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Abstract—With the aim of populating virtual worlds with more 
and more different artificial creatures, we propose an 
ontogenetic and phylogenetic hybrid model. This model must 
generate bio-inspired artificial creatures, from an initial single 
cell and possesses metabolism, morphology, and behavior. The 
initial purpose of our work is to generate organisms which are 
thereafter used to define complete creatures. Thus, we 
introduce in this paper, a cellular development model using the 
two approaches from the field of ontogenesis systems: 
grammatical and cell chemistry approaches. Ontogenesis 
models simulate the development of multicellular organisms 
starting from a single cell. For the grammatical part, we 
propose an alternative to parametric L-systems (APL-systems) 
in order to simulate morphogenesis of organisms according to 
their internal states. The developed organisms have a 
metabolism using environmental molecules to grow and act. 
Moreover, they are able to exhibit almost perfect self-repairing 
characteristics when subjected to severe damage. 

Keywords- virtual world; ontogeny; phylogeny; metabolism; 
evolutionary parametric L-systems 

I.  INTRODUCTION AND MOTIVATIONS 
A number of different models exist to populate virtual 

worlds. These models use different levels of abstraction to 
produce creatures of various shapes and sizes.  

Phylogenetic approaches attempt to evolve sophisticated 
behaviors through the simultaneous evolution of the brains 
and bodies of creatures in a 3-D physically simulated world. 
The creatures are assembled from pieces such as blocs or 
sticks and evaluated on their ability to walk, swim, or even 
make a skateboard [1]. This research is originated by the 
seminal work of Karl Sims [2], who showed in 1994 that 
artificial evolution was able to create fully virtual creatures. 
Many authors such as Maciej Komosinski [3] or Hod Lipson 
[4] have since extended this work. 

 

 

 

Figure 1.  Some artificial creatures. (a [1], b [2]): phylogenetic approach, 
(c [6], d [7]) ontogenetic approach.  

 

Figure 2.  Two different aproaches to generate artificial creatures 
interactiong in virtual worlds: phylogeny, ontogeny. Interaction can occur 
with the objetcs of the environment or with the user.  

Instead of using high-level component like blocs as 
organs of creatures, ontogenetic approaches [5, 6, 7] moves 
closer to nature, considering the creature as the result of a 
developmental process of a single element: a cell. Inspired 
by biology, the purpose of this subfield of artificial life, is to 
generate more complex artificial beings interacting in virtual 
worlds but also to advance evolutionary robotics with 
prototypes capable of self-modeling, self-reproduction and 
self-repairing. 

Furthermore, the previous work in artificial ontogeny 
falls into two broad categories, grammatical [8, 9, 10] and 
cell chemistry approach [6, 11, 12]. This classification 
proposed by Stanley and Miikkulainen [13] is based on the 
dynamics used to control development i.e. biological 
development mechanisms that have been simulated or taken 
into account in the model.  

Indeed, grammar based techniques simulate development 
via a cell lineage mechanism, simulated by a set of 
production rules applied successively to transform an initial 
cell on a multicellular organism. Cell chemistry approaches 
generally utilize lower level representations and are more 
strictly motivated by the biological mechanisms of 
development such as: diffusion, reaction-diffusion, 
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expression and regulation of genes, metabolism, genetic 
regulatory networks, differentiation, cell division, etc. 

Thus, we propose in this paper a unified model based on 
these two approaches to take advantage of both. As a 
grammatical approach, L-systems are considered to be an 
appropriate formalism for describing many growth processes 
in organisms [14]. They are convenient for describing cell 
lineage1 and genetic control of cell division [15]. They allow 
a necessary and very suitable distinction between genotype 
and phenotype, and provide a well-defined process 
(morphogenesis) for generating the latter from the former. 
Repetition and similarity, intrinsic concepts of L-systems, are 
also necessary ingredients for natural morphogenesis. In 
addition, many studies have successfully explored the 
evolution of these systems notably for the design of models 
that best describe natural target structures. We cite: the 
development of plants and flowers [10, 16], modeling the 
blood vessels of the eye [17] or proteins [18], evolutionary 
development of neural networks [8, 9] and also the 
generation of artificial creatures [3] and real robots [4]. All 
these reasons motivate us to take advantage of the flexibility 
of evolutionary L-system in a bio-inspired cellular 
developmental model. 

So, in order to populate virtual worlds with complete 
creatures possessing a morphology, a metabolism and a 
behavior, we propose an ontogenetic and phylogenetic 
hybrid approach. To develop initially multicellular organisms 
from a single cell (the ontogeny part) and which could be 
used thereafter to synthesize complete creatures (the 
phylogeny part), we introduce in this paper, a bio-inspired 
cellular development model unifying grammatical and cell 
chemistry approaches. To develop multicellular creatures, we 
simulate their metabolism (section B), their cellular and 
environmental interactions (section C), their morphogenesis 
(section D) and their evolution (section  E). 

II. THE CELLULAR DEVELOPMENTAL MODEL 

A. Embryonic environment and artificial cells 
Our artificial multicellular creatures evolve in an 

environment represented by a 2-D toric grid similar to the 
one presented in [6]. This environment contains various 
molecules which spread into the grid. Each molecule can 
diffuse towards the eight neighboring points in the grid. 
Diffusion acts in two stages as illustrated in figure 3:   

• First, the molecule diffuses towards the four cardinal 
points.   

• Then, if the quantity of molecules is sufficient, the  
molecule diffuses on the diagonals. 

The cells evolve in the embryonic environment and more 
precisely in its diffusion grid. Each cell has: a shape 
(diamond, circle,...), an internal state which represents the 
cell constitution of intracellular molecule and energy level, a 

                                                           
1  Lineage mechanisms are employed where an individual module 
determines its own fate using  information passed from parent to child 
module. 

 

Figure 3.  The diffusion of molecules in the environment. 

set of sensors positioned on its membrane (described in 
section C), a list of capacities or actions (described in section 
C) and an action selection system allowing the cell  to choose 
the best action to perform at every moment of the simulation 
(described in section  C). 

B. Metabolism  

For the purpose of simulating the metabolism of our 
artificial multicellular creatures, our model integrates a 
simplified artificial chemistry. Formally, an artificial 
chemistry is defined by a triple (S; R; A) [19], where:  

• S is the set of all possible molecules,  

• R is a set of collision or reaction rules representing 
the interaction among the molecules,  

• and A is an algorithm describing the reaction vessel 
or domain and how the rules are applied to the 
molecules inside the vessel. 

In our model, we define a simple chemical system 
consisting of a finite number of molecules that we also call 
substrates. These molecules diffuse in the grid and have a 
unique name (A, B, C...) and different properties such as 
diffusion rate, color and type (intracellular or 
environmental). Molecules can interact via a finite set of 
reaction rules.  

The  algorithm: 

molecules: S= {s1, s2, …}; 

reactions: R= {r1, r2 , …}; 

begin 

 while (not terminate()) 

 begin 

 n:= random_ number ([S]); 

 s1 :=  random_ molecule (S); 

 s2 :=  random_ molecule (S); 

 sn  :=  random_ molecule (S); 

 if (∃ r = (a1s1, a2s2,…,ansn→ a’1s1’, a’2s2’,…, a’msm’) ∈ R  

     and can_be_triggered (r))  

           then   execute r; 

 end while 

end 

To simulate the dynamics of a population of molecules, 
we propose a stochastic molecular collision approach. A 
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typical algorithm takes a sample of molecules randomly from 
the set S and checks whether a rule r ∈ R can be applied. If 
so, the molecules are replaced by the right hand side 
molecules given by r. Otherwise, no rule can be applied and 
the process is repeated. 

Note that these reaction rules can be triggered only inside 
the cells. Thus, when a cell carries out the molecule 
transformation action (described in next section), using some 
molecules, a reaction rule creates new molecules by 
consuming or producing energy. For example, the 
transformation A + 2B → C (-62) produces one unit of C 
molecule, with a unit of A molecule and two units of B 
molecule. This transformation consumes 62 units of vital 
energy. The produced molecules can be rejected in the 
environment and thus another cell can absorb and transform 
them into other molecules. 

C. Environmental and cellular interactions 
The cells can interact with the environment and also with 

other cells via an action selection system. To simulate this 
interaction, cells are provided with membranous sensors and 
can carry out various cellular actions. 

Sensors are positioned on the membrane of each cell. 
They measure the amount of molecule available in its Von 
Neumann neighborhood. Thus, for each possible 
environmental molecule, the cell has an associated sensor. 
Only the sensor corresponding to a given molecule can 
measure its density. For example, in Figure 4, the cell has 
sensors for A and D molecules in the bottom corner. The 
results of the measure of the corresponding molecule 
densities are: 1 unit of A molecule and 2 units of D 
molecules because of the presence of two units of D 
molecule in the bottom corner of the cell. 

Cellular actions, that we simulate in our model, are as  
follows:   

1) Absorption or release of a molecule. These actions 
can trigger (or respectively, be triggered by) a 
transformation of molecules. 

2) Molecule transformation. This action can trigger a 
stochastic collision of molecules within the cell (The 
algorithm of the cell chemistry). The molecule 
transformation consumes or produces energy. 

3) Survival. This action allows the cell to await a signal 
from the environment or its internal state. It consumes vital 
energy. 

4) Apoptosis. This action allows the cell to commit 
suicide if it does not have enough vital energy to survive.  

5) Cell division: “d” is a symbol denoting a cell division 
action. When a cell divides, it creates a new daughter cell 
towards the direction specified by the L-systems controlling 
the morphogenesis of the creature. Cell division can be 
carried out by the cell, only if the following conditions are 
respected: 

 

Figure 4.   The artificial cell in its environment. It contains sensors 
(circles) to measure the density of valid molecules (pentagons) in its 
neighborhhod. 

• The cell must have enough vital energy to divide.   

• The quantities of certain molecules, necessary for the  
creation of a new cell, must exceed a certain 
threshold.   

• The orientation of cell division corresponds to a 
position non-occupied by another cell.   

The action selection system allows the cell to select the 
best action to perform at every moment of the simulation. 
The action selection system of each creature is inspired by 
Pittsburgh [20, 21] classifier system. It uses a genetic 
algorithm for its evolution and its evaluation which is applied 
to a population of classifier systems. The individuals are thus 
a set of classifiers that are trying to solve the problem.  In our  
action selection system, each classifier has three parts: 
condition, action and priority: 

• The condition serves to capture the signal coming 
from the environment or the internal state of the cell. 
It constitutes the cell sensors. 

• The action part determines the action to be carried 
out by the cell if the corresponding condition is 
fulfilled. 

• The priority allows to choose only one action if  
several classifiers are active at the same time. The 
higher the coefficient is, the more probable is the 
selection of the rule. 

Each creature’s action selection system works by using 
data from the cell sensors and matching them with the 
condition part of each classifier to produce a matching set. 
Once completed, it selects the best action to perform from 
this set, using the highest priority. 

D. Morphogenesis 
The growth of an artificial creature occurs via the cell 

division. The orientation of cell division is specified by the 
L-system growth rules. L-systems are based on formal 
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grammars with recursive applications of production rules. 
The possibility of simultaneous productions reflects the 
biological motivation of L-systems, intended to capture cell 
division in multicellular organisms [14]. Although, our 
representation is somewhat different from that of L-systems. 
Indeed, instead of using a symbol to represent a cell, we use 
a symbol to represent a cell division action. Moreover, the L-
systems that we use are an alternative to parametric L-
systems. 

1) L-systems alphabet: The alphabet we use is described 
in the table below. Uppercase characters are non-terminal 
symbols and denote the predecessors of rules, while 
lowercase letters represent terminal symbols. 

2) APL-systems: To simulate the growth of our artificial 
multicellular organisms, we propose a variant of parametric 
L-systems, which we call APL-systems (Alternative 
Parametric L-systems). This extension to basic L-systems 
allows the simulation of the development of multicellular 
organisms according to the internal state of each cell. 
However, unlike traditional parametric L-systems, all 
production rules can be triggered. The predecessors of rules 
do not have pre-conditions unlike terminal symbols which 
do have pre-conditions.  

Formally, an APL-systems can be defined as an ordered 
quadruplet  (V,Σ,ω,P), where: 

• V=V1∪V2 is the alphabet of L-systems, with V1 is 
the set of non-terminals and V2 is the set of 
terminals, 

• Σ is the set of formal parameters, 
• ω∈ V1 is the axiom, 
• P⊂V×(V1×(V2×C(Σ)))* is a finite set of production 

rules. V is the set of the production predecessors, 
• and V1×(V2× C(Σ)) is the set of the production 

successors where C(Σ) is the set of preconditions. 

A precondition C(Σ) attached to a terminal means that it 
cannot be interpreted  unless its precondition is fulfilled.  For 
example, the terminal “d” cannot be interpreted in a cell 
division action unless the cell division conditions are 
respected by the cell concerned. In this manner, this 
alternative will allow the interpretation of all the substrings, 
produced by the application of a production rule in a given 
generation, to the first terminal that does not fulfill its 
precondition. Whereas, in traditional parametric L-systems, 
all substrings generated by this rule would not be generated 
since the rule would not be triggered. In this way, all cells 
that wish to divide, during this generation, can do so if they 
fulfill their preconditions. 

TABLE I.  THE L-SYSTEMS ALPHABET 

Symbol Function 
A …Z Non-terminals representing  predecessors of rules. 
d Terminal denoting a cell division action. 
+,- Terminals representing a two-dimensional rotation. 
[ ,] Terminals indicating branching. 

E. Evolution 
To find the creature the most adapted to a specific 

problem,  we use a genetic algorithm. Each creature is coded 
with a genome composed of two different chromosomes: the 
APL-systems, specifying the rules of growth, and the action 
selection system, that contains a rule list to apply available 
actions. The developed creature is evaluated at the end of the 
simulation. 

III. EXPERIMENTS AND RESULTS 
We have implemented our model in Java using a multi-

threaded architecture. All cells are coded as independent 
threads running in parallel and sharing common resources: 
environmental molecules. 

A. Development of simple organisms 
We wish to synthesize multicellular creatures with the 

proposed developmental model. Self-similarity is used as a  
selection criterion for the morphological development of our  
multicellular organisms. We made this choice, to produce  
creatures similar to those of Karl Sims [2].  From the long 
view perspective, they could be immersed in a physical 
simulator and have a high level behavioral module enabling 
them to move in their environment. 

In order to reduce the convergence time of the genetic 
algorithm and have a better comprehension of the results, the 
evolutionary experiments are conducted in two stages Thus, 
initially, we use a fitness favoring bilateral self-similarity 
(The results of this experiment are shown by Figure 5). Then, 
once the best chromosomes describing cell lineage are found, 
the second stage consists in teaching the creatures how to 
survive in the environment by developing their metabolisms 
and to study their ability to use this metabolism for growth 
thanks to our APL-systems. 

To develop our multicellular organisms, we define an 
artificial chemistry model with a set of molecules composed 
of 3 molecules: 

• A and B: blue (respectively yellow) environmental 
molecule used by the organism as nutriment. 

• C: red intracellular molecule produced by cells using 
environmental molecules and used as material of cell 
division. 

The grid size is 100*100. The diffusion property of the 
molecule will spread rapidly environmental molecules in the 
grid. The set of reactions of the artificial chemistry consists 
of two reactions, R = {r1: A + 2B → C (-10), r2: A → {} (+ 
60)}. The mother cell is initialized with some units of vital e- 

 

Figure 5.  morphologies emerged from the evolution of L-system 
chromosome. 
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Figure 6.  Growth of an organism (artificial crayfish) composed  of 146 
cells. (a) Beginning of the simulation. (b) The organism develops by using 
environmental resources.  (c) End of the development 

nergy and C molecule (so it can survive in the early moments 
of the simulation).  

The genetic algorithm uses tournament selection. Fitness 
function of the organism is divided into two sub-functions: 

• The longevity of the organism, length (duration of 
the simulation in milliseconds) 

• The size of the organism measured by the number of 
cells composing it, nbCells. 

The final evaluation function is given by the formula: 

fitness=a*length+b*nbCells/(a+b), with a= 10, b=100. 

The coefficients of this formula are given to more take into 
account the final goal of the organism which is its capacity to 
develop than its metabolism. The goal of the genetic 
algorithm is to maximize this fitness. The parameters of this 
algorithm are as follows: 

• selection algorithm: 6 tournament selections with 
elitism, 

• mutation rate: 5%; crossover rate: 65%, 

• substitution algorithm: worst individuals, 

• population size: 100 individuals. 

Figure 6 shows the development of the best creature 
produced by evolution (an artificial crayfish2). Development 
starts from a single mother cell and proceeds over discrete 
time steps. It stops either when a maximum time step is 
reached or when an individual embryo exhausts its initial 
energy. When the mother cell divides, it creates a new cell 
which is placed in the position specified by the APL-
systems, controlling the growth of the multicellular 
organism. At the initial state, the expression of the APL-
system starts with the axiom. The cell, at this state, uses its 
initial intracellular molecules to create its first daughter cells. 
Subsequently growth requires the acquisition of the 
environment resources. 

Observing the action selection system produced by the 
genetic algorithm, we notice that it could be possible to 
produce other creatures with the same chromosome. To 
verify the hypothesis, we decide to develop another creature: 
a bat. To do that, we keep the same molecules and the same 
possible actions. Using the L-systems chromosome of Figure 

                                                           
2 Videos of all presented creatures in this paper are available on the website 
http://siva.univbiskra.net/Fichiers/SIVA_Videos.htm. 

5 (c), we launch the simulation and we obtain the creature 
shown by Figure 7 (j). 

B. Self-repairing abilities 
Our resulting organisms show a remarkable ability to 

repair themselves when subjected to severe damage. 

To demonstrate this ability, we remove a small part of the 
artificial bat’s cell structure in two phases: during and after 
its development. In the first experiment, we inflict a wound 
in the center of the creature. The results show that the 
organism reacts positively by regenerating dead cells  In the 
second experiment, the wound is performed during the 
development of the creature, and particularly on the newly 
created cells. Figure 7 illustrates this experiment. In this case, 
the regeneration of the dead cells takes more time since the 
cell division requires energy, and the newly created cells not 
yet having interactions with the environment, do not have 
enough energy to divide. Before the end of development, we 
proceed again with two simultaneous injuries: 

• a first in the lower center of the creature,  

• and a second on the upper left. 

In the same manner, the organism was able to adapt to 
environmental changes (Figure7 (h)-(j)). The left side branch 
of the organism will, however, take more time to develop, 
because the hole here affects a greater number of cells (29 
cells) than the one in the center (17 cells). 

I. CONCLUSION AND FUTURE WORKS 
We proposed in this paper, a cellular developmental 

model based on the combination of two approaches 
recognized in the field, grammatical and cellular chemistry 
based approaches. On the one hand, this model simulates the 
major elements of a cellular chemistry model, such as 
chemical reactions in a simplified manner, the diffusion of 
molecules in the environment, cellular and environmental 
interactions, and some cellular actions such as  cell division 
or apoptosis. On the other hand, morphogenesis is based on a 
grammatical approach using growth rules coded in APL-
systems, an alternative parametric L-system, which we 
proposed to simulate the adaptive growth of multicellular 
organisms. 

More bio-inspired than biologically plausible, this model 
is able to produce various artificial creatures, starting from a 
single cell. The developed creatures, have a morphology 
generated by a lineage mechanism, based on   L-systems, and 
a metabolism allowing them to grow and act.  In the lineage 
of our previous works [6] the proposed model is among the 
rare cellular development models taking metabolism into 
account, often omitted in the classical models. However, 
metabolism is primarily essential for the integrity of each 
multicellular organism, because it allows each cell 
composing the organism to be survived. Moreover, our 
model is able to exhibit almost perfect self-repairing 
proprieties, if the organism is wounded afterwards or even 
during its development. 

(a) (b) (c) 



 

 

 
Figure 7.  Wounds inflicted during the development of the artificial bat. (a) The creature develops. (b) Realization of a central hole in the newly created cells. (c, 
d, e, f) The creature regenerates itself. (g) Simultaneous realization of two wounds: the first on the left lateral branch of the creature, the second in the lower center 
of the creature. (h, i, g) The creature is regenerated. 

This model proposes the use of L-systems, for directing 
the morphogenesis of an artificial multicellular creature. We 
made this choice, in order to explore the potential of these 
systems widely used with success in many fields. 
Furthermore, our APL-system is a unique alternative to 
parametric L-systems. It has the particularity of being 
independent of the proposed model and can thus be used in a 
broad range of applications which use parametric L-systems. 

The automatic design of artificial creatures as artifacts in 
virtual worlds or real machines exhibiting some properties of 
living organisms represents a considerable challenge. 
Compared to Karl Sims’s creatures [2], metabolism 
introduced into our cellular developmental model can 
provide more autonomy to these models of creatures, 
because metabolism is a means of obtaining energy. Thus, 
molecules, for example, can be considered as metaphor for 
batteries that artificial creatures can retrieve from the 
environment and use to perform specific tasks. 

REFERENCES 
[1] N. Lassabe, H. Luga, , and Y. Duthen,  “A new step for evolving 

creatures,” in IEEE-ALife’07, pp. 243–251.IEEE, 2007.  
[2] K. Sims, “Evolving 3D morphology and behavior by competition,” 

Artificial Life IV, MIT Press, Cambridge, MA,  pp. 28–39, 1994. 
[3] M. Komosinski, “Framsticks: a platform for modeling, simulating and 

evolving 3D creatures,” In: Adamatzky A, Komosinski M, editors. 
Artificial Life Models in Software. New York: Springer,  pp. 37-66, 
2005. 

[4] G.S. Hornby, H. Lipson and J. B. Pollack, “Generative 
Representations for the Automated Design of Modular Physical 
Robots,” IEEE Transactions on Robotics and Automation, Vol. 19, 
August 2003. 

[5] H. de Garis, “Artificial embryology and cellular differentiation,” in 
Peter J. Bentley, e., editor, Evolutionary Design by Computers, pp. 
281–295, 1999. 

[6] S. Cussat-Blanc, H. Luga, and Y. Duthen, “Cell2organ: Self-repairing 
artificial creatures thanks to a healthy metabolism,” in Proceedings of 
the IEEE Congress on Evolutionary Computation (IEEE CEC), 2009. 

[7] R. Doursat, Facilitating evolutionary innovation by developmental 
modularity and variability. In Proceedings of the 11th Conference on 
Geneticand Evolutionary Computation, pp. 683-690, 2009 

[8] F.Gruau, D.Whitley and L. Pyeatt, “A comparison between cellular 
encoding and direct encoding for genetic neural networks,” in 

Proceedings of the first annual conference on genetic programming, 
1996. 

[9] A. Cangelosi, S. Nolfi, and D. Parisi. “Artificial life models of neural 
development,” A., (Ed.), On growth, form and computers,  2003. 

[10] P. Prusinkiewicz and P. Barbier de Reuille, “Constraints of space in 
plant developmen,” Journal of Experimental Botany, Vol. 8, pp. 
2117-2129, 2010. 

[11] A. Chavoya, and Y. Duthen, “A cell pattern generation model based 
on an extended artificial regulatory network,” Biosystems, Vol. 12, 
pp. 95–101, 2008. 

[12] S. Harding, J. F. Miller, W. Banzhaf, “Self modifying cartesian 
genetic programming: finding algorithms that calculate pi and e to 
arbitrary,” in the Proceedings of the 12th annual conference on 
Genetic and evolutionary computation, pp-579–586, 2010. 

[13] K.Stanley, R. Miikkulainen, “A taxonomy for artificial embryogeny,” 
Artificial Life, Vol. 2, pp. 93–130, 2003. 

[14] P. Prusinkiewicz, and A. Lindenmayer, “The Algorithmic beauty of 
plants,” Springer, Berlin, 1990. 

[15] K. Fleischer and A.H. Barr, “ A simulation testbed for the study of 
multicellular development: The multiple mechanisms of 
morphogenesis,” In Artificial Life III, C.G. Langton, Ed. Addison-
Wesley,  Redwood City, pp. 389–416, 1994. 

[16] S. Bornhofen and C. Lattaud, “Competition and evolution in virtual 
plant communities: A new modeling approach,” Natural Computing, 
Springer Netherlands, Vol. 8, n. 2, pp. 349–385, 2009. 

[17] G. Kokai, Z. Toth and R. Vanyi, “ Modelling blood vessels of the eye 
with parametric L-systems using evolutionary algorithms,” Jurnal of 
Artificial Intelegence in Medecine, Berlin: Springer-Verlag, pp. 433–
442, 1999. 

[18] G. Escuela, G. Ochoa and N. Krasnogor, “ Evolving L-systems to 
capture protein structure native conformations,” Proceedings of the 
8th European Conference on Genetic Programming (EuroGP), LNCS, 
Lausanne, Switzerland, Vol. 3447, pp. 73–83, 2005. 

[19] P. Dittrich, J. Ziegler and W. Banzhaf, “Artificial chemistries-a 
review,” Artificial Life Vol. 7, pp.  225 - 275, 2001. 

[20] S. Smith, “A learning system based on genetic algorithms,” PhD. 
Thesis, Computer Science Department, University of Pittsburgh, 
1980. 

[21] J. Bacardit, D. E. Goldberg and M. V. Butz, “Improving the 
Performance of a Pittsburgh Learning Classifier System Using a 
Default Rule,” Lecture Notes In computer Science. pp. 291-307, 
2007. 

(a) (b) (c) (d) (e) 

(f) (g) (h) (i) (j) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


