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Abstract— Artificial development has been introduced by
many as a means to simplify the genome of the evolutionary
process and thus aid scalability of evolutionary techniques.
However, this simplicity in the genome comes at the cost of
complexity in the mapping. This is perhaps not so surprising
when we look to biology and the complicated process of gene
regulation. However, creating an artificial representation of this
complicated process is far from straight forward. To simplify
such a process, we need to acquire knowledge and define some
form of rules to guide the creation of development models.
The work presented herein investigates an existing development
model, identifying which factors in the model are part of the
regulatory decisions. Further, experimental work looks more
closely at protein pre-conditions within the model. The results
form the basis for more generalised preliminary rules for
protein pre-conditions creation.

I. INTRODUCTION AND MOTIVATION

As the vice president for medical research at Howard

Hughes Medical Institute puts it, ”complexity does not come

from the number of genes but from the way in which they

are used” [1]. So how are genes being used in artificial

development?

In an artificial development approach, the problem is rep-

resented as DNA that may be decompressed (developed) into

a potential solution. Evolutionary algorithms may be applied

to the DNA style representation to search for a suitable DNA

for the problem in hand. Each selected individual of the

evolutionary process is developed into its respective solution

(organism) so as to evaluate the fitness of the individual.

The DNA may be a simpler description than that of a

corresponding direct representation but the regulation of the

genes in the DNA, resulting in development of the organism,

is a complicated process.

Many attempts have been made to design development al-

gorithms (development models) to meet the needs of different

applications i.e. agent systems [2], [3]; electronic circuits [4],

[5], [6], [7], [8], [9]; neural networks [10], [3]; and 2D

and 3D shapes [5], [11], [12], [13], [14]. Others aim to

replicate the biological process of development so as to gain

a better understanding of such a process [15], [16], [17].

Further, some work has begun to investigate mechanisms

within development models [18], [19], [20] and characteris-

tics of such models e.g. robustness, scalability [21], [22],

[18], [23], [24] so as to learn more about how to apply

development. However, we are still far from understanding

what a development model is, how it should be applied and

what such a model might achieve.
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There is much interesting ongoing work within develop-

ment. However, a challenge is to know where to begin and

what to do next. It would, perhaps seem easiest to start

with an existing developmental model, applied by a known

author in the field, and try to refine the model to the needs

of your own application. However, when these models are

not fully understood, it may be the wrong starting point

and thus success is unlikely. On the other hand, you might

wish to create your own model from scratch. In the early

stages of a field, the latter may be said to be a very viable

approach. However, we have no rules describing how to

approach the creation of a development model, apart from

the fact that many development models have some form of

growth and specialisation, but not all. To find the rules, we

need to understand the effect of decisions made by authors

or decisions that you yourself might want to make.

In earlier work [19], the development model applied herein

was presented and a number of shapes were developed, illus-

trating the flexibility of the model with respect to different

shapes and different colours (cell types). Such results were

shown to be achieved without chemical dispersion and were

shown to result in stable organisms —- the development

process continued with no effect on fit individuals. The

work also drew attention to the effect of chemicals in

the model and particularly the negative correlation between

increasing chemicals and fitness. Although this result was in

direct contradiction to the work of Miller [18] it was also

acknowledged that such results are likely to be due to the

differences between the development models themselves and

the applications sought.

The work presented herein takes a closer look at the model

in the light of the regulatory decisions made. Experimental

work is focused on investigating the relationship between

changes applied to protein preconditions in the model and

the phenotypes achieved. This work forms the basis for more

generalised preliminary rules for the creation of such protein

preconditions in a model.

Section II provides an overview of the elements in today’s

development models which may be said to play either a direct

or indirect role in gene regulation. The development model

under investigation is presented in section III, including a

detailed description of the gene regulation built into the

model. In section IV, a more detailed description of the

protein pre-conditions in the model is provided and sec-

tion V presents the experimental work investigating such pre-

conditions. Finally section VI, concludes the experimental

work and provides a more general conclusion with respect

to rules for pre-conditions in such models.



II. GENE REGULATION IN A DEVELOPMENT MODEL

Gene regulation may be achieved at different levels and

in different ways. It is, therefore, important to identify what

factors in a particular development model are infact a part

of the gene regulatory decisions.

Gene regulation may involve explicit and implicit features

controlling the regulation of the genes. Genes may regulate

other genes through their protein products. Such regulation

may, unlike in biology, allow one protein to regulate more

than one gene. Such a decision is within the control of the

gene regulation built into the development model. Certain

protein thresholds may also be explicitly declared. Explicit

control of the ordering of requested actions of proteins

- grow, change type, transcribe etc, or ordering of such

requests at the cell level, will provide further control to

gene regulation and its effects. Such control mechanisms

are often included because of the sequential nature of the

implementation medium as opposed to the parallel nature

of the process modelled. Further, the proteins themselves

are likely to have some form of explicit pre-condition to

be met before the protein will be transcribed. It should be

noted that most models using such a form of gene to proteins

interpretation, miss out the mRNA step.

Instead of presenting the DNA as genes transcribing to

proteins, some development models are presented more in

terms of rules, L-systems [25] type approaches. Similar to

the protein approach, such rules have pre-conditions that

need to be met for the rule to be activated. However, most

commonly, the pre-condition involves the neighbourhood

types — functions. In essence, such models are in principle

very similar to the DNA/protein models described, regulating

at the level of the genes.

Another form of model is that of a development program.

Such a form of development may be said to be more abstract

than the two already presented. There is no specific DNA.

Instead the cell program controls how inputs to the cell are

interpreted so as to produce cell outputs. Such a model, may

be said to have cell regulation rather than regulation at the

level of individual genes.

DNA does not work alone but in multiple environments

at different abstraction levels. Following the classification,

given in [20], the DNA resides within a cell providing the

inter-cell environment termed the cell metabolism. Models

may provide for the notion of chemicals or proteins or

other elements in the cell metabolism. Such elements provide

some form of regulation, either by being included in pre-

conditions to genes or they may control the effect of actions

instigated by the DNA. This latter form provides more cell

level regulation and is relevant to both DNA type models

or cell program models. Such elements may also effect the

next environment level - inter-cell environment which enables

communication between neighbours. Information exchanged

may include elements from the cell metabolism - proteins or

chemicals or cell level information as in type i.e. functional

information about neighbouring cells. Whichever element is

transferred, the goal is similar. Such information is applied to

the regulation of a cell’s genes through the pre-conditions or

may be built into the cell program. A further environmental

influence is termed the initial environment. This relates

to the assumed initial state of a cell which provides an

initial path direction, influencing the path of development

i.e. the effect of regulatory decisions. Finally, there is the

external environment, providing information from out with

the organism itself and which may be included directly into

the gene pre-conditions or at the cell level, so as to effect

the actions resulting from the gene regulation.

Other abstraction levels exist: organs, tissues etc which

may be applied to extend this terminology. Whichever termi-

nology is applied, a hierarchical structure exists within the

cells environment, with different levels of control of gene

regulation. In addition, further regulation is often included

in a model in an attempt to counteract the challenge of im-

plementing such a parallel process into a sequential medium.

III. DEVELOPMENT MODEL

In the development model presented herein, an organism

is bound by a three dimensional grid with a fixed size. A

location inside the grid may be either empty or filled by a cell

within the organism and a given cell has a type (function).

Each cell has a fixed size and may occupy exactly one

location within the grid and only one cell is allowed at each

location. A maximum number of cells are allocated to the

grid and the organism can develop up to the boundaries of

the grid.

Inside each cell is a DNA, a number of proteins and a

number of chemicals. The number of chemicals is constant

for all cells and chosen for a given experiment but the level

of each chemical is allowed to vary. Each cell is of a specific

type which is one of a set of explicitly defined cell types. In

the experiments herein a type refers to a colour from the set

of allowable colours.

The number of development steps allowed and the bounds

of the organism sought are given to the development process

as well as the DNA of the individual being developed.

Evolution is applied to tune the individuals, resulting in a

fit DNA which in turn results in the developed solution.

The genotype consists of a number of genes. Each gene

has a promoter and coding region. The promotor contains

the promotor ID (gene marker), which is used when deciding

which genes are to be transcribed. The coding region contains

all information necessary to construct the protein the gene

codes for: a precondition, its function and time to live.

The precondition of the protein consists of two parts. The

first part checks the cell’s neighbourhood. A neighbourhood

pattern consists of 6 values where each neighbour is either

represented by cell type, no cell or don’t care. It should be

noted that the cell itself is not included in this calculation. As

such, the inter-cell environment in the form of type (colour)

information directly effects the regulation of the genes in a

cell. Further, since there is no feedback of the type(colour)

of the cell itself, then the cell level does not directly effect

this regulation.



The second part, the chemical part, specifies the concen-

tration threshold for each chemical in the cell. As stated,

the number of chemicals in the cell is constant for a given

simulation. The introduction of chemical thresholds to these

chemicals provides further explicit gene regulatory control.

Such chemicals provide the cell metabolism gene regulation

in the model.

A proteins precondition is fulfilled if the state of the

neighbours matches the neighbourhood pattern and if all the

cell’s chemical levels exceed specified thresholds.

A protein can have one of the following functions: divide

cell, change chemical concentration (produce or consume

chemicals), change cell type and transcribe genes. However,

a protein is not able to directly perform any actions, it can

only request the cell it resides in to perform the action for

it. If and how the action is actually performed, is decided by

the cell. This way of handling the protein actions eliminates

the problem of deciding in which order the proteins should

be allowed to perform their actions. In this way, the proteins

do not play an explicit role in gene regulation by the cell

metabolism even though they reside in the cell metabolism

as in the chemicals. However, they play an implicit role, after

the more explicit ordering of events at the cell level.

The time to live specifies how many development steps

the protein is active before it dies and is removed from the

cell. This factor has a direct effect on the role of the protein

in the gene regulation. In the extreme case, if there are no

proteins in the cell metabolism, no genes will be transcribed

and development will stop.

A. Overview of the Development process

The development process is accomplished in two steps:

initialisation and development. First, an empty cell is created.

The DNA, given as input to the development process, is

placed inside this cell and all the genes in the DNA are

transcribed resulting in a number of proteins in the cell. Then,

an organism is created using the given bounds and the cell

is placed in the middle of this organism. The development

process is now initialised.

The process of development is divided into discrete time

steps — development steps. At a given step (clock tick) the

same series of discrete events occur: the chemical concen-

trations are adjusted; the proteins are notified that a tick has

occurred and the cell performs the actions requested by the

proteins. As such, each tick is a series of 3 events for a single

cell in the organism.

Event 1, adjusting the chemical concentrations involves

reducing or increasing illegal values to the nearest legal

bound. As such, a practical, non biological event.

Event 2 the protein updates involves requesting the actions

described in the functionality of those genes whose protein

preconditions are met.

Finally in event 3, the actions requested for the given cell

are performed in a prioritised order: transcribe genes, change

chemical concentrations, divide cell and then change the cells

type.

This describes the process for a single cell. In nature the

cell update across the organism is a highly parallel process.

However, cell update itself is conducted in a sequential

manner following the order in which cells were created,

starting with the zygote. Further, the mechanism of contact

inhibition is implemented in the model. If a cell grows into

an empty neighbouring cell, this cell is then active and no

other cell can grow into this cell. Both these conditions

are regulatory decisions. The ordering of updates and the

growth restrictions effect the path of development and thus

the organism that may be developed.

Protein updates may be said to be highly parallel as at the

end of this event the protein actions are still only requests

and have no effect on each other’s request. As such, the order

that they have been processed has no effect on the resulting

requests.

Further, the cell actions themselves are performed in a

priorised manner: transcribe genes, change chemical con-

centrations, divide cell and then change cell’s type. In the

transcription of the genes, all requests (from the proteins) for

a gene transcription action are conducted. Since several genes

may request a chemical concentration change — increase or

decrease in concentration, a given chemical may acquire a

chemical value out with its bounds thus requiring the illegal

value adjustment described.

When a protein requests a division it provides a positive,

negative or neutral stimulus for growth in each of the 6

possible directions. When all protein divide requests for

the cell are processed, the total stimulus for each direction

is processed. The cell may divide in up to 6 directions

and each division is dependant on whether that particular

direction’s stimulus is over a given threshold. The decision

to allow growth in 6 directions at once and the introduction

of stimulus, are all regulatory decisions at the cell level.

Changing the cell type has a similar stimulus process.

However, a winner is chosen being that with the greatest

stimulus level and if this level is over the threshold then

the cell type is changed to the given type. Again this is a

regulatory decision at the cell level.

The development process continues until the organism has

developed for the given number of steps. The full-grown

organism is then given as output of the system. It should be

noted that development doesn’t stop when the sought after

shape is achieved. Instead it stops after the given number of

steps and the sought shape may be achieved at any step. A

feature of the model is that the organism will remain stabile

once a perfect organism is achieved i.e. there is no further

change in shape or colours.

IV. PROTEIN PRE-CONDITIONS

As stated, the experiments presented herein do not provide

the full picture of all regulatory effects within the develop-

mental model presented. Instead two particular aspects are

investigated — proteins and chemicals, which are explicitly

specified in the pre-condition of the proteins. So what do

these neighbourhood and chemicals represent in the given

model?



The neighbourhood focuses on the neighbourhood of the

cell i.e. the inter-cell environment. In the case of this model,

the information exchanged with neighbours is that of type i.e.

the functionality of each of the neighbours. By including such

information in the pre-condition, the result of gene regulation

in each of the neighbouring cells, at the previous point in time

is being allowed to effect regulation of a gene — assuming

discrete simulation.

When making such a decision, a further decision is needed.

If this pre-condition is too specific i.e. states the exact

functionality required for each neighbour, it may be hard

to find a match for development to start or it may cause

development to stop prematurely. Evolutionary techniques

may be applied to refine the search but this does not

prevent development stopping up. One way to introduce more

freedom is to introduce don’t cares into the neighbourhood

pre-conditions, so as to provide more explorative freedom,

enabling rules to fire or genes to be transcribed and to study

the effects. Evolutionary techniques can then be applied to

tune the specification of the neighbourhood as knowledge of

the development of the organism is gained through fitness

evaluation.

The chemicals in this particular model represent the cell

metabolism. Distribution of chemicals is not present in the

model and, as such, chemicals do not contribute to the intra-

cell environment. Evolutionary techniques are not applied

to such an environment, it is the transcription of genes, with

actions of producing or consuming chemicals that effects the

chemical concentration in the next time step. It should be

noted that in addition to the thresholds themselves, other

constraints are introduced in the model that effect their

regulatory function. When the quantity of chemicals exceeds

the max or min chemical bounds in a cell, these quantities

are artificially fixed to the max/min values.

V. EXPERIMENTS

As stated, the goal of these experiments was to study the

effect of two pre-conditions - chemicals and neighbouring

types on gene regulation and on the organism achieved. The

two measures investigated were the chemicals (CHT) and

the Initial Don’t-Care Neighbours (IDN). Chemicals were

allowed to range from 0 to 5 and 10 chemicals. The number

of chemicals is set for a given experiment and thus neither

development nor evolution can change the number of chemi-

cals. However, genes can transcribe to proteins which request

changes in chemical concentrations. The neighbourhood of

the cell consists of the types of its six neighbours and is a

further pre-condition to the genes in the artificial DNA. From

the discussion in section IV on specificity, it was important

to be able to vary specificity and study the result with respect

to the organism achieved and wrt different organisms. The

Initial Don’t care Neighbours (IDN)s relates to the number

of neighbouring types, in a genes pre-condition, that are

given as don’t care in the initial DNA given to evolution

and development. The IDNs were varied from 0 to 6. Unlike

CHT, these are just initial values and, as such, change during

Fig. 1. Targets in Normal(left) and Exploded View(right), (a) cube with a
cross, (b) tree, (c) Xmas Tree, (d) sphere and (e) divided sphere

evolution and development. In fact, it is evolution that refines

the DNA to find a more fit DNA for the development process.

To be able to study the effect of one pre-condition, each

pre-condition was studied in the light of the range of different

parameters for the other pre-condition. Thus for experiments

focusing on CHT, results plotted represent an average fitness

based on the fitness achieved in the set of experiments

representing all runs with a combination of this CHT value

and any of the IDN values. Similarly for the IDN values, the

average of all the experiments with all the CHT values was

calculated. In each case, standard deviations were calculated.

The experiment set resulted in 980 experiments for each of

the shapes studied (illustrated in Figure 1).

The experimental setup for evolution was as follows: pop-

ulation size 1000, crossover 0.9, mutation rate 0.1, maximum

generations 500 and tournament selection with a group size

of 4. Fitness was measured on a cell by cell comparison and

normalised based on a maximum value of 2N for N cells. If

a block is correct then fitness is increased by 2; if it is of the

incorrect type then fitness is increased by 1 or if it is in the

incorrect place then no fitness credit is given. By rewarding



Fig. 2. Average Fitness for the Cube with varying CHT

shape, even when the type is wrong, provides more detailed

feedback to the evolutionary process than would be the case

if fitness was only based on the cells being correct or not.

Further information regarding the parameters of the genetic

algorithm may be found in [19].

The development setup involved a 6 bit promotor, 5 initial

genes in the DNA, 3 proteins types (dividecell,transcribe

gene and changetype), a 5 step time to live and a selected

number of chemical types from 0 to 10. Development time

was 12 steps and a 5x5x5 grid was allocated to the organism.

The experiments were run on a Beowolf Cluster.

A. Cube

As illustrated in figures 2 and 3, low CHT and higher

IDN seem to be the key to achieving high fitness. Further, the

standard deviation remains relatively constant with increasing

CHT or with decreasing IDN.

The fact that an increasing number of chemicals may have

a negative effect in such a model is due to the fact that

as you increase the number of chemicals - the specificity

of the pre-condition increases. Each chemical has to reach

a given threshold and all chemicals need to have reached

the given threshold specified such that a match is achieved.

As specificity increases, the chance of ending up in a local

optima increases.

The standard deviation in the IDNs is fairly even, illus-

trating that there is a relative stability in the results achieved

and no particular IDN level seems to lend itself especially

to chance results.

B. Tree

Similar experiments were conducted for the tree, as illus-

trated in figures 4 and 5. Much of the same trend can be

seen here: higher fitness is achieved with low CHT and high

IDN. What is interesting here is the variation in the standard

deviation.

Looking at the chemical case, it is the high chemicals that

stand out with a much smaller deviation. However, it is likely

that in the case of 10 chemicals, the specificity is so large

that it is unlikely that a more fit individual is achieved by

chance.

Fig. 3. Average Fitness for the Cube with varying IDN

For the case of the IDNs much variation in the standard

deviation may be seen. It would seem that as the IDNs go

from 0 to 3, the standard deviation is increasing, perhaps

indicating that there is more chance of hitting a fit individual

by chance as specificty decreases. However, why is this

not the case with the Cube? This has perhaps something

to do with the complexity of the problem. Although the

tree structurally is perhaps not so much more challenging,

the challenge is in the types. In this model, neighbours are

communicating type information and evolution is tuning such

type information in the pre-condition. However no 100% fit

individual was found. The best individual had one type error

and that was in the colour of the base of the tree which should

have been orange rather than green. Why is this the case?

It is likely to be an EA challenge rather than development

itself.

An EA is being applied to tune the pre-condition of the

proteins. As discussed earlier, evolution seems to be able

to tune development more appropriately to the needs of

the application as the IDN increases. That is development

is given a more tuned pre-condition to the needs of the

application as the generations continue. Unlike the sphere,

as the number of IDNs increase, the deviation increases.

Due to the difficulty of the problem, chance plays a larger

role and increasing IDNs provides more chance of hitting

the correct development path. However, as the results show

deviation slows up at the highest IDNs. It is, therefore

assumed that maybe too much randomness is introduced

to this difficult problem, reducing the chance of finding

such chance solutions. Further, to achieve higher fitness the

challenge of the error type needs to be met. The problem

being that if fitness is tuned to the needs of the shape and

the majority of the types i.e. green, then the more seldom

type change gene is likely to be evolved away, providing

development no chance of developing cells of such a type.

C. Christmas Tree

Very similar results, including deviation patterns were

seen for the christmas tree. However, here the challenge

is slightly different. There is not just one type change to



Fig. 4. Average Fitness for the Tree with varying CHT

Fig. 5. Average Fitness for the Tree with varying IDN

evolve away but many - all the decorations on the tree as

well as the foot. In this case, it seems that the development

model is prioritising shape first and then specialisation and,

in particular, the achievement of the correct green cells. The

non green cells were all correct in that they were non green

but were blue - the original colour of these cells. Looking to

fitness a clue may be seen.

As stated, fitness is allocated as 2 for cell in place and

right colour; 1 for cell in place and wrong colour and 0 for

cell not in place. As such, fitness is prioritising structure over

type. However, this is also a logical way to apply fitness as

one cannot have the correct type without a cell in place first.

This prioritising of structure may cause a more likelihood

of type information i.e. the appropriate genes to be evolved

away. Similar to the tree instance, the type change from blue

to green is the dominant type change and thus least likely to

be evolved away.

D. Sphere

In the case of the sphere, perfect fitness was achieved in

856 of 980 experiments, indicating that the shape is relatively

simple to achieve for evolution and development. Further, in

this case the number of IDNs and CHT play a much less

significant role, as shown in figures 6 and 7 respectively.

For chemicals, apart from the extreme case of 10 chemicals,

Fig. 6. Average Fitness for the Sphere with varying IDN

Fig. 7. Average Fitness for the Sphere with varying CHT

very little effect of increasing CHT can be seen and only a

slight deviation change. However, for the IDNs the deviations

indicate quite a high chance of finding a correct solution at

random due to the simplicity of the problem.

E. Divided Sphere

In the divided Sphere, a more marked tendency to the

benefit of high IDN and low CHT can be seen in figures 9

and 8 respectively. Comparing this with the results from the

sphere, we see that this tendency has to mainly be due to the

introduction of differentiation thus confirming our suspicions

in the tree and christmas tree experiments. Studying the

standard deviations of the Sphere, one can see that in the

case of 10 chemicals, although poor fitness is achieved as is

now expected, the standard deviation is not as small as other

similar experiments. This is likely to be due to the simplicity

of the shape itself. Even with the difficulty introduced with

such a chemical specificity, a chance result is still possible

with such a simple shape.

F. Summary

The results illustrate that choices made in the pre-

conditions have quite an effect on the developing organisms

and, for the case of this particular model developing 3D

shapes, a focus on few chemicals and higher IDN is required.



Fig. 8. Average Fitness for the Divided Sphere with varying CHT

Fig. 9. Average Fitness for the divided Sphere with varying IDN

The standard deviations in each of the results highlighted

much useful information. In some cases, although the chal-

lenge of achieving a fit individual increased with decreasing

IDNs or increasing CHT, standard deviations showed a

relative stability in the approach. However, in general, the

extreme case of 10 chemicals or developing more difficult

shapes produced less stabile results. These results show that

even with the introduction of low chemicals and higher IDN,

chance may still play a significant role.

In general, most experiments reached their optimal fitness

after rather few development steps i.e. within the boundary

of the length of development allowed. As such, it is not

development time that is limiting better fitness but devel-

opment is stopping. The results indicate that, due to the

fitness calculation in the model, evolution has a tendency

to evolve away less prioritised types, leaving development

less chance of developing 100% fit individuals.One possible

solution might be to have some form of weighted fitness

to ensure that some weight is always given to the type.

However, this will need some further investigation.

Assuming appropriate IDNs and CHT are applied for the

organism (application) sought, such a regulatory approach

can be expected to produce good phenotypes, on average.

Further, the results highlighted herein suggest that further

investigation into the other regulatory effects within this

model are needed, together with a refined fitness evaluation

so as to define more of the rules for a development model

for 3D shapes.

VI. CONCLUSION

The work herein, has investigated regulatory decisions in

a development model in the light of DNA style and cell

program style models. In particular, the work has drawn

attention to regulation at different environmental abstraction

levels. The regulatory decisions made in a case study DNA

style development model for 3D shapes have been discussed.

Results of experiments towards a range of shapes provided

a clear trend for setting the parameters of the pre-conditions

i.e. low CHT and relatively high IDN. That is a rule has

been found for the setting of these parameters for 2D and

3D shapes of limited complexity. Further, results indicate that

as the complexity of the shape increases, although the same

trend may be seen, much more deviation in the results is to

be expected. A better fitness measure may help but further

investigation into the regulatory mechanisms of the model is

needed.

Looking at these results at a more general level, the IDN

experiments investigate specificity in the precondition with

respect to information from the inter-cell environment. It may

be assumed, therefore, that whether neighbours exchange

type or other information, higher IDNs may be advantageous.

As these are initial values, their effect is likely to be on

the initial stages of development. The results may indicate

the importance of having the freedom to find the right path

of development from the start so as to have any hope of

achieving the goals sought. However, more investigation is

needed.

CHT reflects information from within the cell i.e. from the

cell metabolism. Again, more generally, less specificity with

respect to the amount of information needed to match to fire

a gene, is an advantage. In fact in this case no CHT produces

the best results i.e. no exchange of information from the cell

metabolism is advantageous. This is surprising as the cell

metabolism has an important role to play in nature.

The chance solutions indicated in the results are also im-

portant with respect to generalisation. How many developed

organisms in the literature are, in fact, found by chance.

For the establishment of development as a technique, a

more stabile method is sought through the achievement of a

better understanding of gene-regulation in our developmental

models. The work herein has provided some initial guidelines

with respect to protein pre-conditions and their regulation by

their environment but much work remains before any clear

rules can be found.
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