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Abstract—This paper proposed an approach to extract fuzzy
candlestick patterns from financial time series and select a set of
patterns for investment decision making. The candlestick chart in
stock market is a widely used technical analysis model. The
investor observes the candlestick chart and makes investment
decisions by identifying patterns in the chart. We use fuzzy
linguistic variables to model candlestick chart and extract
patterns from the chart. A Genetic algorithm based approach is
used to select a set of extracted pattern as the background
knowledge in the system for investment decision making. The
advantage of the proposed approach is the investment knowledge
is comprehensible, editable, and visible. The user can set different
range of historical financial time series to extract and select
different set of patterns. The experimental results shows that the
investment decisions based on selected fuzzy patterns have better
investment performance than using original non-fuzzy patterns.

Keywords-component; fuzzy candlestick pattern; time series;
genetic algorithm

L INTRODUCTION

How to modeling and implementing domain knowledge is
an important part when design and implement an intelligent
decision supporting system. For example, if an intelligent
investment expert system has rich background knowledge
from human expert, the system can give more precise
suggestions to the user [1].

There are a lot of fundamental and technical analysis
concepts and techniques have been established in financial
investment domain such as Relative Strength Index (RSI),
Moving Average Convergence Divergence (MACD), and Fast
and Slow Stochastic (KD-line), etc. These technical analysis
tools are the basis when design some investment decision
supporting systems [2].

However, the set of data used to calculate RSI, MACD,
and KD indicators is the closing price in a time point. There is
rich information which exists in the financial time series
database, but most of the traditional approaches only scratch
the surface of the wealth of knowledge buried in the data.
Many financial time series prediction approaches only use
daily closing price as raw data to construct the forecasting
model.

Figure 1 shows three general ways to represent the stock
trading price during a time period. Figure 1(a) indicates a

single closing price. Figure 1(b) represents the bar line which
contains richer information than 1(a). The data required to
produce a standard bar chart consists of the open, high, low,
and close prices for the time period under study. A bar chart
consists of vertical lines representing the high to low range in
prices for that trading time period. The high price refers to the
highest price that the issue traded during that trading time
period. Likewise, the low price refers to the lowest price
traded that trading time period. Figure 1(c) illustrates the
candlestick line which is similar to the bar line but using a box
to makes up the difference between the open and close price.
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Figure 1. Different represention of financial data.

The candlestick chart in stock market is a widely used
empirical model for investment decision making [3]. The
investor observes the candlestick chart and makes investment
decisions by identifying patterns in the chart. Figure 2 shows
two examples of the daily candlestick chart in a stock market.
Daily opening, closing, highest, and lowest prices are recorded
in the candlestick lines for days d1, d2, d3, and d4. On d1, the
stock opens in a higher price, but close at a lower price. On the
next day d2, the opening price is lower than previous closing
price, but closes at the highest price and is much higher than
the lowest price. This situation might be interpreted by an
experienced investor as the candlestick line on the day dl
reflecting a downtrend of the stock price, because there are
many investors want to sell their stock and make the closing
price much lower than the opening price. However, the
downtrend might reverse itself on the day d2, because there
are investors to buy the stock in the trading period that makes
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the price close at the highest price and much higher than the
lowest price. In other word, the candlestick lines at d1 and d2
might represent a bouncing back. At d3, the closing price is
higher than the opening price, and at d4, the opening price is
much higher than the previous closing price, but closes at
lowest price. The lines at d3 and d4 might be interpreted by
the investor that the trend is returned, because the uptrend is
broken at d4. It is obvious that the interpretation between the
lines at d1, d2 and d3, d4 is very different, but the closing
prices of d1, d2 and d3, d4 are the same.
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Figure 2. A candlestick chart.

Candlestick patterns which exist in the candlestick chart
are empirical models of investment decision. The experienced
investors can make their investment decision based on the
observation of some specific candlestick patterns such as
Bullish Engulfing, Hanging Man, Hammer, etc which are
defined by the pioneer investors. However, to a human
investor, to identify an effective pattern from a lot of
imprecise and vague candlestick patterns needs years of
investment experience and expertise. In addition, to retrieve
the candlestick patterns from a large amount of financial
trading data is time consuming.

In this paper, we propose a fuzzy candlestick pattern based
financial decision supporting system to acquire the stock
trading data in the Taiwan stock market (TAIEX) [4] from the
Internet, provide an interface for the users to edit their own
fuzzy candlestick patterns which are represented by fuzzy
linguistic variables, extract fuzzy candlestick patterns from
financial time series, and use a Genetic Algorithm (GA) based
approach to select a set of extracted pattern as the background
knowledge in the system for investment decision making. The
advantage of the proposed approach is the investment
knowledge is comprehensible, editable, and visible. The user
can use different range of historical financial time series as
basis for candlestick patterns construction.

This paper is organized as follows. In Section 2, the fuzzy-
based candlestick pattern representation method is introduced.
Section 3 describes the Genetic algorithm (GA) based fuzzy
candlestick pattern extraction approach and the experimental
results. Finally, Section 4 concludes this paper.

Time Line

II.  MODELING CANDLESTICK CHART

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. Figure 3(a) shows a hierarchy to
represent the relationships among the candlestick pattern,
candlestick line, and the prices. A visual candlestick pattern
which called Bearish Engulfing is demonstrated in Figure 3(b).
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Figure 3. An example of the candlestick pattern.

The advantage of candlestick chart to investors is that the
candlestick chart is visual, and a reversal or continuation
candlestick pattern can be easily identified by an experienced
investor. However, identifying the candlestick pattern from a
large amount of trading data is time consuming, and there are
no crisp and standard definitions to the candlestick patterns.
The imprecise and vague definitions of the candlestick
patterns make the automated searching, mining, and
processing the candlestick patterns with computer software
difficult. In this paper, we adapted the approach proposed in [5]
to solve this problem.

A. Modeling Candlestic Patterns

A candlestick chart is composed by a series of continual
candlestick lines. The lines consist of the open, high, low, and
close prices in a time period under study. The time period can
be of any duration, such as five minute, fifty minute, one hour,
one day, one week, or one month. The first trading price in the
interested trading time period is called open price; the last
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trading price is called close price; the highest price is called
high price, and the lowest price is called low price. These four
prices compose a candlestick line. A candlestick pattern is
composed by several serial candlestick lines.

The box that makes up the difference between the open and
close is called the real 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. When the body is black, it means that the
closing price was lower than the opening price. When the
closing price is higher than the opening, the body is white.

Four fuzzy linguistic variables EQUAL, SHORT,
MIDDLE, and LONG are defined to indicate the fuzzy sets of
the shadows and body length. Figure 4 shows the fuzzy
membership function (x) of the linguistic variables.

EQUAL

SHORT LONG

MIDDLE

Figure 4. The membership functions of the length of the body
and shadows.

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 percentage
of the stock prices are limited to 14 percent in TAIEX.
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 4, 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 function
can be calculated by the following equations.

L, per =[high — max(open, close)] /open

Lyyver = [min(open, close) — low]/open
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 between them.

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, 0.5) in this paper.

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 (3.5,
5).

0 x<a
left _linear(x:a,b)=4(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
trapezoid(x : a,b,c,d) = 1 b<x<c “)
(d-x)/(d-c) c<x<d
0 x=>d

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 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 color is BLACK.
If open - close < 0 then the body coloris WHITE.  (5)

If open - close = 0 then the body color is CROSS.

Figure 5 shows the membership function of the
linguistic variables of the open style and close style. The
candlestick line in the bottom of Figure 5 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.

EQUAL_LOW EQUAL_HIGH

1 _Low EQUAL HIGH

w(x)

Previous
candlestick line

low  Min(open, close)

Max(open, close)  high

Lower Upper
shadow Body shadow

Figure 5. The membership function of the open and
close style.
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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.

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<b
(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 interested 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.

B.  Modeling the Investment Knowledge

The description of a fuzzy candlestick pattern stored in the
system consists of two parts: the pattern description part and
the pattern information part. The description part is composed
by the name of the candlestick pattern, a previous trend of the
pattern, candle lines which composed the pattern, and the time
period information. The information part records the
candlestick pattern related information such as the pattern
identification rules and the meaning of the pattern, etc. The
information part is optional and is defined by the investors if
the investor is interested in the pattern. If a candlestick pattern
is described with the description information, it becomes more
comprehensible to the other investors.

Table 1 shows a fuzzy candlestick pattern example which
demonstrates a possible way to represent the Bearish
Engulfing candlestick pattern and other candlestick patterns
can be defined in the same way. The previous trend defined
here is a crisp rule such as “down 15% in recent 10 days” to
represent a downtrend or “up 15% in recent 10 days” to
represent an uptrend. It should be noted that, for
implementation convenience, we define the candlestick line
which appear at the day ¢ line 0, and the line appear in
previous trading day #-/ line 1.

Assume that the pattern appears at day ¢, the close price of
day ¢ is denoted close(?), the highest close price in recent k
days is denoted highest(k), and the lowest close price in recent
k days is denoted lowest(k). The rules to determine the
downtrend and uptrend can be defined as follows.

Identify applicable sponsor/s here. (sponsors)

highest(k) — close(t)

If >p

close(t)
downtrend.
If close(t) — lowest(k)
close(t)
uptrend,

then the stock price is in a

> g then the stock price is in an

where p and ¢ are the thresholds to determine the trend of
stock price is in uptrend or downtrend, and the unit of p and ¢
is percentage of the fluctuation of stock prices.

Table 1
An example of the fuzzy candlestick pattern.

Pattern description part

Pattern information part

Pattern name: Bearish Engulfing

Confirmation suggest: Suggest

Previous trend: Uptrend

Candle lines:

Candle line 0:

Open style: OPEN HIGH
Close style: CLOSE LOW
Upper shadow: null
Body: ABOVE MIDDLE
Body color: BLACK
Lower shadow: null
Candle line 1:
Open  style:
EQUAL _LOW
Close style: CLOSE HIGH
Upper shadow: null

Body: ABOVE SHORT
Body color: WHITE
Lower shadow: null

ABOVE OPEN

Confirmation information:

The open price after the pattern
should not be higher than the open
price of candle 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.

3. The first day's color should reflect
the trend: black for a downtrend and
white ...

Interested time period: DAY

Pattern explanation:

The first day of the Engulfing
pattern has a small body and the
second day has a long real body.
Because the second day's move. ....

C. Pattern recognition

Since the patterns have been defined by the investor, the
defined patterns can be easily transferred into fuzzy rules. For
example, the Bearish Engulfing pattern can be transferred as

following fuzzy rule.
IF trend = UP_TREND

AND line0.open_style = OPEN HIGH

AND line0.close style = CLOSE LOW

AND line0.body = ABOVE MIDDLE

AND line0.body color = BLACK

AND linel.open_style = ABOVE OPEN EQUAL LOW
AND linel.close style= CLOSE HIGH

AND linel.body = ABOVE SHORT

AND linel.body color = WHITE

THEN the pattern = BEARISH 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 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
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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.

The concept of Hamming distance [6] is used to measure
the similarity among fuzzy candlestick patterns. Assume that
A and B represent two different fuzzy candlestick patterns
which described by » linguistic variables, the similarity is
defined as:

SUAB =3l 5) - p(x), 0<SUABST (D)
i=1

The user can set a threshold 7 to determine a pattern is
recognized or not. If S(A4, B) 2T then the pattern is identified.

IIL

When using the candlestick chart, the investment decision
is based on a set of candlestick patterns rather than only use a
single pattern. In other word, how to select a set of patterns
becomes an important problem.

INVESTMENT KNOWLEDGE EXTRACTING

Using fuzzy candlestick pattern to make investment
decisions has several steps.

1.  Transfer a range of financial time series into
candlestick chart for pattern extraction.

2. Extracting original fuzzy candlestick patterns by
using predefined heuristic rules.

3. Selecting patterns from extracted patterns by GA.

4.  Using the selected patterns as the investment
knowledge for decision making.

Step 1 fellows the method introduced in section 2 to
transfer financial time series into candlestick chart. Three
heuristic rules are defined for pattern extraction in step 2.

1. Bullish pattern recognition rule: if the previous trend
is downtrend and the up_index of following N days
up P% then the pattern is a bullish pattern.

2. Bearish pattern recognition rule: if the previous trend
is uptrend and the down_index of following N days
down P% then the pattern is a bearish pattern.

3. Other patterns: don’t care.

The up and down indexes are used to indicate the
maximum and minimum variation of the stock price after a
specific pattern has happened. The calculation of up and down
indexes is similar to previous trend of the candlestick pattern.
Assume that the pattern appears on day ¢, the close price of
day ¢ is denoted close(?), the highest close price in recent k
days is denoted as highest(k), and the lowest close price in
recent k days is denoted as lowest(k). The up and down index
are defined in (8).

highest(k) — close(t)

up _index = x100
close(t) ®)
down _index = close(r) = lowest(k) x100
- close(t)

The total up _down index is used to indicate the possibility
investment result when using a specified pattern in an assigned
time period, and the mean_fluctuation index is used to reflect
the mean fluctuation of the stock prices when the pattern
appears. To a reversal pattern, these two parameters should as
large as possible. The total up times and total down times are
also calculated. If the up index is higher than the down index,
the total up times are increased by 1, and if the up index is
lower than the down index, the total down times are increased
by 1. The total up and down index and mean fluctuation are
calculated as follows.

total _up down = z (up _index —down _index)

. 1< . ;
mean _ fluctuation =— (up _index + down _index) (9)
i=1
T =total _up times+total down _times

Figure 6 shows a reversal pattern called “Hanging Man”
testing results. The selected stock number is 2409 (AUO), and
the validation range is 1000 trading days before 2004-12-10.
The maximum and minimum close prices from trading day ¢ to
t - 5 are selected to calculate the up and down index. In the
selected range of trading days, the pattern appeared 10 times.
In other words, the frequency of this pattern is 0.01. The
total up down index is equal to about 20 percent, and
mean_fluctuation index is equal to about 11 percent.

A& Fuzzy Candlestick Patterns Yalidation Tool
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Figure 6. A pattern validation results.

In step 3, we use the extracted patterns as gene to consist a
chromosome for GA. The relationship of pattern rules and
chromosomes is shown in Figure 7.

2700

|»




rule 1 rule2 rule 7 rule M
chromosome 1 I 1 I 0 I I 1 I I MM I
rule 1 rule2 rule M
chromosome 2 I o I 1 I ............ I M I
rule 1 rule2 rule M

chromosome N I 0 I 1 I

Figure 7: The chromosome used in GA.

If the pattern extracted in step 2 is 576 the M will be 576. In
chromosome, bit 1 indicate the rule is used for investment
decision making, bit 0 indicate this rule do not be used. In the
beginning of GA, we set bits in chromosome randomly.

The fitness function is define as:

flx) = (10)
>

(x; +m)
i=I~N

Where x is the earned or lost point when using patterns
indicated in chromosome and m is the stop value if earned
point reached this value. We use Taiwan Stock Exchange
Capitalization Weighted Stock Index (TAIEX) from 2001 to
2005 for patterns selection. The experimental results by
running GA are shown in Figure 8.

350,000 B The best of

every
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300,000 M [l The Best
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Figure 8: A comparison of different GA generation.

Finally we compared the performance by using different
pattern sets. First results use extracted fuzzy candlestick pattern
as background knowledge, second use user defined patterns,
and third use GA to get better pattern set. The experimental
results in Table 2 show fuzzy candlestick patterns with GA
have best performance.
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Table 2: a comparison among using different pattern set.

Time series for Evaluation Results
pattern extraction Time series

Extracted 2001~2005 2006~2009 5027
patterns

Predefined No 2006~2009 6114
patterns
Selected 2001~2005 2006~2009 8452
patterns

IV. CONCLUSION

In this paper, we proposed a knowledge based method to
represent the financial time series. The variance of the stock
price is represented in fuzzy candlestick patterns which make
the imprecise and vague investment knowledge
comprehensible, computable, visual, and editable. We also
propose a GA based approach for patterns selection. The
system can give investment suggestion to the investor by using
these patterns as background knowledge.

The fuzzy candlestick patterns carry rich information and
also can be used to increase the efficiency of the data mining,
machine learning, and pattern recognition models. ~ Pattern
construction and recognition approach is introduced and
implemented in a system prototype to illustrate the usage of
the fuzzy candlestick patterns. Moreover, investors can save
and share their investment experience. By reusing and
modifying the stored candlestick pattern information, the
investor can also increase the efficiency of their investing
strategies. We believe that the fuzzy candlestick pattern
representation method can still be used in other areas in which
the time series has some properties like the stock price.

ACKNOWLEDGEMENT

This research was partially supported by the National
Science Council in Taiwan through Grant NSC-99-2221-E-
343-006.

REFERENCES

[1] J. C. P. Shieh, Contemporary Investments—Analysis And
Management, Taipei, Taiwan, Best-Wise,pp. 317-431, 1998.

[2] R.S.T. Lee, “i1JADE stock advisor: an intelligent agent based stock
prediction system using hybrid RBF recurrent network,” IEEE Trans.
on Systems, Man and Cybernetics, Part A, vol. 34, no. 3, pp. 421-428,
2004.

[3] G.L. Morris, Candlestick Charting Explained: Timeless Techniques for
Trading Stocks and Futures, 2" ed., McGraw-Hill Trade, 1995.

[4] http://www.twse.com.tw/en/products/indices/tsec/tsec_index.php

[5] C.H.L Lee, A. Liu, and Wen-Sung Chen, "Pattern Discovery of Fuzzy
Time Series for Financial Prediction," IEEE Trans. on Knowledge and
Data Engineering, vol. 18, no. 5, pp. 613-625, 2006.

[6] Klir, G.J. & Yuan, B. (1995). Fuzzy sets and fuzzy logic theory and
application. Upper Saddle River, NJ: Prentice Hall.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


