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TVU7W�XZY;[%W�XZU7\][%\�^`_a[�b�c$d7e�U�f:\�^hgji/k�l�m1n	o%p q�r?ks;lut�qAvAkw�xytzs%xy{8x�k�|�s;l�o�l�|7s;l�|�w�l~}/x�|�s�q��$l�p�x��ul�x�|%na�?��m1�%kw �
s%xy{8x�w�xy|��7l3p�l�o7x�p�{ k�{�k�qA|%l�s�x�|�sup l�n�{ p���w�{ �%p�l�s�k�|u��qAp ��xy{��$��o%o%t�kw�x�{ k�q~|%n/w�xy|���n�l!r;k�l�m1n1{�qMw'�%n�{ qA�Mk���l�n���xyp�l�sOs%x�{�x
qA�A�'l�w�{�n�};l�rAl�|MxAs%s;k�|%va|%l�m�l��%{�p k�|�n�kwQo%p�q~o�l�p�{�k�l�n/xy|�sa��l��7x�r?k�q~p�}~m1k�{ �%qA��{�x���l�w�{�k�|%v!q~{��%l�p�xyo%o%t�kw�x�{ k�q~|%n���o7l�p8w'l�o%{�k�q~|%n
q��1{���l�s%xy{8x%��i�k�l�m1n!��x�r~l���l�l�|�l�n {8x���t�k�n �%l�s�xyn�x�|�l'��l�w'{�k�rAl��Ml�{��%q%s���qAp!r;k�p�{ ��x�t�t���p�l�n {�p ��w�{���p�k�|%v�s%xy{8x%}:w�tx�n n�l�n�}
x�|7s�n8w �%l���x�{8xun q�x�n!{ q��Ml�l�{3{��%lu|%l�l�s;n	q��/n o�l�w�k¡ �wMxyo%o%t�kw�x�{ k�q~|%n3qAp!��n�l�p n�¢:�ZqAp!k�|;{�l�v~p8xy{�k�|%v��%l�{ l�p�q~vAl�|%l�qA�%nMxy|�s
s;k�n�{ p�k��%�%{ l�s	n��;n {�l��un�¢���q~p:n�l�w���p�k�{B�£xy|�s	xAw�w�l�n�n�p k�v~�;{�n:p�l�n {�p k¤w'{�k�qA|�¢%xy|�s¥��qAp:xAw �%k�l�r;k�|%v/k�|;{�l�p qAo7l�p8xy�%k�t�k�{B�a�?�3�%ks;k�|%v�{��%l
ks;k�qAn �?|7w�p8xyn�k�l�n/qy�zw�qA�uo�q~|%l�|;{1n��;n�{ l��Mn�{�qu��l!k�|;{�l�vAp8xy{�l�s�k�|;{ qMqA|�l!�%|%k¡ �l�s#}%�Al�{1��l�s¦l�p8xy{�l�sOn��;n�{ l��¨§�©�}�ª�}�«�}�¬�}�©��®��
¯hl�w�x���n�l�r;k�l�m1n°xyt�t�q�m±xus%x�{�x���xyn�l!q~�A��l�w�{�{�qu��l��7x�rAl�s;k¡��l�p l�|;{�t���s;l�o7l�|�s;k�|%vuqA|�{ �%l�w�q~|;{�l��%{3k�|�m1��k¤w ��k�{3x�o%o7l�x�p n�}
r;k�l�m1n/x�p l¥x	p l�w�q~vA|%k���l�s�{�l�w �%|%k²~�%l3�ZqApQl��%{�l�|�s¦k�|�v�x	s%x�{�x���xyn�l3n��;n�{ l��³m1k�{���n���o%o�q~p�{Q��q~p1n��%�A�'l�w�{�k�r;k�{B�?�

´�xy|;�µp l�n�l�x�p8w �¶xyp�l�xyn�w�x�|Vo%p�qy �{���p qA�·{ �%l�¸7l��%k���k�t�k�{B��o%p q�r?ks;l�s¹�;��qA�A��l�w�{BºBqAp k�l�|?{ l�s»r?k�l�m1n��½¼B|±xAs�s;k�{�k�qA|
{�qO{��%l�{ p8xAs¦k�{ k�qA|�xyt��%n�l�qy��r;k�l�m1na��qAp��¾x~w�k�t�k�{�x�{ k�|�vM{���l�n���xyp�k�|%v�qy�¿s%xy{8x��;��xyo%o%t�kw�x�{ k�qA|%n�}�w��%p p�l�|;{�p�l�n�l�xyp8w �%l�p n�x�p l
l���x��uk�|%k�|%v�|%l�mÀxyp�l�xyn!{��7x�{�w�xy|�n�o7l�w�k¡ �w�xyt�t����7l�|%l� �{a��p qA�jq~�A��l�w�{=º¾q~p�k�l�|;{�l�s�r;k�l�m1n���¯zxyp�n�x�t�qA��l�{�x�tB���%n l�qA�A��l�w'{Bº
��xyn�l�s	r;k�l�m1n:{�q3k�|;{�l�v~p8x�{ l1qA�A��l�w�{BºBqAp k�l�|?{ l�s�x�|7s!p l�tx�{�k�q~|�x�t%s%xy{8x��7x�n�l�n�m1�%k�t�l�o%p�l�n�l�p r?k�|%v	�%o$s%x�{ l/w�x�o7x��%k�t�k�{�k�l�nz§ ª�®��:Á/x
x�|7sMÁ1��|�s;l�|%n {�l�k�|%l�p/�%{ k�t�k���l1r;k�l�m1n1{�q	o%p q�r?ks;l�{�p�x�|%n o�x�p l�|;{1n8w �%l���x!l�r~qAt��%{ k�q~|�}�o%p l�n�l�p�r;k�|%vMl��%k�n�{ k�|%v�r;k�l�m1nQ{��%p qA�%v~�
n8w �%l���x3w ��x�|%v~l�§<ÂAE�®��:¯�l�w�x��%n l3{��%l1q~�A��l�w�{=º¾q~p�k�l�|;{�l�sSo�x�p�xAs;k�v~�¶q��$l�p n�x3�uqAp lzo7q�mzl�pB���%t7�Mq%s;l�tA�ZqAp�k�|;{�l�v~p8xy{�k�qA|	{���xy|
{���l�p�l�txy{�k�qA|�xyt�qA|%l~}�n�l�r~l�p8xyt;o�x�o7l�p�n:s;k�n8w���n�n:{��%lhk�|;{ l�vAp�x�{�k�q~|°qy�%�%l�{�l�p�qAv~l�|%l�q~�%n�s%x�{�xQp�l�o7qAn k�{�qAp k�l�n:r?kxQq~�A��l�w�{=º¾q~p�k�l�|;{�l�s
r;k�l�m1n`§<«;}�ª%}�©��®��

Ã¹��k�t�l�x�|;�%���7l�p3q��/p�l�n�l�xyp8w �%l�p nM��x�r~l���l�v~�%|�{�qOn�{��7s;��r;k�l�m`�ul�w ��x�|�k�n �Mn�m1k�{ ��p l�v?xyp8s�{�q�q~�A��l�w�{=º¾q~p�k�l�|;{�l�s
s%xy{8x��7x�n�l�n/ÄBÅ°Å3Æ3¯hn8Ç3§�©�}�©�«;}?È~È;}?Â~¬%};Â%©�};ÂAÂ�®�}~t�k�{ {�t�l1mzq~p�É	��x�nh��l�l�|�s;q~|%l/p l�v?xyp8s;k�|%v!k��uo%t�l��Ml�|;{�x�{�k�q~|°k�n n��%l�nQp�l�t¤xy{�l�s
{�q�qA�A�'l�w�{BºBqAp k�l�|;{�l�s�r;k�l�m1n���Ê:q�{ �%l���l�n {�q��3qA�%p	É;|%q�m1t�l�s;vAl~}zw�q~�M�Ml�p8w�kx�tQÅ°Å3Æ3¯½n �?n {�l��un£s¦q�|%q~{��~l�{�n���o%o�q~p�{
r;k�l�mÀw�xyo�x��%k�t�k�{�k�l�n���Ë%��p�{���l�p��uqAp�l~}zqy�°{ �%lu��l�mÌp l�n�l�xyp8w �Vo�x�o7l�p�n�{ ��x�{Ms¦k�n�w��%n nMk��Mo%t�l���l�|?{�x�{ k�q~|%n3q��!Å°Å3Æ3¯½r;k�l�m
n��;n {�l��un�}��uqAn {°n �%o%o7qAp {�qA|%t���t�k��uk�{ l�s����%|�w�{ k�qA|�xyt�k�{B��xy{�{ �%k�n�{ k��MlA�OÊ1�%l�p�l�xyp�lMn l�rAl�p8x�t1q~�%{�n {8xy|�s;k�|%v�k�n n��%l�n�{���xy{
���%n {��7l�xAs�s;p�l�n n�l�sÍ��q~p�{��%l�n ��w�w�l�n�nB�Z�%t!k��Mo%t�l��ul�|;{8xy{�k�qA|�q��!x�|¹q~�A��l�w�{=º¾q~p�k�l�|;{�l�sÍr?k�l�mÎn��;n {�l����±Ë�k�p�n�{�}/w�p l�x�{ k�|�v
r;k�l�m1n�k�|Íxy|�q~�A��l�w�{=º¾q~p�k�l�|;{�l�sÍ�Mq%s;l�t1k�n	|%qA{Mx�n k��uo%t�l�{�p�x�|%n=��l�pMqy�°{ �%l�p�l�t¤xy{�k�qA|7x�tQr?k�l�mÎn�q~t��%{�k�qA|Ï{�q�{ �%l�qA�A��l�w'{Bº
qAp k�l�|;{�l�sO�Mq%s;l�tB�1´���w ��q��z{ �%la���%|�w�{ k�qA|�xyt�k�{B��{B�;o%kw�xyt�t��uo%p�q�r;ks;l�s��;��p l�tx�{ k�q~|�x�t:s%x�{�x���xyn�l�n3���%n {1��l	p�l'º¾l�rAxyt���x�{ l�s
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xAw�w�q~p8s;k�|%v	{�q	o%�%p l/q~�A��l�w�{=º¾q~p�k�l�|;{�l�s�o%p�k�|�w�k�o%t�l�n��·´$k�ÉAl/xyt�t�{ �%l3qA{���l�p�Å3Å3Æ3¯�n��;n {�l��unzmQl/n �%p�r~l��Al�s#}%{���l¥ì¥l���º
Ñ;{�q~|%l�Å3Å3Æ3¯½�%|�s;l�p�t��;k�|�v�q~�%p�n �;n�{�l�� s;q;l�n�|�qA{	n��%o%o7qAp {Mx�t�tQq��°{ �%l�o%p�q~o�l�p�{�k�l�nup�l�²~�%k�p l�sÏ�?��q~�%p	�Mq%s;l�tB�
Ã�l!�%l�|�w'l�s;l�n k�vA|%l�sO{���l�qA�A��l�w'{BºBn�t�kw�k�|%vMp l�o%p�l�n�l�|;{8xy{�k�qA|7x�tQt¤x��~l�p�}7m1�%kw ��p�l�n qAt�rAl�na{��%l	n�k�vA|�k+ $w�x�|;{!s;k¡��l�p�l�|�w'l�n
��l�{BmQl�l�|Ï{��%l���|�s;l�p t��;k�|%v�n��;n {�l��¨xy|�sOqA�%p!q~�A��l�w�{a�Mq%s;l�tB��Å��A��l�w�{=º¾n t�kw�k�|%v�x�t�t�q�m1n/�%n!{ q�o%p�q�r;ks;lMx�t�t:q��1qA��p
p�l�²~�%k�p�l�s�q~�A��l�w�{!�uq%s;l�t$o%p qAo7l�p�{ k�l�n�}�k�|7w�t���s;k�|%vM����t�{ k�o%t�l°w�tx�n n�k¡ �w�xy{�k�qA|�}�����t�{ k�o%t�l/k�|%�%l�p k�{8x�|7w�lA}�{��%l�s;�;|�x��ukw
p�l�n {�p��7w�{��%p k�|%vMqy��q~�A��l�w�{ n°xy|�sMw�txyn�n�l�n�}$x�|�s�s;�;|�xy�Mkw1w ��x�|�vAl�n�{�q	{��%l�w't¤xyn�n1�%k�l�p�x�p�w��;�;�

¶ Ê1�%l!{���k�p�s�tx��~l�p1q��z{ �%l�x�p8w �%k�{ l�w�{���p�l�p�l�o%p�l�n l�|;{�nuä�å?æðç¾è�é�è�ê�ë�� n1n��%o�o�q~p�{���qAp���xy{�l�p k¤xyt�k���l�s�r;k�l�m1n!x�|�s�r?k�p {���xyt
n8w �%l���x�{8x���Å��%p	k��Mo%t�l��ul�|;{8x�{ k�qA|�o%p q�r;k¤s¦l�n£xOÑ;��xyt�t�{�x�t�É�k�|;{ l�pB�¾x~w�lM{ ��x�{	n���o%o�q~p�{ n�{��%l�w�p�l�xy{�k�qA|�qy�/r?k�p {���xyt

ó+ô�õBö�÷�ø;ù�ú�õBû ÷Aô ¸



w�tx�n�n l�n�xy|�sÏ{��%l�x��%{ qA��xy{�kw	k�|;{�l�v~p8x�{ k�qA|�qy�!{��%l��7x�n�l�xy|�sÏr?k�p {���xyt/w�tx�n�n l�n�k�|?{ qDx�w'qA|%n k�n {�l�|;{�x�|�s�w�q~p�p�l�w�{
vAt�qA��xyt�n�w���l���x�}${��%lMw'p�l�xy{�k�qA|�x�|�s�w��%n {�q~�Mk���x�{ k�qA|�qy�zr;k�l�m¶n8w �%l���x�{�x%}${ �%l	l�|;{�p���x�|7s��%o$s%xy{�l�q��1s%x�{�x%}�xy|�s
{��%l3p�l�{�p�k�l�rAxyt�qy��s%xy{8x	r;kx!�%n l�p°²~�%l�p�k�l�n��

¶ Ë�k�|�xyt�t��;}�ä�å;æ<çBè�é�è�ê�ë�� n7vAp8xyo%�%kw��%n�l�p�k�|;{�l�pB�¾x~w�l�o%p q�r?ks;l�n�xAw�w�l�n�n�{ q1{��%l�n �;n�{�l��]k�|!xy|!k�|?{ �%k�{�k�rAl:x�|�s¥�%n�l�p=º��Zp�k�l�|�s;t��
�¾x�n �%k�qA|��hÊ1�%l	ä�å;æðç¾è�é�è�ê�ë�vAp�x�o%�%kw��%n l�p/k�|;{�l�p=�¾xAw'l�s;k�n�o%tx��;n1vAt�q~��x�t�xy|�sur?k�l�mVn8w �%l���x�{�x	k�|�r;k�n��7x�t�t���k�|;{ �%k�{�k�rAl
vAp8xyo%�%kwam1k�|7s;q�m1n�}#�¾xAw'k�t�k�{8xy{�l�n3{ �%l�w�p l�x�{ k�qA|�q��1|%l�m½r;k�p�{ ��x�tzw't¤xyn�n l�nMx�|�sOr;k�l�m½n8w �%l���x�{8x�}�x�|7s�o%p�q�r;ks;l�n�xy|
k�|;{ l�pB�¾x~w�la��qAp3²A��l�p��;k�|%v�w't¤xyn�n3l��%{�l�|?{ n�x�|7s�s%x�{�x�l�|;{ p��;�3Ê1�%l£w'�%p�p l�|;{°r~l�p�n k�qA|�q��z{ �%lMä�å;æ<çBè�é�è�ê�ëîé�è�ê�ëzêº¹�}%q~p
n��%q~p�{�}�{��%l	ä�å;æ<çBè�é�èZê�ëzêº¹�}~k�n1m1p�k�{�{ l�|�k�|�Ê1É¼»�Ê/w't$�%n�k�|%v¾½3�

��n�p�l�o%p l�n�l�|?{ l�s»�?��{���l�xy|;{��%p qAo7qA�Mq~p�o%��k¤w	n {�kw É~º� �v~�%p�lu��l�t�q�mî{��%l�s;kx�v~p8xy�áqy�/n��;n�{ l��·w�qA�uo�q~|%l�|;{�n�}:�%n�l�p n
w�xy|�xAw�w�l�n�n1{ �%l!ä�å;æ<çBè�é�è�ê�ëOn��;n�{ l��Ìl�k�{ �%l�p1{���p�qA��vA��{���l/vAp�x�o%��k¤w¿�%n�l�p1k�|;{ l�pB�¾x~w�l/q~p�{���p�qA��vA��ä�å;æ<çBè�é�è�ê�ëh� n�Ñ;��x�t�t�{8xyt�É
k�|;{�l�p=�¾xAw�l~�zÊ1��l�ä�å?æðç¾è�é�è�ê�ë�n��;n {�l��jxyn°s;l�n�w�p�k��7l�sOk�|�{ �%k�n1o�x�o7l�p3k�nQ���%t�t��	���%|�w�{ k�qA|�xyt¾�hÃ�l3��x�rAl3�%n l�s�ä�å;æ<çBè�é�è�ê�ë�{ q
k��Mo%t�l��ul�|;{�{ �%l°â¿|%k�rAl�p n�k�{B��q���Ã¹k�n�w�qA|%n k�|�� n�Å3Å3!�7l�|�w �%��x�p É�n �%k�{�l3n8w �%l���x%}~o�q~o%�%tx�{ l�s�{ �%l°s�x�{8xy��x�n l/m1k�{���Å3Å°�� n
©�E�}<EAEAEaqA�A�'l�w�{3o�x�p {�n=º=xyn�n�l����%t��Ml���x��uo%t�lA}%x�|7s���x�rAl3{ l�n�{ l�sÏä�å?æðç¾è�é�è�ê�ë��%n�k�|%vu��q~{���Å3Å3��7l�|�w �%��x�p�É�²~�%l�p�k�l�n!xy|�s
²~�%l�p k�l�n/q���q~�%p/q�m1|�s;l�n k�vA|��h�¶n����M��xyp��	q���qA��p1o�l�p=��qAp ��xy|�w�l3l�rAx�t���xy{�k�qA|�}%x�n/mQl�t�t�x�n�q����%n�x�vAl3qy��{ �%l�ä�å;æ<çBè�é�èZê�ë
o%p qA{�q~{B�;o�l3k�|�qA{���l�p1o%p�q���l�w�{ n�}7m1k�t�t$�7l3o%p�l�n�l�|;{�l�s�k�|Mtxy{�l�p1n l�w�{�k�q~|%n/qy��{ �%k�n1o�x�o7l�p��

��f:WÀ¿�XZ\:Õ�UÂÁ�W�Ô:XÃ�¾Ä�[%ß�Õ;e;g ¼B|�{ �%l�p�l���x�k�|�s¦l�p3q��1{��%k�n3o�x�o7l�p�}�mQlMs;l�n�w�p�k��7lM{���l�qA�A��l�w'{!�Mq%s;l�tB}7{�l�w���|%k²A��l�n�}�xy|�s
x�t�v~qAp�k�{ �%�Mn!��|�s;l�p t��;k�|%v�q~�%pMk��Mo�t�l���l�|;{8x�{ k�qA|�q��	ä�å?æðç¾è�é�è�ê�ë��±Å��%pumzq~p�ÉÏn��%q~�%ts��7l�qy�¥k�|;{�l�p�l�n {�{ q�p�l�n l�x�p�w �%l�p�n
n�{ ��s;�;k�|%v�r?k�l�mîn��;n�{ l��Mn���¼B|µx~s%s;k�{�k�qA|�}��7l�w�xy�%n�l���x�|;��xyn�o7l�w�{�nuq��/q~�%p�l'�¦o7l�p k�l�|�w�lA}Q�ZqAp	l���x��Mo�t�l�q~�%p	�%n�l�q��°xy|
qA�A�'l�w�{BºBn�t�kw�k�|%v�{ l�w �%|%k²~�%lA}Qw�x�|Ï��l�x�o%o%t�k�l�s�{ q�{ �%lMv~l�|%l�p�x�t1n���o%o�q~p�{	q��/q~�A��l�w�{	�Mq%s;l�th��l�xy{��%p l�n	n���w �¹x�n!����t�{ k�o%t�l
w�tx�n n�k¡ �w�xy{�k�qA|Mxy|�s	{B�;o�l'º¾n o�l�w'k+ $w/�7l���x�r;k�qAp�}Aq~{��%l�pzk��Mo�t�l��Ml�|;{�q~p�n�n�l�l�É;k�|%v	{�q!n �%o%o7qAp {zn �%�A��l�w�{ k�r?k�{B��m1k�t�t�x�t�n q!��l�|%l� �{
��p qA�Ì{ �%k�nzmQqAp É��:Ã�l���l�vAk�|M�;��s¦k�n�w��%n n�k�|%v�p�l�t¤xy{�l�sumQqAp É���Ê1�%l3vAq;x�t�n1x�|�sSqA�A��l�w'{/�Mq%s;l�t�qy��{��%l�ä�å;æ<çBè�é�è�ê�ëOo%p�q���l�w�{
x�p l�n�l�{S��qAp {���k�|ÍÑ¦l�w�{�k�q~|ÍÂ���Ã�l�o%p�l�n l�|;{�qA�%pMxyo%o%p�q;xAw ��q��3p�l�xyt�k���k�|%v�qA�A�'l�w�{M�uq%s;l�tQ��l�xy{��%p l�nMp l�²~�%k�p�l�sµ��qAp	{��%l
n���o%o�q~p�{�q���qA�%p1v~q?xyt�n1k�|�Ñ;l�w'{�k�qA|�ª�}�{��%l�|�s;k�n8w���n�n3l�xAw ��qy��{ �%l�w�q~�Mo7qA|%l�|;{ n1q���qA�%p1k��uo%t�l��Ml�|;{�x�{�k�q~|�k�|�Ñ;l�w�{ k�qA|%n3«
{���p�qA��vA��%��Ë�k�|�xyt�t��;}%mQl£w'qA|�w�t���s¦l�k�|�Ñ;l�w'{�k�qA|ÆÅum1k�{ �DxSn��%�u��xyp��Mqy�z{���l�k��uo%t�l��Ml�|?{�x�{ k�q�|un�{�x�{���n!q��3ä�å?æðç¾è�é�è�ê�ë�}
x�|7s�x	s;k�n8w'�%n�n k�q~|�q��:qA�%p/w'qA|;{�p k����%{�k�qA|�n/x�|�s£���%{���p�l!mQqAp É��

Ç ÈÊÉÌËÎÍ3IÏÉ/LÑÐ K	JÏÒ

Ó�Õ�¿Z[%W�X�U7\:[¼¿ÕÔ3Õ;eÖ��f×�Ø�ÚÙ�Û�Õ¦byWÝÜº��e�XZÕ;\$W�Õ;^ÞÔMXZÕ��ß�ygái�k�l�m¶�ul�w ��x�|%k�n �Mn1��x�r~l��7l�l�|Ïl��%{�l�|%n k�rAl�t���n�{��7s;k�l�s��ZqAp3{��%l
p�l�t¤xy{�k�qA|7x�t/�uq%s;l�t1�;�]§ ;}3©�Â;}�È;}3©�¬�®=� �/t�{��%q~�%vA�»mzl�w�x�|¹�7l�|%l� 7{���p�q~�¨{ �%k�nMmQqAp É�}¿{��%l�p lDxyp�l�n qA�ul�n k�vA|%k¡ �w�xy|;{
s;k¡�$l�p�l�|7w�l�n3��l�{Bmzl�l�|�p�l�txy{�k�qA|�xyt�x�|�suq~�A��l�w�{=º¾q~p�k�l�|;{�l�s�r?k�l�m1n��

¶ Ê�xy�%t�l�n!k�|�p l�tx�{ k�q~|�x�tQs%x�{�x���xyn�l�nuÄ¾Á�Æ°¯hn8Ç�xyp�l�x�p�p�x�|%v~l�s�k�|�xáàB¸�xy{ãâ��Bx�n���k�q~|�k�|�{��%lun8w �%l���x%��Ê1�%l�p l�k�n!|�q
k�|¦��qAp ��x�{ k�qA|Mx��7qA��{/{���l!n��%��n�l�{!q~p/n �%�%{B�;o�lap�l�tx�{ k�qA|%n �%k�o%n°w�q~|;{8x�k�|%l�s���l�{Bmzl�l�|�{8x���t�l�n/k�|�{��%l	n8w �%l���x%�/¯hqA{ �
r?k�p {���xyt�x�|�sS��x�n l°w�txyn�n�l�n1k�|�{ �%l!ä�å;æ<çBè�é�è�ê�ë��uq%s;l�t�xyp�l°xyp�p�x�|%v~l�s�k�|Mx�|�èåä;ç=êçæè¹êé�ç=êìëíæAêÎä�êº¹êéyæ+èïîÝé�ç¾èñðòäôó;è�êÎ¹ìéè¹ìõìó�ö��
¼B|;��qAp ��xy{�k�qA|�xy��q~�%{!{ �%l�p�l�txy{�k�qA|%na��l�{BmQl�l�|�{ �%lM{B�;o7l�n£xy|�s�l��%{�l�|?{ n�q��/Å3Å°Æ3¯½w�tx�n n�l�nMw�x�|�{��;�%n	�7l�l�x�n k�t��
p�l�w�q~vA|%k���l�sM�;�Ms%xy{8xy��x�n l/�%n l�p�n��zË��%p�{ �%l�p��uqAp lA};�%o$s%x�{ l°o�p�qAo7x�v?xy{�k�qA|�{ l�w �%|%k²~�%l�n/w�xy|M�7l!s;l�n�k�v~|%l�su{�q	l��%o%t�qAk�{
{��%l3qA�A�'l�w�{/�ul����7l�p�n �%k�oMk�|;��q~p���xy{�k�qA|	{��7x�{1k�n1k��Mo%t�kw�k�{�k�|M{ �%l!�%k�l�p�x�p8w �%kw�xyt�n {�p��7w�{��%p l�k�|�qAp�s;l�p�{�q�{�l�p��Mk�|�xy{�l
o%p�q~o�x�v;x�{�k�q~|�x�nQn�q;q~|�xyn/x�o%o�p�qAo�p�kx�{ lA�

¶ i/k�l�m1n!k�|�Á/Æ3¯hn3p�l���l�p�{ q�r;k�p {���xyt�{8xy�%t�l�n!{ ��x�{�xyp�lS��qAp �Ml�s��;��x�o%o�t��;k�|%v�²A��l�p���q~o�l�p�x�{ k�q~|%n!{ q���x�n l�{8xy�%t�l�n��
¯�l�w�x��%n l�x�|¹Å3Å3Æ°¯ n8w �%l���x�k�n	qAp v?xy|%k���l�sÏk�|?{ qDx�v~l�|%l�p�x�t�k���x�{ k�qA|���k�l�p8x�p�w �?�;}1Å3Å°Æ3¯½r;k�l�m1n�k�|�w�t���s¦l��7qA{ �
r?k�p {���xyt�w't¤xyn�n l�n�Ä�ZqAp��ul�s��;��x�o%o�t��;k�|%v�²A��l�p���q~o�l�p8x�{ k�qA|%n3{�q���xyn�l�w�tx�n n�l�n�Ç!x�|�sOr;k�p�{��7x�t:n8w �%l���x�Ä���qAp �Ml�s��;�
x�o%o%t��;k�|%v�²~�%l�p ��qAo7l�p8xy{�k�qA|%n1{ qMx!�7x�n�laqApQr?k�l�mVn8w �%l���xAÇ��

¶ �1{�{�p k��%�%{�l�n�k�|�Á/Æ3¯hn£xyp�l�ks;l�|;{�k¡ �l�s�qA|%t���xyn�{ �%l�|�x��ul�n�qy�°w�qAt��%�u|%n	k�|�{�x��%t�l�n���¼Z�3{Bmzq�p�l�t¤xy{�k�qA|7x�tQ{8x���t�l�n
l�xAw ����x�rAl!xy|�xy{�{ p�k��%�%{ l°m1k�{ �M{���l!n8xy�Ml/|7x��Ml~}A{ �%l�p�lak�n1|�q�vA��xyp8x�|;{ l�l3{���xy{1{��%l!{BmQq�x�{�{ p�k��%�%{ l�n/p l���l�p�{�q	{��%l
n8x��ul3o%p�q~o�l�p {B�?�ø÷�x~w ��o%p�q~o�l�p�{B��k�|�{��%lSä�å;æðç¾è�é�è�ê�ë��Mq%s;l�t$k�n/s;l' �|%l�s�x�{/xSn�k�|%vAt�l!w�tx�n n°xy|�s��%n k�|�v�o%p�q~o�l�p {B�
k�|��%l�p�k�{�x�|�w�l	n��7x�p�l�s��;��q~{��%l�p!w�txyn�n�l�n���Æ3xy{8x��7x�n�la�%n�l�p n�w�xy|�{ �?��n°��|�x����%k�v~�%qA�%n t���k¤s¦l�|;{�k¡����m1�%l�{ �%l�p!q~p/|%q~{
{Bmzq3o%p qAo7l�p�{ k�l�nzp l�o%p�l�n�l�|;{1{���l1n8x��ul�k�|%n�{�x�|�w'l1rAx�p�kxy�%t�lzq~p��ul�{���q¦s#��¼B|�xAs%s¦k�{ k�qA|�}�m1��l�|Mx�o%p�l�s¦k¤w�x�{�l1{ l�p��½k�|�x
r?k�p {���xyt�w�tx�n n�� nz²~�%l�p ��k�|;rAq~ÉAl�n�x3v~k�r~l�|	o%p�q~o�l�p {B�?}~mQl/w�x�|�ks;l�|;{ k+�Z�!l���xAw�{ t��!m1�%kw �Mw�tx�n�nQs;l� �|%l�nz{ ��x�{�o�p�qAo7l�p {B�?}
l�|�x���t�k�|%v	�%n1{ q�æùðÀõêéyæ+èïî�ê�çúó¦ê	êåû/êêõ'çúüíðçý!åÀþÿë³é�ç�êìü��

¶ �1{�{�p k��%�%{�l�n�k�|µÁ�Æ3¯�n�xyp�l�x�n�n q%w�kx�{�l�s�m1k�{��Ïn�k��Mo%t�l	rAx�t��%l�n����/t�{���qA�%v~��{��%lun�k��Mo%t�l	rAx�t��%lMw�xy|��7l�x���qAp l�k�vA|
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%

run

Person compileAccessingMethodsFor:

             #( #birthyear #name).

%

run

BaseClass createSubclass: #Person
supers: #[ Root ]

instVarNames: #( #birthyear #name )
constraints: #[ #[birthyear, Integer],

                #[name, String] ]
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run

%

run

%

supers: #[ Person ]
BaseClass createSubclass: #Student

instVarNames: #( #gpa )

constraints: #[ #[gpa, Number] ]

Student compileAccessingMethodsFor: #( #gpa ).

run

%

run

%

supers: #[ Person ]
BaseClass createSubclass: #Staff

instVarNames: #( #title )

constraints: #[ #[title, String] ]

Staff compileAccessingMethodsFor: #( #title ).
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[ :a | a birthyear > 1975 ].

Ë�k�vA�%p l �Â²Qä�å?æðç¾è�é�è�ê�ë�s;l� �|%k�{ k�q~|Mqy��x	|%l�m
� ðyå äÿæ�Ë�êº¹ìüÝðèäSr?k�p {���xyt�w�tx�n�n��

Ë�k�vA�%p l�©�EÂ²�ä�å;æ<çBè�é�è�ê�ëVx��%{ qA��x�{�kw�xyt�t���k�|;{�l�v~p8xy{�l�n�{ �%l�|%l�mÎr?k�p {���xyt
w�tx�n n1k�|?{ q�{ �%l!n�w���l���x��

à#gôà$gìÕ _a[ ��Õ�� ¿�[ �À��Õÿ��Ö�ÔuX�e�W�f:[¼¿ � ¿�[ �À��Õÿ��Ö�[%\�^ ÔMXZÕ�� þ�b�Ô�Õ���[%W�[
´$l�{¢¡Ì�7l�{���l�n�l�{	q���xyt�tzw�tx�n n�l�n!k�|�{��%lMs�x�{8xy��x�n lA�.¡Ìk�n3o�x�p {�k�{�k�q~|%l�sOk�|;{ q�{BmQq�n�l�{ n>j87Â¡îk�n!{���l�n�l�{!qy�¿xyt�t��7x�n�l
w�tx�n n�l�n	k�|�{���lMs%x�{�x���xyn�lA}:x�|�sB3Â¡½k�n!{��%l	n�l�{�qy��x�t�t:r;k�p {���xytzw�tx�n n�l�nak�|�{���lMs%x�{�x���xyn�lA�M_a[ ��Õ�w�tx�n n�l�n	x�p�lMs¦l� �|%l�s
s;�%p k�|%vM{ �%l�k�|%k�{ k¤xyt$n8w �%l���x�s;l� �|�k�{ k�qA|��ÌÔMXZe�W�f:[¼¿:w�tx�n n�l�n�w�x�|��7l£s¦l� �|%l�s�x�|7s�xAs%s¦l�s�s¦�?|7x��Mkw�xyt�t��	{�qu{��%lan8w �%l���x
{���p�qA��vA�%q~�%{z{ �%l/t�k¡��l�{ k��MlQq���{���l°s%xy{8x��7x�n�l~�:Ê1�%l��Mx�p l°s;l' �|%l�su�;��{ �%l!x�o%o�t�kw�xy{�k�qA|	q���x	²~�%l�p ��qAo7l�p8xy{�qApQ{�q�xÚüÝð�å�¹ìõ8ê
õ�æùéÀüìü�Ä�qAp/w't¤xyn�n l�n8Ç¿{���xy{1p�l�n {�p��7w�{��%p l�n!{ �%l!n�q~�%p8w'l�w�tx�n n�� n1{B�;o�l!x�|7s¼»�q~p1l��%{�l�|;{/�ul����7l�p�n �%k�o��

9~�%n�{�t�k�ÉAl�qA�%puqAp k�v~k�|�x�t/w�txyn�n�s;l� �|�k�{ k�qA|�}Ql�x~w��]s%xy{8x��7x�n�l�w�tx�n�n�ÄZm1�%l�{���l�p�r?k�p {���xyt/qApu��x�n l�Ç.¡ � � ¡ ��x�n�x
�%|%k²~�%lMw�txyn�n	|�x��ulA}�x�{B�;o7lMs;l�n8w'p�k�o%{�k�q~|�}�x�|�s�x�n�l�{	�Ml����7l�p n��%k�o���¼B|�x~s%s;k�{�k�q~|�}$k�|�qAp�s;l�p!{ q�xAw�w'qA�M�uq%s%x�{ l!{��%l
n���o%o�q~p�{�qy�°r;k�p�{��7x�t/w�tx�n n�l�n�}Ql�xAw �¹w�tx�n ns¡��°x�t�n q���x�k�|;{8x�k�|%n!xOn�l�{�qy�¥xyt�tQr;k�p�{��7x�t/w�tx�n n�l�nï3§¡"Øe�-3§¡ n�� {��«¡��J�
þ$U�f:eAbyÕl� ¿Z[ �Ý��Õ¼��Ä
3%¡ Ø Ç���Ã�l3�%n l!{��%l	w�qAp p�l�n o�q~|�s;k�|%vM|�qA{8xy{�k�qA|ï3 ¡ Ø ^�Õ?e�XZY7Õ¦^ ÜçÁ�e�U � ¡ � { qMw ��x�p�xAw�{ l�p�k���l	{��%lap�l�tx�º
{�k�q~|%n��%k�o.¡ � �µþ$U7f:eAb�Õ_� ¿Z[ �À��Õ¼�5¨�3[¡ Ø5© �

´#l�{?3§¡ �7l�{���l�n l�{�q��!x�t�t1r;k�p {���xyt/w�tx�n n�l�n�� ´#k�ÉAl��Ml����7l�p n�qy�¥{ �%l�n�l�{�qy�°��xyn�l�w�txyn�n�l�n�}/x�Y$XZe�W�f:[¼¿�bè¿Z[ �À�
3§¡��"��3§¡V�7x�n1x3�%|%k²~�%l/w�tx�n nz|7x��Ml~}Ax3{B�;o�l3s;l�n�w�p�k�o%{ k�q~|�}%x�|7s�x3n�l�{Qq���{ �%l/r;k�p�{ ��x�t7w�tx�n�n l�n/s;l�p k�rAl�s£��p�q~� 3�¡����:¼B|
xAs�s;k�{�k�qA|�}���l�w�x��%n lM{ �%l�n l�{3�Ml����7l�p n��%k�o�q���3Â¡��Qk�n3^�Õ?e�XZY7Õ¦^��%n�k�|%vuk�{�n°s¦l�p�k�rAx�{ k�qA|�²~�%l�p �?}ú3§¡���xyt�n�qMk�|�w't��7s;l�n3{��%l
²~�%l�p ����p qA�Îm1�%kw��uk�{1k�n/s¦l�p�k�rAl�s$}�s;l�|%qA{ l�su�?��M7f:Õ?e�ÿ:Ä
3§¡ � Ç�}%x�n/s¦l� �|%l�s�k�|�Æ�l� �|%k�{�k�q~|���
=uÕ5��\:XZW�XZU%\;:«¨�=uÕ?e�XZY7Õ¦^ ÜçÁ¾e�U �·þ$fÏÙ Ü=<Me�[%ß:Ô © Ç�ê ë~ê�)·ä7êaçñó%ê?>�Ü�¸~Ú�@%Ü�½9ã�A5¸�¼9Ä \:×Û¹�ã�î¢¸�µ�¯"» ðçý é¾õ�æùé üêü%¡ � �y¡
çãð��ê éôüÝõ ó¦êÆ�ßé*��k�Ä�¡ � Ç $ ÄÌ�+35���7!Ç õìðèä;çãé�è ä�è ä�æ éyææ�çñó%ê¾õ�æùé üêü�ê ü!çúóÿé�ç éò¹8êuê�è�çúó¦êº¹ ëyè ¹8êìõ'ç¾æ ö ðè¹	è ä ëyè ¹8êìõ'ç¾æ ö¾ëAêº¹�è���êìë
ýÎ¹ìð�� ¡ � X
B�Å�¡��/èïü3çñó%ê ¹ìðÝð�ç ðÃý¥çñó%ê���k�Å
C�ÅA�+3TðS3J°
D�Å*ñ�3�ØÙ��3 üPÅ�ç
Å�3�Øµõêðò¹Î¹8ê üÃþÿðòä ëÀü3çãðJ��èå¹�ç¾å¼éyæ�õ�æïéÀüìü�3Â¡"ØÂ��3§¡J°��+3�ØJ�;�+3³è ý éèä ë¾ðèä�æ ö�è ý�3Â¡"Ø½$Ü5¸~Ú�@¦Ü�½9ã�A5¸�¼9Ä

¡ � ðè¹��r3v�Ù�?�+3 üPÅ�ç�Å 3Â¡ Ø ½$Ü�¸~Ú�@%Ü�½9ã�A5¸�¼9Ä 3§¡ �1Å
E�Å9: éÖõ ó�êêë æyê9��7 � $ ±��+3 � ºt�+3 Ø ¾¦����7 õêðò¹Î¹8ê üÃþÿðòä ëÀüaççð é½7Ú�¸�Ü�·~Ù¢½$Ü5¸~Ú�@8µ7Ù Úd¼9³`¸�Ü?Øìµ7Ù Úd¼9³È´�»$Ú�¯`��ê�çBëzê�êºä�ç¾ë ð

õ�æïéÀüìü�êìü[¡�� éòä ëÂ¡"ØÙ�y¡Ìë�è�çúó õìðè¹Î¹�êìüÃþ¼ðèä ëyè ä�æ ä ðÝë~êìü��+3�� éèä ë9�+3�ØJ�?�+3J°Û��êìéèä%èåä�æ!çúóÿé�ç"¡"Ø½$Ü5¸~Ú�@¦Ü�½9ã�A5¸�¼9Ä
¡ � Å

¼B|�Æ�l� �|�k�{ k�qA|�¬�}�mQl£s¦l� �|%l�x�|�qA�A��l�w'{!n8w �%l���x�x�n�x�s%xy{8x��7x�n�l�n�w �%l���x�w�q~|;{8x�k�|%k�|%v�x�t�t�qy�z{��%l�w�tx�n n�l�n!k�|�{��%l
s%xy{8x��7x�n�l~�]Ã�l�|%q�mÎl��%{�l�|7s¹{ �%k�n�s;l� 7|%k�{�k�qA|�{�q�s;l� �|�lDx�d ¿�U Ù:[¼¿¾��b�Ô�Õ���[¹x�n�x�s%xy{8xy��x�n l�n8w �%l���x�w�qA|;{�x�k�|%k�|%v

��������ú�õ��°÷�ø�����÷P�S�G����������� �?� ü�ü



%

run
YoungCultureView

addVC: YoungPerson 

withName: #GenerationXer

%

addVC: Student 

withName: #Student

run

YoungCultureView

FHG1I�JLKNMPOQOÖ² ½SR�T�MVU�RXW�TLTZY�[�W]\N\�M.\^U�R_U�`LM
� ð�a äÿæ
bca$d�e�a�¹3fSg$G1K�UNJhW][i\�YN`LM.jkWml

FHG1I�JLKNMnOpo¼²Hqr`LM?� ð�a�ä�æ
bca$d!e�a�¹3fms�t�f.uv\3YN`LM.jwWxY�RQy
U�W]G1yL\zW{\�M.[1M�Y�UNM�T
\NM.U|R�}~Y�[�W�\�\NM.\|RQK�I
W�yLG1�.M�TvG1y$U�R�Wx\�Y�`mM.jkW��$�w��a$d�e�t.s�t�f=ucl

W][1[cR�}�UN`LMkTmW]U3W��hW]\NM�Y�[�W]\N\�M.\p�c��R�U�`���W]\�MwW]yhT�g$G1K�UNJhW][��iG1y$U�M=I�K3W�U�M�T�G1y
UNR�W�Y�R�ym\�G1\�UNM.y$UnIQM.yLM.K�W][1G1��W]UNG'RQy�`LG1M.K3W�K3YN`$�i�cW
Ù��h�=���p�p���$����W�\|WnTmW]U3W��hW]\NMx\3YN`LM=jkW�Y�R�y$U3W�G1yLG1yLI�W�[1[i�hW]\NM{Y�[�W�\�\NM.\��iW]y�TkW��i���$���p�p���$���kW]\|W�TmW]U3W��hW]\NM?\3YN`LM.jwW
Y�RQy
U�W]G1yLG1yLI�W�Jm\�M.K*��\NM.[1M�Y�U�MpT�\NJL�L\�M=U�R]}?U�`LM�Y�[�W]\�\NM.\w��M=G'UN`LM.Kv�hW]\NMkRQK�g$G'KNU�JhW�[� ?}�KNR�j¡UN`LMwI�[1R���W][S\3YN`LM.jwWLl�¢£g$G1M.¤
jkW�yhW]IQM.j�M=y
U~\��$\�UNM.j¥j�JL\NUz\NJL¦L¦�R�KNU{W¨§�M�©LG'�m['M�Y�[�W]\�\NG«ª�Y.W]UNG1R�ywj�M�YN`hW�yLG1\�jZG1ykRQK3T$M=K|U�RvjkW�G'y$U�W]G1y�U�`LG1\rIQ['RQ�hW][�Y�[�W]\N\
`LG1M.K�W]K3YN`$�$l|FLRQKrM�©hW]jv¦L[1M��$U�`LM�\��$\NU�M.j£j�JL\NUr�hM�W]�L[1MxUNR�jkW�¬�M?T$�$yhW]jvG�YYN`hW]yLIQM.\?U�R�UN`LM�Y�[�W�\�\`LG1M.K3W�K3YN`$�
�m¦hRQ\�\�G1�L[1�
G1yL\�M=K�U�G1yLI�W|ymM.¤®Y�[�W]\N\c��M.U�¤zM=M.y�U�¤SR?M�©LG'\NU�G1yLInY�[�W�\�\NM.\z¤rG1UN`LR�JLUcW�¯�M�Y�U�M�T°U�`LMU��
¦�M.\SR�K�M�©LU�M=y
UN\zR�}�¦LK�M=g
G1RQJL\�[1�Q��M�©�G1\NU�G1yLI
Y�[�W]\N\�M.\rG1y�UN`LM?`LG1M.K3W�K3YN`$�
l�±�Mr`hWpgQM|¦LKNR�¦�R�\NM�T�M.[1\NM.¤r`LM.KNM�²�³]´L�L³LONµ�W][1IQR�K�G1UN`Lj�\cW]y�T�U�MpY�`myLG�¶�JmM.\r�$�n¤r`LG�YN`�UN`LM?I�[1R���W][
Y�[�W]\N\r`LG1M.K3W�K3YN`$��Y.W]yw��M·jwW]G1y$U3W�G'ymM�Til

¸G'KNU�JhW�[�Y�[�W�\�\NM.\kW�K�M�R�}�U�M=y;\�G1jv¦L[1�¹Y.W�[1['MpT à�g$G1M.¤r\�� â��LJLU�¤SM�G1y$U�M.KN¦LK�M.UwW]y�RQ��º�M�Y�U*��RQK�G1M.y$U�M�T»g
G1M.¤¼U�R�G'jv¦L[1��W
Y�RQj�¦L[1M.UNM|�i���
�¥�p�p���$������¤r`mG�YN`wG1\|W�JL\�M=K���\�M.[1M�Y�UNM�T½\�JL�LIQK3W�¦L`�R]}�U�`LM?IQ['RQ�hW][i\�YN`LM.jkWml
=v�5�¿¾���À���ÁL¾;Â«¨N�i���$�£���p���$��� ©;Ã t��]fºä é æ]dùð��ìé�d�üÝõ ó�fÆ�ßé�1>k $ �
35�7x �° é°@$Ä�Å�Æ�´�·5»�Å5Äeµ9°<3ík�°rtïü ë�f�)·ähfìëveãð.�3f
éÚüÝõ ó�fÆ�ßéR3ík $ �43�35�3 7x xu~t1eñó�eúó�f ýÝð�d�dùð�uct ä�æ þ�Çêð þ�f=Ç�e�t�fìü�X
B�Å93 k óÿé ü é�a�äLtt�=aLfJ��t�f=uÈtñë�fºä$e�t )zf=Ç ë�fºä ð�e*fìëß± 3>ke¾�°
C�Å93>3TðS3
D�Å93 7 ðVU�K3W�yL\�G1UNG'gQM���Y�[1R�\�JmK�M]�Ã÷c 
FmR�KcM�©mW�j�¦L[1M��Q¤SM·Y.W�ykY�KNM�W]UNM{W¨yLM.¤^g
G1M.¤^\3YN`LM.jwWL�QyhW]jvM�T�� ð]a�ä�æ$bca
d!e�a$Ç�fLsHt�f.u~�
W�yhT�\NM.[1M�Y�UrU�`mM?� ð�a äÿæ�Ë�f=ÇìüÝðèä

W]y�T�)Le�aÿëQfÎä�ezY�[�W]\�\NM.\xUNR�¦hW�K�U�G�Y�G1¦hW�U�M�G1y�U�`hW�U|\�Y�`mM.jkW°JLyhT$M.K¨U�`LM�yhW]jvM.\ Ã fÎä�f.Çìépe�tñðèä�É�f.ÇW]yhTB)Le�aÿëQfÎä�e�l?qr`LMv��a$d�Ê
e�t.s�t�f=uË\��$\�UNM.jÌ¤rG'[1[cW]JmU�R�jwW]UNG�Y=W][1[1���LJLG1[�T�UN`LM�Y�[�W]\N\x`LG1M.K3W�K3YN`$�w}�RQK·UN`LM�yLM.¤_g$G1M.¤Í\�YN`LM.jkWml�F�G1IQJLK�M�Opo�\N`LR]¤r\?U�`LM
K�M=\�JL[1U�G1yLI�g$G1M.¤Î\3YN`LM.jwWLl

Ï~M�Y.W�JL\�M?g$G1M.¤È\3YN`LM.jwW]U3W{`hWpg�M|W�['[mU�`LM¦LK�RQ¦hM.KNU�G1M.\SR]}�UN`LM|IQ['RQ�hW][$\�Y�`mM.jkWm�
W�yhT��hMpY.W]JL\NMxY�[�W]\�\NM.\rY.W]yv¦hW]KNU�G�Y�G1¦hW]UNM
G1y�g$G'M=¤Ð\�YN`LM.jkW�U3W?JmyhT$M.KrW]\N\�JLjvM�T�yhW]jvM.\��$T$G«¯iM.K�M.y$UrW]¦L¦m['G�Y.W�U�G1R�ym\zY.W]y�Jm\�M|UN`LM.G1KSR]¤ry�g
G1M.¤r\SR]}�W{\�`hW�K�M�TvTLW]U�W]�hW�\�M�l

à0ÑôàiÑìà Ôv���$�£ÒÎ�LÀp�
Ó]���LÔ���ÕQ�LÀp��Á�¾
qS�
¦mG�Y=W][1[1�
�]UN`LMnY�RQy$U�M.y$U�\rR�}zWxg$G1M.¤VW]K�M?yLRQUz\NU�RQK�M�Ti���LJmU�W�K�MxG1yL\NU�M�WQTkT�M.K�G1g�MpT�Jm\�G1yLI�U�`LMx\NU�RQK�M�Tw¶QJLM.KN��T�M�ªhyLG1yLI�U�`LM
g$G1M.¤xlwqr`LM�UNM.K�jÖ�i���$�×���LÀ��$Ó]���LÔ���ÕQ�LÀ��ØÁh¾Ëj�M�W�yL\?U�`hW�UnKNM.\�JL[1UN\nR�}|U�`LMw¶�JmM.K���UN`hW]UnT�M�ªhyLM.\�W�g
G1M.¤XW�K�MkWQY�U�J�W][1[1�
jkW�G1y
U�W]G1yLM�T{G'y�UN`LM|g$G1M.¤xÙ \cM�©LUNM.y$U��LW]\~R�¦L¦�R�\NM�T�UNRx�hM=G'ymInY�R�jv¦LJLUNM�T�R�y�T$M=jkW]y�Til�Ú½W]U�M=K�G�W][1G1�.M�T�g$G1M.¤r\c`hWpgQM|W][1K�MpW�T$�

������Û�Ü�Ý��·Þ]ß]Ûpà]ÞP�S�G����������� �?� á3â



��M.M.y�M.\NU3W��L[1G'\N`LM�TÈG1yËU�`LM�KNM.[�W]UNG'RQyhW][|Y�R�y$U�M�©LUwW]\�R]¯iM.KNG'ymI�G'jv¦LK�R]gQM�T�¶QJLM.KN�;U�G1jvM.\�lÈ±�M�T$M�ª�yLM8W½���LÀ��$Ó]���LÔ���ÕQ��ã
�i��Ó]À�ä��LÔ���Ô��h�p�|W�\zWg$G'KNU�JhW�[hY�[�W]\N\zUN`hW]U~\�U�RQK�M.\SM.G1U�`mM.K�Y�R�¦LG1M.\cR�}�R�K�K�M�}�M.K�M=yhY�M.\U�RnTLW�U3W?G1yL\NU3W�yhY�M.\SG1ynG1U�\~M�©LU�M.y$USK3W]UN`LM.K
U�`�W]y8Y�RQj�¦LJmU�G1yLI�G'UN\rM�©LU�M.y$U?JL¦�R�y�W�Y=Y�M.\�\pl|qr`mMxM�©LU�M.y$U?R]}zW�jwW]U�M=K�G�W][1G1�.M�T°g
G1KNU�JhW�[�Y�[�W]\N\|j�JL\NUr�hM¨jkW]G1y$U3W�G1yLM�T�G1y�W
Y�RQyL\�G1\�UNM.y$U|\NU3W]UNMx¤rG1U�`vK�M.\N¦hM�Y�U·UNR�JL¦iTLW]UNM.\|�$��UN`LMxTLW]U�W]�hW�\�M?\��$\NU�M.j�l

å æ çwè.éLê~ëìê$íî ïÌð|ñ�ò.ó°ôöõÍ÷�òpô�ørò.ùwú.ðñ

û�y�U�`mMr}�RQ['[1R]¤rG1yLI\�M�Y�UNG1R�yL\S¤zM?T$M.\�Y�K�G1��M{W�yhT�T$G1\3Y�JL\�\SR�JLK~\��$\�UNM.jüT$M.\NG1I�ykW�yhT�G1U�\zY�R�j�¦�R�ymM.y$U�\��$W]\~G'[1[1JL\NU�K3W�U�M�T��$��U�`LM
Y�RQyhY�M.y$U�KNG�YxY�G1K3Y�[1M.\R]}cF�G1IQJLK�M�O�l�±�M?��M.I�G1yvG'ywUN`LG1\r\�M�Y�UNG1R�yw�$��K�M=g
G1M.¤rG1yLI�UN`LM?¦LK�RQ¦hM=K�U�G1M.\K�M�¶QJLG1KNM�Tv}�RQKrU�`LM?\�Jm¦L¦hRQK�U
R]}�RQJLKcRQ��º�M�Y�USj�RLT$M.[�Ù \i}�M�W]UNJLK�M.\plc±�MSyLM�©LUSK�M.g$G1M.¤�UN`LMr¦LK�RQ¦hM=K�U�G1M.\r¦mK�R]g$G�T$M�T��$�nUN`LM|JmyhT$M.KN['�$G1yLIxý?M.jwþ$U�RQyLMr\��$\NU�M.j�l
FHG1yhW][1[1�
��¤zMxY�RQj�¦hW�K�M?U�`LM?KNM�¶QJLG1K�M�Tw¦mK�R�¦�M.KNU�G1M.\|UNR�U�`LRQ\�MxUN`hW]U|W�K�M?¦LKNR]g
G�T$MpTil

ÿ���� �����
	�������������������������������� �!�#"%$���	�	&�
�'�
��a$d�e�t.s�t�f=ucÙ \xRQ��º�M�Y�U�jvR�T�M.[zG1yhY�['J�T$M.\�\�R�jvM�}�JmyhTLW]jvM.y$U3W�[zT$M.\NG'IQy;¦LKNG1yhY�G1¦L[1M.\�l�qr`LM.\�M½¦LK�G1yhY�G1¦L[1M.\�K�Mp¶�JmG'KNMwU�`LMwJLy$�
T$M.KN[1�
G1yLI�TLW]U�W]�hW�\�M�\N�$\�U�M=j¡U�R�\�JL¦m¦hRQK�U�Y�M.K�U�W]G1y;¦mK�R�¦�M.KNU�G1M.\�lËF�G1IQJLK�M�O�³wRQJLU�[1G1yLM.\xUN`LMkT�M.\�G1I�yË¦LK�G1yhY�G'¦m['M=\�W�yhT�U�`LM
¦LKNR�¦�M.K�UNG'M=\|yLM.MpT$M�T½U�R�\�JL¦L¦�R�KNU|UN`LM.j8l

(*) +-,*,/.0+*,21 3*405+-60785*9*1 5*601
703*60+-:8; (/(*) +*,*,
(*< 5*+*1 ; =06
; 601 5->0< +-1 5*7
(*) +*,*,.0; 5*< +*< (*.03
? ; < 1 @0+*)*(*) +*,*,A ; < ,*1 B (*) +*,*,70+-1 +*C0+*,*5(*; 1 ; DE5-6
=0C0F 5-(*1 ,/>0+*; 6+-6078) =0,*51 3*405-,703*60+*:8; (*+*) ) 3
=0C0F 5-(*1 ,/.0+ ? 5C0=01 .8C0+*,*52G? ; < 1 @0+*)*1 3*405-,

(*) +*,-,*; A ; (*+*1 ; =06:8@0) 1 ; 40) 5 ; 60.05*< ; 1 +*60(*5:8@0) 1 ; 40) 5 < 5*,*1 < @0(*1 @H< ; 60>703*60+*:8; (/(*) +*,-, < 5*,*1 < @0(*1 @0< ; 60>=0C0F 5*(-1703*60+*:8; (Required Properties

,*3*,-1 5*:
A ) 5*9-; C0) 5; 60.05-< ; 1 +-60(*5Design

Principles

FHG1I�JmK�M�O�³�IKJ�KNR�¦�M.K�UNG1M.\?K�M�¶QJLG1K�MpT�}�R�Krg$G1M.¤®\NJL¦L¦�R�KNU

L�M ��Ô��h�p�v���h�v�ÐÀONQPc�8�m¾¿ãÎ�m¾V�SRiÀp�$¾�ÀQÑ�û�} W�y8RQ��º�M�Y�Un¶QJhW�[1G ª�M.\r}�RQK?j�M.j���M.K�\N`LG1¦�G1y�U�¤SR�Y�[�W�\�\NM.\��HG1U·j�Jm\�U
�hM.[1RQyLI�U�R�UN`LMxM�©LU�M=y
U?R�}¿��R�UN`�Y�[�W]\�\NM.\��0¤r`LM.U�`mM.K?R�KryLRQU·W]y$�v\�JL�L\NJLj�¦mU�G1R�yvK�M.[�W]UNG1R�yL\N`LG1¦kM�©�G1\NU�\|��M.U�¤SM.M.y�U�`LM
U�¤zR�Y�[�W]\N\�M.\plUTJLK|\N�$\�U�M=j£j�JL\�UcUN`LM.KNM�}�R�KNMn\NJL¦L¦�R�KNUWV�a
d!e�tYXhd'f&Z.dE[]\^\.t _UZ^[pe�ta`/bml

L�c �=�$Ó����=��Á�ä�Ô�ãed~�Ð��d�Ô��;ÀpÁ®��Ó]�
�mÀ��È�i��Ó]À�ä��LÔx�]Ô��h�p�.�L��ãfNi¾��L�����]�LÔ�ÔHN�g|�]äc�=À�Á�����ÕQ��¾ihjdcÁhÀp�ÍÀONQPc�È�L¾cã
�SRiÀp�$¾�ÀQÑzû�}cU�`mMxyLM.¤Vg$G1K�UNJhW][�Y�[�W]\�\pÙ \rU��
¦�MxG1\·W�Y�JL\�UNR�j�G1��W�U�G1R�yvR]}zW]ywM�©LG1\�UNG1yLI�Y�[�W]\N\�Ù \|U��$¦�M��LUN`LM.y�UN`LMnY�RQK�K�MpY�U
¦hRQ\�G1U�G1R�y¨G'y�U�`mMrI�[1R��hW�[�U��$¦�Mr`LG1M.K3W�K3YN`$�xj�G1I�`$Ui��Mr�hM=U�¤zM.M=y�U�¤zR?M�©LG1\�UNG'ymI{Y�[�W�\�\NM.\�l�qr`LMrJmyhT$M.KN['�$G1yLIG'ym`LM.K�G1U�W]yhY�M
G'jv¦L[1M.j�M=y
U�W]UNG R�y�j�Jm\�USU�`LM.KNM�}�RQK�M��hM?§�M�©LG'�m['M?M.ymR�JLIQ`�U�R�\NJL¦L¦�R�K�UU�`LMlk/m/bn[oVntaZ�Ç�f^Z.dE[]\^\.t _UZ^[pe�ta`/b�R�}~TmW]U3W��hW]\NM
Y�[�W]\�\NM.\�lSFLJmK�U�`mM.K�jvR�K�MQ��G«}�U�`mM·ymM.¤�g$G1K�U�J�W][iY�[�W]\�\SG1\zUNRx\�M=K�g�MxW�\zUN`LM?¦hRQG'y$UcR�}�G1yL`LM.KNG'U�W]yhY�M|}�R�KzW¨yLM.¤�¦mK�R�¦�M.KNU��
�
U�`hW�U|¦LKNR�¦�M.K�U���Y�RQJL[�Tw�hM¨K�M.[1RLY.W]UNM�T½U�R�U�`mMnyLM=¤ÍY�[�W]\�\pl�TJLK|\N�$\�U�M=j£j�JL\�UrUN`LM.K�M�}�R�KNMn\NJL¦L¦�R�K�Upkom/bn[/V�taZqZ=dr[]\^\
Ç3f�\3e�Ç.a�Z�e�a$Ç.t-b�s�liqr`mG'\|T��
y�W]j�G�YrY�[�W�\�\rK�M=\�U�KNJhY�UNJLK�G1yLIvG'y�Y�[1JhT$M.\r\NJL¦L¦�R�K�US}�R�KSU�`LM?¦�R�\�\NG1�L[1M·jvG1I�K3W�U�G1R�y�R]}�\�U�W]U�MxW�\
¦LK�RQ¦hM.KNU�G1M.\?W]K�M?jvR]g�M�T�}�K�RQjüY�[�W]\N\rU�R�Y�[�W]\N\�l

L�t Á�À��½�i��Ó]Àpä��LÔi�L¾cã�d��h�=���]Ô��h���=�L�|�=��Áhä�Ô�ãpd~����¾HÀ��'h�Ó]�LÀ��Lã°��¾HÀ�Á��w�]Á�Ó]Ó]����À|�L¾cã��]Á�¾c�.���.Àp�$¾�Àc�����$Ó]�LÓ��p�NmÑ¢|\·T�M.U3W�G'[1M�T�G'yË² ³Qo=µ�� UN`LG1\rG1y
UNM.I�K�W]UNG'RQy�K�Mp¶�JmG'KNM.\?�hRQU�`�j�Jm['UNG1¦L[1M·Y�[�W]\N\�G«ª�Y.W�U�G1R�y�W]yhTwj�Jm['UNG1¦L[1M|G1yL`LM.KNG1U3W]y�Y�M�l?FLRQK

uqv]wyx-z-{�z |~}���Û^�!� �����n�-���.Ü~���]à Û^� á��



M�©hW]j�¦m['MQ�hG«}�Wvg$G1K�UNJhW][cY�[�W]\N\xG1\}�R�KNj�M�Tw�$�8W�¦L¦L[1�$G1yLIkWvJLyLG1RQy¹¶QJLM.KN��U�RwU�¤SRw�hW]\NM�Y�[�W]\�\NM.\���UN`LM.y�U�`LM�ymM.¤r[1���
}�R�KNj�M�T?JmyLG1R�y�Y�[�W]\�\~\�`LRQJL[�Tx��M|Y�[�W]\N\�G«ªhM�T�W�\zW\�JL¦�M.K3Y�[�W�\�\SR]}i�hRQU�`��hW�\�M|Y�[�W�\�\�M=\��$¤r`LG�YN`n\N`LR�Jm[�T�Y�RQy
UNG1y
JmMrU�R?�hM
\�JL�iY�[�W]\N\�M.\SR]}�W]y$�xRQU�`LM.KSY�[�W]\�\NM.\~}�K�RQjV¤r`LG�Y�`�UN`LM.��G1yL`LM.KNG'U�¦LKNR�¦�M.K�UNG1M.\�l~û�y�WQTLT$G1U�G1R�yH�]�hMpY.W]JL\NM|yLM=¤»Y�[�W�\�\NM.\c¤rG1[1[
`hWpg�MrUNRx�hMrG1y$U�M=I�K3W�U�M�TvT$�$yhW]jvG�Y.W][1[1���.UN`LM|G1yL`mM.K�G1U3W�yhY�MG'jv¦L[1M.j�M.y$U3W�U�G1R�y?j�JL\NU��hM §hM�©LG1�L[1M|W]yhT�UN`LMrJLyhT$M=K�[1�$G'ymI
\��$\�UNM.jüj�Jm\�US\�JL¦L¦�R�KNU�kom/bn[/V�taZqZ=dr[]\^\?Ç3f�\3e�Ç.a�Z�e�a$Ç.t-b�s�l

Lj� ��Ó]À�ä��LÔx�]Ô��h�p�.�L���=��Áhä�Ô�ãedc�ÈÀ�Ó]�$�LÀp�LãV�h���cÓ��.À]�3��Ô������wãH�LÀp��d��h�.�È�]��À���Õ��$¾c��Ñ8qr`LG1\�j�M�W�yL\xU�`�W]U�g
G1KNU�JhW�[
Y�[�W]\�\NM.\?\�`LRQJL[�T�¦�W]K�UNG�Y�G1¦hW]UNMxG1y�U�`LM�JL¦$¤rW]K3T�\���G'ym`LM.K�G1U�W]yhY�M�j�MpY�`�W]yLG1\�jZR]}SU�`LM�\3YN`LM.jwWL�iW]y�TwU�`hW�U|UN`LMn\N�$\�U�M=j
\�`LRQJL[�T�\�Jm¦L¦hRQK�UqZ�[�X�[8Z.t�e0mpÊ�[�a�s/V�f~b$e�t-b'sp�pt�Ç�e�a�[]dZ=dr[2\�\�f�\.l

L�� d�p�L�]À]�r�.��Á�ä�Ô�ãld~����d�Ô��nÀpÁlhh�L��¾�ÁhÓxÔ�Ái�.��À~NQP~���ãfNi¾��m�������LÔ�ÔHNLÑ�qr`LG1\�}�MpW]U�JmK�MrK�Mp¶�JmG'KNM.\S\�JL¦L¦�R�KNUc}�R�K�U�`LM
k/m/bn[oVntaZ�Ç�f^\�e�Ç.a�Z�e�a$Ç.t-b'sq`��W`8�-��f^Z�ea\S�hMpY.W]JL\NM�W�ywR���º�M�Y�U·Y�RQJL[�TwI
W�G'yvR�Kr[1R�\NMx\�U�W]UNMnT$M.¦�M.yhT$G1yLIvR�yw¤r`LG�YN`wU��
¦�M.\
G'US¦�R�\�\NM.\�\NM.\�l

L�� d�p�L�]À]�w�.��Á�ä�Ô�ãePcÁi���=�L����dcÁhÀp�Í�i��Ó]Àpä��mÔ·�m¾¿ã�d��h�.�ÈÀ~NQP~����Ñ;FLRQKxM�©hW]jv¦L[1M��HG }|W]yËR���º�MpY�U�¶QJhW�[1G ª�M.\?}�RQK
j�M.j���M.K�\N`LG1¦wG'y½U�¤zRv\�M.[1M�Y�U�Y�[�W]\�\NM.\��HU�`mM.y8G1U?\�`mR�JL[�Tw��M�WvjvM.j��hM=KrR]}z��R�UN`'��K�M.I$W]K3T�['M=\�\?R]}z¤r`mM.U�`LM=KxR�K?yLRQU
W]y$�8\NJL�L\NJLj�¦LUNG1R�y�K�M.[�W]UNG1R�yL\N`LG1¦�M�©LG'\NU�\��hM=U�¤zM.M=yÐUN`LM�\NM.[1M�Y�U�Y�[�W]\N\�M.\pl8qr`mM�\��$\NU�M.j¡j�Jm\�U?U�`LM=K�M�}�RQK�Mw\�Jm¦L¦hRQK�U
Vna$d�e�t�X�d'f�Z=dr[2\�\.t _�Z�[�e�tH`/b�W]yhT0�LW]\rM�©L¦L[�W]G1yLMpTkW��hR]gQM��$U�`mM�kom/bn[/V�taZ�Ç�f^\�e�Ç.a�Z�e�a$Ç.t-b's�`���`��*��f^Z�eH\.l

ÿ���  ¡ �¢£$����
¤���¥e���¤��¦

M
§ u
¨ l© tª i« V¬ i e® w¯  O° PA± L²  I³ n´ tµ e¶ r· f¸ a¹ cº e»

O

¼ b½ j¾ e¿ cÀ t

Á -SÂ lÃ iÄ cÅ iÆ nÇ gÈ  RÉ eÊ pË rÌ eÍ sÎ eÏ nÐ tÑ aÒ tÓ iÔ oÕ nÖ

G× rØ aÙ pÚ h

Û iÜ cÝ  UÞ s

ß eà rá  Iâ nã t

ä eå ræ fç aè c

é eê V

ë iì rtí uî aï l Cð l
ñ

a
ò só sô  Cõ rö e÷ aø tù iú oû nü  / Iný tþ eÿ g� r� a� t� i� o� n�

Q

� u� e	 r
 y�  S� u

 p� p� o� r� t�

D�

a� t� a�  E�

n� t� r� y�  /�  U�p� d� a t!e"  

 

V# i$ e% w&  S' c( h) e* m+ a,  S- u. p/ p0 o1 rt2 

M3
u4 l5 t6 iV7 i8 e9 w:  O; b< j= e> c? t@  MA o

B dC eD lE
GemStone

OPAL
Interface

¢\�G'[1[1JL\NU�K3W�U�M�T��$��U�`LMwG1yLyLM.KNj�RQ\�U�Y�G1K3Y�[1MwR]}xF�G1IQJLK�M�O��S��a$d�e�t.sHt�f.u^G1\��LJLG1[1UxR�yÈU�RQ¦;R�}{þ$M.KNg$G'RGFSR�KN¦hRQK3W��
UNG'RQy�Ù \�ý{M.jkþ$UNR�yLMpT TIH?ÏzÚ½þ;Jm\�G1yLI�ý?M.jkþ�U�R�ymM�Ù \nþ$jkW�[1['U�W][1¬Q��[1G«¬�MWT J�¢KJÎ¦mK�R�IQK3W�j�j�G«yLIwM.y$g$G'KNR�yLjvM.y$U�l
±�MrYN`LR�\NM|U�R?JL\NM|UN`LM|ý?M.jwþ$U�RQyLM T TIH?ÏzÚ½þ�K3W�U�`LM=KcU�`hW�y�G1j�¦L[1M.jvM.y$U���a$d!e�t.sHt�f=u�}�K�RQjÍ\�Y�K3W�U3YN`���M�Y.W�JL\�M
ý?M=jkþ$UNR�yLMx¦mK�R]g$G�T$M.\nWvK�G�YN`�R���º�M�Y�U���R�K�G1M.y$UNM�T;TLW�U3Wvj�RLT$M=[�¤rG1U�`�\�JL¦m¦hRQK�U�G1yLI½U�R$R�[1\�lLHM.\N¦LG1U�M�\�G1I�yLG«ª�Y=W]y$U
T$G«¯iM.K�M=yhY�M.\��hM=U�¤zM.M=y�U�`LM�ý?M.jwþ$U�RQyLMxW]yhT���a$d�e�t.sHt�f.uÈTLW�U3W�jvRLT$M.[1\���ý?M.jkþ�U�R�ymM·R�¯�M=K�\x¬QM.�v}�M�W]UNJLK�M=\xU�`hW�U

¦LKNR]g�M�TvM�©LUNK�M.jvM.[1��JL\�M�}�JL[�G1ywU�`LM?G1j�¦m['M=j�M.y$U3W�U�G1R�y�R]}S��a
d!e�t=s�t�f=ucl�ÏcM.\NG�T$M.\|UN`LM?U��$¦LG�Y.W][�TLW�U3W��hW]\NM?}�JLyhY�U�G1R�yhW�[1G �
UNG'M=\��]\NJhYN`nW]\H¦hM.KN\�G1\�UNM.yhY�MQ�
TLW�U3W��hW]\NMc¦LK�RQI�K�W]j�jvG1yLI�[�W�yLI�J�W]I�M�\NJL¦L¦�R�K�Up��W]y�T|UNK3W�yL\3WQY�U�G1R�y¨jkW]y�W]I�M=j�M.y$U��N}�M�W]UNJLK�M.\

R�}¿ý?M.jwþ$U�RQyLM|G1yhY�['J�T$M�I
L ý?M.jkþ�U�R�ymM|¦LKNR]g
G�T$M=\|W]JLUNR�jkW�U�G�Y]�]\N�$\�U�M=j���jkW]G1y$U3W�G1yLM�T�R���º�M�Y�UrG�T$M.y$U�G1U��$l
L ý?M.jkþ�U�R�ymM|U�KNM�W]UN\|M.gQM.K��$UN`LG1yLI�G1y�U�`mMx\��$\�UNM.j8�$G1yhY�['J�T$G1yLI�Y�R�T�Mx�L[1RLY�¬$\|W�yhT�Y�[�W�\�\�M=\��iW]\rRQ��º�M�Y�UN\�l
L ý?M.jkþ�U�R�ymMzR�¯�M.KN\�Wy$JLj���M.KcR�}�¦LKNR�IQK3W]jvj�G1yLIS[�W]yLIQJhW]IQMzG1y$U�M.K*}�W�Y�M.\��$\NJhYN`kW]\MF?�NFPOIOn�LW�yhT�þ$jkW�['[1U�W][1¬i�.¤r`LG�YN`
}�W�Y�G1[1G1U3W�U�M|UN`LMxT$M.gQM.[1R�¦LjvM.y$U�W�yhTvG'y$UNM.I�K�W]U�G1RQy�R]}cW�I�K�W]¦L`LG�Y G'y$UNM.K�}�WQY�M�l
L ý?M.jkþ�U�R�ymM|¦�M.K�jvG'UN\�WQY.Y�M.\N\?U�R�U�`mM·\NR�JLK�Y�MnY�RLT$M{}�R�KSj�RQ\�USj�M.UN`LRLT$\��$¤r`LM=U�`LM.K\��$\�UNM.j£R�KrJm\�M.K?T$M�ªhyLMpTil

ÿ��RQ S �UTW����¤WVQ�f�YX��Q�/"���¤[Z]\W^`_badceagfihkji¤�� ¡ �¢ $U���
¤��
TJLKrG1j�¦L[1M.jvM.y$U3W�U�G1R�y�jkWQT$M|W�y$JLj��hM=KzR�}¿M�©�UNM.yL\NG'RQyL\rU�R�UN`LMný?M=jkþ$UNR�yLM\��$\�UNM.jüUN`hW]Ur¤SM.KNMxyLM�Y�M=\�\3W�K���G1yvR�K3T�M.K|UNR
\�Jm¦L¦hRQK�U�g$G1M.¤r\�lcFmR�KHM�©hW]j�¦m['MQ�.��M�Y.W]Jm\�M·ý{M.jkþ$UNR�yLMcT$R$M.\�yLRQU�jkW]G1y$U3W�G1y|M�©L¦L[1G�Y�G1U�M�©LUNM.y$U�\cUNR·Y�RQ['[1M�Y�U¿W�[1[
G1yL\NU3W�yhY�M.\�R]}iW
U��$¦hMQ��¤r`LG�YN`�G1\cyLM.MpT$M�T�}�R�KcUN`LMr\�¦�M�Y�G«ª�Y.W�U�G1R�yvR]}i\�M.[1M�Y�Urg
G1KNU�JhW�[hY�[�W]\N\�M.\p����a$d!e�t.sHt�f=uwM�©LU�M.yhT�\zUN`LM·ý?M=jkþ$UNR�yLMrY�R�y�Y�M.¦LU
R]}xY�[�W]\N\�U�R�G1yhY�[1JhT$MwW]yÈM�©LU�M=y
UplÈ±�M�W�TLT�\��$\�UNM.j jvM.U�`mR�T�\�U�R�W]JLUNR�jkW�U�G�Y.W�['[1�8WQTLT�RQ��º�M�Y�UN\�UNR�U�`LM�W]¦m¦LK�RQ¦LK�G�W]UNM
M�©LU�M=y
UN\|JL¦�R�y�Y�KNM�W]UNG1R�y���W]yhTvjkW�G1y
U�W]G1y�U�`LM?M�©LU�M=y
UN\|R�}¿g$G1K�UNJhW][�Y�[�W�\�\NM.\|JL¦�R�ywJL¦iTLW�U�M.\pl

ÚwRQK�Mw\�G1IQyLG«ª�Y.W]y$UN['�$��U�`mMkIQR
W�['\¨R]}n��a$d�e�t.sHt�f.u^K�M�¶QJLG1KNM�U�`hW�UnUN`LM�JLy�T$M.K�[1�$G1yLI�R���º�M�Y�U�j�RLT$M.[S\�JL¦m¦hRQK�U�Y�M.KNU3W�G'y
¦LKNR�¦�M.K�UNG'M=\��zW�\�T�G'\�Y�JL\N\�M�TËG1yÐþ$MpY�U�G1R�yË´hl1O�l�Ú½W]y$�8R�}|U�`LM=\�Mw¦LK�RQ¦hM=K�U�G1M.\�W�K�MvyLR�Ux\NJL¦L¦�R�KNU�M�TË�$�;ý?M.jwþ$U�RQyLM�Ù \xTLW]U�W
j�RLT$M=[�lHqr`LM?j�RQ\�USG1j�¦�R�K�U�W]y$UcR�}�U�`mM.\�Mx¦mK�R�¦�M.KNU�G1M.\xW]KNM�I
L ý?M.jkþ�U�R�ymM|T$R$M.\|yLRQUz\NJL¦L¦�R�KNUWV�a
d!e�tYXhd'f&Z.dE[]\^\.t _UZ^[pe�ta`/bm�$¤r`LG�Y�`wG1\rW�K�M�¶QJLG1K�MpTkYN`hW�K3WQY�U�M.KNG1\�U�G�Y}�R�Krg$G1M.¤�\�Jm¦L¦hRQK�UG'y½��a
d!e�t=s�t�f=ucl
L ý?M.jkþ�U�R�ymM�T$R$M.\�yLRQUn\NJL¦L¦�R�KNU V�a
d!e�tYXhd'fvt-bml�f=Ç.t1e![/bnZ�f=�c¤r`LG�YN`ÈG'\�yLM�Y�M.\�\�W]K��^�hRQU�`;G1yÈR�K�T$M.K�UNR8¦LKNM.\�M=K�g�M�R�JmK
\�G1yLI�[1M���¦�R�G1y$U���R]}���G1yL`LM.KNG'U�W]yhY�Mx¦LK�RQ¦hM=K�U���W]yhT�W][1\�RwUN`LM�¦hW]KNU�G�Y�G1¦hW�U�G1R�y�R�}zg$G1K�U�J�W][zY�[�W�\�\�M=\nW]\?ª�K�\�U*�*Y�[�W�\�\nY�G'UNG1�.M.yL\
G'ywW]ywJL¦$¤rW]K3T
��G1yL`LM=K�G1U3W�yhY�M?j�M�YN`hW�yLG1\�j�l
L bcdr[]\^\?Ç3f�\3e�Ç.a�Z�e�a$Ç.t-b�s�G1y�ý?M.jwþ$U�RQyLM|G1\r\NM.g�M.KNM.[1�wK�M.\NU�K�G�Y�UNM�T�}�R�K|Y�[�W�\�\�M=\|¤rG1U�`wG1yL\�U�W]yhY�M.\���¤r`LG�YN`w¤zRQJL[�T�¦LKNM.g�M.y$U
U�`LM?jkW�yLG1¦LJL[�W]UNG1R]yxR]}�U�`LM?\3YN`LM=jkW?`LG1M.K�W]K�Y�`$�vyLM�Y�M.\N\3W�K��v}�R�KSU�`mM|G1y$U�M.IQK3W]UNG1R�y�R�}�g$G'KNU�JhW�[�W]yhT°�hW]\NM·Y�[�W�\�\�M=\|G1y$U�R
Wx\NG'ymI�[1M?I�[1R��hW�[h\�YN`LM.jkWml

uqv]wyx-z-{�z |~}���Û^�!� �����n�-���.Ü~���]à Û^� áon



L ý?M.jkþ�U�R�ymMr\�JL¦L¦�R�KNU�\R���º�M�Y�UrK�M.\NU�K�J�Y�U�JLKNG1yLI�RQyL[1��G'yvU�M.KNj�\SR]}�j�G1I�K�W]U�G1yLI?RQ��º�M�Y�UN\S}�K�RQjXR�yLMxY�[�W�\�\rU�R�W]ymR�U�`mM.K�l
FLJLKNU�`LM=K�j�RQK�M���W]y�RQ��º�M�Y�UxY.W�y�R�ym['�v�hM=['RQyLI�UNR�R�yLM�Y�[�W]\N\��iW]y�T�jvG1I�K3W�U�G1R�ywY.W]y½R�yL[1��U�W]¬QMx¦L[�W�Y�M¨�hM.U�¤SM.M.y�U�¤SR
Y�[�W]\�\NM.\|UN`hW]Ur\N`hW]KNMnW�Y�[�W]\�\`LG1\�UNR�K��$l
L ý?M.jkþ�U�R�ymM�Ù \nyhW�U�G1g�MwG1yL`LM=K�G1U3W�yhY�M�\�Y�`mM.jkW�T$R$M.\�ymR�U�\�Jm¦L¦hRQK�UvU�`LM�G1yhT�M.¦hM=yhT$M.y$U�KNM.\�UNK�JhY�U�JLKNG'ymIÐR�}nY�[�W]\�\vG1y$�
`LM.K�G1U�W]yhY�MwKNM.[�W]U�G1RQyL\�`LG1¦L\�U�`�W]U�G'\�yLM�Y�M.\�\�W]K��ÈG«}|g$G1K�U�J�W][rY�[�W]\�\NM.\�W]KNMwU�R�¦hW�K�UNG�Y�G'¦�W]U�M°}�JL[1[1�8G1yËU�`LMvG'ym`LM.K�G1U�W]yhY�M
\3YN`LM.jwWLl
ÚwJm['UNG1¦L[1MzY�[�W]\N\�G«ª�Y.W�U�G1R�y�G1\�¦�W]K�UNG�Y�JL[�W]KN['�?yLMpY�M.\�\�W]KN��G1ynW?Y.W]¦�W�Y�G1U��Q�*W�JLI�jvM.y$U�G1yLIrg$G1M.¤;\N�$\�U�M=j8�]��M�Y.W�JL\�M|W�ynRQ��º�M�Y�U

Y.W�y;��MkW]y�G1yL\NU3W�yhY�M�R�}|j�JL[1U�G1¦L[1Mxg$G1K�UNJhW][rY�[�W]\N\�M.\v��W�\n¤SM.[1[�W�\xG1U�\x��W]\�MwY�[�W]\N\3 ¨K�M.I$W]K3T�['M=\�\�R]}|¤r`mM.U�`LM=K�R�KxyLRQUnW]y$�
\�Jm�L\�JLjv¦LU�G1RQy;K�M=[�W�U�G1R�ym\�`LG1¦L\vM�©LG'\NU��hM=U�¤zM.M=y®UN`LR�\NM8Y�[�W]\N\�M.\YpQl�q�R�U�`LM½�hM.\NU�R�}{RQJLK�¬$yLR]¤r[1M�T$IQM��rY�JLK�KNM.y$U�T TIH?Ï
\��$\NU�M.jv\�T$R;yLRQU�\�JL¦m¦hRQK�U�j�Jm['UNG1¦L[1M�Y�[�W]\�\NG«ª�Y.W]UNG1R�yj� ¤rG1U�`ÈUN`LMwM�©hY�M.¦LUNG'RQy�R]}xûrq û�þ®²1OQONµ*�S¤r`LG�YN`ÈG1\�W½}�JLyhY�UNG1R�yhW�[
TLW�U3W]��W]\�M�\��$\NU�M.jÌU�`�W]U?JL\�M=\nWvK�M.[�W]UNG1R�yhW�[�TLW�U3W]��W]\�M�W]\xWv\�UNR�K�W]I�M�\��$\NU�M.j��iU�Rw\�UNR�KNM�TLW]U�W�}�KNR�j£R�ymMnRQ��º�M�Y�UnWQY�K�RQ\�\
jkW�y$�nKNM.[�W]U�G1RQyL\Ws�l�û�ym\�¦LG1K�MpTw�$��U�`mG'\|W�¦L¦LKNR
W�YN`w¤SMx`hWpg�MxT$M=g�M.[1R�¦�M�TwW]ywRQ��º�M�Y�U*��\N['G�Y�G1yLI�UNM�YN`LyLG�¶QJLMxUNR�W�TLT$KNM.\�\?UN`LM.\�M
W�T�g�W]yhY�MpT½}�M�W]UNJLK�M=\nG1y�U�`LMwY�R�y$U�M�©�U¨R]}|U�`mMpT TIH?Ï U�M�YN`LymR�[1R�IQ�;²�oNt=µ�l�û�y�UN`LM�}�RQ['[1R]¤rG1yLI�\NM�Y�U�G1RQy���¤zM�T�M.\3Y�KNG1�hMwR�JmK
R���º�M�Y�U���\�[1G�Y�G1yLI�UNM�YN`LyLG�¶QJLM�l

u vxwLy�ð|øMzi{d|�ú.ò.ørò�ô°ó~}¥÷�øM��ò�z�ðøMz���÷�ð

M
§ u
¨ l© tª i« V¬ i e® w¯  O° PA± L²  I³ n´ tµ e¶ r· f¸ a¹ cº e»

O

¼ b½ j¾ e¿ cÀ t

Á -SÂ lÃ iÄ cÅ iÆ nÇ gÈ  RÉ eÊ pË rÌ eÍ sÎ eÏ nÐ tÑ aÒ tÓ iÔ oÕ nÖ

G× rØ aÙ pÚ h

Û iÜ cÝ  UÞ s

� e� r�  I� n� t� e

� r� f� a

� c� e� V

� i� rt� u� a
� l C� l
�

a
� s� s�  C� r� e� a� t� i� o� n   / In¡ t¢ e£ g¤ r¥ a¦ t§ i¨ o© nª

Q

« u¬ e r® y¯  S° u

± p² p³ o´ rµ t¶

D·

a¸ t¹ aº  E»

n¼ t½ r¾ y¿  /À  UÁpÂ dÃ aÄ tÅeÆ  

 

VÇ iÈ eÉ wÊ  SË cÌ hÍ eÎ mÏ aÐ  SÑ uÒ pÓ pÔ oÕ rtÖ 

M×
uØ lÙ tÚ iVÛ iÜ eÝ wÞ  Oß bà já eâ cã tä  Må o

æ dç eè lé
GemStone

OODB

±�M�JL\�MpT�W�§�M�©LG'�m['M�W�yhT½¦hR]¤SM.K�}�JL[cU�MpY�`myLG�¶�JmM�Y.W][1[1M�T�R���º�M�Y�U���\�[1G�Y�G1yLIwU�R�Y�RQyL\�UNK�JhY�UnUN`LMw��a
d!e�t=s�t�f=u;RQ��º�M�Y�U
jvR�T�M.[cR�y�U�RQ¦�R]}·ý?M=jkþ$UNR�yLM�l°û�y�R���º�M�Y�U���\�[1G�Y�G1yLIh�cWvK�MpW][«��¤SR�KN[�T�R���º�M�Y�UnY�R�KNK�M.\N¦hRQyhT$\vU�R�Ww`LG1M.K�W]K3YN`$��R]}
����P�Ô��$���$¾�À.�mÀ���Á�¾�Á d�p����À��{��RQyLM}�R�KrM�WQYN`8Y�[�W]\N\r¤r`LR�\NMxU��$¦hMxUN`LM?R���º�MpY�U|¦�R�\N\�M.\N\�M.\� ?[1G'ym¬�M�TvU�R�W���Áh¾i�
���SP�Àpä��LÔzÁ d�p�L�]À���Jm\�M�T½U�RvK�M.¦LKNM.\�M=y
U¨U�`LMxRQ��º�M�Y�U*��G1UN\�M.[«}� K�W]U�`mM.K|UN`hW]y8W�\�\NR�Y�G�W�U�G1yLIvR�yLMxG1jv¦L[1M.j�M.y$U3W�U�G1R�y
¤rG1U�`�M�WQY�`�Y�R�yhY�M=¦LU�JhW�[hRQ��º�M�Y�USW]\�G1\¿Y�R�j�jvR�yL[1�|W�\�\�Jmj�M�T¨G1yWT TKH?Ï�\��$\�UNM.j�\|²�oëê=µ*lHFLRQK�M�©mW�j�¦L[1M��]FHG1I�JLKNMxO.´

T$M=¦LG�Y�U�\xW�\�YN`LM.jkW�Y�R�j�¦�R�\NM�TwR�}¿U�¤SR���W]\�M�Y�[�W]\�\NM.\�� bU[pecW]yhTíì�`]a8\�f]bU[�e��iW�yhTvU�¤zRvg
G1KNU�JhW�[�Y�[�W]\N\�M.\p�îì{f^[o� m$bU[�e
��T$M.K�G1gQM�T°}�K�RQj W{\�M.[1M�Y�UNG1R�y�¶QJLM.K���Jm¦hRQy�U�`mMkbU[�e�Y�[�W�\�\3 rW�yhTðï?t�f�e�t-b�sñìxf�[o� m$bU[�e���T$M.KNG1g�M�T°�
��KNM�ªhyLG1yLIòì{f^[o� m$bU[�e

UNRkW�TmT�W�yLM.¤VG1yL\NU3W]y�Y�Mng�W�K�G�W]�m['MQ�ôóöõø÷úùL =lzqr`mMxK�G1I�`$U*��`hW�yhTw\NG�T�MxR]}cU�`mMxªhIQJLK�M¨G'[1[1JL\NU�K3W�U�M.\?W�\NG'ymI�[1M?G'ym\�U3W�yhY�M�R]}cU�`mM
ì�`]a8\�f]bU[�e�Y�[�W]\N\x¤rG1U�`�G1yL\�U�W]yhY�Mvg�W]KNG�W��L[1M.\Pûd÷øõýüëûmùÿþ����$���ö÷øõúüëûôù þ��	��
�����HW]yhT������d÷	� þ���� ÷ýóil�qr`LM�G1yL\�U�W]yhY�M
}�Jm[ ª�['[1\iUN`LMzjvM.j���M.K�\N`LG1¦·KNM�¶QJLG1K�M.jvM.y$U�\�R]} ì{f^[/�]m$bU[pe���¤SM.G1I�`$U���Oñêr[1�L\� .��W�yhT?UN`
Jm\�G1UH�hM.[1RQyLI�\�U�R�hRQU�`�U�`LM ì{f^[o� m$bU[�e
W�yhT�U�`LM ï·t�f�e�t-b'sgì{f^[/�]m$bU[peig$G1K�U�J�W][hY�[�W�\�\�M=\�l�� R�UNM|U�`�W]UcUN`LM|\NU3W]UNM|R�}�U�`LMR���º�M�Y�UzG1\cjwW]G1y$U3W]G1yLMpT?�$�nUN`LM|G1j�¦m['M=j�M.y$U3W��
UNG'RQywR���º�M�Y�U�\|R�}�UN`LMnY�[�W]\N\�M.\?T$M�ªhymG'ymI�M�W�YN`�¦LKNR�¦�M.K�U��$lzÏ~M�Y.W�JL\�M�U�`mM·G1yL\NU3W�yhY�Mx��M.[1R�yLIQ\rU�Rðï?t�f�e�t-b'sgì{f^[o� m$bU[�e��mG'USyLR]¤
Y.W�K�KNG'M=\·W�TLW�U3W¨g�W][1JLMr}�R�KrU�`mMKóöõø÷ýù�W]UNU�K�G1�LJmU�M�l

Cat
-height
-weight

subsumption relation

derivation relation

LEGEND

implementation object

conceptual object

class

implementation link

virtual class

conceptual object

O1

-owner=Fred

derived from 
refine query on

instance variable.

derived from Cat
with predicate
weight > 15 lbs.

Dieting
HeavyCat -diet

-diet=Iams Light

HeavyCat adding ‘diet’

-height=9"
-weight=17lbs

-ownerHouseCat HeavyCat 
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(a)  An implementation object from the PedigreedCat class receives a message ‘color’.
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conceptual object
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color = brown

(b)
belonging to the superclasses of 
Each of the implementation objects 

the method ‘color’.
the PedigreedCat class is queried for

(c)
The implementation object of O1 belonging
The method ‘color’ is found at the Cat class.

to the Cat class returns the value of the 
‘color’ instance variable, ‘brown’.
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the new Class B, and the other an object instance of the New Class.

NewClass

a b

Class B -print_a
-print_b

code for
method
print_a

code for
method
print_b

a=4
b=3

O1

Now a new class, NewClass, is inserted into the
hierarchy.  Attribute ’a’ and method ’print_a’ are
to be promoted from Class B to NewClass.

NewClass is extended to include storage for
attribute ’a’ and the code for method ’print_a’.

code for
method
print_a

code for
method
print_b

NewClass
a

-print_a

a b

Class B -print_a
-print_b

O1

a=4
b=3

b=3

O1

a=4

O1

Class B

b
-print_b

NewClass
a

-print_a

code for
method
print_a

code for
method
print_b

Class B

b
-print_b

NewClass
a

-print_a
code for
method
print_a

code for
method
print_b

(d)

a b

Class B -print_a
-print_b

code for
method
print_a

code for
method
print_b

a=4
b=3

O1

(b) (c)

(e)

O1

a=4

method ’print_a’ and the promoted instance
variable ’a’. 

b=3

(a)

Class B has attributes ’a’ and ’b’,

Object O1 is an instance of Class B, 
and methods ’print_a’ and ’print_b’.

and stores the values ’4’ for attribute ’a’, 
and ’3’ for attribute ’b’.

Class B is modified to remove the promoted

NewClass

Class B

Object O1 is split into two implementation objects --  one an object instance of
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Let method ‘a’ be defined

by CLASS A, and method

‘b’ be defined by CLASS B.

A
CLASS -a CLASS 

B
-b A

CLASS -a

CLASS 
B

-b

CLASS 
B

-b

A
CLASS -a

A
CLASS -a CLASS 

B
-b

(b) (c)(a)

CLASS A can be a subclass of CLASS B, or CLASS B can inherit
from CLASS A, but they cannot be subclasses of each other.
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Þ¤Ï Ý åÓçÇÍ ÌÑÊÇÏ ØÎàÑÝ ÌÑè
Þ¤ÌÎÏ äÇåÇÝÇéëêìá ÜÇí

î�ïÎð ñÑòôó
òõïÑð ñÑòôó
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ö ÷Çøúùüû û ýþù ó ÿ
ö � ð ñÑòôó ýþù ó � ÷Çøúùüû û ýþù ó ÿProperty

���¯Á�� � À¡ÁÇÂ �	� 
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 åÇÌÑÏ äÇå³Ý
 ÞúÌÑÏ äÇåÇÝ

î ïÎð ñÑòôóProperty ö � ï	� � � ð ñÑòôó ýþù ó ÿClasses
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åÇÌÑÏ ä³åÇÝÇé������ àÎ×ÇÊ
ÊÇÌÑÍ Ï ÐÑÌÎÊÓÒ Í ÔÇÕÖâ¦àÎÝ

�¦Å���� ��� 
�� Â À¡ÁÇÂ

ÊÇÌÎÍ Ï ÐÎÌÑÊÓÒ Í ÔÇÕÖâ�àÑÝ
ÞúÏ Ý åÓçÇÍ ÌÑÊ³Ï ØÑàÑÝ ÌÎè
ÞúÌÑÏ äÇåÇÝ³é��ìá ÜÇí

Þ¤ÌÎÏ äÇåÇÝÇé����ìá ÜÇí��
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