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Abstract

Unlike using the sequence-based representation for a chromosome in previous genetic algorithms for Bayesian structure
learning, we proposed a matrix representation-based genetic algorithm. Since a good chromosome representation helps
us to develop efficient genetic operators that maintain a functional link between parents and their offspring, we represent a
chromosome as a matrix that is a general and intuitive data structure for a directed acyclic graph(DAG), Bayesian network
structure. This matrix-based genetic algorithm enables us to develop genetic operators more efficient for structuring
Bayesian network: a probability matrix and a transpose-based mutation operator to inherit a structure with the correct
edge direction and enhance the diversity of the offspring. To show the outstanding performance of the proposed method,
we analyzed the performance between two well-known genetic algorithms and the proposed method using two Bayesian
network scoring measures.
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1. Introduction

Bayesian network (BN) [1, 2, 3, 4, 5, 6, 7, 8, 9, 10] is a
directed acyclic graph (DAG) that represents a set of vari-
ables of interest based on their conditional dependencies.
One of the popular methods for Bayesian structure learn-
ing is the K2 algorithm [2], but the K2 algorithm assumes
that variable ordering is given a priori. In most of the real-
world problems, it is usual that we do not have the prior
knowledge about variable ordering, and furthermore this
approach explores limited search space due to the simple
greedy strategy. In this case, a Genetic Algorithm (GA) can
present better structure through a more extensive search-
ing space since a GA has few assumptions about searching
strategy except natural selection [11].

The first GA approach for the structure learning is in-
troduced by Larranaga et al. at 1996 [12]. They proposed
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a sequence-based notation to represent the BN structure in
GA formulation. It constructs the n n connectivity matrix
(C) where n is the number of variables. Each element ( )
is defined as follows:

if a variable is a parent of a variable

otherwise

For example, the n n connectivity matrix can be rep-
resented as:

The means a structure where a variable X3 has X1 and
X2 as parents. Thus, the chromosome for the structure is
represented as the sequence like as followed:

Based on the chromosome, they employed a typical GA
to infer the structure. Additionally they extended a GA
method to search for better variable ordering [13]. Ross
et al. presented a dynamic BN structure learning method
to optimize the multiple objectives through a GA [15].



The population is evolved with an assumption that every
variable has M parents at most. Kabli et al. proposed
a chain-model GA to search for better variable ordering
[18]. The discrimination with the work of Ross et al. [13]
is the evaluation method with a specific assumption that
each variable has only a single parent which is just one
precedent variable. Recently, Lee et al. proposed a new
sequence-based genetic operator [19] where the chromo-
some is represented as a matrix and the matrix is divided
into upper and lower triangular matrices; the two separated
matrices are represented as sequences. Based on these se-
quences, a sequence-based crossover method is applied in
two parts; crossover between the two separated sequences
and crossover inside each separated sequence.

However, the existing GA methods for BN structure
learning have common limitations. First, although a good
chromosome representation can be a help to develop ef-
ficient genetic operators that maintain a functional link
between parents and their offspring, and it is highly rec-
ommended to select an intuitive structure derived from
the problem as a good representation [14], the sequence-
based representation used in the conventional methods is
not intuitive form to represent the BN, the DAG structure.
Second, it is difficult to enhance the diversity of the off-
spring through previous reproduction methods that employ
cut-point-based crossovers between chromosomes to create
offspring. In case of two cut-point crossover, the possible
cases of the offspring are if the cut-point area is given.
Considering the cut-point area is determined randomly, the
possible cases become where the is the number of
variables. The problem is that the possible cases of the off-
spring are not large enough compared to the entire search-
ing space [12].

Therefore, in this paper, we propose a matrix-based GA
algorithm, which represents a chromosome as a matrix and
thus, enables us to develop more efficient genetic operators
to inherit a structure with the correct edge direction and
enhance the diversity of the offspring.

2. The Proposed Method

In the proposed method, we denoted the chromosomes
for the BN structure as the same matrix with a connectiv-
ity matrix as follows: we constructs the n n matrix ( )
for a -th chromosome , where n is the number of vari-
ables. Each element is defined as 1 if a variable is
a parent of a variable , 0 otherwise. Unlike the previous
works[12, 13, 15, 18, 19], our matrix does not go through
the process of the sequence-based manipulation for a chro-
mosome representation.

Using the matrix-based representation, first, we designed
a probability matrix ( ) that indicates the probability dis-
tribution of each edge to link variables among several chro-
mosomes, and represents how frequently each edge appears
in the selected chromosomes.

Definition 2.1 (Probability Matrix). Let’s suppose the
following notations. represents the population size;

is the population; is
a set of randomly selected chromosomes from (

); is the number of the variables. Based on these nota-
tions, we defined the as:

...
...

. . .
...

where

(1)

The is constructed via the following two steps. First,
it randomly selects t chromosomes among the population
based on their probabilities which are calculated accord-
ing to their ranking [12]. Second, it calculates the averages
per element using the selected t chromosomes. Thus each

( ) represents the average strength of edge
between variables and , which is observed from the se-
lected t chromosomes.

The diversity of the offspring through the is enhanced
for the following three reasons. One is that it is possible
to create a new offspring using more than two chromo-
somes. The number of chromosomes t used to construct
the is determined dynamically. Second is that the off-
spring is evolved with all elements of the matrix simultane-
ously, which is same as the evolution of all variables . As
a result, the possible cases of the offspring through the
become . Third is that it creates offspring by probability
based on the probability distribution. Enhancing searching
space is a meaningful factor to infer the appropriate struc-
ture considering the limited search space, which depends
on the initial population.

New genetic operators are designed to create offspring
from : a reproduction method substituting for the typical
crossover, and transpose-based mutation. The reproduction
method creates offspring based on the . To create an ele-
ment ( ) of an offspring , it compares two probability
values, i.e. and , as follows:

if

otherwise

One offspring( ) is created after comparing all ele-
ments. We designed the proposed method to create one



Figure 1: The optimal structure and its matrix representa-
tion.

Figure 2: An initial population composed of four chromo-
somes ( )

offspring per one to induct more enhanced diversity of
the offspring. And it repeats until the number of repro-
duced offspring becomes . After applying mutation, we
randomly eliminated edges, that is a popular repair opera-
tor in Bayesian network, that invalidated DAG if it does not
met DAG condition[12].

Next, we introduce a new transpose-based mutation. Ba-
sically, we employed the previous mutation method which
was changing the element of the matrix from 1 to 0 or vice
versa. Additionally, we adjusted the transpose-based muta-
tion on the reproduced offspring to enhance the possibility
to infer the structure with the correct edge.

Definition 2.2 (Edge Type). The ‘correct edge’ means the
edge of the same direction with the edge in the answer BN.
The ‘reverse edge’ means that the edge of an inverse direc-
tion, and the ‘wrong edge’ means the edge that should be
in the BN, but is deleted, or vice versa.

Several edges may be inferred as reverse edges since the
score of the reverse edge is similar with the score of the cor-
rect edge due to the likelihood equivalence assumption[10].
To prevent the inferred structure having reverse edges, we
proposed a transposed-based mutation to keep both of the
edge directions within the population. Based on the en-
hanced diversity of the offspring, it can produce various
combinations of the causalities and infer the optimal com-
binations of the causalities. It can also infer the optimal
structure.

A main scheme of the proposed method is shown in Al-
gorithm 1. And to illustrates the working process of the
proposed method, we show how the proposed method can
infer the optimal structure in Figure 1 between four vari-
ables, starting from the given population composed of four
chromosomes in Figure 2. Let us denote the -th parents
and -th offsprings by and respectively. The re-
quired parameters are set to be = 4, = 4, and t = 2. Let

Algorithm 1 Main scheme of proposed method.
Generate individuals randomly for the first

generation
repeat

Select individuals from
Estimate a joint probability

distribution of selected individuals
Sample individuals from

until for l = 2

us assume that the chromosomes are selected as
and .

Step 1: The initial population is represented as follows:

Step 2: Constructs by the selected and .

Step 3: Creates the -th new offspring (initially, ).

if

otherwise

Step 4: Alter by the typical mutation (flipping 0 1 or 1 0)

if mutation rate

otherwise

Step 5: Alter by the proposed transpose-based mutation

if mutation rate

otherwise

Step 6: Iterates Step.2-5 until = is generated.

Here, when we assume that the all are 0.5,
then we can get the first ( =1) new offspring:

(2)

Moreover, if the is transposed in the Step 5, then the
becomes to be the optimal structure in Fig. 1:



From this simple example, we see that the proposed
method can easily infer the optimal structure.

3. Experiments

To show the effectiveness of the proposed method, we
compared the performance of the proposed method with
the method of Larranaga et al. [12] and the method of Ross
et al. [15] based on 10 repeated experiments. Three well-
known data sets are employed. The Asia data set, which
structure is depicted in Fig. 5(a), is a small piece of ficti-
tious qualitative medical knowledge related to the shortness
of breath (dyspnoea). The ALARM(A Logical Alarm Re-
duction Mechanism) data set is constructed to provide an
alarm message of a state of a patient using 37 variables.
The Car-start data set is designed to represent the car start
problem with 18 variables[23]. We generated 10,000 pat-
terns, respectively, based on the optimal structure with con-
ditional probabilities. The parameters for GA were set to
be 50 chromosomes, 1,000 generations, and 0.2 mutation
rate; since the performances on mutation rate(= 0.2) are
generally outperformed among several mutation rates.

3.1 Performance comparison by scoring
measure

We compared the performance of each method using
well-known two scoring measures: the Bayesian score
and Bayesian Information Criterion (BIC). Table 1 shows
the Bayesian scores for the inferred structures through the
methods on the three data sets. A lower value of the
Bayesian score represents better BN structure. We can see
that the proposed method outperforms the previous meth-
ods entirely. Especially, the scores of the Asia data and Car-
start data are nearly approximated to the optimal scores; a
difference with one score and a difference with nine scores,
respectively. However, we can see that the previous meth-
ods inferred structures which had lower scores. Among the
results of the previous methods, the method of the Ross et
al. inferred a structure which score was similar with the
optimal score at the Asia data.

Table 2 shows the BIC scores for the inferred structures
through the methods on the three data sets. We can see that
the previous methods inferred structures which had lower
scores. About 20 - 30 scores are different with the optimal
scores of the Asia data and Car-start data. However, the
proposed method improved the performance at the three
data sets. Especially, the score of the proposed method is

Table 1: Performance comparison of the Bayesian score by
each method for three data sets. The asterisk( ) represents
the score of the optimal structure for each data set.

Asia ALARM Car-start
Method (-22,405*) (-95,188*) (-23,149*)

Larranaga -22,428 -98,028 -23,181
Ross -22,412 -98,463 -23,176

Proposed -22,406 -96.574 -23,158

Table 2: Performance comparison of the BIC score by each
method for three data sets. The asterisk( ) represents the
score of the optimal structure for each data set.

Asia ALARM Car-start
Method (*-22,421) (*-95,965) (*-23,319)

Larranaga -22,447 -101,778 -23,410
Ross -22,454 -99,882 -23,389

Proposed -22,424 -98,418 -23,316

approximated to the optimal score at the Asia data. In here,
additional noticeable point is that the score of the proposed
method overtook the optimal score at the Car-start data.
This result comes from the likelihood equivalence of the
scoring measures.

3.2 Performance comparison by edge count-
ing

We analyzed the experimental results through edge
counting-based evaluation, which was used in the experi-
ments of Campos and Blanco et al. for the BN structure
learning [10, 21]. In general, it is difficult to figure out
how perfectly the proposed method inferred the structure
through the conventional score-based evaluations since it is
not easy to interpret the meaning of their scores. Therefore,
we additionally evaluated the inferred structures by an in-
tuitive method how many edges are correctly and wrongly
inferred. This proposed simple and intuitive evaluation
is performed by counting the number of inferred edges
according to the three edge types; correct edges, reverse
edges and wrong edges.

Figure 3 shows the comparison results by edge count-
ing among the three methods for the Asia data. Above all,
we can see that the proposed method outperformed the pre-
vious methods at all edge types. The previous two meth-
ods commonly inferred below half of the correct edges
and about half of reverse edges. Furthermore, the previ-
ous methods inferred several wrong edges. On the other
hand, the proposed method inferred a structure with almost
correct edges; there is a little wrong and reverse edges.
Obviously, we can see that inferring a structure with cor-
rect edges reduces the number of reversed edges and wrong
edges.



3.3 Analysis according to the mutation types

The proposed method contains two types of mutations:
the typical flipping mutation and the transpose-based mu-
tation. In this section, we present that the correct edge di-
rection can be found by transpose-based mutation through
an additional experiment with three cases: (1) only typical
mutation used, (2) only transpose-based mutation used, and
(3) both mutations used. The structure learning progressed
with the Bayesian scoring metric.

Figure 4 shows the number of inferred edges by the pro-
posed method using three-cases of mutations for the Asia
data. Case 1 showed that the typical flipping mutation has
a limitation to improve the number of the correct edges
and to reduce the number of the reverse edges and wrong
edges. However, we can see that the proposed method with
transpose-based mutation only (case 2) reduced the num-
ber of the reverse edges and it means that the number of the
correct edges was increased. Finally, the proposed method
with both mutations (case 3) shows the best evaluation re-
sult with the most correct edges and least reverse edges.
From the results, it is observed that the inferred structure
via the proposed method can represent the better relation-
ship between variables with a few wrong relationship.

3.4 Evolution progresses of the three meth-
ods

To visualize the evolution progress of the compared
methods, we depicted the intermediate inferred structures
obtained at four generation point from 1,000 generations
for the Asia data; the evolution progress of the Larranaga
et al. at 10th, 20th, 30th, 40th generations are shown, and
the progress of the Ross et al. and the proposed method
are shown at 25th, 50th, 75th, 100th generations. Figure 5
shows the optimal structure for the Asia and the elitist chro-
mosome of the 1st population. Figures 6-8 show the evolu-
tion progresses of the three methods respectively. In each
figure, a solid line represents a correct edge (C), a dotted
line represents a reversed edge (R), and the broken-dotted
line represents a wrong edge (W). The initial populations
of all methods are identical. Among them, the elitist chro-
mosome is depicted in Figure 5.(b) which contains two cor-
rect edges, two reversed edges and 11 wrong edges which
are summed of four non-inferred correct edges and seven
faulty-inferred edges. And the score of the elitist chromo-
some of the first population is .

Starting from this common first generation, the progress
of all the methods are depicted in Figure 6.(a) (c). We can
see that both of the previous methods have a common limi-
tation to increase the number of the correct edges and to re-
duce reverse edges. Although both of the previous methods
increased scores during the evolutions, the reason is from
the deletion of the incorrectly inferred edges. Moreover,
the two previous methods can not find the correct edges if

(a) The result after inferring through the Bayesian score.

(b) The result after inferring through the BIC score.

Figure 3: Performance comparison by edge counting for
the Asia data.

Figure 4: Number of inferred edges by the proposed
method using three-cases of mutations for the Asia data.
(1) Case 1: Only typical mutation used, (2) Case 2: Only
transpose based mutation used, (3) Case 3: Both mutations
used.

there were inferred with the reverse edges. On the other
hand, we can see that the proposed method inferred the
structure with the most correct edges. The noticeable point
is that the inferred structure via the proposed method has



(a) The structure for the Asia data

(b) The structure of the elitist chromosome

Figure 5: The optimal structure for the Asia and the elitist
chromosome of the first population.

only one reverse edge, which is a relation between (S)moke
and (L)ung cancer without any wrong edges. However, it
is difficult to infer the reverse edge to be correct since the
scores of the correct edge and the reverse edge between the
two variables are same. As a result, the score of the inferred
structure is equal to the score of the optimal structure.

4. Conclusions

In this paper, we showed that the matrix based genetic
operators outperforms the previous methods. We think that
the transpose based mutation inducts to infer a better struc-
ture which has a higher score as well as more many num-
ber of the correct edges. Although the proposed method
inferred much better structure in small size data such as
Asia and Car datasets, it does not inducts significant re-
sults at the large size data sets such as the ALARM dataset.
It seems that there is too extensive search space since the
transpose based mutation makes too many possible cases,
especially, on the large data. Therefore, our further re-
search issue is a separating method of the large data into
several smaller part.

(a) The evolution process of Larranaga et al.

(b) The evolution process of Ross et al.

References

[1] Judea Pearl, Probability Reasoning in intelligent sys-
tems; Networks of Plausible Inference. Morgan Kauf-
mann Publishers, San Mateo, California, 1989.

[2] Gregory F.Cooper and Edward Herskovits, ”A
Bayesian Method for the Induction of Probabilistic
Networks from Data,” Machine Learning, vol.9, no.4,
pp.309-347, 1992

[3] Steffen L.Lauritzen and David J.Spiegelhalter, ”Lo-
cal Computations with Probabilitities on Graphi-
cal Structures and Their Application to Expert Sys-
tems,” Journal of the Royal Statistical Society. Series
B(Methodological), vol.50, no.2, pp.157-224, 1988.



(c) The evolution process of the proposed method.

Figure 6: The evolution progress according to the methods.
The solid line means correct edge, the dotted line means
reverse edge and the broken-dotted line means wrong edge.

[4] Edward Herskovits and Gregory Cooper, ”Kutato:An
Entropy-Driven System for Construction of Prob-
abilistic Expert Systems from Databases,” Report
KSL-90-22, Knowledge Systems Laboratory, Medical
Computer Science, Stanford Univ, 1990.

[5] Remco R.Bouckaert, ”Probabilistic Network Con-
struction Using the Minimum Description Length
Principle,” Lecture Notes in Computer Science,
pp.41-48. 1993.

[6] Remco R.Bouckaert, ”Properties of Bayesian Belief
Networks Learning Algorithms,” Tenth Conference
on Uncertainty in Artificial Intelligence, pp.102-109,
1994.

[7] David M.Chickering, Dan Geiger and David Hecker-
man, ”Learning Bayesian Networks: Search Methods
and Experimental Results,” Proceedings of the Fifth
International Workshop on Artificial Intelligence and
Statistics, pp.112-128, 1995.

[8] David Heckerman, Dan Geiger and David
M.Chickering, ”Learning Bayesian Networks:
The Combination of Knowledge and Statstical data,”
Machine Learning, vol.50, pp.95-126, 1995.

[9] Wai Lam and Fahiem Bacchus, ”Learning Bayesian
Belief Networks. An Approach Based on the MDL
Priciple,” Computational Intelligence, vol.10, no.3,
pp.269-293, 1994.

[10] Luis M.de Campos, ”A Scoring Function for Learn-
ing Bayesian Networks based on Mutual Information

and Conditional Independence Tests,” Journal of Ma-
chine Learning Research, vol.7, pp.2149-2187, 2006.

[11] John H.Holland, Adaptation In Natural and Artificial
Systems, University of Michigan Press, 1975.

[12] Pedro Larranaga, Mikel Poza, Yosu Yurramendi,
Roberto H.Murga and Cindy .M.H.Kuijpers, ”Struc-
ture Learning of Bayesian Networks by Genetic Al-
gorithms: A Performance Analysis of Control Param-
eters,” IEEE Transactions on Pattern Analysis and
Machine Intelligence, vol.18, no.9, pp.912-926, 1996.

[13] Pedro Larranaga, Cindy M.H.Kuijpers, Roberto
H.Murga and Yosu Yurramendi, ”Learning Bayesian
Network Structure by Searching for the Best Order-
ing with Genetic Algorithms,” IEEE Transactions on
System, Man, and Cybernetcis - PART A: Systems and
Humans, vol.26, no.4, pp.487-493, 1996.

[14] Zbigniew Michalewicz and David B.Fogel, How to
Solve It: Modern Heuristics, Springer Verlag, 2010.

[15] Brian J.Ross and Eduardo Zuviria, ”Evolving Dy-
namic Bayesian Networks with Multi-objective Ge-
netic Algorithms,” Applied Intelligence, vol.26, no.1,
pp.13-23, 2005.

[16] Kevin Patrick Murphy, Dynamic Bayesian Networks:
Representation, Inference and Learning, Doctor of
Philosophy of the University of California, 2002.

[17] Abdullah Konak, David W.Coit, Alice E.Smith,
”Multi-objective optimization using genetic algo-
rithms:A tutorial,” Reliability Engineering and Sys-
tem Safety, vol.91, pp.992-1007, 2006.

[18] Ratiba Kabli, Frank Herrmann and John McCall, ”A
Chain-Model Genetic Algorithm for Bayesian Net-
work Structure Learning,” Proceedings of the 9th an-
nual conference on Genetic and evolutionary compu-
tation(GECCO’07), pp.1264-1271, 2007.

[19] Jaehun Lee, Wooyong Chung, Euntai Kim and
Soohan Kim, ”A New Genetic Approach for Structure
Learning of Bayesian Networks : Matrix Genetic Al-
gorithm,” International Journal of Control, Automa-
tion and Systems, vol.8, no.2, pp.398-407, 2010.

[20] Shummet Baluja, ”Population-Based Incremental
Learning: A Method for Integrating Genetic Search
Based Function Optimization and Competitve Learn-
ing,” Carnegie Mellon University, Pittsburgh, PA,
1994.

[21] Rosa Blanco, Inaki Inza and Pedro Larranaga,
”Learning Bayesian Networks in the Space of Struc-
ture by Estimation of Distribution Algorithms,” In-
ternational Journal of Intelligent Systems, vol.18,
pp.205-220, 2003.



[22] Shulin Yang and Kuo-Chu Chang, ”Comparison of
Score Metrics for Bayesian Network Learning,” IEEE
Transactions on System, Man, and Cybernetcis -
PART A: Systems and Humans, vol.32, no.3, pp.419-
428, 2002.

[23] Finn V. Jensen, Bayesian Networks and Decision
Graphs, Springer Verlag, 2007.

Song Ko
Ph.D candidate of the Chung-Ang Uni-
versity
Research Area: Artificial Intelligence,
Data Mining, Knowledge Representa-
tion, Bayesian Networks.
E-mail : sko22.cau@gmail.com

Daewon Kim
Professor, School of Computer Science
and Engineering at Chung-Ang Univer-
sity
Research Area: Artificial Intelligence,
Data Mining, Biomedical Informatics,
Affective Computing.
E-mail : dwkim@cau.ac.kr

Bo-Yeong Kang
Professor of the Kyungpook National
University
Research Area: Machine Intelligence
Technology, Robotics, Biomedical Sys-
tem.
E-mail : kby09@knu.ac.kr



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Algerian
    /AmerikaSans
    /AmiR-HM
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackoakStd
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /BrushScriptStd
    /CaflischScriptPro-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Crayon
    /Dgyoung
    /Dinmed
    /Dotum
    /DotumChe
    /DungunB
    /DungunL
    /DungunM
    /DungunR
    /DungunSB
    /EccentricStd
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FencesPlain
    /FootlightMTLight
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulM
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MagicR-HM
    /Magneto-Bold
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /MapInfoCartographic
    /MaturaMTScriptCapitals
    /MesquiteStd
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Pilgi2
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /PyunjiR-HM
    /Raavi
    /Ravie
    /RosewoodStd-Regular
    /SanBgB
    /SanBgL
    /SanBgM
    /SanBiB
    /SanBiL
    /SanBiM
    /SanBkM
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanDaB
    /SanDaL
    /SanDaM
    /SanDaU
    /SandEgB
    /SandJg
    /SandKg
    /SandKm
    /SandSaB
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanEgL
    /SanEgM
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgB
    /SanIgL
    /SanIgM
    /SanIgX
    /SanJhB
    /SanJhR
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanNsB
    /SanOy
    /SanPkB
    /SanPkL
    /SanPkM
    /SanPuB
    /SanPuW
    /SanSfB
    /SanSfL
    /SanSfU
    /SanSwB
    /SanSwL
    /SanSwM
    /SanWi
    /SanYb
    /SanYs
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangL
    /SeoulHangangM
    /SeoulNamsanB
    /SeoulNamsanEB
    /SeoulNamsanL
    /SeoulNamsanM
    /SeoulNamsanvert
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /SPSSMarkerSet
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /TaeUtum
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIFadeB
    /YDIFadeL
    /YDIFadeM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIGurmB
    /YDIGurmL
    /YDIGurmM
    /YDIHSalM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIPinoB
    /YDIPinoL
    /YDIPinoM
    /YDISapphIIB
    /YDISapphIIL
    /YDISapphIIM
    /YDIWinIIB
    /YDIWinIIL
    /YDIWinIIM
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO310
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYSin
    /YetR-HM
    /Ymjo450
    /YonseiL
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


