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Abstract

Database schema integration is significant not only
in building multidatabase systems but also in data
warehousing. Metadata, which define schemas, are
normally involved in the surrounding issues. And while
many of these issues have been addressed in the past,
unresolved issues remain. In this paper, we present
an approach that not only uses metadata but also uses
meta-meta information to make schema integration more
possible. Our solution requires meta object facility that
serves not only as a repository but also as a more feasible
means of managing meta data. We also advocate the use
of such a facility as part of an object-oriented middleware
environment that provides an open interface standard and
several useful services in distributed object management.

1. Introduction
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Figure 1. Conceptual schema of DLSU.
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Figure 2. Conceptual schema of CSSE.
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01 neural networks 4

02 databases 2

Table 1. Group entities in DLSU.

grpnum grpname

01 cryptography

02 neural networks

Table 2. Group entities in CSSE.
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Table 3. Integrating Tables 1 and 2.
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Figure 3. A possible target schema for DLSU and CSSE.
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Table 4. Levels of the MOF abstract model.
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Figure 4. The DLSU Metamodel.

Figure 5. The CSSE Metamodel.
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Figure 6. The target schema metamodel.
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3.2. MOF-Based Integration
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Figure 7. Mapping the import schema in Fig. 6 with export schemas in Fig. 4 and 5.
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Figure 8. The general framework.
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Figure 9. Sample expressions relating meta objects in the meta model.

4. Conclusion and Future Work

e�6-.=/ ,-?E,	%'+¹,-+*%�/1%�#B(F%�C ?½7`%a(K? P@GNZ[%�Jt( ?@,<,<+FPB?@JK6
(*P /FJK6<%'7Y?Ã.=#)(*%�A@+K?_(*.=P@# (F6-?_( %'�N,<;5PB.](K/ ?¢/1(F?@#-C<?@+FC
7 .0C<CN;=%'2�?E+F%Ã?E#-C /*P@7`%¢/*P@;=9N(*.=P@#-/¡?@;5+F%�?BCNg CN%�O�.=/*%�C
;5.5(*%�+F?E(*9<+F%@d <�%¼J'P@#)(*%�#-C¡(F6-?_(�P@9-+�?@,<,<+FPB?@JK6£J�?E#
+*%�?@/*P@#-?@G<;5g&CN%�?@;c24.](F6�/*%'7Y?E#)(*.0J'/Y(*6<+FP@9<AB6M7`%a(F?�P@GNZ[%�Jt(
7`?@#<.=,<9<;0?_(*.=P@#WV<P@GNZ[%�Jt(i24+K?E,-,<.5#-A-VN7`%�CN.0?_(F.5PB#u?E#-Cf/*.57`.=;=?@+
JaP@#HJa%',<(F/�(*6H?_(�J'?@#QG	%M%a�N,<;=P@.5(*%�C�T�PB+R6<.=A@6<%�+R;5%�O@%';0/�PET
?E9N(FP@7Y?_(F.5PB# ?@#-C T�%�?@/*.=G<.5;=.5([g�T�P@+�/*JK6<%�7Y?».=#)(*%�A@+K?_(*.=P@#
/1PB;59N(F.5PB#-/�d �<9-+1(F6<%'+F7`P@+F%@V�,HP_2¬%'+*T�9<;4T�%�?_(F9<+*%�/Y.=#M7`?E(*9<+F%
7 .0C<CN;=%'2�?E+F%D24.5(*6&7`%a(F?�P@G<Z[%�Jt( Tk?@J'.5;=.5(*.=%�/`/19HJK6&?@/ 6X� �
¸B6�	%�Â ?@#-CS�¶.0Ja+FPB/*PET�(�¸B6X�/; �3¸B6X��,-+*P_O�.0CN%87`P@+F%
T�%�?@/*.=G<;5%³/*P@;=9N(*.=P@#H/&246-%'+F%�(F6<%'+F%�.=/�#-PQ#-%'%�C (*P¾24+F.5(*%
%'O@%�+*g)(F6<.5#-AhT�+FP@7 /FJa+K?_(KJK6·d
e�6-%'+F%�?E+F%@VB6<P_2¬%'O@%�+�V@9<#<+F%�/*P@;=O@%�C`.0/F/19<%�/�(FPI(F?BJK��;5%i/*9-JK6

?@/`JaPB7 .=#<A¿9<,�24.5(*6�,-?@JK�_?@A@%�C87`%a(F?@7`P�C<%';0/ T�P@+^/*,H%�Ja.5«HJ
CNP@7Y?E.=#-/c?@#-C>(*6<%h9-/1%hPET.5#)(*%�;5;=.=A@%'#)(�/*gN/[(F%'7Y/�(FP^?@/F/1.0/[(c.=#
(*6<%¬,<+FP�J'%�/F/'d 
c%'.5(*6-%'+�(*6<%4/FJK6<%'7Y?i.5#)(*%�A@+K?_(F.5PB#jTk?@Ja.=;=.]([g3#<PB+
.](K/¬T�+*PB#B(*��%�#-CY(FP�P@;ª%a�N.0/[(Z[9-/1(4g@%a(�d�e�6<%3/*?@7`,<;5%jC<?E(F?EGH?@/*%�/
9-/1%�CM?E+F%uG�g&#-%�Ja%�/*/*.5([g&/*.57`,<;=%u(FP�GH%�A@.=#¥24.5(*6·Vi?@#-CM?E+F%
GHP@(*6�.=7`,<;5%�7`%'#)(*%�CRP@#R(F6<%>/F?E7`%^,-;=?E(1T�P@+F7fd <�%U/*6<P@9-;=C
#<P_2�JaPB#-/[(F+*9HJt(i(F6<%`JaP@7`,<;=%a(F%h%�#)O�.=+*PB#<7`%'#)(X?B/�C<%�/FJa+F.5G	%�C
.5#�(*6-%fT�+F?@7 %�2LPB+*�¿.=#-Ja;=9-CN.=#<A�?�#<P_OB%';�T�%�?E(*9<+F%f.5#�OBP@;=O).=#<A
/*JK6<%�7Y?h.=#-Ja9-G-?_(F.5PB#·d
e�6-%�?@,<,<+FPB?BJK6¹CN.=/FJa9H/*/*%�C .5#�(*6<.0/�,-?E,	%'+�.0/MJa;=%�?@+*;=g

#<PE(£(F6<%¢«H+F/1(£(*P %a�N,<;=P@.5( 7`%a(K?@C<?E(F?<V¡+F%',	PB/*.5(*P@+F.=%�/
P@+Ä7`.=C<C<;5%�2¬?@+*%Bd <�% 7h9-/1( /1(*+F%�/F/'V°6<P_2¬%'OB%'+�VS(F6<%
#<%'%�C (*P %a�N,<;=P@.5( /[(K?E#-C<?@+FC Tk?@Ja.=;=.](F.5%�/ .=# %'�N.=/1(*.=#<A
7 .0C<CN;=%'2�?E+F%�/1(F?@#-C<?@+FC</D(*P�7Y?_�N.=7`.���%�(F6<%¿,HP@(*%'#)(F.=?@;�T�PB+
.5#)(*%�+*PB,H%�+F?@G<.=;5.5([g@Vr,<;0?_(*T�P@+F7:�s#<%�9N(*+K?E;=.]([gBV_P@GNZ[%�Jt(+*%'��9H/1%BVE?E#-C
24.=CN%3?@,<,<;=.=J�?EG<.=;5.5([g^.=#f+*%�?E;5��2¬P@+F;=C^%'#)(*%�+*,<+F.0/1%�/'d

Acknowledgement.
e�6<%�?@9N(*6-P@+K/>?@,<,<+F%�Ja.0?_(F%�O_?E;=9-?@G<;5%

?@CNO�.0/1%¹?@#-C¼T�%'%�CNG-?BJK� T�+FP@7 ��+�d�±)(*%�,<6<%'#�¸L+K?r24;5%�g P@T
(*6<% ��.=/1(*+F.=G<9N(*%�C ±�gN/[(F%'7Y/ eW%�JK6<#<PB;5PBA@g ¸L%'#)(*+F%¡?E#-C
�i+�dL¸¬?_(F6<%'+F.=#<%A��2¬?@;=C PET ��9-%'%'#H/1;0?E#-C eW+K?E#H/1,	P@+*(�V
¬+*.0/1GH?E#<%BV�Âi9-/1(*+K?E;=.=?-d
e�6<%�2¬P@+F� +*%�,HPB+1(F%�CY.=#^(F6<.=/L,-?@,H%�+L6-?B/�G	%'%�#^T�9<#HCN%�CD.5#

,-?E+*(4G�gY(*6<%h¸LP@��PB,H%�+F?E(*.=O@%5	c%�/*%�?E+KJK6f¸L%�#)(*+F%5C�+FP@AB+F?@7`7 %
(*6<+FP@9-A@6�(F6<%¶Âc9-/1(*+K?E;=.0?E# �XP_O@%'+F#<7`%'#)( � /6�i%�,-?E+*(*7`%�#B(YP@T
(*6<%3"$#HCN9-/1(*+Fg@V-±NJ'.5%�#-Ja%I?@#-C 	c%�/*P@9<+KJa%�/'d

References

F4G+HJI NLKU��02�C���rFNM NPO ���8Q+� = �����rF �!�/63R N�K NJSV�7W!�D021��!NUT
4�5!�T /� = �D02��W � �D�/�!B.vk����� 5D?T�T�+021�5 6�5�B�5!�������~?@5 = 6��D0��DH/�!���
��4�1������#����02��� = �D02��5�� NWVWXZY[X c�\ a h g l@j^]P_�h ba`!e+b�c F G�dfeAg^h F
i �+4�N G�j)d�k N

F l�Hnm NoK = ���.02H/� = 07N MuI�B.02�C6��D0��DH/�D��� ��� 02� = 5� K� = �DH���B���0xv�N_qp�r&Yts&uwv e�f�cDb�x F G�jye@z)h+{ |�z�}^k)~ F�R �� *N G�j)j)~ N
F z�H M N�� N�K = ����1�07F�T N��GN�� I = ��5!�*F �D�/6�RKN��Y���qQ7��6 N

T3I�025�����02�76 = ����5�B�I�02��5!� 5!?~���+���!��02��4�1��'02� = 5��!�������.0xv]���
�
I�B.02�C6��D0��DH/�D������N�VWXZY�� b�� j c��Gc j�u �!g?�*����c+e _ b�c2gxe+\nc F
G�jye?l)h+{ l^G�l�}ql)|�z F���I���� G�j�j�g N

F g�H M N�� N�K = ����1�07F*TGN��GN�� I = ��5�� F�R N��Y���fQ���6 F!�D�/6��
N�Rk� = ��� N� 1�� ��I��T��� = v ��4'1������!� �T5 6��+B } �!� �D � = 5 �!4�1 ?@5 =1��!�/6kB��C��� �-I�B.02�C6���0��!H��!����� {�I 5!��4��+ �0u�!�/69 K� = ?@5 = ���D��4���D�/�!B.vk������N��x�NT N��GNZ� I = ��5!�*F�M N�� N�K = ����1�07FY�D�/6�RKNZ� N�Y���fQ���6 F �76��.025 = ��F8Y~hy� g l x*�!g?�*����c+e _ b�c2gxe+\nc�� V3j�V x�`�� j f�e�x_ c � h g l c j�� c!b r�� c*��� ��p�j�� c!ba\��!g l c j�_q� �!b l@jq]!F 4�1/�! k02� = g F ��!���+� G�j)j�}qlqG�k N�-����� I 5��T �I�02� = Rk5�4����+0xv�� = ������F G�j)j�z NF |�H M N�� N�K = ����1�07F�TGNn�GNW� I = ��5��*FX�D�/6 RKNn� N��Y���qQ7��6 N
T 0���¡k5!��5�� v �D�/6 4�I =�= �+� 0 ������I���� ��� �-I�B�02�C6��D0��!H��!���
��vk��02���T��N�p�¢�¢&¢wX c�\ a h gxe'b F l�|fe@z*h+{ |�~�}qk�~ F�M>� = 4'1 G�j)j)l NF k�H � N���N I �!���/�D0�� N � 1�� � =�= �+���C��02��H�BC� �T5�W � 025 } � = 6k�����02� = 5� K� = �!H�B�� 6��D0��!H��!��� ��vk��02���T��N ����£ b�c7f��¥¤ l bac2g



p�j g�� ��� c!b���c � c'a c jwp�j gxe'b�c'a�e'b��)� lA� l gAb l@j�Y~hy� g l x*�!g?�*����c+e
_ b�c2gxe+\�c F/ /�!�!��� l�}q| F G�j)jqG N

F ��H RKN I � = �rF�K N!� � = ����4��rF �!��6��
NZ�9�C��6�� = 1�5�BC6 N i �C��0 = ��H�I�02�76
6��D0��DH/�!���G6k���������>�T�'021�5 6�5!B�5���������N��x� £ b�c7f�� p�¢�¢&¢ Fk /�!�!���
|�z)z�}f|�g)k F�M>��v G�j)d	� N

F d�H RKN I = � } B��+v�F�RKN i �7W ����F ��N �x�/6kI�B������ F R N�Mu4�K = �o6k��F��D�/6
 N � ��vk�T5���6 N Mu�+0���� �T�+0��]��� HK�'0�02� = � HK�+0�02� =� ���
p ¤ p�£�� r�� ��� p�j g6� � cDb�� l@j^] X c j�� � c j>u�l c�grb l � h gxe�x
V a a � l fa�Dg l c j c � j x lqj gxe'b�c�a�e'b��*� � e _ b�c�gxe+\�c�� u V pa_ � ����� F
G�j)j	� N

F j�H RKN I I/� F��
N��V� } F��kN 
 �C5��KF �!�/6 �kNPOt�!I NUM i K G N
K �!4�1���B�5 =� � � 1���������F�R 5!?o0 } � = � � ��4'1���5!BC5!�!v i �� /� = 02�T����07Fi ��Ot��Rk�!B�B���� ����W � = ����0xv�F G�j)j�j NF4G�~�HPI 5!�T�T5�� � � = ��1�5!I���� Mu�+0��!�T5 6k��B e?I � M h
�� K�+4��.�/47��02�C5!�*N  �M!� i 5�4�I��T����0 ��6#" l�~�~)~ � ~qG � ~fG F
$ ��H = I�� = v l�~�~)~ NF4G�G�H RKN�M N i ����� F � N��GN T3�T���*F��D�/6¥M N I N � ��vkB�5 = N i �D0��
����02��� = �D02��5��i���~6�����0 = ��H�Ik02�76>6��D0��!H��!������N�p�¢&¢�¢�� b�� j c�� c j
_ c � g&%&�!b�e ¢Uj^] � F;Ry�'� G�zye(��h+{ d�k)~�}qd)k�g F���I�B.v G�j)d)� N

F4G�l�H O N*�
N i ��Mu��4�1�����BrN � � = ?@5 = �T����� 5� K� = ��02�C5!��� 5�W � =�T��������024'1��76�6k5����!������N��x� £ b�c7f���¤ l � g ��p�j g�� �WX c j�� �Vc j
u �!g?� ¢Uj^] � F� ��!�!��� z�k�}*g^| F G�j)j�z N

F4G�z�H TGN i 5����!4�F I N i �������rF�� N 
 ��BC��4�F+�
N, Q�1��!� F $ N, Q�47�D�*F
RKN�S I = �DB F I NN� W = ���/6k�CB����KF-� N�� �!B���4��rF K N�T =  ������ = F� N 
 5��k�2�DBrF S N 
 �������>FX�!��6 RKN�M>�D��4�I�1/�!� N�M�� � �
����02� = 5! K� = �!H�BC� 6��D0��!H��!���G��vk��02���>N � ��4�1����C4��!BZ�3�� K5 = 0 k � G FR 5!?o0 } � = � � ������� = 4�1T�!��6 i ��W �+BC5! ��T����0 I �+� 02� = FfRk4�������02�.�/4�D�/6 � ��4�1�����47�!B��3�����7� = 4'1 I 5�I���4���B�5!? � I = �k�.v��!F�Mu�C6�6kB��� �!��0 � ��4�1�����47�!B.� ���CW�� = ���.0�v�Ff��I���� G�j�j*| NF4G�g�H i N $ �!����F ��N �V�D�T�T� = F �!��6 i N Mu4�O ��5 6 N � 1��
�C6k����02����47�D02��5!���!�/6 = ����5�B�Ik02�C5!��5!?K�������D��02�C4 1��+02� = 5!���������.0�v��� �-I�B.02�C6���0��!H��!���^��vk��02���T��N ����£ b�c7f��¥¤ l bac2g p�j g�� �
� c!b���c � c'a c j p�j gxe'b�c�a�e'b��*� lA� l gAb l@j Y~hy� g l x*�!g?�*����c+e
_ b�c2gxe+\�c F/ /�!�!��� G�z�k�};G�g*z F G�j)jqG N

F4G�|�H S N�� ��5 = ���!BC�!��N ����02��� = �D02����� 6�����0 = ��H�Ik02�76%6��D0�� 5�W � =021���� = �������!��02��4 �C6��+� 02�.0xv�N �x� £ b�c7f�� V c�c'c7f l �!g l c j
� c!b p�j�� c!ba\��!g l c j#_ b�c2gxe+\nc/�	�)��� V \Te'b l f���c X c j�� � c j
0 e'gxe'b�c ] e j e�c h c u �!g?�*����c+e p�j gxe'b�c'a�e'b��*� l	� l gAb21 u �Dg?�
� �!b�e � c h c l@jq]!F8����6��C�!���! K5�B�����Fy���/6k�C�!�/�3��RKFfT I���I���0 G�| � G�
G�j)j	� N

F4G�k�H � N�M N i N�� = ��v �D�/6 S
N � N � N 
 N��
N 
 I�B���� = ���rNs �@d�e�f+g54 s b l e j gxe�x u �Dg?�*����c+e+c�� V _ e+\�� j g l f u �!g?� Y c�x�e �
V a a/b�c�� f � N � = �+� 02��4�� � �!B�B¥����02� = ���D02��5����!B R � = ����� �C�
I 5!�T �Ik02� = R 4�������4��!N�� = ����02��4�� � �!B�B�����02� = ���D02��5����!B e � 
 hO 0�6 F G�j�j*l N

F4G��H O N M N �V���D��Ft� N ��N Mu�CB�B�� = F�K N S ��� } 5!���!� = F�M N � N�35!021 F[� N#M N#Rk4�1 } � = Q�F �!�/6 � N#O N �_���T�T� = ��N� = �!����?q5 = �T����� 1��+02� = 5!��������5�I�� 6���0�� } �.021�6��D0��DH/�D���
�T�C6�6�B�� } � = � { K �+v 5��/6 ����02��� = �D02��5�� N p�¢�¢�¢ u �Dg?�
¢ jq]!lqj e2e'b lqjq]76�hf�	� e'g lqj�F l)lqe-G�h+{ zfGa}qz)k F G�j�j)j N

F4G�d�HPI N�� ��I F �76k�.025 = NL¢ j gxe'b a/b l c+e l@j gxe ] b-�!g l c j � j x�\#c�x�e � l@jq] �g � e \�e'g?�*x*�Dg?�*����c+e ��a a/b�c���f � N 
 B�I } � = T�4���6��+�T�C4
� I�H�B��C��1�� = ��F G�j)j�k NF4G�j�H TGN �GN�� I = ��5�� �D�/6 M N � N K = ����1�07N8 H:9���4+0�� 5 = ������02�76�
I�B.02�C6���0��!H/�D���#��vk��02���T��N �x�; 
N�TGNZK I8� 1 = ���G�D�/6 T N 
 N� B����!��� = �T�C6 F �76k��025 = ��F�s �@d�e�f+g54�c!b l e j gxe�x \ hy� g l x*�!g?�*����c+e
c�b�c2gxe+\nc�� � c'c � h g l c j � c!b[�*x�`�� j f'e�x �'a a � l fa�Dg l c j c F
4�1/�D �02� = G F� ��!���+� Ga}qz�k N� = ����02��4��<�?�V�DBCBrF G�j�j)k N

F l�~�H TGNn�GNW� I = ��5!�*F M NW� N K = �C�!1�07F>�D�/6 RKNn� N��Y���qQ7��6 F
�76k�.025 = ��N8Yihf� g l x*�Dg?�*����c+e _ b�c2gxe+\nc�� V3j�V x�`�� j f�e�x _ c � h g l c j� cDb r � c*��� �Jp�j�� c!ba\��!g l c j3_q� �!b l@jq]!NU�.�&��� I 5��T �I�02� =R 5�4����+0�v � = �+����F G�j�j)z NF lqG+H � N 
 Bo�D��FJ� N $ �D�8� 1/�DI���� = F-�!��6w� NWMuI�021 N i �D0��DH/�!���
����02��� = ��02��5�� I�������� 021�� 5� K��� 5�H�9���4'0��x5 = ������02�76 6��D0��DH/�!�����vk��02��� =+ i T 
 N �x�> 
N K I8� 1 = �+� �!�/6 T N 
 N
� B����!� � = �T�C6 FV��6��.025 = ��FLs �@d�e�f+g s b l e j gxe�x Yihf� g l x)�!g?�*����c+e_ b�c2gxe+\nc�� V _ c � h g l c j � cDb V x�`�� j f'e�x V a a � l f��!g l c j c N
� = ����02��4����V�DBCBrF;� ����B�� } 5�5 6 I B��@? ��F;S N ��N�F G�j�j)k NF l)l�H �GN 
 = ����1��/�!�
I = 021�v�F � N O*�.0 } ���*FP�!�/6 � N 
 ����07N
�x� 02� = 5� K� = �DH���B���0xv 5!? 1��+02� = 5��!�����+5�I�� 6���0��!H/�D����� } �.021
��4�1�������02��4�6�����4 = �� ��!��4+�C�+��N2���P£ b�c7f��y¤ l bac�g p�j g�� �A� c!b���c � c�a
c j p�j gxe'b�c'a�e'b-�*� lA� l gAb l@j Yihf� g l x)�!g?�*����c+e _ b�c2gxe+\nc FT ��!���+�
G�g)g�}8G�|^G F G�j�jfG N

F l�z�H � N�O ��0 } ��� �!��6�TGN T H 6k��B�Bo��02�.?�N MuI�B.02�C6��D0��DH/�D���
����02� = 5� K� = �!H���B��.0�v�N�p�¢�¢�¢>X c�\ a h gxe'b F G�jye?l�h+{4G�~�}8G�d F i �+4�N
G�j)d)k N

F l�g�H � N O*�.0 } �C� �D�/6�T N T H 6k��B�Bo��02�.?�N T � 5DW�� = W �C� } 5D?T021��
�
I�B.02�C6��D0��DH/�D���U���!���C �I�BC�D02��5!�
BC�!����I��!����M i RyO Nq�x��£ b�c7f��
p�¢�¢&¢ F� /�!�!��� k*l^G+}qk�z*l F�M>�7v G�j�d)� N

F l)|�H O N�O*��I*F�O N!O N m �D�*F �D�/6tM N'B Q���I*N �x� 02� = 5� K� = �DH���B���0xv`���
BC� = �!�<� ��47�!B�� 6k����0 = �CH�I�02�769���k?@5 = ����02��5�� 6���B���W � = v���v���02�+�T��N�x��T N i N��'07N �DBrF/�76k��025 = FC� cDb��ED cF% Y � j � ] e+\�e j g _ b�c2gxe+\nc� j x p�j gxe'b�c�a�e'b��*� lA� l gAbG��H V � s V c lt_ e'b l e+c�� _ e'b l e+c ¤JI
X c�\ a h gxe'b � j x _ b�c2gxe+\�c _ f l e j f�e+c�I�K�c � � �<L � N Rk = �C����� == � = BC�!�kF G�j�j)� NF l�k�H �GN ��N Mu��B�BC� = N � ������� ��4'1������D02��47�DB�B�v 1��+02� = 5!��������5�I����0 = I�4+02I = ����N��x� £ b�c7f�� VWXZY _qp�r&Yts&u p�j g�� �WX c j�� ��c j
g � e Y � j � ] e+\�e j g c � u �!g?� F G�j�j)d N

F l	��H Mu�+0�� 5�H�9���4'0 ?r�!4+�CB��.0�v e M! $ h �� K��4��.�/47��02��5��uW G N z NA H�9���4'0
M>�D�/�!�!���T����0M� = 5�I� e  �M!� h F;M>� = 4�1 l�~�~)~ NF l�d�H TGNyMu5!0 = 5�N!RkI� kW�� = ��� } � { = � = 02I��!BK����02��� = ��02��5��M5!?*�-I�B.02�� �B��6��D0��!H��!������N p�¢&¢�¢�� b�� j c��Ec j _ c � g&%&�!b2e ¢Uj^] � F�Ry�'�
G�zye(�)h+{ ��d*|�}���j�d F���I�B.v G�j�d)� N

F l�j�H Mu��4 = 5!��5!?q0 = �� K5!����025 = v�N1�0�02 { "F"D�T�26�� N �T�C4 = 5���5!?o07N 4�5���" = �� K5����.025 = vN"�F2��I���� l�~�~)~ NF z)~�H Mu��4 = 5!��5!?q0 = �� K5!����025 = v �C� 6���0�� } � = ��1�5�I���������N1�0�02 { "F"D�T�26�� N �T�C4 = 5���5!?o07N 4�5���" = �� K5����.025 = vN"���4����/� = ��5���"!6 } N �!�� *F��I���� l�~)~)~ N
F zfG+H RKN SV�7W!�D021��i�!�/6 TGN Rk��W!�!��� = ��N�T ��4�1������`����02��� = �D02��5��?@�!4���B��.0�v I�������� 5!H:9���4+0�� 5 = ������02�76R6��D0�� �T5 6���BrN ���

 
NNT N K I8� 1 = ��� �!�/6 T N 
 NN� B����!� � = �T�C6 F �76k��025 = ��Fs �@d7e2f+g54xc!b l e j gxe�x \ hf� g l x*�!g?�)�a��c�e c�b�c2gxe+\�c�� �#c'c � h g l c j
� cDb��*x�`�� j f�e�xt�'a a � l f��!g l c j c F 4'1��! �02� = g F  /�D����� G�~*|�};G�l�d N� = ����02��4��<�?�V�DBCBrF G�j)j�k NF z*l�H M N �
N S 5 6k�C��� �!��6 RKN�K3N�O 6�5!�����KN � 1��]�C�T ��!4+0
5D? 0 = �D���2�!4'02�C5!� ���D�/�D�����T����0 5�� 5!H:9���4+0�� 5 = ������02�76�
I�B.02�C6��D0��DH/�D��� W ��� } ��N����P 
N�TGN K I8� 1 = ���u�D�/6 T N 
 N� B����!� � = �T�C6 F �76��.025 = ��F�s �@d7e2f+g54xc!b l e j gxe�x \ hf� g l x)�!g?�*����c+e
c�b�c�gxe+\�c�� � c+c � h g l c j � c!b �)x�`�� j f�e�x �'a a � l f��!g l c j c F
4�1/�D �02� = G F� /�D����� |	��};G�~�g N2� = ����02��4��<�?� �!B�BrF G�j)j)k NF z)z�H M N � NQB Q+��I#�!��6n� NR= �DBC6�I = ����Q!N2£ b l@j f l a � e+c�c �&u�l c2grb l � h gxe�xu �!g?�*����c+e _ b�c2gxe+\nc�IJS j xXe�x l g l c j�N�� = ����02��4��<�?�V�DB�B F G�j�j)j NF z�g�H M N � N �Y�D /��Q+5���B�5!I*F O N M>� = ����5!��F �D�/6 S
N8�
N
K 5!I = H���� ����N i ����0 = ��H�Ik02�76 1��'02� = 5��!������5!I��A�C�k?@5 = ���D02��5����vk��02���T� �D�/6 ��4�1������ ��� 02�+� = �D02��5!�*N ��� £ b�c7f�� p�j g�� �
X c j�� � c j u �Dg?�*����c+e+c�I £ �!b�� �	� e ��V b�f � gxe�f+g h b2e+c�I � j x ��� e l b
V a a � l f��!g l c j c7� £V v VT6 V _f¢ 4E�QU�� F� /�D����� z)d�d�}qz�j)� F G�j�j)~ N



F z)|�H TGN � �D�/�rF �GN T 1��T�76 F � N i ��R �T�76k07F K3N 
 ����07F
M N 
 �+0��DHK4'1�� F � N O ��0 } ���*F �!��6 M N � I N[R 1/�!� N
MuI�B.02�o6��D0��DH/�!��� ���!���!���+�T����0 �C�� K�����!��I���N���L£ b�c7f��;¤ l bac2g
p�j g�� ��� c!b���c � c'a c jwp�j gxe'b�c'a�e'b��)� lA� l gAb l@j�Y~hy� g l x*�!g?�*����c+e
_ b�c2gxe+\�c F/ /�!�!��� G�k�k�};G��z F G�j)jqG N

F z�k�H � N��35�HK� = 02��5!�*Nf����02��� = �D02����� BC�+� �!4'v-��vk��02���T� } �.021
�T5 6�� = �
4+5 =  K5 = ��02�G�! � �B���47�D02��5�����N X c�\�\ h j�l f��!g l c j c c � g � e VWXZYiFg)~ye?|�h+{ z�j�}*g*k F�M>��v G�j�j)� N

F z	��H $ N�R��!B.025 = F�M N �
N I �!��02��B�BC�!��5���F �D�/6tM NJ�V� = 4��C�R�.Rk5!Bo�D4�5�N W�� = 4�5��T�����~��4'1������D02��4M6�����4 = �� ��!��4������#��� �C��02� = 5! K� = �!H�B��6��D0��DH/�!���+��N ��� i N 
 N�� ���o�D5�F���NP�kNLS ��I�1�5�BC6 F �D�/6
�GN Rk�!4a� � � i ��W ����F �76k�.025 = ��F¥p ¤ p�£ u _ 4 � _ e+\�� j g l f�c c �
p�j gxe'b�c'a�e'b-�*� � e u �!g?�*����c+e _ b�c2gxe+\�c FkW 5!B�I��T� G F  /�D����� G�d�g�}
G�j)d F;S 5�WKN G�j)j)l N

F z�d�H i N.�
N�Rk4�1 } � = 0�Q!N X c7c'a�e'b-�!g l@jq] 0 e'gxe'b�c ] e j e�c h c _ b�c2gxe+\�c N
 B�I } � = T 47�!6����T��4�� I�H�B��C��1�� = ��F G�j)j)| NF z�j�H TGN�Rk1��+021~�D�/6 =
N 
 �!��1�v �D *N Rk5#?@� = e ��4�1��+���D02��47�!B�B.v h v��'0��5 ����� = e ���+���!��02��47�!B�B.v h NZ�x� i N 
 N^� ���o�D5�Fy� Nf��NqS ��I�1�5!Bo6 F�D�/6 �GNR��D4+� � � i �7W ����FK�76��.025 = ��F!p ¤ p�£ u _ 4 � _ e+\ � j g l f�c#c �p�j gxe'b�c'a�e'b-�*� � e u �!g?�*����c+e _ b�c2gxe+\�c FkW 5!B�I��T� G F  /�D����� l�d*l�}
z�~fG F;S 5�WKN G�j)j)l N

F g)~�H TGN�Rk1��+021 �!�/6 ��N�Ot� = ��5�� N $ �76�� = ��02�76 6��D0��DH/�D���
��vk��02���T�3?@5 = ���!���!�!�C���M6�����0 = ��H�I�02��6 F 1��'02� = 5��!������5!I����D�/6�DI�025!��5��T5!I�� 6��D0��DH/�D��� ��vk��02���T��N VWXZY X c�\ a h g l@j^]
_�h b+`!e+b�c F l)lqe@z*h+{�G�d�z�}fl�z)k F�R �� �07N G�j)j)~ N

F gfG�H TGN�� N R 1��+021 �D�/6 �
N M>� = 4+I���N>Rk4�1������ �!���!B.vk����� �D�/6
����02��� = �D02��5�� { Mu�+021�5 6k5�B�5��Dv�FU02��4�1�������I��+�T�!��6A = 5D025!0xv� K�
025�5!B��k�.07N � ��4�1�����47�!B�Mu���T5 = �!��6�I�� � M �.R � RQ� ~qG�j�j)dfG " G F
K ��B�B I 5��T�
I����C4��D02��5������ ������� = 4�1*F;M>� = 4�1 G�j�j*l NF g*l�H �kN;M NyR �T�.021*Fq� NfT NfK � = ����02����� F��
N i ��v �DB FqS N � 5�5 6����D�*F� N�Ot�D�/6�� = ��F 
 N�� N � N�O*���*F �D�/6 ��N��`5�����N MuI�B.02��H/�D���
} �C��02��� = �D02����� 1��+02� = 5!��������5�I��%6k����0 = �CH�I�02�76 6��D0��DH/�D���
��vk��02���T��N��x� £ b�c7f�� c � V ¤ p�£�_�F� /�D����� g)d)��}*g*j�j F G�j�dfG N

F g)z�H = N = ����0 = 5����i�D�/6 RKN�� ����B�� = N Rk�����D��02�C4~1��+02� = 5!���������.0�v
�D�~� = ����I�B.0~5D?T6�5!���!��� ��W 5!BCIk02��5��*N#_fp�r&Yts�u v e�f2c!b�x F
l�~yeAg*h+{4G�k�}ql�~ F i ��4�N G�j)jqG N


