
��������� 	�

� ���������������
��������� �!��"$#%�'&(&*),+,-�.0/�12-�+435#6��&(78�:9<;=/>+,?A@CB4+4/>&5-D.

@E/�1F/HGJI'12"K),.L1M),"M9N��)8�F-D+435OQP%R

S,TVUXWMYKZX[MT�\^]M_TVWMYK`a[MZXT�bdcHe<fgcHhNikjJlKmn`po�]�Zq`pUHr�sutLv<wMxJygjal{zJ`J|DWLT�o~}8wKw2��wM�<�g�JlK`a[K�
zJ�K�2ZX]�Y���UXU�T�[��dwF�2�Nh<wF��j
�d����k� ��k�k�V����� ���J�J�D�V� �k� ¢¡ �£�¤ �£N¥'¦�¤ �^�a�D�V� �!�§�¨'�^©«ª � �:¬­©¯®�° ��± ��² � �p® � � �'� ®:³ � � � ���F´µ ��� ¤ ���J¨ ¤J¦

� �g®:© � �F� �L� �J¬¶®:©¯®:·J® ����± ¤ ®D���F´^�g�D´J¬��V�^´�� �!� ³J� �¸�«�V¹ °º �k»�¼ � ¹¸�¾½ ³p®­® ¼K½ ¿¸¿ ²>²>²~À ©¯® � À �^©«¬¶®ÁÀ ¹¸� ª ¿ ´J©«ªaÂ¸Ã¸Ä ¿ ¬:�V¬ ¹Å¿¦ ·J® �ÇÆ � ¼�È ¦ ·J® �¸É ©«�^Ê�Ë�� ��ÌÍ�k� ® É{� �V´ � � ½^Î ·F´a©¯®:³ £ �«�«� �ÐÏ,ÑÅÒÅÓKÔKÑÅÕ¦ ·J® �ÅÆ � ¼ÐÈ ¦ ·a® �ÇÉ ©Ö�JÊ�Ë<� �gÌ¶�k� ®~× � �p®D� � ® ½^� �g�­®:©Ö� � À � © � ³ �!��Ø �J©«¬¶®ÁÀ ¹V� ª

Ù�Ú�ÛkÜkÝgÞFßVÜ¸à ��³J©Ö¬á�g�­®:© �k�«� ´ � ¬ � �:© »2� ¬>®�² � ¬ ��± ®�²>��� � ® �Å�V� ¬k� ¦ ·a® �ÅÆ � ¼ ���F´ ¦ ·Jâ® �¸É ©«�^Ê2�F®:³^��® ± � � © � ©¯®D��® � ®:³ � ·^¬ �4�V± ´^�g®D��âã¬¶®­�:· � ®:·a� � ¬�©Ö� Æ Ë � À ¦ ·J® �ÇÆ � ¼ ©«¬��
¼ � �¸¹ �D� � ®:³F��® ¼ ���:¬ � ¬'�åä �«�~�V± ·J¬ � �­â�´ � ä^� � ´�´^�g®D��âã¬¶®­�:· � ®:·a� � ¬'�V�F´ ¹¸� � � �D��® � ¬� � ² Æ Ë � ®Í° ¼2� ¬ � ·J® �V±K» ��¬­© � �V�^´ ¼ � � ªp© � ·J¬ � °�´ � äF� � ´ Æ Ë � ´^�g®D��âu®Í° ¼2� ¬kÀÅæ�·J�¬ ��± ®Í²���� � ® �Å�V� ��·J® �V� ��®:© � � �«� °�³F���F´ �Ö� ¬�¬ ¼2�k� ©Ö� � ©«ç � ´ � �­� � � � ³ �!� Êp©«� ¹ � �k� ��® � ´�® �
���k��� �­° � � ¼^¼ ©«� ¹ À ¦ ·a® �ÇÉ ©Ö�JÊd©«¬~�V� Æ Ë �'� © » �D�g�­°¢®:³^��®�� �«�«� ²á¬~®:³ � ®­�D�V�J¬ ±q� �
��±'�!�¸��¼^�«�!è �0´a°a�F� � © � � �«� ° � ©«�^Ê � ´M�����F´ ¼2� ¬­¬­© »J� °�³ � ® � � �V¹¸� � �k� ·J¬¾¬¶®­�:· � ®:·J� � ¬®:³a� � · ¹ ³ Æ Ë � À ¦ ·J® �ÇÉ ©«�^ÊÐ·^¬ � ¬�ä �«� ¬ ¹V� � � �D�g® � ´ » ° ¦ ·J® �ÇÆ � ¼ ® � �V·a® �¸� �g®:©«â
� � �«� °�´ � äF� � ®:³ � � �k� ´ � ´ Æ Ë � ´^�g®D��âu®Í° ¼2� ¬kÀ º � ´ � ¬ � �:© »2�'� � � ³ �V± ®:³ � ¬ � ® �Å�¸� ¬k����F´ ¹ ©Öª � ��� �!è � ��¼J�Ö���V± ®:³ � ©«��·^¬ � À>�0©«�F� �Ö� °%² � ´J©«¬ � ·J¬­¬�®:³ � ©Ö�Å® � �:�^� � ¬ �V±¦ ·J® �ÇÉ ©«�^Ê�´ � ¬­© ¹ �{�^�V�F´ ±q�Å� ·J¬ � ��®:³ ��¼2� � ±q� � � �V� �!� �D��®:© � �^� �«�4»2� ³^©«�F´�®:³ �k� À

é�ê^ë�ì*í{îÅïHð
mnñ�ò>óõô,�2]�ö^mn`pW¢óõô4�M]�öJ÷NZX[KøÐóùSå`Å]!`pú­\F]�o!�KûÁ]!�Mo�T8óõ÷NZXüKo!`ao�ý

RJ+'12"M�~?,),.L1M-D��+

mn`p[Fý%`aWMWMU�Z�ûV`Å]!ZXöJ[K|�lHüM�K|�ZX[KTV|!|�`p[K�þ|!ûgZ�T�[^]!ZÖÿ{ûalNo!T��^�MZ�o�TÐZ�[^]�TV[K|DZ��aT�`p[K� ûgö��dWMUXT��6WKo�öaú
ûgTV|!|�ZX[	� ö�
��M`Å]k`�`aUXöJ[	�
�~ZX]�Yþûgö��dWM�2]�Z�[	� W{ö���T�o����áTg]��dö��^Z�[	��]�YMT¸|DTÐ`aWMWMU�Z�ûV`Å]�Z�öa[{|4]!ö
WK`pok`pU�UXTVU'û�ö��dWM�2]!T�ok|�YK`J|�üLT�TV[�YMZ�[K�2TVo�T¸��|�ö�
ã`po�üFýþWMo!ö��aok`����dZ�[	�n�2Z��Ðû��MUX]�Z�TV|�����YKT
m�TV|!|�`��aT ñ>`a|!|DZ�[	�nò­[^]�TVo�
ã`JûgT�|:]k`p[K�K`pok���ãmnñ�ò��
�� "!#�Ð`pøJTV|d�2T��aT�U�öaW$��TV[^]�ö�
%��T¸|�|!`��JT
WK`a|!|DZ�[	��WKo�ö��aok`��Ð|>TV`J|DZ�T�o�]�YMo!öa�$�aYÐZX]!|'W{öJoD]k`püMZ�UXZX]:ýÐ`p[K� ZX[^]�TVo�
ã`JûgT&�~ZX]�Y ûgö��'�döJ[ÐYMZ��JY
UXT��aT�U�Uq`p[$�a�K`��aTV|��

(4ö���T��aTVoVl{]�YKTdm ñáò8|D]!`a[K�M`ao!�)
u�M[Kûg]�Z�öa[K|�|��MWMWLöao�]�ûgö��dWMU�T"�6�M`Å]k`ÅúÍ]:ý^WLTV|åöJ[MUXý ZX[2ú
�2ZXo!TVûg]�U�ý��+*,|�T�ok|%�d`Çýnû�o�T¸`Å]!T�[MT��*mnñáò8�M`Å]k`ÅúÍ]:ý^WLTV|8öa�M]¾ö�
�üK`J|DZqû��M`p]!`pú�]:ýFWLTV|%
uöaoå�K|�T
�~ZÖ]!Y6mnñ�ò,
u�M[Kûg]�Z�öa[K|Vl�üM�2]¾]�YKT�WMo!ö2ûgT¸|�|8Z�|8]!TV�2Z�öa�K|��+(4TV[KûgTdZX]åZq|¾�2TV|�ZXok`püKUXT�]�ö YK`-�aT�`
YMZ��JY U�T��aTVUK]!öFöaU{]�YK`p]�`p�M]�ö��Ð`p]�TV|á]�YMT¾ûgo!TV`p]�Z�öa[Ðö�
Nmnñáòá�M`p]!`pú�]:ýFWLTV|.
uo!ö��5�K|�T�o�ú­�2TgÿK[KTV�



�M`Å]k`Åú­|:]!o��Kûg]��Mo!TV|��H÷NZXøJT��~Zq|DTJlNZX]�Zq|��K|DT�
u�MU']�ö |DZ��dWMUXZ�
uý6]�YMT�|�T�[K�2Z�[	�6`p[K�þo!TVû�T�Z��FZX[	� ö�

�2ýF[K`��dZqû�`pU�U�ý UXZ�[MøJTV� |:]!o��Kûg]��Mo!TV|Vl2üFý¢YK`-�FZ�[	��]�YMT��2T�]!`aZXUq|�YK`p[{�2UXT¸� ü^ý�`dUXZ�üMok`po!ý��

�EZÖ]!Yd]�YMT¸|DT�]!ö^öJU�|Vlpûgö��dWM�2]�T~Z�[^]�TV[K|DZ��aTJla�M`p]!`Åú­|D]�o!�KûÁ]!�Mo�T�o!Z�ûkYd`pWKWMUXZqû�`p]�Z�öa[Ð�2ö��d`aZX[{|
`po!T TV`J|DZ�T�o�]!ö �Ð`p[K`��aT Z�[ WK`ao!`aUXU�T�U�WMo�ö��aok`��Ð|�� ��YMTV|�T�`aWMWMU�Z�ûV`Å]�Z�öa[ �Mö��Ð`pZ�[K|�Z�[Kû�UX�K�MT
|DWLT�T¸ûkY�o!TVû�ö��a[KZÖ]!ZXöJ[<lM�M`Å]k`'��Z�[MZ�[	�Kl$�aT�[KTg]�ZqûåWMo!ö��aok`����dZ�[	�KlF`p[K��û�ö��dWMU�T"�
�dö2�2T�U�Z�[	�$�

��YMT�o�T��Ð`pZ�[K�2T�o,ö�
�]�YMT�W{`pWLT�o4Zq|~öao �J`a[MZ���TV� `a|#
uöaU�UXö��4|��Mò­[�|DT¸ûÁ]!ZXöJ[  Jl	��T�WMo!TV|�T�[^]
ô4�2]!öJmn`aW<lp`p[K��T��FWKU�`aZX[dûgö���WKUXT���`p[K���2ýF[K`���Zqû��M`Å]k`ÅúÍ]:ýFW{T¸|����6T~|DYMö�� YMö�� ]!ö�ûgo!TV`Å]!T
`p[ mnñ�ò��M`p]!`pú�]:ýFWLT#
uo�ö���`��{|DTVo��2Tgÿ{[MTV��]:ýFWLTalF`p[K�dYMö��Cô4�M]�öJm `pW �2öFTV|áZÖ]�`p�2]!ö��Ð`Å]�ú
Z�ûV`pU�UXý��'ò­[ |DT¸ûÁ]�Z�öa[��2l �'T%T"�2WMUq`pZ�[$YMö�� ô4�M]�öJ÷NZX[KøET�[K`aüMUXT¸|�|�T�[{�2ZX[$� `p[{�Eo�T¸ûgTVZ��FZ�[	�
�2ýF[K`��dZqû�`pU�U�ý�U�ZX[KøaTV�¢�M`Å]k`Åú­|:]!o��Kûg]��Mo!TV|��añ�TVo�
uöJo �Ð`p[{ûgT~ûgöJ[K|DZq�2TVo!`p]�Z�öa[K|á`ao�T8�2Z�|!ûg�{|�|�TV�dZ�[
|DT¸ûÁ]�Z�öa[��	�

� 	 )41F�'OQ/�7�
��E9N+49N"M/�12-�+43�
 9�� OQP%R � B~7�9N��� )41 �á�
@E/�12/HGaI�1F"{),.L1M)4"M9H�

����� ����������� ë� �êFð
��YMTåm ñáòáU�ZXüKo!`ao�ýÐû�`a[ öa[KUXýd]!o!`a[K| 
uTVo�]:ýFWLTV|']�Y{`Å]�ZÖ]~øF[Mö��4|�`püLöa�2]�� ��YKT"! Z��dWMU�T��dT�[2ú
]!`Å]!ZXöJ[ ö�
8mnñ�ò�øF[Mö��4|d`püLöa�2]�]�YKT�üK`a|�Z�û¢]:ýFW{T¸|dZX[#!%� ��YMTVo�T�`po!T�ü{`a|�Z�û �M`Å]k`ÅúÍ]:ýFW{T¸|
|D�KûkYÐ`J|%$'&)(0l�*,+.-0/0l01023&�4�`a[K�65)237)8�1:9%
uöao �~YMZqûkY `p[Ðmnñ�òN]:ýFWLT4T"�2Zq|:]k|�lJUXZ�øaT%;)<>=3?.='@)A0l
;:<>=3?0B:C:D)E0lF;)<>=3?3GIH3@�J,`a[K�K;)<>=3?ML.H�N�OIG0P �gmnñ�ò+
u�M[Kûg]�Z�öa[K|�ûV`p[�]!o!`a[K| ��ZX]�üK`a|�Z�û%! �M`p]!`pú
]:ý^WLTV|�����YKT�mnñáò~|D]!`a[K�M`pok� W{TVo �dZX]!|,]�YMT�ûgo!TV`Å]!ZXöJ[�ö�
>�K|�T�o8�MTgÿK[MT¸��mnñáò~�M`p]!`pú�]:ýFWLTV|��
Q'�M],ûgo!TV`Å]!ZX[$��`a[�m ñáò'�K`Å]!`pú�]:ýFWLT¾Z�|~û�ö��dWMU�Z�ûV`Å]�T¸�+�

!'ö��dWMU�T"�þ�M`Å]k`ÅúÍ]:ý^WLTV| �uZ � T���|D]�o!�Kûg] ��ûV`p[ öJ[MU�ý%üLT�|�T�[^]�`a[K�þo!TVû�T�Z��aTV� Z�
~]�YKT�ýþ`po!T
�2TV|!ûgo!ZXüLTV�å]!ö�]�YMT�mnñáòLU�ZXüMok`po!ý��Vô4�2]!öJmn`aW�W{TVo�
uöJo �Ð|0]!YMZ�|H|DTVo �FZqûgT�
uöJo�]�YMT�WMo�ö��aok`����dT�o��

R íTSU WVãê:X �Y���'�)��� ë� �ê � *,|�T�ok| �Ð`Çý ��`p[^]�]�ö%�K|�T�` û�ö��dWLöJ|�ZÖ]!ZXöJ[þö�
4üK`J|DZqû¢�M`p]!`pú
]:ý^WLTV|��<ò­[Z!8lN|��KûkY6`�û�ö��dWLöJ|�ZÖ]!ZXöJ[ �Ð`ÇýnüLT ûgo!TV`p]�TV� �K|�ZX[	��]!YMT�[�()/07>*�(�öaWLT�ok`p[K� �<ô
ûgö��dWMU�T"�n�M`p]!`pú�]:ýFWLT�Zq|å|��KûkY `¢�K|�T�o�ú¶�2T�ÿK[MT¸�n|:]!o��{ûÁ]��Ko�TJlL`J|,U�öa[	� `a|,]�YMT��K|�T�o¾�2öFTV|�[]\ ]
�K|DT¾WLöaZ�[^]�T�ok|�]�öÐöa]�YMTVo4|:]!o��{ûÁ]��Ko�T¸|�öao~ûgö���WLöa[KT�[^]!|~Z�[K|�Z��MT8]!YMT�|D]�o!�KûÁ]!�Mo�T��
\FöKlM`a[�T��2`��dWMUXT¾ö�
�`dûgö��dWMUXT����M`p]!`Åú­|D]�o!�KûÁ]!�Mo�T �Ð`ÇýÐüLT_^

[,()/:7>*�(a`
*,+.-3/ 5T$:[,b�10-0cedgf)h0ikj
$'&�( l>-0m>$,(�90/nj
5�237:8�1:9 mMlo$'&qp�cMlr$'&qj
5�237:8�1:9 mMl>-0mnp�cMlT-0mnj
$'&�( s�$�5:(:+nj
$'&�( +.9�$,4:+)(nj

t *ulT5�1.$'&.9vj

� ë]w � SZx�y �Y���'�)��� ë� �ê � S8ýF[K`��dZqû4�M`p]!`ÅúÍ]:ýFW{T¸|�`ao�T4`a[ÐT"�F]�TV[K|DZ�öa[Ðö�
Nûgö���WKUXT��d�M`p]!`pú
]:ý^WLTV|��0S,ýF[K`���Zqû��M`p]!`pú�]:ýFWLTV|,ûV`p[�YK`a[K�2U�T�|D]�o!�KûÁ]!�Mo�T¸|,û�öa[^]!`aZX[MZ�[	�ÐWLöaZ�[^]�T�o,ÿKT�Uq�M|��L� �Fú
`��dWMU�TV|�ö�
>|��KûkY �K`Å]!`pú¶|D]�o!�Kûg]��Mo!TV| � �-!N`po!T6z|{~})�0����z�{������Ál��������F�ÁlK`p[{���3�����.�:� �



ò¶]�Zq|¢WLöJ|!|DZ�üMU�Tn]!ö |�T�[K�$|��KûkY |D]�o!�Kûg]��Mo!TV|
�~ZÖ]!Y mnñ�òÐüM�2] ]�YMT%W{öJZX[^]�TVo �dT���öJo�ý
o�T�
uT�o!T�[Kû�TV| �~Z�U�U8üLT%Z�[ �Å`pU�Z��EöJ[E]�YKT o!TVûgTVZ��FZ�[	� WMo!ö2ûgT¸|�|�öao��'\Fö�]�YMT ]�ok`p[K|�
uT�o�ö�
�|��KûkY
�M`Å]k`Åú­|:]!o��Kûg]��Mo!TV|'Zq|~`p[ öaWLT�ok`Å]�Z�öa[¢UXT�
 ]4T�[^]�Z�o�TVUXýd]!ö�]�YMT¾�K|�T�o¸l2`p[K��o�T¸|DöJU��JTV�ÐüFýÐ]!YMT¾�K|�T
ö�
�]�YMT�U�ZXüKo!`ao�ý ô,�2]�ö^÷<Z�[Mø �

����� � w�� X � SZ V�ê í�� R íTSU V�ê:X �����'�)��� ë� �ê R îÅê ��� xãíTw��_x �
	��
���
(4T�o!T Zq| `p[$T��2`��dWMUXT6|DYKö��~ZX[	��YMö�� ]�ö ûgo!TV`Å]!T%` ûgö��dWMU�T"�$�M`p]!`pú�]:ýFWLTn�K|�ZX[	� mnñáò �
*4[K�2TVo!|D]!`a[K�2Z�[	��]�YMT¸|DT�|D]�TVWK|,�~Z�UXU �Ð`aøaTå]�YMT��MTV|�Z��J[ `a[K�¢�{|DT�ö�
�ô4�M]�öJm `pW�ûgU�TV`ao�TVo��

� wox � x � V R�� � î��oy � �HîÅê � ��YMT ! |:]!o��{ûÁ]��Ko�T4�{|DT¸�dYMT�o!T4Zq|>]�YKT4öa[MT8�2TV|!ûgo!ZXüLTV�dZ�[ |�TVûÁ]!ZXöJ[
 ��� ��2ò¶],ûgöJ[^]!`pZ�[K|����dûkYK`ao!|Vl��dZX[^]!T��aTVo!| �� ¾`a[K��]�YMTV[ � �döJo�T-�ÁlM`p[{���Ð�2öJ�MüMU�TV|��

R îÅê ��� xãíTw6í�� ��	 ê �
��� �Y�I���)��� ë� �ê � ��YKT�WKo�ö2ûgT¸|�|�ö�
0û�o�T¸`Å]!ZX[	��`a[�mnñ�ò��K`Å]!`pú�]:ýFWLT
ZX[ �aöJU��JTV|'|DWLTVû�Z 
uýFZ�[	��]�YMTåU�`ÇýJöa�2]�ZX[ �dT��döao!ýÐö�
<]!YMT¾�M`Å]k`�Z�[ ]!YMT !C|:]!o��{ûÁ]��Ko�T�� ��! �Fò¶]�Z�|
�2öa[MT¾Z�[�|DZ���öJW{TVo!`p]�Z�öa[K| ^
 ��4\FTg]å�MWn`p[n`ao�ok`Çý¢�2T�ÿK[MZ�[	�Ð]!YMT�[F�	��üLT�o8ö�
á�M`p]!`Ðö�
�T¸`aûkY�øFZX[{��]�YK`p] �~Z�UXU�ü{T��K|DT¸�

�uZ�[ ]�YMT�|!`��dT¾öaok�2T�o4`J|']�YMT�|D]�o!�KûÁ]!�Mo!T��2TgÿK[KZÖ]!ZXöJ[�� �
$'&)( 8�1:2.*��T*3237)&)(T[vd���i ��`:f)hvp�!>p"�np$# t j
�EYMZqûkY�û�öao!o�T¸|DWLöa[{�M|']�ö�^%���Y*,+.-0/Ll  6$'&�(Ll&��5�237)8.1:9{l�� $'&�(0l

� �4\FTg] �KWC`a[ `ao�ok`Çý ]�Y{`Å] �~ZXU�U,û�öa[^]!`aZX[ ]�YMT�]:ýFWLTn|DWLTVû�ZÖÿLû�`Å]!ZXöJ[ 
uöJoÐTV`JûkY TVUXT���TV[^]
ûgöJ[J]k`pZ�[MTV��Z�[�]!YMT�|D]�o!�KûÁ]!�Mo�T��	��YMT�o!T�`po!T 
uöa�Mo�ÿKTVU��K|~ZX[�]�YKT6[,()/:7>*�(Ll^]!Y^�{| ^
;)<T=3?3LI-0(�-0()c:b.9Z()c:b.9I[vd���ikj
')(��F} { *6�~�.�F���Y������+�}�z-,/. ��{ 0 �F���u}.� �3�M� ��1 �2,��.� �435+M}T� �I�,�_�6+�*7+�z~z8+�9 � �I�_[,()/:7>*�(
�2,��.�:+����0�F�43<;_����}�{~}:�>=��.���43n{~}��?3q�@+�ACBuz �D3q{~}.�6E
\FTg]~]!YMT��M`p]!`ÅúÍ]:ýFW{T 
uöJo~TV`aûkY T�U�T��dTV[J]4ö�
N]!YMT��M`Å]k`ÅúÍ]:ýFW{Tå]�öÐüLT�ûgo!TV`p]�T¸� ^
()c0b.9.[vdgh0iF�a;)<T=3?0B:C)D:Enj
()c0b.9.[vd7!�iF�a;)<T=3?.=,@)Akj
()c0b.9.[vdG#0iF�a;)<T=3?3L.H�N)OIG:Pnj
()c0b.9.[vdGH0iF�a;)<T=3?.=,@)Akj

�	�4\FTg]4�KW�`a[�ZX[^]�TVo�[{`pU<�2Zq|DWKU�`JûgT��dTV[J]4`ao�ok`Çý ûgöJ[J]k`pZ�[MZ�[	��]!YMT �dT��döJo�ýÐöJI0|�Tg]4ö�
�T¸`aûkY
ÿKT�Uq� ZX[ ]!YMT6[�(:/:7>*�(0l
;)<T=3?3D>$'&)( 5T$:[,b.1I[vd���ivj
mn`pWÐöJ[^]�ö�]!YMT,�2Zq|DWKU�`JûgT��dTV[J]�`po!o!`ÇýJlÇ]�YMT,m ñáò>�M`Å]k`ÅúÍ]:ýFW{T4öJ[d]�YMT !�|D]�o!�Kûg]��Mo!T �uüFý
UXZ�[MøFZ�[	�ÐZÖ]~]!ö�]�YMT��JT�o!ýÐÿKok|:]#�dT��döao!ý TVUXT���TV[^] � �
;)<T=3?3D�5)50/I9.[)[LK"MT*ulT5I1�$'&I9ON 5T$:[�b�10-3cnp:M�5T$:[,b.1I[vdgh:i%Prj
;)<T=3?3D�5)50/I9.[)[LK"MT*ulT5I1�$'&I9ON l>-0m�$,(�93/np:M�5T$:[,b.1I[vd7!'i%Prj
;)<T=3?3D�5)50/I9.[)[LK"MT*ulT5I1�$'&I9ON mMlo$u&qp M�5T$:[,b.1I[vdG#:i%Prj
;)<T=3?3D�5)50/I9.[)[LK"MT*ulT5I1�$'&I9ON s�$�53(:+np M�5T$:[,b.1I[vdGH:i%Prj



ô,���:�{|:]']�YMT,�MZ�|�WMUq`aûgT��dT�[^]�`po!o!`Çý�|�ö¾]�Y{`Å]á]!YMT,�2Zq|DWKU�`JûgT��dTV[J]k|á`po!T�ö�I�|DT�]!|�
uo!ö���]�YKT
ü{T��aZ�[M[MZ�[	�Ðö�
H]�YMT�|D]�o!�Kûg]��Mo!T��
� 23/ K�$�� Hvj $��@�)hvj $����CP

5T$:[,b�1�[vd�$�i��J�a5T$0[,b�1I[vd h:ikj

�$�	�åZ��JT�`d[K`��dTå]�öd]!YMT�mnñáò��M`Å]k`ÅúÍ]:ýFW{T��
;)<T=3?3LI-0(�-0()c:b.9 *ulT5:(:c:b.9vj

� �%Q��MZXUq��]�YMT�[KT�� mnñáò�]:ý^WLT��L\FTg]~]!YMT�ûgöJ[J]k`pZ�[MT�o�ö�
H]!YMT�mnñáò��M`Å]k`ÅúÍ]:ýFW{T��
;)<T=3?3A)c:bI9�?I[�()/07>*�(OK �vp 8�1:2.*���*3237)&�(�[op 5T$0[,b�1I[opY(:c:b.9.[op

MT*ulT5:(:c:b.9%Prj


 ���á`pU�Z��K`Å]�T¾]!YMT¾]:ýFW{T¾T��FZq|D]�T�[{ûgT¾]�ödüLT��K|�TV� �~ZÖ]!Y�mnñáò �
;)<T=3?3A)c:bI9�?I*32,l:lo$,(OK MT*ul�5:()c:b.9 Prj

����
 � ê��{ê)Vãí� �êFï � í�� � � � îÅê
ô4�2]!öJmn`aW Zq|å`�|DöJ�MokûgTgúÍ]�öaú¶|�öa�Ko!û�T�ûgö��dWMZ�U�T�o8]�YK`p]¾`a�2]�ö��d`p]�Zqû�`aUXU�ý ]�ok`p[K|�U�`p]�T¸| ! |D]�o!�Kûgú
]��Mo!TV|~Z�[^]�ö¢m ñáò��M`Å]k`ÅúÍ]:ý^WLTV|��$�HöÐü{T ��öJo�T�|�WLTVûgZXÿ{ûal{ô4�M]�öJm `pW �'öJo�ø2|~`J|4`dUXT��2T�o,`a[K�
`�W{`pok|DTVo']!öd]�ok`p[K|�Uq`Å]�TK! �M`Å]k`Åú­|:]!o��Kûg]��Mo!TV|�Z�[^]�öÐmnñáò��M`Å]k`Åú­|:]!o��{ûÁ]��Ko�T¸|��
ô4�2]!öJmn`aW ��`a| ZX[KZÖ]!Z�`aUXU�ý �2T¸|DZ��a[MT¸��
uöJo�|DTV[K�2Z�[	�E`p[K� o�T¸ûgTVZ��FZ�[	� û�ö��dWMU�T"� �M`p]!`pú

]:ý^WLTV|��$��YMTV[�ZX]&��`a|�T"�F]!T�[K�2T¸��]�öÐ�2ýF[K`��dZqû��M`Å]k`Åú­|:]!o��{ûÁ]��Ko�T¸| � ��! �
!'�Mo�o!T�[^]!UXý,] �'ö#�JT�ok|DZ�öa[K|0ö�
Fô,�2]�ö^mn`pW�`ao�Tá`-�Å`aZXUq`püMU�T%^V`~|D]!`a[K�Fú­`pU�öa[MT.�JT�ok|DZ�öa[ �~YMZqûkY

öaWLT�ok`Å]�T¸|NöJ[MU�ý�öa[�û�ö��dWMU�T"���M`p]!`ÅúÍ]:ýFW{T¸|�`p[K��`&�aTVo!|�Z�öa[�û�öa�MWMU�TV� �~ZÖ]!Y�ô,�2]�ö^÷<Z�[Mø��~YMZqûkY
Z�|4�MTV|�Z��J[MTV�

uöao4�2ýF[K`��dZ�ûV`pU�UXý U�Z�[MøaT¸���M`p]!`pú¶|D]�o!�KûÁ]!�Mo!TV|��

� � � í � �  � îÅí]yJêFðVð � ��YMTnô4�M]�öJm `pWEûgö���WKZXU�T�oÐZ��dWMUXT��dT�[^]!| ` �Jo!`��'�Ð`aoVl��~YMZqûkY
o�T¸`a�M| ! |:]!o��Kûg]��Mo!TV|,ZX[^]!ö¢`p[nZ�[MWM�M],ÿKU�T�`a[K��öa�M]�WM�2]k|4]!YMT�û�öao!o�T¸|DWLöa[{�2ZX[$� mnñáò4�M`p]!`pú
]:ý^WLTV|�� ��YMT¾ûgö��dWMZ�U�T�o �aT�[KT�ok`Å]�öJoá�K|�TV�¢YMT�o!T,Zq| ��`aû�û���� � ��! � ��YMTåWK`pok|DZ�[	��ö�
<]�YKT8Z�[MWM�2]
ÿKUXT¢Z�|��2öa[KT üFý �JT�[MTVo!`p]�Z�[	��`p[ ô4ü{|:]!o!`JûÁ]�\FýF[^]!`�� �Ho!T�T)��ô8\ �&��]�YK`p]�Zq|��K|�TV� Z�[þ]�YKT
]:ý^WLT�o!TVûgö��a[MZX]�Z�öa[�WMo!öFû�TV|!|��
ò­[¢]!YMT�û�`J|DT¾ö�
H]�YMT�|D]!`a[K��`pU�öa[MT �aTVo!|�Z�öa[<l2ô4�M]�öJm `pW �aTV[MT�ok`Å]!TV|�öa[MU�ýÐ]!YMT¾ÿKU�T�ûgöa[Mú

]!`pZ�[MZ�[	��]!YMT8mnñ�ò>�M`Å]k`ÅúÍ]:ý^WLTV|.
uo�ö��*]!YMT ! |D]�o!�KûÁ]!�Mo�T¸|rl.b�$'()c:b.9.[ N�* �'�EYMT�[ �{|DT¸���~ZÖ]!Y
ô4�2]!öJ÷<Z�[Mø0l2] ��ödöp]�YKT�o�ÿKU�TV|~`ao�T �aTV[MT�ok`Å]!TV��^

� 1:234:8.2)2@� N ()m)(�Zq|4`�UXö���ÿKUXTJl
� -�1:?3/I237�(T$'&.9.[ N�*åûgöa[^]k`pZ�[K|~`pU�U0]�YMT 
u�K[KûÁ]!ZXöJ[K|~�K|�TV� Z�[J]!T�o![K`pU�U�ý üFý¢ô4�2]!öJ÷NZX[Mø �

�
��� �����'�)��� ë� �ê � ðVð��HêFð � ò­[ ]�YMT�ûV`a|�T8ö�
�|D]�o!�KûÁ]!�Mo!TV|VlF]�YMTVo�T�`po!TåW{ö^|�|�ZXüKUXT¾Z�[J]!T�ok`aûgú
]�Z�öa[K|,ü{T�] �'TVT�[nmnñ�ò�`a[K� ]�YKT�ûgö���WKZXU�T�oåi�����YKTV|�T�ZX[^]!T�ok`aûÁ]!ZXöJ[K|~û�`a[n`�I0TVûg]4]�YMT ��`Çý�`
ûgö��dWMZ�U�T�o4�2öFTV|�W{`a�M�2Z�[	�düLTg] ��T�T�[�öJ[MT�|:]!o��Kûg]��Mo!T�`p[K��]!YMT�[MT"�F]��
� ��³ � ��·J®:³ � �:¬�� � Êp� � ² �«� ´ ¹V� ®:³ � ² � �:Ê �V± ¡'� Ì � ¥ � � ·F´ � ��®:³^©«¬>¬ �k� ®:© � �{À



�EYMT�[�|�T�[K�2Z�[	� �döao!T¾]�Y{`p[�öa[MT�|D]�o!�Kûg]��Mo!Tal2]!YMZq|,û�`a[�ü{T�`a[�Z�|!|D�KT��$��YMTVo�T�`ao�T¾] ��ö
W{ö^|�|�ZXüKUXT���`ÇýF|8]!ön�2TV`aU.�~ZÖ]!Y%]!YMZq|����8[KT'��`ÇýnZq|å]�ön`J|�|��	�dT��MT"
ã`p�KUÖ]�WK`J�M�2Z�[	�n`p[{�n]!ö
ûgo!TV`Å]!T�]!YMT4|D]�o!�KûÁ]!�Mo�T']:ýFW{T,�Ð`pW{|�üK`a|�TV��öa[�ZÖ]�����YMT�öp]!YMT�o.��`Çý�Z�|H]!öåT��2WMUXZqûgZX]�U�ý�Z�[Kû�UX�K�MT
]�YMT��MWKW{TVo4ü{öJ�M[K� ö�
H]�YMT�|D]�o!�Kûg]��Mo!T �~ZÖ]!Y�;)<>=3?�N)O+�
ò¶]�Zq|��K|DT�
u�MU0]�öd`a|!|��	�dT4]�YKT¾�MT"
ã`p�KUÖ]~û�`J|DTJlJüM�M]�Y{`-�aT8`�]�T¸|:]�]�Y{`Å]#�'öJ�MUq�ÐZX[{�2Z�ûV`Å]!T8Z�


]�YMZ�[	�J|8�2Zq��[Möp]%�d`p]!ûkY��MW � ��YMT�]�T¸|:]8ûV`a|�T�ûgöJ�MUq��ûgo!TV`Å]!T�ü{öa]�Y �K`Å]!`pú�]:ýFWLTV|Vl	�~ZX]�Y `a[K�
�~ZÖ]!YMöa�2] ;)<T=3?�N�O�l"�aT�]N]�YKT�Z�oHT��^]!T�[^]!|VlV`a[K��û�ö��dWK`po!T�����YMT'û��Mo!o�TV[J] �aT�ok|�ZXöJ[åö�
Kô4�2]!öJmn`aW
Z��dWMU�T��dT�[^]k|å]�YMT �2T�
ã`p�MUX]Vl�üK�2]�` 
u�M]��Mo!T �aTVo!|�ZXöJ[ �~Z�UXU>WMo!ö��FZ��MT�üLöp]!Y%öJW2]�Z�öa[K|Vl+�~ZX]�Y `
]�TV|D]~]�ödTV[K|D�Ko�T�ûgöJo�o!TVûg]�[MT¸|�|�Z�
H]!YMT��2T�
ã`p�MUX]4Z�|4[Möp]~�K|�TV�+�

����� � w � ê��Kî ��� ê^ï�� ð¸êní%� � � � í � �  

� �{ê^î��]xãê � � �EYK`Å]!T��JT�o#�aTVo!|�Z�öa[ ö�
>ô4�2]!öJmn`aW�]!YMT�WMo!ö��Jo!`��'�dTVo��{|DT¸|�l2öJ[MT��~ZXU�U<YK`-�JT
]�ö o!�M[�ô,�2]�ö^mn`pW öa[�`nÿKU�T ]�Y{`Å]Ðûgöa[^]k`pZ�[K|�ZX]!|d�M`p]!`Åú­|D]�o!�KûÁ]!�Mo�T¸| � [�()/:7>*,()N +)
uöJo�T��Fú
`��dWMU�T�� �Kò­[�]�YMT�|D]!`a[K��`pU�öa[MT �aTVo!|�Z�öa[<lF]!YMT��aTV[MT�ok`Å]!TV�¢ÿKUXT�ûgöa[^]k`pZ�[MZX[$��]!YMT�mnñ�ò��M`p]!`pú
]:ý^WLTV| � l.b�$,()c0b.9.[ N�*��,Zq|��2Z�o!TVûÁ]!UXý Z�[KûgU��K�2T¸�þZ�[þ]�YMT��K|�T�o�WMo�ö��aok`�� �~N�[M90/)<)/I234)N�* 
uöJo
T"�M`��dWMU�T��"�%�EYMT�[ ô4�M]�öJm `pW Z�|�ûgöJ�MWMU�TV� �~ZÖ]!Y ]�YMTþô4�M]�öJ÷NZX[Kø$UXZ�üMok`po!ýal�ZX]!|�öa�M]�WM�2]
ÿKUXT¸| � l.b�$'()c:b.9.[ N�*%`a[K�a-�1)?3/I2M7�(>$'&.9I[ N�*���`ao�T ZX[Kû�UX�{�2TV� ZX[ ]�YMT ô4�M]�öJ÷NZX[Kø$|DöJ�Mo!û�T
ÿKUXT -37�(I2�1I$'& �)N�* �3�EYMT�[��~o!ZÖ]!ZX[$�dû�ö2�2TalF]!YMT�WMo!ö��aok`����dT�o�Z�[KûgU��K�2T¸| -37)(I2�1.$'&&�)N�* �

mpitypes.c

is used by

generate

include

mpi.h

UserProg.c

struct.h

AutoMap

UserProgcc

	�
�� à�
^à ¦ ·J® �ÇÆ � ¼�¹V� � � �D��®:© � � ��± ä �«� ¬k� ¤ ®D�V�^´ ¦ �«� � � ª � �:¬­© � �

�HZ��a�Ko�T¸|  �`p[{�Y��ZXU�UX�{|:]!o!`p]�T�ô4�2]!öJmn`aW¢Z�[ |D]!`a[K� `pU�öa[MT%�aT�ok|�ZXöJ[�`p[{�¢ûgöJ�MWMU�TV�
�~ZÖ]!Y
ô4�2]!öJ÷<Z�[Mø �

� îÇê: � î�x w�� �
	 ê���ð¸ê^î ��� ê��WwHêFï��%x V�ê � ��YMT%�K|�T�o ���K|D] �dö2�2Z�
uý ]!YMT%|�öa�Ko!û�T�ÿKU�T
ü{T�
uöao!T4o��K[M[MZ�[	��ô4�2]!öJmn`aW �Jô,�2]�ö^mn`pW¢o�T¸ûgö��J[MZ���TV|�]!YMT,|D]�o!�KûÁ]!�Mo!TV|�]!ö�ü{TåûgöJ[ �JT�o�]�T¸��]!ö
mnñáò~]:ýFWLTV|åüFýn�2Z�o�T¸ûÁ]�Z��aT¸|,Z�[%]�YMT ! û�öF�MT��0ò­[ öJo!�2TVo,]!ö�o!TV`J� `��K|�T�o'\ |åûgö2�2Td�2Z�o�T¸ûÁ]�U�ýal
]�YMTå�2ZXo!TVûg]�Z��aT¸| ��T�o!T,�2TV|�Z��a[MT¸�Ð`a| ��ö2�2ZXÿKT¸�Y! ûgö��'�dTV[J]k|�� ��YMT �dö2�2ZXÿ{û�`p]�Z�öa[¢û�öa[K|�Zq|:]k|
ö�
'`����)\ �:�K|D]�`�
 ]�TVo8]!YMT��K|D�{`pU�ü{T��aZ�[M[MZ�[	� ö�
'`�ûgö����dT�[^]��������	�0ô,�K�2ZÖ]!ZXöJ[K`pU�U�ýalL]�YMZq|åZ�|

uöaU�UXö���TV�düFýd`p[_D:7�(�20;I-3b�?�O.904>$'&%
uöJo�]!YMT8|D]!`aoD]'�MZXo!TVûg]�Z��aT~öao�`p[_D:7�(I23;I-3b�?3P0&I5 
uöJoá]�YKT
T�[K���2Z�o�T¸ûÁ]!Z��JT��	��YF�K|~`d|:]!o��{ûÁ]��Ko�T¾Zq|4|D�Ko�o!öa�M[{�2TV�¢ü^ý ^



mpi.h

UserProg.c

struct.h

AutoMap

logbook.txt al_routines.c

mpitypes.c

autolink.c

UserProgcc

is used by

include

generate

	 
 � à � à ¦ ·a® �ÅÆ � ¼d¹¸� � � �D��®:© � � �V± ä �Ö� ¬k� ¦ ·J® �ÇÉ ©«�^Ê�ª � �:¬­© � �

��� �ZD:7�(I20;�-3b�?MO.934>$'& ���

��� �ZD:7�(I20;�-3b�?3P:&�5 ���

`p[K�¢]�YMT��K`Å]!`pú�]:ýFWLTå]�ödü{T_\ ô4�M]�öJm `pW�o�T¸ûgö��a[MZ���T¸��\Fü^ý ^
��� �ZD:7�(I20;�-3b�?3A:b0N�[39:5 ���

(4T�o!TåZ�|�`p[�T"�M`��dWMU�Tåö�
Nÿ{UXT [�(:/:7>*�()N +Ð�2T�ÿK[MZ�[	��]!YMT��M`Å]k`Åú­|:]!o��{ûÁ]��Ko�T �uT�� �$�F`�UXZ�[MøaT¸�
UXZq|:] ��`�
 ]!T�o#�dö2�2ZÖÿLû�`Å]!ZXöJ[�ü^ý ]�YMT��K|�T�o"^
��� �ZD:7�(I20;�-3b�?MO.934>$'& ���

� 5�9 � $'&I9	��=�
0P !,h)h:h

(:c:b.9:5�9 � [�()/:7>*,(#G)GT$:[�( � G)Gkj
(:c:b.9:5�9 � [�()/:7>*,(#G)GT$:[�(
`
� 1:2:-0( 5�-0(�-qd���=�
3P�ikj
G)G &.90m:(nj

t GT$'&&�I9:5)GT$0[�( �
� �ZD:7)(I20;I-3b.?3A:b:N�[M9:5 ��� j

��� �ZD:7�(I20;�-3b�?3P:&�5 ���

����� � î � y � x y � V � ðVê�í�� � � � í � �  #x�w �
	 ê ��ð¸ê^î R í<ï�ê
� �'� wHï � VãíTwHê���ê^îÅð�x�í�w � ò­[ ]�YKT¾|D]!`a[K� `pU�öa[MT �aTVo!|�ZXöJ[<l^]�YMT��{|DTVo �~Z�U�U<|DTV[K��û�ö��dWMU�T"�
�M`Å]k`ÅúÍ]:ý^WLTV|�`pU���ö^|:]�Z�[þ]!YMT¢|!`��dT ��`Çý6`a|�|D]!`a[K�M`ao!� mnñ�ò¾�K`Å]!`pú�]:ýFWLTV|�� ��ZXok|D]VlH`p]�]�YKT



ü{T��aZ�[M[MZ�[	� ö�
4]!YMT��Ð`pZ�[�WMo!ö��Jo!`�� lH]�YKT �{|DTVo'�~Z�U�U~YK`-�aT�]�ö Z�[MZÖ]!Z�`aUXZ���T�]�YKT�[MT��=m ñáò
�M`Å]k`ÅúÍ]:ý^WLTV|'üFýÐû�`pU�U�ZX[	��]�YMT%
u�M[Kûg]�Z�öa[ O:7�$3105I?M;)<>=3?3A:c:b.9.[LK7P��2Tgÿ{[MTV�¢ZX[¢]�YMT �aTV[MT�ok`Å]!TV�
ÿKUXT l.b�$,()c0b.9.[ N�* ����YMT�`aûÁ]!�K`pU�[{`��dT¾ö�
�TV`aûkY �aTV[MT�ok`Å]!TV� mnñáò��M`Å]k`ÅúÍ]:ý^WLTåZ�|#�Ð`J�2T¾�MW
ö�
0]�YMT8ZX[KZÖ]!Z�`aUK[K`���Tå`a|.�~o!ZX]D]�TV[ Z�[d]�YMT [,()/:7>*�( N +�ÿKU�Tala]�ö �~YMZ�ûkYd]!YMT4WMo!Tgÿ$� D:7�(I23;I-3b�?
Z�| `a�M�MTV�+� �MöJo�Z�[K|D]!`p[{ûgTal 
uöao¢]�YMT ûgö��dWMUXT��$�M`Å]k`Åú­|:]!o��Kûg]��Mo!T *ulT5�1.$'&.9 �2T¸|�û�o�Z�üLTV�EZ�[
|DT¸ûÁ]�Z�öa[� ��� JlÅ]�YKT,mnñáò>�M`p]!`pú�]:ýFWLT~[K`��dT&��öa�MUq��ü{T D07�(I20;I-Mb�?I*ulT5�1.$'&.9�����YMT�[ÐöJ[MT&�~Z�UXU
�K|DT,]�YMT¾mnñ�òá�M`Å]k`ÅúÍ]:ý^WLT4[K`��dT8Z�[Ð]�YKT8�K|��K`aULmnñ�òáûgö��'���M[MZqû�`p]�Z�öa[�
u�M[Kûg]�Z�öa[ û�`pU�Uq|��^ò­[
öa�Mo~T��2`��dWMUXTJlF]�ö |�T�[K��öa[KT �Å`ao�Zq`püMU�T��I-3/ �~YKöJ|�T8]:ýFWLT�Z�|"*FlT5I1.$'&I9 ^

;:<>=3? �)9M&I5 K M���-0/np�!�p D:7�()20;�-3b.?�*ul.5I1I$'&I9Wpg&�90m)(I?M/�-3& �np
;)<>=M?3D)@��.?MA)D�Jkp ;:<>=3?0B)H3;:;.?��.H3E:G:L P]j

� � � í � �  R í��r WVãêFï �_x �
	 � � � í��qx w	� � �EYMTV[�ô4�2]!öJmn`aW Z�|�ûgöa�KWMUXT¸� �~ZÖ]!Y ô4�2ú
]�öJ÷NZX[KøLl2�{|DTVo!| �~Z�UXU<ûV`pU�U<ô4�2]!öJ÷<Z�[Mø o!öa�M]�Z�[MTV|�]!öd|�T�[{�¢öJo�o!TVû�T�Z��aT8]�YMTVZXo4�Mý^[{`��dZ�û¾�M`p]!`pú
|:]!o��Kûg]��Mo!TV|��
ô4�2]!öJ÷<Z�[Mø>\ |%o!öa�M]�Z�[MTV|þû�öa[K|�Z�|D]!|6ö�
 ] �'ö WK`aZXok|6ö�


u�K[KûÁ]!ZXöJ[K|u^�öJ[MT 
uöao Z�[MZÖ]!Z�`aUXZ��gú

ZX[	� �¸ÿK[{`pU�Z �VZX[	�dô4�M]�öJ÷NZX[KøLlKöa[MT 
uöao4û�ö������K[MZ�ûV`Å]!ZX[	���

� D�G�?.='&�$,( K
P�ZX[MZX]�Zq`pU�Z���TV|Ðm ñáò�Uq`ÇýaTVoVl�UXö^`a�M|�]!YMT�[MT��~U�ý�ûgo!TV`p]�T¸��mnñ�ò��M`Å]k`ÅúÍ]:ýFW{T¸|
`p[K��`aUXU�ö2û�`Å]!TV| �dT��döao!ý 
uöJo4ô4�2]!öJ÷<Z�[Mø�ZX[^]�TVo�[{`pU<|D]�o!�KûÁ]!�Mo�T¸|��

� D�G�?�
>$'&.-)1.$���9 K P�ÿK[K`pU�Z���TV|¾mnñ�ò,Uq`ÇýaTVoå`a[K�%�MTgú­`pU�UXö2û�`p]�T¸| �dT��döJo�ý 
uöJo�ô4�2]!öJ÷<Z�[Mø
ZX[^]!T�o![K`pU<|D]�o!�KûÁ]!�Mo!TV|��

� D�G�? �)93&I5 K
PÐ]k`pøJTV|�ûV`po!T¢ö�
~]�YMT�]�ok`-�aTVo!|�ZX[$�n`p[K� |�T�[{�2ZX[$� ö�
,]�YMT��2ýF[K`��dZqû¢�M`p]!`pú
|:]!o��{ûÁ]��Ko�T��

� D�G�?3EI9.*�� K
Pd]k`pøaT¸|�ûV`po!TÐö�
~]�YKT¢o!TVûgTVZ��FZ�[	�n`p[{�þo�T¸|:]!öao!ZX[$��ö�
�]�YMT �2ýF[K`��dZqû¢�M`p]!`pú
|:]!o��{ûÁ]��Ko�T��


 	 )41F����-D+���
�� />+,?8�D-�+435@CB4+4/>&5-D. @$/H12/HGaI�12"K),.L1M)4"K9N�

����� � ê)w�êJî � V � �Lê^î �]x�ê ��í%� � � � í��nx w	�

ô4�2]!öJ÷<Z�[Mø�Zq|�`,U�Z�üMo!`ao�ýå]!YK`Å]á`pU�U�ö��4|<]!YMT~|DTV[K�2Z�[	�å`a[K��o�T¸ûgT�Z��FZX[$�,ö�
L�2ýF[K`��dZqû�`pU�U�ý�UXZ�[MøaT¸�
|:]!o��Kûg]��Mo!TV|>]�YMo!öa�	�JY mnñáò#��`�û�`J|DT~[Möa]�YK`a[K�2U�TV�ÐüFý \ ô4�M]�öJm `pW¢|D]!`a[K�Ð`pU�öa[MT0\��aTVo!|�Z�öa[��"�
ò­[%`�WMo�T��FZXöJ�K| �JT�ok|DZ�öa[�ö�
�ô,�2]�ö^÷<Z�[Mø��'T�YK`J� ûkYMö^|DTV[�]�ö üM� I0T�oå]�YKT'�~YKöaU�T��M`p]!`pú

|:]!o��Kûg]��Mo!T~üLT"
uöao!T,|�T�[K�MZX[	��öaoáo!TVû�T�Z��^Z�[	������YMZ�| ��`J|�]�öFö �dT���öJo�ý�ZX[^]!T�[K|�Z��JT~ZX[ ]�YMT,ûV`a|�T
ö�
HUq`po �aTå�2ýF[K`��dZqû¾�M`Å]k`Åú­|:]!o��Kûg]��Mo!TV|�� �8[¢]!YMT¾öp]�YKT�o~YK`a[K��l2|DTV[K�2Z�[	�Ð�M`Å]k` �~ZX]�YKöa�2],`a[^ý
üM� I0T�o!ZX[	��|!`-�aTV|%�dT��döao!ý�üM�2]��~Z�UXU>Z�[K�2�{ûgT�U�`ao �JT�û�ö������M[KZ�ûV`Å]�Z�öa[n]�Z���TdUq`Å]!T�[Kû�ý����6T
ûkYMöFöJ|�T�]�ö |DTV[K�nW{`aûkøaT�]!|8ö�
'�K`Å]!`Kl��~YKZ�ûkY%Z�|¾` �JöFöF��]�ok`a�2T�úÍöJI6üLTg] ��T�TV[)�dT��döao!ý��K|�T
`p[K� ûgö��'���M[MZqû�`p]�Z�öa[�]�Z���T��Kô,�K�2ZÖ]!ZXöJ[K`pU�U�ýal2]!YMT�WK`aûkøJTg]4|�Z �VTåZq|4û�öa[2ÿ$�J�Mok`püMU�T��

�M�Mo�]�YMTVo �döJo�TJl �'T��Ð`p[{`��aTå]!ö ö��aTVo�Uq`pW ûgö������M[MZqû�`Å]!ZXöJ[ �ã|�T�[K�2Z�[	�ÐöJo4o�T¸ûgTVZ��FZ�[	�dö�

WK`aûkøJTg]!| � �~ZÖ]!Y�ûgö��dWM�M]!`Å]!ZXöJ[ �u]�ok`-�aTVo!|�ZX[$��]!YMT��M`Å]k`Åú­|:]!o��{ûÁ]��Ko�Tåöao4`aUXU�ö2û�`Å]!ZX[$�'�dT���öJo�ý

uöao�]�YKT��M`Å]k`�o!TVû�T�Z��aT¸�$� �



� � y �{ê � � î � w�ð�S xãð¸ð�x�í�w � �Mo!ö�� ` û�ö������K[MZ�ûV`Å]!ZXöJ[ WLöaZ�[J]�ö�
 �FZXT���l0]�YMT �JT�[MTVo!`aU>`pUXú
�aöao!ZX]�Y	�AûgöJ[K|�Z�|D]!|åö�
�|DTV[K�2Z�[	� �ão�T¸|DW �{o!TVû�T�Z��^Z�[	� �~]!YMT�û�öa[^]�TV[^]åö�
á]�YMTÐ�M`p]!`¢WK`aûkøJTg]8üFý
WK`aûkøJTg]4`p[K�¢]�YKT�[ ]�YMT�Z�[ 
uöJo �Ð`Å]!ZXöJ[ �MTV|!ûgo!ZXüMZ�[	�dYMö�� ]�YMT��M`p]!`d`po!TåUXZ�[MøaT¸�+�

� ò­[C]�YMT6|DTV[K�2Z�[	� WMo!ö2ûgT¸|�|�öao¸lá|DZ����KUÖ]k`p[MTVöa�K|�UXý�]�öþ]!YMT�]!o!`-�JT�ok|�`aU~ö�
¾]�YMT%�2ýF[K`��dZqû�M`Å]k`Åú­|:]!o��{ûÁ]��Ko�TJlHWK`JûkøaT�]!|d`po!T |�T�[^]��~YMT�[ ]�YKT W{`aûkøaT�]�üK� ILTVodZ�|'
u�MU�U �v�EYMT�[ ]�YKT
]�ok`-�aTVo!|!`pU>ö�
�]!YMT¢�M`p]!`pú¶|D]�o!�KûÁ]!�Mo!TÐZ�|�ÿK[MZq|DYMT¸��l<]!YMT Z�[ 
uöao �Ð`Å]!ZXöJ[ `püLöa�2]�]!YMT U�ZX[KøF|
ü{T�] �'TVT�[ ]�YKT��M`Å]k`�Zq|~|�T�[^]��

� ò­[¢]!YMT�o!TVûgTVZ��FZ�[	��WKo�ö2ûgT¸|�|�öao¸lF`a|�WK`aûkøJTg]k|�`ao�o!Z��aTal �dT��döao!ý |�WK`aû�T8Zq|~`pU�UXö2ûV`Å]�T¸�¢`a[K�]�YMT¾�M`p]!`�`po!T,ûgöJWMZXT¸� Z�[^]�ö �dT���öJo�ý��0�EYKT�[��K`Å]!`�]�ok`p[{|��dZq|�|�ZXöJ[ÐZ�|�ö��JT�o¸lp]�YKTå�M`p]!`pú
|:]!o��{ûÁ]��Ko�T¾U�ZX[Mø�ZX[	
uöao �d`p]�Z�öa[ Z�|�o!TVû�T�Z��aT¸��`a[K� ]!YMT��2ýF[K`���Zqû¾U�ZX[Mø2|�o!TV|D]�öJo�T¸�+�

����� � � í{î � �{ê � � î�� y � �NîÅêFð �¶íKî�� � wHï V x�w � ��	 ê �qx w	� � w �¶íKî�S �I� xãíTw

�~T"
uTVo~]�ö�ÿ$�J�Mo�T"� 
uöao~�K[K�2T�ok|D]!`p[{�2ZX[$��]!YMT�|D]�o!�KûÁ]!�Mo�T¸|,�dT�[^]�Z�öa[MT¸�¢YKT�o!TV`�
 ]!T�o��

Rn

r

R Memory Element

Element address in processor "n"

Pointer to Memory Element "R"

B

c

B’
c

C

a

b’

b

c

A

&B’I

B’ I

Addresses Processor I

Links Processor I

0 0

&A

&C

A

C

I

I

0 1

01

I

I

&BI

0

0 0

0

Data Processor I

IB

NEXT

Addresses Processor II

Links Processor II

&A

&C

A

C

II

II

0 1

II

II

&BII

0

0 0

0

Data Processor II

IIB

&B’II

B’ II

Processor I Processor II

	�
�� à��Kà ¦ ·a® �ÇÉ ©Ö�JÊ�®­�D�V�J¬ ±q� � �k� � �k�k¼ ®ÁÀ £ � � ³8¬­³F� ¼2� � �k¼ � � ¬ � �p®:¬<��´J©�� � � � �Å®0®�° ¼2�H�V± � � ´ � À	� � � �®:³ � � � ��� � ®:³a� �k� ®�° ¼2� ¬�
^¬
�Å·F�g� � � � ©¯� �k�«� �2���F´�®­�:©Ö��� ¹¸�«� À



��YMT��2ýF[K`��dZ�û¢W{öJZX[^]�TVo�|D]�o!�Kûg]��Mo!T¢üK`J|DT¸� öa[�`J�M�2o!TV|!|DT¸|�Zq|�[Kö U�öa[	�JT�o �Å`aUXZq�þöa[ `
o�T���öa]�TåWMo!öFû�TV|!|DöJo�� ��YMT�o!T"
uöJo�Tå`�U�ö��JZ�ûV`pULo�TVWMo!TV|�T�[^]!`p]�Z�öa[ ö�
<]�YMT��2ýF[K`��dZ�ûå|:]!o��{ûÁ]��Ko�TåZ�|
|DTV[J]']�ö�]�YMTåo!T��döp]!T,WMo!ö2ûgTV|!|�öao ��÷<ò�����\¢`po!o!`Çý	�"����YMTåUXö��aZqû�`pU{o�TVWMo!TV|�T�[^]!`p]�Z�öa[ÐZq|'ü{`a|�TV�
öa[nUq`püLT�U�ZX[$�¢TV`JûkYn[Mö2�2T�ö�
>]!YMT��Mý^[{`��dZ�û�|:]!o��{ûÁ]��Ko�T �~ZÖ]!Y%` [F�	��ü{TVo���ô8ûÁ]��{`pU�UXý ]�YKT�o!T
Z�|~öJ[MT¾U�`aü{TVUXZ�[	�dWLT�o4[Mö2�2T¾]:ýFWLT��$��YKTåU�Z�[Mø2|~ü{T�] �'TVT�[ [Mö2�2TV|,`po!T8]!YMT�[�o!T�WMo!TV|�T�[^]!TV� üFý
U�`aü{TVU�|��ãZX[^]�T��aTVo!| �'ZX[K|D]�T¸`a��ö�
�W{öJZX[^]�TVo!|�� �MöJo~TV`aûkY�[Mö2�2TalM]�YMT¾Uq`püLT�U�ö�
�ZX]!|~ûkYMZ�U��Mo�TV[ �~Z�UXU
ü{T�|D]�öJo�T¸�¢Z�[ ]�YMT�÷Nò�����\�`po!o!`Çý��

��YMTÐo�öJUXT�ö�
�]�YKTÐ]�ok`-�aTVo!|!`pU 
u�M[Kûg]�Z�öa[ Z�|�]�önûgöJ[K|D]�o!�KûÁ]¾]�YKT `po!o!`Çý�ö�
�U�ZX[KøF|�|�T�[^]�]!ö
]�YMT�o!T��döp]!T�WMo�ö2û�TV|!|DöJo���öa[ ]�YKT�o�T¸ûgT�Z��FZX[$�6TV[K��l>]!YMT�WMYFý2|DZqû�`aU�UXZ�[Mø2| �~Z�UXU4üLT�o!T�üM�MZ�UX]

uo�ö�� ]!YMT¢U�ö��JZ�ûV`pU'U�`aü{TVU�o!T�WKo�T¸|DTV[J]k`Å]!ZXöJ[ �Nô4[ ZÖ]!T�ok`Å]!Z��JT üMo!TV`a�2]�Y2úÍÿKok|:]�|�TV`ao!ûkYþZq|��K|DT¸�

uöao�]�ok`-�aTVo!|�Z�[	��]!YMT��M`Å]k`Åú­|:]!o��{ûÁ]��Ko�T��

(4T�o!TÐ`po!T�]�YMT |D]�öJo!`��aTd|:]!o��Kûg]��Mo!TV|¾�{|DT¸�%üFý ô,�2]�ö^÷<Z�[Møn]!ö�üM�MZ�U��%]!YMTÐT��^�MZ��Å`pU�T�[Kû�T
ü{T�] �'TVT�[ ]�YMT�WKY^ý2|�Z�ûV`pU�`p[{��U�ö��JZ�ûV`pU0o!T�WMo!TV|�T�[^]!`p]�Z�öa[�ö�
N]!YMT��2ýF[K`���Zqû�|D]�o!�KûÁ]!�Mo�T��

� ��� � `po!o!`Çý�Zq|á�{|DT�
u�MU	
uöJo>]�YMT,]�ok`-�aTVo!|�ZX[$�å|D]!`��aT�����YMT��,�
	%�C`po!ok`Çý�|:]!öao!TV|�]!YMT,[MT��F]
T�U�T��dT�[^]!|,]�ö üLT �FZq|DZX]�T¸��ZX[ ]�YMT�üMo!TV`J�F]�Y2úÍÿKok|:]å|DT¸`pokûkY �{ô�]¾TV`JûkY |:]!T�Wnö�
á]�YKT�üMo!TV`J�F]�YMú
ÿKo!|D]å|�TV`ao!ûkYNlK]!YMT�ûkYKZXUq�2o!T�[nö�
á]�YMTdûg�Ko�o!T�[^],[Mö2�2Td`po!T�|D]�öJo�T¸��Z�[��,�
	%� `ao�ok`Çý�Z�
á]!YMT�ý
�'TVo�T8[Möp]#�Ð`po!øaT¸�+�Jò­[�öa�Mo�T��2`��dWMUXT�� ÿ��a�Mo!T � �ÁlFZ�[¢]!YMT,ÿ{o!|D]4|:]!T�W¢ö�
<]�YKTåüKo�T¸`a�F]!Y2ú�ÿ{o!|D]
|DT¸`pokûkY<l � ��YKT¢ûkYMZ�U��2o!T�[þö�
~[Mö2�2T
��l �~YMZqûkY `po!TÐ[Mö2�2TV|�� l�����`a[K��� `po!T¢|D]�öao!TV�6Z�[
�,��	 � �Kò­[�]!YMT�|�TVûgöJ[K��|:]!T�W�ö�
�]!YMT�|�TV`ao!ûkY<lK[Mö2�2T����HZ�|~]�YMT�ûg�Mo!o�TV[^]�[KöF�MT�`p[K��[KöF�MT
�(Z�|4]�YMT�ûkYKZXUq��ö�
>[Mö2�2T���� ���4ö2�2T�� �'öJ[]\ ]8ü{T�|:]!öao!TV� ü{T¸û�`a�K|DT�ZÖ],Y{`a|,`aUXo!TV`J�2ý¢üLT�TV[
�d`ao�øJTV� �2�Mo!ZX[$��]!YMT¾ÿKok|:],|D]�TVW�ö�
�]�YMT�|�TV`ao!ûkY `p[K��|�ö 
uöJoD]!Y �K�'`aûkY¢TVUXT��dT�[^]4ö�
��,�
	%�
`po!o!`Çý�Zq|�ûgö��dW{ö^|DT¸�%ö�
~öa[MTÐZ�[^]�T��JT�o 
uöJo�]�YMT��M`Å]k`ÅúÍ]:ý^WLT���� ��`a[K�6öa[MTÐZ�[^]�T��JT�o�
uöJo�]�YKT
U�`aü{TVU ��� � �oQ�`J|DT¸� öJ[6]�YMT¸|DTd] ��ö�ZX[K�MT"�2TV|Vl�öa[MT `Jû�û�TV|!|DT¸|å�MZXo!TVûg]�U�ý�]�YMT `J�M�2o!TV|!|DT¸|¾ö�
�`
[Mö2�2T4ûgöJ[J]k`pZ�[MTV�d`p]>]�YMT~WLöJ|�ZÖ]!ZXöJ[���� �!� ��Z�[�]!YMT,ô8S8S �4�'\K\d`po!o!`Çý��¸ò­[�ÿ$�J�Mo!Te�KlpZ�[J]!T��JT�ok|
o�TVWMo�T¸|DTV[^]�Z�[	�Ð�M`Å]k`ÅúÍ]:ý^WLTV|4YK`-�aT�üLT�TV[n�2o!`-�~[�`J|#�aTVö��dTg]!o�Zqû�`aUN|DY{`pWLTV|��KS8`p]!`pú�]:ýFWLT �dZ�|
o�TVWMo�T¸|DTV[^]�TV��`a|~`Ð| �^�K`po!Tal2�M`p]!`ÅúÍ]:ýFW{T� �`a|~`dû�ZXokûgU�T�`p[K���M`p]!`ÅúÍ]:ýFW{T"�d`a|~`�]!o�Zq`p[	�JUXT��
÷N`püLT�Uq|�`po!T%�JZ��JT�[ �2�Mo!ZX[	��]!YMT¾üMo�T¸`a�F]!Y2úÍÿKo!|D]~|DT¸`pokûkY �^÷NTg]#" ü{Tå]�YKT�ûg�Mo!o�TV[^]�WLöaZ�[^]

ö�
>]�YKT�üMo!TV`J�F]�YMú�ÿKok|D]8|DT¸`pokûkY � �Köao8TV`aûkYnûkYKZXUq�nö�
á[Mö2�2T�"þlLZ�
á]�YMT�ûkYMZ�U�� �ãö�
'�K`Å]!`pú�]:ýFWLT
� �~YK`a|~[Köp],üLT�TV[��^Zq|�ZÖ]!TV��ýaT�]VlK]�YMT�üKo�T¸`a�F]!Y2ú�ÿ{o!|D],|DT¸`pokûkY �JZ��JTV|4`dUq`püLT�U$�Ð]!öÐ]�YKT�ûkYMZ�U���l
|:]!öao!TV|�]�YKT ûkYMZ�U��E�M`p]!`pú�]:ýFWLT�`a[K�CUq`püLT�U4Z�[%�,�
	%� `po!o!`ÇýJlá`p[K� ZX]!|¢`J�M�2o!TV|!|dZX[$ô8S4ú
S �4��\M\�`Å],]�YMT�WLöJ|�ZX]�Z�öa[ ��� �!� �"����YMTVo�T�Zq|4öJ[MT�U�`aü{TVUXZ�[	� WLT�o8�M`Å]k`ÅúÍ]:ý^WLT�`p[{� ]�YMT�Uq`püLT�U
Z�| �JZ��JT�[6ZX[%]�YMTÐöJo!�MT�o¾ö�
']�YMTÐüMo!TV`J�F]�YMú�ÿKok|D]¾|�TV`ao!ûkY � �Köao�Z�[K|:]k`p[Kû�Tal0]!YMTdöaok�2T�o¾ö�
�]�YKT
üMo�T¸`a�F]!Y2úÍÿKo!|D]~|DT¸`pokûkY¢Z�[�öJ�Mo~T"�M`��dWMU�TåZ�| ^M[KöF�MT&��lF]�YMTV[�[Mö2�2T'���Íl2[Mö2�2T'� l2[Mö2�2T��'�
�4ö2�2T&�$Zq|�]!YMT4ÿ{o!|D]'[Mö2�2Tåö�
�]!YMT¾�M`Å]k`ÅúÍ]:ý^WLT,| �^�K`po!TalJ]�YMTVo�T�
uöao!T4ZX] �JTg]!|�]�YKT,Uq`püLT�U �	�^ò­[
]�YMT8öaok�2T�o>ö�
L]!YMT,üKo�T¸`a�F]!Y2ú�ÿ{o!|D]�|DT¸`pokûkY<lp[Mö2�2T����{Z�|á]�YMT~ÿ{o!|D]�[Mö2�2T4ö�
<�M`Å]k`ÅúÍ]:ý^WLT,û�ZXokûgU�T
`p[K�¢[Mö2�2T(��]!YMTå|�TVû�öa[K�¢öa[MT�� ��Y^�{|�[Mö2�2T'�����JTg]k|'Uq`püLT�U ��`p[K�¢[Mö2�2T&� �JTg]!|�Uq`püLT�U� ��
�4ö2�2T�� �aTg]k|�U�`aü{TVUL�d`a|�ÿKok|D]�[KöF�MT�ö�
��K`Å]!`pú�]:ýFWLTå]�o!Z�`a[	�aU�T��

� ���*) � � � Z�|¾`¢] �'öaú¶�MZ��dT�[{|DZ�öa[K`aU�`ao�ok`Çý�]�YK`p]�|D]�öJo�T¸|8]�YMTÐ`a�K�2o�T¸|�|8ö�
�`p[%T�U�T��dT�[^]��
��YMT~`a�M�2o!TV|!|Hö�
K]!YMT��,+.-åT�U�T��dT�[^]>ö�
{�K`Å]!`pú�]:ýFWLT/� �~ZXU�U2ü{T~|D]�öJo�T¸��Z�[�]!YMT0�!+.-8U�ZX[KT�`a[K�&�1+.-
ûgöaU��	�d[ � �8[ ]!YMT�|DTV[K�2Z�[	��WMo�ö2û�TV|!|DöJoVl^ô,SåS �4��\M\�|:]!öao!TV|�]�YMT�`a�K�2o�T¸|�|�TV|�ö�
H]�YMTå[Mö2�2TV|
]�YK`p]4YK`-�aT�`pU�o!TV`a�Mý ü{TVT�[ �FZ�|�ZX]�TV� üFý ]!YMT�üMo!TV`J�F]�Y2úÍÿKok|:]4|�TV`ao!ûkY<lM`a[K�¢]�YMT�`J�M�2o!TV|!|DT¸|�ö�

]�YMT�ûkYMZ�U��2o!T�[þö�
4]�YKT�ûg�Ko�o!T�[^]�[KöF�MT�����YMTV|�T�`J�M�2o!TV|!|DT¸|�`po!T¢�K|�T"
u�KU 
uöJo�`Jû�ûgT¸|�|�Z�[	��]�YKT
[MT"�F]�[Mö2�2TdZ�[%]!YMTd[MT"�F]�|D]�TVW%ö�
']!YMT |DT¸`pokûkY � �8[%]!YMTdo�T¸ûgTVZ��FZ�[	��WMo�ö2û�TV|!|DöJoVl{]�YMT ô8S4ú
S �4��\M\%`po!o!`Çý Z�|å�K|�TV�n]�ö�|D]�öao!T�]!YMTÐ`a�M�Mo�T¸|�|8ö�
á]!YMTd[MT��~U�ýn`pU�U�öFûV`Å]!TV�n[KöF�MTV|�� ��YKTV|�T



`a�M�2o!TV|!|�TV|�`po!T¾�K|DT�
u�MU�]!ö�o!TV|D]�öJo�T8]�YKT�UXZ�[Mø2|��

� � ��é � Zq|'`�] �'öaú¶�2Z��dT�[K|�Z�öa[K`aU{`po!ok`Çý�]�Y{`Å]~û�`po!o!ZXT¸|�]�YMTåU�ö��aZqû�`aUKo!T�WMo!TV|�T�[^]k`Å]�Z�öa[Ðö�
<]�YKT
�2ýF[K`��dZqû �K`Å]!`pú¶|D]�o!�Kûg]��Mo!T��k!'öa�MWKUXT¸� �~ZX]�YEô,SåS �4�'\M\�l�÷<ò�����\ TV[K`püMU�TV|�]!YMT�o�T¸ûgöa[Mú
|:]!o��Kûg]�Z�öa[�ö�
M]!YMT��K`Å]!`pú¶|D]�o!�Kûg]��Mo!T��¸��`aûkY�UXZ�[MT�ö�
{÷Nò�����\�û�öao!o�T¸|DWLöa[{�M|�]!ö8öJ[MT��K`Å]!`pú�]:ýFWLT
`p[K��Zq|å�2TVû�ö��dW{ö^|DT¸��Z�[J]!ö�|�UXöa]!|8ûgöa[^]k`pZ�[MZX[$��`a| �Ð`p[Fý�ZX[^]�T��aTVo!|8`a|~]!YMT�o!T�`ao�T�W{öJZX[^]!T�ok|

uöao8` �aZ��aT�[n�K`Å]!`pú�]:ýFWLT�� ��YMTV|�T�|�UXöa]!|8|:]!öao!T¾]�YMT�U�`aü{TVU�|%�aZ��aTV[�]!ö ]!YMT�ûkYMZ�Uq�2o�TV[�ö�
áT¸`aûkY
[Mö2�2T�ö�
H]�YK`p],�M`Å]k`ÅúÍ]:ý^WLT��

�Mo!ö���ô,�2]�ö^mn`pW<lHô4�2]!öJ÷<Z�[Mø%ø^[Kö��4|å]�YMTÐ[F�	��ü{TVo�ö�
�W{öJZX[^]�TVo!| 
uöJo�` �aZ��aTV[6�M`p]!`pú
]:ý^WLT��^]�YF�K|d]!YMT |�Z �VTnö�
¾]�YKT |DU�öp]�� `p[K� ]!YMT�Z�o ]:ýFWLTV|�� �MöJo Z�[K|:]k`p[Kû�Tal�]�YMT �K`Å]!`pú�]:ýFWLT
| �^�K`ao�T�û�öa[^]!`aZX[K|~]�YMo!T�T�WLöaZ�[^]�T�ok|"^{]�YMT�ÿKo!|D]~] ��ö W{öJZX[^]!T�ok|4`po!T�W{öJZX[^]!T�ok|�]�ö¢�K`Å]!`pú�]:ýFWLT
ûgZ�o!û�UXT~`p[{��]!YMT�]�YKZXok�döa[MT�WLöaZ�[^]!|�]!ö¾]�o!Z�`a[	�aU�T~�M`Å]k`ÅúÍ]:ý^WLT��a\2ZX[Kû�T�]�YMT,[Mö2�2TV|�ö�
{]!YMT,|!`��dT
�M`Å]k`ÅúÍ]:ý^WLT8`ao�Tå|:]!öao!TV��]!ö��aT�]�YMTVo'Z�[ ]!YMT¾|�`���T8UXZ�[MTåö�
N÷Nò�����\0l^]�YKT8o!TV`J�2ZX[$��ö�
H`�UXZ�[MTåZ�|
ûgö��dWMU�Tg]!TV�%üFýn`�|D]�TVW T��^�K`aU�]�ö�]�YMTÐ|�Z �VT�ö�
�]�YKT�|�UXöa]%
uöJoå]�YMZq|��M`Å]k`ÅúÍ]:ýFW{T�� ��Y{`Å] ��`ÇýJl
ô4�2]!öJ÷<Z�[Mø%ø^[Kö��4|å]�YMT �M`p]!`pú�]:ýFWLT�ö�
']!YMTÐT�U�T��dTV[J] � �~YMöJ|�TdU�`aü{TVUáZq|�ûg�Mo!o!T�[^]�U�ýno!TV`a� �
�Möao¢ZX[K|D]!`a[KûgTJláZ�[ ÿ��a�Mo!T �Ml�ô,�2]�ö^÷<Z�[Mø øF[Mö��4|�]!YK`Å]Ð]!YMT �M`p]!`pú�]:ýFWLT ö�
8]!YMTnTVUXT���TV[^]
ûgöao!o!TV|�W{öJ[K�2Z�[	�d]�ö¢]�YMT �Ç`aUX�KT�o�T¸`a��Z�[�]�YKT�|�TVûgöJ[K��WLöJ|�ZÖ]!ZXöJ[�ö�
>]!YMT�ÿKok|D]8U�ZX[MT�ö�
á`po!ok`Çý
÷<ò�����\6Zq|�`�û�ZXokûgU�T�� ��YMT �Å`pU��MT Zq|�]!YMT Uq`püLT�U�ö�
�]�YMT TVUXT��dT�[^] �uYKT�o!Td]�YMT �Ç`aUX�KTÐZ�|
 �� �
��YMT�o!T"
uöJo�T ]�YKT�T�U�T��dT�[^]Ð]�Y{`Å]¢Zq|Ð`aûg]��K`aUXU�ý�o!T"
uTVo�o!TV��]�öþZq|d[Mö2�2T � �q�EZÖ]!YC]�YMT�Uq`püLT�U
�Ç`aUX�KTal<ô4�M]�öJ÷NZX[Kø�ø^[Kö��4|8YKö�� ]�ö 
uTg]kûkY%TVUXT���TV[^] � ��ô4�M]�öJ÷NZX[Køno�T¸`a�M|8]!YMTÐ`a�M�2o!TV|!|8ö�

T�U�T��dT�[^] � Z�[þô,SåS �4��\M\6Z�[%]!YMTÐU�ZX[MT û�öao!o�T¸|DWLöa[{�2ZX[$�¢]!ö�]!YMT �M`p]!`ÅúÍ]:ýFW{Tdö�
�TVUXT���TV[^]
� `a[K� ZX[�]!YMT�ûgöJUX�$��[��JZ��JT�[�üFý ]!YMT�Uq`püLT�U �Kò­[�öa�Ko4T"�M`��dWMU�Tal{ZÖ]8o�T¸`a�M|�]!YMT�`J�M�2o!TV|!|�ö�

[Mö2�2T��(ZX[ ]�YKT�|DT¸ûgöa[{�¢U�ZX[KTalK|�TVû�öa[K� ûgöJUX�	�d[�ö�
�ô,SåS �,�'\M\ �

� � � í{î �
�*) é ^�]�YKT�U�ZXüKo!`ao�ý6[MT�T¸�M|d`�]k`�� �ã`pUq|�ö%û�`aUXU�TV� �d`ao�ø	��]�ö6ø^[Kö�� Z 
8`a[
öaü �:T¸ûÁ]4YK`J|4`pU�o�T¸`a�2ý¢ü{TVT�[�]�ok`-�aTVo!|�TV���2�Mo!ZX[$�d]�YMT�üMo!TV`J�F]�Y ÿKok|D]8|DT¸`pokûkY �2ô YK`J|DY ]!`aüMU�T
Z��dWMU�T��dT�[^]k|�]�YMT¾]k`����

����
 � V �LíKî�x ��	 S�ð
� ê)w�ïox�w � � ë]w � S x y �Y���'�)��� ë� �êFð � �MöaU�U�ö��4|�`�YMZ��aY�U�T��JT�U<`pU��aöJo�ZX]�Y$� �

�������
	���
�����������	������������
����������������	������! 
	���
�����������	
���
��"�"�#���$�$
�&%�����'(	!��
��������!��	
�&)�*+��,�	�
�*�	���	
�!��	�	�,�	.-/	���
��0
��01�������
(�����������
�2��#�	���3�*43�5�����	���
����!��	������������
�2�6�����0������	�����
��0
��87���9�:����
�2�<;! �7���9�:��������= �5�,�,?>@��	�����7���9�:����
�2�6A����
��,�,
3�*���,�����	!�4�� �3�5�����	���
�������	
�2�2�B;! (3�*+��,��
����	��C����

	�D����!

�2�2����*�	�����������E09!F+;�G�"H���0G+;���:�$
�2�2�&��,���	I�<;� (3�*+��,!��*����8����
�J�	�	!�=-K����'�	��
�2�2� �6��*�	��L�6�����(3�*+��,��4�����������
�2�2� � �6��������������	������� �3�*+��,������
��"�"�#���$�$
�2�2� � ��%�����'H3�*���,���������	
�2�2� � �6�����(3�*+��,��(,��!J�	�,
����G+;M��:�$



�2�2� ����,���	������(3�*+��,!��,��!J�	�,�����G+;M��:�$
�2�����0
��8��	�D�
(�����������
� $�	�����,����!
�7���9!:����
� $�	�����G�;���:�$
� $�	�������	� �	���	!�+3�	��
�� (;M�+�!
�����,�E!J���	�3!


) ê)yaê)x �]x�w � � ë]w � SZx y �Y�I���)��� ë� �êFð � (4Z��aY�UXT��aTVU<`pU��aöao!ZX]�Y	� 
uöJo~o�T¸ûgTVZ��FZ�[	� �

�&)�*+��,�	8-/����	07���9�:�����
��0��	�3�	��!1�	
�2��#�	�3!	��!1�	�7���9�:����
�2�6A�����	���3�*�	�,�	M-/	���
4����7���9�:����
�2�2�69���	���
�	
	�,�	M-/	!��
4���=-/	.-K�����
�2�2�������(��������	������! (3!��	��!
�	���	�,�	.-/	���
4������"�"�#���$�$
�&#�	�3�	���1�	�G+;���:�$
�&#�	�3�	���1�	���	� �	���	��+3�	����! �;��+��
�����,
E!J���	�3!

��A����
	���3�*�	�,�	.-/	���
(�� 0G+;���:�$
�2�<;! �1���,!5�	
�! �G+;���:�$
���8��E=9�F+;�G�"
�2�6��*�	!�43�*+��,!����	� �	�����	���J��0G+;���:�$���	� �	����8
��=����	�,�	M-/	���

�2����,��!	�3�*+��,!����	� �	����0
��
3��!����	�3!
�	�,�	M-/	���
(���
��"�"�#���$�$
�&#�	���5�,!
4����;��+��
�����,�E�J���	�3!
����!
�*
��	�3!��	���
�	��(,�����'+�

� P�9<"M�k�á"{&�/>+8.09N� I'1M)8?~B

��YMT�o!T `ao�T [Kö W{TVo�
uöJo �Ð`a[KûgT o!TV|��MUX]!| ýaT�]�� S8`p]!` �~Z�U�U üLT `-�Å`pZ�Uq`püMU�T

uo�ö�� ]�YMT �4òD\	� \2û�ZXTV[J]!ZÖÿLû ô,WMWMU�Z�ûV`Å]!ZXöJ[K| \F�MWMWLöao�] ñáo!ö �:TVûg] �6T�ü WK`��JT
�~+�()(0b	� � � s:s)s N $,(I1ON &�$3[�( N 4�2�� � 5T$ ��

�:f � [3-.[,4 � � � ��YMT 
uöaU�UXö��~Z�[	� T��FWKU�`aZX[K|ùYMö��
]�YMT��2T¸|DZ��a[ Zq�2TV`J|~`po!TåöJW2]�Z��dZ �VTV�+�


]��� � ê)S í{îÇë � ê^î��¶íKî�S � w yaê

��ð¸ê í�� � �nx w	��� ����ê^î � Q�TVû�`a�K|�T%ô4�M]�öJ÷NZX[Kø ��`J|
�~o!ZÖ]�]�TV[ Z�[ !8l�]�YKT �dT���öJo�ý
ö��aT�o!YMT¸`a� �JT�[MTVo!`p]�T¸�nüFý%ô,�2]�ö^÷<Z�[Mø%û�öa�MUq�6ü{T �2T¸ûgo!TV`J|DT¸�nüFý)�JTg]D]!ZX[$��o�Zq� ö�
�÷Nò�����\ �
!'�Mo�o!T�[^]!UXýJlK`d[Mö2�2T�Zq|4ûgöJWMZ�TV��Z�[J]!öd]�YMT��M`Å]k`düM� I0T�o �~ZX]�Y�ZX]!|8`aûg]��K`aUN�M`Å]k`ÅúÍ]:ýFW{T��Ð`a�MT
�MW�ö�
K�K`Å]!`8`p[K��W{öJZX[^]�TVo!|��Vm ñáò<�M`p]!`ÅúÍ]:ýFW{T¸| �JT�[MTVo!`p]�TV�¾üFý�ô4�M]�öJm `pW�öJ�2]Hö�
2]�YMT�`aûg]��K`aU
�M`Å]k`ÅúÍ]:ý^WLTV|'`po!T~�K|�TV� `J|�`�WK`ao!`��dTg]�TVoáZ�[Ð]�YMT8|DTV[K�2Z�[	��`a[K�do�T¸ûgTVZ��FZ�[	��WMo!öFû�TV|!|�l^|Dö�]�YK`p]
ZX[ ]!YMT¢o!TVû�T�Z��^Z�[	��TV[K� ]�YKT¢�M`Å]k`ÅúÍ]:ýFW{T ö�
�]�YMT¢|D]�o!�Kûg]��Mo!TV|�o�T¸`pU�UXö2û�`p]�T¸�6û�öao!o�T¸|DWLöa[{�n]!ö
]�YMT�mnñ�ò'�M`p]!`pú�]:ýFWLTV|�o!TVûgTVZ��JTV�+�
\FZX[{ûgT ! `aUXU�ö��4|>]!ö�ûV`a|D]�`�WLöaZ�[^]�TVo'Z�[^]�ö�`a[ Z�[J]!T��JT�o¸lp]�YKT8Zq�2TV` �'öJ�MUq�Ðü{T,]�ö��K|�T4]�YKT

|DWK`JûgTÐö2û�û��MWMZ�TV�6üFýn]!YMT WLöaZ�[J]!T�ok|�Z�[%]!YMT¢�M`p]!` 
uöJo�|:]!öao!ZX[$��]!YMTÐU�ZX[Mø6Z�[ 
uöao �Ð`Å]�Z�öa[þ`J|
ZX[^]�T��aTVo!|�����YMT4WLöaZ�[^]�T�o �Ç`aUX�KTV|.��öa�MUq��ü{T,�K|DT¸�Ð`a|>Uq`püLT�Uq|����8[MT#��öa�MUq� 
uöaokûgT !�W{öJZX[^]!T�ok|
]�önüLT¢o!TVû�ö��a[KZ �VTV�%ü^ý mnñ�ò¾`J|";)<>=M?�NI@
��=,J:@)P)L.?3GIH3@�J$�	�áTg]�]!YMZq|�ûV`a|D]�Z�|�[Möp]�`aUXU�ö���TV�
ZX[6|:]!o�öJ[	� ]:ýFWMZ�[	�¢Uq`p[$�a�K`��aTV|�����Y{`Å]�\ | �~YFý��'T�YK`-�aT�ûkYMöJ|�T�[�]!ö�øJT�TVW�]�YMT'�dTg]!YMö2�%`J|
�aT�[KT�ok`pU�`a|�WLöJ|!|DZ�üMU�T��



�q� � � ô ]!`��¾Z�|á|�Z����MUq`Å]!TV��üFý�]�YKT4�K|�T�ö�
<` (8`a|�Y �H`aüMUXT�]!ö�`-�aöJZ���YK`-�FZX[	�å]!YMT4�K|�T�oá`J�M�
öa[MT�ÿKT�Uq��]�ö¢]�YMTVZXo¾�M`p]!`Åú­|D]�o!�KûÁ]!�Mo�T¸|,y��Lô*]!`�� ZX[{ûgU��K�2TV� ZX[n]�YMT��K|DTVoå|D]�o!�Kûg]��Mo!T ��öa�MUq�
YK`-�aTåü{TVT�[ �dT��döao!ý¢û�öa[K|��	�dZX[$�KlM|�ZX[Kû�T�ZÖ]4Zq|��K|�TV� öa[KUXý öJ[KûgT��

��YMTÐWM�Mo!T (,`a|�Y �H`aüMU�TÐW{TVo�
uöJo �Ð`p[{ûgTdZ�| ��ö^|:]!UXý%�2Tg]!T�o ��Z�[MT¸� ü^ý ZÖ]k| (~ú 
u�M[Kûg]�Z�öa[<l
`p[K��T��JT�[ �döao!T8üFý¢ZX]!|~|�Z���Tal$�~YMZ�ûkY Zq|4ûgöJ[2ÿ$�a�Ko!`aüMUXT��

��ð¸ê�í%� � � y �Lê � ð � ��YMT¾|�T�[K�2Z�[	��WMo�ö2û�TV|!|�T���WKUXöÅý2|áW{`aûkøaT�]!|�]�ö��2]�Z�U�Z �VT%�dT��döJo�ý��döao!T
T"� ûgZ�T�[^]�U�ý�����YMT�|DZ���T�ö�
N]�YKT�WK`aûkøJTg]!|�Zq|~ûgöJ[2ÿ$�J�Mo!`aüMU�T��


]��� � x�S ê � ê^î��¶íKî�S � w yaê
��í�w ) ê)y@�NîÅð'x �{ê � î � �{ê^îÅð � V � ��YMT,ô,U��Jöao!ZÖ]!Y	�*�2T��aT�U�öaWLTV��]!ö�Z��dWMo!ö��aT']�YMT4]�ok`-�aT�ok|!`pU
WK`po�]~Z�|~ü{`a|�TV��öa[�`p[ ò¶]�T�ok`Å]!Z��JT"Q'o!TV`J�F]�Y���ZXok|D]4\2TV`pokûkY�ô4U��aöao!ZX]�Y	� �

� �{ê^î�V �  R íTSZS � w x y �I� xãíTw�� R í�SZ � ����� xãíTw � �,öa[ üKUXö2ûkøFZX[$� ûgö��'���M[MZqû�`p]�Z�öa[
Z�|~�{|DT¸�

uöJo~]�YKT�|DTV[K�2Z�[	�Kl{|Död]!YK`Å]~]!YMT�]�ok`-�aTVo!|!`pULö�
�]!YMT��2ýF[K`��dZqû��M`p]!`Åú­|D]�o!�KûÁ]!�Mo�T¾û�`a[
ü{T�ûV`po!o�Z�TV�¢öa�2]&�~YMZ�U�T�mnñáò'YK`p[K�MUXT¸|�]�YMT�|�T�[K�MZX[	�dö�
�WK`JûkøaT�]!|��

#%��+,.���),�F-:�'+

ô4�2]!öJmn`aW `p[K�þô,�2]�ö^÷<Z�[Mø6`ao�TÐ�{|DTVoDú 
uo�Z�T�[{�2UXý ]�öFöaUq|¾]!YK`Å] �Ð`aøaTd]�YKT��2T��aT�U�öaW$��TV[^]�ö�

mnñáò¶ú¶üK`a|�TV� `pWMWMU�Zqû�`Å]!ZXöJ[K|�TV`a|�Z�T�o���ô,�2]�ö^mn`pW �2o!`��Ð`Å]�Zqû�`aUXU�ýE|DZ��dWMU�ZÖÿKT¸|�]�YMT ûgo!TV`p]�Z�öa[
ö�
8mnñ�ò��M`Å]k`ÅúÍ]:ýFW{T¸|��Hò¶]d|�Z��dWMU�ýþ[MTVTV�M|�]�ö6o�T¸`a�6]!YMT��{|DTVoDú­�2Tgÿ{[MTV� !(�K`Å]!`pú¶|D]�o!�Kûg]��Mo!T
`p[K�%]�YKT�o!T"
uöao!T'��Z�[MZ��dZ �VTV|¾]!YMTÐZX[^]!T�o �aT�[^]!ZXöJ[)
uo!ö��A]!YMTÐ�K|�T�o��<ô4�2]!öJ÷NZX[Mø%YK`p[{�2UXT¸|¾]�YKT
]�ok`p[K|�
uT�o~ö�
N]�YKTV|�T��M`Å]k`ÅúÍ]:ý^WLTV|�Z�[�`Ð|:]!o!`aZ��JYJ] 
uöao ��`ao!����`Çý��
ô4�2]!öJmn`aW `a[K��ô4�2]!öJ÷<Z�[Mø `po!T��{T"�2ZXüKUXT�`a[K� W{öJoD]k`püMU�Tå]�öFöaUq|�]�Y{`Å],û�`a[�o!�M[�öa[�`a[^ý

mnñáò¶ú¶T�[K`aüMU�TV� WMU�`p]�
uöJo � �kQ�ý�o!T��dö��FZX[$� ]!YMT�ü{öa]�YMTVo!|�ö��dT�ûgö��dWMUXT��2ZÖ]:ý ö�
¾m ñáò�WKo�öaú
�aok`����dZX[	� 
uo�ö��*]!YMT8�{|DTVoVla]�YMT¸|DT,]�öFöaUq|�TV[K`püKUXT~]!YMT¾�2TV|�Z��J[Ðö�
 �döao!T,û�ö��dWMU�T"� `pWMWKUXZqû�`pú
]�Z�öa[K|��

� 9N�!9N"M9N+,.09H�
� À Æ�� ¬­¬:� ¹¸� Ë��V¬­¬­©«� ¹�� �Å® � � ± � �k� � � �:· �³Å®­® ¼{½ ¿¸¿ ²>²>²~À ��¼ ©¯â ±�� �:· � À � � ¹Å¿ ´ �Å� ¬ ¿ ´ �Å� ¬kÀ ³Å® ���
� À ¦ ��� � � Æ À2� � � � � » �V· � ��� � ´a©X´p°p�V³ É ��� ¹ ¬:� � ���F´ Æ�� ¬­³ �8Î À ¦ · ¹¸� �^¬¶® � ©«� ½ ¥ ��®D� ¤ ®­�:· � â®:·J� � ¬>¨'¬­©«� ¹ ×'ÀFË<� � �Å®:© �k� ��� �«�
	 � Ã¸Ã���

� À º © �«� ©Ö� ��� � �¸¼J¼ � £ ²á©«� ¹�É ·^¬­Ê��V�^´ ¦ �p®:³ � �Å° ¤ Ê ÌÍ�k�«� · �5½ ¨�¬­©«� ¹¾Æ Ë �D½ Ë � �­®D� »^�«� Ë����D� �«�Ö�!�Ë<� �V¹ �D� ��� ©Ö� ¹ ²á©¯®:³d®:³ �8Æ�� ¬­¬:� ¹¸� â�Ë��V¬­¬­©«� ¹�� �p® � � ± � �!� ÀM��³ �8Æ�� � Ë�� � ¬­¬k�K×�� �å» �:©Ö´ ¹¸� � Æ ¦
	 � ÃVÃ���


�aÀ��¾À �8À Î À��N�:© �k� ©«�^Ê2� £ À�×'À���� � ���F´n�V�^´ Î À £ À ¥ � ªV�V� � ° ½ ¦ ·a® �ÇÉ ©Ö�JÊ ½ ¦ � Æ Ë �4É © » �D���­°
±q� � ¤ � �^´J©«� ¹ ���F´�¡ �k�k� ©«ªp©«� ¹ ¥ °a�F� � © � ¥ �g®D� ¤ ®­�:· � ®:·J� � ¬kÀ � �Å® � �:�F�g®:© � �F� � × � � ±�� � � � �k��� �Ë����D� �Ö�«�k� × �¸��¼ ·a®:©«� ¹ �^¨��J©Öª � �:¬­©¯®Í° �V±HÆ ©«�^� � ¬ � ®D� ¤ · ¼2� � �k�V��¼ ·a® � � � �J¬¶®:©¯®:·J® ��	 æ � ® �V»2� � � â��
� ÃVÃ���

  ��� ® � � � ¬ � ®:³^��®á®:³ � �V´^´J©¯®:© � � ��± ���Ð©«�^©¯®:©Ö� � ©«ç � ´ ª¸� � · � ® � ��¬¶®­�:· � ®'©Ö¬�© ��¼2� ¬­¬­© »^�«� ©«�¢×'�2¬ �®:³ � ·^¬ �~�V± �8®D� ¹ ©«�^¬­©Ö´ � ®:³ � × ¬¶®­�:· � ®>² � · � ´�³F�Áª � ® �å»2� ©Ö�J©¯®:©X� � ©Öç � ´ » °�®:³ � ·^¬ � �ÁÀ



ÄÅÀ ��� �k� ��� ���F´�®:³ �4É ��� ¹ ·^� ¹V� æ »pÌ¶�!� ®:¬ É © » �D���­°�¡ ��±q� � � � �k� � ·^©Ö´ � ÀM× �V��¼ © �«� ��¡ � ¬ � ·J� �k� ¬k�
� �V¼ Êp©«�p® � �{� Æ ¦ 	 � Ã¸Ã���


�þ"K3á/>+,-���/�1M-:�'+,�

� � � � �
�,`p]�Z�öa[K`aU�ò­[K|:]!ZÖ]!�2]�T�ö�
�\F]!`p[{�M`pok�M|~`p[{� �HTVûkYM[KöaU�ö��aý
�%TVü�WK`��JT ^KYJ]�]�W]^ � ���#�#��� [KZ�|D]�� �aö�� �

� )��� � �� � � �
�%TVü�WK`��JT ^KYJ]�]�W]^ � ���#�#��� U�öao!Zq`	� 
uo �ÅT��^�MZ�W{T¸|��Åo�T¸|DT¸�M`a| �

� � �ê)V �ê)yaíTS � � �
�¢_T�U�_T¸ûgö��5ò­[K|D]�ZX]��M]��,`p]�Z�öa[K`aU<�2TV|#��_TVUg_TVûgö������M[MZqû�`p]�Z�öa[K|
�%TVü�WK`��JT ^KYJ]�]�W]^ � ���#�#��� Z�[^]Dú¶T��Fo!ý�� 
uo �

� �Yw x �Lê^îÇð'x � ëCí%� � ��ê)w � ê
�%TVü�WK`��JT ^KYJ]�]�W]^ � ���#�#��� �M] �~[J]!T�� [MU �

@$-D�F.��:/>-�&�9N"

!'T�o�]!`pZ�[þûgö��'�dTVo!û�Z�`aUáWMo!öF�M�KûÁ]k|��Ð`Çý üLT¢Zq�2T�[^]�ZXÿKT¸� ZX[þöJo!�2TVo¾]�ö `J�2T��^�K`p]�TVUXý6|DWLTVû�Z 
uý
öao8�MTV|!ûgo!ZXüLT�]!YMT�|��Mü �:T¸ûÁ]%�Ð`p]D]�TVo8ö�
�]�YMZq| �'öJo�ø �Mò­[n[Kö�û�`J|DT��2öFTV|å|D�KûkY�Zq�2TV[J]!ZÖÿLû�`Å]!ZXöJ[
Z��dWMU�ýno!TVûgö�����TV[K�M`p]�Z�öa[6öao¾T�[K�Möaok|DT���TV[^]åüFý�]!YMT �,`Å]!ZXöJ[K`pU>ò­[{|:]!ZÖ]!�2]�TÐö�
�\^]k`p[K�M`ao!�K|
`p[K� �HTVûkYM[MöJUXö��aýJl�[Möao��Mö^T¸|�ZX]�Z��dWMU�ý ]!YK`Å]�]�YMTÐWMo!ö2�2�Kûg]!|�Zq�2T�[^]!ZÖÿKT¸�þ`po!TÐ[MTVû�TV|!|�`ao�Z�U�ý
]�YMT�üLTV|D],`-�Å`pZ�U�`aüMUXT%
uöao�]!YMT�WM�Mo!WLöJ|�T��


