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ABSTRACT

An integrated computer program in FORTRAN IV for continuous or
discrete, constrained or unconstrained general optimization problems
is presented. The program, called DISOPT, is applicable to a wide variety
of design problems such as continuous and discrete tolerance assignments,
digital filter design, circuit design, system modelling and approximation
problems. Many recent techniques and algorithms for nonlinear programming
have been incorporated. The user may optionally choose the combination

of techniques and algorithms best suited to his problems.
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CHAPTER I
INTRODUCTION

Optimization has become an almost indispensable step in
engineering design. Many useful algorithms and techniques for optimiza-
tion have been proposed. However, it would be very time-consuming and
inconvenient for each individual engineer to implement these algorithms
and techniques to solve his particular design problem. The objective
of this report is to present an efficient, user-oriented computer
program called DISOPT, in FORTRAN IV, which can solve continuous or
discrete, constrained or unconstrained general optimization problems.
Many recently proposed algorithms and techniques which have been
reported to be efficient have been programmed into DISOPT. To the
author's knowledge, it is the first time that many of these algorithms
and techniques are incorporated in a general program. Several new ideas
have also been introduced which allow the user to fully employ some of
the latest developments.

Chapter II describes the two approaches to nonlinear pro-
gramming incorporated in DISOPT. The first approach is the minimax
approach proposed by Bandler and Charalambous [1]. Previous tests have
shown this method to be at least comparable to, if not better than, the
well-regarded sequential unconstrained minimization technique [2]. For
the implementation of this minimax approach, in addition to adapting
the various least pth optimization algorithms due to Bandler and
Charalambous, a new algorithm utilizing an extrapolation technique is
developed. With all the attempted problems, this last élgorithm was
found to converge to the minimax optimum faster than the others. The

1



second approach to nonlinear programming is a modification of an existing
non-parametric exterior-point method described by Lootsma [3]. Some
examples have been included to demonstrate the performance of the methods.

The solution for discrete nonlinear programming problems is
described in Chapter III. Recently, much attention has been directed to
discrete optimization. The reason is obvious since, in practice, a discrete
solution is more realistic than a continuous solution. For example, in
practical network design problems, a compromiée between maximum performance
and minimum cost is often necessary because usually only components of
certain discrete values are available on the market. Components of other
values have to be custom-made and are therefore costly. The logic of the
Dakin tree-search algorithm for integer programming [4] is followed but
many modifications have been embodied in DISOPT to enhance the efficiency
of the algorithm. Some of them are:

(1) reduction of the dimensionality of the problenm,

(2) evaluation of an initial upper bound on the function value,

(3) checking the existence of a feasible solution and

(4) determination of the availability of a better solution after a
discrete solution is obtained.

The algorithm has also been generalized to handle discrete problem of

uniform as well as nonuniform quantization step sizes. Several

illustrative examples are given.

The latest version of the variable metric algorithm due to Flet-
cher [5] is employed to perform the minimization. The formulation of the
required derivatives may be optionally checked by DISOPT using numerical
perturbation. A flow diagram and a complete FORTRAN listing of DISOPT

together with the documentation for the user are given in the Appendix.



CHAPTER 1II

THE CONTINUOUS OPTIMIZATION ALGORITHMS

2.1 Introduction

Consider the nonlinear programming problem of minimizing
£ 2 £(g)
subject to
gi(Q).z 0,i=1,2, ..., m
where f is the objective function, the vector ¢ represents a set of
k variables
g 8 Le; 0, oo 00"

and gl(g), gz(g), cens gm(g) are the constraint functions. Both
f and the gi's are, in general, nonlinear differentiable functions of
the variables.

In order that efficient gradient minimization algorithms for
unconstrained functions, such as the variable metric algorithm due to
Fletcher [5], may be employed, the nonlinear programming problem has
to be transformed into an equivalent unconstrained objective. The two

transformation methods used in DISOPT will be described next.

2.2 Bandler-Charalambous Technique [1]

The nonlinear programming problem is transformed into the

following unconstrained objective

V(g,a) = max [£(g), £(g) - og;(9)]

l<i<m



where
oa > 0.

Sufficiently large o must be chosen to satisfy the inequality

L ui <1
1

ne~3s

i
where the ui's are the Kuhn-Tucker multipliers at the optimum.
The minimization of V(Q,a) with respect to % is a minimax
problem and may be implemented By one of the several recent least
pth optimization algorithms proposed by Bandler and Charalambous
[e] - [o].

Let

ei(g)

e . @) 2 Q)

f(%) - O"gl(Q) ’ i= 1) 2’ ey M

Me(g) & max ej(g)

1<j<m+1
Algorithm 1: Nonlinean ménimax optimization as a Least pth
optimization with a Larnge value of p.
Minimize with respect to ¢ the function

e;(%)-e

@) = 0,0 (I Gy ® e
jeg Melk
where
. {O for Me(Q) # 0
small positive number for Me(g) = 0
q = p sign (M_($)-¢)
and
>0, l<p<we, J={jle.(¢)>0, j=1,2,...,m+1}
if Me(Q){ J

<0, l<p<e, J={1,2,...,m+1}



By employing a sufficiently large value of p, the minimization yields,
for all practical purposes, a minimax solution.

Algonithm 2: Nonlinearn mindmax optimization as a sequence of Least
pth optimization with increasing values of p.

U(Q) is defined as in algorithm 1 and minimized using increasing
values of p. The optimum of each minimization is used as the starting
point of the following minimization. The process is terminated if the
relative decrease in Me(ér), where gir is the optimum of the rth minimi-
zation, between two consecutive minimizations is less than a preset small

positive quantity or after p has reached the maximum assigned value.
Algonithm 3: Application of an extrapolation technique to a sequence
04 Least pth optimizations with geometrically increasing values of p.
The basic formulation is the same as in the.two previous
algorithms. U(Q) is minimized with éeometrically increasing values of

-l where pr is the value of p used in the rth

p, i.e., pr = pl c
optimization and c¢ is the multiplying factor. The optimﬁm of each
minimization is a function of p or 1/p. The minimax solution is obtained
as p»o or 1/p>0.

Fiacco and McCormick [2] have applied an extrapolation technique
effectively to the SUMT constraint transformation algorithm. Since the
situation here is analogous, it is-feIt that the convergencé to the
minimax solution may be improved by utilizing the same extrapolation
technique. After each minimization, the extrapolation formula proposed

by Fiacco and McCormick is applied to estimate the minimax optimum, ¢,

and the optimum of the next optimization.

T .
*c means c raised to the power r-1.



Let Q;, i=1, 2,..., r, j=0,1,..., i-1 signify the jth order

estimate of % after i minima have been achieved, then

i, . . . .
where ¢° 1is the optimum of the ith optimization and

=
[
P
Pea=a
. e
! i
[ay
o
[
Lol
J
-
H

. YT+l . .
To estimate Q , the recursive relation

j T+1 T
r+l (c "I)Qj * Qj_l

R5-1 3

is used and

YT+l T+l

% = %0

The process stops if the absolute difference between the estimate of

é in two consecutive optimizations is less than a prescribed k-tuple
(el, €ps voes sk) where the elements are small positive numbers, or
if the maximum allowable number of optimizations is exceeded.
Algornithm 4: Nonlinearn minimax optimizaiion as a sequence of Least
pth optimization with finite values o4 p.
(1) Define 51 = min [O, Me(QO)+y]

where QO is the starting point and y is a small positive number.
(2) Setr =1.
(3) Minimize with respect to ¢ the function

@) -g

b(QE)‘(M(QE)E)(Z(J——-———m)q)l/O‘
jes M, (4,7 -



(4

(5)

(6)

where
M (§,67) = M (§)-E"

T
. {O for ME(Q,E ) #0

small positive number for ME(Q,QT) =0

o
]

. T
p sign M (4,8)
and
>0, then l<p<w, J={j]ej $)>€", j=1,2,...,m+1}

if Mg(g,ar){
<0, then 1l<p<e, J={1,2,...,m+1}.

T+l T
Set & —Me(ga) + Y.
If [(€r+1-€r)/€r|< n, where n is a suitable small positive number,
stop. Otherwise, set r =1 + 1.

Go to step (3).

In this algorithm, any finite value of p greater than unity

can be used to produce minimax solutions.

2.3 A Modified Non-Parametric Exterior-Point Method [3]

The nonlinear programming problem 1is transformed into an

equivalent least pth objective and implemented as follows.

ALgorithm 5.

(D

Let t1 be the initial optimistic estimate of f(%), i.e., t1 i_f(%).
Set r = 1.

Minimize with respect to Q, the function

£(9)-t" -g. (%)
ut(g,tr)=Mt(Q,tr)((——§3 —)P ] (/P
M (gt JeT M (g, t)




where

M (g,tT) = max [£(9)-t", -g; ()]
jed

J = {j|gj < 0}

and
1<P<oo.
() set t7 = T v U (g7,
t
(5) 1If [(tr+1—tr)/tr|<n, where n is a small positive number, stop.

Otherwise, set r = 1 + 1.

(6) Go to step (3).

1

Theorem 1. 1f t¥ < £(¢), then t™"1 < £(g).

Proo4: By definition of ér,
U (@7t < U (g,t")
. £(g)-t" 8. (%)
. Mt(g,tr)((—~5lr~<; B (-l%g?;fJP)l/p
Mot 38 M (gt
£(9)-t"

oM (e 1/p
= M_(p,t") (——P)
’ M, (gt

(since gi(%) > 0, i=1,2,...,m, by definition)
= £(g)-t".
This implies that
T o.T T v
U g7t + T < £(g)
T+l

< £

Theorem 2. 1IF t¥ is an exact estimate, i.e., b =

f(é) then a solution

of Ut(%,tr) is a solution of the nonlinear programming problem and

vice versa,
. r T o.T
Proot : Ut(;t ,t7) iUt(ge,t )

=0



. Y T N .
since f(%) =t~ and gi(Q) >0, i=1,2,...,m,
But
T
U.(g,t7) >0,
Hence
T T, _
Ut(Q ,t ) = Oo
This implies that
- r
£(97) =t = £(g)
and
65 > 0., i=1,2,....n
gl% - ] P R R
Thus %r is a solution of the nonlinear programming problem.
Conversely,
U (.t =0
T
<UL (9.t

Thus, ¢ is a solution of Ut(Q,tr).

2.4 Numerical Examples

Two test functions and é continuous tolerance assignment
problem were used to illustrate the performance of the aforementioned
algorithms. All the programs were run on a CDC6400 computer.

Example 1: Beale constrained function [10]
Minimize
£(9) = 9-80 -66.-46,+26. 2426 %+0_ 24266 +26 4
2 17007 05 0y H20y +05 420165420104
subject to ‘
¢i > 0, i=1,2,3

% —-— - -
349,20, > 0,

o]
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The function has a minimum f(i) = 1/9 at i = [4/3 7/9 4/9]T. The
numerical results from a nonfeasible starting point are tabulated
in Table 2.1.
Example 2: Rosen-Suzuki function [10]

Minimize

£(9) = ¢12+¢22+2¢32+¢42-5¢1-5¢2-21¢3+7¢4
subject to

-0, %0,%0,70,%0 40,-0,+0,48 2 0

“"12‘2‘1’.22““’32“2.4’42‘“‘1’1"‘1’4+10 20

_2¢12_¢22_¢32_2¢1+¢2+¢4+5 > 0.
The function has a minimum f(é) = -44 at i =[012 —l]T. Table 2.2
shows the performance of the five algorithms from a feasible starting
point.
Example 3: Tolerance assignment in the desdign of a Lowpass glten
Lr11-L12].

Consider the lowpass filter shown in Figure 2.1. Minimize
the cost function

3
£= ] %__
i=1 "1

where ¢i is the percentage tolerance of component ¢i+3'

Let T denote the insertion loss. The passband and stopband
specifications are given by

F(Q,w) < 1.5 dB for 0 < w <1 rad/sec
and

T(Q,w) > 25 dB for w > 2.5 rad/sec,
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Algorithms 1 2 3 4 5
5 5
p value(s) 10 10,10 4,16,64,256 10 1.5
a =1
Othert o =1 o = “Order of =1 tl -0
parameter - extrapolation ¢ -
value (s) - 3
9 1.3333338 1.3333338 1.3333333 1.3333353  1.3333333
95 0.7777775 0.7777772 0.7777778 0.7777776  0.7777778
92 0.4444437 0.4444438 0.4444444 0.4444436  0.4444444
£($) 0.1111114 0.1111114 0.1111111 0.1111111 0.1111111
Number of
function 79 57 45 57 63
evaluations
Table 2.1 Comparison of continuous optimization

algorithms on Beale function for starting

point 0 = [1 2 17",
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Algorithms 1 2 3 4 5
p value(s) 105 10,10?105 4,16,64, 102 1.5
256,1024
Other a =10 1
p3;?$222§ a = 10 a = 10 Order of a = 10 tm = =50
extrapolation
2 -0.0000021  0.0000021 -0.0000014 0.0000080 0.0000071
¢, 0.9999976  0.9999976 1.0000045 0.9999996 1.0000033
¢z 1.9999908  1.9999908 1,9999985 2.0000043 2.,0000079
¢4 -0.9999883 -0,9999883 -1,0000031 -0.9999653  -0.9999848
£(%) -43,9998041 -43.9998041 -44,0000025 -43,9999210 -44.0000720
Number
of function 110 90 74 90 300

evaluations

on Rosen-Suzuki function for starting point

0

2

=000 0],

Table 2.2 Comparison of continuoms optimization algorithms



R
y =9, R,
g

Figure 2.1 LC lowpass filter used in a

tolerance assignment problem.
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respectively. A set Q of five sampling frequency points, namely,
Q= {0.50, 0.55, 0.60, 1.00, 2.50} rad/sec
were chosen. Minimization was started from a nonfeasible point and

the results are shown in Table 2.3.

2.5 Discussion

The efficiency of the algorithms depends heavily on the values
of p and other parameters used as well as the starting point QO,
hence,it is very difficult to draw a definite conclusion regarding
their performance.

Algorithm 5 appears to be quite efficient when a close
initial optimistic estimate, tl, of f(é) is available.

The numerical examples indicate algorithm 3 to be consistently
superior to algorithms 1, 2 and 4. Convergence to the minimax solution
is much improved by the application of extrapolation.

The use of a single large value of p in algorithm 1 may result
in poor scaling, hence, slow convergence if the starting point, %0,

v

is not in the vicinity of .

2.6 Existence of a Feasible Solution

If the constraints cannot be satisfied at the optimum of the
least pth objective with any value of p greater than unity, then no
feasible solution is attainable for all permissible values of p [7].
The existence of a feasible solution may be optionally checked by
DISOPT before solving the nonlinear programming problem. DISOPT

minimizes with a small value of p the function
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Algorithm 1 2 3 4 5
5 3.5 ,
p value(s) 10 10,10510 4,16,64,256 4 1.5
Other o = 100 1
parameter a = 100 a = 100 Order of a = 100 tT =0
value (s) ' extrapolation
=3
. ¢1 7.58638 7.60603 7.60599 7.60604 7.60600
¢2 9.87321 9.89770 9.89772 9.89771 9.89778
¢5 9.86777 9.89771 9.89772 9.89771 9.89778
¢4 0.90573 0.90564 0.90564 0.90564 0.90563
¢5 2.04267 1.99923 1.99923 1.99923 1.99923
¢6 1.95586 1.99923 1.99923 1.99923 1.99923
f(%) 0.33444 0.33354 0.33354 0.33354 0.33354
Number of
- function 700%* 425 337 478 157
evaluations

*700 is the maximum allowable number of function evaluations.

Table 2.3 Comparison of continuous optimization algorithms on LC lowpass

filter tolerance assignment problem for starting point

$0=[555111]T.



i
=
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where

My (4)

1l
=
o
~

~

]

(=]
L.
~
Y
p—
d

J

{jlgj(@ <0, j=1,2,...,m}

The minimization terminates if Mg(Q) < 0. A nonpositive value of
Mg(Q) at the minimum or even before the minimum is reached indicates
that a feasible solution is perceivable. Otherwise, there is no

feasible solution to the problem with the current set of constraints.
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CHAPTER III

THE DISCRETE OPTIMIZATION ALGORITHM

3.1 Introduction

When some or all of the variables in an otherwise nonlinear
programming problem are further restricted to take on only certain
discrete values, a discrete programming problem results. The special

case of integer programming problems will be considered first.

3.2 Integer Programming

One trivial approach to integer programming would be to
evaluate the function f(g) at all integer combinations $ satisfying
- the given constraints. In most practical situations, because of the
vast number of suchvpossible combinations, this exhaustive enumeration
technique would be computationally disastrous. Random search
techniques may greatly reduce the amount of computation required but
there is no guarantee that the optimum integer solution would be
obtained.

Although chopping or rounding off of a continuous solution
to the nearest set of feasible integers may sometimes yield an excellent
approximation of the optimum integer solution when the solution values
are large numbers, it does not, in general, provide an accurate solution
as illustrated in Figure 3.1.

The need for a systematic procedure which will identify the

17
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optimum integer solution efficiently is thus apparent. Various
algorithms are available.[13]. If the function f(¢) can be expressed
as a polynomial, then the 1exicogréphic enumeration algorithm or the
pseudo-boolean programming algorithm may be employed. However, for
a general integer progfamming problem, the branch and bound or
tree-search technique appears to be most attractive at present.

The branch and bound technique was first proposed by Land
and Doig [14] and later modified by Dakin [4]. The solution of a
discrete programming problem by DISOPT follows the logic of this

latter approach.

3.3 Dakin's Tree-Search Algorithm

The algorithm first finds a solution to the continuous problem.
If this solution happens to be integral, the integer problem.is
solved. If it is not, then at 1ea§t one of the integer variables,
e.g., ¢i, is non-integral and assumes a value ¢i*, say, in this
solution. The range:
[o.*] < ¢; < Lo;*l + 1
where [¢i*] is the largest integer value included in ¢i*, is in-
admissible and consequently we may divide all solutionms to the given
problem into two non-overlapping groups, namely,
(1) solutions in which
¢, < [o*]
(2) solutions in which

o, > Lo*1 +1
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Each of the constraints is added to the continuous problem sequentially
and the corresponding augmented problems are solved. The procedure
is repeated for each of the two solutions so obtained. Each resulting
nonlinear programming problem thus constitutes a node and from each
node two branches may emanate. A node will be fathomed if the following
happens:
(1) the solution is integral
(2) no feasible solution for the current set of constraints is achiev-

able
(3) the current optimum solution is worse than the best integer

solution obtained so far.
The search stops when all the nodes are fathomed.

It seems, then, that the most efficient way of searching
would be to branch, at each stage, from the node with the lowest f(g)
value. This would minimize the searching of unlikely subtrees. To
do this, all information about a node has to be retained for comparison
and this may require cumbersome housekeeping and excessive storage for
computer implementation. One way of compromising is to search the
tree in an orderly manner; each branch is followed until it is
fathomed.
The tree is not, in general, unique for a given problem. The

tree structure depends on the order of partitioning on the discrete
variables used. The amount of computation may be vastly different for

different trees.
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3.4 Discrete Programming

For the case of discrete programming problems subject to
uniform quantization step sizes, the Dakin algorithm is modified as
follows. Let ¢i be the discrete variable which assumes a non-discrete
solution, ¢i*, and q; be the correspoﬁding quantization step, then the

two variable constraints added sequentially after each node become

¢; > [¢,%/q.Ja, + q,

and
*
¢; < [o,%/9;1a;
The integer problem is thus a special case of the discrete problem

with q; = 1, i =1,2,...,n, where n is the number of discrete variables.

If, however, a finite set of discrete values given by

s.},1=1,2,...,n

sj, sj+1, cees Sy

S, = {sl, Sps cee s

is imposed upon each of the discrete variables, the variable constraints
are then added according to the following rules:

(1) if sj < ¢i* < s,

ja17 then add the two constraints

¢i :-Sj+1
sequentially

(2) if ¢i* < s_, only add the constraint

1

%1 25

(3) if ¢i* > Sq> only add the constraint

o £ 5
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The resulting nonlinear programming problem at each node is
solved by one of the algorithms described in Chapter II in conjunction
with the Fletcher unconstrained minimization program. The feasibility
checking mentioned in Sectioh 2.6 1s particularly useful here since
the additional variable constraints may conflict with the original
constraints on the continuous problem. If an upper bound, f, on

f(%) is available, then the additional constraint
£(g) < f

is included in the feasibility checking. This upper bound, if not
specified, will be taken as the current best discrete solution. To
obtain an initial upper bound on f(%) for a discrete problem, DISOPT
may be asked to check the nearest set of discrete solutions about the
continuous optimum and store the best feasible solution.

The new variable constraint added at each node always
excludes the preceding optimum point from the current solution space
and the constraint is therefore active if the function is locally
unimodal. Thus the value of the variable under the new constraint may
be optionally fixed on the constraint boundary. Hence, only a k-1
variable problem need be solved and much computational effort would

be saved.

3.5 Numerical Examples

Four discrete minimization problems have been included here
to demonstrate the use of the program.

Example 1: Modified banana shape function.
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Minimize

£(4)

100((6,+0.5)-(4;+0.6) ) + (0.4-9,)"
subject to
¢1, ¢2 natural numbers

The results are tabulated in Table 3.1. This example serves to
illustrate that the optimum discrete solution is not guaranteed by
simply chopping or rounding off the continuous solution. From the
contour plot shown in Figure 3.1 it is obvious that the optimum
discrete solution is not given by any of the vertices about the
continuous solution. The best vertex is given by ¢ = [o O]T with
a function value f(g) = 2,12 which is much higher than that for the
optimum discrete solution.
Example 2: Beale constrained function.

Minimize the Beale function (see Section 2.4) subject to
the additional constraint that the variables must be integers. The
results are shown in Table 3.2. All the three optimum discrete
solutions of unity function value are detected by the algorithm.
However, if the user indicates that only one optimum discrete solution
is required, DISOPT will check the existence of a better solution
before solving the nonlinear programming problem at a node. As
illustrated by this example, this will reduce the necessary computa-
tional effort.
Example 3: Tolerance aAALgmﬁen/t Ain the design of a voltage dividen [15].

Consider the simple voltage divider as shown in Figure 3.2,

The transfer function is given by T = ¢4/(¢3+¢4) and the input



.Solution . Continuous . Discrete

¢1 0.4000 1
¢2 0.5000 2

£(p) 0.0000 0.72

Function

.evaluations 878

Nodes 9

Time 8
(sec.)

Table 3.1 Results for example 1
starting at QO=[—1.8 O.S]T
and using algorithm 3, p1 =4,

c =4,
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..Solution ... Continuous .. .Discrete.
¢1 1.3333 2 1 2
¢, 0.7778 0 1 1
¢z 0.4444 0 0 0
G e S
Number of optimum discrete 3 1

solutions required

Function evaluatians 226 160
Nodes 7 7
Time (sec.) 5 4
Table 3.2 Results for example 2

starting at %O = [1 2 1]

and using algorithm 1.

p= 103.



Figure 3.2 Voltage divider used in a

tolerance assignment problem.
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resistance is R = ¢3 + ¢4. The design specifications are
0.46 < T <0.53 and 1.85 < R < 2.15. The obtainable discrete

tolerances for both ¢3 and ¢4 are given by the set

s = {1, 3, 5, 10, 15} per cent,

The cost function

i=1 i

where ¢i is the percentage tolerance in component ¢i+2’ was first
minimized by fixing one variable at each node in the search for
discrete solution. The minimization was then repeated as a 4-dimen-
sional problem throughout to highlight the extra amount of effort that
was required. The numerical results are shown in Table 3.3. The
main program and the user subroutines for this problem are given in
the Appendix.
Example 4: Tolernance a)sz»ignment in the design of a Lowpass filter.
The cost function for the tolerance assignment problem in
Section 2.4 was minimized with the additional constraint that only
the following set, S, of discrete tolerances was available for each of
the components:
s = {1, 2, 5, 10, 15} per cent.
Two different tree structures are shown in Figures 3.3 and
3.4 and the numerical results are tabulated in Table 3.45 This
example illustrates that the tree structure and hence the computational

effort is dependent upon the order of partitioning on the discrete

variables.



‘Solution . »CQntinuous Discrete
9y 7.0007 5
¢2 7.0007 5
¢3 1.0137
¢y 0.9935
f 0.2857 0.4
Dimensionality of the 3 4

problem used in the search
for discrete solution

Function evaluations 577 1083
Nodes 9 9
Time (sec.) 10 17

Table 3.3 Results for example 3 starting at

QO =111 1]T and using
algorithm 4. p = 6.
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Figure 3.3 A tree-structure for the tolerance

assignment in the design of a lowpass

filter. Partitioning on ¢3 first.
% denotes optimum discrete solution.
{
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¢1310

4\ -
¢3315
’ 18
' 9,215
8
42 5

Figure 3.4 A tree-structure for the tolerance
assignment in the design of a lowpass
filter. Partitioning on ¢1 first.

* denotes optimum discrete solution. ’



Solution Continuous ... Discrete
¢1 7.6061 5 10 10
¢2 9.8978 10 5 10
¢3 9,8978 10 10 5
¢4 0.9056
¢5 1,9992
¢6 1,9992
f 0.333 0.4

The discrete variable first ¢1 ¢3

used for constructing the
variable constraints

Function evaluations 3704 3314
Nodes 27 23
Time (sec.) 91 82

Table 3.4 Results for example 4
T
starting at %O = [555111]
and using algorithm 5. p = 1.5,
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CHAPTER IV
CONCLUSIONS

An integrated optimization program called DISOPT is presented in
this thesis. Many up to date algorithms and techniques have been incor-
porated into one program and made available to the user. Illustrative
examples have been included to demonstrate the efficiency
of DISCPT and the various options present.

An unfortunate characteristic of optimization is that no one
technique is best for all kinds of problems. Hence, it is advantageous
to have a multitechnique general program. From the author's experience,
algorithm 5 should be recommended only if a good optimistic estimate of
the optimum function value is available. Otherwise, the minimax approach
to nonlinear programming should be used. If the starting point is not
likely to lie in the close vicinity of the optimum, a sequence of least pth
optimizations should be used to avoid poor scaling of the problem. However,
if the starting point happens to be very close to the optimum, the use of
small values of p in the initial optimizations will actually give worse
estimates of the optimum.

The amount of programming effort required of the user has been
reduced to a minimum. A user is responsible only for
(1) supplying the values and/or proper dimensioning of the parameters in

the argument list and
(2) writing any service subroutines to define the objective function, the
constraints and their respective partial derivatives.

DISOPT will, on exit, output the required solution or a message if a

32



33

solution does not exist.

Since many design problems can be easily formulated.as nonlinear
programming problems, DISOPT enjoys a very wide range of applications.
DISOPT [16] has been successfully applied to tolerance optimization in
microwave circuits [17] and the optimal design of recursive digital
filters with optimum finite word length to meet prescribed magnitude

characteristics in the frequency domain [18].

The program can be easily incorporated into other user-oriented
computer-aided design packages such as automated digital filter design,
tolerance optimization or system modelling packages.

Any modification to DISOPT can be introduced only by a person
who is familiar with the whole program structure because of the integration
of various subroutines. Thus, one possible future improvement would be to
reorganize the program into a coordinated package of independent subroutines.

Engineering design problems often involve least pth approximation
in an effort to meet certain performance specifications. Since the subrou-
tine for the formulation of a least pth objective is available in DISOPT,
the program can be slightly modified to handle such problems directly with-
out having the user set up the least pth objective himself or reformulate
his problem as a nonlinear programming problem.

It has been brought to the-author's attention that a similar

approach to algorithm 5 has been proposed by Charalambous [19].
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APPENDIX

THE DISOPT PROGRAM*

A.1 Purpose

DISOPT is a package of subroutines for solving continuous
or discrete, constrained or unconstrained general optimization

problems. That is, it minimizes a function
A §
f= f(&)
of n variables x which may be subject to the constraints

gi(ﬁ) >0, i=1,2,...,m
and/or

Xj , j=1,2,...,k , k < n, must have certain discrete values.

A constrained problem is transformed into an equivalent
unconstrained objective by any of the five algorithms described in
Chapter II. The solution of a discrete problem follows the logic of

the tree-search algorithm described in Chapter III.

The flow diagram of DISOPT is shown in Figure A.1l

) *The notation used in the Appendix is designed to appear consistent
with the FORTRAN names suggested to the user.
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A.2 The program may be called as follows:
CALL.DISOPT (NR, X, EPS, G, NP, PS, K, NSTEP, DISCR, QSTEP, XB,
IX, X1, X2, Xu, XL, ID, IB, W, H, XE, ICHECK, IVAR, P2, P1, INDX, GPHI,
IAA, IBB, GU, PHI, A, T1, T1P, AL, ESTD).
It was convenient to place the following user -specified variables in:
COMMON/DSPTO1/10PT1, IOPT2, IOPT3, IOPT4, ICPTS, IOPT6, IOPT7, NCONS, IDATA,

IPRINT, MAX, EST, EST1, AO, XMAL, AI, ZERO, ETA, INSOLN, BSOLN, MAXNOD,

ERR, ICON.

NR an integer set to the number of variables (NR > 2).

X a real array of NR elements in which the current estimate of
the solution is stored. An initial approximation must be set
in X on entry, and for the case of the continuous problem, the
optimum solution will be returned in X on exit.

EPS a real array of NR elements set to the test quantities used
in the Fletcher progranm.

G a real array of NR elements in which the gradient vector
corresponding to X above will be returned for the case of the
continuous problem.

NP an integer set to the number of p values used.

PS a real array of NP elements set to the value(s) of p. The
array for extrapolation is internally constructed from PS(1)
and PS(2).

K an integer set to the number of discrete variables. Otherwise,
set K to 1.

NSTEP a real array of K elements set to the number of discrete values
available for each of the K discrete variables if IOPTS = 1.

DISCR a real two suffix array of K rows and NSTEP columns to be set

to the discrete values imposed upon each discrete variable

if IOPTS5 = 1.



QSTEP

XB
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a real array of K elements to be set to the quantization
step sizes for the K discrete variables if IOPTS # 1.

a real array of NR elements in which the optimum discrete

‘ solution will be returned on exit.

IX, X1, X2,

XU, XL
ID
1B
W
H

XE

INDX, GU

working arrays of NR elements.

working arrays of K elements.

a working array of 2K elements.

a two suffix working array of K rows and ZK columns.
a working array of 4NR elements.

a working array of NR(NR+1)/2 elements.

a three suffix working array of NR x NP x NP elements.

ICHECK, IVAR, P2, P1, ESTD, AL

GPHI

A, T1, TIP,

PHI

I0PT1

10PT2

working arrays of M elements; here M is the anticipated
maximum number of additional variable constraints.

a two suffix working array of NR rows and (NCONS+M) columns.
IAA, IBB

working arrays of (NCONS+M+1) elements.

a working array of (NCONS+M) elements.

an integer set to 1 if the dimensionality of the problem is
to be reduced by 1 in the search for discrete solution.
Otherwise, set to any other value.

an integer set to 1 if a gradient check at the starting point

by perturbation is desired. Otherwise, set to any other value.



IOPT3

IOPT4

IOPTS

I0PT6

I0PT7

NCONS

IDATA

IPRINT
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an integer set to 1 if the vertices about the continuous solution

are to be checked for an initial discrete solution. Otherwise,

set to any other value.

an integer set to 1 if the existence of a feasible solution is

to be checked from the very beginning or set to 2 if the

feasibility check is to be carried out only for the discrete

problem., Otherwise, set to any other value.

an integer set to 1 if a finite set of discrete values is imposed

upon each discrete variable. Uniform quantization step size

for each discrete variable is assumed if IOPT5 is set to any

other value.

an integer set to i if algorithm i is to be used. For an

unconstrained problem, set IOPT6 to O.

an integer set to 1 if only one discrete optimum solution is

required. Otherwise, set to any other value.

an integer set to the number of constraints on the continuous

problem.

an integer set to 1 if input data is to be printed. Otherwise,

set to any other value.

an integer controlling output printing to be set as follows:

IPRINT>0, printing at every IPRINT iterations

IPRINT=0, printing at each node

IPRINT=-1, printing of the optimum continuous and discrete
solutions only

IPRINT<-2, printing suppressed.



MAX

EST

EST1

AO

XMAL

Al

ZERO

ETA

INSOLN

BSOLN

MAXNOD

ERR
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an integer set to the maximum permissible number of function
evaluations per node. -

a real number set to the estimated minimum value of the
artificial unconstrained objective.

a real number set to the initial estimated minimum value

of the actual objective function when using algorithm 5.

a real number set to the initial value of o when using
algorithms 1 to 4.

a real number set to the maximum allowable value of o

when using algorithms 1 to 4.

a real number set to the multiplying factor for a when using
algorithms 1 to 4.

a nonpositive real number set to the error tolerance in the
constraints.

a real number set to the stopping test quantity when using
algorithms 2, 4 or 5.

an integer set to 1 if an upper bound on the actual function
value is available. Otherwise, set to any other value.

a real number set to the upper bound on the actual function
value if INSOLN is set to 1,

an integer set to the maximum allowable number of nodes.

Set MAXNOD to 0 if only the continuous solution is required.
a real number set to the absolute value of the tolerable

error in discrete values if IOPT5 = 1 or the absolute value
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of the relative tolerable error with respect to the quanti-
zation step size if IOPTS # 1. The optimum discrete solution
does not have exact discrete values. DISOPT treats any value,
which does not differ from the discrete value by more than
the prespecified amount, as the discrete value.

ICON an integer set to 1 if the partitioning is imposed on ¢l first,
Otherwise, set to any other value and the partitioning will be
imposed on . first.

A typical main program to supply the values and proper dimensioning
for the parameters of subroutine DISOPT is displayed

in Figure A.2 and typical printouts of data and results are shown in Figure

A.3. The example used is the tolerance assignment in the design of a

voltage divider (see Section 3.5).

A.3 User Subroutine

The user must provide a subroutine headed
SUBROUTINE DSPTF (X, G, F, N, GF, INDX, GG, NR, IG)
DIMENSION X(1), G(1), GF(1), INDX(1), GG(NR, 1)

This subroutine should use the values of the design parameters
supplied in array X, the current number of variables supplied in N, and
the index set for the current variables supplied in array INDX to compute
the objective function, the constraint functions and their corresponding
partial derivatives and place them in F and arrays G, GF and GG, respect-
ively.

A zero value of the input parameter IG indicates that the partial

derivatives are not required,



PROGRAM MAIN (INPUTsQUTPUTsTAPES=INPUT»TAPER=0UTPUT)

1.00000000F+02 1,00C00N0NF4NE  1,00N00000F+0]

Figure A.2 Typical main program for the DISOPT program.
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1.50000000F401
1.50000000E+01

C
C DISCRETE TOLERANCE OPTIMIZATION IN THE VOLTAGE DIVIDER EXAMPLE
C
DIMENSION X{4)sEPS(4)9Gl4)sPSI1)sNSTEP(2)9DTSCR(255)50STEP(2),
1 XBla)sIX(a)sX104)sX2(4) s INDX(4)sGUI4)sXU(2)sXL(2)sID(4)91B(2s4) s
2 W(16)sHU1C) s XE(49191)9sGPHI(4516) sPHI(16) s TCHECK(10)sIVAR(10) 5
2 P2(10)5P1(10)sESTD(10)5AL(10)sAC17)9T1(17)sT1P(17)sTIAA(T1T)
4 IBB(17)
COMMON /DSPTO1/ IOPT1sI0OPT2sI0PT3sI0PT45I0PT55I0PT6-I0PT 7>
1 NCONSsIDATASIPRINTsMAXsESTsEST1sA0sXMALSAT sZEROSETA s INSOLN s
2 BSOLNsMAXNODsERR»ICON '
C
C THIS MAIN PROGRAM SUPPLIES THE VALUES AND/OR PROPER DIMENSIONING
C OF THE PARAMETERS IN THE ARGUMENT LIST
C
C READS INPUT DATA
C
READ(596) IOPT1sI0PT25sI0PT33sI0PT4sIOPTE5sI0PT&>I0PT7sNRsKsNCONS sNP
IF (IOPT64EQ.0) GO TO 5
IF(IOPT5.NEel) GO TO 2
READ (5s6) (NSTEP(I)sI=1sK)
DO 1 I=1,K
NS=NSTEP(1)
READ (557) (DISCR(IsJ)sJ=1sNS)
1 CONTINUE
GO TO 3
2 READ (557) (QSTEP(I)sI=19K)
3 READ (5357) (PS(I)sI=1sNP)
5 READ (596) MAXsIPRINTsIDATASMAXNODs ICONS INSOLN
READ (557) (X(I1)sI=1sNR)
READ (5,7) (EPS(1)sI=1sNR)
READ (557) ESTsZEROYERRSETASEST1+A09sXMALSAL 4BSOLN
c .
6 FORMAT (1615)
7 FORMAT (5E1648)
C
. CALL DISOPT (NRsXsEPSsGsNPsPSsKaNSTEPsNISCRsQSTFPaXRsTXsX]9X2sXUs
1 XLsIDsIRsWoHsXFsICHECKs IVARSP2sP1sTNDXsGPHI s TAAsIRBsGUsPHI sAsT1 s
2 TI1PsALSESTD)
C
sTopP
END
C
e INPUT DATA
C
1 1 1 2 1 4 0 4 2 6 1
5 5
le 3 5e 1.0000000CF+OI
Te 3e 5 1.00000000E+01
6e
300 20 1 12 0
le le le . 1.
1.00000000F =06 1600000000FE=N6E  1.NONANAANF-0E  1,00NAONNANE =N
Oe =1e00000000F =06 5,0N0NCONCF=03  1,0n00NC00F-N3



INPUT DATA

memes e e

DISCRETE VALUES FOR THE VARIAEBLES
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0 4G300000E+01 0300C3JaTEs(YL «5J0G0000E+01 0100000C0E+Q2 01500 000GE+D2
«10000300EYUL «330C000NE+LL 05000000CE+01 «100000C0E¢02 «45000000E+02

NUMBER CF INDEPENDOCNT VARIAALES.gcoecsossescoccsosscososceocssonnseoeNi=
NUMBER CF OISCRETZ VARIABLESceo000e6000600008000008006800008000606088R=
NUMBER CF CONSTRAINTS CN THE CCONTINUOUS PROZLEMsesesosocossosce MGUNEE
MAXIMUM NUMBER OF ALLCWABLE FUNCTION EVALUATIONSceocscosscsocensceslMAl=
MAXIMUM NUMBER OF NOGSIS TO 8¢ SﬁARCHED-.-.-.o.g-n--e"oonoooc-HﬂXNOCz
INTERMECIATE CUTPUT TC €t PRINTZO EVERY IPRINT ITERATICASeeses IPRINT=
STARTING VALUE FOR VECTCR X(I)c-00..ooocooo-ooo-'ocolool..nn‘tc;g é;

(i
ERROR TCLERANCE IN CONSTRAINTSecosvevosssoscosscoocssecensoasoseslbR
ERROR TCLERANCE IN DISCRETE VALUESeosssceessocoscssscsosessecocost
TEST GUANTITIES TC € USEd IN FLETCHER PMETHCCceseevccocseccsacs

[TA I YT N o]
) = st n o
waun [ o

ESTIMATZ OF LCWER RQUNC ON ARTIFICIAL CEJECTIVE FUNCTIONeoessecssesEST=
INITIAL VALUZ OF THC PARAMPETER ALPHAseocsecessssseccsccsccacsssnossh
MAXIMUM ALLOWASLE VALUE OF THE PARAMETER ALPHAcososovsssoscsssoseXMALS
MULTIFLYING FACTOR IN ALPHA VALUZsosesoccoccooscncsvsossosnsnscnsessAl=

TEST GUANTITY TO 2£ USEC IN HLP ALGORITHMM 2/4/5cecsscescscscescesfl =

NUMBER CF P VALUESceseosessesscccsnoossosonscvosscseooscscasosessasoNF™
VALUE (S) OF P USSE0 IN NLP ALGCRITHMossssenesvoosscssvscssnsessPS( 1)=
FOLLOWING CPTICNS JS=C

NLP ALGCRITHM & EZMPLOYEL

(N=i1) VARIASLE OPTIMIZATICN FERFORMED
VERTICcS CHECKED

FEASIEILITY CrECKED FCR NDISCRCTI PROBLEM CNLY
PARTITICNING STARTS ON LAST CISCRETE VARIABLE

I
&

3093

12

2y
«18000000c 401
«30060000ET1
ciGUGA0rQE+r T
$10C000C00E+01

-e10U00000E="5
£50006009C-72
0300000005~05
21230007 36-75
e 10360863705
¢10UE3306--°5

-~

«
@

0« 1006CECTC+33
s 1GU0COC0F+06
s 10 dGU0T0 402
#1040C0C0c~02
1
«60000000-401

Figure A.3 Typical printouts of input data and results

for the DISOPT program.
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Figure A.3 Typical printouts of input data and results

for the DISOPT program [continued].
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A typical user subroutine is shown in Figure A.4. Again,

the voltage divider problem is chosen as the example.

A.4 Other Subroutines

The following is a brief description of the subroutines

called by DISOPT.

DSPTA

DSPTB

DSPTC

DSPTD

DSPTE

DSPTH

DSPTI

DSPTJ

DSPTK

DSPTL

DSPTM

coordinates the input, the output and the minimization.
minimizes a function using the Fletcher unconstrained
minimization program.

formulates the artificial unconstrained objective function and
the necessary gradients.

supplies additional variable constraints for discrete
optimization.

returns the gradients of the additional variable constraints.
transtforms a nonlinear programming problem intc an equivalent
unconstrained objective function.

prints the input data.

outputs the result of the feasibility check and/or the

optimum solution at each node.

outputs the best current discrete solution after checking

the vertices about the continuous solution and the optimum dis-
crete solution.

checks tﬁe gradient formulation by perturbation.

performs extrapolation when using algorithm 3.

The overall structure of the program is shown in Figurc A.5.
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SUBROUTINE DSPTF(XsGsFsNsGF s INDX »GGsNR»IG)

(8}

DIMENSTON X(l)oG(l)’GF(]),INDX(l)aGG(NRyl)oF(z)’DE(A)

THIS SUBROUTINE DEFINES THE OBJECTIVE FUNCTIONs THE CONSTRAINTS
AND THEIR GRADIENTS OF THE CONTINUOUS PROBLEM

NN N

TM=1e/X(1)
TN=1e/X(2)
F=TM+TN
DE(1)=X(1)#0,0]
DE(2)=X(2)#0,01
E(1)=DE(1)*X(3)
E(2)=DE(2)%X(4)
TA=X(3)+E(1),
TB=X(3)=E(1)
TC=X(4)+E(2)
TD=X{(4)=E(2)
TE=TB+TC
TF=TA+TD
G(1)=X(1)
G(2)=X(2)
G(3)=0,53-TC/TE
G(4)=TD/TF-0446
G(5)=2.15-TC-TA
Gl6)=TD+TB=1.85
IF(IGeFQe0) RETURN’
DE(3)=X(3)%0,01
DE(4)=X(4)%0,01
TG=TE*TE
TH=TF*TF
TI=1e+DE(1)
TJ=10—DE(1)
TK=1e+DE(2)
TL=1.-DE(2)
TP=TC/TG
TQ==TD/TH
TR=TA/TH
T5=-TB/TG
DO 5 I=1sN
IND=INDX (1)
GO TO (192939455)s IND

1 GF{1)==TM/X(1)
GG(lsl)=1,
GG(1s2)=0,
GG(1s3)==TP*DE(3)
GG(1s4)=TQ*DE(3)
GG(1s5)==DE(3)
GG(1s6)=GG(1s5)
GO TO 5

2 GF(2)==TN/X(2)
GG(251)=0,
GG(2s2)=1a
GG(293)=TS*DE(4)
GG(2s4)==TR%DE(4)
GG(255)==NE(4)
GG(256)=GG(2,55)
GO TO 5

Figure A.4 Typical user subroutine for the DISOPT program,
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GF(3)=0.
GG(351)=0
GG(352)=0s

GG(353)=TP*TJ
GG(3s4)=TQ*TI
GG(3s5)==TI
GG(3s6)=TJ

GO TO 5
GF(4)=0.
GG(4s1)=0,
GG(492)=0
GG(433)=TS*TK
GGl4s4)=TR*TL
GG(4s5)==TK
GGl4asb)=TL
CONTINUF
RETURN

END

Figure A.4 Typical user subroutine for the DISOPT program. [continued].
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SURROUTINE DISAPT (NRsXsFPSsGsNPsPSsKaNSTEP 4RISCRDSTFP9aXBs IXsX1 X
12sXUeXLoIDs IRosWoHsXEs ICHECK s TVARIP2sP1 9 INDXsGPHI s IANS IRRSGUIsPHT oA
2T1sTIPSAL sESTD)

DIMENSTON NSTEP(1)s DISCR(Ks1)s OSTEP(71)s XX(13)s PY(1)s Y{1)s 1X(1
1)s XBU1)s PHICT)s XU1)s G(1)se EPS(1)s HU7)s WlT)s XL(1)s ID(1)s IB
2(Ke1)s TAACT)s TEBB(1)s XU(1)s PS(1)s ESTD(1)s X1(7)s ¥2(1)s XF(NRSs
3NPs1)e ICHECK(T)s TVAR{1Ys P2(1)s PI(1)s INDPX(1)s GPHI(NRs1)s GULT
4)Ys AC1)Ys TI1(1)s TIP{1Ys AL(1)

COMMON /DSPTO1/ T0PT1sICPT2sI0PTRsI0OPT4s IOPTEs IOPTE, IOBTT7sNCONSS T
TATASTIPRPINT sMAX s FSTsFST1sANSXMALsAL 9ZERASETA G INSNALMsPOALMgMAXNANGE S
2Rs ICON

COMMON /NSPTO2/7 NCDsKKsNORGsNOR

COMMON /DSPTC3/ AMsPSIsPAsALPHAS IFLAGAs TCHEK s KKK s INDAs INDB s URGMC o K
10sIFN

COMMON /DSPTO4/ SUMD s INDC

~

THIS SURROUTINE SOLVES CONTINUOUS OR DISCRETF PROGRAMVING PRORLEMS
THE SOLUTICN OF A DISCRETE PROBLFM FOLLOWS THF LOGIC OF DAKING
TREF=SFARCH AL GORITHM

JeHeKe CHENs DISOPT- A GENERAL PROGRAM FOR CONTINUOQUS AND DISCRETE
NONLINEAR PROGRAMMING PROBLEMSs MCMASTER UNIVERSITYs HAMILTONS
CANADASs INTERMAL REPORT IN SIMULATIONs OPTIMIZATION AND CONTROLS
NOe 50C--29s MARCH 1974

TNPRC=0
NOR=NR
N=NOR
INSOL=C
IFNT=C

AL(1)Y=AD

INDA=C
IF (IDATAGNE 1) GO TO 1

PRINTS INPUT DATA

CALL DSPTI (KsNsEPSsXsPSsNPsQSTERPSNSTEPsDISCRY
KK=C

NOD=0

NORG=NCONS

PSI:O.

ESTD(1)=FST1

IF (TOPT1eNFelsANDeKKeGTa0) GO TO 5
DO 2 I=1,NOR

INDX(I)=1

CONTINUE

IF (TOPT2eNFel) GO TO 8§

IF (I0PTE.EN.Q) GO TO 4

PA=PS(1)

ITCHEK =0

ALPHA=AL (1)

GRADIENT CHECK AT STARTING POINT BY NUMERICAL PFRTURBATION

CALL DSPTL (NsXsGsXT1sX29IPRINTsICHFECKsTVARSP?sP1 s INDXoGPHT s NRs TAA s
TIBRsGUsPHT e /AsT1sT1P)
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10

I10PT2=0

KKK=0

IF (IPRINT«GT+0) WRITE (65102)

CALL SECOND (T3)

IF (NCONS.EQsJ) GO TO 21

IF (IOPT1eEQe14ANDeNCONS4EQe1) GO TO 21
IF (IOPT4.NEe1) GO TO 6

FEASIBILITY CHECKs THE VALUE OF P USED IS 2

pA=2 °

INDA=1

CALL DSPTA (N’XaGsH,FPSsI9W,F9ICHECKsIVARyP?yPloINDXoGPHI,NRsIAAoI
1BBsGUSPHI sAsT1sTI1PsAL)

KKK=1

INDA=0

IF (IOPT6+EQe=1) GO TO 93

IF (IFLAGAEQe1) GO TO 24

IF (IPRINTeGTeC) WRITE (£+102)

ONE OF THE LEAST PTH OPTIMIZATION ALGORITHMS IS SMPLOYED

IF (10PT6.EQ.0) GO TO 27
IF (IOPT6.FNe2) GO TO 11
IF (IOPT6.EQe4) GO TO 7
IF (IOPT6.EQe5) GO TO 9
IF (IOPT6.EQe2) GO TO 1
GO TO 22

4

NONLINEAR MINIMAX-OPTIMIZATION AS A SEQUENCF OF LEAST PTH
OPTIMIZATION WITH FINITE VALUES nF P

IT=1

PA=PS (1)

CALL DSPTA (k9X9G$HoEP59[T,W’F9ICHECK9IVAR;PZyPlaINDXsGPHI;NR;IAA!
1I1BBsGUsPHIsAsT1sT1P,AL)

IF (KO«EQeO) GO TO 23

IT=1T+1

KKK=1

PS10=PS1

PSI=AM+PSIO+1+F=-10

IF (IPRINT«GT.C) WRITE (6994) PSIO

IF (ITeEQe2) GO TO 8

IF (ABS((PSIO=PSI)/PSIN)«CTLETA) GO TO 8
GO TO 23

MODIFIED NON-PARAMETRIC EXTERIOR-POINT METHAD

IT=1

PA=PS(1)

PSI=ESTD(NOD+1)

CALL DSPTA (NsXszHoEPS’IT’WQF'ICHFCK’IVAR’P29P1,INDX9GPH19NR’IAA¢
1IBRsGUsPHIsAsT1sT1IPsAL)

IF (KOeFQeO) GO TO 23

IT=1T+]

KKK=1

KR=0

49

114
115
116



S50

PSI10=pPSI 117
PSI=pPSI0+SUMD 118

IF (IPRINT.GT.0) WRITE (6s95) P50 119

IF (IT.EQe2) GO TO 10 120

IF (ABS(SUMD/PSIN)GT.FTA) GO To 10 121

GO To 23 122

C 123
C NONLINEAR MINIMAX OPTIMIZATION AS A SEQUENCE OF LEAST PTH 124
C OPTIMIZATION WITH INCREASING VALUES OF P 125
C 126

11 DO 13 I=1sNP 127
PA=PS(1) 128

CALL DSpTA (N,X169H9EP59I’W,FsICHECKiIVARiP?;PI9INDX9GPHIyNR!IAAyf 1729

1BBsGUsPHT sAsT1sT1PsAL) 130

IF (KOeEQeO) GO TC 23 131

IF (IeLTs2) GO TO 12 132

IF (ABS%(AMD—AM)/AMD).LE-ETA) GO TO 23 133

12 AMD=AM 134

13 CONTINUE 135
GO TO 2% 13

c 137

C APPLICATION OF AN FXTRAPOLATION TECHNIQUF TO A SFQUENCE OF LEAST 138

C PTH CPTIMIZATIONS WITH GFOMETRICALLY INCREASING VALUES OF p 139

C 140
14 JORDER=NP~1 141
PI=pPS(2)/PS(1) 142

DO 20 I=1sNP 143

PA=PS (1) 144

CALL DSPTA (N9X9CsHsFP59T,W’FyTCPFCKyIVAQ9P79P19TNDXsGPHIsNRyYAAsT 145
18BsGUsPHI sAs T1sT1PsAL) 146

IF (KOeFQs0) GN T0O 22 147

CALL DSPTM (NORsXsXEsIsNPsPIsX1s JORDER) 148

IF (I.EQel) GO TO 18 149

IF (1eFEQeNP) GO TO 16 150

DO 15 UJ=1sNOR 151

X2(J)=ARSIX2 (J)=X1(J)) 152

IF (X2(J)YeGTeFPS(J)*#10e) GO TO 18 153

18 CONTINUFE ’ 154

16 DO 17 J=1sNOR 155

X(Jy=X1(W 156

17 CONTINUE 157

GO TO 23 158

18 DO 19 J=1sNOR 159

X2(U)y=X100) ) 160

19 CONTINUF 161

20 CONTINUF 162

GO TO 23 163

21 PA=PS (1) . 164

C 165

C NONLINEAR MINIMAX OPTIMIZATION AS A LEAST PTH OPTIMIZATION WITH A 166

C LARGE VALUE CF P 167

C . 168

2 CALL DSPTA (NQX;G$H95P5~]vW9F9ICHECK9[VAR9P?QPT9INDX9GPHT!NR91AA!I 169

TRBsGUsOHT sAs T1sT1PsAL) ) 170

73 CALL DSPTF (XsPHIsUsNsGUs INDXsGPHTI sNRsO ) 171
CALL DSPTD (XsPHIsIAAsIBRsICHECKsIVARSP2,P1) 172
IFNT=IFNT+1 173

I[F (IPRINT«LEe=2) €N TO 25 174
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31
3?7

33

34

25

IF (IPRINTeEQe=16ANDeKKeGTo0) GO TO 25
CALL DSPTJ (NsXsFsGsPHI sUs IVAR)

IF (IPRINT«LT&0) GO TO 25

CALL SECOND (T)

T=T-T3

WRITE (6+101) T

KK=KK+1

INDC=0

IFNT=IFNT+IFN

CHECK IF SOLUTION IS FFASIRLE

IF (IOPT6eEQe5) ESTDI(NOD+2)=U
IF (IFLAGA.NE.O) GO TO 26

IF (MAXNOD«EQsO) GO TO 92

GO TO 29

IF (KKeEQel) GO Tn 87

CHECK IF ALTERNATIVE CONSTRAINT AT A PARTICULAR NODF HAS BEEN
ADDED

IF (ICHECK(NOD)+eEQe0eORs ICHECK(NOD)«EQWs2) GO TO 28
ICHECK(NOD)=0
NCONS=NORG+NOD

GO TO 2

CHECK IF ALL NODES HAVE REEN SEARCHED

NOD=NOD-1
IF (NOD.EQ.O) GO TO 86
GO TO 27 ’

CHECK IF DISCRETE VALUE SOLUTION 1S ATTAINED

IF (10PT5.EQ.1) GO TO 30
GO TO 49

DO 40 M=1,K

IF (ICONJNE.1) GO T 31

1=M

GO TO 32

[=K+1-M

NS=NSTEP(1)

IF (X(I)eLTeDISCR(T51)) GO TO 33
IF (X(I)eGTeDISCR(I,NS)) GO TO 35
GO TO 37

D1=DISCR(Ts1)=X(1)

IF (D1+LELERR) GO TO 40

IF (INSOLN<EQ.0) GO TO 34

IF (IOPT7.FQ¢1) DIFFER=(RSOLN*(1,~SIGN(14E~gsRSOLN))+ZER0O)=U
IF (IOPT74NF.1) DIFFER=RSOLN-U

IF (DIFFFReLT4ZFRO) GO TO 27
NOD=NOD+1

TCHECK (NOD) =0

IVAR(NOD) =1

P2(NOD)=DPISCRIT»1)

GO TO 43

D2=X(1)=DISCR(IsNS)

IF (D2sLECERR) GO TN 40
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37

40

41

42

43

44
45

46

47
48

49

IF (INSOLNeEN.O) GO TO 36

IF (I10PT74FQe1) NIFFFR=(BSOLN*(1e~SIGN(1.E~g9BSOLNYI+ZERO)=U
IF (I0OPT7.NE.1) DIFFER=BSOLN-U

IF (DIFFEReLTLZERO) GO TO 27
NOD=NOD=+1

ICHECK (NOD) =2

IVAR(NOD) =1

P1(NOD)I=DISCR(IsNS)

GO TO 43

NV=NS=1

DO 38 J=1sNV

IF (X({I1)eGEeNISCRITIsJ)eANDeX(T) o LESDISCR{Ts J+11) GO TO 39
CONTINUE

D1=X(I)-DISCR(Is.J)
D2=DISCR(IsJ+1)=X(1I)

IF (D1eGTeFERReANDeD2eGTeSRR) GO TO 41
CONTINUE

GO TO 76

L=1

LL=J

IF (INSOLN.EQ.D) GO TO 42

IF (IOPT7.5Qe1) DIFFFR=(RSOLN¥(1e=SIGN(1aE~,sBSOLN)I+ZERO)~U
IF (TOPT7eNFol) DIFFFR=BSOLN=-U

IF (DIFFER.LT.ZFRO) GO TO 27
NOD=NOD+1

ICHECKINOD ) =1

IVAR(NOD) =L

P1INOD)=DISCR(LsLL)
P2(NOD)Y=DISCRILsLL+1)

IF (KKeNFoleDRIORPT3eNFe1) GO TC 75
DO 48 I=19XK

IF (X{I)elLTeDISCR(ISsT1)) GO TO 45

IF (X{I1)eGTeDISCR(IINS)) GO TO 46
NS=NSTEP(I)

DO 44 J=1sNS

IF (X(1)eGEeDISCR(I9J)oANDeX(I) e LESDISCR(IsU+1)) GO TO 47
CONTINUE

XL (I1=DISCR(Is1)

XUCTy=XL(I)

GO TO 48

XL(T)=DISCRITsNS)

XU(I)=XxL(I)

GO TO 48

XL(I)=DISCR{1sJ)

XULI)Y=DISCR{TsJU+1)

CONTINUE

GO TO 5%

DO 52 J=1sK

IF (ICONeNFel) GO TO 50

I=J

GO TO 51

I=K+1-J

X 1S INCREASFD BY THE TOLERATED ERROR TO GET PROPER DISCRETE
VALUFES OF X

ERRO=ERR*QSTEP (1)
DI=STGN{ERROsX(T))

52

233
234
235
236
237
238
239
240
241
242
243
LY
245
246
247
248
249
250
251
252
252
7254
755
256
257
258
259
260
261
262
263
764
265
266
267
?h8
269
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53

L NeNaNaNaNaRs =
s

o

57
58

62
64

A5
656

X(I)=X(1)+D1
IX(I)=TFIX(X(T)/QSTEP(TI))
X(I)=X(I)-D1
X1(I)=X{1)=FLOAT(IX(I))*NSTEP(T)
IF (ABS(X1(I))eGTeERRN) ~O TO 53
CONTINUE

GO TO 76

L=1

IF (KKeNEe1eOReIOPT3eNE.1) GO TO 72
DO 54 I=1,K

ERRO=ERR*QSTEP(I)
D1=SIGN(ERROsX(I))

X(I)=X(I)1+D1 .
IX{D)=TIFIX(X(I)/QSTEP(I))
XLOI)=FLOATCIX(I))*QSTER(T)
X(I)=xX(11=-D1

CONTINUE

CHECK THE VERTICES ABOUT THE SOLUTTION TO THF ORIGINAL
CCNTINUOUS "PRGRLEM TO NRTAIN AN INITIAL UPPFR BOUND ON THE
ORJECTIVE FUNCTION

NV=2%%K

DO 56 1=1sNV
ID(I)=1
CONTINUE

DO 58 I=1sNV
I1sumM=1

DO 57 J=13K
M=K+1-J
MP=2%3%(M=1)

IB(Ms I)=C(ID(I)=ISUM)/MP

1SUM=TSUM+IR(Ms ] ) *MP

CONTINUE

CONTINUE

IF (KeEQeNCR) GC TO 60

KP1=K+1

DO 59 I=KP1sNOR

X10I)y=X(I)

CONTINUF

DO 70 I=1sNV

IF (TOPT5.EQel) GO TO 62

DO 61 J=1sK
X1(J)=XL{D)+SIGNIFLOATIIR(JsT) I*QSTEP(J) s X(J))
CONTINUE

GO TN 64

DO 673 UJ=1sK

IF (IB(Js1)eFQeC) X10U)=XL(J)

IF (IB(JsI)eFQel) X1 =XU()

CONTINUE

CALL DSPTF (X1sPHIsUDoNsGUs INDXsGPHIsNRC)
IFNT=IFNT+1 .
1T (NORG.FQsQ) GO TO 66

DO 65 J=19NCRG

IF (PHI(J)el.TeZFRO) GN TN 70

COMNTINUF '

IF (INSOLNeNESO) GO TO 69
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67 BSOLN=UD 348
INSOLN=1 349
INSOL=1 350
DO 68 J=1sNOR 351
XB(J)=X1{J) 352

68 CONTINUE 353
Go To 70 354

69 IF (UDeGEBSOLN) GO TO 70 355
GO TO &7 356

70 CONTINUE 3157
IF (INSOL.EQ.C) 6O TO 71 358
KO=1 359
IF (IPRINTeGTe=2) CALL DSPTK (BSOLNsXBsPHIskOsIFNTsIAAsIBBsNsGUsIN 360

1DXsGPHI s NR) 361

71 IF (I0PT5.EQel) GO TO 75 362
GO To 73 363

C 364

C TERMINATE A NODF IF CORRESPONDING OBJECTIVE FUNCTION VALUE IS 365

C WORSE THAN THE BEST DISCRETE VALUE SOLUTION OBTAINED SO FAR 366

C , 367

72 IF (INSOLN«EQ.0) GO TO 73 368
IF (TOPT7.EQe1) DIFFER=(RSOLN¥(1,-SIGN(1,E=AsBSOLN))+7ZERO)-U 369
IF (I0PT7eNEel) DIFFER=RSOLN-U 370
IF (DIFFFR.LTeZFERN) GN TN 27 371

C 372

C IF SOLUTION IS NOT DISCRETE ADD CONSTRAINTS 373

C 374

713 NOD=NOD+1 ' 275
ICHECK{NOD)=1 376
IVAR(NOD) =L . 377
IF (X{(L)eLTeOs) GO TO 74 378
P1(NOD)=FLOAT(IX(L))*QSTEP(L) 379
D2 INODY=PTINODY+NSTEP (L) 380
6o To 75 381

74 P2 {NODY=FLOAT(IX(L))*QSTFPIL) 382
P1(NOD)=P2(NOD)-QSTEP (L) 383

75 NCONS=NORG+NOD 384

C 385

C CHECK I1F MAXIMUM NUMBER OF NODES ALLOWED HAS BEEN EXCFEDED 386

C 387
IF (KKeGT<MAXNOD) GO TO 88 388
Gn TN 2 3189

C 390

C IF DISCRETE VALUE SOLUTION IS BEST SO FAR RFCORD IT 391

C 392

76 NNK=INSOLN : 393
IF (IPRINTeGEoO) WRITE (69103) 394
INSOLN=1 , 395
IF (KKeEQel) GO TN 85 396
IE (NNKeNFe0) GO TO 84 397

C 39¢

¢ NON-ZERO VALUF OF NNK INDICATES THAT AT LEAST A DISCRETE SOLUTION 399

C HAS RFEN FOUND 400

C 401

77 IF (I0OPT5.EQel) GO TO 80 402
DO 78 I=1+K 403
XBAI)=FLOAT(IX (I} )*NSTERP(I) 404

78 CONTINUE 405



79

80

81

e2
/13

a4

85

86

a7

88

89

90

C

C
94
as

96
Q7

og
Q9

100
101

IF (KeEQeNOR) GO TO 83
KP1=K+1

DO 79 I=KP1sNOR
XBOI)=X(1)

CONTINUE

GO TO 83

DO 81 I=1sK
XB(I)=X(I)+SIGN(FRRsX(1))
IX(I)=IFIX{(XB(I))
XB(I)=FLOAT(IX(I))
CONTINUE

IF (KeEQeNOR) GO TO 83
KP1=K+1

DO 82 I=KP1sNOR
XB(I)=X(I)

CONTINUE

CALL DSPTF (XBsPHIsBSOLNsNsGUs INDXsGPHIsNR»O)
IFNT=IFNT+1

INSOL=1

GO TO 27

IF (UsLTeBSOLN) GO TO 77
GO TOo 27

K0=0

IF (IPRINTeGTe=2) CALL DSPTK (UsXsPHIsKOsIFNTsIAA»IBBsNsGUs INDXsGP
1HIsNR)

RETURN

K0=0

IF (INSOL.EQ.Q) GO TO 90
GO TO 91

WRITE (6596)

RETURN

IF (INSOL.EQeO0) GO TO 89
WRITE (6597)

Ko=1

GO T0 91

WRITE (6598) MAXNOD
RETURN

WRITE (6599)

RETURN

IF (IPRINTeGTe=-2) CALL DSPTK (BSOLNsXBsPHIsKOsIFNTsIAAs>IBBsNsGUsIN
1DXsGPHI sNR)

RETURN

WRITE (65100)

RETURN

WRITE (65104)

RETURN

FORMAT (1HOs*VALUE OF PSI =#3E14,6)

FORMAT (1HCs*ESTIMATE OF MINIMUM ACTUAL FUNCTION VALUE =%#sE1446)
FORMAT (1HO»*NO CONTINUOUS SOLUTION*) -

FORMAT (1HO s #MAXIMUM ALLOWARLE NUMBFR OF NODES EXCEEDFDs BEST DISC
1RETE SOLUTION IS PRINTED OUT*)

FORMAT (1HOs#*NO DISCRFTE SOLUTION FOUND AFTFR*s[5s% NODESH*)

FORMAT (1HOs*NO DISCRFTE SOLUTION*)

FORMAT (1HOs*ONLY CONTINUCUS SOLUTION HAS BEEN REQUESTED#)

FORMAT (1HOs10X»#EXECUTION TIME IN SECONDS =#sF10e5)
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FORMAT (1H1)
FORMAT (1HOs*THIS IS A DISCRETE SOLUTION%)
FORMAT (1HO»*NO OPTIMIZATION HAS BEEN REQUESTED*)

END
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SUBROUTINE DSPTA (N9X969H95P5’KR9W9F,ICHECKyIVAR;PZ’plaINDX9GPH19N
1RSIAA!IBB’GUQPHIQA!TI,TIPQAL) I

DIMENSION W(1)s X(1)s G(71)s H(1)s EPS(1), ICHECK(1)s IVAR(1)s P2(1
1)s P1(1)s INDX(1)s GPHI(NRs1)s IAA(1)s IRB(1)» GU(1)s PHI(1)s A(1)
25 T1(1)s TIP(1)s AL(1) :

COMMON /DSPTO1/ IOPT1s10PT2510PT3510PT4s ICPT5510PT6Hs I0PTTsNCONSSID
lATAsIPRINTsMAX’EST,ESTl~AO,XMAL3AIsZEROoETAgINSCLNyBSOLN’MAXNOD,ER
2R ICON

COMMON /DSPT02/ NODsKKsNORGsNOR .

COMMON /DSPTO03/ AMsPSTsPAsALPHAS IFLAGAs ICHEK sKKK s INDA» INDBs URsNC oK
10sIFN

EXTERNAL DSPTC

THIS SUBROUTINE CNORDINATES THE INPUTs THE AUTPUT AND THFE
MINIMIZATION

DO 1 I=1sNR
EPS(I)=EPS(I)/(10e%#(KR=1))

CONTINUE

IF (TOPT1¢EQe1+ANDsKKoNELO) GO TO 2
GO TO 5

N=NOR-1

IFV=IVAR(NOD)

IF (IFV.EQ.NOR) GO TO 4

TE=EPS(IFV)

PO 3 I=IFV,NOR

IP1=1+]1

X(I)=X(IP1)

EPS(1)=EPS(IP1)

INDX(1)=1P1

CONTINUE

IF (ICHECK(NOD)+FQs0) X(NOR}=P2(NOD)
IF (ICHECK(NOD)+EQe1+0Re ICHECK(NOD)+EQs2) X({NOR)=P1(NOD)
Ko=1

ICHEK =0

IF (KKeGTe1) GO TO 6

ALPHA=AL (1)

GO TO 7

IF (ICHECK(NOD)«NE4O) ALPHA=AL(NOD)
AL (NOD+1)=ALPHA

IF (IPRINTGT.0) WRITE (£s17) KR

SUBROUTINE DSPTB PERFORMS MINIMIZATION BY A VARIABLE METRIC
ALGORITHM DUE TO FLETCHER

IF (IOPT6+EQe4eANDKRsFOs1) GO TO 8§

GO TO 9 o
CALL DSPTC (N’X$F9G)ICHE(K’IVAR#DZ’PIOINDX’GPHI’NR’IAAleBQGUQPHIQ
1AsT1sT1P) .
PSI=AMIN1(Oe sAM+16E=10)

ESD=EST ' .

CALL DSPTR (DSPTC’N’X’ESD’G,H’W;O.9EP59]:MAXoIPRINT;IFXIT,TCHF(KQI
1VAR¢PZ9P]’INDXDGPHI9NR’IAA;IBB»GU;PHIQA,TliTIP)

ICHEK=1

KKK=1

CHECK FEASIBILITY OF CURRENT OPTIMUM SOLUTION

>>>>>>>>>)>>>>>>>>>>>>>>>>>>>>>>>>>>>>>)>>>>>>>>b>>>>>>>>>
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10

11

12

13

14
15

- NOY My

CALL DSPTC (N,XvaW’ICHECK;IVARvD?;P]oYNDXaGPHI’NR’IAAsIBB:GU;PHI;
1AsT1sT1P)

IF (IOPT6.EQe5) GO TO 10

IF (IFLAGACEQeOsORIEXITeFQe3s0Re INDACEQs1) GO TO 10

KO=0

ALPHD=ALPHA®*A]

IF (ALPHD+GT.XMAL) GO TO 10

ALPHA=ALPHD

IF (NODeNE«O) AL(NOD}=ALPHA

AL (NOD+1)=ALPHA

KO0=1

GO TO 9

IF (TEXITeEQe3) KO=0

IF (INDAeNE«1) GO TO 11

KO=2

INDA=0O

IF (TOPT6eEQes) CALL DSPTC (NyX;F;W’ICHECK9IVAR9P?,P1’INDX’GPHIyNR

"1sTAASIBBsGUSPHIsAsT1sT1P)

[F (JOPT1eEQeleANDeKKoNE.OoANDeIFV.NEoNOR) GO TO 12
GO TO 18

TS=X{NOR)

JJ=NOR+1

NI=NOR-IFV

DO 13 I=1,NI

NENNES

X{d)y=X(J=-1)
EPS(J)=EPS(J~1)

CONTINUE

X(IFV)=TS

EPS(IFV)=TE

IF (IFVeEQsNOR) GO TO 15
DO 14 I=IFVeN

J=NOR+IFV-1

GlJY=G(J=-1)

CONTINUE

IF (KOeEQea2e ANDeIPRINTaGTo~1) CALL DSPTJ (NsXsFsGsPHI sUs VAR
DO 16 I=15NR
EPS(II=EPS(I)I*#104%#%(KR=1)
CONTINUE

RETURN

FORMAT ({HO s *OPTIMIZATION#5135/ 9% ——mmemmmn ————— #9/91Xo#[TER%* 93X
1*FUNCT*’RX’*OBJECTIVE*’6X9*VARIABLE*t7X’*GRADIENT*9/)
END

)>)>>)>)>I>)>)>>>>}>)>}>)>>}>)>I>J>J>J>.>)>]>>)>]>)>)>)>)>>)>I>)>)=—)>)>J>>>>)>>>J>
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SUBROUTINE. DSPTR (FUNCToNsXsFsGasHsWsDFNsEPS sMODE sMAXFN»s IPRINT s IEX I
1T9ICHECK)IVAR’PZ’PI’INDX!GPHI,NRsIAA’IBB,GU;PHI,A,TI’TIP)

DIMENSION X(1)s G(1)s H(71)s W(1)s EPS(71) ICHECK(1)s IVAR(1)s P2(1
1)e P1(1)s INDX(1)s GPHI(NRs1)s IAA(1)s IBB(1)s GU(1)s PHI(1)s Al1)
2s T1(1)s TI1IP(1)

COMMON /DSPTO3/ AMOPSY’PA!XXXXX’IFLAGA’ICHEK’KKK'INDA’INDB’UR!NC’K
10sIFN

UNCONSTRAINED MINIMIZATION METHOD

Re FLETCHERs FORTRAN SUBROUTINES FOR MINIMIZATION BY QUASI-NEWTON
METHODSs ATOMIC ENERGY RESEARCH ESTABLISHMENT»> HARWELLs BERKSHIRE,
ENGLANDs REPORT AERE- R7125, 1972

IF (KKKeNE«QO) GO TO 1
ITN=0 .
IFN=1

CONTINUE

NP=N+1

N1=N=-1

NN=N#*#NP/2

IS=N

1U=N

IV=N+N

IB=IV+N

IEXIT=0

IF (MODE.EQs3) GO TO 7
IF (MCDE+EQe2) GO TO &
I J=NN+1

DO 3 I=1sN

DO 2 JU=1s!

1J=1J-1

H{IJ)=0.

CONTINUE

H{IJ)=1.

CONTINUE

GO TO 7

CONT INUE

1J=1

DO 6 I=2sN

Z=H(IJ)

IF (ZelLEeOe) RETURN
[U=1J+1

I1=I1y

DO 6 J=1sN

2Z=H(1 )
HIIY)=H(IJU)/2

JK=T1J

IK=11

DO 5 K=IsJ
JK=JK+NP=K

HOJK) =H(JK)-H{IK)%*2Z
IK=IK+1

CONTINUE

Id=1J+1

IF (H({IJ)eLE«Os) RETURN
CONTINUE

mmmmmmmmmmmmmmmmmmmmwmmmmmmmwmmmmmmmmmmmmmmmmmmwmmmmmmmmmm
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10

11

12

13

14

15

16

IJ=NP
DMIN=H(1)
DO 8 I=29N

IF (H(IJ)eGEDMIN) GO TO 8

DMIN=H(IJ)
1J=1J+NP~I

IF (DMINeLEsOe) RETURN

z=F

CALL FUNCT (NsXsFsGs ICHECKs IVARsPZ29P1s INDXs GPHTsNRs [AAs IRBsGUsPHI

1AsT1sT1P)

IF (INDB.EQel) GO TO 37

DF=DFN

IF (DFNeEQeQe) DF=F-Z
IF (DFNelLTeO6e) DF=ABS({DF*F)

IF (DFelLEeDs) DF=

CONTINUE
IF (IPRINTeLESO)

le

Go To 10

IF (MOD{ITNs IPRINT)NELQ)

PRINT 38s ITNoIFNsFol{(X{T)aG(I))sI=1sN)

CONTINUE
ITN=ITN+1
W({l)==G(1)

DO 12 1=2sN
1J=1

I1=1-1

Z2=-G(1)

DO 11 J=1,11
Z2=2-H(TIJ)*W(J)
1U=1J+N-J
CONTINUE
W(I)=2
CONTINUE

WOISHNY=WINI/HINN)

T J=NN

DO 14 I=1sN1
1J=1J-1

2=0.

DO 13 J=1s1

Z2=Z+H{TJY#WIIS+NP~])

fJ=1d-1
CONTINUE

W{IS+N=IV1=WIN-T)/H(TJ)=Z

CONTINUE

GS=0e

DO 15 I=1sN
GS=GS+W(IS+T1#G(1
CONTINUE

TEXIT=2

IF (GSeGESCOe) GO
GS0=GS
ALPHA==2 . #DF /GS
IF (ALPHAGTels)
DF =F

TOT=0e

CONTINUE

TEXIT=3

IF {IFNeEQeMAXFN)
ICON=0

)

TO 37
ALPHA=1.
GO TO 37

GO TO 10

OO TTXOUTTRDUCO OO OO0 EOOC OO0 EOm®
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17

18

19

20

21

22

73

24

’5

IEXIT=1

DO 17 I=1sN

Z=ALPHA*W(IS+1)

IF (ABS(Z)eGELEPS(1)) ICON=1
X{I)=X(1)+Z

CONTINUE

CALL FUNCT (N;XaFY;W;ICHECK9IVAR9P2’P]sINDX
15AsT1-T1P)

IF (INDB+EQel) GO TO 37
IFN=TFN+1

GYS=0.

DO 18 I=15sN
GYS=GYS+W(I)#W(IS+T)
CONTINUE

IF (FY'GE«F) GO TO 19

IF (ABS(GYS/GS0)eLEse9) GO TO 21
IF (GYS«.GTe0e) GO TO 19
TOT=TOT+ALPHA

2=10,.

IF (GS4LTeGYS) Z=GYS/(GS=GYS)
IF (Z.GT.IOQ) Z=10-
ALPHA=ALPHA*Z

F=FY

GS=GYS

GO TO 16

CONTINUE

DO 20 I=1,N
X{I)=X(1)=ALPHA*W(IS+1)
CONTINUE

IF (ICON.EQeO) GO TO 37
Z=3%{(F=FY)/ALPHA+GYS+GS
ZZ=SORT(Z#%#2-GS%GYS)
Z=].-(GYS+ZZ-Z)/(2.*ZZ+GYS~GS)
ALPHA=ALPHA*Z

GO TO 16

CONTINUE

ALPHA=TOT+ALPHA

F=FY }

IF (ICON+EQs0) GO TO 35
DF=DF-F

DGS=GYS-GSO

LINK=1"

IF (DGS+ALPHA%*GS06eGT o0 ) GO TO 23
D0 22 I=1sN
WOIU+T)=W(I)=GI(1])

CONTINUE

S1G=1e/{ALPHA#*DGS)

GO TO 30

CONTINUE

ZZ=ALPHA/ (DGS—-ALPHA®GSO)
Z=DGS*Z22-1,

DO 24 I=1sN

WOTU+T) =Z#G(I)+W.(])

CONTINUE

SIG=1e/(2Z#DGS#%2)

GO TO 30

CONTINUE

LINK=2

sGPHI sNRs TAA» IBBsGUsPHI
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26

27

28

29

31

32

33

34

35

36
37

ple}

26 I=1sN

W{IU+T)=G(I)
CONTINUE

(DGS+ALPHA*¥GS0eGT 604 )
S1G=1./GS0O

IF

GO

To 30

CONTINUE
SIG==22

GO

TO 30

CONTINUE

Do

29 I=1sN

GUIV=W(I)
CONTINUE

GO

T0 9

CONTINUE
WIIV+1)=W{IU+1)

DO

IJ=
Il=

32 I=2sN
I

-1

Z=W(IU+T)

ble]

31 J=1.11

2=Z2~H{TJ)*W(IV+])

1J=

IJ+N=-J

CONTINUE
W(IV+I)=2Z
CONTINUE

IJ=

1

DC 33 I=1sN
Z=H{ITJ)+SIG¥W(IV+I)**2

IF (ZlLEQQo) =
IF (ZeLTeDMIN)
HiIJy=2

DMIN
DMIN=Z

WOIB+I ) =W(IV+I)%*SIG/Z
SIG=SIG-W(IB+I)##2%Z
1J=1JU+NP-1
CONTINUE

IJ=

1

DO 34 I=1+¢N1

IJ=

1J+1

I1=1+1

DO 34 J=11sN
WOTU+J =W TU+J) =H{TJ) #WIV+T)
HIT D =HITUY+WUIB+I ) #W (TU+Y)
Id=1J+1

GO TO (259281}
CONTINUE

DO 36 I=1sN
GUIN=W(I)
CONTINUE
CONTINUE

IF

PRINT 38>

IF

{IPRINTeLESO

(INDReFQel)

PRINT 39, IEXIT

IF
IF

IF

(TEXITeEQe1)
(IEXITeEQe2)
(IEXITsEQe3)

LINK

} RETURN
RETURN
PRINT 40

PRINT 41
PRINT 42

GO TO 27

ITNsIFNsFeo ((X(T)sGlT) ) sI=1eNY)

DOPTTICTOORXTIOTIOTDTTODOIOCOTIOCC TR ONDTRD T TEOEO® @ @O @
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38
39
40
41
42

RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(1H 9I1493X91496X9E14e691Xs80(E1lieb91XsE14069/933X))
(1HO s ¥TEXIT =%,415)

(1HO s *NORMAL EXIT*) .
(1HO»*EPS IS PROBABLY SET TOO SMALL#*) :
(1HO s *PERMISSIBLE NUMBER OF FUNCTION EVALUATIONS EXCEEDED*)

OO OODODE
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SUBROUTINE DSPTC (NsYsFsGsICHECKs IVARsP2sP1,INDXsGPHI sNRsIAAsTRBsG
1UsPHI®AsT1sT1P)

DIMENSION Y(1)s G(1)s TAA(1)s IBB(1)s GU(1)s PHI(1)s GPHI(NRs1)s I
1CHECK(1)s IVAR(1)s P2(1)s P1(1)s A(1)s T1(1)s T1IP(1)s INDX(1)
COMMON /DSPTO1/ I0OPT1sI0PT25sI10PT3sI0OPT4sI0PT5sI0PT6sI0OPT7sNCONSSID
TATAS IPRINTsMAXSESTSsEST15A09XMAL9AT sZEROSETA s INSOLNsBSOLNsMAXNODSER
2R s ICON

COMMON /DSPT02/ NODsKKsNORGsNOR

COMMON /DSPTO03/ AMsPSIsPAsALPHAY IFLAGAs ICHEK sKKKs INDA s INDBsURsNCsK
105 IFN

COMMON /DSPTO04/ SUMDs INDC

THIS SUBROUTINE COORDINATES SUBRNUTINES DSPTDsDSPTESsDSPTFsDSPTG
AND DSPTH TO FORMULATE THE ARTIFICIAL UNCONSTRAINED OBJECTIVE
FUNCTION AND THE NECESSARY GRADIENTS

I1DD=0

IFV=IVAR(NOCD)

IF (IOPT1¢EQeleANDeKKeGTs0eANDeIFVeNESNOR) GO TO 1
GO TO 3

IDD=1

TS=Y (NOR)

NI=NOR=-IFV

JJ=NOR+1

DO 2 I=1sNI

J=Jdd=-1

Y{Jy=Y{(J-1)

CONTINUE

Y{IFV)=TS .

CALL DSPTF (YsPHIsUsNsGUs INDXsGPHT 9NRs 1)
CALL DSPTD (YsPHIsIAASIBRsICHECKs IVARSP2sP1)
IF (KKeEQeCoQRINNPCeEQeal1) GO TO 4

IF (IOPT1eEQe1eANDeNODLEL1) GO TO &

CALL DSPTE (IAASIBBsGPHIsNRsIVAR)

IF (JTOPT1eNEeleORKKeFQoOsORTFV,FQaNOR) GO TO 8§
IF (INDCeEQel) NCMI1=NORC

IF (INDCeNEe1) NCMI=NCONS~-1

DO 6 J=1sNCM1

DO 5 I=IFVsN

GPHI(I9J)=GPHI(I+1sJ)

CONTINUE

CONTINUE

DC 7 I=IFVseN

GUIT)=GU({TI+1)

CONTINUE

CALL DSPTH (UsGUsPHIsNsFsGsAsT1sT1PsNRsGPHI)
IF (IDD«FQ«0) GO TO 10

TTS=Y(IFV)

DO 9 I=IFVsN

Y{Iy=Y({I+1)

CONTINUE

Y{NOR)=TTS

RETURN

FND

(\(\(’\ﬂf\ﬂ(’\ﬂ(\f\(‘\ﬁﬂﬁﬂﬂﬂﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁ(\(\f\(\ﬂﬂﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁf\ﬂﬁﬂﬁ(\f'\ﬁ(’\
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SUBROUTINE DSPTD (XsPHIsIAASIBBs ICHECKs IVAR,P2,P1)

DIMENSION X(1)s PHI(1)s TAA(71)> IBB(1)» TCHFCK(1)s IVAR(7), P2(1) s
1 P1(1) :

COMMON /DSPTO1/ IOPTl’IOPTZ;IOPT39IOPT49IOPT5¢IOPT6’IOPT7aNCON59ID
1ATAS IPRINT sMAX sEST ESTlsAO,XMAL9AI9ZERO9ETA;INSOLN,BSOLNoMAXNODsER
2R ICON )

COMMON /DSPT02/ NODsKKsNCRGsNOR

THIS SUBROUTINE RETURNS ADDITIONAL PARAMETER CONSTRAINTS FOR
DISCRETE VALUE OPTIMIZATION

IF (NOD+EQeO) GO TO 4

IF (NODeEQe1«ANDWIOPT1.EQ.1) GO TO 4
MN=NOD

IF (TOPT1.EQel) MN=NOD-1

DO 3 I=1sMN

L=IVAR(I)

IT=I1+NORG

IF (L-EQ.IVAR(NOD).AND.IOPTI.EO-1) GO TO »
IF (TCHECK(I)eEQW0) GO TO 3
PHI(II)=P1(I)=-X(L)

TIAA(IT)==]1

IBB(II)=L

X(L)=P2(1))

PHI(II)=14E+10
IAA(II)=0
CONTINUE
RETURN

END

OOUOUOOUUUUUOOUUOUDUOODUOUOUOUUUOU
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SUBROUTINE DSPTE (IAAsIBRsGPHIsNRsIVAR)

DIMENSION TAA(1)s IBB(1)s GPHI(NRs1)s IVAR(1)

COMMON /DSPTO1/ IOPT1sIOPT2s10PT3510PT4sI0PTS5s10PTAsIOPTTsNCONSsID
]ATA’IPRINTaMAXsESToFSleAO’XMAL!AI,ZFQO¢FTA9INSOLNoHSOLN;MAXNOD;ER
2R+ ICON

COMMON /DSPTO2/ NODsKKsNORGsNOR

THIS SUBROUTINE RETURNS THE GRADIENTS OF THE ADDITIONAL PARAMETER
CONSTRAINTS FOR DISCRETE VALUE OPTIMIZATION

NORGP=NORG+1

MN=NCONS

IF (IOPT1¢EQel) MN=NCONS-1
DO 3 J=15NOR

IF (IOPT1¢EQeleANDeJeEQeIVARINODY) GO TO 3
DO 2 I=NORGPsMN

IF (IBB(I)eNEeJ) GO TO 1
GPHI(JsI)=TAA(I])

GO TO 2

GPHI{Js1)=0o

CONTINUE

CONTINUE

RETURN

END

mmmmMmmmmmMmmmMm MM mmmmmmmmm
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SUBROUTINE DSPTH (UQGU’PHI’N’F’G,AOTIQTIPQNQ,GPHI)

DIMENSION GU(1)s PHI(1)s Gl1)» AC1)s T101)s T1P(1)s GPHI(NRs1)
COMMON /DSPTO1/ IOPT19IOPT2,IOPTa,IOPT4’IOPT59IOPT69IOPT79NC0NS,ID
1ATA9IPRINT9MAXsEST’EST19AO’XMAL9AI,ZERO’ETA,INSOLN9BSOLN;MAXNOD,ER
2Rs ICON

COMMON /DSPTG2/ NODsKKsNORGsNOR

COMMON /DSPTO3/ AMD;PSI9PA9ALPHA’IFLAGA’ICHFKoKKK9INDA’ZNDB’UR,NC9
1KOs IFN

COMMON /DSPTO04/ SUMDs INDC

THIS SUBROUTINE TRANSFORMS THE CONSTRAINED SROBLEM INTO AN
UNCONSTRAINED OBJECTIVE USING THF BANDL ER-CHARALAMBOUS TECHNIQUE
OR A MODIFIED NON-PARAMETRIC EXTERIOR=-POINT METHOD

EPSPHI==ZERO

P=PA '

AE=0.

UR=U

NC=NCONS

IFLAGA=0

INDB=0

IF (NCONS.EQs0.OReALPHAJEQ.O4) GO TO 23
NCM=NCONS

IF (IOPTIQEOOICANDQKK‘GT.O) NCM=NCCNS‘1
IF (NCM«EQeO) GO TO 23

NT=NCM+1

IF (INDACEQe1«ORsIOPT6.EQe5) GO TO 2
V=(U-PST)/ALPHA

DO 1 I=1sNCM

A(I)=V-PHI(I])

CONTINUE

AINT )=V

GO T0 6

DO 3 I=1.NCM

A(I)==PHII(I)

CONTINUE

IF (INSOLNeEQe1eANDeINDACEQ.1) GO TO 4
AINT)=-1.E+20

GO TO 5

IF (IOPT7+EQe1) A(NT):U—(BSOLN*(1-—SIGN(ETA9850LN))+ZFRO)
IF (IOPT7eNEo1) AINT ) =U=RSOLN "
IF (IOPT6eEQe5eANDs INDASNE 1) A(NT)=U=-PST
AM=A(1)

DO 7 I=2,LNT

AM=AMAX1(AMsA(I))

CONTINUE

IF (INDA«NEe1sANDeIOPT6eNEL5) AMD=AM#*AL PHA
IF (INDA.EQ.1IAND.AM.LEOFDSPHI) INDB:]
IF (AMoLE«QOo) P==pA

SUM1=0,

DO 11 I=1sNT

IF (AM) 10,5849

AE=1.E~10

GO T0 10

IF (A(I)eLE«Oe) GO TO 11
TI(I)=(A(T)=AE) / (AM=AF)

TIP(I)=T1(1)%xp

I IIIIIIIITIITIXITICTT I I I I I I TIIIIXIITITITIT ITTTIIITITIITX

IXTXTITIIIITIIIT
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11

12
13

24
25

26

SUM1=SUM1+T1p(1}

CONTINUE

SUM3=SUM1#%¥(1./P)

F=(AM=AE ) #SUM3

SUMD=F

DO 22 I=1sN

SUM2=0, .

IF (INDAEQe1:0ReIOPTEeEQe5) GO TO 16
DO 15 J=1sNT

IF (AM) 13s13s12

IF (A{JleLEeOe) GO TO 15

IF (JeEQeNT) GO TO 14
SUM?:SUM2+T1P(J)/T1(J)*(GU(I)/ALDHA—GPHI(IsJ))
GO T0O 1%
SUM2=SUM2+T1P(J)/T1(J)*GU(T)/ALPHA
CONTINUE

SUM2=SUM? *AL PHA

GO To 21

DO 20 U=1NT

IF (AM) 18,18s17

IF (A(J)elLFe0s) GO TO 20

IF (JeEQeNT) GO TO 19
SUM?2=SUM2=TI1P(J)/T1(J)¥GPHI(TsJ)
GO T0O 20

IF (I0PTAeNE«5«ANDs INSOLNNE« INDA) GO TO 20
SUM2=SUM2+TIP(UI/T1(J)*GULT)
CONTINUE

G{1)=SUM3/SUM1*SUM2

CONTINUE

Gn Tn 25

F=U

DO 24 I=1sN

G(IVy=GUI(T)

CONTINUE

IF (ICHEK<EQeCeOReNCONSeFQe0eOReNCMeEQRO) RFTURN

DO 26 I=1sNCM

IF (PHI{I)elLTeZFRO) IFLAGA=1
CONTINUF

IF (INDAeNEe1) RETURN

IF (AINT)oLESEPSPHI) RETURN
IFLAGA=1

RETURN

END

I:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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SURROUT INE DSPTI (KsNsFPSsXsPSsNPsQSTEPsNSTFPsDISCR)

COMMON /DSPTO1/ IOPTl’IOPTZ’]OPT?’IOPT&’IOPTS’IOPT69109T7!NCONS’ID
1ATAS IPRINT sMAX s ESTSEST15A0s XMAL s AT sZEROSETA, INSOLNsBSOLNsMAXNODsER

2RsICON .
DIMENSION X(13s EPS(1)s PS(71)s QSTEP(1)s NSTEP(1)s DISCR(Ks1)

THIS SUBROUTINE PRINTS THE INPUT DATA

WRITE (6s6)
IF (IOPT5eNEsl) GO TO 2

WRITE (657)

DO 1 I=1,K

NS=NSTEP(1)

WRITE (698) (DISCR(IsJ)sJ=1sNS)
CONTINUE

WRITE (659) N

IF (MAXNODeNE.C) WRITE (6519) K
WRITE (6939) NCONS

WRITE (6510) MAX

WRITE (6518) MAXNOD

WRITE (6511) IPRINT

WRITE (6512) X(1)

WRITF (6913) (IsX(1)s1=2sN)

IF (IOPT6eNE.O) WRITE (6521) ZERO
IF (MAXNOD«EQ.O) GO TO 3

WRITE (6s22) ERR

IF (IOPT54EQel) GO TO 3

WRITE (6s44) QSTEP(1)

IF (KelLTe2) GO T0O.3

WRITE (6545) (IsQSTFP(I)sl=25K)
WRITE (6s14) EPS(1)

WRITE (6915) (IsEPS(T)sI=24N)
WRITE (6s16) EST

IF (IOPT6+EQeC) RFTURN

IF (IOPT6+EQe5) WRITE (6s43) EST1
IF (INSOLNeEQe1) WRITE (6s40) BSOLN
IF (IOPT6.EQe5) GO TO &

WRITE (6517) AO

WRITE (6520) XMAL

WRITE (6s523) AT

IF (10PT6eEQe4e0ReIOPTEeEQa2s0RaIOPTEFEQs5) "WRITE (6530) ETA
WRITE (6s534) NP

WRITE (6+35) PS(1)

IF (NPeLTe2) GO TO 5

WRITE (6536) (IsPS({I)sI=2sNP)
WRITE (6s24)

IF (IOPT6eEQes) WRITE (6531)

IF (IOPTheEQel) WRITE (6533)

IF (IOPT6eEQe2) WRITE (6532)

IF (IOPT6.EQe5) WRITE (6538)

IF (TOPT6+EQe3) WRITE (6s41)

IF (MAXNOD+EQeC) RETURN

IF (IOPT1eEQel) WRITE (6s25)

IF (IOPT3.EQel) WRITE (6526)

I[F (10PT4.ENel) WRITF (6527)

IF (IOPT4eEQe2) WRITE (6937)

IF (IOPT7EQal) WRITE (6542)
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13
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28

20

27
22
32
24
a5

26
37

20
40

41
42

IF (ICONeEQel) WRITE (6528)
IF (ICONeNEe1l) WRITE (6929)
RETURN ’

FORMAT (1H1s*INPUT DATA*5/s1Xs10(%*=%y,//)

FORMAT (% DISCRETE. VALUES FOR THE VARIABLES#)

FORMAT (1HOs5E1648)

FORMAT (1HOs #*NUMBER OF INDEPENDENT VARTARLESH#»35(% %) s #NR=%515]
FORMAT (1HOs*MAXIMUM NUMBER OF ALLOWABLE FUNCTION EVALUATIONS#,17(
1% ) s *MAX=%4916) :

FORMAT (1HOs*INTERMEDIATE OUTPUT TO BE PRINTED EVERY IPRINT ITERAT
TIONS#55(%e%) s *IPRINT=%415) '

FORMAT (7HOs*STARTING VALUE FOR VECTOR X(I)#533(%%)s%X{ 1)=%sE16
18)

FORMAT (64X s%#X(#9]2s%)=*sE1668)

FORMAT (1HOs#TEST QUANTITIES TO BE USFED IN FLETCHER METHOD*s16 (%, %
1)9¥EPS( 1)=%3E1648)

FORMAT (62Xs%FPS(#512s%)=%sF1668)

FORMAT (1HCs*ESTIMATE OF LOWER ROUND ON ARTIFICTAL ORJFCTIVF FUNCT
JTON¥sQ(%e%) s ¥EST=%*3E1668)

FORMAT (1HOs*INITIAL VALUE OF THE PARAMETER ALPHA%530(%e%) s %¥A0=%sE
116+8)

FORMAT (1HOs¥*MAXIMUM NUMBER OF NODES TO RBE SEARCHED% 524 (%4% ) s #MAXN
10D=%515)

FORMAT (1HO s *NUMBER OF DISCRETE VARIARLES#*33Q(# %) s#K=%515)

FORMAT (1HC»*MAXIMUM ALLOWABLE VALUE OF THF PARAMETER ALPHA%*,18(%,
1%) s *¥XMAL=%sE1648)

FORMAT (1HOs*ERROR TOLERANCE IN CONSTRAINTS#s34(%,%) 3 %#2FERO=%,E166e8
1)

FORMAT (1HOs*ERROR TOLERANCE IN DISCRETE VALUES#*521(#*e%) s *ERR=%sE 1
16e8)

FORMAT (1HOs*MULTIPLYING FACTOR IN ALPHA VALUE#*333(%e%) s%Al=%sE16s
18)

FORMAT (1HOs*FOLLOWING OPTIONS USED%s/s1Xe22{%—=3%)4/)

FORMAT (1HOs*(N=1) VARIARLF OPTIMIZATION PFRFORMFD*)

FORMAT (1HOs*VFRTICES CHECKED*)

FORMAT (1HOs%FEASIBILITY CHECKED%)

FORMAT (1HOs#PARTITIONING STARTS ON FIRST DISCRETE VARIABLE®)
FORMAT (1HO»#PARTITIONING STARTS ON LAST DISCRETE VARIABLE#*)
FORMAT -(1HO»*TEST QUANTITY TO BF USED IN NLP ALGORITHM 2/4/5%,18(#
lo#)s*ETA=%:E16.8)

FORMAT (1HOs#NLP ALGORITHM 4 EMPLOYED#®)

FORMAT (1HOs*NLP ALGORITHM 2 EMPLOYED#*)

FORMAT (1HO»¥NLP ALGORITHM 1 EMPLOYED®)

FORMAT (1HO s *NUMBFR OF P VALUES#* 948 (%% ) 9y ¥NpP=%s15)

FORMAT (1HOs*VALUE(S) OF P USED IN NLP ALGORITHM#»27(%,%) 9 %P5 ( 1) =
1%E1648)

FORMAT (63X s%¥PS(%#310e%)=%9F1668)

FORMAT (1HOs*FEASIBILITY CHECKFD FOR DISCRETE PROBLEM ONLY#)
FORMAT (1HOs*NLP ALGORITHM 5 EMPLOYED*)

FORMAT (1HO s #NUMBER OF CONSTRAINTS ON THF CANTINUOUS PROBLEM*®s 16 *
1e#) s *NCONS=%515)

FORMAT (1HO»*UPPER BOUND ON ARTIFICIAL OBJECTIVE FUNCTION#*s27(%e%)
1s#IDS=#3E1668)

FORMAT (1HOs%NLP ALGORITHM 3 EMPLOYED*)

FORMAT (1HOs*ONLY ONE OPTIMUM DISCRETE SOLUTION REQUIRED#®)

R R B B S N SE o RS R

HHHMNHN»—-‘H—QHMHHNMMHMHMHHHHHHHD—QH’—QHHHMP—#MMHHHHMHI—*N*@H)M

70



71

43 FORMAT (1HOs*ESTIMATE CF LOWER BOUND ON ACTUAL OBJUECTIVE FUNCTION®* 1,117
1512(%e%) 9 ¥EST1=%5F1648) 1 118

44 FORMAT (1HO,*QUANTIZATION STEP SIZES FOR THF DISCRETE VARIABLES*59 I 119
1(#e%) 9 #QSTEP( 1)=%4E16.8) 1 120

45 FORMAT (60X »*QSTEP(#5]12s%)=%3E16,8) 1 121
END 1 122~
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SUBRQUTINF DSPTJ (NsXsF sl

PHTsUs IVAR)

COMMON /DSPTO1/ IOPT1s10PT2sI0PT3sI10PT4sI0PTS5sI0PTEsIOPT7sNCONSID
1ATASIPRINT sMAX9sFST9EST 1 sA0sXMALSATI sZEROYETA s INSOLNSBSOLNsMAXNNDSER

2R s ICON
COMMON /DSPTO02/ NCDsKKsNOR

GsNOR

COMMON /DSPT03/ AMsPSIsPAsALPHAS IFLAGAs ICHEK KKK s INDAs INDRsURsNCsK

10 s NUMF
DIMENSION X{1)s G(1)s PHII

1ys TVARI(1)

THIS SUBROUTINE OUTRPUTS THE SOLUTION AT FACH NODE

IF (IOPT1eEQelaANDekKeGTaC
NCM=NC

NM=N

GO TO 2

NCM=NC=1

NM=N+1

NVIOL=0

IF (KOeEQaO) WRITFE (6916}
IF (KOeEQel) WRITE (6515)
IF (KOoEQe2) WRITE (6518)
WRITE (6922) KK

IF (KOeEQe2) GO TO 7

IF (INPTgeNE?) WRITE (691
WRITE (6510) U

IF (IOPT6eNE«3) GO TO 4
DO 3 I=1sNM

WRITE (6923) IsX(1)
CONTINUE

GO 10O 7

DO 6 I=1sNM

) GO To 1

7) F

IF (TOPT1eEQe1eANDal«FQaIVARINODY) GO TO 5

WRITE (6919) TeX(I)eIsGI(T)
GO TO 6

WRITE (6+20) IoX{I)
CONTINUE

IF (NCMeEQ.QC) GO TO 9

DO 8 I=1sNCM

IF (PHI(I)eLT«ZERQ) NVIOL=
CONTINUF

WRITE (€&s11)

WRITE (6912) (IsPHI(I)sI=1
WRITE (6s21) NVIOL

WRITE (&513) NUMF

IF (KOeEQe2) RETURN

IF (IOPT6eNEeS) WRITE (651
RETURN .

FORMAT (1HOs8Xs*ACTUAL 0BJ
FORMAT (1HUs 7X s * INEQUALITY
FORMAT (32X o#G(%s12¢% ) =%,E
FORMAT (1HO+5X s *NUMBER OF
FORMAT (1HOs 1Xs#FINAL VALU
FORMAT (1H1s11Xs¥FOLLOWING

NVIOL+1

s NCM)

41 ALPHA

ECTIVE FUNCTION F =%3E16e85/)
CONSTRAINTS#*s /)

16.8)

FUNCTION EVALUATIONS =%#,15)

E OF THE PARAMETER ALPHA =#5F16etr
IS THFE OPTIMUM SOLUTION#35/ 977X

)

| EUR S GV G G S S G S S
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46
47
48
49
50
51
52
53
54
55
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16

17
18
19
20
21
22
23

FORMAT

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(1H1515Xs%*RESULTS AT LAST ITERATION¥*/ 516X s#mmmmemmmeee___

_—)

(1HO s *ARTIFICIAL UNCONSTRAINED FUNCTION U =*5F1668)
(1H1510Xs#RESULTS OF THE FEASIBILITY CHECK*5/511X932 (#—%))
(PX;*X(*,I?o*):*s516.891X,*GU(*yI?’*)=*’E16.R)
(8)(;*)((*912;*):*9!:_16-8’

(1405 5X s *NUMBEPR OF VIOLATED CONSTRAINTS =*49]165)

(1HOs 24X s *NODE NUMBER =#,15)

(32Xo*X(*’IZ’*)=*9E]608)

(S SO G S S S S S 'Y
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SUBROUTINE DSPTK (U;X;PHiaKOoIFNTaIAAsIBBsN9GU91NDX9GPHI9NR)

DIMENSION X{1)s PHI(1)s IAA(1)s IBB(1)s GU(1)s INDX(1}s GPHI(NRs1)
COMMON /DSPTO1/ IOPT1sI0OPT25sI0PT3510PT49I0PT55I0PT6sI1OPT7sNCONSsID
1ATAS IPRINT sMAXSESTsEST15A0sXMALs AT 9ZEROSETAs INSOLNsBSOLNsMAXNODSER
2R s ICON

COMMON /DSPT02/ NODsKKsNORGsNOR

THIS SUBROUTINE OUTPUTS THE FINAL SOLUTION TN A STANDARD FORM

WRITE (6511

IF (KOeFQ<0) GO TO 1

WRITE (654)

WRITE (6s5) U

GO TO 2

WRITE (6s6)

WRITE (6-7) U

WRITE (698) (IsX{I})sI=1sNOR)

IF (NORG+EQeCQ) GO TO 3

CALL DSPTF (XsPHIsUsNsGUs INDXsGFHI sNRsO)
IFNT=IFNT+1

WRITE (64+9)

WRITE (6910) (IsPHI(I)eI=13sNORG)
WRITE (6s12) IFNT

RETURN

FORMAT (1H-510Xs38HBEST DISCRETE SOLUTION FNUND SO FARs/)
FORMAT (20Xs3HF =3E16e8//)

FORMAT (1HOs13Xs31HOPTIMUM DISCRETE SOLUTION FOUNDs/)
FORMAT (21Xs12HMINIMUM F =4E16.8//)

FORMAT (26Xs2HX(s1233H) =3F1668)

FORMAT (1H=922HINFQUALITY CONSTRAINTS)

FORMAT {(26Xs2HG(s12s3H) =3sE1668)

FORMAT (1H1)

FORMAT (1HOs32HNUMBER OF FUNCTION EVALUATIONS =s15)

END

?‘ﬂﬂﬁﬂﬂﬂﬂx?ﬂK?(}N'RK?(?Q?QKKRW?(K?‘Z?(?(K}T?TXK?‘F}"7‘7<7<
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SUBRROUTINE DSPTL (NsX5sGsPYsYsIPRINTs ICHECK» IVARsP2sP1sINDXsGPHI sNR
19TAAS IBBsGUsPHI3A»T15T1P)

DIMENSION X(1)s G(1)s PY(1)s Y(7), ICHECK(7)s IVAR(1)s P2(71)s P1(1
1)s INDX(1)s GPHI(NRs1)>» IAAC1)s IBB(1)s GUCY)s PHI(1)s A(1) T1(1)
2s T1P(1)

THIS SUBROUTINE CHECKS THE ANALYTICAL PARTIAL DERIVATIVE FORMUL A~
TION AT THE STARTING POINT BY NUMERICAL PERTURBATION

CALL DSPTC (N’X’F’G’ICHECKOIVAR9P2,P19INDX9GPHI9NRyIAA9IBB$GU;PHI,
1AsT1sT1P)

DO 1 I=1sN

Z=X(1)

DELX=1eE-4%X (1)

IF (ABS(X(I))elLTeleF=1C) DELX=1eF=10
X(I)=Z+DELX

CALL DSPTC (N9X9F?’DY’ICHFCK’IVAR9P?’P1’INDX’GPHIaNR9IAA918896U9PH
115AsT1T1P)

X(1)=Z~-DELX

CALL DSPTC (N9X9F19PY9ICHECK!IVAR9P2’P19INDX‘GPHI’NRolAA,IBBoGU’PH
1I1sAsT1sT1P)

Y(I)=0e5%(F2-F1)/DELX

X(I)=2Z

CONTINUE

DO 2 I=1sN

IF (ABS(Y(I))alTeleF=20) Y(I)=14F=20
IF (ABS(G(I))elTeleF=20) G(I)=1,F=20
PY(I)=ABRS((Y(I)=G(I))/Y{(T1))%100,
CONTINUE )

IF (IPRINTeLTe~1) GO TO 3

WRITE (6+6)

WRITE (6+7)

WRITFE (698) (IsX(I)sl=1sN)

WRITE (659)

WRITE (6910) (GUI)sYII)sPY(I)sI=1sN)
DO 4 I=1,sN

IF (PY(1)4GT41Cu) GO TO 5

CONTINUE

IF (IPRINTeGEe=1) WRITE (6511)
RETURN

WRITF (6+12)

CALL EXIT

FORMAT (1H1)

FORMAT (1HO 95X s #GRADIENTS CHECKING*s/96Xs18(%=%)s//96Xs*GRADIENTS.
1HAVE BEEN CHECKFD AT THE FOLLOWING POINT*/)

FORMAT (10X s %X (%12 4%)=%4E1668)

FORMAT (///51HO0s8Xs*ANALYTICAL GRADIENTS#95X s *NUMERICAL GRADIENTS*
1s7Xs #PERCENTAGE ERROR¥*4/) .

FORMAT (6XsE16e8959XsE1668359XsE1648)

FORMAT (1HOs//s6Xs*GRADIENTS ARF Oe Ko*)

FORMAT (1HOs//s6Xs*YOUR PROGRAM HAS BEEN TERMINATED BECAUSE GRADIE
INTS ARE TNCORRECT#5/6Xs#PLEASE CHECK IT AGAIN*®) ’

END

r‘r‘r‘rv—l—r—r*r“f-r—r‘r‘r“l—r-rrrr‘r—r‘r"rr—r'rr‘r‘r‘r‘r‘r‘r‘r—r‘r'r‘u—r—r‘r—r-r-rr‘r'r—r‘r‘r“‘r‘r‘r‘l-l‘r't—
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SURROUTINF DSPTM (NsXsXEs ITHs IKsRF X1 9 JNRNDFR)
DIMENSINON X(1)s XF(NsIKs1)s X1(1)

THIS SUBROUTINE EXTRAPOLATES ON THE VARIABLES TO ACCELFRATE THE
CONVERGENCE IN ALGORITHM 3

AeVe FIACCO AND GePo MCCCRMICKs NONL INEAR PROGRAMMING~ SEQUENTTAL
UNCONSTRAINED MINIMIZATION TECHNIQUES. NEW YORK- WILEYs 1968

I=1H

11=1+1

DO 1 J=1sN
XE(Jelsl)=X()
CONTINUE

IF (T1elLTe2) GO TO 11
IF (1eGTeJORDER) GO TO 2
1J=1

GO TO 3

1J=JORDER+1

DO 5 L=25I1J

LL=L=1

S=RF**LL

ESTIMATE OF THE ULTIMATE SOLUTION

DO 4 J=1sN .

XE(JoTol ) =(SHXE(JsTsLL)=XE(JsI=15LL)II/(S=1a0)
CONTINUE

CONTINUE

DO 6 J=1sN

X1(J)Y=XE(JsIsIU)

CONTINUE

IF (1eEQeIK) RFTURN

ESTIMATE oF THE NEXT STARTING POINT

DC 7 J=1sN

XE(Js ITeTU)=XF(JslsId)
CONTINUE

DO 9 K=251J

L=1J+1=K

SS=RF #*%|

DC 8 J=1sN
XECJoTTol)=((SS=1e)#XE(JsITsL+1)+XE(JsIsl))/55
CONTINUE

CONTINUE

DO 10 J=1eN
X{J)=XE(JsIIs1)
CONTINUE

RETURN

DO 12 J=1sN
X1(J)=XE(JsIsl)
CONTINUE

RETURN

END

TERTIZIIXZ

TEZmEZT2TE

T2 =

>
<

TITTTZTTZTRZZTZXT

CTXTRXTIZTXTITRTTLHETXE

T2 XXX

=
<

TTEZTT=TXE
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