
HAL Id: inria-00073512
https://inria.hal.science/inria-00073512

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A Logical Framework to Prove Properties of Alpha
Programs (revised version)

Luc Bougé, David Cachera

To cite this version:
Luc Bougé, David Cachera. A Logical Framework to Prove Properties of Alpha Programs (revised
version). [Research Report] RR-3177, INRIA. 1997. �inria-00073512�

https://inria.hal.science/inria-00073512
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A logical framework to prove
properties of

� �������
programs

(revised version)
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\"aQoeo kpj f
qeW j W�r T W j r T Wts�uwvxYbyzy{[}|zcx~�s�Yb�p�zy�[�Y��Zo=aQ�zW�_

�,�����m���=���p�
� W"o j W�_hW swf"aQs{aQ_h_hW j fh~ k s=a��Va�oeo jhk aQr T f k o j`k�� W"o jhk o�W j fh~�W�_ k����*�z�x�V� o j`k � j a�X�_b� �*�z�x�V� ~�_
a � cxser�fh~ k s=a��
��aQse�zc=aQ�zW��=a�_`W�q k s6am�1seW j W r�c jhj W�ser�W�W��Ec=a�f`~ k se_m� � W�� j _hf�o j W�_hW�sEf�f � kZ¡ ~�seqx_ k���k o�W j aQfh~ k s�a��¢_`W�X{aQsEfh~�r�_ �£kpj"���p�e�V�
f k �pW�f T W j �
~�f T _ k X1W�W��Ece~ � aQ��W ser�WZa�seq6r k sE¤=cxW�ser�WZo j`k o�W j f`~�W�_ k�� f T W�_`WZ_hW�XHa�sEfh~�r�_m� � W*f T W�s¥o j W�_`W�sEf�a�s¦aQfhf`W�X1oef�f k
o jhk�� ~�qeW �*�z�e�V� �
~�f T a�s6W dwf`W j s�a��§� k �z~�rbaQ� �£j a�X1W � kpjh¡ � � W�f T W j W �¨kzj WZqxW©�=seW1a�o j`kwkQ� X1W f Tek q6�=aQ_hW�q k s6~�s � a j ~�aQswf`_b�� W �£k r�ce_ k sªa1o�a j f`~�r�ce��a j r���a�_`_ k�� ~�s � a j ~�a�sEfh_m«�s=a�X�W���g{rma�s k se~�rba���~�s � a j ~�a�sEfh_m«=f T a�f�a j W1a�� k �z~�rbaQ��W�dEo j W�_`_h~ k s kQ� f T W
o jhk � j aQX¦¬ _¢_`W�X{aQswf`~�r�_b� � W§�=s=aQ����g�_ Tek �­f T aQf�f T ~�_ �£j aQX1W�� kzj`¡ ~�_��®W ���°¯ _hce~�f`W�qZf k o jhk�� W
o�a j f`~�a��eo j`k o�W j f`~�W�_b«EW��Ece~ � aQ��W ser�W
o jhk o�W j fh~�W�_"��W�f �§W�W�s �*�z�x�V� o jhk � j aQX1_
a�seqHo j`k o�W j f`~�W�_"f T a�f
�§W�rba�ses k f
W�dEo j W�_h_��
~�f T ~�s�f T W �*�z�e�V� ��a�sx�zc=aQ�zWz�
±�²E³�´¶µ*·=�z¸��Q�º¹§k ser�c j`j W�sEf�o jhk � j a�X1X�~�se�e« j W�r�c j`j W�ser W{W �wc�a�fh~ k se_b«K_ho�W�r�~ � gE~�se�6a�seq � W j ~ � gE~�se�{aQseq j Wba�_ k se~�se��a�� k cef
o jhk � j aQX1_b«p_hW X{a�sEf`~�r _ kQ� o jhk � j aQX1X1~°se����a�se�pc=a��pW�_b«Eq=aQf¶a»¯Mo=a j aQ����W�����a�se�pc=a��pW�_b«Eo jhkEk�� X1W�f Tek q k � k �pgw«Q~�s � a j ~�a�sEfh_m�
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��²e��
����²�����k ce_�o j ^W�_`W�sEf k sx_
ceseW"X%^W�f Txk qxW
qeW"o j W�c � W"o=a j a�_`_hW j fh~ k se_§o k c j ��W�_�o j`k � j a�X�X1W�_ ���p�e�V� � �*�z�e�V� W�_hf§ces
��aQse�waQ�zW �£k ser�f`~ k seseW���q¢¬`^W��Ec=aQfh~ k sx_ j ^W�r�c j`j W�sEf`W�_ a»�1seW�_m� ��k ce_�o j ^W�_hW swf k se_�f k cef�q¢¬Ía�� kzj q6qeW�ced�f gEo=W _�qeW�_e^W�XHa�sEfh~��EceW�_k o
^W j a�fh~ k seseW�����W�_
o k c j����p�e�V� «Va�~�se_h~K�EceW�qeW�_�o jhk o j ~m^W�fe^W�_�q¢¬h^W��Ece~ � a���W�ser W@W f"qeW�r k sE¤=cxW�ser�W�qeW�r�W _@_e^W�X{aQsEfh~��EceW�_b� �"k ce_
XZcxse~�_h_ k se_
W�se_`ce~�fhW �*�z�e�V� q¢¬ ces6rbaQq j WZ� k �z~��EceW�W�dEfhW j seW1a�c���a�se�Ea��zWp� �"k ce_�q ^W©�=se~�_`_ k sx_�o k c j r W���a1cxseW�X%^W�f Txk qxW�qeW
o j W�c � W �£k seq
^W�W�_hc j � ¬ cefh~���~�_¶a�f`~ k s�q¢¬ ~�s � a j ~ðaQsEfh_b� �"k cx_®~�se_`~�_`f k se_�_hc j cesxW"r���a�_`_hW�o=a j fh~�r�cx��~ UW j W
q¢¬ ~�s � a j ~�a�sEf`_b«���W�_§~�s � a j ~�a�sEf`_
rma�s k se~��wcxW�_b� �"k ce_¢X k sEf j`k se_��=s�a���W�X1W swfK�EceW�r�W§rba�q j W
o�W j X�W�f¢qeW§o j`k c � W j qeW�_�o jhk o j ~m^W�fe^W�_�o=a j fh~�W�����W�_b«QqeW�_�^W��Ece~ � a���W�ser W�_
qxW@o jhk � j aQX1X1W _�W�f
_hc j f k cef"qxW�_
o jhk o j ~m^W�fe^W�_�s k s�W�dEo j ~�XHa��e��W�_§W�s �*�z�e�V� �
�å·����©´������²­� i�j`k � j a�X�X{a�f`~ k s{o�a j aQ��� UW ��Wp«@^W��Ec=a�f`~ k se_ j ^W�r�c j`j W�sEf`W�_b«§_ho
^W�r�~°�=rbaQfh~ k s
W�f � a���~�q=aQfh~ k s6qxWZo jhk � j aQX1X�W�_b«�_e^W ¯
XHa�sEfh~��EceW
qeW _"��a�se�Ea��pW�_®qxW@o jhk � j aQX1X{aQfh~ k s¢«���aQse�waQ�zW�_§q=a�f©am¯ o=a j a���� UW���W�_b«EX%^W�f Txk qxW"qeW�o j W�c � Wz«e~�s � a j ~�a�sEfh_m�
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S
T W ���p�e�V� o jhk � j aQX1X1~�se� �ðaQse�zc�a��zW T aQ_¢��W�W�s�qeW�_`~��pseW�q��Eg�2�ce~�sEf k s�a�seq T ~�_K� j`k ceo43Íy%5=a�_�a
�=aQ_h~�_¢f k qeW _h~��zs¢«mr k XZ�e~�seWz«k oefh~�X�~76 W aQseq1W � W�sEfhc=aQ����gZr k X1ox~���W
_`gw_`f k ��~�r�a���� kpj ~�f T X�_b�98"s �*�z�e�V� o j`k � j a�X�~�_
a�_hW f k�� a»�1seW j W�r�c j`j W�sxr�WZW��Ec=a�f`~ k se_: 8@\<;�= k sZXZce��fh~�qe~�XZW�se_`~ k s=aQ�zo k ��g T W�q j ~�r�~�swf`W��zW j q k XHa�~�se_b� ���p�e�V� ~�_ a*_hf j ~�r�fm«E_hf j`k se�p��gZf gwo�W�q � ceser�f`~ k s=aQ�=��a�sx�zc=aQ�zWz«j W�_hf j ~�r�f`W�q¦f k a � W j g�_h~�X1ox��W �£kzj X k�� XZcefhc�a�� j W�r�c j _h~ k s¢«=aQseqH~�f T a�_
o j`k�� W�qHf k ��W�a�s � a���c=aQ�e��W
f kEk �V~�sHf T ~�_§��W���q¢�> _hc=aQ�=XHa�se~�oece��aQfh~ k se_ k sZ_hgE_hf k ��~�r"a���� kpj ~�f T X1_¢rma�sZ��W"_hW W�s{aQ_�fhW�dEf`c=a��V_`gwsEf©a�r�f`~�r j W�� j ~�f`~�sx�z_ k s�f T W�fhW�dEf k��¢���p�e�V�
o jhk � j aQX1_b� i a j a�����W���~�6ba�f`~ k s@aQX k cxswf`_Vf k�j W�~�seqeW dw~�se��f T W§W��Ec=aQfh~ k se_Kf Tej`k ce� T a
r T aQse�zW k�� �=aQ_h~�_b�@?�oefh~�X�~76ma�fh~ k s@a�X k cesEf`_
f k a�qeqK«®qxW���W�fhW¦aQseq­r k XZ�x~�sxW1W��Ec=aQfh~ k se_1aQseq � a j ~ðaQ�e��W�_1a�r r kzj qe~�se�¥f k a�sEceXZ��W j�k�� W��Ece~ � a���W�ser W©¯Mo j W�_`W jh� ~�se� j ce��W�_b�A ~�s=aQ����gE«�r k X�oe~���~�sx�¦a�s �*�z�x�V� o jhk � j aQX.aQX k cesEfh_Zf k W � W�sEfhc�a�����g j W � j ~�fhW�~�fZ~�sEf k _hcer T a�_h~�X1oe��W �£kzj X f T a�f�Wba�r T
W �wc�a�fh~ k s�r kpjhj W�_ho k seqx_"f k _ k X�W®W ��W X1W�sEf¶a j g�� k �z~�rba�� k o�W j aQf kzj «EWba�r T ~�seqeW dw~�se�*f k _ k X1W T a j qe�
a j W"r k seseW�r�f`~ k s¢«Ea�seq k seWkQ� f T W�r k X�o k seW�sEf k�� f T W�ceseqxW j ��gE~�se�Z�=a�_`~�_
f k f T W T a j qx� a j W�r�� k r ¡ �

nHcxr T � kzjh¡�T a�_�f T W j W �£kzj W���W�W�s¥qeW �zk f`W�q6f k _hf`ceqegE~�se�1_`cer T f j aQse_ �£kpj XHa�fh~ k se_b«�a�seq6qxW�_h~��zsx~�sx�Zf kEk ��_"f k aQ_h_h~�_`f@f T W
cx_hW j ~�s�a�oxoe��gw~�se�
f T W�X��9B®W�fm«�f T W§o j`k �e��W�X kQ� a��e_`f j a�r�f`��g �C���( ��
.(� o jhk o=W j fh~�W�_ kQ� �*�z�e�V� o jhk � j aQX1_ T aQ_��=W�W s�_ k X1W � T a�fk�� W j � kEkz¡ W�q¢«Va�sxq k seW�rma�s;�=seq�X{a�sEgEDho j`kwkQ� _"�Eg T a�seqe�
a � ~�se�(FZ~�s�f T W���~�f`W j aQfhc j Wz� S
T WZ_h~�fhc=aQfh~ k s;~�_ j W�X1~�se~�_hr W�sEf k��
f T W k seW1o j W � aQ~���~�se�6~�s¥f T W6y(Ge¬ _�aQseqIH�Ge¬ _�~�s¥f T W1��W���q k�� o jhk � j aQX � W j ~°�=rma�fh~ k s¢� S � k aQ��fhW j s=a�f`~ � W1qe~ j W�r�fh~ k se_Z�®W j W
r k X1o�W�f`~�sx��f k o j`k�� W�_hW �wcxW�sEfh~�a��Ko jhk � j aQX1_§r kzj`j W�r fb�
JLK¢�m²w�
K�� �`� \0W©�=seW�f T W�o j`k � j a�X�cxo{f k W��Ece~ � a���W�ser Wz«e_ k f T aQf®f T W�~�sEfhW�seqxW�qHo jhk o=W j f gH~�_
W � W�sEfhc�a�����gZX{a�qxW"W�dEoe��~�r�~�fb�
MONV�b²E�
K�� �`� ;��Ece~�o1f T W@o jhk � j aQX��
~�f T _ k X�W ¡ ~�seq k�� � k �z~�rbaQ�=a�_`_hW j fh~ k se_m«e_ k f T a�f
f T W"o j`kEk���kQ� r kpjhj W�r�fhsxW�_h_�� k ~���_®q k �
s

f k r T W�r ¡ ~�se�Zf T W ~ j a��e_`f j a�r�f
XZcef`c=a���r k se_h~�_hf`W�ser�gE�
Axkzj�i a�_`rba��°¯ ��~ ¡ W®~�X�o=W j a�f`~ � W®o jhk � j aQX1_b«Qf T W
�=aQ��a�ser�W�~�_�r ��Wma j ��g�~�s � a �zkpj�kQ� f T W"W dwf`W j s�a��¢a�oxo jhk a�r T : A � k gEq¢¬ _3aQ_h_`W j f`~ k se_b«P�k a j Wz¬ _"� k �z~�rz«$Q j ~�W _ ¯�?"�
~�r ¡ ~�X1W�f Tek q¢«eW�f`rz�R=�� ��k1k f T W j a���fhW j s=aQfh~ � W�XHamgZqeW � W�� k o¢«Va�_�f T W*f j aQse_ �¨kzj XHa�f`~ k s=a���rbaQ��r ce��ce_kQ� _hcer T ~�X1o�W j aQfh~ � W
o jhk � j aQX1_�~�_§_ k o kEkzj �@S s1r k sEf j aQ_hfm«eX kpj W"aQ�e_hf j a�r f �£j aQX1W�� kzj`¡ _ _hcer T a�_ > se~�f g kpj ¹
¹UT o j W�_`W�sEf@a
��a���a�ser W@ox~�r fhc j W(V�f T W�f � k a�oeo jhk aQr T W�_"r k ¯ W�dE~�_`f"a�seq �£j ce~�f � cx����g�~�swf`W j aQr�fb�S
T W �*�z�x�V� ��aQse�zc=aQ�zW��=W seW©�=f`_ �£j`k X a j ~�r T a�sxq¦X kzj W k�� W j _hW X1~°¯ÁaQcef k X{aQfh~W6ma��e��W�f j a�se_ �£kzj X{a�f`~ k s=aQ�¢rbaQ��r ce��ce_b«V_ k
f T a�f f T W
~�sEfhW j s=a��Va�oxo jhk a�r TZT a�_ �=W�W s{a���X k _hfKW�dEr���ce_h~ � W���g�qeW � W�� k o�W�q¢�XB®W�fm«Ef T W
W dwf`W j s�a��Va�oeo j`k aQr T ~�_�~�s �¨kzj XHa�����g"ce_`W�q
~�s�_hW � W j aQ�®o�a�o�W j _�_hcer T aQ_Y3Í�05®� T W j W{a�s �*�z�e�V� o jhk � j aQX ~�_�o jhk�� W�q¥f k ��WZW��Ece~ � a���W�sEf�f k ~�fh_�r�� k _hW�q �£kpj X�« aQseqZ3 ��5
� T W j W¦a;� k �p~�rma��§~�sxqecer�f`~ k s a j �zcxX1W�sEf�~�_�ce_`W�q%f k o j`k�� W6a j W©��seW�X1W swfZ_`fhW�oK� S
T WH� k aQ� k�� f T ~�_Zo=aQo=W j ~�_Zo j W�r�~�_hW ��g
f k _hW�f�ceo¥a�s�W�dEfhW j s=a�� �£j a�X�W�� kpjh¡ ~�s¦� T ~�r T f T W _hW[D T a�sxqe� a � ~�se��F1X{aQse~�oece��a�f`~ k se_
rba�s¥��WZW�dEo j W�_h_`W�q%a�seq l cx_hfh~°�=W q¢�
n kzj W k�� W j «=�§W�_ Tek � f T a�f�f T ~�_ �£j aQX1W�� kzj`¡ rbaQs6�z~ � W�a�r�r k cesEf k�� aZsEceXZ��W j�k�� X1W�f Tek qe_"f k o j`k�� W�f T W�W��Ece~ � a���W�sxr�W k��
�*�z�x�V� o jhk � j aQX1_m«waQseq k o�W�sHseW��åqe~ j W�r�f`~ k sH~�s{f T W�_hWba j r TH�£kpj ce_hW � ce�¢~�sEfhW j s=aQ�VfhW�dEfhc�a��¢f j aQse_ �£kpj XHa�fh~ k se_b�S
T W�o=aQo=W j ~�_ kpj �Ea�se~�6�W�q�a�_ �¨k ��� k �
_b� � W�� j _hf�qe~�_`r�ce_h_�X kzj W�o j W�r�~�_hW ��g�f T W�s k fh~ k s kQ� aZo j`kEk�� ~�s6_hcer T aZr k sEfhW�dEfb«
_`f¶a j fh~�se� �£j`k X W�dea�X1ox��W _ �£k ceseq�~�s�f T WZ��~�f`W j aQfhc j Wz� S
T W�s¢«K�®WZ� j ~�W©¤=g j W�rba����§f T WZW _h_hW swf`~�a���_ k�� f T W ���p�e�V� �ðaQse�zc�a��zW�¨kzj _hW � � ¯Mr k sEf¶a�~�seW qeseW�_`_b«¢aQseq6�§W�qe~�_`r�ce_h_�~�fh_ k o�W j aQfh~ k s�a��¢_`W�X{aQsEfh~�r�_@aQ_@a,�=a�_`~�_�f k ~�sEf`W j o j W�f�� k �z~�rbaQ� �£kzj XZce��a�Wz� S
T W�s¢«
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8�s6W�dEfhW se_h~ � W�o j W�_hW�sEf©a�fh~ k s kQ� f T W �*�z�e�V� �ðaQse�zc�a��zW*rba�s6��W �£k cesxq6~�s[3�Y!G%5h� � W l cx_hf j W�rma���� T W j W�� T aQf"~�_"ce_`W � ce� �£kzjk c j oec j o k _hWz� Aekpj f T W�_©a ¡ W kQ� _h~�X�oe��~�r ~�f gE«��§W�a�q k oef®f T W �£k ��� k �
~�se��qeW �=se~�fh~ k sx_"a�seqHs k f¶a�f`~ k se_m�

8�s �*�z�x�V� o jhk � j aQX�~�_
�z~ � W s1�EgCV
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��se~�fhW
_hW f k�� ,��(� �������%�7,³& S k s a : o k _`_h~��e��g�~�sE�=se~�fhW�=�XZce��fh~�qe~�X�W�se_h~ k s=a���o k ��g T W�q j a��eq k X{aQ~�s��
	Z�t8­r k X1o k seW�sEf
S�3��
 5 k�� a*q=a�f©am¯¨�=W���qH~�_§rbaQ����W�q6a  ��(��� ���%�7� U��

^ �£kzj WbaQr T q k X{aQ~�s�� 	 «ea�qe~�_ l©k ~�sEf�o=a j fh~�f`~ k s1~�sEf k a��=se~�fhW�sEceXZ��W j§k�� o k ��g T W�q j aQ�V_hce��q k X{a�~�se_
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^
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S sxqe~ � ~�qec�a���r k X�o k seW�sEf � a j ~ðaQ�e��W�_�S®3#�
 5��
~����V�=W*qeW�s k fhW�q1< �£kzj f T W�_¶a ¡ W k�� r k ser�~�_hW seW�_h_m�U8"s ���p�e�V� o jhk � j a�X'~�_
f T ce_
a : o k _`_h~��e��g1~�sE��se~�fhW!=§_`W�f kQ� qeW©��se~�se�ZW��Ec=a�f`~ k se_ < 5! : cF�%+(= «=aQf
X k _`f k sxW �¨kzj WbaQr TH� a j ~�a��e��WX<¢�
,�².-�²�K�¸K²�K��Q²0/#� W�_¶amgHf T a�f <Hqx~ j W�r�f`��gHqeW o=W�sxqe_ k s1c,~ � f T W j W*W�dE~�_`fh_�_ k X1W�W��Ec=a�f`~ k s4<Q51 : cF�%+(=�� � W�qeW�s k fhW��Eg
2 f T W j W ¤=W�dE~ � W@aQseqZf j a�se_`~�fh~ � W�r�� k _hc j W kQ� f T ~�_�qxW�o=W seqeW�ser W j W���aQfh~ k s¢�X8%o j`k � j a�X ~�_��§W����°¯ �£kpj X�W�q�~ � ~�_ T a�_ s k qxW©�=se~�se�
W �wc�a�fh~ k s �£kpj ~�seoecef � a j ~�aQ�e��W�_b«¢aQseq¥~ � f T W j W{~�_�s k r gwr ��W�~�s¦f T W1qeW o=W�sxqeW�ser�W j W���a�f`~ k s��=W�f �§W�W�s � a j ~ðaQ�e��W�_b�!3 � ��.��C>	���.�&��
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T WZ_`W�f k��
� a���ceW�_�r k swf©a�~�se_�aH_`o=W�r ~ðaQ� � a���ceW87 � T ~�r T qxW�s k f`W�_�ceseqeW©��seW�qeseW _h_b� 8t_hf¶aQfhW:9
~�_�aHX{aQoeoe~�se��¨jhk Xtf T W�_`W�f kQ��� a j ~�aQ�e��W�_®f k f T W*_hW�f k���� a���ceW�_m� S
T W�_`ceoeo kzj f k�� f T W�_hf©a�fhW�96~�_
f T W�_hW�f k���� a j ~�a��e��W�_§f T aQf"a j W � a���ceW�q
~�s;9@V & � �(� : 9C= 5=<�< Z>9 : <¤=�?5=7�@w� � W�qx~�_`fh~�se�pce~�_ T aZo=a j fh~�r�cx�ða j _`ce�e_hW f k�� _`f¶aQfhW�_m«¢f T a�f�~�_"f T WZ_hW�f kQ� �
.$�
� �
�³� _hf¶aQfhW�_
qxW�s k f`W�q1�Eg )�.$�
� VA9�� )�.$�
� ~ � a�seq k se��g�~ � & � �(� : 9C=�5 )�. � � W"a���_ k seW�W�qHf k qeW©�=seW�a�s k fh~ k s k�� �=s=aQ�=_`f¶aQfhWz�jS s kzj qxW j f k
a �pk ~�q1o jhk �x��W X1_§qeceW�f k f T W � a�r�f
f T a�f * � � X{amg���W�~�sE�=se~�fhWp«=a*�=s=aQ�V_hf©a�fhW*~�_
qxW©�=seW�q��
~�f THj W _ho�W�r�f�f k a*�=se~�fhW�_hcx�e_hW�f
B kQ��k cxfhoecef � a j ~�a��x��W _!VA9;~�_ �=s=aQ�¢��� j � fm� B ~ � aQseq k se��gZ~ � aQ��� � a j ~�a��x��W _ kQ�CB a j W � a���ceW�q�~�sD9��
J iKJ EGF¦nIHUv#}KJwq®n|p n�L rXl$z3M$v�n�}<z|{)q�rF	 z@}�M$v#~Cq
S
T W@qxW©�=se~�fh~ k s kQ�3�*�z�e�V� q k W _"s k f®_`o=W�r ~ � g{f T W kzj qeW j"kQ� W � aQ��c=a�f`~ k s �£kpj W dwo j W�_`_h~ k se_m� 8 o jhk � j aQX�X{amg T a � W@_`W � W j a��
W � a���c=a�f`~ k sHo=a�f T _b« � Tek _`W�cesx~ k s �£kpj X1_"aQs6W�dEW�r�cxfh~ k s�� j a�o T 3RH%5Á� ;�aQr T f j a�se_`~�fh~ k s6~�s�f T W�� j a�o T r kzj`j W�_`o k seqe_�f k f T W
W � a���c=a�f`~ k s k�� �(.$� _h~�se�p��W"o k ~�sEf k�� a�q�a�f¶a��=W���q¢«x~ � Wp�¢f kZk seW � a j ~�a��e��Wz�S � k a�oeo j`k aQr T W�_ T a � W§�=W�W s1o j`k o k _hW q1~�s 3RH%5 aQ_®a��=a�_`~�_ �£kzj a�s k o�W j aQfh~ k s=aQ�e_hW X{a�sEf`~�r _ kQ� �*�z�x�V� o jhk � j a�X1_m� S
T W�g
qx~ �VW j ~�s;f T W��
amgHf T W DhW dwW r�cefh~ k s6� j a�o T F�~�_"�zW seW j aQfhW�qK� S
T W�� j _hf k seW*~�_�f T W�q=aQf¶am¤ k �OaQoeo jhk a�r T V"aQsHW�dEo j W�_`_h~ k s¥~�_
W � a���c=a�f`W�q6a�_�_ kEk s¦a�_�~�f`_ �£j W�W � a j ~�a��e��W�_ T a � W*�=W�W s¦�p~ � W�s6a � aQ��cxWz� S
T W�_`W�r k seq k seW�~�_"a,qeW�XHa�seqE¯ q j ~ � W�s6a�oeo jhk aQr T V
aQsZW�dEo j W _h_h~ k s1~�_®W � a���c=a�f`W�qZ� T W�sZ~�f`_ �£j W�W � a j ~�a��x��W _®a j W ¡ s k �
s¢«z�xcef k se��g�~ � f T ~�_�W � a���c=a�f`~ k s�~�_ seW�r�W�_`_¶a j gHf k f T W"r k XZ¯
oxcef¶aQfh~ k s k�� f T W k cef`oecef � a j ~ðaQ�e��W�_b� S
T W�_hW�f � k a�oeo j`k aQr T W�_®gE~�W���qZf � k qx~ �VW j W�sEf®f j a�sx_h~�fh~ k s j ce��W�_b�@S sZ� k f T a�oeo jhk aQr T W�_b«
a,f j a�se_`~�f`~ k s�_hf¶a j f`_ �£jhk X a,�z~ � W�s�_hf©a�f`W:9�«¢a�seq�gE~�W���qe_�a1_`f¶aQfhW:9ML � aQ��c�a�fh~�se�Z_ k X�W � a j ~ðaQ�e��WH<K� S
T W k se��g6qe~ � W j W�ser W
��W�f �§W�W�s6f T W�f � k aQoeo j`k a�r T W _"��~�W�_®~�sHf T W@o j W�X�~�_`W k�� f T W�f j a�se_`~�f`~ k s j ce��W�_m�� W�_hf¶a j f��
~�f T f T W�q=a�f©am¤ k � aQoeo j`k a�r T � S
T W k se��gZr k sxqe~�fh~ k se_
�§W T a � W�f k r T W�r ¡ ~�_®f T a�f
�§W�a j W�aQ�e��W"f k r k X�oecefhW
f T W � aQ��ceW kQ� <¢«E~ � Wz�Kf T aQf®f T W � a j ~�aQ�e��W�_*<�~�_�qeW�o�W�seqe~�se� k s{a j W@aQ� j WbaQqeg � a���ceW�qK«waQseq1f T a�f�< T a�_§s k f§gzW f®��W�W�s � aQ��ceW�q¢�� T W�sHf T W _hW�r k seqx~�f`~ k se_"a j W � W j ~°�=W�qK«e�§W l ce_`f"r k X1oecef`W"f T W j W _hce��f k�� f T W�qxW©�=se~�se��W�dEo j W�_`_h~ k sN : cF�%+(= k���� a j ~ðaQ�e��W <K«
aQseq1cxo=q=aQfhWO9;�
~�f T f T W � aQ��ceW k �ef¶aQ~�sxW�qH�wg�f T ~�_§r k X�oecef©a�fh~ k s¢�
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S s�f T WZqxW�X{aQseqE¯ q j ~ � W s¦a�oeo jhk aQr T «V�§WZq k s k f�r k se_h~�qeW j a�sEgH� k se�zW j f T a�f�aQs �*�z�e�V� o jhk � j aQX#XZce_hf´Dhr k se_hcxX1W�F
~�f`_
~�sxoecef � a j ~�a��e��W�_m«E�ecef
f T a�f
~�f
XZce_hf�Dho jhk qecer�W%FZ~�f`_ k cef`oecef � a j ~�aQ�e��W�_b�@S sHf T a�f
_hW se_hWz«��§W j W�_`f j ~�r�f�r k X1oecxf¶a�f`~ k se_§f k
f Tek _`W�� T ~�r T a j W�seW�r�W _h_¶a j g �¨kzj f T W@W � a���c=a�f`~ k s kQ��k cefhoecxf � a j ~�aQ�e��W�_b�¹§k se_h~�qeW j ~�se� a*_hcx�e_hW�f B k�� * � � «Ef T W�_`W�f k�� .$��	��%&�&��(��> � a j ~�a��e��W�_§��� j � fb� B ~�_§f T W@_`W�f k���� a j ~ðaQ�e��W�_
a�oeo�Wba j ~�se� k s{a
o�a�f T ��W�f �§W�W�s )�. a�seq B � S
T ~�_
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f T W*_hW�r k seq j ce��W�~�_"a j W�_`f j ~�r�f`~ k s kQ� f T W�� j _`f k seWz«ef T W�f � k�k o=W j a�f`~ k s=aQ�V_hW�XHa�sEfh~�r�_
rbaQses k f
�=W�_`f j ~�r fh��gHW��Ece~ � a���W�sEfb�� W�f T ce_
qeW �=seW�a�s k fh~ k s k�� W��Ece~ � a���W�ser W ���!, � ��� _ k X1W
_`W�f kQ� : k cxfhoecef�= � a j ~ðaQ�e��W�_b� � W�_¶amgZf T a�f§f � k _hf©a�f`W�_�96aQseq�9ML
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� W s k �ª�
a�sEf�f k W�dEo j W�_h_
a�seq�o j`k�� W§o jhk o=W j fh~�W�_ k s ���p�e�V� o jhk � j a�X1_m� � W§f T W j W �£kpj W T a � W®f k qxW©�=seW�a�sZa�_h_`W j f`~ k s��ðaQsE¯
�pc=a��pW®f T a�f �
~����E��W
W�dEo j W�_`_h~ � W�W�s k ce� T��£kpj�k c j oxc j o k _`Wz� � W§f T W s T a � W
f k XHa ¡ W�o j W r�~�_hW�f T W
s k fh~ k se_ k�� _ho�W�r�~°�=rbaQfh~ k s¢«kQ��� aQ��~�qe~�f gZa�seq k�� o j`k�� a��e~���~�f g �£kzj _`o=W r�~°�=rba�f`~ k se_m�
�Oi�h ��q�q�rtl�M$v�nj}­{#z|} �±uwzF�±r
S
T W�aQ_h_`W j f`~ k s6��a�se�pc=a��pW
�®W*ce_hW�~�_
qeW©�=sxW�q6f T W �£k ��� k �
~�se��� amgE�

^ 8"sª~�seqxW�d¦W dwo j W�_`_h~ k s
~�_�a�s¥~�sEfhW��pW j r k se_`f¶a�sEfm«�a�s¥~�seqeW�d � a j ~�a��e��Wz« kzj f T W1r k XZ�e~�s=aQfh~ k s k�� ~�seqxW�d¦W dwo j W�_`_h~ k se_
�
~�f T ce_hc=aQ��a j ~�f T X�W�fh~�rbaQ� k o=W j a�f kzj _ : ~�ser���ceqe~�se��X k qecx� k =��

^ 8"s{a j ~�f T X1W�f`~�r§W�dEo j W�_h_`~ k s1~�_
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S
T W�o j`kEk���k�� f T ~�_
o j`k o k _h~�f`~ k s1~�_
_hf j aQ~�� T f �£kpj �
a j qK«E�wg�qeW©�=sx~�f`~ k s kQ� aQs{cxs=a�XZ�e~��pc k ce_ ~�s � a j ~�a�sEfb�
8�_�a�� k�� Wz«K~�se_hf`Wba�q k�� q k ~�se� T aQseqe�
a � ~�sx�{r k X1oxcef¶aQfh~ k se_ k s¦f j a�sx_h~�fh~ k sx_b«�r T W�r ¡ ~�se�6f T a�f�f � k o jhk � j aQX1_ j W _ho�W�r�f

f T W�_¶a�X�W�cxs=a�XZ�e~��pc k ce_§~�s � a j ~�aQswf�rba�s���WZq k seW��Eg6r T W�r ¡ ~�se�H� k �z~�rbaQ��~�X�oe��~�rma�fh~ k se_®��W�f �§W�W�s¥f T ~�_�~�s � a j ~�a�sEf"aQseq¦f T Wj W�_ho�W�r�f`~ � W�rba�s k se~�rba��V~�s � a j ~�a�sEfh_m� S�k o jhk�� W@W �wcx~ � aQ��W�ser�Wz«E�§W�X{amg
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^ W�~�f T W j o jhk�� W�f T aQf
f T W j W�~�_"a�� k �z~�rbaQ�=~�X�oe��~�rma�fh~ k s���W�f �§W�W�s6f T W�f � k rbaQs k sx~�rma��V~�s � a j ~�aQswf`_
^ kzj �=seq6a�_`~�X�oe��W j ces=a�XZ�x~��pc k cx_�~�s � a j ~�a�sEfb«Ea�seqHo j`k�� W�f T a�f
~�f®~�_
~�X1ox��~�W�qZ�EgZ� k f T rma�s k se~�rba��V~�s � a j ~ðaQsEfh_b«

kpj a�sEgZr k XZ�e~�s=a�f`~ k s kQ� f T W�_`W�f � k _`f j aQfhW��p~�W�_"ce_`~�se�Z~�swf`W j X�W�qe~�a�f`W"ces�a�XZ�e~��zc k ce_�~�s � a j ~�a�sEfh_m�
8�_�aQsHW�dea�X1ox��Wp«e��W�f"cx_@r k se_`~�qxW j f T W j W�f`~�X1~�se��o jhk �e��W�X k�� _`W�r�f`~ k s Yp� g W f 
 T ��W�f T W�rbaQs k sx~�rma���~�s � a j ~�a�sEf k�� f T W

� j _hf
o jhk � j aQX �
~�f T1j W _ho�W�r�f"f k _`ce�e_`W�f B 5U<+S®3���5�Z
G�W'� W���+­Y6@�aQseq1f k o j W�r k seqe~�fh~ k s Z���; �p� � W T a � W : S�LT _`f¶a�sxqe_�¨kzj _ ���� C�%�o=

 T U V0ZC�N<0G ���'� � +åY�@ V�� : S T 3 Z 5 = ^ � : S U 3 Z 5�=

^ V0Z��ZG�V�� : X-3 Z 5�=
^ V0ZC�N<0G ���'� � +åY�@ V.S�LT 3 Z 5 �5 W��1S�T
3 Z 5
^ V0ZC�N<wY ���'� � +åY�@ V.S�LU 3 Z 5 �5 W��1SKU�3 Z 5
^ V0ZC�N<wY ���'� �N@ V.S®3 Z 5 �5 : X-3 Z 5I@ S�LT 3 Z 5|V.S�LU 3 Z 5
=
^ S®3RG�5 �5 : X-3RG�5=@�S�LT 3RG05 V�G(=
^ S®3�� +%YL5 �5 : X-3�� +%Y�5/@wG�V.S�LU 3�� +%YL5 =

g W�f 
 U���W�f T W@rma�s k se~�rba��V~�s � a j ~ðaQsEf k�� f T W@_`W�r k seq6o j`k � j a�X�� � W T a � W

 U U V7Z��;<
G �'��� � +%Y�@ V�� : S�T
3 Z 5�= ^ � : SBU�3 Z 5�=

^ V7Z	� G�V�� : X-3 Z 5 =
^ V7Z��;<
G �'��� � +%Y�@ V.S®3 Z 5 �5 W��1S�L�3 Z 5
^ V7Z��;<EY �'��� �N@ V.S�L 3 Z 5 �5 : X-3 Z 5I@ S T 3 Z 5|V.S U 3 Za2 YL5 =
^ S L 3RG�5	�5 : X-3RG�5=@�S T 3RG05 V�G(=
^ S L 3�� +åY�5��5 : X-3�� +%Y�5/@wG�V.S U 3��´5
=

g W�f
s k � 
 �=W�f T W �£k ��� k �
~�se� �£kzj XZce��ae�

 U V0Z �N<wY �'��� �N@ VES�3 Z 5 �5 : X 3 Z 5/@]W��1SPT03 Z 5tV�W��1SBU(3 Za2 YL5 =

^ S®3RG�5 �5 : X-3RG�5=@]W��1S T 3RG05|V(G(=
^ S®3�� +åY�5 �5 : X-3�� +%Y�5/@wG-V�W��1S U 3 � 5 =

e§g{a�rbaQ_hW�aQs=a���gE_h~�_ k s�f T W � aQ��ceW�_ k�� Zb«E~�f
~�_§WbaQ_hgHf k _ Tek �åf T a�f

 T*Y 
 a�sxq 
 U Y 
 �

S
T ce_ 
 ~�_¢aQs�~�s � a j ~�a�sEfb�Vn kpj W k�� W j «pa�_ 
 o j W�r�~�_`W���g@qxW©�=seW�_�aQ��� � aQ��ceW�_ k�� f T W k cef`oecef¢q�a�f¶a»¯£��W���q S¥« 
 ~�_Vces�a�XZ�e~��zc k ce_m�� W�rba�sHr k ser���ceqeW*f T aQf
f T W�f � k o jhk � j aQX1_®a j W�W �wcx~ � aQ��W�sEf k s{f T W�~ j
k cxfhoecefm�
��k ��«E~ � �®W�f©a ¡ W�aQ_
o j W�r k seqe~�f`~ k s

R7U'V7Z � G�V�X-3 W �
Z 5 5 ��� � � ^ X 3 W �
Z
+%YL5 5 ���
� &L�

aQseq1~ � �®W �¨k r ce_ k sHf T W"� j _hf�o jhk � j a�X¦«Q~�f`_
rba�s k se~�rbaQ�¢~�s � a j ~�aQswf ~�_
X k qe~°�=W�qZ~�sEf k

 T U V0Z �ZG�V�X-3 W �
Z 5 5 � � � � ^ X-3 W �
Z +åYL5 5 ���³�W&��

^ V0Z �N<0G �'��� � +åY6@�V�� : S T 3 Z 5 = ^ � : S U 3 Z 5�=
^ V0Z �N<0G �'��� � +åY6@�V=S LT 3 Z 5 �5 W��1S T 3 Z 5
^ V0Z �N<wY �'��� � +åY6@�V=S LU 3 Z 5 �5 W��1SBU(3 Z 5
^ V0Z �N<wY �'��� �N@ V.S®3 Z 5 �5 : X-3 Z 5 @�S�LT 3 Z 5tV.S�LU 3 Z 5
=
^ S®3RG�5 �5 : X-3RG�5=@�S�LT 3RG05|V(G(=
^ S®3�� + Y�5 �5 : X-3�� + YL5 @wG�V.S�LU 3 � + Y�5 =
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f k f¶a ¡ W�~�swf k a�r�r k cesEf"f T W�o j W�r k seqe~�fh~ k sK� ��k f`~�r W�f T aQfb«x_h~�ser�W��§W�ce_`WmD j Wba���FZW��Ec=aQ��~�f`~�W�_
�=W f �®W�W s X-3 Z 5�aQseqHW�~�f T W j � � � �kpj ���
� &�� «ef T ~�_ �£kzj XZce��a�~�X�oe��~�r�~�fh��g�W�dEo j W�_h_`W�_�f T W � a�r�f§f T aQf]X-3 Z 5¢~�_
qeW©�=seW q¢�
8�_"a�� k�� Wz«E�§W T a � W


 T Y 
 �
� T W j W 
 ~�_
X k qx~ ��W�qZf T W*_¶a�X�W"�
amgCV


 U V7Z	� G�V�X 3 W �
Z 5 5 ��� � � ^ X-3 W	�
Z +åY�5 5 �%�
�W&��
^ S®3 G05 �5 : X-3RG�5=@[W��1S�T
3RG�5|V(G�=
^ S®3 � +%Y�5 �5 : X-3�� +åY�5=@ G�V�W��1S U 3��´5 =
^ V7Z��;<EY ���'� �N@ V.S®3 Z 5 �5 : X-3 Z 5 @[W��1S T 3 Z 5 V:W��1S U 3 Z
2­Y�5�=

S f
~�_ �=s=aQ����gZWbaQ_hg�f k _ Txk � f T a�f 
 Y 
 L «e�
~�f T

 L U V7Z��;<
G ���'��� ����W���@�V7S®3 W��
Z 5 �5 W��1S�T
3 W	�
Z 5

^ S�3 W �
Z
+%YL5 �5 W��1S U 3 W �
Z 5
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?�c j r k sEf j ~��xcefh~ k s
~�_�f k o j`k�� ~�qxW{f T W ���p�e�V� �ðaQse�zc�a��zW��
~�f T aQsªW�dEf`W j s=aQ�"� k �p~�rba�� �£j aQX1W�� kzj`¡ f k o jhk�� W � cxser�fh~ k s=a��
o jhk o�W j fh~�W�_ k�� o jhk � j a�X1_m� S
T W ¡ W�g¥~�qeWba;~�_�f k aQ_h_ k r ~ðaQfhWHf k WbaQr T o j`k � j a�X a6� k �p~�rba�� �¨kzj XZcx�ðax«¢� T ~�r T rba�oef`c j W _Z~�f`_� ceser�f`~ k s=a��§��W T a � ~ kzj �
~�f Tek cefZa�XZ�e~��zcx~�f gE�mS fZ~�_ZrbaQ����W qª~�fh_ 	��(.o�(.$�
	��³�'�
.$ ��(�%�
�(.$� � S
T ~�_ �£kpj XZce��a�rbaQs ��WH_hW�W s a�_1a¡ ~�seq k�� D`�®Wba ¡ W�_`f�~�s � a j ~�aQswf#F �£kpj f T W1o j`k � j a�X�� i�jhk�� ~�se�6aHo j`k o�W j f g¥� T ~�r T q k W�_�s k f�qeW�o�W�seq k s¥f T W k o�W j aQfh~ k s=aQ�
_`r T W�qece��~�se� kQ� f T W@o jhk � j aQX aQX k cxswf`_�f T ce_
f k r T W�r ¡ ~�sx�Zf T aQf
~�f
~�_
� k �p~�rba�����g�~�X1oe��~�W�qZ�EgZf T ~�_
~�s � a j ~�a�sEfb�

e§W�rbaQce_hW k�� f T W � W j gH_h~�X1oe��W�_hf j cer�f`c j W k�� f T W ���p�e�V� o jhk � j aQX1_b«E�§W�rba�s;�z~ � W�a�sHW�dEoe��~�r�~�f �£kpj X �£kzj f T W�_hf jhk seW�_hf
~�s � a j ~�a�sEfb� S
T W ¡ W�g � Wma�fhc j W�~�_
f T a�f
f T W ���p�e�V�¥� a j ~�a��e��W�_"a j W�a�_`_h~��zseW q k se��g k ser�W(V f T W�gHrbaQsHf T ce_"��W�r k se_h~�qeW j W�q¦aQ_
� k �z~�rba�� � a j ~�a��e��W�_"aQ_"�§W����M«Eo jhk�� ~�qeW�q k seW*~�sx~�f`~�a�����g�_`W�fh_�f T W�X f k _ k X1W�ceseqeW �=seW�q�_ho�W�r�~�a�� � aQ��cxW
7��j8"_"W dwo�W�r�f`W�q¢«Vf T ~�_
~�s � a j ~�a�sEf¢~�_§W�_h_`W�sEfh~�a�����g�f T W"_©a�X�W"a�_�f T W"o j`k � j a�X f`W�dEfb«EceoZf k f T W"_`W�X{aQswf`~�r�_ k�� f T W4D\5<F�_hgEXZ� k � � S
T ~�_®~�_�f T W j Wba�_ k s
� T g�f T W j W©��seW�X1W swf�rba���r�cx��cx_ k s �*�z�e�V� o jhk � j a�X'~�_�_ k�j ~�r T V§X k _`f
��W��waQ�VX{a�sx~�oxce��a�fh~ k se_ k s;� k �z~�rbaQ�Vo j W�qx~�rma�fhW _@rma�s
��W�rba j`j ~�W�q k cef
qe~ j W r�fh��g{aQf®f T W���W � W�� kQ� o j`k � j a�X�_b�� W T a � W§X kpj W k�� W j W d T ~��x~�f`W�qZa"sEceXZ��W j�k�� _hcE�1r�~�W�sEf�r k seqe~�f`~ k se_ �¨kzj a�o j W�qx~�rma�fhW
f k �=W"aQs�ces�a�XZ�e~��zc k ce_V~�s � a j ~ðaQsEfkQ� a�s �*�z�e�V� o j`k � j a�X�«�~ � s k f§~�fh_§�®Wba ¡ W�_`f®rma�s k se~�rba�� k seWp�@S s1_ k X1W
rbaQ_hW�_m« �£kpj ~�se_hf©a�ser W kQ� f T W�o j`k o�W j f gZcxseqeW j _`fhceqegj W � W j _Zf k�k se��g¥aH_hcx�e_hW�f kQ� f T WHo j`k � j a�X � a j ~�a��e��W�_m«�~�f�X{amg6f T ce_���W1o k _`_h~��e��WHf k cx_hW6aH_h~�X�oe��W j ~�s � a j ~�aQswf�V�_`~�X�oe��W
o jhk o�W j fh~�W�_"rma�sH�=W�o j`k�� W�qH�Eg1_`~�X1oe��W j o jhkEk�� _m�@8"��_ k «E�®W T a � W�_ Tek �
sHf T a�f§ce_hc=aQ�¢X�W�f Tek qe_ �£kpj f T W�W��Ece~ � a���W�sxr�W�o jhkEk��kQ�®���p�e�V� o jhk � j a�X1_"a j W�~�s � aQr�f"_`o=W�r ~ðaQ��rba�_`W�_ k�� _hcer T cx_hW k�� ~�s � a j ~�a�sEf`_b��8��waQ~�sK«Ef T W�_`gEswf©a�r�f`~�r�~�qeW�sEf`~�f g��=W f �®W�W s a
o jhk � j aQX a�seqH~�fh_
rma�s k se~�rba��V~�s � a j ~ðaQsEf®~�_
f T W ¡ W�gE� S
T ~�_ � a���~�q=a�f`W�_®XHa�sEg D T aQseqe�
a � ~�se��F�XHa�se~�oecx�ðaQfh~ k se_ �¨k ceseq�~�s{f T W
��~�fhW j a�f`c j Wp�S
T ~�_
o j W���~�X1~�s=a j g�� kzjh¡ seW�W�qx_"f k ��W�W�dEf`W�seqeW�q;~�sEf k _`W � W j a���qe~ j W r�fh~ k sx_b�

^E;�dEoe� kzj W�f T W�W��Ece~ � aQ��W ser�W�o j`kEk�� _ k�� �*�z�e�V� o jhk � j a�X1_"aQ_ �£k cesxq6~�s{f T W���~�f`W j aQfhc j Wz«¢a�sxq j W�rma�_hf�f T W�X ~�sEf k f T ~�_
� k �z~�rbaQ� �£j aQX1W�� kzj`¡ �

^ > seqeW j _hf©a�seq X kzj WZo j W r�~�_hW���g Tek � _h~�X1ox��WZo jhk o�W j fh~�W�_1rma�sª��WHo jhk�� W�q­�Eg¥_h~�X1oe��W j o jhkEk�� _b� Axkzj ~�se_hf©a�ser�Wp«�~ � a
o jhk o=W j f gZ~�_ k se��g�r k ser W j seW q{�
~�f T a�_hcx�e_hW�f k�� f T W
o j`k � j a�X � a j ~ðaQ�e��W�_b«QqeW©�=seW"a ¡ ~�seq k�� Dho=a j fh~�aQ����g�ces=aQXZ�e~��zc k ce_
~�s � a j ~�a�sEf�F*� T ~�r THj W � W j _ k se��gZf k f T W X¦�

^ > seqeW j _hf©a�seq Tek � f T WZ� k �z~�rbaQ� �£j a�X1W � kpjh¡ _ ¡ W�f`r T W�qª~�s6f T ~�_�o=a�o�W j ��WbaQqe_�f k1j W � ~�_h~�f�f T W j W©�=seW�X�W�sEf�fhW�r T se~��EceW�_�£kzj"�*�z�e�V� o jhk � j a�X1_m� Aekpj ~�se_hf©a�ser�Wp«e~�f
� k ce��qH�=W�~�sEfhW j W�_`fh~�se�Zf k W�dEoe� k ~�f§f T W�r k X1ox��W X1W�sEf¶a j ~�f g��=W�f �§W�W�s;� k f T
a�oeo j`k aQr T W�_b«�~�sEfhW j s=a��¢aQseqHW�dEfhW j s=a�� �

^E;�dEfhW�seq;f T ~�_ �£j a�X1W � kpjh¡ f k X k qecx�ða j®�*�z�e�V� o j`k � j a�X�_b«Ea�_
qeW �=seW�q6~�s®3Ív%5h�
�����CK�·eµ �¨²e¸ � �¥²�K¢�m� S fV~�_�a§oe��WbaQ_hc j W®f k a�r ¡ s k �
��W�qe�zW X{a�sEg �£j ce~�f � cx��W�ser k c j aQ�zW�X�W�sEfh_�aQseq�qe~�_`r�ce_h_`~ k se_��
~�f T�i a�f j ~�r�W
2�ce~�sEf k s{aQseq T a�s l amg1\"a l©k o=a�q T gpW k s1f T ~�_
� kzj`¡ �
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3�YL5 � �Í\���8�oef@aQseqm;
� ¯Á\*��?���qeW j`k ����� ����� ��	������
��.m��� � �%\ � ��.$��� �
���(.$,�����.$	 � ���#�!.o���U���������(�)& � S W�dEf@a�sxq n k s k � j aQo T _
~�s ¹§k X1oxcefhW jwT r�~�W�ser�Wz� T o j ~�sx�zW j '�W j ��aQ�=«�Yb�z�xYz�

3 W05 g � e k ce��^W�aQseq ��� ¹ aQr T W j ax�w8 � k �p~�rba�� �£j a�X�W�� kpjh¡ f k o jhk�� W*o jhk o=W j fh~�W�_ k�� 8"��o T a�o j`k � j a�X�_b�"\0W�_hWma j r T \
W�o kzj f
v�GzvxYz«�S � \US 8�«¤Q j W�s k �e��Wz« Aej a�ser Wz« ��k�� W�XZ��W j Yb�z� � �

3Ív05 A � ��ceo k sEf�qeW��"~�seW r T ~�sK� � >�&���������%&U&���� � 	�� � �a���&U,�����%\ � �(� �
�(.�& �a���	 � ���#�!.o���%& & ����&�� �!.	� �  !�#�w,(��.�&w���U���(.(���!���U�<� � 
o�
��� ���(�9�7�
	������
��.�& � i�T � f T W�_`~�_b« > se~ � �e\
W�sesxW�_wS�« Axj aQser�Wz«x|wa�sEc=a j g�Yb�z�pye�

3 �³5 ¹ � ��W�6ba�s�a�seq i �$2�ce~�sEf k s¢� '�W j ~ ��rba�f`~ k s k���j W��zce��a j a j r T ~�f`W�r�fhc j W�_�cx_h~�se�48���o T a$V§a�rba�_`W�_`fhceqxgw� S sEfhW j s=a��Koece�e��~°¯
rma�fh~ k s H:Wzvx«(Sh\OS T 8�« ¹ aQX1oece_§qeWXe§Wba�ce��~�W�c¢«�\
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