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Abstract — 7he aim of this paper is to discuss the “Framework for M&rS with
Agents” (FMSA) proposed by Zeigler et al. [2000, 2009] in regard to the
diverse epistemological aims of agent simulations in social sciences. We first
show that there surely are great similitudes, hence that the aim to emu-
late a universal ‘automated modeler agent” opens new ways of interactions
between these two domains of M&FS with agents. E.g., it can be shown that
the multi-level conception at the core of the FMSA is similar in both con-
texts: notions of “levels of system specification”, “behavior of models”, “simu-
lator” and “endomorphic agents” can be partially translated in the terms
linked to the “denotational hierarchy” (DH) and recently introduced in a
multi-level centered epistemology of M. Second, we suggest considering
the question of ‘Credibility” of agent M&'S in social sciences when we do
not try to emulate but only to simulate target systems. Whereas a stringent
and standardized treatment of the heterogeneous internal relations (in the
DH) between systems of formalisms is the key problem and the essential
challenge in the scope of Agent M5>S driven engineering, it is urgent too to
address the problem of the external relations (and of the external validity,
hence of the epistemic power and credibility) of such levels of formalisms in
the specific domains of agent M&'S in social sciences, especially when we
intend to introduce the concepts of activity tracking.
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INTRODUCTION

Recent trends in the sciences of complex systems (integrative biology, cogni-
tive economics, computational sociology, etc.) show the spreading of com-
plex multi-level systems of models and simulations [Varenne, 2009a-b].
Due to multiple imbrications of types of symbols and of types of computa-
tions, the epistemic status of such complex simulations is most of the time
problematic. New questions arise: for which reason, according to which
criteria, can we decide that a given complex computer simulation is only
a calculus of a model, or a conceptual exploration, or a credible world or
a virtual experiment [Sugden, 2002]? It is probable that this status is not
decidable only by looking at the types of the used models nor by look-
ing at the type of simulator — or computational template — at stake [Phan
and Varenne, 2008]. Facing some similar considerations on the increasing
complexity of simulations, Winsberg [2009] claims that we have to adopt a
deferetentialist epistemology: i.e., we ultimately have to defer to the beliefs
of the modeler and to his expertise in his domain in order to find and legiti-
mate the epistemic status of each complex computer simulation (CS).

Although it surely is a cautious strategy to defer to specialists of the domain
when modeling, this strategy is not systematically working when you have
to work with many different disciplines az the same time (such as sociol-
ogy, psychology, ecology and economics, as you can see now in some com-
plex multi-level and multidisciplinary CS). Here, the problem relies on
the diversity of regional — i.e. disciplinary — epistemologies of models and
simulations. The problem is exactly this one: it does not suffice to have a
common framework and ontology for your formalisms to have the possibil-
ity to find an agreement between the epistemological standpoints and com-
mitments of various specialists on the epistemic status of the complex CS
in question. Even when a meta-aspectual point of view is available (thanks
to the availability of a common ontology), you cannot be sure that a com-
mon epistemological standpoint will automatically arise from this common
ontology. Having a common — minimal — ontology does not guarantee that
you will have a common — even minimal — epistemology. Both are largely
independent. Hence, the question can be asked: if you adopt a deferentialist
epistemology to evaluate the epistemic status of a complex multidisciplinary
CS, which specialist will you have to defer to? Undoubtedly, the need for
some new epistemological reflections reappears in this context of complex
multimodeling and CS.
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The first thing we can say is that the origin of the difficulty lies in the fact
that the problem of the validation of models and simulations is not only a
problem of internal validity between types of systems, nor only a problem of
external validity of formalisms in regard to data. It is a mix of the two.

According to Guala (2003),

The result of an experiment E is internally valid if the experimenter
attributes the production of an effect B to a factor (or set of fac-
tors) A, and A really is the (or a) cause of B in E. Furthermore, it is
externally valid if A causes B not only in E, but also in a set of other
circumstances of interest, F, G, H, etc.

[...]

Whereas internal validity is fundamentally a problem of identifying
causal relations, external validity involves an inference to the robust-
ness of a causal relation outside the narrow circumstances in which it
was observed and established in the first instance.

In fact, in complex CS, there is a tremendous mix between the questions
of external validity and the questions of internal validity. This is the rea-
son why a deferentialist epistemology is partly right: implementers have
to beware of the importance of that deference to experts of the domains to
evaluate the epistemic status of their models & CS. But this is the reason
why this epistemological strategy does not suffice either.

The aim of this paper is to introduce conceptual distinctions between the
notions of model, simulation and emulation in relation to a hierarchical
presentation of symbols so as to provide conceptual tools for facilitating the
elucidation of this problem. In particular, by using the recent discriminat-
ing and referentialist interpretation of models and complex CS [Phan and
Varenne, 2008] based on the concept of denotational hierarchy between
symbols [Goodman, 1981], we will show that it is possible to reinterpret
some conceptual tools of the Framework for M&S (FMS) described in
[Zeigler ez al., 2000].

Accordingly, we will address the problem of the conception of a universal
“automated modeler agent” [Zeigler e# al., 2009] by introducing a distinc-
tion between an emulation and a simulation. From this viewpoint, emula-
tion will appear as a kind of simulation, not the only one. This generalizing
interpretation enables to explain the partial connections between the inter-
disciplinary question of the epistemic statuses of complex agent models and
simulations, especially in social sciences, and the project of emulating a
universal automated modeler agent in the context of the FMS.
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1. A REFERENTIALIST EPISTEMOLOGY OF LEVELS OF SYMBOLS

Lets first remind what we recently proposed to call a “referentialist and
multi-level centered epistemology of complex M&S” [Phan and Varenne,
2008].

1.1. A definition of “Model”

Following Hill [2000], we first propose to base this open epistemology on
the large definition of a model first given by Minsky [1965].

To an observer B, an object A* is a model of an object A to the extent
that B can use A* to answer questions that interest him about A.

Note that this large definition is not large enough to take into account the
non epistemic roles of models, 7.e. those roles that are not primarily devoted
to the acquisition of a specific knowledge (but to the acquisition of some
know-how or some agreement). As noted by [Yilmaz ez al., 2006], models
can be used in other contexts and for other purposes: training or entertain-
ment, for instance.

Nonetheless, as far as epistemic dimensions of models and simulations are
central both to the community working with models in the sciences of
complex systems and to the community working with the system theory
approach, and as far as these communities meet on this specific role of
models, we can consider that this definition remains valid for our specific
concern.

This pragmatic definition of epistemic models is interesting because it gath-
ers three important features:

1. An object has not to be a representation to be a model. A model is not
always a symbol or a system of symbols referring to something really
subsisting. Here, I will take the term “symbol” as denoting any refer-
ring entity and the term “symbolization” as denoting any relation of
referring or “standing for” [Goodman, 1981].

2. Although a model is not always representational, a model is not in
itself a model. The property to be a model is pragmatically defined
here because, according to Minsky, an object becomes a model only
when related to an investigator and to a specific and contextualized
investigation of this investigator. So, it is relatively to this investiga-
tion that an object becomes a model.
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3. Nevertheless, a model is still characterized as an “object” by Minsky.
Note that this does not imply that a model is necessarily a concrete
and material object, of course. It can be an equation or an algorithm.
But a model remains an “object” to the extent that it possesses an
ontological independency: it is an independent entity in itself. It is
not only a property of an autonomous entity. This “objectivity” of
the model is what interests us mostly because it is what justifies the
redirection of the questioning towards the model. As an independ-
ent entity, a model presents an autonomous behavior which can be
investigated in itself.

This is the reason why most scientific models today are formal constructs
possessing a kind of unity, formal homogeneity and simplicity. These unity,
simplicity and homogeneity are chosen so as to satisfy a specific request
(prediction, explanation, communication, decision, etc.).

Given all these listed features, the main function of a model appears more
clearly: it is to facilitate the answering of some questions regarding a given
investigated object.

1.2. Systems and Models

From this viewpoint, models can be seen as “systems” too, in the sense given
by [Klir and Elias, 1985]. According to these authors, a system is a “set of
some things and a relation among the things”, i.e. an ordered pair S = (A, R)
where A denotes the set of relevant things and R denotes a relation among
them. Klir and Elias state that “the term ‘relation’ is used here in a broad
sense to encompass the whole set of kindred terms such as ‘constraint’,
‘structure’, ‘information’, ‘organization’, ‘cohesion’, ‘interaction’, ‘coupling,
‘linkage’, ‘interconnection’, ‘dependence’, ‘correlation’, ‘pattern’ and the
like”. From this system theory viewpoint, the simplicity which is sought for
in every model lies essentially in the uniqueness of the type of relation at stake
in the system-model.

In their book, Klir and Elias choose explicitly to focus on the #ypes of rela-
tions and not on the zypes of the related things. By frankly choosing this
basic approach for their subsequent conceptions of systems and their inter-
relations, they aim at freeing them from any interpretation, i.e. from any
dependence to a particular scientific discipline or specialization. Accord-
ingly, they define a “general system” as an “interpretation-free system cho-
sen to represent a class of systems equivalent (isomorphic) with respect to
some relational aspects that are pragmatically relevant”. According to them,
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it follows that the entire practice of designing and processing models can be
classified in the set of theoretically — i.e. not empirically — based activities [Klir
and Elias, 1985].

But this conclusion is problematic when we see all the literature which
on the contrary has taken seriously into account the empirical nature of
modeling and, especially, of simulations®. In fact, it appears that the system
theory approach of M&S is not always fine-grained enough for the case of
complex simulations and for the analysis of the epistemic roles of simula-
tions. But how is it possible to characterize a simulation today?

1.3.  Simulations

Before the computer era, a simulation was defined as a kind of model. The
simulation of a volcano’s eruption through chemical reactions in a class-
room was seen as a phenomenological model. That is, a simulation was a
model that represents and mimics only the behavior (the performance) and
not the functional structure of a real volcano.

In the 1940’s, with the arrival of the first digital computers in nuclear phys-
ics, a numerical calculation of an intractable mathematical model was called
a “simulation”: first because analog computers were already called simu-
lators (analog computers were mimicking the target system only through
their measurable behavior but not through their physical/structural func-
tioning), and second because a step-by-step discrete processing of symbols
could be interpreted as a “behaviorist” — and not structuralist — processing
of a formal model at a micro-level.

This common emphasis on the “behavior” can be recognized too in the
characterization of a “simulator” by [Zeigler er al., 2000]: “A simulator is
any computation system [...] capable of executing a model to generate its
behavior”. But a simulator is not a simulation. I will come back to this topic
later.

Because most CSs were initially founded on the processing of a unique for-
mal model, many papers characterize a computer simulation as a calculus
of model. Simulation is presented as a kind of second order modeling, a
temporal modeling of a model. Scholars, especially in physics, computer
science and engineering sciences, are often used to say that “a simulation is
a model in time”.

2. See for instance: [Varenne, 2001; Miki, 2002; Guala, 2002, 2003; Peck, 2004; Humphreys, 2004; Varenne,
2007; Phan ez al., 2007; Guala, 2009; Winsberg, 2009].
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According to [Hill, 1996],

Simulation is carried out by causing an abstraction of a real sys-
tem (the action model) to evolve in real time in order to assist the
understanding of the functioning and behavior of this system and to
understand certain of its dynamic characteristics, and with the aim of
evaluating different decisions.

Following this broadly accepted characterization, [Hartmann, 1996] states
that:

Simulations are closely related to dynamic models [7.e. models with
assumptions about the time-evolution of the system] [...] More con-
cretely, a simulation results when the equations of the underlying
dynamic model are solved. This model is designed to imitate the time
evolution of a real system. To put it another way, a simulation imi-
tates a process by another process.

For Parker (forthcoming work quoted by [Winsberg, 2009]), a simulation
is:

A time-ordered sequence of states that serves as a representation of
some other time-ordered sequence of states ; at each point in the
former sequence, the simulating system’s having certain properties
represents the target system’s having certain properties.

However, as noted by [Phan and Varenne, 2008], it is not always true that
the dynamic aspect of a simulation imitates the temporal aspect of the target
system. Sometimes, a simulation imitates neither the dynamic aspect of the
model nor the temporal aspect of the target system.

In the case of a rule-based CS, or in the case of what is often called a “model
of simulation”, a simulation of the model cannot imitate the dynamic aspect
of the model because it is the simulation itself which is the dynamic aspect
of the model, and nothing else. Moreover, in the case of a rule-based CS
specifically designed to produce only a final picture of a complex dynamic
object (such as a botanical plant) through a computational trajectory which
is not mimicking the real trajectory of the real system, the simulation is
neither mimicking any dynamic model nor the temporal aspect of the tar-
get system. For instance, it is possible to simulate the growth of a botani-
cal plant sequentially and branch by branch (through a non-mimetic tra-
jectory) and not through a realistic parallelism, i.e. burgeon by burgeon
(through a mimetic trajectory), and to obtain the same resulting and imitat-

B



Franck VARENNE

ing final image (see the case of the AMAPsim software presented in [Var-
enne, 2007]).

Therefore I have proposed to distinguish between CSs which are mimetic
in their results from CSs which are mimetic in their trajectory. But of course,
there exist CSs which are mimetic neither in their results nor in their tra-
jectory. Such CSs are simulations only in that they are the calculation of a
“model of simulation” and not because they are simulations of any target
system (be it real or fictional).

For all these reasons, it seems no more relevant to see all simulations as
“models in time”. It is due to the fact that the meaning and the reference of
the term “time” are problematic here. It is even more problematic than usu-
ally thought (when the sole distinction drawn is between the real time and
the time of the simulation) in that the meaning of “time” depends itself of
the kind of similitude we want for this simulation.

Through that, we understand too that the term simulation may either denote
a simulation of a model or a simulation of an external target system with the
help of a model or a set of models. In the former case, simulation remains an
ancillary instrument for the model: the limited role of a simulation of model
is to help the model generating some data that reveal the implicit behavior
of the model. In the latter case, on the contrary, the model tends to become
an ancillary instrument for the simulation of an external target system. So,
to simulate #hrough a model is not necessary to simulate 2 model, unless the
term “simulation” changes its meaning in the same sentence.

Another problem with the traditional definition of a CS is that more and
more simulations use sets or systems of models instead of a unique and mono-
formalized model. Hence, it appears necessary to characterize a computer
simulation apart from a central reference to a unique model. Seen from the
viewpoint of the mathematical system theory, and particularly because of its
property of closure under composition, this point can surely be overcome. In
fact, this is one of the most powerful and interesting properties of the DEVS
approach in M&S: a system of model is always assumed to be a model itself.
But [Recanati, 2008], who is working on computer simulations of hybrid
reasoning, has shown that it is not necessary to have a formalized metalan-
guage to enable computable interactions between ontologies. In this con-
text, some iconic aspect of ontologies (e.g.: the form of the basis symbols)
are used to bypass the recourse to any global metalanguage.

So, because questions on the kinds of “similitude” and “iconicity” of sym-

bols at stake in a CS seem to persist and even re-emerge (e.g. if we want to
clarify the meaning of “time” in this context, or if we want to determine
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whether a CS simulates @ model or an external target system, or if we want
to decide whether the simulation is a unique model in time or not), I sug-
gest characterizing simulation apart from the notion of model. As a con-
sequence, the temporal dimension of simulations itself will appear as an
iconic aspect among others in any simulation: as we have seen, temporality
can be defined through iconicity, but the converse is not true. So, the gen-
eral term of symbolization (“denoting all cases of standing for” [Goodman,
1981] and itself implied by the notion of iconicity) seems to be a more
fundamental term than “time” or “behavior” as far as a characterization of
simulation — even of CS — is concerned.

1.4. A characterization of simulations

Two caveats: first, I will give a characterization and not a definition of a
simulation; ze., it is possible to find processes which could be characterized
that way without being properly considered as simulations. But my claim is
that any simulation can be described this way. Second, note that this char-
acterization refers neither to an absolute similitude (be it formal or material)
nor to a unique dynamical model:

Generally and minimally speaking, a simulation can be characterized as «
strategy of symbolization taking the form of at least one step by step treatment.
This step by step treatment takes time. But the real or simulation time it
takes does not necessary denote nor imitate a period of time whether from
the model viewpoint or from the target system one. This step by step treat-
ment proceeds at least in rwo major phases:

1. 1% phase (operative phase): a certain amount of operations running on
symbolic entities (taken as such) which are supposed to denote either real
or fictional entities, reified rules, global phenomena, etc.

2. 2™ phase (observational phase): an observation or a measure or any
mathematical or computational re-use (e.g., in a CS, the simulated
“data” taken as input data for a model or another simulation, etc.)
of the result of this amount of operations taken as given through a
visualizing display or a statistical treatment or any kind of external or
internal evaluations.

For instance, in an analog simulation, some material or physical properties
are taken as symbolically denoting other material or physical properties (be
they of the same kind or not).
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More specifically, a CS (computer simulation) is a simulation for which we
delegate (at least) the first phase of the step by step treatment of symbolization to
a digital and programmable computer.

In particular, a CS is a “calculus of a model” or a “model in time” when the
symbolic entities which are operated upon during the operative phase can
be presented (i.e. rewritten without informational loss) as a unique and for-
mal construct possessing a kind of unity, formal homogeneity and simplic-
ity. Seen from our larger characterization of simulations, it is not necessarily
the case.

But there is one property of simulations which appears through this focus
on symbolization: the changing of levels of symbols during the process. It is
precisely on this point that we can fruitfully reconnect with the Framework

for M&S.

1.5. Subsymbols and Iconicity in Simulations

In [Phan and Varenne, 2008], we suggested considering the changing sym-
bolhood of symbols at stake in any strategy of simulation. In fact, during the
observational phase, marks which were first treated as genuine symbols, i.e.
as denoting entities, are finally treated as sub-symbols: so, they are treated at
another level than the one they first operated. At the end of process, it is
the result observed which gains a proper and new symbolic nature. And this
is relatively to this new symbol or system of symbols that the first symbols
become sub-symbols. Let’s remind that, according to [Smolensky, 1988],
subsymbols operate in a connectionist network at a lower level than the
symbols. As such, they can be seen as constituents of symbols. Subsym-
bols “participate in numerical — not symbolic — computation”: the kinds of
operation on symbols (computations) are not the same at each level. In our
context of reflections on simulations, it is not necessary to adopt the realist
connexionist viewpoint of Smolensky to borrow him this term. Berkeley
[2000, 2008], for instance, has shown that the subsymbols of Smolensky
can be interpreted in regard to a larger range of levels and from a relativistic
point of view.

In view of that, in the particular context of the strategy of a kind of symboli-
zation which is specific for a simulation, we can say that some symbols are
subsymbols relatively to the final symbol resulting from the second phase.
Consequently, sub-symbolhood appears as a key feature of any simulation.
But — what is most salient — subsymbolhood appears as a changing and
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relativistic — not definitive nor absolute — property of a symbol used in a
simulation, during the simulation.

Through that, we can see that our characterization of simulation leads us to
similar considerations as the ones presented by Zeigler ez al. [2000] (chap-
ter 1): simulation is a question of levels of symbols. But, is it necessarily or
always a question of levels of systems — or even languages — strictly speaking?
My suggestion can be now a little more substantiated and anticipated: char-
acterizing a simulation as a relation between levels of systems is a particular
case of characterizing it more largely as a relation between types of symbols
through a given step by step treatment. In the former case, we have exact or
approximate emulation in view (where emulation is defined as a particular
case of simulation, as we will see). In the latter, we have the more general
case of simulation in view.

First, let’s clarify a bit the notion of iconicity and the correlative notion
of subsymbolhood. In the 1960, it was sometimes said that simulations
were “iconic modeling” [Frey, 1961]: it was to be understood in the sense
of iconicity images can have. I.e. simulations were seen to use the same — or
similar — physical features as the ones possessed by the target system they
were told to symbolize. The linguist Olga Fischer [1996] defines iconicity
as “a natural resemblance or analogy between a form of a sign [...] and the
object or concept it refers to in the world or rather in our perception of the
world”. But she insists on the fact that nor all iconicities are imagic. There are
diagrammatic iconicities. For instance, there are relations of symbolization
where the direct likeness between a signifier and a signified (such as in the
onomatopoeia “miaow” for “sound made by cat”) is missing: “instead there
exists an iconic link between the horizontal relations on the level of the
signifier and the horizontal relations on the level of the signified” [Nanny
and Fischer, 1999]. It is the case in the sentence “veni, vidi, vici” where it is
the order of events which is iconically denoted through the ordering of the
verbs. But not all diagrammatic iconicity remains structural as is this last
one: it can be much more indirect in that it can stem from the semantics of
the language in use. There are semantic diagrammatic iconicities (ibid.). This
is this apparently paradoxical indirection of iconicity which is often used in
the creation of metaphors.

That is the reason why Fischer [1996] states that an iconic semiotic relation
is first of all relative to the standpoint of the observer-speaker-interpreter. From
these considerations, it follows that the most important is the property of an
iconic relation to be — relatively to a given language or vision of the world — less
dependent of this language. 1f we follow such a post-structuralist linguistics,

a
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iconity is no more univocally defined in terms of a superficial and implau-
sible absolute resemblance between things and signs nor by an absolute
homomorphism between pre-defined and pre-structured systems (the sys-
tem of signs, on the one hand, and the system of things taken in a slice of the
reality, on the other). But iconicity is more largely and more fundamentally
defined in terms of independence from a given language.

Hence, if we want to focus on the epistemic power of complex simulations,
the choice is no more only between interpreting it as a pure material analogy
or as a pure formal analogy. The situation now is much more complicated.

But let’s determine further these relational properties of iconicity and

subsymbolhood:

e We'll say now that a symbol is more iconic than another symbol in
regard to a given language in which it is inserted and used when its
function of symbolization (its denotational power) is less dependent
from the conventional rules of this given language.

e Correlatively, we'll say that a symbol S2 can be interpreted as a sub-
symbol of another symbol S1 in regard to a given language ift:

1. S2 is more iconic than S1 in regard to this given language;

2. There exists a computational operation (a step by step opera-
tion on symbols characterized by a weak combinatorial power)
on S2 and other symbols of the same level which can produce
a symbol of the type S1.

It could be objected that this step by step operation on elementary symbols
is precisely of a conventional nature and that it is, as such, just as any other
convention-based linguistic rules. The answer here would be relativistic too:
this is a matter of degree. When we use iterated computations instead of a
sophisticated intrications of grammars (i.e. when we use a computerized
management of symbols instead of speaking or thinking), we have access to
symbols for which only rules with weak combinatorial power are available.

More precisely, we can define:

1. The combinatorial power of a level of symbols as the measure of the
variety (i.e. the number of different types) of combinations and opera-
tions on symbols which are available at this given level. In a CS, the
weakness of the combinatorial power is compensated by the number
of reiterated elementary computations.

2. The degree of iconicity as the (relative) measure of the degree of inde-
pendency of the denotational power of a level of symbols relatively to
the conventional rules of a neighboring level of symbols or language.
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In a denotational hierarchy, we observe that the degree of combinatorial power
of a level of symbols tends to be inversely proportional to the degree of ico-
nicity regarding the neighboring level.

i
] 3 Degree of Combinatorial

by Numerical CS Agent-Based CS power
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Figure 1. Denotational hierarchy and computer simulations.

In Figure 1, I represent the notion of the denotational hierarchy of [Good-
man, 1981]. Then, I draw a parallel between the hierarchy of levels of sym-
bols in such a hierarchy and the similar hierarchies in numerical simulations
and in agent-based simulations. The relation of subsymbolization can be
interpreted in terms of an exemplification whereas the relation of denota-
tion can be interpreted in terms of an approximate description.

1.6.  Simulations of Models and Simulations of Target Systems

From what has been said, one can explain why the term simulation can
have different meanings in technical literature. According to [Oren, 2005;
Yilmaz ez al., 2006], for instance, “simulation has two different meanings:
(a) imitation and (b) goal-directed experimentation with dynamic models”.
In this section, we will show to what extent our conceptual analyses confirm
and explain further this matter of fact.

It has been said earlier that the term simulation may either denote a simula-
tion of a model or a simulation of an external target system with the help of a
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model or a set of models. The characterization just given can help us explain

the things further.

First. We are right to say that a computer simulation is a “simulation of a
model” when its specific strategy of subsymbolization essentially is taken as
a strategy of subsymbolizing the dynamic of the model. From this viewpoint,
a lapse of time taken in the dynamic of the model is iconically denoted by a
lapse of time of computation in the CS. An iconic semiotic relation takes
place here because a lapse of time is denoted through another lapse of time.
This iconic relation is not an “imitation” in the proper sense, but it is what
permits to characterize the second meaning of “simulation” — according to
[Yilmaz ez al., 2006] — as a kind of experimentation. So, temporal iconic
representations of dynamics of models such as “simulations of models” can
be specifically characterized as “models in time” too. But this particular
denotation of an aspect of a single model cannot be found in all simula-
tions. So, it cannot be generalized. The well recognized fact that many CSs
can be seen as “models in time” is more a regional consequence of the pre-
vailing classical use of a certain kind of subsymbolization based on an iconic
representation of time than the contrary. Le.: this is not the fact that a given
CS is a model in time which entails the presence of a kind of subsymbol-
izing in this CS, but the contrary. Surely, a minimal CS is often based on a
subsymbolizing of the dynamic of a given model. But a CS has not necessar-
ily to denote iconically the time elapsed in a dynamic of its related model or
models or system of models to be a simulation.

M
-~ ~
, 7 S -
, ’ 1 S o -
KV A
Mt,-t, —p Mr,-t, Mt,-t, —»

Figure 2. A computer simulation seen as a simulation of
model.

Legend: M: Model; Mt,-t,: subsymbolization of the
dynamic of the model between t, and t,.

Second. A CS can be called a simulation for another reason: it can be seen
as a direct simulation of an external target system and not as a simulation of
model. Here, we find what [Yilmaz ez a/., 2000] call the first meaning of
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simulation: imitation. In this case, it is implicitly assumed that symbols at
stake in the simulations are entering in some direct iconic relations to some
external properties of the external target objects.

From this viewpoint, contrary to what prevailed in the first case, lateral and
external relations between symbols and target entities or target symbols or
labels have to be taken into account.

Agent Models & Simulation Target objects
Generic agent
g O and [:::] are « real » objects;
‘=E‘J§ §§ is a label of a group or a
0 B8 (k3 but [ fiction (e.g. an institution
" like the State or the
Specific agents Church)

<+

Externalldenotations
L Operative S X !
=0 o O N
T :
/ \ Externjal denotations
o

r or Observational
BEn |z|1|a||a||z|1ﬂ» Ohase

bsymbollzes
mbollcally

denotes

=
1l
4
1
Y,

E | i
Newly produced symbols xternal denotations

Figure 3. Denotational hierrarchy and external denotations.

In Figure 3, besides the internal relation of subsymbolhood between a sym-
bol of the generic agent and the symbols of specific agents, the exzernal
denotational relations between these symbols and the target objects (be they
real, constructed or fictional) are represented.

These external relations of denotation can be seen as iconic or as symbolic
too. But this is not with the same meanings as the ones introduced in the
previous case.

For instance, in Figure 3, the target objects + are denoted by [2] through
a symbolic external denotation. This external denotation is symbolic because
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it goes through the intermediary symbol /\ of which denotational proper-
ties are based on conventional rules (linguistic and social rules at the same
time).

On the contrary, the target object <> is denoted by & through an iconic
external denotation because no such conventional intermediary is necessary:
we can see iconicity in this case (i.e. a weak dependence to any language
convention) in that there is a one by one connection between the specific
symbol and the specific target object.

Because this iconicity is decided in regard to any or to a great number of lan-
guages or systems of symbols, it can be said to be an absolute iconiciry. This is
a great difference with the internal iconicity we presented first, which serves
to characterize any simulation and which always remains relative to a given
level of symbols or language. In fact, the latter takes place in the relations
of simulation within a denotational hierarchy of levels of symbols, whereas
the former denotes symbols or entities which may but have not to belong to
any explicit denotational hierarchy. Externally denoted entities or symbols
themselves have not to belong to any hierarchy (nor to the same hierarchy as
the one of the simulation) to be denoted from a kind of symbol belonging
to a model and simulation-oriented denotational hierarchy.

As a consequence, neither simple matching nor direct parallelism between
the M&S-oriented DH and any real (or eventually consensual) hierarchy
relevant for the target objects is necessary. Another way to coin this is to say
that it is not necessary for the denotated target objects to form a system to be
simulated in a complex CS.

In the next section, I will remind some of the key ideas of the Framework
for M&S. Afterwards I will show how to interpret this conception of M&S
with the help of the concepts recently introduced. Particularly, I will sug-
gest seeing the FMSA as a specific conception of the practice of M&S with
agents in that it is based on the relatively strong hypothesis that an inte-
gration of some system of target objects within the denotational hierarchy is
always possible and/or relevant.

2. Svstem THeoRY AND FRAMEWORK FOR M&S

From the standpoint of the theory of systems, the process of modeling and
simulation and its variant can be interpreted in terms of relations not only
between symbols and groups of target entities, nor even between levels of
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symbols, but always between levels of system specifications. As a consequence,
the system of target objects (more briefly the zarger system) — or observation
frame — is situated in an integrated system-denotational hierarchy. It takes
place at the level 0 of this hierarchy.

2.1.  The hierarchy of the epistemological types of systems

As noted by [Zeigler ez al., 2000], the hierarchy of levels of system specifica-
tions — i.e. of “levels at which dynamic input/output systems can be described,
known, or specified ranging from behavioral to structural” [Zeigler et al.,
2009] — is very similar to the hierarchy of epistemological types of systems
according to George Klir.

In 1985, after having defined the notion of system (see above), Klir gave a
taxonomy and hierarchy of epistemological types of systems. This hierarchy is
derived from the working of 3 primitive notions: “an investigator (observer)
and his environment, an investigated (observed) object and its environment,
and an interaction between the investigator and object” [Klir and Elias,
1985]. Each type of system in the hierarchy is determined by the kind of
investigation at stake.

At level 0 are what Klir calls source systems, i.e. systems which are the “sources
of empirical data regarding specific attributes of investigated objects”.
According to Klir, “systems on different higher epistemological levels are
distinguished from each other by the level of knowledge regarding the vari-
ables of the associated source system”. From this viewpoint, we see that right
from the start, target objects and correlated empirical data are pre-structured
in a system. This is the main reason why this level 0 can be integrated in the
overall system hierarchy.

Atlevel 1, are data systems, i.e. systems which provide the knowledge of acrual
states of the basic variables within the defined support set. At level 2, there
exists “an overall support-invariant relation among the basic variables of the
corresponding source system”. This relation describes “an overall process
by which suites of the basic variables are generated within the support set”.
Such systems are called generative systems. At level 3, systems are called szruc-
ture systems. Each structure system is defined in terms of a set of generative
systems or lower systems. These subsystems of a structure system interact in
some way (e.g. they share variables...). After the level 4, the system begins
to have the possibility to change its inner relation. At level 4, specifically, the
characterization of the changes is itself support-invariant: such systems are
called metasystems. At level 5, the characterization of the change can change
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too “according to a support-invariant higher level characterization”. Such
systems are called meta-metasystems. Finally, Klir claims that metasystems of
higher order can be defined. From this viewpoint, note that a source system
is included in each of the higher level systems: the hierarchy functions as a
ladder of embedded systems.

2.2 Hierarchy of System Specifications

Similarly, as recalled in [Zeigler ez al., 2009], in the hierarchy of system
specifications, the systems at level 0 provide only an input and output inter-
Jace. Levels 1 (I/0O behaviour) and 2 (I/O function) of this hierarchy corre-
spond to Klir’s level 1: data systems. In particular, systems of level 1 provide
input/output pairs whereas systems of level 2 supplement these pairs by the
knowledge of an initial state. Systems of level 3 specify further a szate tran-
sition. In that, they correspond to the generative systems in Klir’s hierarchy
(Klir’s level 2). Finally, coupled component systems form the level 4 of the
hierarchy of system specifications. They correspond to structure systems in
Klir’s hierarchy (level 3). Note that, on the contrary to Klir’s hierarchy, the
hierarchy of system specifications does not explicitly take into account the
possibility for the state transition to change. So there appear no higher lev-
els of system specification than the one corresponding to the fixed structure
systems of Klir.

According to [Zeigler ez al., 2000], the central idea of the hierarchy of Klir
— which also applies to the system specifications hierarchy — is that “when we
move to a lower level, we don’t generate any really new knowledge — we are
only making explicit what is implicit in the descriptions we already have”.

Hence, due to the unique hierarchization and to the integration of all the
target objects within the same hierarchy, a change of level can be seen as
an explicitation of what is already there, but implicit. As a consequence,
simulation cannot appear as anything else than a simulation of model as we
defined it above (a sez of target objects being always seen as a system-model). As
underlined by [Zeigler ez al., 2000], “in the M&S context, one major form
of systems analysis is computer simulation which generates data under the
instructions provided by a model” (my emphasis). The authors object them-
selves that “one could argue that making something explicit can lead to
insight, or understanding, which is a form of new knowledge”. But they
answer that “Klir is not considering this kind of subjective (or modeller-
dependent) knowledge”. Indeed, they conclude that “although no knowl-
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edge (in Klir’s sense) is generated, interesting properties may come to light
of which we were not aware before the analysis”.

On the contrary, when we climb up the hierarchy (from a level n to a level
n+m), we need to construct a higher detailed description of a system. In this
case, we introduce some new knowledge as it appears in epistemic practices
such as system inference, system design or model construction. That is: we try to
find a generative system or structure system which can “recreate the observed
data” of some source system [Zeigler et al., 2000].

As we can see, from this viewpoint of system theory, simulation remains
fundamentally an explicitation of mathematical structures (due in particular
to: 1% the condition of closure under composition, 2™ the strong hypothesis
of a unique denotational hierarchy). Simulation is always interpreted as a
calculus of a model. As it appears for any mathematical construct (when
compared to their numerical simulation), it is the model which is always
considered as possessing a higher degree of virtuality and cognitive power
in that it possesses a higher — because a larger — power of possible denoration
through the supposedly unique denotational hierarchy (to which the target
objects are all said to belong, at the source system level, in a well-suited
systemic form).

3. EXPLAINING DIFFERENT EPISTEMIC STATUSES
0F MODELS AND SIMULATIONS

A problem is that practitioners of models and computer simulations in
social sciences (computational economics, sociology, geography...) do not
always agree on the fact that CSs are only calculus of models or that they
only provide some insight of what is at stake in the hidden core of a unique
model. As shown by a review of the literature made in [Phan and Varenne,
2008], models can be seen either as conceptual exploration or as experi-
ment. Simulations can be seen as experiments on models or as direct virtual
experiments or as “credible worlds” [Sugden, 2002].

3.1. Models as virtval experiments or as instruments

Founding its analyses on the notions of denotational hierarchy and iconic-
ity presented above, [Phan and Varenne, 2008] have proposed to explain
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why and to what extent social scientists (and more generally practionners
of M&S in the sciences of complex objects) are justified to say that a model
has an empirical dimension in itself. In some cases, it is because some causal
Jactors are denoted in the model through symbols of which external iconicity
(not internal) is patent and can be reasonably (consensually) recognized as a
sufficiently realistic conjecture.

On the contrary, it can be shown that models are seen from a purely instru-
mentalist standpoint (i.e. models are seen as inductive instruments abbreviat-
ing some real experiments) when the modeler thinks that the measure of the
external iconicity of the operating symbols is weak and when this is their com-
binatorial power at a high level in the denotational hierarchy which is mostly
requested.

3.2 Simulations as experiments on a model or as conceptual explorations

A simulation being minimally founded on some kind of internal subsym-
bolization, every CS of a model treats it at a sublevel “which tends to make
its relation to the model analogous to the naive dualistic relation between
the formal constructs and the concrete reality” [Phan and Varenne, 2008].
This is because of this analogy between the internal relations of subsymboliza-
tion (within the DH) and the external denotational relations between sym-
bols and target objects that such a CS can be seen as an experiment on the
model. Conversely, if the goal of the investigation leads to focus on some
residual but external symbolic (not iconic) aspects of used subsymbols, we are
authorized to see such a CS of model as @ pure conceptual exploration.

It follows that the external validity is no trivial question when we face a com-
plex CS: with a complex CS, it is no more easy to have an overall viewpoint
on the relations between symbols at stake or between symbols and objects.
No overall viewpoint can univocally lead us to determine once for all the
external validity of the CS as a whole. In fact, this external validity depends
on the strength of the alleged external iconic aspects.

Note that if these external iconic aspects are extremely stabilized and charac-
terized, the simulation can be compared to an exemplification. In this case,
as noted by [Phan and Varenne, 2008], external validity is not far from an
internal one. The difference is a matter of degree. Seen with the help of
our conceptual distinctions made above, this case is precisely the one for
which we are justified to make the strong hypothesis of an integration of the
target objects not beside but within the denotational hierarchy. Moreover,
the loose and polysemic relation of simulation becomes a particular one in
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this extreme case of an exemplification of a target through a simulation:
simulation becomes a rigid relation of emulation. To emulate is not only to
simulate but to perfectly simulate: i.e. presenting the property to generate
the same behavior in any circumstances, even in those circumstances which
have not been gathered and used to validate the simulation. This is the
reason why, when Copeland [2004] is reminding the exact meaning of the
Church-Turing thesis, he is explaining that emulation is not an imperfect
imitation but a perfect simulation in that the simulating system becomes a
system which proves to be equivalent to the simulated one.

3.3 Simulations as experiments in themselves

Some scholars claim that computer simulations are not real experiments,
but experiments in themselves. But in what precise sense? After having paid
attention to such scholars’ claims and analyzed them in their own right,
[Phan and Varenne, 2008] have shown that there are at least 4 criteria to
decide whether a simulation is not only an experiment o7 the model but an
experiment 77 itself.

First, when you see the CS as a direct simulation of some target objects, the
empiricity of the CS comes from an experiencing, that is, from an obser-
vation and a comparison between the symbols at stake in the CS, on the
one hand, and the target objects, on the other. External validity enters here
in consideration. But there are two possible kinds of comparison. Either
one can postulate an external iconic relation between the resulting symbols
of the observational phase of the CS and some target objects, or one can
postulate such an external iconic relation between the elementary symbols
at stake in the operative phase and some other target entities. The former
leads to an empiricity of the CS regarding the effects (of the computation),
whereas the latter leads to an empiricity of the CS regarding the causes (of the
computation).

Second, when you see the CS not as a simulation of a model (otherwise it
still can be seen as an experiment oz a model as we said above) but as
simulation of a set of models, it is not necessary that its empiricity be decided
only from a direct comparison between the target objects and the symbols
at stake in the DH. It can be decided from an experimenting on the inter-
nal interactions between levels of formalisms and levels of symbols within
the (complex) DH. From this viewpoint, as shown by [Phan and Varenne,
2008], there are two kinds of empiricity: (1) the empiricity due to the intrica-
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tion of the referential routes of symbols, and (2) the empiricity due to the defect
of any a priori epistemic status.

Note that a CS borrows its empirical characteristic not from a complete
substitutability with the target objects. It borrows it from a partial substituz-
ability (in the two first cases) or even not from any substitutability at all,
but from the opacity of the intrication of symbols in the DH (in the two last
cases).

Now that we have distinguished between kinds of iconic relations (internal
to a DH, external to a DH), and between types of epistemic statuses for a
model or a simulation, it is time to determine some epistemological condi-
tions which could be necessary for the formulation of a universal “auto-
mated modeler agent”.

4. THe FMSA AND THE SEARCH
FOR A UniversaL Automarep MopeLer Acent (UAMA)

4.1.  Agents, Endomorphic Agents and the universal “automated modeler agent”

As shown by [Zeigler ez al., 2009], the notion of endomorphic agent is
central to the search for a first formulation of a UAMA. Briefly said, agents
are objects (in the sense of object-oriented programming) that can have
perceptions, beliefs, desire and intentions. Agents have been developed in
distributed Al, but in philosophy of mind too, to match the first BDI mod-
els in the 70’s — see the filiations of [Putnam, 1960] and [Fodor, 1975]. See
[Ferber, 1999] too for a thorough presentation.

As noted by [Yilmaz ez al., 2006],

Software agents are entities that (a) are capable of acting in purely
software and/or mixed hardware/software environments, (b) can
communicate directly with other agents, (c) are driven by a set of
goals, objectives, and tendencies, (d) possess skills to offer services,
(e) perceive their environment, and (f) can generate autonomous
behavior that tends toward satisfying its objectives [Ferber, 1999].

In his definition, the social scientist Nigel Gilbert [2008] chooses to empha-
size first on human characteristics such as “autonomy” and “social ability”:

Agents are conventionally described as having four important
features:
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1. Autonomy. There is no global controller dictating what an
agent does; it does whatever it is programmed to do in its cur-
rent situation.

Social ability. It is able to interact with other agents.

. Reactivity. It is able to react appropriately to stimuli coming

from its environment.
4. Proactivity. It has a goal or goals that it pursues on its own
initiative.

SRS

But they are strong convergences between the two approaches: what is called
Agent-based Modeling in the computational social sciences — see [Gilberrt,
2008] — is quite the same as what is often called Agent-simulation in the
modelers and computer scientists’ community — see [Yilmaz ez al., 2006].
According to [Yilmaz ez al., 20006], Agent-based modeling or Agent-simula-
tion can be defined as “the use of agents as design metaphors in developing
simulation models”.

In this context, it is assumed that “simulation models” are models specifi-
cally devoted to simulations understood as imitations of target systems. So
beware that the meaning on this expression is not based on the general
meaning of “simulation” but only on its first meaning (according to Oren
and Yilmaz). Such a model can be a simple set of formal rules which can
be unrealistic in themselves (in the sense of an external iconic relation) but
which are conceived in such a manner that their common and interactive
running leads to a realistic (hence imitative) result, once compared to the
target system.

Whereas “Agent-based modeling” or “Agent-simulation” is devoted to an
imitative role of simulations, what [Yilmaz ez a/., 2006] call “Agent-based
simulation” refers — on the contrary — to the instrumental role of agents
formalisms.

Agent-based simulation is the use of agent technology to generate
model behavior or to monitor generation of model behavior. [Yilmaz
et al., 2000]

It is important to note that, in this case, the term simulation changes its
meaning: it is no more to be understood as an imitation of a target system
but as “a behavior of a model”, as a “model in time” or as an “experimenta-
tion on a model”.

We can explain this distortion by saying that, in such simulations, the
empbhasis is on the internal iconic relations and not on the external ones.

Now, what is an endomorphic agent?
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An endomorphic agent is a particular agent “that contains models of itself
and/or of other endomorphic agents” [Zeigler ez al., 2009].

When we search for a UAMA, we aim at formulating “models of mind”
which could be incorporated in agents so that these agents could be said to
emulate some of the human cognitive capacities (ibid.). In particular, the
theory of the massive modularity of mind [Carruthers, 2006] — because
offering the hope that an easy modeling of a multiplicity of simple modules
in mind will soon be reachable — could be a way to give a first outline of a

UAMA.

The necessity for a sufficiently evolved agent to construct in his mind
— sooner or later — a “theory of the mind” of others and of himself can be
simply and logically demonstrated [Zeigler ez a/., 2009]. It has been largely
recognized by evolutionary psychologists too.

From these considerations, we can infer that an endomorphic agent would
meet the challenge to conciliate the two different kinds of Agent-directed
simulation. It would have to conciliate the property to be an Agent-based
model with the property to run an Agent-based simulation of itself (as
agent). In the Agent, the prescribed Agent-based simulation of itself will
give rise to a modular representation of itself (most of the times unrealistic
from its viewpoint), whereas the Agent-simulation will — on the contrary —
determine a representation of itself as a familiar and somewhat realistic
agent (“realistic” compared to real external systems).

The problem of doubling the aspects (even when they are incompatible)
on a same entity is not inescapable, of course; but it demands some careful
attention to what kinds of different semiotic relations (internal, external,
iconic, subsymbolic) are at stake in each case. This problem becomes all the
more acute when we intend to build a modeler agent, moreover a “universal
autonomous modeler agent”.

4.2. The universal autonomous modeler agent
and the “modeler subjective knowledge”

We won't enter here in the debate about the validity and significance of
such assumptions in the general project of intelligence modeling. Our goal
is more modest: it is to show one of the consequences of such an approach
on the alleged epistemic role of models and simulations.

Thanks to our previous analyses and conceptual distinctions, we can under-
stand that the formal construct of a universal endomorphic agent, which
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would construct by himself — at runtime — a theory of his mind-body, is a way
for the FMSA to guarantee the continuous integration of the target objects in
a unique denotational hierarchy, during the whole process of M&S. In fact,
the system theoretic vision, the constraints of strict embedding between
levels of symbols and the condition of closure under composition of sys-
tems authorize to take into account and integrate in the hierarchy of system
specifications what Klir nevertheless rejected and called the “subjective (or
modeler dependent) knowledge”. This is the reason why it is justified to see
a real promised land in this new project.

But we have shown above that the relations between the levels of symbols
within the DH and the relations between symbols of the DH and some target
objects or target symbols (these latter being based on the modeler depend-
ent knowledge) are 7oz of the same nature: in particular, the former are
supposed to give rise (sometimes) to relative internal iconicities whereas the
latter can give rise to absolute iconicities. So, the logical grammars of these
iconicities — and then of these two types of relations — are not the same. If
we neglect this difference, the diversity and the real coherence of the episte-
mological positions concerning the epistemic statuses of models and simu-
lations among the different practices of M&S in complex sciences remain
unexplainable.

So it appears that one of the greatest challenges for the search for a UAMA
could be the careful formulation of this distinction of nature and of stand-
points on symbols and on relations of symbols and target objects for any
modeled cognitive process. Otherwise, it is not excluded that a simple par-
tially auto-similar and auto-scopic agent (the formulation of which would
be based on a rough homogeneization of the different kinds of relation of
denotation) would be another pitfall in the quest for a greater unification of
the tools and practices of M&S.

5. Emuramion oF Systems, SimuLaTion oF AGENTS

The last sections have shown that when we adopt the system theory approach
for the design of agents which would be capable of modelling & simulating
their world and other agents in a similar way as behavioral and social scien-
tists — or even common people — do in their daily life, we have to make the
hypothesis that external iconicities could be reduced to internal ones.
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This hypothesis is strong. The problem it arises is not far from the one
posed by Putnam [in 1991] when arguing against the computational view
on mind (although Putnam himself had been one of the leader of this view
in the 1960’s): the denotational power of a symbol — or of a given level of
symbol — not only depends on its insertion in a unique, closed and finite
set — or hierarchy — of symbols but also on the physical and socio-linguistic
context of this symbol or level of symbols in the real world.

But, according to the suggested approach here, this argument does 7oz suf-
fice to condemn us to any relativism or vitalism, nor to any refusal of the
project of building a UAMA. On the contrary. It serves to make the chal-
lenge more precise and efficient.

Accordingly, in this last section, I will show how the use of the distinc-
tion between external and internal iconicities could help us to distinguish
between an approximate morphism and an imperfect simulation.

5.1 Exact Morphisms, Approximate Morphisms and Kinds of lconicity

As shown in [Zeigler ez al., 2000: chapter 12], from the FMS point of view,
it can be useful to treat the horizontal relations between systems that belong
to the same level of specifications. A relation which establishes “a corre-
spondence between a pair of systems whereby features of the one system
is preserved in the other” (ibid.) is called a preservation relation or system
morphism.

In particular, [Zeigler ez al., 2000] introduces morphisms that are “such that
higher level morphisms imply lower level morphisms™: “this means that a
morphism that preserves the structural features of one system in another
system at one level also preserves its features at all lower levels” (ibid.). The
existence of this possibility is coherent with two facts: 1) the fact that, from
this viewpoint, going down the levels in the system specification hierarchy
“corresponds to a simulation process, ie. generating the behaviour of the
model given its structure” [Zeigler ez al., 2000: chapter 14; 2] the fact that,
when simulating, i.e. when going down the levels, our knowledge cannot
increase at all, but only be rendered more explicit (see above).

In this context, a morphism is said to be exacr when all the features of inter-
est in the two systems are exactly preserved. In other words, a morphism
is exact iff any of the two systems emulates the other. On the contrary, a
morphism is said to be approximate when not all features of interest are
preserved in this relation (ibid.).
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Of course, there can be different kinds of simulations for the same sys-
tem. In computational economics and social sciences, it is often said that
agent-based simulations of social phenomena can be used to explain, at the
micro-level, the mechanisms of the social phenomena whereas holistic mod-
els, working at a macro-level, are said to be phenomenological and of an
instrumental nature. These mathematical and holistic models nevertheless
can be simulated through discretization and other numerical tricks: but the
finite elements which are the bases for such simulations of models are 7ot in
a relation of external iconicity with some target objects. On the contrary, in
the case of individual-based simulations, simulated agents can be said to be
related to such objects through an external iconic relations. Hence, it appears
that a simulation of agents is not the same as an emulation of systems.

More precisely, it follows that the property to be a relevant simulation at a
given level is not an intrinsic property which could always be inberited only
Jfrom a position in the hierarchy. In particular, it cannot be inherited only
by guaranteeing that a system at a higher level is in a morphism relation to
another system at this higher level, this latter having a relevant simulation,
at a lower level, for its own.

So, if we do not want to defer each time to a subjective viewpoint of the
modeller, and if we want to implement endomorphic agents who would be
automated modelling and simulating agents, there is a necessity to objectify
and formalize this external relation of denotation. A way to do this could be
to look for a metric suitable for an objective evaluation of the simulation
error in the sense valid for a simulation of a targer objects.

5.2. Towards a Metrics for Errors in Simulations in regard to external Iconicities

Now that we take into consideration the semantics of symbols at stake, it
surely appears a challenge to find a mezrics which would be appropriate for
the formulation and the measure of the distance between a desired simula-
tion of a targer and the simulation obtained.

Such a metrics would be a useful tool as far as endomorphic agents are sought
for [Zeigler ez al., 2009]: otherwise, how would it be possible to implement
credible (for behavioral and social scientists) evolutionary endomorphic
agents without having an idea of how they can assess their own performance
in modelling and simulating? In this case, the necessity to implement the
modelers knowledge and point of view leads to the necessity to make a place,
in such agents, to a sensibility to the external iconicities of the models they
build, beside their sensibility to internal ones or to isomorphisms.
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Another problem is that external iconicity is founded on a weak dependence
of the denotational power of symbols of interest from any linguistics sys-
tems or any pre-established conventional rules. How can this independence
be taken into account in a notational system?

But let’s remind that this iconicity remains a matter of degree (even when
this is seen as “absolute”) and that the difference between external validity
and internal validity remains a matter of degree too, as a consequence. So
it could be a solution to introduce sets of symbols which could interoper-
ate, but which could not be inserted in the overall denotational hierarchy
of the M&S process. Such floating sets of symbols (seen as floating from the
DH point of view) could be considered as “external patterns of reality”
or as modules the activity of which has to be simulated from an external
point of view. Algorithms of activity tracking [Zeigler ez al., 2009] could
be used to simulate these external modules (modules taken as external to
the DH) as it is not necessary to assume that these modules always belong
to the same system or system of systems. More generally, it seems necessary
to integrate explicitly the modelling of the epistemic activity of the UAMA
(its “epistemology”). And a way to do this would be to track this epistemic
activity and, moreover, to enable the UAMA to become aware of — and to
react to — its own epistemic activity.

ConcLusion

As noted by [Zeigler er al., 2009], the human mind can be seen as the
“behavior of the brain” [Carruthers, 2006]. The mind seems fascinating for
the specialist in M&S in that it has solved for himself the problem of the
System of Systems integration (SoS), i.e. the problem to integrate systems
with specific functions into a more comprehensive and multifunctional sys-
tem. Hence, it is perfectly understandable that the search for an endomor-
phic automated modeller agent seems so crucial today.

This paper has first presented an outline of a multi-level referentialist episte-
mology of models as far as complex M&S are concerned. It has shown that
this multi-level epistemology leads to a very similar presentation of the M&S
process as the system theory approach adopted for the FMS with Agents
[Zeigler et al., 2000]. Nevertheless, this distinct presentation has shown too
that the difference between external and internal denotations helps to focus
on the strong and specific hypothesis which is at the basis of the specific
FMS approach: the possibility to integrate the target objects as a system in
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the denotational hierarchy of symbols — or system specification hierarchy —
of the M&S process.

The fact that this strong hypothesis is 7oz always assumed in the works done
in the context of computational social sciences — and in computational
complex sciences in general — explains the difference between the episte-
mological reflections of this community (which uses more and more M&S$S
based on agents) and the epistemological reflections of the neighboring
community concerned with multimodelling, DEVS formalisms and, more
recently, the FMSA (FMS with Agents). In particular, our epistemological
distinctions enable to explain why different epistemic statuses still can be
attributed to their works with agent-based models and simulations by com-
putational economists or sociologists, whereas these distinctions seem to
have not much meaning in the other community.

In fact, this paper shows that these two communities will have to discuss
more intensively in the coming years. In particular, it shows that the FMSA
community will newly and explicitly have to deal with the “modeler’s
dependent knowledge” (i.e. with the modelling of his epistemology), once
rejected (as non significant) in the first FMS approach.

Finally, it has been suggested that the challenge for the project of a formula-
tion of a universal automated modeller agent (UAMA) has much to do with
the search for a way to articulate the internal and system theory approach of
levels of symbols and the referentialist approach of the relations of denotation
between symbols and external target objects.

REFERENCES

[Berlekey, 2008] — Berkeley 1., What the ... is a symbol?. Minds and Machines, 18, 2008,

pp. 93-105.

[Berlekey, 2000] — Berkeley I., What the ... is a subsymbol?, Minds and Machines, 10, 2000,
pp- 1-14.

[Carruthers, 2006] — Carruthers P, The Architecture of the Mind, Oxford, Oxford University
Press, 2006.

[Copeland, 20041 — Copeland B. J., Computation. /n: Floridi L. (ed.), 7he Blackwell Guide
to the Philosophy of Computing and Information, New York, Blackwell Publishing,
2004, pp. 3-17.

[Ferber, 19991 — Ferber ., Multi-agent systems: An introduction to distributed artificial intel-
ligence, Harlow (UK), Addison-Wesley, 1999.

a



Franck VARENNE

[Fischer, 1996] — Fischer O., Iconicity: A definition. /n: Fischer O. (ed.), lconicity in Language
and Literature, Academic Website of the University of Amsterdam, maintained
since 1996, http://home.hum.uva.nl/iconicity/.

[Fodor, 19751 — Fodor J., 7he Language of Thought, New York, Thomas Crowell Company,
1975.

[Frey, 1961] — Frey G., Symbolische und Ikonische Modelle. /n: Freudenthal H. (ed.), 7pe
concept and the role of the model in mathematics and natural and social sciences, Dor-

drecht, Reidel Publ., 1961, pp. 89-97.
[Gilbert, 2008] — Gilbert N., Agent-based Models, Los Angeles, SAGE Publications, 2008.

[Goodman, 1981] — Goodman N., Routes of Reference. Critical Inquiry, Vol. 8, No. 1,
Autumn 1981, pp. 121-132.

[Guala, 2009] — Guala E, Experimentation in Economics. /z: Miki U. (ed.), Handbook of the
Philosophy of Science, Vol. 13: Philosophy of Economics, forthcoming (2009).

[Guala, 2003] — Guala E, Experimental Localism and External Validity. Philosophy of Science,
70, 2003, pp. 1195-1205.

[Guala, 2002] — Guala E,, Models, Simulations, and Experiments. /z: Magnani L. and Nerses-
sian N. J. (eds.), Model-Based Reasoning: Science, Technology, Values, New York, Klu-
wer, 2002, pp. 59-74.

[Hartmann, 1996] — Hartmann S., The world as a process. /n: Hegselmann R., Miiller U. and
Troitzsch K. (eds.), Modelling and simulation in the social sciences from the philosophy
of science point of view, Kluwer, 1996, pp. 77-100.

[Hill, 2000] — Hill D. R. C., Contribution i la modélisation de systémes complexes, application &
la simulation d écosystémes, Mémoire d’habilitation 2 diriger des recherches, Univer-
sité Blaise-Pascal, Clermont-Ferrand, 2000 (in french).

[Hill 1996] - Hill D. R. C., Object-Oriented Analysis and Simulation, Addison-Wesley Long-
man, 1996.

[Humphreys, 2004] — Humphreys P, Extending ourselves, Oxford University Press, 2004.

[Klir and Elias, 19851 — Klir G. and Elias D., Architecture of Systems Problems Solving, New York,
Plenum Press, 1985.

[Miki, 20021 — Miki U. (ed.), Fact and Fiction in Economics, Cambridge University Press,
2002.

[Minsky, 1965] — Minsky M., Matter, Mind and Models. In: Proceedings of IFIP Congress,
1965, pp. 45-49.

[Néinny and Fischer, 19991 — Niinny M. and Fischer O. (eds.), Form Miming Meaning: Iconicity
in Language and Literature, Amsterdam / Philadelphia, Benjamins, 1999.



Framework for M&S with Agents in regard to Agent Simulations in Social Sciences: Emulation and Simulation

[6ren, 20051 — Oren T., Toward the Body of Knowledge of Modeling and Simulation. /:
Interservice/Industry Training, Simulation, and Education Conference (I/[TSEC),
Orlando, Florida; paper 2025, 2005, pp. 1-19.

[Peck, 2004] — Peck S. L., Simulation as experiment: a philosophical reassessment for biologi-
cal modeling. Trends in Ecology & Evolution, 19(10), 2004, pp. 530-534.

[Phan and Varenne, 2008] — Phan D. and Varenne E, Agent-Based Models and Simulations
in Economics and Social Sciences: from conceptual exploration to distinct ways
of experimenting. In: Proc. of EPOS (Epistemological Perspectives on Simulation) —
3 edition, October 2-3, 2008, Lisbon, ISCTE, 2008, pp. 51-69.

[Phan ef al, 2007] — Phan D., Schmid A. E. and Varenne E, Epistemology in a nutshell:
Theory, model, simulation and experiment. /n: Phan D. and Amblard E (eds.),
Agent Based Modelling and Simulations in the Human and Social Sciences, Oxford,
The Bardwell Press, 2007, pp. 357-392.

[Putnam, 19911 — Putnam H., Representation and Reality, Cambridge, The MIT Press, 1991.

[Putnam, 1960] — Putnam H., Minds and Machines. /z: Hook D. (ed.), Dimensions of Mind.
A Symposium, New York, 1960; reprinted in: Anderson A. R. (ed.), Minds and
Machines, New York, Prentice-Hall, 1964, pp. 43-59.

[Recanati, 2008] — Recanati C., Hybrid Reasoning and the Future of Iconic Representations.
In: Artificial General Intelligence 2008 - The First AGI Conference, Memphis, Ten-
nessee, 2008, pp. 299-310.

[Smolensky, 1998] — Smolensky P, On the Proper Treatment of Connectionism. 7he Behav-
ioural and Brain Sciences, 11, 1998, pp. 1-74.

[Sugden, 2002] — Sugden R., Credible Worlds: The Status of Theoretical Models in Econom-
ics. In: Miaki U. (ed.), Fact and Fiction in Economics, Cambridge University Press,
2002, pp. 107-136.

[Varenne, 2009b] — Varenne E, Models and Simulations in the Historical Emergence of the
Science of Complexity. /n: Aziz-Alaoui M. A. and Bertelle C. (eds), From System
Complexity to Emergent Properties, Berlin, Springer 2009, pp. 3-21.

[Varenne, 2009a] — Varenne E, Qu'est-ce que l'informatique ?, Paris, Vrin, 2009.
[Varenne, 2007] — Varenne E., Du modeéle & la simulation informatique, Paris, Vrin, 2007.

[Varenne, 2001] — Varenne E, What does a computer simulation prove?. /n: Giambiasi N. and
Frydman C. (eds.), Simulation in industry — ESS 2001, Proc. of the 13" European
Simulation Symposium, Ghent, SCS Europe Bvba, 2001, pp. 549-554.

[Winsberg, 2009] — Winsberg E., A Tale of Two Methods. Synthese, forthcoming (2009).

[Yilmaz et al, 2006] — Yilmaz L., Oren T. and Aghaee N. G., Intelligent agents, simulation,
and gaming. Simulation & Gaming, Vol. 37, No. 3, September 2006, pp. 339-
349.



Franck VARENNE

[Zeigler et al, 20091 — Zeigler B. P, Muzy A. and Yilmaz L., Artificial Intelligence in Modeling

and Simulation. /n: Meyers R. A. (editor-in-chief), Encyclopedia of Complexity and
System Science, Heidelberg, Springer, 2009, pp. 344-368.

[Zeigler et al, 2000] — Zeigler B. P, Prachofer H. and Kim Tag G., Theory of Modeling and

Simulation. Integrating Discrete Event and Continuous Complex Dynamic Systems,
New York, Academic Press,2000 (2" ed.).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /None
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /None
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /None
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




