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Abstract Satisficing is a central concept in both individual and social multiagent
decision making. In this paper we first extend the notion of satisficing by formally
modeling the tradeoff between costs (the need to conserve resources) and decision
failure. Second, we extend this notion of “neo”-satisficing into the context of social
or multiagent decision making and interaction, and model the social conditioning of
preferences in a satisficing framework.
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1 Introduction

Rational decision making is among the most challenging of intellectual enterprises.
The challenge is perhaps greatest in group settings where social influence exists among
the individuals. In such cases, individuals may be motivated to extend concern beyond
their own narrowly construed self-interest and consider the welfare of others as part of
their own rational behavior. To accommodate this desire, individuals may wish to mod-
ulate their preferences as a function of the social influence that others exert on them.
This flexibility is not easily accommodated, however, if individuals are constrained to
express their preferences with categorical linear orderings.

We introduce two innovations that may help to mitigate this situation. First, we
replace the classical linear preference ordering structure, which is designed to identify
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optimal choices, with a preference structure that is designed to identify solutions
that are “good enough,” or satisficing, and which provides a natural framework for
negotiation and compromise. Second, we propose the use of conditional preference
orderings, which enable individuals to modulate their preferences to respond to the
social influence exerted by others.

1.1 Satisficing concepts: individual and social

Satisficing, as introduced by Simon as a model of bounded rationality (Simon 1955,
1982), is motivated by the need to make decisions when informational or computational
limitations render it impossible or impractical to apply conventional decision-theoretic
formalisms. Simon’s essential idea is to test alternatives against a heuristic “aspira-
tion.” Once an alternative is found that achieves the aspiration, it is deemed to be
“good enough.”

Perhaps an equally important, but far less studied, motivation for satisficing is
that being “good enough” is a natural perspective for decision makers to adopt when
seeking a compromise in social decision-making situations: what is best for me may
not be best for you and vice versa, but there may nonetheless be a solution that is good
enough for both of us. This suggests that satisficing is a socially amenable rationale
for multiagent decision making, especially in social environments that move beyond
narrow self-interest and pure competition.

Simon is intentionally vague concerning the way aspirations are defined: “Aspi-
rations are expectations—adjusted in the long run to realities—of the result that can
reasonably be attained. They are not formed on the basis of detailed evaluation of
alternative courses of action” (Simon 1982, p. 399). In other words, an aspiration
generates a heuristic decision rule that corresponds to some fundamental notion of
rational behavior. Perhaps the most widely applied concept of rational behavior is the
heuristic notion that more is preferred to less, which underlies the aspiration that a
solution is “good enough” if it is close enough to being optimal (i.e., it achieves the
aspiration) to be acceptable. In other words, optimization is simply the mathematical
formalization of the heuristic that more is preferred to less.

Another concept of rational behavior that has not received great attention in the sat-
isficing context is the heuristic notion of getting one’s money’s worth. This perspective
is fundamentally different from the perspective that underlies the aspiration to approx-
imate optimization. Rather than comparing alternatives against an external standard,
it involves an internal standard by making comparisons between the effectiveness and
efficiency of each alternative. With this notion of performance, an appropriate aspira-
tion would be for concern for the effectiveness of an alternative to dominate concern
for its inefficiency. Essentially, the content of our paper is to explain how this alterna-
tive perspective can be formalized into a mathematical model that is as theoretically
rigorous as is the mathematical model of optimization. Whereas Simon observed that
a particular heuristic notion of what it means to be good enough can replace the cor-
responding mathematical formalism (optimization); we go the other way. We start
with a different heuristic notion of what it means to be is good enough and derive
the corresponding mathematical formalism. Furthermore, we show how this formal-
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ism naturally extends to multiagent decision scenarios. Our specific motivation is to
develop a multiagent satisficing decision model that accommodates socially amenable
concepts of behavior, including coordination, cooperation, compromise, altruism, and
negotiation.

We develop our approach using the classical game theoretic framework utilized in
extant scholarship in multiagent decision making. Building on the theory introduced by
von Neumann and Morgenstern (1947) and further advanced by Nash (1950, 1951),
noncooperative game theory is well established as a rational means of multiagent
decision making in environments where each individual is motivated by narrowly
construed self-interest and seeks to identify best (utility maximizing) responses to all
other individuals’ strategies. Under this scenario, each individual possesses a linear
ordering over the outcomes. Given this utility structure, individual rationality dictates
that individuals should adopt a constrained optimal solution under the assumption that
other individuals behave similarly (e.g., Nash equilibrium).

Our approach, however, utilizes an entirely different utility structure. Rather than
making inter-alternative comparisons (comparisons between alternatives) as is done
with traditional linear preference orderings, we advocate making intra-alternative com-
parisons (comparisons within alternatives) by considering each alternative in terms two
distinct attributes: its effectiveness in terms of achieving the objective without regard
for the consumption of resources, and its efficiency in terms of conserving resources
without regard for achieving the objective.

The concept of separating attributes into different utilities is not new. Other scholars
(Elster 1985; Harsanyi 1955; Margolis 1990; Sen 1990) have argued that it is unwise
to aggregate conflicting interests into a single preference ordering. Expanding this
line of reasoning, Steedman and Krause (1985) maintain that an individual, although
an indivisible unit, is nevertheless capable of considering its choices from different
points of view, and that separate utilities may be defined to correspond to different
‘facets’ or ‘selves’ of an individual. Our approach is to follow (Steedman and Krause
1985) and represent each agent by two selves, which effectively become the atoms
of the decision problem. We view an individual X as the composite of a selecting
self, denoted S, that evaluates alternatives in terms of effectiveness without concern
for efficiency, and a rejecting self, denoted R, that evaluates alternatives in terms of
inefficiency without concern for effectiveness.

This approach was first introduced by Stirling (2003). However, that analysis was
limited in that it did not take into account the fact that an individual’s utility is a
function of the actions of others, not just its own action—a significant conceptual
limitation. We introduce the term neo-satisficing to distinguish this extended concept.
We retain the “satisficing” terminology because our usage is consistent with the issue
that motivated Simon’s original usage: to identify options that are good enough. Our
usage differs only in the operational definition of being good enough.

Another central contribution of this paper is that we extend satisficing, or neo-
satisficing, into the mathematical structure of conditional game theory, as developed
by Stirling (2012) and Stirling and Felin (2013).! When making decisions in a social

! For an in-depth review of Stirling (2012), see Ross (2014).
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environment, it is natural for an individual to take into consideration the opinions of
others when forming her own opinions and preferences. Deciding agents are likely to
be influenced by others for a number of reasons: they may like (or dislike, for that mat-
ter) the others involved, they may value others’ opinions, or they may have an existing
relationship with others (e.g., familial, friendship or professional). In such situations
it becomes essential to consider expressions of preference that account for interests
beyond the self, narrowly conceived. Thus we develop a formal decision model for
multiagent satisficing decision making that enables individuals to express their pref-
erences as functions of the interests of those who socially influence them, thereby
enabling socially amenable concepts of behavior such as coordination, cooperation,
compromise, altruism, and negotiation to be explicitly modeled.

1.2 Related theories

To account for social relationships that exist among the members of a collective,
several innovations have been applied to classical game theory. Behavioral game the-
ory (Bolton and Ockenfels 2005; Fehr and Schmidt 1999; Sen 1990; Camerer 2003,
2004b; Camerer et al. 2004a; Henrich 2005) is a response to the need to introduce
psychological realism and social influence into game theory by incorporating notions
such as fairness and reciprocity into the utilities, in addition to considerations of mate-
rial benefit. The closely related field of psychological game theory (Geanakoplos et al.
1989; Dufwenberg and Kirchsteiger 2004; Colman 2003; Battigalli and Dufwenberg
2009; Gilboa and Schmeidler 1988) also employs utilities that account for beliefs as
well as actions and takes into consideration belief-dependent motivations such as guilt
aversion, reciprocity, regret, and shame. Bacharach (1999, 2006) and Sugden (1993,
2000, 2003) have studied the concept of team reasoning, where individuals move back
and forth between evaluating choices from the perspective of their individual utilities
and from the perspective of group-level utility. Regardless of the issues used to define
the preferences, however, these approaches to multiagent decision making differ from
ours in that they use linear preference orderings over the outcomes and, therefore, the
solution concepts used by classical game theory continue to apply.

Satisficing has largely received attention at the level of individual decision making,
although a few approaches have extended the notion to the multiagent case. Pazgal
(1997) studies mutual interest games and establishes conditions under which satisficing
solutions can lead to Pareto dominant cooperative outcomes. Bendor et al. (2009))
address the multiagent case by designing aspiration criteria to distinguish between
“good” and “bad” action profiles, and establish conditions for the existence of a set of
“good” profiles that contain a Pareto optimal solution. Both of these approaches are
significantly different from ours. They are fundamentally heuristic and are based on
the standard Simonian notion that “good enough” is an approximation to optimality.

We note that our approach has some links with extant work on multiattribute deci-
sion making (Dyer and Sarin 1979; Keeney and Raiffa 1976; Lam et al. 2013). For
example, in this domain Busemyer and Towsend (1993) have emphasized how trade-
offs and uncertainty impact preferences and emergent choices. More recently Bhatia
(2013) has studied how highly accessible attributes in a multi-alternative setting impact
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decision making over time. Though our work features some natural links to this work
on multiattribute decision making, there are also some differences. Specifically, multi-
attribute decision theory involves making value tradeoffs between the achievement of
one objective at the expense of another objective. A common way for a single decision
maker to approach this problem is to view each objective as a distinct agent with a
single attribute. The agents must collectively choose an alternative that achieves Pareto
efficiency by each making its own evaluation over the set of alternatives. However,
there are no direct comparisons made among the agents. With a neo-satisficing multia-
gent decision making scenario, each agent is separated into two selves and intra-agent
comparisons are made for each alternative. Those alternatives that survive the com-
parison test are deemed to be satisficing. However, there are no direct comparisons
made among the alternatives. Thus, although the two concepts have conceptual simi-
larities, they also have significant differences, and applying our concept of satisficing
to multiattribute decision making is not the focus of this paper.

The decision-making concept that is perhaps closest to our neo-satisficing approach
is some form of cost-benefit analysis (CBA), which might be used to, say, justify
investing funds for projects under consideration by government agencies or private
organizations. However, there are some important differences between CBA and our
neo-satisficing approach. First, CBA requires a common unit of measurement, which
requires all human economic, moral, health, and other such issues to be expressed in
terms of acommon transferable medium, such as money. Second, even though multiple
individuals may be involved in the analysis, they are not autonomous decision makers
with their own alternative sets. Rather, there is one alternative set—the collective must
act as a unit to make a single choice. Consequently, the CBA decision problem is a
social choice problem rather than a game in the usual sense. Third, CBA is, at the
end of the day, a heuristic-based form of analysis. There is no implication that a CBA
decision is optimal in any sense. In fact, it may not comply with Pareto optimality since
the welfare of some participants may be improved while the welfare of others may be
reduced (see Kaldor 1939; Hicks 1939). It can also be shown that attempts to remedy
this problem via side payments can actually reverse the decision (see Scitovsky 1941).

2 An alternate perspective

When making performance evaluations, there are three distinct degrees of compari-
son: superlative, comparative, and positive. By definition, optimization-based decision
theory is of the superlative degree: only the best is satisfactory. Decisions based on
heuristics are of the positive degree: the choice meets a criterion that defines what it
means to be ‘good.” Arguing that a choice is ‘good enough,” according to Simonian
satisficing, is a coarsening of the superlative degree on the one hand (settling for being
approximately best), and a refinement of the positive degree on the other (good enough,
not just good). What might be of real interest, however, is a non-heuristic definition
of performance that is distinct from the superlative and positive degrees and qualifies
as a true instantiation of the comparative degree. We might ask the question: Does
there exist a means of evaluation that does not derive from either the superlative or
the positive notions of quality? If so, then it must be formulated in a way that avoids
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linear preference orderings over alternatives and is not based on heuristics. It must
have a mathematical foundation that is as rigorous (albeit different) as the mathemati-
cal foundation of optimization. Identifying such a methodology requires a perspective
different from the traditional optimization-based point of view.

Generally, the interests of all agents in a multiagent decision problem will not coin-
cide, and a compromise must be achieved. When seeking a compromise, attention
shifts, at least to some degree, from insisting on a solution that maximizes success
to settling for a solution that at least avoids failure. Indeed, even from Simon’s per-
spective on satisficing, the aspiration level can be viewed as establishing minimum
requirements, which is tantamount to establishing criteria for avoiding failure.

Addressing a decision problem from the perspective of avoiding failure provides
flexibility that is difficult to achieve under the perspective of optimization. In particular,
it allows us to distinguish between what (Unger 1975, p. 55) calls absolute (limit) and
relative (degree) terms. “Semantically, we may say that our absolute terms indicate,
or purport to denote, an absolute limit. This limit is approached to the extent that the
relevant relative property or properties are absent in the thing to which one might
sensibly apply the absolute term, or its correlative relatives [emphasis in original].”
Superlative concepts such as “best” and “worst” are clearly absolute terms. Terms such
as “success” and “failure,” on the other hand, can be seen as degree terms, and admit
different levels of compliance. If one does not achieve the best possible result, then
one fails, at least from the perspective of optimization. But, the degree of failure—if
the chosen solution were second best—is not as severe as it would be if the chosen
solution were worst. Thus, if we wish to view a decision problem from the failure
avoidance perspective, we would be wise to avoid using absolute terms.

The practical perspective of avoiding failure is analogous to the epistemological
perspective of avoiding error, and it may be instructive to learn from epistemologists
who have addressed this issue. In particular, the views of William James and Isaac Levi
are relevant. James (1956) argues that the quest for truth and the avoidance of error
are fundamentally different ways of seeking knowledge.? Levi (1980) builds James’s
view and develops a pragmatic approach to knowledge acquisition as a decision-
theoretic problem. He proposes two criteria with which to characterize propositions
under consideration: the credal probability that quantifies the strength of belief that
the proposition is true, and an information determining probability that quantifies the
informational value that one would gain if the proposition were rejected, thereby per-
mitting one to focus on propositions that are of more intrinsic value.? These two criteria

2 “There are two ways of looking at our duty in the matter of opinion ... We must know the truth, and
we must avoid error—these are our first and great commandments as would-be knowers; but they are not
two ways of stating an identical commandment, they are two separable laws. ... We may regard the chase for
truth as paramount, and the avoidance of error as secondary; or we may, on the other hand, treat the avoidance
of error as more imperative, and let truth take its chance” (James 1956, pp. 17,18). Landau and Chisholm
(1995) argue that this perspective is also relevant to organizational management: “The difference is not
simply semantic, it is that which distinguishes a success-oriented form a failure-avoidance management
[emphasis in original].”

3 Levi’s use of the idea of “probability” here is in the sense of a propensity; that is, the tendency or
disposition to yield an outcome of a certain kind.
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Table 1 Optimization vis a vis satisficing

Epistemological context Practical context
Optimization Demand the truth and Demand the best and
nothing but the truth nothing but the best
Neo-satisficing Acquire information Conserve resources while
while avoiding error avoiding failure

provide quantitative measures of the relative importance of truth and informational
value.* Those propositions for which the informational value of rejecting them dom-
inates their credal value are eliminated from consideration, thereby permitting one to
focus interest on those propositions that are either likely to be true (an inductive valua-
tion) or which provide significant information (an abductive valuation). Levi replaces
the conventional superlative epistemological mantra of “seeking the truth and only the
truth” by the more flexible and conservative notion of “acquiring useful information
while avoiding error.” Thus, rather than obstinately pursuing the bold, and perhaps
temerarious demand for the truth and only the truth in the absence of compelling infor-
mation, Levi’s approach offers a more cautious and prudent approach when there is
insufficient evidence to definitively ascertain which of a set of propositions is the true
one. One can at least eliminate some (and perhaps many) of them from serious consid-
eration. But if the evidence is sufficiently compelling to reject all but one alternative,
then one has, by default, identified the true proposition. In this way, Levi’s mechanism
conforms to the perspective of favoring the avoidance of error over an intransigent
demand for truth.

Our neo-satisficing approach builds on Levi’s methodology by exploiting the anal-
ogy between the epistemological notion of avoiding error and the practical notion
of avoiding failure. To make the analogy complete, however, we require a practical
equivalent to the epistemological concept of informational value. In the epistemo-
logical context, information may be viewed as a resource that is consumed by not
rejecting it. Accordingly, a natural practical equivalent is the consumption of practical
resources, such as money, energy, time, exposure to hazard, the expenditure of eco-
nomic, political, social, or moral capital, or any other quantities, material or otherwise,
that are expended by the agents in the pursuit of their objectives. Rational behavior is
thus expressed in terms of both effectiveness (i.e., avoiding failure) and efficiency (i.e.,
conserving resources). Much of our contribution lies in migrating Levi’s theory from
the epistemological domain to the practical domain. We also extend this concept to the
multiple agent case (which Levi does not do). Table 1 summarizes the relationships
between epistemological and practical concepts.

4 The importance of interest relative to truth is emphasized by both Whitehead and Popper. “It is more
important that a proposition be interesting than that it be true. This statement is almost a tautology. For
the energy of operation of a proposition in an occasion of experience is its interest, and is its importance”
(Whitehead 1937, PartIV,ChapterXVI). “We must also stress that truth is not the only aim of science. We
want more than truth: what we look for is interesting truth [emphasis in original]” (Popper 1963, p. 229).
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3 The neo-satisficing model
3.1 Mathematical formulation

We now formalize our notion of neo-satisficing. We expand the notion of utility from
a mapping defined over a finite set .A (the set of alternatives) of points, to a mapping
over a set of sets—a Boolean algebra of subsets of the alternative set. Our goal is to
identify a set of alternatives such that each is an acceptable solution. In multiagent
settings, this set may then be subjected to further analysis and negotiation to arrive at
a compromise. In the interest of clarity, however, we first develop the neo-satisficing
model for single agents and then extend to multiagent scenarios.

For a single agent X, let F denote a Boolean algebra of subsets of .4 and let Us
denote a failure avoidance (i.e., success achieving) utility such that, for any B € F,
Us(B) quantifies the degree to which focusing on the set B avoids failure.> Also, let
Uy denote a resource consumption utility such that, for any B € F, Ug(B) quantifies
the degree to which focusing on B consumes resources.

An optimization-based approach would necessarily focus on singleton results, but a
failure avoiding approach would relax that constraint and seek to identify alternatives
that have good failure avoidance characteristics and low resource consuming charac-
teristics. To proceed, we must define the structure of these utilities. We propose the
following attributes of these functions:

— Measures of both failure avoidance and resource consumption should be nonneg-
ative and finite. Without loss of generality, we may restrict these utilities to range
over the unit interval, that is, Us: F — [0, 1] and Uz: F — [0, 1].

— Both U and Uy should be monotonic; that is, if By C B», then Us(B1) < Ug(B»)
and Ur(B1) < Ug(B>). This condition means that the larger the set, the greater the
degree of both failure avoidance and resource consumption.

— Us(@) = Ugr(2) = 0. This condition establishes that the empty set can neither
avoid failure nor consume resources.

— Ug(A) = Ugr(A) = 1. This condition ensures that the entire alternative set com-
pletely avoids failure and also consumes all resources.

— Theincremental value, either in terms of failure avoidance or resource consumption,
of any two disjoint sets should be additive. That is, if B; N B, = &, then the failure
avoiding and resource consuming values of their union is equal to the sum of
their respective individual failure avoiding and resource consuming values; that is,
Us(B1 U By) = Us(By) + Us(Bz) and Ug(B1 U By) = Ug(B1) + Ugr(B2).

These conditions imply that U, and Uy possess the syntactical structure of prob-
ability measures over F, although they do not possess the traditional semantic
interpretations of probability.® Instead, they are used to quantify resource consuming

5 In the epistemological domain, the probabilistic analogue to this concept is that Prob(B) quantifies the
degree to which focusing on B avoids error.

6 The use of the probability syntax for utilities is not new. Berhold (1973) and Castagnoli and LiCalzi
(1996) have interpreted normalized utility functions as probability mass functions, and Abbas and Howard
(2005) and Abbas (2009) have applied the probability syntax to utilities for the study of multi-attribute
decision problems.
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and failure avoidance attributes. The larger the set B, the more failure is avoided but,
also, the more resources are consumed. Thus, our approach is to choose a set B € F
that achieves a balance between avoiding failure and consuming resources. For any set
B, Ur(B) is the amount of resource consumed by focusing on B. Uz (B¢) = 1 —Ux(B)
is the amount of resource that is conserved by focusing on B. We define the utility of
simultaneously avoiding failure and conserving resources by retaining B as the convex
combination of Ui (B) and Ug(B€), namely

Y (B) = aUs(B) + (1 — a)Ur(B), @Y

where 0 < o < 1. The parameter « represents the relative importance of avoiding
failure versus conserving resources. Setting « = 1 places a premium on avoiding
failure; setting o = % places equal weight on conserving resources and avoiding
failure; and setting o < % emphasizes conservation of resources over avoiding failure.

Since utilities are invariant to scale and zero level, we may transform ¥ by a positive
affine transformation of the form

1 o
@ (B) = ELII(B) -—1
Us(B) — qUr(B), ()

where g = 1770‘ The function @ is the satisficing utility. If we assume that F contains
all singleton sets, then for any {a} € F, ®({a}) = us(a) — qugr(a), where ug(a) =
Us({a}) and uz(a) = Ugr({a}) are mass functions, that is, us(a) > 0 and uz(a) > 0
foralla € A,and D, qus(a) = > ,c g ur(a) = 1. Thus,

®(B) = > [us(@) — qug(@)]. 3)

aeB

The set that maximizes this utility comprises all of the alternatives for which the utility
of avoiding failure dominates the inutility of consuming resources (as scaled by ¢).
This is the satisficing set, defined as

8§ ={a € A:us(a) > qug(a)}. (4)

We interpret g as a boldness index. As g — 0 (i.e., « — 1), the penalty for consuming
resources decreases, and X considers more alternatives as being acceptable. The larger
g becomes, however, the more alternatives are rejected on the basis of inefficiency,
and X becomes more willing to accept failure in the interest of conserving resources.
Setting ¢ = 1 establishes an equal balance between avoiding failure and conserving
resources. The following theorem establishes sufficient conditions for the existence
of a satisficing solution.

Theorem 1 g < 1 implies § # O.

Proof If § = @, then ug(a) < qug(a) for all a € A, in which case,
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Table 2 Epistemology-practical

. Epistemological context Practical context
analogical concepts
Belief Effectiveness
Informative Efficient
Credal probability Selectability
Information determining probability Rejectability
1= us(a) < q Y uga)=gq, (&)
a a
resulting in a contradiction. Thus, 8§ must contain at least one element. O

The satisficing set is analogous to what Levi (1980) terms the set of serious pos-
sibilites. Essentially, we have migrated his concept of epistemic utility into a concept
of practical utility by introducing practical analogies to the epistemological concepts.
Just as a credal probability mass function is a measure of the degree of belief regarding
a proposition without regard for its informational value, we shall term u 5 a selectability
mass function as a measure of the degree to which an alternative achieves the objective
without regard for the consumption of resources. And, just as an information deter-
mining probability of a proposition is a measure of the degree to which information is
conserved by rejecting it, u is termed a rejectability mass function as a measure of the
degree to which rejecting an alternative conserves resources without regard for achiev-
ing the objective. Table 2 summarizes the relationships between epistemological and
practical concepts.

3.2 Quantitative evaluations

Expressing evaluations according to selectability and rejectability permits qualitative
analysis in addition to quantitative evaluations. Let N denote the cardinality of A and
assume g = 1. l[fuz(a) = % (ug(a) = %) forall a € A, then the rejecting (selecting)
self is in a state of complete preference neutrality regarding efficiency (effectiveness).
Qualitatively, if uz(a) < % then a is deemed to be efficient, and if us(a) > %, then
a is deemed to be effective. This suggests that we can partition outcomes into four
general qualitative categories or dispositional modes:

Gratification: ug(a) > % and uy < % (effective and efficient)
Ambivalence: ug(a) > ug(a) > % (effective and inefficient)
Dubiety: ug(a) < us(a) < % (ineffective and efficient)
Repulsion: us(a) < ug(a) (not satisficing)

These dispositional mode regions are illustrated in Fig. 1. Gratification and repulsion
are qualitative modes of contentment, while dubiety and ambivalence are modes of
conflict. These qualitative categories provide additional insight that is difficult to ascer-
tain with optimization-based approaches. Under the optimization paradigm, although
the decision maker may achieve the best possible outcome (whatever comfort that
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Fig. 1 Dispositional regions: G 4
= gratiﬁgation, A= amb?valence, Us g=1
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knowledge affords), it may only be making the best of a bad situation. The qualitative
assessments available with neo-satisficing, on the other hand, can alert the decision
maker of limitations regarding its ability to cope adequately with the decision prob-
lem and may trigger a re-evaluation of the scenario. For example, the agent may be
motivated to seek assistance or advice if the dispositional mode is conflictive.

4 Neo-satisficing in a social context

Thus far we have provided a non-heuristic concept of satisficing for a single agent
only, and we have not yet addressed another central issue that motivates our approach,
namely the need to accommodate social influence relationships that may exist among
the individuals. Furthermore, since the satisficing set will generally not be a singleton
set, we must address the issue of how to choose a unique element from this set as the
one to be implemented.

Let X = {X1,..., X,,} be a group of autonomous decision-making agents, and
let A; denote X;’s alternative set, i = 1, ..., n. The joint alternative set is the n-fold
Cartesian product set A = A; x --- x A,. The elements of this set, which comprise
vectors of the form a = (ay, ..., a,) with a; € A;, are called profiles. In terms of our
satisficing development, we may express each X; as the composite of a selecting self,
denoted S;, and a rejecting self, denoted R;. We denote the selecting group as S =

{S1, ..., Sy} and the rejecting group as R = {Ry, ..., R,}. We may also associate
profiles with each of these groups. A selecting profile s = (51, ..., s,) € Aisaprofile
considered in terms of effectiveness, and a rejecting profiler = (rq,...,r,) € Aisa

profile considered in terms of inefficiency.

4.1 Categorical satisficing games

Classical game theory assumes that each individual comes to a multiagent decision-
making encounter with ex ante preferences that are fixed and immutable; they are
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categorical. They represent the individual’s evaluation after taking into consideration
all factors that could serve to benefit the individual.

Expressing a multiagent decision problem in terms of selecting and rejecting selves
offers a mechanism for implementing our goal of facilitating compromise and nego-
tiation. In keeping with the classical approach of ascribing a utility to each agent,
we may ascribe a utility to each self. Suppose that each S; possesses a selectability
utility mass function, ug,: A — [0, 1], that evaluates profiles in terms of achieving
Si’s objective of effective behavior and that each R; possesses a rejectability utility
mass function, ug,: A — [0, 1], that evaluates profiles in terms of achieving R;’s
objective of conserving resources. These ex ante utilities are also categorical, since
they represent the fixed opinions of the selecting and rejecting selves.

Definition 1 A categorical satisficing game for a collective X comprises the sets S
and R of selecting and rejecting selves, respectively; the product alternative set .A;
and the set of categorical utilities {usl., ug, i =1,..., n}.

An obvious way to solve a categorical satisficing game is to apply the satisficing
concept by computing the set of individually satisficing profiles, yielding

8i ={a e A:ug(a) > giug (a)}, (6)
i=1,...,n,where g; is X;’s individual g-value.
Definition 2 Given a collection {3y, ..., 8,} of individually satisficing sets, the cat-

egorical compromise is the intersection
Cx=81N---N§,. @)

The categorical compromise the set of profiles that are simultaneously satisficing
for all individuals. If C» contains multiple profiles, then ties can be broken by standard
techniques. If Cx = @, then, in an attempt to reach a compromise, the agents may
decrement their g-values, thus allowing more alternatives to be satisficing. If enough
agents are willing to incrementally reduce their satisficing standards in this way, a
compromise will eventually be reached. If C remains empty after all individuals
have reached their decrementing limits, then a compromise cannot be reached.

Example 1 (Tom and Martha) Suppose Tom and Martha are planning a party. Tom is
in charge of selecting the venue, either the beach (o) or the country club (c¢). Thus,
A; = {b, c}. Suppose that Martha is in charge of selecting the menu, either hamburger
(h) or lasagna (/), yielding A,, = {h, [}. Let Tom’s and Martha’s selecting and reject-
ing selves be denoted S; Sy, Ry, and Ry, respectively. The joint alternative set is
A=A x Ay ={(b, h), (b,1), (c, h), (c,)}. Natural operational definitions for the
selecting and rejecting utilities would be the enjoyment of the planners and the cost
of the party, respectively. Numerical values for these utilities are displayed in Table 3.
Setting boldness values at gr = g, = 1 and applying (6), the satisficing set for Tom
is 8y = {(b, h), (¢, h)} and the satisficing set for Martha is 8,, = {(b, ), (¢, [)}. At
these boldness values, Cr,, = &, but a compromise could be achieved if, say, Tom
were to reduce gy to %, yielding Cry = {(b, ])}.
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Table 3 Categorical selecting

and rejecting utilities for Tom (b, ) ®. D (e, ) ©h

and Martha us, 0.4 0.2 0.2 0.2
URy 0.1 0.3 0.2 0.4
Usy, 0.0 0.5 0.0 0.5
URy, 0.1 0.3 0.2 0.4

4.2 Conditional satisficing games

Asis the case with traditional game theory, the satisficing model developed with (6) and
(7) is based on the concept of narrowly construed self-interest, where each individual
is concerned for its own welfare, regardless of the possible effect on others. This model
of rational behavior may be appropriate in an environment of pure competition where
the only concern is for one’s material benefit. But as (Arrow 1986, p. 203) has noted,
“ Rationality in application is not merely a property of the individual. Its useful and
powerful implications derive from the conjunction of individual rationality and other
basic concepts of neoclassical theory—equilibrium, competition, and completeness
of markets. ...When these assumptions fail, the very concept of rationality becomes
threatened, because perceptions of others and, in particular, their rationality become
part of one’s own rationality.”

In social environments, expanded notions of rational behavior may include social
objectives such as cooperation, compromise, and altruism, or even such antisocial
objectives as conflict, avarice, meanness, and manipulation. A social objective, how-
ever, cannot be easily expressed directly as a material payoff or other tangible or easily
quantifiable reward. Rather, it is more naturally expressed by individuals evaluating
their material benefit in terms of the social influence that others exert on them. An
individual whose concept of rational behavior includes achieving social objectives as
well as material objectives may do so by dynamically modulating their material objec-
tives in response to social influence. Our approach is to expand the utility structure to
accommodate an expanded notion of self-interest, where individuals incorporate the
interests of others into their own rationality.

A natural way for one to respond to the interests of others is to structure one’s
preferences as hypothetical propositions of the form if p then g, where the antecedent
p is a hypothetical conjecture and the consequent ¢ is the response. We demonstrate
this structure with the following example: Suppose the preferences of S; are influenced
by the interests of Rj, that is, X, s concern for conserving resources exerts influence
on X1’s interest in effectiveness. Then S| could respond to this influence by defining
a conditional utility of the form ug, |, (s1]r2), where the profile r, on the right side
of the conditioning symbol “|” is the hypothesis that R, views that profile as the one
that should or will be chosen by the group. This is the antecedent. The profile s; on
the left side of the conditioning symbol is the profile under consideration by Sj, and
the consequent g, |z, (S1]12) is S1’s resultant utility of sy, given that R, hypothesizes
ry. S1 can account for R;’s influence by defining its response for each s; € A for all
r; € A. We now formalize this concept.
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Graph theory provides a powerful and expressive way to represent the relationships
that exist among a collective of individuals. A graph comprises a pair (£, E), where Z
is a finite set of vertices (individuals) and E is a set of edges (influence relationships)
linking pairs of vertices. If Z; is directly influenced by Z; but Z; does not directly
influence Z;, then there is a directed edge, denoted “—” from Z; to Z;. A path from
Z; to Z; is a sequence of vertices {Z;, Zx,, Z,, ..., Zj} such that Z; — Z;, —
Zi, —> -+ — Zj. We write Z; — Z; if there is a path from Z; to Z;. If there are no
paths such that Z; — Z; for any i, the graph is said to be acyclic; if, in addition, all
edges are directed, (2, E) is a directed acyclic graph, or DAG. The set of all vertices
that influence Z; is called the parent set of Z;, denoted pa (Z;). If a vertex has no
parents, it is called a root vertex. A DAG of course must necessarily have at least one
root vertex.

Definition 3 Let m = 2n, define
ZZ{Zla'-'azm}Z{Sl""’S}’th’-"’Rn}’ (8)
and let pa(Z;,) = {Z;, ..., Zip,»} C Z denote the subset of Z consisting of the

gi selves that exert social influence on Z;. A profile z; € A is a conjecture for Z;
if z; is the profile that is under consideration for Z; as the one that should or will

be implemented. A joint conjecture is a set of profiles (zi, ..., z;,), where z; is a
conjecture for Z;.

A conditioning conjecture for pa (Z;) is a set of profiles {; = (z;;, ..., z; " ), where
z;, isaconjecturefor Z; ,k = 1, ..., g;. A conditional utility, denoted u 7, | pa () (% | ;)

is the consequent of a hypothetical proposition whose antecedent is the conditioning
conjecture &; for pa (Z;). If g; = 0, then Z; is not socially influenced and possesses
a categorical utility, denoted u ;.

Conditional utilities are mass functions, that is, uz;| pa (z)(Zi|¢;) > O for all z; € A
and >, c Atz |pa(2)(@ilg;) = 1forall §; € AP = A x - x A (p; times).
A conditional utility quantifies the amount selectability utility mass (if Z; € S) or
rejectability utility mass (if Z; € R) that Z; ascribes to z;, given the hypothesis (i.e.,
conditioning conjecture) that each Z;, € pa (Z;) ascribes its entire unit of utility mass
to z;, . Specifically, let

a,-=(si],...,sipi,rkl,...,rk,i) )

denote the conditioning conjecture for

Pa(Si) = {Sis -2 iy s Riye - Ri ),
and let
pj:(Sjls'-'asjtjvrlls'-'vrlvj) (10)
denote the conditioning conjecture for
pa(Rj) = {Sjl’ ey Sj’j’ Rll’ ey R[Uj}.

The utility mass functions us;,| pa (s;) and u &;|pa(r;) are conditional selectability utility
and conditional rejectability utility mass functions for S; and R;, respectively. If
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pa(S;) = @, then ug,|pa(s;) = us,, a categorical utility. Similarly, if pa (R;) = &, then
UR;|pa(r) = Ug;-

Definition 4 A conditional satisficing game for a collective X comprises the sets
S and R of selecting and rejecting selves, respectively; the product alternative set
A; and the collections {us,|pa(s;)- Ur;|pa(x)» i = 1, ..., n} of conditional utilities. If
the influence relationships among the elements of & and R contain no cycles, then
the collective may be represented by a DAG where the vertices correspond to the
selecting and rejecting selves and the edges correspond to the conditional utilities.
Such a collective is a hierarchical satisficing game.

It will sometimes be convenient to express a satisficing game using the alternate
notation Z and the collections {u Zilpa(z)» i=1,..., m} as introduced in Definition
3.

4.3 Satisficing solution concepts

The introduction of conditional utilities offers the possibility of developing new
solution concepts for satisficing games. Certainly one could revert to traditional
game-theoretic concepts such as equilibrium-based solutions, but doing so would
not comport with our objective of establishing an approach that favors compromise
and negotiation over constrained optimization. A concept that is compatible with this
objective is the creation of a social model for the group as a function of the social
relationships as expressed with the conditional utilities.

In the course of a social engagement, the individual ex ante conditional preferences
will propagate through the collective. As the individuals interact, social relationships
will be formed, resulting in a complex social structure. The result is a comprehensive
social model that accounts for all of the relationships that exist among the individuals.
For a group whose conditional preferences dispose them to cooperate, the interests of
the individuals will tend to align in a positive, or reinforcing, way. For a group whose
conditional preferences dispose them to conflict, such as would be the case for athletic
contests or military engagements, the alignment of interests would be negative, that
is, in opposition. In either case, such a social model would provide a comprehensive
description of the propensity of the collective to coordinate.

Although sometimes used synonymously in common vernacular, coordination and
cooperation are distinct concepts. Individuals may cooperate (or conflict) to pursue
their own narrow self-interest without the existence of a group-level objective (e.g., the
Prisoner’s Dilemma), but coordination involves more than narrowly construed self-
interest. According to the Oxford English Dictionary, “[to coordinate] is to place or
arrange (things) in proper position relative to each other and to the system of which
they form parts; to bring into proper combined order as parts of a whole” (Murray
et al. 1991). A collective coordinates to the extent that the interests of the individuals
correspond, or conform, to some degree of systematic group-level behavior, either
positively or negatively. At one extreme, all of the participants would have the same
most preferred profile (which may be conflictive), and the coordination of that set of
profiles would be high. At another extreme, each individual would have a different
most preferred profile, and the coordination of that set of profiles would be low. Thus,
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it would be desirable to combine, or aggregate, the conditional utilities to produce
a coordination ordering over all possible joint conjectures for each individual. Such
an aggregation would provide a quantitative measure of the degree of alignment of
individual interests and would enable the assessment of such social characteristics as
the seriousness of disputes and the possibilities of compromise.

Aggregation is a central concept of social choice theory, where the individual pref-
erences over a single set of alternatives are combined to form a choice function for the
group. The concept of aggregation is less relevant to conventional game theory, how-
ever, since in that context each individual is endowed with its own set of alternatives
from which it may autonomously choose, and the notion of group choice or group
preference is generally eschewed: “It may be meaningful, in a given setting, to say
that a group ‘chooses’ or ‘decides’ something. It is rather less likely to be meaningful
to say that the group ‘wants’ or ‘prefers’ something” (Shubik 1982, p. 124). This senti-
ment may be appropriate when narrow self-interest dominates individual behavior and
pure competition is the operative social climate. But in more general settings, where
individuals have social as well as material interests, systematic group-level behav-
ior may emerge as socially motivated individuals interact, thereby creating a social
climate that enables cooperation, compromise, altruism, and negotiation to occur. Fur-
thermore, the concept of aggregation that we advocate is not merely to define a choice
function. Rather, our concept is to generate an emergent notion of group preference
over the set of all joint conjectures as a result of social influence expressed in terms
of the degree of alignment that exists among their individual conjectures.

Definition 5 The preferences of a collective X', expressed in terms of a collective of
selecting and rejecting selves {Si, ..., Sy, R1, ..., Ry}, is endogenously aggregated
if there exists a function Uy : A" — R (recall that m = 2n), termed a coordination
utility, of the form

Ux(S1,..-58p, 1, ..., Ty)

= Flusyipa s $1100)s ey pa e, (8510, v jo€ (L.om)l, (D)
where f is yet to be defined.

Endogeny precludes the possibility that the aggregation structure is imposed from out-
side the group. Rather, it must emerge as a consequence of the influence relationships
that exist among its members.

4.3.1 Social coherence

The purpose of the coordination utility is to provide an ordering over all combinations
of joint selecting-rejecting conjectures. For such an ordering to be meaningful, it must
comply with what is perhaps the only universally accepted notion of group preference,
the Pareto principle: If every member of a group views an alternative as best for it,
then that alternative is best for the group.

Suppose each member of Z2 = {Z; ..., Z,,} (see Definition 3) were to possess a
categorical utility uz,, and suppose further that u, (z*) > u z(2) forallz € A\z*}
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and for all i € {1, ..., m}. Then the Pareto principle requires that
Ux (", ..., 2°) > Ux(Z1, ..., 2n) Y21, ..., 2,) € A™N(Z*, ....,2%). (12)

Now suppose that Z; views a particular profile z* as its most preferred solution. That
profile, although perhaps not the one that maximizes the coordination utility, should not
be barred from consideration just because it is best for Z;. In other words, there should
be no categorical discrimination against any member of the community. This form of
discrimination is related to the notion of suppression, as discussed by Hansson (1972)
and Fishburn (1973). An individual is suppressed if, whenever it prefers alternative a
to a’, the group chooses a’ over a. We extend this notion as follows:

Definition 6 Suppose there exists a conjecture z* € A such that

uz, (z*) > uz, (z) vz € A(z*}, (13)

but
Ux Z1, ..o 21,2 21, o Z) < U (Z1, .o Zi1,Zi Zig 1, ..., 2Zy)  (14)
for all z; € A\z*} and all (z{,...,%_1,Zi41,....2,) € A" Z; is said to be

subjugated. The aggregation defined by (11) is said to be socially coherent if no Z;
can be subjugated.

If Z; is subjugated, then, whenever z* is Z; s most preferred profile, the coordination
utility of any joint conjecture for which Z;’s individual conjecture is z* is less than the
coordination utility of the corresponding joint conjecture with Z;’s conjecture replaced
by any z; # z*. In particular, suppose that each individual (including Z;) views z* as
best for it. But if Z; is subjugated, then

Ux (z*, ..., 2% <Ux@" ..., 2% 2;,2%,...,2°) Vz; £ 7%, (15)

which contradicts (12). Thus, social coherence is required for the coordination utility
to comply with the Pareto principle.

4.3.2 Aggregation

Our objective is to establish necessary and sufficient conditions to ensure socially
coherent aggregation. We address this issue by recognizing that an isomorphic rela-
tionship exists between the concept of subjugation in the practical domain and the
concept of sure loss in the epistemological domain. A sure loss is a so-called Dutch
book gamble such that the gambler loses regardless of the outcome of the gamble.

Theorem 2 (Dutch Book Theorem) Suppose a gambler places a bet to win a payout
of S. A fair entry fee for this gamble is pS, where p is the gambler’s degree of belief
of winning.

@ Springer

':,-‘: Journal: 11238-THEO Article No.: 9531 [_] TYPESET [_]DISK [_JLE [_]CP Disp.:2015/12/16 Pages: 30 Layout: Small-X ‘




Author Proof

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

W. C. Stirling, T. Felin

(Necessity) If p violates the probability axioms, then it is possible to construct a bet
such that the payout is less than the entry fee—a sure loss.

(Sufficiency) If p conforms to the probability axioms, then it is not possible to construct
a bet such that the gambler sustains a sure loss.”

The relevance of the Dutch Book Theorem regarding coherent aggregation established
by the following lemma, which is proved in Appendix 1:

Lemma 1 Subjugation is isomorphic to sure loss.

One of the main features of probability theory is that the statistical dependencies for
a collective of discrete random variables can be expressed via a DAG whose vertices
are the random variables and whose edges are conditional probabilities. Such a graph
is a Bayesian network (Pearl 1988; Cowell et al. 1999; Jensen 2001). Consequently,
if there is to be more than a metaphorical relationship between probability theory and
utility theory, we must restrict social influence to be acyclic; that is to hierarchical
games. This restriction limits the generality of our approach. Nevertheless this model
still represents an important generalization from mutual social independence, where
all agents possess categorical utilities and thus all social relationships are trivially
acyclical. The following theorem establishes conditions for socially coherent aggre-
gation:

Theorem 3 (The aggregation theorem) Let X be a hierarchical satisficing game as
defined by Definition 4. The coordination utility is a socially coherent aggregation if,
and only if,

n

n
Wae(stsoosu 1) = [ [ [ ] #siipacs iloug ipace (xjlo).  (16)
i=l1j=1

Proof By the Dutch Book Theorem, sure loss cannot occur if, and only if, all belief
functions are probability mass functions and if beliefs are combined according to the
axioms of probability theory. Thus, by the isomorphism established by Lemma 1,
subjugation cannot occur if all utility functions possess the mathematical structure
of probability mass functions and are combined and manipulated according to the
mathematical syntax of probability theory. Thus, a hierarchical satisficing game is
isomorphic to a Bayesian network.

A fundamental property of Bayesian networks is the Markov condition: nondescen-
dent nonparents of a vertex have no influence on the vertex, given the state of its parent
vertices (Cozman 2000). Consequently, if a collective is isomorphic to a Bayesian net-
work, the conditional utility of a self is dependent only upon the preferences of its
parents. Thus we may apply the fundamental theorem of Bayesian networks, namely
that the joint mass function of the vertices is the product of the conditional mass func-
tions of all non-root vertices and the marginal mass functions of all root vertices (Pearl

7 Necessity (the original theorem) was independently established by de Finetti (1937) and Ramsey (1978),
and sufficiency (the converse theorem) was independently established by Kemeny (1955) and Lehman
(1955).
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1988; Cowell et al. 1999; Jensen 2001). Stated another way, (16) is an application of
the chain rule of probability. Consequently, (16) is satisfied and social coherence is
established. O

This theorem does not mean that if the utilities are not structured according to the
theorem, then subjugation of individual preferences is sure to occur. Rather, it means
that if the utilities are so structured and aggregated, then subjugation is impossible.
This weak notion of equity is a minimal requirement for meaningful negotiations
to be possible. Essentially it ensures that no individual is a victim of categorical
discrimination. Each individual has a “seat at the table” in the sense that it is at least
theoretically possible for its most preferred profile to be the one most preferred by the
collective as well.

This aggregation structure is syntactically identical to the way conditional proba-
bility mass functions are aggregated to form a joint probability mass function for a
collective of random vectors. Although the semantics are different, this theorem estab-
lishes that the preferential influence among the selves propagates through the system
to create a social model in exactly the same way that probabilistic dependence among
a set of random vectors propagates through the collective to create a joint distribution.

4.4 Sociation

Thus far our development has assumed the full generality of conditioning, namely
that a conditional utility depends on the entire conjecture profiles of all of the parents
and that the conditional utility is a function of all elements of the profile. This fully
general model can be extremely complex since each self is under obligation to define
its preferences for every possible joint conjecture of its parents. A possible criticism
of this approach is that it is unduly complex; however, it need not be more complex
than is necessary to characterize the relevant social relationships.® Fortunately, there
are practical ways to mitigate complexity. Although it is necessary for the theory to
have the ability to accommodate maximal complexity, it can be the case that a self
does not condition its preferences on the entire conjecture profiles of its parents. It can
also be the case that a self’s utility does not depend upon the entire profile. To account
for such situations, we introduce the notion of sociation. It is convenient to develop
this concept in terms of the alternate notation introduced in Definition 3, where Z;
denotes either S; or R;, and z; denotes the corresponding s; or r;.

Suppose Z; has p; > 0 parents pa (Z;) = {Z;,, ..., Z;, }, with conditioning con-
jecture &; = (z;, ..., zi,,) and conditional utility uz,|pa(z;)(2i1¢;). A conditioning
conjecture subprofile for Z;, denoted fi, is the subset of ¢; that influences Z;’s con-
ditional utility. We then have

8 “Complexity is no argument against a theoretical approach if the complexity arises not out of the theory

itself but out of the material which any theory ought to handle” (Palmer 1971, p. 184).
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Uz, pa(z) (Zi|8;) = iz, pa (2 (i 1E;). (17)

Z; is completely conditioning conjecture sociated if Z‘,- = ¢;. Z; is completely con-
ditioning conjecture dissociated if £; = (z;;, ..., Z u ), that is, the influence Z;, exerts
on Z; is with respect to only Z;, ’s component of z;, . If Z; is completely conditioning
conjecture dissociated, then

Uz pa(z) Zil;) = Uz pa(z) (@ilZiys - - Ziy,)- (18)

Otherwise, Z; is partially conditioning conjecture dissociated.
A utility subprofile, denoted z;, comprises the subset of the elements of z; that
affect Z;’s utility. We then have

Uz, pa(z) (Zi|8;) = Bz pa (2 EiE}), (19)

where u denotes u with the dissociated elements of its argument removed. Z; is
completely utility sociated if Z; = z;. Z; completely utility dissociated if z; = z;, that
is, if Z;’s preferences are with respect to its own actions only, rather than for the entire
profile. We then have

Mz,-lpa(z,-)(zi|§i) = lzz,-lpa(z,-)(Zi|£i)- (20)

Otherwise, Z; is partially utility dissociated.
Z; is completely dissociated if it is both completely conditioning conjecture disso-
ciated and completely utility dissociated, in which case,

Uz, pa(z) Zil;) = Uz pa(z) @ilZiys - Ziy,)- (2D

(The original treatment of satisficing games, as developed in Stirling (2003), was
limited to the completely dissociated case).

Complete sociation is the standard assumption with classical game theory, where
the utilities of all individuals are functions of the entire profile of possible actions of
all individuals. For many applications, however, an individual’s interest may be with
respect to its own individual action, as illustrated in the following example:

Example 2 (Tom and Martha (Continued)) We continue with the Tom and Martha
party example introduced in Example 1, where A; = {b,c}, Ay = {h,l}, and
A = {(b,h), (b,1), (c, ), (c,])}. Let us suppose that Tom’s selecting and reject-
ing selves have categorical preferences of the form u, (Sr) and ug, (rr), respectively,
but that Martha is amenable to adjusting her notion of benefit as a function of Tom’s
preferences, and thus possesses conditional selecting and rejecting utilities of the form
Usy |57 ry Su|St, Tr) and ury,|sp e (T[S, 7). The coordination utility is then

Urp (ST, Spr, X7, Tyy) =

Usy (ST sy s7rr Sy ST, Yr) Uy (B7)URy |57 Xy |ST, T7). (22)
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Fig. 2 The DAG for the Tom e @
and Martha party US 1St
&

Now suppose further that both of Tom’s selves are only concerned with the loca-
tion. Also, suppose that Martha’s rejecting self is concerned only with the menu, and
her selecting self preferences regarding both location and menu are influenced only
by Tom’s preferences for location. In this case, Tom’s selecting and rejecting selves
are both completely dissociated, Martha’s rejecting self is completely dissociated, and
her selecting self is partially utility sociated and completely conditioning conjecture
dissociated. Under these assumptions, Tom’s selecting and rejecting utilities are a
functions of location only, and Martha’s rejecting utility is a function of menu only.
Martha’s conditional selecting utility is a function of both location and menu as influ-
enced only by Tom’s preferences regarding location. The coordination utility for this
partially dissociated scenario is

WUrp(S7, Sy sy Fu) = ﬁsT (ST)ﬁSM|sT (SM|ST)’2RT (rT)ﬁRM (ry)- (23)

It is important to appreciate the distinction between (22) and (23). In (22), the conjec-
tures Sy, Sy, I'r, and ry, are all elements of A; x Ay, butin (23), s; and r; are elements
of Ay, ry is an element of A, but sy, is an element of 4; x A,,. To emphasize this
distinction, let us write Martha’s selecting conjecture as s,; = (¢r, ¢y ). Although s
and ¢, are both selecting conjectures for Tom, s, is Tom’s selecting conjecture for
himself, but ¢; is Martha’s selecting conjecture for Tom. We may rewrite (23) as

Wrri (75 ST5 SuMts Ty Faa) = ﬁST (ST)ﬁlesr (sr, S-MlsT)ﬁRT (VT)ﬁRM(rM)~ (24)

The DAG corresponding to this model is illustrated in Fig. 2. Notice that pa (Sy,) =
{Sr} and pa (Sy) =pa(Rr) =pa(Ry) = 9.

This example illustrates the role of dissociation. The fully sociated coordination
utility for Tom and Martha is a function of eight independent variables and assumes
256 values, but the dissociated coordination utility is a function of five independent
variables and assumes only 32 values—an eightfold reduction in complexity from the
fully sociated version.

5 Compromise and negotiation

By viewing an individual as the composite of two distinct selves, we open the pos-
sibility of developing an approach to decision making that takes advantage of this
refinement. However, although the decision problem may be expressed in terms of
separate selves, these selves are not empowered to act individually; they simply repre-
sent facets of X;. Thus, to solve a satisficing game we must define a solution concept
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for X;. Our approach is to exploit the isomorphic relationship of the coordination
utility to a joint probability mass function and compute the ex post marginal utilities
for the individuals and for the group. These marginals can then be used to define
satisficing sets for the individuals and for the group, which can serve as the basis for
compromise and negotiation.

5.1 Individual satisficing

Definition 7 Lets; and r; denote the ith elements of the profiles s; and r;, respectively.
The individual selectability utility and individual rejectability utility functions, denoted
wg, and wg,, are obtained by summing the coordination utility over all arguments
except the s; and r;, respectively, yielding

ws, (5) = D Uz (S1.. ... Sp. 1. Ty) (25)
i
we, (1) = > U (S1. ... $p. Pl Ty), (26)
i
where the notation »_ q; neans that for any function g(ay, ..., ax), the sum is taken

over all arguments except a;, that is,
Zg(al7~"7ak)= Z g(al""aak)'
~aj ajl j#i
The individually satisficing set, denoted

Zi ={a; € Ai: wg,(a;) = qiwg, (a;), (27

is the set of all alternatives in .4; that are satisficing for X;. The satisficing rectangle
is the Cartesian product of the individually satisficing sets, denoted

Ry =X X+ x X. (28)

5.2 Group satisficing

The existence of a comprehensive social model in the form of a coordination utility
generates an emergent notion of group preference. However, although the satisficing
rectangle identifies the profiles that are simultaneously satisficing for all individuals,
it does not necessarily correspond to the set of profiles that are satisficing from the
group perspective. To define this set, we must compute the marginal utility for the
group as a function of the conjectures of each individual over its own alternative set.

Definition 8 Lets; and r; denote the ith lements of the profiles s; and r;, respectively,
and form the profiles (s, ..., sy) and (r1, ..., ry). The satisficing group utility is the
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marginal utility formed by summing over all elements of the profiles s; and r; except
the ith elements of each, yielding

Va(S1, ooy Sy Fly ey ty) =
Z"'Z"'Z"'ZUX(SI’""S”’rl’""r”)' (29)
~S1 ~8n ~r1 ~In

The satisficing group utility is a measure of the degree of alignment for the collective
as a function of each individual’s conjecture regarding its own interests only. The
interpretation of alignment depends on the context. To illustrate, if the objective of a
two-agent (four-self) collective is to cooperate (e.g., a team), then

vX]Xz(S17S27r17r2)>vX1X2(S;7Séar{7ré) (30)

means that the profile (sq, 52, 71, r2) induces greater positive alignment of interests
than does (s}, 53, 7], , ), that is, the more interests are positively aligned, the greater
the cooperation. However, if the objective of the collective is to compete (e.g., an
athletic contest or military engagement), then (30) means that (s, s2, r1, r2) induces
greater negative alignment of interests than does (s, s5, 71, , r3), that is, the more the
interests are negatively aligned, the greater the opposition.

Definition 9 The group selectability utility and group rejectability utility functions
are the marginal joint utilities obtained by summing the satisficing group utility over

Fly...,rpand sy, ..., s,, respectively, yielding
Vs(ST, oy 80) = D Va(S1 e Sus P ) (31)
Flyeenstn
VR(FL s Tn) = D Va(SE, e S P ). (32)
S1 Sn

The group satisficing set is the set of all profiles that are satisficing from the per-
spective of the group, that is,

Yy ={ac A vs(a) > gxvr(a)}, (33)

where g is the g-value for the group.

The satisficing rectangle R (28), which defines the set of profiles such that the
ith element is satisficing for X;, is different from the group satisficing set X » (33),
which defines the set of profiles that are satisficing for the group as a whole, and does
not necessarily require each individual’s satisficing criteria to be met. The following
theorem provides insight regarding the relationship between the sets defined by (33)
and (28).

Theorem 4 For X = {Xy,..., X,}, consider a subprofile (ay,...,ar) € X1 X

X X fork < n. If gx < qi fori € {1,...,k}, then there exists a subvector
@ pysesay) € Aggr X -+ X Ay such that (ay, ..., ak, ag ..., a;) € Xx.
@Springer

':,-‘: Journal: 11238-THEO Article No.: 9531 [_] TYPESET [_]DISK [_JLE [_]CP Disp.:2015/12/16 Pages: 30 Layout: Small-X ‘




Author Proof

816
817
818
819
820

821

822

823

824

825

%5

828

829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845

846

847
848
849
850
851
852
853

854

W. C. Stirling, T. Felin

Proof We establish this result by a contrapositive argument. We first observe that

since vy, (s;) is the ith selectability marginal of Ux (s, ..., Sy, Iy, ..., I,), and since
vs(s1, ..., sy) is the joint selectability marginal of U (sy, ..., Sy, Iy, ..., I'y), it fol-
lows that vg, (s;) is the ith selectability marginal vs (si, .. ., s,). By a similar argument,
Vg, (r;) is the ith rejectability marginal of vg (rq, ..., rp).
Suppose
Us(at, ..., A, Akt 1s - > An) < GV (A1, .., Ak, Q15 - - - 5 An) (34)
for all (ag41,...,a,) € Agy1 X --- x A,. Then, fori € {1, ..., k},
vs, (@) = D vs(ai, ..., ak ai1, ..., an)
i
<{4x ZU‘R(a19 oy Qs A1y« v v an)
~a;

=qx Vg, (a;) < qivg, (a;), (35)

Hence, a; ¢ X;, a contradiction. O

The condition gx < ¢; is consistent with the principles of justice espoused by
Rawls (1971), who argues, essentially, that a society as a whole cannot be better
off than its least advantaged member. This theorem establishes an important result: no
subset of agents can be categorically discriminated by the larger group. In other words,
every individual has a seat at the table in the sense that if an alternative is individually
satisficing for it, then that alternative is part of some satisficing profile for the group.
Thus, each individual can be assured that it is can bargain in good faith. This condition
is perhaps the weakest one possible for meaningful negotiations to occur.

The group satisficing set and the satisficing rectangle provide a basis for negotiation.
Let Cx = X » N Ry denote the compromise set. If Cx # &, then all profiles in this
set are both group and individually satisficing. If Cx is not a singleton set, then,
depending on the context, a tie-breaking logic may be applied to define a unique
solution. If Cx = &, then each individual has the ability to increase the size of its
individually satisficing set by incrementally reducing ¢;. In this way each individual
has control over the amount of performance it is willing to sacrifice to accommodate
the interests of the group. If the compromise set remains empty after each agent has
reduced its g; to its minimum acceptable level, then an impasse cannot be avoided.
Such a society is dysfunctional.

Example 3 [Tom and Martha (Concluded)] We can now compute the satisficing solu-
tion for the Tom and Martha party. Let us assume the following numerical values. The
categorical selecting and rejecting utilities for Tom are ug, (b) = 0.6, ug, (c) = 0.4,
ug;(b) = 0.4, and ug, (c) = 0.6. The rejecting utility for Martha is ug,, (h) = 0.3,
and ug,, (/) = 0.7, and Martha’s conditional selecting utility is displayed in Table 4.
By straightforward calculations, the group selecting and rejecting utilities are as
displayed in Table 5, from which we observe that the group satisficing set with g7, = 1
is Xy = {(b, h), (b, 1), (c, h)}. Figure 3 provides a cross-plot of these values, from
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Table 4 Martha’s partially

dissociated conditional selecting 5T USy|Sy Sm157)
utilities (b, h) (CR))] (¢, h) (e, D)
b 0.5 0.2 0.0 0.3
c 0.25 0.25 0.25 0.25
Table 5 Joint selecting and (ar. as) v (@r.an) N @r.ay)
rejecting utilities for the Tom r.as S Sy 4T, M Ry Ry 4T 4M
and Martha party (b, h) 03 0.12
()] 0.3 0.28
(c, h) 0.2 0.18
(c. D) 0.2 0.42
Fig. 3 Cross-plot of group-level 4 |
selectability versus rejectability us g=1
for the Tom and Martha party l
(6,0)
|
|
(b, h)
i
4
(c,
(c,0)
- >
4 UR

which it is evident, using the qualitative designations introduced in Sect. 3, that the
collective is in a dispositional state of gratification with respect to (b, 1), ambivalence
with respect to (b, [), and dubiety with respect to (c, h).

The individual selectability and rejectability utilities are

vs;(b) =0.6 vs,(c) =04 (36)
VD) =04 vg,(c) =0.6 37
and
vs,, (h) =05 vg, () =05 (38)
VRy(h) =03 wg, () =0.7, 39)

from which, setting gr = g5 = 1, ¥y = {b} and ¥, = {h}. Thus, the satisficing
rectangle is the singleton set Ry, = {(b, h)} and the compromise setis Cry = X7y N
Rru = {(b, h)}. Figure 4 displays the individual selectability versus rejectability
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Fig.4 Cross-plot of individual 4 |
selectability versus rejectability ug g=1
for Tom (options b and c) and |
Martha (options 4 and /) I
p |
1
51— — —h— l
c
- >
2 "R

cross-plots. In terms of individual dispositions, Tom is gratified, but Martha is on the
border between gratification and dubiety.

6 Conclusion

We have introduced a heuristic concept of “good enough” that serves as the basis for a
formalized mathematical approach to decision-making that is founded on the premise
that the perspective of seeking to avoid failure is more amenable to compromise
and negotiation than is the perspective of seeking to maximize individual benefit. To
implement this perspective, we view each individual as a composite of two selves,
one concerned with effectiveness, the other with efficiency. Thus our approach does
not take preferences as fixed but explicitly recognizes the tradeoffs between costs and
decision failure.

Our contribution also naturally extends to multiagent settings and serves as a new
framework within which to study the behavior of complex social systems. Specifically,
we offer a more realistic conception of multiagent decision making where individual
influence and social interaction play a central role in emergent choices. We introduce
conditional preference relationships that enable individuals to incorporate the pref-
erences of others into their own rationality as a function of social context. As these
conditional preferences propagate through the group, they generate emergent social
relationships that govern their collective behavior. Aggregation is the result of this
propagation, which creates an emergent social model that characterizes the alignment
of interests among the individuals that arises due to social influence they exert on
each other. A key feature of this approach is the generation of both individually and
group satisficing solutions that form the basis for negotiating protocols that lead to
compromise solutions that are not only acceptable to the individuals, but further the
(emergent) interests of the group as a whole.

One of the criticisms of using game theory for social modeling is that group behavior
is derived exclusively from individual preferences (Gilbert 2008; Hollis 1998). Indeed,
the classical way to construct a game-theoretic model is to make minimal assumptions
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about the values of the individuals and then investigate what can be deduced about the
behavior of the collective. The logical prescriptive consequence of this model is that
group behavior should conform to a Nash equilibrium solution: a constrained optimal
solution where each player seeks the best outcome for itself under the assumption that
others will do likewise. But optimization is an intrinsically individual-based concept.
The only way a group can optimize if itis viewed as a decision-making entity. However,
expanding the concept of individual rationality to account for social as well as material
benefits by means of conditional preferences opens the way to new group-level solu-
tion concepts that are not founded on optimization. In particular, the neo-satisficing
provides a solution concept that is naturally amenable to truly coordinated decision
making.

Appendix: Proof of the isomorphism lemma

Lemma 2 Subjugation is isomorphic to sure loss.

Proof To establish this result we first prove that the categorical and conditional utilities
are order isomorphic to marginal and conditional probability mass functions. Without
loss of generality, let us restrict attention to a two-agent collective {Z;, Z,}, with
Z) possessing a categorical utility u; : Ay x Ay — [0, 1] and Z; possessing a
family of conditional utilities {u,z, (-|z1,22): — [0, 1]V (z1,22) € Aj x Az}. To
proceed, let £21 and £2; be an arbitrary probability sample space of distinct elements
and cardinality equal to the cardinality of A4; and A, respectively, and let {Y], Y>}
be discrete bijective function (random variables in statistical parlance) defined over
£21 x §2; such that Y| possesses a probability mass function py, over £21 x §2; and Y>
possesses a family of conditional probability mass functions {py, |y, (-|@1, w2): §21 X
2o — [0, 1] V(w, wn) € 21 x £22}. Now let g: A1 x Ay — £21 x £2; be a bijective
mapping of the form g(z1, z2) = (w1, w2) € §21 X §27. Define g such that

uz,(z1,22) = pr,[8(z1, 22)] = py [w1, @2]

for all (z1, z2) € A; x A, and
Uz)z, (21, 22121, 25) = Prin g1, 22)18(2], 25)] = prjy [o1, @2]0), )]

for all (2, z3) € A x As. It is immediate that this mapping establishes the structural
equivalence of the benefit criterion regarding .4 x .4, and the belief criterion regard-
ing £21 x §2,. It remains to confirm that Z, computing its utility of (z1, z2) given that
Z1 conjectures (], z5) is equivalent to Y, computing its belief that g(z, z2) is real-
ized given that Y| asserts that g(z1, z2) is realized. To establish this equivalence, we
simply observe that the conjecture by Z; and the realization assertion by Y; are both
antecedents of hypothetical propositions whose consequents are uz,z, (21, 2212}, 25)
and py, |y, [g(z1, 22)| g(z’l, z/z)], respectively. This establishes the order isomorphism.

To establish the isomorphism between subjugation and sure loss, let {Y1, Y2} be a
collective of discrete random variables, each defined over the product sample space
2 = §21 x §25. Let py,: £ — R be a belief function (not necessarily a probability)
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such that py, (@) > py, (') means that the belief that @ will be realized is at least
as great as the belief that @’ will be realized. Also, let Prvy: 22 — R be a belief
function such that py y, (@1, @2) > py,y, (@}, ®5) means that the belief that (@1, @2)
is realized is at least as great as the belief that (@], @) is realized.

Suppose there exists ] € 2 such that

Py (@) > py, (@1) Yo € 2\{w]} (40)

and that
Prir, (@], ©2) < pyy, (@1, ©2) (41)

for all w; € 2\{w]} and for all @, € 2. Thus, even though @] is Y;’s most strongly
believed event, the belief regarding the realization of any joint event for which w] is
Y1’ s realization is weaker than the belief regarding the realization of the corresponding
joint event with any other @ as Y7’s realization.

If, on the basis of (40) one were to enter a lottery to earn $1 if “’T is realized, a fair

entry fee would be g; > % On the other hand, if, on the basis of (41), one were to

earn $1 if @} is not realized, then a fair entry fee would be g, > % By combining

bets, one would be certain of winning $1 with a fair entry fee of ¢; +¢» > 1, therefore
resulting in a sure loss.

It is immediate that the relationships given by (13) and (40) and by (14) and (41)
are identical. Thus, sure loss is isomorphic to subjugation. O
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