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ABSTRACT
INTEGRATING SYMBOLIC PROCESSING INTO
GENETIC ALGORITHMS
Al though genetic algorithns, I|ike neural networks, are

seem ngly inappropriate for handling synbolically oriented
problens, recent work in the fields of both the genetic
algorithm and neural network argues otherw se. Thi s
presentation will discuss a group of seemngly different
probl ens from synbolic processing, artificial intelligence,
and machine learning which can be solved using genetic
algorithns if the appropriate representation schene and
appropriate nodifications to the repertoire of genetic

operations are adopted.

The approaches used in applying genetic algorithns to such
synbolic problens may shed Iight on the problem of applying

neural networks to synbolic problens.

Many problenms from synbolic processing appear to be
I nappropriate candi dat es for sol ution Vi a genetic
al gorithns because they, in effect, require discovery of a
conputer program that produces sone desired output value
when presented with particular inputs. However, wth an

appropriate representation schene and appropriate
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nodi fications of the traditional genetic operations, it is
possible to genetically search the space of possible
conputer prograns for a nost fit individual conputer
program In this new “genetic progranm ng” paradi gm
popul ati ons of comput er progr ans (LI SP synbolic
expressions) are genetically bred wusing the Darw nian
principle of survival of the fittest and using a genetic
crossover (reconbi nati on) oper at or appropriate for

genetically mating conmputer prograns.

Depending on the termnology of the particular field of
interest, the “conputer progranf may be called a robotic
action plan, an optinmal control strategy, a decision tree,
an econonetric nodel, a ganme-playing strategy, the state
transition equations, the transfer function, or, perhaps
nmerely, a conposition of functions. Simlarly, the “inputs”
to the “conputer progranfi may be called sensor values,
state variables, independent variables, attributes of an
object, or, perhaps nore prosaically, the argunents to a

functi on.

The mnmethods for applying genetic algorithns to synbolic
problens are illustrated using exanples fromthe areas of

1 function | earning

1 robotic planning

1 synmbolic function identification

1 synbolic regression
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1 synbolic integration and differentiation

1 synbolic solution of differential equations
1 gane-pl ayi ng, sequence induction

1 enpirical discovery and econonetric nodeling
1 concept formation

1 automatic progranmm ng

1 pattern recognition

1 time-optimal control

Probl enms of the type described above can be expeditiously
solved only if the flexibility found in conputer prograns
is available. This flexibility includes the ability to
perform alternative conputations conditioned on the outcone
of internediate calculations, to perform conputations on
variables of many different types, to perform iterations
and recursions to achieve the desired result, and to define

and subsequentl|ly use conputed val ues and sub- prograns.

The process of solving these problens can be refornul ated
as as a search for a nost fit individual conputer program
in the space of possible conmputer prograns conposed of
various terns (atons) along wth standard arithnetic
oper at i ons, standard programm ng operations, st andard
mat hemati cal functions, and various functions peculiar to
the given problem domain. Four types of objects are
mani pulated as we build conputer progr ans, nanel y,

functions of various nunber of argunents; variable atons;
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constant atonms; and control structures such as |f-Then-

El se, Do-Until, etc.

As will be seen, the LISP S-expression required to solve
each of the problens described above wll enmerge from a
simul ated evolutionary process. This process wll start

with an initial population of randomy generated LISP S-
expressions conposed of functions and atons appropriate to
t he problem domain. Then, a process based on the Darw ni an
nodel of reproduction and survival of the fittest and
genetic reconbination wll be wused to <create a new
popul ation of individuals. In particular, a genetic process
of sexual reproduction anobng two parental S-expressions
will be used to create offspring S-expressions. At |east
one of two participating parental S-expressions wll be
sel ected in proportion to fitness. The resulting offspring
S- expressi ons Wil | be conposed of sub- expr essi ons
("building blocks") from their parents. Finally, the new
popul ation of offspring (i.e. the new generation) wl]l

repl ace the old popul ation of parents and the process wll

conti nue.
As will be seen, this highly parallel, locally controlled,
and decentralized process wll produce populations which,

over a period of generations, tend to exhibit increasing
average fitness in dealing with their environnent, and

whi ch, in addition, can robustly (i.e. rapidly and
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effectively) adapt to changes in their environnent.



