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�Ä� ¯ j � �wr j � P � Õ �
Ée�°r j�~ È ����ÇÁÈ�¯ j � P � Û �

twsZ��o[v[t�¹�x�v*{Ho�¹���{�xzyÀy�t��rtwvDºØ�Ro[v[£¦��o[v[x�s Ì Ù[T±Ï Q Ñ �rq�v*� x�¡zor��x�s��
�Ä� ¯ j � �wr j � P � Ï �
Ée� ±¯ j �²¯ j+� �m��³Fu´¯ j �´³ � P ����¶e�P �µ±r j�~ È � ��ÇÁÈ�±¯ j � P ���r���Q �°r j�~ È �¶±r j�~ È � �m��³Fuv±r j�~ È ��³ � P ����Ér�

��|kx�y�x¯{�|kxN�¦��{Hy�t�§ ³ s�{HoryHx�s½{�|kxNyHt��et�vDºØ� oDvk£���o[v[x�s�ob}±{H|kxNsu{�yH��¡¢{��kyHx � Í {Hxz� É �bqRvPsu{�xz�Q¤yHx�s��Rx�¡Ã{�t��rx���£2x¢§[�kyHx�sHsK{�|�x*sux��©}ÝºØx���kt���t��kyHt��k�0or}Z{�|kx¿t�qkx�yu{Ht��²��oe�ev«ªY�bqRv,{�|kx¦}ë�e¡Ã{Æ{H|���{½{�|kxqkx�� Ú �bq�¡z�zoesK�ex�¡¢{�ory½t�sXZ¤ºmoeyu{H|kor�eorq��r��t��zx�vX��t�{�|�y�x�su� x�¡¢{Æ{�o²{H|kx¿yHt��et�v[ºm� o[v[£X��o[v[x�s �Y¼ |kxv[t�¾¿¡¢�k��{�£²t�sÀ{�|kx�qX{Ho*¡¢oe�����[{�x½{�|kx��r��or���r�YyHt��et�v[ºm� o[v[£¯��o[v[x�s±ob}�{H|kx�s�{Hy���¡¢{��kyHx ��´ x³y�x�¡z�r���{�|�x³�b���rx��ky��btw¡#s�£[s�{Hxz��t�qRv[��¡¢x�v¤�D£*{H|kx½v[�R�b� Í ¡�|���yB¡¢oe���k��x���xzq�{À��x¢{H|ko[v Ì K�T±Ï Q Ñ ª �rq�v²�pxqkor{�xÀ��t�{�|N�bq ��k�� s��k�Rx�yHsH¡¢yHt��[{�ªD�V�¦��{Hy�t�§¦oryp�½�rx�¡Ã{�oeyj����bq�{Ht©{�£¦�rsHs�oD¡zt��b{�x�v�{�oÆ{H|kx ks·�¸ �rt��rx�qs��k��su{�yH��¡Ã{H�ky�xe�
�º¹ ��»G¼ ¹ ��» ��½>¹ ��» �e¾ ¹ ��»�¿�À t�qªÁ ¹ ��» u }~ory k#��0uyxzx{xzu �F� u � P ��� P �

Â�ÃÄ ��Å È
¾ ¹ ��» ¼ ¹ ��» ��¶ oeqRÆ u � P ��� Q �



&�'()+*-,�.0/�'1&�*2*-3�)+*-4156'7&98+*2:-(;+<�&�*>=?.@3�4A.0B�(%8+/�B�81(7'1&DCE14+'+=F3G/%. H���I
��|kx�y�x�{�|�x¦�rx�¡¢{�oey#or} Ú �b�eyH�rqk�rx³�½�[{Ht��k��t�xzy�s À yHxz�kyHx�s�xzq�{�sÀ{H|kx�t�q�{Hxzy��r¡Ã{Ht�oeq'}~oeyH¡zx�sK� x¢{��>xzx�q{�|�x�s��k��su{���¡¢{��kyHxFÁ ¹ ��» ��t©{H| k½� �vusx{xzx{u ���K�r��oeqk�¦{�|�xzt�yBt�q�{�xzy�}ë�r¡zx@Æ
ª ¼ t�sÀ{�|kx�v[twsu�����e¡¢xz��x�qe{�rx�¡Ã{Hory�ª ½ {�|kx¯��o��rv[t�qk�¤�ex�¡Ã{Hory�ª��rq�v ¾ ¹ �´» t�s³�Xs�t��eqkx�v�� oDor��x��bqP���b{�yHt©§���|ktw¡�|���o[¡��b��t���x�s½�s��k��su{�yH��¡Ã{H�ky�xV����rqe{Ht©{�£¿{�o�{�|�xÆsu�k�Rs�{Hy���¡¢{��kyHxKt�q�{Hxzy�}ë�r¡¢x�Æ ¹ ��» �Å }j{�|�x��e��oe���b�µsu{�yH��¡Ã{H�ky�x�|��esBq�o Â t�yHtw¡�|k��xz{V�Roe�kq�vk�ry�£X¡zorq�v[t�{�t�orqRszªJt�{K��t������Rx¦¡¢oeq�s�t�v[x�y�x�v�rs1NRoe��{Ht�q�� ��Ö xzq�¡zxK{�|kxÆsu{�t�¥ q�x�sHs��¦��{�yHt�§¯tws�sut�qk�r�����ry±�bq�v¯{�|�xVy�x�s�{Hy�tw¡Ã{Ht�oeq¯or}.t�{Hs�yHt��rtwvDºm� o[v[£��o[v[x ¼ j t�q²x��r¡�|Nsu��� v[oe�¦�bt�qN�exzyHt©¹Rx�sp{�|kxK}~oe����o���t�qk��y�x����b{�t�orq�s��

� ¹ ��» ¼ ¹ ��»j �¬¶ t�qªÁ ¹ ��» u }~oey kB� �vuyxzxzx{u � � u � P ��� L �
Â�ÃÄ ��Å È
¾ ¹ ��»G¼ ¹ ��»j ��¶ oeqRÆ x � P ��� Ð �

Ú xz{#�Rs±{H|kxzq,t�q�{Hy�o[v[��¡zxÆ{H|kx�¡zorqD�rx�q�{�t�orq¤ob} K �byH|��b{#�bqRv T or�k§ Ì K�T±Ï Q Ñ ª {H|kx½}~oe����o���t�qk�¿qkx������bq�{Ht©{Ht�x�sz�
Ç ¹ ��» � ¾ ¹ ��» ³ ¹ �´» �bq�vÈÇ � Ì Ç ¹ÝÈ » xzx{x Ç ¹ Â�É » Ñ u � P ��� Õ �

��|kx�y�x½{�|kx��¦��{�yHt�§ ³ ¹ �´» s�{HoryHx�s�{H|kx�y�t��rtwvDºØ�Ro[v[£²��o[v[x�sBob}
{H|kx³s��k��su{�yH��¡¢{��kyHxFÁ ¹ �´» �RÅ q,su�R¡�|�7s�t©{H����{Ht�oeqÁª±{H|kxPqD�k�³�Rx�y2or}�N�oe�b{�t�qk��s��k��su{�yH��¡Ã{H�ky�x�sª��Ê�ª#t�s'x�����b�½{�o¬{H|kxPqD�k�³�Rx�y2or}s��k��su{�yH��¡Ã{H�ky�x�s-� � �rq�v�Ç)v[oDx�s«qkor{Y|��Ä�exµ}~�k����¡¢oe���k��qVy��bqk¸JªÃ{H|D��sY�±s�x¢{Áor}[qkorqk��xzyHo±¡¢oDx¢¾¿¡zt�x�qe{Ë xz§[t�su{Hs�s���¡�|N{�|��b{��
Â�ÃÄ��Å È
¾ ¹ ��» ³�¹ �´» Ë@¹ ��» �7¶ orq�Æ x � P ��� Û �

¼ |ktws�x������{Ht�oeq®t�������t�x�s³{�|R��{�{�|kxNy�t��rtwv®v[tws��k���e¡¢x���x�q�{½¹�x���v¨v[x¢¹�q�x�v®�D£ ³ ¹ ��» Ë ¹ ��» t�q¨x��e¡�|s��k��su{�yH��¡Ã{H�ky�x²tws¿¡¢oeq�{�t�q���or��s¦�e¡¢yHoesHs½{H|kxXs��k��su{�yH��¡Ã{H�ky�x¤t�q�{�x�yu}ë�e¡¢x¤�bq�v)sH��{Ht�su¹�x�s¦vkx¢¹�qkt�{�t�orq� P ��� L � ª¿ory¬t�q$ob{H|kxzy7�>ory�vks�ª�{�|kx�Ì�Í{Î0Ï
Ð�Í¿yHt��et�v[ºm� o[v[£Ü��o[v[x�s�¡z�rq�� x xz§D��y�x�s�s�x�v��rs7���t�qkx��byP�ry�y��bq��rxz��x�qe{�ob}N{�|�xÑÍ{Î�Ò�Ð�ÍVy�t��rtwvDºØ�Ro[v[£ ��oDvkx�s �ÆÅ {¨¡z�rq � x�s�|ko���q Ì Ú ¼ Ï ¶ Ñ {H|���{�2Ó�Ô[� Ç �)� �cÓsÔ[� Ç � Ç � ª �bq�v*{�|�xzq Ë tws��b�ws�o�s�or���[{Ht�oeq¯or}Y{�|�xK}~or����o���t�qk���kyHor�k��xz�²�
Ç � Ç Ë �¬¶ ��|kxzyHx Ë��'�wq�Ë ¹ÝÈ »�¿ usx{xzx{u#Ë ¹ Â Ã »�¿ |0u � P ��� Ï �

��|ktw¡�|��ky�o��Dtwv[x�s¤�rqx��esu£7�Z�Ä£¬{Ho�¡¢oe�����[{�x�{H|kx®�¦��{Hy�t�§ Ë³�À¼ o7s�or���rx��kyHor�k��xz� � P ��� Ï � ª�¦��{Hy�t�§DÇ � Ç]�½��su{��RxV�es�s�xz�³�k��x�v¦{Ho�¡zor���k�[{HxVsut�qk�r�����ry�t�{�t�x�s � Ú x¢{���sZqkor{�x#{�|R��{Z{�|kxV¡zoe�by�s�x�kyHor�k��xz�ÕÇ � Ç)t�s�{H|kx>sH�b��x>�rs��ky�x��Dt�oe��su��£#��|kxzyHx
{H|kx>vkx�¡¢oe���Ro�sut�{�t�orqÆt�q�v[�R¡¢x�s.s�or��xÖN�o���{Ht�qk�� �FÊ�×Ø� � � s��k��su{�yH��¡Ã{H�kyHx�s�ªb�k�[{p{�|kx±oey�t��rt�q��r�[�ky�oe�k��xz� t�s��>xz����� oes�x�v � K t�qR�b����£eª�{�|kxBy�x����b{�t�orq�s� P ����¶e� �bqRv � P ����Ér� �ry�xKyHx�s��Rx�¡Ã{�t��rx���£¦yHxz�����e¡¢x�v¯�D£J�
±¯9¹ �´»j �A¯9¹ ��»j �cÙ ³�¹ ��» Ë@¹ ��» ��t�{�| Ù � Â ÃÄ �´Å È

�m�§¹ ��» ³�¹ �´» Ë@¹ ��» u´¯�¹ ��»j � � P �ÊÉb¶e�
±r ¹ ��»j�~ È �Ú±r ¹ ��»j�~ È �cÙ ³�¹ ��» Ë@¹ ��» ��t�{�| Ù � Â ÃÄ ��Å È

�m�§¹ ��» ³�¹ ��» Ë@¹ �´» u0±r ¹ ��»j�~ È � � P �ÊÉ[���



H��s� /�(;�.��A&@�*�4c�*
Û «
hpiki�¨�a�arl�Ü>¨Ø£�l�f�g.c�¤sg7_YajgÈ«
lmg7¨�a
¼ |kxÆ��y�x�sux�qe{Hx�v¯{�x�¡�|kqktw��kxÆ|��es��Rx�xzq'�rq��b��£D�zx�v¯�D£ Í �r�ev Ì Í �e� Û�Õ�Ñ ª �bq�v²�b���k��t�x�vN{Ho¿t�����y�o��exs��k��su{�yH��¡Ã{H�ky�x,���esux�v7t�{�xzy���{Ht��ex,s�or���rx�y*}~oey¤v[t©¥JxzyHxzq�{X�b���k��tw¡z�b{�t�orq�s Ì K n Ï�L�Ñ*Ì T ¼�Â Ï0L�Ñ ��¼ |kxv[oe���rt�q,v[x�¡zor��� oes�t©{Ht�oeq2��x¢{H|ko[v'��x��evksB{�o¤�bq2t�q�{Hxzy�}ë�r¡¢x��kyHor�k��xz����|kt�¡�|2t�sVs�or���rx�v¤{H|��bqk¸[s{�o¦�¦¡zorq����k����{Hx#�eyH�ev[t�xzq�{>��xz{�|ko[v �

Ý À �lÞ�u � Q �ÊÉrÉr�
��|kx�y�xcÝ tws¦{H|kx't�q�{�x�yu}ë�e¡¢xXoe�Rx�yH�b{�ory �j¼ |kx2¡¢orq����k�e�b{�xX�eyH�ev[t�x�q�{*�b���roryHt�{�|k���rx�qkxzy���{Hx�s¿�rqory�{�|�or�roeq��b�³���rs�tws'}~oey,{�|kx Ó y�£D��o��su�k�Rsu���e¡¢x�i[ß �¶knm9o�p
�à¯�t�u Ý ¯�t0uyxzx{xzu Ý ß ÇÁÈ ¯�tÄ� ªV��|kx�y�x¯ t �áÞ � Ý À t t�s½{�|kxNt�qkt©{Ht��r�pyHx�s�twv[���b�mªµ�bq�v À t �bq®t�qkt�{�tw�b�Z�r��x�sHs � Ú x¢{���s��rsHsu����x*¸�q�o���q{�|�xFâ¯¹�y�s�{#sux��by�¡�|²vkt�yHx�¡¢{�t�orq�s�ªk{H|��Rs�{�|�x³�b���ky�oÄ§[t��¦��{�xÆs�or���[{Ht�oeqX��{±{H|kx � â � ����·�¸ t©{Hxzy���{Ht�oeq¡z�rq¯� xVx¢§[�kyHx�sHs�x�v¯��£J�

À ß#~ È � À t �
ßÄ ã Å È
��Þ � Ý À t unä ã �� Ý ä ã unä ã � ä ã x � Q �ÊÉ P �

S {*x��r¡�|)t©{Hxzy���{Ht�oeq×or}K{�|kx Ú �bq�¡z�zo�s¦�b���roryHt�{�|k�²ª�{H|kx'sH�b��x¤t�q�{Hxzy�}ë�r¡¢x¤��y�oe�k��x���|��es�{�oP�Rxs�or���rx�v¯��t�{�|¤��qkxz��y�t��r|�{uºØ|��rq�v¯s�twv[xr�
Ý À � ��Þ � x � Q �ÊÉ Q �

¼ |kxÆt�q[}~oey��¦��{Ht�oeq �åm È sux��by�¡�|Nv[t�yHx�¡Ã{Ht�oeq�sÀ¡zor����x�¡Ã{Hx�v � }~yHor� {�|kx³suoe���[{Ht�oeq²ob}µ{�|kxÆ¹�yHsu{Bs�£[s�{Hxz�� Q � ÉeÉr� t�s>��s�x�v¿{�o��ky�o��Dtwv[xB�rq*oe�[{�t��¦�b�J�r�kx�s�s À �tsæ ç�è · }~ory>{H|kx#s�or���[{Ht�oeq*ob}Y{�|kxKsux�¡¢oeq�v*s�£[s�{Hxz�{�|R�bqk¸[s>{�o¦xz§[�ky�x�s�s�t�orq � Q �ÊÉ P �Ã�
À �tsæ ç´è · � À �t �

è�éÄ ã Å È
��Þ � � Ý À �t u�ä ã �� Ý ä ã unä ã � ä ã x � Q �ÊÉ L �

¼ |kxK�rx�qkxzy��b��t�����{Ht�oeq¿ob}�{�|ktws�yHx�su{H�ryu{Ht�qk�³�kyHoD¡zx�v[��y�x#}~oryZ�¦�bqD£¿yHt��r|�{uºØ|��bqRv*s�t�v[x�s>t�sZ�et��exzqN��£J�
À-êtyæ ç´è · � À-êt �

èsé ~�ëìëìë ~ èyí�î�éÄ ã Å È
��Þ ê � Ý À êt u�ä ã �� Ý ä ã u�ä ã � ä ã x � Q �ÊÉ Ð �

Å q,�kyH�e¡Ã{Ht�¡zxrª {�|kx�t�qkt�{�tw�b���r��x�sHsBs�or���[{�t�orq À êt t�sV¡�|�oes�xzq'x�����b�.{�oN�zx�y�oRªJ��|kt�¡�|,sut��rq�t©¹R¡��bq�{���£s�t����k��t©¹Rx�s]{�|kx	¡¢oe�����[{H�b{�t�orq or}7{�|kx x¢§[�kyHx�sHsut�orq � Q �ÊÉ Ð �Ã� Ú x¢{ ��s qkob{Hx�{H|���{ �$}~�k���yHxzory�{�|�or�roeq��b��t�����{Ht�oeq2or}�{�|kx²s�x��by�¡�|®v[t�y�x�¡Ã{Ht�oeq�s½tws³qkx�¡zx�sHs��ry�£ Ì T oe� Ï Q Ñ {Ho'x�q�su��y�xNs�{��b�kt���t�{�£ob}.{�|�xÆ�b���roryHt�{�|k���rq�v¿{Ho¿�Ä�roet�v¯¡¢or���k�k{�t�qk��{�|kxÆsH�b��xVsux��by�¡�|Nvkt�yHx�¡¢{�t�orq�sZ�b���bt�qÁ�
ä ßO~ È �A¯ ß#~ È �

è�é ~�ëìëìë ~ èyí�î�é ~�ßÄ ã Å È
Ù ã ä ã ��t©{H| Ù ã � è�é ~�ëìëìë ~ èOí%î�é ~�ßÄ ã Å È

�à¯ ß#~ È u Ý ä
ã �� Ý ä ã u�ä ã � � Q �ÊÉ Õ �

ï ðF_Ád�_�hl¨�crdDlmiñ«.c�hjgZl�¨9a
¼ |kxÆyHx�su{H�ryu{Ht�q���{�x�¡�|�qkt���kx�s±¡z�rq¤�Rx³t�q�{HxzyH�ky�xz{H�b{�x�v²�es±� Ó yH£���o��¿�kyHx�¡zorq�vkt©{Ht�oeqkxzy�ªk��|kx�q²{�|kx�¦��{Hy�t�§wÝ ¡�|R�bqk�ex�s �Z¼ |�t�s¤s�t©{H����{Ht�oeq�o[¡�¡¢�ky�sN��|kxzq�suoe���Dt�qk�×qkorqk��t�qkx��ry¤�ky�oe�k��xz� Ì T or� Ï P Ñ



&�'()+*-,�.0/�'1&�*2*-3�)+*-4156'7&98+*2:-(;+<�&�*>=?.@3�4A.0B�(%8+/�B�81(7'1&DCE14+'+=F3G/%. H��sH
Ì T or� Ï ¶ Ñ �Y´ x*�kyHor� oes�x¦{Ho'��s�x¦{�|�x Ó yH£���o��'��y�x�¡¢orqRv[t©{Ht�oeqkxzy³t�q¨�bqkor{�|kx�y³¡¢oeq�{�x¢§D{ � Í �k���Ro�sux�>x½|��Ä�ex³¡¢oe���k�[{�x�v¤{H|kx³x�t��exzqk�R�bt�yHsÀob}j�Ns�{Hy���¡¢{��kyHxrªJ�bqRv²{�|��b{#�w��{HxzyK�¿qkx��]s�£Dsu{�x��$|��rsÀ{�o� xÆsuoe���ex�vN¡¢or��t�qk�³}~y�oe� ��su�¦�r���«��o[v[t�¹R¡z�b{�t�orq²ob}�{�|ktws±su{�yH��¡Ã{H�ky�xe�

Ý ê çnò À �lÞ�x � L �ÊÉ Û �
¼ |kxÆxz§[t�su{�t�qk�¿�kyHx�¡zorq�vkt©{Ht�oeqkxzyUó �ûÂ t�y�tw¡�|k��x¢{#ory±���k���Rx�v¤�kyHx�¡zorq�v[t�{�t�orq�xzy±t�q¤{�|�x³¡z�esuxVor}µ{�|kxv[���r� Í ¡�|���yB¡¢oe���k��x���xzq�{#��xz{�|ko[v � t�sB{�|�xzqXt����ky�o��ex�v²�D£N{�|kx Ó y�£D��o��Ns����e¡¢xÆ��|ktw¡�|'¡zor��x�s}~yHor� {�|kxN�kyHxz�Dt�or��s³¡¢or���k�k{H��{Ht�oeq �åm È s�x��ryH¡�|®vkt�yHx�¡¢{�t�orq�s ä �bqRv®�¦��{Hy�t�§Dºm�ex�¡Ã{HoryÆ��y�o[v[��¡¢{HsÝ äB� ��t�{�|²�¦��{Hy�t�§RÝ �kÅ {±tws��et��exzq¯�es>}~or����o��±s��

ó�ô�õ´ö ¯ ß#~ È � ó ¯ ß#~ È �
è éÄ ã Å È

�à¯ ß#~ È unä
ã � � � ó ¯ ßO~ È u Ý äV÷��� Ý ä ã u�ä ã � ä ã x � L �ÊÉ Ï �

¼ |kx�{Hx�¡�|kq�t���kx��et��ex�sJ�roDo[v#y�x�su���©{�s«t©}D{H|kxjs��Rx�¡Ã{�yH�k��ob}øÝ×�bq�v�Ý ê çnò �byHx
¡¢��oes�x � npoeq�sux���kxzq�{���£{�|�xV��o[v[t�¹R¡���{�t�orqN�½�Rs�{±� xÆv[orq�xB}ë�ryZ}~y�oe��{H|kxVt�q�{Hxzy�}ë�r¡¢xK� x¢{��>xzx�qNs��k��su{�yH��¡Ã{H�kyHx�s �
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LUMPED PRECONDITIONER WITH RESTART  (312s =   89s + 223s)
DIRICHLET PRECONDITIONER WITH RESTART  (406s = 170s + 237s)

DIRICHLET PRECONDITIONER  (420s = 170s + 250s)
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 8 SUBDOMAINS, INTERFACE  4394 dof, ACCUMULATED SEARCH DIRECTIONS  199
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�����*	+��HG :I�����82�2���2J��"B��2'�8E ��2��:�F1

38

64

111

8 16 32
NUMBER OF PROCESSORS

CPU TIME (s)

LUMPED PRECONDITIONER WITH RESTART

K L f�apiødØharlmf.a
¼ |kx¤��x¢{H|ko[v)�kyHor� oes�x�v®|R�rs¦� xzx�q¨{Hx�su{�x�v)��t©{H|)s���¡�¡¢x�sHs�orq¬v[t�¥JxzyHxzq�{¿x¢§k�b���k��x�s Ì npyHo Ï�ÕzÑ ªx�s�� x�¡¢tw�b����£¨�bq¬t����©º»¡¢oeq�v[t�{�t�orqkx�v¨��y�oe�k��x�� � s�{Hxzxz��ºØxz�w�rsu{�or��x�y¿s�{Hy���¡¢{��kyHx � �bq�v×�kyHx�s�xzq�{Hs¿�roDo[v}~x��b{��kyHx�s.}~oeyµ{�|kx��R�by��b����x��Ds�or���[{Ht�oeq�or}R�w�byH�rxZs�¡��b��xZxzt��rxzqD���b���kxZ�kyHor�k��xz�¦s ��Å {j¡z�rq³� x�t����kyHo��rx�v�D£¨t�q�¡z����vkt�qk�Pqkxz�$v[x��rxz��or����x�q�{Hs¦t�q7v[or�¦�rt�q7v[x�¡¢oe��� oes�t�{�t�orq¬suoe���exzy�s � K ory*{�|kx'¡z���es�s�tw¡z�b�s�|kt©}Ý{�ºØ�rq�vDºØt�qD�exzy�{B�b�k��y�o��r¡�| � �ë� �NM �� Ç«È ����� È¹�OrÇ�P » ��� ª�t�qX��|ktw¡�| M t�s#¡�|ko�sux�q²¡z��o�sux{�oB{�|�x>v[x�sut�yHx�vÆx�t��exzqD���b���kx � ªb�Bqkxz�P¡zoe�ryHs�x
�ryHtwvV�½��su{��Rx>t�qe{Hy�o[v[�R¡¢x�vÁª�� x�¡��b��s�xp{�|kx�y�xZ�byHxjqko��oryHxVN�o���{Ht�qk��s��k� vkor�¦�bt�q�s � K t�q��b����£rªDx¢§D{�x�q�s�t�oeq¿{�o�qkoeq�su£D����x¢{Hy�tw¡Àx�t��exzqk��y�oe�k��x�� �ky�o��Dtwv[x�sqko¦v[t�¾¿¡¢�k��{�t�x�s �

£RQF7QF£RQ�ú L Q «
S <T.V:�JVU�W�<X���8@!E 2��!Y%Z�[\.]�^1)�8_���5�'`Z�[\���*9!:I�8��"<�D��abY%ZIcGI
J�JVU8d1'e��( E%��6*�8"<�!63����"�4;� 9%�:����4;�%�'�%�
�82��848���:��# @gf�48�h�����;���^5V�<"<��48����i������;���^58�82�( �j"�48@A6 (%��������4;��Zlk�m8n�o�p
q�r$sutvpxwzy8{}|
~^��o8��t�y8p
o;�
�>o8���%r${Ao8��t�q<s���4��86 6
�����BZ

S /%)0���BW�/������%4�1+*�ZB�8�*9V) ��$���;9%���û=>ZVcGI
J;���;d�;?�?��#%��6%���8"$���'"��82)( ����4�f3��#%��&+�8�%"�_�48�J�82��848���:��# @
�����*� �:���b��2���@A���)���86 6%2��'"�������4;�%����4j53��E3��������4;���8� 9�E �:fv(3��"B������4;��6%��48E 2���@A��Zl3F���>o8����t'�
��r$p
q<t�� s�[z�^( @�E
�$��JVUyH>���e&C��"<��(3������4?4������A���¡=�����#%��@�������"���[z6 �8�;�<�!IB�8�B� I�U��3Z%.36%�����%�;�<�5z�<��2'�8�%Z>:I��4)"����B93��� �;��[ :z�:���]�?��5^��E �;9CZ

S /X��4�J;U�W�/X��48��Y%Z ,G=>Zzcv��4��86%6
�B����I
J�JVU8d��u�r$s<y8� ~3��t�y8p m)r}|
��y;¡��<¢r${�r$sAo�~V��n�o;�'r$~^��s}|
��y�|
��r$s7r$p



&�'()+*-,�.0/�'1&�*2*-3�)+*-4156'7&98+*2:-(;+<�&�*>=?.@3�4A.0B�(%8+/�B�81(7'1&DCE14+'+=F3G/%. H��;�
q�o;��q<~3�Jm)r$s]s�����~%q<��~3��r$s�|%o��]~3��tv� tvs$o8��t�y8p>m8~hq�o;��q<~3�3|%o���o;�v�$¢r<�'r$Z>C04)"<��4����82+9%�������<����������48��[�*�"�4;2��4?4���@��82��V.^( 6 ��$���'�<(%���]93�U/��8"�#*�8�CZS £ /�J;��W £ ����#*���/}Z%�8�*9�/T# �<�F:JZ ,�.\Z\cGI#JsJV�8d�BJ�8��2�48����� ��934;@����'�793��"�4;@A6
48���:���'48��@A�<��#%4^9%�zfv48�
�<¤A"<�'�<�^�X6*�����82�2���2
"�4;�������?�����'9���482�(%����4;�7�8� 9�fv4�����13������@A��¥�����#A@����)1!�����;#)�X#*���*9����'9%����Zø3¦�
.]�<1)�<���8�*97§?( S .]§1JV��W�[%6*���;��������I$�V���;�^Z

S £ (1J��8W £ ����# ���[/}Z��8� 9�(}48(%¨ £ ZTc�Y;( ���¡I#JsJ8�Vd�©�{}|
� t�q<tv�X|%o���o;�v�'r<�C|
��yBq�r$s�s�tvp^ª>tvp s����$~%q<��~^��o8�
{�r�q��%o�p t�q<s�[*5;4;2�( @A�+�!48f]wzy8{�|
~^��o8��t�y8p*o;�\�>r�q��3o8p t�q<s?k�m8n�o8p*q$r$s�Z>4?4�����#0,��?482'2'���*9CZ

S )+&�.3�;��W6)}����@A����(�Z�[!&��$¥��'�A)!Z'[H�8�*9 .^��@A4;�ÚC�Z-cGI#J;�8�Vdñ*����;���^58�82�( �«6%��48E 2���@A���8� 9
�82��848���:��# @A�0���b������( "$��(%���82I�<� �;���%���<����� �3ZV3F� /T( 2�2�( @¬Y%ZC�8� 9H��'2�2�4;(%�;#^E)1?(�Z�c��B9%��d}®+o8��ª)r
¯ q�o;�'r}°�t�ª)r$p n�o;� ~ r?����y;¡��'r${�s�Z

S )1(1J��8W6) ��<���;93�'�?=>Z*���*9F(��:¨%�<��C�Z�cGI#JsJ8�Vd?�-r�q��%o�p t�q�o;��±�t�¡<��o8��t�y8p%s�ZX���2��<1)Z
S .]§+J;��W�.]�<1)����C�Z*�Z��8�*9�§}(�Y3Z�c��B9%��dbcGI#J�J;�;dH����yBqB² ¯ r$n8r$p ����©�p%��²7wzy8p�³�²`y8p�´�y8{Ao8t�p
´!r�q�y8{�|%y8s�tv��t�y8pµ�>r$���^s$² 4?(%@�E
�<�§IB�s�¶�'� /T4;�)����@A6
48������1 =�����# �<@�������"���Zü'+=?.\[:I��4�5^�'9%�<� "��;Z

S &0B%Js��W�&+�8��"��8(%¨�:JZ*���*9�B�#%��4^9%4��+(�Z+cGI
J�J��;d?k�p*o;� ·�s�r�p ~^{��r$��t�¸<~ r`{Ao����$t�q<t�r<�v�'r!o�|;|\� t�¸<~}�rBr¹¢o
��º o8���Tm)r`��º t�p^ª��r$p t�r$~3��[%5V4;2�( @A�ûI;Z>=��8����48��Z

S (}48��JsH�W�(�4;� ��?/}Z�cGI
J�JsHVdA�«�r$���3yBm)r$s�mVr�q�o8��q<~%��m)r7s����$~%q<��~^��r$sHq�y�{}|%y8s�tv�¦r$s7s�~3��q�o;��q<~3��o8�¦r$~^�
��©���´0Z6C04)"<��4����82+9%�������<����������48��[ 8}� ��5V�<�����:� ��V:I�����'���^ZS (}48( Js��W�(�4;(3¨ £ Z ,�§!Z»cGI#JsJ��;d¬'}"�"��<2'�$��������4;�¼48f½��#%�¾48(%���<�¿"<4;�8ÀF( �;�����¶�����;9%�����)�¿E)1
����4�����# 4;�84;� �82���_B������4;�xfv48����934;@����'�»93��"�48@A6
4;���:����4;�«@A�<��# 4^9�f�48��������(%"<��(%����2A�8� �82:13���'�
6%��48E 2���@A��Zw3F��/T#*���ñB?Z £ Z�[1)?2�4�¥����%��a3�V(�Z�[: ��<���'��(%¨�Y%Z�[��8� 9N��D932�( �*9º;!Z<�Z�c��B9%��d
����yBqB²�Á��^tv��mh©�p ��²!wzy�pB³�²0y�p¹´`y8{�o8tvp¹´`r�q�y�{}|%y8s�tv��t�y�pR�-r$���^s$²D[z6*���;���@HvI<����HvI#J^Z.v3�'+=>[:�# ��2'�;9%�<2'6%# �'�3Z

S (}48( J��8W�(�4;(3¨ £ Z ,�§!Z\cGI#JsJ8�Vd�:I�����82�2���2��'@A6%2���@A���)��������4;�A4�fI934;@��8����9%��"<4;@A6
4;���:����4;�7@A�<��#%4^9
fv4����%4;�0,�2���� �B������2'�������'"<���¦1�6%��48E 2���@A��Zø3F�A.]�<1V���>C!Z�*�Z�[0.3�;�;9[E!Z'[)�8�*9�BC��( 2�#*����C�Zv)!Z*c��B9%��d
´`y�{Ao8tvp ÂF¡�o8s<r�mH��o8��o8�v�'r<� tvs�{¶o�p
mH����yV¡��'r${¿´!r�q�y8{�|%y8s�tv��t�y8p¹�>r$���%yBm8s�tvp�wzy8{}|
~^��o8��t�y8p
o;�
¯ q<t�r$p
q�r!o8p*m�°�p^ª8t�p\r�r$�$t�p^ª8[*6 �8�8���UI��vI�� I�U8�^Zø.�3G'1=>[�=���� �%�B�86
482��'��Z

S (�B�C�JV�BW�(�4;(3¨ £ Z ,¦§`ZX�8�*9ªB���48@A��(%��,�C0�$��5V4;(3�[C�Z�cGI
J�JV�8d[:I������2'2���2���_B�����'48��48f0�>@�(%2:���'�����'9
��4;2�5V�$��53�'�7��934;@��8���>9%��"<4;@A6
4;���:����4;�>@A�<��# 4^9\ZV3F�h.]�<1)���0�8�*9b§?( S .]§+J;��W�[C6*�8�8������HsJ��
�;�8�%Z

S .%�8�;�VUBW�.%�8�;9FE!Z+cGI
J;�VU8d+;?����#%�V&+�8�%"�_�48�?@A�<��#%4^9�fv4��0��4;2�5^��� ����13@A@A�<������"02���� �B���0��13������@A�
¥��:��#�����5V�$���82\���'�8#)��,¦# �8� 9����'9%����Z��>o����%²�wzy�{}|C²
�V�3cGI�U��Vd$Ã
�;��I��^�;���^Z

S .v5?905+J8��W�.32���� À�6
�<�U)!Z��8� 9+5T����9%�<�95X4������+�`ZVcGI
J�J;�;d9'�YV��"�4;E%�ì,�C0��5^�'9%��48�������$��������4;��@A�<��#%4^9
fv4���2'���%�B���}�����;���^58�82�( �8Z ¯ ©�k}�¾Ä)²+�>o8����t'��k�p
o;��²�kX|V|\��²�I�U)Ã ���vI$�V���8�^Z


