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Role of Data Base Management
in Design Optimization Systems

G. J. Park* and J. S. Aroraft
University of Iowa, Iowa City, lowa

To study the role of data base and data base management system, an interactive design optimization software
system called IDESIGNS is developed to solve nonlinear programming problems. Four promising algorithms are
included to overcome the lack of unanimous choice of an algorithm. Tuning parameters and procedures of
algorithms are implemented through extensive numerical experimentation. The interactive process consists of
menu displays, advice for decisions, and applicable messages. Input data can be created interactively and the
designer can change problem parameters, algorithm, and design variable data at any point of execution. If a
design variable does not effect the optimization process, it can be given a fixed value interactively. Discrete
variable optimization can be performed by using design variable status capability of the system. Graphics
facilities are provided for decision making. The system consists of several modules that communicate with each
other through a data base managed by a data base management system. Several example problems are solved in

batch and interactive environments to test the system.

Introduction

HE nonlinear programming problem (NLP) in the finite-
dimensional space is to minimize a cost function f(b) for
beS, where S is a subset of R" defined as

S={b:g;(b)=0;i=1,m";g;(b)<0;i=m" +1,m;
by <b;<byi=1,n}

and g;(b) are constraints, b a design variable vector, and b;;
and b;; the smallest and largest values allowed for the ith
design variable, respectively.

The problem has been treated in the nonlinear programming
literature quite extensively. In that material, it is usually
assumed that the explicit form of the function f(b) and g, (b)
is available. However, if we allow the functions to be implicit,
then several classes of structural and mechanical system design
problems can be described by the model.!

A number of nonlinear programming algorithms have been
developed and used for optimal design.?>® However, software
development for design optimization is lagging behind these
advances.”!! It is well known that some algorithms when im-
plemented in a computer program do not behave in the way
they are theoretically supposed to. Considerable expertise and
numerical experimentation is needed to properly implement an
algorithm. In addition, no single algorithm can efficiently
solve all classes of problems. Instead, a powerful software
system with various capabilities and facilities is desired to
minimize the difficulties. So far, software for design optimiza-
tion is either not available or it is tedious to use. Most of the
existing programs are not interactive. This means that the pro-
gram does not allow any user control over the iterative pro-
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cess. Graphics capabilities is almost unheard of in design
optimization. The software should have these facilities and
options for various controls and decision making. Also, as
range of applications of optimization expands, more complex
data are generated which must be handled properly through a
data base management system (DBMS). It should be possible
to easily refine existing capabilities and add new ones. To
allow various options, several good algorithms should be im-
plemented.

To study the role of an organized data base and a data base
management system, a general purpose software system called
IDESIGNS is introduced in this paper. It is an interactive
design optimization system incorporating modern data base
management concepts. The system has the foregoing
capabilities and is an extension of an earlier program called
IDESIGN3.!® That program does not use any data base
management system and has no out-of-core calculations. The
new system is designed using modern software development
and data base management concepts.

Selection of Algorithms for IDESIGNS

Although many algorithms are available for solving
nonlinear optimization problems, it is difficult to find an
algorithm that solves all classes of the problems efficiently. In
IDESIGNS, several good algorithms have been selected. These
are Pshenichny’s algorithm (LINRM),? cost function bound-
ing algorithm (CFB),* modified Pshenichny’s algorithm
(PLBA),> and a hybrid method.® These algorithms are
selected based on their generality, robustness, and efficiency.
They have performed reasonably well on a wide range of
applications.

The detailed procedures of the selected algorithms have
been published in the literature.!-® All algorithms roughly im-
plement the following steps:

1) Set k=0; estimate starting design variables; initialize
parameters.

2) At the kth iteration, identify a potential constraint set.
Define and solve a subproblem for the search direction.

3) Check the convergence criteria. If the criteria are
satisfied, the process is stopped.

4) Check the condition for the progress of the algorithm and
calculate a step size, update the Hessian of Lagrangian if
necessary.

5) Update the design variables. The process is then restarted
from step 2.
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Role of Data Base in Design Optimization

IDESIGNS implements the major steps of the selected
algorlthms in separate modules. A module is a program that
can be compiled and executed independently. The sequence of
execution of modules is controlled by the main module. The
modules communicate with each other through the data base.
Interaction is allowed during the execution of the system from
the beginning to the end. The designer can control the progress
by changing the problem data and algorlthm at any point.

Interactive Capabilities in IDESIGN5!2

Design optimization programs require information about
the problem to be solved. This information includes: 1) input
data, such as number of design variables, number of con-
straints, etc.; 2) cost and constraint functions; and 3) gradients
of cost and constraint functions. If the gradient expressions
are not supplied, the system produces them by the finite-
difference method. When there is a mistake in the input.data
or problem definition, errors will occur in the solution pro:
cedure. The system gives explicit error messages to guide the
designer to correct mistakes.

The system allows for interactive data entry. A menu is
displayed for selection of proper data segment and entry. The
system is protected from user’s mistakes. If a data mismatch is
found, messages are given in detail. The procedure is simple,
so even a beginner can easily follow it. '

‘It is extremely useful and important to monitor the optimal
design process through the interactive session. Histories of the
cost function, constraint functions, design variables, max-
imum constraint violation, and convergence parameter can be
monitored. When the histories are graphically displayed, they
are of great help in interactive decision making as well as for
gaining insight into the design process. Design sensitivity coef-
ficients of the cost function and potential constraints are
displayed in the form of normalized bar charts. This informa-
tion shows relative sensitivity of the design variables. If the
design process is not proceeding satisfactorily (there could be
inaccuracies or errors in the problem formualtion and model-
ing), it is necessary to stop it and check the formulation of the
problem. This will save human as well as computer resources.
Also, if one algorithm is not progressing satisfactorily, then a
switch can be made to another one or the process can.be
restarted from any previous design. The system can give sug-
gestions for design changes by using the design sensitivity
coefficients. It is also possible to utilize the software in a batch
environment. In this case, the system uses default values for
the parameters found to be best through experience and
numerical experimentations.

Specification of the Status of Design Variables

In the optimization process, some design variables have lit-
tle effect on the final solution of the problem. Also, in many
cases, some design variables reach their optimum value and
have little effect on the iterafive process after that point. Thus,
we need to identify such design variables and fix them. In this
way, the problem is defined by only a few important variables
and its size is reduced. When a fixed variable becomes impor-
tant in the design process, it can be released to the active
group. The status of design variables can be defined interac-
tively in IDESIGNS.

The capability to specify the status of the design variables
can be exploited in practice to obtain a discrete optimum solu-
tion for the problem. When we design a structural or
mechanical system, the member sizes are the design variables.
Members must be selected from an available set, but design
variables are considered continuous in the optimization pro-
cess. This is ong of the reasons that optimization has not been
extensively used in practical engineering design. The difficulty
can be overcome by defining the status of design variables. If a
design variable becomes close to an available size, it can be
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fixed to that value interactively. This also means that the
de51gner can use his intuition in selecting discrete member
sizes. This is very important because an expert designer’s ex-
perience is considered to be extremely valuable and reliable in
the engineering design community. Until the optlmum is
found, design variables can be assigned fixed values nearest to
the ones available. The graphical display of various data can
help the designer in decision making.

An important point is when or how to determine the status
of a design variable. The ideal solution would be to
automatlcally determine the status using a sophisticated
algorithm. This can be done by pattern recognition of the
trend, just as an expert designer would do. However, such a
solution requires knowledge of engineering capabilities that is
a topic of future research. In IDESIGNS, status of a design
variable can be changed only interactively.

Role of Data Base in IDESIGNS

In the design optimization process, large amounts of data
must be generated and manipulated. Specifically, the interac-
tive process needs enormous amount of data, so a proper data
base and a data base management system (DBMS) are essen-
tial. In addition, since IDESIGNS is composed of independent
modules, a DBMS is needed to communicate bétween the
modules. A data base for IDESIGNS is designed and managed
by a DBMS, as described in the next section. This systematic
generation and handling of large amount of data, along with
the modular structure, has greatly facilitated the coding and
debugging of the system. ' ‘

Data Base Management in IDESIGNS

The data base is a centralized collection of data accessible to
several application programs and optimized according to a
data base definition schema. The data base management
system (DBMS) is a software program handling all access re-
quests and transactions against the data base.

In practical design optimization, finite-element and other
numerical methods are adopted during analysis of structural
and mechanical systems. In general the amount of data used
in finite-element analysis is quite large and various schemes
are used to reduce the storage of data. In addition, the for-
mulation of constraints and the design sensitivity analysis are
carried out using most of the data generated during the
analysis phase: Interactive computations and graphics also re-
quire additional data for the display of the system model and
intermediate results. Therefore, the data must be organized
and saved properly in a data base for efficient design
optimization.

Implementation of Data Base in IDESIGNS

In IDESIGNS, a data base management system called
MIDAS/N is used for handling the data.!* MIDAS/N stands
for the management of information for design and analysis of
systems/numerical model. MIDAS/N is an application-
independent data base management system and uses a dif-
ferent approach to deal with data management problems of
scientific and engineering computing. It is designed specifi-
cally to handle numerical data. A data base of MIDAS/N is
stored in a file. It can be a direct or a sequential access file.
The status of a data base can be temporary or permanent.
Each data base contains several data sets, which can be either
one- or two-dimensional arrays (vectors or matrices). The
matrix can be rectangular or triangular. The data type of a
data set can be character, short integer, long integer, real, or
double precision real. Each data set has several access models,
such as row, column, or submatrix. Any part of a data set can
be accessed by just one call statement. The dimension of the
data set can be redefined dynamically.

At the beginning of each module in IDESIGNS, the
necessary data are retrieved from the .data base. Generated
data are stored in the data base during the execution of the
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module. Connection with the data base needs additional CPU
time; IDESIGNS is designed to minimize the additional time.
Usually, design optimization data are in the form of matrices
or vectors. One matrix is defined as a data set, and several vec-
tors having the same dimensions are included in a data set. For
interactive graphics, the history of the design data is stored in
the data base and retrieved when it is used.

Design of a Data Base
Collection of Information

To design a data base for IDESIGNS, the flow of the op-
timization data for various algorithms must be studied.
Various vectors, matrices, and control parameters that are
either input or generated during the solution process must be
identified. All of the data must be collected and properly
grouped to define the data base. In every module, these data
are retrieved from the data base and stored in a common array
for further processing. Table 1 lists the data for all the
modules. Data are stored or retrieved using the variable names
shown in the table. The variable names start with different let-
ters according to their dimensions. One or several optimiza-
tion data are stored in a data set.

Data Set Definition

By the characteristics of the optimization data, the data sets
can be defined. One data set represents a matrix or several vec-
tors having the same dimensions. If several vectors are includ-
ed in a data set, they are stored like a matrix. The list of data
sets is shown in Table 2. In some cases, a data set is stored by
row but retrieved by column, or vice versa. These are also
shown in Table 2. A permanent data base FPERM is defined
at the beginning of the execution of the system and used in
each module.

Design of IDESIGNS
Structure of IDESIGNS5

A general-purpose optimization software program can have
an overall structure as shown in Fig. 1. Each block can be
composed of several modules. Figure 2 shows the structure of
IDESIGNS and the sequence in which the modules are ex-

Table 1 List of data

Variable
Data description Type Dimension® name
Cost function gradient Vector nv ACOGR
Values of design variables Vector nv ADEVL
(Hessian matrix)* design change Vector nv AHXDB
Increment of design variable Vector nv AINCT
Gradient of Lagrangian at previous Vector nv ALOLD
iteration
Lower bound of design variable Vector nv ALOWR
Upper bound of design variable Vector nv AUPPR
Lagrange multipliers of QP Vector nv+nc CLMQP
subproblem
Constraint function value Vector nc CONFN
Lagrange multipliers Vector nc CORLM
Constraint gradient lengths Vector ne CSENM
History of constraint functions Matrix  itrsxnc DCOFN
History of convergence parameter Vector itrs DCONP
History of cost function Vector itrs DCOST
History of design variables Matrix  itrsxnv  DEIVL
History of maximum constraint Vector itrs DMAXV
violation
Active constraint set Vector nc LC
Design variable status Vector nv NFIX
Active set of previous iteration Vector nc NPREC
Constraint sensitivity matrix Matrix nvxnc TSENM
Hessian matrix Vector nvXx(nv+1) UPPAT
+24nv
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ecuted. Each block is a program that can be compiled and ex-
ecuted independently. As shown in Fig. 2, the modules have
two libraries, IDESIGNS5.LIB and SMART.!* IDE-
SIGNS.LIB contains some subroutines common to many
IDESIGNS5 modules. SMART is a library containing several
general-purpose interactive aids and subroutines for matrix
and other standard operations. Some modules are used in one
algorithm, while others are shared by many. When the
modules are combined into one system, a main program con-
trols the flow of progress based on the decisions made in every
module. When each module is used independently, the
operating system capabilities are used for controlling the flow
of the calculations.

Each module has a buffer array for vector and matrix data
and it is distributed to each subroutine according to the needs.
A common array is declared for the problem parameters used
in all modules. At the beginning of a module, the problem
parameters are retrieved from the data base.

Definition of Optimization Problem

In this block of Fig. 1, the designer has to provide two types
of information to use the system: input data for the problem

Design Data
Definition

A

Designer Supplied
Cost and Constraint

Definition of
Optimization <

F -

Functions and - " Problem
Gradients

A4

Design

Improvement
A
Stop Yes Convergence? No

Fig. 1 Overall structure of a design optimization program.

Table 2 Structure of data base FPERM

Data set Included data Order of Order of
name (variable name) Dimension® creation use
SDINV ACOGR, ADEVL nvx9 Col Col
AHXDB, AINCT
ALOLD,
ALOWR
AUPPR, NFIX
NORDR
SDINC CONFN, CORLM ncx3 Col Col
CSENM
SDINQ CLMQP nv+nc Col Col
SSENM TSENM nv xnc Col Col, row
SUPDT UPPAT nv(nv + 1) Col Col
+2+nv
SHISA DCOND, DCOST itrs X 3 Col Col
DMAXYV
SHISB DEIVL itrs X nv Col Row
SHISC DCOFN itrs X n¢ Col Row
SINTG LC, NPREC ncx2 Col Col
SSYST System parameters 300 Col Col

2nv = number of design variables, nc =number of constraints, itrs = number of
iterations.

2nv = number of design variables, nc=number of constraints, itrs = number of
iterations.
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and definition of the design problem. The input data for a
problem can be provided interactively from a terminal
through menu displays or from an input file. The definition of
the design problem in Fig. 1 is provided by the designer
through four independent modules. These are COSTFN,
CONSTFN, COSTGR, and CONSTGR, as shown in Fig. 2.
They contain the cost function, constraint functions, cost
function gradient, and constraint function gradients, respec-
tively. These modules can be very simple or very complex
depending on the application. The modules calculate function
values and gradients and store them in the data base. They can
be written using any utilities of the computer. If the analytic
expressions for the gradients are not available, IDESIGNS can
automatically calculate the gradients by the finite-difference
method. In this case, the modules for gradient calculations
need not be supplied.

Modules Suitable for Many Algorithms
The modules shared by every algorithm are as follows.
Input

This module is the first one executed in IDESIGNS system.

All input data for the design problem are defined. Input data
consist of five groups: 1) initial terminal session—file defini-
-tions and terminal type; 2) problem definition—numbers of
design variables and constraints, etc.; 3) parameter defini-
tion—convergence parameters, printing code, etc.; 4) design
variable data—initial design, lower and upper bounds and
status of design variables; and 5) algorithm selection. Each
group of data is defined using a menu display. Between two
consecutive menus, the designer can change the data already
defined or the program can be terminated. Also, HELP facil-
ity is available at any point of process. Various menus used
during the interactive session are given in Park and Arora.!?

Interactive

By designer’s option, the interactive module can be executed
during any iteration. Features of this module are similar to the
INPUT module. The designer can control the progress of the
problem-solving procedure and problem data can be changed
at any point in the execution. Proper menus are displayed for

START

INPUT
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M I CFBSTEP] I RQPSTEPJ
| A
R COSTAN
T D

CONSTFN
L A
: M
R
g COSTGR D A
Y
] CONSTGR A .
' s
D INTERACTIVE SES. A
E
s s
, HESSUPT
G E
N [ cFB l [ RQP |
5

SUBSOLVER
L
|
B | craop | ROPUP |

|
[

Fig. 2 Structure of IDESIGNS and its modules.
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changing the algorithm or the current data. To help the
designer’s decision, graphical displays for various data are
available. The histories of parameters are plotted. Relative
sensitivities for cost and constraint function gradients are
shown as bar charts. Advice for design-variable change can be
given using linear extrapolation. When the design point is in
the infeasible region, the relation between the correction of
constraint violation and cost function improvement is used to
advise the designer by linear extrapolation of the sensitivity
information.

Active

The potential constraint subset is defined in this module.
The potential constraints identified here are used to define a
subproblem that determines the search direction in the design
space.

Subsolver

Normalized* subproblems are solved for the search direc-
tion using the subroutine QPSOL' in this module. Fixed
design variables are dropped.

Modules for Problem Definition

As mentioned earlier, the COSTFN, COSTGR, CONSTFN,
and CONSTGR modules should be prepared for cost func-
tion, cost function gradient, constraint functions, and con-
straint function gradients, respectively. Any data in the data
base can be used, and the produced data can be stored in the
data base.

Modules for LINRM and PLBA Algorithms

These modules are used in LINRM and PLBA methods and
the hybrid method after a switch to the PLBA algorithm is
made.

RQPSTEP

In this module, step size is determined by a one-dimensional
search that requires evaluation of the cost and constraint func-
tions. These are calculated using the designer-supplied
modules.

ROP
Data that the subproblem will use to determine a search
direction are generated.

HESSUPT

The Hessian matrix of the Lagrange function is updated in
the PLBA algorithm in the factorized form. Through internal
options, the Hessian can be set to an identity matrix and a
direct update can be obtained when the full matrix is updated.
When the condition number of the Hessian matrix is over a
certain positive large number, it is set to the identity matrix.

RQPUP
From the output of the subsolver, the design increment vec-
tor is determined and covergence criteria are checked.

Modules for CFB Algorithm

These modules are used in the CFB algorithm and hybrid
method before switching.

CFBSTEP

Here, the maxium constraint violation is calculated. From
the second iteration onward, the step size determined in the
CFBUP module is adjusted to remain within the bounds on
the design variables.

CFB

Here, the data for the subproblem are calculated according
to the current design conditions.
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Table 3 Interactive execution of 25 bar truss design problem?

Iteration Interactive change
1 MVC=2.7207
Algorithm =R3
2 MVC=0.4780
PLBA algorithm is used from this iteration
7 No. Value Given value Status change
1 0.01 1.62 Fixed
2 1.4831 1.80 Fixed
4 0.0076 1.62 Fixed
7 2.20765 3.13 Fixed
10 3 2.0093 2.88 Fixed
7 3.13 Released
12 6 1.9958 2.38 Fixed
13 5 1.085928 1.80 Fixed
15 Optimum is found

MVC=0.5693E - 06
ND =0.3034E-07

Cost function = 0.7744E + 03

CPU for data base=29.015

Net CPU =49.796

Total CPU =78.811

No. of calls for function evaluation =25
No. of total gradient evaluations =163

Design variable values: 1.62, 1.8, 2.88, 1.62, 1.8, 2.38,
3.6295

3MVC = maximum constraint violation, ND =norm of direction vector.

CFBUP

The design increment vector is calculated and the con-
vergence criteria are checked.

Sample Applications

Performance of nonlinear programming algorithm can be
ascertained only by numerical experiments requiring collection
and implementation of the test problems. In IDESIGNS, the
procedures of algorithms and tuning parameters are im-
plemented through extensive numerical experiments. 2

Many numerical example problems have been solved using
the algorithms available in IDESIGNS5. These include 115 test
problems from the mathematical programming literature,
small-scale engineering design problems, structural design
problems such as trusses and frames, dynamic response op-
timization, and nonlinear response optimization. Details of all
these applications are given in Ref. 12. Here we describe some
details of applications to trusses and the interactive use of
IDESIGNS.

The seven trusses, given in Refs. 16 and 17, are optimized
for various constraint conditions, such as stress, displacement,

. and natural frequency. Combination of trusses and constraint
conditions yields 15 problems. The formulation, design data,
and sensitivity analysis have been discussed in the litera-
tures.®%!” The number of design variables are 7-47, state
variables 8-150, and constraints 18-629. Multiple loading
cases are treated.

For analysis of the structure and gradient calculation, a
computer program TRUSSOPT is employed. TRUSSOPT is
composed of four subroutines, each of which is attached to a
designer-supplied module in IDESIGN5. TRUSSOPT does
not use a data base management system.

Results for each problem in a summary form are given in
Ref. 12. The data collected for each problem include the
number of iterations, function evaluations, and gradient
evaluations, CPU times for data base management and total
execution, and optimum point. For the purpose of com-
parison, results of the PLBA algorithm in IDESIGNS3 are also
included. IDESIGNS3 is the previous version of IDESIGNS
that does not use a data base management system. CFB fails
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on three problems and LINRM exceeds the maximum itera-
tion limit in six problems. As expected, the performance of the
hybrid and PLBA methods is superior to others. This was also
observed in small-scale problem applications. The results of
PLBA and the hybrid methods are similar to those of
IDESIGN3. If we compare IDESIGNS5 to IDESIGN3, the
number of iterations increases in five problems and decreases
in eight problems. The number of calls for function evalua-
tions increases in six problems and decreases in eight prob-
lems. The total CPU time of IDESIGNS is generally larger
than that for IDESIGN3. Two main reasons cause the increase
in IDESIGNS: 1) we need computing time for access to the
data base and 2) the data are redefined at the beginning of
each module. For example, the performances of PLBA and
IDESIGN3 are exactly the same in the 25 bar truss with stress
constraints except the computer time. For the 47 bar truss with
all constraints, the number of calls for function evaluations
with PLBA is greater than that of IDESIGN3. However, the
total CPU time of IDESIGNS is less than that for IDESIGNS3.
This is because the QP solver (QPSOL) in IDESIGNS is more
efficient than the QP solver (VEO4AD in the Harwell library)
in IDESIGN3. Therefore, the algorithm and the software for
solving the subproblem are also very important. When the
structure becomes larger, the CPU time for the data base com-
prises a smaller percentage of the total CPU time. This is
because the analysis needs a greater portion of the computing
time and TRUSSOPT does not use a data base and DBMS.

Interactive Use of IDESIGNS

The 25 bar truss given in Refs. 16 and 17 is interactively op-
timized with all constraints. In practical optimization, the
design variables are usually member sizes that must be selected
from the available sections. Thus, discrete variable optimiza-
tion should be employed. The present structure is designed to
have double-angle sections given in the AISC code. The area
of each member is considered as a design variable. The areas-
available in the AISC code are 1.62, 1.80, 1.99, 2.13, 2.38,
2.62, 2.63, 2.88, 2.93, 3.09, 3.13, 3.38, 3.47, 3.55, 3.63, 3.84,
3.87, 3.88, 4.18, 4.22, 4.49, and 4.59. The design process sum-
marized in Table 3 is explained as follows:

Iteration 1

Maximum violation of constraints is very large, so con-
straint correction step R3 of CFB algorithm is chosen to cor-
rect constraints.

Iteration 2

Maximum violation is corrected; PLBA algorithm is
selected from this iteration to the end.

Iteration 7

The design variables that are not changing during the
iterative process are assigned values closest to those available.
The history of the design variables is shown on a graphics ter-
minal for this decision.

Iteration 10

Design variable 3 is fixed and design variable 7 is released.
The sensitivity bar charts are exploited for this decision; that
is, a sensitive design variable is released to the active status.

Iteration 12
Design variable 6 is fixed.

Iteration 13
Design variable 5 is fixed.

Iteration 15

The optimum is found. All the design variables have fixed
values except the seventh. After optimum is found, design
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variable 7 is given the value 3.84. With these fixed values,
there are no violated constraints. Therefore, these values can
be taken as the final solution.

At the final point, all the design variables have discrete
values. The cost function (0.774E +03) is higher than that
(0.5907E + 03) obtained earlier.!?> The reason is the lower
bound used there is 0.01, while the smallest available size is
1.62. The optimum cost function with 1.62 as the lower bound
and continuous design variables is 0.7161E+03 with the
design as 1.62, 2.1478, 2.3341, 1.62, 1.9737, and 3.4309.
Thus, the cost function increases by 8.1% when discrete
design variables are used.

Use of IDESIGNS with ADINA

The IDESIGNS system has been also used to optimize truss
structures with nonlinear response. A finite-element-method
software system called ADINA is used for nonlinear
analysis. !® Different modules are developed for cost and con-
straint functions and sensitivity information. The formula-
tion, analysis method, and design data are given in detail by
Haririan et al.'® Both geometric and material nonlinearities
are included and many problems are solved. Thus, coupling of
IDESIGNS to a commercial analysis software has been suc-
cessfully accomplished.

Discussion and Conclusions

A software system can be evaluated only by numerical tests.
Numerous problems have been solved in batch as well as in-
teractive environment, indicating that IDESIGNS is a reliable
software system. The conclusions based on the study are as
follows:

1) A software system IDESIGNS having diverse optimiza-
tion capabilities has been developed. A data base for the
system is designed and a data base management system is used
to handle the data base. Procedures to integrate the data base
management capabilities are developed and demonstrated.
Use of a DBMS facilitated development of the system
considerably.

2) The system can be readily expanded or combined with
other systems. The combination of IDESIGNS5 and ADINA il-
lustrates this capability.

3) The algorithms in IDESIGNS are implemented by
numerical experimentation. Various problems have been ef-
fectively solved. In terms of the performance, PLBA and
hybrid methods show better results.

4) Interactive execution shows good performance for the
optimization process. Interactive change of problem para-
meters and design variable data can be exploited in problem
solving. Experience with IDESIGNS shows that a design op-
timization software must support interactive and graphics
facilities for practical applications.

5) Discrete optimization is obtained by interactive definition
of the status of the design variables. Expert designer’s intui-
tion can be thus exploited, making the system extremely useful
in practical design optimization.

6) Data base and data base management systems have im-
portant roles in a powerful and user-friendly interactive design
optimization system. The data base facilities can be used to
collect raw data from which knowledge can be derived. Such
knowledge can then be incorporated into an expert system that
can act as a consultant and trouble-shooter during the design
optimization process. This will be a useful extension of the
system.20

7) Data base generation and management needs additional
computational effort. However, as the problem size increases,
the CPU time for data management decreases relative to the
total CPU time.
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