
�›���Z�€�C��	{

�Õ� �´�ž�ï�É�¿�Ä�›�;�M�h	ì	��¯�”�Å
Ç�)�³
�µ�Â�Ü�t�S�Z�”�¯�”�Å
¬�R	��O

�¦�‹�­�» 	¦�j 
_
É 	d�­	$

�˜�N�G�¶�»�¶
æ	Ø�C�¶�J

�z�Š 
��›

��
R 22�å 2 �D 3 �Ô



i

�Õ� �´�ž�ï�É�¿�Ä�›�;�M�h	ì	��¯�”�Å
Ç�)�³�µ�Â�Ü�t�S�Z�”�¯�”
�Å
¬�R	��O

�z�Š 
��›

�º�0�Î�“

	,	ì�¢	Ô�t�S�M�o�{	ì	��q�'�À�w�Ú�¿�½�ï�¬�x	O�A�s�]�J�p�K�”�}�8	ì�z
Ÿ

�À	��p�x�|�{	ì	��T�’�w�è�´�á�Ý�q�'�À�T�’�w�{
�
®�›�¡�ˆ	��“
Ò�M�w�A�{�›

�¬�h�b�Ú�¿�½�ï�¬�›�˜�”�\�q�U
ž�A�q�s�l�o�X�”�}�f�w�M�|�x�‘�w�è�´�á�Ý�q

�{	ì	��w
T�ù�›
����U�ž�°
Q�…�b�”�w�x���É�p�K�”�}�f�w�h�Š�|�è�´�á�Ý�•�{


�
®�›�¯�”�Å�=�`�|�f�w	Í�p�Ú�¿�½�ï�¬�0	Å�›�Ü�“���‰�q�M�O�^�À�›�æ�O�\�q

�p�|�7	4�$�t�˜�’�•�”�Ú�¿�½�ï�¬�w
¼�í�›�~
³�p�V�”�q�ß�Q�’�•�”�}

�\�\�p�|�è� �́á�Ý�•�{
�
®�t
Ç�)�b�”�¯�”�Å�q�`�o	ì	��¯�”�Å�›
Ý���b�”�}	ì

	��¯�”�Å�x�{	ì	��w�&�º�|�'�À�w�À�¿�º�0�•�{	ì	��t�{�Š�”�&�º�›
¯�b�‹�w�p

�K�”�}	ì	��¯�”�Å�›�I
ü�=�b�”�\�q�p�‘�“	Ä�I�s	Ø�C�›
¯�b�\�q�U�p�V�”�h�Š�|

�Ú�¿�½�ï�¬�w
¼�í�›�²	Í�^�d�”�\�q�U�D�ó�p�K�”�}�°�M�p�I
ü�=�›�æ�O�\�q�t

�‘�“�&
~�s�¯�”�Å�›
Ç�)�b�”�\�q�U�É�`�X�s�”�}�¯�”�Å�w
¬�R�›�{	ì	��•�'�À

�t�æ�l�o�‹�’�O�q�M�l�h�M�O�‹�ß�Q�’�•�”�U�|�×
��p�&
~�s�¯�”�Å�›
¬�R�p�V

�”�q�x�v�’�s�M�}�¡�l�h�¯�”�Å�U�)�Q�’�•�”�q�|�{	ì	��q�'�À�w�Ú�¿�½�ï�¬�x

	Í	��X�æ�˜�•�c
Ò�M�t���G�s���æ�U�O�‡�•�”�}�f�\�p�×
µ�t� �p
¯�q�^�•�h�è

�´�á�Ý�•�{
�
®�›�i�t�&
~�s�¯�”�Å�w
Ç�)�›�æ�O�³�µ�Â�Ü�U�l�‡�•�”�}

�{
�
®�t�0�`�&
~�s	ì	��¯�”�Å�›
Ç�)�b�”�³�µ�Â�Ü�›�Ï�™�b�”�t�p�h�“�|�&


~�s	ì	��¯�”�Å�›
¬�R�b�”
*�æ�Þ�Ã�ç�›�^
R�b�”
ž�A�U�K�”�}�f�\�p�Š�Z�€�p

�x�&
~�s	ì	��¯�”�Å�›
¬�R�b�”
*�æ�Þ�Ã�ç�w�^
R�›�è�¦�b�}

�`�T�`
*�æ�Þ�Ã�ç�›�^
R�b�”�t�K�h�“�Ž�<�w�‘�O�s�]�J�U���O�b�”�}


*�æ�Þ�Ã�ç�t�{�Š�’�•�”�A�E �{
�
®�t�&
~�s	ì	��¯�”�Å�U
Ç�)�^�•�s�Z�•�y�|

�{	ì	��q�w���w�Ú�¿�½�ï�¬�x�&
~�t�æ�˜�•�s�M�}�f�w�h�Š�³�µ�Â�Ü�w
Y�¬


Q�x�ô�M�‹�w�p�s�Z�•�y�M�Z�s�M�}
Y�¬
Q�›�ô�X�b�”�h�Š�t�x�{
�
®�w�G

	\�º�0�i�Z�›�;�M�o	ì	��¯�”�Å�w
Ç�)�›�æ�O
*�æ�Þ�Ã�ç�p�s�X�|
•�ó�H�w

�Œ�_�‹�Æ�;�p�V�”�‘�O�s�Þ�Ã�ç�U�l�‡�•�”�}�‡�h�q	Ô�p�p�˜�³�µ�Â�Ü�›�;

�M�”�t�p�h�“�|
Y�¬
Q�i�Z�p�s�X	Z�—�w�g���U�g�r�p�V�”�³�µ�Â�Ü�p�s�Z

�•�y�M�Z�s�M�}	Z�—�w�g���›
ü�T�“�•�b�X�b�”�h�Š�t�|
����q�w� �ï�»�å



ii

�«�³�ã�ï�U	��“�•�b�M�Þ�Ã�ç�p�K�”�\�q�U
ž�A�q�s�”�}

�‡�h
•�ó�H�w�Œ�_�›�;�M�”�t�K�h�“�Ž�<�w�]�J�U���O�b�”�}

�Õ� �´�ž�ï�É�¿�Ä�w
Q�ó�›�ÿ�<�^�d�”�ð�J�:�w
C�_ 
•�ó�H�q�t�Q�r�|�¯�”�Å


¬�R�w�a���›�°
æ�•	4
†�Ì�p�V�”�q�x�v�’�s�M�}�f�w�h�Š
•�ó�H�w�Œ�_�x

� �ï�»�Ï�á�”�t�‘�“
æ
ü�$�t�˜�”
ž�A�U�K�”�}�`�T�`� �ï�»�Ï�á�”�›�æ�O

�t�p�h�l�o�x�|� �ï�»�Ï�á�”�›�æ�O
²�t�{
�
®�Ã�”�»�›�i�t�Õ� �´�ž�ï�É�¿

�Ä�›�^
R�b�”�M�t
\�a�”�ð�J�:�›�Ì�’�T�t�b�”
ž�A�U	Z�o�X�”�}

�Š�Z�€�p�x�{
�
®�›�i�t�&
~�s	ì	��¯�”�Å
¬�R�›�æ�O
*�æ�Þ�Ã�ç�q�`�o�Õ� 

�´�ž�ï�É�¿�Ä�w�&�;�›�ß�Q�”�}�Õ� �´�ž�ï�É�¿�Ä�x
ú�Ä�w�¼�L�����U�É�¿�Ä�ë�”

�«�q�`�o
¯�q�^�•�o�S�“
����q�w� �ï�»�å�«�³�ã�ï�U	��“�•�b�M�}�‡�h
•�ó�H

�w�Œ�_�w
S�é�U�0�›�s�Þ�Ã�ç�q�`�o�Œ�’�•�o�M�” . �Õ� �´�ž�ï�É�¿�Ä�x�‚	Ë�U

�*�•�µ�Í�Ü�Ý�”�ç�w�Ñ�Ÿ�ç�»�æ�ï�¬�s�7�‘�s�î�;�$�s�³�µ�Â�Ü�t�;�M�’�•�o�M

�”�Þ�Ã�ç�p�‹�K�”�}

�f�`�o�{
�
®�w�G	\�º�0�w�ˆ�T�’	ì	��¯�”�Å�w
Ç�)�›�æ�O�Õ� �´�ž�ï�É�¿�Ä

�›�^
R�b�”�\�q�p�|�{
�
®�w�G	\�º�0�w�ˆ�T�’	ì	��¯�”�Å�w
Ç�)�›�æ�O	Í�p�w

�ð�J�:�›
C�_�b�”�\�q�›�è�¦�`�h�}���s�8	ì�z
Ÿ�À	��T�’�˜�h�{
��Ã�”�»�›�‹

�q�t�Æ� �” �Ò�Õ�  �¶�Þ�Ã�ç�›�;�M�o�|�{
�
®�T�’�w�¶ 	6�›�æ�M�|
Q�ó�w 
°�A �›

�æ�l�h . �f�•�› �è�`�o�{
��º�0�w�ˆ�›�;�M�o�w	ì	��¯�”�Å�w
Ç�)�›�æ�O�Õ� �´

�ž�ï�É�¿�Ä�w
Q�ó�›�Œ�“�|�7�‘�s�ð�J�:�›
C�_�`�h�}

�Š�Z�€�w �é�Y �x�Ž�<�w �è�“�p�K�” .

	ì	��¯�”�Å�w
¬�R�›�æ�O
*�æ�Þ�Ã�ç�w���Š 	ì	��¯�”�Å�w
¬�R�›�æ�O
*�æ�Þ�Ã

�ç�q�`�o�Õ� �´�ž�ï�É�¿�Ä�› ���Š �`�h�}�Õ� �´�ž�ï�É�¿�Ä�›�;�M�”�\�q�p


Y�¬
Q�²	Í�w�h�Š�t
•�ó�H�w�Œ �Ý�›�0�›�t�;�M�”�\�q�U�D�ó�q�s�”�}�‡�h


����q�w� �ï�»�å�«�³�ã�ï�U	��“�•�b�M�h�Š	Z�—�w�g���U�g�r�`�•�b�M�³

�µ�Â�Ü�q�b�”�\�q�U�D�ó�q�s�”�}

�{
��º�0�w�ˆ�›�;�M�h�Õ� �´�ž�ï�É�¿�Ä�t�S�M�o
Q�ó�›�ÿ�<�^�d�”�ð�J�:�w
C�_

	ì	��¯�”�Å�x 
‡	× �t�I
ü�=�^�•�o�M�”�}�f�w�h�Š �Ÿ�s�”	ì	��¯�”�Å�U
Ç�)

�^�•�o�M�”�{
�
®�t�0�`�o�‹�G	\�U �¨�Å �`�o�S�“�|�° �m�w� �w ���Á �p
Ç�)

�^�•�”	ì	��¯�”�Å�U �!�˜�”�q�M�O�ð�J�U�K�”�}�‡�h�{
�
®�w�G	\ �”�x�v�’

�•�o�M�”�h�Š�|�{
�
®�t�q�•�”�À�¿�º�0�› �©�”�ë�”�Å�q�`�o �â�O �b�”
ž�A

�U�K�”�}�`�T�`	ì	��¯�”�Å�t�0 � �b�”�À�¿�º�0�x���7�p�K�”�h�Š�|�À�¿�º

�0�b �‚�o�› �©�”�ë�”�Å�q�`�o
¬�R�b�”�w�U�É�`�M�q�M�l�h�ð�J�U�K�”�}



iii

Code Selection Method of Job Code Assignment
Systems Using Bayesian Network

Shingo Kitamoto

Abstract

Matching job applicants with companies is an important issue in the job

market. It is necessary to meet the demands of job applicantsand companies

to read job applicants' resumes and companies' job o�ers. But it is di�cult for

people to match each resume to job o�er. So assigning code to job o�ers and

resumes and reducing matching subject may improve the matching quality.

We assume job codes which are assigned to job o�ers and resumes. Job codes

represent the job applicant's career and job content or desired career of the

company. Segmentalizing job codes can improve the matchingquality because

segmentalized job codes can represent more speci�c information about resume

or job o�er. But segmetalizing job codes makes di�cult to assign appropriate

job codes to resumes and job o�ers. Job applicants or Companies can assign

job codes to their resumes or job o�ers, but they can not necessarily assign

appropriate job codes. So the system which assigns appropriate job codes to

resumes or job o�ers which are written by natural language.

We need to create inference model which selects appropriatejob codes in

order to make the system which assigns appropriate job codesto job o�er. This

research aims to create inference model which assigns appropriate job codes

from job o�ers. But there is a problem as follow to create inference model.

Requirement for the inference model If the job codes which assigned to

a job o�er are inappropriate, matching the job o�er with job applicants

does not go well and the company and the job applicants su�er loss. To

utilize not only description contents of job o�ers but experts' knowledge

is required to improve the accuracy. So the model can utilizethe experts'

knowledge in some way. The model should be able to represent the reason

of output to be used in the real world. The model should be easyto interact

with people.

And there is a problem to utilize experts' knowledge.

To �nd factors which decrease in the performance of Bayesian Network
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It is also di�cult for the experts to explain their step of decision making

from the �rst to the end. So we should get partial experts' knowledge to

ask expert some questions through interview. Before interviewing, we need

to consider what is problem and what experts' knowledge is required to

solve the problem and what is appropriate question to get theknowledge.

We should �nd the factors which decrease in the performance of Bayesian

Network and know the limitations of Bayesian Network without expert

knowledge in order to �nd the problem.

In this research we use Bayesian Network as inference model which selects

appropriate job codes from job o�ers. Bayesian Network can interact with peo-

ple because it represents uncertain relationship between things. And Bayesian

Network is easy to utilize experts' knowledge. Bayesian Network is used such

system to search trouble reason or to �lter SPAM E-Mail. This research aims

to make Bayesian Network which uses only job o�ers contents inorder to �nd

factors which decrease in the performance of Bayesian Network. Some problems

get clear to evaluate the performance of naive bayes which learns from job o�ers

from the outplacement �rm.

The contributions of this work are as follows.

Proposal for the inference model which select appropriate job codes

Bayesian Network can be useful for the inference system. Bayesian Network

is easy to utilize experts' knowledge and to interact with people because

knowledge represents as the network in Bayesian Network.

To �nd factors which decrease in the performance of Bayesian Network

The problems are as follow. (i) Imbalanced data problem (ii)Merger of

the keywords which should be another job code's keyword (iii) Similarities

among job codes (iv) Variety of job contents
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�


®�›�i�t�`�o�|�f�•�t�&
~�s�¯�”�Å�›
Ç�)�p�V�”�\�q�U�l�‡�`�M�}

�f�\�p�|�Š�Z�€�p�x�{
�
®�T�’�w	ì	��¯�”�Å
¬�R�t�Õ� �´�ž�ï�É�¿�Ä�w�&�;

�›�ß�Q�”�}�Õ� �´�ž�ï�É�¿�Ä�w�&�;�›�ß�Q�”�g���w�° �m�x�|�\�•�‡�p�t �•
u �^

�•�h�{
�
®�•�è�´�á�Ý�Ã�”�»�U���O�b�”�\�q�p�K�”�}�\�•�’�w�Ã�”�»�›�i�t�³

�µ�Â�Ü�t�¶ 	6�^�d�”�\�q�p�|�‘�“�&
~�s	ì	��¯�”�Å
¬�R�U�D�ó�t�s�”�q �8�4 �^

�•�”�} �Ë�m�è�w�g���x�|�Œ �Ý�U�É�¿�Ä�ë�”�«�q�`�o
¯�^�•�o�S�“�|
����q�w� 

�ï�»�å�«�³�ã�ï�U	��“�•�b�M�:�p�K�”�}
Q ��
Q�ó�q�`�o�x�| �±�Ù �”�Ä�Õ�«�»�Ú
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¯ 1: � �ï�»�”�É�¿�Ä	Í�w�8	ì �±� �Ä�w	ì	� �.�%

�æ�À�|�Ä�¿�|�' �h�% �æ�À

MR

�&�g


ï�¿

�U	[�% (�¹�Ñ�Ä �¢�£ �ž�|�É�¿�Ä�ë�”�« ) IT �¯�ï �±�ç

�ž�Ó�æ�‰
C

� �ï�Ñ�å

�þ�º SE

�³�ï�w
Q�ó�U�ô�M�\�q�U�Œ�’�•�o�M�”�U�|�s �e�f�w�‘�O�s	ì	��¯�”�Å�U
¬�R�^

�•�h�w�T�q�M�l�h�g���›�Œ�”�\�q�x�É�`�M�} �m�‡�“�|�� �Í�i�í���p
Q �����Ø�U

�r�w�‘�O�s �™�¯ �›�Ë�m �T�g�r�b�”�\�q�x�É�`�M�}�‡�h�| �±�Ù �”�Ä�Õ�«�»�Ú�³�ï

�p�x�|	,	ì�z
Ÿ�À	��w
•�ó�H�w�Œ�_�›
S�é�^�d�”�\�q�‹�É�`�M�}

�^�o�|�Õ� �´�ž�ï�É�¿�Ä�x�\�•�‡�p�t SPAM �Ý�”�ç�w�Ñ�Ÿ�ç�»�æ�ï�¬�s�r�|

��	{ 
ü�¨�t�;�M�’�•�o�V�o�M�”�} SPAM �Ý�”�ç�w
ü �¨�q�M�l�h � �;�q 
z�± �b�”

�q�|	ì	��¯�”�Å
¬�R�p�x�|
ü �¨�§ �Â�°�æ�w 
:�U���X�|�‡�h�| �¨�Å �b�” �§�Â�°�æ

�U���M�|�°�M�p�| 
‡	× �t�ô�M 
^�S �U�A�{�^�•�”�q�M�O �›�Ã �U�K�”�} �m�‡�“�|��

�§�l�h	ì	��¯�”�Å�›
Ç�)�`�o�f�•�›�i�t �Ø
€ �U
ƒ���^�•�h�U�|�Ú�¿�½�ï�¬�U
R

�q�`�s�T�l�h	Ô�ù�|�{	ì	��|�{
��'�À
Ò�M�t �A�L�$�t�G�V�s 
…�;�U
\�a�”�\�q

�q�s�”�}


Q��
^�S �›�ô�Š�”�t�x�|
•�ó�H�w�Œ�_�›�O�‡�X	��“���‰
ž�A�U�K�”�q�ß�Q�’

�•�”�}�`�T�`�|�8	ì�z
Ÿ�À	��w
•�ó�H�‹�|�¯�”�Å
¬�R�w �¥�ß�a���› �Ž
æ�=�p�V

�”�q�x�v�’�s�M�} �«�Q�y�| �©�•

 �…�w
ü�ú�p�K�•�y�| �©�£ �x
ú�g�=�¶
S � �q�M�l

�h�
�:�p �ñ	��w 	Ý�6 �q�U�*�Ã�”�»�w�¼�L�����›
†�Ì�p�V�”�p�K �–�O�U�|�8	ì�z


Ÿ�À	��w
•�ó�H�x�À�¿�º�0�t���b�”
¯�q�q	ì	��¯�”�Å�w�����› �Ú�j �t
†�Ì�p�V

�”�q�x�v�’�s�M�}�f�\�p�|�{
�
®�Ã�”�»�›�i�t�Õ� �´�ž�ï�É�¿�Ä�&�;�w�M�t
\

�a�”�ð�J�:�›�Ì�’�T�t�`�|�f�w�ð�J�:�t���`�o
•�ó�H�T�’�Œ�_�› �«�˜�b�”�q�M

�O�ž �Ó�é �”�½�U�q�î�$�p�K�”�}

�Š�Z�€�w�]�J�x�|�{
�
®�T�’�w	ì	��¯�”�Å
¬�R�w�ð�J�t�0�`�o�|�Õ� �´�ž�ï

�É�¿�Ä�ë�”�«�&�;�w�M�t
Q�ó�²	Í�› �f�[ �”�A�¼�›�Ì�’�T�t�b�”�\�q�p�K�”�}�\
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$ 1: �Õ� �´�ž�ï�É�¿�Ä�w�Ï ���«

�w�]�J�›�r �>�b�”�h�Š�t�|�Æ� �” �Ò�Õ�  �¶�Þ�Ã�ç�›�;�M�o�|�{
�
®�T�’�w�¶ 	6

�›�æ�M�|�&�ù �p�~�6 �q
Q�w�:�p 
°�A �›�æ�O�}

�Š�Ø�w�Ï
R�x�Ž�<�w�q�S�“�p�K�”�}�‡�c �H 2 	·�p�Õ� �´�ž�ï�É�¿�Ä�w
†�Ì�›

�)�Q�”�} �Í�t�H 3 	·�p�Õ� �´�ž�ï�É�¿�Ä�›�;�M�h�� �È�Z�€�q�`�o�µ�Í�Ü�Ý�”�ç

�w�Ñ�Ÿ�ç�»�æ�ï�¬�t �m�M�o	º�p �b�”�} �H 4 	·�p�x	ì	��¯�”�Å�•�{
��t�0�b�” �“


†�›�)�Q�h �™�|���s�^
R�`�h	ì	��¯�”�Å�w
Ç�)�›�æ�O�Õ� �´�ž�ï�É�¿�Ä�t �m�M

�o�Ï ���•�¶ 	6�O�t �m�M�o	\ �‚�”�} �H 5 	·�p�x�^
R�`�h�Õ� �´�ž�ï�É�¿�Ä�w
Q�ó

�›
°�A �`�|�f�w �A�L�›�ß �o�b�”�} �H 6 	·�p�‡�q�Š�o�|�Š �Ø�›���Š�X�X�”�}

�H 2 	· �Õ� �´�ž�ï�É�¿�Ä

�Õ� �´�ž�ï�É�¿�Ä�x
ú�Ä�w�¼�L�����›�¬ �p�$�t
¯�b�¬�å�Ñ�Ÿ �§�ç�Þ�Ã�ç�w 1 	�

�p�K�”�} �«�Q�y �1�> (Weather) �x�>�9 (Temperature) �q�ê�S (Humidity) �t�‘�l

�o�>�‡�“�| A �^�œ�U�•�›�Ë�l�o�M�”�T (Umbrella) �q�¦�è 	��ˆ�q�`�o �Ì�µ�›�;�M

�”�T (Bus) �x�1�> �t�‘�l�o �>�‡�”�q�b�”�}

�\�w�q�V�\�w�����x�Õ� �´�ž�ï�É�¿�Ä	Í�p�x 
$ 1 �w�‘�O�t
¯�d�”�}�¬ �p�!
:
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$ 2: �Õ� �´�ž�ï�É�¿�Ä�w 	Ú�E
Ç�V�¬ �p
¯�w �«

(Weather �• Umbrella) �x�Õ� �´�ž�ï�É�¿�Ä�w �Ê�”�Å�q�`�o
¯�q�^�•�|
ú�Ä�w�¼

�L�����x �Ê�”�Å���› �A�•�ü�¹ �t�‘�l�o
¯�˜�^�•�o�M�”�} X �T�’ Y �t�²�Z�h �ü

�¹�U	Z�o�M�” �Ì�| X �x Y �w
��Ê �”�Å�q �z�y�•�| Y �x X �w� �Ê �”�Å�q �z�y�•�”�}


$ 1 �w�«�p�x Weather �w
��Ê �”�Å�x Temperature�q Humidity �|� ���Ê �”�Å�x

Umbrella �q Bus�q�s�”�}�Õ� �´�ž�ï�É�¿�Ä�p�x �Ê�”�Å���w�¼�L�����x 
‡	e�� �p�K

�”
ž�A�U�K�“�| 	e�� �b�”�‘�O�s	Ô�ù�x�Õ� �´�ž�ï�É�¿�Ä�x �–�Q�s�M�}�‡�h �¤�Ê �”

�Å�x�|�f�w �Ê�”�Å�w 
��Ê �”�Å�w �è�¹ �›�� �”�=�`�h 	Ú�E
Ç�V�¬ �p
¯ (Conditional

Probability Table, CPT) �›�Ë�m �}

�«�Q�y Temperature�q Humidity �x�‹�q� �̀o�ô�M (Hight) �q�ÿ�M (Low)�| Weather

�x�Í (Rain) �q
V�• (Sunny)�| Umbrella �x�•�›�Ë�l�o�M�” (true) �q�•�›�Ë�l�o�M

�s�M (false)�| Bus �x�Ì�µ�›�;�M�” (true) �q�Ì�µ�›�;�M�s�M (false)�q�M�O 2 �‹�!


:�p�K�”�q�b�”�} �>�9 �|�ê�S �q�‹�t�ô�M �Ì�t�x�¬ �p 0.8�p�Í�U�ñ�“�| �>�9 �U�ô�X

�ê�S �U�ÿ�M�Ì�t�x�¬ �p 0.3�p�Í�U�ñ�“�| �>�9 �U�ÿ�X�ê�S �U�ô�M �Ì�t�x�¬ �p 0.5�p

�Í�U�ñ�“�| �>�9 �|�ê�S �q�‹�t �ÿ�M�Ì�t�x�¬ �p 0.1 �p�Í�U�ñ�”�q�b�”�q 	Ú�E 
Ç�V

�¬�p
¯�x 
$ 2 �w�‘�O�t
¯�d�”�}�‡�h 
$ 2 �t�S�M�o�| �1�> �U�Í�w�Ì�t A �^�œ�U�•
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�›�Ë�l�o�M�s�M�¬ �p P(U = falsejW = Rain) �x	Ú�E 
Ç�V�¬ �p
¯�t �Ú
€ �q�•�s

�M�U�| �1�> �U�Í�w	Í�p�| A �^�œ�U�•�›�Ë�l�o�M�”�¬ �p P(U = truejW = Rain)

�›�;�M�o

P(U = falsejW = Rain) = 1 ! P(U = truejW = Rain) (1)

�›�-�‰ �b�”�\�q�p�{�Š�”�\�q�U�p�V�”�}�\�w�‘�O�t 	Ú�E
Ç�V�¬ �p
¯�x 
¶�o�w 
�

�Ê�”�Å�w	��“�O�” 
Ê�ˆ�ù�˜�d�t�0�b�”�Ä �™�¬�p�›�)�Q�o�M�”�}

�Š�Ø�p�x�|�¬ �p�!
: �› 2 �‹�w�m�„�!
: �t�v���`�o �^�æ�›�æ�O�U�|�Õ� �´�ž�ï

�É�¿�Ä�x�� �‹�w�m�„�!
: �•�È�� �s�!
: �‹�{�O�\�q�U�D�ó�p�K�”�}

2.1 �Õ� �´�ž�ï�É�¿�Ä�w�¬�p�-�‰
2.1.1 �ì
¶�A�ù�¬�p
ü
Í�w�-�‰

�Õ� �´�ž�ï�É�¿�Ä�p�x�0	Å �–�¬ �t�S�Z�” �ì
¶�A �ù�¬ �p
ü
Í�w�b �‚�o�w 
Ê�ˆ�ù

�˜�d�t�0�b�”�¬ �p�‹ �›�É�¿�Ä�ë�”�«�º�w	Ø�C�T�’ �-�‰ �b�”�\�q�U�p�V�”�}

�� P(X 1 = x1^ : : :^ X n = xn ) �w�-�‰�A �L�›�ß�Q�”�} P(X 1 = x1^ : : :^ X n = xn )

�› P(x1 ^ : : : ^ xn ) �q
¯�G�b�”�q�| 	Ú�E
Ç�V�¬ �p�w�� �[�‘�“

P(xn ^ : : : ^ x1) = P(xn jxn! 1 ^ : : : ^ x1)P(xn! 1 ^ : : : ^ x1) (2)

�q�s�”�}�\�w �-�‰ �›�| �A�ù�¬ �p P(xn! 1 ^ :::x1) �t�0�`�o�‹�& � �b�”�\�q�p�Ž�<

�w�Ü�U�˜�’�•�” .

P(x1 ^ : : : ^ xn ) =
nY

i =1

P(x i jx i ! 1; : : : ; x1) (3)

�\�w �Ã�s�Ü�x�Ú�™ �w�!
: �w	B�ù�t �m�M�o
R�q�`�o�S�“�|�½ �£� �ï�ç�”�ç�q �z�y�•

�”�}�‡�h X i �w
��Ê �”�Å�w �‹�w
Ê�› parents(X i ) �q� �̀| parents(X i ) � f X i ! 1; : : : ; X1g

�q�s�”�‘�O�t �Ê�”�Å�t 
j�ø �›�)�Q�•�y

P(x i jx i ! 1 ^ : : : ^ x1) = P(x i jparents(X i )) (4)

�q�s�”�}�\�w�q�V�½ �£� �ï�ç�”�ç�x

P(x1 ^ : : : ^ xn ) =
nY

i =1

P(x i jparents(X i ! 1)) (5)

�q�s�“�| �ì
¶�A �ù�¬ �p
ü
Í�U�Õ� �´�ž�ï�É�¿�Ä�w 	Ú�E
Ç�V�¬ �p
¯�w�A 
É�w
u�t
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$ 3: �Õ� �´�ž�ï�É�¿�Ä�w �«

�‘�l�o �-�‰ �p�V�”�\�q�›
¯�b�}

�«�Q�y 
$ 3�w�‘�O�s�Õ� � �́ž�ï�É�¿�Ä�U�)�Q�’�•�h�q�b�”�} �>�9 �U�ô�M (T=High),

�>�9 �U�ÿ�M (T=Low) �›���( �t�f�• �g�• t,: t �q
¯�b�\�q�t�b�”�q�| �>�9 �U�ô�X

(t)�|�ê�S �x�ÿ�X (: h)�|�1�> �x
V�• (: w)�| A �^�œ�U�•�›�Ë�l�o�S�’�c (: u)�|�è

�È�t�Ì�µ�–�l�o�M�” (b) �¬�p�x

P(t ^ : h ^ : w ^ : u ^ b) = P(t)P(: h)P(: wjt ^ : h)P(: uj: w)P(bj: w)

= 0:8 � (1 ! 0:3) � (1 ! 0:3) � (1 ! 0:0) � 0:3

= 0:1176

�q�-�‰ �^�•�”�}

2.1.2 �
���Ä	Å�U�)�Q�’�•�h	Í�p�w
*�æ

�Õ� �´�ž�ï�É�¿�Ä�t�S�M�o�¬ �p�!
: �w�‹�U�b�p�t �
�� �^�•�h �!
: �x	Â�Œ�!
: �|

�Œ�“�h�M�0	Å�w �!
: �x�í�ð �!
: �|	Â�Œ�!
: �p�‹�í�ð �!
: �p�‹�s�M �!
: �›
‡	Â�Œ

�!
: �q�z�y�•�”�} n �x�w 	Â�Œ�!
: e1; : : : ; en �› e�q�`�|�í�ð �!
: �› X �|
‡	Â�Œ�!


: y1; : : : ; yn �› y �q�b�”�q�| e�U�
�� �^�•�h	Í�p�|�í�ð �!
: X �w�Ä�™�¬�p P(X je)

�x�Ž�<�w �Ü�p�-�‰ �^�•�”�}

P(X je) =
P(X; e)

P(e)
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= �
X

y
P(X; e; y ) (6)

� �x X �w�‹�t�‘�’�s�M
Y �F�=�� 
:�p�K�”�} �Ü (5) �‘�“�| �ì
¶�A �ù�¬ �p
ü
Í�x�Õ

� �´�ž�ï�É�¿�Ä�w 	Ú�E
Ç�V�¬ �p
¯�w�A 
É�w
u�t�‘�l�o �-�‰ �p�V�” . �‘�l�o	Í �Ü

�x�Õ� �´�ž�ï�É�¿�Ä�› �–�l�o�| 	Ú�E
Ç�V�¬ �p�w
u�w�è�›	��”�\�q�t�‘�l�o�í�ð

�t�t�Q�”�\�q�U�p�V�”�\�q�›
¯�`�o�M�”�}�`�T�`�\�w �-�‰ �x n �!
: �w�Õ� �´�ž

�ï�É�¿�Ä�p�x �-�‰�Ì ���U O(n2n ) �q�s�“�| 	Â�Œ�!
: �w
:�•�!
: �w	��“�O�” �‹�U
ÿ

�Q�”�q �-�‰ ���É�t�s�”�}

�-�‰�®�p �w�‘�M�¬ �p
*�æ�ž�ç �°�æ�¶�Ü�q�`�o�x�|�¬�å�Ñ�›�M�X �m�T�w
æ
ü�$�s

�Á�®�¬�å�Ñ�q�f�•�’�› �A�ù�`�h �æ�t�!�õ �`�o �-�‰ �›�v���$�t�æ�O junction tree

�ž�ç �°�æ�¶�Ü�q �z�y�•�”�‹�w�•�| �±�ï�Ó�æ�ï�¬�ž�ç �°�æ�¶�Ü�w�° �m�p�K�”�Ú�ç

�¯�Ñ �È�/ �Þ�ï�Â �§�ç�é (Markov chain Monte Carlo) �ž�ç �°�æ�¶�Ü�U�Œ�’�•�o�M

�” [10]�}

2.2 �Õ� �´�ž�ï�É�¿�Ä�w�¶	6
�Õ� �´�ž�ï�É�¿�Ä�› �–�O�M�t�x�|�&
~�s (i) �!
: (ii) �É�¿�Ä�ë�”�«�Ï �� (iii) 	Ú

�E
Ç�V�¬ �p
¯�›�Ï�™�b�”
ž�A�U�K�”�}�\�•�x�0	Å �–�¬ �›	Y�Œ�`�h
•�ó�H�w�Œ �Ý

�•�& �g�t�‘�“�&
~�t �>�Š�s�Z�•�y�s�’�s�M�}�`�T�`�|
•�ó�H�w�Œ �Ý�T�’�Ï�™�b

�”�w�U�É�`�M	Ô�ù�‹�K�”�}�f�• �•�w�0 	r�q�`�o�|�Õ� �´�ž�ï�É�¿�Ä�p�x�¶ 	6�Ã�”

�»�T�’ �;�• �¶	6�›�æ�O	��O�U ���Š �^�•�o�M�”�}

2.2.1 �Õ� �´�ž�ï�É�¿�Ä�w�Ï���w�¶	6

�¬�å�Ñ�Ï ���w�¶ 	6�x�|�Ã�”�»�›�‹�l�q�‹�‘�X
†�Ì�b�”�‘�O�t�¬�å�Ñ�Ï ���›�s

�g�b�”�}�¬�å�Ñ�Ï ���w�s�g�í ���x�¬�å�Ñ�w �Ê�”�Å 
:�U
ÿ�Q�”�q 
0
C�$�t 
ÿ�G�b

�”�h�Š 
¶�s�g �U�É�`�X�s�”�}

�Õ� �´�ž�ï�É�¿�Ä�w�Ï ���¶	6�ž�ç �°�æ�¶�Ü�q�`�o K-2 �ž�ç �°�æ�¶�Ü [3] �U���Š

�^�•�o�M�”�} K-2 �ž�ç �°�æ�¶�Ü�x�Ž�<�w�‘�O�s	� 	q�p�æ�˜�•�”�} �¤�Ê �”�Å�t�0

�`�o 
��Ê �”�Å�q�s�“�˜�” �©�4 �›�v���`�h	Í�p�| �©�4 �q�s�” 
��t�0�`�K�” �Ê�”�Å

�›� �Ê �”�Å�`�o
¬ �•�}� �Ê �”�Å�› �C�Q�h�¬�å�Ñ�q � �Ê �”�Å�› �C�Q�s�T�l�h�¬�å

�Ñ�w	Ø�C�”�,	j �›
°�A �`�| � �Ê �”�Å�› �C�Q�h	Ô�ù�w�M�U �‹�U�G�V�X�s�l�h �Ì�w

�ˆ� �Ê �”�Å�› �C�Q�”�}�Ž	Í�›�b �‚�o�w � �Ê �”�Å�t �m�M�o���“�&�b�}	Ø�C �”�,	j

�q�`�o�x MDL[6] �w�&�;�U�° 
`�$�p�K�”�}
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$ 4: �Æ� �” �Ò�Õ�  �¶�w�«

2.2.2 �Õ� �´�ž�ï�É�¿�Ä�w�¬�p
¯�¶	6

	Ú�E
Ç�V�¬ �p
¯�t�S�M�o�| X �q Y �w	��“�O�” 
¶�o�w 
Ê�ˆ�ù�˜�d�t �m�M�o�Ã�”

�»�U���O�b�”	Ô�ù�› �ì
¶ �Ã�”�»�q �z�| �|�f�O�p�s�M�‹�w�› 
Æ�ì
¶ �Ã�”�»�q �z�• �}

�ì
¶ �Ã�”�»�w	Ô�ù�t�x P(X = truejparent(X )) �x�| parent(X ) �w�‹�q�p X �U

true �q�s�”�Ã�”�» 
:�› N t �| false �q�s�”�Ã�”�» 
:�› N f �q�b�”�q�7 �ì
*���t�‘�“

P(X = truejparent(X )) =
N t

N t + N f
(7)

�›�-�‰ �b�”�\�q�p�{�Š�”�\�q�U�p�V�”�}�`�T�`�|�Ã�”�» 
:�U	—
: �w	Ô�ù�x 	ô�T


Q�U�ÿ�X�s�”�}�Ã�”�»�U 	—
: �w	Ô�ù�t�x�| Dirichlet 
ü
Í�s�› �>���`�h�Õ�  �¶
*

���t�‘�“�¬ �p
¯�w�¶ 	6�›�æ�O	��O�U�Œ�’�•�o�M�” [2]�}

�Õ� �´�ž�ï�É�¿�Ä�t�S�M�o�¬ �p�!
: �U
ÿ�Q�”�q�¬ �p
¯�w �±� �¶�x�G�V�X�s�”

���²�U�K�”�}�¶ 	6�Ã�”�»�T�’ 	Ú�E
Ç�V�¬ �p�›�>���b�”�h�Š�t�x�|�¬ �p
¯�w �¤�ò

�t	G
ü�s 
:�w�Ã�”�»�U
ž�A�t�s�”�w�p�|�¬ �p
¯�w �±� �¶�U�G�V�X�s�”�q�7 �ì�O

�t�‘�“ 
¶�o�w 	Ú�E
Ç�V�¬ �p�w
*�� �‹�›�˜�”�\�q�x�É�`�X�s�”�}�`�h�U�l�o 
Æ�ì


¶�Ã�”�»�w	Ô�ù�t�x 	Ú�E
Ç�V�¬ �p�t�m�M�o�Ä
²
ü 
Í�›�>���`�h�“�| �°�
�� �Ã�”

�»�t �m�M�o�w�¬ �p
ü
Í�›
*���`�|�^�’�t�f�w
ü 
Í�t�‘�l�o �8�4�‹�-�‰ �›�æ�O�\

�q�U 
†�Z�’�•�s�M�}�f�w�‘�O�s	Ô�ù�› �{�O�M�O�q�`�o EM �ž�ç �°�æ�¶�Ü�w�&�;

�U���Š �^�•�o�M�”�}

2.3 �Æ� �”�Ò�Õ� �¶
�Æ� �” �Ò�Õ�  �¶�x
$ 4 �w�‘�O�s�Ï ���w�Õ� �´�ž�ï�É�¿�Ä�›�¦�b�}�Æ� �” �Ò�Õ

� �¶�p�x�| �'�� �0	Å�p�K�”�«�å�µ�›�›
¯�b �!
: C �U�É�¿�Ä�ë�”�«�w ���q�s�“�|

�
�� �0	Å�p�K�” ��
Q�›
¯�b �!
: X i �U�?�q�s�”�}�Æ� �” �Ò�Õ�  �¶�t�S�M�o�x ��
Q
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�w�‹�U x1; : : : ; xn �p�K�“ i 6= j �s�” i �q j �t�S�M�o

P(x i ; x j jC) = P(x i jC)P(x j jC) (8)

�q�s�“�|�«�å�µ�w �‹�U���‡�l�o�M�”�q�M�O 	Ú�E�w�‹�q�p�w �¤�� 
Q�w	Ú�E
Ç�V� �q

�›�>���`�o�M�”�}�\�w 	Ú�E
Ç�V� �q �w�>���t�‹�T�T�˜�’�c�|�Æ� �” �Ò�Õ�  �¶�x�ô

�M
Q�ó�› �Ô�b�\�q�U�Œ�’�•�o�M�” [8]. �‡�h�|�Æ� �” �Ò�Õ�  �¶�t�S�M�o ��
Q�w �‹

�U�)�Q�’�•�h	Í�p�«�å�µ�t ���b�”�¬ �p P(Cjx1; : : : ; xn ) �x�Õ�  �¶�w���g (Bayes'

Theorem)�q�Ü (8) �‘�“

P(Cjx1; : : : ; xn ) =
P(x1; : : : ; xn jC)P(C)

P(x1; : : : ; xn )

= �P (C)
Y

i

P(x i jC) (9)

�q�s�”�}�\�\�p � �x�«�å�µ�t �‘���`�s�M
Y �F�=�� 
:�p�K�”�}�«�å�µ�w �‹�U
ó
:

�K�”	Ô�ù�x�Ä �™�¬�p�U�7�‹�ô�X�s�”�«�å�µ�›
¬�R�b�”�\�q�p�|�«�å�µ�w
ü �¨�›

�æ�O�\�q�U�p�V�”�}

�!
: �U 2 �‹�!
: �p�K�”�q�b�”�q�|�Æ� �” �Ò�Õ�  �¶�w�Í�å�Ý�”�»�x P(C = true),

P(X i = truejC = true),P(X i = truejC = false) �q�s�“�¶ 	6�t
ž�A�s�Í�å�”

�Ý�”�»�w 
ï
: �x 2n + 1 �q�s�”�}�Í�å�Ý�”�» P(X i = truejC = true) �x�«�å�µ�t

���b�”�Ã�”�» 
:�› N �|�«�å�µ�t ���`�h�‹�w�w�O �j X i �U true �q�s�”�Ã�”�» 
:�›

N t �q�b�”�q

P(X i = truejC = true) =
N t

N
(10)

�q�-�‰ �p�V�”�}�`�T�`�‹�`�| N i �U 0�q�s�l�o�`�‡�l�h �Ì�| P(X i = truejC = true)

�x 0 �q�s�l�o�`�‡�O�}�\�•�x 	ý�h�s�Ã�”�»�t�0�`�| X i = true �q�s�”�\�q�p�| ��

�w��
Q�w �‹�t�T�T�˜�’�c �Ü (9) �x 0 �q�s�l�o�`�‡�O�}�\�w�‘�O�s�ð�J�x �¸�é
Ã�S

�ð�J [9] �q�z�y�•�”�} �¸�é
Ã�S �ð�J�› 
†�Z�”�h�Š�t�| Lidstone smoothing[1]�q�z

�y�•�”	��O�U ���Š �^�•�o�M�”�} Lidstone smoothing�x�µ�Ü�”�´�ï�¬�Í�å�Ý�”�»

�› � �|�«�å�µ�w 
ï
: �› V �q�b�”�q�|

P(X i = truejC = true) =
N t + �

N + V �
(11)

�q�`�o�¶ 	6�›�æ�O�M�O�p�K�”�}�‡�h � = 1 �w	Ô�ù�x Laplace smoothing�q�z�y
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�•�”�}

�Æ� �” �Ò�Õ�  �¶�x�Â �©�µ�Ä
ü �¨�s�r�t � �;�^�•�o�M�”�U�|�f�w	Ô�ù �o� �U	Z

�q�b�•�y true, 	Z�q�`�s�Z�•�y false �w 2 �‹�!
: �›��
Q�q�b�”�M�O�i�Z�p�x�s

�X�|�Â �©�µ�Ä�t�S�Z�” �o� �w	Z�q�s 
:�›��
Q�w �‹�q�b�”�M�O�‹�Œ�’�•�o�M�”�}�‡

�h�o� �w	Z�q	Ø�C�›�Þ�Ã�ç�=�`�h�‹�w�x�� �!
: �Õ�ç �È�”� �Þ�Ã�ç (multivariate

bernoulli model) �q�‘�y�•�| �o� �w	Z�q	Ø�C�i�Z�p�s�X�Â �©�µ�Ä�t�S�Z�” �o� 

�w	Z�q �•�” �t�‹ �«�è�`�h�Þ�Ã�ç�x�� �ò�Þ�Ã�ç (multinominal model) [7] �q�z�y

�•�”�}

�H 3 	· ���È�Z�€

3.1 �µ�Í�Ü�Ý�”�ç�w�Ñ�Ÿ�ç�»�æ�ï�¬
�Æ� �” �Ò�Õ�  �¶�w� �;�q�`�o�µ�Í�Ü�Ý�”�ç�w�Ñ�Ÿ�ç�»�æ�ï�¬�w�Z�€�U�K�” [4]�}

�µ�Í�Ü�Ý�”�ç�t�x "FREE MONEY" �• "!!!!" �q�M�l�h �›�Ã �$�s�Ñ�è�” �¶�U�q�•�•

�b�M�}�‡�h �4
Ç�Ñ �•� �ç�U�s�M�\�q�U���X�|�µ�Í�Ü�Ý�”�ç�U 
ù�’�•�o�V�•�b�M

�Ì���3�q�M�O�‹�w�‹���O�b�”�} Sahami�’�x�Â �©�µ�Ä�w�ˆ�t �,�n �M�h�Æ� �” �Ò�Õ

� �¶�q�|�Â �©�µ�Ä�w�ˆ�p�x�s�X	Í�w�‘�O�s �–�¬ �Œ�Ý�›�;�M�h�Æ� �” �Ò�Õ�  �¶�w


Q�ó�› 
z�± �b�”�h�Š�| (i) �Ã�”�»�T�’�˜�’�•�h �o�  500��
Q�w�ˆ�›�;�M�h�Æ� �”

�Ò�Õ�  �¶ (ii) �Ã�”�»�T�’�˜�’�•�h �o�  500��
Q�q
��»�$�t �å�C �`�h�Ñ�è�” �¶ 35

��
Q�›�;�M�h�Æ� �” �Ò�Õ�  �¶ (iii) �Ã�”�»�T�’�˜�’�•�h �o�  500��
Q�|
��»�$�t

�å�C �`�h�Ñ�è�” �¶ 35 ��
Q�|�^�’�t�Â �©�µ�Ä�Ž �Ž�T�’�˜�’�•�” 20 ��
Q�›�;�M�h

�Æ� �” �Ò�Õ�  �¶�w 3 	��w�Æ� �” �Ò�Õ�  �¶�›�^
R�`�| 
°�A �›�æ�l�h�}

�f�w �A�L�x (i) �t�0�b�”�Æ� �” �Ò�Õ�  �¶�p�x�µ�Í�Ü�Ý�”�ç�t�0�b�”�&�ù �p 97.1%

, �6�q�p 94.3%�i�l�h�‹�w�U , (iii) �t�0�b�”�Æ� �” �Ò�Õ�  �¶�p�x�&�ù �p�U 100.0%

�|�6�q�p 98.3%�q�&�ù �p�|�6�q�p�q�‹�t	Í 	¢�b�” �A�L�q�s�l�h . �‡�h (ii) �t�0�b

�”�Æ� �” �Ò�Õ�  �¶�x�µ�Í�Ü�Ý�”�ç�t�0�b�”�&�ù �p 97.6% �|�6�q�p 94.3% �q (i)

�w�‹�w�q 
z�‚ �o
Q�ó�U �„�q�œ�r�!�˜�’�s�M�q�M�O �A�L�t	4�˜�l�h�}�\�w�‘�O�t�|

�Ã�”�»�q �–�¬ �Œ�Ý�›�&
~�t 
Ê�ˆ�ù�˜�d�”�\�q�p�|�Æ� �” �Ò�Õ�  �¶�w
Q�ó�~
³�U


$�•�”�}
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�H 4 	· 	ì	��¯�”�Å�›
*���b�”�Õ� �´�ž�ï�É�¿�Ä�w�^
R

�Š�Z�€�p�x�|�Õ� �´�ž�ï�É�¿�Ä�t�‘�”�¯�”�Å
¬�R
Q�ó�› 
°�A �b�”�h�Š�t�|�K

�”	ì	� �§�Â�°�æ�t�S�Z�” 7 	��w	ì	��¯�”�Å�›�0	Å�t�Õ� �´�ž�ï�É�¿�Ä�w�^
R�›

�æ�l�h�}�Ž�<�p�x�|�‡�c	ì	��¯�”�Å�w
†�Ì�›�)�Q�|�Õ� �´�ž�ï�É�¿�Ä�w�^
R�t

�;�M�h�¶ 	6�Ã�”�»�|�Õ� �´�ž�ï�É�¿�Ä�w�Ï ���w�>���q�¶ 	6�O�w
†�Ì�›�æ�O�}

4.1 	ì	��¯�”�Å
�8	ì�¢	Ô�t�S�M�o�x�|���X�w�{	ì	��q���X�w�{
��'�À�U���O�b�”�}�f�w�h�Š


����U�|�ž�°�{	ì	��w�è� �́á�Ý�q�'�À�w�{
�
®�› �¥�V�ù�˜�d�o�|�&
~�s�Ú�¿�½�ï

�¬�›
C�_�b�”�w�x���É�p�K�”�}�f�\�p�|�è�´�á�Ý�•�{
�
®�›�¯�”�Å�=�p�V�•�y�|

�K�”�� �S�;�• �$�s 	r�g�›�`�o�Ú�¿�½�ï�¬ �©�4 �›�Ü�”�\�q�U�D�ó�q�s�”�}�¯�”�Å

�w�.�% �q�`�o�x�7�‘�s�‹�w�U�ß�Q�’�•�”�U�|�Š �Ø�p�x	ì	��¯�”�Å�›�U �|�w�0	Å

�q�b�”�}

	ì	��¯�”�Å�›�;�M�h	Ô�ù�w�Ú�¿�½�ï�¬�a���›�Ž�<�t �Ô�b�}�‡�c�|	ì	��¯�”�Å

�U�{	ì	��w�è�´�á�Ý�•�'�À�w�{
�
®�t
Ç�)�^�•�”�}�M�l�h �œ	ì	��¯�”�Å�U
Ç�)

�^�•�•�y�|�{	ì	��U � �7 �'�À�› �>���b�”�|�K�”�M�x�|�{
��'�À�U �Ø
€�©�4 	��›

�>���b�”�q�M�O �†�M�²�p�w �b�;�U�D�ó�p�K�”�} 
$ 5 �x�° �m�w�b�;�«�p�K�“�}�{

	ì	��U �1�l�w	ì	��T�’�{
��w�U �g�›�æ�l�o�M�”�\�q�›
¯�`�o�M�”�}�f�w�M�|�{

	ì	��w �1�l�w	ì	��›
¯�b	ì	��¯�”�Å�U�'�À�w�À�¿�º�0�›
¯�b	ì	��¯�”�Å�t ���‡

�•�o�M�”�T�p�Ú�¿�½�ï�¬�U�æ�˜�•�”�} �1�l	ì	��U	ì	��¯�”�Å A �p�K�”�w�p�|�{


� 1 �q�{
� 3 �U�U�g�^�•�”�\�q�t�s�”�}

	ì	��¯�”�Å�›�;�M�h�Ú�¿�½�ï�¬�›�ß�Q�”�M�|�p
µ�|�I
ü�=�^�•�h�¯�”�Å�›�;

�M�•�y�‘�“ 
^�S �w�ô�M�Ú�¿�½�ï�¬�U�D�ó�q�s�”�}�°�M�p�|�¯�”�Å�U�I
ü�=�^�•

�•�y�|
Y�`�M	ì	��¯�”�Å�w
Ç�)�t�æ 

�b�”	Ô�ù�‹
\�a�|�{	ì	��q�'�À�w�&
~�s

�Ú�¿�½�ï�¬�› 
Í�• �b�”�\�q�t�s�”�}�f�w�h�Š�|	ì	��¯�”�Å�w
Y�¬
Q�x 
‡	× �t�ô

�M
+	j �p�{�Š�’�•�”�\�q�t�s�“�|	ì	��¯�”�Å�x �o�t�'�À�w�À�¿�º�0�i�Z�p�x�s

�X�|�{�Š�”�&�º�s�r�‹ �æ�Š�`�o �>���b�”�\�q�U
ž�A�p�K�”�}�s�S�} 
$ 5 �w�{
�

1�|�{
� 3 �w�‘�O�t�|�&
~�s	ì	��¯�”�Å�U 
ó
: �K�”	Ô�ù�| 1 �m�w�{
��t�0�` 
ó
:

�w	ì	��¯�”�Å�U
Ç�)�^�•�”�}
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$ 5: 	ì	��¯�”�Å�w �b�;�«


¯ 2: �±�ï�Ó�ç�Ã�”�»�t
Ç�)�^�•�o�M�” �¤	ì	��¯�”�Å�w 
:

�¯�”�Å A �¯�”�Å B �¯�”�Å C �¯�”�Å D �¯�”�Å E �¯�”�Å F �¯�”�Å G

29 182 62 827 304 773 248

4.2 �¶	6�Ã�”�»
���s�Õ� �´�ž�ï�É�¿�Ä�›�^
R�b�”�t�p�h�“�8	ì�z
Ÿ�À	��T�’ �ÿ 5 �ª�E�w�{
�


®�›�˜�h�} �¤�‘�w�{
�
®�t�x�8	ì�z
Ÿ�À	��t�‘�l�o
Ç�)�^�•�h
Y�r�¯�”�Å�U
Ç

�Z�’�•�o�S�“�|�¶ 	6�Ã�”�»�q�`�o�;�M�”�\�q�U�p�V�”�}

�{
�
®�t�x�|�À�¿�º�0�q�{�Š�”
�
ú 
þ�s�r�w	Ø�C�U�G	\�^�•�o�M�”�} �¤�ò �è�t

	Ø�C�U�Ö�—�^�•�o�S�“�|�˜�p �ò�è�i�Z�w	Ø�C�› �¨	Z�b�”�\�q�x�D�ó�p�K�”�}���s


Ç�)�b�”	ì	��¯�”�Å�x�À�¿�º�0�›
¯�b�¯�”�Å�p�K�“�|�{
�
®�w�À�¿�º�0�t���b

�”�G	\
æ�w�ˆ�› �b�;�`�h�}�­�¿�º�0�w�G	\�x�|�×
µ�t� �p�G	\�^�•�o�S�“�| 600

�È���S�w
ü �”�q�s�l�o�M�”�}

���s�0	Å�q�`�h 7 	��w	ì	��¯�”�Å�t �m�M�o�¤�‘�w	ì	��¯�”�Å�t �m�M�o
Ç�)�^

�•�o�M�”�{
� 
:�›
¯ 2 �t�Ô�b�}
¯ 2 �›�_�”�q	ì	��¯�”�Å�t�‘�l�o
Ç�)�^�•�o�M

�”�¯�”�Å�t�y�’ �m�V�U�K�”�\�q�U
ü�T�”�}�‡�h 
¶�. �w�{
� 
:�x�ÿ 5 �ª�E�p�K�”

�w�t�0�`�| 1 �m 1 �m�w	ì	��¯�”�Å�t �m�M�o	ì	��¯�”�Å�U
Ç�)�^�•�o�M�”�{
� 
:
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$ 6: 	ì	��¯�”�Å�w
Ç�)�¬ �p�›
*�æ�b�”�Õ� �´�ž�ï�É�¿�Ä

�›�_�o�ˆ�”�q�° 
j
Ç�)�^�•�o�M�”�{
� 
:�U���M�¯�”�Å D �p�^�Q 827�E�q
¶�{
�


:�t
z�‚
‡	× �t	—�s�M�}�\�•�x���s�0	Å�q�`�h 7 	��w	ì	��¯�”�Å�t�v�l�h�‹�w

�p�x�s�X�| ���w	ì	��¯�”�Å�›�_�o�‹ �ž�è�w�\�q�U�t�Q�”�}

4.3 �Õ� �´�ž�ï�É�¿�Ä�w�Ï��
�Š�Z�€�p�x�‡�c�x�{
��º�0�w�ˆ�T�’	ì	��¯�”�Å�w
Ç�)�›�æ�O �o	m�s�Õ� �´�ž

�ï�É�¿�Ä�›�^
R�`�o�|�f�w
Q�ó�› 
°�A �`�|�� �™�w
•�ó�H�T�’�w �–�¬ �Œ�Ý�w�«�˜

�t�þ�q�o�”�}�f�\�p�Õ� �´�ž�ï�É�¿�Ä�w�Ï ���q�`�o�x�Æ� �” �Ò�Õ�  �¶�›�>�;�b

�”�}�‡�h �¤�{
�
®�t
Ç�)�^�•�”	ì	��¯�”�Å�x 1 �m�p�x�s�X 
ó
: �w	ì	��¯�”�Å�U

�m�X�\�q�‹�K�”�}�f�w�h�Š�| 1 �m�w�Õ� �´�ž�ï�É�¿�Ä�p n 	��¨�w	ì	��¯�”�Å�w
Q

���`�‘�O�q�b�”�q	ì	��¯�”�Å�w 
Ê�ˆ�ù�˜�d�w 
:�x 2n ! 1 �x�q�s�“�«�å�µ�w 
:�U


‡	× �t���X�s�l�o�`�‡�O�}�f�\�p �¤	ì	��¯�”�Å�t �m�M�o�¯�”�Å
Ç�)�›
*���b�”

�Õ� �´�ž�ï�É�¿�Ä�›�^
R�b�”�\�q�p�«�å�µ�w 
:�›�n�’�`�h�} �¤�‘�w�Õ� �´�ž�ï

�É�¿�Ä�w�«�å�µ�w �‹�x�p�˜	ì	��¯�”�Å�›
Ç�)�b�”�T�|
Ç�)�`�s�M�T�w 2 �‹�q�s

�”�} 	ý�h�s�{
�
®�U�)�Q�’�•�h�q�V�|�f�•�t
Ç�)�b�”	ì	��¯�”�Å�w �>���x�|�x�‘

�w�Õ� �´�ž�ï�É�¿�Ä�t�S�M�o
Ç�)�^�•�”�q
Q ���^�•�h	ì	��¯�”�Å�› 
Ê�ˆ�ù�˜�d

�”�\�q�p�s�^�•�”�}

	ì	��¯�”�Å i (codei ) �t�0�b�”�Õ� �´�ž�ï�É�¿�Ä�w �«�›
$ 6 �t�Ô�b�}�Õ� �´�ž

�ï�É�¿�Ä�w �Ê�”�Å�q�`�o�x �¤	ì	��¯�”�Å�t�0 � �b�” �©�”�ë�”�Å�›�;�M�”�}

�©�”�ë�”�Å�w �>���x�|	ì	��¯�”�Å �]�q�t�� �È�S �›�;�M�o �¨	Z�`�h�;� �æ�µ�Ä

�›�^
R�`�|�f�w�;� �æ�µ�Ä�T�’
¬�R�b�” ���›�q�l�h�}�s�S�;� �æ�µ�Ä�x �ž�‰�Z

�€�›�æ�l�o�M�” �-�? �>�»�À �Ò�Ü�q�þ�T�’ ���™�›	!�Z�h�}�^�o�|�Õ� �´�ž�ï�É�¿

�Ä�t�S�M�o �Ê�”�Å�w 
:�U
ÿ�Q�”�q�¬ �p
*�æ�t�T�T�” �Ì���U 
‡	× �t
ÿ�Q�o�`�‡�O�}
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¯ 3: �;� �æ�µ�Ä�w�;�  
:�q�Õ� �´�ž�ï�É�¿�Ä�w �Ê�”�Å�q�`�o�;�M�h ��
Q
:

�¯�”�Å A �¯�”�Å B �¯�”�Å C �¯�”�Å D �¯�”�Å E �¯�”�Å F �¯�”�Å G

�;�  
: 55 511 154 2401 825 2363 678

��
Q
: 55 165 154 258 214 253 208

�f�\�p���s�x�;� �æ�µ�Ä�w�O �j�� 
Q�w
:�U 300�t	)�‡�”�‘�O�t	Z�q 
Ã�S �t�¢�‹

�›
ƒ���`�|	Z�q 
Ã�S �U�¢�‹�‘�“�ô�M�‹�w�› 
ƒ���`�h�}�‡�h�| ���™�›	!�Z�h�;� 

�æ�µ�Ä�t�x�| ���È
:�U
‡	× �t���M�‹�w�U ���‡�•�o�M�h�}�K�‡�“�t ���È
:�U�Õ�M

�‹�w�x 
Z�;�$�s �©�”�ë�”�Å�q�x�t�Q�s�M�h�Š ���È
: 15 �Ž	Í�w�‹�w�t �m�M�o�x

�©�”�ë�”�Å�q�`�o �>�;�`�s�M�‘�O�t�`�h�}

7 	��¨�w	ì	��¯�”�Å�t�S�M�o�;� �æ�µ�Ä�t�q�•�h�;�  
:�q�Õ� �´�ž�ï�É�¿�Ä

�w��
Q�q�`�o �>�;�^�•�h �©�”�ë�”�Å�w 
:�›
¯ 3 �t�Ô�b�}�¯�”�Å A �q�¯�”�Å C �t

���`�o�x�;� �æ�µ�Ä�t�q�•�”�;�  
:�U	—�s�X�|�Õ� �´�ž�ï�É�¿�Ä�t�;�M�” ��
Q

�w
:�‹	—�s�M�‹�w�q�s�l�o�M�”�}
S�0�t�¯�”�Å D �q�¯�”�Å F �t���`�o�x�;� �æ

�µ�Ä�t�q�•�”�;�  
:�U���X�|���X�w�;� �U�Õ� �´�ž�ï�É�¿�Ä�w ��
Q�q�`�o �>�;

�^�•�s�M �A�L�q�s�l�h�}

4.4 �¬�p
¯�¶	6
���s� 
̂R� �̀h�Õ� � �́ž�ï�É�¿�Ä�t�S�M�o P(codei = true) �• P(x j = truejcodei =

true); P(x j = truejcodei = false) �›�¶ 	6�Ã�”�»�T�’�{�Š�”
ž�A�U�K�”�}���s

�æ�l�h 
°�A �w�M�|�0 � �b�”	ì	��¯�”�Å�U	Z�q�b�”�q�V�t 1 �S�‹�q�•�s�M �©�”�ë�”

�Å�U���O�`�h�}�‘�l�o �©�”�ë�”�Å�w	Z�q 
Ã�S 	Ø�C�w�ˆ�›�;�M�o�¶ 	6�›�æ�O�q �¸

�é
Ã�S �ð�J�U �I�\�”�h�Š�| Laplace smoothing�›�;�M�o�¶ 	6�›�æ�l�h�} �é�.�$�t

�x�| codei �U
Ç�)�^�•�o�M�”�{
�
®�w 
:�› nt ,codei �U
Ç�)�^�•�o�M�s�M�{
�
®�w


:�› nf �| codei �U
Ç�)�^�• �©�”�ë�”�Å x j �U�q�•�”�{
�
®�w 
:�› ntt �|	ì	��¯�”�Å

i �U
Ç�)�^�•�c�t �©�”�ë�”�Å x j �U�q�•�”�{
�
®�w 
:�› ntf �q�S�M�h	Ô�ù�t�Ž�<

�p�-�‰ �^�•�” �‹�›�{�Š�”�\�q�p�¶ 	6�›�æ�l�h�}

P(codei = true) =
nt

nt + nf
(12)

P(x j = truejcodei = true) =
ntt + 1
nt + 2

(13)

P(x j = truejcodei = false) =
ntf + 1
nf + 2

(14)
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�H 5 	· 
°�A


²	·�w	��O�p�^
R�`�h�| 7 	��w�Õ� �´�ž�ï�É�¿�Ä�t �m�M�o�Ž�<�w�‘�O�s 
°�A

�›�æ�l�h�}

5.1 
°�A�M�O
5.1.1 
°�A�,	j

�&�ù �p (Precision)�|�6�q�p (Recall) �w�
�:�T�’ 
°�A �›�æ�l�h�}

1. �&�ù �p�x
Y�¬
Q�›
¯�b�¦ 
ª�p�K�”�} R �›�Õ� �´�ž�ï�É�¿�Ä�t�‘�“
Y�`�X
Ç�)

�^�•�h	ì	��¯�”�Å�w 
:�| N �›�Õ� �´�ž�ï�É�¿�Ä�t�‘�“
Ç�)�^�•�h	ì	��¯�”

�Å�w
:�q�b�”�q

Precision =
R
N

(15)

�q�b�”�}�&�ù �p�x
��› �p�^�c�t�|	ì	��¯�”�Å�›
Ç�)�b�”�³�µ�Â�Ü�w�ˆ�›�;

�M�o	ì	��¯�”�Å�›
Ç�)�b�” �b�;�O�›
Ý���`�h	Ô�ù	O�A�s�¦ 
ª�q�s�”�}

2. �6�q�p�x�â�O 
Q�›
¯�b�¦ 
ª�p�K�”�} R �›�Õ� �´�ž�ï�É�¿�Ä�t�‘�“
Y�`�X
Ç

�)�^�•�h	ì	��¯�”�Å�w 
:�| C �› 7 	��w	ì	��¯�”�Å�t�0�`�| 
¶�{
��t�S�M�o


Ç�)�^�•�o�M�”	ì	��¯�”�Å�w 
:�q�b�”�q

Recall =
R
C

(16)

�q�b�”�} �6�q�p�x	ì	��¯�”�Å�›
Ç�)�b�”�³�µ�Â�Ü�t�‘�“	ì	��¯�”�Å�›
Ç�)

�`�|�f�w �™
��w	��t�‘�“
Ç�)�^�•�h	ì	��¯�”�Å�w�O �j�&
~�s	ì	��¯�”�Å�›


¬�R�b�”�q�M�O �b�;�O�›
Ý���`�h	Ô�ù	O�A�s�¦ 
ª�q�s�”�}

5.1.2 
°�A	�	q

4 
ü�Â�w�¦�)�U���t�‘�“ 
°�A �›�æ�l�h . 	�	q�x�Ž�<�w�q�S�“�p�K�”�}

1. �{
��› 4 
ü�Â�`�|�f�w�º�w 1 �m�›�Â�µ�Ä�Ã�”�»�| �’�“�›�¶ 	6�Ã�”�»�q�`�h�}

2. �¶	6�Ã�”�»�w �©�”�ë�”�Å	Z�q 
Ã�S �›�‹�q�t�| �¤	ì	��¯�”�Å�t�0 � �b�”�Õ� 

�´�ž�ï�É�¿�Ä�w�¬ �p
¯�›�¶ 	6�b�”�}

3. �Â�µ�Ä�Ã�”�»�t �m�M�o�|�f�• �g�•�w�Õ� �´�ž�ï�É�¿�Ä�t �©�”�ë�”�Å�w	Z�q

	Ø�C�› 	Â�Œ�!
: �q�`�o�)�Q�|�f�w	Í�p	ì	��¯�”�Å�U
Ç�)�^�•�”�¬ �p�›
*�æ

�b�”�}

4. �Ž	Í�› �Ÿ�s�”�Â�µ�Ä�Ã�”�»�t�0�`�o 4 �s�æ�O�}
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$ 7: �¢�‹�›�!�=�^�d�h�q�V�w�&�ù �p�q�6�q�p�›
¯�b�¬�å�Ñ

5. 3.�w�A�L�›�Ú�”�´�b�”�\�q�p�|�f�• �g�•�w	ì	��¯�”�Å�t�0�`	ì	��¯�”�Å�U


Ç�)�^�•�”�¬ �p�‹ �›
¶�{
��t�0�`�o�˜�”�}

6. 
*�æ�w �A�L�|�K�”	ì	��¯�”�Å�t �m�M�o
Ç�)�^�•�”�¬ �p�‹ �U�¢�‹�‘�“�G�V�X

�s�l�h	Ô�ù�|�f�w�{
��t�f�w�¯�”�Å�›
Ç�)�b�”�}�‡�h �¢�‹�›�Ò�Q�h	ì	��¯�”

�Å�U
ó
: �K�•�y�|�f�•�’�w	ì	��¯�”�Å�›�b �‚�o
Ç�)�b�”�}

7. 5.�t�S�M�o �¢�‹�› 0.01�T�’ 0.99�w���p �!�Ë�`�|�&�ù �p�|�6�q�‹�›�-�� �`�h�}


°�A �t�S�M�o�Õ� �´�ž�ï�É�¿�Ä�w�^
R�•
*�æ�›�æ�O
ž�A�U�K�”�}�\�w�M�Š�Z

�€�p�x Bayesian Network tools in Java(BNJ)�p���™�^�•�o�M�” API �›�b�;�`

�h�} BNJ �x�§�ï�²�µ	-�q�G�¶�w�Z�€ �è�p�Œ�Ý
C�_�w�h�Š�w�Ã�”�»�Õ�”�µ (KDD)

�p�¬�‰�^�•�o�M�” �¦�”�Ó�ï�¹�”�µ�w �¹�Ñ�Ä �¢�£ �ž�À�”�ç�p�K�”�}

5.2 
°�A�A�L

°�A�A �L�x 
$ 7 �w�‘�O�t�s�l�h�}���s�w 
°�A �t�S�M�o�x�&�ù �p�|�6�q�p�q�‹

�t	G
ü�s
Q�ó�U�˜�’�•�s�T�l�h�}�‡�h�| �;�• �$�s 	r�g�t�‘�“�Ñ�Ÿ�ç�»�æ�ï�¬�`

�o�| �™�p
����U �%�p
Q�›
Q�…�b�”�q�M�O �b�;�O�›
Ý���`�h	Ô�ù�t�x�| �6�q�p�›

�p�V�”�i�Z�ô�Š�”�\�q�U�A�{�^�•�”�U�| �6�q�p�› 90% �t�s�”�‘�O�t �¢�‹�›
ƒ��

�`�h�q�\ �–�&�ù �p�x 3% �q
‡	× �t	–�^�s �‹�q�s�l�o�`�‡�l�h�}

16



5.3 �ß�o
���s�^
R�`�h�Õ� �´�ž�ï�É�¿�Ä�p�x 	G
ü�s
Q�ó�U�˜�’�•�s�T�l�h�}���s�w�ð

�J�:�q�`�o�Ž�<�w�A�¼�U�ß�Q�’�•�”�}

1. 	ì	��¯�”�Å���w �¨�Å 
Q

2. �À�¿�º�0�w���7
Q

3. ���w	ì	��¯�”�Å�›
¯�b �©�”�ë�”�Å�w ���‰

4. 
Æ�É�ç�Ã�”�» (imbalanced data)�w�ð�J

�‡�c	ì	��¯�”�Å���w �¨�Å 
Q�q
¯�q�w���7
Q�t �m�M�o
†�Ì�b�”�}	ì	��¯�”�Å�x	ì

	��º�0�t�‘�“�I
ü�=�^�•�h�‹�w�q�s�l�o�S�“�| �Å�è �l�h�À�¿�º�0�p�‹�À�¿�0	Å

�•�•�l �0	Å�t�‘�l�o�)�Q�’�•�”	ì	��¯�”�Å�U �§�l�o�X�”�}���s�;�M�h 7 	��w	ì

	��¯�”�Å�t�S�M�o�‹�| �•�l �0	Å�U �§�O���w	ì	��¯�”�Å �§�Â�°�æ�U���O�`�o�M�”�}

�Š�R�•�l 	Ø�C�U�§�Q�y	ì	��¯�”�Å�›
Ç�)�^�•�” �‚�V�p�s�M�t�‹�T�T�˜�’�c�| �•

�l�0	Å�U �§�O	ì	��¯�”�Å �§�Â�°�æ�t�0�`�o�‹	ì	��¯�”�Å�›
Ç�)�`�o�`�‡�O�q�M

�O�¡
Q ���U���X�ˆ�’�•�h�}	ì	��¯�”�Å A �t�0�`�|�À�¿�º�0�U �‰�a�p �•�l �0	Å�U

�§�O	ì	��¯�”�Å�› A' �•�w�¡
Q ���U���T�l�h�g���q�`�o�x�|	ì	��¯�”�Å A �w�©�”

�ë�”�Å�t �©�”�ë�”�Å A' �w�•�l �0	Å�›
¯�b �©�”�ë�”�Å x j �U���O�`�s�M�T�’�p�K

�”�} x j �U�q�•	ì	��¯�”�Å A �U
Ç�)�^�•�o�M�”�{
� 
:�x�| x j �U�q�•	ì	��¯�”�Å

A �U
Ç�)�^�•�o�M�s�M�{
� 
:�t
z�‚	— �s�M�q�ß�Q�’�•�”�}�s �e�s�’�|	ì	��¯�”

�Å A' �•���w	ì	��¯�”�Å�t x j �U�� 
:	Z�q�b�”�q�ß�Q�’�•�”�T�’�p�K�”�}�‘�l�o�|

�ß�o 1. �p	\ �‚�h
Æ�É�ç �Ã�”�»�t�0�b�” �¦�”�Ì�”�±�ï�Ó�æ�ï�¬�›�æ�l�h 	Ý�6 �p�x

P(x j jcodeA) < P (x j j: codeA) �q�s�”�}�‘�l�o x j �w	Z�q�t�‘�“�|	ì	��¯�”�Å A

�U
Ç�)�^�•�”�¬ �p�‹ �›�n�’�b�\�q�U�p�V�”�}�`�T�` �•�l �0	Å�›
¯�b �©�”�ë�”�Å

x j �U���O�`�s�M�\�q�p�| x j �w	Z�q�t�‘�“	ì	��¯�”�Å A �U
Ç�)�^�•�”�¬ �p�x�n	—

�d�c�| ���w�©�”�ë�”�Å�w	Z�q�t�‘�“	ì	��¯�”�Å A �w
Ç�)�¬ �p�U	Í�U�l�o�`�‡�O

�q x j �U�q�•�”�{
��t�0�`�o�‹	ì	��¯�”�Å A �U
Ç�)�^�•�o�`�‡�O�}

�`�T�` x j �w�‘�O�t	ì	��¯�”�Å A �q
Û�w
ì���U�K�”�‘�O�s�‹�w�›	ì	��¯�”�Å A

�w�©�”�ë�”�Å�q�`�o
¬�R�b�”�w�x�É�`�M�}�f�\�p	Í�G�w�‘�O�s�ð�J�›�r �>�b�”

�h�Š�t�Ž�<�w�‘�O�s	��O�› ���Š �b�”�}

� �Õ� �´�ž�ï�É�¿�Ä�w �w�ù

���s�x�«�å�µ�w 
:�›�n�’�b�h�Š�t �¤	ì	��¯�”�Å�t �m�M�o 1 �m�n�m�Õ� �´�ž

�ï�É�¿�Ä�›�^
R�`�h�}�f�w�h�Š�| ���w	ì	��¯�”�Å�w �©�”�ë�”�Å�w	Ø�C�x ��
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$ 8: 	ì	��¯�”�Å A �q	ì	��¯�”�Å A' �›�w�ù�`�h�Õ� �´�ž�ï�É�¿�Ä

�w	ì	��¯�”�Å�w�Õ� �´�ž�ï�É�¿�Ä�t�S�M�o�x �b�;�p�V�s�M�}�`�T�`���s�^


R�`�h 
:�x�w�Õ� �´�ž�ï�É�¿�Ä�› 1 �m�t�‡�q�Š�”�\�q�p ���w�©�”�ë�”�Å�w
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