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      Summary - Special Terms from Biology
• Chromosome


• Gene


• Crossover


• Mutation


• Fitness (= how good is the chromosome)


• Population


• Generation



II.  Toy problems



(1)  All One Problem







How to show the results
Fitness vs. generation



(2) Test functions















Its 3-D version





Its 3-D version



   (3) Lucky Dog



What is Lucky dog?
A dog in the gridworld (0,0)-(1000,1000) with sausage at 
(200,800) Dog starts from (500,500) looking for the sausage.



Evolution of dogs

        Fitness vs. Generation 

                       & 
             
           The best route



Lucky dog
The best route





Practice



III. What if we have multiple solutions?



1. Fitness Sharing



(1) Lucky dog with two sausages







Lucky dog
fitnes



          Now assume dog-i has three other dogs with his territory.  
The Manhattan distance to each of three dogs are 3,5, and 8 respectively.

Then shared fitness of dog-i  
                      is:   
Fi = (600-20)/(1+0.7+0.5 + 0.2)



When 6 other dogs around dog-A



When 4 other dogs around dog-B



When two other dogs  near dog-D



When no other dogs around dog-C



(2) Test function 
 with more than one solution





An example of 2D 2 peaks function
Calculate shared fitness of 3 points! 



Calculate shared fitness of 4 points below!













2. Crowding Algorithm







Traveling Sales Person Problem 
(TSP)











TSP on 15 cities on the cicle (x-5)^2+(y-5)^2 = 25



Practice

Starting with city Z 
salesperson should visit all 
other 24 cities once and only 
once and return to Z again. 
Look for minimum length 
tour!



IV. Iterated Prisoner’s Dilemma  
(IPD)



                                        What is prisoner’s dilemma? 

• If A confesses and B does not, A will reliesed and B will get 5 years in jail, and 
vice versa.


• If both confess, then both will get 4 year in jail.


• If both do not, each get 2 years.



Iterated Prisoner’s Dilemma
A random game





How to use chromosome?



How to evolve players?

• Create a population of (E.g. 40) 64-bit binary chromosomes.


• Each chromosome choose T (E.g. 5) other chromosomes to play a game from 
one to the next.


• Fitness is the number of wins (or the total rewards) at the end of T games.


• Sort the chromosomes according to fitness.


• Select two chromosomes from the upper half of the population to create child.


• Mutate the child.


• Repeat the above procedures to create a next generation till no fitness change for 
a while.



Try the strongest player with:

• Tit for Tat … next action is always same as the opponent


• Always Opposite


• Always play with “1”


• Always play with “0”



V. Dimension Reduction by Evolution













A visualization of 4D data



VI. Sorting Network











What should be fitness evaluation?











A more biological diploydy chromosoms
Hillis’s proposal (1992)















IV. What if more than one fitness 
function exist?















V. Evolving Finite State Machine

















 The John Muir trail  
in 32 x32 troidal grid



A solution using FSM 
                by 
Jefferson et al. (1992)

Input: 
0 => unmarked cell ahead 
1 => marked cell ahead 

Output: 
M => move 1 step backward 
R => trun to the right 
L => turn to the left 



Another example of  a bigger FSM



An example of grown 
FSM by evolution



An exampleof quite huge FSM for memory
Giles, Horne and Lin (1995)  



(2) Genetic Programming



VI. Growing Structure by Evolution 
          Genetic Programming (GP)



What is LISP?

• LISP is the second-oldest high-level languge after FORTLAN


• LISP is developed in 1958 by John McCarthy while kindle he was at the MIT


• McCarthy published its design in a paper in Communications of the ACM in 1960, 
entitled “Recursive Functions of Symbolic Expressions and Their Computation by 
Machine, Part I”


• LISP was first implemented by Steve Russell on an IBM 704 computer using 
punched cards



             Genetic Programming (GP) 
                             evolves  
programs in LISP programming language



            Program Language LISP can be represented as tree structure

E.g.



Another example



Or



A crossover



A mutation



Let’s apply GP to Neural Network



An Example of neural network by Genetic Programming



A neural network 
for the symmetry 
of 40 input units 
by GP
                    By 
F. Gruau and D Whitley 
“Adding Learning to the Cellular 
Development of Neural Networks:  
Evolution and the Baldwin Effect” 
in Evolutionary Computation (1993) 



A neural network  
for the parity of 
21 input units

                   Also By 
F. Gruau and D Whitley 
“Adding Learning to the Cellular 
Development of Neural Networks:  
Evolution and the Baldwin Effect” 
in Evolutionary Computation (1993) 



               In case 
you are interested in LISP

                Try 

macOS 
$ brew install clisp 
(See left screen shot) 

Windows 
$ scoop install roswell



Thank you for attending this course!
I’ve been happy to have this chance of giving you this lecture!


