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ABSTRACT

This paper presents a framework for the problem of
analysis and optimal desizgn of complex: systems through a
distributed computing environment, and ' discusses its
design and implementation. Examples of the complex
systems  under consideration include problems in
dissimilar areas such as hydraulic fracture optimal design
and reservair characterization in petrofoum engineering,
optimal  placement of eléctronic  compenents i
thermoscience résearch, and chemical wessel pressure
design in mechanical engineering,

The framework allows the coupled execution of
heseropeneous software (e:g simulation, optimization.
data acquisition and data analysis programs) and provides

a WEB-based user interface, Framework applications use:

OMG CORBA technology to communicate with each
other. The framework provides 2 CORBA-WEB gateway
that ‘receives HTTP requests and converts them o
CORBA requests.

The framework was used to find the optimal thermal
design of an electronic device, From the results obtained,
the framework holds promise of becoming an effective
and efficient environment ‘for the analysis and optimal
designiof complex systems.

Keywords: CORBA, Distributed Systems, WEB-based
Software Engineering, Modeling and Optimization.

1. INTRODUCTION

The analysis and design of complex systems usually
requires the use of software tools for such tasks as design
of expenment, modeling and optimizaton. Seftware
written for these tasks must be integrated in the sense that
the data produced by & program becomes input data for
anothier program. This complicates further if there s an
iterative evele (ie. an optimization  algorithm  calls
repetitively anather program as part of the evaluation of

the chjective function). In these cases the two, programs

engage in an interactive loop where one program sends
data and waits for results from the other program, perhaps
thousands of times:
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In a typical scenario, an éngineer or reéssarcher has
several packages for optimization and modeling and
perhaps some custom code, which have been written in
different lanpuages and run in different hardware/softwane
platforms. The coupled execution of this software usually
requires porting code between platforms: and, when this i3
not possible; moving data from one computer to another
through fles or the neework, Thase tasks are time
consuming and draw away atiention o other problems
that are not related o his or her interests. Besides, ‘the
derived solutions are seldom reusable.

During the last decade technologies such as CORBA,
DCOM and, recently, SOAP have emerged and evolved
that aliow the integration of software across. dissimilar
hardware/software platforms. However the use of thesé
technplogies  directly  réquires expertise in software
development, - obiect-oriented  programming  and
distributed computing, and even then 15 & time consuming
task. A sdlution 10 this problém i3 the creaticn of a
workgroup framework; which facilitares the integration of
software tools for the analysis and design of complex
SYSIEMS 20ross 4 network,

Several groups have worked on the development of
framewerks for the integration of softwars across
dissimilar hardware/software platforms, Sergey Melnik &t
al. [5] déveloped & Famework for the integration of
heterogeneous software systems in which individual
communication protocols, data manipulation languages
and data are represented in @ generic manmar preserving
their entolagical variery. Michelena et al. [7] developed 2
CORBA based framework: for the design of large,
complicated systems, which they have used in the design
of wvarious mechanical svstems, incloding & pressure
vessel, an antomotive hybrid power train and & tracked
vehicle. In the area of integrating CORBA and WEB
technologies Merle, Gransart and Geib [6] developed
CorbaWeb, a gateway between the World Wide Web and
COBBA, based on the CorbaScript seripting languags.

In response to the above mentioned problems, we
have designed a framework based on CORBA and WEB
techaplogy  for the imtegration of the software tools
typically used for the enalysis-and design of complex
systems, The proposed framework has been designed
emploving ohject-oriented techniques and their basic

ey



services have been implemented in Java. Currently,
several applications written in C++ and Java have been
incorporated. This paper describes the framework’s
design, functionality and architecture.

The framework was used to find the optimal thermal
design of an electronic device, using a neural network
application to build a model of the device and a genetic
algorithm module to carry out the optimization cycle.

2. FRAMEWORK OVERVIEW

The framework’s main goal is to allow users to
execute applications deployed over a network using a
WEB browser. The user may run a single application or
several applications that interact with each other. This is
done in the following way:

e  The user enters the framework URL. He is presented
with a welcome page that has fields to login to the
framework. Once the user has been validated, an
HTML page is displayed where he can select an
application to work with.

s When the user selects an application, a request is sent
to the latter to return its user interface (an HTML
page to be displayed in the browser).

e The user fills in the information required by the
application and clicks a button to execute it. A
request is sent to the application to execute. This
request includes whatever information the user
entered in the browser.

e The Application performs the requested task and
returns an HTML page that displays the results on the
browser.

This is a simplified case. The application could
display several pages and interact with the user in a more
complex way if it so desires. It may also enable the user
(through its user interface) to select another application to
interact with and to enter any information required for
that interaction to occur. Once the user has specified what
application modules will execute and interact, the
applications communicate directly using CORBA. There
is no middle process between applications once they start
executing,

The requests that come from the WEB client are
HTTP requests. On the other hand, the application
modules are CORBA objects that use the IIOP protocol.
Therefore, the requests must be converted from one
protocol to the other. This is achieved by a CORBA-WEB
Gateway, which will be described in the next section,

3. FRAMEWORK ARCHITECTURE
The framework has the following components (fig.

¢ A CORBA-WEB Gateway module that serves as a
bridge between the WEB and CORBA. This module
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receives HTTP requests from a WEB browser,
translates them to CORBA messages, and sends them
to the target application module. If necessary, it
translates the response into HTML format and sends
it back to the client for display.

e A user manager module that handles user access
and permissions.

e A project manager module that creaes and
manages user projects.

e Application modules that perform specific tasks
such as data analysis, modeling and optimization.

e A naming service that manages a directory of all
framework resources and applications.

Web based Web based
user interface user interface
{ I

_
HTTP
Server Basic services

Gateway

HTTP-CORBA

...................................................

Genetic
Algorithm

Figure 1. Framework architecture

3.1 The CORBA-WEB Gateway

The gateway consists of a core gateway object and
several Java servlets that handle different types of data
such as html, text or gif (fig. 2). When the HTTP server
receives a request it invokes one of the servlets, which
gathers the information needed to execute the request and
invokes a method in the gateway core object, passing the
name of the target application and the operation to be
executed. The gateway then performs the following tasks:

s First, it asks the naming service to retrieve a CORBA
reference for the target module.

e Then it calls the target module to obtain the list of
parameters required to make the request.

s Next, it creates a dynamic request by means of the
CORBA dynamic invocation interface.

e  Finally, it performs the request, waits for the result,
and once the target application finishes, it returns the
output data to the calling servlet, which in tum
returns the data to the client for display.



Web client
HTTP
HTTP server CORBA WEE
Gateway
Java Gawway
Serviet core object
Corba
S
Appheation
medule

Figure 2. CORBA WEB gateway architecture

For each request made by the WEB chient, 2 new
thread is created to service it Since the CORBA request
15 always made synchronously, the thread will block ungil
the application returns. However the pateway will
coptinue 10 process requests due fo its muliithreaded
natyre,

The patewsy module includes the following objects
(g 3
*  The dispatcher serviets that receive the requests made

by the WEB client,
= A core gateway object. This object receives the

request from the servlets: and coordinates the
construction and execution of the dynamic CORBA

TeluEsts.
= A request builder. This calls the target object to get

its interface definiticn and builds the request.
= A request invoker that executes the request.

DispatcherServiet

Invoker

RegquestBuilder I

Figure 3. UML class diagram for the CORBA-WEB
gateway.

3.2 User manager module

The User Manager Module is a CORBA besed user
admimstranion tool. It sllows an administrator to create
and delete framework users, and change their properties
through & WEB interface. It also offers an Unix-like user
authentication service through the authenticator object.
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This toof s implemented in Jave as a framework
application. This application is started from the
administrator user WEB page provided by Project
Manager when the admimistrator logs in.

The Ussr Manager Medule class diagram s
tllustrated 1n the figure 4.

UsorManager 41——1 Wablnterface Builder
uses
it
Lusesw 1
Awuthenticator
FileManager

Figure 4. UML class diagram for the User Manager
Module.

3.3 Project manager module

The framework has an expenment oriented spproach.
An experiment is a persistent entity that stores data
related with configuration parameters and resulis of
applications. Experiments are grouped in projects. These
are siored in a repository that is handled by the Project
Manager Object.

The Project Manager 15 a basic framework service
that allows the vsers 1o create, rename and delete projects
and experiments through & WER interface. Applications
may ask it te store results associated with experiments
and retrieve configuration data for their execution.

The project manager WEB interface is the entry point
to the framework. It includes fields for user name and
password. The user authentication 15 made invoking a
method of the authenticator object that belongs to the
User Manager Module, Then, 2 WEB page 15 displayed
containing links to the user projects and to ofher
dynamically built HTML documents 1o create, delete and
rename projects and experiments.

The Project Manager Repository is mapped on a file
sysiern. Projects and experiments are directories where
application files are stored. The Project Manager Module
is implemented in Java using concurrent programming
technigues.

The Project Manaper Module class diagram is
illustrated in the figure §,
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Figure 5. UML class diagram for the Project Manager
Muodule.

3.4 Naming Service

The naming service manages a directory of all the
framework resources, organized as a hierarchical tee
which follows 2 structure similar to the application
interface hierarchy described in the next section. This
service was implemented directly with the CORBA
naming service.

3.5 Application modules

The Application modules dre the most important part
of the framework, as they are the resources the end user is
looking after, These modules perform the particular tasks
for which they are intended and -some -additional
operations that relate to the framework itself, such as
returning the HTML pages that make up the module’s
user mterface, and initializing & user session. The modules
are ‘also responsible for registering themselves with the
framework name service.

An application module 1s comprised of one or more
CORBA objects. We have developed a set of CORBA
interfaces that these objects should impiement The
purpose of these interfaces is to standardize the call
protocel that clisnts must use o invoke cperations on the
objects. The interfaces are organized in @ hierarchical tree
itlustrated in figure 6.

Below we show & fragment of the framework
interface definitions.

typedef seguencecdouble>» DoubleVector;

typedef seguence<DoubleVectors
DoubleMatrix;

interface Application |
veld InitWorkSession |

in string userName,

in string projectlame,

in string experimentMame) ;
string getUserInterfacel};

b
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interface Function
DoubleVector evaluate|
in DoubhleVector inputlatsl;
DoubleMacrix multiEvaluate |
in DoubleMatrix inputbatal

Function

|

Modet

1N

Mewral Fuzzy
Mewrork  Madel

MultiLayer
Perceptron

Linear

Model

Optimizer
/
Local
Optimizer
/N Global
Gradient  Quasi Optimizer

Optimizer Newton S~
Optimizer

Bayessian
Optimizer

Genetic  Lipschitzian
Algonthm  Optimizer

Figure 6. Application Module Interface Hierarchies.

An application module may have objects that
implement different interfaces, If the module is to have a
WER based user interface it should have an object that
implements the Rpplication interface.

Usually, one of the first messages an application
module receives is a request to retrieve its user interface.
This is an HTML page that will be displayed by the WEB
client. This page should have at least one action button
that invokes one of the framework serviets: The page also
contains the pame of the target application and the
eperation to be invoked. When the user selects the
execute button the operation is invoked on the application
by the mechanism outlined previouwsly. There mav be
several executicn buttons. An example could be & neural
network application that has a button to tain the netwerk
and a button to execute it, or a genetic algonithm program
that has a button to create 8 GA with some fearures and a
button to run the optimization,

To ease the process of integrating sn pplication into
the framework, we have designed an objeer that wiil make



the task of creating dynamic HTML pages simpler, The
object is named UserInterfzceManager and id
implemented in Java, An application module can create a
UserInterfaceManager (using 8 factory object),
configure it, and use it to create dynamic HTML pages,

At the moment the framework has the following
application modules:

* An optimization module based on genetic algorithm,
This module has a CORBA object that implements
the GeneticAlgorithm  interface, The
implementation is based on the DBanda genstic
atgonthm developed by Brian W. Bush [1],

= An optmization medule based on the Efficient
Gilobal Optimization algorithm developed by Donald
K. Jones et al. [4). This application has a CORBA
object that implements the Baveszianoptimizer
interface (derived from GlokalOptimizer) The
code for this model has been completely developed
internally.

* A peural network module. This module implements
oo CORBA objects, NeuralWetworkTrainer
and NeuraliNetworkModel, It allows the creation
of mul layer perceptron newral networks, which can
be tained using various trsining algorithms, This
module is 8 wrapper to the Smuttgant Neural Network
Simulator (111

* A furry model module, This meduls implements two
CORBA  objects, FuzzyModelBuilder and
FuzzyMadel. Ir aliows the creation of Sugeno type
fuzzy models using & furry discretization method and
an orthogonal parameter estimation [13]. The code
for this moduole has been written internally.

+ A linear made! module. This modulz implements twe
CORBA.  objects, LineazModelBuildsr and
LinearModel. It can be used to crears linear
models using classical technigues such as linear
regression and stepwise elimination. The code has
been written intemally.

s A design of experiment module. This module creates
dasigns of experiments based on simple random and
latin hypercube sampling. It implements the
pegignifExperiment interface and is based on
internally written code.

4. CASE STUDY

The framework was used in the problem of finding
the optimal thermal design of an electronic device. The
device is composed of an electronic component embedded
in a polyurethane substrate. The heat generated by the
electronic component is conducted through the substrate
1o the device surface, where it dissipates into the air by
convection. We wish to find the set of design vanables
that minimize the temperature in ‘the electronic
component.
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This optimization problem was pent of a larger
project previously conducted [10] and was carried out
using stand alone applications that run under Microsofi
Windows and Unix, We used input-cutputl dats oblained
from 2 code that modeled the thermal bekavior of the
device. The procedure to get the optimal device
parameters was as follows: first, 2 neural nerwork
simulator application was used to train & neural network.
Then the weights that constituted the resulfing nérwork
were extracted from the files created by the application.
Finally, a subroutine was written 1o evaluate the neural
network as part of the objective function for the genetic
algorithm

The same task was carried out using the framework,
First, we created a neural network based surrogate model
for the device using the neural network module. Then we
configured the genetic algorithm module to use the neural
nerwork model as the ohjective function and used it to get
the optimal design.

The results were similar to those obtained in the
original work: However, doing this task using the
framework was considerably easter. The whole
experiment was setup ioteractively, using the WEB based
user interface, and all applications were executed in the
computer where they were originally installed.

5, FUTURE DEVELOPMENTS

In the near future we intend to include an additional
data base service that will allow access 1o relaticnal
databases énd two application modules, a Quasi-Newton
local optimization module and 2 Kohonen neural network
module.

6. CONCLUSION

This paper described the implementation of a
framework for the analysis and optimal design of complex
systems based on CORBA and WEB technolsgy. The
framework was used in the problem of finding the optimal
design of an elecwromic device. The applications
performed adequately and the framework proved o be
flexible encugh to setup interactions’ between several
applications using the WEB based user interface. With the
inclusion of additional modules for lecal optimization,
and other modeling techniques and simulations, this
framework holds promise of becoming an effective tonl
for the optimal design of complex systems.
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