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The“ Artificial life studies ‘natural’ life by attempting to recreate biological phenomena
fromfirst principles..."” (Sante Fe Institute, 1994).

1.0 Introduction

Evolutionz adlows a user to congtruct, compare, observe, and explore dynamic
atificid ecosysemsthrough a3D interface. Aswell asatool for investigating learning
and open-ended evolution, the program is essentialy a computer game or a* software
toy” capable of producing environments of endless variety. The inhabitants of those
worlds evolve to demondtrate behavior leading to salf- preservation and propagation (i.e.
redigtic behavior). Thisdocument describesthe smulation details of the ALife sysem
used by the Evolutionz software.

2.1 The Environment

The artificid environment is condrained to afinite rectangular two-dimensond
grid with aboundary surrounding the outer edge. Five classes of objects inhabit this
artificia word: artificid plants, artificid animals, corpses, energy sources, and blocks.

At initidization, the world is populated with an arbitrary arrangement of these objects,

and a each time-gep, dl the objects are smultaneoudy updated. Different microhabitats
are modeled by varying the rate of growth of the artificid plantsin different regions
depending on the location of the energy sources. There are two types of blocks: “trees’
which are randomly grouped in cdlugters, and “mountains’ which are roughly distributed
aong generated curves. These blocks provide obstacles for the animals, and create
boundaries that can isolate different regions. Corpses represent dead animals and provide
food for certain types of animas. User-defined parameters such as World Sze and
Number of Blockscontrol a number of settings that specify the rules of the world.

2.2 Plants and Energy Sources

The plants follow asmplelife cycde. They begin from asmdl “seed” and grow
larger over time, reproducing only when amaximum size has been reached. Asan
individua plant grows, it inhabits an increasingly larger area of the environment.
Reproduction occurs by spreading seeds to nearby regions. After acertain age, each
plant is given asmdl chance of dying each update, and this chance is increased over
time.



There are three types of plants. Each type has dtributes defining their maximum
size, reproduction range, Soeed of aging and preferred energy level. Each type of plant is
given a preferred energy level and an energy tolerance factor. The likelihood of a plant
growing or reproducing at each round is determined by the amount of energy received at
that location compared to its preferred energy level. Each energy source radiates a
randomly determined amount of “energy”. A plant receives energy from each energy
source in inverse proportion to the square of the distance between it and the source. The
probability of aplant growing is determined by anorma digtribution about its preferred
energy leve, with a standard deviation equivalent to its energy tolerance factor
(Equations 1 and 2).

Severd user defined parameters determine the rate of growth and the starting
population Sze. Start Number of Plants determines how many plants are initialy placed
in the world, and Plants Head Sart isthe number of timesthe plants are updated before
any animals are added to the world. This gives the plants a chance to get established
before foraging begins. Findly, Plant Growth Period determines how often eech plant is
given a chance of growing.
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2.3 Animds

Like the plants, the animas grow throughout their lives, reproducing only when a
maximum size has been reeched. The animas gain and lose energy through their
interaction with the environment, which they are able to sense through three *antennag’ or
‘eyes. Each animd is created with an amount of energy that it received fromits primary
parent. Energy isonly gained through the consumption of food and islost through
growth and motion acceleration. A small amount is aso logt each time step regardless of
what actions are taken. The older the animd gets, the amount of energy it loses every
round isincreased. When its energy decreasesto zero, the animd is considered dead, is
removed from the smulation, and might be replaced with a corpse depending on the user-
define parameter Leave Corpse. Start Number of Animals determines how many animas
areinitidly placed in the world during the start of asmulation.

Three different types of animals exist obtaining energy for growth and
reproduction from different sources of food. The categories are: herbivores, which eat
only plants, omnivores, which may est plants, corpses, and herbivores smaller than
themselves, and predators, which may egt corpses, and smdler herbivores or omnivores.
The amount of energy that a herbivore receives for consuming aplant is determined by a
parameter caled Herb Plant Mult. An herbivore receives energy equa to the square of
the sze of the plant multiplied by thisvaue. A user-defined setting called All Plants
Edible determines if a herbivore can et dl plants, or only plants smaler thanits sef. A
predator receives the energy of the anima or corpse it consumes multiplied by a congtant
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called Predator Animal Mult. An omnivore receives the same energy as an herbivore
from consuming a plant, but discounted by amultiplier called Omnivor Plant Mullt.

Similarly an omnivore receives the same energy as a predator from consuming a corpse
or animals, but discounted by amultiplier called Omnivor Animal Mult. Currently, Herb

Plant Mult isauser-defined parameter, while the others are set & compiletime. Table1
describes the values currently assigned to these parameters.

Table 1. Food Multipiersfor the Different Types of Animas

Par anet er Val ue

Herb Pl ant Mult User Defined
Predator Animal Milt 0.9

Omi vor Plant Muilt 0.5

Omi vor Ani mal Ml t 0.5

When an anima reproduces, the last animd of the same species it made contact
with becomes the “father” of the newly creeted baby. The attributes of each anima are
passed down with mutation from the animad’ s parent or parents. These atributes
determine a which energy stage the anima should grow, its maximum growth stage, how
much energy it should giveto its offspring when it reproduces, how far it is able to see,
and who it may mate with. Table 2 givesalist and quick description of the inheritable
attributes of the animals.

The firg three attributes of Table 2 concern the manner and rate of growth and
reproduction of the anima. Growth Energy Quotient determineswhen it grows based on
its energy level according to the inequality expressed in Equation 3. To grow codts a set
amount of energy, which aso increases with the square of the sze of the animd. Once
an animd has grown to its maximum S ze, subsequent attempts to grow result in
reproduction. The new anima is placed randomly neer its parent, and it is given energy
equa to the Birth Energy attribute of its primary parent. The parent’s energy valueisthen
reduced by thisvalue. When an animd dies, the energy dlotted to the corpseis equd to
the amount of energy the anima spent on growth during its life.

The Species Flag isathirty-two bit number used for enforcing speciation anong
the animds. This number isinherited only from the animd’s primary parent. If the user-
define parameter Allow Speciation is set, then the Hamming distance between this
attribute in two animals determines if they are ableto mate. In addtion, this vaue can be
used to give an estimate of the most recent common ancestor for any group of animals.

The Vision Range determines the range of each of theanimas “eyes’. The
sensing capacity of the animd isvery primitive. Oneray istraced out directly in front of
the animal, and two rays are traced out at forty-five degree angles from the front of their
body. The first object encountered by each of these ray traces is perceived by the animal
a agrength inversely proportiond to the distance of the object. Although this sensing
method has no true biological pardld, it wasimplemented in this system because of the
gpeed in which it can be Smulated.
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Table 2; Inheritable Attributes of the Animas



Attribute Description

Growt h Ener gy Di ctates anmpbunt of energy required to grow. Reproduction
Quot i ent occurs when maxi num growt h has been reached.

Birth Energy Ampunt of energy given to offspring

Maxi mum Si ze Largest size obtainable

Vi si on Range Range of their sensing capabilities.

Speci es Fl ag 32 bit flag used for speciation.

2.4 The Neura Nets

The atificid animas are controlled by neurd networks. At each time step of the
amulation, intringc and extringc sensory information is input into the net and the
anima's motion parameters for that time step are determined based on its outputs. The
nets take 8 hit sgned vaues as inputs and outputs (Tables 3 and 4). The firgt nine vaues
areintringc information, which reflect the animd’ s current motion and internd variables
such as current energy level. The other inputs reflect whet the animd perceives with its
primitive ‘eyes, and its limited sense of ‘touch’. The two outputs from the net control
the animd's acceleration and its heading. Only the four cardinal direction headings are
alowed.

Each net is made up of two output neurons and an arbitrary number of interna
neurons. Each neuron contains asigmoid operator and may have weighted input
connections to any other neuron or any sensory input value. Hence recursive connections
are dlowed. The sgmoid takes two parameters that determine its steepness and its offset
(Equation 4). In addition, the neurons have atempora parameter, which dictates how
meany time-steps must pass before the output value is updated with respect to the inputs.
The neurons dso have an initid state which determines the starting vaue of their output
and the garting time-step in their update cycle.

Those animdls created during the initidization phase of the Smulation are given
nets for which both the topology and the weights are randomly determined. They are
cregted in a cascade like manner asfollows. A random number of internal nodes are
added sequentialy to an empty net. Each new node is connected to arandom sdlection of
inputs, which may include previoudy added internd nodes aswdl asits sdif. The output
nodes are then added sequentialy in asimilar manner. Figure 1 gives an example of a
randomly crested net using this process.

Table 3: Neura Net Inputs

I nput Descri ption
Lef t Headi ng 127 if current heading is |eft
0 ot herwi se
Ri ght Headi ng 127 if current heading is right
0 ot herwi se
UpHeadi ng 127 if current heading is up
0 ot herwi se
DownHeadi ng 127 if current heading is down
0 ot herwi se
XSpeed proportional to horizontal conmponent of velocity
YSpeed proportional to vertical conponent of velocity




Ener gy current energy level (normalized by max energy
obt ai nabl e)

Age proportional to current age

Si ze proportional to current size

Touch 127 if collision with food object last tinme-step

-127 if collision with non-food object last time-step
0 ot herwi se

For Each ‘ Eye’

Food Sensed

0 if nothing detected,
non-zero val ue proportional to distance to food
(object edible to this aninal)

Bl ock Sensed

0 if nothing detected,
non-zero val ue proportional to distance to bl ock
(obj ect capabl e of blocking path of this aninal)

Mat e Sensed

0 if nothing detected,
non-zero val ue proportional to distance to mate
(ani mal of same species)

Danger Sensed

0 if nothing detected,

non-zero val ue proportional to distance to danger
(larger animal of species capable of eating this
ani mal )

Table 4: Neura Net Outputs

Qut put Descri ption
Accel erate If output is larger than 15, accelerate forward in
Forward proportion to output val ue

Rotate Left or
Ri ght

Rotate left if value less than -15
Rotate right if value greater than 15

The net for each animd is inherited with mutation from its parent or parents. The
mutations can be characterized as affecting the entire net, an individua node, or a
connection. The likelihood of each mutation occurring is determined by a parameter.
The new net isinitidized with its starting vaues before its first update. A mutation &t the
net level adds arandomly created neuron, removes arandomly selected neuron, or
switches the position of two neurons. If anode is added, some new random connections
to it are dso added to the net. The gppropriate connections are removed in the case of a
deleted node. A mutation at the node level ether dters node parameters or changes the
connections to the node. Each node in the newly created net has a chance of undergoing
thismutation. A parameter mutation dters the sgmoid parameters, theinitia output
vaue of the neuron, the number of time- stepsin-between updates, or theinitid time-step
of the update cycle. The sgmoid parameters and the initia update value can be atered
by up to 15%, while the update values can be shifted either up or down by one time-step.
A connection mutation either randomly adds a new connection to the node or removes an
exising connection. A mutation a the connection level smply dters the weight of the
connection up or down by 15%. Each connection in the new net has a chance of being

atered.




During crossover, a copy of the reproducing animal’s net is used as atemplate for
the new net, but arandomly selected set of its nodesis replaced with nodes from the
father’s net. Mutation is applied afterwards.
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3.0 Concluson

The god of this project was to modd the evolutionary processin aclosed
ecosysem. Although the smulation is relatively smple, complex behaviors and

interactions between the inhabitants emerge “for freg’ through evolution without specific
Al coding.



