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Abstract—In this work we explore several adaptation pro-  an environment and to integrate a reaction on these changes
cesses in systems with a high degree of developmental plas- into controllers. To react on such changes, which are not

ticity. It is indicated that such systems are driven by wo  ,egijctable on the design stage, we need to introduce the

different forces: adaptation fitness and design goals. Theogls, d fi | | which dif troll
formulated in an invariant way to environmental changes, second -generating levelwhich can modily controfiers.

represent an example of a self-concept, used in development ~ The generating level contains different deriving and evgv
processes. This paper gives an example of collective locotion, mechanisms, which can generate the regulative level and

introduces four different adaptive mechanisms and finally  essentially, when not completely, change the system.
discuss the self-development of such systems. Technical systems possess goal-oriented behavior, but
Keywords-Collective robotics, symbiotic robot organisms, should be also adaptive to uncertainties and changes in
self-adaptation, self-development, long-term artificiakevolution. environment. To some extend, these systems are driven by
two different forces: by a fithess and by a goal. When the
degree of adaptation is low, there are no essential conflicts
between them. However, when a plasticity is high, and
Adaptability represents an important characteristic ofthe system can be hindered by adaptive processes from
systems working in real environments [1]. Different un-reaching the main goal, we are facing a new conceptual
certainties, variation of parameters or even an appearanggoblem about long-term controllability of adaptive antf-se
of unknown situations requires such mechanisms, whicllevelopmental processes. Obviously, that either the goal
allow the system to find a compromise between achievinghould be formulated in such an invariant way, which allows
the main goal, set by a designer, and flexible behaviomultiple approaches for its achieving, or adaptive progess
to fit environment. Finding this compromise requires threeshould basically be limited.
important mechanisms: plasticity of the system itself [2];

I. INTRODUCTION

adaptive controller, which uses system’s plasticity tdfqran ﬁ
adaptation [3], [4]; and finally a goal, which is formulated Q e ek
invariantly to environmental influences. /1 £y
Plasticity of the system can be achieved by exploiting < & !
2

the principle of heterogeneous modularity [5]: each module B ;
is compatible with other modules and they can assembl B . i
and disassemble themselves into structures with differer
functionality [6], see Fig. 1. These structures are denoter &%
as artificial organisms and represent the key idea of thi '
SYMBRION [7] and REPLICATOR [8] projects, funded by
European Union.

Structures and functionality of artificial organisms are
closely related to each other, by changing macroscopi
structure, the system also changes its own functionality an|
correspondingly behavior [9]. Relation between structure §
functions and behavior can be represented as shown
Fig. 3. We denote this relationship as “generating” becaus
the upper level generates the lower level, i.e. structuess g
erate functions and functions generate behavior. Coatsoll (© (d)

in functions and structures — they represere regulative Figure 1. (&) Prove-of-concept: individual robots; (b) Prove-of-

level — allow some degree of flexibility (adaptability) for concept: aggregated robots into an artificial organism; ®pal
the system. In detalils, it depends to which extend a designeirototypes: individual robots; (d) Real prototypes: aggméed

of these controllers was able to foreseen possible charfges @bots (imagesOSYMBRION, REPLICATOR projects).
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This paper is a combination between representing severahovement. Moreover, there are several requirements, such
achieved so far results and a position paper related tas:
self-adaptation in artificial organisms. Sec. Il, introdsc - the center of gravity should not overstep the nodes
an example of approaching adaptability for macroscopiand I, other case the organism will be unstable;
locomotion. We represent four main mechanisms: adaptive - even in homogeneous case there are several non-
multi-functional local drivers in Sec. II-A, adaptive self symmetries caused by differences in docking elements, or
organization of the level of interacting structures in k8, more generally by different modules. This leads to non-
evolving with using a global fitness and generation by usingsymmetrical positions of several active nodes, lKeand
the self-concept in Sec. II-D. The unbound information-G;
based self-concept is discussed in Sec. II-E. Finally, this - we require that some structural nodes are e.g. strongly

paper is concluded in Sec. Ill. horizontal (vertical) as e.gD, £ and F'.
- all nodes have different load. This is indicated by
[I. APPROACHING ADAPTABILITY OF ARTIFICIAL different gray level of active nodes.
ORGANISMS FOR COLLECTIVE LOCOMOTION Each motor is controlled by a non-linear driver, which

control parameters depend on internal sensors (e.g. tofque

As followed from the vast literature on the object, . . )
S - S a motor). Without a loss of generality, we say this represent
adaptability is related to fitting to uncertainties, intuoed . . ;
a simplest adaptive control on the functional level, where

by changing environment, unknown parameters or unpre- ' . .
dictable behavior of the system itself. It is often consider motors are first not connected with each other. This scheme

o . ; . is sketched in Fig. 3. Now, we insert a structural level, wahic
in biological terms of natural evolution [10] or environmen

tal uncertainty [11] as well as in management and business
processes [12]. There are undertaken several attempts tQ.qrating
create a common theory of adaptability, like the approach-evel
suggested by Michael Conrad [11], however currently each

| Unbound Self-Concept

| Bound Self-Concept |—>| Generator |

adaptive system consider the problem in its own research

domain. E;’\‘Z'a‘fng |Evolving |<—| Fitness
More generally, adaptability is closely related to a ca- v v

pability of a system to react on these uncertainty/changes o012 . ot

and as well as to a capability of a designer to forecast @tructural Couplings (“2’” ol etz ) Globar

reaction of environment (in general case) on the system’s re-'¢ e e Fness

sponse. Therefore we can defined adaptability in term of the v v

triple-relation: environmental changes system’'s response Euncltiona' Non-linear driver Non-linear driver

— environmental reactiomAdaptability is ability of a system s LA SRl Ay

to achieve a desired environmental reaction in accordanceBehavioral \ e (¥ O\ fE L — X i

with a priory defined criteria by changing its own structure, -°*® | Actuator |

functionality or behavior initiated by changed environhen ~ —--------m--mmmmomoooo oo

We consider adaptability on the example of collective Figure 3. Different levels of adaptive collective locomotion.
locomotion, shown in Fig. 2. It displays a 2D section of an
aggregated organism with several active joints. Each of th@epend on morphology of the organism. This level is repre-
sented by a coupling elemeft, which creates “communi-
cation channels” between different nonlinear driversc8in
organisms create generally three dimensional structwes,
expect at least a coupling between three elements (as e.g.
a tensor of the third order). The coupling element contains
values likec;;, = 1 (direct coupling between driveisy, k),
cijr = 0 (no coupling between drivers j, k), cijr = —1
Figure 2. 2D section of an aggregated organisms, circles are active(phase inversion between driverg, k) or even any positive
joints. Shown are two states transient by a collective lautoon. (amplification) or negative (decay) coefficients. Colleeti

actuation depends on coefficients in this coupling elements

aggregate modules possesses individual independentsnotor There are four different mechanisms, which can be used
(degree of freedom, displayed by a circle) and can actuat creating adaptive structure and functionality aroudd
independently of each other. However, in order to move agirstly, individual drivers use local adaptive mechanisms
an organism, all these motors should perform a highly synknow in theory of adaptive control, as shown in Sec. II-A.
chronized individual actuations, which emerge a collectiv Secondly drivers andC represent a coupled map lattice




12

(CML) [13]. As we see from Fig. 2, node®, C, D,

F, G, H have the most intensive load, which can lead o8

0.8

to a more stronger synchronization {8, where as other = °° = 06 (
nodes do not need any synchronization and their connection o4 Tooos a
will disappear. In this way, synchronization effects in CML 02 °‘§ L
represent an emerging adaptability created by self-orgami 0

processes between behavioral, functional and structeval |
els. This approach is sketched shown in Sec. II-B. Then,
a structure ofC (and so a collective locomotion) can be 12
evolved. Here we face the problem of deriving such local and 1
global fithess functions, which lead to a specific collective
actuation. This approach is described in Sec. II-C. Fipally £
self-developmental process, based on a self-concept can be ,
started. We distinguish two classes of bound, as shown in [ —
Sec. II-D and unbound, as shown in Sec. II-E, self-concepts,
which will be further discussed.
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A. Multi-functional, locally adaptive individual motor iher
Figure 4. Several examples of qualitatively different types of
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’ X A rEl) at parametersi(a) b = 1, ¢ = 0.1, zo = 0.1; (b) b = 2,
literature there are known different types of continuous. = 0.6, zo = 0.4; (c) b = —1.5, ¢ = —1, 20 = 0.1; (d)
drivers, e.g. [14], however due to technological reasons of = —0.5, ¢ = —1, o = 0.1.

controlling DC motors, we prefer time-discrete systems.

Each time-step can be selected as a small as possible, for

example a fewusec to guarantee a quality of control. Dy- map changes the codimension of local bifurcation from 1
namic variables, e.g:,,, represent voltage (current, phase), (transcritical bifurcation contained in the logistic map)4.
which are applied directly to DC-DC convertor or H-bridges. Diverse dynamics of the system (1) can be used in the
To obtain diverse dynamics, we use the idea of changingnechanisms of local adaptation. Coefficieatd andc can
determinancy order of normal form (NF) and the following be connected to locomotive sensors (for example a torque
perturbation of nonlinear terms [15]. This can be achievedsensor). When a load on motor is increased, a local control
when to use hierarchical non-homogeneous coupling for angnechanism (e.g. PID regulator [19]) adapt e.g. coefficient
well-know low-dimensional system, for example the logisti « to provide more current on motor so that to achieve the
map. This approach is very common in the community (e.grequired torque on the given load. In the next section we
[16], [17]). In our case, the map has the following form:  will see several adaptive effects, which arise when many
of individual motor drives, like (1), are connected into one

Ent1 = G+ 6Tn(l = Tn), (1) system

Ynt1 = CTp + bTpYn (1 — yn),

wherez, € R, y, € R, c is the coefficient of the linear g - agaptive mechanisms based on self-organization
coupling, b is the coefficient of the nonlinear coupling,

a is the general bifurcation parameter. As turned out, the Considering multi-robot organisms, to synchronize the
dynamics of (1) in fact has little in common with the behavior and especially the collective locomotion for non
initial logistic maps. The system (1) is denoted as thePredefined morphology is a huge challenge. The first prob-
ordinary logistic-logistic (OLL) map. Several examples of I€m, which occurs in such high distributed system, is how
qualitatively different types of behavior are shown in Fg. 0 reach synchronized behavior and at the same time to
minimize the data load between the robots. Based upon well
As shown in [18], the non-homogeneous coupling in (1)investigated CML approach for self-organization, we use th
increases determinancy order of initial NF. This can beaPproach in order to develop adaptive behavior primarity fo
understood as a perturbation of the original logistic map byeollective locomotion problem. The synronization effe€t o

couplings. In order to obtain all possible perturbed nagdin ~ SPatiotemporal chaotic pattern can be applied to multétob
terms, it needs to calculate the universal unfolding that i®rganisms and decrease the amount of communication data

given e.g. by between robots.

5 3 4 5 In our first investigation we consider each site of a lattice

Glpn Adu) = a1+ Aupn + a2y + aspy, + augn + 90 (2) a5 3 communication load between neighboring robots. As
with the codimension 4, wherey; are coefficients. We a “basic” system for CML we use an logistic map coupled

can see that non-homogeneous coupling method of OLIhomogeneously as e.g. the system (1).



Each basic system is additively coupled with one neighboC. Fitness driven adaptability

systems. Synchronization appears due to interaction leetwe pgecause it is very hard, to break down a desired behavior
nonidentical systems which leads to a locking of theirjnto the individual behavior of each robot in a swarm
phases, whereas their amplitudes remain uncorrelated. Ogt 3 multi-robot organism [20], we use bio-inspired ap-
investigation is done with one-way ring map lattices of yroaches in addition to the adaptive mechanism based on
lengthmn: self-organization from the previous section. The key focus
_ _ _ _ _ (see Fig. 6) is the genome which contains the codified
2l = (1 —e)ax, (1 —ap,) +eax;, '(1—=,7")  (3)  coupling matrixC;;;, and control parameters. This genome
rm =, maps to the coupling of motors within the organism and
thus to the behavior of the organism. A different strength
wherez, € R, y, € R, ¢ = 1,..,m, e is a small of the coupling can lead to a different behavior. So in order
coupling parameter and is a bifurcation parameter. The to adapt to a certain structure, which requires a non-trivia
synchronization occurs withifi.16 < e < 0.19, observable coupling, the strength of the coupling can be evolved.
as bright area in Fig. 5. During the iteration process we sim-
ulated a disturbance in bifurcation parameiemwhich can
be associated with the disturbance in a communication load. ——
The simulation shows that if the range of these fluctuations e.9. locomotion
are small, the system become again synchronized (area in @  cionment
red box). Each highlighted area represents ten couplesl site v
with slightly changed bifurcation parameter from time step Fitness
up n = 150.
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Figure 6. Evolutionary Concept.

e de hE b i 1 1 A crucial point for evolution is the feedback from the
P50 w0 150 200 Zéoagm B0 0 %0 %0 [ 0 0 0w zsob)36° B0 40 430 500 _environment. By e\{aluation of the current_couplin_g stroetu

in respect to a desired task (e.g. locomotion), a fithessevalu
Figure 5. One-way coupled map. Disturbance at different pointsmeasures the performance of the organism in the current
(i-axis) are simulated occurred from the time step> 150 (n-  environment. In the case of locomotion the fitness function
axis). In (a) disturbed sites (i.e motor voltage drops) areilarge  could be influenced by multiple factors like power consump-
distance and do not affect each other. In (b) sites are inllcamage tion, number of couplings (high number of coupling may
and affect each other . AP . -

lead to higher communication traffic) or velocity of an or-

ganism. Unfortunately, some of the evaluated objectives li

In Fig. 5 a) and b) we investigated the behavior ofyelocity and power consumption can build a contradiction.
four disturbed ranges (i.e. series of motors) and analyzegor example, it may be possible to move very fast, but with a
fluctuation impact of sites slighted far away or in direct high need of power. Other locomotion types may be slower,
adjacencies. As can be observed, the synchronization aft@{;t consume less power. Consequently, there are several
disturbance in the bifurcation parameter is better pererm good candidates converging on a Pareto Frontier [21], [22].
if disturbed areas are close to each other (local impact). OFor locomotion, we look for the non-dominated alternatives
a real robot organism that means that robots in a local rang@&hich consumes power in a commensurate ratio to the
perform better synchronization than robots far away fromrequired speed and task.
each other. To cover each point potentially in the search space,
This method can be extended by coupling the sites irmutation operators are used. This mutational steps carrang

the CML in all four directions and allow not only synchro- from a single random change of a cell to swapping of cells or
nization in chain like multi-robot orgaisms (Fig. 1 (d)) but complete rows. In an environment with multiple organisms,
also investigate synchronization behaviour in 3D striedur we can use the evolutionary principle of cross-over. Two
organisms (Fig.1 (a)). or more organisms can exchange their coupling matrices to
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T 0
C= < o T %1 whereT is a Toeplitz band matrix [28]

Cn—1
Co Cn—1 Cn
T e o cn : (taking into account dimensions

for C a and ‘for T) The idea of introducindl consists

in a segmented construction of robot’'s body and scalable
kinematics of locomotion independently of the total size of

this body. In this way, the basic building block is defined

by circulant couplingC = circ(co, c1, ¢2, ..., cn—1). Well-

known property of circulant coupling is a possibility of its
11 1
diagonalization by the Fourier matrik = % 1w w? |,

1 w? wt
wherew = cos (22) + isin (22). The eigenvalues can be
calculated as\; = >, cl(uﬂ 1yi=1 Maximal eigenvalue
Amaz = A1 = Z?:lci, i.e. when circulant coupling has
only a fixed number of; for anyn, the stability and several
other properties oC are invariant to the dimension of the
) _ o _ _ whole system. Both, circulant and Toeplitz band matrices
m(%ulrfi;g_ﬁﬁzgﬁﬁ%sggggerg ?{;g:ﬁ;’:%'?ﬁ'ﬁmanon (caterpilar demonstrate ideas of invariances in the self-concept. From

the view point of the group theory; x n circulant can
be viewed as a cyclic groug/nZ of ordern and can be
generated by a generatg? in Z/nZ.

To integrate symmetry breaking constrains, we can use
Fxpproach [29]. Kiziltan and Milan in [29] defined four
generators:R;, Cy which the flip first two rows/columns
of a matrix andR,, Cs which shift the first row/column to
he last position. For any generators, the notatiog = ¢2,
€.9.RjoR; = Rfc) is used. Any two matrices are equivalent
when they are obtained from each other by applying any of
"C™ generators, e.@ x 3 couplingC has 36 symmetrical
matrices. The idea of breaking a symmetry is to apply con-
strains, which order all symmetric objects, like the praggbs
lexicographical order.

Another concept behind self-generation are so-called tem-
plates. They are well-known in cognitive science [30] (also

To explain the idea of a self-concept and a structurabs “schemas” or “prototypes”), in topological research (in
generator, we consider the case when locomotion shoulknot and braid theory) [31], as well as known as “frames”
have a specific form, such as a symmetric movement of leg$n Al community [32]. The idea of a template is to describe
segmented (like by insects) construction of body, or theremost general “stereotypical” properties or features of som
are imposed constraints or a priory desired properties. Theommon class of situations/processes/objects. Conanete i
self-concept contains in a compressed form a descriptiostance of a template can be reconstructed or generated
of these constraints/properties. The notion of self-cphce by parametrization. There are several attempts to find an
is originated from human psychological research (e.g.)[24] universal template, however it seems that different ckasse
and is basically related to self-developmental procedses. of solutions need different templates.
this way, the self-concept contains a goal of the system Since we are focusing on dynamic properties of collective
being invariant to adaptive processes. There are severattuation, we can assume each motor is driven by a periodic
mechanisms expressing such an invariant character of thentrol. In this way a collective actuation represents a
generating level: symmetries, templates and conservatiogystem of coupled oscillators with adaptive feedback, gs e.
laws, production, decomposition rules as well as self-described in [14]. As known, such systems possess self-
reference. In this work we can briefly demonstrate usingadapting properties. Specific (desired, required) dynamic
of symmetries and symmetry breaking [25] as well as ideasnotion pattern can be generated when to parameterize the
of developmental modularity [26] expressed in the form of CML-driving-system with a specific set of control parame-
“templates”. ters as well as to provide a way to change these parameters,

The most obvious way to generate well-scalable strucsee Fig.8. Thus we can map the problem of finding a
tural symmetries is to create a circulant [27] couplingdynamic template to the problem of finding such a bifurca-

each other. Depending on the fithess value of both parent
a total or a partial exchange of the genome can be done
The new structure can be either placed in one individual o
both.

With the help of the Symbricator simulator [23] differ-
ent shapes of organisms can be co-evolved with feasabf
genomes. In Fig. 7 different shapes of organisms can be see
The comparison of multiple (symmetrical and asymmetncal)
shapes and linked coupling matrices with the reached fitness
values (in simulation) can lead to very efficient orgamsms
and locomotion patterns.

D. Bound self-concept and structural generation



77777777777777777777777777777777

4) The process of information gathering in (in the sense
of generalized entropy)in a closed system endeavors
information increase in an iterative way. This process
ends if the supremum (maximum) of information com-
bination has been achieved. If the system is not closed
(e.g. continuous energy or heat exchange with the

| environment) then the individual information can be

reduced and the combined information of two agents
might be less than their sum of individual information.

In this case we are looking for infimum (minimum) of

the combined information.
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Figure 8. Template for collective locomotion.

tion dynamics, which property reflects the needed changes. ) _ _
Speaking more technically, we are looking for universalNow we proceed to define the concept of information
unfolding [15]. Obviously, that universal unfolding topet ~ @nd we do it on the base of chemical potential, statistical
parameter sets can be viewed as templates for collectivieotential and quantum field theory. Qur first expression will
actuation. Unfolding can be explained in the following way: P€ presented in general. The “chemical potential” of an agen

let the normal forms of a local bifurcations be given by 'S

K M
9., = éu({a}’ {ﬁ})gn + g(Q) (gnv {a}. {B}) + i = Z Z (gjk ln(éi;k (mj)IﬁSjk +
+ .+ O(g(’”“))7 (4) k=0 m;=0
T+ g (@ (my)mst) )

where the ternéu presents the diagonal matrix of eigenval-
ues,g are the resonance terms, dependent on bothand  The activity of an agent is defined by a creation fermionic
{B} andr is the determinancy order. Universal unfolding operatorat and annihilation operatad;;. All interactions
includes all possible perturbations of this normal form,are only generated by message exchange, here represented
which are equivalent to original bifurcation problem [1B]. by the bosonic creation operatnﬁs;k(message creation)

this way, unfolding represents in some sense an invariancand annihilation operatafis(message receive). The activity

to perturbations. Finding universal unfolding allows defin ~ operators and the message operators are as usually dynam-
the most general form of the desired dynamics, i.e. templatecally governed by ordinary coupled differential equation
that are dictated by an interaction Hamilton operator.

The characteristic of this definition ¢f; is the fact, that
This subsection summarizes the different tOpiCS of thqhe two OperatorﬁT andms and their Hermitean Conjugated
previous subchapters on a more general and over viewingyre complex operator. This means e.g. that beside the claim

high level description. Self-organization in an organismof the need of synchronization (compatibility) of two agent
takes always part in parallel and distributed in differentthe interacting operations between the two participating
levels. At the lower level of genes or cells the sustainablesgent can in addition stabilized by phase locking.
building pattern and controlling is an adequate definition The indexk represent all agents, even a self-interaction
of information. Especially on the lower level of genes thejs allowed [ = k), m; describe the internal states of agent
combination of to genes is only driven by an increase of. The coupling coefficients;;, define the coupling strength
information. We define the concept of information by four between the agenisand k. These coefficients have not to
characteristic attributes: be symmetric but if two interacting agents are synchronized
1) There is a mechanism installable that synchronizes theymmetric then these coefficients are symmetric and can
communication between two or more agent (partnerspe considered as a metric tensor that describe, similar to a
meaning the semantic compatibility of the agentsweight matrix, the connection strengths (signs) of all agen
(active units) that start a communication session.  to agentj. The internal states of ageptare noted bym;.
2) The receiver of a message has in the sense of Pulitzdhe transition between a ground state = 0 to an excited
not only to acknowledge the received message; bustatem; # 0 is only possible if an arriving message has
even more important is the demand, that he “underbeen come, and ifi;(m,; = 0) > w;(m; # 0) is fulfilled.
stands” the matter of the sender and behaves (reacts) A further additional benefit of the approach with the
like it is assumed by the sender. chemical potential is the possibility to describe the adap-
3) Two agents (components) only start the “negotiation”tation of an agent by different phase transitions (e.g.dsoli
respectively the combination if the total information state — fluid state — gas state). This can be initiated by
of the two participants is greater as the sum of thespecial messages and appropriate coupling constants that
individual information (closed system) or it is less generate an appropriate state transition. By this way it is
(open, living system). obvious that e.g. environmental restrictions are coneilas

E. Unbound information-based self-concept



dedicated messages from outside. Further on, it also pessibthe supremum;up(lnf;fk), whereasi defines the iteration

to describe diffusion processes by this potential. step.
The total individual stateS; of an agent j with several The activities of different genes/cells are usually chearl
internal states (state sum) is defined by: different and they might have strong coupling constants.

This fact implies that such units can operate as “seeds”
for morphological networks that are constructed by strong
message exchange and can be considered as the predefinition

Here < Njj, >=< rﬁsfkrﬁsjk > is the expectation value of a final structure. The result is a topological framework to

for the number of mesjsages that agjericeives in total and describe the structure of an organism. The representation o

< N;i? >=< ms|, ms;,ms’, nis;, >. The expression the structure of a creature can be considered like a semantic
(< Nij > < Nj}i >2) defir%es the expectation value of net that is used in image processing to describe structured

the quadratic fluctuations (dispersioty;, represents the objects and their po§5|ble movements. )

individual knowledge state of ageftafter it receives a A concept of a fitness function has to be considered

message from ageit separately from the meaning of information. The fithess
According to rule 1 all agents are cooperative that meanfunction tells us how well the adaptation of an agent or

that the different messages are not coming into a bunch b€t ©f agents e.g. to environmental restrictions or to other
they obey e.g. the Poisson distribution defining fixed timelnternal restrictions has been performed. The ramification
differences between two messages. this view is to consider the fithess in a strong connection

to a given task. The fitness of genes to circumvent a high
mutation rate in order to conquer cancer might be very low
but the information between two genes is in this case very
) <“J‘<<Njk2>;v_<]§jk>2>*wjk> high because the activities of the affected genes are very
Q]:_<N]k >1nz€ <Njr=> , h|gh
k

Sj = Ze(l"j(<Njk2>_<Njk>2)—ij)/<Njk2>7 (6)

k

Finally, the statistical potential of an individual agest i
defined by (only rules 1 and 2 are fulfilled)

But the opposite case can also occur. The diversity of
where the coupling constants are integrated in the definitiogenes (cells, species) can be explained by a maximum of
of the chemical potential. information that fabricate a high adaptation that causes
This definition is very close to that one of a statisticalin consequence a result that creates several high valued
potential. Because we considgf as a dynamic changing fitness functions in different environments (e.g. différen
variable, the individual state$; can beside physical or landscapes, in water or finally in air).
chemical descriptions also characterized by states of non-
linear dynamics like equilibrium states, periodic states o
even chaotic states. The individual information of aggnt
after receiving a message from agénts:

IIl. CONCLUSION

In this paper we demonstrated a common picture of
ey adaptive processes, which include bound and unbound self-
—m (7 concepts and pre_sented an example of thes_e concepts for
Jk collective locomotion. The self-concept describes a gdal o

The total information of agen is Infi = 32, Infjk, th_e system_in some invariant form such as symmetrigs, opti-
and for agent Kinf; = 3, Infi; mization principles, templatgs or |nformat|or_1—based fostr

If two agentsj and k (components) try to combine It can even generate an unI|m|teq complexity and dlversn)_/,
themselves to a bigger object (e.g. fusion of to genes as)cell @ Proposed by von Neumann, in L-Systems as well as in
than they have to fulfill the four above mentioned rules,S€lf-referred dynamics [33]. Performing experiments with
and the information of the combined component increase'® scheme from Sec. Il represents our further goal.

(Unfj o Infy > Inf; + Infy) if the system is closed; or
decreasel(n fjoInfi, < Inf;+Inf;) if the system is open ACKNOWLEDGMENT
(in physics in this case the free energy is minimized).
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information increasing or information decreasing under th gent Technologies Proactive” under the grant agreement no.
assumption that rule 4 is true. The process of informatior216342. The “REPLICATOR” project is funded within the
increase/decrease usually happens in evolutionary steps awork programme “Cognitive Systems, Interaction, Robdtics
might never stop (open ended evolution). In mathematicalinder the grant agreement no. 216240. Additionally, we
terms this is an iterative process. Such an iteration mightvant to thank all members of projects for fruitful discus-
never stop (open ended evolution). Then we are looking fosions.
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