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Abstract
Simply stated ,Evolutionary agents are entities that are capable of evolution. These could include Computer Programs,Robots,simulated entities, biological agents or individual characteristics of the aforementioned such as controllers or their internal processes.This paper introduces and discusses the relevant ideas and gives an account of  genetic programming and artificial life.The latter motivates referring to artefacts as organisms.

Introduction
The Webster’s Dictionary defines evolution as “an unfolding, opening out, or working out; process of development, as from a simple to a complex form, or of gradual, progressive change, as in a social and economic structure”


In a nutshell,while designing an evolutionary system/agent or trying to create a population we simulate/emulate the Darwinian concept of natural selection;create an initial population,allow them to interact with each other and the environment so that they breed and generate new beings and ensure that those that survive are the best of the lot given our requirements.
Evolutionary computation has been witnessing ever increasing attention for some self-explanatory reasons.It shall be wonderful to have robots and computer programs that develop themselves in ways analogous to organisms and biological systems.All the designer shall need to do is just carefully choose the initial configuration and leave the rest to the process of evolution and what he/she gets after some stages of the former is an ultra enhanced version of his/her creation. For the unaccustomed,this may sound quixotic,nevertheless research and implementations are on the way and numerous simulations are available(go for a google directory search). 
According to Chris G. Langton

Artificial Life ("AL" or "Alife") is the name given to a new discipline that studies "natural" life by attempting to recreate biological phenomena from scratch within computers and other "artificial" media. Alife complements the traditional analytic approach of traditional biology with a synthetic approach in which, rather than studying biological phenomena by taking apart living organisms to see how they work, one attempts to put together systems that behave like living organisms


    
The following discourse deals individually with some sub-divisions of evolutionary computation and Artificial life.
Genetic Algorithms and Genetic Programming


As mentioned earlier, following the analogy of natural selection,entities are allowed to evolve and develop.Genetic algorithms, one of the most extensively used techniques for problem solving through evolutionary methods,features an initial population which breeds through crossover and undergoes successive fitness tests,ultimately leading to ‘survival of the fittest’.Elaborating further,the population usually comprises of strings of symbols or bits that constitute initial solutions proposed for a problem.
The algorithm then applies an operator termed as the ‘crossover operator’ to pairs of organisms(the strings) thus generating new strings which are supposed to be better than their ancestors.The population is then passed through a fitness test  that examines each individual using a function and those producing a value below some threshold are destroyed(thus the dinosaurs perhaps didn’t fit well with nature’s fitness function).An illustration follows:-
Consider the bit strings

A = 11001011      &  B =10101110   and the crossover operator 10101010 ,this pattern for crossover implying that the new string shall be constructed by taking bits alternately from A & B.

A       1 1 0 0 1 0 1 1

B       1 0 1 0 1 1 1 0
Borrowing the underlined bits from A & B we obtain        C = 10001110
We assume an external generator G such that at any iteration i ,G generates an 8-bit bit string
G(i) and the fitness function tests similarity with G(i),similar strings preferred.
Thus for iteration i :-
C  XOR G(i) = 10111110 gives 00110000 

And for some D = 10001001 ,  D  XOR G(i) gives  00110111 ,thus for a threshold that mandates similarity for at least 5 bit positions , C survives while D is terminated.All such Cs and the survivors among As and Bs constitute the new population to which the above method is reapplied. 
Variants of the above approach have been adopted to compensate for inefficiency of crossover operators and fitness functions.One may opt for assigning a probability of termination to an organism given parameters such as survival for the last few generations of the population or noise which may affect the output of external generators like the one used for our example.Alternatively,fitness function may be learned and refined during successive runs or multiple fitness functions may be employed. 


Genetic Programming,pioneered by Dr. John Koza ,takes the concept  a step further so that the population comprises of computer programs rather than simple strings.In a typical setting, the program steps could be represented as nodes in a tree with each node’s children being the steps that could be opted for next,the aim of evolution being constructing the optimal program tree.


Current research focusses on creating colonies of artificial organisms and adding specific traits to their mutual interaction that could emulate sexual attraction,kinship and affinity,competition etc. as well as modifying the existing implementation techniques in order to broaden the purview of evolutionary algorithms.  


According to genetic-programming .org -
“There are now 36 instances where genetic programming has automatically produced a result that is competitive with human performance, including  15 instances where genetic programming has created an entity that either infringes or duplicates the functionality of a previously patented 20th-century invention, 6 instances where genetic programming has done the same with respect to a 21st-centry invention, and 2 instances where genetic programming has created a patentable new invention.”

GP approaches have been applied to electric circuit design,artificial organisms(predominantly simulations),robotic controller design etc.It is anticipated that GP shall allow creation of  incredible learning agents that would be able to rival human creations as well as composition of  music and art comparable to human artefacts.The Project ‘Faceprints’ aims to study human perceptions of beauty and evolve a face that matches most peoples’ choice(ofcourse using GP). 
Cellular Automata

Cellular Automata are discrete dynamical systems and are often considered a counterpart of partial differential equations.A typical CA would comprise of a regular n-dimensional lattice of cells and corresponding rules meant to describe its behaviour.The theory behind cellular automata:Let 
Complex patterns emerge from this simple setup.

CAs are employed to model systems whose attribute-values are discrete or the system itself has components which take up discrete states.Each cell in a CA is in a particular state at any instance and its next state is determined by its current and previous states and the states of  its neighbours.The interpretation of the word ‘neighbour’ is contingent upon the approach used.A Moore Neighbourhood includes all the cells C(i,j) such that for the cell C(a,b) in consideration 

                                       |i-a|<=1  and  |j-b|<=1 (with the exception of self)
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Thus for the cell labeled C all the shaded cells constitute the Moore Neighbourhood.

Other variants exist such as the Extended Moore Neighbourhood and the Von Neumann Neighbourhood.

The CAs used most frequently are usually 1 or 2 dimensional.
An equation or a specification of this behaviour which can be used to calculate a cell’s next state is referred to as a rule.For eg.
                                                          


C(i,j)( t +1) =             1                    if      C(i+1,j)(t)&&C(i,j+1)(t)=1 


                                   0                    otherwise
It has been shown that Cellular Automata are capable of self-reproduction(Langton 1984) and that some classes of CAs are capable to do Universal Computation(i.e. being able to perform any finite algorithm).Due to their usefulness in simulating complex systems,they’ve been used in digital image processing and modeling chemical processes.For an intriguing introduction to something similar,It is recommended reviewing John Conway’s ‘Game Of  Life’.
A Peep into human thought process:-Human thought process has been the subject of study, curiousity and controversy for decades; something that puzzles even the most eminent of geniuses(perhaps much more than prosaic minds).
Is what ‘I think’ really what I think or is it just that I think that this is what I think?Why all this fuss about the concious and the subconcious mind ?Where does the latter lie,by the way?Can I really model my thought process accurately by taking a note of what I perceive as my thought process?Does learning to solve a new mathematical problem somehow change my social behaviour ? Anyway, while doing that did  I really learn something or unlearned something that I didn’t pay attention to?Is it always beneficial to try to learn a different way of thinking or can one predict how to figure it out ?
If  I’m  asked to remember X  can I predict which among P,Q,R and S am I most likely to forget or remember better while trying to do that ?I know which delicacies you like,can I infer /predict your preferences for clothes ? – Few of the questions that do arise in our minds out of a will to decipher the weirdness of  the human brain functions and would require a much better understanding of the same.
It’d be interesting to muse over how humans learn to think and how that thought process evolves as humans undergo successive stages of development.Human thoughts are influenced by external as well as internal factors.One can easily discern some evident changes in his/her mentality driven by the enviroment.Let’s take a look at the little kid crawling around in the room trying to grab eye-catching objects.As many of us would agree,the supposedly eye-catching thing has been able to catch the kid’s attention because of  some goal or blurred aim whether transient or permanent that this creature has in mind.As development furthers,the kid learns to widen the goal base,differentiate between fine shades of  the surroundings’ attributes and to interact with them.The human thought process gradually becomes increasingly sophisticated during the journey from childood to adulthood.

From an Alife research perspective ,it’d be a particularly fascinating effort to try to use evolutionary approaches to develop a machine similar to human brain or to evolve a cluster of computer programs so that they eventually rival the thinking mechanisms of  complex living beings.Efforts underway to achieve such feats regard the same as an essentially cross-disciplinary endeavor that uses the knowledge of Developmental Cognitive Neuroscience,Psychology,Philosophy, Computer Science etc.
Going beyond the physical boundaries of the human mind, some researchers have put forth the idea that the human body can be considered to be a ‘Group’ of millions and millions of simpler organisms(the individual cells) living and collaborating together to produce complex functions.The notion encourages further exploration of  an emerging field with the appellation ‘Swarm Intelligence’.      
Swarm Intelligence
An appreciation of the efficiency with which ants,termites,wolves and bees etc. carry out their work through co-operated efforts in groups has led AI Scientists around the world to try to emulate this characteristic through teams of artificial intelligent agents.The efficacy of such a team lies in its abiltiy to form and implement joint plans, to communicate and to learn from each other.It has been claimed that such teams shall outperform complex individuals in terms of productivity and reliability in tasks such as exploration of areas/terrains and spying.A crucial aspect of such systems is undoubtedly ‘collective intelligence’ i.e. the swarm as a whole ought to exhibit intelligent behaviour irrespective of the probable fact that the members individually may be incapable of  comparable functions.The design issues, apart from concentrating on agent architectures also include the consideration of the kind and extent of heterogeneity or homogeneity involved among team members.

Particle Swarm Optimization(PSO) aims to solve problems using the concept of swarm intelligence.Pioneered by James Kennedy and Russell Eberhart, PSO was inspired by the behaviour exhibited by flocks of birds and their simulation/models.
Some models for example the one created by biologist Frank Heppner simulated a flock of birds wherein the members possessed the desire to stay in the flock as well as the desire to ‘roost’.Whenever the latter dominated over the former, a bird would settle onto a roosting area.Due to the fact that it has found a roosting area, its neighbours would be attracted to the area as well and eventually the whole flock may settle down in the area.
Lets draw a more lucid analogy, suppose one of your friends finds a prospective good-looking girlfriend/boyfriend.It is quite probable that this observation will attract you towards her/him and eventually all your group may get engaged into ‘that business’.Alternatively, your group members have individually located more than 1 prospective entities,you’d then prefer to choose the better one for concentrating your attention towards.PSO embarks on a similar concept only that here there are intelligent agents looking for solutions to problems and are supposed to settle on the optimal one.In a typical setup, there could be agents wandering in some n-dimensional space and the solution be specified through a n-dimensional co-ordinate.  
Computer Scientists are working closely with Biologists to better understand natural swarms so that mathematical models of the former’s characteristics can be created.A host of challenges need to be tackled for the purpose of  creating swarm intelligence such as efficient control mechanisms(as centralized control may be difficult),group communication issues ,arbitration in case of conflicts etc. to name a few. 
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