∗

∗

R

R

R R i

r

i

r .

Theo dore C. Belding

Abstract

1 INTR

ODUCTION

The Distributed Genetic Algorithm Revisited

T o app ear in: Eshelman, D. (Ed.) (1995).

Morgan Kaufmann, San F rancisco, CA.

Pr o c e e d-

ings of the Sixth International Confer enc e on Genetic Al-

gorithms.

Division of Computer Science and Engineering

University of Michigan

Ann Arb or, MI 48109-2122 USA

E-mail: T ed.Belding@umich.edu

This pap er extends previous work done by

T anese on the distributed genetic algorithm

(DGA). T anese found that the DGA outp er-

formed the canonical serial genetic algorithm

(CGA) on a class of difficult, randomly-

generated W alsh p olynomials. This left op en

the question of whether the DGA would have

similar success on functions that were more

amenable to optimization by the CGA. In

this work, exp eriments were done to com-

pare the DGA’s p erformance on the Royal

Road class of fitness functions to that of the

CGA. Besides achieving sup erlinear sp eedup

on KSR parallel computers, the DGA again

outp erformed the CGA on the functions 3

and 4 with regard to the metrics of b est

fitness, average fitness, and numb er of times

the optimum was reached. Its p erformance

on 1 and 2 was comparable to that of the

CGA. The effect of v arying the DGA’s migra-

tion parameters was also investigated. The

results of the exp eriments are presente d and

discussed, and suggestions for future research

are made.

Reiko T anese (1987, 1989a, 1989b) prop osed the dis-

tributed genetic algorithm (DGA) as a way of effi-

ciently parallelizing the canonical genetic algorithm

(CGA) on hyp ercub e computers and other MIMD par-

allel computers. The global p opulation is divided into

several subp opulations, one p er pro cessor. Each processor runs the CGA indep endently on its subp opula-

tion. The only inter-pro cessor comm unication o ccurs

during the migration phase, which takes place at a

regular interv al: A fixed prop ortion of each subp opu-

lation is selected and sent to another subp opulation.

In return, the same numb er of migrants are received

from some other subp opulation and replace individu-

als selected according to some criteria. This migration

can o ccur either asynchronously or after all of the pro-

cessors have b een synchronized. Each pro cessor then

resumes running the CGA as b efore, until the next

migration phase.

T anese found that the DGA achieved near-linear

sp eedup on a 64-pro cessor NCUBE/six hyp ercub e

computer. She then examined whether parallelizing

the CGA in this manner hurt its p erformance when

optimizing a class of W alsh p olynomials now known as

the T anese functions. The DGA generally found fit-

ter individuals than the CGA. In additition, the DGA

achieved levels of average fitness comparable to the

CGA when the migration interv al and the migration

rate were set such that ab out 1% of the subp opula-

tion migrated p er generation, e.g., 20% of the subp op-

ulation migrating every 20 generations (or = 20 and

= 0 2). Surprisingly

, hillclim bing outp erformed b oth

the CGA and DGA on these functions; furthermore,

the partitioned genetic algorithm, a DGA without mi-

gration, found fitter individuals than the CGA, even

with a subp opulation size as small as 2 individuals.

F orrest and Mitchell (1991) examined the CGA’s p er-

formance on the T anese functions. They concluded

that it p erformed p o orly mainly b ecause the effective

order of the schemata in the functions was much higher

than intended. The lack of low-order schemata also

played a role, as did the long defining length of those

schemata that were present. T anese chose to work

with these functions b ecause they were constructed us-

ing partitions which b ore a certain resemblance to the

schemata pro cessed by genetic algorithms (GAs). In

R R

R

R

R R

R R

2 RELA

TED W ORK retrosp ect, the T anese functions “have more to do with

parity than with schemata” b ecause of the way these

functions are defined (Q. F. Stout, p ersonal communi-

cation). The question of the DGA’s efficacy on other,

less pathological functions was left op en.

This pap er contributes towards filling this gap by ev al-

uating the p erformance of the DGA relative to the

CGA on a class of fitness functions called the Royal

Road functions: 1 and 2 (Mitchell et al. 1992; F or-

rest & Mitchell 1993), 3 (Mitchell & Holland 1993),

and 4 (Mitchell et al. 1994). Though highly con-

trived, these functions have a fixed numb er of prede-

termined schemata, allowing researchers to study GA

p erformance over time. Due to space constraints, they

will not b e describ ed here. Besides achieving sup er-

linear sp eedup on KSR parallel computers, the DGA

is found to consistently outp erform the CGA on the

functions 3 and 4; it achieves results comparable to

the CGA on 1 and 2. The following section briefly

surveys related work on distributed genetic algorithms

and topics in evolutionary biology

. The results of the

exp eriments are then presented and discussed. The

pap er concludes with a summary and suggestions for

future research.

Since their inception, it has b een clear that GAs are

inherently parallel algorithms. Beginning in 1987, a

wide v ariety of parallel implementations have app eared

in the literature. This pap er fo cuses on one of these,

the island mo del.

Island-mo del GAs derive their name from p opula-

tion genetics, where the term denotes a p opulation

split into many semi-isolated subp opulations, like an

archip elago of islands. These GAs are also called

medium- or coarse-grained parallel GAs, or distributed

GAs. Besides T anese’s DGA (T anese 1987, 1989a,

1989b), island-mo del GAs have b een investigated by

Pettey et al. (1987), Coho on et al. (1987), and Sumida

(1990), among others. Whitley (1993) has investigated

the DGA using a formal mo del.

T anese suggested that the succes s of the DGA rela-

tive to the CGA on certain fitness functions might

b ear some relation to Sewall W right’s shifting balance

theory in evolutionary biology (W right 1932; Crow

1991), which predicts that a lo osely-connected net-

work of small subp opulations, or demes, may some-

times evolve more rapidly towards a global fitness p eak

than a single large p opulation. W right hop ed to ex-

plain how p opulations in nature are able to escap e lo-

cal optima and discover novel gene complexes. The pro cess works as follows: The subp opulations drift

randomly around a lo cal fitness p eak. If one of the

subp opulations happ ens to drift across the interven-

ing fitness v alley into the influence of a higher fitness

p eak, it is pulled up this new p eak by intrademic natu-

ral selection. This subp opulation pro duces an excess of

offspring, due to its high average fitness, which then

emigrate to the other subp opulations, spreading the

newly-discovered gene complex throughout the p opu-

lation. The pro cess can also o ccur in a continuous p op-

ulation of small overlapping neighb orho o ds (Rouhani

& Barton 1987). Theoretical studies have shown that a

surprisingly small amount of migration suffices to dis-

p erse an adv antageous gene complex throughout the

p opulation (Phillips 1993). This research has b een

supp orted by lab oratory exp eriments (W ade & Go o d-

night 1991), but it is unclear whether the right com-

bination of migration, drift, and selection exists in na-

ture for this pro cess to take place. It is also debated

whether lo cal fitness p eaks are common in the high-

dimensional fitness spaces of organisms (T urner 1987).

Coho on et al. (1987) argued that the DGA’s suc-

cess was due to another phenomenon, Eldredge and

Gould’s theory of punctuated equilibrium. This the-

ory states that evolution is characterized by long p eri-

o ds of relative stasis, punctuated by p erio ds of geolog-

ically rapid change asso ciated with sp eciation events

(Eldredge & Gould 1972). Originally

, Eldredge and

Gould saw their theory as a consequence of Mayr’s

(1963) theory of sp eciation in small, p eripheral p op-

ulations; more recently

, Mayr’s theory has b een ques-

tioned (Coyne 1994; Gould & Eldredge 1993). Co-

ho on et al. p ointed out that the GA also tends to-

wards stasis, or premature convergence. They argued

that isolated “sp ecies” could b e formed by separating

the global p opulations into subp opulations. By in-

jecting individuals from a different sp ecies into a sub-

p opulation after it had converged, new building blo cks

would b ecome av ailable; furthermore, the imm igran ts

would effectively change the fitness landscap e within

the subp opulation. These two factors together would

induce a “sp eciation event,” similar to sp eciation in a

p eripheral isolate, which in turn would b e accompa-

nied by a p erio d of rapid evolution. The DGA could

thus partly avoid the problem of premature conver-

gence. F utuyma (1987) has suggested that rapid evo-

lution may b e asso ciated with sp eciation events b e-

cause the morphological change that accumulates in

a p opulation can only escap e b eing broken up by re-

combination if the p opulation sp eciates and b ecomes

repro ductively isolated from the remainder of the old

sp ecies. In the GA, this may translate into an ad-

v antage for p opulations that are divided into discrete