-c) [1,2]

◦ Labelling-based algorithm for estimating stability [1]

◦ ASP-based algorithms for computing stability and relevance [2]

[1] Odekerken, D., Bex, F., Borg, A., & Testerink, B. (2022). Approximating stability for applied argument-based inquiry. Intelligent Systems 

with Applications, 16, 200110.

[2] Odekerken, D., Lehtonen, T., Borg, A., Wallner, J. P., & Järvisalo, M. (2023, August). Argumentative reasoning in ASPIC+ under

incomplete information. In Proceedings of the International Conference on Principles of Knowledge Representation and Reasoning (Vol. 

19, No. 1, pp. 531-541).



How to realise this technically?

We needed research!

◦ Complexity analysis of the stability and relevance problems

◦ Labelling-based algorithm for estimating stability

◦ ASP-based algorithms for computing stability and relevance

We needed software developers!

◦ User interface

◦ Back-end integration with police systems






