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ABSTRACT

This thesis proposes a framework for intelligent stock recommendation system for
business-to-consumer transactions. The key issue is to integrate investment techniques, user
modeling and intelligent system that help providing relevant information to different types of
users. To do that, the user modeling and learning mechanism are applied. We first construct the
user model by utilizing both explicit data (i.e. basic user preferences based on the trading system)
and implicit data (i.e. user rating and user feedback). Next, we computed the overall weight each
stock item and recommended top-ranked weight of stocks based on the inputs from techinical
analysis techniques and user model. Finally, we incorporate a learning algorithm which is
performed to learn the values of states and to adjust the dynamic parameters according to user’s
need. To test our hypothesis, we developed the system prototype, which was implemented in
JAVA, using the historic data of Thailand Stock Market as its example. And the experimental
evaluations of the system both on synthetic subjects and on real human subjects are also shown
and discussed. The results show our proposed system is able to self-adapted to provide

appropriate advice for each user who has a wide variety of interest and investment backgrounds.
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The algorithm work as follows :

1. Calculate the output and output error

2. Change all weight values of each weight matrix using the formula

Weight(old) + ( Learning Rate * Output Error * Qutput (Neurons i) * Output (Neurons i+1)
* (1 - output(neuronsi+l)))

3. Gotostep ]

4. The algorithm ends, if all output patterns match their target patterns*
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@ e
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Calculate output for

hidden node

Y

Activate Value from

Sigmoid Function

Y

Calculate

Error Rate

Error Rate >

Convergence 7

Adjust Weight

Yes

Y

Save Weight
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3.5 @R IZHYBYAMANAIIN (Technical Analysis Approach)
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Abstract: This paper describes an adaptive recommendation system that provides real-time personalized trading advice to the
investors based on their profiles and trading information environmcnt, A proposed systém integrates Stochastic technical analysis
and artificial neural network that incorporates an adaptive user modeling. The user model is constructed and updated based on initial
user profile and recorded user interactions with the system. The information presented to each individual user is also tailor- made to
fit the user's behavior and preference. A system prototype was implemented in JAVA. Experiments used to evaluate the system’s
performance were done on both human subjects and synthetic users. The results show our proposed system is able to rapidly learn to

provide appropriate advice to different types of users.

Keywords: Artificial Neural Networks, Intelligent System, Adaptive Control, Modeling and Simulation.

1. INTRODUCTION

In the past decade, the growth of the Internet and the WWW
astoundingly increases, There are now mare than 60 million
web sites on the Internet as reported by Netcraft [1]. It now
becomes the main route for information exchange in many
areas including investment market. As the growth of financial
related webs continues to accelerate, the investors become
facing with a serious casé of information overload. They arc
flooded with large masses of information, and find it hard to
extract the information that is really relevant or useful to them
in-making a decision.

In this research, we have developed an online stock trading
system that provides personalized recommendation to the
investors. Typical systems usually recommend one of the five
different actions: buy, buy warning, hold, sell warning, and sell
on a company’s stock based on fundamental and technical
analysis without taking the investor’s profile and preference
into account. However, there are many types of investors out
there that are different in investing personalities, styles,
interests, risk aversion, etc. Some experienced investors like to
see more information and analyze the stock on their own, while
Some fovice or no-time investors might just need a simple
recommendation.  We propose a system that is intended to
make investiment information access easier and customized to
the investors. The system provides real-time information and
guidance based on trading environment and individual
investor’s profile.

The réemaining sections are structured as follows: Section 2
explores the related work in the field of U] (Intelligent User
Interface). Section 3 presents the systems architecture; Section
4 describes our recommendation approach, Section § discusses
the experiments. Finally, Section 6 concludes the presentation.

2. RELATED WORKS -

© There have been many works on the development of IU] in
several arcas. For examples, Webber et al. [2] and Tasso et al.
[3] employ user-modeling techniques based on student skill and
background knowledge to develop Information Tutoring
System. Brusilovsky [4] presents browsing-based access to
information source area. The author also meationed about link

manipulation, eg., hide, sort, annotate, and adaptive
presentation technique ‘according to user modeling, interest,
and knowledge respectively.  Information Retrieval and
Filtering is another area that is refated. Shepherd et al, [5]
presents a framework that helps users filtering news, and Kay
[6] proposed the Movies Advisor Project that could suggest
movies to a specific user based on their interest.

For stock trading systems, most of the existing systems use
machine learning and Soft computing techniques to analvze a
company’s stock and suggest an actioh to the investors.
Examples include an online financial informational web service,
Tradetrek [7], Achelis [8] proposed trading wlgorithm that
works by using trading indicators as parameters in mathematics
equations. Kuo [9] used Neurofuzzy approach for predicting
financial time series. Tseng and Gmytrasiewicz [ 10] developed
the real-time DSS systern, based on object oriented techmology
and using Bayesians Network, 1o produce investment
recommendation. To the best of our knowledge, most of the
works mentioried above do not consider the individual
investor's profile into the recommendation process. Recently,
Yoo et al. [11] proposed a leaning algorithm to personalize
advice to different users. However, they did not emphasize on
real time recommendation.

The underlying motivation of our work is to build a
real-time personalized stack recommendation and portfolio
management system that is capable of customizing information
based on user’s profile. The systeém must also have ability to
adapt user's model as well as information presentation based on
the interactions of the user with the system.

3. SYSTEM ARCHITECTURE

The prototype of the system is developed based on
client-server architecture: The server confains 5 main
components {Figure 1):

* Trading Information Manager (TIM) gathers and
manages various data necessary for trading decision
such as current stock information, historical trading
information, etc.

*  User Modeler (UM) component exploits an Artificial
Neural Network to construct an initial user model, and
to update and revise the model during user’s interaction
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with the systém. -

*  Knowledge Manager (KM) manages stratégies on how
to make trading decision.

*  Personalized Recommendation Agent (PRA) makes
appropriate suggestion for a company’s stock based on
individual investor profile and trading environment.

*  Presentation Module (PM) adaptively and dynamically
generates the information to be presented to the user

To create personalized recommendation, the system first
constructs an initial uscr model from user profile using ANNs.
Then converting trading constraints into decision rules for
trading decision making. Next, the system selects and ranks
appropriate information for the presentation based on
individual user profile. The user’s interactions and responses to
previous recommendstion are tracked and make these data
become activate rule for dynamic version of the user model.
Thismay in turn change the recommendation in the future.

Terminal

Fig. 1 The System Framework.

4. THE RECOMMENDATION APPROACH

4.1 Integrating User Modeling in Recommending Tradmg
Decision

The UM component generates the user models from a
database containing user’s profile, which includes education,
age, interest, investing experience, level of risk aversion,
portfolio status, ete., and the recorded interactions of the users
with the system. I:n this work, a Backpropagation Neural
Networks (BEN) is used to learn the user models as well as

providing personalized advice based on user model and trading
enyironment. BPN uses the backpropagation algomhm as a
Icammg process that is capable of storing and mcogmzmg the
inpuit variables and thereby generating appropriate output {121,
Our network consists of three layers: the input layér, one hidden
layer and an output layer. The input layer consists of nodes
representing dimensions of user model as described above. The
hidden layer consists of nodes which each node lias link back fo
the input layer and output nodes in theoutput layer. Note that
the decision on a nurmber of iodes in hidden Jayer is still eritical
issue. Although, there are many guidelines to determine the
solution & described in [13], we still need ma
trail-and-crrors to ensure the system yields nearly best
performance. The output layer has five nodes with five
possible stables such as buy, buy warning, sell, sell warning and
hold. The benefit from this approach is aﬁm!'m!y because the
neural net has a build-in capability to adapt their synaptic
weights to changes in the surrounding environment. Moreover,
it could be easily retrained to adapt to-changing environment
4]

In generating the trading recommendation, our system also
exploits Stochastic, a simple method for Technical Analysis, as
a rule to make decision. This technique examines moving
average of both short term and middle term based on stock
information (i.e. high/low price, opmlctose price, index).
Typically, they consist of two variables are %K-Line
and %D-Line. Moreover, this technique could indicate moving
of stock price and opportunity for making transaction when this
crossing occurs, Thus, the time to buy stock is whén both
variables are decreasing and the crossing point has dipped
lower than 20%. Conversely, the time to sell is when those are
ineréasing and the crossing point has exceeded over 80%. To
compute moving average effectively, we collect information
from the latest 3 months. This make the system could clarify the
suggestion correctly. Then, the Stochastic results are converted
into decision rules for recommending the five different actions:
buy, buy warning, sell, sell warning and hold. The buy and sell
rules are obtained as described above. For the other actions, a
buy wamning indicates time to buy in the near future, that is,
those variables are likely decreasing and the crossing point has
moved between 20% to 40%. Similarly, a sell warning indicates
time to sell in the near future, that is, those variables are
growing up and their boundary is between 60% to 80%. The
other range indicates hold action.

In addition, a set of constraints is contverted into decision
rules to determine a crossing point between lines. For example,
the trend of moving average is converted 1o the constraints as m
{Slope). 1f m is positive value, this means the direction is
growing up in the near fiuture. Otherwise, the negative side is
applied to the rule. A set of crossing point constraints is
represented as’

Sﬂim - {(Ph AC[iOﬂ]),..,, (Pm Aﬁﬁ()’nn)} (1)
where P; represents crossing point i (%, v, and Action;
represents the corresponding action.

4.2 Personalizing Recommendation

We make use of the user’s profile, usage data, and portfolio
status to indicate what stocks that user should be interested with
some actions. Briefly, when a user login to the system, a user
model will be loaded. While user is interacting with the system,
the system learns user behavior and self-adapts the model so
that the provided information fits the user's need. We use
supervised induction algorithm of ANNs for improving leaning
process. We divide the user's interaction tracking tasks into two
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major tasks as follows:

First, a feedback scssion is provided to detect the user’s
acceptance and fejection. If user responses by accepting the
advice; a positive example is created. Conversely, if user
response is rejection, a negative example is created. These
examples are fed back o the system for continuing learing
process.

Second, the relevant/interest data to the user is monitored.
As mentianed before, user interaction is recorded. To help user
coping with the problem of information overload, the system
try o understand user’s behavior and preferences. Using
history of interaction and rccords of transactions made on &
particular stock item to update user model, the system can tailor
information that is interest or useful to the user.

5. EXPERIMENTAL EVALUATION

A prototype of real-time personalized stock trading and
recommendation system is developed to test whether the
proposed adaptive recommendation could help providing the
most appropriate trading advice and reduce risk to the investor.
To support our hypothesis, we conducted a set of experiments
with human and synthetic subjects as follows:

5.1 Experiment with Human Subjects

To validate the system, we evaluated user’s satisfaction by
measuring successes in providing right recommend stock items
to different users. Specifically, for each user, we measured the
percentage of acceptance. The higher acceptance rate, the
better the system serves the users with the right
recommendation. Therefore, we expected the acceptance rate
would gradually increase after system leams from user’s
interactions.

We conducted an experiment with 10 human users who had
various backgrounds and interests. We first asked them to
provide their personal data such as education, age, investing
experience, investing interest, risk aversion level, portfolio
status, credit available, etc. Ta initialize their profile, we then
request them to complete one practice before Jogging in to the
system, For this experiment, we used some historic trading data
from SET (Stock Exchange of Thailand). After system
generated various recommendations, based on the BPN
clussification, users were requested fo provide a feedback
whether they aceepted or rejected the recommendations, Then,
we caleulated the acceptance rate which is defined as

Acteptance rate = (S A Usike) / Sree @)

where S is 2 oumber of recommendation items thal the
system recommends to the user, and Uy, is a number of
recommendation items that user determine actually were of
interest

Figure 2 shows the acceptance rate as a function of the
number of user mieractions. The acceptance rate is gradually
increased while the system leamns and gradually adapts the
users” models. The result shows the adaptivity of the systém is
useful in providing better appropriate advice to users;

Fig. 2 User’s acceptance rate with human subjects.

5.2 Experiment with Synthetic Subjects

Another experiment was done using synthesis subjects. The
goal is to compare recommendation effectiveness of the
proposed system versus a stock recommendation provided by a
well-known brokerage company, which provides stock advice
using experienced personnel. In this experiment, we randomly
picked 10 stock tickers each day over a week period; and
provided users with action recommendations on these 10 stocks.
We then measured the effectiveriess of the advice by computing
the profit retumn rate, Since the recommendation provides only
action, sell or buy or hold, but does not tell the appropriate price
tosell or buy. We thus use the market price as an offer price for
both seli and buy transactions. Then, we computed the retum
rate for each day. We then plot the retum rates over the weck
period as shown in Figure 3.

Return Rate i
o [ Mo usng tooks
wd{
03 - = L
0 d - ; B .
Gl \/—/

Days
L T T T T T T 1
1 H 3 4 s 6 1

Fig. 3 Comparing return rates between taking advice from our
system versus taking advice from a well-known brokerage firm.

The retum rates of taking advice from a well-known
brokerage firm (dashed plot) show fluctuating retum rates at
about 30%. The return rates of taking advice from our system
(solid plot) show initially small decrease following by gradual
and continuous increase. This could be interpreted as follows:
at the initial period, the initial model could not adjust itself 1o fit
the market condition immediately. —This might also be
depending on a number of training, number of sample data, as
well as the trading environments. However, after taking some
fime, the system adapts itself and can provide better advice
yielding better return rates. Over a week period, the overall
return rate continuously climbs up to almost reaching 20%.




85

6. CONCLUSIONS

We have described a real-time personalized stock trading
and recommendation system that can tailor an advice for each
user who has a wide variety of interests and backgrounds, To
obtain 2 good recommendation output, all the information,
rules, constrains, and techniques must be applied and
integrated. We built a prototype and conducted experiments
based on both real human subjects and synthetic subjects. The
results support our hypothesis that recommendation system
could successfully provide better suggestions to users.
However, our objective of building such 100l is o help an
individual user be able to make his‘her own decision effectively
rather than making decision for them
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Abstract—In this paper, a new framework for personalized
stock recommendation system based on adaptive user models is
presented. The system is designed to provide persenalized and
appropriated information fo the investors based on their
persenzal profiles and their historical system inferdctions, The
system components include initializing and updating user models,
monitoring the interaction of the user to the system, tailoring the
information to meet the user’s behavior and investment stvles,
The system prototype was implemented in JAVA. The system
evaluations were performed on both synthetic subjects and real
human subjects. The results show onr propesed system Is able to
rapidly self-adapted to provide appropriate advice to each user
whe has a wide variety of interest, backgrounds and expertise.

1 INTRODUCTION

In the past decade; the growth of the Web astoundingly
increases with more than 7,500 terabytes of information have
gone online. More than 513 million people around the world
now have accéss to this global information resource 1],
While this sounds useful, it may tum into a serious problem;
information overload, that is, there is more information out
there than a single user can manage. Moreover, it is quite
difficult for any system to provide information that users are
most interested in from among all of those terabytes,

Increasingly, people are furning to intelligent interface or
recommender system to help them find relevant information
such as intelligent web for searching or recommending
movies, books, musics, links and even investments,

In this research, we have developed an online stock trading
system that provides personalized recomméndation to the
investors, Typically, the current available systems on the net
usually provide stock prediction system to help users
analyzing and making decision on sell-or-buy transactions
through web browser. However, there are many types of
investors out there that are different in investing personalities,
styles, interests, risk tolerance, ete. Some might be
overwhelmed by much tmelevant information. Providing an
amount of ihformation might beyond the users’ needs and
interests. To solve this problem, we propose an intelligent
recommendation system that is intended fo make investment
information access easier and personalized to the investors.
The system provides real-time information based on trading
environment, guidance and adaptive update according to
individual investor's profile and interaction patierns
respectively

The remaining sections are structured as follows: Section 2
presents the background on adaptive trading system. Section 3
presents our system. architecture. Section 4 describes the
proposed system approach for recommending. Section 3§
discusses the experimental results, Finally, Section 6 reviews
the conclusions and future works,

1. RELATED WORK

There have been many researches on the development of
intelligent interface andior recommendation system reported.
For examples [2] and [3] employ user-modeling techniques
based on student skill and background knowledge to develop
Information Tutoring System. Work presented in [4] proposed
browsing-based access to information source area, The
author also mentioned about link manipulation and adaptive
presentation technique according 1o user model, interest, and
knowledge. My Yahoo! (http:/my.yahoo.com) provides users
with the only specific items they wants to know about.
Shepherd et al. [5] presented a framework that helps users
filtering news, and [6] proposed the Movies Advisor Project
that could suggest movies to a specific user based on their
inferest.

For stock trading systems, there have been many available
commercial web sites; providing amounts of stock market
news and trading information to the investors and presenting
them in an integrated format. For example, a typical website,
Yahoo Finance [7] uses MACD (Moving Average
Convergence. and Divergence), RCI (Ranking Correlation
Index) and ¢te. to analyze and predict stock price. Tradetrek

(8] offers smart tools for managing portfolio and reducing risk.

Additionally, most of the existing systéms use machine
learning and soft computing techniques o analyze &
company’s stock and suggest an action to the investors. For
example, (9] proposed trading algorithm that works by using
trading indicators as parameters in mathematic equations. Kuo
[10] used Neurofuzzy approach for predicting financial time
series. Tseng and Gmyteasiewicz [11] developed a real-time
DSS system, based on object oriented technology and using
Bayesians Network, to produce investment recommendation.
Most of the works mentioned above do not consider the
individual investor's profile inta the recomimendation process.
Recently, many researches have paid intention to incorporate
user preferences to recommendation systems. Yoo et al. [12)
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proposed a leamning algorithm to personalize frading advice to
different users. David et al. [13] presented a framework that
focused on using distributed agems with different
functionality to manage their Stock Trading System. Later,
Tseng [14] proposed a hybrid recommendation that wtilized
decision module (e.g. Influence Diagram, Decision Tree, Web
Agent and Interface Module) to provide recommendation on
stock portfolio management However, they did not
emphasize on integrate user model {i.e. explicit user model
and implicit user model) and self-adapted learning for making
real time recommendation.

[l SYSTEM OVERVIEW

This research intends 1o develop a real-time personalized
stock recommendation system that is capable of customizing
information based on user's profile. The system must also
have ability to adapt the user’s model as on the interactions of
the user with the system, The framework of the proposed
system, which is developed based on client-server architecture,
1s composed of five main components as shown in Fig.1.

Fig. 1. System Architecture

I Trading Information Manager (TIM) gathers and
manages various data necessary for trading decision such
as current and historical stock information, e.g., open/
close price, high’low price, average price, etc.

2. Technical Analyzer (TA) manages strategies on how
to make trading decision by using Technical Analysis
techniques such as Stochastics and filtering enly good
stocks before sending recommendation to PRA.

3. User Modeler (UM) component manages user profile,
construct an initial user model, and update the model
while user is interacting with the systemn.

4. Personalized Recommendation Agent (PRA) makes
appropriate suggestion for a company's stock based on
individual investor profile and trading environment.

5. Presentation Module (PM) adaptively and dynamically
generates the information to be presented to the user,

The system starts by initializing user model based on user
profile recorded earlier, The TA component analyzes and
filters all stock tickers to obtain a list of stocks that are
interesting based on the: technical analysis technique used.
Next, the PRA processes and ranks appropriate information
by exploiting leaming algorithm in weight adjustment of
variables. In additions, the user's inieractions to the system
during the navigation and responses to  previots
recommendation are tracked. These data are used in dynamic
revision of the user model, and may in tum change the
information in the future,

1V. SYSTEM APPROACH FOR PERSONALIZED
RECOMMENDING

In this section, we describe the proposed techniques m
details.
A, Integrating User Modeler

The goal of this approach is to address the need of
personalized information services, That is model of each user
is built so that the information system knows user’s
preference, interest, capability for investment, ete.

The UM component initially generates the user models
from a database containing users’ profiles, which include
interest, level of risk aversion, portfolio status etc. In
additions, while users are interacting with the system, the
system will record and track interactions and feedbacks, and
use it in updating the user model. In recommendation, we
integrate the two types of user model. These two types are:

1. Explicit user model ‘

The first model is to represent what we know about the user,
Indeed, an effective way 1o obtain this model is to ask the user
to explicitly specify which information is relevant to them; In
this work, four separate dimensions for Explicit UM we
consider are as follows:

® Interest (I) represents the user's interests-in the 8
major sectors of Stock Exchange of Thailand (SET).
We represent it in term of an 8-element vector 1 =
[y L i, 1) where I is the rate [0-1] that
characterizes the user interest in that particular
sector 7.




#®  Risk Tolerance (R) represents the risk aversion of
the user. We pre-defined the level of risk aversion
as High (R=1.0), Medium (R=0.5) and Low (R=0).

®  Stock Available (S) represents the user’s porifolio
of the current holding stocks S = {s | s € Stocks in
user’s portfolio).

®  Credit Available (C) defines user's credit status
which is calculated from user’s credit availability at
present.

Thus, the explicit user model (EUM) is defined as
EUM=<I, I Iy .. Iu R, 8, 55 ... 5, C> (1)
where n is a number of stock in user's portfolio,

2. Implicit user modeling
The second model is to capture preferences or characterize
the users based on their behavior in interaction with the
system, and thus does not require any extra user effart. In this
work, we record, for each user interaction, as follows:
®  Access Time (AT) indicates time fo access stock
info.
® Access Stock (AS) indicates stock name to be
accessed.
®  Access Transaction (AX) indicates transaction
types, Retrieve, Add Favorite, and Make
Transaction.

Thus, the implicit user model (IUM) is defined as

IUM = <AT), AS;, AXy, ATy ASs, AX, .., AT, AS, AX> (2)
where i is a number of user’s interactions.

B.  Personalizing Recommendation Approach

In general, numerous trading systems propose intelligent
applications that try to predict the immediate future of stock
price or indices [15][16][17). However, these approaches
must deal with unstructured data and coping with the
difficulty involving in extracting the relevant information,
This is the underlying motivation of our work. We employ
user model and information filtering technique that able to
personalize the sugpestion of stock items and dynamically
generate user interface that depends on the user's preferences.

To determine whether the recommended stocks from TA
are matched with the user’s interest, we compute a ranking
score for each stock s according to Eq.3.

Ranking Score = aTA* + f§ Im' + S EX (3)

where 74", I, EY' are scores of stock 5 based on TA,
implicit user model matching, and explicit user model
matching tespectively. @ f, and are weights of each factor.

The details of how to compute 74’, M, and EY' are
described below.

1. Computing score of TA (74")

Our system exploits a TA technique called Stochastics
Oscillator [18] which yields the cross over point (¢) between
K-Line and D-Line. The number ranges between 0-1. We
typically recommend “buying” when the number is low (less
than 0.4), and “selling” when the number is high (more than
0.6). Thus, in this research, we define 74" as:

IF (¢ > 0.60) THEN
TA=¢

ELSE IF (e < 0.40) THEN
T4 = 100-¢

Note that the stock that has ¢ between 0.40-0.60 will be
discarded in recommendation.

28 ing for implicit user tching (/m

The imphicit user model (IUM) was built based on a
historical record of user interaction as defined in Eq. (2). To
maintain the model, we would update it whenever we observe
any interaction from the user.

The implicit matching score of the stock is estimated
based on the historical access types, last access time, and
frequency of user’s interactions against that particular stock,
The /m’ is obtained from

I = (£+T+F)73 @)

where 4", 7', and F* are the matching scores based on the
three factors, access type, last access time, and frequency.

2.1. Matching score based on Access Type (4')

We define three kinds of access type:
- “Refrieve™ when the user only browses the stock
information.
- “Add Favorite™ when the user adds the stock into
his’her watch list.
- “Make Transaction™: when the user decides to perform
a transaction on that stock according to the
recommendation.
The score depends on both type and how many times the
access type was done for that particular stock. The matching
score based on the access type is defined as:

1
2m )
LT
A __J__._,":‘_,,__

where w, is the weight (w; = 0.25 is the weight of
“Retrieve”, w»= 0.50 is the weight of “Add Favorite”, w; =
0.75 is the weight of “Make Transaction”), »’; is the number
of user’s interactions type i to the stock 5, and N is the total
number of user’s interactions to the stock 5.

2.2. Matching score based on Last Access Time (77}

Last access time is one of the indicators that we use to
capture user’s inferest to the particular stock. The latest the
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stock was accessed, the more the user is interest in that stock.
Thus, the matching score based on the Tast access time is
defined as;

T = fcurrent time-last aecess fime)” (6)

2.3. Matching score based on Frequency (F%)

Another indicator, that shows user's interest, is how often
hefshe accesses the particular stock comparing to the others.
The matching score based on frequency of access is defined
as:

F =70 )

where f 13 the number of users’ access to the stock s.

3. Computing score for explicit user | matching (£’

The explicit user model {EUM) was built from user’s
profile and portfolio- status. Initially, the model was first
created using data in user’s profile we obtained when hefshe
registers to the system. The model is maintained by fracking
and updating whenever users’ prafile is changed.

We estimate explicit matching score of the stock based on
four main attributes including Interest (I, Risk tolerance (R),
Stock Available (S) and Credit Available (C) respectively.
The £x"is defined as

4
YD ®
B =il

4

where I, is the degree of comesponding between attribute
a of the user and the stock 5.

The I, is calculated by combining the correspondences
between stock information and each of the explicit user
model’s elements (<I, R, S, C>). The calculation is separated
into two cases: Buying and Selling.

31 ForBuying:
® [, measures correspondence of user’s interest
{F) and the stock sector that S belongs to.

o= Frio (9}

where F is the rating that user is interested in
stocks in sector S where s € §

® [, measures comespondence of user’s risk
aversion level and the stock’s volatility. To
compute the [ ,we compare the value

between stock’s risk (R J and user’s risk
aversion (R* ) as below:

IF (R* <R’) THEN
D":: 0.4
ELSE
D'.!’ "G"CP‘

where R* represents the user's risk aversion
level which is separated into three classes: High
(R"=1.0), Medium (R* = 0.5) and Low (R*=0),
R represents the risk level of the stock. To
compute stock’s risk level, we first compute the
average Coefficient of Variation of all stocks in
the market to indicate overall market's volatility,
The Cocfficient of Variation (CV) is the ratio of
Standard Deviation (SD) and the Mean (M) of
stock prices [19]. Next, we define range of
normal risk area by setting a dummy value as
“d" to define an upper value (CV” + d) and
lower value (C¥™ -d) on that range [18], Finally,
we measured “High Risk” (R’ = 1.0) when the
C¥ is more than an upper value, and “Normal
Risk” (R’ = 0.5) when the €V is in the normal
risk area; and “Low Risk” (& = 0) when the
CV* is less than a lower value.

® [, measures correspondence of user’s stock
available in portfolio and the recommended
stock. To promote diversification in portfolio,
we compute ratio between the particular
sector’s stock value and the total stock value in
portfolio.

--(fami) 0o

® [, measures correspondence of user’s Credit
Available (CA) and the buying stock s, Our
idea is 1o find the existing credit in & user’s
portfolio because large funds tend to have
bigger invests and somewhat bigger turnover.
Thus, we expect that the user can easily make
transaction for buying when their credit
available is high, That is,

DYy = (Credit Available / Total Credit) (11

31 ForSelling :
For sclling recommended stock, the DY is simply inversed

of the ones for buying recommended stock as described above
asshown in Eq. 14,

D!‘”,;;=f-D‘3M (]2)
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4. Adjusting the value for a f §

After combining all of the weight (TA, Implicit and
Explicit user model), we compute appropriate value for @
& by employing nieural network (see Section C).

$. Recommendi ized stock list
Finally, the PRA will transfer the stock list ranked based on

ranking score computed using (Eq.3) to the presentation
module.

C.  Learning Approach

As mentioned in section B, the goal is typically to get the
output that matches some target pattern, which is the desired
outpat of a comesponding input pattern. At the system
initialization, the initial weights (a, f and &) are random
generated. Every time the user interacts with the system and
responses to some recommendations, they system will leam
and adjusting the weights. It will perform better and better.
That 15, the weights will be adjusted over the course of
learning [18]. We use a back propagation neural networks to
learn the appropriate weights because it is simple and very
practical. To calculate output, we apply the sigmoid function
to get a real number between zero to one. To minimize error,
we modify each weight in proportion to its partial derivative
of the emor,

V. EXPERIMENTAL RESULTS

In this work, a trading system prototype is developed to test
whether the proposed intelligent recommendation system
could help providing the most appropriate trading information
to users. To support our hypothesis, we conducted a sef of
experiments with human and synthetic subjects as follows:

A, Experiments with Human Subjects

To evaluate the proposed system, we condocted
experiments focusing on 175 stocks from Stock Exchange of
Thailand (SET) with the one year historical trading data, from
January 2005 to January 2006, We measured user's
satisfaction by calculating success rate in providing right
information to users. Specifically, for each user, we measured
the percentage of acceptance, that is, higher acceptance rate
means better the system could serve the user with the right
information. Therefore, we expected the acceptance rate
would gradually increase after system learned from user's
interaction and self-adapted.

In our preliminary experiments, we invited five human
users who have various backgrounds, mterests, and
investment expertise. To initialize the user models, we
vollected user’s personal profile, such as stock sector of
interest, risk tolerance, portfolio status, etc. The experiments
ran for one year period. Each trading day, the system
provided top twenty stock bists for recommendation. The
users were asked to determine whether the recommended
stock is one of his/her interests. The acceptance rate is defined
as: )

Acceptance Rate = A /R (13)

Where R is a number of recommended stocks and A is a
number of recommended stocks that user accepted as their
interest.

Fig. 4 shows the experimental results. At the beginning
period, the acceptance rate increase slightly and then decrease
slightly on day 15. This could be interpreted that the system
is still on its learning curve, the historical data is not much
enough for weight training and implicit user modeling. Later
on, the acceptance rate increases consistently. This shows the
responding of user helps increasing the leaming performance
because the system gained more experience from users’
feedbacks and their behaviors while interacting with the
system. The system began making recommendations that are
more acceptable to the users. The graph shows the system
achieves about 70% acceptance rate after trading for one
hundred days, The result shows the self-adaptive of the
systent is useful in providing more appropriate advices to
sess.

[ I T B R R D I I T O )

Fig. 4. User's acceptance rate with human subjects

B.  Experiments with Synthetic Subjects

Another experiment was also conducted using synthesis
subjects. To evaluate the system, we created virtual users by
setting each of them with each of the seven different types of
users, as shown in Table 1. Next, we randomly generated
1,000 sampled training data. Each training set contain three
components: TA weight (Wr,), Implicit Weight (W) and
Explicit Weight (Wy,). That is, the low weight (W < 0.5)
means that the weight is not the main factor on that type,
Conversely, The high weight (W > 0.5) means that the weight
is the main factor in that type. Then, we fetched set of
sampled data. The result of this, we expected that the system
could dynamically adjust weight during learning input pattern.
Finally, we measured items in terms of weight across
trainning. If the system works correctly, the output weight
should be high. The precision result is shown in Table II.

Precision Rate = F uymeer/ T s (14)
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Where | e i5 the nusmber of tems which is high weight

and 1 e 15 the total number of testing sets.
TapLE I
PRECISION RATE BY DEFAULT USER TYPE
Default User Type (Training SevTesting Pilaion e
Set) i :
Default User 1 (600/1500) 87.66
Default User 2 (60071500) B5.66
Default User 3 (600/1500) 85.39
Default User 4 (600/1500) B1.00
Defauh User § (600/1500) 83.60
Defacli User 6 {600/1500) 873

From results shown in Table 11, we found that the average
precision rate is §4.6%. The result shows that the learning
mechanism can properly adjust their weights according to
input pattern. The precision rate. might also depend on a
number of training, number of sampled data, or the trading
environments. However, after faking some time, the system
adapts itself and can provide better advice yielding better
refurn rates and may climbs up to alimost reaching 30%.

VL CONCLUSION AND FUTURE WORK.

We have described a new framework for personalized stock
recommendation system based on adaptive user models is
presented. The system is designed to provide personalized and
appropriated information to the investors based on their
personal profiles aad mcir h‘usmﬁcal syst:m imeracn'ons. Tbc
modcls, monitoring lhe interaction of the user to the system,
tailoring the information to meet the user’s bebavior and
investment styles. The system prototype was implemented in
JAVA. We conducted experiments based on both real human
subjects and synthetic subjects, The: results suppert our
hypothesis’s that recommendation system could successfully
provide better information to users.

The technique presented here could be applied in many
systems to provide the right information, at the right time, to
the right person. However, we aim building this tool 1o help
an individual user be able to make histher own decision
effectively rather than making decision for them.

In the future work, we plan to look at what the factor
affects the learning and adaptability of the system by adding
method of system approach and percentage of the learning
during the simulation. In-addition, we plan to develop a more
sophisticate system using extended user model as a speeific
from of expert system.
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