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1 Introduction

Two groups of agentsj; andG,, face amoral conflictif G; has a moral obligation
andg, has a moral obligation, such that these obligations cannot both be fulfilled.

[Blefore we consider what actions are good or bad, right or wrong,
it is proper to consider first what is meant by, and what not, (..) the
expression ‘doing an action’ or ‘doing something’ (Austin 1957, p.
178)

In our analysis of moral conflicts between groups of agents, we adogtir’s
suggestion. On the basis of the well establiskgdlogics of agency developed
by Nuel Belnap and othefsye present a consequentialist system of multi-agent
deontic logic, which is a generalization of John Horty’s utilitarian deontic I8gic.

O ‘Itis possible thaty’

[Gl¢p ‘Groupg of agents sees to it that

®§¢> ‘In the interest of grou” of agents, grouly of agents ought to
see to it thaty’

Two groups of agentsj; andG,, face abasic moral conflictf and only if there is
a formulag, such that botl®§jq§ and@éj—mb are true.
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2 Language and Semantics

We use a modal languadkbuilt from a countable sé€B = {p1, po, ...} of atomic
propositions and a finite set = {ay, ..., a,} of individual agents£ is the small-
est set (in terms of set-theoretical inclusion) satisfying the conditions Guftr

(v):

i) PcL
(i) If p € Landy € £, then(p Ay) € Land(¢p — ) € £
(i) If ¢ € £,then—¢ € LandOp € £
(iv) If ¢ € £andg C A, then[G]p € £
(v) If ¢ € £andF C AandG C A, thenof ¢ € £.

2.1 Consequentialist Models

Definition 1 A consequentialist mod&Mt is an ordered paifS, J), where is a
choice structure angl an interpretation.

2.2 Choice Structures

Definition 2 A choice structureS is a triple (W, A, Choice), whereW is a non-
empty set of possible worldg! a finite set of agents, andhoice a choice function.

2.2.1 Choice functions

Given a non-empty sét’ of possible worlds and a finite sdtof individual agents,
we define choice sets of individual agents by a choice function fronviohal
agents to sets of sets of possible worlids, Choice : A — p(p(W)), meeting
the conditions that (1) for each individual agenin A it holds thatChoice(a) is
a partition ofi¥/, and (2) for each selection functigrassigning to each individual
agenta in A a set of possible worldg(a) such thats(a) € Choice(a) it holds that
Naca s(a) is non-empty.

Given a choice functiohoice from individual agents to sets of sets of possi-
ble worlds and given the corresponding Sefect of selection functions assigning
to each individual agent in A an options(a) in Choice(a), we define

Choice(G) = {ﬂ s(a) : s € Select},

a€g

if G is non-empty. Otherwis& hoice(G) = {IWW}.



2.2.2 G-choice equivalence of worlds

In choosing an optiod from Choice(G), the groupg of agents restricts the total
set of possible worlds to the possible worlds in the/setA formula of the form
[G]o, informally interpreted as ‘Groug of agents sees to it that, is true in a
world w if and only if ¢ is true in all possible worlds that are elements of the
option of G that containsv. Or, equivalently, if and only if for all possible worlds
w’ that areG-choice equivalento world w it holds thatg is true in worldw’.

Definition 3 (G-Choice Equivalence)Let &(= (W, A, Choice)) be a choice struc-
ture. Letg C A. Letw,w’ € W. Thenw ~g w' (w andw’ are G-choice
equivalentis defined to be:

w~gw' iff forall K € Choice(G) withw € K it holds thatw’ € K.

2.3 Interpretations

Definition 4 An interpretationJ is an ordered paifUtility, V'), where Utility is
a utility function andV” a valuation function.

2.3.1 Utility functions

We assume that individual utilities are given by a utility function from ordgiescs
consisting of an individual agent and a possible world to the real nurbeénseen
—5and5, i.e., Utility : A x W +— [—5,5].

The group utility a grougF of agents assigns to a possible wailds defined
as the arithmetical mean of the individual utilities the individual agenfs @ssign
tow:

1
Utility (F,w) = | Z Utility(a, w),

|f acF

if F is non-empty. Otherwisd/tility(F,w) = 0.

2.3.2 F-dominance betweerg’s options

Roughly, a formula of the form)gqs, informally interpreted as ‘In the interest of
groupF of agents, grou of agents ought to see to it that is true in a world
w if and only if for all optionsK in Choice(G) that do not ensure there is a
strictly F-better optionK” in Choice(G) such that (1) optiork’ ensuresp, and
(2) all optionsK" that are at least a&-good asK’ also ensures. We interpret

“ F-betterness” decision-theoretically.



When a grougy performs a collective action by choosing an optignfrom
Choice(G), it constrains the sétl” of possible worlds to that sét of possible
worlds. It may be, however, that the agents who are not membefqafid who
therefore are members of the grodp- G) perform a collective action by choos-
ing an optionS from Choice(A — G), thereby constraining the séf to the set
of possible worldsk” N S. Hence,G usually will not be able to fully determine
the outcome of its collective actions, since the final outcome also depends on th
actions of agents il — G. Nevertheless, we can define @adominance relation
overg’s options. If K and K’ both are inChoice(G), then, intuitively, K’ weakly
F-dominatesk” if and only if option K promotes the utility of grougF at least as
well as optionK’, regardless of the collective action of the agentdin G.

Definition 5 (F-Dominance) Let Mi(= (&, J)) be a consequentialist model. Let
F.G C AandletK, K’ € Choice(G). ThenK =% K’ (K weaklyF-dominates
K’ for G) is defined to be:

K >f K' iff forall S € Choice(A— G)and for allw,w’ € W
it holds that ifw € K NS andw’ € K’ N S, then
Utility(F,w) > Utility(F,w').

As usual,K - K’ (K strongly F-dominatesk” for G) if and only if K =7 K’
andK' #% K.

2.4 Semantics

Definition 6 (Semantical Rules)Let M (= (S, 7)) be a consequentialist model.
Letw € W and letg, ¢ € £. Then

i) MwlkEp iff  V(p,w) = TRUE, ifpeP
(i) MwE= ¢ iff M owlEoP
@iy MwEoAy iff MwEpandM, w =

(iv)y, MwkEo—y iff MwlpE ¢andlor,w =)

V) Mwl= O iff thereis aw’ in W such thabit, v’ |= ¢
(vi) M w = [Gle iff for all w’ in W with w ~g w' it holds that
Mm,w' = ¢

(i) MwEofe iff foral K in Choice(G) with K € [¢]m
there is aK” in Choice(G) with K’ C [¢]on
such that (1)K’ -7 K, and (2) for all K"
in Choice(G) with K" =7 K’ it holds that
K" C [¢]on-

We introduce the following notational conventions: Given a madglwe write
M = o, if for all worlds w in W it holds thathit, w = ¢. We write|= ¢, if for all
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modelsft it holds thatht = ¢. Given a choice structur®, we write S = ¢, if
for all interpretationgy of & it holds that(&, J) = ¢.

Lemmal Letgp,y € £. Then

(i) Eofo— 0Gle (‘ought’ implies ‘can’)
(i) If =6 v, thenk 0f¢ — ofy
(i) If = ¢, thenE 0F¢
v) Eol(ory) —ofoncly
V) Eofonelv —of(dny) (deontic agglomeration)

2.4.1 Anexample: the Prisoner’s Dilemma

Don't confess Confess
Don't confess 3,3 0,4
Confess 4,0 1,1

This payoff matrix can be translated into a consequentialist ntotlet (S, 7)).
The choice structur& is given byW = {wy, wa, ws, ws}, A = {a, b}, Choice(a)
= {{wy, wa}, {ws,ws}}, andChoice(b) = {{w1, ws}, {ws, ws}}. The interpreta-
tion J is given by

Utility(a,wy) =3 Utility(b, w;) = 3
Utility(a,wy) =0  Utility (b, we) = 4
Utility(a,w3) =4 Utility(b, w3) = 0
Utility(a,wq) =1 Utility (b, wy) = 1,

andV(p,w) = TRUE if and only if w € {ws, w4}, andV (¢, w) = TRUE if
and only ifw € {wy,ws}. We readp as ‘Agenta confesses’ and as ‘Agentb
confesses’.

Givent, it holds that

MEoipAey’-p and M E 6lgAor'g
M 0ipAOr-p  and M= 6lg AL g
M - 03" (~pA—q) and M O (-p A —q).



3 Two Characterizations of Moral Conflicts

Definition 7 (Characterization) Let € a class of choice structures anddet £.
Then¢ characterize<Z, if for all choice structuress it holds thatS € ¢ if and
only if S = ¢.

3.1 Moral Conflicts of Type ®Z'p A ©®%*—p

A moral conflict of type@élp A ®§2—\p might occur in a choice structui® if
and only if there are group%;, 2, G of agents inG such thatF; is non-empty,
F5 is non-empty,F; andF; are not identical, an@ has at least two non-identical
options for acting:

Theorem 1 Let ¢ be the class of choice structur@ssuch that for allF;, 75, G C
A'it holds thatF; = () or F» = () or 7y = F» or Choice(G) = {W}. Letp € B.
Then

/\ ﬁ(CDglp A @52 —p) characterizeg.
F1,F2,GCA

3.2 Moral Conflicts of Type ®Z. p A ®F —p

A moral conflict of type®; p A ©F —p might occur in a choice structui® if
and only if there are group%, G, G» of agents inG such thatF is non-empty,
g1 — G- has at least two non-identical options for actigg,— G; has at least two
non-identical options for acting, argff N G, has at least two non-identical options
for acting:

Theorem 2 Let ¢’ be the class of choice structur@ssuch that for allF, G1, G, C
A it holds thatF = () or Choice(G1 — G2) = {W} or Choice(Gy — G1) = {W}
or Choice(G1 N Ga) = {W}. Letp € PB. Then

N ~(@,p A E,-p) characterizeg’.
F,G1,G2CA

Part of the proof: (<) SupposeS ¢ ¢’. Then there must b&,G,,G, C A
such thatF # 0 and Choice(G1 — Go) # {W} and Choice(Ga — G1) # {W} and
Choice(G1 N Ga) # {W}. To prove thats [~= A x g g,c4~(OF,p A OF,—p), it
suffices to construct a mod®k = (S, J) in which there is av such thatht, w =
@’grlp A @’gr2 —p. We conclude from the four properties that there are at least two
non-identical optiong<; and K5 in Choice(G; — G2), at least two non-identical
options ,; and Ly in Choice(Go — G1), and at least two non-identical options
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M, and My in Choice(G1 N Go), and that there is an agemtin 7. Note that if
K € Choice(G1 —G2) andM € Choice(G1NGa), thenKNM # JandKNM €
Choice(G1). Note that if L € Choice(Ga — G1) andM € Choice(G1 N Gs), then
LNM #0andL N M € Choice(G2). We now define a suitable interpretation
J = (Utility, V). First, Utility is defined as follows:

. 1, if we KiNMyorwe Ly My

Utility(a,w) - = { 0, otherwise,

and for all agents in A — {a} and for all worldsw in W, we fix Utility (b, w) = 0.
Second, we stipulaté& (p, w) = TRUEif and only if w € K1 N M.

Let M = (6,7) and letw € W. Now it is easy to show that (1) for all

R € Choice(G) with R # K1 N My it holds thatK, N M, =7 R and (2) for
all S € Choice(Ga) With S # Ly N My it holds thatL, N My =7 S. Hence,
M, w = ©F pandM,w = ©F, —p. Therefore, w = ©F p A ©F, —p. O

Let us take a closer look at the countermodel to interpret it properlygiidwg G, N
G- of agents cannot make a principled choice fréfivice(G; N G2) to maximize
the interest of grougF. If G; N G, is taken to belong to groug,, it has to choose
option M5 to maximizeF’s interest. On the other hand, df N G5 is seen as a
subgroup of grouj,, it must rather choose optial/; to maximizeF’s interest.
Obviously,G; N G, cannot choose both options. The grapp Gs is wearing two
hats here.



