Appendix A
THE ENVIRONMENT E

A,1 Introduction

In order to evaluate the capabilities of different
adaptive strategles, an envirenment E was chosen to in-
celude instances of performance measures representing a
broad class of functions. For convenlence, each function
in E was defined to be a performance index to be minimized.
Care was taken to include instances of continuous, dlg-
continuous, convexr, non-convex, unimodal, multimodal,
quadratic, non-quadratic, low-dimensional and high-dimen-
sional functions as well as functlons with CGaussian nolse.

For testing purposes, each function was restricted
to a bounded subspace of RP of the form a;<£1X;% by,
1=1,.4.,01s Within this subspace each function was dis-
cretized by specifying a resolution factor Axy; for each
axls. Since the genetie algorithms use a2 binary repre-
sentatlon of the search space, the number of discrete
points on each axis, (by-a,)/AXy + 1, was chosen to be
a power of 2 so that & direct comparison with alternatlive

adaptive plans could be made.

A.2 Test Function F1

Test function Fl1 is given by:

2
1

Mo

F1{X) = x

1=1
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F1 is & simple 3-dimensional parabola with spherical
constant-cost contours. It 1s a continuous, convex,
unimodal, low-dimensional quadratic function with a
ninimum of zero at the origin. Because of 1ts simpliclity
and symmetry, Fl provides an easlly analyzable first test
for an adaptive plan. For testing purposes Fl was re-
stricted to the space A defined by -5.125§x1255.12,
1=1,2,3 with a resolution factor Axy; = .01 on eech

axis. So the space A to be searched consisted of

(1024)3 ¥ 109 alternative solutions on which:

M(Fl} = F(i5012'i5012'15-12) - ?8.6

MIN{(F1) = F(0,0,0) =0

AVE(Fl1) = -—l——— g‘ F1(X) 4x = 26.2
(10.24)}3

Pigures A.la and A.1b 1llustrate the surface defined by

Fl1 in 1ts two-dimensional form.,

A.3 Test Function F2

Test function F2 1s given by:
F2{X) = 100«(xf-x5)% + (1-11)2

¥2 18 a stendard test function in the optimization
literature, first proposed by Rosenbrock(1960). It is

a continuous, non-convex, unimodal, low-dlmenslonal
quartic function with a minimum of zero at {1,1). It is

g difficult minimization problem because it has a deep



198

FIG. A.1R: 2-DIMENSIONAL VERSION OF F1
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Figure A.,la: Top surface defined by the 2-dimensional
version of Pl.
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FIG. A.1B: INVERTED 2-DIMENSIONAL VERSION OF F1

Flgure A.1lb: Bottom surface defined by the 2-dimensional
version of Fi.
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parabolic valley along the curve xp = x%. For testing
purposes, F2 was restricted to the space A defined by
-2.048£x,52.048, 1=1,2 with a resolution factor of
Axy = .001 along each arxrls. So the space A to be
searched consisted of (4096)2 ¥ 1,7#106 alternative
solutions on which:

MAX(F2) = F{-2.048,-2.048) = 3905.93

MIN(F2) = F(1,1) = 0

AVE(F2) = — 1 S F2(X) dX = 494.05

(4.096)2 %

Figures A.2a and A.2b illustrate the surface defined by
Fz.

A.4 Test Function F3

Test function F3 is given by:

5
F3(X) = %[xﬂ
1=

where {xil represents the greatest integer less than or
equal to x3. Hence, F3 18 a 5-dimensional step functlion.
It 18 a discontinuous, non-convex, unimodal function of
mnoderate dimension which is piece-wise constant., P#?3 was
chosen as a test for handling discontinuities. For
testing purposes, F3 was restricted to the space A de-
fined by -5.12<X, < 5.12 with a resolution factor of

Axy = .01 on each axis. So the space A to be searched

consisted of (1024)5 ¥ 1015 alternative solutions on which:
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FIG. A.2A: F2 (ROSENBROCK'S FUNCTION)

Figure A.2a; Top surface defined by test function F2.
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FIG. A.2B: INVERTED F2 (ROSENBROCK'S FUNCTION)

Figure A.2b: DBottom surface defined by test function FZ.
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MAX(F3) = F3(5.12,5.12,5.12,5.12,5.12) = 25
MIN(F3) = F3(~5.12,-5.12,-5.12,-5.12,-5.12) = =30
AVE(F3) = ZS' AvVE [xi| = -2.5

1=1

Figure A.3 1llustrates the surface defined by Fj in its

two-dimensional form.

A.5 Test Function F4

Test function Fi is given by:

30
Fi(X) = Z  1ix{ + GAUSS(0,1)

1=1
F4 is a continuous, convex, unimodal, high~dimensional
guartic function with Gaussien nolse., PFor testing pur-
roses, F4 was restricted to the space A defined by
-1.28€x3<1.28, 1=1,...,30 with a resclution factor
of Axy = .01 on each axis. So the space A to be
searched consisted of (256)30 % 1072 glternative solu-

tions on which:

MAX(PU) = FA4(+1.28,+1.28,...,41.28) = 1248,2
“IN(F"’) = FU(0,0.....O) =0
AVE(F4) = 249.6

Figures A.4a and A.4b illustrate the surface defined by

P4 in 1ts two-dimensional form without Gausslan ncise.

A.,6 Test Function F5

Test function F5 1s given by:




204

FIG. A.3: 2-DIMENSIONAL VERSION OF F3
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Figure A.3: Surface defined by the 2-dimensionel version
of test function F3.
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FIG. A.UA: 2-DIMENSIONAL VERSION OF FU
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FIG. A.UB: INVERTED 2-DIMENSIONAL VERSION OF Fu
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1 1 % 1
FIXT K 321 ;00
where
5 6
fJ(X) = GJ + :21 (11-313)

F5 18 an interesting multimodal function synthesized as
suggested by Shekel (1971). It is a continuous, non~
convex, non-quedratic, two-dimensicnal function with 25
local minims approximately at the polnts {(alj,azj)} ?21.
The functlon value at the point (3ljvazj) is approximately
Cje
For testling purposes, the aij were defined by:
-32,-16, 0, 16, 32,-32,-16,4.4, 0,16,32

[;1;] ) -32,-32,-32,-32,-32,-16,=-16,...,32,32,32
wilth cj = j and K = 500, F5 was restricted to the space
A defined by -65.536 ¢x34%65.536, 1=1,2 with & resolution
factor of Axy = .001 on each axrls. OSo the space A o
be searched consisted of (131.0?2)2 Y 16+107 alternative

solutions on which:

ne

MAX(F5) 500

184

MIN(F5)
AVE(F5) = 473
Figures A.5a and A.5b 1llustrate the surface defined by

1

F5. It is essentially a flat surface F5(X) = 500 with

25 deep perforations centered about the points (313,323)‘
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Near the point (313'°2Jh F5 is almost completely dominated

by the term fj(x). 1.e.

2
FS(X) = cj + é (xl-aij)é
i=1

and hence F5(a13-323) = c -3 i. So F5 has 25 local

minima at which F5 takes on the values 1,2,....25.

















































































































































