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 Evolutionary Computation

> Is it possible to use the ideas in GAs to produce useful
programs?

> Two uses of evolutionary processes: optimization, that
is the process of attempting to find a maximum
(minimum) in a given fitness function.

>To evolve programs to solve specific problems—for
example, programs to control reactive robotic agents.
The technique called genetic programming or GP for
short is discussed in Nilsson’s Chapter 4.
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¢ Genetic Programming (GP)
The idea is to evolve functional programs, programs where all
modules consist of functions with explicit return values (even if
the returned value is void) , e.g., LISP programs. Functional
programs (FPs) can usually be expressed as rooted trees with
labeled nodes.
(+) XLISP-PLUS version 3.04
Portions Copyright (c) 1988, by David Betz.
Modified by Thomas Almy and others.

XLISP-STAT Release 3.52.16 (Beta).
Copyright (c) 1989-1999, by Luke Tierney.
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The purpose of chapter 4 is to evolve a program for a wall
following robot that takes as inputs the robot’s current
sensory data and computes a single action. The robot is
controlled by repeated execution of this program, and we
want to follow a wall given an arbitrary initial position.

> Primitives (built-in operators)

—AND(x,y) =0if x=0;elsey
-OR(xy)=1 if x=1;elsey
-NOT(x)=0 if x=1;elsel
—IF(xy,z) =y if x=1;elsez
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¢ Genetic Programming - (continued)

> Actions

— north moves the robot one cell up in the
cellular grid

— east moves the robot one cell to the right

— south moves the robot one cell down

— west moves the robot one cell to the left

We’ll assume an evaluation of any of the Figure 4.2
actions terminate the program with the side A Robot in a Grid World
effect of performing the action without the
necessity of passing values up the tree.

If the robot attempts to move into the wall we
get a null action + termination
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 Genetic Programming - (continued)
> Sensory values are: {n,ne,e,se,s,sw,w,nw} and the
corresponding value is O if the cell is free for the robot
to occupy, else they have value 1.

> We’ll assume all functions return values for all possible
input arguments (unless execution of an expression
terminates the program). This way we ensure that any
tree constructed so that each function has its proper
number of arguments describes an executable program.
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Example Wall Following Program
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¢ GP Process
> Start with a population of random programs to create generation 0
> Nilsson will start with 5,000 random programs constructed from
the primitives AND, OR, NOT and IF, the actions {up, down,
left, right}, the sensory inputs {n, ne, e, se, s, sw, w, nw} and the
Boolean constants 0 and 1.
> Program evaluation is accomplished by running the program 60
times and counting the number of cells next to the wall that are
visited during the 60 steps. Since there are 32 cells that constitute
the wall, the maximum attainable by any one program execution
is 32. Perform 10 such runs per trial starting in arbitrarily chosen
(random) starting positions. Let f (the fitness function) be the
total number of cells visited in these ten runs. The maximum of
20 would be obtained by a robot that achieves wall following.
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¢ GP Process - Reproduction of the i+1 generation from the it"

> Five hundred programs (10%) from generation i are copied
directly into generation i+1. Individuals are chosen using a
tournament selection process: seven programs are randomly
selected (with replacement) from the population of 5,000. Then
the most fit of these seven programs is chosen. (These values are
determined empirically and by experience)

> 4,500 new child programs (90%) are put into generation i+1.
Each child program is produced from a mother and a father
program by a crossover operation as follows: a mother and a
father are each selected using tournament selection as before.
Then a randomly chosen subtree from the father replaces a
randomly selected subtree from the mother resulting in the child.
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¢ GP Process - Reproduction of the i+1 generation from the it"

Randomly chosen
crossover points

()
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west ) (south ot wost
north

Mother program Father program Child program
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» GP Process - Mutation
> Sometimes a mutation operator is used in constructing
individuals for the next generation. When used, it is
used sparingly (perhaps at 1% rate or lower).

> The mutation operator selects a single parent from
generation i by tournament selection. A randomly
selected subtree is deleted from this parent and replaced
by a newly grown random subtree created in the same
manner as for the members of generation 0.

__> Nilsson’s example does not implement mutation.
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* GP Process Simulation - Evolving a Wall-Following Robot
> Start with a population of 5,000 random programs simulate GP

> Generation 0 programs

— many of them do nothing, for example:

— (AND (sw) (ne)) with fitness f = 0 evaluates its 15t argument,
terminates if it is 0, else it evaluates its 2 argument and
terminates.

—(OR (e) (west)) if it evaluates west, it moves west and
terminates. This program had fitness of 5 (some of its random
runs happened to traverse cells next to the wall)

> Generation 0 programs are an example of uninformed search of
the space of computer programs using the criterion we specified.

e most fit program of generation 0 had a fitness value of 92.

=

1

EEL5840: Elements of Machine Intelligence
Robalig Machine Evolution

* GP Process Simulation - Evolving a Wall-Following Robot

Figure 4.5
The Most Fit
Program of c
Generation0  “*~
with f=92

This program moves
east until it reaches a
cell next to the wall:
then it moves north
until it can move east
again or it moves west
and gets trapped in the
upper-left cell
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* GP Process Simulation - Evolving a Wall-Following Robot

Figure 4.6 The Most Fit Program of generation
2 with f=117. This is better that the best
program of generation 0 but it gets stuck in the
bottom-right corner
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* GP Process Simulation - Evolving a Wall-Following Robot

Figure 4.7
The Most Fit
Program of
Generation 6
with f=163

This program
gets stuck in
the bottom-
right corner
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* GP Process Simulation - Evolving a Wall-Following Robot

Figure 4.8 A Program
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* GP Process Simulation - Evolving a Wall-Following Robot

350

Figure 4.9 A curve of the 00 7 1
fitness of the most fit =0 1

individual in each 0 1

generation. Note the "
progressive but often
small improvement from
generation to generation.
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The End!
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