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Abstract- An aspect of complex adaptive systems is an
observation that they typically operate far from equilibrium and
optimality. This provokes investigation into frameworks into
such decision-making processes. Satisficing describes a rational
decision making process in economics where deciding agents
accept solutions that achieve a minimum level of satisfaction.
This theory differs from previously traditional rational decisionmaking in which the agent seeks to maximise or optimize utility
from the choices faced. This work investigates some of the impact
this altered perspective on the decision making process has had
in economics, game theory, control theory, and evolutionary
biology. We see it is the latter case that that may be most
interesting to the study of complex adaptive systems and
resultant models, such as those used in biologically inspired
computation.
Keywords- Satisficing, Adaptation, Optimization, Evolution,
Algorithms, Complex Adaptive Systems

acting approximately rational, rather economically
rational in terms of utility. Simon had a problem with the
idea of the traditional economic and rational agent,
because in reality, agents do not always optimize their
decision making process. He drew from the field of
psychology to describe a characteristic decision maker .
In so doing, he outlined a scenario of rational choice:
(1) There are set of alternatives open to choice
(2) The relationships that determine payoffs
(satisfaction or attainment) are a function of the
alternatives that are chosen
(3) There is preference orderings among payoffs
(ordinal)
In this generalised scenario, the decision maker must
apply a strategy. Traditional economic strategies of the
time include: the max-min rule, the probabilistic rule,
and the certainty rule. Simon s problem was that these
strategies required information or computation that no
human could possess, and hence were unrealistic.












I. INTRODUCTION

Consider Complex Adaptive Systems (CAS) [14] as
systems of collectives of adaptive agents whose local
interactions result in dynamical non-linear effects and
emergent behaviours. According to Holland [14,15], and
others [35,36,38], such systems operate far from
equilibrium and optimality. This is an intriguing notion
given the ubiquitous adaptationist model of evolutionary
biology (a popular example of a CAS) as an
optimization process. That is, organisms are optimized
by evolution for their environment.
This work softly explores this theme by providing
background on the decision theory of good enough
solutions known as satisficing and a number of
interesting and notable works interpreting this notion in
the context of game theory, control theory, ecology, and
search. Satisficing is a notion suitable to describe the
operating far from optimality description of CAS, and a
final discussion considers a few implications of
satisficing in designing future artificial evolutionary and
immune system algorithms.




II. SATISFICING

The Nobel Prize laureate Herbert A. Simon coined
the term satisficing to describe the selection of a good
enough solution, the selection of a decision that meets a
minimum threshold or aspiration level, the selection of
which occurs in the context of incomplete information or
limited computation [7,8]. This formalism came out of
his work on bounded rationality , the idea of agents
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Satisficing: The selection of an acceptable or satisfactory solution that








meet an agents minimum aspiration-level or threshold , a threshold, under








which solutions are deemed unacceptable . A satisficing solution may or
may not be an optimal economic solution.




Figure 1 - Canonical definition of the term satisficing




Satisficing differs from a traditional rational
decision-making process in economics in which the
agent assigns a utility to each choice, and then makes a
decision based on the probability that each choice would
maximising utility. In contrast, satisficing
occur
solutions are deemed either satisfactory (above the
agents aspiration level) or unsatisfactory (below the
agents aspiration level). An agent may decide on the
first, or any satisficing choice, the outcome being that
the agent is always satisfied, although the solution may
or may not be economically optimal. Such a strategy is
simple, computationally tractable, and a rational
strategy, although always selecting a satisficing strategy
may not be rational.
Simons satisficing decision-making and bounded
rationality have had a profound effect in many fields,
not limited to economics, game theory, management
theory, psychology, artificial intelligence and
evolutionary biology. Some interesting and notable
works follow.
Some general works include; a recent collection of
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essays on satisficing decision making [25], satisficing in
economics and firms [33], decision theory on deciding
when a selected capacity has been learned and overt
learning should cease [34], and a philosophical treatment
of satisficing verses optimization [24].
Much work has been done to extend satisficing and
comparative rationality in game theory by Stirling, et
al. not limited to satisficing in games such as the
prisoners dilemma and battle of the sexes [41]. There is
a recent book dedicated to the topic of satisficing
games [40] including computer models and algorithms.
Stirling has also done work on decision-making with
regard to appropriate skill selection, as opposed to
selecting the single best skill [23], and so called
satisficing equilibria [39]. There has also been work by
others on the evolution of cooperation with regard to
satisficing strategies in [42], and resultant cooperation
given satisficing strategies in mutual interest games [3].
Satisficing has also proven a useful inspiration for
decision making in control systems. In particular is the
development of the so called satisficing control theory
for nonlinear systems controllers [18-20]. The satisficing
threshold was paired with epistemic utility theory as a
multi-objective approach to accepting and rejecting
propositions.
Satisficing controllers have been used in robot soccer
simulations [13], and so called action selection in robot
theory [27]. Sen [32] provides a collection of essays on
satisficing models of control when dealing with
uncertainty. Finally, satisficing has been applied to
design-to-criteria [37] as a multiobjective approach to
meeting the needs of clients, and in [17] as a theory to
describe the problem of human designers latching onto
one design (even if the design is sub-optimal), not
considering other designs.














of many different local and relative considerations.
A popular quote from Dennett from his work on
intention theory [4]:
...poor
old
Mother
Nature
makes
do,
opportunistically
and short-sightedly
exploiting
whatever is in hand-until we add: she isn t perfect, but
she does the best she can. Satisficing itself can often be
shown to be the optimal strategy when costs of
searching are added as a constraint .
Richardson considers the question of optimization in
the context of evolution ecology [30], and the tradition
of considering evolution as maximising adaptiveness of
an agent. In his treatment, he shifts the focus from
evolution as an optimizing process, to that of the
decision making component natural selection .
He contends that optimization models are simpler
than satisficing models and easier to assess. He further
contends that satisficing may be considered
optimization, although a more complex optimization in
many dimensions. Richardson discusses two points in
which optimization and satisficing differ: 1. Whether the
constraints defining an optimal solution are dynamically
significant , and 2. Structure of the environment . Here
he is referring to the consideration of a sequential
decision making process of satisficing where unlike
optimization, evolution is working with what it has
based on the organisms history, that alternatives for the
organism are not presented in parallel. He does not
propose that satisficing presents a major shift in thinking
about evolutionary ecology from optimization, rather a
minor change in perspective.












Satisficing Evolution: Satisficing provides decision making mechanism in
which to consider evolution by natural selection not as a process of seeking


maximal adaptiveness of an agent to its environment, but rather sufficient




adaptiveness . Such adaptation may or may not be optimal in the
consideration of all the constraints of the agent.


ADAPTATION AND OPTIMIZATION

Thus far, satisficing has been superficially
demonstrated to be an interesting little pocket of
decision theory, it isn t until it is considered in the
context of ecology and evolutionary biology that the
interesting link to adaptive systems becomes apparent.
Bracketing satisficing with Darwinian [evolution]
may appear contradictory, for evolutionists sometimes
talk about survival of the fittest. But, in fact, natural
selection only predicts that survivors will be fit enough,
that is, fitter than their loosing competitors; it postulates
satisficing, not optimization
From [11] (pg 192) quoting Simon and Newell.
Adaptation by Darwinian evolution by natural
selection and is often phrased survival of the fittest , as
the optimization of the best or fittest organisms to
their environment. A well-known problem to ecologists
and evolutionary biologists is that there is no clear
fitness for natural selection to maximise. As Simon and
Newell point out in the above quote, perhaps rather than
the conventional optimizing adaptationist discussion of
evolution, a satisficing perspective may be more
insightful. Evolution phrased in this way would perhaps
be survival of the comparatively fit not the most fit,
where evolutionary fitness is measured as the trade-off






Figure 2 - A phrasing of evolution as a satisficing rather than optimizing

Also in the field of ecology, satisficing has been
proposed as a model for predator search (foraging) and
parental behaviour [5]. Complaints of such models,
when compared to conventional optimizing foraging
models is that they are considered both difficult to test
and perhaps a subset of optimizing models. Although
testable satisficing foraging models have been proposed
[26]. So called information-gap theory 1 has been
incorporated into satisficing foraging models supporting
experimental observations better than conventional
models.


III. SATISFICING IN SEARCH
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Satisficing has influenced considerations in
computational search and optimization. This section
summarises some of the influence satisficing has had in
this field of research.
1

Information-Gap Decision Theory: Optimizing robustness to failure or
opportunity to windfall rather than conventional decision theory that
optimizes utility. The gap refers to what is known, and what needs to be
known.
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Simon, among many other things in his prestigious
career, was a founding contribution to the field of
artificial intelligence and heuristics. One of his many
contributions in this field was his ideas of satisficing
search [9]. This involves problems to which the
solutions are all or nothing , where there is no ordering
between solutions, but there are many ways in which to
achieve a solution. Thus constraints are placed on the
order in which paths are selected to be searched. Such
problems can be phrased as and-or trees. Some related
and extensions include [6] and [31]. The approach also
been used in learning while doing decision making for
seeking approximately optimal solutions [28].
Ho [43,44] proposed that satisficing provides an
interpretation of optimization of difficult and complex
problems where a good enough solution may suffice,
promoting the use of heuristic and approximate
techniques. That is a solution that is in the top n% of
optimal solution. Another satisficing interpretation in the
context of search is to that of multiple objective
optimization, that is the concurrent optimization of
multiple orthogonal objectives, not limited to [10], [12],
and [22].








Satisficing in Search
Threshold: A threshold is imposed with regard to the satisfaction or
suitability of a solution. Once a solution meets such a threshold, the search
may be considered satisfied.
Tradeoffs: More than one consideration (such as fitness or utility) is
evaluated when seeking a solution.
Comparative: from satisficing evolution, solution utility may be considered
comparatively rather than absolutely. This ordinal ranking may further be
reduced to the Boolean status of satisfactory and unsatisfactory solutions.
Presence of Optimality: also from satisficing evolution, unlike optimization
that assumes the presence of a global or locally optimum solution, satisficing
makes no such assumptions about the existence of an optimum where one
may or may not exist.
Figure 3 - A summary of the major interpretations of satisficing in search

Juric proposes a so called anti-adaptationist genetic
algorithm [21] based on satisficing ideas of generating
solutions with minimum threshold rather than optimize.
He claims that the optimizing adaptive method to search
may impede finding solution. He claims satisficing
almost as an antonym to optimizing adaptation as a
closer match to biology. He lists four main problems he
has with the adaptationist approach, claiming that
adaptation is the problematic idea that natural selection
chooses a particular design for a particular reason (best
possible result given the circumstance).
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Juric s problems with adaptationist GA s
Assumes an optimum exists to which the genotype should be
guided
Assumes continued application beyond a minimum acceptance
level seeking the best possible solution
Assumes that schemata that are currently useful will remain useful,
and that those that are useless will remain useless in the future
schemata theorem
Assume that building blocks that serve a purpose now will
continue to serve the same purpose in the future

Figure 4 - The four main problems Juric has with the adaptationist GA

His anti-adaptation approach is claimed to allow for
the use of evolved attributes for other purposes. It is not


limited to optimization that limits variability, viability,
plasticity, flexibility in its drive for an optimum. His
approach encourages a minimum standard, robustness.
Claiming to encourage the adaptability of the structure,
rather than adapting the structure. No implementation is
provided of his conceptions.
Channon also investigates the same ideas of what
could be called satisficing in genetic algorithms with the
goal of novelty [1] and open-ended, persistent
evolutionary systems [2]. He claims that genetic
algorithms perform artificial selection with explicit
fitness function, what he calls abiotic selection . Such
systems are unable to perform long-term incremental
evolution with continual emergence. He investigates
what he calls natural or biotic selection in which there
is no explicit specification of what is desired; rather
evolution is interpreted as theory of local change and
satisficing resulting in continual emergent phenomena.
One cannot help but consider such an emergent
interpretation of evolution as a strong match to complex
adaptive systems theory.






IV. DISCUSSION

Satisficing has had an interesting but perhaps still not
fully exploited impact on search and optimization
theory, and may be an important aspect of complex
adaptive systems, and in biologically inspired
computation. It is the latter which I will briefly discuss
in this section, in particular in the context of
evolutionary computation and Artificial Immune
Systems (AIS).
The need to consider evolutionary algorithms as
complex adaptive systems rather than only as optimizers
is known, but infrequently heeded [16]. Such algorithms
can be used for optimization tasks with what Channon
calls artificial selection (like the artificial selection in
the breeding of horses or dogs), although perhaps the
satisficing interpretation of evolution (and perhaps other
inspirations for CAS and computational models) invites
investigation into other aspects of such systems.
This work has highlighted some potentially fruitful
avenues for continued and future research. An important
one is that of open-ended systems resulting in emergent
evolution. The specification of looser objective functions
or perhaps no objective functions where solutions are
discriminated as satisfactory or unsatisfactory. Such
systems promote adaptability rather than perform
adaptation, potentially providing future robustness in
uncertain environments.
Does satisficing provide a way to reconcile
evolutionary algorithms as a model of artificial rather
than natural selection, to reconcile approximate (lessthan-optimal) optimization?
With regard to the immune system of vertebrates,
satisficing points out the obvious, that the system does
not provide a perfect defence. If the system were an
optimal adaptation, then there would be no disease.
Nesse [29] discusses the mal-adaptations that result from
evolution, highlighting the immune system and disease
as a case study. He questions as to why natural selection
left us vulnerable to disease the evolutionary benefit,
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and why bodies were not designed better.
The typical argument from evolutionary biologists is
that natural selection is an undirected process whose
influence is weak because of the stochastic nature of
genetic drift and mutations. We should not expect bodies
to be anywhere near optimal. This argument, while
good, is insufficient, because while many aspects of say
the human are less than optimal, manu others are
considered quite close to optimal. He proposes a
framework of six reasons why we are vulnerable to
disease, grouped into three propositions.
Possible reasons why humans are vulnerable to disease
(1) Selection is slow (time lag), results in:
(a) A mismatch between design and environment
(b) Competition with a pathogen or other organism
(2) Selection cannot solve some problems regardless of how much time it has,
results in:
(a) Tradeoffs
(b) Constraints particular to living organisms (path dependence)
(3) We misunderstand what selection shapes, results in:
(a) Traits that increase RS at the cost of disease vulnerability
(b) Adverse defences are readily mistaken for diseases
Figure 5 - Nesse's six reasons why humans may be vulnerable to disease

Clearly, the immune system is satisficing rather than
optimizing, providing a good solution to detecting and
neutralising antigen, not necessarily optimal. These
points raise many questions. More importantly, this line
of inquiry provokes interesting lines of research in CAS
and AIS such as:
What other constraints have evolution considered in
its evolution, what has natural selection traded off? What
would a perfect immune system look like? Is there a
mismatch between the requirements and the
implementation of the vertebrate immune system, and if
so what is it? Finally, what if rather than use artificial
selection and simulate the superficial aspects of the
immune system (such as clonal selection), what if we let
such a defensive system evolve via artificial emergent
evolution? What would a satisficing interpretation of
clonal selection theory reveal, given the theories
selectionist basis was inspired by Darwin s evolutionary
theory?
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