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ABSTRACT
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tegies is described to provide the necessary information for a potential user
interested in structural optimization problems. In particular, the implementa-
tion of corresponding optimization programs is demonstrated. Therefore, a
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cussed. In order to show the interdependencies of the mdmdual types of stra-
tegies a generally valid matrix formulation is used.
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1. Description of the applied eptimization technique (evelution strategies)

1.1. General comments

The family of evolution strategies (see [1] until [9]) allows the solution of restrained
optimization problems with highly nonlinear objective criteria and constraints. Both the objec-
tive criterion and the constraints may even have an arbitrarily algorithmical nature, and both
may depend on a large number of optimization variables. Therefore, the family of evolution
strategies can be regarded as a general purpose solution method within the field of engineering
optimization. The individual alternative algorithms of this family of methods are all based on
the same logical concept. According to the complicacy of the present optimization problem, the
single strategies can be applied individually and/or in combination with each other.

Each of the individual strategies represent a direct solution technique through which
potential optima can be iteratively found by means of a sophisticated random process. The con-
straints permitted must be formulated as inequality constraints where, without restricting gen-
erality, feasibility is assumed if the right hand side of the constraints is greater than or equal to
0. However, if equality constraints have to be regarded because they can not eliminated by vir-
tue of separate calculations such equality constraints can be transferred into inequality con-
straints by using so called slip - variables or Langrangian or penalty formulations.

In the case of structural optimization, we assume that the only equation constraints incor-
porated are represented by finite element matrix equations , and that these equations can be
solved separately from the optimization process. This assumption is advantageous because
matured finite element codes are already available which can be efficiently applied to the solu-
tion of structural equation systems. Also, we can take advantage of the existing input and out-
put data - bases of the finite element program .

1.2. Convergence behaviour

Convergence of an iterative process is a very significant feature which a user is interesting
in because he wants to achieve sufficiently accurate results rapidly. At this point, it should be
emphasized that in the field of structural optimization exceptionally complicated problems can
occur. The feasible domain may be a highly dimensional space with an intricate topology and
multiple local optima. Hence, nonlinear optimization problems are different from other non-
linear problems, for example, nonlinear problems in the structural analysis field where the non-
linear nature of the problem can be more accurately anticipated. Particularly, the cuantity "con-
vergence rate”, which represents the speed of iteration and is usually conside as the most
essential quantity, only characterizes one aspect among further ones if we have . .ecide on the
quality of optimization strategies.

The philosphy of the evolution strategies is to provide numerical methods which are ‘as
generally applicable and flexible as possible , and which have reasonable convergence
behaviour. However, the features "reliability”, "robustness in operation" and "global conver-
gence” are higher ranked than "convergence rate". With regard to convergence rate, the evolu-
tion strategies may possibly yield poor convergence rates in special problems,particularly, if
linear or quadratic problems have to be solved. It must be outlined , however, that in the
engineering field linear or quadratic optimization problems are the exception. Insofar, it is
questionable whether these types of problems are representative at all.

The evolution strategies show a linear or superlinear convergence behaviuor depending on
the nature of the given problem. That means that the sequence of iteratively calculated design
vectors x'¥’ converges linearly or superlinearly towards the corresponding optimum solution x
where the superscript k denotes the k-th iteration step. We can mathematically express the
convergence process by using the following relationship

lim]| x*¥=x"|| =0

e (1.1)
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where the term )| x*'—x || represents an error norm ( Euclidian norm ). If the errors of sub-
sequent iteration cycles are proportionally reduced such that

x(k+l)__ *

x .
" x(k)_x‘" = Clin 1.2)

where cj;, stands for a constant proportional factor, the convergence is said to be linear. This
means that the number of accurate digits is constantly improved within the iteration steps. A
quadratic convergence would be achieved if the number of accurate digits were doubled per
iteration step. Hence, superlinear convergence is represented by a reduction of the error which
lies between the linear and the quadratic convergence.

Although, quadratic convergence seems to be very attractive this type of convergence can
be exclusively obtained by means of first and second partial derivatives of the objective func-
tion and the constraints ( Newton methods, conjugate gradient methods and special variable
metric methods ). Despite the fact that the evaluation of derivatives is complicated and time-
consuming, divergence difficulties are encountered if the optimization problem is not quadratic
or not quasi-quadratic.

Consequently, if we demand to permit all potential types of nonlinearity, we have to omit
methods which are confined to special categories of problems. For this reason, only methods
with linear or superlinear convergence are of interest. Within the category of such methods,
the evolution strategies are preferred to other popular methods because they are distinguished
by the following essential features which are already partially mentioned above:

-improved reliability in complicated cases

-appropriate robustness in operation in the multidimensional case
-sufficient probability to also find global optima

-reasonable convergence rates

-insignificant storage demands

-advanced flexibility with changing problems

1.3. Theoretical concept of the evolution strategies
The evolution strategies can be divided into two main categories:

-two-membered (1 +1)-strategy
-multi-membered (u+\) or (u,A)-strategies

Herein, the expression "members" means that competitive design vectors x are simultaneously
stored and compared with respect to the given constraints and optimization criterion. The -
essential computational steps of the these strategies are to be described in the next four
chapters. The individual steps are similar in all popular optimization techniques and can be
summarized as follows: ; '

- generation of new competitive design vectors

- selection of improved feasible vectors .

- adjustment of the optimization parameters -
- check upon the convergence and termination criteria.

The discussion of the theoretical concept has the purpose of providing the necessary inforra-
tion for the user to control the optimization process. Along with the discussion, several further
possible extensions of the theory will be outlined in order to demonstrate that the method can
still be enhanced. )



1.3.1. Generation process

1.3.1.1. (1+1)-strategy

In the case of the two-membered strategy two distinct vectors are considered, the
currently best vector x‘® and a new vector x generated from the vector x'¢’, both by means of
a random process. Therefore, the self-explanatory notation (1+1) is used where each figure
stands for a vector which competes with the other . The superscript (g) denotes the
corresponding iteration cycle. The hat-symbol indicates that a check still has to be carried out
to show whether an improved and feasible vector x was obtained or not. The generation of a
new vector x is of crucial significance because the convergence behaviour is substantially
affected by the logic of the generation. In general, we can state that the more powerful the
variation mechanismi of the generation process are, the more efficient the convergence
behaviour is. In the (1+1)-strategy the generation of new design vectors is governed by the
simple vector equation

x= x®4z78 = x®4R & (1.3)

where the vector 2¢) is a random vector in which each of the n components z,‘g) ; =1.2.....n
represents a QGauss-distributed step-length in the direction of the corresponding variable x;.
These step-lengths are generated by the random process

2@=R 5@ (1.4)
where R is a diagonal matrix called probability matrix,
Ry O 0
0 Ry O 0
R=f . 0 Ry»0 0 (1.5)
. . . .. 0
0 0 0 00R,

and the vector s‘¢’ denotes the standard deviations of the step-length vector 2 . The standard
deviations represent the changes of the. step-lenths and constitute important entities because
they mainly influence the convergence rate of the iteration process.

To ensure a minimum of variation of the single variables x;, i=1,2,....n , and to ensure
that the last digit of an optimization variable has at least been varied, the following bounds are
established:

58> € s im1,2,3,..n (1.6a)
and
5582 € o | x8) ‘ (1.6b)

where €, and €, connotes the absolute and relative computer accuracy. ( €420 and
I+e ,ﬂ?l ) -

Each of the components R;;, i=1,2,...,n is different and a standardized normally distri-
buted parameter for which the Gauss distribution function f(r) is valid. This function, written
in terms of the general stochastic variable r, is defined by the following expression:

f(r) = ﬁr et (1.7)

The corresponding distribution funciion S (r) is a bell-shaped function and is shown in Fig. 1-1.



Fig.1-1: Standard normal distribution

It is important to note that the applied distribution function f(r) generates great values of the
parameter r less frequently, whereas small values of r are more probable. (This fact will have
advantages if we want to approximate finite element equations during a potential re-analysis
process to save computational effort. Due to the frequently small changes, we can approximate
the corresponding finite element equations by Taylor-series expansions, without making major
numerical errors.)

The Gauss normal distribution has been choosen because the generation of new points is
considered as a mathematical simulation of the biological evolution process in which changes
are also governed by normal distributions. Undoubtedly, the optimization mechanismi of the
evolution process are very powerful and ,therefore , worth being simulated analogously within a
mathematical optimization technique. :

If we multiply the random parameter R, for which the function f(r) is valid, with the -
scalar s,(g’, according to the rules of statistic, we obtain a Gauss distributed parameter z,-(‘) hay-
ing the mean value 0 and the standard deviation 5;®. The corresponding distribution function
is given by

-lh
1 .

'\/2775,'3 ¢

The next figure (Fig. 1-2) provides a graphical presentation of the bell-shaped Gauss distribu-
tions created. ) :

Py 12 S A C
: 58
f(" S,'(g)) o f(Z,'(g)) - f(R,‘,‘ S,‘(g)) - : (18)
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Fig.1-2: Gauss distribution

The product R, 5,“’) represents the step-length in the direction of the design variable x;. It can
be seen that the individual steps z,-(‘) are all random and stochastically independent from each
other because the matrix R is a diagonal matrix. Owing to this, the individual standard devia-
tion s5,'® only affects the step-lengths z®, having the same index i, but not the other ones. Of
course, we could also use a non-diagonal probability matrix which would correlate all or some
of the step-lengths. However, the probabilistic model then involved would be inherently much
more complex. Up till now, no appropriate theoretical solution could be found. Nevertheless,
such a correlation would represent a further improvment of the optimization mechanism.

To illustrate the generation of x vectors, for a two-dimensional case, a graphical impres-
sion of the vector equation (1.3) is given in Fig. 1-3 .

X2
A
- ) (g)
£(2,0)
| .
(g) '
~ Pl 122 gk )
X (o) o
Z;g 529
Atz
x(9) _/k
. __.L_§__. oy
T >
&s'(q)

Fig.1-3: Random generation process
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Due to the assumed stochastic independence of the individual step-lengths, we obtain a distri-
bution function for the step-length vector which can be written as follows:

E zl(g)

~i

1 o | 5,(‘)
[

w@®) = IT w(z®) = —
= Qm)? q s\

By way of example, we can now calculate a first approximation for the mean value of the total
length of the vector z'®. For the sake of simplicity, let us assume that all standard deviations
are equal to each other such that

(1.9)

58 = 58 =123 1.10
This gives:

mean(z(®)) = & ' = 58 p* (10$)

Accordingly, the most probable value for the total length of the vector z‘® increases with

respect to the square root of the dimension of the optimization problem. Vice versa, this result
allows a very rough but useful estimation of the initial standard deviation s,,,. If we replace the
term mean|z‘®] by the expected distance Ax between the starting vector and the (unknown)
optimum, we obtain

Smir"%‘xr (1.12)

This value can be used as a first approximation of the initial standard deviations. In addition,
the variance can be calculated as well. We obtain: -

—

var (2'%]) = 25@p % : (1.12a)

Equation (1.9) also indicates that the geometrical location of points which have the same proba-
bility is represented by a n-dimensional hyper-ellipsoid. This can be seen by evaluating the
expression :

(g) ) ) . A .
= const. (1.13)

which obviously constitutes the equation of a n-dimensional hyper-ellipsoid.

Compared with other popular deterministic optimization techniques, thé variation
mechanism of the (1+1)-strategy is distinguished by the following characteristics:

-all directions in the n-dimensional space are equally probable,
whereas the deterministic methods use fixed

directions;

-the search step-lengths are Gauss distributed values which are
characterized by small changes in the average,

whereas deterministic methods are using search steps of arbitrary
magnitude.

1.3.1.2, Multimembered (u+A) and (u,\)-strategies

In the case of multimembered methods a vector pool or set of new design vectors X is
generated. The governing equation can be written analogously to that of the (1+1)-strategy:

;(ap - x,ﬁg’-f—_zofé’ = x#+R sog (1.14)

where the subscript a=1,2,...,u designates the vector xafg), which serves as one of the current
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basic vectors of the generation process. The subscript 8=1,2,...,» indicates the current number
of the new vector generated from the basic vector xu‘,g . Again, the superscript (g) is the itera-
tion cycle counter, and the hat-symbol has the same connotation as described above.

The vector equation for the vector pool can also be written by using only one subscript:

x, = x4z (1.15)
where
y= 1,2, v+l v+2, . 20, 204+1,20+2, - - - uv (1.16)
and
Ay==A (117

In the following we will refer to the notation which only needs one subscript.

Two sub-categories of multimembered strategies can be classified: If we consider both the
basic points x.¢ and the new points X,g Or X,, resp. , as potential competitors for the next
iteration step (g+1) , a (u+\) - strategy can be developed. The (u+A)-notation designates the
fact that w+A vectors are grouped into the vector pool . To express this feature more precisely,
let us introduce a new matrix X such that

X = [x1 X2, .., % | x® x® ..., x,fg) (1.18)

-

where the matrix X represents the vector pool and is ,therefore, called a "pool matrix". (Note
that the components of the matrix X are vectors ). However, we will limit the selection of
points only to new points generated, even if basic points may represent better constellations.
This decision has to do with the fact that we are trying to simulate the biological evolution pro-
cess. The restriction of using only new points is to simulate the lethality mechanism in the bio-
Jogical evolution process. Hence,we will be considering only vector pools of the following type:

-

X=[u ... x (119)

As can be seen, the vector pool exactly contains A vectors which are generated from a vector
set of u vectors. To express this, the notation ( w,A )-strategy is used.where the comma is to
indicate that the w basic vectors are not members of the vector pool X. The decision to per-
petually reject basic points is based on numerical research. It can namely be proved that the
convergence rate is not affected by basic vectors being better than succeeding ones if the
number A is a value greater than 5 u .

The pool concept applied in the ( u,\ )- strategy couples the advantages of two different
types of optimization strategies, sequential and simultaneous methods, by minimizing the disad-
vantages. Simultaneous methods ( enumeration, Monto-Carlo-methods, etc. ) improve the glo-
bal convergence;, however, they are time and memory consuming. Sequential methods ( New-
ton, gradient and search methods ) attempt to maximize the convergence rates, however, they
are not reliable in multidimensional problems associated with multiple optima.

1.3.2. Selection process

1.3.2.1. (141)-strategy

In the (1+1)-strategy only one new design vector x,, exists. Also, only one basic vector
xég) is used. Thus, y=1 and a=~1, and we can relinquish the subscripts. The new design vector
is only accepted as successor of the vector xcfg) if it represents an improved value or at least an
identical value of the optimization criterion and, of course, if it is admissible. This principle of
rejection can be easily encoded. ‘
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In order to have a consistent formal notation for both types of strategies, a matrix formu-
lation is to be used. According to the (uw+A) or (u,A)-notation, we obtain a pool matrix into
which only two vectors are grouped.

x=[x1 x| 120

The vector x¢*Y of the next iteration cycle can be understood as the result of a matrix multi-
plication such that

x&D = X B b, 1.21)

where B is a Boolean matrix and by is a unit vector. With respect to the feasible region §" the
matrix B is defined as follows

- (10 . -
B=- {0 1] VRSP 5 xxPes (1.22)
or
-~ 01 - -
B - [1 0] if FOO> £ (x'9) (1.23)

The vector by is a vector in which the first component is equal to 1, while the second is 0.
Thus

1
by = {0} | (1.24)

If the first Boolean matrix holds the new vector X is accepted as the successor. If not the old
vector x'® is taken. Since the matrix multiplication only has a formal significance, the evalua-
tion is not necessary. Rather, the rejection principle, being more rapid than a time consuming
matrix multiplication, can be encoded by a fundamental condition statement.

1.3.2.2. (u,\ )-strategy ] .

In the (u,A\)-strategy, we have a pool matrix which contains A vectors. In order to obtain -
a code which can be easily programmed ,and to avoid a code which is too memory consuming,
we decide on how many of the vectors of the pool are to be selected as basis vectors during the
next iteration cycle (g+1). We demand the selection of the u best vectors of a total of uy=i
potential vectors. This restriction allows us to make repetitve use of the vector generation-
equation described above. Such a proceeding resuits in a constant number of basic vectors
X, , a=1,2,...u. (constant population size). Of course, a variable number of basic vectors
would be possible ( e.g. during a phase of weak convergence, to improve the convergence rate
); however, that would lead to a more complex approach. (Development in progress.)

The selection ¢ "he u be;t vectors can be also described by the following matrix equation
X=XB - (1.29)

where B is a Boolean matrix of type ( A, ). In this matrix all elements are 0 except those ele- -
ments which have the value of 1,"and whose row and column. numbers represent the position
number of one of the u best vectors x, in the pool matrix X. To elucidate the selection in
more detail, let us consider the following example

u=2 y=3 Amgy=6 - (1.26)
Thus, the pool matrix would be - ) "
X = [i, X2 %3 X4 Xs i6] %1

Providing that the vectors x3 and x4 represent the best competitors within the pool, the position
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numbers are 3 and 4 , respectively. As a consequence, the Boolean matrix B must be written
as

00

00

~ 10
B=|, (1.28)

00

00

Hence,

X=XB= [i3 i.,] (1.29)

The individual basic vectors can be derived from the matrix X by post-multiplication with
Boolean vectors b, , a=1,2,...,u. The subscript a indicates the row in which the element has
the value of 1. All other elements are 0 by definition.

For our example mentioned above we would obtain

1
b, = 0 (1.30a)
or, respectively
0
Hence
X&) m X by = x5 x{& ) m X by = x4 (131D

Consequently, we can describe the selection process of the (u,\) - strategy in accordance with
the formulation applied in the (14+1) - strategy. ( see equation (1.21)).

x# = X B b, (1.32)

Again, it should be emphasized that the applied Boolean matrices have only formal
significance and are not needed in the computer program creation because they can be replaced
by more efficient and elementary statements having the same effect.

In comparision with the (1+1)-strategy the (u,\)-strategy gives improved and enhanced
mechanismi which provide an improved reliability. . The run-time, by contrast, must be
expected to increase due to the multiple vector set. However, it is essential to note that the
numerical effort does not proportionally increase with respect to the number of vectors per set,
as one could perhaps expect. The reason for that lies in the more powerful optimization
mechanismi incorporated which improve the convergence. In addition, it should be mentioned
that computer time will be tremendously reduced if one can make use of advanced computer
facilities, like modern parallel or pipeline processors. Due to the parallel logic of the ( u,A )-
stategy, the corrsponding algorithms are well suited for implementation with respect to such
types of computers. Therefore, the multimembered strategy constitutes a numerical method
which has further significant potential, not yet numerically materialized.

1.3.3. Adjustment of the optimi_zatiou process

1.3.3.1. (1 +1)-strategy

In order to achieve a rapid convergence it is obvious that the step-lengths, or their
corresponding standard deviations, must have the appropriate size. The Fig. 1-4 illustrates
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this demand for a two-dimensional situation with the design variables x; and x; and a smooth
function representing a gradually ascending ridge.

X2 X2

A & A W

Fig.1-4: Effect of step-sizes

For the sake of simplicity, let us assume that all random step-lengths z'¢ may be generated on
a cycle with the radius h. If A is too great the effectiveness of the search is poor, because
although one success leads to a great advance , relatively few trials will be successful. ( see dot-
ted portion of the cycle ). On the other hand, if & is too small the effectiveness is also low,
because although a higher proportion of trials will be successful, the absolute movement will be
small. Obviously , there must be an optimal values for h that guarantuees an optimal
efficiency. ’

In order to find such an optimal step-length during the optimization, the ratio of number
of successes to total number of trials may be used as a measure of convergence. This ratio
represents the probability of effectiveness and can be called success probability. ’

number of successful trials , (1.33)
total number of trials '

At first glance, it seems impossible to specify a value for w, which may lead to convergence for
every arbitary optimization criterion. However, it can.be proved that this ratio is almost
independent of the nature of the objective criterion. By regarding two special functions, both
of which represent diametrically opposite optimization functions within a wide range of poten-
tial functions,it could be shown that the optimum value of w,, guaranteeing the best adjusted

[4

step-lengths, varies only between 3-%- and -3—13— Therefore,v an approximate value 1/5 was

choosen. That means, if
We = — (1.34)

the step-lengths are optimal and the assumed standard deviations are correctly dimensioned. If
the ratio w, is less than 1/5 the step-vector z‘¢’ is to be reduced , if w, is greater than 1/5
the vector is to be increased. ’

The magnitude of the reduction or increment is based on a theoretical approach for the
special functions that constitutes the inferior case. Theoretical calculations resulted in the fact

that all standard deviations must be reduced with the factor —117 if w, is less than 1/5, and

must be increased with the factor 1.2 if w, is greater than 1/5 . It should be mentioned that
the 1/5 -rule used in the (1+1)-strategy makes no assertion about the relative proportions of
the single standard deviations. Thus all elements of the vector 2'® are reduced or incremented
at the same time. In the multimembered strategies improved in-built mechanismi provide the
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possibility to adjust the relations of the individual elements as well.

To measure the success probability the average value of w, through several trails is to be
calculated. For numerical purposes, the evaluation of the 1/5 - rule is performed such that,
after a number of 107 trails, the number of successes is checked. Then, it is checked how
many successes have been encountered during the last 10 . Obviously,an amount of success-

—I-OL:;—-;- In this case,
the step-lengths must be reduced. If the amount is greater than 2n the step-lengths must be
increased.

One particular difficulty is to be mentioned : The 1/5 -rule assumes that there is always a
combination of standard deviations by which, on an average , at least one improvement of the
optimization criterion within 5 trials is to be expected. However, constellations are conceivable
at which this condition is not fulfilled at all times. Such a pathological case may occur on cer-
tain parts of the boundary where several constraints may be active with the consequence that
the success probability is continously overestimated. Therefore, a premature halt not desired
could take place.

This type of phenonema is demonstrated in the following example ( see Fig. 1-5 ).

ful trials less than 2n corresponds to a value of w,, which is less than

A 9i,4(x1)=0

CONTINOUSLY NARROWING
SUCCESS DOMAIN

9i+3(x)=0

A

gi+2(x)=o gi+'(x)=o

\ Fig.1-5: Pathological constellation

Using the 1/5 - rule, this example would result in a rapid reduction of the step-lenth because it
is impossible to obtain 1 success within § trials, in the average. The reason for this is that there
is only a very small domain of success (filled-in sector of the cycle ). The present case is
inherently much more sensitive than the general case represented by the 1/5 - rule. There-
fore, it is a good idea to modify the general 1/5 -rule in such a way that a greater value than 5
is used. (In the subroutine EVOL this can be accomplished by increasing the controll parame-
ter JSTEP , default-value = 1.)

Such types of numerical instability are problem dependent, and not a pecularity of the
numerical optimzation routine applied. Actually, in other popular methods, numerical
difficulties are also encountered. (They are, however, neither mentioned nor are there possibil-
ities to handle such instabilities.) To overcome such instabilities, one could replace the current
optimization criterion by an augmented objective criterion, using a Lagrangian or penalty for-
mulation. ( The active constraints are temporarily implemented into the augmented optimzation
criterion and ,therefore, inactivated ). A further way is to employ multimembered evolution
strategies which are more powerful in pathological cases.
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1.3.3.2. (u,\ )-strategy

The (1,1)-strategy provides an adjustment of step-lengths which is similar to that of the
popular deterministic optimization strategies. By contrast, the ( w@,\ )-strategy provides an
adjustment-mechanism essentially different. Adjustments are performed analogously to the bio-
logical evolution process.

To achieve maximal convergence rates, the standard deviations are additionally incor-
porated into the random variation and selection process, just as well as the design or optimiza-
tion variables. That is to say that a design constellation is represented not only by its design
variableg but also by its standard deviations. Of course, the decision of whether a new design
vector x will be accepted as a basis of the next iteration cycle (g+1) solely depends on the
design variables, and not on the values of the standard deviations. However, the magnitude
and nature of the succeeding changes of the design variables is influenced by the random
nature of the standard deviations associated with these design variables. Basically, the design or
optimization variables constitute object parameters whereas variable standard deviations can be
understood as strategy parameters. Both types of parameters are subjected to the random con-
trol mechanism. Therefore, the 1/5-success-rule used in the (1,1)-strategy is no longer neces-
sary because the (u,A)-logic contains a natural success-rule enbodied in it.

However, the 1/5 -rule is replaced by a new rule which requires that the ratio of the
number of the basic vectors u and the number of new vectors A generated from them must
have the right proportion, namely such that

Ass (1.35)
n

While the —--rule is fullfilled, eventually better basic desngn vectors xo& , a>-1,2,3,....,u. have

I
no effect on the convergence. Therefore, we preferred the (u,)\)-strategy to the (w+A)-
strategy. (To a certain extend, that decision already constitutes a portion of the adjustment
principle).
Along with the random generation of new basic vectors xaﬁ“’) the standard deviations are
also randomly generated. This random generation is governed by the following vector equation:

s 8D = Z g : (1.36)

where S, {e+D) designates the vector of the standard devxanons of the u best design vectors x(g“)

within the next generation (g+1). The matrix Z is a diagonal matrix containing random diago-
nal elements. Thus

Zu 0 . 0

0 Zp 0 .. 0.
Z=|. 0 Zyo0 . 0 (137

0

0 0 0 00 Z,

The single elements Z;, ii=1,2,3,..,n are logarithmically normally distributed parameters.

This type of distribution function is reqmred because the random values of Z, must have the-
mean value 1 , due to the muitiplication process, and increments and reductions. Also, incre-

ments and reductxons generated need to be equally probable, and additionally, great changes of
Z; values are to be less frequently than small ones. The distribution function satisfying these

three requirements is a logarithmic normal distribution which can be written in terms of the

general variable ¢ as follows:

_y[mg]?
1 ﬁ[a]

ne ¢

(1.38)

where T is an unknown parameter which represents the changes of the standard deviations (
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standard deviation of the standard deviation ). Although it would be possible to consider indi-
vidual & parameters for each of the subscripts i, i=1,2,3,...,n , up till now predictions of con-
vergence can only be made for the particular case of one parameter & which is common for all
subscripts i. In this elementary case, based on the theory of probability, an appropriate estima-
tion of & could be found. ( In general, the parameter & depends on the number A and the
current topology of the optimization space) Let us consider a representative example: it is a
good idea to set the unknown parameter & equal to 1 for a (10,100)-strategy, and to increment
this value sublinearly. The generation of { or Z;-values, respectively, can be readily encoded
by using (0,0) normally distributed parameters, say £, and by evaluating the exponential
expression ef. Thus

Zi={ = e (1.39)

Using a vector pool provides another exceptionally powerful optimization mechanism
called scaling or recombination of the individual optimization parameters. Recombination or
scaling means the generation of new design vectors through combination of the individual
design variables x;, i=1,2,3,. which are associated with the basic_ vectors

B q=1,2,3,...u. The recombmanon mechanism for a particular variable, say x;, can be
mathemaucally described by means of a scalar product of two vectors. The first vector ( row
vector ) contains all those elements of the basic vector x}g having the same subscript /. If this
vector is denoted X, we have:

X[ = Ax(® 5 xi® s x® (1.40)

The second vector ( column vector ), denoted b,, is a Boolean vector with u-elements all of
which are "0", except for one which has the value "1". The position number x of the value "1"
is randomly determined, wpere all positions k=1,2,3,...,u are equally probable. Hence, a partic-
ular optimization variable x; recombined can be written as

;‘[‘- i,‘rbx (1413)

If the above scalar product is carried out for all subscrlpts i, i=1273,..,n, a new recombined
vector X, is created.

Xy
. X2
Xo=1.(;a=1,23,...u (1.41b)

-~

X

Each recombined vector is then subjected to the regular random generation process already pre-
viously described. In the same fashion the standard deviations can be recombined. Accord-
ingly, we obtain

;,‘— é,’Tb,‘ . (141C)

and
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51
5?2 )
S,=1.{;a=123,...u (1.41d)

-

Sn

Finally, it should be emphasized that the recombination process is of substantial
significance with respect to global convergence and reliability. Solely by means of the recombi-
nation process, appropriately adjusted step-lengths can be achieved, especially in problems with
an intricate topology. However, even though the (u,A)-strategy incorporates advanced mechan-
ismi, nonlinear optimization problems with very intricated topologies must be carefully treated.
The user always has to check the obtained results with regard to plausibility.

1.3.4. Convergence and termination criteria

The optimization is terminated if the CPU-time has elapsed, or if the the optimum is
found with respect to the required convergence tolerances.

1.3.4.1. (141)-strategy
Convergence is assumed if one of the two required tolerances is achieved

f(x(g—Ag))"f(X(g))Sfabi - ’ (1.42)

where €., is the absolute tolerance and Ag indicates the intervall in which the convergence is
to be checked. The relative convergence is checked by means of the criterion

Fx 80— £(x®) e o | £(x'D) (1.43)

where €, denotes the relative convergence tolerance desired. The retarded check upon. the
convergence accuracy results in a damping effect with the purpose of avoiding a premature halt
in cases where the step-lengths have to be rapidly changed. In the computer program creation -
it is assumed that

Ag=20n ' _ (1.44)

to secure sufficient increments or reductions of the step-lenths within the current Ag-intervall.
(For this reason, in the subroutine EVOL the default value of the control parameter NCYCT is
set equal to 1; this value corresponds to A g=20n because the intervall is defined by the term
NCYCT*JSTEP*10*NOPTV which yields 2*1*10*n= 20n when the default value of JSTEP=1
is used.)

1.3.4.2. (u,\ )-strategy

The criteria of the (1+41)-strategy are slightly modified. Convergence is assumed if the
values of the optimization criteria associated with the vectors x.\& are close to one another with
regard to the absolute and the relative accuracy, €, and €, ,respectively. This demand can be
mathematically described by means of the difference between the best and the worst value of
the optimization criterion within the current set of basic vectors considered. Thus

Min[f(xa(,g’) ]—Max[ f(x$E) ]-Mm f-Max f<eams (1.45)
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where

a=123 .4 (1.46)

The relative convergence ¢, is checked by way of the corresponding relative criterion as fol-
lows :

Min f-Max fsff’ ¥ rxe) (1.47)

am}

1.4, Causing the execution of the (1,1)-strategy EVOL

In order to cause the execution of the (1,1)-strategy EVOL the following FORTRAN -
statement ( CALL ) must be provided in the master:

CALL EVOL ( NOPTV,NICON, ITYPE,JSTEP,NCYCT,TLIMO,

* ABACC,REACC,ACOBJ ,RCOBJ ,RISTP,
* FOPTC,XOPTV,SDOPT,XAUXV, F , G ,
* ELATIM, UNIRAN,GAUNOR )

The meaning of the individual actual arguments in the parameter list of the subroutine
EVOL is described in table no. 1 in the next two pages.
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no.

argument

type

description

comments

NOPTV

integer

total number of optimization {design) variables

input by user

NICON

integer

total number of inequality constraints (within the con-
straints the structural analysis procedure must be enbed-
ded)

input by user

ITYPE

integer

identifier indicating the type of result of optimization pro-
cess; The following incidences are possible:

ITYPE =-2:::no feasible point available

ITYPE =-1::no feasible point within time limit

ITYPE = +0:::infeasible initial point, feasible found
ITYPE =+ 1:::.optimization time limit exceeded
ITYPE = +2:::optimization process converged

output

re-define problem
check input
restart -

restart

check solution

JSTEP

integer

'p_arameter for the adjustment of the step-lengths according

to the applied controll mechanism: within the (1,1)-
evolution strategy the step-lengths for searching the
optimum are continously "optimized". According to the
theory: the step-lengths are optimal if the ratio "number of
successful trials / total number of trials" equals approxi-
mately 1/5 in an average. This 1/5-success-rule is used if
JSTEP=1. Modifications are possible in special cases (see
theoretical concept ) ‘ )

default = 1

NCYCT

integer

parameter designating the number of iteration cycles after
which the convergence tolerances are examined.In accor-
dance to the 1/5-success-rule convergence is checked after

10*NOPTV*JSTEP*NCYCT iteration steps ( see theoretical

concept ).

default = 2

TLIMO

integer

time limit parameter for optimization-according to the time
units used in the corresponding system CPU-time routine
ELATIM (D).

input by user

ABACC

real

lower bound for the standard deviations in order to ensure
at least a minimum variation of the individual design vari-
ables; corresponds with the absolute computer accuracy. via
standard deviations Gauss-distributed step-lengths are
generated.{e.g. 1. 7E-38),

set default

REACC

real

lower bound of the standard deviations if relation to the
design variables to ensure that the last digit of the design
varibles is at least been varied:. corresponds with the rela-
tive accuracy of the applied computer.(e.g. 2E-23)

set default

ACOBJ

real

absolute convergence tolerance for the objective criterion

input by user

10

RCOBJ

real

relative convergence tolerance for the objective ¢riterion

input by user

11

RISTP

real

parameter for the reduction _or increment of the step-
lengths. If the examination of the 1/5 - rule yields a value

greater or less, resp., than 1/5 the standard deviations are-

incremented or reduced, resp..by the factor RISTP or
1/RISTP, resp.; if the value is equal to the value 1/5 the
current standard deviations are kept. The default value is an
approximator for general purposes, and was derived fronr
the (1,1)-theory. :

default = 0.85

Table No. 1 : Arguments of evolution-strategy EVOL -




.17 -

no.

argument

type

description

comments

12

FOPTC

real

best value of the objective function or optimization cri-
terion, respectively, according to the possible cases ; see
ITYPE variable

output

13

XOPTV

array

one dimensional array of NOPTV components ( optimiza-
tion variables ) for a designn vector $ bold x $. Initially,
this array represents the starting values of $ bold x $.
Finally, the best or optimum values of $ bold x § are

~ stored according to the variable ITYPE.

input, also output

14

SDOPT

array

one dimensional array of NOPTV components for the stan-
dard deviations. By means of the standard deviations, the
step-lengths are generated through a random generator
which generates GAUSS distributed step-lengths.

input by user

15

XAUXY

array

to store new generated optimization vectors $ bold x sup
new $, temporarily, an auxiliary array with NOPTV optimi-
zation variables is used.

dummy array

16

function

objective function or criterion according to the given prob-
lem for which minimization is assumed. if maximization is
required the negative function F must be minimized. The
real function F must have the required formal structure
described in the next chapter

defined by user

17

function

name for the set of constraints ( side constraints.stress con-
straints, displacement constraints, etc. ). Constraints are
assumed to be feasible if the right hand side is 2 0. The
individual constraint, for example, the J - th constraint, has
to be activated by a switch . The structure of the the func-
tion G must be the same as described in the next chapter.

defined by user

18

ELATIM

function

system routine to determine the CPU-time. The structure
of the invoked real function ELATIM must correspond
with the requirements outlined in the next chapter.

given

19

UNIRAN

function

generator of uniformly distributed pseudo-random values
in the intervall ( 0,1 ). The structure assumed is UNIRAN
(D) where D is a dummy: see description next chapter.

given

20

GAUNOR

function

generator of Gauss-normally distributed random values
using uniformly distributed random values generated by
UNIRAN. The structure of GAUNOR must be GAUNOR
(S, UNIRAN ) where the formal argument S represents
the corresponding component of the vector of the standard
deviations , actual name SDOPT (1), 1=1,2.3,.. .NOPTV,
the name UNIRAN designates the name of the generator
of uniformly distributed pseudo-random values.

given

Continuation Table No. 1 : Arguments of evolution-strategy EVOL
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1.5. Required functions and subroutines

The objective function or optimizationn criterion as well as the inequality constraints
depend on the problem. Therefore, both must be formulated by the user. The user has to take
notice of the fact that , within the subroutine EVOL, a special standard structure is assumed.
In the case of the objective function the following formal definition is required:

REAL FUNCTION F ( NOPTV,XOPTV )
DIMENSION XOPTV ( NOPTV )

In the case of the inequality constraints the standard form assumed is such as

REAL FUNCTION G ( J , NOPTV , XOPTV )
DIMENSION XOPTV ( NOPTV ) v
GOTO ( 1,2,3, ..... "NICON" ) , J

Usually, generators of random-values and system routines for calculating the CPU, turn-
around or elapsed time are available in computer center libraries. Such routines should be used,
however, they are system dependent. In the following it is described how procedures of the
UNIX-operating system can be applied. Other operating systems require one to put in different
but analogous system routines instead of those used here.

The elapsed-time is calculated by:

REAL FUNCTION ELATIM ( D )
DIMENSION TARRAY (2)
ELATIM = ETIME ( TARRAY )
RETURN

END

Equally distributed pseudo-random values are génerated by:
REAL FUNCTION UNIRAN ( D )

1 RH = RAND ( 0 ) i
IF ( RH .EQ. FLOAT (0) ) GOTO |
UNIRAN = RH
RETURN
END

Gauss-normally distributed values are generated by the following function whicﬂh makes use of
the already defined function UNIRAN. .



-19.

REAL FUNCTION GAUNOR (S ,UNIRAN)
CaVMON/EVZ/LZ
DATA ZP/6.28318531/
GOTO(1,2) ,LZ

1 A=SQRT (-2.*ALOG(UNIRAN(D)))
B=ZP*UNIRAN (D)
GAUNOR=S*A*SIN(B)
LZ=2
RETURN

2 GAUNOR=S*A*COS (B)
LZ=1
RETURN
END

1.6. FORTRAN-Code of the (1+1) - strategy EVOL

The following FORTRAN - subroutine represents the simpliest version of the evolution
strategies; the meaning of the formal ( dummy ) parameters in the parameter list corresponds
with that of the actual parameters described in table 1. The association between the actual and
dummy arguments is made by their positional correspondence which is represented by the con-
secutive number in the first column.

SUBROUTINE EVOL(N,M,LF,LR,LS,T™,EA EB EC,ED,
* SN,FB,XB,SM,X,F,G,T,R,Z)
DIMENSION XB(1),SM(1),X(1),L(10)
COMMON/EVZ/LZ
EXTERNAL R
TN=TM+T (D)
LZ=1
IFM)4,4,1

1 LF=-1
FB=0.
DO 3 J=1 M
FG=G (] ,N,XB)
IF(FG)2,3.3

2 FB=FB-FG

3 CONT INUE
IF(FB)4,4,5

4 LF=]
FB=F (N,XB)

5 DO 6 K=1,10

6 L(K)=N*K/5
LE=N+N
LM=0
LC=0
FC=FB

7 DO 8 I=1 ,N .

8 X(1)=XB(1)+Z(SM(I),R)
IF(LF)9,9,12

9 FF=0 . o
DO 11 J=1I M
FG=G (J ,N,X)
IF(FG)10,11,11

10 FF=FF - FG



11 CONT INUE
IF(FF)32,32,16

12 IFM)15,15,13

13 DO 14 J=1 M
IF(G(J,N,X))19,14,14

14 CONT INUE

15 FF=F (N, X)

16 IF(FF-FB)17,17,19
17 LE=LE+1
FB=FF

DO 18 I=1,N

18 XB(1)=X(I)

19 LMe=LM+1 -
IF(IM-N*LR)7,20,20

20 K=]
IF(LE-L(1)-N-N)23,22,21

21 K=K-1 )

22 K=K- 1

23 DO 24 I=1,N : - ,
24 SM(1)=AMAX1 (SM(1)*SN**K,ABS(XB(I))*EB,EA)
DO 25 K=1,9
25 L (K)=L (K+1)
L(10)=LE
LM=0
LC=LC+1
IF(LC-10*LS)31,26,26 -
26 IF(FC-FB-EC)28,28,27
27 IF((FC-FB)/ED-ABS(FC))28,28,30
28 LF=ISIGN(2,LF)
29 RETURN

30 LC=0
FC=FB *
31 IF(T(D)-TN)7,29,29

32 DO 33 I=1,N
33 XB(1)=X(I)
FB=F (N,XB)
LF=0
GOTO 29
END

1.7. Numerical examples

Since there is no optimization problem available which could serve as a test sample gen-
erally acknowledged, it is a good idea to check the solution behaviour by using a representative
set of distinct optimization problems. For this reason, here 4 appropriate test instances are to
be considered by which the efficiency and the reliability of the evolution strategies are demon-
strated.
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[ test case no. 1 ( MATYAS , 1965 ) |

The test function

min
xGS"{ fx) } (1.50)
where
S(x) = 0.26(x{+x3)—0.48x, (1.5

leads to a malfunction of the popular relaxation methods. These methods cyclically perform
linear searches in the direction of the design variables x; , i=1,2,3,...,n. Thus, within the solu-
tion space S” only a limited number of directions is available. Basically, this restriction results
in a premature termination of the relaxation methods. After a certain number of iteration
steps, no improvement of the objective function is possible by using solely steps in the direc-
tion of the design variables. By contrast, the evolution strategies converge properly. Obvi-
ously, the solution of the above problem is

0
x'-{o} ; f(x)=0 (1.52)

The solution process and the relevant details are represented in Appendix A.

U test case no. 2 ( SCHWEFEL , 1975 )|

The second test function is to represent multidimensional and highly nonlinear optimization
problems, which may often occur in structural optimization. The objective function is defined

by
min
xES"[ fx) } (1.53)
where A
) = T x (1.54)

i

Due to the high order of nonlinearity, the popular conjugate gradient and similar methods
diverge. This type of divergence results from the fact that the gradient methods are all based
on internal models which assume a quadratic nature of the present optimization problem. If
this assumption is not valid, difficulties are encountered because such methods are extremely
sensitive to problems of higher than second or third order. The evolution strategies appropri-
ately converge to the optimum :

X = ; f{x)=0 (1.55)

0

Again the computational results and details are shown in Appendix A.
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[ test case no. 3 ( UEING , 1971 ) |

The third test case is to simulate a typical but elementary structural optimization problem which
is distinguished by a set of linear and/or nonlinear constraints. In addition, multiple optima are
involved. Also a non coherent feasible domain occurs. The problem can be described as fol-
lows:
min
x€S”

[ r@ | s> o} (1.56)

where ,
F(x) = —(x{+xP) (1.57)

and

g1(x) = x>0

g2(x) = x;20

g3(x) = —x+x7+420 (1.58)

g4(x) = x1/3—x7+420

gs(x) = xf+x#=10x~10x+4120

Apart from the global minimum

.12 .
x =13 . f(x)==208 , (1.59)
there are two further local minima )
. 2,02
X =467 f(X)==2591 , (1.60)
and
., 16.29 N : ' :
X =159 f(x)==44.86 - (1.61)

Again, the iteration process is given in Appendix A.

| test case no. 4 ( ROSEN and SUZUKI , 1965 )]

The fourth and last test case has the purpose of drawing the user‘s attention to the fact that, .
even though the evolution strategies are powerful and robust compared with other candidate
methods, they are not capable of solving every type of problem with the highest degree of accu-
racy. Therefore, in the test case no. 4 an example is choosen which can only be approxima-
tively solved. All popular methods known which solve the restrained problem , however yield
worse solutions. The problem is given by the followmg relationships: .

min ' o '
xesn{ ro | 0> 0] : (1.6
where | . o
F(x) = x4+ xi+2xf+xi=Sx=5x-21 x1+7 x4 (1.63)
and :

g1(x)==2x7=x}—xF=2xF x st 520 |
gy xX)m—xf=xi=x¢—xi—x1+x-x5tx+820 (1.64)
g3(x)-—-xf—-2x22—x}—2x}j)-xl+x.;+10>0
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The solution of the problem is

x'=1, ; f(x)=—44 (1.65)
-1

The results of the corresponding computer program are shown in Appendix A.

1.8. Causing the execution of the (u,A)-strategy

In order to invoke the (u,A)-strategy GRUP the following FORTRAN - statement, which
is ananlogous to the CALL - statement for the subroutine EVOL, must be enbedded into the
main progam:

CALL GRUP ( RECOM,NBASV,NPOLV ,NOPTV, ,6NICON,
ITYPE,TLIMO,ABACC,REACC,ACOBJ,RCOBJ,RISTP,
FOCUR,FOPTC,XOPTV,SDOPT,XAUXV,
FHIST,XHIST,SHIST,

F . G ,
ELATIM,UNIRAN,GAUNOR )

* # B # =

Again, the significance of the individual actual parameters is described in a corresponding table
('see table no.2 in the next two pages ).
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argument

type

description

comments

RECOM

boolean

switch for recombination; if ’true’ recombination mode is
activated; if 'false’ no recombination is carried out.

input by user

NBASY

integer

total number of basic vectors

input by user

NPOLV

integer

total number of vectors within the vector pool generated
from NBASV basic vectors. It is required that NPOLV >
5*NBASV.

input by user

NOPTV

integer

total number of optimization (design) variables

input by user

NICON

integer

total number of inequality constraints (within the con-
straints the structural analysis procedure must be enbed-
ded)

input by user

ITYPE

integer

identifier indicating the type of result of optimization pro-
cess; The following incidences are possible:

ITYPE =-2:::no feasible point available
ITYPE=-1:::no feasible point within time limit
ITYPE = +0:::infeasible initial point, feasible found
ITYPE= + 1:::optimization time limit exceeded
ITYPE = +2:::optimization process converged

output

re-define problem
check input
restart

restart

check solution

TLIMO

integer

time limit parameter for optimization according to the time
units used in the corresponding system CPU-time routine
ELATIM (D).

input by user

ABACC

real

lower bound for the standard deviations in order to ensure
at least a minimurm variation of the individual design vari-
ables; corresponds with the absolute computer accuracy,

set defauit

REACC

real

lower bound of the standard deviations in relation to the
design variables to ensure that the last digit of the design
varibles is at least been varied; corresponds with the rela-
tive accuracy of the applied computer.

set defauit

10

ACOBJ

real

absolute convergence tolerance for the objective criterion

input by user

11

RCOBJ

real

relative convergence tolerance for the objective criterion

input by user

12

RISTP

real

parameter for the reduction or increment of the step-
lengths. Standard value assumed is : CONSTANT/ SQRT
( NOPTV ), where Constant > 0, eg. in the case of
NBASV = 10 and NPOLV = 100 the value of CON-
STANT is to be equal to 1.0; if NPOLV is increased the
value of CONSTANT should be aiso (superlinearly)
increased;here, (10,100)-strategy is assumed; therefore,
CONSTANT = 1 is used; if NBASV is increased the value
of CONSTANT should be reduced. In other cases, CON-
STANT ought be appropriately estimated.

caiculated

13

FOCUR

real

best value of objective function or optimization criterion
within the total optimization process at all. If the difference

between FOPTC and FOCUR is great the solution may be -

not unique.Two cases are possible: 1. during the optimiza-
tion a potential minimum was abandoned ; 2. numerical in-
stabilities occur in the vicinity of the minimum due to the
finite accuracy of the computer.

output

Table No. 2 ;. Arguments of evolution-strategy GRUP
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no.
14

argument

type

description

comments

FOPTC

real

best value of the objective function or optimization cri-
terion, respectively, with respect to the NBASY vectors of
current basic vectors

output

15

XOPTYV

array

ope dimensional array of NOPTV components ( optimiza-
tion wariables ) for a design vector X . Initially, this array
represents the starting values of X. Finally, the best or op-
timum values of X are stored according to the variable
ITYPE.

input, also output

16

SDOPT

array

one dimensional array of NOPTV components for the stan-
dard deviations. By means of the standard deviations, the
step-lengths are generated through a random generator
which generates GAUSS distributed step-lengths.

input by user

17

XAUXYV

array

10 store new generated optimization vectors X ™", tem-
porarily, an auxiliary array with NOPTV optimization vari-
ables is used.

dummy array

18

FHIST

array

array of the length 2*NBASYV in order to store the best
values of the optimization criterion of the two last sets of
basic vectors; history of the best values of the optimization
criterion. ( array length must fit dimension statement ! ).

output

19

XHIST

array

array of the length 2*°NOPTV*NBASV represents the histo-
ry of the design variables of the last two sets of basic vec-
tors; the first NOPTV locations of the array correspond
with the first basic vector,the second ones with the second,
etc. (array length must fit dimension statement ! ).

output

20

SHIST

array

array for the standard deviations corresponding to the or-
ganisation of the array XHIST.

output

21

function

objective function or criterion, minimization is assumed; if
maximization is required the negative function F must be
minimized. The real function F must have the required for-
mal structure.

defined by user

22

function

name for the set of constraints Constraints are assumed to
be feasible if the right hand side is 2 0. The individual
constraint, for example, the J - th constraint, has to be ac-
tivated by a switch . The structure of the the function G
has to fit the formal requirements.

defined by user

18

ELATIM

function

system routine to determine the CPU-time. The structure
of the invoked real function ELATIM must correspond
with the formal requirements.

given

15

UNIRAN

function

generator. of uniformly distributed pseudo-random values
of the intervall ( 0,1 ).The structure assumed is UNIRAN
(D) where D is a dummy; see formal requirements.

given

20

GAUNOR

function

generator of Gauss-normally distributed random values us-
ing equally distributed random values generated by
UNIRAN. The structure of GAUNOR must be GAUNOR
(S, UNIRAN ) where the formal argument S represents
the corresponding component of the vector of the standard
deviations , actual name SDOPT (), I=1,2,3,... . NOPTV:

given

Continuation Table No. 2 : Arguments of evolutio_n—strategy GRUP
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1.9. Required functions and subroutines

All details which were already discussed in chapter 1.5 hold for the subroutine GRUP.
The reader is requested to re-read the comments.

1.10. FORTRAN - Code of the (u,\)-strategy

The following FORTRAN - subroutine represents the higher order (u,\)-strategy. The
meaning of the formal parameters in the parameter list corresponds with that of the actual
parameters described in table 2 .

SUBROUTINE GRUP (REKO,L,LL,N ,M,LF,™, EA,EB,EC,ED,
*SN,FA,FB,XB, SM, X, FK, XX, SK,F,G,T,R,Z)
LOGICAL REKO
DIMENSION XB(1),SM(1),X(1),FK(1),XK(1),SK(1)
COMMON/GRZ/LZ
EXTERNAL R
KK(RR)=(LA+IFIX(FLOAT (L) *RR)) *N
TN=TM+T (D)
LZ=1
IFM)4,4,1
1 LF=-1
FB=0.
DO 3 J=1 M
FG=G(J ,N,XB)
. IF(FG)2,3,3
2 FB=FB-FG
3 CONT INUE
IF(FB)4,4,5
4 LF=1
FB=F (N,XB)
5 DO 6 I=1,N
SK(I)==AMAXI(SM(I) ABS(XB(I)) EB, EA)
6 XK(1)=XB(I)
FK(1)=FB
KA=N
KB=0
DO 21 K=2,L
SA=1.
7 DO 8 I=1, N
8 X(I)==XB(I)+Z(SM(I) SA, B)
IF(LF)9,9,12
9 FF=0.
DO 11 J=I M
FG=G(J ,N,X)
IF(FG)10,11,11
10 FF=FF - FG ‘
11 CONT INUE
IF(FF)60,60,17
12 IFM)16,16,13
13 DO 15 J=1 M
IF(G(J,N,X))14,15,15
14 SA=SA* .5
GOTO 7
15 CONT INUE




16
17
18
19
20
21
22

23
24

25

26

27

28

29
30
31

32
33

34
35

36
37
38

39
40
41

FF=F (N,X)
IF(FF-FB)18,19,19
FB=FF

KB=K

DO 20 I=1,N

KA=KA+1

SK(KA)=AMAX1 (SM(1)*SA,ABS(X(I))*EB,EA)
XK (KA)=X (1)

FK(K)=FF
IF(KB)24,24,22
KB=(KB-1)*N

DO 23 I=1,N

XB(1)=XK (KB+1)

LA=L

LB=0

LC=LB

LB=LA

LA=LC

LC=0

LD=0

SA=EXP (Z (SN,R))
IF(REKO)GOTO 28
KI=KK(R (D))

DO 27 I=1,N

KI=KI+1
SM(1)=SK(KI)*SA
X(I)=XK(KI)+Z(SM(I1),R)
GOTO 30

SA=SA*0.5

DO 29 I=1,N
SM(I)=(SK(KK(R(D))+I)+SK(KK(R(D))+I))*SA
X(1)=XK(KK(R(D))+I1)+Z(SM(1),R)
IF(LF)31,31,34

FF=0.

DO 33 J=1 M
FG=G (J ,N,X)
IF(FG)32,33,33
FF=FF-FG

CONT INUE :
1IF(FF)60,60,38
IF(M)37,37,35

DO 36 I=1 M
IF(G(J,N,X))46,36,36
CONT INUE

FF=F (N, X)

LD=LD+1
IF(LD-L)40,40,39
IF(FF-FS)41,41,46
KS=LB+LD

FK (KS)=FF
KS=(KS-1)*N

DO 42 I=] N

KS=KS+1 :
SK(KS)=AMAX1 (SM(1) ,ABS (X (1)) *EB,EA)



42

43

44

45
46

47
48

49
50

51

52
53
54
55
56

57
58
59
60
61

XK (KS)=X(I)
[F(LD-L)46,43,43
KS=LB+1

FS=FK(KS)
DO 45 K=2,L
KA=LB+K

FF=FK(KA)
IF(FF-FS)45,45,44
FS=FF
KS=KA

CONT INUE

LC=LC+1
IF(LC-LL)26,47,47
IF(LD-L)26,48,48
KA=LB+1

FA=FK (KA)

FC=FA
DO 50 K=2, L
KB=LB+K

FF=FK (KB)
FC=FC+FF
IF(FF-FA)49,50,50
FA=FF

KA=KB

CONT INUE
IF(FA-FB)S1,51,53 -
FB=FA
KB=(KA-1)*N
DO 52 I=1,N
XB(1)=XK(KB+I)
IF(FS-FA-EC)55,55,54
IF((FS-FA)* FLOAT(L)/ED ABS(FC))55,55,59
LF=ISIGN(2,LF)
KB=(KA- 1)'N
DO §7 I=1,N
X(I1)=XK(KB+I)
RETURN
IF(T(D)-TN)25,56,56
DO 61 I=1,N
XB(I)=X(I)
FB=F (N, XB)

FA=FB

LF=0
GOTO 58

END

1.11. Numerical examples

Here the same test samples are discussed as previously ( see paragraph 1.7. ) in’ order to
provide the opportunity to compare both the (1+1) and the (u,A)-strategy with each other.
For the sake of convenience, all test samples are again summarized. .
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{ test case no. 1 ( MATYAS , 1965 )|

The test function

min
xES"{ f(x) } (1.66)
where
f(x) = 0.26(x{+x%)-0.48x, (1.67)

leads to a malfunction of the popular relaxation methods. These methods cyclically perform
linear searches in the direction of the design variables x; , /=1,2,3,...,n. Thus, within the solu-
tion space S” only a limited number of directions is available. Basically, this restriction results
in a premature termination of the relaxation methods. After a certain number of iteration
steps, no improvement of the objective function is possible by using solely steps in the direc-
tion of the design variables. By contrast, the evolution strategies converge properly. Obvi-
ously, the solution of the above problem is

0
x'—{ol ; f(x)=0 (1.68)

The solution process and the relevant details are represented in the Appendix A.

| test case no. 2 ( SCHWEFEL , 1975 ) |

The second test function is to represent multidimensional and highly nonlinear optimization
problems, that may often occur in structural optimization. The objective function is defined by

] o | 169
where
Fx) = T x (1.70)

i}

Due to the high order of nonlinearity, the popular conjugate gradient and similar methods
diverge. This type of divergence results from the fact that the gradient methods are all based
on internal models which assume a quadratic nature of the present optimization problem. If
this assumption is not valid, difficulties are encountered because such methods are extremely
sensitive towards problems of higher than second or third order. The evolution strategies
appropriately converge to the optimum

X - ; f(x)=0 (1.71)

0

Again the computational results and deta‘ils are shown in Appendix A.
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[ test case no. 3 ( UEING , 1971 )]

The third test case is to simulate a typical but elementary structural optimization problem which
is distinguished by a set of linear and/or nonlinear constraints. In addition, multiple optima are
involved. Also a non coherent feasible domain occurs. The problem can be described as fol-

lows:

where

and

min

xéS”[ r@ | s> 0]

f(x) = —(xf+x3)

g1(x) = x;20

g2(x) = x;20

g3(x) = —x1+x+420

ga(x) = x,/3—;cﬁ-4>0

gs(x) = xl+xf-10x;~10x+41>0

Apart from the global minimum

. 12
x'=1g ; f(x)=—208

there are two further local minima -

and

. [2.02
X =l467[: f(x)==2591

. 6.29 3
X =159 ; f(x)=—44.86

Again, the iteration process is given in Appendix A

| _rest case no. 4 ( ROSEN and SUZUKI , 1965 )|

(1.72)

(1.73)

(1.74)

- (1.7%)

(1.76)

am

The fourth and last test case has the purpose of drawing the user‘s attention to the fact that,
even though the evolution strategies are powerful and robust compared with other candidate
methods, they are not capable of solving every type of problem with the highest degree of accu-
racy. Therefore, in the test case no. 4 an example is choosen which can only be approxima-
tively solved. All popular methods known which solve the restrained problem , however, yield
worse solutions. The problem is given by the following relationships: .

where

and

min

iGS”{ f{x) [ g(x) > O}

F(x) = xP+xf+2xf+xd=5x=-5x-21x3+7 x4

g1()==2xf=x}—=x§=2x1+x+520

g X)m=xt—xf—x¥—xt—x1+xr-x7+x+820

g3(X)m—xf=2x}—xf=2xd+x+x+1020

(1.78)
1.79)

(1.80)
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The solution of the problem is

.

0
1
X = 2

; f(x)=—44 (1.81)
-1

The results of the corresponding computer program are shown in Appendix A.
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(1, 1) - OPTIMIZATION

i e s . e s e S S AN W AR AT MMM o s S T St Sk T S Y e e Mk Skt SRS i e b e et ST S S A e S SN S gy S M SN WM Y W M et S S e Ww S s S e e M e s e st
R T N N T I N N N T N R T T T T N R L T N T N N NS N NN NN OrN OO SRR SRITERESTTas =

BERKELEY, U.S.A., APRIL 84

o v i M S s S S S S MY M S o i it ot A S S R ot TS S e o S W o S Smr ST T S SN AT M SR Y T S e G SO T T e Y AT e T e - el e e fadm e e e g S
I T I I I I N R N N T N N I T T N S T N T T N T I NN N I NS SRRSO IO nESmeE=m

OO0 0n0n

e WanS . e i e s o o e S Wb S =i e e T W S S T o e T o T o S S oM WA i WS A T i e e TS M s e ey OO S et M S e T ST W WA T W Te M e St e ey o S
R S T e I N R S N L N T T L T T S N S N N N T S T T TN T NS SRR ES R ToRRRo S S m oI

COMMON /GRZ/LZ

COMMON /TF/ TARRAY (2)

COMMON /I0Q/JINP, JOUT } ;

EXTERNAL F4, G4, ELATIM. GAUNOR, UNIRAN ! F4 and G4 have to be replaced !
DIMENSION XOPTV(20), SDBOPT(20), XAUXV(20) ’

INTEGER#2 TITLE(40)

DATA JINP, JOUT /S5, 6&/

SO S S S S T T T W T W0 o Y o e A e e AR v S S ot S e e S Ut A WAL WD M S M (A S ST Tl RS LS WS S P W WA S TG S G TR S SO SR MW W W S WSY mm S e
R T N N N N T T N N S N T N N N N N N NN NRNSSECS SR RET R TToSos=m e

aon
-
Z
Y
C
!
~
Q
C
-
o
C
-
0
T
)
o
Z
par
Ey)
jm}
r
o
>
Pl
. P
2
m
—
m
o)
n

" S Y S S St T S s " <SS N MO B ot T T St S WAL S W AN W M M S i NS S S S S S M TS e S e M MR GANR e SR T e AT SO S W Tt ST W T S ATV M e s s e SO%
R R A A N S S I T N T S T T T L T S N N R N S N N L I I T O S RN oSS REETEmEmmwmETm =S

READ (JINP, 53000) (TITLE(I), I=1, 40)
5000 FORMAT(40A2) '

WRITE(JOUT, 6000} (TITLE(I), I=1,40)
6000 FORMAT(1X, 40A2)

READ (JINP., #) NOPTV, NICON, TLIMO

PRINT % , ‘NOPTV = NUMBER OF OPTIMIZATION VARIABLES =’, NOPTV
PRINT # , ‘NICON = NUMBER OF CONSTRAINTS =/, NICON
PRINT # , 'TLIMO = TIME - LIMIT =7, TLIMO
READ (JINP, ®#) JSTEP, NCYCT,RISTP .
PRINT # , ‘JUSTEP = STEP-ADJUSTMENT PARAMETER =, JSTEP
PRINT # , ‘NCYCT = NUMBER OF CYCLES FOR TOL.CONVERGENCE=‘, NCYCT
PRINT # , 'RISTP = REDUCTION/INCREMENT PARAMETER- - =/, RISTP
READ(JINP, #) ABACC., REACC, ACOBJ, RCOBJ ’
PRINT # , ‘ABACC = ABSOLUTE COMPUTER ACCURACY =‘, ARACC
PRINT # , 'REACC = RELATIVE COMPUTER ACCURACY =, REACC
PRINT # , ‘ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE =7, ACOBJ
PRINT # , ‘RCOBJ = RELATIVE CONVERGENCE TOLERANCE =, RCOBJ

Cc INPUT AND OUTPUT INITIAL VECTOR -

c R s S S o e S N N I R T S N R T T T R T N N S S T NSNS En oo DN TRREEREEe
DD 5 I=10 NDPTV . - . — . SO ,-./' J— - ) e A, — e
READ (JINP, #) XOPTV(I} '

S CONTINUE
CALL SCRIPT (1, XOPTV,NOPTVY, JOUT)
DO & I=1,NOPTV A N :
READ(JINP, #) SDAOPT(I) . - - - :

6 CONTINUVE
CALL SCRIPT (2,SDOPT,NOPTV, JOUT) -

aOoOo0n
0
o)
T
0O
>
r
(@]
-
r
>
-
-
0
Z
wn
!

- o o o " " ot o oD Vo i Yot A e s e o e e R W A SN A e e ) TS Skt Mk e e A e Tl MO MR S S S St e M AN S s S sam M W NS S S WY TWR S T e s e S o S
T T N I L e T T R N R T T T N N N N L R N N T S I T I N T L NN SR SN NSNNI SIS sS

RANDOM=RAND ( 1) : . S

PRINT # , ‘RANDOM = INITIAL VALUE OF RANDOM SEQUENCE ~ =%, RANDOM

IF ( NICON .EQ. O ) 6OTO 8 . :

DO 7 J=1,NICON ' - e

CONSTRAINT = G4 ( J,NOPTV, XUPTV ) T : T

, PRINT # , ‘INITIAL CONSTRAINT NO. ‘s J, * =, CONSTRAINT

7 CONT INUE A .

8 FINIT= F4 (NOPTV, XOPTV) T : , o
PRINT % , ‘FINIT = INITIAL VALUF OF OPT. CRITERION - ~ =, FINIT
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TIME=ELATIM(D)
CALL EVOL (NOPTV,NICON, ITYPE, JSTEP, NCYCT,

O0n0n
—
p4
<
Q
x
m
0
Rt
-
—
4
L an )
N
>
-
-
Q
i
bl
o
C
B
—
=
m

1 TLIMO, ABACC, REACC, ACOBJ, RCOB.), RISTP,
2 FOPTC, XOPTV, SDOPT, XAUXV,
3 F4, G4, ELATIM, UNIRAN, GAUNOR)
TIME=ELATIM(D)-TIME
C T T R I . O T T T I L R S T IR I O I I B 2 S T S e o e e e e e e T N N N N T I T SN IR T
C RESULTS
C RN S S N N T T N N R S T T S T N e e S T e e e

PRINT # , ‘TIME = ELAPSED TIME IN SEC =/, TIME
PRINT # , ‘ITYPE = TYPE OF RESULT =, ITYPE
PRINT # , ‘FOPTC = BEST VALUE OF OPT_CRITERION-GLOBAL =',FOP1C
CALL SCRIPT (3, XOPTV, NOPTV, JOUT)

IF ( NICON .EG. O ) 6070 10

DO 9 J=1, NICON

CONSTRAINT = 64 ( J,NOPTV, XOPTV )

PRINT % , ‘FINAL CONSTRAINT NO. ’/, J, ’ ="', CONSTRAINT

9 CONTINUE
10 CalLlL. SCRIPT (4, SDOPT.NOPTV, JOUT)
STOP
END
C B T S RN N N R N S T N L o I I o O O T o o T A I O A o o L T i S T R S D e T L T T T e I S S S S N e s L S T I

SUBROUTINE EVOL(N, M, LF, LR, LS, TM, EA, EB, EC, ED, SN, FB, XB,
1SM. X, F. 6, T/ R, Z) ,
DIMENSION XB(1),SM(1), X(1),L(10)
COMMON/EVZ /1.2
EXTERNAL R
TN=TM+T (D)
LZ=1
IF(M)4, 4, 1
1 LF=-1
FB=0.
DO 3 J=1,M
FG=G(J, N, XB)
IF(FG)2, 3, 3
FB=FB-FG 3
CONT INUE
IF(FB)4, 4, 5
LF=1
FB=F (N, XB)
DO &6 K=1,10
L(K)=N#*K/5
LE=N+N
LM=0
LC=0
FC=FB
7 DO 8 I=1,N
8 X(I)=XB(I)+Z(SM(1),R) o
© IF(LF)9,9,12 -
‘9 FF=0. -
" DO 11 J=1, M
FG=G(J, N, X)

Hown

.~
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IF(FG)10, 11, 11
10 FF=FF-FG

11 CONTINUE

IF(FF)32, 32, 14
iz IF(M)15,15, 13
13 DO 14 J=1.,M

IF(G(J, N, X))19, 14, 14
14 CONTINUE
15 FF=F (N, X)

16 IF(FF-FB)17.17, 19

17 LE=LE+1 © -
FB=FF
DO 18 I=1.,N

18 XB(I)=X(1)

19 LM=LM+1
IF(LM-N#LR) 7, 20, 20

20 K=1
IF(LE~-L(1)-N-N)23, 22, 21
21 K=K=-1 )

22 K=K-1
23 DO 24 I=1,N . -
24 SM{I)=AMAX1 (SM(I)#SN#xK, ABS(XB(I))+#EB, EA)

DO 25 K=1,9
25 L{K)Y=L(K+1)
L¢10)=LE
LM=0
LC=LC+1 . : S
IF(LC-10%#LS) 31, 26, 26 —_— - - -
26 IF(FC-FB-EC)28, 28, 27 :
27 IF((FC-FB)/ED-ABS(F(C))28, 28, 30
28 LF=ISIGN(2, LF)
29 RETURN
30 LC=0
FC=FB .
31 IF(T(D)-TN)7.: 29, 29 : - -
32 DO 33 I=1,N : _ :
33 XB(I)=X(I) ~ - T T e e : S
FB=F (N, XB) ‘ '
LF=0
GOTO 29
END
C T S S e A T T N T A D e T I S T N N N T I N T T N NN NS T I I T I I A e I e aT S A S e AR = ¢
C e T L S e e T M T T A R N N N S T T I N T N N S T N N T N T N S T N T T oINS
REAL FUNCTION UNIRAN (D)
1 RH=RAND(0) - . . _
IF (RH.EQ. FLOAT(0)) 6O TO 1 R -
UNIRAN=RH
RETURN B
END .
C S s S v st ST s e SoW e Sone TR I I S S e e e e e S e S T T T T T T T e R I I e T L e e S T . S e I e T A IS
C e o e e e e L e e T T L N T e S T T T e T e T T T A L S T I e I I S S N I R e e T T R S T R T T T A I T T S e S e DY
REAL FUNCTION GAUNOR(S,R)
COMMON/GRZ/LZ
DATA ZP/6. 28318531/ : , o -

GOTO((L, 2),LZ
1 A=SQRT(~2. #*ALOG(R(D)Y))
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B=ZP#R (D)
GAUNOR=5#A*SIN(B)
LZ=2

RETURN
GAUNOR=S#A#COS(B)
LZ=1

RETURN

END

T I T T I T T IR T I O U T S T T TN I I U S S M i ey e 2 e e e i s e o e S s T s i e ot i S0 e S e e s e ]

—_———.—-_—.———-_——-————--—_.._."‘_.—-—-..-—"‘.—.--—_..‘—"'-—"_._'-—-"'—."-—.—."—..—‘.—.;-_'—._"‘"—.:'-__"".—“"-—_—"‘_"‘—."‘_“-——_—‘—_——-——.n".—_u

REAL FUNCTION ELATIM (D)
DIMENSION TARRAY (2)

T T T T L o o I o 0o T 0 I I T o 00 S i S0 T T D DT ST T o e e o s gk e i S i i i b ot S o e S e i e o AN o o T M o 4P S T S e i
S D S S o S S i, S i e, i, ST S, T e e e St B2 T T T S U T T TN DD RTINS T SN ST TN ST ID DTN T MO OTY I M e e e mer arm e s e

T ST T AN S I N R T D S M T IS e ST I e e i e g o e S s e s s S e S St S i e S oo s e S i s S ot e o S Sk O A S e i S o Y A e S
N SR S i S i i s s e, S, i, o, Wi, s, S S o . o e e e, e S T S o S T T I S I I S O I I T T I T S N T N I S S S I I N S I e e

ELATIM=ETIME (TARRAY)

PRINT % , "TIME" = ‘ , ELATIM
RETURN

END

I S S i e S o o R R R L R R T R R R I I T D T O o T o S S T I e T T I L I I T e e S T e I T o e D T e

SUBROUTINE SCRIPT ( IPARM. VEKT,LVEKT, JOUT )
DIMENSION VEKT ( LVEKT )

G0TO ¢ 10, 20, 30, 40, 50 , &0 , 70 ), IPARM
WRITE (JOUT, 100) .
DO 15 I=1,LVEKT

WRITE (JOUT, 1000) I,VEKT(I) - -
CONTINUE

G0TO 97

WRITE (JOUT, 200)

DO 25 I=1, LVEKT

WRITE (JOUT,2000) I,VEKT(I)

CONTINUE :

c0TO 99

WRITE (JOUT, 300)

DO 35 I=1,LVEKT |

WRITE (JOUT,3000) I,VEKT(I)

CONTINUE |

60TO 99

WRITE (JOUT, 400)

DO 45 I=1,LVEKT

WRITE (JOUT,4000) I,VEKT(I)

‘CONTINUE | .

GO0TO 92

WRITE (JOUT, 500)

DO 55 .I=1,LVEKT : "
WRITE (JOUT, S000) I,VEKT(I)
CONTINUE

6070 99

"WRITE (JOUT, 600)

DO 65 I=1,LVEKT

WRITE (JOUT, 6000) I,VEKT(I)
CONTINUE -
G0OTO 99

" WRITE (JOUT, 700)

DO 75 I=1,LVEKT
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WRITE (JOUT,7000) I.VEKT(I)
75 CONT INUE )
99 RETURN
100 FORMAT (/. INITIAL CONSTELLATION: ‘,/,22( '="):/,
* 'STARTING VECTOR: %, /, 160 ="), /)
200 FORMAT (/, ‘STANDARD DEVIATIONS OF THE', /,2&('=")./,
* /INITIAL VECTOR COMPONENTS: ‘) 7/, 26C'="), /)
300 FORMAT (/, ‘OPTIMUM VECTOR: ‘) /,15C'="), /)

400 FORMAT (/, ‘STANDARD DEVIATIONS OF THE’, /7, 260'="): /s

* /FINAL VECTOR COMPONENTS: %0/, 24('="): /)
500 FORMAT (/, ‘VALUES OF THE LAST TWO BASIC', /,28('=!). /u
#* /YECTOR SETS ( HISTORY - ): 4 /. 240 =" /)

600 FORMAT (/, ‘CORRESPONDING VARIABLES: /4 /7, 24C "= ). /)
700 FORMAT (/, ‘CORRESPONDING DEVIATIONS: ‘4 /:.25¢ =24 /)
1000 FORMAT (6X.'XOPTV('.IQ.f)’olOX.ElS.B)
2000 FORMAT (&X, ‘SDOPT(’, 12, *)’, 10X, E15. 8)
3000 FORMAT (6X, ‘XOPTV(/, 12, 71, 10X, E15.8)
4000 FORMAT (&6X, ‘SDOPT(’, 12, 7}, 10X, E15. 8)
5000 FORMAT (6X, ‘FHIST(’, I3, ‘) *,.10X, E15. 8)
L4000 FORMAT (6X, ‘XHIST(’, I3, 7). 10X, E15.8)
7000 FORMAT (&6X, ‘SHIST(’, I3, ), 10X, E15. 8)
END ‘ |

REAL FUNCTION Fi ¢ N. X )
DIMENSION X ( N )

—-._._.-—-_..-..—_..‘.—.—.———_.._---—--—.._.—...—_...-____..___.—._-....._-..-...._...-_—.—_..—..—.——-——.——..—.—..__.—.— —
._.....—..-.-_..—......-..——._.——...__........_—_.....-.__--..-.....___._...-__._._.__-.,._-_..-_._._«_._—...—_..-—-—-.——._....—-_......_.—..w-.

—-—-—-—_.——-..-_—_...—-—-—_———-—.———-—.——-.——.. s o - Vo e W . o s ot o e S o i ol ot St Tione e v e S ot T DU M T LI SR SSIED
.—.——.—-_—.—.————_—-_———.—__..._......-_._..._.._—.‘.-........__.—._.......___._...—.._—...—.—---._.—-—--‘--—_.—_,_-.—._

Hi=X(1)#X(1)

H2=X(2)#X (2}

H1i2=X(1)#X(2)

Fi = 0.26 # (H1+H2) — 0.48 % H1Z2
RETURN ,
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REAL FUNCTION €1 (J, N, X)
DIMENSION X(N)
GOTO (1,2),J

1 6=0.
RETURN : - _

2 G=0. : : T - .
RETURN ) ’
END

i o e o e o s i D i i e S Ty e T e o et S TN St S
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DO 5 I=1,N

SUM=SUM + X (I) %% 10
S CONTINUE '

F2 = SUM
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RETURN
END

DT e e T e e e e e e e i e e St e e e b o S e e e

REAL FUNCTION G2 (J, N, X)
DIMENSION X(N)

GOTO (1,2),J

G=0.

RETURN

G=0. .-
RETURN

END

P T T T ETTr——
=% p - —p R p e S S

REAL FUNCTION F3 ( N. X )
DIMENSION X ( N )

B el R R e —

Hi=X{1)#X{(2)
H2=X(2)#X(2)
F3 = ~-H1 - H2
RETURN

END

REAL FUNCTION G3 (J, N, X)
DIMENSION X ( N )

T — — —— — ——" _—_ - — ——— ———— e — —— — —— o —— — s o

GOTD ( 1,2,3,4,5, 6,7 ) , J
63 = X(1)

RETURN

63 = X«(2)

RETURN

G3 = — X(1) + X(2) + 4.0
RETURN ?
63 = X(1)/3.0 - X(2) + 4.0
RETURN '

T T T N T o NSRS I

e N R I T———

R R R R N T S L N T TN oI S e

I I S e v T I oo nD me T Son e I e I g e e mee e S e e e e e e g o s e e

G3 = X(1)#X(1) + X(2)#X(2) = 10 #X(1) — 10 #X(2) + 41.0

RETURN

63 = ~X(1) + 7.0
RETURN :

63 = =X(2) + 7.

===~ RETURN

END 0 -

B el T N STt U Tp—

g e T T r——
R NN O I s

Bl e gy ——
ST oSSR

B e i e o s e v v e s S S SORSS S e S s S AR Mot AR e e e B ey e St
R TN T TSR mseme

6070 ¢ 1,2,.3 ) ,» J

TG4 = -2 X (1)EX(1) — X(2)#X(2)

RETURN

R R R R N N R N S N S S T T T T S T S I B S S ST L Sn s e ro e

_HEmEST o R T R S T S S L L T e T T e S L e

R R N N N T T S L L I S D N T D a s M SN SN I e

— X(3)AX(3) - 2. #X(1) + X
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G4 = —-X(1)#X(

#* ~— X(i)
RETURN

G4 = =X {1)#X(
* + X(1)
RETURN

END

XXX Page 7

1) = X(2)#X(2,
+ X{(2) -

1) - 2. #X(2)#X (&)

- Rig: -

i s e S S S T A e Tkt T AR Sty S e i m et g DA Mot Sam SeM W S TTum St T S e S S S S

T N T T N A R R T N R R S N N N RN T N NN NN O RN EN S TR v e S o -
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FREFFHE R AR E AR AR ESREE INPUT — FILE  ###a ittt d et t e e nae s
TEST SAMPLE NO. 1

2: 0, 1000. 00,

1.2,0.85, .

1. 7e-37,1. OE-7, 1. 7E-15., 1. OE—-7,

15. 0

30. O,

5.0,

5.0, , .

W E R ER AR ERER SRR QUTPUT-FILE HEHFEHEFEFRERBE RS HRFEERER

TEST SAMPLE NO. 1

——— iy o ——— W o " i Yo T i sy

NUMBER OF OPTIMIZATION VARIABLES

NOPTV = = 2
NICON = NUMBER OF CONSTRAINTS = 0
TLIMO = TIME - LIMIT = 1000. 00
JETEP = STEP-ADJUSTMENT PARAMETER = 1 '
NCYCT = NUMBER OF CYCLES FOR TOL. CONVERGENCE= 2
RISTP = REDUCTION/INCREMENT PARAMETER = 0. 850000
ABACC = ABSCOLUTE COMPUTER ACCURACY =  1.70000e~37
REACC = RELATIVE COMPUTER ACCURACY = 1.00000e~-07
ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE = 1. 70000e-15
RCOBJ = RELATIVE CONVERGENCE TOLERANCE = 1. 00000e—-07
INITIAL CONSTELLATION:
STARTING VECTOR — -
XOPTV( 1) 0. 15000000e+02
XOPTV( 2) 0. 30000000e+02
STANDARD DEVIATIONS OF THE
INITIAL VECTOR COMPONENTS:
SDOPT( 1) 0. 50000000e+01
SDORPT( 2) 0. 50000000e+01
RANDOM = INITIAL VALUE OF RANDOM SEGQUENCE = 0.513870. - - :
FINIT = INITIAL VALUE OF OPT. CRITERION = 76. 5000
TIME = ELAPSED TIME IN SEC = 2. 36667
ITYPE = TYPE OF RESULT = 2 _ -
FOPTC = BEST VALUE OF OPT. CRITERIDN GLOBAL = _ 4. 92918e~-19

OPTIMUM VECTOR:

———— —— - V" 4t ot S s

XOPTV( 1) 0. 345603100e-08
XOPTVC 23 0. 28411822e-08

.STANDARD DEVIATIONS OF THE

FINAL VECTOR COMPONENTS:
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SDOPT( 1) 0. 63937531e-08
SDOPT( 2) 0. 6393753108



= === test sample # 2 for EVOL ===
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HRH R R R AR R AHEERHS
TEST SAMPLE NO. 2

3, 0, 1000. 00,

1,2,0. 85,

1. 7E-37.,1. OE~7, 1. 7E-35, 1. OE-

-1.0,

2.0

1.0,

1.0,

1.0,

1.0,

U HH IR U RN

TEST SAMPLE NO. 2

NOPTV = NUMBER OF OPTIMIZATION VARIABLES
NICON = NUMBER OF CONSTRAINTS

TLIMO = TIME - LIMIT

JESTEP = STEP-ADJUSTMENT PARAMETER

NCYCT = NUMBER OF CYCLES FOR TOL. CONVERGENCE
RISTP = REDUCTION/INCREMENT PARAMETER

ABACC = ABSOLUTE COMPUTER ACCURACY

REACC = RELATIVE COMPUTER ACCURACY

ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE

RCOBJ = RELATIVE CONVERGENCE TOLERANCE

INITIAL CONSTELLATION:

——— —— - S 3 o —~ _—", ot o 2o o o~ G T o B o

. v o S " o S o St Y S o—

XOPTV( 1) -0.
XOPTV( 2) 0.
XOPTV( 3) 0.

. STANDARD DEVIATIONS OF THE

v ————— — — T—— —— " 7" 37 P D7 o T W7 W T U T o o

- —— ————— — ————V—— ——————_—" " —" " W . — - —- " ——

SDOPT( 1) 0.
SDOPT( 2) 0.
SDOPT( 3) 0.

RANDOM = INITIAL VALUE OF

1

INPUT = FILE #3385ttt sesttes
15,
DUTPUT — FILE  SH#E#RERHEFALIRHEXFEHHRR

10000000e+01
20000000e+01
10000000e+01

10000000e+01
10000000e+01
10000000e+01

RANDOM SEQUENCE

INITIAL VALUE OF OPT. CRITERION

FINIT =
TIME = ELAPSED TIME IN SEC .
CITYPE = TYPE OF RESULT

FOPTC =

OPTIMUM VECTOR:

XOPTV( 1) -0.
XOPTV( 2} 0.
- XOPTV( 3) Q.

BEST VALUE OF OPT. CRITERION-GLOBAL

224391626-05
90434056e-04
88489018e-04

(LI T (N 1S I | O

#nuwunn

3

0
1000. 00

1

a2

0. 850000
1. 70000e~37
1. 00000e~07
1.70000e-35
1. 00000e—-15

0. 513870
1026. 00
1. 91667

2

0.
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STANDARD DEVIATIONS OF THE

S s e S o S - — - T o — -~ W~ -~ -~ —

W s . o - ————— " —_——" 7 Y o T_—" — i o O - " - o

SDOPT( 1)
SDOPTC( 2)
SDOPT( 3)

0.11154764e~-03
0. 11154764203
0.11154764e~03




=== test sample # 3 for EVOL ===



Jul 3 1529 1984 ex3 Page 1

R EHEFREF SR FRFERRER R INPUT = FILE
TEST SAMPLE NO. 3

&: 7, 1000. 00,

1,2, 0. 85,

1. 7E-37,1. OE-7, 1. 7E-35, 1. OE-23,

0.0

0.0,

1.0,

1.Q, ~

483 F R R R R EHRRE  OUPUT-FILE

TEST SAMPLE NO. 3

PupE————— R

HERAEHEREERRRERE RS

3 35 35 35 36 36 35 3 3 30 3 36 36 95 30 3 30 36 30 38 3 6 30 0 30

NOPTV = NUMBER OF OPTIMIZATION VARIABLES = 2
NICON = NUMBER OF CONSTRAINTS : = 7
TLIMO = TIME - LIMIT =  1000.00
JSTEP = STEP-ADJUSTMENT PARAMETER = 1
NCYCT = NUMBER OF CYCLES FOR TOL. CONVERGENCE= 2 :
RISTP = REDUCTION/INCREMENT PARAMETER = 0.850000
ABACC = ABSOLUTE COMPUTER ACCURACY. = 1.70000e-37
REACC = RELATIVE COMPUTER ACCURACY = . 1.00000e-07
ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE = 1.70000e-35
RCOBJ = RELATIVE CONVERGENCE TOLERANCE = 1.00000e-25
INITIAL CONSTELLATION:
STARTING VECTOR: — - -
XOPTV( 1) 0. e+00
XOPTV( 2) 0. e +00
STANDARD DEVIATIONS OF THE
INITIAL VECTOR COMPONENTS: ‘
SDOPT( 1) 0. 10000000e+01
SDOPT( 2) 0. 10000000e+01 ‘
RANDOM = INITIAL VALUE OF RANDOM SEQUENCE = 0.513870 - - -
INITIAL CONSTRAINT NO. 1 = O.
INITIAL CONSTRAINT NO. 2 = 0. -
INITIAL CONSTRAINT NO. 3 =  4.00000 . -
INITIAL CONSTRAINT NO. 4 = 4. 00000
INITIAL CONSTRAINT NO. S5 = . 41.0000 ) ~
INITIAL CONSTRAINT NO. & = O.
INITIAL CONSTRAINT NO. 7 = O.
FINIT = INITIAL VALUE OF OPT. CRITERION = o0 .
TIME = ELAPSED TIME IN SEC =~ 3.50000
ITYPE = TYPE OF RESULT = 2 .
FOPTC = =

BEST VALUE OF DPT.CRITERIUN-GLDBAL

—-44.8579
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OPTIMUM VECTOR:

XOPTV( 1) 0. 62928927 +01
XOPTV( 2) 0. 229289346e+01
FINAL CONSTRAINT NO. 1 = 6. 29289
FINAL CONSTRAINT NO. 2 = 2. 29289
FINAL CONSTRAINT NO. 3 = 7. 15254e~-07
FINAL CONSTRAINT NO. 4 = 3. 80474
FINAL CONSTRAINT NO. 5 =- 0.
FINAL CONSTRAINT NO. & = 6. 29289
FINAL CONSTRAINT NO. 7 = 6. 29289
STANDARD DEVIATIONS OF THE
FINAL VECTOR COMPONENTS:
SDOPTC 1) 0. 62928927e-06

SDOPT( 2) 0. 22928937e-06



=== test sample # 4 for EVOL ===
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FREFFEERFFF AR FFRFRFRBERER INPUT ~ FILE SR e 8RR aasttensiisstsseses
TEST SAMPLE NO. 4

4,3, 1000. 00,

1,2, 0. 85,

1. 7E-35,1. 0E~-7,1. 7E-7, 1. OE~-15,

0.0

0. 0,
0.0,
0. 0,
1.0,
1.0, -

1. 0,

1. 0,

FHHFFFFRFHBERS SRR REREE  OQUPUT-FILE BB R ERRFHE R H R R RNRN

TEST SAMPLE NO. 4

——— - - —— — = Y~ _— S S st S oo

NOPTV = NUMBER OF OPTIMIZATION VARIABLES = 4

NICON = NUMBER OF CONSTRAINTS = 3

TLIMO = TIME - LIMIT = 1000. 00
JETEP = STEP-ADJUSTMENT PARAMETER = 1

NCYCT = NUMBER OF CYCLES FOR TOL. CONVERGENCE= 2

RISTP = REDUCTION/INCREMENT PARAMETER = 0.850000
ABACC = ABSOLUTE COMPUTER ACCURACY = 1. 70000e~-35
REACC = RELATIVE COMPUTER ACCURACY = 1. 00000e—-07
ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE - = 1. 70000e~07
RCOBJ = RELATIVE CONVERGENCE TOLERANCE = 1. 00000e-15

INITIAL CONSTELLATION:

e e o " - ———— " — a7 — o — " -~ " - —— -~

XOPTV( 1) 0. e+00
XOPTV( 2) 0. e+00’
XOPTV( 3) 0. - e+00
~ XOPTV( 4) 0. e+00
STANDARD DEVIATIONS OF THE
INITIAL VECTOR COMPONENTS:
SDOPT( 1) 0. 10000000e+01
SDOPT(C 2% — o 0. 10000000e+01
SDOPT( 3) 0. 10000000e+01
SDOPT( 4) 0. 10000000e+01
RANDOM = INITIAL VALUE OFARANDDH'SEGUENCE = 0.513870
INITIAL CONSTRAINT NO. 1 = 5. 00000
INITIAL CONSTRAINT NO. 2 = °-B8. 00000
INITIAL CONSTRAINT NO. 3 = '10. 0000

FINIT = INITIAL VALUE OF OPT. CRITERION = 0
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TIME = ELAPSED TIME IN SEC = 3. 85000
ITYPE = TYPE DOF RESULT = 2
FOPTC = BEST VALUE OF OPT. CRITERION-GLOBAL = -41.0542

oPTIMUM VECTOR:

——— — " - —— . oy o Wt 42208 . e i

XOPTV(C 1) -0. 343921546e-01
XOPTV( 2} 0. 76766777e+00
XaPTV( 3) 0. 19029341e+01
XOPTV( 4) -0. 855944648e+00
FINAL CONSTRAINT NO. 1 = Q.
FINAL CONSTRAINT NO. 2 = 1. 09888
FINAL CONSTRAINT NO. 3 =

2. 84340

STANDARD DEVIATIONS OF THE

——————— —— " " o A " U s S o - s Y Y Voo 2

———— — .~ " " o — o S YT W S o " Vo P S

. 63202066e—07

SDOPT( 1) 0

SDOPT( 2) 0. 76766781e—-07
SDOPT( 3 0. 19029341e-06
SDOPTH( 4) 0. 85594650e-07



=== test program for the (x.\) - strategy ===
-======================================================
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( MU, LAMBDA ) - OPTIMIZATION

o S o S W S S Sy o S S R S o T o S S S Tk S AW Sk oo o e AL e S T S S O U S A S g e T S W A S S S ML Y e S A e Al Sy G A e S o e S
N T D T T N N T N N T N I N N N N N T L N N N S T N NSNS NSNS EmT==

BERKELEY, U.S.A., APRIL 84

At i Wi e o o vt e My g S R LT WS M S W A g e S TS [T TR e S S v G e s e A S YOS M N el M T e v S T WS S Sk WS S S i e Snes ST S e srus s Smew e e s s
R T S N N T N N s I T T N ST NI n oSS oo R TRmmTnE s is

St e S A S S et S . oo in ot Y T S i i M S o ik S T St S s A MY W PO S e e T e i Sl e W e TR S N o T T S T W S et e TS W Wl S e T W e et e S
R N N S N N N T s N T e I NS IarmUNoI NS ImETSSTooamT e

COMMON /GRZ/LZ

COMMON /TF/ TARRAY (2)
COMMON /IO/JINP, JOUT
EXTERNAL F#, G#, ELATIM, GAUNOR, UNIRAN !'! REPLACE # BY CORRESPONDING NO. !! &
LOGICAL RECOM

DIMENSION XOPTV(20), SDOPT(20), -XAUXV(20)
DIMENSION FHIST(200), XHIST(400), SHIST(400)
INTEGER®#2 TITLE(40)

DATA JINP, JOUT /5.6/

DATA NFTQOT, NXTOT /200,400/

G e S R AR SR M e SO o e e S e e A e el e M e S S ey N s S O i Sl M e i S T S e AR SER W (e R S T SN SOV S e SOTR R o L M T M S S A SN St o e S
R R R N R NN N N L N R I N N S S T N N L N S N RSN o NSNS oISNoTRoIEmRmEss S

St o e S A it T T S S e SO U g Y S S ST s S LTSN S i (i WS AP SN o e kSt s A o AR S LA S S S ST MM S AR MOTY e ST WA S TS s i M S L e T S o e e s
e O T R R Y T O N R N R N S R R N S R I R S N T N N T N N T o NENEm Mo

READ (JINP, 5000) (TITLE(I)., I=1,40)
FORMAT (40A2) )

HWRITEC(JOUT. 4000) (TITLE(I), I=1,40)
FORMAT(1X, 40A2) ‘
READ (JINPR, 5010) RECOM

FORMAT(L1)

WRITE(JOUT, 6010) RECOM e -
FORMAT(2X, ‘RECOM = RECOMBINATION - OPTION’, 14X, ’=‘,1X,L2)

READ (JINP, #) NBASV, NPOLVY, NOPTY, NICON, TLIMU .

PRINT % , ‘NBASY = NUMBER OF BASIC VECTOR3 R

PRINT % , ‘NPOLY = NUMBER OF POOL VECTORS -

PRINT # , ‘NOPTV = NUMBER OF OPTIMIZATION VARIABLES = -~

PRINT # , ‘NICON = NUMBER OF CONSTRAINTS :

PRINT # , ‘TLIMO = TIME - LIMIT

HREEERFEFF R BRI TR SRR RIFERFE R

IF ¢ 2=NBASV .GT. NFTOT ) STOP

IF ( 2#NBASV#NOPTV . GT. NXTOT ) STOP i

Fo IR IR N R R LRI R T **ﬁ-***%‘: *-*#-%ﬁ-wxn FP o B o
READ(JINP, #) ABACC, REACC, ACOBJ, RCOBJ , : :

PRINT # , ‘ABACC = ABSOLUTE COMPUTER ACCURACY ) : -

PRINT * .‘REACC = RELATIVE COMPUTER ACCURACY :

PRINT # , “ACOBJ = ABSOLUTE CONVERGENCE TOLERANULL .

PRINT # , ‘RCOBJ = RELATIVE CONVERGENCE -TOLERANLL . S )
INPUT AND QUTPUT INITIAL VECTOR

DO S I=1,NOPTV ) S -

READ (JINP, #) XOPTV(I) . - T e o -
CONTINUE . T T
CALL SCRIPT (1. XOPTV, NOPTV: JOUT) ‘ . . . -

DD & I=1,NOPTV .
READ(JINP, #) SDOPT(I) _ L

CONTINUE -

CALL SCRIPT (E.SDDPT.NDPTV.JOUT) ) . )

PRE-CALCULATIONS -

S S o e ok e it A L o T %S D o e oM A S TP S U S St SR M M ST MRS S A S S e e e SO e S S S o g S o S e G ) S S S S it SOATR S S e T e s St
N T N s T N T T e TN ODoORDIT oo rmmoEmmmmm e



w4 who A s WS LTy AAA TTalQe

COsSW=1.

RANDOM=RAND (1)

PRINT # , ‘RANDOM = INITIAL VALUE OF RANDOM SEQUENCE =’, RANDOM
XNOPTV=FLOAT (NOPTV) ‘

RISTP= COSW/SORT(XNOPTV)

PRINT # , ‘RISTP = REDUCTION/INCREMENT PARAMETER =’,RISIP

IF ( NICON .EQ. © ) GDTO 8
DO 7 J=1,NICON

CONSTRAINT = G* ( J, NOPTV, XOPTV )

PRINT # , “INITIAL CONSTRAINT NO. ‘. J, * =‘, CONSTRAINT

CONTINUE . :

FINIT= F# (NOPTV, XOPTV)

PRINT # , ‘FINIT = INITIAL VALUE OF OPT. CRITERION =/, FINIT

T L S Sk e Sl S S S i i S o o St e S S . i S, e S T ST S ST S D S g T D ST D DI DD NI I T NS N T ST I IND TR T DT O I D s e e mem s v
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|
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}
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i
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|
|
i
|
|
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|
|
I
|
|
!
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|
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|
I
§
|
|
|
|
!
|
1
|

T SN T S TN IS5 T NS e T ST T T e et T i e e e S e e e g S e T T g Sy v S ot i A e Suu e St i s e S S W e Y e S NS ot S S S S . S P o S e St
S Rl s G e, S . o S, o . o . i, L Wl . i, i W o . S S e S s sy S e S AN S A ST URT I T ST S I T S IR D R DU I MO DT I I e S e e o e v e s

TIME=ELATIM(D)

CALL GRUP (RECOM, NBASV, NPOLV, NOPTV, NICON,

‘ ITYPE, TLIMO, ABACC, REACC, ACOBJ, RCOBJ, RISTR,
FOCUR, FOPTC, XOPTV, SDOPT, XAUXV, FHIST, XHIST, SHIST,
F¥*, 6%, ELATIM, UNIRAN, GAUNDR)

TIME=ELATIM(D)-TIME

T T SRS SR I T U NI U DT MO T UMD e o s e et S S e e e S e s S A S T S Gt TS MR e e e e i e e Sy S S et S S S S P St e S e e e s i S
S S e 7 s i i s i e SR L, e e e o T e o T S TR S A SR ST ST IR I L I ST O T I S I T ST O I O I T N I I N T I ST B I T T S I e g

LAY re

R S T S T I RS T I T S T N I D T I S I N T L M [ S e i e e s mm e e i S e e e S ot e Yo S TS e i e o e s A S o A St S0 S o et 950 v
e e o e T B e A S e e e e TSI oSO NS M IS SR SR IO 5 5 O 150 50 I T 00 0 I 00 200 50 00 0% I e o e s e e

# , 'TIME = ELAPSED TIME IN SEC
PRINT # , “ITYPE = TYPE OF RESULT
®* , =

aOo0a0
a
m
w
Cc
r
~4
i3]

‘FOCUR BEST VALUE OF OPT. CRIT.-CURRENT SET

PRINT # , ‘FOPTC = BEST VALUE OF OPT. CRIT.- AT ALL
CALL SCRIPT (3, XOPTV, NOPTV, JOUT)
IF ( NICON .EG. O ) GOTO 10
DO 9 J=1,NICON
CONSTRAINT = G#* ( J, NOPTV, XOPTV )
PRINT # , ‘FINAL CONSTRAINT NO. ', J, /! =‘, CONSTRAINT
9 CONTINUE
10 CALL SCRIPT (4, SDOPT,NOPTV, JOUT)
NN=2#NBASV :
NNN=NN=#NOPTV ‘ :
- CALL SCRIPT (5, FHIST,NN ,JOUT)
CALL SCRIPT (&, XHIST, NNN , JOUT?
CALL SCRIPT (7,SHIST,NNN , JOUT)
STOP

SUBROUTINE GRUP(REKO, L, LL,N, M, LF, TM, EA, EB, EC, ED, SN, FA,
1FB, XB, SM, X, FK, XK, 8K, F, G, T, R, Z)

LOGICAL REKO : ‘
DIMENSION XB(1),SM(1), X(1); FK(1), XK(1),SK(1)
COMMON/GRZ/L2Z . ‘

EXTERNAL R - -
"KK(RR)=(LA+IFIX(FLOAT(L)%*RR))#N

TN=TM+T (D) I :

LZ=1 T

CIF(MY4, 4,1

1 . LF=-1
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FB=0.
DO 3 J=1. M
FG=G(J, N, XB)
IF(FG)2,3,3
FB=FB-FG
CONTINUE
IF(FB)4, 4,5
LF=1
FB=F (N, XB)
DO & I=1,N
SK(I)=AMAX1(SM(I), ABS(XB(I))*EB, EA)
XK(I)=XB(I1) ’
FK(1)=FB
KA=N
KB=0
DO 21 K=2.,L . - '
SA=1. _ -
7 DO 8 I=1,N ' ’
8 X{I)=XB(I)+Z(SM(I)#SA, R) -
IF(LF)9, 9,12
9 FF=0.
DO 11 JU=1,M
FG=G(J, N, X)
IF(FG)10, 11, 11
10 FF=FF-FG
11 CONTINUE
IF(FF)&0, 60,17 , : L
12 IF(M)16, 16,13 —_— e -
13 DO 15 J=1. M :
IF(G¢J, N, X))14, 15,15

o g s WN

14 SA=SA%. 5
coTOo 7
15 CONTINUE
16 FF=F (N, X) .
17 IF(FF-FB)18, 19, 19 : - -
18 FB=FF 4 :
KB:K [P — - - - — - - J— S 7' - o — : ‘_v.., e e g J—
19 DO 20 I=1,N ‘ =
KA=KA+1 A
SK (KA)=AMAX 1 (SM(I)#5A, ABS(X (1)) *EB, EA)
20 XK (KA)=X(I) _ - :
21 FK(K)=FF B S - -
IF (KB )24, 24, 22 - : _
22 KB=(KB~1)#N :
DO 23 I=1,N - S -
23 XB (I)=XK(KB+I) S o )
24 LA=L
LB=0 S )
25 LC=LB
LB=LA N
LA=LC E : T e
LC=0 : : : : .
, LD=0 :
26 SA=EXP (Z(SN,R)) , . -

IF(REKO)GOTO =28
KI=KK(R(D)?
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DO 27 I=1,N

KI=KI+1
SM(I)=SK(KI)#SA

27 X(I)=XK(KIN+Z(SM(I),R)
60TO 30

28 SA=8A*0. 5

DO 29 I=1,N
: SMOI)=(SK(KK(R(D))+II+SK(KK(R(D))+I) ) #SA
29 X(I)=XK{KK(R(D))I+I)I+Z(SM(I),R)

30 IF(LF)31, 31, 34 _
31 FF=0. .-

DO 33 J=1, M

FG=G(J, N, X)

IF(FG)32, 33, 33
32 FF=FF-FG

33 CONTINUVE
IF(FF) &0, 60, 38
34 IF(M)37,37,35

3% DO 36 J=1, M
IF(G(J, N, X)346, 36, 35

36 CONTINUE

37 FF=F (N, X}

38 LD=LD+1
IF(LD-L)40, 40, 3%

39 IF(FF-F8)41, 41, 44
40 KS=LB+LD
41 FRKS)=FF - -

KS=(KS—1) %N
DO 42 I=1,N
KS=KS+1
SK(KS)=AMAX1(SM(I), ABS(X(I))*EB, EA)
42 XK(KS)=X (1)
IF(LD-L)46, 43, 43
43 KS=LB+1
FS=FK (KS5)
DD 45 K=2,L
KA=LB+K
FF=FK(KA)
IF(FF-FS)45, 49, 44
44 FS=FF
, KS=KA
45 CONTINUE
46 LC=LC+1
IF(LC-LL )2, 47, 47
T a7 IF(LD-L)264, 48, 48
. 48 KA=LB+1 -
o FA=FK (KA)
FC=FA
DO S0 K=2,L
KB=LB+K
. FF=FK(KB)
) FC=FC+FF S
o . IF(FF-FA)49, 50, 50 L
7T 49 FA=FF -
-~ KA=KB
- 50 CONTINUE
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IF(FA-FB)51, 51, 53
o1 FB=FA

KB=(KA-1)#N

DO 52 I=1,N

52 XB(I)=XK(KB+I)
53 IF(FS~FA-EC) 55, 55, 54
54 IF((FS-FA)#FLOAT(L)/ED-ABS(FC) )55, 55, 59
55 LF=ISIGN(2, LF)
56 KB={(KA-1)*N
DO 57 I=1,N
57 X(I}=XK(KB+I) .-
58 RETURN
- 572 IF(T(D)-TN)25., 56, 56
&0 DO &1 I=1,N
61 XB(IY=X(I)
FB=F (N, XB)
FA=FB
[T LF=0
GOTO 58
END
C R R R R N N N T N R N T R T R T R T ISR ST RSN EI RS S
C R R S R N T T T L R S T T I I S Y T N T R SR IR S ST R R IR IR R TS
REAL FUNCTION UNIRAN (D)
i RH=RAND(Q)
IF (RH. EQ. FLOAT(0)) GO TO 1
UNIRAN=RH
RETURN . ‘ -
END . CooT -
C T R S S S N T S T R S T T T N N TSRS S I I I S TR I IS
C e T T T T I T e T T e T R T R T S S I R N I N IR TR SRS TR IS

REAL FUNCTION GAUNCR(S, R)
COMMON/GRZ /L2
DATA ZP/é. 28318531/
GOTO(1,2),LZ -
1 A=SQRT (-2. *ALOG(R(D))) ' . -
B=ZP#R(D) : o
GAUNOR=S#aA®SIN(B)Y — ~ T T e e i L T e
Lz=2 ' .
RETURN
2 GAUNOR=S#A#COS(B)
Lz=1 , ) - ,
RETURN . - - :
END ‘ - :

REAL FUNCTION ELATIM (D) . T o
DIMENSION TARRAY (2) '

C T e o e e S S S T T T S N S T T R B T I T e T L L T N S N S T T T N N I T I T IR IR RREEIRMEE IR

c ELATIM YIELDS ELAPSED TIME IN SECONDS i

C T N R R R R R R R R R N R N R T R L N TS I RTINS RSN TR IR RIS RS
ELATIM=ETIME (TARRAY) ' - : S -
PRINT # , “TIME" = ’ , ELATIM = . : -
RETURN . - R
END : : -

C ====:::..—..====:::=================::‘::::::.==:================:=========.::==

C T T T T T I T T I T I S I T T e T T S S S T S T T R S N N A T I T N L I I TN m NSNS DS ImImERE
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10

15

25

30

35

40

45

S50

55

60

65
70
75
99
100
200

300
400

500
600
700
1000

2000 .

3000
4000
5000

6000

7000

SUBROUTINE SCRIPT (¢ IPARM,

DIMENSION VEKT ( LVEKT )

¢070 ¢ 10, 20,
WRITE (JOUT, 100)
DO 15 I=1,LVEKT
WRITE (JOUT, 10009
CONTINUE

GOTO <99

WRITE (JOUT, 200)
DO 25 I=1,LVEKT
WRITE (JOUT, 20000
CONTINUE

6070 99 :
WRITE (JOUT, 300)
DO 35 I=1,LVEKT
WRITE (JOUT, 3000)
CONTINVE

GOTO 99

WRITE (JOUT, 400)
DO 45 I=1, LVEKT
WRITE (JOUT, 4000)
CONTINUE

c0T0 99

WRITE (JOUT, 500)
DO 55 I=1, LVEKT
WRITE (JOUT, 5000)
CONTINUE

G070 %99

WRITE (JOUT, 600)
DO 65 I=1i,LVEKT
WRITE (JOUT, &000)
CONTINUE

G070 99

WRITE (JOUT, 700)
DO 75 I=1,LVEKT
WRITE (JOUT, 70Q0)
CONTINUE

30 .,

40 , 50 , &0

I, VEKT(I)

I, VEKT(I}

I, VERT(I)

I,VEKT(I)

I, VEKT(I)

I, VEKT(I)

I, VEKT(I)

VEKT, LVEKT, JOUT )

?

RETURN .

FORMAT (/, "INITIAL CONSTELLATION: /, /,22('="), /.

* . ‘STARTING VECTOR: *, 7/, 160" ="), /)

FORMAT (/, 'STANDARD DEVIATIONS OF THE‘, /,2&6('="*), /,
# “INITIAL VECTOR COMPONENTS: *:/,26C0°~%), /)
FORMAT (/, ‘OPTIMUM VECTOR: ‘', /. 15(/~"), /)

FORMAT (/, ‘STANDARD DEVIATIONS OF THE’, /,2&6('="), /,
* ‘FINAL VECTOR COMPONENTS: *, /,24('="), /)
FORMAT -(/+VALUES OF THE LAST TWO BASIC',/,28(’-'), /,
* ‘VECTOR SETS ( HISTORY ):*, /,24('~-*), /)
FORMAT (/, ‘CORRESPONDING VARIABLES: *, /,24('=*), /)
FORMAT (/, ‘CORRESPONDING DEVIATIONS: ‘. /,25('—="), /)
FORMAT (66X, ‘XOPTV(‘, 12, *)’, 10X, E15. 8)

FORMAT (&X, ‘SDOPT(’, I2, ‘) ‘, 10X, E15.8)

FORMAT (&6X, ‘XOPTV(', 12, ‘) ’, 10X, E15. 8)

FORMAT (6X;’SDOPT('.IQ.’)':1OXfE15.B)

FORMAT (&X, ‘FHIST(’, I3, ‘), 10X, E15. 8)

FORMAT (&X, ‘XHIST(/, I3, ), 10X, E15.8)

FORMAT (6X, ‘SHIST(’, 13, “)‘, 10X, E15.8)
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REAL FUNCTION F1 ( N, X )
DIMENSION X ( N )

i < e ot Sl o At <SR SAE R M ) ST S S S SEb O AT WS 4T T ChTh TP R Y o S e Ty e S e MY b IR T et WL WD SULK T WM ST T S S T e S T W S S At Sl g v e e S s s S S
e v s e e ror s e o e e S SmE e e e S e T e T R A D L I I L A N I T N I N N N L N RN RN S e e e N SR - =

aO0no0n
-
m
u
I
n
C
Z
0
-
-t
a
4
>
g
g
a
Py
-}
-t
Z
®
-
Q
X
>
-
<
>
3]
foy
0
o
4]

et e g A St S s o Sl AP St St AR S MWD O Al i N Y kD S i g e e GOONR S v ek T R e SO U S (S SSUES S YOS L AR e e e S SN S W WD T A A s ST e o st e aow s sw e TH L S
T e e e e e e T T S N T L L T R e I A I I T S S N R R I N N R R N N R R R R R RN RN NSRS S Sma R R n=

Hi=X{1)#X (1)

H2=X(2)#X(2)

H12=X(1)#X(2)

F1 = 0.26 # (Hi1+H2) - 0.48 * H12
RETURN

e e T T T L S S S R A N T R L T R T T R N N EIT NI I T IR N TR I TR TR SR 5 S0 S0 S50 W i ot S5 (o 5 S Tt i i, e, S o S S . e s S W S s

e e . P S Yo Sl D A AN S SESS D WS SRS i St o S o e S S e e A SAAMS Ty e s S e e WS T TS e ey Mo Y W SWS W W emw ey M s o fwes TN M uw TN T e we S T e e
e T e A e A e e L T T T S e L S N R T N R R N N TN EINMENENE ORI R TR T T T T TS s SR S0 S50 SR T . 2t Y s e e . s

aOnon

REAL FUNCTION G1 (J, N, X)

DIMENSION X(N)

GOTO (1,2),J )
1 G=0.

RETURN
2 6=0.

RETURN

END

REAL FUNCTION F2 ( N, X )
DIMENSION X (N)

e Re RS
-—{
m
n
n
n
C
Z
(@]
-
i ]
o
Z
>
O
(9}
o
Py
o
-t
Z
@
e
o
n
(@]
T
b
m
-
m
r~
[y
0
~N
1]

e e o 4 s < s e S T A QU A Y e T T Yo e S o T T T S i A o e S et Wkt W S Sk e M ST M S W S S Lows e S W M e vme N et el S G e g SO oo T U3 4TS IR
2 e gy owee s we e e S T e S TR oW T Te T e e e S T T I S S T I I NI AN I NI NIET NN ERNE ST RSN smamTm R e

SUM=SUM + X (I) ## 10

5 CONTINUE
F2 = SUM
RETURN : o -
END - e e

e e s o i e o e, o ST P g A S R S e S S e S S G s SR M S L Y T WD YA S WY SMPY w CWAL A Sy S St S e S S S e ey e S ST Sar m W T s SD STD TS e T S m g
T T e T e T T T e e i T T R I S e I R R I T I mIIN I NENMOSN NI ERNOE RO N RRNOOR N R T N T T e e e e S

e s .t s o s et S s o P S o e St S A T S S O TS e e T M i S s e e S i e Tl VM S W O MM S T T (S W v T s s W S S STTU U Mem oNTR ST ST W ome e
e e e s e e e e e T S S S T T L I I T N L S R T R R R RN N L RN R E N R RO RO R RS E M o 5 S5 55 o wa e e . o -

vt " o i . S a7 it ) U s S S b QY S O Sl S o T 1o S S WS L A e o e S S M S S S W PO e i e S S S see SN Gums S ST Sy T e g N ITI Um o S
o e o e e e e e ey e e s S SR S S S T S T T A T R S I R NS RNONE NS RNRNRRNIEISNE R SR T IR R L S S 15 i v s e o s

REAL FUNCTION G2 (J,N.X) - _
DIMENSION X(N) ' S - -
cOTO (1,2),J ‘ : _
1 6=0. -
RETURN - B _ -
2 ¢=0. : L o
RETURN :
END

anon

REAL FUNCTION F3 ( N, X )
DIMENSION X ( N )

e s o e e s o O " e . e S S W A b o it T T S S i S S D S it Y e S SR W gy e e A S WA Gt S wwn S W YD e s D e T Tewr s S A Sumer S s S T o SO TER B
T e T e e e e e e e s e e I M T I I D AT IR NN NN ENRNERNERNNEIINNS ID IS S TN T i nl S SIS e e e e s s s

aoo0non
—
m
0
~4
0
X
Q
o]
r
m
X
>
(9]
(]
O
Y
=
e
Z
(D)
-
Q
C
m
-t
4
(2]

__——-———_-_—.__——-——‘--—...—.————_.———-—..__-—-—--_—._—_—.—._—-——-—_—_...-.—_——-—_—-_——-—-—‘.'.-‘——_—-—..
e o e o e e e e S e e S T D N R D S N T N N N R NN O NI NN ERNNRENEIIIN TR IR T IRN SR S R0 ST R T o e e e m—— e "

Hi=X(1)#X(1)
H2=X(2¥#X(2)
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F3 = -H1 - H2
RETURN
END

REAL FUNCTION 63 (J. N, X)
DIMENSION X ( N )

c R A I B I B o S T I T I 0 T o I 2 B o I T S T 0 O e o e O T T o T s e T S S T L e O S O S S S I I A I I S R I SN IS T RN S ST N AT
C TESTPROBLEM ACCORDING TO UEING ( 1947 ) , MODIFIED
C B N R R O R I T S O I R I O I L I R R R T S T S T . S e I S N I S S S S I N S T S R S T N . I I I I I s I e
G070 ¢ 1,2.3,4.5 ) . J
i 63 = X(1) T
RETURN
2 63 = X&)
RETURN
3 G3 = — X(1) + X(2) + 4.0
RETURN
4 G3 = X(1)/3.0 - X(2) + 4.0
RETURN
S G3 = X(1)#X(1) + X(2)%#X(2) -~ 10 #X{1) — 10, #X(2) + 41.0
RETURN
END
C R R T N R N N O S L R L O I O o S . T . o O o S o I T T s T T T O S L S e T e S L T S S S T . e

REAL FUNCTION F4 ( N, X )
DIMENSION X (N)

ST ST S o e o A g S s et e R S S o Mun S MR T S T S ST o e e S S e S e o i e i S S S S e S e o S A i i e it S AR e T S i e e S e i i e Y Sy

H1=X(1)%#X(1)

H2=X(2)#X(2)

H3=X(3)#X(3)

HA4=X{4)#X(4) :

F4& = H1+H2+2. #H3+H4 — 5. #X(1) — 5. #X(2) - 21. #X(3) + 7. %X(4)
RETURN ’

END

ST S e v e ot s e T T S W S S MW M A AL SHAS G S ML AT S e S T A S fed S M M WA ML SR St g AR NS G At e S T S S e e e Y Al S P S o S M S e S STt T S
R R R R R R R R R N O N T N N N S N N N T N N R T T N S T N T T N N T T s T m e s i i I o

a0
-
m
n
7
7
C
P
0
-~
-
@]
Z
>
0
O
)
2a
o
[
Z
D]
—t
a
2
]
n
m
P
>
Z
(w}
w
C
~N
<
x
-
[y
~0
o
w

an

. REAL FUNCTION 64 (J, N, X)
DIMENSION X ¢ N ) A

T S o T T T B D o I T T O e o O O o I o o T o i o D o i O o i I O e I L L o (3 I e s e e e o S S S S S S S S A S T I T I S S e

TESTPROBLEM ACCORDING TO ROSEN AND SUZUKI

SO e o e e T e A e S S e S e S S Ty S SR Sl SIS S S S S e S o S - ML M S G G SO MY MM T M SRS AR S e S A W S S S W S S W S S S o o ST Sy e S
A L R R R R R R R L R S R R R R R R R R R R R R T N L T N N N N N L T T N T T S T I I e e T T

6070 ( 1,2,.3 ), J ) - ’
G4 = -2 #X(1)#X(1) — X(2)#X(2) — X(3)#X(3) — 2. #X(1) + X(4) + 5.
RETURN
2 G4 = =X(1)r#X (1) — X(2)%#X(2) = X(3)I#X(3) - X(4)#X(4)
S * - X(1) + X(2) - X3 + X{4) + 8.0

sReRe

[

: RETURN o _
3 G4 = —X(1)#X(1) — 2. #X(2)#X(2) — X(3)#X(3) — 2. #X(4)#X(4)
» +  X(1) ] - + X&) + 10.
 RETURN :
END
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FHEHUFHEE R RB R BERE RN F R INPUT -~ FILE R HEE R R HEF R
TEST SAMPLE NO. 1

T

10, 100, 2, 0, 1000. 00,

1. 7E"'37l 1 OE-7I 1 7E“1 5; 1 OE"‘7'

15. 0

30. 0,

5.0,

2.0,
FHRAHERRUHFAR AR R R EH SRR EE QUTPUT — FILE  #Humrat ittt n s a e eess

TEST SAMPLE NO. 1

" ————— —— —" " - —_—— o — o = > T~

RECOM = RECOMBINATION - OPTION =

NBASV = NUMBER OF BASIC VYECTORS = 10

NPOLV = NUMBER OF POOL VECTORS = 100

NOPTV = NUMBER OF OPTIMIZATION VARIABLES = 2

NICON = NUMBER OF CONSTRAINTS = 0

TLIMO = TIME - LIMIT = 1000. 00
ABACC = ABSOLUTE COMPUTER ACCURACY = 1. 70000e-37
REACC = RELATIVE COMPUTER ACCURACY = 1. 00000e—-07
ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE = 1. 70000e-15
RCOBJ = RELATIVE CONVERGENCE TOLERANCE = 1. 00000e—-07

INITIAL CONSTELLATION:

—— . e W= T Yo T S S e i W

XOPTV( 1) 0. 15000000e+02
XOPTV( 2) 0. 30000000e+02

STANDARD DEVIATIONS OF THE

- " " — oV — {——— > —. Y — ] T~ {7~ ‘o7 o S i

O . —— - — — - - 2. 8. 40, S S " S S W ol S i .

SDOPT( 1) 0. 50000000e+01

SDOPT( 2) 0. 50000000e+01
RANDOM = INITIAL VALUE OF RANDOM SEQUENCE = 0.513870
RISTP = REDUCTION/INCREMENT PARAMETER. = 0.707107
FINIT = INITIAL VALUE OF OPT. CRITERION = 76. 5000
TIME = ELAPSED TIME IN SEC = 24. 6500
ITYPE = TYRPE OF RESULT - , = 2
"FOPTC = BEST VALUE OF OPT.CRITERION-GLOBAL = 1. 19798e-16
FOCUR = BEST VALUE OF OPT. CRITERION-LOCAL = 1. 79280e-16

OPTIMUM VECTOR:

D e e Y S ——

XOPTV( 1) -0. 52540983607
_XOPTV( 2) ~0. 4126077607

STANDARD DEVIATIONS OF THE
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—— . o o s iy WD e <R WS TN AU WA TN Ml S oW S o . T S

—— v " . o S S S —_ Lo~ o — S\ W W —y "

SDOPT(

1)

SDOPT( 2)

0. 15262837e—-046
0. 2480003%e-04

VALUES OF THE LAST TWO BASIC

S e . e e - s ol i, S S " o W ol b . Mot UL WO W NPT T S S S o

. o —— ——— d——— f——— V2T W S T — " > S W WD Dt Wt

FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(

CORRESPONDING VARIABLES:

- — o ——— — " U (-~ o 7 7 ] T W -~ T~ — "

XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(

1)
2)
3)
4)
S)
6)
7)
8)
N
10)
11
12)
13)
14)
15
16)
17)
13)
19)
20)

- 1)

&)
3)
4)
3)
&)
73
8)
kR
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)

oNeRoNoRoReNoNeNoRoNoRoRoRoRoRoNoNeRoRo)

. 17927982e-15
. 136304%2e—-14
..13664580e—-14
. 4298107Be-15
. 72375281e~-15
. 28032958e~15
. 13282121e-14
. 6726212415
. 79457344e~15
. 40724950e~-15
. 23680077e~14
. 1984464907e-15
. 2833741%e-14
. 10212547e~-14
. 297467421e-14
. 45038083e—15
. 22264888e~-14
.13389101le—-14
. 19437407e-14
. 14682383be-14

. 66676876607 -
. 55902205e-07
. 68479260e-07
. 13065640e-06 .
. 48224385e-07
. 25567885e-07
. 75817695e-07
. 41652295e-07
. 55884811e-07
. 99769643e-07
. 83456371e-07
. B3955456e-07
. 49467022e-07
. 23233184e-07
. 13185098e-06
. 12562090e-06
. 13246014e-06
.10081081e-06
. 77757676e-08
. 46641542e-07
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XHIST( 21) 0. 117946858e~06
XHIST( 22) 0. 24935405¢~07
XHIST( 23) 0. 23925423e~-07
XHISTC( 24) —0. 39661785e-08
XHIST( 25) 0. 27138304e-06
XHIST( 26) 0. 25255923e~06
XHIST( 27) 0. 2104524608
XHIST( &28) ~0. 6072512107
XHIST( 29) ~0.87645944e~-07
XHIST( 30) 0. 2064724707
XHIST( 31) 0. 50226490e—-07
XHIST( 320 0. 83746272e-07
XHIST( 33) ) —0. 24059548e-064
XHIST( 34) -0. 22148087e-06
XHIST( 35) 0. 18567232e-06 .
XHIST( 36&) 0. 178454%93e-06
XHIST( 37) =-0. 21259203e-06
XHIST( 38) -0. 22434978e-06
XHIST( 39) -0. 19329670e-06
XHIST( 40) =0. 209144%4e-06

CORRESPONDING DEVIATIONS:

e Y o o’ i, 7o i Yo - o A — —_— oo T —" - o> o oo

SHIST( 1) 0.37416675e-06
SHIST( 2) 0. 33419423e-06
SHIST( 3) 0. 27326437e-06
SHIST( &) 0. B6065036e~07
SHIST( 5) 0. 16313980e-06
SHIST( &) 0. 56216788e-06
SHIST( 7) 0. 55335261e-06
SHIST( &) 0. 14390504e-06
SHIST( 9) 0. 77337617e~07
SHIST( 10) 0. 27208671e-06
SHIST( 11) 0. 22244707e-06
SHIST( 12) 0. 15020740e-06
CSHIST( 13) . ... . ©0.13208065-Q6 . . ...

sHISTOWH®wr YT T o'og51400ze=660
SHIST( 15) 0. 14575002¢-05
SHIST( 16) 0. 57274576e-06
SHIST( 17) 0. 12396375e-06
SHIST( 18) 0. 21669429e-0b
SHIST( 19) 0. 92335412e-07 -
SHIST( 20) 0. 25301259e~06"
SHIST( 21) 0. 85078725e-07
SHIST( 22) — - 0. 8306251 5e~07
SHIST( 23) 0. 38240844e-06
SHIST( 24) 0. 104966656-06
SHIST( 25) 0. 16740698e-06
'SHIST( 26) 0. 18553352006

. GHIST( 27) 0. 10013137e-06
SHIST( 28) 0. 215634540-06
SHIST( 29) 0. 35952940e-07
SHIST( 30) 0.14876318e-06
SHIST( 31) 0. 14341863e—06
SHIST( '32) 0. 89901853e-07
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SHIST( 33) 0. 204846£887e—-06
SHIST( 34) 0.232011462e-06
SHIST( 33) 0. 92197342e—-06
SHIST( 36) 0.18010115e~-06
SHIST( 37) 0. 44778215e-07
SHIST( 38) 0. 269&65032e-07
SHIST( 39) Q. 70063344e~-07
SHIST( 40) 0. 16779873e~-06




=== test sample # 2 for GRUP =
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35 36 36 3 3 9 2 36 30 3 3 30 3 3 SR H N INPUT - FILE FRHF WS RHR R RN E R
TEST SAMPLE NO. 2

T

10, 100, 3, 0, 1000. 00,

1. 7E-37, 1. OE-7, 1. 7E-35, 1. OE~-15,

-1. 0,

2.0

1.0,

1.0,

1.0,

1.0, -
34 36 35 45 36 35 36 36 36 40 36 36 36 3 B 90 I B R guTPUT -~ FI‘LE #3636 33 3 3630 30 R H A S IR I

TEST SAMPLE NO. 2

RECOMBINATION — OPTION

RECOM = = t
NBASY = NUMBER OF BASIC VECTORS = 10
NPOLV = NUMBER OF POOL VECTORS" = 100
NOPTV = NUMBER OF OPTIMIZATION VARIABLES = 3
NICON = NUMBER OF CONSTRAINTS . = 0
TLIMO = TIME - LIMIT =  1000. 00
ABACC = ABSOLUTE COMPUTER ACCURACY =  1.70000e-37
REACC = RELATIVE COMPUTER ACCURACY = 1.00000e-07
ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE = 1.70000e-35
RCOBJ = RELATIVE CONVERGENCE TOLERANCE = 1.00000e-15
INITIAL CONSTELLATION: ‘ — -
STARTING VECTOR:
XOPTV( 1) -0. 10000000e+01
XOPTV( 2) 0. 20000000e+01
XOPTV( 3) 0. 10000000e+01 - -
STANDARD DEVIATIONS OF THE - — — — ~— — —  — — =~ —~
INITIAL VECTOR COMPONENTS:
SDOPT( 1) 0. 10000000e+01 ) .k -
SDOPT( 2) 0. 10000000e+01 ~
SDOPT( 3) 0. 10000000e+01
RANDOM = INITIAL VALUE OF RANDOM SEQUENCE - = -0. 513870 -
RISTP = REDUCTION/INCREMENT PARAMETER = 0.577350 -
FINIT = INITIAL VALUE OF OPT. CRITERION =  1026.00-
TIME = ELAPSED TIME IN SEC = 13. 2000
ITYPE = TYPE OF RESULT = 2 )
FOPTC = BEST VALUE OF OPT. CRITERION-GLOBAL = O.
FOCUR = BEST VALUE OF OPT. CRITERION-LOCAL = O.

OPTIMUM VECTOR:

———— o —— T — 7 D"



Jul:

XOPTV(
XOPTV({
XOPTV(

3 15:32 1984

1)
2)
3)

ex2 Page 2
0. 1393206204
0.

0. 1257930703

1244365204

STANDARD DEVIATIONS OF THE

. o 2 o — o . Wt S5 o, S W s T i o T " S0 il S il

SDOPT(
SDOPTH
SDOPT(

1)
27
3)

. 46523320e-03
. 38848715e—-03
. 8340618203

VALUES OF THE LAST TWO BASIC

—- . ———— to——— {— ——. {7t 2, . ik Y. i . o . S ot " i Sl ot

— — .t~ - — fpona. Y —— S S W Yo i, T o W i S Y . S

FHIST(
FHIST(
FHIST(
FHIET(
FHIST(
FHIST(
FHIST(
FHIST(
FHIGT(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(

1)
2)
3
4)
5)
&)
7)
8)
?)
10}
1)
12
13)
14)
15)
16)
17}
18)
19)
20)

CORRESPONDING VARIABLES:

Qe —-— - " - ———— o, oo, o, V1T U S S O i 0 i it

XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
T XHIST(
XHIST(

1)
2)
3
N7 V.
S
-y
"7
8)
)
10)
11)
12)
13
14)

0O00000Q0CCOCO0CO0O0O00

0000000000000 0O0000O0O0

e+00
16592443e~-37
e+00
e+00

. 29609483e-37
. 69352720e—38

e+00

. 3026468738
.414674193e~-37

e+00

. 4684394%e-35
. 54821192e~-35

e+00

. 60603474e~-37
. 57748553e-35
. 444622480e-34
. 1513565%e-34
. 62289146e-37
. 47837058e-34
. 43466704e~-36

. 13%32062e-04
. 12443652e-04
. 12579307e-03
. 99333993e~-04
. 16672128e~-03
. 11268884e-03
. 31396878e~04
. 96424673e-04
. 67551286e-04
. 33154072e~-04
. 12799095e-03
. 21640561e-04
. 15554461e-03

31191943e~04
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XHIST( 15) -0. 1674378%e~-03
XHIST( 14} 0.10511528e-03
XHISTC( 17) -0. 15279402e-03
XHIST( 18) -0. 12320795e-03
XHIST( 19) 0.11760974e~-03
XHIST( 20) 0.771925438e-04
XHIST( 21) 0.31151911e-04
XHIST( 22) -0. 640852146e-04
XHIST( 23) 0. 12063565e-04
XHIST( 24) -0. 14063506e-03
XHIST( 25) 0. 18280443e-03
XHIST( 26) 0. 41259831e-04
XHIST( 27) 0. 70345675e~-04
XHIST( 28) ' -0. 1377637103
XHIST( 29) -0. 10736816e~-03
XHIST( 30) —0. 10556674e~-04
XHIST( 31) 0. 13804920e~-03
XHIST( 320 -0. 27448390e-03
XHIST( 33) -0. 27248971e-03
XHIST( 34) -0. 12543490e~03
XHIST( 35) 0.13916491e-03.
XHIST( 36) -0. 29777954e~-03
XHIST( 37) 0. 13342759e-03
XHIST( 38) 0. 74882204e~-04
XHIST( 39) 0. 12950534e-03
XHIST( 40) 0.12185700e-03
XHIST(C 41) 0. 18977970e-03
XHIST( 42) Q. 12005674e-03
XHIST( 43) 0. 29933264e-03
XHIST( 44) 0. 4395225404 .
XHIST( 45) —0. 30875977e~-04
XHIST( 44) -0.7915617%e~-04
XHIST( 47) 0. 36711266e~03
XHIST( 48) -0. 13391487e-04
XHIST( 4%9) 0. 23300560e-03
XHIST( SO) 0. 32856790e—-03
XHIST( 51) - - 0..37609920e~-04 — -
XHIST( 52) -0. 78335404e-04
XHIST( 53) 0. 44188382e-04
XHIST( 54) -0. 1903010703
XHIST( 55) -0. 3698081 1e~-03
XHIST( 56&) 0. 12568707e-03
XHIST( 57) 0. 134467303e~-04
XHIST( 58) 0. 23110837e-03
XHIST( 59) 0. 73372299e-04 .
XHIST( 60) ~0. 48707137 e~-04
CORRESPONDING DEVIATIONS:

SHIST( 1) 0. 321199546e-03
SHIST( 2) 0.217092198e—-03
SHIST( 3 0. 3371663%e-03
SHIST( 4) 0. 270638638e-04
SHIST( 5) 0. 10323704e-03
SHIST( &) 0. 18168738e-03"




Jul 3 15:32

SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SBHIST(
SHIST(
SHIST(
SHIST(
BHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST|
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST (
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHISTH(
SHIST(
SHIST(
- SHIST(
SHIST(
SHIST(

7)

8)

7)
10)
11)
12)
13
14)
13)
16)
17)
18)
19
20)
212
22)
23)
24)
29)
26)
27)
28)
29)
30)
31)
32)
33
34)
35
36)
37)
38)
39)
40)
41)
42
43)
44)
45)
46)
47)
48)
49)
500
S1)
92)
53)
54)
S55)
S5&)
57
58)
599
60)

(DOtDO(DOtDO()O()O(DO(JO%DO(DO(DO(DO(DOKDOCDO()0(30()O(DOC)O()O()O()O(DO(DO(JO(DO

. 20948535e-03
. 20541575e-03
. 16471888e-03
.B1771213e-04
. 28030030e-03
. 77865925e-03
. 21891666e-03
. 11072608e-03
. 29565766e-03
. 93986338e-04
. B&953027e-04
. B3113094e-04
. 17885536e-03
. 18364764e~03
. 38967317e-03 _
. 37769237e-03
. 19136375e-03
.45727511e~-03
. 12267371e-03
. 27112506e-03
. 52501808e-03
.10137582¢-03
. B3348728e-04
. 22123873e-03
. 10013265e-03
.71312475e-04
. 24704618e-03
. 34249283e-03
. 16550790e-03
. B9946965e-03
. 469469293e-04
. 56763086e-03
. 95827185%e-03
. 30451256e-03
. 95381227e-04
. 61360892e-03
. 11374384e-03
. 37847180e-03
. 19855618e-03
. 39843741e-03
. 25594644103
. 51161833e-03
. 11168580e~-03
. 11647214003
. 25437100e-03
. 32429988e-03
. 23457981e-03
. 14230114e-02
. 55705983e-03
. 25390298e-03
. B31B6640e-03
. B9634719e-04
. 24205883e-03
. 499646463e-03
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HEHREFHRF R FRERERERRERRRE INPUT — FILE S a Rt n st s et He et ee e nnsass
TEST SAMPLE NO. 3

T

10, 100. 2, 5, 1000. 00,

1. 76-37,1. CE~-7, 1. 7E~-35, 1. QE-25,

0.0

0. 0,

1.0,

1.0,
RHHERFEHFRR R FRFRFEERFERRIRRE QUTPUT — FILE S0 mad -ttt t ettt Rt R egase s

TEST SAMPLE NO. 3

RECOM = RECOMBINATION - OPTION = t
NBASV = NUMBER OF BASIC VECTORS = 10
NPOLV = NUMBER OF POOL VECTORS = 100
NOPTV = NUMBER OF OPTIMIZATION VARIABLES = 2
NICON = NUMBER OF CONSTRAINTS = 5
TLIMO = TIME - LIMIT =  1000. 00
ABACC = ABSOLUTE COMPUTER ACCURACY =  1.70000e-37
REACC = RELATIVE COMPUTER ACCURACY = 1.00000e~07
ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE = 1.70000e-35
RCOBJ = RELATIVE CONVERGENCE TOLERANCE =  1.00000e-25
INITIAL CONSTELLATION:
STARTING VECTOR:
XOPTV( 1) 0. e+00
XOPTV( 2) 0. e+00
STANDARD DEVIATIONS OF THE
INITIAL VECTOR COMPONENTS:
| SDOPT( 1) 0. 10000000e+01
SDOPT( 2) 0. 10000000e +01
RANDOM = INITIAL VALUE OF RANDOM SEQUENCE = 0. 513870
RISTP = REDUCTION/INCREMENT PARAMETER. = 0.707107
INITIAL CONSTRAINT NO. 1 = O.
CINITIAL CONSTRAINT NO. 2 = O- |
"INITIAL CONSTRAINT NO. 3 = 4. 00000
INITIAL CONSTRAINT NO. 4 = . 4. 00000
INITIAL CONSTRAINT NO. S =  41.0000
FINIT = INITIAL VALUE OF OPT. CRITERION = 0.
TIME = ELAPSED TIME IN SEC . =  19.0000
ITYPE = TYPE OF RESULT o = 2
FOCUR = BEST VALUE OF OPT. CRIT.-CURRENT SET= -25.9055
FORPTC = = -25. 9055

BEST VALUE OF OPT. CRIT.- AT ‘ALL



Jul 3 15:33 17234 ex3 Page 2

OPTIMUM VECTOR:

o —————— —— o— S~ —— " T —— ——

XgrTvoe 1) 0. 20179145e+01
XOPTV( 2) 0. 4472637%e+01
FINAL CONSTRAINT NO. 1 = 2. 01791
FINAL CONSTRAINT NO. 2 = 4. 67264
FINAL CONSTRAINT NO. 3 = 6. 65472
FINAL CONSTRAINT NO. 4q = 2. 38417e-07
FINAL CONSTRAINT NO. 5 =- 0.
STANDARD DEVIATIONS OF THE
FINAL VECTOR COMPONENTS:
SDOPT( 1) 0. 49516945e-06
sDOPT( 2) 0. B2071532e—-06
VALUES OF THE LAST TWO BASIC
VECTOR SETS ( HISTORY ).
FHIST( 1) ~-0. 25905525e+02
FHIST( 2) -0. 25905525e+02 -
FHIST( 3) -0. 25705525e+02 T . -
FHIST( &) -0. 25905525e+02
FHIST( B5) -0. 25905525e+02"
FHIST( &) -0. 25705525e+02
FHISTC( 7)) -0. 25905525e+02
FHIST( 8) -0. 25905525e+02
FHIST( 9) ~0.25905525e+02
FHIST( 10) -0. 25905525e+02 N -
FHIST( 11) -0. 25905525e+02 .
FHIST( 12} ) T=0r 25905525602 — T T 7 . T T T
FHIST( 13} -0. 25905525e+02 '
FHIST( 14) -0. 25905525e+02
FHIST( 15) —-0. 25905525e+02
FHIST( 16) -0. 259059525e+02 . :
FHIST( 17) ~0. 25905525e+02 - - - s
FHIST( 18) -0. 25905525e+02 : :
FHIST( 19) -0. 25905523e+02
FHIST( 20) -0. 25905523e+02 - -
CORRESPONDING VARIABLES:
XHIST( 1) 0.20179145e+01 } :
XHIST( 2) Q. 4672637%e+01 o o -
XHIST( 3) 0.20179145e+01 S o - -
XHIST( 4) 0. 4672637F7e+01 i -
XHIST( ) A 0.201779145e+01 o
XHIST( &) 0. 46725377e+01

XHIST( 7)) 0. 20179145e+01
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XHIST( 8) 0. 45672637%e+01
XHIST( 9) 0. 20179145e+01
XHIST( 10) 0. 46726379e+01
XHIST( 11) 0.20172145e+01
XHIST( 12) 0. 46725377e+01
XHIST( 13) 0. 20179145e+01
XHIST( 14) 0. 46726377e+01
XHIST( 15) 0. 20179145e+01
XHIST( 16) 0. 46726379e+01
XHIST( 17) 0.20179145e+01
XHIST( 18) 0. 4672637Fe+01
XHIST( 19) 0.20179145e+01
XHIST( 20) 0. 4672637Fe+01
XHIST( 21) 0. 20179145e+01
XHIST( 22) 0. 456726377e+01 .
XHIST( 23) 0. 20179145e+01
XHIST( 24) 0. 44672637%e+01
XHIST( 25) 0. 20179145e+01
XHIST( 26) 0. 46726377e+01
XHIST( 27) 0. 20179145e+01
XHIST( 28) 0. 46726377e+01
XHIST( 29) 0.20179145e+01
XHIST( 30) 0. 4672637%e+01
XHIST( 31) 0. 20179145e+01
XHIST( 32) 0. 4672637%e+01
XHIST( 33) 0.20177145e+01
XHIST( 34) 0. 46726377e+0V
XHIST( 35) 0. 20179145e+01
XHIST( 36&) 0. 4672637%Fe+01
XHIST( 37) 0.20177141e+01
XHIST( 38) 0. 4672637Fe+01
XHIST( 39) 0.20179143e+01
XHIST( 40) 0. 4672637Fe+01

- CORRESPONDING DEVIATIONS:

e s g " o S S oot o S T e TS S A T ks o e i

.39161182e-06

S SHIST( 1) )
SHIST( 2) 0. 56492962 -06
SHIST( 3) 0. 20179145e~06
SHIST( 4) 0. 4672637%e¢-06
SHIST( 5) 0. 37152392e-06
SHIST( &) 0. 74690377e-06
SHIST( 7) 0. 32885936e-06
SHIST( 8) 0. 74202524e-06
SHIST( %) — 0. 20179145e-06
SHIST( 10) 0. 46726379e-06
SHIST( 11) 0. 20179145e-06
SHIST( 12) 0. 46726379e-06
SHIST( 13) 0.20179145e~06

. SHIST( 14) 0. 46726379e-06
SHIST( 15) 0. 51663682e-06
SHIST( 16) 0. 55523174e-06
_SHIST( 17) 0.27517299e-06
SHIST( 18) 0. 54216764e-06
SHIST( 19) 0. 20671450e-06&
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SHIST( 20) 0. 49137077e-046
SHIST( 21) 0. 2082277%e—-06
SHIST( 22) 0. £3523260e-06
SHIST( 23) 0. 35777211e~-06
SHIST( 24) 0.951109618e-06
SHIST( 25) 0.20179145e-06
SHIST( 26&) Q. 4672637Fe~-056
SHIST( 27) 0. 22005223e~06
SHIST( 28) 0. 4672637%e-06
SHIST( 29} 0.20179145e-04&
SHIST( 30) 0. 46726377906
SHIST( 31) 0. 46322538e—-06
SHIST( 32) 0. 10726343e~-05
SHIST( 33 0. 24479931e-056
SHIST( 34) 0. 46726379e-086
SHIST( 35) 0. 28923935%e-046
SHIST( 36) 0. 46726377e-06
SHIST( 37) 0.51179512e-04
SHIST( 38) 0. 4672637Fe-06
SHIST( 3 0. 444602743e-06
SHIST( 40) 8]

. 45726377e-06




= test sample # 3.1 for GRUP =
=== restart from sample # 3 ==
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RERFRUAFFRERARRRBERABRERRE INPUT —~ FILE R RFERREERER SR EERR R TR
TEST SAMPLE NO. 3.1

T

10, 100, 2, 5, 1000. 00,

1. 7E-37, 1. OE-7, 1. 7E-3G, 1. 0E-25,

0.0

0. 0,

10. O,

10. 0, , : .
HAHFH R SR RBERARRERFRR B RHERSE QUTPUT — FILE  SHFREREHAREERERR TR RtEts

-

TEST SAMPLE NO. 3.1

- ———————— —— T {— - — ", -~ - w—

RECOM = RECOMBINATION - OPTION = ¢
NBASY = NUMBER OF BASIC VECTORS = 10
NPOLY = NUMBER OF POOL VECTORS = 100
NOPTV = NUMBER OF OPTIMIZATION VARIABLES = 2
NICON = NUMBER OF CONSTRAINTS - = s
TLIMO = TIME - LIMIT =  1000. 00
ABACC = ABSOLUTE COMPUTER ACCURACY. =  1.70000e-37
REACC = RELATIVE COMPUTER ACCURACY = 1. 00000e-07
ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE = 1.70000e-35
RCOBJ = RELATIVE CONVERGENCE TOLERANCE =  1.00000e-25
INITIAL CONSTELLATION: |
STARTING VECTOR: — - .
XOPTV( 1) 0. e +00
XOPTV( 2) 0. e+00
STANDARD DEVIATIONS OF THE
INITIAL VECTOR COMPONENTS:
SDOPT( 1) 0. 10000000e +02
SDOPT( 2) 0. 10000000 +02
RANDOM = INITIAL VALUE OF RANDOM SEQUENCE = O.513870 - -
RISTP = REDUCTION/INCREMENT PARAMETER = 0.707107 -
INITIAL CONSTRAINT NO. 1 = O. . - _ .
INITIAL CONSTRAINT NO. 2 = 0. = - L ]
INITIAL CONSTRAINT NO. 3 = 4. 00000 '
INITIAL CONSTRAINT NO. 4 = - 4. 00000 ) ~
INITIAL CONSTRAINT NO. S = 41. 0000 :
FINIT = INITIAL VALUE OF OPT. CRITERION = 0. ,
TIME = ELAPSED TIME IN SEC - = 35 1833
ITYPE = TYPE OF RESULT = 2
FOCUR = BEST VALUE OF OPT. CRIT. ~-CURRENT SET= -84 8579
FOPTC = =

BEST VALUE OF OPT. CRIT. - AT .ALL -10%, 927
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OPTIMUM VECTOR:

XOPTV( 1)

XOorPTVC 2)
FINAL CONSTRAINT
FINAL CONSTRAINT
FINAL CONSTRAINT
FINAL CONSTRAINT
FINAL CONSTRAINT
STANDARD DEVIATIONS

ex3.1 P

————— — 4— —— —————— T S~ — T " ol 4o U O S T i o W o W

M — — — . S o T S S S W A ] ] ———— .

SDOPT( 1)
SDOPT( 2)

age 2

0. 845243346e+01
0. 55211496e+01

. 45243
. 52115
. 06872
. 29633
. 19089

wenuwu

1

W=

0. 20424385e~06
0.86143352e-07

VALUES OF THE LAST TWO BASIC

o 2 ———— — - — - {]— " —— o Y Yo S 7= " ———— —— - - o~ o~

FHIST( 1)
FHIST( 2)
FHIST( 3)
FHIST( 4)
FHIST( 35
FHIST( &)
FHIST( 7O
FHIST( 8)
FHIST( )
FHIST( 10)
FHIST( 11)
FHIST( 12)
FHIST( 13)
FHIST( 14)
FHIST( 15)
FHIST( 1&)
FHIST( 17)
FHIST( 18)
FHIST( 19)
FHIST( 20)

T~07 448578846+02 T
—-0. 44857864e+02

CORRESPONDING VARIABLES:

B D R A ety p—

XHIST( 1)
XHIST( 2)
XHIST( 3)
XHIST( 4)
XHIST( S5)
XHIST( &)

XHIST( 7))

—-0. 44857864e+02
-0. 44857864e+02
~0. 448578&4e+02
-0. 44857861e+02

~0. 44857861 e+02"

—-0. 44857861402
—-0. 44857861e+02
~0. 44B57844e+02
—-Q. 448578464e+02
-0. 44857841 e+02
-0. 448578464e+02

-0. 44857864e+02
-0. 44857864e+02
-0. 44857864e+02
~0. 44857864e+02
-0. 44857864e+02
-0. 44857864e+02

~0. 448578464e+02 -

0. 62928929e+01
0. 22928936e+01
0. 62928929e+01
0. 22928936e+01
0. 62928929e+01
0. 22928936e+01
0. 62928929e+01
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XHIST( 8) 0. 22928927e+01
XHIST( 9) 0. 62928927e+01
XHIST( 1Q) 0. 2292892%e+01
XHISTC( 11) 0. 62928927e+01
XHIST( 12) 0. 22928932e+01
XHIST( 13) 0. 62928927e+01
XHIST( 14) 0. 22928932e+01
XHIST( 15) 0. 6292892Fe+01
XHIST( 16) 0. 229289346e+01
XHIST( 17) 0. 62928927e+01
XHIST( 18) 0. 22928936e+01
XHIST( 19) 0. 6292892Fe+01
XHIST( 20) 0. 22928932e+01
XHIST( 21) 0. 6292892%e+01
XHIST( 22) 0. 229289346e+01
XHIST( 23) 0. 6292892%e+01
XHIST( 24) 0. 22928936e+01
XHIST( 25} 0. 62928927e+01
XHIST( 26) 0. 22928936e+01
XHIST( 27) 0. 6292892Fe+01
XHIST( 28) 0. 22928935e+01
XHIST( 29) 0. 62928927e+01
XHIST( 30) 0. 2292893%e+01
XHIST( 31) 0. 6292892%e+01
XHIST( 32) 0. 22928936e+01
XHIST( 33) 0. 6292892Fe+01
XHIST( 34) 0. 2292893&5e+01
XHIST( 33) 0. 6292892Fe+01
XHIST( 3&) 0. 2292893&6e+01
XHIST( 37) 0. 6292892%e+01
XHIST( 38} 0. 2292893&e+01
XHIST( 39) 0. 6292892%e+01
XHIST( 40) 0. 22928936e+01

- CORRESPONDING DEVIATIONS:

— . — VOV S o U ——— L o S T - — " V———

. 62928927e~-06

. SHIST( 1) Q
SHIST( &) 0. 22928937e—-06
SHIST( 3D 0. 62928927e-056
SHIST( 4) 0. 22928937e—-06
SHIST( 3) 0. 62928927e-06
SHIST( &) 0. 22928937e-0&6
SHIST( 7) . 0. 62928927e~-06
SHIST( 8) 0. 22928930e-06
SHIST( - ?)— —— 0. 62928927e-06
SHIST( 10) 0. 22928930e-056
BHIST( 11) 0. 62928227e~-06
SHIST( 12) 0. 22928931e-06
SHIST( 13) 0. 62928927e-06

. SHIST( 14) 0. 22928731e-06
SHIST( 195) 0. 6292892706
SHIST( 16&) 0. 22728937e-06
CSHIST( 17) 0.82757&663e-056
SHIST( 18) - 0. 30153780e~06
SHIST( 19) 0. 62928927e-06
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SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(

19084

20)
21
22)
23)
24)
29)
26)
27)
28)
29
30)
31)
32)
33)
34)
35)
36)
37
38)
39)
40)

0000000000000 00O00000OO0

€x3. 1 Page 4

. 22928931e-046
. 62928927e-06
. 2292893706
. 6292892706
. 22928937e-06
. 6292892706
. 22928937e-06
. 6292892706
. 22928937e-06
. 62928927e-06
. 22928937e-06
. 6292892706
. 22928937e-06
. 74543010e~-068
. 27160646%9e~-06
. 6292892706
. 22928937e-06
. 6292892706
. 22928937e~-06
. 62928927e-06
. 227928937 e-06



= test sample # 3.2 for GRU

== restart from sample # 3.

1

P =



LU L

HHEUBEREHH LR AR UFR BRI RRRERR

A0SR LT

eXs. e rage

INPUT - FILE

TEST SAMPLE ND. 3.2

T

10,100, 2, %, 1000. 00,
1. 7E-15,1. OE-7, 1. 7E-30, 1. OE-25,

100. 0,
100. 0,
1.0,
1.0,

SRR ER SRR SRR

DUTPUT-FILE

TEST EAMPLE NO. 3.2

RECOM
NBASV
NPOLV
NOPTV
NICON
TLIMO
ABACC
REACC
ACOBJ
RCOBJ

INITIAL

— o S Yo"~ - "

RECOMBINATION - OPT.ION

NUMBER OF BASIC VECTORS

NUMBER OF POOL VECTORS

NUMBER OF OPTIMIZATION VARIABLES
NUMBER OF CONSTRAINTS -

TIME - LIMIT

ABSOLUTE COMPUTER ACCURACY
RELATIVE COMPUTER ACCURACY
ABSOLUTE CONVERGENCE TOLERANCE
RELATIVE CONVERGENCE TOLERANCE

wwnnwnuau
(LIS LA N A N NN I A

CONSTELLATION:

R4 BLY

HHERFRAREHRER R AR

HHERER U RER R R R ERRER

[+

TV
Q0
o]

1000. 00

1. 70000e-15
00000e-07
70000e~30

-1
1.
1. 00000e-25

- r— o — —t— — -~

XOPTWV(
XOPTV(

————— o~ — = v—

0. 10000000e+03
0. 10000000e+03

1)

&)

STANDARD DEVIATIONS OF THE

- —— . st . o

————— o~ T - —

SDO

§DO
RANDOM
RISTP =
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL

FINIT
TIME

ITYPE
FOCUR
FOPTC

OPTIMUM

o T > S #1471t W S o oo

———— o—— -~ t———"——— > o " St o7 Tt

PTC 1) 0. 10000000e+01
PT( 2) 0. 10000000e+01
= INITIAL VALUE OF RANDOM SEQUENCE
REDUCTION/INCREMENT PARAMETER
CONSTRAINT NO. 1 = 100. 000
CONSTRAINT NO. 2 = 100. 000
CONSTRAINT NO. 3 = 4. 00000
CONSTRAINT NO. 4 = =62, 6667
CONSTRAINT NO. 5 = 18041. 0
INITIAL VALUE OF OPT. CRITERION

ELAPSED TIME IN SEC o

TYPE OF RESULT ) ,
BEST VALUE OF OPT. CRIT.-CURRENT SET
BEST VALUE OF OPTY. CRIT.- AT ALL

VECTOR:

513870
707107

nn

Q.
0.

-20000. 0
9. 11667

"

.o -
= =~139. 382
-13%. 382

non
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XOPTV(C 1)
XOPTV( 2)

FINAL
FINAL
FINAL
FINAL
FINAL

STANDARD

CONSTRAINT
CONSTRAINT
CONSTRAINT
CONSTRAINT
CONSTRAINT

DEVIATIONS

ex3. 2 Page 2

0. 95885630e+01
0. 68877983e+01

NO. 1 =
NO. 2 =
NO 3 =
NO. 4 =
NQO. S =
OF THE

— ——— " "~ - " o e " i " T " S — - " - —{— "

W e v G S o S . S " S W " " " o T S T o Q- —

SDOPT(

1)

SDOPT( 2)

7. 58856
&. 83780
1. 29924
0. 308389
15. 6187

0. 429646984e+01
0. 25562284e+01

VALUES OF THE LAST TWO BASIC

—————— - ——— " 1 — " o ot " S .

FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST!(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(

CFHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(
FHIST(

1)
2)
3)
4)
2)
6)
7)
8)
)
10)
11
12)
132
14}
15)
16)
17)
18)
19
20)

CORRESPONDING VARIABLES:

—— — " - — o —— - - —— " ——— . —— V— —— T —— " -

XHIST(
XHIST(
. XHIST(
XHIST(
XHIST(
XHIST(
CXHIST(
XHIST(

1
)
3)
4)
5)
6)
7}

a8)

cNeNoRoNoNePoReRoReloRoRogoRoRoRoRoNoRe]

eoNeNoRoRoRe o Nol

. 68618164e+01
. 763824%4e+00
. 6920987 re+01
. 78889732e+01
. 66645555e+01
. 55805001 e+01
. 84594955e+01
. 93096£533e+Q1
. 99218140e+01
. 90012015e+01
.74180145e+01
. 38998752e+01
. 288300%0e+01
. 60893755e+01
. 78106%90%e+01
. 16628046e+01
. B2734251e+01
. 60241375e+01
. 73548870e+01
. 26052365e+01

. 20094863e+02
. 92330513e+01
.13145738e+02
. 8493729%e+01
. 16560005e+02
..96390181e+01
.14194315e+02
.30534172e+00°
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XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(

CORRESPONDING DEVIATIONS:

T " . " —" " Vo 7 Yo o VA S Y T S Sl o S

SHIST(
SHIST(
SHIST(
SHIST(
SHIBT(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
BHIBT(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(

19834

F)
10}
11)
12)
13)
14)
15
16)
179
18)
19)
20)
a21)
22)
23)
24)
295)
26)
27)
28)
29)
30)
31)
32)
33)
34)
39)
36)
37)
38)
39)
40)

1)
2)
3)
4)
2)
6)
7)
8)
7

10)

11)

i2)

13)

14)

15)

16)

17)

18)

19)

20)

OC00000 0000000000000 0

O000000O0000O00000O00O000OOO0O00O00Q0

ex3. 2 Page 3

. 11967516e+02
. 14653728e+02
. 20370750e+02
. 11466395e+02
. 19831617e+02
. 19070034e+02
. 25964479e+02
. 17234438e+02
. 26882721e+02
. 22487324 +02
. 21128099e+02
. 812461978e+01
. 13221402e+02
. 15825149e+02
. 15851079e+02
. 13183568 +02
. 10264261 e+02
. 10304429e+02
. 14899837 e+02
. 48104610e+01
. 23271782e+02
19567951 e+02
. 94321280e+01
. 37693233e+01
. 18894159e+02
. 18571478e+02
. 20439495e+02
. 10415358e+02
. 14231995e+02
. 2B771076e+01
. 13188107e+02
. 11001272e+02

2286468126302 -

. 22530378e+02
. 13769862e+02
. 13132776e+02
. 206495832 +01

. 21319036e+01
. 177871442402
. 15932670e+02
. 95659655e+00 -
. 12414961 e+02
. 24748602e+01
. 63296504 +01
. 20178658e+00
. 64311752e+01
. 11214477e+01
. 1044176Be+02
. 43620224 +02
. 93430424e+01
. 34915471401
. 28184717e+01
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SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(

1984

21)
22)
23)
24)
29)
26)
27)
28}
29)
30)
31)
32)
33
34)
3%)
36
37)
38)
39)
4Q)

D000 00000O00O000CO00C0000

ex3. 2 Page 4

. 14421588e+02
. 13171772e+02
. 90818577e+01
. 47603412e+01
. 65677874e+01
.31704514e+01
. 84204620e+00
. 981810462e+01
. 10012677e+02
. 63251615e+01
.'12298533e+02
. 10547853e+02
. 71606388e+01
. 63879&600e+01
. 80181284e+01 .
. 31671243e+01
. 66900223e+02
.141756805e+02
. 28466063e+01
. 74523807e+01



-

est sample # 3.3 for GRU
restart from sample 3.2

P
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3638 3t 3 36 383 36 3 3 3 3 3 3 303 3 R IR 3 S R R
TEST SAMPLE NO. 3.3

T

10, 100, 2, 5, 1000. 00,

1. 7E-15, 1. OE-7, 1. 7E-30, 1. OE-25,
2. 58,

6. 89,

1.0,
1.
#*

INUT - FILE FRAHRFHRRAR AR R ERERER

0,

3648 3 30 3 3 3 3 30 3 3 36 3 3 30 30 30 3 36 35 3 K 36 38 QuUTPUT - FILE #####8t a3ttt ttiattttts

TEST SAMPLE NO. 3.3

RECOM = RECOMBINATION - OPTION = t
NBASY = NUMBER OF BASIC VECTORS = 10
NPOLY = NUMBER OF POOL VECTORS = 100
NOPTV = NUMBER OF OPTIMIZATION VARIABLES = 2
NICON = NUMBER OF CONSTRAINTS = 5
TLIMO = TIME - LIMIT =  1000.00
ABACC = ABSOLUTE COMPUTER ACCURACY = 1.70000e-15
REACC = RELATIVE COMPUTER ACCURACY = 1.00000e-07
ACOBJ = ABSOLUTE CONVERGENCE TOLERANCE = 1.70000e-30
RCOBJ = RELATIVE CONVERGENCE TOLERANCE = 1.00000e-25
INITIAL CONSTELLATION:
STARTING VECTOR -
XOPTV( 1) 0. 95799999e+01
XOPTV( 2) 0. 68899999e+01
STANDARD DEVIATIONS OF THE
INITIAL VECTOR COMPONENTS
SDOPT( 1) 0. 10000000e+01
SDOPT( 2) 0. 10000000e+01
RANDOM = INITIAL VALUE OF RANDOM SEQUENCE = 0.513870
RISTP = REDUCTION/INCREMENT PARAMETER = 0.707107
INITIAL CONSTRAINT NO. 1 =  9.58000
INITIAL CONSTRAINT NO. 2 = &.8%9000
CINITIAL CONSTRAINT NO. 3 =  1.31000
“INITIAL CONSTRAINT NO. 4 = 0.303334
INITIAL CONSTRAINT NO. S = . 15. 5485
FINIT = INITIAL VALUE OF OPT. CRITERIDN = -139. 249
TIME = ELAPSED TIME IN SEC = 25.2667
ITYPE = TYPE OF RESULT = 2
FOCUR = BEST VALUE OF OPT. CRIT: -CURRENT SET= ' -208. 000
= = -208. 000

FOPTC

OP T IMUM

BEST VALUE OF OPT. CRIT.~ AT ALL

VECTOR:
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— s o i . s

XOPTV( 1)

XOPTV( 29
FINAL CONSTRAINT
FINAL CONSTRAINT
FINAL CONSTRAINT
FINAL CONSTRAINT
FINAL CONSTRAINT
STANDARD DEVIATIONS

ex3. 3 Page

—————— Y —— —— V" V— - T - o T— W T — -~

————- — G S~ o . S ST S " . St S o D o Qi S - -

SDOPTC L)
SDOPT( 2)

2

0. 12000000e+02
0. 80000000e+01

RN uon

12. 0000
8. 00000
0.
0.

4%9. 0000

0.13134381e-05
0. 77600788e~06

VALUES OF THE LAST TWO BASIC

—————- - — T = — " — " ] " S T o S SV S Wt T e e o it

FHIST( 1)
FHIST( 20
FHIST( 3)
FHIST( &)
FHIST( 9)
FHIST( &)
FHIST( 7))
FHIST( 8)
FHIST( 9)
FHIST( 10)
FHISTC( 11)
FHIST( 12)
FHIST( 13)
FHIST( 14)
FHIST( 15)
FHIST( 1&)
FHIST( 17)
FHIST( 18)
FHIST( 19)
FHIST( 20)

CORRESPONDING VARIABLES:

XHISTC( 1)
XHIST( 2)
XHISTC( 3)
XHIST( &)
XHIST( B
XHIST( &)
XHISTC( 79

XHIST( 8)

O00O0O0QO0OO00

. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03
. 20800000e+03 -
. 20799998e+03
. 20799998e+03
. 20800000e+03
. 20799998e+03

. 12000000e+02
. 80000000e+01
. 12000000e+02
. 80000000e+01
. 12000000e+02
. 80000000e+01
. 12000000e+02
. 80000000e+01
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XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(
XHIST(

CORRESPONDING DEVIATIONS:

. ——— Y ——" S o " ——— Y S0 S ] Y S~ U Vo — o o s

SHIST(
. SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(

SHIST{-

SHIST(
SHIST(
SHIST(
SHIST(
. SHIST(
SHIST(
SHIST(
 SHIST(
SHIST(
SHIST(

1934

)
10}
11)
12)
13)
14)
15)
162
17)
1)
19}
20)
21)
22)
23)
24)
22)
26)
27)
28)
290
30)
31)
329
33)
34)
35)
36)
37
38)
39)
40)

1)
2)
3)
4)
53
&)
7)
B8}
?)

10— —

11)
129
13
14)
15)
16)
17)
18)
19)
20)

0000000000000 0000OO0O

oNoleNoNoRoReloRoRoRoNoReNoRogoRoNeRoRoRe o oNoRoRoRoRoRoNoRoRe

ex3.3 Page 3

. 12000000e+02
. 80000000e+01
. 12000000e+02
. 80000000e+01
. 12000000e +02
. 80000000e+01
. 12000000e+02
. 80000000e+01
. 12000000 +02
. 80000000e+01
. 12000000e+02
. 80000000e+01
. 12000000e+02
. 80000000e+01
. 12000000e+02 .

80000000e+01

. 12000000e+02
. 80000000e+01
. 12000000e+Q2

80000000e+01

. 12000000e+02
. 80000000e+01
. 12000000e+02
. 80000000e+01
. 1199999Fe+02
. 79999995e+01
. 1199999Fe+02
. 79999995e+01
. 12000000e+02
. 80000000e+01
. 1199999Fe+02
. 79999995e+01

. 12000000e-05
. 80000001 e-06
. 12000000e-05
. 80000001 e~06
. 12000000e-05
. 80000001 e-06
. 12000000e-05
. 8000000 1e-06
. 12000000e-05
. 80600001 e-06
. 12000000e-05
. 80000001e-06
. 12000000e-05
. 80000001e-06
. 12000000e-05
. 80000001 e-06
. 12000000e-05
. 80000001 e-06
. 15180561e-05
. 10120374e-05
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SHIST( 21) 0. 153755946e~-05
SHIST( 22) 0. 10136092e-05%
SHIST( 23 0. 12000000e-0%
SHIST( 24) 0. 80000001e-064
SHIST( 25) 0. 12000000e-05
SHIST( 26) 0. B0OOOOOO1e—-06
SHIST( 27) 0. 15080921e~05
SHIST( 28) 0. 10053947e~-05
SHIST( 29 0. 12000000e-05
SHIST( 30) 0. 80000001 e~06
SHIST( 31) 0.12000000e~-05
SHIST( 32) 0. 80000001e-06
SHIST( 33) 0. 11999999e-05
SHIST( 34) 0. 7999999504
SHIST( 33) 0. 1199999%e-05
SHIST( 36) 0. 79999925e-06
SHIST( 37) 0. 1230766405
SHIST( 38) 0.8113611%e-06
SHIST( 39) 0. 1199999%e-05
SHIST( 40) 0

. 79999995e~-06



=== test sample # 4 for GRUP ===
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L T TR T L INPUT = FILE S#HEHREHFSHEHIRBRHIRIILFRIER
TEST SAMPLE NO. 4

T

10,100, 4, 3, 1000. 00,
1. 7E-35, 1. CE-7. 1. 7E-7, 1. OE-15,

0.0
0.0,
0. 0,
0.0,
1.0,
1.0,
1.0,
1 OI
*

********%**%****%%******* OUTPUT — FILE = 3#:#3R#E#Radtat et atites

TEST SAMPLE NO. 4

———— o ————

RECOM
NBASV
NPOLV
NOPTV
NICON
TLIMO
ABACC
REACC
ACOBJ
RCOBJ

INITIAL

o nnuwuwnnu

———— - v~

RECOMBINATION -~ OPTION- t

NUMBER OF BASIC VECTORS 10
NUMBER OF POOL VECTORS . 100
NUMBER OF OPTIMIZATION VARIABLES 4 o
NUMBER OF CONSTRAINTS 3

TIME - LIMIT 1000. 00

1. 70000e-35
1. 00000e~-07
1. 70000e-07
— 1.-00000e=-15

ABSOLUTE COMPUTER ACCURACY
RELATIVE COMPUTER ACCURACY
ABSOLUTE CONVERGENCE TOLERANCE
RELATIVE CONVERGENCE TOLERANCE

RIS N O I (I

CONSTELLATION:

————— o —— o1 Do "7 o U P i W A S S S

XOPTV( 1) 0. e+00
XOPTV( 2) 0. e+00 : o
XOPTV( 3) 0.~ ~e¥00 . SRR
XOPTV( 4) o e+00 .

STANDARD DEVIATIONS OF THE

INITIAL VECTOR COMPONENTS ' - -
SDOPT( 1) 0. 10000000e+01 - - .
SDOPT( 2) 0. 10000000e+01 - - S -
SDOPT( 3) 0. 10000000e+01 : '
SDOPT( 4) 0. 10000000e+01 i

RANDOM INITIAL VALUE OF RANDOM SEQUENCE = 0.513870 ;
RISTP REDUCTI1ON/INCREMENT PARAMETER = 0.500000
INITIAL CONSTRAINT NO. 1 = 5. 00000

INITIAL CONSTRAINT NO. 2 = 8. 00000

INITIAL CONSTRAINT NO. 3 =

10. 0000



Jul 3 15:36 1984 ex4 Page

2

FINIT = INITIAL VALUE OF OPT. CRITERION
TIME = ELAPSED TIME IN SEC
ITYPE = TYPE OF RESULT
FOPTC = BEST VALUE OF OPT. CRITERION-GLOBAL
FOCUR = BEST VALUE OF OPT. CRITERION-LOCAL
OPTIMUM VECTOR:
XOPTV( 1) ~0. 13582385e+00
XagrTV( 2) 0. 59290773e+Q0
XO0PTV( 3) 0. 1905286%e+01
XO0PTV( 4) -0. 12530940e+01
FINAL CONSTRAINT NQ. 1 = 0. .
FINAL CONSTRAINT NO. 2 = 4. 75837e-07
FINAL CONSTRAINT NO. 3 = 1.11895
STANDARD DEVIATIONS OF THE

— ————_— — - ——— " > " U o W—n Somsa T S S A " Y~ — - -~

SDOPT (
SDOPT(
- 8DOPT(

1}
2)
3)

. 506442463e-06
. 7271229%9e~-064
. 19255525e-06

CQOO0OO0

SDOPT( 4) N |

VALUES OF THE LAST TWO BASIC

———— - o S ] ——— — Yo" o s S Tt S H S > W A T . T

————— Y o iargs S~ S G Yy o " Lo S S T W o o

FHISTC 1) -0.
FHIST( 2) -0.
FHIST( 3) -0
FHIST( 4) -0

FHIST( 5 -0.
FHIST( &) -0.
FHIST( 7) -0.
FHIST( 8) -0
FHIST( 9) -0.
FHIST( 10) -0.
FHIST( 11) -0.
FHIST( 12) ~-0.
FHIST( 13> — — -0
FHIST( 14) -0.
FHIST( 15) -0.
FHIST( 16) -0
FHIST( 17) A -0.

 FHIST( 18) -0.
FHIST( 19) -0.
FHIST( 20) -0.

CORRESPONDING VARIABLES:

————— ——— " - i Y o T~ o, Wl S U W T~ U <D0 o S

4985424e-06 -

41867634e+02°

418674634e+02

.41867634e+02
. 41867634e+02

41867634e+02
41867634e+02
41867634e+02

. 418467634e+02

41867634e+02
418467634e+02
41867634e+02
41867634e+02

. 418675634e+02

418467634e+02
418567434e+02

.41867634e+02

41867630e+02
41847630e+02
41867630e+02
41867630e+02

0.

164. 333
2
~-41.8676
-41. 8676
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XHIST( 1)
XHIST( 2
XHIST( 3)
XHIST( 4)
XHIST( B5)
XHIST( &)
XHIST( 73
XHIST( 8)
XHIST( )
XHIST( 10)
XHIST( 11)
XHIST( 12)
XHIST( 13
XHIST( 14)
XHIST( 15
XHIST( 16)
XHIST( 17)
XHIST( 18)
XHIST( 19)
XHIST( 20)
XHIST( 21)
XHIST( 22)
XHIST( 23)
XHIST( 24)
XHIST( 25)
XHIST( 26)
XHIST( 27)
XHIST( 28)
XHIST( 29)
XHIST( 30)
XHIST( 31)
XHIST( 32)
XHIST( 33)
XHIST( 34)
XHIST( 35)
XHIST( 3&)
XHIST( 37)
XHIST( 38)
XHIST( 39)
XHIST( 40)
XHIST( 41)
XHIST( 42)
XHIST( 43)
XHIST( 44)
XHIST( 45)
XHIST( 46)
XHIST( 47)
XHIST( 48)
-XHIST( 49)
XHIST( 50)
XHIST( 51)
XHIST( 52)
XHIST( 53)
XHIST( 54)
XHIST( 55)
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. 13582437e+00
. 59290838 +00
. 19052867 e+01
. 12530942e+01
. 13582464e+00
. 59290797e+00
. 19052870e+01
. 12530935e+01
. 13582467e+00
. 59290725e+00
. 190528468e+01
. 12530946e+01
. 13582350e+00
. 59290802 +00
. 19052868e+01
. 12530932e+01
. 13582382 +00
. 59290884e+00
. 19052868e+01
. 12530928e+01-
. 13582473e+00
. 59290832e+00
. 19052868e+01
. 12530943e+01
. 13582432e+00
. 59290862e+00
. 19052867e+01
. 12530942e+01
. 135822866 +00"
. 5929081 4e+00
. 19052868e+01
. 12530918e+01
. 13582358 +00
. 59290731 e+00
. 19052873 +01
- 125309256%01
. 13582444e+00
. 59290832e +00
. 19052868e+01
. 12530942e+01
. 13582450e+00
. 59290904 +00
. 19052870e+01
. 12530923e+01 -
. 13582402e+00
. 59290832e+00
. 19052864e+01
. 12530942e+01
. 13582411e+00
. 59290808e+00
. 19052867 e+01
. 12530942e+01
. 13582391 e+00
. 59290731 e+00
. 19052868 +01
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XHIST( 356) -0. 12530942e+01
XHIST( 57) -0. 13582426e+00
XHISTC( 58) 0. 592908&48e+00
XHIST( 59) 0. 19052868e+01
XHIST( 60) -0. 12530931e+01
XHIST( 61) -0. 13582414e+00
XHIST( 62) 0. 59290%910e+00
XHIST( &3) 0. 19052868e+01
XHIST( &4) -0. 125309230e+01
XHIST( 695) -0. 1358246%5e+00
XHIST( 66) 0. 592790802e+00
XHIST( &7) 0. 19052873e+01
XHIST( &8) ‘ -0. 12530924e+01
XHIST( &%) -0. 13582373e+00
XHIST( 70} 0. 592908468e+00 .
XHIST( 71) 0. 1905286%e+01
XHIST( 72) -0. 12530922e+01
XHIST( 73) -0. 13582323e+00
XHISTC 74) 0. 59290820e+00
XHIST( 75) 0. 19052847e+01
XHISTC( 76) -0. 12530924e+01
XHISTC 77) -0. 13582437e+00
XHIST( 78) 0. 59290844e+00
XHIST( 79) 0. 19052870e+01

XHIST( 80) -0. 12530926e+01

CORRESPONDING DEVIATIONS: - -

i — - —— - Y—— U " —— Y o " W ——— — " T —_—— " "

SHIST( 1) 0. 46187230e~-06
SHIST( 2) 0. 94132922e-07
SHIST( 3) 0. 19052867e-054
SHISTC( &) 0. 16615201e-06
SHIST( S) 0. 48644102e-06
SHIST( 6) 0. 2844402%e-06
SHIST( - 7) 0. 19052871e-056
SHIST( 8) 0. 18661275e-06
CSHISTC ) 0. 5783481%e-06
SHIST( 10) 0. 10028856e-06
SHIST( 11) 0. 28627724e-06
SHIST( 12) 0. 17489279e-06
SHIST( 13) 0. 10709175e-05
SHIST( 14) 0. 37638731e~-0&6
SHIST( 15) 0. 44841852e~-06
SHIST( 16} 0. 48156852e-06
SHIST( 17y~ —— - - 0.5025978%e-06
SHIST( 18) 0. 22494862e-06
SHIST( 19) 0. 190528468e-06
SHIST( 20) 0. 17827963e-0646
SHIST( 21) 0. 33279443e-06
_SHIST( 22) 0. 97762232e~-07
SHIST( 23) 0. 19052868e-06
SHIST( 24) 0. 13454860e-06
SHIST( 25) 0. 2223429%5e-04
"SHIST( 26) 0. 96461947307
SHIST( 27) 0. 19052867e-06"
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SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
EHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(
SHIST(

1784

28}
29)
30)
31)
32)
33)
34)
35)
3&)
37)
38)
39)
40)
41)
42)
43)
44)
45)
44)
47)
48)
49)
SO)
S
Sa)
53)
°4)
S5
563
57)
58)
S
&60)
&1)
&2)
63)
64)
&5)
&6&)
67)
68)
&9)
70)
71)
72)

73)

74)
75
76)
77)
78)
79)
80)
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0000000000000 0000000000CO0000000C00000000O00000000000000

. 12530943e~-06
. 88724482e—-06
. 67098098e-06
. 36762916e-06
. 27093967e-046
. 34980363e-06
. 16672351e-06
. 19052872e-06
. 24803231e-06
. 61030804e-06
.19188047e-06
. 19504914e-06
. 23649231e-06
. 81810299e~-06
. 35757790e-06
. 21556320e-06
. 21209346406
. 8209680706
. 95815415e~-06
. 30261342e-06
. 36083847e-06
. 98117132e~-06
. 22199315e-06
. 19052867e-06
. 12530943e~-06
. 397898465e-06
. 75107543e-07
. 19052868e-06
. 13079031e-06
. 86476263e-04&
. 35468272e-06
. 37154572e-06
. 73142974e-06
. 42105378e-06
. 32074715e-06
. 19052846806
. 17124472e=-06
. 40597300e-06
. 17752534e-06

19052872e-06

. 12530924e-06
. 81706446e~06
. 13522147 e-06
. 21558735e~06
. 284620289e~06 -
.11139175e-05
. 48078641e-06
. 41853599e~06
. 31525593e-06
. 63879060e~06
. 101078146e-06
. 27994514e-06
. 15393638e-06





