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Abstract

A fuzzy candlestick pattern based ontology is
proposed for assisting candlestick pattern representation,
storage, and reuse. Japanese candlestick theory is a widely
used technical analysis method for stock and commodity
investment decision making. The theory assumes that
candlestick patterns reflect the psychology of market, and
investors make investment decision by observing the
pattern in the Candlestick chart. A candlestick pattern is
composed of candlestick lines. We model the different part
of a candlestick line with fuzzy linguistic variables and
transfer the financial time series data to fuzzy candlestick
lines. 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. Based on the proposed approach, we
implement a system prototype to get experimental results.
Our approach can be future used with other financial time
series prediction results to provide users more information
for investment decision making.

Keywords: fuzzy candlestick pattern, data mining, ontol-
ogy, financial time series.

1 Introduction

Stock investment is one of the attractive topics for re-
searches and commercial applications. There are many
experienced investors developed a lot of financial concepts
and techniques for getting more profit from the market [1]
and a lot of researchers used machine learning and data
mining approaches to support investment decision making.
The techniques used in these approaches are artificial neu-
ral network, NeuroFuzzy, genetic algorithm, classification
and regression tree, Naive Bayes, and support vector ma-
chine , etc. [2-5]. However, the investors are not likely to
base their investment decision on complex black-box mod-

els; therefore, the interpretation of the constructed model
becomes important. How to make the decision model
interpretable and comprehensible is an important task for
reusing previous investment experience. In this paper, we
proposed a fuzzy candlestick pattern based ontology for
assisting investment knowledge representation, storage,
and reuse.

Japanese candlestick analysis is one of the most
widely used technical analysis techniques and many inves-
tors believe that it is definitely viable and effective for
stock and commodity market timing and analysis [6]. The
candlestick patterns are empirical models of investment
decision and reflect the psychology of market. The inves-
tors make investment decisions by the identified candle-
stick patterns.

Figure 1 shows an example of the daily candlestick
chart for the stock market. Daily open, close, high, and low
prices are recorded in the candlestick lines form d1 to d10.

On the day d3, the price closes at a lowest price and
continues the downtrend from d1 to d2. On the day d4, 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 dl to d3
reflecting a downtrend of the stock price, because there are
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Figure 1 An Example of the Candlestick Chart
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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 the day d4, 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 d3 and d4 can be interpreted that the
downtrend is bouncing back.

At d9, 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 d10, 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 d9 and d10 can represent a re-
verse, because the downtrend is broken at d10.

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 candle-
stick 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 [6]. In Figure 1, the candle-
stick line on d4 and the trend formed by d1, d2, and d3 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 d9 and d10.

Although there are many investor making their in-
vestment decision by observing the candlestick chart, but
to a human investor, to identify an effective pattern from a
lot of imprecise and vague candlestick patterns needs in-
vestment experiences in many years, and to retrieve the
candlestick patterns from large amounts of financial trad-
ing data is very time consumed.

In the proposed approach, we model the different part
of a candlestick line by using fuzzy linguistic variables and
transfer the financial time series data to fuzzy candlestick
lines. The system developer can use data mining algorithm
such as decision tree to mine some candlestick patterns for
investment decision making and the mined fuzzy candle-
stick patterns could be stored in a database for different
user’s future reuse. Based on the proposed approach, we
implement a system prototype to get experimental results.

The paper is organized as follows. In Section 2, how
to transfer stock trading data into candlestick pattern is
introduced. The fuzzy candlestick pattern ontology is pro-
posed in Section 3. Section 4 gives a system prototype to
demonstrate the application of the proposed approach. Fi-
nally, Section 5 provides the conclusion of this paper.

2 Modeling Candlestick Patterns

The candlestick chart provides rich visual information
for the investor to identify specific patterns from the finan-
cial time series. We model the imprecise and vague candle-
stick patterns with fuzzy linguistic variables and transfer
the stock trading data to fuzzy candlestick patterns for pat-
tern recognition. A fuzzy candlestick pattern can bridge the
gap between the investors and the system designer, because
it is visual, computable, and modifiable.

2.1 Modeling a Candlestick Line

Figure 2 shows the concept of the candlestick line
during a trading time period. The original stock price fluc-
tuation is represented in Figure 2(a). The first trading price
during the 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.

Figure 2(b) illustrates the candlestick line to summa-
rize the stock price variation which shown in Figure 2(a).
The candlestick line contains a box to makes up the differ-
ence 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. The 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 day's open and close
prices. The height of the lower shadow is the range be-
tween the low price and the lower price among the day's
open and close prices.

Four fuzzy linguistic variables EQUAL, SHORT,
MIDDLE, and LONG are defined to indicate the fuzzy
setsof the shadows and body length [7]. Figure 3 shows the
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Figure 2 A Candlestick Line to Represent the Stock Price Fluctuation
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fuzzy membership function g(x) of the linguistic vari
ables. The time period used in this paper is one day and the
range of body and shadow length are set to 0 to 14 percent
of the fluctuation of stock price, because the varying per-
centage of the daily stock prices are limited to 14 percent
in Taiwan stock market. Although we limit the fluctuation
of body and shadow length in 14 percent in this paper, it is
up to the system designer to change the range of the
lengths to fit the needs of other applications.

In Figure 3, the unit of X axis is the percentage of
price change in a stock and it indicates the lengths of body
or shadows. The crisp input value of the membership func-
tion can be calculated by the following equations.

Lypper = [ high — max( open , close )] /open
lower = [Min( open , close ) — low |/ open (1
Ly,q, = [max( open ,close ) — min( open , close )] /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 be-
tween them.

A right linear membership function is used to model
the EQUAL fuzzy set and is defined by the following for-
mula. The parameters (a, b) are equal to (0, 0.5) in this pa-

per.
1 x<a
right _linear (x :a,b)=3(b-x)/(b—a) a<x<b )
0 x>b

The LONG fuzzy set is defined by the following left
lincar membership function. The parameters (a, b) are
equal to (3.5, 5).

0 x<a
left _linear(x:a,b)={(x—a)/(b—a) a<x<b 3)
1 x>b
EQUAL
! SHORT MIDDLE LONG
: X ><
NN
051152 253354455556 657 - 14R

Figure 3 The Fuzzy Sets of the Length of the Body and Shadows

0 x<a
(x—a)/(b—a) a<x<b (4)
trapezoid (x :a,b,c,d) = 1 bsx<ce
(d-x)/(d-¢c) c<x<d
0 x=>d

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

Four parameters (a, b, ¢, d) of this function to describe
the linguistic variables SHORT and MIDDLE are (0, 0.5,
1.5,2.5)and (1, 2.5, 3.5, 5).

The body color is also an import feature of a candle-
stick 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 candle-
stick 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. (5)
If open - close =0 then the body is CROSS.

2.2 Modeling Candlestick Line Relationships

Figure 4 shows the membership function of the lin-
guistic variables of the open style and close style. The can-
dlestick line in the bottom of Figure 4 is the candlestick
line of previous trading time. The unit of X axis is the
trading prices of previous day and the unit of Y axis is the
possibility values of the membership function.

Five linguistic variables are defined to represent the
open style relationships: OPEN LOW, OPEN EQUAL
LOW, OPEN EQUAL, OPEN EQUAL HIGH, and OPEN
HIGH, and five linguistic variables are defined to represent
the close style relationships: CLOSE LOW, CLOSE
EQUAL LOW, CLOSE EQUAL, CLOSE EQUAL HIGH,
and CLOSE HIGH.

EQUAL_LOW EQUAL_HIGH
LOW EQUAL HIGH

p(x)

Previous
candlestick line

low  Min(open, close)

Max(open, close)  high

Lower Upper
shadow Body shadow

Figure 4 The Fuzzy Sets of the Open Style and Close Style
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The function used to represent OPEN LOW and CLOSE
LOW is the right linear function in (2), and (3) is also used
to represent the fuzzy sets of OPEN HIGH and CLOSE
HIGH. The other fuzzy sets are described by the triangle
function in (6).

0 x<a
(x—a)/(b-a) a<x<bh
(c=x)/(c=b) b<x<c

0 x>c

triangle (x : a,b,c) =

(6)

The parameters for the linguistic variables of open
and close style are determined by the prices of previous
candlestick line. For example, if the open price in a inter-
ested time period is equal to the price of min (open, close),
then the open style is OPEN EQUAL LOW and if the
close price is equal to the price max (open,close), then the
close style is CLOSE EQUAL_HIGH.

2.3 Fuzzy Modifiers

The fuzzy modifiers are used to further enhance the
flexibility of the linguistic variables. Modifiers (“VERY”,
“ABOVE?”, etc.) used in phrases such as “VERY LONG” or
“ABOVE MIDDLE” change the shape of a fuzzy set in a
way that suits the meaning of the word used. The NRC
(National Research Council of Canada) Fuzzy Toolkit [8]
is used to help the implementation of the system prototype.
The toolkit has a set of predefined modifiers that can be
used to describe fuzzy concepts when defining fuzzy terms
in fuzzy variables and in the creation fuzzy values.

Fuzzy modifiers used to modify the fuzzy variables of
a candlestick line are “ABOVE”, “BELOW”, “PLUS”,
“VERY”, “EXTREMELY”, “MORE OR LESS”,
“SOMEWHAT”, and “NOT”. The “ABOVE” modifier
identifies the first x value at which the maximum value is
reached. All membership values below this point are set to
zero and all membership values above this value are set to
1-y, and the “BELOW” modifier identifies the first x value
at which the maximum value is reached. All membership
values above this point are set to zero and all membership
values below this value are set to 1-y. The definition of the
other fuzzy modifiers can be found in [8].

3 Fuzzy Candlestick Pattern Ontology

In this paper, we use fuzzy linguistic variables and the
concept of ontology to define the fuzzy candlestick pattern
ontology. The function of this ontology is that to help the
user store and reuse previous effective candlestick patterns.

Table 1 An Example of the Candlestick Pattern.

Pattern description part

Pattern information part

Pattern name: Bullish En-
gulfing

Confirmation suggest:
Suggest

Prefious trend: Down trend

Candle lines

Candle line0

Open style: VERY
OPEN_LOW

Close style: VERY
CLOSE_HIGH

Upper shadow: null
Body: ABOVE MMIDDLE
Body color: WHITE
Lower shadow: null

Candle linel

Open style: BELOW
OPEN_HIGH

Close style: BELOW
CLOSE_HIGH

Upper shadow: null
Body: ABOVE SHORT
Body color: BLACK
Lower shadow: null

Confirmation information:
The open price after the
pattern should not less than
open price of candlestick
line 0...

Recognition rule:

1. A definite downtrend must
be underway.

2. The second day's body
must completely engulf the
prior day's body. This does
not mean, ...

Interested time period: DAY

Pattern explanation:

The first day of the En-
gulfing pattern has a small
body and the second day has
a long real body. Because the
second day's move is so
much more dramatic, it re-
flects a possible end to the

previous trend. ....

3.1 Pattern Representation

Figure 5 shows a simplified version of the proposed
ontology.

The description of a fuzzy candlestick pattern stored
in the system consists of three parts: a pattern name, a pat-
tern description part and a pattern information part. The
description part is composed by a previous trend of the
pattern, candlestick lines which composed the pattern, and
the time period information. The information part records
the candlestick pattern related information such as the pat-
tern recognition rules and pattern explanation, etc. The
information part is optional and is defined by the investors.
If a candlestick pattern is described with the description
information, it becomes more comprehensible to the other
investors.

Candlestick pattern

Name Description part Information part

Time period Candlestick lines Trend Confirmation

suggestion

Close
Open  Upper Lower style Pattern
syle  shadow shadow explanation
Body .
Recognition
rule
High Close Open Low

Figure 5 Simple Version of the Fuzzy Candlestick Pattern Ontology
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Table 1 shows the description of the Bullish Engulfing
candlestick pattern. The previous trend of a candlestick
pattern is defined by investor or domain expert. The trend
can be defined as a crisp rule such as “down 15% in ten
days” or a soft rule as a part of pattern.

3.2 Pattern Recognition

It is obvious that the description part of the pattern
can be transferred into the fuzzy rules such as follows for
pattern recognition.

IF line0 open style = VERY OPEN LOW
and line0_close_style = VERY CLOSE_LOW
and line0)_body = ABOVE MIDDLE

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 observation, well ar-
ranged identification rule will reduce the pattern recogni-
tion 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 recog-
nize 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. Assume that A and B represent two different fuzzy
candlestick patterns which described by » linguistic vari-
ables, the similarity is defined as:

SUB =13 ) - s () 0<SABEL ()
i=1

The user can set a threshold 7'to determine a pattern is
recognized or not. If S(4, B) > T then the pattern is identi-
fied.

3.3 Mining Patterns

Since the candlestick theory assumes that the trading
intention of the investor can be reflect in the candlestick
chart, the forecasting problem for the investor becomes

how to find the candlestick patterns when the uptrend is
returned or the downtrend is bouncing back, in other word,
how to find the reversal patterns when the uptrend start
becomes downtrend or the downtrend becomes uptrend.
The candlestick patterns mining process is illustrated in
Figure 6. First, the stock prices time series is acquired from
the database and transfer into fuzzy candlestick patterns.
There might be more than one fuzzy set matched for a sin-
gle 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.

Based on the following trend, the ID3 classification
algorithm [9] is used to classify the fuzzy candlestick pat-
terns, because it is a method for approximating dis-
crete-valued functions, robust to noisy data, and capable of
learning disjunctive expressions. We use the algorithm to
filter the attributes is less important to the following trend.

Because the investor is interested in the reversal pat-
terns, the pattern with the previous trend is STRONG
BEARISH or EXTREME BEARISH and the following
trend is STRONG BULLISH or EXTREME BULLISH
will be selected as the candidate patterns for prediction.
The mined pattern can be easily transferred into fuzzy rules
like follows.

IF the previous trend = STRONG BEARISH,
AND Line 1 body = EQUAL WHITE,

AND Line 0 body = MIDDLE BLACK,

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.

Stock prices time
series
1
o Fuzzy candlestick
Fuzzification > patterns Notations:
gt Classified patterns Input/
Classification il Output
u
] Selected reversal
Patterns selection patterns Automated
- Process
”””” Paﬁ&ﬁé Reversal patterns for .
 qogs investment Semi-automated
______X%_l_l}fjié_lg?}_l _______ w Process

Figure 6 The Process of Mining Candlestick Patterns
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4 Implementation

The system in this paper is a continuation work of
Candlestick Tutor (CT) which proposed in [10]. For nam-
ing convenience, in this paper, we still call our system
Candlestick Tutor system. Two kinds of users are identified,
the pattern editor and the investor. The requirements of the
pattern editor are defining, editing, and storing the candle-
stick patterns. The requirement of the investor is recogniz-
ing the patterns from the stock trading information.

For fulfilling the user’s requirements, the CT system
is composed by a graphical user interface (GUI), a pattern
authoring tool, and a pattern validation tool. ~An informa-
tion agent, a stock information database, and a fuzzy can-
dlestick pattern database are also designed to support the
system. The system architecture is shown in Figure 7.

4.1 Information Agent and Database Server

After each trading day, the information agent connects
to the website which provides the stock information, such
as Yahoo [11], acquires and parses the stock information
from WebPages, and stores the acquired data to the stock
information database automatically.

The information agent also transfers the trading prices
and volume of the stock to the technical indexes such as
Moving Average Convergence-Divergence (MACD), On
Balance Volume (OBV), and Moving Average (MA),
etc. When all of the stock information have been extracted
from the WebPages and stored to the stock information
database, the information agent queries the database to
retrieve the previous technical index and stock prices data
to calculate the new technical index data and store the data
to the stock information database for future usage. The
investor can use technical index information to enhance the
efficiency of candlestick patterns.

InternetHTML

documents
@ with stock
b\ information

WebPage
acquisition module

MySQL database server

( Stock information o < Fuzzy candlestick
database pattern database

Information

management WebPage parse
module
module

!

| Graphical user
interface Technical index
The system Pattern recognition transf(())x;n?uon
users module module
Pattern )
validation tool Information agent
Candlestick Tutor (CT)

Figure 7 The Candlestick Tutor System Architecture

How to extract the information from the heterogene-
ous and ever-change webpage is the main challenge of the
internet information retrieval. An HTML file parser and a
stock information ontology are designed to facilitate the
processing of the acquired html files.

In our implementation, a MySQL database server [12]
is employed to store the stock prices, technical index in-
formation and defined candlestick patterns.

4.2 Candlestick Tutor

The CT is composed by five modules, a graphical user
interface (GUI), a pattern authoring tool, a pattern valida-
tion tool, an information management module, and a pat-
tern recognition module. The user edits the candlestick
patterns in the pattern authoring tool, validates the patterns
by using the validation tool, stores and retrieves the de-
fined patterns to the database via the information manage-
ment module, interacts with the system and observes the
candlestick patterns by the GUI. The pattern recognition
module performs the fuzzy candlestick pattern recognition
process to retrieve the user interested patterns from the
stock information database. The system operation is illus-
trated in Figure 8.

The pattern authoring tool provides a visual interface
to help the pattern editor to define, edit, and store the fuzzy
candlestick patterns. The model of a fuzzy candlestick pat-
tern is divided into two parts, the pattern description part
and the pattern information part. The description part is
composed by the name of the candlestick pattern, a trend of
the candlestick pattern, candlestick lines which composed
the pattern, and the time period information of the candle-
stick line. The information part records the candlestick
pattern related information such as identifying rules and
pattern suggest, etc. which are defined by the investors or
domain experts. The interface of the pattern authoring tool
is shown in Figure 9.

Fuzzy candlestick
pattern database

Define, edit, and
store the patterns
Pattern authoring tool

P—
Validate the pattern — T
efficiency |

The pattern

editor
* Puttern validation ool
Retrieve patterns by Retrieve patterns by
input a date input a stock name
Observe the candlestick
chart and stock information
The investor

Make investment decision

i CT Graphical
by system suggestion raphical

User Interfuce

Figure 8 The CT System Operation
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A fuzzy based pattern recognition mechanism is im-
plemented in the pattern recognition module. The NRC
Fuzzy Toolkit is used to facilitate the development of the
prototype of this module. When a set of trading prices in-
put to this module, the module transfers the input prices to
fuzzy terms. Then all the pattern descriptions are retrieved
from the pattern database to test the similarity between
input pattern and retrieved patterns. If the input pattern and
retrieved pattern are matched that the pattern information
will be record and returned.

The graphical user interface provides a mechanism to
interact with the users. The user can retrieve the defined
pattern from the stock information database by input a
stock number or a specified trading day.

If the user input a stock number, such as 2330 to rep-
resent the Taiwan Semiconductor Manufacturing Company
(TSMC) or 2409 to represent the AU Optronics Corpora-
tion (AUO), the stock information and the defined pattern
information will be retrieved from the database through the
information management module. The stock and pattern
information will be sent to the pattern recognition module
which performs the pattern recognition process. The
matched patterns information which includes the stock
number, the matched date, and the pattern number will be
returned and displayed in the left down corner of the GUI.

If the user selects an item on the left down corner, the
related pattern information will be displayed on the middle
above of the interface and the first candlestick line of the
matched pattern will be displayed in different color. Once
the user move the cursor to the candlestick line, the pattern
description information will be shown in the middle and
right down corner. The other stock information such the
trading volume and technical indexes are also displayed in
the GUI to provide the auxiliary information. A snapshot of
the GUI is shown in the Figure 10.

& Fuzzy Candlestick Authoring Tool V1.0
ettt m 05| Moty patters | Save pttrnio 05| Dett ptter rom b | pattern dofiner: [rarimstaor
Canlestick attern eoting panel Canclestck ne editing panel
o remnpenst | pietoaten | poclaine |
[~] Remove st pttern Ine e — -
Field name Fuzzy Value Test Fuzzy Modifier Fuzzy Term
pen style fun <] -
= Close style fu <] -
H-RRALRT RS Upper_shaco Test fun <] -
EEER BEE—F A 00, REEme —_—
ERECRFEEI, RATEHEE. B o= ooV ot 7]
EARERE = RAFARE, FITEIE ody_color e -
R= Lawer_shadow Test fun ~] o -
[ B FRrRE e U RE . ST E
R R L R [MessageFuzzy Value: lower_shadow -
poin AR, T s || |[Lnouistic Value: ABOVE SHORT (+)
100
085
‘ | 0.80
Pattern explanation E 22
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(B & T2 AR, & E(Eh R 070
& 3 065
e iEE SamEEL S EN —RARERE, 080
RETS BABCHRSEEES , BEGSTE 055
050
045+
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Figure 9 The Candlestick Pattern Authoring Tool

If the user input a specific trading date, such as
2004-12-15, all of the stock in the stock database will be
tested. The system retrieves a range of the stocks informa-
tion between the specific trading date ¢ and #-m, where m is
the maximum stock trading information to determine the
candlestick patterns. For example, if the previous trend is
defined as “down 15% in recent 10 days”, the m is equal to
10.

The pattern testing tool provides a simple mechanism
to test the efficiency of the user defined patterns. The user
can retrieve all of the defined pattern names in the pattern
database and select any one pattern to validate. Some sim-
ple indexes are calculated to help the user to test the pat-
terns, such as up index and down index. The calculation of
both indexes and the previous trend of the candlestick pat-
tern are similar. Assume that the pattern appears at day ¢,
the close price of day ¢ is denoted close(t), the highest close
price in recent £ days is denoted highest(k), and the lowest
close price in recent £ days is denoted lowest(k). The up
and down index are defined as follows.

highest (k) — close (t) <1

up _index = 00
close (1) )
down  index = close (t) — lowest (k) %100
- close (t)

Figure 11 shows a reversal pattern called “bearish
hanging man” validation results in the stock number 2409
(AUO). The validation range is 1000 trading days after
2004-12-10. The maximum and minimum close prices
from trading day 7 to ¢ - 5 are selected to calculate the up
and down index. The total up times, total down times, and
total up and down index are also calculated. If the up index
is higher than the down index, the total up times are in-
creased by 1, and if the up index is lower that down index,
the total down times are increased by 1. The total up and
down index and mean fluctuation are calculated as follows.

[ Do iaEEs | SAkSSingle siock

J528 IDXW a2 3625.. /888 347... j; 3625... 4% 3411... F§35R 60406 3K Lk 1 14966

1 4
2. Hi—RARAE RS
1999-07-17 B8 IDxw 81 1402 Bertars enlatn ) ] [

2000-11-17 ARAR: 1DXW

Figure 10 The GUI of Candlestick Tutor System
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total _up down= Z (up _index —down _index)

T
mean _ fluctuation = 1 Z (up _index + down _index) ©
i=1

T =total _up times+total down _times

The total up down simply indicates the investment
result when using a specified pattern, and the mean_ fluc-
tuation reflect the mean fluctuation of the stock prices. To a
reversal pattern, these two parameters should as large as
possible.

Based on the pattern validation results, the user can
determine which kind of pattern is useful in investment
decision making.

5 Conclusion

We proposed a fuzzy candlestick pattern based ontol-
ogy for assisting stock investment knowledge representa-
tion, storage, and reuse.

The fuzzy candlestick patterns carry rich information
and can be used to increase the efficiency of the data min-
ing, machine learning, and pattern recognition models.

Pattern construction and recognition procedures is
introduced and implemented in a system prototype to illus-
trate the usage of the fuzzy candlestick pattern ontology.
Moreover, investors can save and share their investment
experience. By reusing and modifying the stored candle-
stick pattern information, the investor can also increase the
efficiency of their investing strategies.
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Figure 11 A Validation Result
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