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As Model
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B. CBR No Yes No No
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# < ! We proposed a goal-driven approach to model the service
request intention in service-oriented systems. The service request
intention can be extracted from the user input and modeled by
predefined goal models. We identify this problem as the service request
intention extraction. If a service-oriented system has the abilities of]
user’s intention extraction and can make some activities to satisfy the
extracted intention, the system can provide a more convenient and
efficient service for the user. We start the system construction from the
view of goal-driven requirements engineering. The requirements
specification is generated by the goal-based requirements analysis in
which the functional and nonfunctional requirements will be extended
with goal models. A set of computable goal models that represents the
user requirements is selected and refined as the basis of system
services. The designer can also design related system services based on
the requirements specification. Based on the proposed intention
extraction approach, the user’s vague and imprecise intention will be
extracted and mapped to computer understandable and computable
goal models for representing the intention.
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Abstract

We propose a goal-driven approach to model
explicit and implicit service requests for intelligent
interface design. This approach starts the system
construction from the view of software requirements
engineering. Requirements of the system are generated
by the goal-based requirements analysis in which
functional and nonfunctional requirements will be
represented by a set of goal models. These goal models
are used to represent possible explicit and implicit
requests in the user’s service requests. The goal
models will be future selected and refined by
performing a proposed service request interpretation
process. The process is used to extract the user’s
explicit and implicit service request in an input service
request phrase. A service request interpreter is
implemented to demonstrate the proposed approach.

1. Introduction

How to bridge the gap between human users and
computer-based systems is a long-term research issue
in Human-Computer Interaction (HCI), Human-Robot
Interaction (HRI) [1], and natural language
understanding [2]. If a computer system has ability to
understand the user request from a simple command or
direction, the system can provide more convenient and
efficient services [3].

In the real world, it is easy for a human assistant to
understand the request of his boss from a simple
direction. For example, a direction might be “I will go
to Fukuoka to attend ITHCI workshop.” A smart
assistant can understand that the boss might want him
to arrange travel and living issues for him. He could
interact with the boss and use Internet to get more
information about the workshop, assert this event into
boss’s schedule, and handle the related travel schedule
for the boss such as booking flight, arranging a taxi

Alan Liu
Department of Electrical Engineering and
Center for Telecommunication Research,
National Chung Cheng University
Min-Hsiung, Chia-Yi, 621, Taiwan
aliu@ee.ccu.edu.tw

from airport to the workshop venue, and reserving a
room etc.

However, to a computer system, because it lacks of
common sense and background knowledge, how to
interpret the user’s requests becomes a nontrivial task.
Beside, how to infer or ‘guess’ implicit user requests
behind the user’s simple direction also needs more
auxiliary information such as the user’s preference,
system capabilities, and context information.

In the research fields of HRI or HCI, there are
several ways to facilitate the context information
gathering and user intention identification such as
visual recognition of hand and body gesture,
conversational interaction, force-feedback tactile
glove, or fusing the multimodal input [3, 4], etc.
However, in many software applications, such as the
network search engines and Web service systems [5], a
keyboard and a mouse are most general input devices
for user-computer interaction. How to create an
interface smart enough to infer implicit service request
becomes an interesting research challenge.

In this paper, we proposed a goal-drive approach to
model and extract user’s explicit and implicit service
requests. The approach starts the system construction
from the view of software requirements engineering
[6]. We assume that any service request from the user
should not exceed the boundary of the system
application domain. For example, the user should not
request a travel scheduling system to buy a book from
a bookstore for him. The target of acquiring precise
requirements in software engineering is similar to the
target of extracting a service request intention from
system services users. The difference is that the user
does not provide too much information about what he
wants when requesting system services. A requirement
engineer can elicits the requirements from a user by
frequently interactions but a system user cannot stand a
computer system to ask him too much problems.



In our approach, requirements of the system are
generated by the goal-based requirements analysis in
which the functional and nonfunctional requirements
will be represented by a set of goal models [7]. These
goal models will be future selected and refined as the
basis of the interface inference knowledge. Based on
these predefined goal models, the system could infer
user’s implicit intention from user entered service
request phrase. The relationships of service request,
goal models, and software requirements are shown in
Fig. 1. We believe that such a mechanism can provide
alternative solution for services access enhancement in
different applications such as multiple service-robots
systems and semantic Web services systems [8, 9].

Software Service Request
Requirements — —
Explicit Implicit
Functional Request Request
Requirement
Map
Extended to
by
Extracted
Non- from. Original |Extended by| Extended
functional Goal Model Goal Model
Requirement
4 Goal Models

Fig. 1. The relationships among service request,
goal models, and requirements.

In our approach, a service request R is represented
by a vector space which consists of a set of terms
extracted from the user’s entered string. In other
words, R={T,,T,,..T,}» in which T indicates terms in

the service request and » is the number of terms. The
goal model G is used to represent user’s implicit and
explicit intention in service requests. All goal models
are elicited from software requirements and also are an
abstract description of the capability which the system
can perform. The goal can also be an aim (an object or
goal) that guides actions (system capabilities) to
achieve the user’s request.

We called the process of mapping a service request
to goal models an intention extraction process /EP
which can be described as JEP:R — G . It means that
given a service request R, after the /EP, an abstract
description of system capability G can be obtained.
The mapped goal model not only represents the
explicit intention in the service request but also relates
to a set of extended sub-goal models to represent
implicit intention in the request.

A plan P is composed by a series of system
operations. An action A describes a single or a
composite system function. We called the process of
generate and execute a plan to satisfy related goals an
intention satisfaction process /SP which is represented
as ISP : G — P . It means that given an original goal
G, after the ISP, the system should derive a plan P to

achieve G. How to generate and execute the plan and
monitor the execution of the plan are also important
issues when constructing an intelligent system.
However, in this paper we focus on the discussion of
how to model service request and it’s application.

This paper is organized as follows. First, we
introduce a goal model for service requests
representation. In Section 3, a rule-based request
interpretation approach is proposed. A service request
interpreter to implement the proposed approach is
shown in Section 4. Finally, we give a conclusion for
this paper.

2. Goal Representation

A service request will be an aim (an object or
goal) that guides actions (system functions) to achieve
it. Goals identification is a crucial factor in the
elicitation of software requirements. In [10], the
authors proposed a structure for analyzing software
requirements based on a verb and its parameters. We
adapt their method and proposed a goal model for
representing service requests. The goal will guide the
system to generate a plan and the execution of the plan
will be expected to satisfy service requests.

There are three requirements on the goal model in
our approach. First, the goal model should contain
enough information for mapping the user’s entered
string to a computable goal model. Second, the goal
model should have a classification basis for the system
designer to analysis their relationships. Third, the goal
model should contain the information of related sub-
goal models and plan to facilitate the retrieval process
for the goal models and plans. Based on these
considerations, the basic attributes of a goal model are
shown in Fig. 2. A goal is composed by four parts:
contents to represent service request variables,
properties to describe attributes of the goal,
relationships to link original goal, related goals, and
sub-goals, and a plan linkage will guide the system to
retrieve and modify related plan to achieve the goal.
Using this approach, a service request can be describe
by goal models. A goal structure consists of goal
models. The goal structure represents a space in which
possible service requests could be identified.

Contents

The contents consist of action, object, constrain,
and parameters. The verb in the service request string
will be interpreted as an action which should be
performed to satisfy the goal. Object indicates the
object which will be affected or generated by the
Action. The noun in the sentence might be an Object.
The adjective and adverb play the role to constrain the



execution of the action. The nouns are assigned to
parameters which will be the parameters of the action.

For example, considering a service request likes
“Schedule an inexpensive flight to Fukuoka on March
15,” the service request itself will be the Contents, the
term “schedule” will be an Action, “flight” is the
Object of the Action, “March 15” and “Fukuoka” are
parameters of the Object, and “inexpensive” is the
Constraint of the flight type selection.

Different from the requirement representation in
software engineering, a service request string is not a
complete sentence. It is composed by different request
variables. In our approach, the position of the request
variable is not limited. This makes the system
implementation more difficult but lets the users have
more freedom to use the system like using the Web
search engine.

The system uses the variables and synonyms of
variables in the input string to match the pre-defined
goal structures. If the same verb can be found in the
pre-defined goal structure, the matched goal model will
be selected as the candidate goal model.

| | | |

| Contents I | Properties I | Relationships I |PIanI

|
Action Competence |

| is_a I ‘ include I ‘ extend I
Object
£
Constrain

Parameters

‘ Actor-Specific I | System-Specific I

Fig. 2. The goal model.

Properties

The properties provide a classification basis of the
goals. We use them to analyze the interaction among
goal models when constructing the goal models. The
works proposed in [11] is adapted to define the
properties of the goal model. Four properties are
considered as the classification basis of goal models:
View, Competence, precondition, and effects.

View concerned whether a goal model is actor-
specific or system-specific. An actor-specific goal
model is an objective of the human user in using the
system. A system-specific goal model is requirements

on functions that the system provides to support the
actor-specific goal. The original goal derived from the
user’s request is always an actor-specific goal because
it reflects a service request that the user wants the
system to complete. Because the purpose of goal
models in our approach is to map a service request to a
series of system activities, we take the point of view
from whether the goal is used to represent the
requirement from human user or a function of the
system to aid the achievement of the user-specific
goals. For example, “Schedule a flight” is a actor-
specific goal and “Select an inexpensive flight” is a
system-specific goal to extend the actor-specific goal.

The definition of Competence property classifies
the goal as soft or rigid. A rigid goal must always be
satisfied. A soft goal is desired to be satisfied and can
be satisfied to a degree. If a goal is soft, there is a set of
evaluation criteria to evaluate the satisfaction degree of
the goal. For example, “Rent a car” is a rigid goal,
because the system has to rent a car for the user. There
are only two results of this goal: satisfied or fail.
Taking another example, “Rent a convenient car” is a
soft goal, because there is no clear cut about the term
“convenient”. If the system wants to determine
whether a car is convenient or not, it needs to refer a
set of evaluation criteria such as the car type, user
preference, price, etc.

Finally, the pre-condition is used to indicate the
achievement of a goal to be possible. The effects
display whether a goal has been achieved or completed
and related information.

Relationships

There are three relationships defined to support the
linkage of goal models and sub-goal models: is a,
include, and extend. The designer can specify a
specialization to generalization relationship between
goal models by is_a relationship. The concept of
include is similar to the composition relationship of a
class in object-oriented design. The extend goal model
can be used to make the original goal achieved in a
‘better’ situation. Fig. 3 shows a scheduling flight
example to demonstrate these relationships.
Schedule Flight is the original goal and composed of
Query Flight, Select Flight, and Book Flight sub-
goals. Select Proper Flight is used to enhance
Select Flight. Schedule Flight inherit all properties of
Schedule Vehicle.



‘Assert event to
schedule

Query flight
Book flight
Notations: ------ > — —_ >

Meaning: extend include Is a
Fig. 3. An example of goal model relationships.

Plan

The plan is a recipe that records how to achieve the
goal. By using the information of the goal model and
the execution state of the system, the system can plan
some useful strategies to achieve the user’s service
request. These strategies constitute a serial of actions
which will try to satisfy purpose of the goal model. If
some successful or failed results have been returned,
these messages will be passed to the system. If the
main goal of the user is failed, the partial result
completed by the sub-plans can also be display to the
user.

Just likes a plan can be invoked by the goal, a set of
goals can also be generated when performing the plan.
The goal-plan hierarchy can be constructed in static
way or dynamic way depended on the system
statement.

The string acquired from the user initiates an

original goal and the goal will link to an original plan,
the sub-goal and sub-plan is generated iteratively by
system. The process of goal satisfaction is a decision
processes. What sub-goal should be generated or which
sub-plan should be invoked depends on the system
status and the information from the environment.
Fig. 4 shows a one shot of the goal plan hierarchy. A
plan is composed by several actions. An action can
invoke an external services performed by other
systems, generate another goal, or call a system
function for achieving a related goal.

Forming an endless loop in the goal-plan hierarchy
should be avoided and the execution steps and time of
a plan should be limited in a boundary. The goal-plan
couple in the goal structure ontology should be well
defined.

A process of design the goal-plan couple is defined
as follows.

1. Identifying the actor.
Three actors can be identified: the system user,
external service providers, and the system self.

Select flight

2. Identifying the service request of the actor.
3. Designing plans to achieve the goal.
The system designer determines a serial of
actions to achieve the related goal.
4. Repeating step 1-3 until all possibilities has
been found.
5. Analyzing the relationship among goal, plan,
and action.
5.1 The endless loop of the goal-plan couple
should be check carefully.
5.2 The side-effect between goal and actions
should be check carefully. Sometimes a goal
will be ceased by some actions.
6. Using the analyzing result reconstruct the goal-
plan couples.
The aim of goal-plan couple analyzing is to discover
and elicit the possible service request of the user and
give a original plan to achieve the goal.

External Goal [Plan | | Goal | Plan |
service

Action Action| |Action Action
External | | System function | External
service service

Fig. 4. The goal-plan hierarchy.

3. Service Request Interpretation

There are different ways to interpret a service
request. In this paper, we suggest a rule-based service
request interpretation process. First, the system
identifies the verb in the input string as the action
which should be performed to satisfy the request. If
there is no verb in the string, the verb of the goal will
automatic assigned by using the information in the
object and parameter field.

Second, the system tries to find the related goal
models in the goal structure by keyword matching.
Finally, the system pick up a most likely goal model
from candidate goal models to represent the user
intention.

Request  variables  abstraction and  goal
identification are two main tasks in the service request
interpretation process. The former is to find the
position of the query terms in the domain ontology and
to annotate the variables in relation information. The
latter is to identify the goal by comparing the annotate
request variables and the goal structure. A user profile
is also used as the background knowledge to judge the
goal which is reasonable to the user of not. Three



processes compose the request interpretation procedure:

input string parsing process, goal generating process,
and the goal selecting process.

Fig. 5 shows the procedure of service request
interpretation process. Three modules parser, goal
generator, and goal selector are designed to perform
the process. The domain ontology, goal structure, and
user preference are used to support the process.

Different from the way of using the original input
string as service request keyword, our approach
generate the goal model not only by the original input
string but also by the domain, user, and system
information.

Service request

input |
v
i | |refer/ Domain
\ Parser +--1--
L i ontology
generate -1 }
terms /inpui|  Lgenerator structure
generate .| l
P \
Candidate T Goals 7 | refe User
Goalmodels /. [ ™ selector | | T\ preference
input| -SSR

generate
Selected
goal model

Notation: Q

Process Process Data
input output  Structure

Fig. 5. The service request interpretation process.

Meaning: Process  Module

4. Implementation

User’s service request interpretation is a
knowledge-intensive and non-trivial task. The
interpretation processes is like a serial decision making
process. We apply the proposed techniques introduced
in Section 3 to implement a service request interpreter
(SRI). Based on this interface, the designer can design
an intelligent service requester agent. The requester
agent is a software entity which performs the tasks
such as accepting the service request string from the
user, extracting the wuser’s explicit and implicit
intention from the request string, generating and
executing a plan to satisfy the user’s requests, etc. The
benefits of embedding the service requester agent with
SRI are that the user-system interaction times can be
reduced and the system usage will become more
conveniently.

An implementation of the proposed method is
shown in Fig. 6. There are seven modules in the SRI,
one for communicating with other sub-components
(communication interface), three for performing the

request interpretation process (service request parser,
goal generator, and personalized goal selector), one for
user profile processing (profile extractor) and two for
data storage (goal structure and user profile). The
arrow in the end of line indicates dependency
relationship between components. The arrow from
component A to component B means that A can use
functions or data provided by B. For example, Goal
Generator can use the data stored in the Goal Structure,
but Goal structure cannot use any function of Goal
Generator actively.

There are two lines from the goal selector to
communication interface. One line is used to indicate
the fact that if there are more than one goal model have
been selected by the goal selector, the requester agent
has to interact with the user letting the user decide
which goal should be selected. The other line is used to
indicate the selected goal will be sent to the plan
executor component of the requester agent. The plan
executor will call a planner to generate a plan for goal
achievement.

Service Request
Interpreter |
Domain o] Profile - -
ontology ; extractor w User profile
H Q
i _g
User TS g Service Goal Personalized
Working ==~ %g —» Request —» Generator | "] Goal
Space 2 8 parser Selector
S |e ]
3 P
Plan JT | "Selected |
Generator [©  Goal Model |

Notations:

Internal Data Direct Indirect

sub- Message : N
connections ~ connections
systems

Fig. 6. A design of service request interpreter.

The control flow of the SRI is simple. First, the
requester agent receives the service request string from
the user working space and forwards the string to the
SRI. The SRI performs the service request
interpretation process and returns the selected goal
model to the plan generator. The requester agent
performs the plan which generated by a planner to
satisfy the user’s request. The successful performed
goal will be passed to the profile extractor for
constructing the user profile.

5. Conclusions

How to model and extract implicit service request
in a simple service request phrase is a difficult task.
We model the explicit and implicit service request with
goals makes the request clear and comparable. The
background knowledge is essential to represent the
possible goals. Using the information of domain



ontology, goal structure, and user profile the system
can parse the request variables, generate candidate
goals, and select an original goal to represent the user’s
service request.

Sub-goal and sub-sub-goal can be generated
statically or dynamically when a plan is running. The
process of link a plan to a goal and generate sub-goals
from a plan is like a decision making process. A tool is
introduced to implement the request interpretation
process and be used as the basis to a service request
agent. We believe that our approach can give an
alternative solution when design an intelligent interface
for better human computer interaction.
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Modeling Personalized Fuzzy Candlestick Patterns for Investment Decision Making
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Abstract—Candlestick theory is one of widely used technical
analysis methods in stock and commodity investment domains.
The investors can make their investment decision by observing
the change of the candlestick lines and discovering specific
candlestick patterns. A candlestick pattern is composed of
some candlestick lines. Because different investors have
different interpretation of a candlestick pattern, we model
different parts of a candlestick line with fuzzy linguistic
variables to create a fuzzy candlestick pattern. We also
proposed a personal ontology for the candlestick pattern
interpretation and decision making. The user can use data
mining algorithm such as decision tree to mine some
candlestick patterns for investment decision making and the
mined candlestick patterns could be stored in a database for
different user’s future reuse. Our approach can be future used
with other financial time series prediction results to provide
users more information for investment decision making.

Keywords-candlestick theory; fuzzy candlestick pattern;
personal ontology; data mining.

L INTRODUCTION

Candlestick chart analysis is one of the most widely used
technical analysis techniques and many investors believe that
it is definitely viable and effective for stock and commodity
market timing and analysis [1]. The candlestick patterns are
empirical models of investment decision and reflect the
psychology of market. The investors make investment
decisions by the identified candlestick patterns.

Figure 1 shows an example of the candlestick chart for
the stock market. The open, close, high, and low prices in a
specific trading time period are recorded in the candlestick
lines form t1 to t10. The time interval from tl to t10 is fixed.
On the time t3, the price closes at a lowest price and
continues the downtrend from t1 to t2. On the t4, the opening
price is lower than previous closing price, but the price
closes at the highest price and leaves a long lower shadow.
This situation might be interpreted by an experienced
investor as the candlestick line on the day from tl to t3
reflecting a downtrend of the stock price, because there are
many investors who want to sell the stock, making the
closing price much lower than the opening price. However,
the downtrend might reverse itself on t4, because there might
be investors wanting to buy the stock in the trading period
that makes the price close at the highest price and leave a
long lower shadow. In other word, the candlestick lines at t3

and t4 can be interpreted that the downtrend is bouncing
back.

At 19, the closing price is higher than the opening price,
but the long upper shadow indicates that there are some
investors start to sell their stocks. At t10, the opening price is
much higher than the previous closing price, but it closes at
lowest price and lowers than the close price on previous day.
The lines at t9 and t10 can represent a reverse, because the
downtrend is broken at t10.

A candlestick pattern is composed by one or more
candlestick lines and the trend before the pattern. By the
trading experience, the investor tries to identify the
candlestick patterns to help themselves to make the
investment decisions such as to buy, sell, or hold the stock.
There are many existing defined candlestick patterns which
are widely used by the investors. For example, in Figure 1,
the candlestick line on t4 and the trend formed by t1, t2, and
t3 are defined as a pattern which is called Hammer to
represent the downtrend is reversed. Another pattern called
Bearish engulfing is also illustrated in Figure 1 and is
composed by an uptrend and the candlestick lines on t9 and
t10.

Stock v
. Caris|
Pl}se Hammer engulfing ngh~
__Open _
Close
\
s /
7777777777777777 Low
t1 2 B ® t5 t6 t7 8 9 tl0 Trading Time
Period

Figure 1. An example of the candlestick chart.

There are many investors making their investment
decision by observing the candlestick chart. However, how
to identify an effective pattern from the candlestick chart and



how to explain the pattern needs investment experiences in
many years to a human investor.

In [2], the author proposed a fuzzy candlestick pattern
discovery approach in which the different part of a
candlestick line is modeled by using fuzzy linguistic
variables and the financial time series data is transferred to
fuzzy candlestick lines. The system developer can use data
mining algorithm such as decision tree to mine some fuzzy
candlestick patterns for investment decision making.
However, because different users have different explanation
of candlestick patterns and the fuzzy candlestick pattern not
only be used to model stock price but also be used to model
stock index, fixed pattern definition cannot satisfy different
financial time series representation. Figure 2 shows the
concept that two users have different interpretation for a
concept. For example, when an investor says a candlestick
line has “long” upper shadow, to the other investor, the “long
upper shadow might be “middle” upper shadow.

User A

Interpretation

Interpret
Kno
User B Know Concept
I Interpret
Interpretation

Figure 2. Different users have different interpretation for a concept.

Personal ontology is an approach used in artificial
intelligence domain to store information about each
individual user. In [3,4], the author proposed an approach
that uses personal ontology to record the habit and interests
of a user in browsing Web pages. A system then uses such
information for recommending the user to view certain Web
pages. The authors in [5] use personal ontology in an agent-
system for a meeting scheduling system. In [6], personal
ontology and domain ontology were used in keeping
personal information and food preferences for finding Web
services.

In this paper, we combine the concept of personal
ontology and fuzzy candlestick pattern to propose a
personalized fuzzy candlestick patterns for flexible financial
time series modeling. The paper is organized as follows. In
Section 2, how to transfer stock trading data into candlestick
pattern is introduced. The personalized fuzzy candlestick
pattern is proposed in Section 3. Section 4 gives the
conclusion of this paper.

II. CANDLESTICK PATTERN MODELING

The concept of the candlestick line during a trading time
period can be found in Figure 1. The first trading price
during a trading time period is called open price; the last
trading price is called close price; the highest price is called
high price, and the lowest price is call low price. The

candlestick chart in the right side of Figure 1 represents the
stock price variation from t1 to t10.

The candlestick line contains a box to makes up the
difference between the open and close price. The box is
called the body of a candlestick line. The height of the body
is the range between a trading day's open price and the day's
close price. In this paper we use black color to represent that
the closing price was lower than the opening price. When the
closing price is higher than the opening, the body is
represented by white color. A candlestick line may have
small thin lines above and below the body. These lines are
called shadows and represent the highest and lowest prices
reached during the trading time period. The height of the
upper shadow is the range between the high price and the
higher price among the open and close prices in a specific
time period. The height of the lower shadow is the range
between the low price and the lower price among the open
and close prices. By the definition of the upper-shadow,
lower-shadow, and body, we can transfer the stock price
variation in a specific time period into crisp candlestick line
by following equations.

L,yper = [high — max( open , close )1/ open

= [min( open , close ) — low ]/open (1)

lower

Lyoqy, = [max( open ,close ) — min( open , close )1/ open

The character “L” of the equation indicates the length of
the upper shadow, lower shadow, and body. The terms of
open, close, high, and low are the prices in an interested time
period. The function of max is used to calculate the greater
value between the open price and the close price while and
the function min is for the smaller value between them.

Four fuzzy linguistic variables EQUAL, SHORT,
MIDDLE, and LONG are defined to indicate the fuzzy sets
of the shadows and body length. Figure 3 shows the fuzzy
membership function u(x) of the linguistic variables. The

time period and the range of body and shadow length can be
defined by users for different applications.

EQUAL

SHORT LONG

MIDDLE

PO p1 p2 p3 p4 pSp6 p7 pEPYPIO e P
Figure 3. The fuzzy sets of the length of the body and shadows.
A right linear membership function is used to model the

EQUAL fuzzy set and is defined by the following formula.
The parameters (a, b) are equal to (0, p1).

1 x<a
right _linear (x :a,b)=<(b—x)/(b—a) a<x<b 2)
0 x>b



The LONG fuzzy set is defined by the following left
linear membership function. The parameters (a, b) are equal

to (p7, p10).

0 x<a
left _linear(x:a,b)=3(x—a)/(b—a) a<x<b (3)
1 x>b

The membership function of SHORT and MIDDLE is a
trapezoid function and the following formula is used.

0 x<a
(x—a)/(b-a) a<x<b 4)
trapezoid (x:a,b,c,d) = 1 b<x<c
(d=-x)/(d-c) c<x<d
0 x2d

Four parameters (a, b, ¢, d) of this function to describe
the linguistic variables SHORT and MIDDLE are (p0, pl,
p3, p5) and (p3, p5, p7, p10).

The body color is also an import feature of a candlestick
line and can be simply defined by three terms BLACK,
WHITE, and CROSS. The situation where open price equals
close price has specific meaning in the candlestick pattern, so
a “CROSS” term is defined to describe this situation. In this
case, the height of the body is 0, and the shape is represented
with a horizontal bar. The definition of body color is defined
as follows.

If open - close > 0 then the body is BLACK.

If open - close < 0 then the body is WHITE. ©)
If open - close = 0 then the body is CROSS.

The relationship between candlestick lines also plays an
important role in a candlestick pattern. Figure 3 shows the
membership function of the linguistic variables the define
relationship between two candlestick lines. The candlestick
line in the bottom of Figure 3 is the candlestick line of
previous trading time. The unit of X axis is the trading prices
in previous trading time period and the unit of Y axis is the
possibility values of the membership function.

EQUAL LOW EQUAL_HIGH

1 LOW EQUAL HIGH

#(x)
Previous
candlestick line L
low Min(open, close)  Max(open, close)  high

Lower Upper
shadow Body shadow

Figure 4. The fuzzy sets of the relationship between candlestick lines.

III.  CONSTRUCTING PERSONALIZED FUzzYy CANDLESTICK
PATTERN

A. Fuzzy Candlestick Pattern Modeling

The description of a candlestick pattern consists of three
parts: a pattern name, time period, candlestick lines and a
description of previous trend. A candlestick line includes
five parts: Open style, Close style, Upper shadow, Body, and
Lower shadow. An ontology for candlestick pattern is shown
in figure 4.

Candlestick
Pattern
: . Candlestick
T P
ime Period Lines Trend
Open Style Body Close Style
Upper Lower
Shadow Shadow
Body Color | | Body length

Symbol: <—— I:l

Meaning: Composition Concept
Figure 4. Candlestick Pattern Ontology.

For constructing a personal ontology, we use a concept to
represent the interpretation of a user for some concepts. For
example, the term 'long' for the upper shadow of a
candlestick line might associate with a left linear
membership function in parameter (3.5, 5). A candlestick
pattern is shown in Table 1 and its interpretation is shown n

Table 2.
Table 1 An example of the candlestick pattern.

Pattern name: Bullish Engulfing

Time period: one day

Previous trend: Down Trend

Candle lines
Candle line0
Open style: OPEN_LOW
Close style: CLOSE_HIGH
Upper shadow: null
Body: LONG
Body color: WHITE
Lower shadow: null
Candle linel
Open style: OPEN_HIGH
Close style: CLOSE_ LOW
Upper shadow: null
Body: SHORT
Body color: BLACK
Lower shadow: null




Table 2. An interpretation for the candlestick pattern.

User name: Big Bull

To interpret: candlestick line

Concept parameters
Equal: (0, 0.5)
Short: (0, 0.5, 1,1.5)
Middle: (1, 1.5, 3, 3.5)
Long: (3.5, 5)

B. Applying Fuzzy Candlestick Pattern

Since the fuzzy candlestick patterns are modeled, we
can use the pattern model to identify specific patterns in the
candlestick chart and mine identical patterns from the
candlestick chart. It is obvious that a pattern can be
transferred into the fuzzy rules such as follows for pattern
recognition.

IF line0_open_style = OPEN _LOW
and line0_close style = CLOSE HIGH
and line0_body = LONG

and .....

THEN The pattern = Bullish Engulfing.

A pattern recognition rule consists of the crisp part and
the fuzzy part. The crisp part includes the previous trend of
the pattern and the body color. The others of the rule are the
fuzzy part such as the body and shadow length and the open
and close style. From our experimental results, well
arranged identification rule will reduce the pattern
recognition processing time.

Comparing with the processing time of the fuzzy part,
the crisp part takes less processing time. For example, the
body color includes three possibilities: BLACK, WHITE,
and CROSS. For judging the value of the body color, the
pattern recognition module only needs to compare the value
of open price and close price. The pattern identifying time
can be reduced if the judgment of the crisp part is placed
before the process of the fuzzy part.

There are different methods could be used to recognize
a fuzzy candlestick pattern in the candlestick chart. For
example, the concept of Hamming distance [7] could used
to measure the similarity among fuzzy candlestick patterns.

The candlestick patterns mining process can be divided
into some steps. First step is to define the parameters in the
personal ontology. Next are to acquire time series from the
database and transfer it into fuzzy candlestick patterns.
There might be more than one fuzzy set matched for a single
crisp value when finding the value of the linguistic variable.
For disembogues, the fuzzy set with biggest membership
value will be selected. The amount candlestick lines which

to compose the candlestick pattern are assigned by the user.
Then, based on the following trend, we can use some

data mining algorithms such as the ID3 classification

algorithm [8] to classify the fuzzy candlestick patterns.

The mined pattern can be easily transferred into fuzzy
rules like follows.

IF the previous trend = Down Trend,

AND Line 1 body = EQUAL WHITE,

THEN the following trend = STRONG BULLISH.

Finally, using the simple mechanism of symbolic
matching process, the investor can validate the efficiency of
the selected patterns and add comments for the mined
patterns.

IV. CONCLUSION

Because different users have different explanation of
candlestick patterns and the fuzzy candlestick pattern not
only be used to model stock price but also be used to model
stock index, fixed pattern definition cannot satisfy different
financial time series representation. In this paper, we
combine the concept of personal ontology and fuzzy
candlestick pattern to propose a personalized fuzzy
candlestick patterns for flexible financial time series
modeling.

We believe the personalized fuzzy candlestick pattern
can give the user more flexible way to model financial time
series and uses the modeled pattern to make more correct
investment decisions.
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