Chapter 4

PERFORMANCE EVALUATION OF GENETIC ADAPTIVE PLANS

4.1 Introduction

In the preceding chapters we have introduced a
class of genetilc adaptive aslgerithms for study, and we
have fooused our attention in partlieular cn the be-
havloral characteristicse of the basic family of plans
Rl on test function Fl. The emphasls has been on under-
standing how these adaptive models operate in finlte tlime
and space., In this chapter we apply the insight gained
by these studles tc¢ the problem of improving the per-

formance of genetic adaptive plans on E.

4,2 The Performance of Rl on E

In the last chapter we studied the effects of chang-

ing the wvarlous parameters of Bl on its performance

on test funetion Fl. In this section we wlll extend
these observations to the performance of Rl on E. As
noted earlier, optimizing the performance of Rl over
its parameter space is prohiblted by the cost of sim-
ulation analysis on exlisting facilities. As before,
however, we extend our insight by analyzing a few well-
chosen members of the family of plans defined by Ri.
Recall that in choosing a particular member in B1,

four parsmeters must be specifled: the population slze

N, the mutation rate Pm' the crossover rate P,, and the
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generation gap G. DBased on the results of the previocus

chapter, the following members were chosen for analysisa
on E:
R P, P, G

R1{ 50,.001,1.0,1.0)

Hl( 50-0001r .8.1-0}

R1{ 50,.001, .6,1.0)

E.l{ 50.‘001' .BI ls}

Rl( 50..01 * -8.1.0}

Hl{ 50.-01 » ¢6|1 'O}

R1{100,.00%, .8,1.0)
R1{100,.001, .6,1.0)

Recall from chapter 1 that, for each fe in the environment

E. local robustness was defined by

T
x (1) = 7 2 folt)
i=1

for on=line performance and

T
xg(m) = 1 f £3(t)

1=1

for off-line performance with the agsoclated global

measures of robustness defined by
_lé:
XE(TJ =\E} < IE(T)

and

* _ 1 »
X (T) _lﬁtg x5(m)
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respectively. Based on previocus experience and with an
eye for practical applleations, T=6000 wasz chosen & a
reasonable bound on the interval of observation. Tables
4.1s and 4.1b summarize the performance measures ob-
tained from this evaluation and there were very few
Eurprizses.

The first three members analyzed differed only in
thelr crossover rates of 1.0, .8, and .6 respectively,
As we observed berore on test function Fl, reducing the
crosaover rate ilmproves both off-line and cn-line pef-
formence. The fourth member analyzed illustrates that
on E a8 well as Fl, reducing the generation gap is not
as effective as reducing the crossover rate., The fifth

and sixth members apalyzed confirm on E the observation
regarding the tradeoff hetween off-line and on-lines
performance presented by changing the mutatlion rate.
The only mild surprise came with the evaluation of the
last two members supporting & population of size 100.
Contrary to our earlier observatlions, increasing the
Population size degraded both off-line and on-line
rerformance indices. Upon reflection, however, the
reagon for this change seems clear. HReeall that our
earller observations over 10,000 trials suggested that
increasing the population size improved long-term
performance at the expense of short-term performance.

By shortening the evaluation period to 6000 trials, we

have put more emphasis on the short-term behavior and
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hence should expect to see a performance degradation.
These results conflrm our earlier observations of
the behavior of RN, and they suggest that the off-line

perforuance of R1(50,.01,.6,1.0) and the on-line per-

formance by R1(50,.,001,.6,1.0) are about the best

that can be expected from these simple genetic plans.

4.3 Elitist Model R2

Earlier observations of the behavior of Rl suggested
that generating N new indivlduals for each new population
A(t+1) was In fact too high a sampling rate, High-
rerformance Individusls were lost before the genetlc
operators were able to produce improvements. An im-
provement in performance was obtained by reducing the
crossover rate and/or the generation gap which, in turn,
reduced the number of new individusls produced for A(t+1).
Moreover, we observed that reducing the crossover rate
produce@ better performance improvements than a corres-
ponding reduction 1n the generation gap. This, we felt,
was due to the fact.that. because of the selection
processes, high~performance individuals were more likely
to survive into the next generation vim & reduction in
the crossover rate than with & reduction in the generation
gap. In this section we conslder the implicatlons of
giving high-performance individuals special treatment
by modifying the basic plan Rl to include the Tollowing
elitist policy:
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Let a'(t) be the best individual generated up to
time t. If, after generating A(t+l) in the usual fashion,
a”(t) 18 not in A(t+1), then include a™{t) to A(t+1)
as the (H+1]th membar,

Such & policy guarantees that the best indlividual
genarated will not be lost from one generation to the
next as a consequence of sampling effects or the appli-
cation of genetlc operetors. From the hyperplane analysls
point of view, this policy willl blas the distribution
of trials in favor of thoss hyperplane partition ¢lements
which have produced the best-performing individual.

This suggests that the effect of such a pollcy on per-
formance may be %o improve local search at the expense

aof global searsh.

In order to evaluate the effects of such a poliecy,
two members of this family were evaluated on E:

E2{50,.001,.8,1.0)
and, 82(30,.001,.6,1.0)

Filgures 4.1 - 4.3 compare the behavior of these planz
with their H1 counterparts on test function Fl. Figure
4.1 1llustrates that the allele loss rate 18 2lightly
bettear with B2, This is probably due to the fact-that
appending the best individual to A(t+1) prevents omne

or two alleles from beilng counted as lost. Filgures 4.2
and 4.3 illustrate that B2 produces both off-lline and

on-line curves for Fl which are significantly better than

thoae produced by RHl.



103

FIG U.1s R2 ALLELE LOSS ON f1
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Figure 4.,1: Allele loss for B2 on Pl.



104

FIG 4.2: OFF-LINE PERFORMANCE OF R2 ON F1
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Figure 4.2: Off-line performance curves for R2 on Fl.
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FIG. 4.3: ON-LINE PERFORMANCE OF R2 ON F1
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Figure 4,3: On-line performsnce curves for RZ on Fl,
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Finally, the azsonlated performance indlces for
both off-line and on=1ine performance are tabulated below

in comparison with their Rl counterparts:

T=6000 E1{.8) R2(.8) Ri(.6) R2(.4)
x;I(T} .199 .178 146 .093
X35 (T) +230 .076 310 .182
2E4(T) § -26.5 ~26.3 -27.2 -27.1
xpy{T) .67 29.61 3.5 26.76
i{u:) 3.75 5.86 z-_56 3.9%
Xg(T) 2.47 1.88 2.06 778 |
T=4000 81(.8) R2(.8) B1({.6} Rz2(.6)
xFliT} 4,27 2,88 3.65 2.71
Tpo(T) 76.8 51.73 76.7 50.46
xpa{T) [ -23.17 -22.9 ~23.3 -2l ,02
xp(T) | 93.2 65.8 89.9 59.92
Xpq(T) 3.1 6.2 6.2 37.49
xE(TJ 37.04 26.74 36,69 25.71

Thegse results confirm our intuition about the behavior
of e}itist plan R2. Because of its more conservative
sanpling policy, on-line performance 12 consistently
jmproved. Off-line performance 1s improved as well,
but notice that the lmprovements come on the unimodal
surfaces, particularly F4, while the performance de-

graded gignificantly on F5.











































































































































































