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The products of generative design are ever more commonly explored and refined through evolution-

ary search techniques. Genetic algorithms (GAs) belong to this class of stochastic procedures, and 

are particularly well-suited to the way designers investigate a problem. GAs search by mixing and 

matching different parts of a solution, represented as parametric variables, to find new solutions that 

outperform their predecessors. Generally the method proceeds through generations of populations 

in which the better solutions out-survive their less desirable siblings. Inherent to this approach, how-

ever, is the fact that all but the select solutions perish. This paper discusses a non-destructive GA 

that uses dynamic populations drawn from a bottomless pool of solutions to find the most produc-

tive breeding pairs. In a typical GA the survival or destruction of a solution depends on a well-defined 

fitness function. by not enforcing the destruction of less fit individuals, the possibility is held open 

to modify the fitness function at any time, and allow different parts of the solution space to be ex-

plored. This ability is ideal for more complex multi-objective problems that are not easily described 

by a single fitness function. Generally, design presents just such a problem.

1  INTROdUCTION

A genetic algorithm, as originally described by John Holland, is 

a stochastic search method that progresses through repeated 

cycles toward solutions which have certain desired character-

istics, namely a fit solution (John Holland 1975). A cycle in a GA is 

represented by a generation, and the solutions in a generation 

are all members of a population. The next generation is bred from 

the current generation by selecting the more fit solutions to be 

parents. The solutions are described in terms of chromosomes, 

where parametric variables are genes. These chromosomes are 

bred to form children solutions that inherit characteristics through 

the genes of their parents.

There are many different variations and methods for selection and 

breeding (Mitchell 1996). John Holland’s original book, Adaptation 

in Natural and Artificial Systems (1975), followed the analogy to 

biological systems fairly closely. david Goldberg, who studied 

under Holland and Wylie at the University Michigan, did much to 

introduce the engineering community to the potential of GAs with 

his book Genetic Algorithms in Search, Optimization, and Machine 

Learning (1989), and more recently with The Design of Innovation: 

Lessons from and for Competent Genetic Algorithms (2002).

GAs have been applied to a wide range of search and optimization 

problems in fields of engineering and architecture, as well as areas 

such as drug design, scheduling and routing, financial prediction, 

data mining, system control, and even the composition of poetry, 

music and art (Goldberg 1998; Lund 1995; beasley 1997). This broad 

scope of application is part of the attraction of GAs.

To solve a problem using a GA only a very few criteria must be 

satisfied. Firstly, the parameters that describe a solution must be 

coded as a genetic string or chromosome. secondly, there needs 

to be some type of evaluation to determine the relative fitness of 

the solutions. Otherwise, very little needs to be known about the 

problem or the solutions. The process continues by cyclically ap-

plying certain genetic operators to generations of populations of 

solutions until acceptably good solutions evolve. The steps can be 

summarized as follows:

1. Coding the problem into a chromosome

2. Generating an initial population

3. breeding through recombination

4. determining fitness by evaluating the solutions

5. selecting parents

6. Filling the population of the next generation

The procedure then cycles through steps three to six until sat-

isfactory solutions are reached or the rate of improvement is 

diminished below a significant level. Figure 1 shows the cycle of 

a GA of this type. Unlike classic deterministic optimization meth-

ods which result in a single solution, the stochastic GA approach 

being population based, inherently results in a set of solutions. 
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depending on how the fitness function is defined, this solution 

set may converge to a single solution or represent different 

well-performing solutions. Multi-Objective Evolutionary Algorithms 

(MOEAs) are particularly interesting for designers, since design 

generally involves trade-offs of conflicting objectives. ParaGen as 

described below, makes use of multiple objectives both in gen-

erating solutions and, in an even more flexible way, in exploring 

solutions through post-processing, Pareto plots and limiting filters.

2.  COMPARING THE dEsIGN PROCEss TO THE  
     GA CyCLE

2.1  PROPERTIEs OF EARLy dEsIGN

Part of the reason that GAs are particularly well-suited to design 

problems is the similarity of the GA method to the design cycle. In 

general, design can be described as a process that is purposeful, 

goal-oriented and creative. Many activities are purposeful and 

goal-oriented without being particularly creative. For example, 

standard engineering analysis or even optimization, where the 

goal is to simply find the single most compliant solution, is gener-

ally not thought of as creative design. In such cases the problem 

is completely defined from the outset so that there is only one 

possible best solution. A design problem is usually not completely 

defined at the beginning of the process, since part of the process 

is to gain knowledge about the problem. design is not con-

strained by attempts to describe “what is”, the single reality, but 

left totally open to describe “what ought to be.” Herbert simon, 

made this distinction regarding design: “The natural sciences are 

concerned with how things are. ... design, on the other hand, is 

concerned with how things ought to be, with devising artifacts to 

attain goals” (simon 1969).

It is also worth considering another aspect of design that 

Herbert simon points out in a comparison he draws between 

“ill-structured problems” as compared to “well-structured 

problems”. The distinction is that well-structured problems can 

be solved by general problem solving procedures in a straight 

forward manner, that is analysis, while ill-structured problems 

cannot be solved so directly. simon builds the argument that all 

design problems are ill-structured because at the outset of the 

process the problem space is not fully specified. In fact, some 

parameters of the problem may only occur to the designer af-

ter considerable work and search. simon outlines a procedure 

for solving these ill-structured problems (simon 1973), and also 

recognizes that the approach is cyclic, and alternates between 

solving component parts of the problem and attaining and as-

similating new information about the problem. Unlike analysis, 

it is not necessary for the process to be completely defined by 

constraints. In fact, simon observes, “The more distinguished 

the architect, the less expectation that the client should provide 

the constraints” (simon 1973).
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