                                                                             EE vv oo ll uu tt ii oo nn aa rr yy   AA ll gg oo rr ii tt hh mm ss

  CC SS   33 55 66 NN   AA nn aa ll yy ss ii ss   aa nn dd   DD ee ss ii gg nn   oo ff   AA ll gg oo rr ii tt hh mm ss

                                               TT hh ii rr dd   PP rr oo gg rr aa mm mm ii nn gg   AA ss ss ii gg nn mm ee nn tt

Submitted by :

Ashish Gupta

98131

Group 3

Descript ion

This assignment is related to the Darwinian ev olut ionary theory. It aims at exploring random

mutation using a situation conc erning ants and eating food for fitness . Randomly generated

Finite State Machines ( FSMs ) are us ed to s imulate the moves of the ant which are randomly

cloned or mutated according to the principle of ^Survival of the fittest~  in an attempt to

generate a populati on of intelligent ants after a given number of iterations.

Implem entation

The s imu lation of the r andom iterat ions depends  on five  parameters :

1.  Maximum number of s tates allowed.

2.  Number of iterations

3.  Maximum moves allowed for ant on grid

4.  Population of ants

5.  Mutation Probabilit y

The c ode is i mplemented in C++.  A class is  written to repres ent the ant. It contains  functions

to

1.  Initialise  the ant with the minimum number of states  configured randomly.

2.  Change output , Change transition ,  add/delete states, c hang e initial states .

3.  Mutate /Clone  a generation of ants to the next generation  using the mutation probabilit y.

            If number of states are already equal to maximum number of states , then no new states

            are added.

            Similarly of only 1 s tate is there , then no  state s are deleted.

4.  Move the ant over the grid us ing its FSM  and report t he fitness after one s eries  of steps .

An array is  declared which stores ants according to the population by instantiating the c lass

ant. Then the array is initialised  to generate the ants  with randomly configured minimum state

FSMs.  Then all the ants are moved one by one and the fittes t ant is  s tored. Then the next

generation is generated using the mutate() func tion in t he ant class and one of the ants is

made the fittest ant in the  previ ous generation to ensure ^survival of the fittest ~ .

This process is repeated required number of times and then the fittest ant in t he last

generation is reported.

 RR ee ss uu ll tt ss

Various trials were conducted with the program to experime nt with the various para meters and
see the effect on the intelligenc e of the ants.

Trial 1

The program was  run with the following parameters  :

Population : 50

Maximum number of iterat ions : 100

Maximum number of s tates : 10

Mutation Probabilit y : 0.5

Maximum number of moves  :  100

After conducting the trial , t he fittest ant had a fitness  lev el of  31.

Its  Finite State M ac hine  has 4 states.

                                                                                                         FF

                                                                                                                 II NN II TT EE
SS

TT AA TT EE
MM

AA CC HH II NN EE

State 0

State 1

State 2

                                                                State 3

                                                                                                                   0 / 2

1 / 0

2  / 2

0 ,2  / 1

1 / 0

                                                                                                      0 / 1

1 / 2

2 / 0

                                                                                                      0 / 0

1 / 0  , 2  / 2

                                                                                                                       Moves of the  f it test  ant

The following grid show s the moves of the gr id  of the af orementioned  ant.

Fitness = 31

                                                                                                                       �  � �

Effect of number of moves on the fitness of ants

The number of  moves  drastically allows the max imum fitness of ants. It basically determines
how many s teps an ant can  take before dying. Obv iously  , more moves it can make , greater is
the probability that  its fitness is  more.

The following  gra ph shows that the fitness of the fittes t  ant ris es sh arply as the ma ximum
number of moves allowed to  the ant are inc reased. It reaches the maximum of 40 around at

150 moves.

However , it is interesting to note that the av erage fitness of the ants doesn´t  increas e with the
number of maximum moves and remains  c onstant  around 5 which is quite far from the highest
which is 40.

Eff ect  of  t he m axim um  number of  st ates allowed  on fitness

The number of maximum states bas ic ally determines  the s ize of the FSM which an ant can

posses . Obv iously , if more states are allowed , the ant c an make a much greater variety of

moves and hence its fitness  should be more.

The following graph shows that the fitness of the fittest ant inc reases  as the maximu m number

of states are inc reased. This seems to be obvious as the number of states are increased , the

FSM of ants  c an be come more complex and allow for more c omplex and intelligent movement

patterns across the grid.

Eff ect of  ^Survival of the f ittest ~ principle on the fitness of ant s

The ^survival of the fittest ~ principle is an important part of the Da rwin ian theory of evolution.

This trial investigates  , how this  principle affects the maximu m f itness among the ants

The following graph clearly shows that the principle of ^survival of the fittest ~  is necessary t o
get a fit ant at the end of the simulat ion.  Without ^survival of the fittest ~ , the fitness of the best
ant doesn ´ t inc rease much and is  almos t constant. However with ^survival of the fittest ~ , the
fitness rises sharply with increasing number of moves allowed.

Theore tic ally a ls o , the max imu m f itness should inc rease if the fittest member of the previous
generation is preserv ed in the current generation. However the difference in res ults is
remarkable , hence this principle s eems to be crucial for the inc reasing fitness of the fittest ant.

Eff ect of  m utat ion probabilit y o n t he fitness of ants

The mutation probabilit y d etermines , how many members of the previous generation will be

randomly mutated to the c urrent generation and the rest will be cloned.

The following graph shows that the fi tness  of the fittest ant is direc tly related to the mutation

probabilit y. Higher is the probabilit y , higher is the fitness  of the fittes t ant.

Hence cloning doesn ´ t seem to be as  effective  as random mutation .  As mutation

probabilit y increases from 0 to  1 in the graph , the maximum f itness increases sharply.

Intuitively, the res ult  s eems  to be correct as mutation allows the ants to wander in new

directions in search of more intelligent ants while cloning pres ervers the ^ dumbness ~ of the

ants.

E ff ect on fitness with number of iterations

The maximu m n umber of iterations decide , how many t imes new generations  will be
generated using the principles of c loning and mutation.

The following graph s hows that the number of iterat ions for which the generation of ants is
mutated and c loned greatly effec ts  the maximum fitnes s of ants .

Theoretically also , similar  results are predic ted , as the number of iterations increase , abilit y
to improv e greatly increas es for the fittest ant.

Intuitively also , the fitness should inc rease as number of iterat ions are increased .

Conclusion

Various interesting res ults  were reported above. On the whol e it was noticed that on the
av erage the ants do not g et intelligent. However , due to  ^survival of the fittest ~ principle

( which is deliberately programmed  )  increas es t he maximum f itness of the ants . Variation of
other  parameters brings change in the ma ximum fitnes s but hardly s eems to affec t the average
fitness of the ants .