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E F,GIH�JLKNM�H	O�P#QLH�R�S�TNUVFDW&XIYZUIYN[]\V^#^!^#^_^`^_^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^ a
b F,GIH�cS�UId�TZefW�g�G�h#H�U�H�efW�P�YNe:^#^#^#^!^#^_^`^_^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^ i
j k�S�[lgIm�H�noepH	q�S�O�W�PpHrhsH�UIH�e�W�P�YZet^#^#^!^#^_^`^_^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^ u
v w,YNepS�x�YNU�PfW�m�W�UyqVQLH�epS{zZH	qV|Ie�W�TZ[lH�U�P�R(}~U�P�H�TZefW�P�YNe:^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^�E�#
a �(m�W�R�R�w�YNe�S�x�YZU�PfW�m�|�efW�TN[�H�U�P�R,h#H�UIH�e�W�PpYNe�^_^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^�ENE
� w,YNepS�x�YNU�PfW�m�|Ie�W�TZ[lH�U�PfW�P�S�YNU/�l�(YN[�gIm�H�Xl�,P�Ppe�S�KI�IPpH!W�UyqVk�S�[lg�m{H���H�P�GIYIq ^!^#^#^!^#^_^#^!^#^#^!^�E�v
� �,W�gIPp�Ie�S�UIT]PpGIH!�(YN[lg�m{H�XA�VH�P�GIYIq)q�H�gyH�U�q�H�UyO�\�S{U���YNep[�W�PpS�YNU]�(m�W�R�R�|�efW�TN[lH�U�PpR�^!^#^_^#^!^#^#^!^�E	�
i w,YNepS�x�YNU�PfW�m�|Ie�W�TZ[lH�U�PfW�P�S�YNUl|�YNe,k�S�[lg�m{H�W�P�Ppe�S�KI�IPpH�R_W�UyqV�(YN[lg�m{H�Xr[�H�P�GIYIq�R#^#^#^!^#^_^#^!^#^#^!^�E	i
u w,YNepS�x�YNU�PfW�m�|Ie�W�TZ[lH�U�PfW�P�S�YNUl|�YNe,�(YN[�gIm�H�Xl�,P�Ppe�S�KI�IPpH!W�UyqV�(YN[�gIm�H�Xl�VH�P�G�Y�q�R�^#^!^#^_^#^!^#^#^!^�E	u
E�# F,GIH�kIW�[lgIm�H�JLKNM�H	O�P#Q#W�PfW�KyW�RpH!kIOpGIH�[�W�^_^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^�b #
ENE �(YN[lg�m{H�XA�(m�W�RpR�c�W�P�P�S�O�H�^#^!^#^#^#^!^#^_^`^_^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^�bIE
E	b �(m�W�R�R��(YZ[lg�YNR�S�PpS{YZUlw,S�H�e�W�efOpG�\�^#^!^#^_^`^_^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^�bIE
E	j �(YN[lg�m{H�XA�(m�W�RpR�c�W�P�P�S�O�HZ� R�c�S�UId�h#e�W�gIG�^`^_^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^�b�v
E�v �(m�W�R�R��(YZ[lg�YNR�S�PpS{YZUlw,S�H�e�W�efOpG�\�c�S�UId�TNefW�gIG�^#^#^!^#^#^!^#^#^_^`^_^#^!^#^#^#^!^#^#^!^#^_^#^!^#^#^!^�b�v
E	a h#H�UIH�e�W�PpS{YZUVY���QLH�epS�zNH	qV|�efW�TZ[lH�U�PpR2Y����(m�W�RpR�H�RLKyW�RpH	qVYNUV�(YN[�gIm�H�XA��H�P�GIYIq�R�^#^!^#^_^#^!^#^#^!^�bN�
E	� F,GIH�k�Ppe��yO�Pp�Ie�H/�(GyW�epP�|IYZe��VYIq�H�m��,S�PpG��(YN[�gIm�H�X]�,P�P�epS�KI�IP�H�R_W�U�q��(YZ[lgIm�H�Xl�VH�PpGIYIq�Rt^!^#^#^!^�bN�
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�)W�U�\)epH�R�H&W�efOpGIH�e�RlG�W&zNHlq�H�[�YNUIRpP�e�W�P�H&q P�GIH�S{[�gyYZe�P�W�UyO�H/Y���H�U�PpS�P~\)��e�W�TZ[lH�U�PfW�P�S�YNUVS�U5q�S�R�Ppe�S�KI�IPpH	q�epH�m�W�PpS{YZUyW�m
qIW�P�W�KyW�R�H-q�H�R�S�TNU	�tJLgIP�S�[�W�m W�gIgIm�S�O�W�PpS�YNU gyH�e~��YZe�[�W�UyO�HVYNU�W�Q�S�RpP�e�S�KI��P�H	q�JLKNM�H	O�P�
(W�R�H&q>k�\�R�PpH�[�~Q_J�
(k��
e�H��Z�IS�epH�R2O�m�W�RpRo��e�W�TN[�H�U�PfW�P�S�YNU!W�U�q!PpGIH�q�H�zZH�m�YNgI[�H�U�P�Y���W�m�m�YIO�W�PpS�YNU!R�O�G�H�[lH�R P�Y#gIm�WNO�H ��e�W�TN[�H�U�P�RDW�PDq�S�RpP�e�S�KI��P�H	q
R�S�P�H�R�R�Y#qIW�P�W,PpefW�U�R~��H�e8S�R�[lS�UIS�[]S�x�H	q�� u������ Q#J�
2k#Rp�IgIg�YNepP�RDW�U!YZKNM�H	O�P8YNepS{H�U�PpH	q/qIW�P�W([lYIq�H�mZS{U�O�m��yq�S�UIT ��H	W�Pp�Ie�H�R
Y����������! �"�#%$&�('*),+-�-W�U�q.)/�%01��2�)3'4�5�������

F,GIH#gIepYNKIm�H�[�Y�� q�S{RpP�epS{K��IP�H	qVqIW�PfW�KyW�RpH_q�H�RpS�TNU�O�YN[lg�e�S�R�H�R76ye�RpP�8IPpGIH,� efW�TZ[lH�U�P�W�P�S�YZU�Y�� qIW�P�W�KyW�R�H�H�U�PpS�P�S�H�R
W�Uyq R�H	O�YNUyq�m�\%8DPpGIH)W�m�m�Y�O�W�P�S�YZU-Y��_P�G�H�R�HV� efW�TZ[lH�U�PpR!P�Y�q�S�R�Ppe�S�KI�IPpH	q R�S�P�H�R(� F,�2Y W�gIgIepY�WZO�G�H�R�W�e�Hlg�YNRpR�S�KIm�HVS�U
Wlq�S�RpP�e�S�KI��P�H	q�qIW�PfW�KyW�RpHrq�H�R�S�TNU��)P�YNg19�q�Y��,U�W�U�q)K�YNPpP�YN[:9 ��g;��<>S�P�G)PpGIH]P�YZg%9�q�Y��,U-W�g�gIe�Y�WNOpG;8PpGIH]S�UIgI�IP#P�Y
P�GIHVq�H�RpS{TZU5gIepYIO�H�R�R�S�R�PpGIHVTNm�YNKyW�m2O�YZUyO�H�gIPp�yW�mLRfOpGIH�[VW=� h`�,k���W�Uyq�PpGIH)WNO�O�H�R�R]gyW�P�PpH�e�U S�U���YZe�[�W�P�S�YNU	8�,GIS�m�H
P�GIHVYZ�IP�gI��P]��epYN[�PpGIH-q�H�RpS�TNU>gIepYIO�H�R�RVS�RlW R�H�PlY��!m�YIO�W�m�O�YNUyO�H�gIP��yW�m#RfOpGIH�[VW�R�� c8�,k�R>�?��E	���4�>F,GIH�S{U�gI�IP]P�Y
P�GIH]q�H�RpS�TNU�gIepY�O�H�R�R/S�R_YZKIPfW�S�UIH	q���e�YZ[ W�U@�A �2�)B+52�)RpPfW�P�S�O]W�Uyq�R�\�RpP�H�[ e�H(�N��S{epH�[lH�U�PpR�W�U�W�m�\�R�S�R��,GIS�OpG�q�H�6yUIH�R
P�GIHVRp\�RpP�H�[ H�U�z�S�e�YNU�[lH�U�P�W�Uyq O�YNm�m�H	O�PpRlW�U W�gIgIepY&X�S�[VW�P�S�YZU-Y��_K�YNP�G P�GIH qIW�P�W-W�Uyq�gIepYIO�H�R�RpS�UIT5UIH�H	q�RlY��sW�m{m
gyYZP�H�U�PpS�W�mDqIW�P�W�KyW�R�H]�IRpH�e�R�� b #����/F,GIH]H�X�g�H	O�P�W�PpS{YZUIR!Y�� PpGIH]R�\�R�PpH�[ �,S�P�G e�H�RpgyH	O�P�PpY�g�H�e���YNep[�W�U�O�HC8epH�m�S�W�KIS�m�S{P~\
W�Uyq�W&zNW�S�m�W�KIS�m�S P~\%8&H	O�YZUIYN[�S�O�R W�UyqADyH�X�S�KIS�m�S�P~\rW�e�H!W�m�RpY�RpgyH	O�SE6�H	qV� e�YN[�PpGIH�W�U�W�m�\�R�S�R��8F,GIH#z�S{H�� W�UyqVO�YZUyO�H�g�P��yW�m
q�H�RpS{TZUlWNO�PpS�z�S�PpS{H�R2gIepYIq��yO�H	qA��epYN[�P�G�H�e�H(�N��S{epH�[lH�U�PpR,R�Pp�yq�\lq�H�6�UIH�R,S�U�P�H�e�� WNO�H�R(��YNeDH�Uyq]�IRpH�e�R(8IH�U�PpS{P~\]P~\�g�H�R�W�U�q
P�GIH�S{e e�H�m�W�PpS�YNUIRpGIS�gIR��ok�PfW�P�S�R�PpS�O�W�m�S�U���YNep[�W�P�S�YNU!O�YZm{m�H	O�P�H	qr��e�YZ[ PpGIH�RpH_q�H�RpS�TNU�WZO�P�S�z�S�P�S�H�RDS�UyO�m{��q�H,P�GIH���e�H(�N��H�UyO�\]Y��
�IR�H�e�W�gIgIm�S�O�W�PpS�YNUIR�W�Uyq!epH���H�epH�UyO�H,g�W�P�PpH�e�U�RDY�� W�gIgIm�S�O�W�PpS�YNUIR(�F,GIHDYZ�IP�gI��P Y��yP�G�S{R8R�P�W�P�S�O(W�UyqsR�\�R�PpH�[ W�UyW�m�\�R�S�R W�e�H
P�GIH/h!�,kVW�Uyq�P�G�HrWZO�O�H�RpR_g�W�P�PpH�e�U�S{U���YNep[�W�PpS�YNU]�,GIS�OpG-O�YZUIR�PpS{Pp�IP�H`S{U�gI�IP�RLP�Y�P�GIH�q�S{RpP�epS{K��IP�S�YNU)q�H�R�S�TNU)g�e�YIO�H�RpR
q�H�R�O�e�S�K�H	qVGIH�epHC�

F,GIS�R�g�W�g�H�e��IRpH�R#P�GIS�RLP�YNg19�q�Y��,U)q�H�R�S�TNU-W�gIgIepY�WNOpG)W�U�q)q�H�RpS{TZUIR�PpGIH�c8�,k�R�K�\)q�S�R�Ppe�S�KI�IPpS{U�T]P�GIH!H�U�PpS�P�S�H�R
Y�zNH�e/q�S�R�P�epS�KI�IP�H&q�R�S�PpH�R���}~U�P�GIH�e�H�m�W�PpS�YNUyW�m2qIW�P�W�KyW�R�H]H�U�z�S�e�YZUI[lH�U�P(8�PpGIHlH�U�PpS{P~\ Y���q�S�R�Ppe�S�KI�IPpS�YNU�S�R�WVepH�m�W�P�S�YZU
�,GIS�m�H,S{UlW/q�S�R�Ppe�S�KI�IPpH	q]YZKNM�H	O�P,K�W�R�H&q]R�\�RpP�H�[F� Q#J�
2kG��8�YN��e2H�U�PpS{P~\/Y��Dq�S�R�Ppe�S�KI�IPpS{YZU]S�R2W�O�m�W�R�R(�oF,GIS�R2�(YNepdrW�S{[�R
W�P,q�S�z�S�q�S{U�TrO�m�W�R�R�H�R�S�U�P�Y]O�m�W�R�R(� efW�TZ[lH�U�PpR�8Z�,GIS�O�G)W�e�H!m�W�PpH�e�q�S�R�Ppe�S�KI�IPpH	qH�

F,GIH�epH�W�e�H][�W�U�\�H�X�S�RpP�S�UITVYNKNM�H&O�P!KyW�R�H	q Rp\�RpP�H�[�R!P�G�W�P!Rp�IgIg�YNe�P`R�YN[�H!� YNe�[ Y�� q�S{RpP�epS{K��IP�S�YNU S�UyO�m��yq�S�UIT
}~Fo�_kI�(�I� i��485JLKL�,JNMOJP� ���48�h!J�
2c�}4K@��E�#��48&F�w�J�MI��E	b��48�W�Uyq�JDJ#k���E	���4��k�YN[lHoY��yP�GIH�R�H(R�\�R�PpH�[lRoGyW&zZHDH�Q�O�S�H�U�P
P�H	OpGIU�SR�Z�IH�R!��YZe#TNe�YZ�IgIS�UIT)W�U�q�O�m��IR�PpH�e�S�UIT)YZKNM�H	O�PpR�Y���W�O�m�W�R�R`�,S{PpG-YZKNM�H	O�PpR�Y�� PpGIH�S�e/[lYNRpP�UIH�H	q�H	q gyW�epH�U�P�YZU
P�GIHLRfW�[lH,q�S�R�d]�IUIS�PS�~O�YNU�P�W�S�UIH�e�����E	���4�8F,GIH�RpH_PpH	OpGIUIST�Z�IH�R(8�GIY��2H�zNH�e(8Iq�H�gyW�e�P ��e�YZ[ YZKIPfW�S�UIS�UIT#gyW�epP�S�P�S�YNU�RDY��>8�W�U�q
P�GIHVq�S�R�Ppe�S�KI�IPpS{YZU;88Y���H	WZO�G qIW�P�W�KyW�R�H�H�U�P�S�P~\P� m�S{dZHlW)O�m�W�RpR>��� k�H	O�YNU�q�m�\U88P�GIYZ�ITNG P�GIH�\�gIe�Y�z�S�q�H]P�H&O�G�UIST�N��H�R/��YNe
GyW�U�q�m�S{U�T]YNKNM�H	O�P_[�S�TNefW�P�S�YNU	8N[�S{U�S{[]S�x�S�UIT`e�H�gIm�S�O�W�P�S�YNU)W�U�qV[lS�TNe�W�PpS{YZUlY��2YNKNM�H&O�P�R#�Ig�� e�YNU�PLS{RLUIYNPLH�[lg�GyW�RpS{x�H	qH�
�VYNepH�Y�zNH�e�8��,S�P�G`P�GIH�RpH�W�gIg�e�Y�WZOpGIH�R�8�m{YZTNS�O�W�m�q�H�RpS�TNU]W�Uyq#YZe�T�W�UIS�x	W�P�S�YNU#Y��qIW�P�W,S�R�UIYZPDO�m�H	W�epm{\#S�Uyq�H�gyH�U�q�H�U�PDY���P�GIH
gIG�\�R�S�O�W�m�YNe�T�W�UIS�x	W�P�S�YNU`Y���qIW�P�W��8F,GIH,�2YZe�d/Y��;
DH�e�P�S�UIY/W�UyqAVLS{[W��E��yYZU�S�Uyq�H�XrRpH�m�H	O�P�S�YZU]S{R(W�m�R�Y!O�YZ[lgIm�H�[�H�U�PfW�ep\
P�Y�YZ�Ie]�2YZe�dH8(KI�IPlq�SYXH�e�H�U�PVS�U P�GIH�R�H�UIRpH-PpGyW�P]PpGIH�\>W�S�[�W�P]H�Q�O�S�H�U�P�q�H�R�S�TNU>W�PlP�G�H�g�G�\�RpS�O�W�m�m�H�zZH�mZ� m�Y�O�W�m
S�U�PpH�e�U�W�m�RfOpGIH�[VWC��8Z�,GIS�m�H�YZ�Ie q�H�R�S�TNUVW�S�[lRDW�P2H�Q�O�S{H�U�P,q�H�RpS�TNU�W�P2PpGIH#m�YNTNS�O�W�mIm�H�zNH�m;� m{YIO�W�m�O�YNU�O�H�gIPp�yW�mR�O�G�H�[�W[���
QLS{RpP�epS{K��IP�H	q epH�m�W�PpS{YZUyW�m,qIW�PfW�K�W�R�H�R\��E	���,K�H�UIH�6yP]TZe�H	W�P�m�\���e�YZ[ � efW�TZ[lH�U�P�W�P�S�YZU-W�Uyq PpGIH�RpH�K�H�UIH!6yP�R�R�GIYZ�Im�q KyH
e�H	W�m�S{x�H	q�S{UVW]q�S�R�Ppe�S�KI�IPpH	q�YNKNM�H	O�P�H�U�z�S�e�YNU�[lH�U�P�� u��4�o��gyW�e�PpS�W�mm�S{RpP2Y�� K�H�UIH�6�P�R#S�UyO�m��yq�HC]
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� QLSYX H�epH�U�PrW�gIgIm�S�O�W�PpS�YNUIR#WNO�O�H�R�R/YNe!�IgqIW�P�H]YNU�m{\�gyYZe�P�S�YZUIR!Y���O�m�W�RpR�H�R`R�YV��e�W�TZ[lH�U�PfW�P�S�YNUV�,S�m�mDe�H&q��yO�H�P�GIH
W�[�YN�IU�PDY��DS{epe�H�m�H�zNW�U�P qIW�PfW]WZO�O�H�RpR�H	q�K�\�W�g�gIm�S�O�W�P�S�YZUIR��

� |�efW�TZ[lH�U�P�W�P�S�YZUsW�m�m{Y��,R8TNepH	W�PpH�e O�YNUyO���e�e�H�UyO�\]K�H	O�W���R�H�PpGIH���m�YIOpd!TNe�W�U��Im�W�epS�P~\���O�W�UlWNO�O��IefW�P�H�m�\/e�H�D�H	O�P(P�GIH
W�g�gIm�S�O�W�P�S�YZUIR��IRpS�UITVP�GIH]YZKNM�H	O�P!K�W�R�H[�r|�efW�TN[�H�U�PfW�PpS�YNU)W�m�m�Y��,R�gyW�efW�m{m�H�moH�XIH	O��IP�S�YNU�Y�� W�R�S�UITZm{H �Z�IH�ep\-K�\
q�S�z�S�q�S�UIT�S�P(S�U�PpYrW/RpH�P�Y�� Rp�IK �Z�IH�e�S�H�R�PpGyW�P,YZgyH�efW�PpH!YNU���e�W�TZ[lH�U�P�R(Y��DW]O�m�W�RpR��

� |�efW�TZ[lH�U�P�W�P�S�YZU]e�H	q���O�H�R#P�GIH!W�[lYN��U�P Y��2qIW�P�W!PpefW�UIR~��H�e�e�H&q)�,GIH�U�[�S�TNefW�P�S�YNU/S�R,e�H��Z�IS�epH	qH�

� |�efW�TZ[lH�U�PepH�gIm�S�O�W�PpS{YZU!S�Ro[lYNepHoH�Q�O�S�H�U�PoP�GyW�U�epH�gIm�S�O�W�PpS{U�T�P�G�H2H�U�PpS{epH O�m�W�R�RoK�H	O�W���R�H,S�P�epH	q��yO�H�R2PpGIH2��g qIW�P�H
gIepYNKIm�H�[:W�Uyq�R�W&zNH�R,RpP�YNe�W�TZHC�

��m�P�G�YN�ITZGrW�m{TZYNepS{PpGI[lRoO��Iepe�H�U�P�m�\]H�XIS�R�P ��YZe�� efW�TZ[lH�U�PpS{U�T�e�H�m�W�P�S�YNU�R�8���efW�TN[lH�U�P�W�PpS{YZU�W�U�q]W�m�m�Y�O�W�P�S�YZU�Y�� YZKNM�H	O�PpR,S{R
R�PpS{m�m�W�epH�m�W�PpS{zZH�m�\#�IU�P�YN��O�G�H	q�6yH�m�q`Y��yRpP��yq�\%�8F,GIS�R �(YNepd!O�YNU�P�epS�KI�IP�H�R2W�Uyq`S�Ro�IUIST�Z�IH2S�U!PpGIH(��YZm{m�Y��,S�UIT(� W&\�R(]H	WNOpG
YNKNM�H&O�P*9~YNepS{H�U�PpH	q)qIW�PfW�KyW�RpH_H�U�PpS�P~\�� q�W�PfW�KyW�RpH�O�m�W�RpR>��S{R ��e�W�TN[�H�U�P�H	qVW�UyqVO�W�UVK�H�q�S�R�Ppe�S�KI�IPpH	qH8yW�Uyq�gyW�epP�S�P�S�YZUIS�UIT
Y��oH	WNOpGVH�U�P�S�P~\�W�S�[lR2W�P,[lS�UIS�[]S�x�S�UIT�PpGIH!UIH�H&q���YNe(YNKNM�H	O�P�epH�gIm�S�O�W�PpS�YNU;8�[�S{TZefW�P�S�YNU]W�Uyq�epH	q��IUyq�W�UyO�\%�

F,GIHVY�zNH�e�GIH	WZq5W�Uyq5q�SYQ�O���m{P~\ S�U�zNYNm�zZH	q)S�U S{[�gIm�H�[]H�U�P�S�UITVq�S�R�Ppe�S�KI�IPpH	q q�H�R�S�TZU5P�H&O�G�UIST�N��H�R]S�UyO�m��yq�H�P�GIH
TNH�U�H�efW�P�S�YNU]Y�� S�UIgI��P�Ro��epYN[ R�PfW�P�S�O,W�U�W�m�\�R�S�R���JDW�epm�S{H�eD�2YZe�d!G�W�R2W�e�TN��H	q/P�GyW�PDR�S�UyO�H_b #���Y�� �IRpH�eS�N��H�e�S�H�R,WNO�O�YN�IU�P
��YNe�i #�� Y��DP�G�H!P�YZPfW�moqIW�P�WlWZO�O�H�RpR�H�R(8�PpGIS�R_W�U�W�m�\�R�S�R,S�R,��H	W�R�S�KIm�H ��E	u��4�,k�H	O�YZUyq�m�\U8�PpGIH�R�H]q�S�R�Ppe�S�KI�IPpS�YNUVP�H	OpGIU�SR�Z�IH�R
�2YZe�d#K�H�R�Po� YNeDq�YN[VW�S�UIR�,S�P�G�YN�IP8��epH��Z�IH�U�P2q�e�W�R�PpS�O2OpGyW�UITNH�R S{U/e�H(�N��S{epH�[lH�U�PpR��8�_O�O�YN[l[�YIqIW�PpS{U�T2[VW�M�YNeoOpGyW�UITZH�R
S�UrW!q�YN[�W�S�U_�(YN��m�q`H�U�PfW�S�myW#e�H!9�W�UyW�m�\�R�S�RDY�� PpGIH,R�\�R�PpH�[ W�Uyq/e�H�9~e���UIUIS�UIT!Y�� PpGIH_q�S�RpP�e�S�KI��P�H	q]q�H�R�S�TNUlW�m{TZYNepS{PpGI[lR(�
|I��P��IepH_epH�R�H&W�efOpG �,S�m{m�S�U�zNH�RpP�S�T�W�P�H#GIY��>PpGIH�R�H/P�H&O�G�UIST�N��H�R_O�W�UVKyH#S�UyO�YZe�g�YNefW�P�H	q�S{U�PpYrW]q�\�UyW�[lS�O(R�\�RpP�H�[=�

F,GIH]KyW�m�W�UyO�H]Y�� PpGIH]gyW�gyH�e`S{R#YZe�T�W�UIS�x�H	q�W�R�� YNm�m�Y��,R��A<�HrO�YN[lg�m{H�P�H/P�GIS�R#R�H	O�P�S�YNU K�\�KIe�S�H�Dy\ e�H�z�S�H��,S�UIT
gIe�H�z�S�YZ�IRl�(YNepd YZU>q�S�R�P�epS�KI�IP�H&q qIW�PfW�KyW�RpH-q�H�RpS{TZU;� }~U k�H	O�PpS�YNU�b YN�IeVQ_J�
(k>[�YIq�H�m�W�U�q>W�P�W&XIYNUIYZ[]\ ��YNe
zNW�epS{YZ�IR,O�m�W�R�R,[�YIq�H�m�R2S�R,gIepH�R�H�U�PpH	qH�(F,GIS�R,gyW�gyH�e#O�YNU�Ppe�S�KI�IPpH�R�K�\lg�e�H�RpH�U�P�S�UITlS�UVk�H	O�PpS{YZU-j�8�PpGIH#��e�W�TZ[lH�U�PfW�P�S�YNU
W�m�TNYZe�S�P�G�[lR,� YNe]W�U5YZKNM�H	O�P][�YIq�H�mD�,S�P�G R�S�[lg�m{HlW�P�Ppe�S�KI�IPpH�RlW�Uyq RpS�[lgIm�H][lH�P�GIYIq�R/YN�IPpm�S{U�H]Y��_�,G�S�OpG W�e�HVW�m�R�Y
S�U � aG8y�(�4�L}~P,����e�P�G�H�e#H�XIP�H�Uyq�R!P�GIS�RLH	W�epm{S�H�eL�2YZe�dVP�Y�P�GIH/YNPpGIH�e#[lYIq�H�m{R(8IS�UyO�m��yq�S{U�T�],W][�Y�q�H�m�,GIH�epHlW�P�Ppe�S�KI�IPpH�R
W�epHsO�YN[lg�YNRpH	q�S�U�W/gyW�e�P*9~Y��DGIS�H�e�W�e�O�G�\VW�UyqVWNO�O�H�R�RpH	q �IRpS{U�T]R�S�[lgIm�H,[�H�P�GIYIq�R��~k�H	O�PpS�YNUVvU�	�yW/[lYIq�H�m O�YZUIR�S�RpP�S�UIT
Y��R�S�[lg�m{H,W�PpP�epS{K��IP�H�R(W�Uyq]O�YZ[lgIm�H�X/[lH�PpGIYIq�RS� k�H	O�P�S�YZUlaC�
��W�U�q]W#[lYIq�H�mIO�YZUIR�S�RpP�S�UIT/Y���O�YN[�gIm�H�XrW�PpP�epS{K��IP�H�R,W�U�q
O�YN[�gIm�H�X![lH�PpGIYIq�R � k�H&O�P�S�YNUl�[���ok�H	O�PpS�YNUl�#q�S�RfO���R�R�H�R,YNP�G�H�eDS�[lg�YNepPfW�U�P���H	W�Pp�Ie�H�R2Y��yP�GIH���efW�TN[�H�U�PfW�PpS�YNU#RfOpGIH�[�H�R
S�UyO�m��yq�S�UIT!PpGIH�S�e�PpS�[lH�O�YZ[lgIm�H�XIS�P�S�H�R(� |8S�UyW�m�m�\%8Nk�H	O�PpS�YNU-i/O�YNU�O�m��yq�H�R#W�Uyq�R���TNTNH�R�P�R����IPp�Ie�H!epH�R�H&W�efOpG-q�S{epH	O�PpS{YZUIR��
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F,GIe�H�H(��efW�TN[lH�U�PoP~\�g�H�R2W�epH_q�H!6yUIH	qAYNU]W!qIW�P�W�KyW�R�H,H�U�PpS{P~\%�ow,YNepS�x�YNU�PfW�my|�efW�TZ[lH�U�P�W�P�S�YZU_S�RDPpGIH,KIepH	W�d�S�UIT!�Ig]Y���W
e�H�m�W�P�S�YNU �ZO�m�W�RpR S�U�P�Y/W#R�H�P(Y��GIYZe�S�x�YNU�P�W�m���e�W�TZ[lH�U�P�Ro�,S�P�G]YZUIm�\!R���KIR�H�PpR,Y���S�P�R P��IgIm�H�R!��S�UIRpPfW�U�O�H�YZKNM�H	O�PpR��" H�e�PpS�O�W�m
|Ie�W�TZ[lH�U�PfW�P�S�YNU S�R�PpGIHVKIe�H&W�d�S�UIT��Ig5Y��sW O�m�W�RpR]S{U�PpY W�R�H�P�Y��#zNH�epP�S�O�W�m(� efW�TZ[lH�U�PpR!�,S�P�G YNUIm�\ R��IK�R�H�PpR�Y���S�P�R
W�PpP�e�S�KI��P�H�RoW�Uyq#[�H�P�G�Y�q�R��ow,\�KIe�S�q!|�efW�TN[�H�U�PfW�PpS�YNU,S�R�PpGIH2K�e�H	W�d�S�UITL�Ig!Y���WLO�m�W�RpR�S�U�P�Y_W(RpH�PoY��yG�\�KIepS�q_��efW�TN[lH�U�PpR
�,S�P�G KyYZP�G>Rp�IKIRpH�P�RVY��!S�P�R�P��Ig�m{H�R#��S�UIRpPfW�UyO�H YNKNM�H	O�P�R�W�Rl�(H�m�m_W�RlR���KIR�H�PpRVY��!P�GIH�S{eVW�PpP�e�S�KI��P�H�R)W�U�q5[�H�P�G�Y�q�R��
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F,GIS�R�RpH	O�P�S�YZU�e�H�z�S�H��,R!gIepH�z�S�YN�IR#�(YNe�d�YNU)GIYZe�S�x�YZU�P�W�mDO�m�W�RpR#��e�W�TN[�H�U�PfW�P�S�YNUVS�U-q�S�R�Ppe�S�KI�IPpH	q�qIW�PfW�K�W�R�H/R�\�RpP�H�[�R��
noe�H�z�S�YZ�IR,�2YZe�d�YNU)epH�m�W�P�S�YZUyW�mGIYZe�S�x�YZU�P�W�m���e�W�TZ[lH�U�PfW�P�S�YNU]S�R,epH�z�S{H��2H	q���YZm{m�Y��(H	q/K�\V�2YZe�dlYZU���efW�TN[lH�U�P�W�PpS{YZU]S�U
Q#JN
(kH�
���������	��
������������������
����������
�����������������
����! �" k�H�zNH�e�W�m!epH�R�H&W�efOpGIH�e�R�GyW&zZH)�2YZe�dZH	q>YZU ��e�W�TN[�H�U�PfW�P�S�YNU>W�U�q
W�m�m�YIO�W�PpS{YZU]S�UlP�G�H_epH�m�W�PpS{YZUyW�mqIW�PfW/[lYIq�H�myS�UyO�m��yq�S{U�T��(H�e�S*8 K,H�TZe�S W�Uyqln8H�m�W�T�W�PpP�SL� b��48$#JLx�R��-W�Uyq�"(W�m�q��IepS{H�x ��E	���48
K�W&zNW�P�GIH ��'��5$&%;��E	j��S8�K�W&zNW�PpGIH!W�Uyq M�W ��E	a(�48�W�UyqVk�G�S{U)W�Uyq]}~e�W�UIS � j��4�

�(H�epS 8 K,H�TZe�S,W�Uyq n8H�m�W�T�W�P�PpSN� b��,R�GIY�� PpGyW�P/P�G�Hl[�W�S�U-YZgIP�S�[lS�x	W�P�S�YNUVgyW�efW�[lH�PpH�e�U�H�H	q�H	q ��YZe!GIYZe�S�x�YNU�P�W�m
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� |8S�TN�IepH�E(�(GyW�R,PpGIe�H�H/q�S�[lH�UIRpS�YNUIR(��F,GIH!W X�H�R�W�e�H#PpGIHA'�/� �� +1020�2��43�) ���%'4�('*),+5��8�PpGIHA'�/� ��A+50 � ','*2�)�1�#['��!"�8�W�Uyq�P�GIH
'�/� ��S+50 ) ��'B01+�'�)T��65+(�>� ' )B+5�%"S�U!P�G�H2YZKNM�H	O�Po[lYIq�H�m �QLS�R�Ppe�S�KI�IPpH	q#YNKNM�H	O�PoKyW�RpH	q/q�H�R�S�TZU!H�UIGyW�UyO�H�R gyH�e���YNep[�W�UyO�HDK�\
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Fragmentation
Type

Method
Type

Attribute
Type horizontal vertical

simple

contained
simple

complex

hybrid

complex
hierarchy

simple
attributes

|�S�TZ�Ie�H]EC]oF,G�H�JLKNM�H	O�P#Q�H�R�S�TNU�F�W XIYNUIYZ[]\

YNepT�W�U�S{x�S{U�T qIW�PfW�KyW�RpH2H�U�PpS{PpS�H�R�S�U#��e�W�TZ[lH�U�P�R�R���O�G/P�G�W�P�PpGIH,W�[lYZ�IU�PyY��IS{epe�H�m�H�zNW�U�P qIW�PfW�WZO�O�H�RpR�H	q/K�\!W�g�gIm�S�O�W�P�S�YZUIR
S�R2epH	q��yO�H&q)�,GIS�m�H�epH	q��yO�S{U�TlP�G�HsW�[lYZ�IU�PDY��2qIW�PfW`P�GyW�P,UIH�H	q�RLP�Y]K�H!P�e�W�UIR���H�epe�H	qVK�H�P~�(H�H�U)RpS�P�H�R(�

� OV4�P�� R	C�� 7o7DB(4�� @�7�C#6�� � � 	 C�7 G 9 �)6

F,GIS�R]R�H	O�P�S�YNU>g�e�H�RpH�U�P�RVGIYNepS�x�YNU�PfW�m(��efW�TN[�H�U�PfW�PpS�YNU5W�m�TZYNe�S�PpGI[lR#� YNelO�m�W�RpR�H�RVO�YNU�R�S�R�PpS{U�T�Y��!YNKNM�H&O�P�R�P�GyW�PlGyW&zZH
R�S�[lg�m{HlW�P�Ppe�S�KI�IPpH�R]�IR�S�UIT R�S�[�gIm�Hl[lH�P�GIYIq�R]W�R]q�S�RfO���R�R�H&q>S�U � a%8D� �/���P<�H�gIe�YIO�H�H	q K�\5H�XIgIm�S�O�S�P�m�\ R�P�W�P�S�UIT5W�R*9
R��I[�gIP�S�YZUIR�8�q�H�6yU�S{PpS�YNUIR(e�H��Z�IS�epH	qH8W�UyqAP�GIH�U�Rp�I[l[VW�epS{x�H,P�GIH!W�m�TZYNe�S�PpGI[.�F,G�H_H�X�g�m{S�O�S�P,W�RpR��I[�gIP�S�YNU�R W�e�H#TNS�zNH�U
UIH�XIP���|�S�epR�P�m�\%8YNKNM�H	O�P�R`Y���WlRp�IKO�m�W�R�R`gIG�\�RpS�O�W�m�m�\-O�YZU�P�W�S�U YNUIm�\VgyYZS�U�PpH�e�R`P�Y)YZKNM�H	O�PpR!Y��,S�P�R#R��Ig�H�e�O�m�W�R�RpH�R]P�G�W�P
W�epH�m�YNTZS�O�W�m�m�\!gyW�epP2Y���P�GIH�[.�8}~U�YZP�GIH�e2�(YNe�q�R�8IW�UlYNKNM�H	O�P,Y�� W/O�m�W�RpR,S�R2[VWNq�H ��e�YZ[ P�G�H_W�TZTNepH�T�W�P�S�YNU]Y���W�m�m�P�GIYZR�H
YNKNM�H&O�P�R/Y��#S{PpR!R���gyH�e�O�m�W�RpR�H�RVP�G�W�P]W�e�H�m�YNTNS�O�W�m�m{\VgyW�e�P/Y���PpGIS�R�YZKNM�H	O�P(�5k�H	O�YZUyq�m�\%8oP�GIH�epH)W�e�H�UIY�O�\IO�m�H�R]S�U�P�GIH
q�H�g�H�Uyq�H�UyO�\�TNe�W�gIG�R�q�S�RfO���R�R�H&q5m�W�P�H�e(�lF,GIHA6�e�R�P/W�R�Rp�I[lg�P�S�YNU [�W�dNH�R���YNe�W�[�YNe�H/H�Q�O�S�H�U�P!RpP�YZefW�TZH]R�Ppe��yO�Pp�Ie�H
KyH&O�W��IRpH,S�UIGIH�epS{PpH	q/W�P�Ppe�S�KI�IPpH�R2W�Uyq![�H�P�G�Y�q�R W�epH2U�YNPoe�H�g�m{S�O�W�P�H	q/W�PoRp�IK O�m�W�R�RpH�R�� F,GIH2RpP�ep�yO�P���e�H�S�Ro[lYZe�Hoe�H&W�m�S�R�P�S�O
W�Uyq epH�DyH	O�P�R]P�G�H�WNO�P��yW�m2YZKNM�H	O�P]W�Uyq RpgyH&O�S�W�m�S�x	W�PpS{YZU5W�Uyq [VW�U�\VYNKNM�H&O�P�YZe�S�H�U�P�H&q5qIW�PfW�K�W�R�H�R�\�R�PpH�[lR`�IR�H�P�GIS�R
R�PpYNefW�TNH/R�Ppe��yO�Pp�Ie�H[8oHC� T��38;JLKL�,JNMOJ � ���4�!F,G�HlW�m�P�H�epUyW�PpS�zNH/R�P�YZefW�TNH/R�P�ep�yO�Pp�Ie�HVW�m�R�YVGyW�R_S�PpRsWZq�zNW�U�P�W�TNH�RsW�Uyq�S{R
��efW�TN[�H�U�P�H	q)W�R!�(H�m�mDK�\)YN�Ie/W�gIgIepY�WZO�G��,S�PpGIYN�IP#[�Y�q�SE6O�W�PpS{YZU;�!F,G�H]R�S�TNUISY6 O�W�UyO�H]Y�� PpGIS�R�W�RpR��I[�gIP�S�YZU)m�S{H�R!S�U
P�GIH`� WZO�P#P�GyW�P!gIe�Y�z�S�q�S�UITVW/��e�W�TN[�H�U�PfW�P�S�YNUVRfOpGIH�[lH/��YZe�P�G�HlW�m�P�H�epUyW�PpS�zNH/R�P�YZefW�TNH]R�Ppe��yO�P��IepHl�(YN�Im�q O�W�m�m8��YNe!W�U
H�XIP�H�U�R�S�zNHL[lYIq�SY6 O�W�P�S�YNU/Y���PpGIH,��e�W�TZ[lH�U�PfW�P�S�YNU]W�m�TZYNe�S�PpGI[tS�U]YNe�q�H�e(P�Y]WNO�O�YN[l[�YIqIW�PpH2PpGIH�RpP�YNe�W�TZH�R�Ppe��yO�P��IepH!S�U
P�GIH�6yepR�P�W�R�R���[lgIPpS{YZU;��k�YN[lH/W�gIgIm�S�O�W�P�S�YNUIRL[�W&\�e�H��Z�IS�e�HlW�U-YZKNM�H	O�P`R�P�ep�yO�Pp�Ie�HV�,GIH�epH]gIe�Y�z�S�R�S�YZU)Y���WVO�\IO�m�H]S{R
UIH	O�H�R�RfW�e�\)S�U�P�GIH�W�TNTZe�H�T�W�P�S�YZUlYNe�O�m�W�R�R#O�YN[�gyYZR�S�P�S�YNU]TZefW�gIG=��HC� T��38��,GIH�U)P~�2YlO�m�W�R�RpH�R_W�e�H!gyW�e�P,Y���H&WNOpGVYNP�G�H�e>���
JL�Ie2W�g�gIe�Y�WNOpG�S�RoP�Y/q�H�6yUIH�WL�IU�SE9�q�S�e�H&O�P�S�YNU�W�myq�H�gyH�U�q�H�UyO�\]TZefW�gIG/��e�YZ[�P�GIH�W�TNTZe�H�T�W�P�S�YZU�GIS�H�e�W�e�O�G�\%8NW�U�q!S�U/P�GIS�R
O�W�RpHC8��(H2RpH�m�H	O�PD�,G�S�OpG!Y��yP�G�H,P~�2YLKISY9�q�S�epH	O�P�S�YZUyW�mZm{S�UId�R8S{U`P�GIH,W�TZTNe�H�T�W�PpS�YNU!TZefW�g�G!GyW�RoGIS�TZGIH�eDW�gIg�m{S�O�W�P�S�YNU!WZO�O�H�RpR
��e�H(�N��H�UyO�\%�(F,GIH#H�X H&O�P#Y��DP�GIH`�IUISY9�q�S{epH	O�PpS{YZUyW�m�q�H�gyH�Uyq�H�UyO�\-TZefW�g�G�S�R,gIepY�z�S�q�S{U�TrW]q�H�P�H�ep[lS�UIS�R�PpS�O#q�S�epH	O�P�S�YZUV��YNe



���������	��
���	��������������
����������
������! #"�$	�&%	�(')��*�����+,��
-�!./ ,021 �

gIe�YZgyW�T�W�PpS{YZU]Y��ogIe�S�[�W�e�\`��efW�TN[�H�U�P�R(P�Y]q�H�e�S�zZH	qA��efW�TN[lH�U�PpR2K�H�P~�(H�H�U)P~�(Y]O�m�W�R�RpH�R�PpGyW�P�q�H�gyH�UyqVYNU�H	WNOpGVYNPpGIH�e(�
� 2�) ) �-2 /�� +-2�)���+5�1'��-$�� 2��43�) ���%'4�('*),+5��S{R/P�G�H�g�W�e�PpS�P�S�YNUIS�UIT�Y��_W O�m�W�R�R]K�W�R�H&q5YZU5YZUIm�\ W�gIgIm�S�O�W�PpS{YZUIR�WZO 9

O�H�RpR�S�UIT P�GIHVO�m�W�R�R(��|IYZe!H�XyW�[�gIm�HC8 W�U5W�gIg�m{S�O�W�P�S�YNU e���UIUIS�UIT)YZU W)O�m�W�R�R�� �
	��9�8
9�U8��,S�P�G5W�U5W�PpP�e�S�KI��P�H�9�����%8
O�YN��m�q�GyW&zNH!g�e�H	q�S�O�W�P�H�R���� C ] q�H�gIP � �f��W�P�G ��8�� � ] q�H�gIP � �f�(YZ[lgI��P�H�e!kIO!� 8����[] q�H�gIP � ��k�PfW�P�R����U���Z��2�),6 �V':01+-2�)���+5���
'��-$ 0�2>�43�) ���%'4�('*),+-�VY�O�O��Ie�R�S�U�P�GIepH�HV� W&\�R�� ��E��!noW�epP�S�P�S�YZUIS�UIT)Y��_W O�m�W�RpRrW�e�S�R�S�UIT���e�YZ[ PpGIH]� efW�TZ[lH�U�P�W�P�S�YZU-Y��
S�P�R!Rp�IK O�m�W�R�RpH�R�8O� b[�L��e�W�TN[�H�U�PfW�P�S�YNU)Y��_W)O�m�W�RpRrW�e�S�R�S�UIT���epYN[ P�G�H]��e�W�TN[�H�U�PfW�P�S�YNU)Y�� RpYN[�HlO�YN[�gIm�H�X W�PpP�epS{K��IP�H
��gyW�e�P���Y����DY��DP�GIH!O�m�W�RpR�8�W�Uyq?� j[� ��efW�TN[�H�U�PfW�PpS�YNU]Y��DW]O�m�W�RpR�W�e�S�RpS{U�T/��e�YZ[ P�GIHs��efW�TN[lH�U�P�W�PpS{YZU�Y��DR�YN[�H_O�YZ[lgIm�H�X
[lH�PpGIYIq�O�m�W�RpR�H�R�S{U�zZYNd�S�UIT)[lH�P�GIYIq�R/Y��#P�GIS�RlO�m�W�RpR����	0������52('-)T���-$E)3'5/ +10�� ��$3�("�"�S�R/P�GIH)U��I[]K�H�e/Y��#S{U�R�PfW�UyO�H
YNKNM�H&O�P�RLS{U�P�GIH/O�m�W�R�R��~q�H�UIYZP�H	q ?������7�! �"*�4���Dk�H�zNH�e�W�m8[lYNepH_q�H!6yUIS�P�S�YNU�R�W�e�H#epH��Z�IS�e�H	qH]

#���$ 
����:� ��
&%('*),+ #["���2.-�#���2 / WZO�O�H�RpR�S�UIT qIW�P�W�KyW�R�HVYNKNM�H&O�P�R�S{R]W�R�H��Z�IH�U�O�H-Y��_[�H�P�GIYIq S{U�zZY�O�W�P�S�YZUIR!YNU>W�U
YNKNM�H&O�P#YNe�RpH�P#Y��DYNKNM�H	O�P�R`Y��2O�m�W�RpR�H�R(�#F,GIH�S�U�zNYIO�W�P�S�YNUVY��2[lH�PpGIYIq�/lYNU-O�m�W�R�R10(S�R#q�H�UIYZP�H	q�K�\.2 "

3 W�Uyq)WA�IR�H�e
�Z�IH�e�\5476!S�R(e�H�gIepH�R�H�U�PpH	q�K�\8��2 " C3 C 8�2

" �3 � 8{^&^&^ 8 2
"�9
3 9 �#�,GIH�e�H#H	WZOpG.2 S{UVW!��R�H�e��N��H�e�\�e�H���H�e�R�PpYrW�UlS�U�zNYIO�W�P�S�YNU]Y��

W![�H�P�G�Y�qAY��DW]O�m�W�R�R,YZKNM�H	O�P(�

#���$ 
����:� ��
&%(';:<+�������"�" 0�2>�=-�#������ / +10N�>-�#1��2 //S�RDP�G�H�U��I[]K�H�eDY�� WZO�O�H�RpR�H�R!W#��R�H�e�W�gIgIm�S�O�W�PpS{YZU�[VW�dZH�RDP�Y/qIW�P�W��
Q#W�PfW`S�UVP�GIS�R_O�YNU�P�H�XIP#O�W�U)K�H�W]O�m�W�R�R�8�W/��e�W�TZ[lH�U�P(Y���W�O�m�W�RpR�8yW�UVS{U�R�PfW�UyO�H/YNKNM�H&O�P�Y�� W]O�m�W�R�R(8yW�U W�P�Ppe�S�KI�IPpH!YNe
[lH�PpGIYIq/Y��DW�O�m�W�R�R��o} ��?��@�BA C 8�A � 8{^&^&^ 8 A
C
�#S�R W`R�H�P,Y����IR�H�eN�Z�IH�epS{H�R�8yWZO�O(�DAE"�8�F 3 �(S�Uyq�S�O�W�PpH�R(P�GIH!WNO�O�H�R�R���e�H(�N��H�UyO�\
Y����Z�IH�e�\&AG",YNU5qIW�PfWVS�P�H�[HF 3 ��<�H]epH�gIe�H�R�H�U�P]P�G�H�WNO�O�H�R�R`��epH��Z�IH�UyO�\ Y���W�[lS�U�P�H�ep[HI>"#W�R�WZO�O(�DI>"�8�F 3 �sR�S�UyO�H
[lS�U�P�H�ep[lR8��YZe�[�W�m�S{x�H��N��H�e�S�H�R(�

#���$ 
����:� ��
&%(';%KJ$1ML�����'N� +-)T�%'4��2OL�+5)/�QPSRGTrK�H�P~�(H�H�U>W���e�W�TN[�H�U�PVUXWY Y��_W�U�Y��,U�H�erO�m�W�R�R> Y W�Uyq5WV[�H�[]K�H�e
O�m�W�RpRZ �[�epH�P��IepUIR,P�G�H_RpH�P,Y��oYNKNM�H&O�P�R,S�UlPpGIH#[lH�[]K�H�eDO�m�W�RpR,�,GIS�OpG�W�epH#gyYZS{U�PpH	q]PpY�K�\]YNKNM�H	O�P�R,S�U�P�GIHL��e�W�TN[�H�U�P
Y��oP�GIH#Y��,UIH�e�O�m�W�R�RNUXWY �

#���$ 
����:� ��
&%(']\_^��%"�'��-�����8J 1ML����!'`L�+-)T�aPcbXT/KyH�P~�(H�H�U W�gyYZS{U�PpH�e#P�Y-W�U-S�UIRpPfW�U�O�H]YNKNM�H&O�P!Y���W�R��Ig�H�e�O�m�W�R�R]W�U�q
W�U S�UIR�P�W�UyO�H�YNKNM�H&O�P �!d 3 �#Y���W)O�m�W�R�RV �"Le�H�Pp�Ie�UIR/P�G�HlW�TNTZe�H�T�W�PpH]Y���S�UIR�P�W�UyO�H]YNKNM�H	O�P�R/Y��,P�GIH�P~�2Y)O�m�W�RpR�H�R/P�G�W�P
e�H�g�e�H�RpH�U�P_PpGIH!WNO�Pp�yW�m8S�UIR�P�W�UyO�H#YZKNM�H	O�PLY�� PpGIH�O�m�W�R�R��

FoY#S{m�m��IRpP�efW�P�H(P�GIH�W�TNTZe�H�T�W�P�H,epH�P���e�UIH	qAK�\!P�GIH,YZKNM�H	O�PM�YZS{Us���IUyO�PpS�YNU;8��(H�O�YZUIR�S�q�H�e P�GIH(��YZm�m{Y��,S�UIT,H�X�W�[lgIm�HC�
}~UrW#qIW�PfW�KyW�RpH,�,S{PpG�e�'*# '[���1' WLR��Ig�H�e�O�m�W�R�R,Y��ZfS2��	'58ZW�U/S{U�R�PfW�UyO�HLYNKNM�H	O�Pgd � Y��ZfS2��	' S�R epH�gIepH�R�H�U�PpH	q)W�R � k�Pp�yq�H�U�P
gyYZS�U�PpH�efa[�hbi� hsefWNq�j�8 �)W�ep\�k�[�S�P�G(�%�,F,GIS�R�[�H	W�UIR,PpGyW�P#PpGIH�WNO�P��yW�mjd � Y��kfS2>�	'sS�R�P�G�H �Z�yW�U�PpS�P~\�epH�gIepH�R�H�U�PpS{U�T
P�GIH#S�UIRpPfW�U�O�H!YNKNM�H	O�PhdEl#Y�� PpGIH!R���gyH�e�O�m�W�RpRVeG' #�'C���%' WZqIq�H	q�PpY]P�GIH �Z�yW�U�P�S�P~\�� h#e�WNqIjG8 �)W�ep\rk�[�S�P�G(�%��+ ) ��'B01+�'
)T��65+���� ' ),+-�52 "

3 YNU/P�G�H,YNKNM�H	O�P�RDY���W#O�m�W�RpRg " S�Roe�H�gIepH�R�H�U�PpH	qVW�R2WLRpH�PDY��R�S�[�gIm�HDgIe�H&q�S�O�W�PpH�R2PpGyW�PDq�H�RfO�epS{K�H#�,GIS�OpG
YNKNM�H&O�P�RLP�Y�WZO�O�H�RpR��LF,GIH�RpH�RpS{[�gIm�H�gIepH	q�S�O�W�P�H�R!W�epH!e�H�gIe�H�RpH�U�P�H	q W�RN�B�km " C 8 �7m

"
� 8�^	^&^ 8��km

"9 �!� YNe�O�m�W�RpR1 " �On )/�%'���2+)
"���$3�>�!'*)$6�)R'�/,S�R,PpGIH#U���[]KyH�e,Y�� S�UIRpPfW�U�O�H!YNKNM�H	O�P�RLY��DP�G�HsO�m�W�R�R#WNO�O�H�R�R�H&q)K�\�W/��R�H�e��N��H�e�\VR�g�H	O�SY6yH&q)WNO�O�YNefq�S{U�TlP�Y
W!TZS�zNH�UV[lS�U�P�H�e�[�gIe�H&q�S�O�W�PpHC�

F,GIH]gIepYNg�YNRpH	q�W�m�TNYZe�S�P�G�[lR�W�epH�TZ�IS�q�H	q�K�\)P�GIH]S�U�P���S{PpS�YNUVP�GyW�P!W�U YNgIPpS{[VW�m���efW�TN[lH�U�P�W�PpS{YZUVdNH�H�g�R!P�GIYZR�H
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P�GIH�S�UIGIH�epS{P�W�UyO�HlGIS�H�e�W�efOpG�\%8oP�GIH)W�PpP�epS{K��IP�H�m{S�UId�P�Y e�H�DyH&O�P]P�GIHVgyW�e�P�9 Y���GIS�H�efW�efOpG�\U8DW�Uyq P�GIHV[�H�P�GIYIq m�S�UId�R!P�Y
e�H�D�H	O�P�PpGIH!�IRpH#Y�� [�H�P�G�Y�q�R,Y�� YZP�GIH�e_O�m�W�RpR�H�RLK�\/��efW�TN[lH�U�PpR2Y���W]O�m�W�R�R��oF,G�HsW�m�TNYNepS�P�GI[ S�R(H�R�RpH�U�P�S�W�m�m�\lPpGIH#R��I[
Y��oP�GIH#gIepH�z�S{YZ�IR�[�YIq�H�m~� R2W�m�TNYZe�S�P�G�[lR���F,GIHO6ye�RpP_W�U�qlRpH	O�YZUyqVS�P�H�e�W�PpS{YZUIR,Y��oP�GIS�R�W�m{TZYNepS{PpGI[ S�U�zNYZm{zZH,TNH�U�H�efW�P�S�UIT
WLR�H�P,Y�� GIYZe�S�x�YZU�P�W�m�� efW�TZ[lH�U�PpRDP�GyW�P2O�W�gIP��IepH�PpGIH�S�UIGIH�e�S�PfW�UyO�H�G�S{H�efW�e�OpG�\]W�U�qlW�PpP�epS{K��IP�H,m�S�UId!S�U���YZe�[VW�P�S�YZU!�IR�S�UIT
P�GIH/RfW�[lH#P�H&O�G�UIST�N��H]gIe�H�RpH�U�P�H	q S�U-k�H	O�PpS�YNU�j��!QL�Ie�S�UIT�P�GIH/P�G�S{e�qVS�P�H�e�W�PpS{YZU;8�P�GIH][�H�P�G�Y�q�m�S�UIdVS�U���YNep[�W�P�S�YNU�S{R
O�W�g�P��IepH	qVK�\VTNH�UIH�efW�PpS�UITlW]RpH�P�Y�� q�H�e�S�zNH&q���efW�TN[�H�U�P�R(�IR�S�UIT�P�GIH!R�W�[�H_PpH	OpGIUIST�Z�IH�R#W�R�S�UVP�G�H!R�H	O�YNUyq�S�P�H�e�W�P�S�YZU
Y��DP�G�HrW�m{TZYNepS{PpGI[ gIepH�R�H�U�PpH	q�S�U-k�H	O�P�S�YZU-a]�,S�P�G W�m�TNYZe�S�P�GI[ � ��2�)$65�V' �H2>+A) # +A)� �n Y�� |8S�TN�IepH����LF,GIH�RpHZ6yU�W�m
q�H�epS{zZH	q���efW�TN[lH�U�PpR�W�epH�[�H�e�TZH	qV�,S�P�G)G�YNe�S�x�YZU�PfW�m8��e�W�TZ[lH�U�P�R(� e�YN[:PpGIH/R�H	O�YZUyq S�P�H�e�W�PpS{YZUIR#P�Y�YNKIP�W�S�U)P�G�HZ6yU�W�m
��efW�TN[�H�U�P�R�Y�� PpGIH�O�m�W�RpR�H�R(�DF,GIH(� YNe�[VW�mZgIe�H�RpH�U�PfW�P�S�YNU�Y��P�GIS�RDW�m�TNYZe�S�P�G�[@� +52 #�+ # ntS�RDTZS{zZH�U/S{U]|8S�TN�IepH�u��	<�H
S�m{m��IRpP�e�W�P�H,PpGIH!W�gIg�m{S�O�W�P�S�YNU]Y���P�GIH#PpGIS�efq]S�PpH�efW�P�S�YNU]Y�� P�G�S{R,W�m�TZYNe�S�PpGI[t�IRpS�UITrW�UlH�XyW�[lgIm�H(TNS�zNH�U�S�U]P�GIHL��YZm{m�Y��,S�UIT
R�H	O�P�S�YNU;�

� ��� �-���� ���	� ���

F,GIS�R!H�XyW�[�gIm�H�S�UyO�YNe�g�YNe�W�PpH�RlO�m�W�RpR�[�Y�q�H�m�RsO�YNUIRpS{RpP�S�UIT Y��_O�YZ[lgIm�H�X�W�P�Ppe�S�KI�IPpH�RlW�U�q�O�YN[�gIm�H�X-[lH�P�GIYIq�R(�)F,GIH
H�XIP�H�U�q�H	q)O�YZ[lgIm�H�X�O�m�W�R�R,YZKNM�H	O�PLKyW�RpH_S�R,TZS{zZH�UlS�U)|8S�TN�IepHrE # l �

�� ÷�ì�ìóíÅî!øFî�ùFê®ô®ê�òNõ&5!ðpí"éaî9:!í�ñFìóíÅïOíÅøFíOø�íOî!ïvé UqíOõnî!òvòÙì|ê®ùFöaòví�ýaî��+í�÷�
_înïüô�î!ë|ë�ðpê�òÙé�65FíOî,ïvé$î!òvòNìvê®ùFöaòví�ýaî��+í�ðpê�òNé�î�ý��Uî�ýaø¶íOî!ïvé

�+íOòÙéa÷qøäýaî��+í�ðpê�òNéIî�ý�� !
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�2��������������� �('M) P # +A)� $&��� +O'B'*2�)�1�#C'4�Z�-��'�# +A)� $&���Vn.�!',0�+:' T
�������K¢��N¡
	����D�K¢ �¶� � �
��������¡�% � A %k¹�³�§U°,µ�»a¹�³�´UÄF»u³�´v¨�³�¹

���R%�¹�³�§U°,µ�¼\ª,§Oª!ºKª!¹�³¶¯Å¬Eª!¹�¹�³�¹
����	�-%a§�Çu³n¯O¬Eª,¹�¹ä¬Eª!§�§v¨�¯�³
� ������%a§�Ça³n¯Å¬Eª,¹�¹¯�°[©I¦\°[¹v¨�§v¨�°[±�Ç�¨�³�´Oª!´�¯ÅÇFÁ)Ï"¨�§�Çßª,§�§�´v¨�ºa»u§�³n¬®¨�±�/)º\³�§vÏ"³�³�±�¯Å¬Eª!¹�¹�³�¹
� e�d�� � � ]A �g%�¹�³�§U°,µ�°[ºF½�³�¯�§U´�³ÅµN³�´�³�±a¯�³�¹UµN°[´¸ª¬®¬�� ]A C ? A Ê����¡)����¡�% ��
 � %�¹�³�§ä°!µ�Ça°[´v¨�É�°q±F§Oª¬�µN´Oª,Æq©I³�±F§�¹U°,µ�§�Ça³n¯Å¬Eª!¹�¹�³�¹

� £u¢
� A %�¹�³�§U°,µk¹v¨�©I¦F¬�³I¦u´�³�¼�¨�¯!ª!§�³�¹�µN°q´"¯Å¬Eª,¹�¹_? A
� �A %�¹�³�§ä°!µ�¦u´v¨�©«ª,´�Á�Ça°[´v¨�É�°[±F§Oª¬�µÎ´Oª,Æ[©$³�±F§�¹äµN°q´"¯Å¬Eª!¹�¹>? A
� �A %�¹�³�§ä°!µ�¼u³�´v¨�È[³�¼)Ça°[´v¨�É�°q±F§Oª¬�µN´Oª,Æq©I³�±F§�¹"µN°q´ä¯O¬Eª,¹�¹>? A
��
 %�¹�³�§ä°!µ�©I³�©¶ºK³�´�¯Å¬Eª!¹�¹�³�¹äµN°q´U§�Çu³�¬®¨�±�/)Æ[´Oª!¦uÇ7$�Â4'äÃ�98:�����

��
 � 
 �D�K¢����:���p¡�£����S¢!£�� �&� A Þ(��� � ����	��� ÂFEÃ
� 
 � 
 �D�K¢����:���p¡�£����S¢!£�� �&�sA � � � 
 � � � ���	��� Â4PqÃ
XF�K¢y8F£u¤�	²¯O¬Eª,¹�¹>?+A^C#? � U�� Â4WqÃ

� 
 � 1s·ä³�´v¨�Èq³�¼ Ëu´�°q© '"°[©$¦��2Â�� 
 � Þ ?BAvÞ � e�d �kÂ(� ]A ÃÅÞ � � Ã Â�Z&Ã
8:��U���G XF�K¢K? A L

8:��U��9G �D�K¢ �¶� � � L

|8S�TN�IepHsuG]Dw,YZe�S�x�YNU�P�W�m�|�efW�TZ[lH�U�P�W�P�S�YZUr|�YNe��(YZ[lgIm�H�X]�,P�Ppe�S�KI�IPpHsW�UyqV�(YN[�gIm�H�XA��H�P�GIYIq�R

F,GIH,qIW�P�W�KyW�R�HDR�OpGIH�[�W�S�U���YNep[�W�P�S�YNU,PpGyW�P8S{R8YNUIH S{U�gI�IP�PpY�PpGIS�R q�H�RpS�TNU/gIe�YIO�H�RpR2O�YZUIR�S�R�PpRoY��IP�GIH,O�m�W�RpRom�W�P�PpS�O�H
Y���PpGIH#YNKNM�H	O�P,KyW�RpH_�,G�S�OpG�S{R,W�R(TNS�zZH�U]S�U�|8S�TN�IepH�ENE[8IW�UyqAP�GIH#O�m�W�RpR�O�YN[�gyYZR�S�P�S�YNU/GIS�H�e�W�efOpG�\lS�UV|�S�TZ�Ie�H/E	b��8F,GIH
YNPpGIH�e,S�UIgI�IP,S�R(P�GIH/W�gIgIm�S�O�W�P�S�YNU]S�U���YZe�[VW�P�S�YZU 4 C P�Y>4 l TNS�zZH�UlK�H�m�Y��Z�

4 C "#F,GIS�R_W�gIgIm�S�O�W�PpS{YZUlTZe�YN��gIR�TZefWNq�R�WNO�O�YZefq�S�UIT�P�Y�P�GIH�S�e#W�e�H&W]Y��DRpgyH	O�S�W�m�S{x&W�P�S�YZU��,G�S�OpGVS�R_q�H�P�H�ep[lS�UIH	q�K�\VP�GIH
UyW�[lH�Y�� PpGIH�S�e�Rp�IgyH�e�z�S�R�YNe(�DF,GIH#[�H�P�GIYIq�R(�IRpH	q)W�epH�q�H�6�UIH	qVYZU�O�m�W�RpR(����� �-W�Uyq�P�GIH#gIepH	q�S�O�W�PpH�R!W�epHC]

��� C ]oRp�Ig�H�e�z�S�R�YZe � ��noe�Y����NYNG�U\<�H�R�P�� 8�� � ]oRp�IgyH�e�z�S�R�YNe � �fnoepY�����W�e�\Vk�[lS�PpG�� �

4 � "#F,GIS�R W�gIgIm�S�O�W�PpS�YNU/TNe�YZ�IgIR,gIepY���R(K�\�PpGIH�S�e�WNq�q�e�H�RpR�H�R(�(F,GIH�[�H�P�GIYIq�R(�IRpH	qlW�e�H!q�H�6yU�H	q�YNU�O�m�W�R�R 1 ���43��,S�PpG
P�G�H#��YNm�m�Y��,S�UIT#gIe�H&q�S�O�W�PpH�R�]

�B� C ]DWNqIq�epH�R�R � �4<>S�UIUIS�g�H�T�� 8�� � ]DWNqIq�e�H�RpR � � "2W�U�O�YN�IzZH�e�� 8�� � ]DWNqIq�epH�R�R � �pF YZe�YZU�PpY����

4 � "#F,GIS�RlW�gIg�m{S�O�W�P�S�YNU�RpH�gyW�efW�PpH�RVgIe�Y���R]�,S�P�G RfW�m�W�e�S�H�R]TNepH	W�PpH�elPpGyW�U YZe]H��Z�yW�m,PpY��N� #G8 # # #���e�YZ[�P�GIYZR�H)�,S�PpG
RfW�m�W�e�S�H�R,m�H�RpR�PpGyW�U��N� #�8 # # #��F,G�H_[�H�P�G�Y�q�R W�e�H!S�UlPpGIH�O�m�W�R�R�1 ���432�,S�P�G�P�GIH#� YNm�m�Y��,S{U�T_g�e�H	q�S�O�W�P�H�R(]

�B� " ] RfW�m�W�e�\a� � # # # #�8�� l ] RfW�m�W�e�\a� � # # # #��

4 " "!h#e�YZ�IgIR#R�Pp�yq�H�U�PpR�K�\)PpGIH�S�e�q�H�g�W�e�Pp[lH�U�PpR��/F,GIH][lH�P�GIYIq�R!W�epH/��e�YZ[ O�m�W�RpR>��� 	��9��
�!W�Uyq�P�G�H]gIe�H	q�S�O�W�P�H�R
�IRpH	q)W�epHC]

�B� C ] q�H�gIP � ���)W�PpG���8�� � ] q�H�gIP � ���(YN[lg��IP�H�e�k�O!��8�� �C] q�H�gIP9� �fk�P�W�P�R � �
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n8H�e�RpYNU
�@�&d � RpR�UIY 8]��W�� UyW�[lHC8 W�� W�TZHC8 W�� WZqIq�epH�R�RG�U8 �	[�� �,GyW�P�m{W�R�P(8 [�� qIW&\�R�YZm{qH8 [�� U�H�� WZqIq�eG�U8
� d C ��n8H�e�RpYNU�E[8 �ZYNGIU ��W�[lH�R�8 j #G8 < S{U�UIS�gyH�T��d � ��n8H�e�RpYNUybG8 FoH	qV�)W�U;8�E	�G8 < S{U�UIS�gyH�T��d �V��n8H�e�RpYNUyjG8 ��W�e�\�M,YZR�R�8 b�EC8 "2W�U�O�YN�IzZH�eE�

d " ��n8H�e�RpYNUIv 8 n8H�PpH�eZJo\NH[8 bZj�8 FoYNepYNU�P�Y��dGlk��n8H�e�RpYNUyaG8 ��W�e�\Vk�[lS�PpG;8 v #�8 FoY�e�YZU�P�Y �
d � ��n8H�e�RpYNUy�G8 �ZYNGIU�<�H�RpP�8 jNbG8 "2W�UyO�YN�IzZH�eE�
d��k��n8H�e�RpYNUy�G8 ��WNOpd�\\
 e�Y��,U;8 jZa�8 <>S�UIUIS�g�H�T �
d��V��n8H�e�RpYNUyiG8 k�H	W�U-Q#W�[.8 bN�G8 FoY�e�YZU�PpY �N���
d��k��n8H�e�RpYNUyuG8 
 S�m�m �NH	W�UIR�8 v�jG8 "2W�UyO�YN�IzZH�eE�
d C�� ��n�H�e�R�YZU�E�#G8 �)W�Uyq��\K,YZ[.8 j #G8 <>S�UIUIS g�H�T��noe�Y�� � n�H�e�R�YZU)g�YNS�U�P�H�ehb �	dH� H�[lgIU�Y�8 � WG� RpPfW�P��IR(8 WG� q�H�gIP(8 WG� R�W�m�W�ep\C8 W�� RpP��yq�H�U�PE�U8 �&[�� O�YN�IepR�H�P�W��ITZG�P(8 [�� �,GyW�P�RfW�m�W�e�\ �%8

� d C � gyH�e�R�YZU)g�YNS�U�P�H�e�aC�Xbi� noepY��fE[8 W�R�RpP2g�e�Y���8 �(YZ[lgI��P�H�e2k�O5�38 v�a # # #�8 RpP��yq�H�U�PpR,gyYZS�U�PpH�e�RG�
d � � gyH�e�R�YZU)g�YNS�U�P�H�e��C�Xbi� noepY�� bG8 W�R�RpYIO,gIepY��>8 �)W�P�G;8 � # # # #�8 R�Pp�yq�H�U�P�R(g�YNS�U�P�H�epRE�
d � � gyH�e�R�YZU)g�YNS�U�P�H�e�uC�Xbi� noepY�� jG8 ���Im�mIgIepY��>8 �)W�P�G;8Ii # # # #�8 R�Pp�yq�H�U�PpR2g�YNS�U�P�H�epRE�
d " � gyH�e�R�YZU)g�YNS�U�P�H�e&E�#C�Xb � noepY���v 8 ���Im�myg�e�Y���8 ��W�P�G	8 iZb # # #�8 RpP��yq�H�U�PpRDg�YNS�U�P�H�epRE�5���

k�P���q�H�U�P �tn8H�epR�YNU�gyYZS{U�PpH�ehb@�&d � RpP��IUIY 8 W�� q�H�gIP(8 W�� ��H�H�Rpg q 8 WG� O�YN�IepR�H�P�W�dZH�U(� 8
�&[.� R�Pp�IUIY-9 Y��>8 [\� q�H�g�P*9~Y��>8 [�� Y��,S�UIT��U8

� d C � gyH�e�R�YZU)g�YNS�U�P�H�e&E��Xbi� k�Pp�yq�H�U�P&EC8 �)W�PpG;8 	V�
d � � gyH�e�R�YZU)g�YNS�U�P�H�epvU�Xbi� k�Pp�yq�H�U�P�b�8 �(YN[�gI�IP�H�e kIO-�&8 K �
d � � gyH�e�R�YZU)g�YNS�U�P�H�e�bC�Xbi� k�Pp�yq�H�U�P�j�8 k�PfW�P�R(8 	��
d " � gyH�e�R�YZU)g�YNS�U�P�H�e�jC�Xbi� k�Pp�yq�H�U�Ppv�8 �(YN[�gI�IP�H�e kIO-�&8 K �V�
dGlZ� gyH�e�R�YZU)g�YNS�U�P�H�e��C�Xbi� k�Pp�yq�H�U�P�a�8 �)W�PpG;8 	V�
d � � gyH�e�R�YZU)g�YNS�U�P�H�e�iC�Xbi� k�Pp�yq�H�U�P���8 k�PfW�P�R(8 K �V�>���

h#efWZq�� k�P��yq�H�U�P�g�YNS�U�P�H�ehb �	dH� TNefWZq�R�Pp�IUIY 8]��W�� R���gyH�epz�S{RpYNeG�U8 �	[=� �,GyW�P�gIepYNT �
� d C �~k�P���q�H�U�P�g�YNS�U�P�H�e&E��Xb � h#e�WNqE[8 �ZYNGIU <�H�R�PG�

d � �~k�P���q�H�U�P_n8YNS�U�P�H�efbC�Xb � h#e�WNqIbG8 �)W�ep\lk�[lS�P�G �k�V�
d � �~k�P���q�H�U�P_n8YNS�U�P�H�efaC�Xb � h#e�WNqIjG8 �)W�ep\lk�[lS�P�G����>�

3,Uyq�H�efh �tk�P��yq�H�U�P
d C �~k�P���q�H�U�P�g�YNS�U�P�H�e�jC�d � �~k�P���q�H�U�P�g�YNS�U�P�H�epvU�d � �~k�P���q�H�U�P�g�YNS�U�P�H�e��C�

QLH�gIP �@�&dH� O�Y�q�HC8 � W�� UyW�[lHC8 WG� gIepY���R(8 WG� RpP��yq�H�U�PpRE�%8]�&[�� U���[!KyH�e*9~Y��T9~gIe�Y���RE� �U8
� d C ��QLH�gIP	E[8 � �(YN[�gI�IPpH�e2R�O�S�H�UyO�H[8 g�e�Y��(gyYZS{U�PpH�e�R(8 RpP��yq�H�U�P�g�YNS�U�P�H�epRE�d � ��QLH�gIPfbG8 � �)W�P�G;8 gIepY�� g�YNS�U�P�H�e�R�8 RpP��yq�H�U�PLgyYZS�U�PpH�e�RG�d � ��QLH�gIPfjG8 �	�_O�P��yW�e�\lR�O�S�H�UyO�H[8 g�e�Y��(gyYZS{U�PpH�e�R(8 RpP��yq�H�U�P�g�YNS�U�P�H�epRE�

d " ��QLH�gIP�v 8 � k�P�W�P�R(8 gIe�Y�� g�YNS�U�P�H�epR�8 R�Pp�yq�H�U�P�g�YNS�U�P�H�e�RE�>�>�

|�S�TZ�Ie�H]E�#G]oF,GIH!kIW�[�gIm�H�JLKNM�H	O�P!Q#W�P�W�KyW�R�H_k�O�G�H�[�W
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Root

Person

Prof Student

UnderGrad Grad

Dept

|8S�TN�IepH]ENEC]o�(YN[�gIm�H�Xl�(m�W�R�R�c8W�P�PpS�O�H

Prof

Dept

name

profs

student

{methods}

status

students

{methods}

Student

name

gpa

{methods}

dept

salary

|�S�TZ�Ie�H]E	bG] �(m�W�R�R��(YN[�gyYZR�S�P�S�YZUlw,S�H�efW�efOpG�\
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4 l "#F,GIS�R!W�gIgIm�S�O�W�P�S�YNU TNepYN�IgIR!q�H�gyW�epP�[lH�U�PpR!K�\)P�G�H�S�e!TNH�U�H�efW�m W�e�H	WG�]F,GIH][lH�P�GIYIq�R�W�e�H/��YZe#P�GIHlO�m�W�R�RV#������
W�U�qlPpGIH!gIepH	q�S�O�W�P�H�RL�IR�H	q�W�e�H[]

��� C ] q�H�gIP9� �f�)W�P�G�� 8 � � ] q�H�gIP � �f�(YZ[lgI��P�H�e,kIO!� 8 � �C] ��k�PfW�P�R����

������������
����������
 1 ���?���@:@ "�������? 	6������
 ��3y� �������������6� ����� ��� � )
cS�UIHlE`Y�� W�m�TNYNepS�P�GI[:w,YZe �(� �,� � |8S�TN�IepHru[�,TNH�UIH�efW�P�H�R`P�GIH/GIYNepS�x�YNU�PfW�m8��efW�TN[lH�U�P,��R�S�UITlPpGIH]O�YN[�gIm�H�X�O�m�W�R�R
m�W�P�PpS�O�H_W�R(��YNm�m�Y��,R�]

� h#H�U�H�efW�P�H�R#P�G�HsO�YN[lg�m{H�X�O�m�W�R�R,m�S�UId]TZefW�g�G�RpGIY��,UVS�U�|8S�TN�IepHrE&j#� e�YN[ |�S�TZ�Ie�H]ENE[�

� QLH�6yUIH�R�gIepS{[VW�ep\�GIYZe�S�x�YZU�P�W�m���e�W�TZ[lH�U�P�R ��YZe�W�m�myY��,U�H�e_O�m�W�R�R�H�R�YNU�P�GIH`m{S�UId]TZefW�gIGlPpY]YNKIP�W�S�U;]
� ����@�@ ����� �
|�efW�TZ[lH�U�PpRZU WC � S�UIR�P�W�UyO�H_YZKNM�H	O�P/E���d C �
U W
�
�=S�UIR�P�W�UyO�H`YNKNM�H	O�P�R_b/W�U�q�j��Bd � 8�d � �

� ����@�@���� 	��9��
�
|�efW�TZ[lH�U�PpRZU WC �i��d C 8�dElB�%8 U W� �@�Bd � 8�d " �U8yW�Uyq5U W� �@�Bd � 8�d � �U�
� ����@�@ 1 ���43
|�efW�TZ[lH�U�PpRZU WC �i��d " �U8 U W� ����8 U W� �@�Bd � 8�d=� �U8 U W" ���G8 U Wl ����8IW�U�q U W� �@�Bd C �
� ����@�@>#����6�
|�efW�TZ[lH�U�PpRZU WC �i��d � 8�d=���%8 U W� �@�Bd C �%8IW�Uyq�U W� � ��d " �U�

� h#H�U�H�efW�P�H�R!q�H�epS�zNH	qA��e�W�TN[�H�U�P�R(Y��o[lH�[]K�H�e2O�m�W�R�R�H�R�P�Y]YZKIPfW�S�U;]�� ����@:@����
	����
9�
3,RpS�UIT]P�GIH#gIepS�[�W�ep\/��efW�TN[�H�U�P�RDY���PpGIH#Y��,UIH�e�O�m�W�R�R_hsefWNq 8�P�GIH!q�H�epS�zNH	q�� efW�TZ[lH�U�PpR2W�epHC]
U 1C � ��d C �U8IW�Uyq�U 1� �@�Bd � 8�d l �U��#������('�� � 3�����������
��@$�43 ������� ����@:@ 1 ���	@+��

F,GIH�q�H�e�S�zNH&qlG�YNe�S�x�YZU�PfW�m�� efW�TZ[lH�U�PpR2Y���n8H�e�RpYNU)K�W�R�H&qlYZUVY��,UIH�e�O�m�W�RpRZ�~k�P��yq�H�U�P>��8�W�epHC]
U 1C � ��d C 8�d �
�%8 U 1� �@�Bd " 8 d � �U8IW�Uyq�U 1� �@�Bd � 8�d � �U�
QLH�e�S�zZH	qA��efW�TN[lH�U�PpR2Y���n8H�epR�YNU�KyW�RpH	qVYNU�P�GIH`Y��,UIH�e�O�m�W�RpR�noe�Y��2W�e�H[]
U 1" � ��d C � �%8 U 1l � ��d � 8�d �
�U8IW�Uyq�U 1� � ��dEl
�%�

� �(YN[]K�S{U�H�R n�e�S�[�W�e�\]W�UyqVQLH�e�S�zZH	qA��efW�TN[lH�U�PpR2Y�� [�H�[]KyH�e2O�m�W�RpR�H�RL�IR�S�UIT]PpGIHL��YNm�m�Y��,S�UIT�WNO�O�H�R�R���e�H(�N��H�UyO�\
S�U���YZe�[�W�P�S�YNU	�]F,GIH\�Z�yW�U�P�S�PfW�P�S�zNH]W�gIg�m{S�O�W�P�S�YNU S�U���YZe�[�W�P�S�YNUVUIH�H	q�H	q O�YZUyO�H�epU PpGIH�WZO�O�H�RpR/��e�H(�N��H�UyO�S�H�R]Y��
W�g�gIm�S�O�W�P�S�YZUIRDP�Y/q�SYX H�epH�U�P,TNepYN�IgIR(Y�� q�W�PfWsS{U�H	WNOpGVO�m�W�R�R,W�U�q/�2H#W�R�Rp�I[lH,PpGIHL��YNm�m�Y��,S�UIT_WZO�O�H�RpR(��e�H(�N��H�UyO�\
S�U���YZe�[�W�P�S�YNU � �2|�YNe(H�XyW�[�gIm�HC8�P�G�H�6ye�RpP,gIe�S�[VW�e�\/� efW�TZ[lH�U�PDY��DP�GIH�O�m�W�R�RNe�'*#�'C���%'�U WC O�YZe�e�H�R�g�YNUyq�R#PpY]P�GIH
[lS�U�P�H�e�[ gIepH	q�S�O�W�P�H�� q�H�g�P � �f�)W�P�G���� F��z�
	��� �= " I�� � 	 �
m - ���� � F �z�
	K�� �&-�	 � 	�� �� ��W�Uyq�PpGIS�R,��e�W�TN[�H�U�P
O�YZU�P�W�S�UIR]PpGIHVR�H�P�Y��_S�UIRpPfW�UyO�HVYNKNM�H&O�P�R8��d C 8�d l �U� k�S�UyO�HVPpGIH)WNO�O�H�R�R���e�H(�N��H�UyO�\ P�Y YNKNM�H	O�P�R�Y��#P�GIS�RA6yepR�P
��e�W�TN[�H�U�P]K�\ W�gIgIm�S�O�W�PpS�YNU 4 C S�R-E #�8�W�Uyq UIY YNPpGIH�e�W�gIgIm�S�O�W�PpS�YNU>WNO�O�H�R�RpH�R-PpGIH�RpH�YNKNM�H	O�P�R�8LP�G�H WZO�O�H�RpR
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��epH��Z�IH�UyO�\�Y��2H	WZO�G Y��,P�G�H�R�H]YZKNM�H	O�PpR�S�R�E #��`}~U-PpGIHlO�W�RpH]�,GIH�epH][lS�U�P�H�ep[lR,Y��,W�O�m�W�R�R�W�e�H]q�H�6yU�H	q���e�YZ[
gIepH	q�S�O�W�PpH�R_W�e�S�R�S�UIT`��epYN[ [�YNe�H,PpGyW�UVYZUIH!W�gIgIm�S�O�W�P�S�YNU;8ZWNO�O�H�R�RL��e�H(�N��H�UyO�\�Y���W�UVYNKNM�H	O�P,S{U�H	WNOpG���e�W�TN[�H�U�P
S�RDYNK�PfW�S�UIH&q/K�\]WNq�q�S�UIT#e�H�m�H�zNW�U�P(WNO�O�H�R�R(��epH��Z�IH�UyO�S�H�R,Y���P�GIH,epH�m�H�zNW�U�P(gIe�H&q�S�O�W�PpH�R2Y���P�GIH,P~�(Y�W�gIgIm�S�O�W�PpS{YZUIR��
|�YNeDH�XyW�[lgIm�HC8�S�UIRpPfW�UyO�H�YZKNM�H	O�PO��d " ��Y��P�G�H1U WC Y��P�GIH#O�m�W�R�RO� 2�+508GyW�R2WZO�O�H�RpR(��e�H(�N��H�UyO�\�Y���� a�2�b #C����e�YZ[
P�G�H!P~�2Y]W�g�gIm�S�O�W�P�S�YZUIRZ4 � W�Uyq�4N�!WNO�O�H�R�RpS{U�TlP�G�S{R�O�m�W�R�RLe�H�RpgyH	O�P�S�zNH�m�\%�
� ����@�@ ����� � ]DWZO�O(�D4 C �=U C � �tb #�8IWZO�O(�!4 C �=U � � � E #��
� ����@�@ 1 ���43�]
WNO�O(�!4 � �=U C � �ta�8�WNO�O �!4 � � U � � �/E�#�8IWZO�O(�D4 � �=U � � �/E #�8IWNO�O(�!4 � �=U C � �tb #G8IWNO�O �!4 � � U � � � a��
� ����@�@���� 	��9��
��]DWNO�O �!4 " �=U C � � E #�8�WNO�O(�D4 " �=U � � � a�8yWZO�O(�D4 " �=U � � � #G�

) ��� = �8� � ����@:@����
	����
9�
U 1C GyW�R�P�G�H_[VW&XIS�[���[ W(QlU�S{P~\/�,S�P�GU WC Y�� #G8IW�Uyq�R�Y]�(H#[lH�epTNHNU 1C W�U�q5U WC PpY]TNH�PZ]

U �C �7��d C 8�d l �
Q�H�PfW�S�m�R(Y��DP�GIS�R,O�YN[�gI�IP�W�P�S�YZUlS�R2TZS�zNH�UVS�UlPpGIH!UIH�XIP,PpGIe�H�H`m{S�UIH�R
� � �#� �!U 1C �=U WC �!�tE #�� E # � #

�	�!� �!U 1C �=U W� � � #��P��E�# 2 a 25a[�2� ��b #
�	�!� �!U 1C �=U W� � � #��P��E�# 2 # 2 #[�2� �sE #C�

U 1� GyW�R�P�G�H_[VW&XIS�[���[ W(QlU�S{P~\/�,S�P�GU WC Y���9�a�8IW�Uyq]RpY]�2H#[lH�e�TNH
U 1� W�U�q U WC P�Y/YNKIP�W�S�UU

�
C �k�Bd C 8 d l 8�d � �

Q�H�PfW�S�m�R(Y��DP�GIS�R,O�YN[�gI�IP�W�P�S�YZUlS�R2TZS�zNH�UVS�UlPpGIH!UIH�XIP,PpGIe�H�H`m{S�UIH�R
� � �#� �!U 1� �=U WC �!�tE #��P��E�# 2 aC�!� ��a
�	�!� �!U 1� �=U W� � ��a��P�~a 2 E�#C�!� �!E�#
�	�!� �!U 1� �=U W� � � #��P�~a 2 # 2 E # 2 #[� � �!E	a[�

w,Y��(H�zZH�e�8�R�S�UyO�H#Y�zNH�e�m�W�gIg�S{U�T�YZKNM�H	O�PNd � GyW�R,[VW&XIS�[]�I[�� W(X��!d � 8�U
�
� �(Y�� aG8

�(H_dZH�H�g d � S�UU
�
�
W�UyqVq�H�m{H�P�H!S�P(��epYN[ U �C �

U �� �7��d � 8�d " �
F,GIH#P�G�S{e�q�gIe�S�[�W�e�\`��efW�TN[�H�U�P2epH�[�W�S{U�R2PpGIH#RfW�[�H_W�R

U �� �7��d � 8�d � �
� ����@�@ 1 ���	@+��

k�S�UyO�H`P�GIH!O�m�W�RpR�1 �8�	@0��
-GyW�R,UIY]gIepS{[VW�ep\!��e�W�TZ[lH�U�P�R(R�Y]PpGIH�q�H�e�S�zNH	qA��e�W�TZ[lH�U�P�R(K�H	O�YN[�H�gIepS�[�W�ep\U�

F,GIS�R�O�YN[�gIm�H�P�H�R�P�G�H�6ye�RpP�S�P�H�efW�PpS�YNU;�8F,GIHDRpH	O�YNU�q#S�P�H�e�W�P�S�YZU!S�RP�GIH(H�XIH	O��IPpS�YNU!Y���m�S�UIHDb,Y��yW�m�TNYZe�S�P�GI[ � +52 #�+ # n
� |8S�TN�IepHluC�#��R�S�UITVP�GIHA��efW�TN[�H�U�P�RL��e�YZ[ PpGIH 6yepR�P!S�PpH�efW�P�S�YNU5W�Uyq P�GIHlO�m�W�R�R]O�YN[�gyYZR�S�P�S�YZU)GIS�H�efW�efOpG�\U��F,GIH]m�S�UId
TNe�W�gIG�TNH�UIH�efW�PpH	q���epYN[ P�GIH!O�m�W�R�R�O�YZ[lg�YNR�S�PpS{YZU]GIS�H�efW�efOpG�\VS{R(TNS�zZH�UVS{UV|8S{TZ�Ie�H]E�v��

<�HVTNH�U�H�efW�P�H-q�H�e�S�zNH	q ��e�W�TZ[lH�U�P�R`Y��_PpGIH)[�H�[]KyH�e�O�m�W�RpR�H�R8� �� �' �-��' � 2�+50`KyW�RpH	q YNU W�gIg�m{S�O�W�P�S�YNU�R�YZU
Y��,UIH�e2O�m�W�R�RXeG' #�'C���%'*�oF,GIS�RDS�RDq�YNUIH,K�\/TNH�U�H�efW�P�S�UIT#��e�W�TZ[lH�U�P�R8Y�� noepY��P�GyW�PDRfW�P�S�R~� \�PpGIH�q�YN[�S�UyW�PpS{U�T,gIe�H	q�S�O�W�P�H�R
Y��,P�GIHVO�m�W�RpR�k�P���q�H�U�P��,G�S�OpG5W�e�HC]>��� ��� 1  9 � ]>��q�H�gIP9� �f�)W�P�G�� 8 q�H�gIP � ���(YN[lg��IP�H�e/kIO!��8 q�H�gIP � �fk�PfW�PpR����U�)F,G�S{R
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|8S�TN��e�H]E	jG] �(YZ[lgIm�H�Xl�(m�W�R�R�c8W�PpP�S�O�HN� R�cS�UIdVh#efW�gIG

Student

Dept Prof

L1 L
2

|�S�TZ�Ie�H]E�v ] �(m�W�R�R��(YN[�gyYZR�S�P�S�YZUlw,S�H�efW�efOpG�\�c�S{U�d�TZefW�gIG

m�H	WNq�R,PpY�PpGIH#��YZm�m{Y��,S�UIT#PpGIe�H�H/q�H�e�S�zZH	q���e�W�TN[�H�U�P�RDY��DP�GIH!O�m�W�RpR�noe�Y��>�
� ����@�@ 1 ����3
U 1C �@�Bd � 8�d � 8 d " �%8 U 1� ���Bd C �%8IW�Uyq�U 1� � � �[�
QLH�e�S�zNH&q�|�efW�TN[�H�U�P�Ro��YZe,[lH�[]K�H�e2O�m�W�R�R�QLH�gIP
U 1C � �Bd � 8 d �B�U8�U 1� � ��d C �U8�W�U�q5U 1� � ��d " �U�o�(YN[]KIS�UIS�UITLgIe�S�[VW�e�\/W�Uyq�q�H�e�S�zZH	q/��e�W�TZ[lH�U�P�R Y���[lH�[]KyH�eDO�m�W�R�R�H�R
\�S{H�m�q�R2PpGIH#��YZm{m�Y��,S�UIT#GIYZe�S�x�YNU�P�W�m���e�W�TN[�H�U�P�R(]

� ����@�@ 1 ����3
U �C �@��d � 8�d=�C8�d " �

U �� �@��d C �

F,GIS�R�S�R�K�H	O�W��IR�HhU 1C GyW�RoGIS�TNGIH�RpPDW(QlUIS�P~\�Y�� jNa��,S�P�GVU W� Y�� � 2>+10 W�Uyq`[lH�epTNH�R8�,S{PpG!S�P�PpY�TNH�UIH�efW�P�HhU
�
C � k�S{[�S�m�W�e�m�\C8

U 1� [lH�epTNH�R,�,S�PpG U W� PpY]YNKIP�W�S�U U
�
� �DQLH�PfW�S�m{R(Y��oP�GIS�R�O�YZ[lgI��PfW�PpS�YNU]S�R,TNS�zNH�U�S�U�P�GIH!U�H�XIP,R�S X�m�S�UIH�R(�

� � �!� �DU 1C �=U WC � �>bNa�� � j # 2 j #C�!� ��jZa
� �#� �!U 1C �=U W� �!� �~j # 2 j #[�3�5bZaC�!� jZa
� �#� �!U 1C �=U W� �!� #�� ��E	a 25j # 25j # 2 bZaC�!� �sE # #[�

� � �!� �DU 1� �=U WC � � #�� �fE	a 2 bNa[� � �,v #
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� �#� �!U 1� �=U W� �!� #�� �~j # 25j #C�!� ��� #
� �#� �!U 1� �=U W� �!� bZaC�

� ����@�@V#������
U �C �@��d � 8�d=�B�
U �� �@��d C �
U �� �@��d " �

cS�UIH�R#j:9�aAY��2PpGIHrW�m�TNYNepS�P�GI[:O�W�g�P��IepH�R![lH�P�GIYIq)q�H�gyH�U�q�H�UyO�H�S�U���YNep[�W�P�S�YNU]K�\-q�H!6yUIS�UIT]� efW�TZ[lH�U�PpR,Y�� O�m�W�R�R�H�R
P�GyW�P2O�YZe�e�H�R�g�YNUyq�P�Y/P�G�H ��+52��$0oY���S{PpRD� efW�TZ[lH�U�PpR�� e�YN[�PpGIH�RpH	O�YNU�qlS�PpH�efW�P�S�YNU;�8��RpR��I[�H,P�GyW�P2YZKNM�H	O�PpR,Y���PpGIH_O�m�W�R�R
e�'*# '[���1' S�U�zNYZdNH([lH�PpGIYIq�RDY���YNKNM�H	O�P�R,Y�� O�m�W�R�RpH�RN� 2>+10DW�Uyq��Z�* G' �Dk�S{U�O�Hke�'*#�'C���%'S�R2UIYZP2W#Rp�IK O�m�W�R�R,YZe2O�YNU�P�W�S�UIH	q
O�m�W�RpRDY�� W�U�\/Y��P�G�H�R�H#P~�(Y�O�m�W�RpR�H�R(8�P�GIH�U��IR�HLY���[�H�P�GIYIq�R Y���P�G�H�R�H#O�m�W�R�RpH�R,K�\rO�m�W�R�ROe�'*# '[���1'�O�W�U]UIYZPDKyHLP�epH	W�PpH	q
�IUyq�H�e�S�UIGIH�epS�PfW�U�O�H!YNe�O�m�W�R�R�O�YZ[lg�YNRpS{PpS�YNUlG�S{H�efW�e�OpGIS�H�R�8�KI�IP�W�R�UIH�R�P�H&qVYNe�O�YZ[lgIm�H�Xl[�H�P�G�Y�q�m�S�UIdH�oF,GIH!gyW�P�PpH�e�U
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I2 I4I3
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I1 I3I2

I1 I3I2
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C3
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C2
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Dept
C1
frag1

frag2 frag2

derived1 derived2

objects referenced by I 5 of frag1 of C3 = { I 1, I2,I3}

   from class C2 and   {I2,I3} from class C1|8S�TN��e�H]E	aG] h#H�UIH�efW�P�S�YNUVY���QLH�e�S�zZH	qV|Ie�W�TN[�H�U�P�R(Y��D�(m�W�R�RpH�R�KyW�R�H	q�YNU��(YZ[lgIm�H�Xl�VH�PpGIYIq�R

|(E�Y��  �� � k�P��yq�H�U�P��!S�R���d C 8�d � 8�d=� �lW�Uyq�P�G�HlO�YNm�m�H	O�PpS{YZU�Y�� W�m�mDYNKNM�H&O�P�R!Y��  C �~QLH�gIP>�sS{U�zZYNdNH&q)K�\)[�H�P�GIYIq�R#Y��
��efW�TN[�H�U�Ps|(E�Y��1 ��?� k�Pp�yq�H�U�P>�/S�R���d C 8�d � 8�d=� �U� F,GIH�RpH)O�YNm�m�H	O�PpS{YZUIR`��YNep[ q�H�e�S�zNH&q�� efW�TZ[lH�U�PpR_Y��_PpGIH�R�H)O�m�W�R�R�H�R
KyW�RpH	q�YNU-O�YZ[lgIm�H�XV[lH�PpGIYIq�R�Y�� W/� efW�TZ[lH�U�P,Y��he�'*# '[���1' �AK,H�XIP�8	�N��W�U�P�S�PfW�P�S�zNH#S�U���YZe�[VW�P�S�YZU�W�K�YN��P�U��I[]K�H�e�Y��
WNO�O�H�R�RpH�R![�WZq�H#K�\�PpGIH�RpH][lH�PpGIYIq�R,P�Y�P�GIH�RpH]YNKNM�H&O�P�R!W�epH���R�H	q�S�U-W(QlUIS�P~\]ep�Im�H�R#P�Yl[�H�e�TZH!P�G�H�RpH�P#Y��DgIe�S�[VW�e�\
W�Uyq�q�H�epS{zZH	q���e�W�TZ[lH�U�P�R Y��DH	WNOpG)O�m�W�RpR��

� FHG C O]7DB(@\��7(@�BDC �HG �!B�7 � � � � 92P � R	C��)4�7(4�CL6�9�; � R	?/9�B(4�7 G P 6

F,GIS�R,R�H	O�P�S�YNU�q�S�RfO���R�R�H�R!YNPpGIH�e#S�[lg�YNe�P�W�U�P,O�G�W�efWZO�P�H�e�S�R�PpS�O�R!Y��2PpGIH�W�m{TZYNepS{PpGI[lR(gIepYNg�YNR�H&q)S�UVP�GIS�R#gyW�gyH�e(��}~U�P�GIH
6ye�RpP,gyW�epP�8�W/R�P�ep�yO�Pp�Ie�H]OpGyW�epP�P�G�W�P�O�YZUyO�S�R�H�m�\)q�H�6�UIH�R�PpGIH#��e�W�TZ[lH�U�PfW�P�S�YNU]R�OpGIH�[lHL��YZe,P�GIH#[�YNR�P,O�YZ[lgIm�H�X�O�m�W�R�R
[lYIq�H�m�O�YNU�R�S�R�PpS{U�T_Y���O�YN[lg�m{H�X`W�P�Ppe�S�KI�IPpH�R2W�U�q�O�YZ[lgIm�H�X![�H�P�GIYIq�R8S�RDgIe�H�R�H�U�P�H&q �IW�Uyq`R�H&O�YNUyq�m{\/P�G�H�O�YN[�gIm�H�XIS{PpS�H�R
Y��oP�GIHL��e�W�TN[�H�U�PfW�P�S�YNU]R�O�G�H�[lH�R�W�e�H�q�S{R�O��IRpR�H	qH�

� ��� ��� ��� ������� ��� ���	��� � � �

��U�S{U�PpH�e�H�RpP�S�UIT/��H&W�P���e�H#Y���PpGIS�R�q�H�R�S�TZUlS�R2epH��IR�W�KIS�m�S�P~\]Y�� q�H�RpS�TNU���YNe,W#RpS{[�gIm�H�e2O�m�W�R�R,[lYIq�H�myS�U�W`[lYZe�H�O�YZ[lgIm�H�X
O�m�W�RpR�[lYIq�H�m � F,GIS�R,S�R�S�m�m{��R�P�e�W�PpH	qVO�YNUyO�S{RpH�m�\V�IR�S�UIT�P�GIH!RpP�ep�yO�P���e�HlOpGyW�epP,��YZe,P�GIH`��e�W�TN[�H�U�PfW�P�S�YNU]R�O�G�H�[lH!Y��DP�GIH
[lYZR�PDO�YN[�gIm�H�XlO�m�W�R�R,[�YIq�H�m%92O�YZUIR�S�R�PpS�UIT�Y���O�YZ[lgIm�H�XlW�PpP�epS{K��IP�H�R�W�Uyq]O�YZ[lgIm�H�X][lH�PpGIYIq�R�8�RpGIY��,UlS�Ul|8S�TN�IepH�E&���
F,GIH#R�Ppe��yO�Pp�Ie�H]OpGyW�epP�W�m�R�Y/TNS�zZH�R�W/R��I[�[�W�e�\!Y���W�m�mPpGIH�W�m�TZYNe�S�PpGI[lRoP�G�W�P�W�epH#�IR�H	q�S{UVPpGIH!q�H�R�S�TZU;�
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|8S�TN��e�H]E	�G]oF,GIH!k�P�ep�yO�P���e�H]�(GyW�epP�|IYZe �VYIq�H�m��,S�P�G)�(YN[�gIm�H�X]�,P�P�epS�KI�IP�H�R_W�U�q��(YZ[lgIm�H�Xl�VH�PpGIYIq�R

� �5� � ���	� � � ��� � � ��� ��� ��������� �������

F,GIHVKyH�UIH�6yPpR�Y��sq�S�RpP�e�S�KI��P�H	q>q�W�PfW�KyW�RpH)q�H�R�S�TZU TZH�UIH�e�W�m�m�\5YZ�IP~�2H�S{TZG5PpGIHVS{[�gyH�Uyq�S�UIT Y�zNH�epGIH	WNq�R]S{U�zZYNm�zNH	q S�U
e��IU�UIS�UIT]P�GIH/gyW�e�P�S�PpS{YZUIS�UIT]W�m�TNYZe�S�P�GI[�R�� F,GIS�R_W�epTN�I[�H�U�P,S�R�R���gIgyYZe�PpH	q)K�\VP�G�H�PpS{[�H!O�YN[�gIm�H�XIS{PpS�H�R2Y��2P�G�H#��efW�T59
[lH�U�P�W�P�S�YZU-W�m�TNYZe�S�P�G�[lR,� YNe!PpGIH/��YN��e�O�m�W�RpR�[�Y�q�H�m�R_g�e�H�RpH�U�P�H	q S�U5k�H	O�PpS�YNUIR]j�P�GIepYN�ITZG ��YNU�PpGIHlKyW�R�S�R!Y���P�GIH
�2YZe�RpP O�W�R�H#W�UyW�m{\�RpS{R(���LR�Rp�I[lHLP�GyW�P 0 e�H�gIepH�R�H�U�PpR�PpGIH�m�W�epTNH�RpP,U��I[]KyH�eDY����e�W�TZ[lH�U�P�R gyYZR�R�S�KIm�HC8H+�e�H�gIepH�R�H�U�PpR#P�GIH
m�W�e�TZH�R�P,U��I[]K�H�e(Y��DS�UIR�P�W�UyO�H!YNKNM�H&O�P�R#S�U�W]O�m�W�R�R�YZe�W`��efW�TN[�H�U�P�8(-,S�R,P�G�H!m�W�e�TZH�R�P,U��I[]K�H�e,Y�� �IRpH�eZ�N��H�e�S�H�R(8 ��S{R
P�GIH`m�W�e�TZH�R�PLU���[]KyH�e,Y��2O�m�W�R�RpH�R#S�U�PpGIH]qIW�P�W�KyW�R�HC89)tS�R�PpGIH!m�W�epTNH�RpP�U��I[]K�H�e,Y��D[�H�P�GIYIq�S�U�zNYIO�W�PpS�YNUIR,S�U)W/�IR�H�e
�Z�IH�e�\%8I�,G�S{m�H� lS�RLP�GIH!m�W�e�TNH�R�P�U��I[]K�H�e,Y���g�e�H	q�S�O�W�P�H�R#S�U)W/[lH�PpGIYIq�S{U�zZY�O�W�P�S�YZU�W�UyqD�
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Y���gIepH	q�S�O�W�P�H�R,S�U�W/O�m�W�RpR��oF,GIHLGIYNepS�x�YNU�PfW�mI� efW�TZ[lH�U�P�W�P�S�YZUrW�m{TZYNepS{PpGI[�� YNe(P�GIH!O�m�W�RpR2[�YIq�H�mO�YNUIRpS�R�P�S�UIT/Y���RpS�[lgIm�H
W�PpP�e�S�KI��P�H�R,W�UyqAR�S�[lg�m{H([lH�P�GIYIq�RO� +-2�)���+5�%'4�5$ � 2��43(Y�� |8S�TN�IepH_a`S{R(Y���PpS�[lH,O�YN[�gIm�H�XIS{P~\/JZ� � � 2 �Z[lg�2�Op��2 � � Y
2�O � "�Y 2 � O��L�,GIS�OpG)RpS{[�gIm�SY6yH�R,P�Y)J�� � � 2 �Z[�g 2 � ��Y 2�O � "�Y%���#F,GIS�R#S�R�K�H	O�W��IR�H]m�S�UIHlE/Y��(P�GIS�R_W�m�TNYNepS�P�GI[
� +-2�)���+5�%'4�5$ � 2��43D�,GIS�OpG]S�RDP�G�H ) )T�,+4352>�� G0sW�m�TNYNepS�P�GI[�S�RDY�� JZ� � � ��8�W�Uyq/TZH�UIH�e�W�P�S�YZU]Y���R�S�[�gIm�HDgIe�H&q�S�O�W�PpH�R���m�S�UIH�bC�
S�R2Y�� J��*�N[�g����ocS�UIH�R�a/P�GIepYN�ITZG��`Y���� +-2�)���+5�%'4�5$ � 2��43�W�epH!Y��DJ�� � ��YU�(K�H	O�W��IR�H!PpGIH!YZKNM�H	O�PoM�YNS�UlYZgyH�efW�PpS�YNUlS�R,Y��
P�S�[lHDJ���Y%�
�Z�,GIS�m�H2m�S�UIH�RDi,PpGIe�YZ�ITNG)E #,GyW&zZH2PpS�[lH2O�YZ[lgIm�H�XIS�P~\_J��~O � "�Y%�8R�S�UyO�H,PpGIH�W�m�TNYZe�S�P�G�[_�Z+52�)���+-�%'��-$�n.�0) 1���2
��m�S�UIH,uC�8S�RDY��P�S�[lH(JZ� � "�Y%���8F,GIH,gIepH�zNW�S�m�S�UIT�PpS{[�H O�YN[lg�m{H�X�S�P~\LY��P�GIH#W�m�TNYZe�S�P�GI[tq�H�gyH�Uyq�R(YNU/U���[]KyH�eoY���O�m�W�R�R�H�R
S�U�PpGIH�YZKNM�H	O�P(KyW�RpH�W�Uyq/PpGIH�U��I[]K�H�eoY�� �Z�IH�e�S�H�R,W�Uyq/YZKNM�H	O�PpR2S�UlW!O�m�W�R�R��o}~UlWsR�\�R�PpH�[��,S{PpG][�W�U�\#[�YNe�HS�Z�IH�epS{H�R
P�GyW�U)O�m�W�R�RpH�R�8�S�P,S�R,m�S{dZH�m�\]P�GyW�P,P�GIH`P�H�ep[ -+)O lK�H	O�YZ[lH�R,PpGIH�q�YZ[lS�UyW�U�PDPpH�e�[ W�Uyq�P�GyW�P,[�W�dNH�R(P�GIH/O�YN[�gIm�H�XIS{P~\
Y���� +52�)���+5�%'4�5$ � 2��43�J�� �Z[lg����

F,GIH]PpS{[�H!O�YN[�gIm�H�XIS{P~\�Y��,P�GIH]W�m�TZYNe�S�PpGI[ �Z+52 #�+ e n:��YZe#P�GIH/R�H	O�YNUyq [�Y�q�H�mo�,S{PpG-O�YZ[lgIm�H�X-W�PpP�epS{K��IP�H
W�Uyq RpS�[lgIm�H][lH�P�GIYIq S�U |8S�TN�IepH���S�R�PpGIHlR�W�[lHlW�R]P�GyW�P!� YNe�w�YNe�S�x�YZU�PfW�m�|�efW�T-W�Uyq S�RrJ�� � � 2 �Z[�g 2 � ��Y 2
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 YNPpG�P�GIH�P�GIS�e�q5W�U�q���YN�IepP�G5O�m�W�R�R/[lYIq�H�m�R!O�YNU�R�S�R�PpS{U�T)Y���RpS{[�gIm�HrW�P�Ppe�S�KI�IPpH�RrW�Uyq�O�YZ[lgIm�H�X-[�H�P�G�Y�q�R �
W�UyqVO�YZ[lgIm�H�X�W�P�Ppe�S�KI�IPpH�R_W�Uyq)O�YZ[lgIm�H�Xl[�H�P�GIYIq�R,epH�R�g�H	O�PpS�zNH�m�\%8yG�W&zNH#P�S�[lH#O�YN[�gIm�H�XIS�P~\]�,GIS�O�GVS�R_J�� � � 2 �Z[lg
2 � ��Y 2 O � "�Y 2 � ����Y%�,�,GIS�OpG R�S�[lgIm�SY6yH�R,PpY�J�� � � 2 �Z[lg 2 O � "�Y 2 � ����Y%���LF,GIS�R#S{R#K�H	O�W��IR�H]PpGIHrW�m�TNYNepS�P�GI[
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F,GIS�R2g�W�g�H�e_q�H!6yUIH�RLS{RpR��IH�R_S�U�zNYZm�zNH	q/S�UVP�GIH!O�m�W�R�R,� efW�TZ[lH�U�P�W�P�S�YZU]S{UVW]q�S�R�Ppe�S�KI�IPpH	q�YNKNM�H	O�P�KyW�R�H	qVRp\�R�P�H�[.�oF,GIH
S�R�R���H�R�O�YNU�R�S�q�H�epH	q�S{U�O�m��yq�H�PpGIH#S�UIGIH�epS{P�W�UyO�H_G�S{H�efW�e�OpG�\%8ZP�GIH#UyW�P��IepH_Y�� W�PpP�e�S�KI��P�H�R,Y���W/O�m�W�R�R(8IW�UyqAP�GIHLUyW�Pp�Ie�H#Y��
[lH�PpGIYIq�RDS�UlPpGIH!O�m�W�RpR�H�R(�DF,GIH#gyW�gyH�e,g�e�YNg�YNRpH�R_W�m�TNYNepS�P�GI[�R�� YNe(GIYNepS{x�YNU�PfW�mI��e�W�TZ[lH�U�PfW�P�S�YNU/Y��8��YN��e O�m�W�R�R,YNKNM�H	O�P
[lYIq�H�m�R(]Z��E��!W�[lYIq�H�m�O�YNUIRpS{RpP�S�UIT)Y���O�m�W�R�RpH�R��,S�PpG-RpS{[�gIm�H�W�PpP�epS{K��IP�H�R]W�U�q)[�H�P�GIYIq�R(8�� b[�!W�[lYIq�H�mDO�YZUIR�S�RpP�S�UIT
Y�� O�m�W�R�RpH�R��,S�PpG-W�PpP�e�S�KI��P�H�R!PpGyW�P`R��IgIg�YNepP�WVO�m�W�RpRsO�YN[lg�YNRpS�P�S�YNU)G�S{H�efW�e�OpG�\��IR�S�UITVR�S�[�gIm�H![lH�PpGIYIq�R�88W�Uyq � j[�_W
[lYIq�H�m�O�YNUIRpS{RpP�S�UIT]Y�� O�m�W�R�RpH�R#�,S{PpG-O�YZ[lgIm�H�X�W�P�P�epS�KI�IP�H�R_W�U�qVR�S�[lg�m{HL[lH�PpGIYIq�R�8�W�Uyq?� vU��W/[�YIq�H�m�O�YZUIR�S�R�PpS�UITlY��
O�m�W�RpR�H�R]�,S�P�G5O�YN[lg�m{H�X W�P�P�epS�KI�IP�H�RlW�Uyq O�YN[�gIm�H�X-[lH�P�GIYIq�R(�-F,G�H�W�m�TZYNe�S�PpGI[ UIH	O�H�RpRfW�e�\ P�Y)Rp�IgIg�YNepP]P�GIH 6yepR�P
R�S�[lg�m{H#[�Y�q�H�m�S�R#gIe�Y�z�S�q�H	q �#� q�H�RfO�epS�gIP�S�YNU�W�U�qV��YZe�[VW�m�W�m�TZYNe�S�PpGI[lR,RpGIY��,S�UITlPpGIH�S�PpH�efW�P�S�zNH]W�gIg�m{S�O�W�P�S�YNU�R_W�U�q
H�XIP�H�U�R�S�YNUIR`Y��,P�GIS�R�W�m{TZYNepS{PpGI[ ��YZe�� efW�TZ[lH�U�P�W�P�S�YZU�Y�� H&WNOpG�Y��,P�GIH][�YNepHrO�YZ[lgIm�H�X)[�Y�q�H�m�R_W�epHlW�m�R�YVgIepY�z�S�q�H	qH�
F,GIH(�IR�H�W�Uyq]W�gIg�m{S�O�W�P�S�YNU#Y�� PpGIH�W�m�TNYZe�S�P�G�[���YNe8��e�W�TN[�H�U�P�S�UIT,PpGIH,[lYZR�P O�YN[lg�m{H�Xs[�YIq�H�m*8�O�YNUIRpS�R�P�S�UIT#Y���O�YZ[lgIm�H�X
W�PpP�e�S�KI��P�H�R�W�Uyq�[lH�PpGIYIq�R_W�e�H]S�m�m{��R�P�e�W�PpH	q)�,S�PpG W�U-H�XyW�[lgIm�HC�/|�S�UyW�m�m{\%8yO�YN[lg�m{H�X�S�PpS{H�R�Y��(P�GIH�RpH�W�m{TZYNepS{PpGI[lR�W�e�H
q�S�RfO���R�R�H&q)W�Uyq�RpGIY��,UVP�Y/KyH!g�YNm�\�UIYZ[lS�W�m*�

�(�Iepe�H�U�P�epH�R�H&W�efOpG H�XYNe�PpR#S{U�O�m��yq�H!q�H�zZH�m�YNgIS�UIT/gyH�e~��YZe�[�W�UyO�H#[lH&W�R���e�H�[�H�U�P�R,P�Ylq�H�[lYZUIR�PpefW�PpH#P�GIH!��P�S�m�S{P~\
Y��,YN�Ie]W�m�TZYNe�S�PpGI[lR(�lk��yOpG5g�H�e���YNep[�W�U�O�HlW�UyW�m�\�RpS�R!S�R�q�SYQ�O��Im�P!K�H	O�W��IR�HVzNH�e�\���H�� Y���P�GIH�RpHlRp\�RpP�H�[�R�� YNe![�YNepH
R�g�H	O�SY6 O�W�m�m{\%8DW�g�gIm�S�O�W�P�S�YZUIR!YNU P�GIH�R�HVR�\�R�PpH�[lR��/GyW&zNH]K�H�H�U�q�H�zNH�m{YZgyH&qH� <�H�W�e�HVO��Ie�epH�U�P�m�\ W�UyW�m�\�x�S�UIT)YZKNM�H	O�P�9
KyW�RpH	q W�gIgIm�S�O�W�P�S�YNUIRLP�Y)q�H�PpH�e�[�S�UIH!P�G�H]� W&\VP�G�H�\ W�e�H/KyH�S{U�T���R�H	q��,S�P�G P�GIH]TZY�W�m8Y�� q�H�P�H�ep[lS�UIS�UIT�[lH�Ppe�S�O�RL��YNe
R��yOpGVW#gyH�e~��YZe�[�W�UyO�H#W�UyW�m{\�RpS{R(��}�q�H	W�m�m�\�PpGIH�RpH_PpH	OpGIUIST�Z�IH�R�O�W�UlK�H�[�Y�q�SE6�H	q/R�Y!PpGIH�\VO�W�U�KyHL�IR�H	qAS�U�W!q�\�UyW�[lS�O
H�U�z�S{epYNUI[�H�U�P#�,GIH�e�H qIW�P�WVS�RrWZqIq�H	q W�Uyq e�H�[�Y�zNH	qH� 3,U�� YNe�Pp�IUyW�P�H�m�\%8oR��yOpG>W�U H�U�z�S�epYNUI[�H�U�P!S�R!zNH�ep\ O�YZ[lgIm�SY9
O�W�PpH	q�K�H	O�W��IR�HVRp�IgIg�YNe�PpS�UIT)S�P!S�U�zNYNm�zZH�R#UIYNP/YNUIm�\)PpGIH�WZO�O��Ie�W�PpH�g�m�WZO�H�[�H�U�P_Y��,��efW�TN[�H�U�P�R#KI�IP]W�m�R�Y�P�GIH]UIH�H	q
P�Y]PpefW�U�R�gyW�e�H�U�P�m�\�[lS�TNe�W�P�HLYNKNM�H&O�P,��e�W�TZ[lH�U�P�R(�,GIS�m�H#P�GIH!Rp\�R�P�H�[:S{R,K�H�S�UITlWZO�O�H�RpR�H	q�K�\l�IRpH�e�R(�,F,GIH#S�UIS�P�S�W�m�R�PpH�g
S�U)P�GIS�R!epH�R�H&W�efOpG e�H��Z�IS�e�H�R�PpGyW�P#�(Hlq�H�P�H�e�[lS�UIHlW�g�H�e~� YNe�[VW�UyO�H�PpGIe�H�RpGIYNm�q K�H�m�Y��t�,GIS�OpG5q�\�UyW�[lS�OLe�H	q�H�R�S�TNU S{R
e�H��Z�IS�epH	qVR�Y]PpGIH!Rp\�RpP�H�[:�,S�m�m�O�YZU�PpS�U���H_PpY][lH�H�P,S{PpR�g�H�e~� YNe�[VW�UyO�H_TZY�W�m{R(�oF,GIH�O���e�e�H�U�P#epH�R�H	W�efOpG S{R�W�P�PpH�[lgIPpS�UIT
P�Y-q�H�P�H�ep[lS�UIH�S ��PpGIH�RpH)P�H	OpGIU�SR�Z�IH�RlO�W�U KyHV[lYIq�SY6yH&q)RpY-PpGyW�P/H	WNOpG S{PpH�efW�P�S�YNU Y���PpGIH)q�H�R�S�TZU5gIepY�O�H�R�RVO�W�U KyH
WNO�O�YN[lg�m{S�RpGIH	q`K�\]YZUIm�\rW�UyW�m�\�x�S�UIT#UIH���qIW�P�W�WZqIq�H	qAP�Y!PpGIH#R�\�R�PpH�[ �,GIS�m�H��IgqIW�P�S�UIT!PpGIYNRpH,��e�W�TN[�H�U�P�RDPpGyW�P(GyWZq
KyH�H�U-g�e�H�z�S�YN�IRpm�\�W�m�m�YIO�W�PpH	qH��|��IepP�GIH�ep[lYZe�HC8��(H�W�epH��(YNepd�S�UIT]YZU)zNH�e�P�S�O�W�mDW�Uyq�G�\�KIe�S�q���e�W�TZ[lH�U�PfW�P�S�YNU�RfOpGIH�[�H�R
W�R,�(H�m�m W�R_q�S�RfO�Y�zNH�epS{U�T]R��IS�PfW�KIm�H#P�GIH�YZe�H�PpS�O�W�mo[lYIq�H�m{R,PpYlW�m�m�YIO�W�PpH�� efW�TZ[lH�U�PpR,P�Ylq�S�R�Ppe�S�KI�IPpH	qVRpS{PpH�R��L|�S�UyW�m�m{\%8Z�2H
W�epHsq�H�6yUIS�UITlW]q�S�RpP�e�S�KI��P�H	q)q�S{epH	O�PpYNe�\VPpGyW�P,Rp�IgIg�YNe�PpR_q�S�RpP�e�S�KI��P�H	q)O�m�W�R�R(��e�W�TZ[lH�U�P�R,W�U�qlS�[�gIm�H�[lH�U�PpS{U�T_S�P,YZU�W
GIH�PpH�e�YZTNH�UIH�YN�IRLUIH�P~�(YNe�dH�
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