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4H �$%IJ ��a QRO P &1 2 QR�O P e- �Y Z l�m n V W&e

- �o �$%p q r 7#Y sr �t �&e- �o �$%u �Y Z \ v w x y �

z{ 7|} ��&e- �o ~ �� ��� � �7�� � � � �&� 7�o �$%

b~ �� �� � ��� O �Q� V W���H �O P I�<��e- � � �>[

�(Cg� � )���&� � H �� Y Z � � d � ���'(Ie?S 9��_̀
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� � ´ µ ��)&1 � zR�V W¶1 � #���RM · �̧ ¹ º|» 7¼½I

J �¾¿§ z�À Á &Â ���U Ã ¥ � � ¼½~ Ä ¤ ! e- Å Æ Ç Bb- À

È �R&k£ �|» V W¶É ÊË Ì'(Í¥ Î Ï ��gÐ 5 6 ��R� 
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RN�Ûp q r �t �&Ü g£ Ó �k<1 2 Ó Ô �QRO P �[Ý V W�T#

��Ò¹ �� D ��¾Þ �(correlated)(ßà 1.1&Var11¶ Var12?á Var17¶

Var18)&k£ J �M 6 #â �V ã(redundancy)�1 2 V W�¹ �Lä|» J � å

¾¿z�� � &æ1 ² �V W.É ÊË ÌM ç J �[è é& ! e- S 9¶ê ë

ìí d î ¾ï �ðñ&b?ò Ý 5 6 ���RÑó &'(ô ¥ .Î Ï gÐ �õ ö

÷ ò #â �V W� 

 

 

 

 

 

 

 

 

 

 

 

à 1.1 V W¾Þ �Cø  

 

Xà 1.1�e?ù ú V W�|} Ó ÌûM ü Ø &N¤ô e?� � 9o 2 V W

J �ý þ �(Outlier&Cgà 1.1� Var10¾Lä�� ���Þ �à�IJ ���

Û� � �� � z� |�V WÛ)M � �ö |} &ý þ ��¹ �� � LäV W|»

áË ÌÉ ÊJ �� ¾¿� � �� � &1 �'(�~ Ä V W	
 ¥ � � ¶  � �� 

���� 6 V WO (Missing Data)�� �&�2 ¤� k<�2 � � �k�A �

�2 O P ���: �QR7�� �� ��� Ö&1 ² °�� 6 V WO �� å&�

� �'(S 9��U �� 6 �V WO M #&ç �1 a ì��V W�|» \  � �
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å&k£ ¯�S '(.! " � 

® ðÖ×&'(S 9��U J �?� �� �# 

(1)V W��R� ä§ z&�[|» M $ % 

(2)T#��ÑÒJ ¹ �Þ & �&k£ J �#â �V W¹ �% 

(3)¹ �ý þ Û¶� 6 V WO �� �� 

� �¿��� ��k<' (7�� k�A � � � �� ) 7M * Ø &'(+ ,

gÐ XzR�m n V W�.- Æ A � ��[��. ¥ k�/gÐ X1 2 �U É

Ê�0 1 2�Ë Ì�3 '(.4 5 ���� �&_6 7 Ø 8 2 $%L� � �� ¾

¿� � �Þ Ù �û9 '(- ! " � $%ÑÒ: ¾� � �Þ �/ 

 

1.2 ��� ���� ���� ���� �  

³ " ; . ¥ �) * � IC��bS �zRV W<� � _6 � = > ? (Feature 

Selection)��h @ ~ Ä 5 6 Ã ¥ ~ Ä �V WR¶�2 þ � V W|} ABCà�

�Ë Ì(Graphical Models&GMs)�D �.É ÊÆ Ë Ì&�3 '(E 9å� \ ��

�(� � M * Ø º¡ ¢  ! d î M 2F '(GH )¤- I J ?4 5 &- Æ � � � �

�$%7k�?á- Æ 1 2 k�ÑÒ�Þ �&3 4K L �� D �8 9 � 7M Q

å� �õ ñ� 

bN �à��Ë Ì�O (\ �2 D ��O P &QR � � [S ö + æ�¾¿T

U �V W \ &XX Y Z [ ¶7 \ �Ä " º] J 0<̂ Y �4 5 9¤W �M Q¶ã

_ ` a �&æÖb j ¶4 5 a a � �7� c �GMsð2Ý + � ¶àY �Ä " &

Qd 6 Ý ¾¿#a ¼æ�O (|» eã_ ~ Ä �f g Ü g Kalman Filters[1], 

auto-regressive models[21],¶T#V ã̀ a Ä " [2]�GMs?�h à���j D

i 9 ; (- j k ö 4 5 ¶Ä ú à�l �b¥ 8 m + �n ��o ¥ � �áë p

q Ä �r ³ � s &N¤Q¯�3 Ý �2 Ä " t äë � + � (½¶7 \ �® 6 Ö

×&GMs _̀ Ý ¾¿#d u �O (D �¶f v 3 '(+ æ[13,14]� 
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'(> w x æ�� GMs��à��D y Ë Ì(Graphical Gaussian Models&

GGMs)&> w �m k�äQ~ Ä �D z �K L{�þ ª « (covariance matrices)¶

Þ & ª « (correlation matrices)&Lä#â V W(redundancy)¶V WÒ¹ �D �Þ &

�(highly correlated)� � ��3 1 ¿�ú 7 D ��| � GGMs -̄ S 9��> w

�õ ñ&N¤à���}9 '(- I  ~ � ö .ù ú ��ÑÒ: ¾�Þ & �&

LäV W�|» 4 5 � z�� � � 

� �°k+ V W�� �> w 1 2�ë � � � gà 1.2b}&��h @ ~ Ä _

` Ý ý þ �¶¶� 6 V WO �~ Ä ?á� = > ? �$%.) ¢ V W���R&B

� > ? S 9���&'(e?�¶� � � ��Þ �����<� Ö3 0|» ¶É

ÊË Ì%AÖ�à��Ë Ì��K L��ÑÒ��Þ & �?á¹ �#â V W�ì

�J ?~ Ä � 

 

 

 

 

à 1.2 K LV W� ��Æ �� � à 

 

�� '(- I BC GGMs É ÊÆ Ë Ì&ç �ë p � � �¤� � � É Ê� �

�¼½R¾¿�z&��� #&(½¤Ò¯���à 1.3�� � � = > ? � ��

30���V W({ 154lY Z V W)&��� J ����.Q� ���� J Lä(

½�� � &��� � � 2 ¬ ��� n �V W������ � GGMs�É ÊË

Ì&3 ¬ ��� n �V W���H � �<�� � � GGMs�É ÊË Ì... � £ Ó

�&à 1.3 � }������Lä¼½¤Ò� � Þ �1&e?� 9¼½¤Ò́ F �
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à 1.3 ��� J Lä¤Ò�� �  

 

�S � � ��à�� � }9� 3 15���.3 0 GGMs�É Ê&1 �k<

�ë � �¤� &16����¼½RR � Å Æ �i ` � , b- À È �R&�[�

� BM   4: �f � / 0� .&k£ ��?à 1.3���ÖM Q¡ ��¼½R

7¼½¤Òe?� � æ 20���.É Ê GGMs¼½¤Òe- ¢ 1.3k£(¾¿ä

22|¤ )&4æ 30���¼½¤Ò�[�9 130k£(¾¿ä 36 { ¤)&N¤(½

R" �� � Å Æ � ¥ b- À È �R&1 �'(	
 ¥ ¦ 3 �ö D � 

§ �� ¨ �m n V W� � � = > ? �&<3 0���|©&�H �©���

ª R« ¬ �� ¥ b- À È ���R&H �©<� �É Ê GGMs&� �� ©ÑÒA

��.É ÊÙ �Þ �&?|©®Ô �D �.8 9É ÊD ©�V WË Ì�P � � 

    1 ¯|©b° æ�D ���#�RO (¾¿� æ�k�|» (Factor 

Analysis&FA)¶#©± ² � C(Multidimensional Scaling&MDS)�a D ��k�

|» �. ¥ �æ³ �ä���|Ó ?á) ¢ ��R��£ '(e?¼æk�|»
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- Æ § �́ ���(Cgk�&factor)7X, ©�R µ �V W�> Æ �- ¬ , ©

���&� ¶ 1 2 k�.���|©[5,23,24]�4#©± ² � C|» e?½�·

�a �i �k�|» &Q̧ ¹ Ö×º ����o § » ² �4 5 ¼ ½ Ø �©�¾ Ò

�&k£ '(Ã ¥ �½ Ø �©�¾ Ò�- 9�®Ô �¿ À &ûE.Á ½��Ò®

Ô �¾L¿ @ &� ¶ ��Ò́ ��¿ @ Þ �áÂ £ Ò�Ã � .ú Ä ��¾Ô ��

��[15,16] 

1 �a D ��é� �ä FA�V W	
 �#�R� Å |} EH ����<k

�(factor)¶è é�Æ � � 2&4MDS�� �1 2 « ¬ &k£ MDS�ë p \ e

+ æ�Ç È �T ç �|Ó ðñ�̧ ¹ %FA�� �b« ¬ ç �e- J � MDSÉ

? Æ " #�k� "̄ J Ê Ë &�Ì ä£ '° æ1 �a D �: ¾Í Î � 

    � �� �4 5 D ��� � J gà 1.4b}&m n V W<� � _̀ .ò ý þ �

e� = > ? ��h @ ~ Ä 5 6 V Wþ � |} �ì�¶) ¢ ��R&Ñ�� � ð�

Ï Q(Structure Detection)¯°�B� k�|» ¶#©± ² � C|» ���|©&

H �©<� �É Êà��Ë Ì&A.É Ê©¶©ÑÒ�Þ �?d [� B�Ë Ì� 

 

 

 

 

 

à 1.4 ¸ �D ��� B� �  

 

    �ë � �� ��&̧ �D �¾Lä�ÐD ��Ë - ± Ñ Ë ÌÉ Ê�¤Ò&¼

½R�) ¢ �� ä'(|» " #����ç �Ò ���§ �� �� å&ÓË Ì�

¡ é�ûM Ô 2'(�¥ Õ&̄ °�¼æ̧ �D �É ÊÆ Ö��Ë ÌJ ¶m n V

W¹ ��� BÞ �¾é � �Ö 5 ���m ke?� � ¸ �D ��|©.É Êà

��Ë Ì?á� ©��É ÊÙ Þ ��$%&× ë \ °�Ø Ù Ý ��Ñ��� |
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Þ & �&e- J è Ú Ý �2 �o �©�ûM o ¥ ç L� B4Û ¾¿Ü �� � � �

¯&k£ ¥ ¦ 3 1 O � Ý '(3 0à��Ë Ì�$%Ñh &Lb�� 3̄ 0�z

®Ô Á Q&Þ Lä� BË Ì�o ¥ �¯<ß à á ÖA.É ÊË Ì�?à 1.44Û

� B�� � û� �¦ �&� ��ð� Ï Q¶à��Ë Ì�$%ÑÒJ \ �â Á Q

¶ß à �ß ã + ¬ &<X� B.! " LË Ì� �o ¥ �¯&5 6 ¡ ��|©É Ê

Ë Ì� �� åè Ú �ì�&g£ x ¸ �D ��'(- ~ Ä " #���N¤ô - ß

ä Ë Ì�¡ é��b¥ Õ�Ç È Ñå� 

    É Êd Ë ÌÑ�'(e?¼æ�2 æ ç è O 7�é ê ë ì �D �.|»

[10]�ÕC4Û ¿���� � M Ô 2'(�¥ Õ¤&°e?¼æð2é ê ë ì �

Ë Ì.- Æ Lä� � � � �z��a ��?3 '(3 0¦ � ��¤�í Î V

W&̄ e?BC1 a ð2�D �.M Q � o 2 í �7��D �LäðñJ �g

Ð �� � &?5 6 î � ï è �+ J ¶[³ �ð ñ � 

 

1.3 � �� �� �� � 				



 

³ " ; {|<òó� ¨óK Là 1.4 h @ ~ Ä ¶ð� Ï Q�� |_6 k�

|» ¶#©± ² � C|» J ?ô j � � ó�Läà��Ë ÌP h �� õ ¶Ë Ì

É Ê�m Ä �" 3 �$�ö j &N¤�Æ É Êà��Ë Ì�÷ ½��� ø ó�

¸ �D �ù E 9�� ��Æ ×ú¶¦ 3 D �� ûó�ë � ¶! " �� |&J L

�2 V W� ��~ Ä >×ú&� ! " Ë ÌÉ Ê�(½�õ - « ¬ &��A.�

�̧ �4 5 D ��ðñ� òó�ð" �� |� 
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�� ��� ��� ��� � � � 	 
 �� � 	 
 �� � 	 
 �� � 	 
 � �  � � ��  � � ��  � � ��  � � �  

 

2.1 � �  �� �  �� �  �� �  �  

2.1.1 ������������������������ 

    m n �U �|» Ñh &� � J K L�2 þ � �V ã&Ü gý þ �7V WO �

� Ý �&>� ÷ 7~ Ä ?) ¢ M f � �U L4 5 ðñ�� � &ûE���� #�

¤� x æ� = > ? �D i .> w �o ¥ ���Ö|» � 

 

2.1.2 � � 	 
 ��� � 	 
 ��� � 	 
 ��� � 	 
 �� 

bN �ý þ �°��¹ ��7#����2 ��¾¿¦ ü �² ³ &� � 1 2

Lä� �V W�O (� �� �  z�ÕCÖ×&�Õ? ý þ �i ���¤&ý þ

�� � °J [<7 Ø L 1 ðñ�. ¥ k�&gà 2.1�¨©|} àb}&à��

i �� � �ÛÂ £ éþ M z,k£ '(e?- 9�� M ï �ý þ Æ (à��� Æ �

|)&ç �J \ � \ D � AÛÑ�&<Ý Î Ï 1 �¦ ü ���[L 1 ðñ�¦ �&

�1 �à�'(e?� � ý þ �¾LäN�©���� Û�Ë �� ¾¿� � �

� � �× ë \ ý þ ��� ��V W|» �� � � ß�&Eý þ ÛL|» ðñ��

� ��� � û� ��Ø �� Ê e� &4ý þ Û�� åzd �?� ø a m k# 

(1) V W	 � ï è &1 e- �; <	 � 
 Ý �[V WO P M f Ë % 

(2) � 6 V WO � á �ï è &��  � ¥ �i |» V W¤�Ø Ù Ý Lo 2 O

P � 6 V W�ì�>1 ¿�Î Ï °e- �ï è �� å% 

(3) ? ² �ï è &�¤� ý þ Ûe- � ³ M q ä'(b¥ ? ² �² ³ ¾ Ò&

k£ �� h 91 a ì�¤1 Ó ���+ , � ?Ú ò � 

(4) V W|} �� �&e- �2 V W°ê �7#76 J ¹ ��2 ¦ ü �ì

�&1 2 � � M Q�� 
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LäÙ Ú |} ���&J <Î Ï ¹ �R�ý þ �&�� [ �� U �¡ é�z

ä 3.29(p<0.01&two-tailed test)&M � V W¦ ü ���ô �� ² ³ ��R�Þ &

¿² ³ ��R N z¤&¡ é�zä 3.29�² ³ � � � � 6 ��� � [ ý þ �

�� U �B� à��D �&'(e?�V W� [ O (àºD � àº� Å + � àº

�à7|} à�f � �V W� � ��� � �� È zd �LP �|} &4ý þ Û

(7��2 � �6 ��² ³ )� á ÖÔ F °¶� �|} ©� �Ù ��á � 

 

 

 

 

 

 

 

à 2.1 ý þ ÛL¨©|} àL 1 �� �  

 

    - 9¹ �R�ý þ �Ñ�&� � J � � 1 �D z .Î Ï #�R�ì��� [

#�R�ý þ �¯e?� ¶ ¹ �R�>�B� ¡ é�7à�D �Ö3 0&ç ��

#�R�ì�� ~ æ� � .� |��éþ ´ F �M e- �&'(e?B� O (

�D �LH ��² ³ (½� � � � � y Ã � (Mahalanobis distance)�1 �Ã � �

��o �² ³ 9�� ² ³ b� [o � (centroid)�¿ @ &bN �o � �Cb���

�� � �� [�&�  �! " ß[7]� 

    ���S � � ��&�¤� �2 ý þ �J � o 2 ý þ �b! " &ÕC4Û '

(� � Ý �2 ý þ �ûE.ò &�� J x S £ O V W|} f � ç ��� V WÒ Æ

� ¾¿¦ ü �|} &k£ � �# $ �>��#D .� �ý þ Û.ò Ñ��õ ñ&

#.î � ~ 9: �A- 9§ ���7�.ò ý þ ÛÑ��ðñ  I 9 '(% �

<&� 
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2.1.3 � �  � � 
 ��� �  � � 
 ��� �  � � 
 ��� �  � � 
 �� 

�V W|» \ · �� � ß�� ��� 6 V WO &� å�m k #&e- �

+ ' � å� �7� � õ + : �QR&¯e- �; <�
 Ý �� � � 6 �V WO b

|} ��i � �Ro ¥ &gñ� 6 �o 2 �U �� �V W��m + |} � � �[

�� �ûM z&ç ����Ø �|} �i &'(°	
 ¥ � � � � Ý �gñ�z

R�V W�� �6 ��V W� Ý E�m + |} &1 ² �ì�� �M ( o E) Ð �

a ~ Ä � 6 V WO �D �(½ðñI¾¿Ó Ô %ç ��V W� 2�z{ q ä��

7" { �ì�� ��M 6 �V W� Ý &�J �¦ ( o �� �&M * ��� �û�

�úË �Ê �9 '(ù ú V W� 2�z{ Lä� 6 V WO - + , ����8 �� 

E 9� 6 V WO �ì�¤&e- ° æ�D ��� a #[7] 

(1) Case-wise Deletion#- Î Ï � �_̀ � 6 V WO �² ³ (case)&¯°��

¥ o �² ³ �����?\ ��V W� . &�Ø Ù £ ² ³ � 

(2) Pair-wise Deletion#O (��(½Cg¾Þ ���(½J �����<�

� Ö(½&�o ��² ³ ����Ò���?\ ���� 6 V WO �ì

�&� � (½1 ����¤J Ø Ù , ² ³ �k<1 ² �(½�K L��

ì�Î Ï �&k£ �(½¾Þ ���¤� x æ pairwise�D i &� � (

½H ���bæ�² ³ ��J m � � 6 V WO �e/4�M N� 

(3) Mean Substitution#�² ³ � . �V WO ?, ���� � �0 \ � 

     

2.1.4 � � � �� � � �� � � �� � � �  

A. � � � � � � 
 � �� � � � � � 
 � �� � � � � � 
 � �� � � � � � 
 � �  

    �M Q�V W1 ? (predictive data mining)1�� 2 9��>°�Xm n V W

                                                 
1 P ,���;�<�Q�E�R�;�<�Q�E
S TVUXW UZY\[ ]^[ ]`_bac��d�e.�gf���R�h�i�;�<�j�k�l� �m�n�o�j�p
��q�r�s�t�u�vw�`I�x�y�z�{�|}�~ n�;�<
��I P ,�������������������������m���������O
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zR�� > ��� 2�- Æ 1 ¿��E1 2æÖM Q� �V W��� |��

� 2�ÕC4Û &� C���� �7� ¥ ~ Ä 3 � bS �m n V W&� � °_̀

Ý �� 7\ ]  ! " #���R&ç ��2 r ³ �V W|» D �&º �Ó 4 � ë

ì |» º|Ó 5 6 à7�Ð�Æ �Ë Ì� 7 �+ 8 g£ § z���R&g£ D �

©�&k£ IJ Ã ¥ <9 � = > ? ��>[17]� 

    z� |æÖM Q7|Ó �D ���� k���¶ N��: (a)¥ ¸ ¹ �ª «

z{ �6 � ( 1) / 2k k× + &¯°�� � ; ª « �V WR%(b) ¥ o F ~ Ä V W< :

?S 9�= ��M QË Ì&� � ! 6 J Ã ¥ �z{ � k N× �d � V W� 2̧ ¹

��� B�?J > (½¤Ò�ÕC4Û &3 0�2 ¸ ¹ �Æ �ý þ |» &�r ³

�Ê u �>&º �½Æ V W�¾Þ & ª « &���¾¿#¤ > °J 8 9�i 7

? Bb- À È �¦ « &AJ \ �¤3 0Æ �Ë Ì�L 1 (fitting)7�= �J ¥ Õ

¾Þ & ª « (7{�þ ª « )�ï ª « &1 ² �(½���Rz�¤� J ¾¿@ �

4E¼½�k<�õ �A �[�è é(round-off error)J M [ �B C ��( o �

� (½�[ðñ¾¿M * Ø &b?���(½Ñh '( J̄ D z >� = > ? ��

>� 

    Ë ÌL 1 &í �Á Q7#O i ��= ���D ©��¤� � � J �©��@

E(“Curse” of Dimensionality)1&¿	 � V W�©�(����)� J �¤� &̈ ¥

- F �= ú ��>@ � �J [� �� �&F G �J zz��D &k£ ë p 4 5 °

J �m n V W� ÷ &M J � G #���R>|» � 

 

B. � � � � 
 � �� � � � 
 � �� � � � 
 � �� � � � 
 � �  

    � = > ? �ë m � � ��M N J̄ �M �² �>�&Hg� > ���©¶'

(�I J ���ÑÒ�Æ �Þ ��K &e? ̧ ¹ �Õ¾Þ ��(correlation 

coefficients)&¶'(� I J ���¾Þ ��� D �K ��� h i %4�M ��Æ

                                                 
1 “Curse” of Dimensionality(Bellman, 1961, Bishop, 1995) �  
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�
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��

��

	�

	�


�

�

�Þ ��K �R �T#M N�; L J ?" j &�£ M #J M N � 

    · ó �Ù Ú ¾Þ ���h �Ñ� &e����|} Ç È |< kO&Ñ�.Õ

Æ H ����� F¶ p|} �1&� U 1 �a ��.9 ���� U �?à 2.1(a) 

 

 

 

 

 

 

                 (a)                              (b) 

  

 

 

 

 

                 (c)                              (d) 

à 2.2 |O.(½¾Þ F��Cø  

 

 (a) (b) (c) (d) 

r 0.9492 -0.8429 0.3917 -0.0681 

F-value 181.8921 109.2766 17.4037 0.5258 

 2.1 à 2.1� F�e¾Þ �� r��� 

 

4Û &'(°�? Y( P � ��)<. æ� = > ? �D �.7 Ø 9P X(H Q��)

                                                 
1 F
H��

p
H� �"��
���

A
O
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Lä Y � � zM z�H' £ ¤�� = > ? �J �H 7 Ø ���|} Ç È |<û

O&�à 2.1(a)�°�� X�|} Ç È � � |<û�� |(Var1�|} �

35.5~39.5&b?|û�|�K �? 0.8<ÒQ&� n � 35.5&36.3&…&39.5)&

H ��� |� XIe?� �ÕÆ L Y�� � �&F��(½°�?1 û�� �

�ÕS ��� F�� z�K ¬ ��H �� |bS Y � � �ÑÒ�éþ � z&

¯°�¿ X ¦ ��¤� Y°J � � ¦ �&4E F�� z X�¦ �J �[ Y " z

���� 

?|O.(½ F��� = > ? D �V WÒ�|} °M �Ø ¥ º à 2.1(a)(b)

�®Ô Æ ��|} &Lä(c)(d)�� M � �� � Æ �|} &'(R� - I �V W

|O&(½ F�.Ö ! H �O���z{ ?7 Ø H Q���M �� � P � �� 

z�g 2.1b}&e?� � F�� z������¾Þ �� S � 

 

2.2 � � � � �� � � � �� � � � �� � � � �  

2.2.1 � � � � � ��� � � � � ��� � � � � ��� � � � � �� 

    BC#�R|» '(e?���|©&P ��) * ?|©3 0 GGMs�D

i ¸ �Ë ÌÉ Ê�� �&J x æ9��k�|» ¶#©± ² � C�a D �� 

 

2.2.2 � � � �� � � �� � � �� � � �  

    k�|» (Factor Analysis&FA)�. ¥ �æ³ �ä���|Ó ?á) ¢ ��

R�'(e?¼æk�|» �¾®���|[N�©&ûE- Æ § �́ ���(C

gk�&factor)7X, ©�R µ �V W�> Æ �- ¬ , ©���&1 ² ��>

"̄ �T ä'(LH �©��� ��ù ú %7¼ '(¯e?¼æk�|» X�z

©��¿�- Æ 1 R({ ©�)  I ¬ m n V W���?3 0�� �4 5 [5,23]� 

k�|» �� U Ë Ì 

  y Ax e= + &                                                (2.1) 
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1e

2e

3e

1y

2y

3y

�� 1[ ... ]T
my y y= '(R µ �m����C��́ ��k� 1[ ... ]T

nx x x= �Æ �

� 2J \ U E7è é�� | 1[ ... ]T
me e e= ��1 �Ë Ì�H' # 

� x�� � �<V&E��þ R<�« �� 

� e (� � �<V)<Â £ M ¾Þ �m + ��¯°� 

2 2
1: { ,..., }Te mee

E diag σ σΣ = =                                  (2.2a) 

    E x¶ eÑÒ¹ �g� �Þ � 

: 0Txe xe
EΣ = =                                             (2.2b) 

    A P̂ <k�ª « & 

1 �Ë Ì. ¥ �P ��¥ B� �6 ��{Nk� x�M Î Ï U E7��è

é�ìí � .ú Ä R µ ��ÑÒÂ £ � W �Þ �&C1 �� Û'(e?�m Ö�

i ø ¦ [ 

  � : T
i iiy a x=                                                      (2.3) 

�� T
ia ¬ ��ª « A�  i�± &ELä i j≠ '(� 

� �i j i j
y y y y

E E=                                                    (2.4) 

�Þ �&1 �½ Ø X m + �� 1{ ,..., }my y X ~ (conditional orthogonality)�Þ �7

�D y |} �Cø P � Y Z Ê�Þ �&̧ ¹ Ö×&°� iy Â £ Ò- | � {N�k

� X 4¾Þ ��£ Ø s ��}z R 1{ ,..., }mv v Æ �� 2� m©m + ��&  

 

  

 

 

 

à 2.3 Ë Ì� Y Z Ê�Þ � 
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�åC ¾ Ò< ( )H v �k£ X ~ �� �¾¿ä�C � :y Ax= Æ �� 2�m + ��&

�ø ¾ Ò(�9 �: ( )X H y= )�� �&E) Ð Ó Ì� X � 2I[Ê���- 9 yå

� [ ��� Y Z Ê�ø ¾ Ò X P < 1{ ,..., }my y �|� ø ¾ Ò(splitting subspace)&

4�� � iy � �X ~ �\ � � { | }iiy E y X= � 

    ) Ð X ���� 2Ie?¿>�k�z R��M Ý �Ðì�� > w f � �

�r P &¯°� 

Txx
E I=                                                       (2.5) 

�M ï �> w �k£ '(e?µ â dimn X= <Ë ÌÆ �Z Ê�± �(rank)�ú�

� rankA n= �4Lä��}N�©�� y�k�|» Ë Ì�k��[¾N�

|� ø ¾ Ò X &�1 ��Ë Ì¾�� 

    � � k�M �½ Ø �&4E> w �D � m̄ � Ë Ì�� �¶F G ��bM

N&'(� � ) * x æ n m� �Ë Ì&- 9�6 R�	¥ k�.} y��6 R

k��Ë Ì¾L��|� ø ¾ Ò X �©�¯�{ � 

    × ë \ ½ Ø R µ ��� 1{ ,..., }my y �J �: ���{ |� ø ¾ Ò&k£  #

M N�k�|» Ë Ìe?N¤8 ü Ø �m©½ Ø �� y�ÕCÖ×> w Läb

� {1,..., }k m∈ º 1 1 1: [ ... ... ]T
k kx y y y y− += &'(e?S 9��Z � �k�|» Ë ÌP

<r ] ý þ Ë Ì(elementary regressions)&�i g� # 

�

1 [1...0] 0

[0...1] 0

T
kk k

m

y x

y a x e

y x

= +�
�
�
�
� = +
�
�
� = +�

�

�

                                                (2.6) 

�� � 1( )T

T T
k yk xx

a E x E −= ��S � � ���1 �Ë Ì�è é�þ ª « � ��O M <

V� 

    � �· ��� ��gÐ 7 Ø '(�k�&�7 Ø k����¤� ò Ý ¥ n�
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1F

2F

1F

2F

6 Ñó )̄ * > w �k�R  I 8 ½ Ø ��� y&� 5 ^ #6 k�_   I ` /

�1 �'(e?� U . ¥ [|(principal components)�D �.7 Ø � 

    bN �. ¥ [|��ë ¯�k�|» ��a &QH' k���R¶½ Ø ��

��R¾N&4H ��k��b�½ Ø ���Æ �� 2& 1 1 2 2 ...ix y yω ω= + + �'

(BCÕ? . ¥ [||» ��� = �(eigenvalue)Ö7 Ø k���R� 

    £ ó k<�. ¥ [|�D ��& ��k�� � Lä���Ë Ì� � �z&

b?�7 Ø d k����Ñ�'(� � J ) * �k��� � � � � |a 9H �

k�\ &'(J �k��ð� J ?b c � 

 

 

 

 

 

 

à 2.4 b c k�ð� �Cø  

 

    ��&× ë \ k�M �Ø ¥ Â £ : ¾X ~ &�¤� <Ý - F �1 ¿Ȩ ¹ �

ð� e?> w D d (oblique)�k�&> w : ¾ X ~ �k�. ¥ �k<(½~ Ä �

¸ ¹ &4> w D d �k�� �ð� e- J " ¸ ¹ &ç �k<k�ÑÒJ ¹ �¾�

Þ �&(½\ J ¾L�" F G � 

 

2.2.3 ������������������������ 

    #©± ² � C(Multidimensional Scaling&MDS)|» e?½�· �a �i �

k�|» &� � 1 �|» D ��. ¥ P ��¥ - F ��Ò́ ��¿ @ Þ �&æÃ

� Öú Ä ��Â £ ¾Ô ���[15]�#©± ² � Cx æ�. ¥ h ����V We
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?#©����}&k£ ��e?�#©��¾ Ò�Ø À &��Ò¾Ô �Þ �

°¶#©¾ Ò��Ã � [ï � Þ ��úee f r Ã � (½i (Minkowski distance 

metric)�3 Ý ��	
�#©�¾ Ò(½Ã � �D �# 

1/

1
[ | | ]

rn r
ij ik jkk

d x x
=

= −�                                           (2.7) 

��n�©�& ikx ��� i�©� k¤��U V W�¿ 2r = ¤&(½i ¾¿ä¨

©¾ Ò�g r Ä h Ã � (½i (Euclidian distance metric)� 

    #©± ² � Ce?æ� #M N�æ³ \ #æäV W�|» \ &gñ�¥ |

» ���² ��¢ ©��¾ Ò&V W� � �F G ��¤� e?Xm Ö�V Wª «

) ¢ N¤R- ß à 	¥ �V ã%æä� Ä X i V W\ &#©± ² � Ce?� };

Ó 7 \ �gÐ � å�&�3 � Ä V W�2 2Ä �ú Ä %#©± ² � C �̄ æ�|

Ó 7j k ��Y Ë Ì�¿>V W~ Ä �r ] �>� 

    #©± ² � CM � � º �d � �(½~ Ä �n &4� �º ����o § » ²

�4 5 ¼ ½ Ø �©�¾ Ò�&k£ '(°Ã ¥ �½ Ø �©�¾ Ò�- 9�®Ô �

¿ À &ûE.Á ½��Ò®Ô �¾L¿ @ � 

    Kruskal(1964)�Æ Ý ��æÖl [ Ã � ijd ¶b¥ � � ¾Ô �� ijo � stress

�i g� & 

* 2

2

( )ij ijij

ijij

d d
s

d

−
=
�
�

                                             (2.8) 

��(½Ý M Q�Ã � ijd ¶'(b¥ 8 9�P � Ã � *
ijd ÑÒéþ ���BCï

m (½&'(e?- 9��Ò�= ®Ô �¿ @ �Borg¶ Groenen�Æ Ý æÖ�

#©¾ Ò�n ���¿ @ - F �= ú �o p D �[11]&M � �. ¥ ô �¥ 9 stress

� { � q � 

    � Ö��o ¥ �� ��gÐ > w 1 ¿�©�/¿'(L @ ���¤� x

æD ©��� e?S 9 ¢ � stress�&M � ðñÒ  � C; � � � &4Eô +

$ r 9G ã�� � 4� åM q �ðñ%ï Ñx æ©�G 6 e- J s Ý G #�V
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ã� 

   �� æÖ> w x æ©��D ��| � screeQ� &1 �BC stress (7¾Þ l

R�= ®Ô �D �)L©��>àÖ7 Ø �1 �Q� D ��<C Cattell K Lk�

|» �k����! " 4�Æ �[20]%Kruskal¶Wish 1 �Q� D �æ�©��

7 Ø \ [19]� 
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������������ � � � � �� � � � �� � � � �� � � � �  

 

3.1 ���������������������������� 

    à��Ë Ìe?P �\ �ð2Ý + � ¶àY �Ä " &z� \ Ö×&Q�3 Ý

�O t � ; �k�#Í<à��Ë Ìe?�<��Ü Éc � �ç � Ä |ú��h

�u Û &B� 1 O u Û &'(e?X#�Rm + �n �� Û.ö j ê ë è O 7ã

_ ��2 o ¥ � �(º �� Y Z Ê�� �)�à��Ë ÌÑ��H a à�I��v

�è ± ¾L+ ��Y D ��3 '(.ú Ä à��� s ��µ &w m � à��Ë Ì

���2 �T ä'(9 + � �[ ¶7 \ ~ Ä �Ä " &¾�äx O �+ � �QD

�&B� à��Ë Ì��" � �¶�à�\ �Éc � �'(- zz�5 6 (½R

[14]� 

    ¸ ¹ Ö×&à��Ë Ìö j ��m + ���� Y Z Ê(conditional 

independence)�� �&½ Ø à��Ë Ì¯°��3 Ý '(�Ù y ��� Y Z Ê�

Þ ��bN �� Y Z Ê°�� �o a ½ Ø �+ � |} ( )p ⋅ � � �M N�m + ��

X ºYº ZLäb�� xº yº z�� ?� �Þ �# 

( , | ) ( | ) ( | )p X x Y y Z z p X x Z z p Y y Z z= = = = = = = =         (3.1) 

�P <� Y Z Ê&�> X �Y | Z�z { K ×¿'(µ â Z�ì�� &Y L X û

M J � å� � &ï Ñ| � �� Y Z Ê���S 4�� �d } &| � 1 �d } O (

�Ë Ìe?� � �Ù y ��n J ?̧ �7c �['(bÃ �ÌÅ � 

    ��à��Ë Ì�Cà�(graph) ( , )ν ε=� b� [�&��ν �~ Û
(vertices& P̄ �Û7 m + ��)�� 2&4¯�� 2ε��ν ν× �ø � 2��

�à�ö j �°���� 2ν ÑÒb��+ � |} Þ �&4¯ε�ÌÅ �m � à
��a Ó M N�béþ (�: D z �7�� Ó Ì)�à��Ë Ì�a Ó  #&H �

a x æ�6 í IM N&a Ó _6 Ý �D z ��Ë Ì(DGMs Directed Graphical 

Models7P é ê ë ì &Bayesian Networks)º� �D z ��Ë Ì(UGMs&Undirected 
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Graphical Models)º� ðë ì (chain graphs)ºe|ú Ë Ì(decomposable models)

�T#a Ó Ì��Ð4Û &M N�à�> æ�� Y I�� �¾L + �V W|} &

M � �¤� J̄ �o F �ö D (¯°��a V W|} e?æ�a à�?M N��

Û.ú Ä )[14]�³ ; b> æ�à��D y Ë Ì��q ä UGMs��a � 

 

 

à 3.1 à��Ë Ì�a Ó  

 

3.2 ���� 	 ��
 ����� 	 ��
 ����� 	 ��
 ����� 	 ��
 �  

3.2.1 ���������������� 

�! " Ë Ì�m Ä Ñh &	
 Là�Ä " �o 2 Ø s �r ³ �� k &k£ 1

�{ �Þ ¡ �J æ9�d } ¸ ¹ 9 M N � 

��à�& ( , )ν ε=� &�C�« O �~ Û(7P �Û)� 2ν ¶�« O �¯
(7P � &arcs)� 2ε b� [�ð� &æ¯ε Ö}~ Ûν Ù �Þ ���³ �
" ; �~ Û�? 1x º 2x º 3x …�D i }�&4H �~ Û�¥ ~ Ä V W�I�

� �L+ ����'(�¯}[[ 1x 2x ]7¾Nä[ 2x 1x ]&4E¯�� �D z �

�(ßà 3.2(a))� 

Hg'(×��~ Û 1 2,x x ν∈ � (adjacent) &�9 1 2x x� &}���¼

ÑÒ� Ù̄ &¯°�[ 1x 2x ] ε∈ &ÕC4Û &à 3.2(a)� 2x ¶ 3x � 4 3x ¶ 4x �

� �� � 
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1x 2x

3x 4x

1x 2x

3x 4x

 

 

 

 

           

à 3.2 (a)� d � à�(b) d � à� 

    

    ��à�d � (complete)¬ ��à���H �~ ÛÂ £ ÑÒI�¯¾Ù

&ÕC4Û 3.2(b)�<d � � 

    ) Ð ν �ø � 2u ν⊆ �[� �µ à�(subgraph)&Óà� ( , )u u=� � &�

� �̄ 2� �C� 2ε�¶u�~ ÛÙ ¾Þ �¯b� [���P ø � 2u ν⊆

d � &�}, � 2- �[d � �µ à�&z { K ×Hgb��u��~ ÛÂ £

� ��[d � à�&Cgà 3.2(a)�ø � 2{ 1 2 3, ,x x x } d � � 

    Hg��ø � 2u ν⊆ �o �à��<�z�d � à�(maximally complete)

�P u<à©(clique)&¯°�H' u�d � Eu w⊂ �w M �d � �&à©�d

} Läà��Ë Ì¾¿�o ¥ &� � '(J Ã ¥ j k Æ à���8 2 à© ¹ �&

ÕC4Û à 3.2(a)��à©�{ 1 2 3, ,x x x }¶{ 2 4,x x }� 

    ~ Û 0 ,... nx x �Lä 1 ~i n= & 1i ix x− � &�P £ <M ä 0x ¶ nx ÑÒ��< n�

ì � (path)�ÕCÖ×&à 3.2(a)� 4 2 3 1, , ,x x x x <M ä 4x ¶ 1x ��< 3�ì � &4

4 2 1, ,x x x <M ä 4x ¶ 1x ��< 2�ì � � 

    ��ì � 1 2 1, ,... ,nx x x x P 9 n-� � (n-cycle)7��< n�� � &Cgà 3.2(b)

� 1 2 4 3 1, , , ,x x x x x <�� 4-� � �H� n�~ Û 1 2, ,... nx x x � [ n-� � 1 2 1, ,... ,nx x x x E

�� j kx x� &| |j k− = 17 1n − �P £ <: � � � (chordless cycle)&gà 3.3(a)(b)

I_̀ Ý : � 4-� � &�� ��à�� 1x ¶ 3x � Ù̄ 7 2x ¶ 4x �¯¾Ù 

�M <: � � � �bN �� (chord)��: D z ��à��&�H ���zä� �
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1x 2x

3x
4x

5x

9x 8x

7x
6x

� � °J �� �� å&¯°�� � ���M Ù � ~ ÛÒ�Ù Æ &gà 3.3(b)�

[ 9 7x x ]7[ 8 6x x ]� 

 

 

 

 

 

à 3.3 ��_̀ : � 4-� � �à� 

 

    gñ��à�� �_̀ ��zä7�ä 4�: � � � �P £ à�� ; �

(triangulated)&?à 3.3(a)<C&�J \ [ 1 3x x ]�, à��� ; �&� ; ��� �

L�z®Ô Á (��>�� ¾¿o ¥ �Þ �&b?�'(	
 � � � � �� 

    Lä� �q äν �ø � 2 a ,b¶ sHgb�X a9b�ì � b� [�� 2

m s⊆ �P s� a¶b|Q(separate)� 

    9P h <&&Ë Ì5 ^ �gÐ ¶à�� \ Þ ��̀ /�à��Ë Ì�'(�

o ��Ë Ì� Y Z Ê�� �&Cg X �Y | (�� ��)&1 ��� ��� ��Ë Ì

×ò Ý ,X Y Ñó �b����1 ² �Ë Ì'(°e?É Ê��� �D z ��à

� ( , )ν ε &��ν ¬ Ë Ì���b�[�� 2&ε}��¶� Y Z Ê: Þ �
�� �̄ [�&¯°�×Läb�{ ,X Y }� X �Y | (�� ��)&�M ä X ¶YÑ

Ò�¯�� .ò 7Ø Ù &4�� �~ ÛÒ¹ �¯¾Ù �k£ Xà�e?� � &H

x ����� �� � � ½ Ø �� ���ìí � ���� Y Z Ê�1 �æä� D

z �à�K L��! " �� ee � �(pairwise Markov property for undirected 

graphs)�4. ¥ æÖú Ä 1 Ó à���æä� D z ��î W �� ee � �(global 

Markov property)&ô j g� # 

�������u �υ 	 
 � �����ω �  ��u�υ |ω � 

ÕC4Û &'(e- �ø ��� 1 2 3 4, , ,x x x x � [�Ë Ì&E 1x � 4x |( 2 3,x x )&
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3x � 4x |( 1 2,x x )&�¯[ 1 4x x ]¶[ 3 4x x ]	
 X{ 1 2 3 4, , ,x x x x }�à��.ò &ßà

3.2(a)&Xà�'(e?�[ 1x � 4x | 2x E 3x � 4x | 2x �k£ î W �� ee � ��3

'(àY � ��|Q¶O (� ��� Y Z Ê ̧ ¹ �d } c z [3]� 

î W Ì� ee � �ï � Ö×¯�[Ê�#HgLä) Ð _̀ äν �� 2
, ,u υ ω&u�υ |ω�1 �Ë Ì�b�ì�� I[Ê�ω�à���u ,υ|Q�b

?'(e?~ Xà�S 9Ë Ì�Z Ê(marginal independence)¶� Y Z Ê��

��1 ² ��� P <� ee �d � �(Markov perfection)1� 

��½ Ø ��à�&'(BC|� - Æ à���à©ÖÉ ÊË Ì�}i &

ÕCÖ×&à 3.4�à©<{ , ,A B C }&{ , ,B C D }&{ , ,B D E }�¾L+ �}i <

//ABC,BCD,BDE&// - �³ ; ¬ Ë Ì}i �Ô _ � 

 

 

 

 

à 3.4 //ABC,BCD,BDE�à� 

 

3.2.2 ������������������������� �� �� �� � 	 
	 
	 
	 
  

    H' 1( ,..., ) 'qY Y Y= ���©�< q�#�R� Å |} �m + ��&� � �< 

  

1

q

µ
µ

µ

� �
� 	= � 	
� 	

 �

�                                                      (3.2) 

4{�þ ª « < 

                                                 
1 � Frydenberg, 1990 � Geiger � Pearl, 1993 �  
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11 1

1

q

q qq

σ σ

σ σ

� �
� 	Σ = � 	
� 	

 �

�

� � �

�

                                            (3.3) 

'(�I J ��{�þ ª « �ï ª « 1−Ω = Σ &�9  

11 1

1

q

q qq

ω ω

ω ω

� �
� 	Ω = � 	
� 	

 �

�

� � �

�

                                            (3.4) 

1 �ª « � � P <� Ë ª « (precision matrix)7� ± ª « (concentration matrix)� 

� �&½ Ø 3( ,..., )qY Y � 1 2( , )Y Y �� Y |} �J �¨©�� Å |} E{�þ ª

« < 

  
111 12 22 21

11 22 12 221 22 12 11

1
( )

ω ω ω ω
ω ω ωω ω ω ω

−
� � � �−

=� 	 � 	− −
 � 
 �
                        (3.5) 

�1 ¨©� Å |} � �¾Þ ��< 

12
12 3...

111 22 2( )

q ωρ
ω ω

⋅ −=                                              (3.6) 

P̂ <� |¾Þ ��(partial correlation coefficient)�'(e?� �  

12 3... 120 0qρ ω= ⇔ =�                                             (3.7) 

z { K ×&������� Ë ª « ¾L+ �O ��<V&�'(e?×”½ Ø �

� � â ���Ñ� £ ����Z Ê”� 

    à��D y Ë Ì°�' Ø o 2 � Ë ª « � Ø �O <V(¯°��� |¾Þ �

�<V)�ÕC4Û &Hg q =4ûEHØ Ë Ì� 13 24 0ω ω= = &�� Ë ª « < 

11 12 14

21 22 23

32 33 34

41 43 44

0
0

0
0

ω ω ω
ω ω ω

ω ω ω
ω ω ω

� �
� 	
� 	Ω =
� 	
� 	� 	

 �

                                         (3.8) 

�1 �Ë Ì�à���CH ��~ Û¾L+ �� |¾Þ ��M <V¼ b� [�

[3]&gà 3.4b}� 
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1x

2x3x

4x

 

 

 

 

 

à 3.5 q=4& 13 24 0ω ω= = �à� 

 

    � �'(µ â {�þ ª « ¶� Y Z Ê�Þ �&� °�¥ ��É ÊÆ 1 2ä

è O E�̧ ��Ë Ì&�£ ° æ���r ³ �� � \ Ù (Greedy Method)&¯°�

� � n H' b���Â £ ¾Þ & &� H �ý 2.� ���M � � � �Ë Ì�¯

(C¡ é�¶ p�<� �r Ê )&�� Ë ª « ��' Ø , O <V�k£ � Ö°�

¥ ! " C{�þ ª « ¶� Ë ª « ÑÒ�¼½&¿'(' Ø � Ë ª « �o ��O <

V&gÐ .ÕS ¾L+ �{�þ ª « ` /  

 

3.2.3 ������������������������(Maximum likelihood estimate����MLE) 

H' � N�² ³ (1) (2) ( ), ,..., Ny y y &E ( )
1

/
N k

k
y y N

=
=� <² ³ � � �� [�z

R& ( ) ( ) '
1
( )( ) /

N k k

k
S y y y y N

=
= − −� �² ³ �{�þ ª « �� � L�� �(log 

density)e? [ 

' 1ln ( ) ln(2 ) / 2 ln | | / 2 ( ) ( ) / 2f y q y yπ µ µ−= − − Σ − − Σ − & 

�� ( )f y <Y�� ���&e [ 

  
1

' 12 1
( ) | 2 | exp{ ( ) ( )}

2
f y y yπ µ µ

− −= Σ − − Σ − & 

b?² ³ �L�®Ô ��J � 

  ( ) ' ( )
1

( , ) ln(2 ) / 2 ln | | / 2 ( ) ( ) / 2
N k k

k
l Nq N y yµ π µ µ

=
Ω = − − Σ − − Ω −� & 

�����O x æ�(trace)�i (¯°�D « �L; Æ [ ��® ¶)J ?�̧  
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  ( ) ' ( ) ( ) ' ( ) '
1 1
( ) ( ) ( ) ( ) ( ) ( )

N Nk k k k

k k
y y y y y y N y yµ µ µ µ

= =
− Ω − = − Ω − + − Ω −� �  

  ( ) ' ( )
1
( ) ( ) ( )

N k k

k
y y y y Ntr S

=
− Ω − = Ω� & 

�'(e?S 9L�®Ô ��(log likelihood) 

  '( , ) ln(2 ) / 2 ln | | / 2 ( ) / 2 ( ) ( ) / 2l Nq N Ntr S N y yµ π µ µΩ = − − Σ − Ω − − Ω −   (3.9) 

Hg����� 2 a ⊆ Γ&E aaΣ ¶ aaS <Σ¶ S¾Lä a�ø ª « &�� S

¬ ��m n ² ³ �{�þ ª « &4Σ� S � � ï ª « ¼½&k<à�o 2 �̄

.ò 4� Ë ª « ¾L+ �O � ' <V&AÕï ª « bS 9�ª « &1 ² �¼½�

��Rz�¤�  � / 0&b?'(Î Ï x æ�z®Ô Á Q�D i �� �Lä'

(b¥ ! " ��� 1,..., ta q q= &'() * X¾L+ � aaS .Õ aaΣ &ç �<Ý (½

Î R'(.Õ �
aa

Σ ®Ô ê ë � aaΣ �&�£ ®Ô �°e?BCË ÌR µ ��Ö

}& � yµ = & �
aa aaSΣ = �ÕC4Û &H ' ��� 2 { , , }X Y ZΓ = &�m n �{�þ

ª « � S  

3.023 1.258 1.004

1.258 1.709 0.842
1.004 0.842 1.116

S
� �
� 	= � 	
� 	

 �

 

�//XY,YZ�Ë Ì� Σ��z®Ô Á Q< 

�

3.023 1.258 0.620

1.258 1.709 0.842
0.620 0.842 1.116

� �
� 	Σ = � 	
� 	

 �

 

4�� Ë ª « < 

�

0.477 0.351 0.000

0.351 1.190 0.703
0.000 0.703 1.426

−� �
� 	Ω = − −� 	
� 	−
 �

 

®Ô Á (�(½« Ø Ý �Σ�ò Ý �
xz

σ O Ñó &�� ��I¶ S¾L+ �O ¾N&
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k<Ë Ì�' Ø � 0
xz

ω = &b?�[ S¾L+ �O ��M N� 

    Speed¶ Kiiveri�Æ Ý �0 æäà��D y Ë Ì(½�z®Ô Á (�÷ ½

�[22]�1 �D ��B� ��� J � Ë ª « Ω�o � |ø ª « .%   ®Ô �¥

Õ�� Ë ª « � � n � ' <¹ ¿ ª « &H �ý 2(½�K L'(¥ ! " � a.(

½� J RΕ&9 � ��Ω ª R8 9 �
aa aaSΣ = �¥ Õ�'(¥ Õ�� J RΕC 

1
*

* *

aa aa ab

ba bb

S E
−

� � � �Ω + Ω
=� 	 � 	Ω Ω
 � 
 �

                                      (3.10) 

��* ¬ � ! " �� |&¼æï ª « �(½ðñeS  

1 1( ( ) )aa aa ab bb baS E − −= Ω + − Ω Ω Ω                                   (3.11) 

1 1( ) ( ( ) )aa aa ab bb baE S − −= − Ω − Ω Ω Ω                                 (3.12) 

1 1( ) ( )aa aaS − −= − Σ                                              (3.13) 

� � (½ > °J 3 � &Buhl(1993)Lä�z®Ô Á (�¹ �� Y ��  �

! " �· ó k<'((½bK L� a&�ë °�CË Ì��à©b� [�&H �

ý 2�H ��$%I�K Lo ��à©.(½� J R&H �ý 2|� (½b�à

©�[�� J R&g£ .� ® �
aa aaSΣ = �¥ Õ&b?'(�É ÊË Ì�$%�J

� � .� � ß ä Ë Ì�?à©� [��©ä à©�· ��m k�+ � |} e� î

W Ì� ee � �|ú (factorize)[T#d � O �� C �¯°�+ � |} ¹ � 

( ) ( )a
is complete

P X Xψ= ∏
a  

                                          (3.14) 

�|ú �i &ÕCÖ×&à 3.6(a)e|ú [

1 2 2 3 3 4 4 5, , , ,( ) ( ) ( ) ( ) ( )v v v v v v v vP X X X X Xψ ψ ψ ψ=  

��i &4à 3.6(b)e|ú < 

  
1 2 3 4 1 2 1 2 2 3 2 4 3 4 1 2 3 2 3 41 2 3 4 , , , , , , , , ,( , , , ) v v v v v v v v v v v v v v v v v v v vP v v v v ψ ψ ψ ψ ψ ψ ψ ψ ψ ψ ψ=  

1 �|ú i _6 Ý b�d � O �� C &M � i ø ô - " J ¸ �&k<�2 ψ J �
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1v 2v 3v 4v 5v

1v 2v

3v 4v

ä 1&4E¿ ,A Bψ ψ &B A⊂ ¤'(e?æ '
A B Aψ ψ ψ= ? ¬ %�b� Bψ I� ? ¬

Ñ�&H �ψ ûM _̀ �� �O &�£ i ø [<� ��̧ �E� � ÌÅ (closed 

form)�}i &¯°�Cà©b� [�}i &k£ '(J ©ä Ë Ì?à©�

D i }� 

 

 

 

 

 

à 3.6 |ú �Cø  

 

3.2.4 ��������������������������������(Maximum Cardinality Search				MCS) 

£ ó ¥ (½�z®Ô Á (&Ë Ìô ¥ ß ä e|�(decomposable)&b N e|

��� Y �à�<� ; ���x æe|�Ë Ì. ¥ �m k��äe|�Ë Ì� �

ÌÅ �}i �T ä�z®Ô Á (�(½&x S ���Á Q��õ � %· ó � á

�Ð�Ë Ì&e|�Ë Ì�Ä " �Ä \ ¶(½\ IÖ��$ ~ Ä &º �Ñ�æä

� [ �/¥ .ò ¯�� Y Q� (Cg� D Ï Ø Q� )&�� Re?x æ�Ð�Ë Ì

.Q� &M � (½R�J z� � 

�Ë Ì�É Ê�'�?�zr �� F �D �.� [ ��Ë Ì�/e|���

zr �� F �D ��àY �. ¥ �æä: D z �à��� � �/�� ¹ ���

Q[8,18]&C 3.2.2.1 � �Ø s eµ �� à�(chordal graph) � ��: D z �à��

�ø à�� ���{ ä7�ä� �� � &¯°�� ; ��à���zr �� F �

×úg� # 

	 � # : D z �à� ( , )v ε=� &Eá n � jx < 1{ ,..., }nx xν = ����Û� 

	 Æ #à��/<� ; ��à�/�   �� complete�< true��� ; �à
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�&/�<� � ; �à�� 

÷ ½�#Maximum Cardinality Search 

1. ' Ø / 0�$% 1i = &E� jx ± <R ` _ �Û��� ��Û&¯°�

(1) jxα = �¡ n � complete=true� 

2. �¢ ` _ ��Û�- Æ � R ` _ �Û¾Ù ¯��#¼ kx &� kx ` _ <

1i + &¯°� ( 1) ki xα + = � 

3. gñ ( ) { (1),..., ( )}kNbr x iα α∩ ���Û� �d � &�à�M <� ; �&

complete=false&ð£ � �÷ ½���� ( )kNbr x �e kx ¾� �Û�� 2&

d � Ó�) ���ÛI¥ Ù ��á � 

4. Hg i n= ÷ ½�°¤ &&£ ¤ complete=true%/� ¥ 1i i= + &ý 9 ¨$

%¦ Ú � F ��� n<�Û�® �� 

 

?à 3.7<C&	 � �~ Û� { , , , , }A B C D Ex x x x xv = (�£ ? A,…,E ¬ 	 �

¤Û�§ n )&H' ¡ n Û< Cx &�¿ 1i = & ( ) Ci xα = (gà 3.7(b))� ¨$%&

X¢ ` _ �Û�- F eR ` _ �Û¾Ù ¯��#��Û&�1 ¯'(> 9

, ,B C Ex x x &k<� ¼ � ¶��R ` _ ��Û Cx ¾Ù &£ ¤C	 � �§ n 7 Ø Bx <

 ¨�̀ _ Û& (2) Bxα = (à 3.7(c))� � $%¥ Ï ¨ � � 2�{ } { , }C C Bx x x∩ =  

{ }Cx d � &� Ö i � J ûý 9$%¨.F - � 

    �S � � ���'(- 9 ø �̀ _ Û&¯°� (4) Dxα = &¥ Ï ¨ d � �

�� 2&{ , } { , , , } { , }A C C B A D A Cx x x x x x x x∩ = &� � � 6 Ý [ AC ]&�MCS ¤ &&

£ à�<� � ; ��à���A?· ��à�(à 3.7(e)&à(a)¶(e)- é[ BD ])

<C&�MCS�ðñ�gà 3.7(f)&<� ; ��à�� 
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à 3.7 ¼æMCS � [ à��/� ; �&|� ?(a)(e)��à�<C 

 

3.2.5 �
� ������������������������ 

    o 2 �̄ � �zr �� F �Q� (¯°�¹ Z .ò o �¯�� �Ë ÌR� ©

ä e|�)&Ñ� �̂ � �z®Ô Á (�¼½S 9Á (�{�þ ª « &� Ö°

�X1 2 � > �¯�- Æ Lä� �Ë Ì� � �{ � �̄ ?.ò ��£ '(�(½

m n ¶Á Q��{�þ ª « �¼ ÑÒ�¡ é�(deviance)&Ñ�AC¡ é�9

�
� Q� S 9 p�&� U p��z{ �[ ¯�o ¥ �� 

    x æ'(Õ? �z®Ô Á (h �H' &¯°� � yµ = &�(3.9)i �����

O © Ý &^k< �Σ¶ S M N~ - �ä 0ijω = �O &k£ � � �( ) ( )tr S tr qΩ = ΩΣ = �B

C?\ �Þ �'(- ��zL�®Ô �̧ �< 

  � �ln(2 ) / 2 ln | | / 2 / 2ml Nq N Nqπ= − − Σ −  

�d � �Ë Ì¯°� � SΣ = �ì�� �zL�®Ô �e? [ 

  � �ln(2 ) / 2 ln | | / 2 / 2fl Nq N S Nqπ= − − − & 
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k£ Ë Ì�¡ é< 

  � �2 2( )f mG l l= −  

�ln(| | / | |)N S= Σ                                             (3.15) 

þ ª Ñ��Ë Ì 0 1⊂� � �¡ é�< 

  � �
0 1ln(| | / | |)d N= Σ Σ                                             (3.16) 

�� � 0Σ ¶ �1Σ |� <� 0� ¶ 1� Ñ� LΣ�Á Qª « �� 0� �Ë Ì� &dH'

�� �
� �|} (chi-square distribution)&E��C��C 0� ¶ 1� éþ �¯�Ö

7 Ø �(� 0� � 1� .ò � �¯�S �§ ª « &��C�< 3&� £ Ó �)� 

    k<'(�¡ é�H' �h �� d� �
� |} &k£ '(�Õ? p�°� U

�
� Q� &¯°�? 

( / 2) 1 / 2
/ 2

1
( ) [ ] [ ]

2 ( / 2)
v x

vf x x e
v

− −= × ×
×Γ

                              (3.17) 

�� v<�C�4Γ< gamma�i &Γ�Ø s [6]� 

1

0
( ) xx e dxαα

∞ − −Γ �	 ,    0α >                                    (3.18) 

� � � |C |¼½Ñ�eS  ( ) ( 1)! (1)α αΓ = − Γ &^
0

(1) 1xe dx
∞ −Γ = =� b?Lä

1, 2,3,...α = & ( ) ( 1)!α αΓ = − &4· ó � Cm n Ø s �(½- I S 9 (0.5) πΓ = &

(1.5) / 2πΓ = � 

     

3.3 ��������	
���������	
���������	
���������	
� 

GGMs D �K L��{�þ ª « &k£ '(¥ <(½V W�{�þ ª « �

GGMs ° æ« $5 .à���1 2¯�D i ÖÉ ÊË Ì��� � n J �H ���

�<Â £ : ¾Þ & �&�à��Ó�H ��ÛÑÒ: ¾Ù &k£ n����J
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� ( )2

! ( 1)
2 !2! 2

n n n n
C

n
× −= =

−
� ¯��H �ý 2�K LH �� Ù �¯(¢ � .ò

�¯).9 �z®Ô Á (�Q� &bN �Q� �H' o �¯.ò �K Lä� �ð

� �/éþ  z&¯°�ÕÆ H' R .ò o �¯�{�þ ª « e¢ .ò �¾�

�&ÕÆ �¼ �¡ é�&ûEæ� D Ï Ø ÕÆ �� p�&æä�¡ é��T �|

} Ç È � ± 9 0¶ 1ÑÒt ä- Æ �z� p�><�1 2.ò ¯�� U ��£ '

(� Ø p��{ äo �Ï Ø R(critical value)α�K (åØ � 0.05&'(¯e?�

�v Ã ¥ ' Ø α< 0.017" ¢ &�¢ �Ï Ø RJ � J (½�À Á ¶¼½¤Ò)	


 ß à 1�· ó - ± <� > � ô̄ 	
 Ô 2e|ú �&¯°�.ò � � > �¯Ñ

�ô 	
 ß ä � �à��� ; ��&b° æ���zr �� F �Q� D �� 

��Ù �¯�o �ý 2��Ñh � �� ß à (h �$%� p�>α )&�.

ò 1 � Ô̄ 2MCS�Q� &4E� � MLE�¼½� � .ò 1 �¯(½Æ Ö� p

��z&�1 �¯�1 �ý 2�� ò .&�.ò �N¤'(ô ¥ 9 � �Ë Ì©ä

à©�ÌÅ �g£ �~ Q� ¶(½&H �ý 2.ò ��¯ûE" § � �Ë Ì¶{

�þ ª « �� ��n M [ o F ~ 9o �ý 2A -̄ M 9e?.ò �¯<&� 

GGMs d � �É Ê��ßà 2.1&�� ECM(Edge Connection Matrix)̧ ¹ �

�H � Ù̄ �ì�(1 ¬ ¯�Ù ð&0 ¬  �̄ ¬ [ )&¡ n k<H' b��

Û: ¾Ù &b?H �O I� 1%SEM(Significant Edge Matrix)̧ ¹ ��H ý 2

� p�<α�¯(1 ¬ � ß à á Ö&Ñ�IM J ± � Î Ï %0�� �� ß à )&?

><H ý 2F - � > ¯�� U � 

                                                 
1 P ����� 0.05 ������� deviance �����������¡ £¢�¤ 95% ��¥�¦�§.¨©��ª�«
¬��®�¯�°�±�²�³�´�µ�¶�·
��¸�¹º¨g»�¼
p ��½�¾�¿�ÀÁ¨(Â�Ã
��®�Ä�Å�Æ�Ç�È�ÉÊ¨ÌË�Í�Î�Ï�Ð�Ñ�¨(Ò�Ó�Ô�Õ�Ô�³�Ö�×¡ ÙØ�³�®�Ú�Î�Ï�Ð�Ñ�¨!Û�Ü�Ý�Â�³�®�Þ�Æ�ßà�á�â Ç�Ú�«
¬���ã�ä�å�æ�¾
 ºç  



 33

 

à 3.8 GGMs�É Ê��à 
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������������ � � � � � 	 
 � � � � � � � 	 
 � � � � � � � 	 
 � � � � � � � 	 
 � �   

 

    ³ óJ K Ļ �D �J ù E 9�� �?á�ÐD ���z®Ô Á Q�� �

>! " &û�Æ ¦ 3 �>�&��d � ��Æ ¸ �D ��$%� 

 

4.1 �  � � � � � � ��  � � � � � � ��  � � � � � � ��  � � � � � � �  

  3.2.3�bj ��z®Ô Á Qe×�É Ê GGMs�¼½R�z�$%&k

<�� ® Ý zR̄ ª « ¼½&4E¿��Ë Ì��à©� #�¤� H �ý 2b

¥ Á (�¼½ J̄ � J &1 ¯°�É Ê GGMs J ù E 9�° ± �£ ó &k<�

z®Ô Á Q���ï m ¼½�� �&H �ý 2I� ¶ Ë Ì�à©.>ª « �Á

Q&¿³ ý 2bS �ðñ¶\ ý 2�ª « ¾� �&è é{ ä��� Ø �(δ )Á Q

_ ½d [�� � Æ̂ � · ��� �#5 ^ δ + , ? #6 /m ³ x æ��ü Ø ��

( 510− )&ç �� � R� J �(½� ² &¯°�Á Q�M $ 3 � �ì�� å&b?

'(· ó ° æ 2 510n −× &�� n�ª « �0(7± )��&¯°������1 ² �

q ~ �¿ª « � z&δ J̄ � � ² z&² ³ (½�� Ê 5 6 M $ 3 � �ì�&e

�¾L��� �(½J B C �z�è é&¿ 2 510n −× �è éûM �� � |a �ª

« �H ��O 4�� ��o 2 � Ø �O &1 ² °J �[Á Q( o �ï è &�· ó

��(½Á Q�� �� 

 

4.2 � � � �� � � � � �� � � �� � � � � �� � � �� � � � � �� � � �� � � � � �  

´  ö .Ï ¨ ¸ �Ë Ì��z®Ô Á Q�� �&Ï � .ò H �¯�[�¡ é

�e?� � �z¡ é��� åJ � ��o 2 .ò � \̄ &? 7���<C&� �

|©É ÊË Ì�ðñ&ECM ª « g 4.1b}��� 1}¾L+ �����

ÑÒ� Ù̄ &0} �̄ .ò � 
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 Yield Var4 Var7 Var10 Var13 Var21 Var22 

Yield  0 1 0 1 1 0 

Var4 0  1 1 1 0 1 

Var7 1 1  1 1 1 1 

Var10 0 1 1  1 0 1 

Var13 1 1 1 1  0 1 

Var21 1 0 1 0 0  1 

Var22 0 1 1 1 1 1  

 4.1 7���� ECM ª «  

  7����� � Z �|<�©&Var4ºVar7ºVar10< ¨©&Var13< � ©&

Var21ºVar22< ø ©�� �Ë Ì¡ é�< 15.8848&ç �ë p \ - .ò Ý � �

¶ Var4ÑÒ�Ù Æ ¡ é�°R � 98 10.6147&.ò 1 ² �¯Lä� �Ë Ì°�

[ z�� � &Ï ¨ (½� ����U ¯°� �©¶ ¨©��ÑÒ.(½¯

�Þ �Ñ� �e?� � .ò , Æ �Ë Ô 2'(Ø �� Y �1 ² �ãµ }H ©�

�.É ÊÙ Þ ��>��� ) ¢ Ý ¼½RÒ � . Ý � B�Î R&̄ °��H �

©Ñ�7o �©ÑÒ.ò o 2 ¯(£ ¤M Î Ï �� ���)ûM J �[#z�¡

é&ç �1 2 Ò̄ L� �Ë Ì�¾¿z�� � �k£ ¦ 3 �D ���|©É ÊË

ÌÑ¡ x æ�z®Ô Á Q�b�¯.ò �b�[�¡ é�M Á Æ Ö&�J � å�

z¡ é�(.ò �� p�J zä 0.95)�¯<ß à � Ö&A.3 0|©É ÊË Ì�

�>&X¶ � �; �.· R8 2 ¯L� BË Ì�<o ¥ &?5 6 |©É Ȩ̂ �Ë

Ì�[�¡ é� 

 

4.3 � �� � �� �� � �� �� � �� �� � � � � �  � � �  � � �  � � �   

¸¸¸¸ ³ ��" ; ��9�̧ �D �?á ¹ º » �b��¦ 3 �n A>" j k �×

ú&� �� B�� � gà ¹ º ¼ b}&m n V WJ <� � _6 - F ý þ �¶� = >

? �h @ ~ Ä ?.ò þ � �V W|} &û- Æ � � � Þ ��� ½ ������?¸
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à ¹ º ¼ ¸ ¸ �D ��d � � � ¸

¸

à ¹ º » ¾ ¿ À <C&� � h @ ~ Ä �'(�� = > ? �h û���e� � ÖÉ ÊË

Ì�à ¹ º » ¾ Á À � }��ð� Ï Q� |&'(�à ¹ º » ¾ ¿ À > w Æ Ö���� � Â Ã

¶ Ä Å Æ �|©$%&V W|} �Ó Ô ���|<N�©&�£ '(- Þ ú Ä ��

J ?|©&4g� � �� ú Ä ����[�©�AÖ<Ý Ç È |©J �[¡ é�¸

¸

¸

¸

¸

¸

¸

¸¸¸¸¸¸¸¸¸¸¸¸¸¸¾ ¿ À ¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¾ Á À ¸

¸

¸

¸

¸

¸

¸

¾ É À  ¾ Ê À ¸

à ¹ º » ¸ ¸ �Ë Ì�É Ê$%¸

¸
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M f � |} &'(� U ¹ º » �bj �D ��à���H �� 3̄ 0 Ë º » º Ë �b�

�z®Ô Á Q�Ì Ú &?à ¹ º » ¾ Á À <C&'(J Ï ¨ ( )
6
2

6!
15

6 2 !2!
C = =

−
� ¯&

Þ .ò �J �[¡ é�zä 3.84�¯(k<³ C' Ø 0.05α = )ß à á Ö&¡ ��

� ��1 2 ß à �¯�M A± � Ú ò �Î R�¸

    � �� ¶  � ó�D �?©<¹ ¿ .É Ê GGMs&ðñgà 4.2(c)b}�

���� ©ÒÉ ÊÙ �Þ �&gà 4.2(d)b}�� Æ � |&�£ $%- .! "

� ©ÑÒ�Þ �&4M A.! " H �©�¯�Ù e/(¯°�M J ." ¦ Cà

4.2(c)bÉ ÊÆ Öë Æ �� |)�B� ?\ �� �&'(�̧ ��Ë ÌÉ ÊÆ Ö&

ò Ý ) ¢ Ë Ì�É Ê¤Ò¶¼½R&N¤©ä � B�¡ é��'(Í T�Ç È Ñ

å�¸
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������������ � � � � �� � � � �� � � � �� � � � �  

 

5.1 ! " # $! " # $! " # $! " # $ � %� %� %� %  

ë � bx æ��U �C��� ú Ä ��¯°�� � ?á 30�ú Ä ���

[&� (��P |� � Var1(Yield)ºVar2ºVar3º…ºVar31&° æ�� Statistica

V W� ���U V ã&1 2 V W�ë p Y Z ���å� ��bS �m n �U (g

1.1�bj �m n V We- �\ ] ���)&� � �2 Ó Ô � = > ? �h @ ~ Ä Ñ

�bS ��{ � |V W� 2&® {� 154�² ³ �(Y Z �)E� <�U V W4�

|Ó ��ðñ�V W�� �¶�2 '(�~ Ä \ e- ù E 9�� �� 1.1�R �

�d Ù �! " &�£ M Aö j � 

    ³ " ; . ¥ �P ��?\ j V WÉ ÊÔ 2'(¥ Õ� GGMs Ë Ì&B� Ë

ÌÖÖ ! ú Ä ��Lä� � �� � ¶� ú Ä ��ÑÒ: ¾�Þ & �&Ñ�- Að

2�� D �&Ü gæ ç è O 7é ê ë ì 3 0ï è �Z [ 7� � �M Q� 

k£ ë � �� |J Xm n V WÆ � &<3 0h @ ~ Ä &_ 6 ý þ �� � �º

� 6 V WO �� �¶� = > ? �� ��ú Ä ��� U ��e� � ¾Þ ���D

¢ 9 Æ ��&� L�Ð GGMs>Q� &¯°�- Æ �b- À Á ��z¼½R

7����&A! " M NÏ Ø RLäË ÌÉ Ê�¤Òº.ò ¯���¶¡ é��

� � &ûE� � H .ò �¯Lä� BË Ì�[����Ñ�� ¸ � D �� Ö ! &

_6 |©�� �&̄ °�?k�|» ¶#©± ² � C: ¾Î Î �|©ðñ.É Ê

¸ �� GGMs&ûĻ �D �J E 9�� �3 0¦ 3 &��� ��Ð¶¦ 3 ��

¸ �D ��¼ ¡ é�¶¤Ò�éþ �ë � ��� |D �J x æ Statistica1 Ç B3

0¼½&. ¥ GGMs � |��x æ Borland C ++ Builder2 �  �i 3 0Ë Ì�É

Ê� 

                                                 
1 http://www.statsoft.com/ 
2 http://www.borland.com/bcppbuilder/index.html 
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5.2 & ' ( )& ' ( )& ' ( )& ' ( )  

5.2.1 ����������������� �� �� �� �  

A. � � ���� � ���� � ���� � ��� 

� U 2.1.1�&#�R�|» '(e?B� LH ��² ³ (½� � � � � y

Ã � - Æ ý þ �& 5.1 � ¶ Ã � z{ 3 0��&± Æ h 10��² ³ &� ¶ �

�  25¶ 83�² ³ ¾¿¡ � f � V W�|} & e- �ý þ ��b�&ç �A

� U � � ¶b�ú Ä ���¨©|} àe?� � �� Ú ò   83�² ³ Lä� B

V W|} � � M zï 4�� � � � � y Ã � � � 18.2�  90�² ³ Läo 2 ú

Ä ���|} �[¾¿z�� � &k£ > Ø   25á 90�² ³ <ý þ �&�¡ �

�� ��1 ��² ³ J � ?Ú ò � 

 

è�é�ê�ëè�é�ê�ëè�é�ê�ëè�é�ê�ë
 25 83 55 64 143 23 58 68 142 51

ì�íì�íì�íì�í
 138.7654 128.6784 55.60106 52.25884 42.33746 37.24694 37.08688 36.1336 33.65033 33.43491

 5.1 ¸154�² ³ � �.(½� � � � � y Ã � - Æ �h 10� 

 

à 5.1|� � }Ý .ò 1 ��ý þ �Ñ�L� |V W|} �� � &.ò ý þ

�Ñ�'(" - ù ú V Wf � �|} ì�&��(b1)(b2)ú� �� } Æ .ò   90

�² ³ LäV W|} �[�� � �f k<ý þ �Lä��|} �� � M { k£ .

ò ý þ �J Ù Ï �� � 9� = > ? ���� 

 

B. ���	 
 � �  �� ����	 
 � �  �� ����	 
 � �  �� ����	 
 � �  �� �  

 5.2 � }��b���Lä� � �� = > ? ��(ß 2.1.3&x æ pairwise 

deletion&û�V W|<û�� O)&��� |�����: �<�&4�ú� �

é� �äm <� � 17��  10���?á� 20�ó �  14���(�� 26)
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��


���

���

���

���

��

���

���

�
��
��

�.ò ý þ �Ñ��µ zz���Ý �(e?L¶ à 5.1�|} ��) 

 

 

 

 

 

 

                 (a1)                             (a2) 

 

 

 

 

 

                 (b1)                             (b2) 

à 5.1 ý þ �LäV W|} �� �  

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

î
ï�ðî
ï�ðî
ï�ðî
ï�ð
 7 22 21 4 13 9 12 5 2 20 11 3 31 26 6 30 10 18 23 17 

î
ï�ñî
ï�ñî
ï�ñî
ï�ñ
 7 22 21 4 10 13 9 5 12 14 2 11 3 20 31 26 6 16 30 23 

 5.2 .ò ý þ Ûh �L� = > ? ���� �  

 

C. ���	���	���	���	 � � � �� � � �� � � �� � � � �� ��� ��� ��� �  

à 5.2¶ 5.3�� ¶  5.2���! " .ò ý þ �LäÉ ÊË Ì�� � &

��à 5.2 � Ð �����&3}��_̀ � � ?á  7¶ 22���º4}

��_̀ � � ?á 7º22º21���… � £ Ó ��Ñ Ð �¡ é�¯°�C GGMs

É Ê�Ë Ì�{�þ ª « ?ám n V W�{�þ ª « ÑÒ�éþ (É ÊË Ìx æ 
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�All Data
�Exclude 

        case25,90	 
 � � � �  �� �� �� �	

Number of Variables

�

�




�

�

��

��

�


��

��

��

��

D
ev

ia
nc

e

 

 

 

 

 

 

 

 

 

 

à 5.2 .ò ý þ �LäË Ì¡ é��� �  

 

 

 
î
ï�ð�ò�ó�ôî
ï�ð�ò�ó�ôî
ï�ð�ò�ó�ôî
ï�ð�ò�ó�ô

 
î
ï�õ�ö�÷î
ï�õ�ö�÷î
ï�õ�ö�÷î
ï�õ�ö�÷

 
î
ï�ñ�ò�ó�ôî
ï�ñ�ò�ó�ôî
ï�ñ�ò�ó�ôî
ï�ñ�ò�ó�ô

 
î
ï�õ�ö�÷î
ï�õ�ö�÷î
ï�õ�ö�÷î
ï�õ�ö�÷

 

3 0.4707655 1 0.3958895 1 

4 1.1396931 2 1.0166468 2 

5 0.3564144 1 4.10728281 2 

6 1.4714728 2 1.64908401 3 

7 3.0501623 5 2.16078839 5 

8 9.0991226 7 6.09713282 9 

9 10.9555117 10 7.30531826 12 

10 14.6618081 14 8.16638167 14 

11 17.895209 21 12.2297745 19 

12 20.676783 23 18.7506294 23 

13 20.873949 28 16.647515 28 

 5.3 � �.ò ý þ �h �¡ é��éþ  
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�� pairwise deletion& Ï Ø R< 0.05)�Cà 5.2e?� Æ r ³ \ .ò ý þ �Ñ

��¡ é�IJ � .ò h { &}1 ¿ö ~ Ä ý þ ��Ë �� äË Ì�É Ê��

S � � ���É Ê 5���?á 12����Ë Ì¤.ò ý þ ���¡ é�J M

f � �\ �� q � å�  10?á  14����Ò ®&̄ °�k<� = ���¦

�bA � �� 

 

5.2.2 � � � � � �� � � � � �� � � � � �� � � � � �� �� �� �� �  

� 6 V WO ¤�Ð�~ Ä D i � 2.1.2�R � M N &��k< pair-wise¶

case-wise�a D �Lä� = > ? � å�ðñz� ¾N(g 5.4b± � 25���

���&(½¤�V W|< 5�� O)&k£ |� ?�a D �É Ê�Ë Ì¾é¯

M J  z&�£ M̄ � J � ���¡ ��ë � �J ¡ z x æ pair-wise�D i ~

Ä � 6 V WO �� �&k<� 1 �D �bÎ Ï �V WR� � J � case-wise�#� 

 

5.3 GGMs * + , -* + , -* + , -* + , -  

5.3.1 � � � � 	 � � � �� � � � 	 � � � �� � � � 	 � � � �� � � � 	 � � � � �� ��� ��� ��� �  

� � n ¥ Q� �� GGMs?�i ë � Æ Ö�&�i 5 ^ - Ó r #z�¼½

R&��(½�¦ « �8 / 

<�bS ��U � 2.1.3�bj �� = > ? (x æ pairwise deletion&û.ò ý

þ �--  25º90 O �² ³ �U &(½¤�V W|} |< 5�� O)S 9g 5.4

Ô ¯�����&A|� x æ_6 � � �å� 3���º4���º5���…

� n � J ����� ¶ 3.3����.É Ê GGMs(gà 5.3 � Ð b}&H µ ?#

6 ���É ÊË Ì)&?� � ����L¤Ò�� � &N¤K LM N�Ï Ø R 0.05

¶ 0.01 � .>ë � ?3 � �� 
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 ø�ùø�ùø�ùø�ù pair-wise
õ�ú�ûõ�ú�ûõ�ú�ûõ�ú�û

 F-value ø�ùø�ùø�ùø�ù case-wise
õ�ú�ûõ�ú�ûõ�ú�ûõ�ú�û

 F-value 

1 Var7 51.57072 Var7 51.28700 

2 Var22 45.67306 Var22 45.20295 

3 Var21 44.14635 Var4 43.82512 

4 Var4 43.82512 Var21 43.60171 

5 Var10 42.42450 Var10 42.42450 

6 Var13 40.12993 Var13 40.06991 

7 Var9 39.47857 Var5 38.81629 

8 Var5 38.81629 Var9 38.20432 

9 Var12 38.69620 Var12 37.99092 

10 Var14 37.52217 Var2 37.28449 

11 Var2 37.28449 Var14 36.90579 

12 Var11 37.27260 Var11 36.58411 

13 Var3 36.28633 Var3 36.28633 

14 Var20 36.11199 Var20 36.09016 

15 Var31 35.91279 Var31 35.24033 

16 Var26 34.91119 Var6 34.37583 

17 Var6 34.67190 Var26 34.25128 

18 Var16 29.99843 Var16 29.99843 

19 Var30 29.41678 Var30 28.86566 

20 Var23 28.91856 Var23 28.56968 

21 Var18 28.54709 Var18 26.24499 

22 Var17 24.76398 Var15 25.06418 

23 Var15 22.76162 Var17 22.01629 

24 Var27 19.15109 Var27 18.73854 

25 Var28 16.79223 Var28 17.40010 

 5.4 � = > ? ���(|� | � pair-wise¶ case-wise deletion) 
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 � � � �  �� �� �� �	 �
 ��

Number of Variables

����

����

����

����

�����

�����

�����

Ti
m

e

 

 

 

 

 

 

 

                 

 

 

 

à 5.3 ����L(½¤Ò�Þ �à 

 

à 5.3 � }Æ (½�¤Òf g 1.2�bj &m � ������ J �� ��[

��Ï Q�< 0.01�Õ Æ � æÝ 15����k< 16����¼½Å � Ý �i

b- À È �R&�[�� BM   �i þ � Ö &�Ï Q� 0.05�Õ Æ �� �̄ �

}9 15���&ç �ë p \ � 17����¤� _ J �þ � Ö &�� c &M � k

<x æ 16���.É ÊË Ì¤&�(½ p�J � åk��(½�[�ï è &k

£ ûM ± � í Î � 

 

5.3.2  ! " # �	 � � �� � ! " # �	 � � �� � ! " # �	 � � �� � ! " # �	 � � �� �  

    � Ö?M N�Ï Ø R.É ÊË Ì&ûEº h ���² « �� J ����.

É ÊË Ì.� � M NÏ Ø RLä.ò �¯?á¡ é��� � &à 5.4(a)�M NÏ

Q�¶.ò ¯��� �&(b)(c)|� �}M NÏ Q�Ñ� ����¶.ò ¯�

�Þ �à� 5.5º5.6|� �?M NÏ Ø R.É ÊË Ì4S ��U � 
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à 5.4 (a)M NÏ Q�e.ò ¯��� � 

 

 

 

 

 

 

 

 

 

 

 

à 5.4 (b) 0.05α = Ñ� ¯���� 
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 � � � �  �� �� �� �	 �
 ��

Number of Variables

�

��


�
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��
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���
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à 5.4 (c) 0.01α = Ñ� ¯���� 

 

�S � � ��à 5.4(a)�? 0.01<Ï Q��ì�� x æ 5���¶ 14��

�.É ÊË Ì&.ò ¯�IJ �� ) �ì�&w m �� 5.5�¡ é��5 6 �

� � 1 a ì�� å�m ke- �gN 5.2.1� B¶ C { �bj &¯°�.ò ý þ

�~ � å�� � &· ó ��e- �m k��k<��ÑÒ�Þ & �� S �? 14

���<C&� J Ý   14����[Ý Ñh � 13���Þ �" J �× � &k£

ß à �¯��#Ý &- I .ò �¯¯¾L�5 6 &b?J �1 ² gà 5.4(a)�ì

�� å� 

Ø 2à 5.3ºà 5.4(a)¶ 5.5º 5.6'(e?µ â Ï Ø R� { ¯°�H µ

e- ß à � �̄ 6 &�(½¤ÒJ � �º.ò � J̄ � #&ç �¾L�É ÊÆ Ö

�Ë ÌJ �M Ê Ë ¯°�¡ é��z&k£ 1 �'(�¡ �É ÊË Ì�¤� Ã ¥

? Ù �ö D &'(Ã ¥ ���̧ ��Ë Ì(ÚÝ �V ã�#)7��Ê Ë �Ë Ì(©

��D &e- � å�à© �̄ z)/ 
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 Time Total_Edg Reduced_Edg Resulted_Edg deviance p-value 

3 0.797 3 1 2 0.395889577 0.470775 

4 1.375 6 2 4 1.01664688 0.398495 

5 2.343 10 2 8 4.10728282 0.871733 

6 3.75 15 3 12 1.64908402 0.351687 

7 6.203 21 5 16 2.16078839 0.17352 

8 9.485 28 9 19 6.09713282 0.26984 

9 14.015 36 12 24 7.30531826 0.163204 

10 19.484 45 14 31 8.16638167 0.119521 

11 26.156 55 19 36 12.2297746 0.124435 

12 41.36 66 26 40 18.7506294 0.153215 

13 57.594 78 28 50 16.6475153 0.044769 

14 69.453 91 29 62 15.2883955 0.017365 

15 114.562 105 37 68 27.3826759 0.124364 

 5.5 ? 0.05α = .É ÊË Ì 

 Time Total_Edg Reduced_Edg Resulted_Edg deviance p-value 

3 0.766 3 1 2 0.395889577 0.470775 

4 1.719 6 3 3 6.35386666 0.904392 

5 2.531 10 2 8 4.10728282 0.871733 

6 4.422 15 6 9 15.9814569 0.986146 

7 6.75 21 6 15 7.2324832 0.70018 

8 9.703 28 10 18 11.1688276 0.655482 

9 13.937 36 13 23 12.3770131 0.50301 

10 20.609 45 17 28 19.9830225 0.724901 

11 34.61 55 24 31 26.7965633 0.685975 

12 51.703 66 29 37 32.5504492 0.70376 

13 75.031 78 33 45 33.9510482 0.578455 

14 88.453 91 31 60 22.7241962 0.141034 

15 131.313 105 41 64 45.8333084 0.721438 

 5.6 ? 0.01α = .É ÊË Ì 
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5.3.3 GGMs $ % & � � �� '$ % & � � �� '$ % & � � �� '$ % & � � �� '  

� ¥ ! " ��H .ò �¯Lä� BË Ì�� � &'ü Ø ����|� <

12º13º14º15.� � ¡ é����ì��à 5.5|� }��M N�����

ì�� H ý 2.ò ��¯Ñ��Ë Ì¾Lä�¡ m n Ë Ì(¯°�� �.ò ) Ð

��¯&H �ÛÂ £ : ¾I�Ù )�¡ é���&X1 ø �à'(e?z� �

Æ ¯�.ò Lä� BË Ì�� � #� � n �¡ é���ûM z&}1 2 ¯¾L

ä� BË ÌÖ×q ä#â �V ã&�bÙ �~ ÛÑÒ× ë \ Þ & �ûM S %�

��e?Ú ò � �̄ Ö� 6 &H �¯�o ¥ � �̄ Ö� z&k£ 9�ÖH Ú ò �

� J̄ 9 Ë Ì�¡ é�zÛ �� J � 

 

 

 

 

 

 

     (a)12���—.ò 29�¯          (b)13���—.ò 33�¯ 

 

 

 

 

 

 

     (c)14���—.ò 31�¯          (d)15���—.ò 41�¯ 

à 5.5 M N�����ì�� &H �ý 2¯�.ò  

¾L� BË Ì¡ é���� 
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5.4 � �� �� �� �� �� �� �� �  

5.4.1 � � ( )� � ( )� � ( )� � ( )  

Í<3 0k�|» ��n &m Ä g 2.2.1�bj &��k��> ? � ¶ . ¥

[|�D i .7 Ø &A� � b c Ñ�S 9 5.7�ðñ�� AB� 2.2.2��

#©± ² � C3 0|©&ðñg 5.8��b����ö � �gà 5.6(a)-(e)�¨

©� � \ '(" - j k ö � Æ Q(ÑÒ�Þ ���1 �̄ > w ��©�. ¥ �m

k�¿©�� z�¤� � ³  � ?� � ..>|©��>&̈ ©�¾ ÒR �   I

'(���>� |Ý � 

 

Factor Loadings (Varimax raw) (30PredictorsOfYield.sta)  

Extraction: Principal components (Marked loadings are >.700000) 

 Factor Factor Factor Factor  Factor Factor Factor Factor 

Var2 0.85008 0.282309 0.277366 0.140888 Var17 0.87729 0.402282 0.161767 0.066260 

Var3 0.86506 0.245299 0.248495 0.086286 Var18 0.88223 0.391163 0.167904 0.066127 

Var4 0.89759 0.224115 0.289025 0.151257 Var19 0.08782 0.030614 -0.775028 0.308675 

Var5 0.87149 0.291260 0.276854 0.087092 Var20 -0.60875 0.111426 -0.697444 -0.251274 

Var6 0.86937 0.295964 0.247640 0.067255 Var21 -0.57485 0.119034 -0.710362 -0.251340 

Var7 0.87877 0.235438 0.275866 0.112019 Var22 -0.65582 0.074104 -0.655997 -0.257583 

Var8 0.88856 0.381478 0.139554 0.023352 Var23 -0.61343 0.145775 -0.677503 -0.198122 

Var9 0.88560 0.316962 0.193123 0.134578 Var24 -0.04622 -0.078569 0.056289 -0.200686 

Var10 0.87726 0.269787 0.195458 0.135539 Var25 -0.37334 -0.897367 0.009078 -0.124825 

Var11 0.81991 -0.104568 0.034712 0.498829 Var26 -0.22892 -0.947648 0.117268 0.059676 

Var12 0.80533 -0.073032 0.002406 0.514374 Var27 -0.25094 -0.951319 0.078193 0.016183 

Var13 0.60909 -0.140560 0.519307 0.451448 Var28 -0.25228 -0.947625 0.058765 0.040611 

Var14 0.61556 -0.137410 0.487766 0.476053 Var29 0.01213 0.265615 0.246906 0.811155 

Var15 0.89159 0.365007 0.163898 0.106675 Var30 -0.35461 0.137383 -0.072806 -0.769478 

Var16 0.88197 0.316754 0.174575 0.111553 Var31 0.80876 -0.055299 -0.133404 0.467815 

 5.7 k�|» �ðñ 
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 DIM. 1 DIM. 2  DIM. 1 DIM. 2  DIM. 1 DIM. 2 

Var2 -0.773309 -0.122859 Var12 -0.545592 0.261813 Var22 1.558754 -0.369783 

Var3 -0.761926 -0.141191 Var13 -0.558723 0.369536 Var23 1.511114 -0.382610 

Var4 -0.744681 -0.096816 Var14 -0.565870 0.366494 Var24 0.380377 -0.778981 

Var5 -0.760075 -0.120230 Var15 -0.739697 -0.163010 Var25 1.218191 0.727777 

Var6 -0.752041 -0.151234 Var16 -0.724971 -0.148420 Var26 0.975378 0.802313 

Var7 -0.750014 -0.102327 Var17 -0.758816 -0.179809 Var27 1.009190 0.805083 

Var8 -0.702805 -0.189946 Var18 -0.755416 -0.176575 Var28 0.998846 0.809261 

Var9 -0.737951 -0.144187 Var19 0.618627 -0.266721 Var29 -0.240361 0.658635 

Var10 -0.721157 -0.138767 Var20 1.527836 -0.411773 Var30 1.260303 -0.705195 

Var11 -0.516987 0.265820 Var21 1.509649 -0.419199 Var31 -0.457876 0.142903 

 5.8 #©± ² � C|» �ðñ 

 

 

 

 

 

 

 

 

 

 

 

à 5.6 (a)� 4.8 � �ä¨©� � \ �¿ @ Þ � 
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à 5.6 (b)à(a)� A � � ² z��¿ @ à 

 

 

 

 

 

 

 

 

 

 

 

à 5.6 (c)à(a)� B � � ² z��¿ @ à 
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à 5.6 (d)à(a)� C � � ² z��¿ @ à 

 

 

 

 

 

 

 

 

 

 

 

à 5.6 (e)à(a)� D � � ² z��¿ @ à 

(k< D � � ���| a b?� ���|} �� �ö D J ?² z) 
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Ø 2 5.7º5.8?áà 5.6(a)-(e)�ðñ'(e?Þ ��|[g� ´ Ó # 

(1) Var2ºVar3ºVar4ºVar5ºVar6ºVar7ºVar8ºVar9ºVar10ºVar15ºVar16º

Var17ºVar18� 

(2) Var11ºVar12ºVar13ºVar14ºVar29ºVar31� 

(3) Var19ºVar20ºVar21ºVar22ºVar23ºVar24ºVar30� 

(4) Var25ºVar26ºVar27ºVar28� 

�� � ©z� |} �à 5.6(a)� D � � �&M � k< Var19ºVar24ºVar30¾

�äN� � ���� ��Ö×¾¿|a &k£ �¥ A |¯e?�1 2 ��A|

� Æ Ö� 

 

5.4.2 * '* '* '* ' GGMs�� ��� ��� ��� �  

A. ( ) � � � �( ) � � � �( ) � � � �( ) � � � �  

AÖ°�� ¶ � = > ? ���?á\ i �|©ðñ3 0 GGMs�É Ê&ð

ñ± ä 5.9&k<¢ |©Ñh � GGMsk<¼½R�Þ �- - (½¶É Ê 15

���� GGMs&k£  5.9�� ± Æ |©�(½9 15����ðñ><� ��

 5.9�Ô ¯������� ¶ � = > ? �����.� J ��&ÕCÖ×&�

�h � ����� Var7ºVar22ºVar21&(½¤ 3���°��� � V W¶ Var7º

Var22 � .É ÊË Ì&4������ � ¶ Var7ºVar22ºVar21 ø ���3 0 GMs

�É Ê&� £ Ó �� 

|©.É Ê GGMs�� ��<�H �©� �É Ê GGMs&Ñ�� ©ÑÒ�

�É ÊÙ �Þ �(�$%Ix æ 3.3����)&b?��d � Ë Ì�{�þ ª

« °M - Ü �XÉ Ê GGMs � ��¼½x æ�{�þ ª « Ý S &'(	
 · ó

.(½d � Ë Ì�{�þ ª « �(½�� U ô �� ¶ 3.2.3�bj ��z®Ô Á

Q&É Ê GGMsÑ�'(e?S 9� �Ë Ìb���ÑÒ�Ù ì�&e?µ

â 8 2 �̄ .ò &k£ d � Ë Ì{�þ ª « �(½°�X�m n �{�þ ª « �
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$�$�¯.ò &H .ò ��¯°>�z®Ô �Á Q&g£ ÕS bÃ �ª « � 

 

ü�ý�þü�ý�þü�ý�þü�ý�þ
 

ý�þ�ÿý�þ�ÿý�þ�ÿý�þ�ÿ
 

������������
 

������������
 ���	� ����	� ����	� ����	� �  
���
���
���
���  ����������������������������  p ���	� ����	� ����	� ����	� �  
���
���
���
���  �� �����������������������  p 

3 1 0.395889577 0.797 0.470775 0 0 1  

4 2 1.01664688 1.375 0.398495 1 0.865668937 1.563 0.647843 

5 2 4.10728282 2.343 0.871733 3 16.040137 2.203 0.998887 

6 3 1.64908402 3.75 0.351687 5 16.1024 3.5 0.993442 

7 5 2.16078839 6.203 0.17352 6 15.8848 4.859 0.985614 

8 9 6.09713282 9.485 0.26984 11 22.0362 6.797 0.975906 

9 12 7.30531826 14.015 0.163204 15 20.9047 8.75 0.860098 

10 14 8.16638167 19.484 0.119521 18 30.2693 11.313 0.965091 

11 19 12.2297746 26.156 0.124435 21 35.1878 14.36 0.973076 

12 26 18.7506294 41.36 0.153215 28 40.5336 22.219 0.940777 

13 28 16.6475153 57.594 0.044769 31 34.0867 25.969 0.678613 

14 29 15.2883955 69.453 0.017365 38 43.17 33.391 0.740159 

15 37 27.3826759 114.562 0.124364 46  38.688  

 5.9 |©É Ê GGMs�ðñ&e¢ |©��U >� � 

 

�1 �'(BC�z®Ô Á QÖ(½|©É Ê GGMs��{�þ ª « J E

9 5.1�bj �(½� �&k£  5.9�|©��¡ é�� (½9 14���&�

15����¤� k<è é( o B C �[(½�M Ê Ë 7�k<(½R� z4:

�S 9bÃ �Á Qª « &k£ ûM ± � Î Ï �M � '(BC 5.9e?� 9|©

�Ë 8 9'(���¥ Õ#) * ± Ñ � �¼½�¤Ò&¯°�) ¢ É Ê GGMs

�¼½R&ç �|©�ðñÒ J �[¾¿z�¡ é(� 5.9'(¥ Õ p�¥ { ä

0.95)� 

 

B. * ' + , �- .* ' + , �- .* ' + , �- .* ' + , �- .  
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� ¶ 4.2�b! " ¶�Æ �D �&¦ 3 Ñ��ðñg 5.10b}&¡ é��

Ë �ú� �¦ 3 &b�� p�I� 0.95?� (k<1 �ë � �Ï Q�Þ < 0.05&

¯°�) * b�.ò � ¡̄ é�(½bS � p�I{ ä 95%)2ä'(b¥ Õ�

Ç È � 

��Lä¦ 3 ��|©É ÊË ÌD �3 0¤Ò�� �&gà 5.7b}�1 ²

�D �Lä'(bx æ���V W- I ~ Ä 9 20���&?|©�D �4Û m

� ��R�� J &(½R¶(½¤Ò�Ë J � J &M � · ��� � �k��|©

�ðñ&�H �©�� - I � � |L &M J �o �©� � § z&1 ² ¾LÖ×+

, - ~ Ä " #����M � Lä'(x æ�V WÖ×�2 ���|} �Ë ¾¿

®(ß p.51� (1)©��)4E� = > ? ��� �̂ �h i &k£ �~ Ä 9 20�

���¤� R � ��©8 9 9���&1 ² �|©ðñx S � �(½ r 9� � � 

£ ó à 5.8 � }��'(É ÊÆ Ö�à��Ë Ì&x æ�Ç B� aiSee��

#��b� �Æ Ö�à��ë à�?áÙ � �̄ äF G &� �  M + $ X��

� � V ã&k£ �1 ¯? 7���<C� �à��Ë Ì&¿��R� #�¤� �

D z .4 5 �� Ù̄ Þ �� ECM ª « �
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�Normal
�Grouping	 � �  �� �	 �� �� �

Number of Variables

����

����

����

����

����

�����

�����

�����

Ti
m

e(
s)

 

ü�ý�þü�ý�þü�ý�þü�ý�þ
 ����� ý�þ��������� ý�þ��������� ý�þ��������� ý�þ����  

������������
 

������������
 R_Edge Deviance Time p R_Edge Deviance Time p 

3 1 0.395889577 0.797 0.470775 0 0 0.453  

4 2 1.01664688 1.375 0.398495 1 0.865668 0.594 1.563 

5 2 4.10728282 2.343 0.871733 2 5.2983 0.609 0.929289 

6 3 1.64908402 3.75 0.351687 4 5.3605 1.281 0.747734 

7 5 2.16078839 6.203 0.17352 7 6.7002 2.297 0.539252 

8 9 6.09713282 9.485 0.26984 9 7.18657 4.172 0.382298 

9 12 7.30531826 14.015 0.163204 13 8.9954 5.609 0.226709 

10 14 8.16638167 19.484 0.119521 16 20.7576 7.313 0.811983 

11 19 12.2297746 26.156 0.124435 21 21.714 10.438 0.583852 

12 26 18.7506294 41.36 0.153215 25 25.537 16.454 0.567375 

13 28 16.6475153 57.594 0.044769 30 26.1437 21.093 0.332223 

14 29 15.2883955 69.453 0.017365 37 34.097 29.437 0.394116 

15 37 27.3826759 114.562 0.124364 43  34.875  

 5.10 <� B(½�z®Ô Á QA3 0|©&N² ¶¢ |©�ðñ>� �� 

 

    

 

 

 

 

 

 

 

 

à 5.7 ¦ 3 �A|©¶¢ |©(½¤Ò�� � 
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(a)¢ |Ó É ÊË Ì               (b)|Ó É ÊË Ì 

à 5.8 7����à��D y Ë Ì 
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������������ � �� �� �� �  

 

³ " ; . ¥ �?Y Z ��V W<Lc &� U g 1.1�bj �V W� �> w x

æà��D y Ë Ì�D �É ÊË Ì&�3 4 5 ¼ |» V W�ú Ä ��(Var2-Var31)

Lä� ú Ä ��(Var1)�� � ?áú Ä ��ÑÒÂ £ : ¾�Þ & ���� ³ " ;

- x æY Z ���V ã<4 5 D z &ç �N² �D �� � e?+ æ�¶��Ó Ô

���� �bQR�zR��V W�� 

�ë � �Xh @ ~ Ä � n ! " ý þ ÛLV W|} ?á� = > ? �� � û�

Æ - F �D �&� L�Ðà��D y Ë Ì�D �K L�����Ï Q&- Æ �

i b- À È �¦ « &ûEÖ ! M NÏ Ø RLäË Ì(_6 (½¤Òº.ò ¯�º

¶¡ é�)�� � ?á¼½� ��Ë Ì¡ é����ì���µ ð2k�|» ¶

#©± ² � C�D �3 0���|©&BC|©É ÊË Ì�D i ¸ ��Ð�D

�&ûL�z®Ô Á Qbù E 9�� �3 0! " &��K L¡ é��Æ ¦ 3 �D

�&9 ¸ �D �bÉ Ê�Ë Ìä|» " #��R�N¤ô - x Ë Ì¡ é�ß ä �

x æ¼ ¥ Õ�Ç È Ñå� 

Xë � �ðñ'(e?S 9?� ´ Û# 

(1) ý þ ��¹ �Lä��|} J � å¾¿z�� � &Ù Ï J � � � = > w

���§ n &3 4LË Ì�[¾¿z�¦ �&k£ ý þ ��Ï � ¶.ò

�h @ ~ Ä �¾¿o ¥ �$%� 

(2) Ï Ø R�z{ LäË ÌÉ ÊJ �M 6 �� � &'(Ã ¥ �̧ ��Ë Ì(Ú

Ý �V ã�#)7��Ê Ë �Ë Ì(©��D &e- � å�à© �̄ z)I

e?BC � Ï Ø R�D i Ö8 [� 

(3) ¼æ|©É ÊË Ì�̧ �D ��Ë - ¾¿���� J |» ����

�&LäzÌ�Ë Ì�4 5 ¶Ö ! J ��Ø ���� � &Lä|©�É

ß �ª R���� � |} �� ©&9 H �©z{ ¾Ó Ô 4M ! ä�o �
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©� ä§ zà � � J ¼½R� 

(4) |©É ÊË Ì�D �Ó�Ø Ù Ý ��� |�Þ & �&g£ e- J A � ð

ñ¡ é�� z&k£ Ë ÌÉ ÊÑh eXzD z - F b�L� BË Ìo ¥

� J̄ ?ß à Öá ¬ ¡ �¡ é����?8 9� J ����N¤ß ä

¡ é��'(�¥ ÕÇ È Ñå� 

��â 9³ " ; �¦ 3 - X?� ´ Û� Ì # 

(a) à��D y Ë Ìx æ�h �J H' V W�� Å |} &ç �'(x æ�V

WÒ R��2 M Ô 2H' �|} (ßà 1.1)&1 ² �� ��k<�¤� ²

³ V WJ �o ´ ©|} �� 2&k£ e?Î Ï <�² ³ |Ó &AK L¾

NÓ V W3 0Ë Ì�É Ê?) ¢ V W|} M � �[�� � � 

(b) ³ ; b! " ���Þ ��K L�U 4Û &k£ |©��>�� ¶ V W|

} �¾Ô ��>� |&�V WÌÅ Ó Ô ���|>�©&1 ² �>�e

- J Ø Ù Ý ��m <b¬ �q Ä R&k£ �|©�¤� ¯e?� U q

Ä � s � J �2 « ¬ ¶Î R&x |©�ðñ" 2Ä � 

(c) �(½¡ é�¶ p�'(x æ�� �
� Q� &ç �ë p \ e?� ¶ M N

�ì�(Cg² ³ ��#ã º� ä �|} 6 Å �)î � x æM N�Q� D

�&?��Á Q�Ê Ë � � 

(d) Ë Ì�É Êx æ9zR�ª « ¼½E. ¥ � � (½R¶¼½¤Ò�$%
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