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Normative and moral intelligence

Norm recognition: to recognize the norms of the society with their
associated sanctions and rewards
Norm internalization: to follow norms with no external enforcement
(fear of punishment, reputational costs, etc.)
Responsibility attribution and anticipation: to ascribe actual and
potential responsibilities to the self and to others
Moral emotions: to feel emotions as a consequence of responsibility
attribution (e.g., guilt, reproach)

ANR project (2012-2014) EmoTES “Emotions in Strategic Interaction:
Theory, Experiments, Logical and Computational Studies”.
Coordinated by IRIT, https://www.irit.fr/EmoTES
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Applications

Figure: Drones, autonomous vehicles and social robots
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Cognitive architecture of a moral agent
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Figure: Cognitive architecture

Lorini, E. (forthcoming). Logics for Games, Emotions and Institutions. IfCoLog
Journal of Logics and their Applications.
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Cognitive architecture of a moral agent with emotions
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Figure: Cognitive architecture with emotions

Lorini, E. (forthcoming). Logics for Games, Emotions and Institutions. IfCoLog
Journal of Logics and their Applications.
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Outline

1 Logical modelling of moral agents

2 Game-theoretic account of moral guilt and of the evolution of morality
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Contribution

⇒ BDI-like logic representing:

Relationship between desires, moral values and preferences
Influence of preferences and beliefs on decision and action
Distinction between moral agents and hedonic agents : ± sensitive
to moral values

Lorini, E. (2016). A logic for reasoning about moral agents. Logique & Analyse,
58(230), pp. 177-218.

Lorini, E. (2012). On the logical foundations of moral agency. In Proceedings of the
Eleventh International Conference on Deontic Logic in Computer Science (DEON
2012), Lecture Notes in Computer Science, vol. 7393, Springer-Verlag, Berlin, pp.
108-122.
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Two alternative views of morality

Dual view (Harsanyi, 1982): desires and moral values are two
different parameters affecting preferences (utility)
Meta-cognitive view (Sen, 1977): a moral value is a preference
ranking over different preference orders (meta-preference)
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Dual view of morality
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Relationship among desires, moral values and preferences

Proposition
For every i ∈ Agt we have:

|= ((ψ <Pls
i ϕ) ∧moralSensit(i ,0))→ (ψ <Util

i ϕ)
|= ((ψ <Idl

i ϕ) ∧moralSensit(i ,max))→ (ψ <Util
i ϕ)
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Relationship among desires, moral values and preferences

Proposition
For every i ∈ Agt we have:

If (max −m)× k > m× h + (max −m)× g for all h ∈ Scale then:
|= (Deski ϕ ∧ Desgi ψ ∧moralSensit(i ,m))→ (ψ <Util

i ϕ)
If m× k > m× g + (max −m)× h for all h ∈ Scale then:
|= (Valki ϕ ∧ Valgi ψ ∧moralSensit(i ,m))→ (ψ <Util

i ϕ)
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Contribution

Formalization of guilt with the aid of classical game theory
Study of the evolution of morality with the aid of evolutionary game
theory et theory of learning in games

Lorini, E., Müehlenbernd, R. (forthcoming). The long-term benefits of following
fairness norms under dynamics of learning and evolution. Fundamenta Informaticae.

Lorini, E., Müehlenbernd, R. (2015). The long-term benefits of following fairness
norms: a game-theoretic analysis. In Proceedings of the 18th Conference on Principles
and Practice of Multi-Agent Systems (PRIMA 2015), LNCS, Springer-Verlag, Berlin,
pp. 301-318.
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Game-theoretic account of moral guilt

Definition (Game)
A game is a tuple G = (Agt, (Si)i∈Agt ,U) where:

Agt = {1, . . . , n} is a set of agents
Si is agent i ’s set of strategies
U : Agt −→ (

∏
i∈Agt Si −→ R) is an utility function
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Game-theoretic account of moral guilt

Definition (Prisoner’s Dilemma)
A Prisoner’s Dilemma (PD) is a game G = (Agt, (Si )i∈Agt , U) with:

Agt = {1, 2} and for all i ∈ Agt, Si = {C , D}
U1(C , C) = R, U1(D, D) = P, U1(C , D) = S and U1(D, C) = T
U2(C , C) = R, U2(D, D) = P, U2(C , D) = T and U2(D, C) = S

and which satisfies the following two conditions:

(C1) T > R > P > S
(C2) S = 0

C D
C R,R S,T
D T ,S P,P

Figure: PD with 1 being the row player and 2 being the column player

19



Game-theoretic account of moral guilt

Definition (Normative game)
A normative game is a tuple NG = (Agt, (Si)i∈Agt ,U, I, κ) where:

(Agt, (Si)i∈Agt ,U) is a normal-form game
I :
∏

i∈Agt Si −→ R
κ : Agt −→ R≥0

⇒ I(s): degree of ideality of the strategy profile s

⇒ κ(i): agent i ’s sensitivity to the norm (degree of norm internalization)
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Game-theoretic account of moral guilt

Definition (Normative game with fairness norm à la Rawls)
A normative game with fairness norm à la Rawls is a normative game
NG = (Agt, (Si)i∈Agt ,U, I, κ) such that for all s ∈ S:

I(s) = min
i∈Agt

Ui(s)
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Game-theoretic account of moral guilt

Definition (Guilt)
Let NG = (Agt, (Si)i∈Agt ,U, I, κ) be a normative game. Then, the guilt
agent i will experience after the strategy profile s is played, denoted by
Guilt i(s), is defined as follows:

Guilt i(s) = κi × (max
s′

i ∈Si
I
(
s ′i , s−i)− I(s))

⇒ Intensity of guilt feeling: monotonically increasing function of
the agent’s degree of responsibility for norm violation and the
agent’s sensitivity to the norm
⇒ Degree of responsibility: difference between ideality of the best
outcome that could have been achieved given what the others have
actually chosen and ideality of the actual outcome
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Game-theoretic account of moral guilt

Definition (Guilt-dependent utility)
Let NG = (Agt, (Si)i∈Agt ,U, I, κ) be a normative game. Then, the
guilt-dependent utility of the strategy profile s for agent i is defined as
follows:

U∗i (s) = Ui(s)− Guilt i(s)

⇒ Similar to the definition of regret-dependent utility in regret theory
(Loomes & Sugden, 1982)
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Game-theoretic account of moral guilt

C D
C R,R −κ1P,T − κ2R
D T − κ1R,−κ2P P,P

Figure: Prisoner’s Dilemma with transformed utilities according to fairness
norm à la Rawls.
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Game-theoretic account of the evolution of morality

Time	

Figure: Population dynamics

Heterogenous population of agents: ± sensitive to fairness norm à la
Rawls (agents vary across κi)
Iterated Prisoner’s Dilemma (IPD):

Rational agents: expected utility maximizers
Learning agents: fictitious play
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Game-theoretic account of the evolution of morality

Time	

Figure: Population dynamics

Research result for learning model: an agent’s sensitivity to the
fairness norm positively correlates with the agent’s long-term gain
Research result for learning model + replicator dynamics: relatively
high values of sensitivity to the fairness norm are selected through
evolution
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Merci!
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