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x�yrtKx$`*y�jr_'`*bsy�`"�	`*y�`*h$q"`.nÏg�vojrcO`Xx�y�`.nu_�q*e�j�`*bst��J{!e�j�`*yr_�e�l'_'°*`.nZfu_'yrjr~�e�l�q"l�e�brb�`*b.�o��c�`!e�q*q6`*brb�_mhOz}{|`*jrc�t�nubÁjrc�`*h
br`*y�f�`�ewb1�.ß��� C¡B�Ô¡��*�'â�âw�,�"à*�
� ¸ ewjkeZ_'hNî ¸d¹ b�`6�«_'b�jrb�ewb�f�ewl'~�`*bs_'hÐj"e�g�l'`*b��Ð��cu~�bsa�c�`,hNfu_'yrj�~$e�l�j"e�g�l'`*bs_'h¬î ¸d¹ bXewyr`!{�ewjr`*y�_�e�l'_'°*`.n4��jrc�`{�e�j�`*yr_�ewlm_'°*`�n�jke�gOlm`,bJj�vux�_�q*e�l'l'vXq"tKh�j"e�_'hÐ�"�"ß$�H�"à������� �¡r ��C w¨:���6à%�	y�t�{òjrc�`dg$ewbr`1j"e�g�l'`*b���� · h�j�c�`1t�j�c�`*yªc$e�h$n3�
n�e�j"ed_'h ·d·d¸d¹ b�`"��_'brj�b ewb%t�g�³6`.q"jrb�jrc�e�j�q*ewhXg�`J~�hO_��K~�`,lmvÁ_�n«`*hujr_��$`.n|e�h$n�j�c�`*hXe�q,q"`*brb�`.n!~�b�_'h�z1~�h�_��K~�`�tKg�³"`.q"j
_�n«`*hujr_��$`*y�b ¶ t�_�nub"º*����cu~�bda�c�`*hZf�_'y�jr~$ewl�q6l�ewbrb�`*bd_mh ·®·d¸d¹ bÔewyr`�{�ewjr`*y�_�ewl'_m°,`.n4�ujrcO`�{!e�jr`,yr_�e�l'_'°*`.n|q"l�e�brb�`*b�q*ewh
q"t�hujkew_'hXyr`6�	`*yr`,h$q"`*b1j�tsjrc�`dy�`*l'`*f�e�huj�t�g�³6`.q"jrbªykewjrc�`*yªjrc$ewhXf�ewlm~O`Ôn«~�x�l'_�q*e�j�`*b ¶ q"tKx�_'`*bkº�t��Fjrc�`dt�y�_'z�_'h$e�l�t�g�³6`.q"jrb��
��c�_'b�h�tKj�tKh�l'v}b"e�f�`*bsb�x$e�q6`���g�~�jse�l'brtobr_'z�hO_:�4q*e�hujrl'vobr_'{XxOlm_��$`,b®j�c�`!fu_m`,aÙ~�x4n�e�j�`�xOyrt�gOlm`,{}�iÍ�~OyrjrcO`*yr{|t�yr`K�
yr`*zue�ykn«lm`,brbdt��%a�c�_�q�c!x�yrtKx$`*y�jr_'`*b�ewyr`�Ý�c�_�n�nu`*hOÞsg�v�eoÝ�x�yrt.³6`.q"jrÞ!�K~�`*yrvu��t�g�³"`�q"jrbdg�`*l't�h�zK_mhOzsjrtXesfu_'yrj�~$e�lFq"l�e�b�b
q*e�hig�`X`.ewbr_'l'vØewbrb�t«q6_�ewjr`.n­a�_'jrcÐj�c�`*_'y1g$ewbr`|_mh�q*e�y�h$e�j�_mtKh�b.�Z��ho�?e�q6j.�FjrcO_mbÁx�yrt�fu_�nu`*b�~�b�a�_mj�cÐe!g$ewbr_'bd�	tKy1jrc�`
e�yrgO_mj�ykewyrvXy�`*brj�yr~$q6jr~�y�_mhOzXt��%e�h!t�g�³6`.q"j.� bªlmtutK�Xe�h$n��	`*`*l�a�_mj�c�t�~OjJq"t�{|x�yrtK{X_'br_'h�zª_mj�b�_�nu`*hujr_'j�vu�

· h�l'vÏeZ�H`*a²x�~�g�l'_'brcO`.n¬x$ewx$`*y�b�e�n�nuy�`*brb!_'brb�~�`*b|t���fu_'`*aò{�e�j�`*yr_�ewlm_'°.ewjr_'t�hi_'h ·d·d¸®¹ b.�ò£'».P,¥dx�yrt�fu_�nu`}eofu_'`*a
{�ewjr`*y�_�e�l'_'°.e�j�_mtKhd{Xt�nu`*lK_mh�a�c�_�q�cs~�x4n�e�j�`*b�e�y�`�x�yrtKx$e�zue�j�`.n1guv�~�br`�tw�3q�c$ewh�z�`Ó�$l'`*b���y�`*x�yr`,br`*hujr_'h�z�c�_'brj�t�y�_m`,b%t���nu`*b�_mzKh
br`,brbr_'tKh�b.��Â�t�a�`*f�`*y��4£'».P,¥�nu~�x�l'_�q*e�j�`JtKg�³"`.q"j�b ¶ _'h$q"l'~$nu_'h�zÁ_�n«`*hujr_��$`*y�bkº��	t�y�fu_my�jr~$ewl�q6l�ewbrb�`*b�ykewjrc�`*y�jrc�e�hX{|`*yr`,lmv�brj�t�y�_mhOz
yr`6�	`*yr`,h$q"`*bªjrt1tKg�³"`.q"j�b.��£'»*¾�¥�e�n�n«yr`*b�b�{!e�_'hujke�_'h�_'h�zJq6t�h�b�_mb�jr`*h�q"vs�	tKy%edx$e�y�jr_�q"~�l�ewy%j�vux$`�tw��³"t�_'hsq"l�e�brb��	t�y�{X`.n�e�l't�hOzÔewh
`"��_'brj�_mhOz�x$ewjrc|_mh|jrc�`1ewz�z�y�`*z�ewjr_'t�hszKykewx�c�� · ~�y�a�t�yr�s_'h�b�jr`.eKn��	t�q"~Obr`*bªt�hXj�c�`d`"��x�l't�_'jkewjr_'t�hstw��jrc�`db�jryr~�q"jr~�y�`�tw��jrc�`
bkq�c�`,{�eÁc�_'`*ykewykq�cuvXe�h$n|nu`*yr_'f�ewjr_'t�hXnu`,x$`*h�nu`*h$q"v!zKyke�xOcX_'hXtKyknu`*y�jrt�yr`�nu~$q"`1~Ox�n�ewjr`dx�y�t�x$ewz�e�j�_'t�h�b�� · ~�y�yr`*b�`.e�y"q�c�_'b
e�l'b�t�~�hO_��K~�`d_'h!brj�~$nuvu_'h�z�_'h$q6yr`*{|`*hujke�l4~Ox�n�ewjr`*bª_'h�j�c�`1q"t�huj�`"��jJt��Fjrc�`dtKg�³"`.q"jB´?b�lm_�q"_'h�zsx�e�ykeKnu_'z�{o�
ñJl'jrcOt�~�zKcXjrcO`Jt�g�³6`.q"j�´�brl'_�q"_'h�z�jr`.q�c�hO_��K~�`,bJ~�h$n«`*yrl'vu_'h�z1jrcO`Ôq6~�yry�`*hujJ_'{Xx�l'`*{s`,h�j"e�j�_mtKh1t���Å���¨Ç¡?�,¦��	�,§�q,e�h!g$`dq"t�{]´
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jrcO`�e�x�xOlm_�q*ewjr_'t�hstw�%jrc�`dt�g�³6`.q"j�´�brl'_�q"_'h�zsx$ewykeKnu_'z�{Ùy�`*z�ewyknu_'h�zsj�c�`dbr~�x�x�t�y�jJtw��t�g�³6`.q"j�´�t�y�_'`*hujr`.nZfu_m`,a�b.�F��c�`1y�t�l'`dbrvub�´
jr`,{Ùx�yrtKx$tKbr`.n|guv��dt�j�jrl't�gs`*jJewl��4a ewb�_'{|x�l'`*{X`*huj�`.n1~Obr_'h�z1j�`.q�c�h�_��K~�`*bJb�_'{X_'l�e�y�j�t�tKg�³"`.q"jB´?b�l'_�q6_mhOzX£���¥r����cO_mb�brvub�jr`*{o�
l'_'��`�t�~�y�b.�K_mbF_'{XxOlm`,{X`*hujr`�nd_'h�Ñu{!e�l'l'jkewlm�4�O��c�`Jnu_�p�`,yr`*h$q6`®g�`*j�a�`*`*ho£ �,¥4e�h$n�tK~�yF_m{|x�l'`*{X`,h�j"e�j�_mtKhJ_'b%j�c$e�jJ£��,¥$_'b�eªy�t�l'`
brvub�jr`*{o��a�c�`*y�`.e�b�a�` ewyr`dnu`*f�`,lmtKx�_'h�z1eªf�_'`*a¬b�v�b�jr`*{o��î�t�l'`�brvubrj�`*{Xb%b�jry�_mfK`�jrt1_'h$q6yr`.ewbr`Jj�c�`�Û$`"��_'g�_'l'_'j�v®tw��tKg�³"`.q"j�b�guv
`*h$ewg�l'_'h�z1jrcO`*{�jrtsnuvuh$e�{|_�q,e�l'l'v®q�c$e�hOz�`Jj�vux�`*bJe�h�nsq"l�e�brb�{X`,{sg$`*y�brc�_'x��3^J_'`*a¬brvubrj�`*{Xb��ut�hsj�c�`JtKjrc�`*y�c$ewh$n4�u`*h$ewg�l'`
~�b�`*yrb�jrt!yr`,brjry�~$q"j�~�yr`�j�c�`sj�vux$`,b�e�h$noq"l�e�b�b1{X`,{sg$`*y�brc�_'x�tw��q6t�{XxOlm`,jr`sq"l�e�brb�`*b��Lg$ewbr`.n­t�hiq"t�huj�`*huj�´�g$e�b�`.ni�K~�`*yr_'`*b��
ÍOt�y1`"�$ew{Xx�l'`��4~Oh�l'_m�K`�£��,¥B�Fa�`Xnut�hOt�j�x$`*y�{X_'jd`*hujr_'jr_'`*b�jrtZt«q,q"~�ysbr`,f�`*y"e�l�jr_'{|`*bd_mhij�c�`Xb"e�{|`sj�v�x�`st��Jy�t�l'`��ZñJl'brt��
jrcO`�£��,¥�b�vubrjr`,{ nutu`*b�h�tKj%x$`,yr{X_'j%j�c�`®n«`*yr_'f�e�j�_'t�h�t���h�`*aÌf�_'y�jr~$ewl�q"l�ewbrbr`,b.��e�h�nsjrcu~�b�nutu`*b�h�t�j�e�n�nuy�`*brb�_'b�br~�`*b�yr`,l�ewjr`.n
jrtsfu_'`*aL{!e�h$ewz�`*{|`*huj.�

� � �Xè"! #%$'&)(+*,(.-0/ 1 V|W!èJéiê�SXW325476�T�è�8
��h�j�c�_'b�br`.q"j�_'t�h���a�`1yr`*fu_'`*aåj�c�`1g$ewbr_�qdt�g�³6`.q"jd{Xt�nu`*l4xOyr_'h$q"_'x�l'`*bªt��%jrc�`]ÅÆ�u¨Ç¡?�*¦��	�,§}b�vubrjr`,{×e�h�nXtK~�jrl'_'h�`djrcO`�e�y"qrcO_:´
jr`�q"jr~�y"e�lF{Xt�nu`,l$~�h�nu`*yrl'vu_'h�zst�~Oy�_'{XxOlm`,{X`*hujkewjr_'t�h��

9�:<; =?>�@.ACBEDGF0H<I'J�K7JMLONQPSRUTWVXBZY\[^]�_`VOa
b4`,jdcÖg$`�e�h!_'hu�$h�_'jr`Ábr`*jªt��%t�g�³"`�q"jJ_'h�b�jke�h�q"`*b.�`�%e�q�c�tKg�³"`.q"j�c0egfhc�q"t�h�b�_'brjrbdtw��b�jkewjr` ¶ jrc�`ji	k"õ'lMm)k+nqï%o.mbó�i	m)p�qSïbõ
t�yse�j�jry�_mgO~�jr`*b"º*�Óg$`*c�e�f�_'tKy ¶ j�c�`7rnï.lMseò�ô�õ�j�t�a�c�_�q�cÐjrcO`Xt�g�³6`.q"jsq*e�hËyr`*b�x$tKh$n�º*��e�h$nËe!~�h�_��K~�`|t�g�³"`.q6j�_�nu`*huj�_:��`*y.�
¹ `.q*e�~Obr`1tK~�y�{|t�nu`*l�_'b�t�g�³"`.q6j�´�t�yr_'`*huj�`.n!e�h$n|e�brb�~�{X`,b%�	~Olml�`*h$q,e�x�b�~�l�e�jr_'tKh���eKq*q"`*b�bJj�t�j�c�`Jb�jke�j�`dt���e�h|t�g�³"`�q"j�_'b�tKh�l'v
jrcOyrt�~Oz�c%mtnun~ïbõBõviwk�xyrnï.lzs�ò�ô�õ ¶ e�h�eKq*q"`*b�br_'h�z|{X`*j�c�t�ns{Xt�nu_��$`,b�tKy�yr`*j�yr_'`*f�`,bJjrcO`1f�e�l'~�`ªt���ewh!_mhObrjkewh$q"`df�e�y�_�e�g�l'`.º,�
�Ft�zK`*jrc�`,y.��j�c�`�rnï.lzs�ò�ô�õJewh$n�iwk"õvlzm)k+n~ï7o.mbó�i	m)p�qSïbõ�tw��ewh�tKg�³"`.q"jde�y�`®y�`"�	`*y�yr`.nZjrtXewb�_'jrbU{eóqòZ{"ïXó�lMiSïbõ}|

· g�³"`.q"j�b�jrc$ewj�b�c$e�y�`®e1q"tK{X{|t�hdbrj�yr~$q"j�~�yr`�e�h$n�g�`*c$e�fu_'t�y�ewyr`ªz�yrtK~�x�`.n�_'h�j�t1br`,jrb.��nu`*h�tKjr`.n�n�q	muõ3õ�ïbõK�4±i`�~�br`ªjrc�`
jr`,yr{~l�ð�{"ï�j�t!_mh�nu_�q*e�j�`sjrc�`sb�`*j�tw��ewx�x�l'_�q*e�gOlm`�x�y�t�x�`*yrj�vZ�	~�h$q6jr_'t�h�bÁbrc$ewyr`.noguvie�l'lFt�g�³"`.q6j�´�_mhObrjkewh$q"`*bstw� j�c�`Xq"l�e�b�b.�
b4`,j�� g$`sj�c�`�b�`*jdt�� ewl'l�q6l�ewbrb�`*b1_'h}eXnOe�jkewg$e�b�`��1ñ�n}qwmuõ3õ5� e f���c$e�b1e]~�h�_��K~�`�q6l�ewbrbdh$ew{X`���e�l�ð�{"ï4�4e�h�n}e]br`*j
{X`,{sg$`*y�brc�_'x�nu`*hOt�jr`�nog�v�qSòOn}m)q�����lBï.kXl ¶ �Uemºªt�ydbrcOt�yrj���ï.��lBï.kXl ¶ �Ue�º`�u�1��c�`�_'h�brj"e�h$q6`�f�ewyr_�e�g�l'`*bdtw� eXq"l�ewbrb.� bdj�vux$`
q*ewh�g�`�n~òtk"õvlBó�m)i	k�ïbôXj�tXe�brx�`.q"_���q1q6l�ewbrb��

Í�tKy�j�a�tJq"l�e�b�br`*b+� e ewh$nj����f��s��� e _'b�e2õ'��p�l�ð�{"ï�tw�����u��nu`*hOt�jr`�n�� e�� ����_:�$ewh$nªt�h�l'vJ_�� ¶ _�p�º ¶ {�óqòt{"ïXó�lMiSïbõ ¶ � e º
� {eóqòZ{"ïXó�lMiSïbõ ¶ � � ºrº*�+� � _mb�e/õv��{"ïXó�l�ð�{"ïdt��O�Ue4_�p��Ue4_'b�eªbr~�g�j�vux�`Jtw��� � ��ñJl'l�x�y�t�x�`*yrj�_m`,b nu`6�$h�`.nÁ�	tKy�eªbr~�x�`*y�j�v�x�`
e�y�`�i	k�s�ï[ó�i	l�ïbôZg�v!_'jrbªbr~�gOj�v�x�`*b��1Ñu_'{X_'l�e�yrl'vu�W� e _mbde�õv��pNõ�ï.l1t������u��nu`,h�t�j�`.nh� eU� ������_�p ¶���� fSc1º ¶�¶�� f�� e º��
¶�� f�����º�º*�s��cu~�b�xZqSòZp�m)q�����lBï.kXlW��� e����¡  qSòOn}m)q�����lBï.kXlW����� � � ��� � � e �7���s_'b1eUõv�¢{9ï[ó©õ�ï.l1t��0� e �Fnu`*h�tKjr`.n
��� � � e ��_:p\� e`� ������� e _mb1eUõv��p�n�q	muõ3õ1tw�����u�Fnu`*h�tKjr`.n?� e ��à¤£k ¥������_�p ¶ � e�� ����º1ewh$n ¶ � e`� ����º,�7� e _'b1eôXiSóqï)n}l�õ'��p�n}qwmfõBõ�t���� � _��d¦ §)��¨�f��Öb�� j��+©�¦ª¬« ¦ª�­ �)�UeJ�'à�£k ªt�����¨u��e�h�n���¨|�'à�£k ªt���� � �ñJhnòZpO®3ï)n�lÕõMnMs�ï.r?m}_'b1e|yrtut�j�`.ninu_'yr`.q6jr`.nËe�q"v�q"l'_�q1zKykewx�cS¯ ª ¶<°¢±�² º*��a�c�`*y�` ° ��jrc�`���h�_'jr`sbr`,j1t���f�`*y�jr_�q"`*b��q"tKyryr`,brx�t�h$nub�jrt�q"l�ewbrbr`,b³� e f\�Ùewh$n ² ��j�c�`��$h�_'jr`�br`,j1t��Jnu_'yr`.q6jr`.no`.n«z�`*b��%q"t�y�yr`*b�x$tKh$nub�jrt�e|g�_'h$e�y�v�yr`*l�ewjr_'t�h�tKh°µ´h° jrc$ewj®y�`*x�y�`*br`*huj�b�e�l'l�n«_my�`.q"js�'à�£k Áyr`*l�ewjr_'t�h�b�c�_'x�b.���%eKqrconu_'yr`.q"j�`.no`.nuzK`³¶³f ² �	y�t�{ ° ã j�t ° � y�`*x�y�`*br`*huj�b1jrc�`yr`,l�ewjr_'t�hObrc�_'x�� ã �'à�£k j� � ����a�tXq"l�e�b�br`*bj�Ue ± � � f��Öbrc$ewyr`�esq6t�{X{|t�hsx�y�t�x�`*yrj�v!_�p}j�c�`*v!_'h�c�`*y�_mjª_'j��	yrtK{ j�c�`1bkew{X`
br~Ox$`*y"q"l�e�b�b.�1��cO`�nu`,br_'z�h$ewjr`.nZyrtutKj®hOt«n«`���·�pO®3ï)n}l��uc$ewb1esz�l'tKg$e�l�`"��jr`*hujd`.�K~$e�lFj�t�e�l'l%n�ewjke�g�e�br`Á_mhObrjkewh$q"`*b�e�h$n�ewh
`*{|x�j�vsj�vux$`1nu`*b"q"yr_'x�j�_'t�h��
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±i`JhOt�aN`6�«j�`*h$n|t�~Oy�g$ewbr_�q�{|t�nu`*l�jrt1_'h$q"l'~$n«`Jfu_'`*a�b.�F��c�`db�`*j�t���ewlml4q"l�e�b�br`*b��t�s�K_'b�x�e�yrj�_'jr_'t�h�`�n�_mhuj�t1j�a�t�br`,jrb��ÁÀj�
_'b%jrcO`Jbr`,j�t���e�l'l$g�e�br`dq"l�e�b�br`*b���e�h$n ° �µ_'b%jrc�`ªbr`*j�t���ewl'l�fu_my�jr~$ewl�q6l�ewbrb�`*b�_'hsj�c�`®n�ewjkewg$e�b�`��+Âjmfõ�ïsq"l�e�b�br`*bJewyr`®n«`"�$h�`.n
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-weight=7lbs
-height=9"

subsumption relation

derivation relation

LEGEND

implementation object

conceptual object

class

implementation link

virtual class

Cat
-height
-weight

LightCat 

LightCat
Named -name

derived from 
refine query on

instance variable.
LightCat adding ‘name’

HouseCat-owner

derived from Cat
with predicate
weight < 9 lbs.

-name=Felix

conceptual object

O1

-owner=Fred
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g�`1h�t�j�_��$`.n|~�x�t�h�{|t«n«_:�4q*e�j�_mtKhst��%jrcOt�br`Áx�yrtKx$`*y�jr_'`*b���±i`1e�yr`�e�_�nu`.n|jrt|jrc�_'b�`*h�n!guvXt�~Oy®n�ewjke�{Xt�nu`,l?� b�_'h.³"~�h$q6jr_'t�h
jrc�e�j%`.eKq�cXx�y�t�x�`*yrj�vs{s~�b�jFyr`*b�_�n«`®e�j�edbr_'h�zKlm`Jq6l�ewbrb�jrc$ewj�nu`"��h�`*b�jrc�`ªx�yrtKx$`*y�j�vXe�h$nseKq"jrb�e�bÓ_mj�b%x�t�_'huj%t���_'h�c�`,yr_'jkewh$q"`��
ñJl'l�q"l�ewbrbr`,bJa�c�tKbr`d{X`*{sg�`*y�brc�_'xs{�e�vÁg$`�eCp�`�q"jr`.nÆg�vs{|t�nu_���q*e�j�_'t�h�b%j�t�ewh�e�jrj�yr_'g�~�j�`1e�yr`dj�c�~Ob�yr`*zK_mb�jr`*y�`.n!a�_'jrc|jrc�`
e�j�jry�_mgO~�jr`�� b`{"òti	kOl�ò�Ódi	k¢s�ïXó�i	l'm)k+nqï4��±i`�e�b�brt�q"_�e�j�`s¡?�,�'â.â��,�"à%a�_'jrc�j�c�`�e�q,q"`*brb�_'h�z!{X`*j�c�t�nub�jrtsx�y�t�x$ewz�ewjr`1~�x4n�ewjr`*b
jrtsj�c�`dyr`*zK_'brjr`,yr`.noq"l�e�b�br`*bª_:�%e�h$n|tKh�l'vs_:�Fjrc�`dy�`*l'`*f�e�huj�x�y�t�x�`*yrj�v4� bJf�ewlm~O`J_'b�{Xt�nu_��$`.n3�

Í�tKy�`"�$e�{|x�l'`���Í�_mzK~�yr`1Õ�y�`*x�yr`,br`*hujrb�e�bkq�c�`*{!e1a�c�`,yr`se�h!t�g�³"`�q"jJtw��j�vux�`��� �¡�b�c�t�~�l�n|x�t�brb�`*brbdj�c�`1j�vux$`Át���q"l�e�b�b
µ �s �¨�¨­�� �¡�_��Fjrc�`1f�ewl'~�`Jtw��_'j�b�:�+�/�12-"3s_mhObrjkewh$q"`1f�ewyr_�e�gOlm`ª_'b�lm`,brbJj�c$e�h!`*l'`*fK`*h�x�t�~�h�nub®ewh$n|jrc�`1f�ewl'~�`Jtw��_'j�b¶-?+�/�12-"3
_'h�brj"e�h$q6`sf�e�yr_�ewg�l'`1_'b®l'`*b�b1jrc�e�hijr`,hi_mh�qrcO`*b.�XÑ«_m{|_'l�ewyrl�v���ewh}tKg�³"`.q"j1tw� j�vux�`��� �¡%b�c�t�~�l�nZx$tKbrb�`*brb�jrc�`sj�vux�`st��Jq"l�e�b�b
!���âz�K¡	�� C¡�_���j�c�`Jf�ewlm~O`Jt���_'j�bI:9+�/�1j-"3�_'h�brj"e�h$q"`df�ewyr_�e�g�l'`�_'b�l'`*b�b�jrc$ewhXh�_'h�`ªx$tK~�h$nub��F��c�`d°Ô�,¢uà.���� C¡3q6l�ewbrb�_'b�nu`,yr_'f�`.n
~�b�_mhOz�e�nu_�p�`,yr`*h$q6`��K~�`*yrv|g$`,j�a�`*`,h�j�c�` µ �s �¨�¨­�� �¡�e�h$n·!��'âM��¡��� �¡�q"l�ewbrbr`,b.� ¹ `.q*ew~�br`Ájrc�` µ �s �¨�¨­�� �¡4q"l�e�brb�� b�x�yr`.n«_�q,e�jr`
_'huf�t�l'fK`*b�j�c�`�:9+�/�1j-"3Xewh$n~-?+�/�12-"3sx�yrtKx$`*y�jr_'`*b��$j�c�`�q"l�ewbrbJ_'b�y�`*z�_'brj�`*yr`�n�a�_'jrc!j�c�`��� �¡�q"l�ewbrb.�Oa�c�_�q�c}nu`"�$hO`*bJg�t�j�c�t��
jrcO`*br`1xOyrt�x�`*y�jr_'`*b.��Ñu_'{|_ml�ewyrl'v���jrc�`~!��'âM��¡��� �¡�q"l�e�b�bJ_'b�e�l'brtsy�`*z�_'brj�`*yr`�n!a�_'jrc!jrc�`��� C¡�q"l�e�b�b��	t�y�j�c�`G:�+�/�12-"3sx�yrtKx$`*y�j�v��

Ñu~�x�x�t�b�`�jrc$ewj%e�h�t�g�³"`.q6j�tw��j�vux�`w�� C¡�c$e�nÁjrcO`�f�ewlm~O`%t��4_'jrb�-,+0/�12-"3J_'h�b�jke�h�q"`�f�e�y�_�ewg�l'`%~�x4n�e�j�`.nÁjrtd`*l'`*f�`,hs_mh�qrcO`*b.�
ñJh!_'h�`"Î�q6_m`,h�jJewl'z�t�y�_'jrc�{Ù{|_'z�cuj%`*f�ewlm~�e�jr`dj�c�`1{Xt�nu_��$`�n�t�g�³"`.q6j.� bJ{|`*{sg$`,yrbrcO_mx|brj"e�jr~ObJ_'hXj�c�`#!���âz�K¡	�� C¡�q"l�e�b�b�`*f�`*h
jrcOt�~�zKcXjrcO`Jf�e�l'~�`ªt���j�c�`dt�g�³"`.q6j.� bI:9+�/�12-h3�_'h�brj"e�h$q6`®f�ewyr_�e�gOlm`�a�_'l'l�h�tKj�c�e�f�`®q�c$ewh�z�`�n4�%Í�_mzK~�yr`dÕ ¶ g$º%_'l'l'~�brj�ykewjr`*b�c�t�a
_'h!jrc�`1e�gObr`*h$q6`�tw��yr`,z�_'brj�yke�j�_'t�h�e�h!~�x4n�e�j�`djrtsjrcO`G-,+0/�12-"3�tw��e�hX_'h�b�jkewh$q"`1tw�¸�� C¡�q"t�~�l�n|g�`1`*f�e�l'~$ewjr`.n]_'h�j�`*yr{|b�t��
q"l�e�b�br`*bdj�c$e�jde�yr`�q"t�{|x�l'`*jr`*l'v|_mh�nu`*x�`*h$nu`*hujª�	y�t�{òjrc$ewjJx�y�t�x�`*yrj�vu���H�k��c�t�a�`*f�`,y.��yr`*zK_'brjry"e�j�_mtKh!_mbª~�br`�n ¶ Í�_'zK~�yr`�Õ ¶ q*º�º*�
jrcO`*h�a�`Ôq,e�h!yr`.eKnu_'l'vs_�n«`*hujr_��	vs`"�$e�q6jrl'vXa�c�_�q�c!br_'{XxOlm`�b�`*l'`.q"j�_mtKh}q"l�e�b�br`*bde�y�`®_'{|{X`.nu_�ewjr`*l'v�eCp�`.q6jr`.n!guv|jrc�`d~�x4n�e�j�`��

±Lc�`*h!ed{Xt�nu_���q,e�jr_'tKh�j�t�e�hs_'h�b�jke�h�q"`df�e�yr_�ewg�l'`�t�q*q"~Oyrb.�Oh�t�j�e�l'l�t���j�c�`1q"l�e�b�br`*b�jrc$ewj�c�e�f�`�yr`,z�_'brj�`*yr`.n!ewhX_'hujr`*y�`*brj
_'h!jrc�`d{Xt�nu_��$`�nsx�y�t�x�`*yrj�v!a�_'l'l$g�`�ôXiSóqï)n}lzq\ð�ÈCm��5ï¼n}lBïbô|guvXj�c�`1~�x4n�e�j�`���Ã�br_'h�z�jrc�`Á`"�$e�{XxOlm`ª_'h�Í�_'z�~�y�`Ô½O��b�~�x�x�t�br`
jrc�e�j�jrc�`¹:�+�/�12-"31t���ewhX_'h�brj"e�h$q6`Jt��Y�� C¡$a�`*yr`d~�x4n�ewjr`.n��	yrtK{ »�Pdjrt5�1l'g�b�����h|jrc$ewj q*ewbr`��utKh�l'v�j�c�`�!F�'âM��¡��� �¡�q6l�ewbrb�_'bôXiSóqï)n}lzq\ð�ÈCm��5ï¼n}lBïbôÁguv1jrc�`�~�x4n�e�j�`�� ¹ `.q*e�~Obr`Je�l'l�q"l�e�b�br`*bÓ_mhÁt�~�y�{Xt�nu`*l�e�y�` ewyry"e�h�zK`.n1_'h�e�z�`*hO`*ykewlm_'°.ewjr_'t�h�c�_'`*y"e�ykq�cuvu�
a�`�q*e�hot�xOjr_'{X_'°*`ªt�~�yªyr`*zK_mb�jry"e�jr_'tKh�x�yrt�q"`,brb1j�tXjkew��`�eKnuf�e�huj"e�z�`dtw��b�~�g�b�~�{Xx�j�_'t�h�y�`*l�e�jr_'tKh�brc�_'x�b���±i`1h�t�aµx�y�t�x�t�br`
jrcO`Xt�xOjr_'{X_'°.ewjr_'t�h�tw�Jjrc�`|yr`*zK_'brjry"e�j�_mtKhÐx�y�t�q"`*brbs~Obr_'h�z�j�c�`!h�t�j�_mtKh}tw�����'à"¡��*�	á,�K¡B�"�Z�k�BâC��àk¡��k C¡?�H��¢��|±Lc�`*h¬e}q6l�ewbrb��Ue
yr`�q"`*_'f�`*bXeÆyr`*zK_mb�jry"e�jr_'tKho�	t�y�eZq"l�e�brb�Ä�x�y�t�x�`*yrj�vËx$e�_'y�í ° � �%º ÿ e�ü �F_'jd�$y�brj�br`.ewykq�c�`*bs_'j�b�`"��_'brj�_'h�z}q"l�e�b�b¤Äwx�yrtKx$`*y�j�vyr`,z�_'brj�yke�j�_'t�h�b��1�H� e]x�yr`*fu_'t�~Ob®y�`*z�_'b�jrykewjr_'t�hZ�	tKyJjrcO`�zK_mfK`*h�x�y�t�x�`*yrj�v í ° � ¨ º ÿ e üÒ`"��_'brj�bdbr~$q�cojrc$ewj®j�c�`�yr`*zK_mb�jr`*y�`.nq"l�e�b�b ° ��¨�`*_'jrc�`,y®b�~�g�b�~�{X`*bdtKyJ_'bJb�~�g�br~O{X`.n!guv!jrcO`�h�`,aÒq"l�e�brb ° � � �$j�c�`1y�`*z�_'brj�ykewjr_'t�h�b1ewyr`�yr`"´re�y�yke�hOz�`.nZbrt|jrc$ewj
jrcO`�q"l�e�b�b®j�c$e�jJn«`"�$h�`*bÁjrc�`1xOyrt�x�`*y�j�v�x�t�b�br`*b�br`*b�jrcO`1yr`*zK_'brjry"e�j�_mtKh!�	tKy�jrc�`�br~�x�`*y�_mtKy®q"l�ewbrb.��b"e�v ° ��¨se�h$n!j�c$e�jdq"l�e�b�b
x�t�brb�`*brb�`*b1j�c�`dyr`*zK_mb�jry"e�jr_'tKhX�Ht�y�jrc�`1b�~�g4q"l�e�brb ¶ `�� z��m� ° ���Cº,�

��c�`s�k�Bâ��'à"¡?�" �¡��	��¢db�jryr~�q"jr~�y�`*bdbrc�t�a�h|_'h�Í�_'z�~�y�`®Õ�q*e�h!jrcu~�b�g�`1nu_'brj�yr_'g�~�j�`.n!e�l't�h�zÁjrc�`dz�`,h�`*ykewl'_m°�e�jr_'tKhXc�_'`*y"e�ykq�cuvu�
e�b�_'l'l'~�brj�ykewjr`.n]_mh!Í�_mzK~�yr`1½O��Í�_'z�~�y�`1½ ¶ eKº�n«`*x�_�q"jrb�j�c�`1y�`*z�_'brj�ykewjr_'t�h|t���j�c�` µ �s �¨�¨­�� �¡��9!��'âM��¡��� �¡���ewh$n|jrc�`i¦$�,�*��!F�'âz�K¡
q"l�e�b�br`*b���ewl'l�nu`"��h�`.nZg�vZbr`*l'`.q"j�_'t�hi��~O`*yr_'`*b��1��c�`#!F�'âM��¡��� �¡%q"l�e�brbd_'bdyr`*zK_'brjr`,yr`.noa�_'jrcZjrc�`»�� �¡%q"l�e�b�bJ�Ht�yJj�c�`d:�+�/�12-"3
x�y�t�x�`*yrj�vu�%Â�t�a�`*f�`,y.�ug�`.q*e�~Obr`djrc�`�!��'âM��¡��� �¡4q"l�e�b�b�b�~�g�br~O{X`*b�jrc�`o¦$�,�*��!��'âM��¡��� �¡4q"l�e�b�b ewh$n�jrc�`��	t�y�{X`*yÓ_mbÓyr`*zK_mb�jr`*y�`.n
a�_'jrc�jrc�` �� �¡$q"l�ewbrb.�KjrcO`�l�ewjrj�`*y.� b%y�`*z�_'brj�ykewjr_'t�h��	tKyFjrc�`�:9+�/�1j-"31xOyrt�x�`*y�j�v�_'b%l't�q*e�j�`.n�a�_'jrc�jrc�`G!F�'âM��¡��� �¡�q6l�ewbrb%_'h�b�jr`.eKn
t��Jj�c�`E�� �¡Jq"l�e�b�b.�ÐÍ�_'z�~Oyr`�½ ¶ g$ºÁ_'l'lm~Obrjry"e�j�`*b�cOt�aÙa�_'jrc�³6~�brj�br_'{XxOlm`sy�`*z�_'b�jrykewjr_'t�h��%e�hÐ~Ox�n�ewjr`!jrtie¼�� �¡�� b�:�+�/�12-"3
�	y�t�{ä».½sj�t}»,¾Xl'g�b®q6t�~�l�n!g�`1`*f�ewlm~�e�jr`�n!_'h�jr`*y�{Xbªt���g�t�j�c�jrc�` !���âz�K¡	�� C¡�e�h$n ¦$�*�,��!��'âM��¡��� �¡�q6l�ewbrb�`*b.�d�H�k��c�t�a�`*fK`*y.�
nu_'brj�yr_'g�~�j�`.niy�`*z�_'b�jrykewjr_'t�hi_'b�~�br`�n ¶ ewb1_'l'lm~Obrjry"e�j�`.no_'hÐÍ�_'zK~�yr`!½ ¶ q,ºrº*�Fj�c�`*hËa�`!q*e�hiy�`.e�nu_'l'vo_�n«`*hujr_��	vo`"�$e�q"j�lmvoa�c�_�q�c
br_'{|x�l'`Jbr`,lm`�q"jr_'t�hoq"l�e�brb�`*b1e�y�`1_'{X{s`.nu_�ewjr`*l'v�eCp�`.q6jr`.nZguvXjrcO`�~�x4n�ewjr`�� ¹ e�br`�n!t�h!jrcO`1yr`*zK_'brjry"e�j�_mtKh�b®ewbrb�t«q6_�ewjr`.nÆa�_mj�c
jrcO`c:9+�/%12-"3�e�j�jryr_'g�~Ojr`��Fa�`Xa�t�~�l�nZ`*f�e�l'~$ewjr`sj�c�`s~�x4n�e�j�`.nitKg�³"`.q"j�_'hijr`*y�{Xb1tw� j�c�`m!F�'âz�K¡	�� C¡�q"l�e�b�b.� ¹ `.q*e�~Obr`!jrc�`
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½�¾À¿

Á�Â Ã Ä	Å`Æ ÇÀÈ�Â ÉËÊ Ã Ç`ÌÄËÇ`Â Í�ÄËÃ`Î�ÏËÐ`Ñ�ÊÀÒ�ÈÊÀÒ�È�Á�Ç�Â Í�ÄVÃ�Î�ÏËÏ�Ó ÔËÕ`Ö
ÈÀÇ`Æ Â ×ÀÇÀÈ�Ø Æ Ù�Ú0Û­ÊVÃ

Ü²ÝßÞ à­áßâ ã�ä ¿ ½�¾À¿

ÈÀÇ`Æ Â ×ÀÇÀÈ�Ø Æ Ù�Ú0Û²Ê ÃÁ�Â Ã Ä	Å`Æ ÇÀÈ�Â ÉËÊ Ã Ç`ÌÁ�Ç�Â Í�ÄVÃ�Î	å�Ó ÔÀÕ

æçÝßè`é`Ý ½k¾À¿ ÈÀÇ`Æ Â ×ÀÇÀÈ�Ø Æ Ù�Ú0È`Â Ø Ø Ç�Æ Ç�Ò�ÉVÇê`ë Ç�Æ ì�ÔËÇVÃ Á�ÇËÇ�Òí Ú�ÊÀÓ Ó Û­Ê ÃßÊÀÒ�È�î`Â Í`ÄËÃ Û²Ê Ã
ÈÀÇ`Æ Â ×ÀÇÀÈ�Ø Æ Ù�Ú0Û­ÊVÃÁ�Â Ã Ä	Å`Æ ÇÀÈ�Â ÉËÊ Ã Ç`ÌÁ�Ç�Â Í`ÄËÃ�Î�ï	Ó ÔÀÕ

(c)With Registrations

1. evaluate LightCat

(b)

2. evaluate VeryLightCat

Simple Registration

1. evaluate LightCat

ð`ð ñ ò Ýßâ ã�ä ¿ ó 12 14 lbs

ñ ä�Ýßâ ã­ä ¿ ó 11"

ô­õËö ÷Ëø ùøVõVö ÷Ëø ù
Classes

ú û`üçýVþ þ ÿ`ý ù �ú � ö ÷Ëø ù ÿ`ý ù � û`üçýVþ þ ÿ`ý ù �Property

���'¾�� � ½�¾À¿ áßâ ã�ä ¿ ½�¾À¿

� ÄÀÇ�Â Í`ÄËÃ� Á�Ç�Â Í`ÄËÃ

ô²õVö ÷Ëø ùProperty ú 	 õ 
 � � ö ÷Ëø ù ÿ`ý ù �Classes

(a)

Í�_mzK~�yr`1½Oð%î�`*zK_mb�jry"e�jr_'tKh�b�~Obr`1g�t�j�c�x�t�_'huj�t��%_'h�c�`*y�_mj"e�h$q6`Ôewh$n|br~�gObr~�{|x�jr_'t�h��

t�g�³6`.q"jXnutu`*bsh�tKj�zue�_'hÐj�c�`!j�vux$`!t���!F�'âM��¡��� �¡��%jrcO`�xOyrt�x�e�z�ewjr_'t�hia�t�~Ol�noj�`*yr{|_'h$e�j�`�e�h�nijrcO`Ê¦��*�*��!F�'âM��¡��� �¡Jq"l�e�b�b
a�t�~�l�nshOt�j�g�`®xOyrt�q"`*b�br`.n4�
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��
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M�M N O 6�; <�= � P 12 lbs

N =�6�; <�= � P 11" 12"

4. evaluate VeryLightCat
3. evaluate LightCat
2. evaluate DenseCat
1. evaluate SmallCat

Without Registration

(b)

(c)

1. evaluate SmallCat

With Registration

Q?R�S T�UWVYX Z�S T�U[V \�][V ^ _�`7]�a a \�][V ^b R�c d�Z�S T�U[V \�][V e
UWR�S T�U[V X _�`7]@a a \�][V e

Property Classes

fhgi
�j j �k
!� :�; <�= � ��
��

l ���!� "����l ���!� "����(a)

Í�_'zK~�yr`1Õ�ðFî�`,z�_'brj�yke�j�_'t�h�bJewj�jrc�`dx�t�_'huj�tw��_'h�cO`*yr_'jkewh$q"`��

��h!br~�{|{�e�y�v��wjrc�`dx�y�_mh�q"_'x�l'`*b�t��%t�~Oy�y�`*z�_'brj�ykewjr_'t�h!brj�ykewjr`*zKvÆewyr`�ð
� ±Lc�`*hiesfu_'yrj�~$e�l%q"l�e�b�bd_mb1q"y�`.e�j�`.n4��_'jrbdx�yr`�nu_�q*e�j�`�_'bdx$e�y�br`.niewh$n!j�c�`�q6l�ewbrb1_'b��k�BâC��àk¡r�,�k�"�ªa�_'jrco`.e�q�cox�yrtKx$`*y�j�v_mhufKt�l'f�`.nÆ_mhojrcO`X��~O`*yrvobrx�`.q"_���q*ewjr_'t�h��7�%e�q�ciy�`*z�_'brj�ykewjr_'t�ho_'b®b�`*huj�j�t!jrc�`Xq"l�ewbrb1j�c$e�jdbr`,yrf�`,b�ewb1jrc�`sx�t�_'hujdt��
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��h}tKyknu`,y®j�t!t�f�`*y"q"t�{|`1jrc�`,br`sj�a�tXx�y�t�g�l'`*{|b.��a�`�x�y�t�x�t�br`sj�c�`Á�	t�l'l't�a�_'h�z�b�t�l'~�j�_mtKh��1Í�_'yrbrj��4a�`�ewbrbr_'zKh}e|~�h�_��K~�`ô�ïXó�iwo.m)lMiSòZk¬kO��rhp9ï[ó|jrt�`�e�q�cNq"l�ewbrb�_mhij�c�`�nOe�jkewg$e�b�`��%_'h$n«_�q,e�jr_'h�z!_'jrb�z�l'tKg$e�l�n«`*yr_'f�e�j�_'t�hinu`*x�j�cN_'hij�c�`Xb"qrcO`*{�eO�
ñÈq6l�ewbrb�� bdnu`*y�_mf�ewjr_'t�h!hu~�{sg�`*y®q,e�h�g�`�q,e�l�q"~�l�e�j�`.n!tKh$q"`�nu~Oyr_'h�zX_'j�bJl'_��	`*jr_'{|` ¶ ewj®q"l�ewbrb®q6yr`.ewjr_'t�hojr_'{X`�º�ewh$n!g�`.q*e�~Obr`
a�`Ôn«t�h�� j�yr`,x�l�e�q"`1`6�«_'b�jr_'h�zXnu`*y�_'f�e�jr_'tKhXyr`,l�ewjr_'t�hObrc�_'x�bªa�_mj�cXh�`,aåt�h�`*b���_'j�a�_'l'l4h�`*f�`,y®q�c$e�hOz�`���ñJl'l4g$ewbr`�q6l�ewbrb�`*bJc$e�fK`
eXn«`*yr_'f�e�j�_'t�h�hu~�{sg�`*yJtw�{z:P��'�ªñJl'l%nu`*yr_'fK`.n}q6l�ewbrb�`*b�e�y�`�ewbrb�_mzKh�`.nZjrc�`Xn«`*yr_'f�e�j�_'t�h!hu~�{sg$`,yJt���jrc�`s{!e���_'{�~�{�tw��jrc�`
nu`*y�_'f�e�jr_'tKhÐhu~�{sg�`*yrbstw�®_'jrbsb�t�~�y"q"`Øq6l�ewbrb�`*b.��xOlm~Obst�h�`��Ì��c�yrtK~�z�c¬j�yke�hObr_'jr_'fu_'j�via�`�e�y�`�z�~�e�ykewhujr`*`.nËj�c$e�js_���q"l�e�b�b
��¨%f¾Õ�ïXó�iwofïbôOÈ
ÓlóqòtryÈ'Ö��Xp¢Èv×Wó�m){�s ¶ � � º,�4jrcO`*h ¸ `*y	H�~�{ ¶ ��¨�ºjü ¸ `*y	H�~�{ ¶ � � º*�sÃ�b�_mhOz�jrc�_'b1nu`*y�_'f�e�jr_'tKh}hu~�{sg�`*y
�	y"e�{X`,a�tKyr�4��a�`�x�y�t�x$ewz�ewjr`Jq�c$e�hOz�`*b%j�t�e�p4`.q"j�`.nXq6l�ewbrb�`*b�~Obr_'h�z�eªg�y�`.e�nuj�cu´H�$yrb�j�j�yke�f�`,yrbkewl$guv�t�y"nu`*y%_'h�jrc�`dnu`*yr_'f�ewjr_'t�h
c�_'`*y"e�ykq�cuvu� · h$q"`�jrcO`�j�yke�f�`,yrbkewlFyr`.eKqrcO`*b�esq"l�e�b�bdjrtXa�cO_�q�c�j�c�`�~�x�nOe�jr`�n!t�g�³"`�q"j1nutu`*bdh�t�jªg$`*l'tKh�zX`*_'j�c�`*ydg$`6�	t�y�`�tKy
e��Hjr`*y�j�c�`1~�x4n�e�j�`���_'jª¡B�,�*����¢$ C¡B�6à1�.ß��� C¡B��ß$�"�"ß� �â� �¡��	��¢�j�tsjrc$ewjJq"l�e�brb�� b�g�ykewh$q�c��

¹ `�q*e�~�b�`Xesnu`*y�_mfK`.n�q"l�ewbrbJa�_'l'l4t�hOlmv|g$`Áx�yrt�q"`*b�br`.noe��Hjr`*yde�l'l4t��%_'jrbªbrt�~Oykq"`sq"l�e�b�br`*bªc$e�f�`1g�`*`*hZx�yrt�q"`*b�br`.n3��a�`�e�y�`
z�~�e�ykewhujr`*`.noj�c$e�jÁh�t�q"l�e�brbÁa�_ml'lFg�`sx�yrt�q"`*b�br`.n­{XtKyr`�jrc$ewh}tKh$q"`�� ¶ H�t�jr`sj�c$e�jd_'jd_'b1x$tKbrb�_mgOlm`�jrc�e�j1tKh�`st�� eZq"l�e�brb�� b
brtK~�ykq6`®q"l�e�b�br`*b�{�e�vªh�t�jÓg$`�x�y�t�q"`*brb�`.n!e�j%e�l'l��
ºª��c�_'b%brtKlm~Ojr_'t�hse�n�n«yr`*b�br`*b�jrc�`���yrbrj�x�y�t�g�l'`*{ ¶ c�t�aËjrt1_�nu`*huj�_:�Hv1g�ykewh$q�c
jr`,yr{X_'h$ewjr_'t�hXq6t�h$nu_'j�_mtKh�bkº�guv|h�t�jª`"�$e�{X_'h�_'h�zdg�y"e�h$q�c�`,b®tw��q"l�e�brb�`*bJj�c$e�jJewyr`1_'{|{�~�hO`�jrtsjrcO`1`"p4`.q"jrbdtw��j�c�`1~�x4n�ewjr`��
jrcO`*yr`*guv!x�t�jr`,h�j�_�e�l'l'vs`*l'_m{|_'h$e�j�_mhOzÔe�l�ewyrz�`ªbr`*jªt���nu`*x�`*h$n«`*huj®{!e�j�`*yr_�e�l'_'°*`.nsq6l�ewbrb�`*b.� ¸ `*yr_'f�ewjr_'t�hu´�t�y"nu`*y�`.n|x�yrt�q"`*b�br_'h�z
e�l'b�tNe�f�tK_�nubsjrc�`ib�`.q"tKh$nLxOyrt�gOlm`,{ t���b�`*l���´Bq,e�h$q"`,lml'_'h�zË~�x�nOe�jr`ox�y�t�x$ewz�e�j�_'t�h�b|g�v¬`*hObr~�y�_mhOzNj�c$e�j!_�� ¸ `*y	H�~�{ ¶ � ¨ º
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9"

1. Add SmallCat
2. Add DenseCat
3. Add LightCat
4. Drop DenseCat

1. Add SmallCat
2. Add LightCat

Inefficient Order

Efficient Order

. . .

(b)

(c)

. . .

Í�_'z�~�y�`d¾$ðFñJh!`"�$ew{Xx�l'`�bkq�c�`,{�e�a�c�`*y�`1x�y�t�x$ewz�e�j�_'t�hst�y"nu`*ydq*e�h!l'`.e�n|j�t�õ�ï.q�ÓCÈ�n�m)k+nqï.q	qwi	kOx%{�óqòZ{¢m�xtm)lMi\òtk��

í ¸ `*y�H�~�{ ¶ �� 'º*�ªjrc�`,hÊeË{Xt�nu_��$`�nÐtKg�³"`.q"j�� b�{X`*{sg�`*y�brc�_'x¬_'hÁ� ¨ q*ewh¯g�`i`*f�ewlm~�e�jr`�n¬t�h�l'v¬g�`"�	t�y�`ijrc�`ot�g�³6`.q"j.� b
{X`,{sg$`*y�brc�_'xs_'h��� 4c$ewb�g$`,`*h�`*f�ewlm~�e�jr`�n4�

Í�tKyJ`"�$ew{Xx�l'`��4Í�_'z�~�y�`1¾ ¶ q*ºªbrc�t�a�bdc�t�aåj�c�_'b®b�jry"e�jr`,z�v}e�fKt�_�nub�jrcO`�x�_'jB�?e�l'l�_'l'l'~�brj�ykewjr`.n!_'hiÍ�_mzK~�yr`Á¾ ¶ g�º*� ¹ `.q*e�~Obr`
a�`�x�y�t�q"`*brb�jrcO`sx$tKjr`*hujr_�ewlml'v!yr`,lm`,f�e�huj�q"l�e�b�br`*bÁ_mhot�y"nu`*y1tw� nu`*y�_'f�e�jr_'tKh}hu~�{sg�`*y.��j�c�`sbrj"e�jr~Ob1t��Je�ho_'h�brj"e�h$q"`stw�w�� �¡
yr`,z�e�y"nu_'h�z}q"l�ewbrb#°1�*¢uà.�*�� �¡�a�_ml'lFh�tKj1g$`s`,f�e�l'~$e�j�`.nZ~�hujr_'l�e��Hjr`*y1j�c�`st�g�³6`.q"j.� b�{X`*{sg�`*y�brc�_'x�b�jke�j�~�b1y�`*z�ewyknu_'h�z�g�t�j�c
q"l�e�b�b µ �s �¨�¨­�� �¡�ewh$nXq"l�ewbrb�!F�'âM��¡��� �¡4c$e�b�g�`*`*honu`*jr`,yr{X_'h�`�n�ewh$n|brj"e�g�_'l'_'°*`.n4�
�4óqòZ{"ò�õ'i	lzi\òZkº¹¼»3à6��¢uâX¡	�«�|���,�*���� �¡��	��¢.£k�w�k�K�*�*��¢uâ1ß$�*��¢$�*�Çß$¨m��¡B�Z�k�w¢u¡��k��¨Ó�.ß��� C¡B�Áß��k�"ß� �â� �¡��	�w¢Ð �¨m�w¢uâ!¡w���X�K�*�*���C C¡?�	�w¢
���H�*�" ��k� ����½� w¢���ß«�K �¡r��§%��¨�¨�á"�1�v�C w¨:�� �¡r�"�|��¢!¡r�*�*�ÁàÔ�
�� �¢O��âC�����,¢}�*¨' �à"à� �¡����Cà"¡��w¢$�"�[�
�4óqò�ò�Ó'| ¸ `*y�_'f�e�jr_'tKhu´?tKyknu`,yr_'h�z�`*h�br~Oyr`*b1j�c$e�jJe�{|t�nu_��$`.nstKg�³"`.q"jda�_'l'l$hO`*f�`*ydg�`1`*f�ewlm~�e�jr`�nX_'h!jr`,yr{Xb�tw��e�f�_'y�jr~$ewl

q"l�e�b�b ��¨Ôg$`"�Ht�yr`ª_'j%_'b�`*f�ewl'~$e�j�`.n�_'hXjr`,yr{XbÓt���t�hO`Jt��¢��¨u� b%b�t�~�y"q"`1q"l�e�b�br`*bJewh$n4�ufu_�q"`"´�f�`*y�bke��uj�c$e�jÓt�h$q"`1e1q6l�ewbrb���¨dc$ewb
g�`*`*h!`*f�e�l'~$ewjr`.n3��h�tKh�`Jtw��_'jrbÓbrt�~Oykq"`�q6l�ewbrb�`*b�a�_'lmlObr~�g�b�`.�K~�`*hujrl'v|g$`ª`*f�e�l'~$ewjr`.n]t�y�{Xt�nu_��$`.n�nu~�y�_mhOz�j�c�`Jx�y�t�x$ewz�ewjr_'t�h
x�y�t«q6`*brb�����c�`1b�jke�j�`1t���ewh�tKg�³"`.q"jdq*e�hOh�t�jdqrc�e�h�zK`Ôn«~�yr_'h�zsj�c�`1x�y�t�x$ewz�e�j�_'t�hXxOyrt�q"`*b�b.� ¹ `.q,e�~�b�`�j�c�`1t�hOlmvsy�`.e�b�t�h}ewh
t�g�³6`.q"jda�tK~�l�n!g�`�`*f�ewl'~$e�j�`.n!yr`,z�e�y"nu_'h�z�eszK_mfK`*h}q"l�ewbrbd{XtKyr`djrc$ewh�t�h�q"`sa�tK~�l�n|g$`�_���jrc�`�t�g�³6`.q"j.� b1�K~$e�l'_���q*ewjr_'t�h!j�t
g�`®_'h!jrcO`Ôq6l�ewbrbJq�c$ewh�z�`��Ojrc�`Á~�x�nOe�jr`da�_'l'l$g�`1`*f�ewl'~$e�j�`.ns_'h!jr`*y�{Xb�t���e�huvszK_mfK`*h�q6l�ewbrbde�j�{Xt�b�j�tKh$q"`���Í�~OyrjrcO`*yr{|t�yr`K�
_���h�`,_mj�c�`*ydt��%esq"l�e�b�b.� bJb�t�~�y"q"`�q"l�e�b�br`*b1ewyr`�eCp�`.q6jr`.n!guv|jrc�`1~Ox�n�ewjr`���j�c�`*h�j�c�`1x�y�t�x$ewz�e�j�_'t�hXxOyrt�q"`*b�b®a�_'l'l4jr`,yr{X_'h$ewjr`
g�`"�	t�y�`1`*f�ewlm~�e�jr_'h�zÁjrc$ewjJq"l�e�brb���¡

¾ uµèJU�xKV�Ug8 ê�S][�èÀ¿wÁdê1é�YXêdT�\,VsS

Â�:<; ÃÅÄ0àjVXº)A7sµVO»gY)>�ajÝ�V�Y.Y)AC»`Þ
Å��u¨
¡��*¦��	�,§!br~Ox�x$tKyrj�b�j�c�`�brj"e�h$n�ewykn�b�`*j�tw��fu_'`*a¬nu`"�$h�_'j�_mtKhst�x�`*ykewjrtKyrb ¶ x�yrt.³6`.q"j.�ub�`*l'`.q"j��u~�h�_'t�h��w_mhuj�`*yrb�`.q"j.��nu_�p�`,yr`*h$q6`��
e�h�n1³"t�_'h$ºªe�h$nZe��	~�l'lFq"t�{|x�l'`*{X`*huj�tw��~�x4n�e�j�`�tKx$`*y"e�j�_mtKh�bJtKh}g�t�j�c�g$ewbr`se�h$n!fu_'yrj�~$e�l%q"l�ewbrbr`,b ¶ q"y�`.e�j�_'t�h��4nu`*l'`*j�_'t�h��
j�vux$`ªz�ew_mh���j�vux�`Jl't�b�b.�ue�h$n]{Xt�nu_���q*ewjr_'t�h�t���j�c�`Jf�ewlm~O`�t���e�h|_'h�brj"e�h$q"`ªf�e�y�_�ewg�l'`.º*� · ~�y�t�x�j�_m{|_'°.e�j�_mtKh�e�l'zKt�yr_'j�c�{Xb%e�y�`
jkew_'lmtKyr`.nZjrt!_'{XxOyrt�f�`Ájrc�`s`"Î�q6_m`,h$q"vot���~�x�nOe�jr`sxOyrt�x�e�z�ewjr_'t�hZ_mhojrcO`sx�yr`*b�`*h$q"`!tw��q"`,yrjkew_'hij�v�x�`*b1tw��q6t�hu�$zK~�ykewjr_'t�hOb
t��Jq"l�e�b�br`*b��}ÍOt�y1j�c�_'b1yr`�e�brtKh��Fa�`XqrcOt�br`|jrt�~Obr`sg�t�jrcij�c�`Xj�ykeKnu_'jr_'t�h$ewl%br_'{|x�l'`1fu_my�jr~$ewl�q"l�e�b�br`*bse�h�no{Xt�y�`�q6t�{XxOlm`6�
q"tK{sg�_'h$e�j�_mtKh�b4t��4fu_'yrjr~�e�l�q"l�e�b�br`*b�e�bFyr`,x�yr`*b�`*hujkewjr_'f�`d{Xt�nu`,lmb3�	t�yFtK~�yF`*f�e�l'~$ewjr_'f�`%`6�«x�`*y�_m{|`*hujrb��F��c�`�x$e�y"e�{|`*jr`*y�bFjrc$ewj
t�~OyJq"t�b�j�{Xt�nu`*l'b�~�br`�ewyr`dbr~O{X{�ewyr_'°*`.n�_'h!�%e�g�l'`�»��

Í�tKy�jrc�`db"e���`dtw��b�_'{Xx�l'_�q"_'j�v���a�`dlm_'{|_mjFtK~�y�`"��x$`,yr_'{X`*huj�b�jrtsjrcO`d�	t�l'l't�a�_'h�zdg$e�b�_�qJ{|t�nu`*l'b.�
»K� ¹ v|f�e�yrvu_'h�z�jrc�`Á~�x�nOe�jr`Áx�yrtKg$e�g�_'l'_'j�v ¶4Æ º,��fu_'`*aµx�yr`.n«_�q,e�jr`Ábr`*l'`.q"j�_'f�_'j�v ¶4Ç º*�4ewh$n|h�~O{sg$`*y�t����K~�`*y�v!x�yr`.n«_�q,e�jr`
q"t�{|x$tKh�`*hujrb ¶4È � � þ�ÿ ��� ¶ � �	� ¶<° �Ue�ºrº�tw��e�hX��à,�w¨m C¡B�"�ªà.�,¨m�"�"¡��	�w¢��.�	�,§%��a�`�x�`*y��Ht�yr{Ö`*f�e�l'~$ewjr_'t�hOb4t��$j�c�`�jry"e�nu`"´�t�p
_mh|g$e�b�_�q®q6t�brj�b¤Äwg$`*hO`"�$jrbÁg$`*j�a�`*`*hZ{�e�j�`*yr_�ewlm_'°*`�nse�h$n|h�tKhu´?{!e�j�`*yr_�e�l'_'°*`.n�fu_'`*a�b��

½O��±i`®q"tK{sg�_'h�`����u¨
¡��
ß$¨'�dà.�,¨m�"�"¡��*¨' �à"à.�"à�_mh�e�b�_mhOz�l'`Jb"qrcO`*{�e�j�tsbrjr~�nuv!jrc�`d`"p4`.q"j�b®tw�%t�~�y�y�`*z�_'brj�ykewjr_'t�h!brj�ykewjr`*zKv��
f�e�yrvu_'h�z1j�c�`1b�~�g�br~O{Xx�j�_mtKhXy�`*l�e�jr_'tKh�brc�_'x�b�tw��j�c�`dbr`*l'`.q"j1q"l�ewbrb�x�y�`.nu_�q*e�j�`*b.�

»�»



ÕO��±i`s~�br`!e!f�e�y�v�_'h�z!hu~�{sg�`*y1tw�Jf�_'y�jr~$ewl�q"l�e�b�br`*bXewyrykewh�z�`�no_mhÐq6t�hu�$zK~�ykewjr_'t�hOb�b�~�g�³"`.q"j�jrtojrcO`�à.�*¨ ��£k�" �¢$�"�,¨�¨:��¢uâ
�.ß��� C¡B��ß$�"�"ß� �â� �¡��	��¢]x�yrtKg�l'`*{ÙjrtXn«`*{XtKh�brj�yke�j�`djrc�`1q"tKbrj®ewh$n|g$`,h�`"�$jªt���tK~�yJnu`*y�_'f�e�jr_'tKhXt�y"nu`*y�_mhOzsbrjry"e�j�`*z�vu�

{�mbó�m)rnï.l3ï[ó ô�ï�á+k¢i	lMiSòZk
© Éï~�x4n�e�j�`®j�ykewh�bkeKq"jr_'t�hOb.�
Ê Éò�K~�`*yrv|jry"e�h�b"e�q"j�_mtKh�b.�
Æ �Fy�t�g$ewg�_'l'_mj�vsj�c$e�jJeÁz�_'fK`*h!t�x�`*ykewjr_'t�h!_'b ewh!~�x�nOe�jr` ¶?Æ ª © º ©ÌË Ê º*�

Ç4¶?È �t¶�Í�Î�º Ñu`,lm`�q"jr_'fu_'j�vXt�� È �Z¶AÍ�ÎO�
²ÐÏ �¤¶ � �¤� � �P� ¶ � ��� ���.º Ü�tKbrjJ_'h|{Xb�jrt�yr`*j�yr_'`*f�`�jrcO`®`6�«j�`*hujJtw��e�g$ewbr`dt�y�{!e�jr`,yr_�e�l'_'°*`.nsq"l�ewbrbzÆ

tKyJq*e�l�q"~�l�ewjr`djrc�`Á`"��jr`*hujJtw��eÁh�t�h«´?{!e�jr`,yr_�e�l'_'°*`.n�fu_'yrj�~$e�lFq"l�e�brb��
Æ ¶�Í Çt� Í þ � � �P� ¶7Ñ ÿ9�0� �¤¶ ±¤� � ­ Ü�tKbrjJ_'h|{Xb�jrt�x$`*yB�	t�y�{²jrc�`db�x$`.q6_:��`.n!~�x4n�e�j�`1~�x�t�h!jrcO`®tKg�³"`.q"j��
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ù7ï3ñ�ù�G à�ùtïòñ!Hnà�í7óCI!ñiù7æ	L í7æ�I�æAî�ù7à�ó H�Fëà�æ�Gwó�ônFëà�æ�Gwítæ�I�æAîkùtàXFëà�ù�Q i_� � ��Ê�� � ÿ	%	� é���Ò e % M ñ!Hnã5TNLåñiù7æÌà�ðUT>ñ�îkùkTåätó�ì>ñiìåàKI�à�ù�Qýóiô % M
ñ�H�Lòñ:O�ãåæ/äZQòítæ�I�æAîkùtàXFëà�ù�Qnóiô iN�����*����
5%�� é���Ò e Ò�ç5Mëùtïåæýîkó�ítù{óiôfT3æ/ä?ô$ó�ä7ðÅàXH¬â ñÐí7àKHåâCI�æ�O�ãåæ/äZQnóCHòùtïåæ�HåóCH2b?ðòñ�ùtæ/ä7à�ñ!I�àKJ/æ�LFëà�æ�G à�í îkó�ã
H ùtæ/ä�b?ì>ñ!I!ñ!H>îkæ	L ì;QÅù7ïåæýîkó�í7ù ó�ôfT¬ä7ó T3ñ�â ñiù7àKHåâÔñ�T5T¬ä7ó�Wåà�ðòñ�ùtæ�IKQ v ÒCÒ ÒÐã5TNLåñ�ùtæ/í{ùtóÔù7ïåæÌðòñiù7æ/ätà�ñ�I�àKJ/æ	LRFëà�æ�Gýú
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Number of Update Operations

Materialized Virtual Class
Non-Materialized Virtual Class

ßáà�â�ã¬ä7æ�Ñåé!, àKIKI�à�í7æAîkóCH*Lëí ùtó ätã5H¦ÛÔã
T@Låñiù7æ/íÌñ�H*L % ätæ/ù7ätà�æAF�ñ�I ó H×ñ!HòàKHåï¬æ/ä7à�ù7æ�LUT¬ä7ó T3æ/ätù�Q � F�ñ�äZQ àKHåâRÛ � ú
Ü>-51�<N3�)�ÝÃÞN3�02ßÅy�1�0o7{3�á�-5/�0E?A024�05á!/	3�ÞN3�/S< ã i_ä Bl~ æcH¬æSWåù ô$óåîkãåí{óCHnùtïåæÌæS� æ�îkùÌó�ôfFëà�æ�G�T¬ä7æ	Lëà�î/ñiù7æýítæ�I�æAîkùtàXFëà�ù�Qnì2Q]5WåàKHåânã
T@Låñiù7æ:Tåä7ó�ì>ñ�ì¬àXI�à�ù�QU� ñiù Ð Ò.-pñ�H*L F�ñ�ä$QëàKHåâÔùtïåæYFëà�æ�G ítæ�I�æAîkù7àKFëà�ù�Q ô4ñ�îkù7ó�ä i ô$ätó�ð % ùtó % Ò Ò�- ú õ{ã¬ä â�ó ñ!I àKH

ù7ï¬à�í æ`WoT3æ/ätà�ðÅæ�HëùlG ñiíöùtóÔæ�F�ñ�I�ã>ñiù7æÌù7ï¬æ à�ð(T>ñ�îkù ó�ô�Fëà�æAG ítæ�I�æAîkù7àKFëà�ù�Qnã5T3ó H ð ñ�ù7æ�ä7à�ñ�I�àKJAñ�ùtà�ó H:T>æ/ähô$ó�ätðòñ!H>îkæ�ú
ßáà�â�ãåä7æ Ð í7ïåó�G íýùtïåæÔä7æ�í7ã5I�ù7í ó�ôlT3æ/ä?ô$ó�ä7ðÅàXH¬âUHåàKHåæÔäkñ�H*Lëó�ð ã5TNLåñiù7æ/íÔñ�H*L óCHåæUO�ãåæ/äZQ ã5T3ó H ñÅítà�ð(T5I�æýí7æAI�æ�îkù7à�ó HFëà�æ�Gàå@æAçXæSÖSÔ�/RLëæ/ätàXF�æ	L ô$ä7ó�ðpù7ïåæUÓ�Ô$Õ��:��Ö`×PØ�ÙSÔ îSI�ñ�í7íaG ïåàKI�æaF�ñ�ä$QëàKHåâÔùtïåæ ítæ�I�æAîkùtàXFëà�ù�Q ô4ñ�îkù7ó�äÌó�ôöùtïåæYFëà�æ�G ô$ä7ó�ð Ò � H¬ó

% ç



ó�ì ��æAîkù7í ô�ã5I^]*IKI>ùtïåæ>F à�æ�GêTåätæ	Lëà�î/ñiù7æ � ù7ó %�� ñ�IKI % Ò5M�Ò ÒCÒ ó�ì �kæAî�ù7í ô$ã5I^]*IKI3ù7ïåæ>Fëà�æ�G�Tåätæ	Lëà�î/ñiù7æ � úk[ ïåæ í7æ�I�æAîkùtàKF à�ù�Q ô4ñ�îkù7ó�ä ó�ô
ù7ï¬æ\O�ãåæ�ä$Q à�í�]5Wåæ	L ñ�ù % - ó�ô ùtïåæ % Ò5M�Ò ÒCÒÌó�ì �kæ�îkù7í àXH�Ó�Ô¡Õ!�Y��ÖS×PØ!ÙSÔ?ú8Y9�021�<10#) �Z� å@æAçXæSÖ`Ô2/Ìæ`W ùtæ�Hëù � í7æ�I�æAîkù�é ¬ é à�ùtæ/ð43 � à�ùtæ/ðÛà�L ��ÏÚj ÒCÑ %	j Ò % Ñ�ç ®h­�{í�GöælG ó�ã
I L æ`WoT3æAîkù ô$ätó�ð65kO�ã>ñ�ùtà�ó Håí % ñ!H*L j MCG ïåæ�H�O�ã¬æ/ä$QÔóCTåù7à�ðnàKJAñiù7à�ó HÌà�íyãåítæ	LUL ãåä7àKHåâýùtïåæ�O�ãåæ�ä$QCb4ätæ�G ä7à�ùtàXH¬âTåätó î�æ/í7í�M>ùtïåæ{ítæ�I�æAîkùtàXFëà�ù�Q ô4ñ�îkù7ó�äöóiô ù7ï¬æcFëà�æ�Gwï>ñií ñÐâ�ätæAñ�ùtæ/ä à�ðUT>ñ�îkùyó HÔùtïåæýîkó�ítù ó�ôfO�ãåæ/äZQëàXH¬â ùtïåæÌðòñ�ùtæ/ä7à�ñ!I�àKJ/æ�L�Fëà�æ�G
ù7ï3ñ�H ù7ïåælHåóCH2b?ðòñ�ùtæ/ä7à�ñ!I�àKJ/æ�LcFëà�æ�Gýú�% æ/âëñ�äSL2I�æ/í7íyóiô ùtïåæ�F à�æ�GÝí7æ�I�æAî�ù7àKFëà�ù�QÐô4ñ�îkù7ó�ä	M O�ãåæ/äZQëàXH¬â ùtïåælHåóCH2b4ð ñ�ùtæ/ä7à�ñ�I�àKJ/æ	L�Fëà�æ�G
àKH2F�ó IKF�æ/í ó HåæÐà�ùtæ/ä�ñiù7à�ó H ã5T3ó H ù7ïåæ æSWåù7æ�Hëù ó�ôöùtïåæ�Fëà�æ�G�V í{í7ó�ãåä�î�æ îSI�ñií7íAúh[ ïåæYLëó�ù7ù7æ�L¤I�àKHåæÌàKHòùtïåæ â�ä�ñ!Tåïåí � àKH*Lëà�î/ñiù7àKHåâ
ù7ï¬ænù7à�ðÅæÔàXH ðÅàKIXI�à�í7æ�îkó H*L í ùtó¤T3æ/ä?ô$ó�ä7ð ùtïåæ ã5TNLåñ�ùtæ/í ñ!H*L O�ãåæ�ä$Q ó H ñ�HåóCH2b4ð ñ�ùtæ/ä7à�ñ�I�àKJ/æ	L îSI�ñ�ítí � ä7æ�73æAîkù7íÅù7ïåà�íÐô4ñ�î�ù
ì2Q×ä7æ�ðòñ�àKHåàKHåâ ô?ñ�à�ä$IKQ�I�æ�F�æ�I?úRD�ô ù7ï¬æRF à�æ�G à�í ð ñ�ùtæ/ä7à�ñ�I�àKJ/æ	L_M>ï¬ó�Göæ�F�æ/ä	Máù7ï¬æ�H ù7ïåæUO�ãåæ�ä$Q àXH2F�ó IKF�æ/í ó H5IKQ×ùtïåó�ítæÔó�ì �kæ�îkù7í
ù7ï3ñ�ù ô$ã5I^]*IKI ù7ïåæíF à�æ�G í7æ�I�æAîkùtà�ó H�Tåätæ	Lëà�î/ñiù7æ�ú [ ï ã¬í	M ñ�í i_� � ��Ê�� � ÿ#j � àKH>îkä7æ�ñ�í7æ�í	M ùtïåæ¤Tåätó T3ó�ä7ùtà�ó H óiôýù7ïåæ ù7ó�ù�ñ!IlHåó H2b
ðòñiù7æ/ätà�ñ�I�àKJ/æ	L¤O�ãåæ/äZQ îkó�í7ùýùtï>ñ�ùÌà�í�Lëæ/ä7àKF�æ	L ô�ä7ó�ð ù7ïåæÔîkó�í7ùýóiô ñ�îkù7ã>ñ!IKIXQ¤O�ãåæ/äZQëàXH¬âòùtïåæ:F à�ätù7ã>ñ!IöîSI�ñ�ítí � ñ�íÌó T
T>ó�í7æ	L ùtó
îkó�ðUTåãåùtàKHåâÔà�ù7í{æ`W ùtæ�Hëù � àKH>î�ä7æAñií7æ/í�ú�[ ïåà�í{à�í ä7æ�7>æ�îkù7æ	L ì2Qòùtïåæ ä7à�í7æ ó�ôöùtïåæ í7ó I�à�L�I�àKHåæÌàKH×ù7ïåæ â�äkñ�Tåï¬í � àKH*Lëà�î/ñ�ùtàKHåâÔù7ïåæ
ù7à�ðÅæ{àKHnðÅàXIKI�à�í7æAî�ó H*Lëí ù7óRT3æ/ä?ô$ó�ä7ð ù7ïåæÌã5TNLåñiù7æ/íÌñ�H*L�O�ãåæ/äZQnó H×ñ ð ñ�ù7æ�ä7à�ñ�I�àKJ/æ	LÔîSI�ñií7í � ú
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View predicate selectivity of virtual class ($f$)

Materialized Virtual Class
Non-Materialized Virtual Class

ßáà�â�ãåätæ Ð é8, àKIKI�à�í7æAîkóCH*LëíÔùtó ä7ã5H Ð ã5TNLåñ�ùtæ/í � m5� ÐC� ñ!H*L % ä7æ/ùtä7à�æ�F�ñ�I � O2� %	� óCH ñÃT¬ä7ó T3æ/ätù�Q¨G ï¬àXI�æ�F�ñ�äZQëàXH¬â¦Fëà�æ�G
í7æAI�æ�îkù7àKFëà�ù�Q � ô � ú

°z±:9 ³µ´l¶�·n¸:²_º<;>=u½�¸�?c½{Á5Æ$Ä @ ÁBAc·DC�Æ�ECÁ5¼5Æ$ÀF?lÁ5·n¶HG¨·I@kÆ�ECÁ5¼5½{Á5Æ$´kÄKJP·{¼L=cÆ�MN·
~ ækHåæ`W ùáô$óåîkã¬í7æ	L ó�ãåä æ�F�ñ!I�ã>ñ�ùtà�óCHÌó H ù7ïåæ ðnó5Lëà�ô�Q óCT>æ/äkñ�ùtó�ä	M!G ïåà�î7ï ì3æ/àKHåâ{ùtïåæöðÅó�ítù îkó�ðUT5I�æSWýî/ñ�Hýätæ/í7ã
I�ù àXH ñ�Hýó�ì �kæAîkù
â ñiàKHåàKHåânñ�H*LíI�ó�ítàXH¬ânðÔã5I�ù7àKT5I�æ ù�Q;T3æ/í�ú ß¬ó�äN, ó5LëæAI j G æ¥L æ/ðnóCHåí7ùtä�ñ�ùtæ ùtïåæ æS� æ�îkù7í ó�ôöó�ãåäÌïåà�æ/ä�ñiä�îtïåà�î/ñ!Iyä7æ/â�à�í7ù7äkñ�ùtà�óCH
í7ùtä�ñiù7æ/âCQ ì2Q îkó�ðÔìåàKHåàKHåâ¤�:�;ç Ô��PO*çXæRQ	æAçXæSÖ`Ô�Ö�çKØSQ�Q	æ�Q{àKH ñÅí7àKHåâ I�æ í�îtïåæ/ð ñ5MNF�ñiä$QëàKHåânùtïåæ í7ãåìåítãåðUT¬ù7à�ó H ä7æ�I�ñiù7à�ó HåítïåàKTåíÌó�ô
ù7ï¬æ ítæ�I�æAîkùýîSI�ñ�ítílTåä7æ�Lëà�î/ñ�ùtæ/íAúD�H ó�ä#L æ/änùtó ù7æ/ítùnù7ï¬æòà�ð(T>ñ�îkùÐó�ôýù7ïåæ�Fëà�æ�G ïåà�æ/ä�ñiä�îtï2Q ã5T3ó H ðòñiù7æ/ätà�ñ�I�àKJAñ�ùtà�óCH¦T¬ä7ó T3ñ�â ñiù7à�ó H�T>æ�ä?ô$ó�ä7ðòñ!H>îkæ M�G æ
ðnæ�ñ�í7ã¬ä7æ	LÌùtïåæ ù7à�ðnæ àKHýðnàKIKI�à@ítæAîkó H�Lëí ä7æ	O�ãåà�ätæ	LýùtócT3æ/ä?ô�ó�ä7ð % Ò
M ÒCÒ Ò ã5TNLåñ�ùtæ/í àXHÐù7ïåæ�Tåä7æ�í7æ�H>î�æ{ó�ô>ñ!HýàKH>îkä7æ�ñ�í7àKHåâ>HëãåðÔì3æ/ä
ó�ô í7æ�I�æAîkùtà�ó H îSI�ñ�ítí7æ/í ñ�ä7äkñ�Håâ�æ	L àXH ù7ï¬æÔí7ãåìåítãåðUT¬ù7à�ó H×ï¬à�æ�ä�ñ�äkîtï;QÃLëæ�Tåà�îkùtæ	L àKH ßáà�â�ãåä7æ % Ò¬úRå@æAçXæSÖ`Ô�T.UÐà�í�Lëæ�ä7àKF�æ	L ô�ä7ó�ð
ù7ï¬æ�Ó�Ô$Õ��:��ÖS×lØ�ÙSÔ îSI�ñ�í7í�M�å@æAçXæSÖSÔ�VWU à�íPL æ/ä7àKF�æ�L ô$ätó�ð ù7ïåæaå@æAçXæSÖSÔ�T�U îSI�ñ�ítí	Mëæ/ùkî�úz� æAî/ñiãåí7æÌùtïåæÌì>æ�H¬æS]>ù ó�ô ùtïåæ{ï¬à�æ�ä�ñ�äkîtïåà�î/ñ�I
ó�äSLëæ/ätàXH¬â ó T¬ù7à�ðnàKJAñiù7à�ó HÃI�à�æ�ínàKHwñ�F�ó�à�LëàKHåâ ã5H5HåæAî�æ/í7íkñ�ä$Q æ�F�ñ!I�ã3ñ�ù7à�óCHåí	M�Göæ�]
W ù7ï¬æ×í7æ�I�æAî�ù7àKFëà�ù�Q óiôèùtïåæ×ã5TNLåñiù7æ ñiùUÒ� ðÅæAñ�H¬àXH¬âòùtï>ñ�ùÐù7ïåæÅã5T@L¬ñ�ù7æ�Lëóëæ/í:Håó�ù ñ}� æ�îkù ñ!H2Q ã5TNLåñiù7æ	L ó�ì �kæAî�ù7í	V�Fëà�ä7ùtã>ñ�I îSI�ñ�í7í ðnæ�ðÔì>æ/ätí7ïåàKTåí � ñ�H*L¯Lëæ`]*Håæòñ!IKIFëà�ä7ù7ã3ñ�IyîSI�ñ�ítí7æ/í ñií�Lëæ�T3æ�H*Lëæ�Hëùýã
T>óCH ùtïåæ ã
T@Låñiù7æ	LÃT¬ä7ó T3æ/ätù�Q ��"�� úYXÌàKF�æ�H ñ!H×ó�ì ��æAîkùýùtï>ñ�ù>Lëóëæ/í�Håó�ù{ì3æ�I�ó Håâ ù7óÅù7ïåæ
ã5T5T3æ/ätðnó�ítù ítæ�I�æAîkùtà�óCH îSI�ñ�ítí	M�Göæ�G ó�ã5I�L æ`WoT3æAîkùÅù7ï>ñiùnñ�H2Q ã5TNLåñ�ùtæ ù7ï>ñiù¥Lëóëæ/í(Håó�ùÔî/ñiãåí7æ×ùtïåæ ó�ì �kæ�îkùÔù7ó âëñ�àKH ù7ïåæ
ù�Q2T>æ óiô ùtïåæ{ã
T5T>æ�ä7ðnó�í7ù í7æAI�æ�îkù7à�ó H îSI�ñ�ítíyù7óýì3æ à�ðnðÅæ	Lëà�ñ�ùtæ�IKQ ù7æ/ätðnàKH>ñ�ùtæ	LÐà@ônLëà�í7ùtä7à�ìåãåùtæ	LÔätæ/â�à�ítù7ä�ñiù7à�ó H¬íöñ�ätæ æ/ðUT5I�ó�Q�æ	L ú
õ ù7ïåæ�ä$G à�í7æ � à�ô{ù7ïåæ ä7æ�â�à�í7ùtä�ñ�ùtà�ó Håínñiä7æ�Håó�ùRLëà�í7ùtä7à�ìåãåùtæ	L ñ�I�ó H¬â×ù7ïåæ ítãåìåí7ã¬ðUTåùtà�óCH ïåà�æ/ä�ñiä�îtï2Q � Möñ!IKI{îSI�ñ�í7ítæ/íÔðÔãåítùýì>æ
æ�F�ñ!I�ã3ñ�ù7æ�LnàKHÅù7æ/ätðní ó�ô ù7ïåæÌã5TNLåñiù7æ�ú

ßáà�â�ãåä7æ % % í7ï¬ó�G í{ù7ï¬æ ùtà�ðÅæcHåæ�æ	Lëæ	L àKH ðnàKIKI�à�ítæAîkóCH*Lëí ù7óRT3æ/ä?ô$ó�ä7ð % Ò5M�Ò ÒCÒýã5TNLåñiù7æ/íÌàKH×ñÔí�îtïåæ�ðòñ:G à�ù7ï ñ:F�ñiä$QëàKHåâHëãåðÔì3æ/äöóiô í7æ�I�æAî�ù7à�ó H×îSI�ñ�ítí7æ/í�M5G ïåæ�ä7æ £Ã� d.F�ñ�ä7à�æ/í ô$ätó�ðxÒýùtó Ð ú{~wïåæ�H�Håó:Fëà�ä7ù7ã3ñ�I îSI�ñ�í7ítæ/í ñiä7æ�Tåä7æ/ítæ�Hëù	M £Ã� d ��Ò
MG ïåæ�H ó H¬æ�Fëà�ätù7ã>ñ!I îSI�ñií7íÌà�ícTåätæ/í7æ�Hëù�M £Ã� dÚ� % M ñ�H*LÅítóòóCH úl~ æ î�ó�ðUT3ñ�ä7æÌùtïåæYT3æ/ähô$ó�ätðòñ�H3îkæýó�ôyó�ãåä{à�ðUT
I�æ�ðnæ�Hëù7æ�L
ã5TNLåñ�ùtæ>Tåä7óCT>ñ�âëñ�ù7à�óCHÔðnæ/ùtïåó5LÔù7ï3ñ�ùcLëóëæ/ílHåó�ùPL à�ítù7ätà�ì¬ãåù7æÌä7æ�â�à�í7ùtä�ñ�ùtà�ó Håí{ñ�îkä7ó�í7í ù7ï¬æ â�æ�Håæ/äkñ�I�àKJAñ�ùtà�ó Hnï¬à�æ�ä�ñ�äkîtï;QÅù7ó ù7ïåæT3æ/ä?ô$ó�ä7ð ñ�H>îkæÌóiô ó H¬æ ùtï>ñ�ùcL ó æ�íAú

5�F�æAH ã5H*L æ/ä ítã>îtï ñ ítðòñ!IXI íkñ�ðUT
I�æ í�îtïåæ�ðòñ5Máù7ï¬ænì3æ�HåæS]>ùÔóiô�Lëà�í7ùtä7à�ìåãåùtàXH¬â×ä7æ/â�à�í7ù7äkñ�ùtà�óCHåíýà�í îkóCHåí$T¬à!î�ãåó�ãåí�úÃ[ ïåæLëó�ù7ù7æ�LêI�àXH¬æòàKHwßáà�â�ãåätæ % % àKH*Lëà�î/ñiù7æ/íÔùtïåæ×ùtà�ðÅæ àXH ðÅàXIKI�à@ítæAîkóCH*Lëí:Håæ/æ	Lëæ�Lwùtó T3æ/ä?ô$ó�ä7ð % Ò
M ÒCÒ Ò ã5TNLåñ�ùtæ/íUG ïåæAHwù7ïåæ
ä7æ�â�à�í7ùtä�ñ�ùtà�ó HåíÔñ�ätæRHåó�ùYL à�ítù7ätà�ì¬ãåù7æ	L ú¤[ ïåæÅí7ó I�à�LíI�àKHåæÔàKH*L à!î�ñ�ù7æ�íýù7ïåæÅù7à�ðnæ àKH ðnàKIKI�à�ítæAîkóCH*LëícH¬æ/æ	Lëæ	LÝùtó¤T>æ�ä?ô$ó�ä7ð¼ù7ïåæ

%	®



AtomicPart

Select90

Select10

Select20

Select80

AtomicPart createSelectClass: #Select90
query: [ :ap | (ap x) < 3874887757 ].

Select20 createSelectClass: #Select10
query: [ :ap | (ap x < 435696658].

ßáà�â�ãåätæ % Òåé>� îtï>ñ�àKH ó�ô í7æ�I�æAîkùtà�ó H îSI�ñ�ítí7æ/íRLëæSb
ä7àKF�æ	L ô$ä7ó�ð æAñ�îtï ó�ùtïåæ/ä�ú
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Number of classes that subsume most selective virtual class (NUR)

Distributed Registrations
Non-Distributed Registrations

ßáà�â�ãåä7æ %C% é>Ì ó�ð(T>ñ�ätàXH¬âÔù7ïåæRT3æ/ä?ô�ó�ä7ð ñ�H>î�æ óiôhLëà�ítù7ä7à�ìåã¬ù7æ	L ñ!H*LHåó Hob¡Lëà�ítù7ä7à�ìåã¬ù7æ	L ätæ/â�à�ítù7ä�ñiù7à�ó H¬ílG ïåàKI�æ�F�ñ�äZQ àKHåâ £Ã� d ú
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ä7æ�â�à�í7ùtä�ñ�ùtà�ó H àKHnù7ï¬æ�Tåä7æ�í7æ�H>î�æ óiô æ�F�æ�H×ó H¬æèî`I!ñií7í ùtï>ñ�ù à�ílTåätó HåæÌù7óÔùtïåæÌí7æ�I�ô�b7î/ñ!H>îkæ�IKI�àKHåâ ã
T@Låñiù7æ�T¬ä7ó�ì
I�æ�ð ú�r ó�ùtæÌù7ï>ñiùG à�ù7ïåó�ãåù�L æ/ä7àKF�ñ�ùtà�ó H2b?ó�äSLëæ/ä7àKHåâ�Måã5TNLåñiù7æ ù7à�ðnæ àXH3îkä7æAñií7æ/íÐæSW5T>óCHåæ�Hëù7à�ñ�IKIKQ�G à�ù7ï ù7ïåæ:HëãåðÔì3æ/ä{óiô�ítæ�I�ô�b7î/ñ�H>î�æ�IKI�àKHåâ îSI�ñ�ítí7æ/íTåätæ/í7æ�Hëù�úz� æAî/ñ�ã¬í7æ ñCL5Lëà�ù7à�ó H3ñ�I3í7æ�I�æAîkùtà�ó Hòî`I!ñií7ítæ/í ñiä7æ ñCL5Lëæ	LÅàKHÔó�äSLëæ/ä ùtó îkätæAñ�ùtæýæAñ�î7ïÅí7æ�I�ô�b7î/ñ!H>îkæ�IKI�àKHåâYFëà�ä7ùtã>ñ�I îSI�ñ�ítí7æ/í�M
ù7ï¬æèñ!I�â�ó�ätà�ù7ïåð ù7ï3ñ�ù ãåí7æ/í>Lëæ/ätàXF�ñiù7à�ó Hob4ó�ä#Lëæ/ätàKHåâ ñ!H*LRG à�ùtïåó�ãåù ä7æ�â�à�í7ùtä�ñ�ùtà�ó H í7ã2� æ/ätí ñÐðnó5Lëæ/äkñ�ù7æ�T>æ�ä?ô$ó�ä7ðòñ!H>îkæ�I�ó�í7í{ñií
ù7ï¬æRH ã¬ðÔì>æ/äÌóiôöí7æ�I�ô�b7î/ñ!H>îkæ�IKI�àKHåâ×îSI�ñ�í7ítæ/í àXH3îkä7æAñií7æ/í�ús[ ó�G æ�F�æ/ä	Máù7ïåæÔùtà�ðnæýóiô ùtïåænñ�I�â�ó�ä7à�ù7ï¬ðpãåí7àKHåâ ì3ó�ù7ï¯Lëæ/ätàKF�ñ�ù7à�óCH2b
ó�äSLëæ/ätàXH¬ânñ�H*LÅä7æ�â�à�í7ùtä�ñ�ùtà�ó H à�íöï>ñiä#L2IKQ ñ�� æAîkù7æ�L×ñ�ù{ñ!IXI3ì2QnùtïåæýàKH>îkätæAñ�ítæ	L�HëãåðÔì3æ/äöóiô ítæ�I�ô�bhî�ñ�H>îkæAIXI�àKHåânîSI�ñií7í7æ�íAú
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