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Fraud Application

◦ Trade fraud (40.000 complaints/year)

◦ Intake agent for handling complaints

◦ Topic of inquiry: is the complainant a victim of trade fraud?
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https://aangifte.politie.nl/iaai-preintake/#/
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User inserts natural 

language text (in Dutch)

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


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

module extracts

observations

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


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

5

Information was not

sufficient: user needs to

answer additional questions

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


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

https://aangifte.politie.nl/iaai-preintake/#/
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Fake T&T➔
DeceptiveTrick

Fake payment➔
DeceptiveTrick

Paid, ¬Delivered, 
DeceptiveTrick➔ Fraud



Argumentation Setup

◦ 𝐴𝑆 = (ℒ,ℛ, 𝒬,𝒦): argumentation setup, where:

◦ ℒ: finite propositional language

◦ ℛ: rules

◦ 𝑸: queryable literals

◦ 𝒦: knowledge base
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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
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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
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ℛ
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ℒ
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𝑠𝑚 ∈ 𝒦
There is an observation-

based argument for

“sent money”
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There is a rule-based

argument for “fraud”



Attack

For two arguments 𝐴, 𝐵 ∈ 𝐴𝑟𝑔(𝐴𝑆) we say that 𝐴 attacks 𝐵 on 𝐵′ iff 𝐴’s conclusion 

is 𝑐, there is a subargument 𝐵′ ∈ 𝑠𝑢𝑏(𝐵) such that 𝑐𝑜𝑛𝑐 𝐵′ = −𝑐 and −𝑐 ∉ 𝒦.

→Rebuttal in ASPIC+

→Observation-based arguments cannot be attacked
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Claim acceptability statuses

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

Defended There exists an argument for 𝑙 in 𝐴𝑟𝑔(𝐴𝑆) that is also

in the grounded extension 𝐺(𝐴𝑆)

Out There exists an argument for 𝑙 in 𝐴𝑟𝑔(𝐴𝑆) but each

argument for 𝑙 in 𝐴𝑟𝑔(𝐴𝑆) is attacked by an

argument in the grounded extension 𝐺(𝐴𝑆)

Blocked There exists an argument for 𝑙 in 𝐴𝑟𝑔(𝐴𝑆), but no 

argument for 𝑙 is in the grounded extension 𝐺(𝐴𝑆)
and at least one argument for 𝑙 is not attacked by

an argument in 𝐺(𝐴𝑆)
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Stability

Let 𝐴𝑆 = (ℒ,ℛ, 𝒬,𝒦) be an argumentation setup. 

Future setup 𝐹(𝐴𝑆) of 𝐴𝑆: Every setup 𝐴𝑆′ = (ℒ, ℛ, 𝒬,𝒦′) s.t.

𝒦 ⊆ 𝒦′ ⊆ 𝒬 and 𝒦′ is consistent.

A literal 𝑙 ∈ ℒ is stable in 𝐴𝑆 iff

◦ for each 𝐴𝑆′ ∈ 𝐹(𝐴𝑆), 𝑙 is unsatisfiable in 𝐴𝑆′; or

◦ for each 𝐴𝑆′ ∈ 𝐹(𝐴𝑆), 𝑙 is defended in 𝐴𝑆′; or

◦ for each 𝐴𝑆′ ∈ 𝐹(𝐴𝑆), 𝑙 is out in 𝐴𝑆′; or

◦ for each 𝐴𝑆′ ∈ 𝐹(𝐴𝑆), 𝑙 is blocked in 𝐴𝑆.
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Complexity

Stability problem is coNP-hard (reduction UNSAT)

→ probably no exact solution in polynomial time

What can you do?

◦ Exponential algorithm for exact solution

◦ Polynomial algorithm for approximate solution

22



Complexity

Stability problem is coNP-hard (reduction UNSAT)

→ probably no exact solution in polynomial time

What can you do?

◦ Exponential algorithm for exact solution

◦ Polynomial algorithm for approximate solution

23



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

24



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

25



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

26

L-B-a) 
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R-D-a) There is 
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L-D-c) and there is 

a rule for with

and



Preprocessing – support cycles

𝑎 𝑏

𝑐

𝑡 ℒ = 𝑎, 𝑏, 𝑐, 𝑡, ¬𝑎, ¬𝑏,¬𝑐, ¬𝑡
ℛ = {𝑎 ⇒ 𝑏, 𝑏 ⇒ 𝑐, 𝑐 ⇒ 𝑎, 𝑐 ⇒ 𝑡}

𝒬 = 𝒦 = ∅
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Preprocessing – support cycles

𝑎 𝑏

𝑐

𝑡 ℒ = 𝑎, 𝑏, 𝑐, 𝑡, ¬𝑎, ¬𝑏,¬𝑐, ¬𝑡
ℛ = {𝑎 ⇒ 𝑏, 𝑏 ⇒ 𝑐, 𝑐 ⇒ 𝑎, 𝑐 ⇒ 𝑡}

𝒬 = 𝒦 = ∅
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Properties of the algorithm

◦ Polynomial

Time complexity: 𝒪 ℒ 2 ⋅ ℛ + ℒ ⋅ ℛ 2 .

◦ Sound

If the algorithm says that 𝑙 is stable in 𝐴𝑆, then this is true.

◦ Complete… under certain conditions

If 𝑙 is stable in 𝐴𝑆, then the algorithm finds this, provided that

𝑙 is not inconsistently attacked or inconsistently supported in 𝐴𝑆.
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https://nationaal-politielab.sites.uu.nl/estimating-stability-for-efficient-argument-based-inquiry/
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https://argumentapp.herokuapp.com/
https://argumentapp.herokuapp.com/
https://nationaal-politielab.sites.uu.nl/estimating-stability-for-efficient-argument-based-inquiry/


https://argumentapp.herokuapp.com/
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