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Decision Making
@ Decision (action)
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Introduction

Decision Making
@ Decision (action)
Uncertainties;

state
probabilities
Preferences;

outcome
utilities

Definition

Given >, a rational order over the finite set of outcomes O. A function
u: O — R is called a utility function that represents > if, for every two
outcomes o7 and o0y, u(o1) > u(0y) iff 01 =p 0o.
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States:

1- Maryam gets emergency surgery when she is abroad
2- Maryam does not get emergency surgery when she is
abroad

Outcomes:

1- Maryam gets emergency surgery when she is abroad
and it is paid by the health insurance company.

2-She buys the international health insurance but she
does not use it.

3- She gets emergency surgery when she is abroad and
she has to pay by herself.

4- She does not buy the international health insurance
and she does not need it.
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Decision Problem

Definition

A decision problem is a tuple (A, S, O, p, u) where:
@ A is a finite set of actions;
@ S is a finite set of states;
@ O is a finite set of outcomes;
o

p is a probability function on states, p: S — [0, 1] such that
Yop(s) = 1;
u is a utility function on outcomes, v: O — [0,1] N Q.

A.Keshavarzi, R.Verbrugge, B.Verheij (Rug) Probabilities and Utilities in ADFs 5 July, 2019

4/21



Decision Problem

Definition

Let (A, S, O, p, u) be a decision problem. The expected utility of a € A is
defined as:

EU(a) = L,cop(s|a, o)u(o)

@ p(s|a,0): probability of s combined with a, leads to o,
e u(o): utility of o.

Definition

Maximum expected utility(MEU), a € MEU if for each a’ € A,
EU(a) > EU(&).
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Motivation

@ Formalisms, solvers and automated methods in decision theory

influence diagrams [Howard and Matheson, 2005, Olmsted, 1985,
Shachter, 1986]

Question
Why are new approaches required?

@ Importance of decision making in human life

@ wide variety of decision problems
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Motivation

Argumentation formalism
@ Abstract argumentation frameworks (AFs)[Dung, 1995]
@ Abstract dialectical frameworks (ADFs) [Brewka and Woltran, 2010]
@ Reasoning model: [Amgoud and Prade, 2009, Verheij, 2016]
@ values, preferences [Vlek et al., 2016, Hunter and Thimm, 2014]

© :
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Example
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Can an argumentation formalism be considered for modeling and solving
decision problems?

Example

Question
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Contributions

Main Contributions

o Introduce numerical Abstract Dialectical Frameworks (nADFs):

modeling decision problems,
solving the maximum expected utility of a problem.

@ Choose the best action in the nADF of a decision problem.
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Background: ADFs

Definition
An abstract dialectical framework (ADF) is a tuple D = (N, L, C) where:

e N is a finite set of nodes (arguments, statements, positions);
@ L C N x N is a set of links;

o C = {pn}nen is a collection of propositional formulas
©n : (par(n) — {t7f}) — {tvf}'

Example
(cv-d)Aa T
—)
c d
dV —b cV b
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Numerical Abstract Dialectical Frameworks
Definition

Let V be [0,1] N Q. An nADF is a tuple U = (N, L, C,i)
@ NN is a finite set of nodes;
@ L C N x N is a set of links;

o C= {Qpn}neN, ©n : (par(n) — V) — V;
@ i is an input function , i : N’ — V where N’ C N.

Example

Paia ( a b )ep:bd—a

vc:(a®c)=b
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Numerical Abstract Dialectical Frameworks

Information Ordering
@ Many-valued interpretation: v: N — V,, V, =([0,1] N Q) U {u}
e <;: u<;uandu<; x, for x € ([0,1] N Q)

o w € [v]¢ iff v <; w and w is a total interpretation.

Characteristic Operator

Fu(v): N = Vy  with  nes [ {w(en) | we v}

Semantics of nADFs
e admissible in U iff v <; Ty(v);

e complete in U iff v =T y(v);

@ grounded in U iff v is the <j-least fixed point of [y;
o preferred in U iff v is <;-maximal admissible;

e model in U iff v =Ty(v) and Vn € N, v(n) # u;
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Embedding of Decision Problems in nADFs

Definition
A decision problem D = (A, S, O, p, u) can be modeled by nADF
Up = (N, L, C,i) as follows:
e N=AUSUDO:
@ ps=sforses;
wo = o for o € O;
Pa; = Q2 (B;(s ® o) = B(s; @ 0x)) for a; € A;
@ i(s) =p(s) for s € S and i(0) = u(o) for o € O.

A.Keshavarzi, R.Verbrugge, B.Verheij (Rug) Probabilities and Utilities in ADFs 5 July, 2019

12/21



Embedding of Decision Problems in nADFs

Maryam's decision problem as an nADF.

Example

Poy 011 Pop + 012 Loy - 021 Poy - 022
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Embedding of Decision Problems in nADFs

Theorem

Assume that a decision problem D = (A, S, O, p, u) is modeled by nADF
Up = (N, L, C,i). All semantics of Up coincide.

Theorem

Let D = (A, S, O, p,u) be a decision problem, let Up = (N, L, C,i) be the
corresponding nADF, and let v be the grounded interpretation of Up.
The set Afequals the set of actions with MEU in the decision problem D.
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Related Works and Conclusion

Conclusion
@ Argumentation is formally connected to decision making
@ nADFs can model standard decision problems
@ nADF that formalizes a decision problem, all semantics coincide

@ nADF can be constructed for a decision problem to choose the best
action

Future Work
@ nADFs can be used for modeling decision problems in MAS
@ nADFs are powerful enough to answer queries

@ Computational complexity of decision problems in nADFs

@ Experiments that show the effectiveness of nADFs
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Thank you for your attention!
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