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Abstract

In this paper, we provide an integrated framework for portfolio selection, which is adaptable to the needs of financial
organizations and individual investors, and as an organized approach of selecting efficient portfolios for investments. We focus
our discussion on the implementation of this framework for a Web-based Decision Support System (DSS) based on our
prototype named WPSS—A Web-based Portfolio Selection System for Chinese financial markets. In this system, we adopt
technologies such as online analytical processing as an add-on tool for analytical purpose, as well as using Parallel Virtual

Machine (PVM) to improve overall performance.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Modern portfolio theory stems from Markowitz’s
[19] great insights of the Mean— Variance model which
states that the key information of a portfolio can be
derived from three measurements: expected returns
(taken as the arithmetic mean), standard deviations
and correlations among those returns. Basically, port-
folio selection is a bi-criteria optimization problem
where a reasonable trade-off between return and risk
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is considered—minimizing risk for a given level of
expected return and maximizing expected return for a
given level of risk. In the financial industry, investors
often have to face such difficult decisions that can be
provided by computer-based portfolio selection sys-
tems fast and efficiently. In general, portfolio selection
systems consist of two main processes: asset selection
and portfolio optimization. In our design, an efficient
portfolio selection system should first be able to deter-
mine the best mix of assets based on the investment
profile provided by the investor. Then the expected
values of the expected rate of return of all assets,
corresponding risk and the correlation of an asset’s
returns with other assets, should be taken into consid-
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eration. Finally, the system should be able to allocate
the investment proportions of all assets, and rebalance
the assets to achieve efficient portfolio performance.

Studies show that there are many methodologies
and models for portfolio selection [8], but does not
exist an integrated framework that organizes the
choice and implementation of these methodologies
and models to support portfolio selection logically.
Other attempts to develop a framework for portfolio
selection [2,9,28] have failed at important issues such
as flexibility, and a managerially oriented decision
support for portfolio selection.

In the last few years, many PC-based Mean—
Variance Optimization software packages become
available to support portfolio selection. Rapid advance
in the Web technologies and the emergence of the e-
Business strongly influence the design and implemen-
tation of the financial Decision Support Systems
[5,10], DSS in short. As a result, improvement in
global accessibility in terms of integration and share
of information [17,25] means that obtaining datum of
assets from the Internet becomes more convenient
nowadays. Growing demand in fast and accurate
information sharing increases the need in developing
Web-based information systems [11,26]. Some scien-
tists and financial institutions have carried out
research in portfolio selection and have made some
progress in this area [14,21].

In this paper, we propose a framework, which
addresses some issues of the existing Web DSS. It is
a computer implementation that can be used by
individual investors or financial organization to sup-
port portfolio selection. Our portfolio selection system
based on the framework aimed at integrating user
activities including asset allocation, portfolio optimi-
zation and asset rebalance and yet allows independent
access of each module.

In addition, we adopt On-line Analytical Process-
ing (OLAP) tools to handle multidimensional data
structures for analytic purpose [4,23], as well as using
parallel computation for fast and efficient optimiza-
tion of portfolio. We use Parallel Virtual Machine
(PVM) as a single computational resource from a
collection of heterogeneous computers, when dealing
with multiple concurrent users and large-scale com-
putations in the case of portfolio optimization.

Based on these technologies and our proposed
integrated framework, we built a prototype system

named WPSS designed primarily for the Chinese
financial markets. In the following sections, we give
a brief introduction to the framework. Then we
describe how a Web-based DSS can be built around
the framework with the support for portfolio selec-
tion. We provide a brief description of the prototype
system WPSS, and show the main features of this
system, some of which may differ from other existing
optimizers.

2. Proposed framework for portfolio selection

Portfolio selection process should be considered as
a series of tasks, rather than just solving an optimiza-
tion problem. The framework we proposed contains
five main stages as shown in Fig. 1 below: asset
allocation, securities analysis, securities selection,
portfolio optimization, and rebalancing. We provide
automatic support for portfolio selection in every
stage of the framework, but decision-makers may
apply their knowledge and experience to adjust the
result anytime. We do not have to follow the sequence
of this process, and each module can be used respec-
tively. For example, asset analysis and selection, as a
separate module, can be used to analyze and select

Asset allocation

Securities analysis

Portfolio optimization
Holdings and weighted

Portfolio construction

Model 1
Model 2

Model N

Rebalancing

Fig. 1. Portfolio selection framework.
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securities, and does not need to be used with other
modules together. Activities in each of these stages
during the selection process are described below.

Asset allocation. This is the first stage. The system
determines an optimal mix of assets, such as Large
Cap stocks, Small Cap stocks, International stocks,
Bonds and Cash, based on the investment profile
provided by the investor. We take the investor’s
preference and selection criteria into consideration,
and determine his/her risk/return profile after running
a strategic asset allocation analysis process. As a
result, an optimal mix of assets is presented to the
investor which reflects his/her financial “big picture”,
investment time horizon, and risk tolerance. At this
point, the investor may interactively change his/her
investment allocation, time horizon, yearly contribu-
tion, tax impact, and the amount of risk he/she is
willing to take, etc.

Securities analysis. This is an important stage,
which enables the investor to conduct an analysis of
securities that may be considered for inclusion in a
portfolio. Highlighted characteristics include price,
average return, return volatility, and Sharpe Ratio
for each specified securities, as well as co-relations
between all specified securities. The output from this
stage is a common set of parameters for each security,
which can be used for comparison and analysis in
subsequent stages.

Securities selection. This stage uses profiling tech-
niques where security attributes from the previous
stage are examined in advance of the regular selection
process. Any security, which does not meet the pre-
determined criteria, such as average return, return
volatility, and Sharpe Ratio, will be eliminated. The
intent here is to remove any nonstarters and reduce the
number of securities to be considered simultaneously
in the portfolio optimization stage.

Portfolio optimization. As the main stage of the
framework, portfolio optimization is to ensure optimal
risk-adjusted returns by analyzing the portfolio and
managing the assets. The output of this stage is an
efficient frontier, and the investors can have the
optimal result on the efficient frontier according to
their own risk preferences. There are many compara-
tive optimization models to be considered in this
stage, such as Mean—Variance Optimization (MVO)
model [16,24] that takes transaction cost (not fixed)
into consideration. In the system, decision-makers can

select different models according to their own prefer-
ences. Management for optimization models is dis-
cussed in Section 3.2 later. This stage can be further
break down into the following five steps.

1. Asset constraints—Present asset constraints, and
allows investors to set individual or group
constraints on assets.

2. Asset return—Shows the portfolio’s return profile,
and explains how the investor can use that
information.

3. Asset volatility—Shows the portfolio’s volatility
profile, and explains how the investor can use that
information.

4. Asset correlation—Shows how are the portfolio’s
assets correlate with others, and explains how the
investor can use that information.

5. Portfolio optimization—Provides how the risk/
return profiles, correlations of portfolio assets,
and any constraints the investor placed on those
assets will impact the portfolio’s risk-adjusted
returns; shows how to allocate the securities in
order to achieve optimal portfolio.

Rebalancing. After the stage of portfolio optimiza-
tion, holdings and weights of the optimal portfolio are
decided, and investors may construct an optimal port-
folio and make it into practice. However, rebalancing
is another important part after portfolio optimization.
In this stage, the investors apply their knowledge and
experience to balance and make other adjustment to
the portfolio by adding or deleting securities. This
adjustment can help to achieve balance among the
securities selected. The proportion of high-risk secur-
ities should not be too high because failure to some of
these securities leads to greater danger in the overall
investment. On the other hand, if the portfolio selected
is too conservative, the expected return may be too
low. Furthermore, balance on securities size is also
important, because the commitment of high proportion
of investment to a few securities can be catastrophic if
more than one fails. Also, too many long-term invest-
ments may cause financing or cash flow problems.

After the portfolio has been adjusted, results can be
gained by cycling back to portfolio optimization
stage. Since the adjustment phase allows the consid-
eration of issues and constrains that are new and
crucial for investor, the new solution will be more
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satisfactory. We could say that they are “satisfying”
rather than “optimizing” [1].

From previous discussion, we can see that portfolio
selection process can be simplified once we break it
down into several stages. Decision-makers can inter-
actively select and change their initial investment,
time horizon, yearly contribution, tax impact, and
the amount of risk they are willing to take according
to their own preference. Moreover, decision-makers
also can use the models or methodologies or criteria in
each stage, which avoids forcing the use of
approaches they may not prefer. This provides more
flexibility to the selection process. In the following
section, we describe our prototype Web-based DSS,
which supports portfolio selection based on the pro-
posed framework.

3. A Web-based Portfolio Selection System (WPSS)

According to Turban [27], “A Decision Support
System (DSS) is an interactive, flexible, and adaptable
computer-based information system, specially devel-
oped for supporting the solution of a non-structured
management problem for improved decision making.
It utilizes data, provides an easy-to-use interface, and
allows for the decision-maker’s own insights”. We
know that provision for continuous interaction
between system and decision-makers is important
[3]. On one hand, to formulate explicitly in advance
all of the preferences of the decision-makers is very
difficult; On the other hand, interactive decision-
making has been accepted as the most appropriate
way to obtain the correct preferences of decision-
makers [20,22]. If this interaction is to be supported
by a computer-based system, then there is a need to
manage the related techniques (or models), to support
the data needs, and to develop an interface between
the users and the system.

Fig. 2 shows a general architecture of the WPSS,
and the data flow between the user interface, portfolio
selection framework, optimization models and data-
bases. Basically, this system contains the following
components.

® User-friendly Interface. Used by decision-makers
to input data and decision preferences, and to
retrieve answers from related services. It also

| User Interface |

'

| Security System |

! ! |

| OLAP Services |<—> Portfolio Selection

Framework
A

J

\

| Multidimensional Database

' "

| System Database

Fig. 2. General architecture and data flow of WPSS.

displays to the users and allows them to interact
with the system to arrive at satisfactory solutions.

e Security System. Not only used for user protection
purpose, but also checks for user access levels (e.
g. novice, expert, etc.) to determine the level of
flexibility and interaction that the system would
allow or provide.

* Portfolio Selection Framework. As described in the
earlier section, it is used to aid the users along their
decision-making process in a more organized
fashion.

* OLAP and Multidimensional Database. Used as an
add-on tool for fast user analytic purpose since
Decision Support System often requires processing
large amount of operational data to come up with
the analytic analysis.

* Models Management Database System. Used to
handle models of the many different types, which
may be chosen.

o System Database. Used as a repository of historical
data for all model programs and OLAP services.

3.1. Interaction and interface design

The structure of Browser/Server is an extension
of Client/Server, and its operations adapt standard
Client/Server processes. In Fig. 3, we give a three-
tier structure of the WPSS. At the client site, the
Web browser and Java Applet handle the user inter-
face and the presentation logic. At the server site,
the Web server gets all http requests from the Web
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Java Applet

‘Web Browser

Hittp request o

User protection
Asset allocation
Securities analysis
Securities selection

Portfolio optimization

Query

|

«——
Http response

Rebalancing

»
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OLAP tools
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E-mail service
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‘Web Server and
Application Logic

Fig. 3. Three-tier structure of WPSS.
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user and propagates the requests to the application
server which implements the business logic of all
the services for portfolio selection in this case.
Communication between the Web server and the
application logic can be done through CGI, ASP
(used in this system) or other gateway tools. At the
database server site, transactional or historical data
of the day-to-day operations are stored in the system
database by RDBMS. Optimization models can be
maintained in a separate database. In addition, this
system provides multidimensional database (MDB)
for easy and fast access of summarized or analyzed
data since DSS by nature requires access of large
amount of operational data to find the analytic trend.
Application server sends the query to the database
server and gets the result set. It prepares the re-
sponse after a series of processes and returns to the
Web server to be propagated back to the client site.

To use this system, a new user must first register to
obtain a user id and password, which will be used to
authorize all further access. A registered user can log
in and pick an existing session or create a new session
of his/her own preference, such as level of user
protection, access rights and level of complexity. User
protection and session management are maintained in
the security system interface level. Following with
asset allocation, securities analysis, securities selec-
tion, portfolio optimization, and rebalancing modules,

the system is designed in an integrated fashion and yet
each module can be used independently. OLAP tool is
used here as an add-on feature for user analytic
purpose. In terms of system security, OLAP services
add dimension-level security, so that the users could
not gain any access to that dimension without security
clearance. In addition, the system provides user feed-
back as an accessory function for the users to raise
questions, have discussions, leave messages, or con-
tact the administrators. It also provides E-mail service.
We show the interface of WPSS used in the securities
selection stage in Fig. 4.

Asset

jv

Average return >= % (e.g. 20)
Return volatility <= % (e.g. 30)
Sharp ratio >= % (e.g. 0.5)
Average price >= % (e.g. 20)

I .

securities selection

Asset correlation with Security code

reset

Fig. 4. Securities selection interface.
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3.2. Management of optimization programs

A model database is used to support variety of
modeling techniques for portfolio selection optimiza-
tion. Optimization programs written by us or from
existing software packages can be plugged into the
database for our system to use. Several popular port-
folio optimization models, such as single-period MVO
and multi-period MVO, are included in our model
database. We also developed a model program using
Java based on portfolio selection with a minimal
purchase unit [12] for the Chinese financial markets.
Some models in our system take transaction cost (not
fixed) into consideration as well. When the users
request to access the Web server, we use ASP language
to manipulate database through the Open Database
Connectivity (ODBC) or other special connection
interfaces. Then, the system will pick an appropriate
optimization program from the model database.

Fig. 5 shows a result of the portfolio optimization
using single-period MVO model from an existing
software package. It is generated dynamically by a
Java applet from information retrieved from our
system database that stores historical data. The output
is an efficient frontier, and the users can have the
optimal decision on the efficient frontier according to
their own risk preferences.

3.3. An add-on tool for analytic purpose

OLAP [6,7] is an advanced information system
technology for decision support. It is used to pro-

—— Expected return

0.1 0.2 0.3 0.4
Standard deviation

Fig. 5. Portfolio optimization result.

vide fast answers for dynamic analysis that aggre-
gates large amount of data. OLAP introduces
spreadsheet-like multidimensional views and graph-
ical displays to better capture the structure of the
real world data.

In the system, we adopt Microsoft SQL Server
OLAP service 7.0 as an add-on tool to facilitate the
users to make their decisions faster and easier. The
system permits the users to perform complex analysis
on the historical data stored in the system database.
Users can read the historical data quickly and effi-
ciently with the aid of the OLAP tool since it can
provide short response time and data visualization for
complex data analysis.

3.4. Efficient optimization via parallel computation

Portfolio optimization is an important part in the
framework. When a large-scale investment is under
process, the optimization method requires enormous
computing time. Such situation becomes even worse
if a multi-period MVO model is selected to use. It is
obvious that a single computer cannot afford to handle
such system load where multiple users and/or models
are involved. Without enough computing capability,
the response time to the users will not be tolerable.
Parallel processing or the similar technology cluster-
ing computing has the potential power of reducing the
computational load and enabling the efficient use of
these models to solve a wide variety of problems. We
choose the PVM [13] network computing environ-
ment as the high performance computing component
in our system.

Since our system must consider the multi-model
and multi-user issues, we use a cluster of computers
interconnected together as a network parallel comput-
ing environment to maintain high performance. The
network parallel computing technology has many
virtues, such as high performance/price ratio, good
scalability and easy management. Computers of het-
erogeneous system architectures can be used in a
single supercomputing environment. Our parallel
computing cluster is constructed behind the other
system components. As shown in Fig. 6, it is made
up of several PCs interconnected by a fast LAN. PVM
software is installed in each computer. When the
system load exceeds a predefined threshold, more
computers will be added into the cluster. As the price
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Fig. 6. Paralle] computing environment.

of PCs becomes cheaper and the performance
becomes higher, such network parallel computing
system has outstanding characteristics.

In general, data for the optimization models can be
collected from other databases, directly from the
optical fiber, or other resources like Internet/Intranet.
Currently, our data are collected from the historical
data stored in databases. All the collected data are
dispatched through a data dispatcher component (a
PVM task) and it is used for the load balance purpose,
i.e. to provide each computer in the cluster with
almost even number of data. The optimization models
have many matrix operations. PVM is suitable for
these operations. When the dimensions of decision
variables exceed a critical limit, such technology can
greatly improve the system performance. Optimiza-
tion computations are accomplished via a number of
collaborated processes distributed to the different
computers in the cluster. PVM is used for the inter-
process communication and process control. The
results of the computation are stored in the database
and can be accessed by other subsystems. The multi-
user problem is also handled by the PVM tasks. When
the user invokes his portfolio selection, several PVM
tasks will be constructed and put to the bag of tasks.
They are queued and emitted one by one whenever a
computer is available. Multi-server coordination and
sharing of workload are other critical problems we
have taken into consideration [4,28]. We setup a
system management task, which takes in charge of
all the working units in the system and makes them
work properly.

4. Implementation and characteristics of WPSS

Based on a three-tier structure, our portfolio
selection system can run on both the Internet and
Intranet environments. The user can use a Web
browser to access our Web server through HTML
language and HTTP protocol. The kernel of the
system is placed on the Web server. ASP and Java
technologies are used extensively and well inte-
grated in the system. Moreover, with the use of
integrated Web application development tool—Inter-
dev, network operation system—Windows 2000 and
database server—MS SQL Server 7.0, the system is
well developed. The software of the system is as
follows:

(1) Software in server

Network operation system WINDOWS 2000 SERVER

(NT 5.0)
Database server MS SQL SERVER 7.0
Web server MS 1IS 4.0
Mail server www.software.com,

Post office v3.5
(2) Software in client
Desktop OS
Browser

WINDOWS 9X
Internet Explorer 4.01
(or higher edition)
(3) Development tools

Visual InterDev 6.0

(Integrated Web application

development tool); ASP

(JavaScript and VBScript), Java
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Compared to other existing portfolio selection
systems, such as http://www.morningstar.com and
http://www.effisols.com, our system is integrated,
high performance and user-oriented. It differs from
the others mainly in the following areas.

* We provide an integrated framework for portfo-
lio selection that is adaptable to the needs of
financial organizations and individual investors.
Other attempts to develop a framework for
portfolio selection, have failed at important
issues such as flexibility, and a managerially
oriented decision support for portfolio selec-
tion.

* The system is easy to be expanded. Since the
criterion concluded in the asset analysis and
selection module may not be adequate or typical,
advanced users are also given the right to modify
them. Because modification is done directly to the
server database, after refreshing, the on-line user
can see the updated items. The advantage is that
modification of the system no longer depends on
the source code by programmer, and maintenance
of the system can be done from remote place.
Hence, meets the expectation of the investor much
better.

¢ The system is modularized. For example, asset
analysis and portfolio optimization in this
prototype can be used separately. Problems to
be solved in each module can be chopped
smaller.

* We provide some portfolio optimization models in
our system, and decision-makers can select the
model according to their own preferences. This
system also allows models to be selected from
simple to complex.

* As the portfolio optimization stage is an important
part in the framework and it will cost a lot of
computational resources and times, we apply
parallel computing technology to achieve fast
optimization.

* We also adopt OLAP services as an add-on feature
in this system to provide multidimensional analysis
to the users.

¢ The system is mainly designed for Chinese
financial organizations and individual investors.
Some methods and models are suitable only to
Chinese financial markets.

5. Discussions and conclusions

This paper briefly introduced an integrated frame-
work for portfolio selection and implementation of the
framework for Web-based DSS. Based on the pro-
posed framework and the technologies of OLAP and
PVM, we construct a prototype Web-based Portfolio
Selection System, which not only integrates asset
allocation, portfolio optimization, and asset rebalanc-
ing, but also improves the overall performance of the
optimization process as well as providing a more
organized and user-friendly interface particularly ori-
ented for decision making of financial market invest-
ments. Our approach is not intend to prescribe certain
portfolio, but rather to assist decision-makers to find
an efficient portfolio, which is close to optimal, and at
the same time satisfies any constraints that have been
imposed.

In the process of selecting an efficient portfolio, the
optimization model plays an important role. Portfolio
theory has been developed rapidly since Markowitz
introduced his pioneering work on portfolio selection
in the 1950s, and many optimization models have
been developed since. However, lots of problems
remain to be solved, such as, the problems with
transaction cost, multi-period, and incomplete infor-
mation. Moreover, some of the existing methodolo-
gies and models are not widely used because they are
too complex and require lots of input data, they may
be too difficult for decision-makers to understand and
use, or they may not be used in an integrated fashion.
Among all of the processes of portfolio selection,
optimization techniques are the most fundamental tool
for portfolio selection. However, they have failed to
gain user acceptance mainly due to the fact that they
prescribe solutions to portfolio selection problems
without allowing interactive and flexible operations
from the decision-maker.

WPSS is based on our proposed framework, which
supports the flexible and interactive approach in
system design and implementation since users can
choose their own methodologies or optimization mod-
els according to their own requirements, and expand
the system to meet their own needs. The system
provides ease of use as well as fast response time,
which we believe is critical to all users especially
executive decision-makers. Since portfolio optimiza-
tion is a very important part of the system, when
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dealing with concurrent multi-user and large-scale
computation, the system users PVM to handle the
situation more efficiently. We also adopt OLAP serv-
ice as an add-on feature to provide multidimensional
data view and graphical display for user analytic
purpose.

Although lots of tests show that WPSS is a useful
tool, problems must also not to be ignored. A major
issue for most optimizers on the Internet is selecting
historical data as input data. The simplest way to
convert N years of historical data into MVO inputs is
to make the hypothesis that the upcoming period will
resemble one of the N previous periods, with a
probability 1/N assigned to each. When we use
historical data to provide the MVO inputs, we implic-
itly assume that:

e the returns in the different periods are independent;

¢ the returns in the different periods are drawn from
the same statistical distribution;

e the N periods of available data provide a sample of
this distribution.

However, these hypotheses may simply be false.
The most serious inaccuracies arise from a phenom-
enon called mean reversion, in which a period, or
periods, of superior (inferior) performance of a partic-
ular asset tend to be followed by a period, or periods, of
inferior (superior) performance. Suppose, for example,
we have used 5 years of historical data as MVO inputs
for the upcoming year, the outputs of the algorithm will
favor those assets performed well over the past 5 years
with highly expected return. Yet if mean reversion is in
effect, these assets may well turn out to be those that
perform most poorly in the upcoming year.

Moreover, standard deviation as an estimation of
risk is not completely appropriated [18], which limit
the potential of lots of optimization models because of
the deficiency of themselves. Other decision-making
models may be good alternatives [15].

Portfolio selection system has been used in some
countries, and has been proven to make great profits
for investors. However, it is still a new research
area in China, full of questions, full of challenges.
With the fast expansion of the Internet, developing
on-line portfolio selection system has gained more
and more interests from researchers all over the
world.
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