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ABSTRACT

The work described in this paper is directed to-
wards a compromise between fully automated design
and modelling, which, it is felt, is still some

way off, and fully interactive design, which, in
contrast, is probubly unnecessarily inefficient in
the use of machines. At the heart of the soft-
ware are efficient gradient methods of minimizing
unconstrained nonlinear functions of many variables,
such as the Fletcher method. In an effort to sat-
isfy design specifications and constraints we use
least pth approximation techniques devised by Band-
ler and Charalambous. A number of interactive
optimization programs are discussed, in particular,
one that optimizes certain cascaded two-port elec-
trical circuits in the frequency domain, and ones
that minimize nonlinear functions of many variables,
constrained and unconstrained. The aim of the
paper is to discuss the present state of the authors'
programs and to indicate future directions to be
explored. To this end, results of the incorporation
of extrapolation into the programs as well as the
forcing of symmetry are presented.

INTRODUCTTON

Fully automated optimization of engineering designs
and modcls is still some way off. This work is
aimed at a compromise which attempts to fully ex-
ploit available automatic analysis and optimizat-
ion techniques as well as the facility for user-
interaction. ‘Ihe implementation of interaction
with the actual constrained optimization process

at convenient points so as to influence the rate
of convergence, redefine the parameters or redefine
the objectives or constraints on line in a con-
venient mannci is discussed. An ultimate aim is

to study poorly defined or ill-conditioned optimi-
zation problems with the aim of automating as many
features as possible which are clearly understood,
leaving the designer to decide on factors which in-
fluence the outcome of his design but whose effect
may not easily be predicted in advance.

This worh was supported by the National Research
Council ot Cunada under Grants A7239 and E3429.

Optimization methods require a single function of
many variables to be minimized possibly subject to
constraints, yet, as any designer knows, a real
design or modelling problem requires a trade-off
between a number of often conflicting objectives,
There are many ways of setting up such design pro-
blems in the standard form of minimizing a function
subject to constraints [1,2]. An important con-
clusion is that no matter how the criginal problem
is specified, in general the problem can always

be recast as an unconstrained minimax optimization
problem and its efficient solution ultimately de-
pends on the efficiency of the unconstrained mini-
mization method which forms the heart of the whole
process.

Most of the work described in this paper has been
carried out on the CDC 6400 computer, some on the
PDP 11/45.

INTERACTIVE FUNCTION MINIMIZATION

It is usually desirable to have control, at least
partially, over the execution of an optimization
process, Judging from information obtained from
the early stages of the optimization process, the
user may want to redefine parameters or request
some options, e.g., extrapolation technigues to
speed up convergence, Implementation of user-
interaction with the optimization process can bhest
be done on a time-sharing system or on a dedicated
mini-computer.

Among the many packages developed by our group, user
interaction facilities were first incorporated into
packages FLNLP1 [3] and FLOPT1 [4] and implemented
with INTERCOM on the CDC 6400 computer. FLNLP] is
a general program for solving constrained optimi-
zation problems. The Bandler-Charalumbous techni-
que [2,5] is used to transform the constrained
optimization problem into the minimization of an
unconstrained objective function. Practical least
pth approximation [2,6] is used to solve the result-
ing minimax problem together with Fletcher's grad-
ient method [7]. FLOPT1 is a program written pri-
marily for solving unconstrained functions using
Fletcher's method. In using the interactive ver-
sion of both packages, the user is instructed to
supply the required data by answering questions.
After he has entered all the data, he is free to
modify any of the entries. In this way, he can be
sure that correct data is entered before the optimi-
zation process starts,
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Fig. 1.

Fig. 1 shows typical instructions for entering data
when using FLOPT1 to minimize Rosenbrock's function
[8]. After a complete optimization, the user can
request the process to stop or restart with differ-
ent input data. ’

In updated versions of FLNLP1 and FLOPT1 (called
FLNLP2 [9] and FLOPT2 [10], respectively), the ,
user may request an extrapolation technique to
accelerate the rate of convergence to the final
solution. The extrapolation technique, proposed by
Fiacco and McCormick [11], involves fitting a poly-
nomial through k pointson Q(r), where $ is the ne
dimensienal paramcter vector, when k minima have been
obtained from minimizing the unconstrained object-
ive function. 7The unconstrained objective function
is obtained by using the SUMT [11,12] transform-
ation on the original objective function subject to
inequality or «quality constraints. The unconstrain-
ed function, for the problem of minimizing U(%) sub-~
ject to gi(QJ >0, 1 =1,2, ..., mand h.(%) = 0,

j 2 is usually of the form
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Typical instructions for entering data when using FLOPT1 [4].
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of terms in the polynomial is possible.
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The 'best' estimate of Q(O), namely 2o is given
by v K

200) 7 41 = R 4

. vk +1 . . .
To estimate 9 , we have the recursive relation

In practical least pth optimization, near minimax
solutions can be obtained by using a very large

value of p [6]. The process is usually accomplished
by optimizing the objective function for 2 < p,; <

eee < pb + «, Or in another form, we have the

(cj N K+l X sequenct of p-as
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v The minimax solution will be the one whenp + o,
$k+l = $k+1 ©) Arranging the sequence of p values such tha.

0 P, = °p (¢ » 1), we find that the extrapolarion
formulas (3) and (5) are very effective in
accelerating the rate of convergence to the mini-
max solution.

p = 105 p =4, 16, 64, 256, 1024
Parameters o = 10
o« = 10 order of extrapolation = 3
4 .00000 .00000
¢, 1.00000 1.00000
¢K 1.99999 2.00000
¢4 - 99999 -1.00000
ll(g:) -43.9998 -44.0000
Total no.
of 88 73
function
evaluations

The parameter o is required in
and Charalambous [5].

Table 1. Results for

Table 1 compares results obtained by the package
FLNLPZ [9] in solving the Rosen-Suzuki problem
(8] using a p value of 107 and using a sequence of
p values with extrapolation. Chen has also report-
ed good results using extrapolation [13].

In addition, when o scquence off least pth optimi-
zations is invelved | intormation trom the first
optimization my reveal that the objective function
exhibits symmciry in some of the parameters. lor
the special case of complete symmetry, a facility
is available in packages FLNLP2 and FLOPTZ to
the user such that upon request the dimensionality
of the optimization process will be automatically
scaled down 1o the minimum for the subsequent
optimizatvions. Coensiderable cemputational effort
‘and time may be saved.

the

the

minimax formulation of Bandler

Rosen-Susuki problem [8].

Table 2, for exampic, compares the cfiwrt required
for optimizing a V-ciement LG lowpas. tilter with

and without sywmetsy enfurcoment.  The filter is
to have an insertion loss of not more tnan 01 dB
in the passvand (w - G1o 1) and an vaoortion loss
of 62,9 dB ov wore Go w25 i uine siopband,

In both cases, the rarting poine 15 the jeast

squares optimau,

CASCADED NETWORK OPTIMIZATION

The cascaded network optimization pachage called
CANOPZ will analyze and optimize cascuded linear,
time-invariant nctworks in the frequency domain.
The package features some of the latest and most
efficient methcds of computer-aided design current-
ly available. The program is orgenized in such a
way that future additions or deletions of perform-
ance specifications, constraints, optimization

Rl



3 6

3 6 p =10, 107, 10
Parameters p = 10, 107 10
symmetry enforced
¢l .79839 .79839
¢, 1.39221 1.39221
¢z 1.74870 1.74870
¢4 1.63304 1.63303
¢S 1.74870 ¢3
¢6 1.39221 ¢2
Qg
¢7 ..79839 ¢1
Total no.
of
function 80 58
evaluations
Execution
time 7.30 4.44

(sec)

Table 2. Results for a 7-element LC lowpass filter,

methods and circuit elements are readily implemented.
Presently, the network to be optimized is assumed

to be a cascade of two-port building blocks ter-
minated in a unit normalized, frequency-independent
resistance at the source and a user-specified fre-
quency-independent resistance at the load.

A variety of two-port lumped and distributed elements
such as resistors, inductors, capacitors, lossless
transmission lines, lossless short-circuited and
open-circuited transmission-line stubs, series and
parallel LC and RIC resonant circuits and microwave
allpass C- and D-sections can be handled. Upper
and lower bounds on all relevant parameters can be
specified by the user. A generalized least pth
objective et ion, or sequence of least pth object-
ive functions, Jdeveloped by Bandler and Charalam-
bous [e] incovpeirating simultaneously input reflect-
ion coefficient, tousertion loss, relative group de-
lay and parame! v constraints (it any) are automati-
cally created vorstraints are treated by the ob-
jective function 1 essentially the same way as the
performance wpecifications [14]. To distinguish
conveniently boetween the various responses or con-
straint functions a scheme for interval translation
and introducticn of artificial points has bheen dev-
eloped [14]. uoth the Fletcher-Powell method of
minimizing unconstrained functions of many variables
{15] and the iictcher method [7] are available to
the user. The pickage was designed to incorporate
the adjoint nevvork method of sensitivity evaluation

to produce accurate first derivatives needed by
these efficient gradient minimization methods [16].

If symmetry of some parameters vcan Le predicted,
symmetry may be forced throughout the optimization,
Results may be automatically presented numzrically
and graphically and analysis of different respon-
ses and/or different frequency ranges may be
performed at the user's discretion and a new op-
timization may be requested. A summary of the
latest features and options available is given in
Table 3.

The package written in FORTKAN 1V was oripinally
developed for batch processing on o CDC 6400
computer and has been lurgely extended for use on
INTERCOM [17]. ‘The uscr may interact st many
points with the program to change parameters, fre-
quency range, types and options and to request
plots. The interactive user cnters his data in
free tformat.

A test example will be presented here to illustrate
the approach. Examples of input and output as well
as actual execution times are given.

We consider a seven-section equal-ripple band-pass
microwave filter of 3 to 1 bandwidth {ratio of
upper band edge to lower band edge) ccnsisting of
two unit elements and five stubs which has been
previously considered by Horton and Wenzel [18] as

=



Features Type Options Parameters
Objective Least l<p<w Value of p for each of a specified
Functions pth number of optimizations
Artificial margin
Difference in objective functions
for termination
Performance Upper (+1.) Reflection 1 Numb Ngrmallzat1onNtr§?uen§y
Specifications coefficient &9 umber o umber o
points and bands or
. constraints intervals
and Lower (-1.) Insertion 2) For each:
loss Specification/constraint
Parameter P Weighti Fact
Constraints Single (0.) Group (3) el T;;g actor
delay Option
Parameter Frequency . Lower anq upper
value (0) (sample point) frequencies
or parameter (band edges)
Number of
subintervals
Optimization Gradient Fletcher 1) Option
Methods Number of iterations allowed
Fletcher- (2) Estimate of lower bound on
Powell objective function
Test quantities for termination
Circuit Cascaded See text Number of elements
Elements Two-port Sequence of ‘code numbers
Parameter values
Indicator for fixed or variable
parameters
Indicator for symmetrical
variable parameters
Load resistance
- Parameters for C- and D-sections
Graph Frequency Given response As many plots as desired
' response ther response Option
Any frequency range Frequency Lower and upper

Automatic scaling
Specified scaling

(sample point) frequencies

(band edges)

Table 3. Summary of features, options and parameters required .

represented in Fig. 2. The terminations of the
filter are unity. The filter is to have a 0.1 dB
ripple in the pusshand, from 1.0875 to 3.2625 GHz,
and an attenuation above 50 dB at frequency points
0.6 and 3.75 GHz in the stopband. All section
lengths were Lept fixed at normalized values of 1,

and the normalized characteristic impedances are
used as variables, The starting value of the vari-
able vector (:ece Fig., 2) was %0 = .63 .33 1.27 .26
1.27 .33 .03]T Table 4 shows some results. When

symmetry is taken into account there is a con-
siderable saving in the number of function evalu-

ations and running time. Partial interactive out-
put of CANOP2 for the example is shown in Fig. 3.
Results are ghtained by the Fletcher method for

p=2 and p=10”. Only 21 uniformly spaced sample
points were used in the passband to demonstrate the
work of the package, although there may be a need
for a larger number of discrete points, as indic-
ated by the 51 points that are used in plotting

the results (Fig. 3). A uniform weighting of 1

was used, Fig. 3 also shows a plot of the group de-
lay of the filter,
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Fig. 2. Seven-section band-pass filter example.
; - p=2 _ p = 1000
Farametexrs p=2 symmetry enforced P 1000 symmetry enforced
Z01 .6073491 .6073491 .6064585 .6064586
Z02 .3019215 .3019209 .3030585 .3030583
Zos .7192856 .7192849 .7220743 .7220734
204 .2345477 .2345477 .2356086 .2356082
7 2
205 .7192847 Z03 .7220745 ZO3
206 .3019208 202 .3030586 ZO2
207 .6073499 Z01 .6064588 Zo1
No. of
function evaluations 74 57 100 68
Execution
time 25.5 15.8 34.5 29
(sec)
. Optimization for p = 1000 was started at the optimum for p = 2.
Table 4. Results for the microwave filter .,
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Fig. 3a. Partial instructions for entering data when using CANOP2 [17].












