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=OÃ � Öxy@z £ z�z�­ Ç � � � ÓMv�z ¥ « � ¡ ¨ z�Ü � v � ¼ �ªÂ z � «,Ã�Ã#Ã3Ã�Ã�Ã3Ã�Ã3Ã�Ã�Ã3Ã�Ã#Ã3Ã�Ã3Ã�Ã�Ã3Ã T
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 � z � u � ½Èy 5 Ã3Ã�Ã�Ã3Ã�Ã#Ã3Ã�Ã3Ã�Ã�Ã3Ã ���
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(a) SQL Query (b) Operator Tree (c) Access Plan
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· ËTÄBÚ�µ ¹ · Î · µ Â ¿�µ ½ µ ¾ Ä » ´>µ Ì ° ¾ ¹ ÄqµH¿�Ä>Ë ¹T»d»d½ÇÎ ç ³ · Ä>° ½�¹ Ä ½ µ ¹ ¿�Ä ¹ · ËTÄqÅ"µH´�´>µ ½È¹ Ä>°ÁË · °Á¿ æ Ëa° · µ Ì ° ·yè Ð
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Ñ�Å|³d¿HÙ�ÄqÅdµ �Tñ î ñ�
 ô ñ�¬ í$ï|ð�� ¿>ÅdËT³ ½ Ì ´>µ:Ä>³d´ ·KÇ ï|î �TñÆÂ Ådµ · ï�í|í$î�� (�Å î�ô ó í$î ñ ô ó ( ñ	� °Á¿B° · 
TË å µ Ì Ð
ÖØÎ ¾ Ë · Ä>´ ¹ ¿@ÄMÙ'Ä>Ådµ [ õ ó ð ñ,¬ í$ï|ð�� ¿>ÅdËa³ ½ Ì ´>µ3Äq³d´ · ô ò Å ñ ÙdÚ�µ ¾ ¹ ³d¿�µ Î Ëa³ ¾ ¹ · å µ:µ »Ê¹T»d»"½²Î ° · ± æ Ëa° · ¿
³ · Äq° ½ ÄqÅ"µH´>µ ¹ ´�µ · Ë ¿ Ëa´�µt´>µ ½Á¹ Äq°²Ë · ¿ ½ µ:Ï,ÄHÐ

Ñ�Ådµ ï�í|í$î�� (�Å î�ô ó í$î ñ ô ó ( ñ	� ¿ µ3ÄqÅdË Ì ¿�° ¿Í»d½²Î ° · Ì ° ¾ ¹ Ä>µH¿�ÄqÅ ¹ Ä ¹Ó»�¹ ´�Äq° ¾ ³ ½Á¹ ´ ô ò$ñ|ñ ô"õTô ò|ñ|ñ ­
' ñ ð ñ|ò ï�ô"õ ò ¿>ÅdËa³ ½ Ì · ËZÄ
Ú�µ ¹T»d»d½ °Áµ Ì Ä Â ° ¾ µC° · ¹ ´>Ë Â Ð
Ñ�Ådµw¿ ¹P¿ µÓÏU³ ·d¾ Äq°²Ë · ¹T½ °²Ä Î ¾ ¹ · ¹T½ ¿�Ë×Ú�µ
¹ ¾ Åd°²µ^
Tµ Ì Ú ÎÛ¹Z»d» ´>Ë » ´>° ¹ Äqµ ½²Î ¾ Ë Ì ° · ±¼Ä>Ådµ 
 ï|ð�Ä ñ ï�í|í$î ó5ñ ��¿ µ:Ä>ÅdË Ì Ð¦¥sË Â µ�
aµ:´HÙv³d¿�° · ± ï|í|í$î��	­
(�Å î|ô ó í$î ñ ô ó ( ñ	� °²¿ ¿ Ëa´�µtµ^& ¾ °²µ · ÄMÐ

ê · µ ¾ ½Á¹ ¿>¿ Ì µ:´>°+
aµ Ì ÏU´>Ë ¿ Ä>Ådµ ô ò|ñ|ñ ô"õaô ò|ñ|ñ ' ñ ð ñ|ò ï|ô"õ òÓ¾ ½È¹ ¿>¿v°Á¿ Ì µH¿�°Á± · ¹ Äqµ Ì Ú Î Ä>Ådµpê » Äq° ¿ °²÷HµH´�Õ
� ¿Í»d½ µ ¿ µ · Ä>Ëa´ ¹ ¿¡ÄqÅ"µ ó ð ó ô ó ï|î|ô ò|ñ|ñ ' ñ ð ñ|ò ï|ô"õ ò Ð"Ñ�Ådµ ï|í|í$î��6¿ µ:Ä>ÅdË Ì ËTÏ�ÄqÅd°²¿ ¾ ½È¹ ¿�¿¡°Á¿�³d¿>µ Ì Ú Î
ÄqÅ"µj¿�µ ¹ ´ ¾ ÅÛ¿�Ä>´ ¹ Ä>µH± Î ÄqËÍ¿�Ä ¹ ´�ÄBÄqÅdµrË » Äq° ¿ °Á÷ ¹ Äq°²Ë · » ´�Ë ¾ µH¿�¿HÐ�¯�Ëa´�Ä>Ådµj´>µ ½Á¹ Äq°²Ë · ¹T½ Ë » Ä>° ¿ °Á÷Hµ:´�ÄqÅ"µ
ó ð ó ô ó ï|î�ô ò|ñ|ñ ' ñ ð ñ|ò ï�ôdõ òÒ¾ ´>µ ¹ ÄqµH¿¡Ë · µ ��Ä�­ ò|ñ î$ï�ô ó õað ° · ¿�Ä ¹ ·d¾ µ�ÏUËa´�µ ¹ ¾ ÅC´�µ ½Á¹ Äq°²Ë · ° · Ä>Ådµ�ÏU´>Ë ¿
¾ ½Á¹ ³d¿�µTÐ ¶ Ï,Ä>µH´
ÄqÅ ¹ ÄMÙ�ÄqÅdµw¿�µ ¹ ´ ¾ Å ¿@Äq´ ¹ Äqµ:± ÎÛ» ° ¾ å ¿t¿>Ë ¿ µCË » µH´ ¹ ÄqËa´h° · ¿@Ä ¹ ·d¾ µ ç ´�µ » ´�µH¿�µ · Äq° · ± ¹ ·
Ë » µH´ ¹ ÄqËa´�Äq´�µHµ è ¹ · Ì ±aµ · µH´ ¹ Äqµ:¿ · µ Â Ë » µ:´ ¹ Ä>Ëa´!Äq´>µ:µH¿�ÏU´�Ë ¿ °ÇÄ�Ú Î ° · 
aË å ° · ±rÄqÅdµ ï|í|í$î��È¿ µ:Ä>ÅdË Ì
ËTÏ�
 ¹ ´>°ÁËT³d¿ ô ò|ñ|ñ ô"õaô ò|ñ|ñ ' ñ ð ñ|ò ï|ô"õ òK¾ ½Á¹ ¿>¿�µH¿sË · °ÇÄMÐ�Ñ�Å"µ 
 ï|ð,Ä ñ ï�í|í'î óWñ �G¿ µ:Ä>ÅdË Ì °Á¿B³d¿�µ Ì Ä>Ë
Ì µ3ÄqµH´ ¿ ° · µ Â Ådµ3ÄqÅdµ:´
ÄqÅdµ ô ò|ñ|ñ ôdõTô ò|ñ|ñ ' ñ ð ñ|ò ï�ô"õ ò ¿�ÅdËa³ ½ Ì Ú�µ ¹T»d»d½ °Áµ Ì ÄqË×ÄqÅ ¹ ÄtË » µH´ ¹ ÄqËa´s° · Õ
¿�Ä ¹ ·d¾ µTÐ�Ñ�Åd°Á¿ » ´>Ë ¾ µH¿�¿ ¾ ¹ · Ú�µ
´>µ » µ ¹ Äqµ Ì ÄqËw±aµ · µH´ ¹ Äqµq
 ¹ ´�°ÁËa³d¿�Ë » µ:´ ¹ Ä>Ëa´�Ä>´>µHµ:¿ ¾ Ëa´�´>µ:¿ » Ë · Ì ° · ±
ÄqËwÄ>Ådµr° · » ³'ÄBÔ$³"µH´ Î Ð

ÉsËTÄ>µ�ÄqÅ ¹ Ä�Ä>ÅdµB¿>µ ¹ ´ ¾ ÅD¿@Äq´ ¹ Äqµ:± Î Ì Ë$µH¿ · ËTÄ · µHµ Ì ÄqË å · Ë Â ¹ · Î Ì µ3Ä ¹ ° ½ ¿ ¹ Ú�Ëa³"Ä!Ä>Ådµ ô ò$ñ|ñ ô"õ�­
ô ò|ñ$ñ ' ñ ð ñ$ò ï�ô"õ ò ¾ ½È¹ ¿�¿>µ:¿�° · ÄqÅ"µt¿ Î ¿�Ä>µ ¿ Ð ¶ ½Á½ °²Ä · µHµ Ì ¿z°²¿ ¹C½ °²¿�Ä ¾ Ë · Ä ¹ ° · ° · ± ¹w» ËT° · Äqµ:´�ÄqËwË · µ
° · ¿�Ä ¹ ·d¾ µ�ËZÏyµ ¹ ¾ ÅwËTÏ�Ä>Ådµ ô ò|ñ|ñ ô"õTô ò|ñ$ñ ' ñ ð ñ$ò ï�ô"õ ò¼¾ ½È¹ ¿�¿>µ:¿HÐ ÖØÎ ° · 
TË å ° · ±hÄ>Ådµ¯
$°Á´@Äq³ ¹Z½�¿ µ:Ä>ÅdË Ì ¿
ËTÏ�ÄqÅdµ ô ò|ñ|ñ ô"õTô ò|ñ$ñ ' ñ ð ñ$ò ï�ô"õ ò ¹ Úd¿@Äq´ ¹ ¾ Ä ¾ ½Á¹ ¿>¿�Ë · ÄqÅdµ:¿>µz° · ¿@Ä ¹ ·"¾ µH¿:Ù�ÄqÅdµB¿>µ ¹ ´ ¾ Å¼¿�Ä>´ ¹ Ä>µH± Î ¾ ¹ ·
±aµ · µH´ ¹ Äqµ ¹T½²½ Ë » µH´ ¹ ÄqËa´�Ä>´>µHµ:¿B´>µHÔ|³d°²´>µ Ì ÏUËa´�Ë » Äq° ¿ °²÷ ¹ Ä>°ÁË · Ð



²M²

TREETOPLAN
Ê
GENERATOR

HEAP−FILE
GENERATOR

INDEX
GENERATOR

SELECTSCAN
Ë
GENERATOR

INDEXSELECT
GENERATOR

MERGEJOIN
GENERATOR

NESTED−
LOOPSJOIN
GENERATOR

Ì�Í�ÎMÏ*ÐVÑ �M� £\¤�Ò	Ó ¿sÔ*Õ Ñ ô ò|ñ|ñ ôdõTí$î|ï|ð�' ñ ð ñ|ò ï�ô"õ ò Z Õ ÓÀÖ#Ö ¥|Í�Ñ�Ð Ó Ð#× Ø�Ù

���!�|��� ���q���4���4���\��Ú�Û����4�����������4�j�9�����c�j���

ÜÞÝ Ó ×�×^Ñ Ö#Ö Ô*Õ Ó Ý × Ó Ýàß ÑáÎMÑ Ý Ñ�Ð ÓÀâ Ñ^ãåäæÐ#ç ¿ Ó Ý ç Ô Ñ�Ð ÓAâ çMÐ â ÐVÑ�Ñ ß ÙèÐVÑ Ô*Õ Ó ×�Í Ý ÎéÑ Ó × Øêç Ô Ñ�Ð ÓÀâ çMÐ
Í Ý ÖVâ Ó Ý ×�ÑDÍ Ý â Ø*ÑÈç Ô Ñ^Ð ÓÀâ çMÐ â Ð#Ñ^Ñ ß Ù Ó Ý Í Ý ÖVâ Ó Ý ×�ÑDçÀä Ó Ý Ó Õ ÎMçPÐ#Í â Ø ¿ × Õ ÓPÖVÖxâ Ø ÓAâ × Ó Ýëß ÑDÏ Ö Ñ�ã
â ç)Í ¿ìÔ	Õ Ñ ¿ Ñ Ý âíâ Ø ÓAâ ç Ô Ñ�Ð ÓAâ çMÐ^î Z Õ ÓPÖVÖ Ñ Ö ã*Ñ�ÐVÍ�
MÑ^ãaäæÐ#ç ¿ â Ø*Ñ ô ò|ñ|ñ ôdõTí$î|ï|ð�' ñ ð ñ|ò ï�ô"õ ò Ó ß ÖVâ Ð Ó × â
× Õ ÓPÖ#Ö¦Ó ÐVÑ�Ï Ö Ñ^ã â çsÎPÑ Ý Ñ^Ð ÓÀâ Ñ Ó Õ ÎMçMÐVÍ â Ø ¿ Í Ý ÖVâ�Ó Ý ×^Ñ Ö ×�çMÐVÐ#Ñ Ö Ô ç Ý ã*Í Ý Î â ç Ó Ý ç Ô Ñ^Ð ÓÀâ çMÐ�Í Ý ÖVâ Ó Ý ×�ÑÀî

ï�Ø*Ñ ô ò|ñ$ñ ô"õTí$î$ï|ð,' ñ ð ñ|ò ï�ô"õ ò Ó ß ÖVâ Ð Ó × â × Õ ÓPÖ#Ö Ø ÓPÖqÓ 
,Í�Ð â Ï Ó Õ�¿ Ñ â Ø*ç,ãG× Ó Õ�Õ Ñ^ã ï�í|í'î�� â Ø ÓAâ
â ÓÀð Ñ Ö4Ó Ý ç Ô Ñ�Ð ÓÀâ çPÐñÍ Ý Öcâ Ó Ý ×�Ñ ÓPÖ4Ó Ý Í Ý*Ô Ï â Ô Ó Ð Ó ¿ Ñ â Ñ�Ð Ó Ý ãI×^Ð#Ñ ÓÀâ Ñ Ö ç Ý Ñ\çMÐ ¿ çMÐ#Ñ Ý Ñ^ò Ó Õ ÎMçMÐVÍ â Ø ¿
Í Ý ÖVâ Ó Ý ×�Ñ Ö Ð#Ñ Ô Ð#Ñ Ö Ñ Ý â Í Ý Î)ã*Í+]9Ñ^Ð#Ñ Ý â ò Ó Ù Ö çPäóÏ Ö Í Ý Î Ô Ø�Ù Ö Í�× Ó Õ Ñ Ò Ñ�×^Ï â Í�ç Ý Ó Õ ÎPçMÐ#Í â Ø ¿ ÖYâ ç6Ñ Ò Ñ�×�Ï â Ñ
â Ø	ÑIç Ô Ñ^Ð ÓÀâ Í�ç Ý ÐVÑ Ô ÐVÑ Ö Ñ Ý â Ñ�ã ß Ù â Ø ÓÀâ ç Ô Ñ�Ð ÓÀâ çPÐ�Í Ý Öcâ Ó Ý ×^ÑPî

Ì�çMÐ�Ñ Ò	Ó ¿ìÔ	Õ ÑPôÀ×�ç Ý Ö Í�ã	Ñ�Ð Ó Ð#Ñ Õ ÓÀâ Í�ç Ý Ó Õ ç Ô â Í ¿ Í²÷�Ñ�Ð^î4ÌõÐVç ¿ â Ø	Ñ ô ò|ñ$ñ ô"õTí$î$ï|ð,' ñ ð ñ|ò ï�ô"õ ò × Õ ÓPÖVÖ
â Ø	Ñ�ö Ô â Í ¿ Í²÷�Ñ^Ðc÷�� ¿sÔ*Õ Ñ ¿ Ñ Ý â çMÐ ¿ Í�ÎMØ â ã	Ñ�Ð#Í+
MÑÆç Ý Ñá× Õ ÓÀÖ#Ö ×^çMÐ#ÐVÑ Ö Ô ç Ý ã*Í Ý Î â çéÑ Ó × Ø Ó Õ ÎMçMÐVÍ â Ø ¿
Í Ý â Ø*Ñ Ö Ù ÖVâ Ñ ¿ î ¤\Ó × ØvçPä â Ø*Ñ Ö ÑK× Õ ÓPÖVÖ Ñ Ö)â�ÓPð Ñ ÖÈÓ Ý ç Ô Ñ�Ð ÓÀâ çMÐ)Í Ý ÖVâ�Ó Ý ×^Ñ Ó Ý ãv×^Ð#Ñ ÓÀâ Ñ Ö ç Ý ÑáçPÐ
¿ çMÐ#Ñ Ó Õ ÎMçPÐ#Í â Ø ¿ Í Ý ÖVâ Ó Ý ×�Ñ Ö Í Ý ã	Í�× ÓAâ Í Ý ÎÈØ*ç�ò â Ø*Ñx×�çMÐVÐ#Ñ Ö Ô ç Ý ã*Í Ý Î Ó Õ ÎMçPÐ#Í â Ø ¿ × Ó Ý�ß ÑxÏ Ö Ñ^ã â ç
Í ¿sÔ*Õ Ñ ¿ Ñ Ý âYâ Ø ÓÀâ ç Ô Ñ�Ð ÓAâ Í�ç Ý îYÌ�Í�Î*î �P� Ö Ø*ç�ò Öíâ Ø*Ñ¦× Õ ÓÀÖ#Ö Ñ Ö ã*Ñ�ÐVÍ�
MÑ^ãìäæÐVç ¿ â Ø*Ñ ô ò|ñ|ñ ô"õaí$î|ï|ð,' ñ ð�­
ñ|ò ï|ô"õ ò × Õ ÓPÖ#Ö î

Ì�Í�Î	î ��² Ö Ø*ç�ò ÖøÖ ç ¿ ÑìÑ Ò	Ó ¿sÔ*Õ Ñ Ö çPä ô ò|ñ$ñ ô"õTí$î$ï|ð,' ñ ð ñ|ò ï�ô"õ ò ®�®�ï�í$í$î��àß Ñ�Í Ý Î Ó Ô	Ô*Õ Í�Ñ�ã â ç
ÓÈù çMÍ Ý ç Ô Ñ�Ð ÓAâ çMÐøÍ Ý ÖVâ Ó Ý ×�ÑÀî Ü Ö × Ó Ýåß Ñ Ö Ñ�Ñ Ý ô â Ø*Ñ ð ñ*� ô ñ �$î"õ|õTí �	[ õ ó ð,' ñ ð ñ|ò ï�ôdõ ò ®�®�ï�í|í$î,�
Ð#Ñ Ö Ï Õ â�Ö Í Ý Ó Ý Í Ý ÖVâ�Ó Ý ×�ÑsçPä â Ø*Ñ ð ñ	� ô ñ �'î'õ|õTí �*[ õ ó ð × Õ ÓPÖ#Ö ß Ñ�Í Ý ÎÆ×^Ð#Ñ ÓAâ Ñ�ãéò}Ø*Í Õ Ñ â Ø*Ñ ( ñ|ò ' ñ ­
[ õ ó ð,' ñ ð ñ$ò ï�ô"õ ò ®�®�ï�í|í'î�� ÐVÑ Ö Ï Õ â#Ö Í Ý Ó Ý Í Ý Öcâ Ó Ý ×^Ñ�çPä â Ø*Ñ ( ñ$ò ' ñõ[ õ ó ð × Õ ÓPÖ#Ö ß Ñ�Í Ý Îø×�Ð#Ñ ÓÀâ Ñ^ãñî
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Emp.dno = Dept.dno

Emp.dno = Dept.dno
LOOPSJOIN

Emp.dno = Dept.dno
MERGEJOIN

JOIN

Operator Instance Algorithm Instances

LoopsJoinGenerator::Apply

MergeJoinGenerator::Apply

Ì�Í�ÎMÏ*ÐVÑ)ú ² £\¤�Ò	Ó ¿sÔ*Õ Ñ Ö çÀä�û�ü�ý�ý,û	þPÿ��������Mý���ý,ü���û	þPü ®�® ��ÿ�ÿ�� �

E Í��MÑ Ý Ó Ý ç Ô Ñ�Ð ÓÀâ çPÐ â Ð#Ñ^ÑPô â Ø	Ñ Ö Ñ Ó ÐV× Ø Öcâ Ð ÓAâ Ñ�ÎÀÙ)× Ó Ý Í Ý �Pç ð Ñ â Ø*Ñ	��ÿ�ÿ�� �ø¿ Ñ â Ø*ç,ãsçÀä
� Ó ÐVÍ�çMÏ Ö
û�ü�ý,ý�û	þPÿ��������Mý���ý�ü���û	þMüD× Õ ÓÀÖ#Ö Ñ Ö ç Ý Ñ Ó × ØìçÀä â Ø	Ñ¦ç Ô Ñ^Ð ÓÀâ çMÐjÍ Ý Öcâ Ó Ý ×�Ñ Ö Í Ý â Ø*Ñ â Ð#Ñ^Ñ â ç�ÎMÑ Ý Ñ^Ð ÓÀâ Ñ
� Ó Ð#Í�çMÏ Ö}Ó ×^×�Ñ Ö#Ö Ô*Õ Ó Ý Ö ×�çMÐVÐ#Ñ Ö Ô ç Ý ã*Í Ý Î â ç â Ø*Ñ�ç Ô Ñ�Ð ÓAâ çMÐ â Ð#Ñ�ÑÀî

ï�Ø*Ñøû,ü�ý�ý�û	þMÿ���������ý���ý�ü���û	þPü�× Õ ÓPÖVÖ Ø ÓPÖIÓ�� ��� Ä ý���ÿ,ÿ���
�ý����,Í�Ð â Ï Ó ÕY¿ Ñ â Ø	ç�ã â Ø ÓÀâ ã*Ñ â Ñ�Ð�÷
¿ Í Ý Ñ Ö ò}Ø*Ñ â Ø*Ñ^Ð â Ø ÓÀâ û,ü�ý�ý�û	þMÿ���������ý���ý�ü���û	þPüè× Ó Ý ß Ñ Ó Ô	Ô*Õ Í�Ñ�ã â ç â Ø*ÑÈÎMÍ��PÑ Ý ç Ô Ñ�Ð ÓÀâ çMÐ°Í Ý ÷
ÖVâ�Ó Ý ×^ÑPî

É|ç â Ñ â Ø ÓÀâÞâ Ø*Ñ Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙáã*ç,Ñ Ö Ý ç â Ý Ñ�Ñ�ã â ç ð Ý ç�ò Ó Ý Ùáã*Ñ â�Ó Í Õ ÖÞÓ ß çMÏ â¦â Ø	Ñ Ó × â Ï Ó Õ
û�ü�ý,ý�û	þPÿ��������Mý���ý�ü���û	þMüÆ× Õ ÓPÖ#Ö Ñ Ö Í Ý â Ø	Ñ Ö Ù ÖVâ Ñ ¿ î ÜÞÕ�Õ Í â Ý Ñ^Ñ�ã Ö Í Ö�Ó Õ Í ÖVâ ×�ç Ý â�Ó Í Ý Í Ý Î Ó Ô çMÍ Ý â Ñ�Ð
â çøç Ý Ñ�Í Ý Öcâ Ó Ý ×^Ñ�çPä�Ñ Ó × ØáçPä â Ø*Ñ Ó × â Ï Ó Õ û,ü�ý�ý�û	þMÿ���������ý���ý�ü���û	þPü�× Õ ÓPÖVÖ Ñ Ö î�� ÙaÏ Ö Í Ý Î â Ø	Í Ö Õ Í ÖVâ
Ó Ý ã�Í Ý �Mç ð Í Ý Î��,Í�Ð â Ï Ó Õ4¿ Ñ â Ø*ç,ã Ö ç Ý â Ø	Ñ6Í Ý Öcâ Ó Ý ×�Ñ Ö Í Ý â Ø*Í Ö Õ Í Öcâ ô â Ø*Ñ Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙÆÍ ÖÞÓ ß*Õ Ñ
â çøÑ Ý Ï ¿ Ñ^Ð ÓÀâ Ñ Ó Õ�Õ â Ø*Ñ Ó ×�×^Ñ Ö#Ö Ô*Õ Ó Ý Ö äæçMÐ Ó Ý Ùaç Ô Ñ�Ð ÓÀâ çPÐ â Ð#Ñ^ÑPî

���!�|��� ���q��Ú�Û4���4�\��Ú�Û����4�����������4�j�9�����c�j���

ï�Ø*ÑIÿ�������û	þMÿ���������ý���ý�ü���û	þPü × Õ ÓPÖ#Ö Í Ö Ï Ö Ñ�ã â çsäæÏ*Ð â Ø*Ñ^Ð ¿ ç�ã	Í�ä�Ù Ó Ý Ó ×^×�Ñ ÖVÖ Ô*Õ Ó Ý Ó ä â Ñ�Ð¦Í â Ø ÓÀÖ
ß Ñ�Ñ Ý ÎMÑ Ý Ñ^Ð ÓÀâ Ñ�ãñî ï�Ø*Ñáÿ�������û	þMÿ���������ý���ý�ü���û	þPü ®�® ��ÿ�ÿ�� � �,Í�Ð â Ï Ó Õ¦¿ Ñ â Ø*ç,ã â ÓÀð Ñ ÖDÓ Ý Ó Õ ÎMçÀ÷
Ð#Í â Ø ¿ Í Ý Öcâ Ó Ý ×^Ñ��æÐ#Ñ Ô Ð#Ñ Ö Ñ Ý â Í Ý Î Ó Ý Ó ×^×�Ñ Ö#Ö Ô	Õ Ó Ý�� Ó Ý ãp×�ÐVÑ ÓÀâ Ñ Ö ç Ý ÑøçMÐ ¿ çMÐVÑ Ý Ñ^ò Ó Õ ÎMçMÐVÍ â Ø ¿
Í Ý ÖVâ Ó Ý ×�Ñ Ö Ñ Ó × ØKÐVÑ Ô ÐVÑ Ö Ñ Ý â Í Ý Î Ö ç ¿ ÑIç â Ø*Ñ^Ð Ó ×�×�Ñ Ö#Ö Ô*Õ Ó Ý î

ÜÞÝ Í ¿ìÔ çMÐ â�Ó Ý â Ï Ö ÑqçPä â Ø*Í Ö × Õ ÓPÖ#Ö Í Ö â ç Ó Ï â ç ¿ ÓAâ Í�× Ó Õ�Õ Ù6Í Ý Ö Ñ^Ð â Í Ý ÖVâ�Ó Ý ×^Ñ Ö çPä�Ñ Ý äæçMÐ#×^Ñ�Ð Ö¯â Ø ÓAâ
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PLANTOPLAN
GENERATOR

SORT
�
ENFORCER

Ì�Í�ÎMÏ*Ð#Ñ)ú�� £ ÿ�������û	þPÿ��������Mý���ý�ü���û*þPü � Õ ÓPÖVÖ ¥¦Í�Ñ^Ð Ó ÐV× Ø�Ù

SORT
!

Emp.dno

Emp.name = "Lee"

INDEXSELECT

INDEX
Emp::name

Algorithm Instances already existing
"
Algorithm Instance created by SortEnforcer
"

Ì�Í�ÎMÏ*ÐVÑ6ú � £$#¦Ö ÑIçPä&%�þPü�û�ý�� Ç þPü � ý�ü ®�® ��ÿ�ÿ�� � â çøÑ Ý äæçMÐ#×^Ñ ÓøÖ çMÐ â ÷�çMÐVã*Ñ�Ð

× Ó Ý × Ø Ó Ý ÎMÑ â Ø*Ñ Ô Ø�Ù Ö Í�× Ó ÕYÔ Ð#ç Ô Ñ�Ð â Í�Ñ Ö çPä â Ø	Ñ)çMÏ â Ô Ï â çPä Ö ç ¿ Ñ Ó ×�×�Ñ Ö#Ö Ô*Õ Ó Ý î�ï�Ø*Í Ö ¿ Í�ÎMØ â ß Ñ
Ð#Ñ('�Ï*Í�ÐVÑ�ãèÍ Ý çMÐVã*Ñ�Ð â ç Ö#ÓÀâ Í Ö ä�ÙpÍ Ý*Ô Ï â ×�ç Ý Öcâ Ð Ó Í Ý â�Ö çPä Ö ç ¿ Ñ Ó Õ ÎMçMÐVÍ â Ø ¿ îSÌ�çMÐ)Í Ý ÖVâ�Ó Ý ×�ÑÀô Í Ý Ó
Ð#Ñ Õ ÓÀâ Í�ç Ý Ó Õ ç Ô â Í ¿ Í*)^Ñ�Ð^ô â Ø	Ñ+%�þPü�û,ý�� Ç þPü � ý�üs× Õ ÓPÖ#Ö × Ó Ýìß Ñ}ã*Ñ�ÐVÍ��MÑ^ãìäæÐVç ¿ â Ø*Ñ�ÿ�������û	þMÿ���������ý�� ­
ý�ü���û	þPü × Õ ÓPÖ#Ö�â çsÑ Ý äæçMÐV×�Ñ,� Ó Ð#Í�çMÏ Ö�Ö çPÐ â ÷2çMÐ#ã	Ñ�Ð Ö ç Ý ÐVÑ Ö Ï Õ â�Ö çPä Ó ×�×^Ñ ÖVÖ Ô*Õ Ó Ý Ö î

Ì�Í�Î	îIú � Í Õ�Õ Ï Öcâ Ð ÓAâ Ñ Öaâ Ø*Ñ�Ï Ö Ñ�çPä â Ø	Ñ-%�þPü,û�ý�� Ç þMü � ý�ü ®,® ��ÿ�ÿ�� � �,Í�Ð â Ï Ó Õ°¿ Ñ â Ø*ç�ã9î ï�Ø*Í Ö
¿ Ñ â Ø	ç�ã Í Ö Í Ý �Pç ð Ñ^ãÆò}Í â Ø â Ø*Ñ.
/�0�,ý ¬ %Pý���ý � ûÆÍ Ý Öcâ Ó Ý ×^Ñ ÓPÖ¦Ó Ý Í Ý*Ô Ï â Ô Ó Ð Ó ¿ Ñ â Ñ�Ð21	Í â ×�ÐVÑ ÓÀâ Ñ Ö|Ó
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ò}Í â Ø Ó ×�×^Ñ Ö#Ö¦â ç Ö ç ¿ Ñ�ÑU£ì×^Í�Ñ Ý â Í Ý â Ñ�Ð Ý Ó Õ Ð#Ñ Ô Ð#Ñ Ö Ñ Ý â�ÓÀâ Í�ç Ý çPä â Ø*Ñ�Í Ý*Ô Ï â '�Ï*Ñ�ÐcÙMî

���cz���� ���q� �����$¤q��¥A}g��� �:~�¦c§ �¨�¦���&���;����~m���:~	�o���

Q Ñ^× â Í�ç Ý ² î � î+ú6ç Ý*Õ ÙáÎ Ó �MÑ6Ñ Ò*Ó ¿ìÔ*Õ Ñ Ö çÀäjû,ü�ý�ý�û	þMû�ü�ý�ý���ý���ý�ü���û	þPü�� â Ø ÓÀâ � ©(�a�]�;ª Ó ÎMÍ��MÑ Ý â Ð#Ñ^Ñ
ß Ù Ó Ô*Ô	Õ Ù,Í Ý Î Ó Ý Ñ^ò ç Ô Ñ^Ð ÓÀâ çMÐ â ç Í â î°¥|ç�ò¯ÑU�MÑ^Ð�ô Ó Ý ç Ô â Í ¿ Í�)�Ñ�Ð¦×�ç Ý ÖVâ Ð#Ï*× â Ñ�ãéÏ Ö Í Ý ÎÆö,V\ïXW`W
× Ó Ý Ó Õ Ö çaÍ Ý × Õ Ï*ã*Ñxû�ü�ý�ý�û*þPû�ü�ý�ýa�Mý���ý�ü���û	þPü�× Õ ÓPÖVÖ Ñ Öqâ Ø ÓÀâ�â Ð Ó Ý Ö äæçMÐ ¿ ç Ý Ñ)ç Ô Ñ^Ð ÓÀâ çMÐ â ÐVÑ�ÑøÍ Ý â ç
Ó Ý ç â Ø*Ñ^Ð�ô Ó Õ ÎMÑ ß Ð Ó Í�× Ó Õ�Õ Ù�÷�Ñ('�Ï*Í�� Ó Õ Ñ Ý â ç Ô Ñ�Ð ÓÀâ çMÐ â ÐVÑ�ÑÀî©9 Ý ç â Ø*Ñ^ÐIò çMÐ#ã Ö ô Ó × Õ ÓPÖVÖ ã*Ñ^Ð#Í��MÑ�ãéäæÐ#ç ¿
â Ø	Ñxû�ü,ý�ý�û	þPû,ü�ý�ý��Mý���ý�ü���û*þPüS× Õ ÓPÖ#Ö × Ó Ý ÐVÑ Ô ÐVÑ Ö Ñ Ý â°Ó Ý Ó Õ ÎMÑ ß Ð Ó Í�× â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý Ð#Ï Õ Ñ?� Ö Ï*× Ø
ª¬«�­�®°¯/±³²´±yµ°±k¶�·U¸¹·Uº¬ºy±k»°»
¼/²½·A¸�¾�­U¸s²À¿Iµ°Ás±M·U²ÀÂ(­UÃÅÄ[µÅÁ/ÆÇÄÀ¸s»ÈµÅ·U¸sºy±M·�µdµ°Ás±qÃÅ­�­Aµ
­UÉ�µ°Á�·�µÊ·Uº³º³±¬»Å»6¼s²´·U¸XÄ½»d·(ºcµÅËs·A²´²À¿

¯t±¬²À±³µ°±¬¯�Ìm«ÍÁs±o­AµÅÁ/±³Ãd·A²´ÂU­UÃÅÄÀµ°Á/ÆbÄÀ¸s»ÈµÅ·U¸sºy±k»�Ä´¸�µ°Á/±q·Uº³º³±¬»Å»�¼/²½·A¸s»
·AÃÅ±Ê¸/­Aµd¯t±³²´±yµÅ±¬¯ÏÎ]±¬º³·UËs»°±Êµ°Á/±¬¿gÆ�·Ð¿�Î]±h»ÈÁ�·AÃÅ±¬¯
Î�¿	­AµÅÁ/±³Ão·(º³º³±¬»Å»Í¼/²´·U¸s»¬Ì
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Ì�Í�ÎPÏ*Ð#Ñ)ú ; £ Ü §¦Ï Õ Ñ�÷ ß ÓPÖ Ñ^ãÆï4Ð Ó Ý Ö äæçMÐ ¿ ÓAâ Í�ç Ý

ÓPÖíâ Ø*ç Ö ÑÞÏ Ö Ñ�ã ß Ù â Ø*Ñ \ ç Õ × Ó Ý çxö Ô â Í ¿ Í�)�Ñ�Ð\ÎMÑ Ý Ñ�Ð ÓÀâ çPÐ � î�ï�Ø*Ñ � ��� Ä ý���ÿ�ÿ��6
�ý�� ¿ Ñ â Ø*ç�ãìã*Ñ â Ñ�Ð�÷
¿ Í Ý Ñ Ö ò}Ø*Ñ â Ø*Ñ^Ð â Ø	Ñ â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý Ð#Ï Õ Ñ°Í ÖÞÓ Ô	Ô*Õ Í�× Ó ß*Õ Ñ â ç Ó ÎMÍ��PÑ Ý ç Ô Ñ^Ð ÓÀâ çMÐ â Ð#Ñ^ÑPô Ó Ý ã â Ø	Ñ
��ÿ�ÿ�� � ¿ Ñ â Ø*ç�ã ×^Ð#Ñ ÓAâ Ñ Ö}â Ø	Ñ Ý Ñ^ò â Ð#Ñ^Ñ â Ø ÓÀâ Ð#Ñ Ö Ï Õ â�Ö äæÐVç ¿ â Ø	Ñ â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý î

Ì�Í�Î	î�ú ; Ö Ø*ç�ò Ö\Ó Ý Ñ Ò	Ó ¿sÔ*Õ Ñ�çPä Ó|â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í��MÑ¯û�ü�ý�ý�û*þPû�ü�ý�ýa�Mý���ý�ü���û	þPü ß Ñ�Í Ý Î Ó Ô	Ô*Õ Í�Ñ�ãñî
Ü ÖVÖ Ï ¿ Ñ â Ø ÓÀâ�Ó × Õ ÓPÖ#Ö × Ó Õ�Õ Ñ�ã�%Pý���ý � û�ÿ Å %]R��	þ]Ò���Í Ö ã*Ñ^Ð#Í��PÑ�ãGäæÐVç ¿ â Ø*Ñ â Ø*ÑIû,ü�ý�ý�û	þMû�ü�ý�ý���ý�� ­
ý�ü���û	þPüv× Õ ÓÀÖ#Ö î ï�Ø*Í Ö × Õ ÓPÖVÖ Ð#Ñ Ô Ð#Ñ Ö Ñ Ý â#ÖDâ Ø*Ñáäæç Õ�Õ ç�ò}Í Ý Î â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý Ð#Ï Õ Ñ £ j³92ä Óaù çMÍ Ý Í Ö
Í ¿s¿ Ñ�ã*Í ÓÀâ Ñ Õ Ùøäæç Õ�Õ ç�ò¯Ñ^ã ß Ù ÓøÖ Ñ Õ Ñ^× â ô Ó Ý ãÆÍ+ä â Ø*Ñ Ö Ñ Õ Ñ�× â Ô Ð#Ñ^ã*Í�× ÓÀâ Ñ�ç Ý*Õ ÙDÐVÑ^äæÑ�ÐVÑ Ý ×^Ñ ÖÞÓÀâ#â Ð#Í ß Ï â Ñ Ö
äæÐ#ç ¿ â Ø*Ñ Õ Ñ^ä â Í Ý*Ô Ï â çPä â Ø*Ñ ù çMÍ Ý ô â Ø*Ñ Ý â Ø	Ñ Ö Ñ Õ Ñ^× â × Ó ÝSß Ñ Ô Ï Ö Ø*Ñ^ã ß Ñ Õ ç�ò â Ø*Ñ ù çMÍ Ý Í Ý â ç Í â#Ö
Õ Ñ�ä â Í Ý*Ô Ï âIâ ÐVÑ�ÑÀî l Ì�Í�Î*î\ú ; Ö Ø*ç�ò Öxâ Ø*ÑÈÐVÑ Ö Ï Õ â çÀäX%Pý���ý � û�ÿ Å %]R��	þ]Ò�� ®�® ��ÿ�ÿ�� �åß Ñ�Í Ý ÎKÍ Ý �Mç ð Ñ�ã
ç Ý Ó Ý ç Ô Ñ^Ð ÓÀâ çMÐ â Ð#Ñ�ÑÀî$9 â Í Ö¯Ó Ô*Ô*Õ Í�Ñ�ã â ç)ï4Ð#Ñ�ÑP� Ó � Ó Ý ã â Ø*Ñ Ý Ñ^ò ç Ô Ñ^Ð ÓÀâ çMÐ â Ð#Ñ�ÑÞÐ#Ñ Ö Ï Õ â Í Ý Î°äæÐ#ç ¿
â Ø	Ñ â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý Í ÖIÖ Ø*ç�ò Ý Í Ý ï4Ð#Ñ�Ñ�� ß�� îÈï�Ø	Í Ö Ý Ñ^ò â Ð#Ñ^ÑìÍ Ö ÎPÑ Ý Ñ^Ð ÓÀâ Ñ�ã ß ÙS×�ÐVÑ ÓÀâ Í Ý Î â Ø	Ñ
â ò ç Ý Ñ^ò ç Ô Ñ�Ð ÓAâ çMÐ|Í Ý Öcâ Ó Ý ×^Ñ Ö�Ö Ø*ç�ò Ý Í Ý â Ø	Ñ6çt� Ó Õ Í Ý ï�ÐVÑ�ÑT� ß�� î�ï�Ø*Ñ Ý Ñ^ò�%Pý���ý � û�ç Ô Ñ�Ð ÓÀâ çMÐ
Í Ý ÖVâ Ó Ý ×�ÑÆÐ#Ñ Ô Ð#Ñ Ö Ñ Ý â�Öaâ Ø*Ñ Ö Ñ Õ Ñ^× â Í�ç ÝvÔ Ð#Ñ^ã*Í�× ÓÀâ Ñ ß Ñ^Í Ý Î Ó Ô*Ô*Õ Í�Ñ�ã â çpý º,» Ð#Ñ Õ ÓÀâ Í�ç Ý îêï�Ø*Ñ Ý Ñ^ò
Ó þm
s� ç Ô Ñ�Ð ÓÀâ çPÐ¦Í Ý ÖVâ�Ó Ý ×^Ñ°ÐVÑ Ô ÐVÑ Ö Ñ Ý â�ÖÞâ Ø*Ñ°ÐVÑ Ö Ï Õ â çPä â Ø ÓÀâ¦Ö Ñ Õ Ñ^× â ß Ñ�Í Ý Î ù çMÍ Ý Ñ�ãÆò}Í â Ø â Ø*Ñ`� ¾À»�Á
Ð#Ñ Õ ÓÀâ Í�ç Ý îqv Ø*Ñ Ý â Ø*Ñ Ö Ñ â ò ç Ý Ñ^ò ç Ô Ñ^Ð ÓÀâ çMÐ�Í Ý ÖVâ�Ó Ý ×�Ñ Ö¦Ó Ð#Ñ�×^Ð#Ñ ÓAâ Ñ�ã9ô*ò¯Ñ�Ø Ó �MÑ Ó Ý Ñ�ò�ç Ô Ñ�Ð ÓÀâ çMÐ
â ÐVÑ�Ñ â Ø ÓÀâ Í Ö Ñ2'�Ï*Í�� Ó Õ Ñ Ý â�â ç â Ø*Ñ�ç Õ ãáç Ý ÑPî

ï�Ø*Ñ Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙ Í Ý �Mç ð Ñ Ö°â Ø*ÑT
s��
�û6
/����û�ü�ý�ýa�Mý���ý�ü���û	þPü â çáÎMÑ â ç Ý Ñìç Ô Ñ�Ð ÓÀâ çPÐ â Ð#Ñ^Ñ
×�çPÐ#Ð#Ñ Ö Ô ç Ý ã*Í Ý Î â ç â Ø*ÑxÍ Ý*Ô Ï â '�Ï*Ñ�ÐcÙMî+9 âÞâ Ø*Ñ Ý Ð#Ñ Ô Ñ ÓAâ Ñ�ã Õ Ù Ó Ô*Ô*Õ Í�Ñ Ö û�ü�ý,ý�û	þPû�ü,ý�ý��Mý���ý�ü���û	þMü��
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� â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý Ð#Ï Õ Ñ Ö � â ç â Ø*ÑìÑ Ò Í Öcâ Í Ý ÎGç Ô Ñ�Ð ÓAâ çMÐ â Ð#Ñ^Ñ Öxâ çGÎMÑ Ý Ñ�Ð ÓÀâ ÑDÑ('�Ï*Í�� Ó Õ Ñ Ý â ç Ô Ñ�Ð ÓÀâ çMÐ
â ÐVÑ�Ñ Ö î Ü Ö ß Ñ^äæçPÐ#ÑPô â Ø*Ñ � ��� Ä ý���ÿ�ÿ���
$ý�� ¿ Ñ â Ø*ç�ãKÍ Ö Ï Ö Ñ�ã â çDã*Ñ â Ñ�Ð ¿ Í Ý Ñxò}Ø*Ñ â Ø*Ñ^Ð Ó û�ü,ý�ý�û	þ ­
û�ü�ý,ý��Mý���ý,ü���û	þPü�× Ó ÝKß Ñ Ó Ô*Ô*Õ Í�Ñ�ã â ç Ó Ý ç Ô Ñ�Ð ÓÀâ çPÐ â Ð#Ñ�ÑÀô Ó Ý ã â Ø	Ñ���ÿ�ÿ�� �Æ¿ Ñ â Ø*ç,ãKÍ Ö Ï Ö Ñ�ã â ç
ÎMÑ Ý Ñ�Ð ÓÀâ Ñ â Ø	Ñ Ý Ñ^ò â Ð#Ñ�ÑÀî

ï�Ø*Ñ Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ^ÎPÙ ð Ñ�Ñ Ô ÖÆâ Ð Ó × ð çPäIò}Ø*Í�× Ø û�ü�ý�ý�û*þPû�ü�ý�ýa�Mý���ý�ü���û	þPü��àò¯Ñ^Ð#ÑSÏ Ö Ñ^ã â ç
ÎMÑ Ý Ñ�Ð ÓÀâ Ñ)Ñ Ó × Øéç Ô Ñ^Ð ÓÀâ çMÐqÍ Ý ÖVâ Ó Ý ×�ÑÀî6ï�Ø*Í Ö Í Ö Ï Ö Ñ^äæÏ Õ Í Ý Ð#Ñ�ã	Ï*×�Í Ý Î â Ø*Ñ Ó ¿ çMÏ Ý â çÀä¯ÐVÑ�ã*Ï Ý ã Ó Ý â
ò çMÐ ð ã*ç Ý Ñ ß Ù â Ø*Ñ Ó Õ ÎMçMÐVÍ â Ø ¿ î�Ì�Í�Ð ÖVâ ô�Í+ä â Ø*Ñ���ÿ�ÿ�� � S Å ��û6
�ÿ���ý�û6
�S�ýa% ¿ Ñ â Ø*ç,ãÈäæçMÐ Ó û�ü,ý�ý�û	þ ­
û�ü�ý,ý��Mý���ý,ü���û	þPü Ð#Ñ â Ï*Ð Ý Ö Ç ����%Pý;ô â Ø	Ñ Ý â Ø	Í Ö ÎPÑ Ý Ñ^Ð ÓÀâ çMÐÞÍ Ö Ý ç â�Ó Ô*Ô*Õ Í�Ñ�ã â ç Ó ÎMÍ��PÑ Ý ç Ô Ñ�Ð ÓÀâ çMÐ
Í Ý ÖVâ Ó Ý ×�Ñ\Í�ä â Ø ÓÀâ ç Ô Ñ�Ð ÓÀâ çMÐóÍ Ý ÖVâ�Ó Ý ×^ÑYò ÓPÖ ÎMÑ Ý Ñ�Ð ÓÀâ Ñ^ã°Ï Ö Í Ý Î â Ø*Ñ Ö�Ó ¿ ÑjÎMÑ Ý Ñ�Ð ÓAâ çMÐ^î�Ì�çMÐñÑ Ò	Ó ¿ìÔ	Õ ÑPô
â ò ç Ó Ô*Ô*Õ Í�× ÓÀâ Í�ç Ý Ö çPä â Ø*Ñ Ó þm
/� � þ]S�S Å û���û6
tÔ6
�û � ÎMÑ Ý Ñ^Ð ÓÀâ çMÐ°ò çMÏ Õ ãpÐVÑ Ö Ï Õ â Í Ý â Ø*Ñ Ö�Ó ¿ Ñ â Ð#Ñ^Ñ
ÓPÖqâ Ø*Ñ6çMÐVÍ�ÎMÍ Ý Ó Õ ô Ó Ý ãSØ	Ñ Ý ×^Ñ â Ø*ÑÕ��ÿ�ÿ�� � S Å ��û

�ÿ���ý�û

�S,ýa% ¿ Ñ â Ø*ç,ã�çPä â Ø*Í Ö ÎMÑ Ý Ñ�Ð ÓAâ çMÐ Ö Ø*çMÏ Õ ã
Ð#Ñ â Ï*Ð Ý Ç ����%Pý;î Ü|Õ Ö ç*ô�ò}Ø*Ñ Ý Ñ(�PÑ�Ð Ó Ý Ñ^ò�ç Ô Ñ^Ð ÓÀâ çMÐ�Í Ý ÖVâ Ó Ý ×�Ñ�Í Ö ÎMÑ Ý Ñ^Ð ÓÀâ Ñ�ã ß Ù Ó û�ü,ý�ý�û	þPû,ü�ý�ý ­
�Mý���ý�ü���û	þMü;ô â Ø	Ñ Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙ©4 Ý ã Ö çMÏ â ò}Ø*Ñ â Ø*Ñ�Ð Ó Ý ç â Ø*Ñ^Ðqç Ô Ñ�Ð ÓAâ çMÐqÍ Ý ÖVâ�Ó Ý ×^Ñ6ò}Ø*Í�× Ø�Í Ö
Ñ Ò	Ó × â Õ ÙìÑ('�Ï*Í�� Ó Õ Ñ Ý â¯â çxÍ â Ñ Ò Í ÖVâ�Ö î&92ä�Í â ã*ç,Ñ Ö â Ø*Ñ Ý Ñ�ò Í Ý Öcâ Ó Ý ×�ÑÞÍ Ö Ô ÐVÏ Ý Ñ^ãñîjï�Ø*Í Ö Ñ Ý Ö Ï*Ð#Ñ Ö�â Ø ÓAâ
Ó Ô*Ô	Õ Í�× ÓÀâ Í�ç Ý Ö çPä�û�ü�ý�ý,û	þPû�ü�ý,ý��Mý���ý,ü���û	þPü6�Èã*ç Ý ç â Õ Ñ Ó ã â çø×^Ù,× Õ Ñ Ö î
# Ý äæçPÐ â Ï Ý ÓÀâ Ñ Õ ÙPô	ã*Ï*Ñ â ç â Ø*Ñ�ÎPÑ Ý Ñ^Ð Ó Õ Í â ÙsçPä â Ø*Ñ�ö`VjïXW`W ã	Ñ Ö Í�Î Ý ô�Í â × Ó Ý*Ý ç â ã*ç ÓPÖ ÎMç,ç,ã Ó

ù ç ß çPäjÍ�ã	Ñ Ý â Í+ä�Ù�Í Ý ÎsÑ2'�Ï*Í�� Ó Õ Ñ Ý ×^Ñx× Õ ÓPÖVÖ Ñ ÖÞÓPÖ|â Ø*Ñ \ ç Õ × Ó Ý çaö Ô â Í ¿ Í*)�Ñ^ÐXp�Ñ Ý Ñ�Ð ÓÀâ çPÐ�î¦Ì�çMÐ â Ø*Í Ö Í â
Ø ÓPÖ¦â çDÐVÑ Õ Ù Ï Ô ç Ý â Ø*Ñ�
��$ý�Ö  
×/Ø	½��M¾À¼�Á ¿ Ñ â Ø*ç,ã Ô ÐVçt��Í�ã*Ñ�ã ß Ù â Ø	Ñ)ö Ô â Í ¿ Í�)�Ñ^Ðc÷c9 ¿sÔ*Õ Ñ ¿ Ñ Ý â çMÐ^î
ï�Ø*Í Ö Í Ö|ÓÈÖ Ø*çMÐ â ×�ç ¿ Í Ý ÎìçPä ö,VjïXW`W ×�ç ¿sÔ Ó ÐVÑ�ã â ç â Ø	Ñ \ ç Õ × Ó Ý ç ÜÞÔ*Ô Ð#ç Ó × Ø9î�9 ¿sÔ*Õ Ñ ¿ Ñ Ý â Í Ý Î
â Ø	ÑH
0�Aý�Ö  
×tØ*½��M¾À¼,Á ¿ Ñ â Ø*ç,ãD× Ó Ýaß Ñqã	Í�£s×�Ï Õ â äæçPÐ Ó ÎMÑ Ý Ñ�Ð Ó Õ Ó Õ ÎMÑ ß Ð Ó î Ü|Õ�Õ ã ÓÀâ�Ó ß ÓPÖ Ñ Ö Ù ÖVâ Ñ ¿ Ö
â Ø ÓÀâ Ø Ó �MÑ Ó3Q Ù ÖVâ Ñ ¿ ÷�§ Öcâ Ù Õ Ñ|ç Ô â Í ¿ Í�)�Ñ�Ð Ó Ð#Ñ}ä Ó ×�Ñ^ãsò}Í â Ø â Ø*Ñ Ô ÐVç ß*Õ Ñ ¿ çPä9Í ¿sÔ*Õ Ñ ¿ Ñ Ý â Í Ý Î Ö Ï*× Ø
Ó Ý ç Ô Ñ^Ð ÓÀâ Í�ç Ý îÙ9 ÝåÔ Ð Ó × â Í�×�ÑPô â Ø*Í Ö Ø ÓPÖ Ý ç â ß Ñ^Ñ Ý Ó Ô Ð#ç ß*Õ Ñ ¿ äæçMÐ ¿ ç ÖVâ ã*Ñ�× Õ Ó Ð ÓÀâ Í��MÑ©',Ï	Ñ�ÐVÙ
Õ Ó Ý ÎMÏ Ó ÎPÑ Ö î
9 Ý Ö Ô Í â ÑqçÀä â Ø*Ñ Ó ß çt�MÑ Õ Í ¿ Í â�ÓÀâ Í�ç Ý ô â Ø*Ñ â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í��MÑ Ö Ñ Ó Ð#× Ø Öcâ Ð ÓAâ Ñ�ÎÀÙDçPä�ö,VjïXW`W × Ó Ý

ÖVâ Í Õ�Õ × Ó Ô â Ï*ÐVÑ â Ø*Ñ|Ñ('�Ï*Í�� Ó Õ Ñ Ý ×^Ñ|× Õ ÓPÖVÖ Ñ Ö çPä \ ç Õ × Ó Ý ç*î Ü ä â Ñ^Ð Ï Ö Í Ý Î â Ø	Ñ3
0�$ý�Ö  
×tØ	½���¾À¼,Á ¿ Ñ â Ø*ç,ã
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â çL4 Ý ãìÑ2'�Ï*Í�� Ó Õ Ñ Ý â ç Ô Ñ^Ð ÓÀâ çMÐ\Í Ý Öcâ Ó Ý ×�Ñ Ö ô�Í â Ô Ï â�Öíâ Ø*Ñ ¿ Í Ý â Ø*Ñ Ö�Ó ¿ Ñ¦Ñ2'�Ï*Í�� Ó Õ Ñ Ý ×^Ñ|× Õ ÓPÖVÖ îjÉ¦ç�ò�ô
Í�ä â ò¯çGç Ô Ñ^Ð ÓÀâ çMÐ°Í Ý ÖVâ�Ó Ý ×^Ñ Ö6Ó Ð#ÑÈÑ Ò	Ó × â Õ Ù â Ø*Ñ Ö�Ó ¿ ÑPô Ó Ý ã â Ø*Ñ^ÙSç Ý*Õ Ù ã*Í�Ú�Ñ�Ð°Í Ý â Ø*Ñsä Ó × âIâ Ø ÓAâ
â Ø	Ñ�Í�Ð�Í Ý*Ô Ï â�Ö Ô çMÍ Ý â�â ç�ã*Í�Ú9Ñ^Ð#Ñ Ý â ç Ô Ñ^Ð ÓÀâ çMÐ Ö Í Ý â Ø*Ñ Ö#Ó ¿ Ñ�Ñ2'�Ï*Í�� Ó Õ Ñ Ý ×�Ñ�× Õ ÓPÖVÖ ô â Ø	Ñ Ý ç Ý Ñ�çÀä â Ø*Ñ Ö Ñ
ç Ô Ñ�Ð ÓÀâ çMÐÞÍ Ý Öcâ Ó Ý ×^Ñ Ö × Ó ÝSß Ñ Ô ÐVÏ Ý Ñ�ã9î6ï�Ø*Í Ö × Ó ÝSß Ñ)ã*ç Ý Ñ ß Ñ^× Ó Ï Ö Ñ Ó Õ�Õ â Ø*Ñ)×^ç ¿6ß Í Ý ÓÀâ Í�ç Ý Ö çPä
Í Ý	Ô Ï â�Ö × Ó Ýéß ÑìÑ ÓPÖ Í Õ Ù�ÎPÑ Ý Ñ^Ð ÓÀâ Ñ�ã ß ÙSÑ Ý Ï ¿ Ñ�Ð ÓÀâ Í Ý Î â Ø*Ñ.� Ó Ð#Í�çMÏ Ö ç Ô Ñ�Ð ÓAâ çMÐ Ö Í Ý ÖVâ�Ó Ý ×^Ñ Ö Í Ý Ó Ý
Ñ2'�Ï*Í�� Ó Õ Ñ Ý ×�Ñ|× Õ ÓÀÖ#Ö î�ï�Ø*Í Ö¯Ó Õ�Õ ç$ò Ö ö,VjïXW`W â çxÎPÑ â¯â Ø*Ñ Ö�Ó ¿ Ñ Ö Ô Ó ×^ÑqÑ(£s×�Í�Ñ Ý ×�Ù ÓÀÖ \ ç Õ × Ó Ý ç*îjöÞä
×�çPÏ*Ð Ö ÑPô â ç ß Ñ Ó ß*Õ Ñ â çxÏ Ö Ñ â Ø*Í Ö â Ð#Í�× ðøÖ Ï*×�×^Ñ Ö#Ö äæÏ Õ�Õ ÙMô â Ø*Ñ Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙ Ö Ø*çPÏ Õ ã ß Ñ Ó ß*Õ Ñ¦ÎMÑ Ý ÷
Ñ�Ð ÓÀâ Ñ â Ø*ÑÕ� Ó Ð#Í�çPÏ Ö äæÐ Ó Î ¿ Ñ Ý â#Ö çPä ç Ô Ñ^Ð ÓÀâ çMÐ â ÐVÑ�Ñ Ö Ý Ñ�×�Ñ Ö#Ö#Ó ÐVÙ äæçMÐ Ó Ô	Ô*Õ Ù,Í Ý Î â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý Ö î
ï�Ø*Ñ Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙ6ã*ç�Ñ Öjâ Ø*Í Ö jVÍ Ý ÖVâ Ó Ý â Í ÓÀâ Í�ç Ýal çPä;Ñ2'�Ï*Í�� Ó Õ Ñ Ý ×�Ñ}× Õ ÓPÖ#Ö Ñ Ö ç Ý ã*Ñ ¿ Ó Ý ã9î:v Ø*Ñ Ý ÷
Ñ(�PÑ�Ð â Ø*Ñ � ��� Ä ý���ÿ�ÿ���
�ý��pçMÐ â Ø*Ñ���ÿ�ÿ�� �S¿ Ñ â Ø*ç,ãpçPä Ó Ý ç Ô Ñ^Ð ÓÀâ çMÐ â Ð#Í�Ñ Ö�â çáÑ Ò	Ó ¿ Í Ý Ñsç Ý ÑsçPä
Í â#Ö Í Ý*Ô Ï â#Ö ß ÙáÍ Ý �Pç ð Í Ý Î â Ø*Ñ6þPÿ,ý�ü���û	þMü ®�® 
/��ÿ Å û ¿ Ñ â Ø*ç�ã9ô â Ø*Ñ Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙ Í Ý ÖVâ�Ó Ý â Í ÓÀâ Ñ Ö
Í â ò}Í â ØSç Ý ÑøçPä â Ø*Ñøç Ô Ñ�Ð ÓÀâ çMÐ�Í Ý ÖVâ�Ó Ý ×�Ñ Ö Í Ý â Ø*Ñs×�çMÐVÐ#Ñ Ö Ô ç Ý ã*Í Ý ÎÆÑ('�Ï*Í�� Ó Õ Ñ Ý ×^Ñs× Õ ÓPÖVÖ îÈö Ý â Ø	Ñ
Ý Ñ Ò�â Í Ý �Pç�× ÓÀâ Í�ç Ý çPä � ��� Ä ý���ÿ�ÿ���
$ý��sçMÐ$��ÿ�ÿ�� � ô â Ø*Ñ|þPÿ�ý�ü���û	þPü ®,® 
/��ÿ Å û;ô ¿ Ñ â Ø*ç,ãsÐVÑ â Ï*Ð Ý Ö\â Ø	Ñ
Ý Ñ Ò�â ç Ô Ñ^Ð ÓÀâ çMÐíÍ Ý Öcâ Ó Ý ×^ÑÞäæÐ#ç ¿ â Ø*Ñ Ö#Ó ¿ ÑÞÑ2'�Ï*Í�� Ó Õ Ñ Ý ×�Ñ|× Õ ÓÀÖ#Ö îjï�Ø	Ñ Ö Ñ Ó Ð#× Ø Öcâ Ð ÓAâ Ñ�ÎÀÙÈ×^ç Ý â Í Ý Ï*Ñ Ö
â Ø	Í Ö Ô Ð#ç,×�Ñ ÖVÖ Ï Ý â Í Õ Ó Õ�Õ â Ø*Ñqç Ô Ñ^Ð ÓÀâ çMÐ¯Í Ý ÖVâ�Ó Ý ×�Ñ Ö Í Ý â Ø*ÑqÑ('�Ï*Í�� Ó Õ Ñ Ý ×^ÑÞ× Õ ÓPÖ#Ö Ñ Ö çPä â Ø*ÑÞÍ Ý*Ô Ï â#Ö�Ó ÐVÑ
Ñ Ò Ø Ó Ï ÖVâ Ñ�ãñî
vpÑ Ý ç â Ñ â Ø ÓÀâ°â Ø*Ñ�jVÍ Ý ÖVâ�Ó Ý â Í ÓÀâ Í�ç Ýml çPä}Ñ2'�Ï*Í�� Ó Õ Ñ Ý ×�Ña× Õ ÓPÖ#Ö Ñ Ö Í Ö ã*ç Ý ÑDç Ý ã*Ñ ¿ Ó Ý ã £ �ÈÛÈ�2Û�ô

ç Ý*Õ Ù â Ø*ç Ö Ñ�Ñ2'�Ï*Í�� Ó Õ Ñ Ý ×�Ñq× Õ ÓPÖVÖ Ñ Ö â Ø ÓÀâ�Ó Ð#Ñ Ó × â Ï Ó Õ�Õ ÙøÑ Ò	Ó ¿ Í Ý Ñ^ã ß Ù â Ø	Ñ � ��� Ä ý���ÿ,ÿ���
�ý�� çMÐ â Ø	Ñ
��ÿ�ÿ�� � ¿ Ñ â Ø*ç,ã Ó Ð#ÑaÍ Ý ÖVâ�Ó Ý â Í ÓÀâ Ñ^ã ß Ù â Ø*Ñ Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ^ÎPÙMîb9 Ý Ö Ô Í â ÑDçPä â Ø ÓÀâ ô â Ø*Í Ö ÐVÑ Ö Ï Õ â#Ö
Í Ý Ï Ý*Ý Ñ�×^Ñ ÖVÖ�Ó ÐcÙvÍ Ý ÖVâ�Ó Ý â Í ÓÀâ Í�ç Ý Ö îpÌ�çMÐ6Ñ Ò	Ó ¿sÔ*Õ ÑPô Ó %Mý���ý � û,ÿ Å %]R��*þ�Ò�� â Ð Ó Ý Ö äæçMÐ ¿ ÓAâ Í�ç Ý â Ø ÓAâ
Ô Ï Ö Ø*Ñ ÖìÓ�Ö Ñ Õ Ñ�× â ß Ñ Õ ç�ò Óìù çMÍ Ý ç Ô Ñ�Ð ÓAâ çMÐ)ç Ý	Õ Ù Ý Ñ�Ñ^ã Ösâ ç ß Ñ Í Ý ÖVâ Ó Ý â Í ÓÀâ Ñ�ã�ò}Í â Ø â Ø*Ñ Ó þm
/� ­
þPÿ�ý,ü���û	þPü Í Ý Öcâ Ó Ý ×^Ñ Ö Í Ý Í â�Ö Í Ý	Ô Ï â î Q Í Ý ×^Ñ â Ø*Ñ Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙàã*ç�Ñ Ö Ý ç â ð Ý ç�ò â Ø*Í Ö ôÞÍ â
Í Ý ÖVâ Ó Ý â Í ÓÀâ Ñ Ö}â Ø*ÑxÍ Ý*Ô Ï â ò}Í â Ø Ó Õ�Õ�Ô ç Ö#Ö Í ß*Õ ÑIç Ô Ñ�Ð ÓÀâ çMÐ¦Í Ý ÖVâ Ó Ý ×�Ñ Ö î�92ä Óøâ Ø*ÑxÑ Ò	Ó × âÞÖVâ Ð#Ï*× â Ï*ÐVÑ6çPä
â Ø	Ñ Ö Ï ß â ÐVÑ�Ñ â Ø ÓAâ Í Ö Ð#Ñ2'�Ï*Í�Ð#Ñ^ã ß Ù Ó û,ü�ý�ý�û	þMû�ü�ý�ý���ý���ý�ü���û	þPü�Í Ö¦ð Ý ç�ò ÝGß Ñ^äæçPÐ#Ñ�Ø Ó Ý ãñô*ò Ñx× Ó Ý
Ó �MçMÍ�ã â Ø*Í Ö Í Ý Ñ(£s×�Í�Ñ Ý ×�ÙMîq9 Ý Ö Ï	× Ø Ó × ÓPÖ ÑÀô â Ø*Ñíû�ü�ý�ý�û*þPû�ü�ý�ýa�Mý���ý�ü���û	þPü)× Ó Ý Ð#Ñ^ÎMÍ Öcâ Ñ^Ð4Í â�Ö Ñ Õ ä,ò}Í â Ø



�	ú

â Ø	Ñ Ö Ñ Ó Ð#× Ø Öcâ Ð ÓAâ Ñ�ÎÀÙ ÓÀâ�Ö Ù ÖVâ Ñ ¿ ÖVâ Ó Ð â Ï Ô â Í ¿ Ñ ß Ù Ö Ô Ñ�×^Í�ä�Ù,Í Ý Î Ó|Ö Ï ß â ÐVÑ�Ñ�Ñ Ò Ô Ð#Ñ ÖVÖ Í�ç Ý ×�ç Ý Ö Í Öcâ Í Ý Î
çPäIç Ô Ñ�Ð ÓÀâ çMÐ Ý Ó ¿ Ñ Ö î ï�Ø*Ñ Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙ â Ø*Ñ Ý Ñ Ý Ö Ï	Ð#Ñ Öaâ Ø ÓÀâ ç Ý*Õ Ù Ö Ï ß â Ð#Ñ�Ñ Ö ¿ ÓÀâ × Ø*Í Ý Î
â Ø	Ñ Ö Ô Ñ�×^Í�4�Ñ^ãêÑ Ò Ô Ð#Ñ Ö#Ö Í�ç Ý Ó ÐVÑKÍ Ý ÖVâ�Ó Ý â Í ÓAâ Ñ�ã9î ï�Ø*Ñ Ó ß çt�MÑKã*Í Ö ×�Ï ÖVÖ Í�ç Ý Ó Ô*Ô*Õ Í�Ñ Ösâ çpû�ü,ý�ý�û	þ ­
ÿ��������Mý���ý,ü���û	þPü6� Ó Ý ãpÿ�������û	þPÿ��������Mý���ý�ü���û	þMü�� ÓPÖ ò Ñ Õ�Õ îTvpÑ Ý ç â Ñ â Ø ÓÀâ Í Ý â Ø*Ñ \ ç Õ × Ó Ý ç
ö Ô â Í ¿ Í�)�Ñ^Ð�p�Ñ Ý Ñ^Ð ÓÀâ çMÐ�ô Ö Ï*× Ø Ó6â Ð#Ñ^Ñ�Ñ Ò Ô ÐVÑ Ö#Ö Í�ç Ý Í Ö�Ó Õ ò Ó Ù Ö�Ö Ô Ñ^×�Í�4�Ñ�ãb�!Í Ý â Ø*Ñ â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý
Ó Ý ãáÍ ¿sÔ*Õ Ñ ¿ Ñ Ý â ÓÀâ Í�ç Ý Ð#Ï Õ Ñ Ö � ô*ò}Ø*Ñ^Ð#Ñ ÓÀÖ Í Ý ö,VjïXW`W Í â Í Ö Ý Ñ^Ñ�ã*Ñ^ãKç Ý*Õ ÙÈäæçMÐ�ÑU£s×�Í�Ñ Ý ×^ÙPî

ï�Ø*Ñ Ô Ð#ç,×�Ñ^ã*Ï*Ð#ÑáäæçMÐ)ÎMÑ Ý Ñ�Ð ÓÀâ Í�ç Ý çÀä Ó ×^×�Ñ Ö#Ö Ô	Õ Ó Ý Ö ×^çMÐ#ÐVÑ Ö Ô ç Ý ã	Í Ý Î â ç Ó Ý ç Ô Ñ^Ð ÓÀâ çMÐ â ÐVÑ�ÑÀô
Ó Ý ã äæçMÐ â Ø*Ñ�Í�Ð Ô Ð#Ï Ý Í Ý Î Í Ö�Ö Í ¿ Í Õ Ó Ð â ç â Ø ÓÀâ Ï Ö Ñ�ãéÍ Ý â Ø*Ñ ß ç â#â ç ¿ ÷�Ï Ô Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙPîsÉ|ç â Ñ
â Ø ÓÀâ çMÏ*Ð�û�ü�ý,ý�û	þPÿ��������Mý���ý�ü���û	þMüp× Õ ÓPÖ#Ö Ñ Ö°Ó Ð#Ñ Ó Ý Ó Õ çMÎPçMÏ ÖÞâ ç â Ø*ÑøÍ ¿sÔ*Õ Ñ ¿ Ñ Ý â�ÓÀâ Í�ç Ý ÐVÏ Õ Ñ Ö çPä
â Ø	Ñ \ ç Õ × Ó Ý çsö Ô â Í ¿ Í�)�Ñ�Ð�p�Ñ Ý Ñ�Ð ÓÀâ çMÐ Y pLr ^ ��_0î

���cz���� Üê�$¤+Ý,}I�¨¦yÞó�hÝß�¦���&���;����~a���:~*�o�g¦c���

9 Ý â Ø*Í ÖjÖ Ñ^× â Í�ç Ý ôMò Ñ ß Ð#Í�Ñ(à*Ùxã*Ñ Ö ×�ÐVÍ ß Ñ â Ø*Ñ�Í ¿sÔ*Õ Ñ ¿ Ñ Ý â ÓÀâ Í�ç Ý çPä â Ø*Ñ�Ð Ó Ý ã*ç ¿ Í�)�Ñ�ã Ö Ñ Ó ÐV× Ø Öcâ Ð ÓÀâ Ñ ÷
ÎMÍ�Ñ Ö Í Ý ö,VjïXW`W)î Ü Ö ò}Í â Ø â Ø*Ñøï�Ð Ó Ý Ö äæçPÐ ¿ ÓÀâ Í��MÑ ÖVâ Ð ÓÀâ Ñ�ÎPÙPô â Ø*Ñ Ö Ñ Ó Õ ÎMçPÐ#Í â Ø ¿ ÖÞÓPÖVÖ Ï ¿ Ñ â Ø ÓAâ
â Ø	Ñ°× Õ ÓPÖVÖ Ñ Ö ã*Ñ^Ð#Í��PÑ�ãKäæÐVç ¿ â Ø*ÑIû�ü�ý�ý�û*þPû�ü�ý�ýa�Mý���ý�ü���û	þPü�× Õ ÓPÖ#Ö Ð#Ñ Ô Ð#Ñ Ö Ñ Ý âqÓ Õ ÎPÑ ß Ð Ó Í�× â Ð Ó Ý Ö äæçMÐc÷
¿ ÓÀâ Í�ç Ý ÐVÏ Õ Ñ Ö î\¥¦Ñ�Ð#Ñ¦ò¯Ñ ß Ð#Í�ÑUà*Ùsã*Ñ Ö ×�ÐVÍ ß Ñ â Ø	ÑqÍ ¿sÔ*Õ Ñ ¿ Ñ Ý â ÓÀâ Í�ç Ý çPä â Ø*Ñ Q Í ¿ Ï Õ ÓÀâ Ñ^ã Ü|Ý*Ý Ñ Ó Õ Í Ý Î
ÜÞÕ ÎMçMÐVÍ â Ø ¿ î�ï�Ø*ÑøÍ ¿sÔ*Õ Ñ ¿ Ñ Ý â ÓÀâ Í�ç Ý çPä â Ø*Ñ)ç â Ø*Ñ^Ð Ó Õ ÎMçPÐ#Í â Ø ¿ Ö Í Ö �MÑ�ÐcÙ Ö Í ¿ Í Õ Ó Ð^î Q Ñ�Ñ Y x Ó Ý�^ ú2_
äæçMÐ�ã*Ñ â Ó Í Õ Ö î

ï�Ø*Ñ Q Í ¿ Ï Õ ÓÀâ Ñ^ã ÜÞÝ*Ý Ñ Ó Õ Í Ý Î Ó Õ ÎMçPÐ#Í â Ø ¿ Ø ÓPÖxÓ � Ó Ð#Í Ó ß*Õ Ñs× Ó Õ�Õ Ñ�ã � �Uá � �U� �]�Èâ ��� â Ø ÓÀâ Í Ö Í Ý Í+÷
â Í Ó Õ Í�)�Ñ^ã ß Ñ^äæçPÐ#ÑKç Ô â Í ¿ Í�) ÓÀâ Í�ç Ý Í Ö ß Ñ�ÎMÏ Ý î ï�Ø*Ñã
/��
$û6
/����û,ü�ý�ý��Mý���ý�ü���û*þPü Í Öøâ Ø	Ñ Ý Ï Ö Ñ�ã â ç
ÎMÑ Ý Ñ�Ð ÓÀâ Ñøç Ý Ñs×�ç ¿ìÔ*Õ Ñ â Ñ)ç Ô Ñ^Ð ÓÀâ çMÐ â ÐVÑ�ÑÀîìï�Ø*Ñøû�ü�ý,ý�û	þPÿ��������Mý���ý�ü���û	þMü�× Õ ÓÀÖ#Ö Ñ ÖIÓ Ð#ÑøÏ Ö Ñ�ã â ç
×�ÐVÑ ÓÀâ Ñ Ó Ý Ó ×�×�Ñ Ö#Ö Ô*Õ Ó Ý ×^çMÐ#ÐVÑ Ö Ô ç Ý ã*Í Ý Î â ç â Ø ÓÀâ ç Ô Ñ�Ð ÓAâ çMÐ â Ð#Ñ�ÑÀî Ü ä â Ñ^Ð â Ø*Í Ö ô ÓÀâ Ñ Ó × Ø ÖVâ Ñ Ô Ó
Ð Ó Ý ã*ç ¿ ç Ô Ñ^Ð ÓÀâ çMÐjÍ Ý Öcâ Ó Ý ×�Ñ¦Í Ý â Ø*Ñ}ç Ô Ñ�Ð ÓÀâ çPÐ â Ð#Ñ^Ñ|Í Ö Ô Í�× ð Ñ�ãsäæçMÐ Ô Ð#ç,×�Ñ Ö#Ö Í Ý Î*îYï�Ø	Ñ Ý Ó Ð Ó Ý ã*ç ¿
û�ü�ý,ý�û	þPû�ü,ý�ý��Mý���ý�ü���û	þMüéÍ Ö × Ø*ç Ö Ñ Ý Ó Ý ã Ó Ô*Ô*Õ Í�Ñ^ã â çaÎMÍ��MÑ)ÐVÍ Ö Ñ â ç Ó Ý Ñ�ò�ç Ô Ñ�Ð ÓÀâ çPÐqÍ Ý Öcâ Ó Ý ×�ÑPî



� ²

ï�Ø*Ñ Ý Ó Ð Ó Ý ã*ç ¿ û�ü�ý�ý,û	þPÿ��������Mý���ý,ü���û	þPü â Ø ÓÀâ × Ó Ý ß Ñ Ó Ô*Ô*Õ Í�Ñ�ã â ç â Ø	Ñ Ý Ñ^ò ç Ô Ñ�Ð ÓÀâ çMÐ°Í Ý ÷
ÖVâ�Ó Ý ×^ÑPôñÍ Ö × Ø*ç Ö Ñ Ý Ó Ý ã�Ï Ö Ñ�ã â çDÎMÑ Ý Ñ�Ð ÓÀâ Ñ Ó Ý Ñ^ò Ó Õ ÎPçMÐ#Í â Ø ¿ Í Ý ÖVâ�Ó Ý ×^ÑPî�ï�Ø*Í Ö ÎMÍ��MÑ Ö Ð#Í Ö Ñ â ç Ó
Ý Ñ�ò Ó ×^×�Ñ Ö#Ö Ô*Õ Ó Ý îqï�Ø*Ñx×�ç Öcâ çPä â Ø	Ñ Ý Ñ^ò Ô*Õ Ó Ý Í Ö Ñ Öcâ Í ¿ ÓÀâ Ñ�ãñîqï�Ø	Ñ Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙ Ó ×�×^Ñ Ô â#Ö
çMÐ�ÐVÑ ù Ñ�× â�Ö�â Ø*Ñ Ý Ñ�ò Ô*Õ Ó Ý ò}Í â Ø Ó Ô ÐVç ß Ó ß Í Õ Í â Ù â Ø ÓÀâ ã	Ñ Ô Ñ Ý ã Ö Ï Ô ç Ý â Ø*Ñøã*Í�Ú9Ñ^Ð#Ñ Ý ×�Ñ ß Ñ â ò¯Ñ^Ñ Ý
â Ø	Ñq×�ç Öcâ�Ö çPä â Ø*Ñqç Õ ã Ô*Õ Ó Ý Ó Ý ã â Ø*Ñ Ý Ñ^ò Ô*Õ Ó Ý ô Ó Ý ãaÏ Ô ç Ý â Ø*Ñ � �Uá � �U� �]�°â �Ð��î&92ä â Ø*Ñ Ý Ñ^ò Ô*Õ Ó Ý
Í Ö Ð#Ñ ù Ñ�× â Ñ�ãñô â Ø*Ñ Ý Ñ�ò Ô*Õ Ó Ý Í Ö ã	Ñ Õ Ñ â Ñ^ã Ó Ý ã â Ø	Ñ6ç Õ ã Ô*Õ Ó Ý Ð#Ñ ¿ Ó Í Ý Ö|â Ø*Ñ©� â �A��� ���4Ô*Õ Ó Ý î+92ä â Ø	Ñ
Ý Ñ�ò Ô*Õ Ó Ý Í Ö�Ó ×^×�Ñ Ô â Ñ^ãñô â Ø*Ñ)ç Õ ã Ô	Õ Ó Ý Í Ö ã*Ñ Õ Ñ â Ñ^ãñô Ó Ý ã â Ø	Ñ Ý Ñ^ò Ô*Õ Ó Ý ß Ñ�×^ç ¿ Ñ Öqâ Ø*Ñø×^Ï*Ð#ÐVÑ Ý â
Ô*Õ Ó Ý î

Ü ä â Ñ�Ð�Ñ Ó × Ø ÖVâ Ñ Ô â Ø*Ñ � �Uá � �U� �]�Èâ �Ð� Í Ö ã*Ñ�×^Ð#Ñ ÓÀÖ Ñ�ãáÏ Ö Í Ý Î Ö ç ¿ Ñ|äæÏ Ý × â Í�ç Ý ò}Ø*Í�× ØaÍ Ö�Ó Ý Í Ý*Ô Ï â
Ô Ó Ð Ó ¿ Ñ â Ñ^ÐÞäæçMÐ â Ø*Í Ö�Ó Õ ÎMçMÐVÍ â Ø ¿ î�ï�Ø*Í Ö Ô Ð#ç,×�Ñ Ö#Ö Í Ö|â Ø*Ñ Ý ÐVÑ Ô Ñ ÓÀâ Ñ�ãñîøö Ô â Í ¿ Í*) ÓÀâ Í�ç Ý ×^ç Ý â Í Ý Ï*Ñ Ö
Ï Ý â Í Õ â Ø*Ñ â Ñ ¿sÔ Ñ�Ð ÓAâ Ï*ÐVÑ¦ä Ó Õ�Õ Ö ß Ñ Õ ç�ò Ó ×�Ñ^Ð â Ó Í Ý â Ø*Ð#Ñ Ö Ø*ç Õ ãÈçPÐ â Ø*Ñ�ÐVÑÞÍ Ö Ý ç°Í ¿sÔ Ð#çt�MÑ ¿ Ñ Ý â Í Ý â Ø	Ñ
×�ç ÖVâ äæçPÐ Ö ç ¿ Ñ Ý Ï ¿6ß Ñ�Ð çPä Öcâ Ñ Ô Ö î Ü â â Ø*Í Ö Ô çMÍ Ý â ô â Ø*ÑÞ×^Ï*Ð#ÐVÑ Ý â Ô*Õ Ó Ý Í Ö çMÏ â Ô Ï â�ÓPÖ\â Ø	ÑÞç Ô â Í ¿ Ó Õ
Ô*Õ Ó Ý î

=?>�ä åwæ�J:D,ç�wMO�è O?�2O(JÍé O�ç m ~ tëê ê

ï�Ø*Í ÖÈÖ Ñ^× â Í�ç Ý Ö Ï ¿s¿ Ó ÐVÍ*)^Ñ Ö ò}Ø ÓÀâ Í Ö Í Ý �Mç Õ �MÑ�ãåÍ Ý Í ¿ìÔ	Õ Ñ ¿ Ñ Ý â Í Ý Î Ó Ý Ñ^òoç Ô â Í ¿ Í*)�Ñ^Ð�ôíçMÐÈÑ Ò ÷
â Ñ Ý ã*Í Ý ÎÈçMÐ ¿ ç,ã*Í+ä�Ù�Í Ý Î Ó Ý Ñ Ò Í ÖVâ Í Ý Îìç Ô â Í ¿ Í�)�Ñ^Ð ß Ï*Í Õ â Ï Ö Í Ý Îaö,VjïXWLW6î+�¯Ø Ó Ô â Ñ�Ð+�ìØ ÓPÖÞÖ ç ¿ Ñ
Ñ Ò	Ó ¿sÔ*Õ Ñ Ö çPä Ö Ï*× ØÆÑ Ò,â Ñ Ý Ö Í�ç Ý Ö|ÓPÖ}Ó Ô*Ô*Õ Í�Ñ^ã â ç Ó ÐVÑ Ó Õ ç Ô â Í ¿ Í�)�Ñ�Ð^î

����ì��V� í��î�����h� �h¤I~m¦¬¤+� �î¤q�Êï ðñ�¹~�¦³�î¦yÞó�o�

Ì�Í�Î*îÀú i Ö Ø*ç�ò Öóâ Ø*Ñjçt�MÑ^Ð Ó Õ�Õ Ö Ù Öcâ Ñ ¿ Ó Ð#× Ø*Í â Ñ�× â Ï*ÐVÑjçPä Ó Ý ç Ô â Í ¿ Í*)�Ñ^Ð9Í ¿ìÔ*Õ Ñ ¿ Ñ Ý â Ñ^ãqÏ Ö Í Ý Î¦ö,VjïXW`W)î

ò�óoô�õdô�öa÷�øsóñõdù�÷sö�ùtô�ú�û5ü3ý6þÇÿ&ý��hô��
ù £ ï�Ø*Í Ö ÐVÑ Ô ÐVÑ Ö Ñ Ý â�Ö�â Ø*Ñ|×^ç�ã	Ñ â Ø ÓÀâ Í Ö Ô Ð#çt�,Í�ã*Ñ^ãìò}Í â Ø
ö,VjïXWLW6ô Ó Ý ãaÍ Ý × Õ Ï*ã	Ñ Ö¯â Ø*Ñ�Í ¿sÔ*Õ Ñ ¿ Ñ Ý â ÓÀâ Í�ç Ý Ö çPä â Ø*Ñ+� Ó Ð#Í�çMÏ Ö¯Ö Ñ Ó ÐV× Ø Öcâ Ð ÓÀâ Ñ^ÎMÍ�Ñ Ö îjï�Ø*Í Ö Ô Ó Ð â
çPä â Ø*ÑÈ×^ç�ã*ÑÈÍ Ö ×�ç ¿sÔ*Õ Ñ â Ñ Õ Ù Í Ý ã*Ñ Ô Ñ Ý ã	Ñ Ý â çPä â Ø*Ñ Ó × â Ï Ó Õ '�Ï*Ñ�ÐcÙ Ó Õ ÎMÑ ß Ð ÓKÓ Ý ã â Ø	ÑDã ÓÀâ�Ó ß ÓPÖ Ñ
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Ì�Í�ÎPÏ*Ð#Ñ)ú i £ 9 ¿ìÔ*Õ Ñ ¿ Ñ Ý â Í Ý Î Ó Ý ö Ô â Í ¿ Í�)�Ñ^Ð�Í Ý ö,VjïXW`W

Ö Ù Öcâ Ñ ¿ ô Ó Ý ã â Ø*Ñ�ÐVÑ^äæçMÐVÑ ã*ç,Ñ Ö Ý ç â Ø Ó �PÑ â ç ß Ñ ¿ ç�ã	Í�4�Ñ^ã â ç|Í ¿ìÔ	Õ Ñ ¿ Ñ Ý â4Ó Ô Ó Ð â Í�×^Ï Õ Ó Ðóç Ô â Í ¿ Í�)�Ñ^Ð�î
ï�Ø�Ï Ö)Ó Õ Ó ÐVÎMÑ)äæÐ Ó × â Í�ç Ý çPä â Ø*Ñs×�ç,ã*ÑÈÐVÑ2'�Ï*Í�ÐVÑ�ãpäæçPÐ Ó Ý ç Ô â Í ¿ Í*)�Ñ^Ð�Í ÖIÓ Õ ÐVÑ Ó ã�Ù Ô Ð#çt�,Í�ã*Ñ^ãpò}Í â Ø
ö,VjïXWLW6î

ò�óoô����Èú�ô��h÷sö|ü3ý6þÇÿ&ý��hô��
ù £ ï�Ø	Í Ö ×�ç Ý â�Ó Í Ý Ö)â Ø*ÑÆ× Õ ÓPÖVÖ Ñ Ö ã	Ñ�Ð#Í��MÑ^ã ß Ù â Ø*ÑÆö Ô â Í ¿ Í*)�Ñ^Ðc÷
9 ¿sÔ*Õ Ñ ¿ Ñ Ý â çMÐqäæÐ#ç ¿ â Ø	ÑÈþPÿ�ý�ü���û	þPü Ó Ý ã â Ø*Ñ.�����,þMü6
�û�R0Sp× Õ ÓPÖVÖ Ñ Ö ô Ó Ý ã Ó Õ Ö ç â Ø*ÑsÍ ¿sÔ*Õ Ñ ¿ Ñ Ý ÷
â ÓAâ Í�ç Ý çPä â Ø*Ñáû�ü,ý�ý���ýa% � ü6
�ÿ�û*þPü Ó Ý ãvÿ���������ýa% � ü

�ÿ�û	þPüà× Õ ÓPÖ#Ö Ñ Ö î ï�Ø	Í Ö Ô Ó Ð â çPä â Ø*ÑK×^ç�ã	Ñ
ã*Ñ Ô Ñ Ý ã Ö ç Ý*Õ Ù Ï Ô ç Ý â Ø*Ñ�'�Ï*Ñ�ÐcÙ Ó Õ ÎMÑ ß Ð ÓèÓ Ý ã â Ø*Ñ Ô Ø�Ù Ö Í�× Ó Õ Í ¿sÔ*Õ Ñ ¿ Ñ Ý â�ÓÀâ Í�ç Ý Ó Õ ÎMçMÐ#Í â Ø ¿ Ö
Ó � Ó Í Õ Ó ß*Õ Ñ�Í Ý â Ø*Ñ)ã ÓÀâ Ó ß ÓPÖ Ñ Ö Ù ÖVâ Ñ ¿ î Q Ô Ñ�×^Í�4�× Ó Õ�Õ ÙMô â Ø*Í Ö ×�ç,ã*Ñ6ã*ç,Ñ Ö Ý ç â Ø Ó �PÑ â ç ß Ñ6× Ø Ó Ý ÎPÑ�ã
ò}Ø*Ñ Ý â Ø	ÑIç Ô â Í ¿ Í�)�Ñ�Ð¯Í Ö ¿ ç,ã*Í�4�Ñ�ã â çìÏ Ö Ñ Ó ã*Í�Ú9Ñ^Ð#Ñ Ý â¦Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙ��Ð�2Û « Û�ô Ö ò}Í â × Ø*Í Ý ÎøäæÐ#ç ¿
ÓDâ Ð Ó Ý Ö äæçPÐ ¿ ÓÀâ Í��MÑ Öcâ Ð ÓAâ Ñ�ÎÀÙ â ç Ö Í ¿ Ï Õ ÓÀâ Ñ^ã Ó Ý*Ý Ñ Ó Õ Í Ý Î � çPÐqò}Ø*Ñ Ý â Ø*Ñ Ö Ñ Ó ÐV× Ø Ö Ô Ó ×�ÑsÑ Ò Ô*Õ çMÐ#Ñ^ã
Í Ö × Ø Ó Ý ÎMÑ^ã �Ð�2Û « Û�ô Ö ò}Í â × Ø*Í Ý Î�äæÐVç ¿ Õ Ñ^ä â ÷�ã*Ñ^Ñ Ô ù çMÍ Ý â Ð#Ñ^Ñ�Ñ Ý Ï ¿ Ñ�Ð ÓÀâ Í�ç Ý â ç ß Ï Ö Ø�Ù ù çMÍ Ý â Ð#Ñ^Ñ
Ñ Ý Ï ¿ Ñ�Ð ÓÀâ Í�ç Ý�� î



� �

ò�óoôÕõÍô�öm÷søsó õdÿqö�ø<ô.ü3ý
þbÿ&ý��oô��
ù £ ï�Ø*Í Ö ×�ç Ý â�Ó Í Ý Öñâ Ø*Ñ\× Õ ÓPÖ#Ö Ñ Ö ã*Ñ^Ð#Í��PÑ�ã ß Ù â Ø*Ñíö Ô â Í ¿ Í*)�Ñ^Ðc÷
9 ¿sÔ*Õ Ñ ¿ Ñ Ý â çMÐ�äæÐ#ç ¿ â Ø*Ñ�û�ü�ý,ý�û	þPû�ü,ý�ý��Mý���ý�ü���û	þMü;ôóû�ü�ý,ý�û	þPÿ��������Mý���ý�ü���û	þMü;ô Ó Ý ã â Ø	ÑIÿ������ ­
û	þPÿ��������Mý���ý�ü���û*þPü × Õ ÓPÖVÖ Ñ Ö îáï�Ø*Ñ Ö ÑD× Õ ÓPÖ#Ö Ñ Ö6Ó Ð#ÑsÏ Ö Ñ^ã â çKã	Ñ�×�Í�ã*Ñøò}Ø ÓÀâ ç Ô Ñ^Ð ÓÀâ çMÐ â Ð#Ñ^Ñ Ö6Ó Ý ã
Ó ×^×�Ñ ÖVÖ Ô*Õ Ó Ý Ö}Ó Ð#Ñ�ÎMÑ Ý Ñ�Ð ÓÀâ Ñ^ãñô Ó Ý ãáØ	Ñ Ý ×^Ñ Ô	Õ Ó Ù Ó Õ Ó Ð#ÎMÑ Ô Ó Ð â Í Ý ×�ç Ý â Ð#ç Õ�Õ Í Ý Î â Ø	Ñ Ö Ñ Ó Ð#× Ø Ö Ô Ó ×^Ñ
â Ø ÓÀâ Í Ö Ñ Ò Ô	Õ çMÐVÑ�ã ß Ù â Ø*Ñ Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙPî�Ì�çMÐsÑ Ò	Ó ¿sÔ*Õ ÑÀô�Í ¿sÔ*Õ Ñ ¿ Ñ Ý â Í Ý Î Ó Ó þm
/��ý ¬ ÿ����0�
× Õ ÓPÖ#Ö�â Ø ÓÀâ ç Ý*Õ ÙGÎMÑ Ý Ñ^Ð ÓÀâ Ñ Ö�ù çMÍ Ý Ö Í Ý ò}Ø*Í�× Ø â Ø*ÑsÍ Ý*Ý Ñ�Ð�Ð#Ñ Õ ÓÀâ Í�ç Ý Í ÖIÓ ß ÓPÖ ÑìÐVÑ Õ ÓAâ Í�ç Ý Ð#Ñ Öcâ ÐVÍ�× â#Ö
â Ø	Ñ Ö Ñ Ó Ð#× Ø Ö Ô Ó ×�Ñ â ç â Ø*Ñ Ö Ô Ó ×�Ñ�çPä Õ Ñ^ä â ÷�ã*Ñ^Ñ Ô ù çMÍ Ý â ÐVÑ�Ñ Ö î ö Ý â Ø*Ñ�ç â Ø*Ñ�Ð�Ø Ó Ý ãñô*Í ¿ìÔ	Õ Ñ ¿ Ñ Ý â Í Ý Î
Ó Ä Å %]R � Ó þm
/��ý ¬ ÿ����0�D× Õ ÓPÖVÖ\â Ø ÓÀâ ×�ç Ý Ö Í�ã*Ñ�Ð Ö ×^ç ¿ìÔ ç Ö Í â Ñ}Í Ý*Ý Ñ�Ð Ö ò}Í Õ�Õ ÎMÑ Ý Ñ^Ð ÓÀâ Ñ Ó Õ�Õ*ß Ï Ö Ø�Ù â Ð#Ñ^Ñ Ö î
vpÑ Ý ç â Ñ â Ø ÓÀâDâ Ø*ÑGÍ ¿ìÔ*Õ Ñ ¿ Ñ Ý â ÓAâ Í�ç Ý çPä Ö ç ¿ ÑGçPä â Ø*ÑÆû,ü�ý�ý�û	þMû�ü�ý�ý���ý���ý�ü���û	þPü × Õ ÓÀÖ#Ö Ñ Ö

× Ó Ý ß Ñ ¿ Ó ã*Ñ ¿ çMÐ#ÑKÑ(£s×�Í�Ñ Ý â Í�ä â Ø	Ñ^Ù ¿ ÓPð Ñ Ö Ô Ñ^×�Í�4�× ÓPÖ#Ö Ï ¿sÔ â Í�ç Ý ÖaÓ ß çMÏ âaâ Ø*Ñ Ö Ñ ¿ Ó Ý â Í�× Ö
çPä Ó Ô Ó Ð â Í�×^Ï Õ Ó Ð Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ^ÎPÙMô�çPÐÈÍ�ä â Ø*Ñ�Ùåã	Í�Ð#Ñ^× â Õ Ù Ó ×^×�Ñ ÖVÖÈâ Ø	ÑGã ÓÀâ�Ó ÷ Öcâ Ð#Ï	× â Ï	Ð#Ñ Ö çPä â Ø	Ñ
Ö Ñ Ó Ð#× Ø Öcâ Ð ÓÀâ Ñ^ÎPÙK× Õ ÓPÖVÖ î¹9 Ý Ö Ï*× Ø Ó × ÓPÖ ÑPô â Ø ÓÀâ û,ü�ý�ý�û	þMû�ü�ý�ý���ý���ý�ü���û	þPü ß Ñ^×�ç ¿ Ñ ÖÞÖ Ô Ñ�×�Í�4�× â ç
â Ø ÓÀâ Ô Ó Ð â Í�×^Ï Õ Ó Ð Ö Ñ Ó Ð#× Ø Öcâ Ð ÓAâ Ñ�ÎÀÙMô Ó Ý ãá× Ó Ý	Ý ç â ß ÑIÐ#Ñ ÷�Ï Ö Ñ�ãáò}Í â Ø Ó Ý Ù ç â Ø*Ñ�Ð Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙPî
¥|Ñ Ý ×�ÑÀô*äæçMÐ�Ñ Ò*Ó ¿ìÔ*Õ ÑPô,ò¯Ñ�Ø Ó �PÑ â ò çøÍ ¿sÔ*Õ Ñ ¿ Ñ Ý â ÓÀâ Í�ç Ý Ö çPä â Ø	Ñ Ä Å %]R � Ó þm
/��ý ¬ ÿ����0�áÎMÑ Ý Ñ^Ð ÓÀâ çMÐ £
ç Ý Ñ â Ø ÓÀâ ã*ç,Ñ Ö Ý ç â°ÓPÖVÖ Ï ¿ Ñ Ó Ý Ù â Ø*Í Ý Î Ó ß çPÏ â�â Ø*Ñ Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙPô Ó Ý ã ç Ý Ñ â Ø ÓAâ Ï Ö Ñ Ö°â Ø	Ñ
ã ÓÀâ�ÓGÖVâ Ð#Ï*× â Ï*ÐVÑ Ö çPä â Ø	Ñ ß ç â#â ç ¿ ÷2Ï Ô Ö Ñ Ó ÐV× Ø Öcâ Ð ÓAâ Ñ�ÎÀÙ â ç�Ñ(£s×�Í�Ñ Ý â Õ ÙpçMÐVÎ Ó Ý Í�)�Ñ Ó Ý ã Ð#Ñ â ÐVÍ�Ñ(�PÑ
ç Ô Ñ�Ð ÓÀâ çMÐ â Ð#Ñ^Ñ Ö ò}Í â Ø Ó�Ö Ô Ñ�×�Í�4�× Ý Ï ¿6ß Ñ^Ð\çPä ù çMÍ Ý ç Ô Ñ^Ð ÓÀâ çMÐ Ö îYï�Ø�Ï Ö ô Ó Õ â Ø*çMÏ*ÎPØ Ö ç ¿ Ñ¦ÑU£s×�Í�Ñ Ý ×^Ù
Í Ö Õ ç ÖVâ ã*Ï*Ñ â ç â Ø	Ñ Ó ß ÖVâ Ð Ó × â Í�ç Ý Ö çPäñö`VjïXW`W6ô Ó�Ö Ô Ñ^×�Í�4�×}Í ¿sÔ*Õ Ñ ¿ Ñ Ý â�ÓÀâ Í�ç Ýx¿ Ó Ù Öcâ Í Õ�Õ çt�MÑ^Ðc÷2Ð#Í�ã	Ñ
â Ø	Ñ Ó ß Öcâ Ð Ó × â Í�ç Ý ÖjÓ Ý ã Ó × Ø*Í�ÑU�MÑ�ÑU£ì×^Í�Ñ Ý ×^Ù?� ÓÀâYâ Ø*Ñ�×^ç ÖVâ çPäõÑ Ò,â Ñ Ý Ö Í ß Í Õ Í â Ù � î:9 Ý ä Ó × â ô â Ø*ÑÏ� Ó ÐVÍ�çMÏ Ö
ù çMÍ Ý Ñ Ý Ï ¿ Ñ�Ð ÓÀâ Í�ç Ý Ó Õ ÎMçMÐVÍ â Ø ¿ Ö ã	Ñ Ö ×^Ð#Í ß Ñ^ãaÍ Ý Y ö Zo^ ± _�× Ó Ý Ñ Ó × Ø ß ÑÞÍ ¿sÔ*Õ Ñ ¿ Ñ Ý â Ñ^ãìÍ Ý ö,V\ïXW`W
ÓPÖ¦Ó × Õ ÓPÖ#Ö ã*Ñ^Ð#Í��PÑ�ã äæÐ#ç ¿ â Ø*Ñ�û�ü�ý,ý�û	þPû�ü,ý�ý��Mý���ý�ü���û	þMüK× Õ ÓPÖ#Ö î

����ì���� � }	Ý`¦y¥A�¹¦³¤+� ~*�q� ðñ�¹~�¦³�î¦yÞó�o�

ü�óhö��hú����húwù/óhô�� ý6ú��Èø<ö��,ý�÷bÿqó
û����Èø<ö�� ���Èú�ô��h÷sö £ ï�ç ¿ ç,ã*Í�ä�Ù â Ø*ÑDç Ô â Í ¿ Í�)�Ñ�Ð â çGÍ Ý ×^çMÐc÷
Ô çMÐ ÓÀâ Ñ Ó Ý Ñ�ò Ô Ø�Ù Ö Í�× Ó Õ Í ¿sÔ*Õ Ñ ¿ Ñ Ý â ÓÀâ Í�ç Ý Ó Õ ÎPçMÐ#Í â Ø ¿ ô Ó Ý Ñ^ò × Õ ÓÀÖ#Ö ×^çMÐ#ÐVÑ Ö Ô ç Ý ã	Í Ý Î â ç â Ø ÓAâ



� ;

Ó Õ ÎMçMÐ#Í â Ø ¿�¿ Ï Öcâ ß ÑÈã*Ñ^Ð#Í��MÑ�ãéäæÐ#ç ¿ â Ø*Ñ������,þPü

�û�R0S × Õ ÓPÖVÖ î Ü Ý Ñ^ò × Õ ÓPÖ#Ö°Ó Õ Ö ç ¿ Ï ÖVâ ß Ñsã*Ñ ÷
Ð#Í��MÑ^ãèäæÐVç ¿ â Ø*Ñaû,ü�ý�ý�û	þMÿ���������ý���ý�ü���û	þPüê× Õ ÓPÖVÖøâ ç Í Ý ã*Í�× ÓÀâ ÑDØ*ç�ò â Ø*Í Ö Ý Ñ�ò Ó Õ ÎMçMÐVÍ â Ø ¿ × Ó Ý
ß ÑaÏ Ö Ñ^ã â çSÍ ¿ìÔ	Õ Ñ ¿ Ñ Ý â°â Ø*Ña×^çMÐ#ÐVÑ Ö Ô ç Ý ã	Í Ý Î ç Ô Ñ�Ð ÓÀâ çMÐ^î�ï�Ø�Ï Ö ô Ó ã*ã*Í Ý Î Ó Ý Ó Õ ÎMçMÐ#Í â Ø ¿ ç Ý*Õ Ù
Í Ý �Pç Õ �PÑ Ö}Ó ã*ã	Í Ý Î Ö ç ¿ Ñ Ý Ñ�ò × Õ ÓPÖVÖ Ñ Ö�â ç â Ø	Ñ�ç Ô â Í ¿ Í�)�Ñ^Ð�î�ï�Ø	ÑqÑ Ò Í Öcâ Í Ý Î)×�ç,ã*ÑqÏ Ö Ï Ó Õ�Õ Ùsã*ç,Ñ Ö Ý ç â
Ý Ñ^Ñ�ã â ç ß Ñ°× Ø Ó Ý ÎMÑ^ãñî�Ì�çMÐ}Í Ý Öcâ Ó Ý ×�ÑPô Ó Ø ÓPÖ Ø,÷ ù çMÍ Ý Ó Õ ÎMçMÐVÍ â Ø ¿ × Ó ÝKß Ñ�Í Ý ×^çMÐ Ô çMÐ ÓAâ Ñ�ãáÍ Ý â çìçMÏ	Ð
Ö Í ¿ìÔ	Õ Ñ�Ð#Ñ Õ ÓÀâ Í�ç Ý Ó Õ ç Ô â Í ¿ Í*)^Ñ�Ð ß Ùøã*Ñ^Ð#Í���Í Ý Î Ó R���%]R Ó þm
/�ø× Õ ÓPÖ#Ö äæÐ#ç ¿ â Ø*Ñ	�����,þMü6
�û�R0SD× Õ ÓPÖVÖ Ó Ý ã
Ó R��a%]R Ó þm
s���Mý���ý,ü���û	þPüG× Õ ÓPÖ#Ö äæÐVç ¿ â Ø*Ñ�û,ü�ý�ý�û	þMÿ���������ý���ý�ü���û	þPü�× Õ ÓPÖVÖ î
Q Í ¿ Í Õ Ó Ð Õ ÙMô Ó ã*ã*Í Ý Î Ó Ý ç Ô Ñ�Ð ÓAâ çMÐjÐVÑ2'�Ï*Í�ÐVÑ Ö ã*Ñ�ÐVÍ��,Í Ý Î Ó Ý Ñ^òê× Õ ÓPÖVÖ äæÐVç ¿ â Ø*Ñ|þPÿ,ý�ü���û	þMüs× Õ ÓPÖVÖ

Ó Ý ã�ã*Ñ^Ð#Í���Í Ý Î}ç Ý Ñ\çMÐ ¿ çMÐ#Ñ Ý Ñ^òp× Õ ÓÀÖ#Ö Ñ Ö äæÐVç ¿ â Ø*Ñjû�ü,ý�ý�û	þPû,ü�ý�ý��Mý���ý�ü���û*þPüx× Õ ÓÀÖ#Ö î ÜÞÕ ÎMçMÐVÍ â Ø ¿ Ö
Ï Ö Ñ�ã â çøÍ ¿sÔ*Õ Ñ ¿ Ñ Ý â¯â Ø*Ñ Ý Ñ�ò�ç Ô Ñ�Ð ÓÀâ çMÐ Ó Õ Ö ç ¿ Ï ÖVâ ß Ñ Ó ã*ã*Ñ�ã ÓPÖ ã*Ñ Ö ×�ÐVÍ ß Ñ�ã Ó ß çt�PÑPî
Q ç ¿ Ñ â Í ¿ Ñ Ö ô�Í â Í Ö Ô ç ÖVÖ Í ß*Õ Ñ â Ø ÓAâ)Ó ã*ã	Í Ý Î Ó Ý Ñ^ò ç Ô Ñ�Ð ÓÀâ çPÐ°çMÐ Ó Õ ÎPçMÐ#Í â Ø ¿ ¿ Í�ÎPØ â Ð#Ñ('�Ï*Í�ÐVÑ

â Ø ÓÀâ�â Ø	Ñqû,ü�ý�ý���ým% � ü6
�ÿ,û	þPü��sçMÐ¯ÿ������0��ýa% � ü6
�ÿ�û	þMü�� Ý Ñ^Ñ�ã â ç ÖVâ çMÐ#Ñ Ó ã*ã*Í â Í�ç Ý Ó Õ Í Ý äæçMÐ ¿ ÓAâ Í�ç Ý î
Ì�çMÐ�Ñ Ò*Ó ¿ìÔ*Õ ÑPô,ò}Ø*Ñ Ý S,ý,ü��Mý Ó þ�
/�DÍ Ö�Ó ã*ã	Ñ�ã â ç â Ø	Ñ Ö Ù ÖVâ Ñ ¿ ô*Í Ý äæçPÐ ¿ ÓÀâ Í�ç Ý Ó ß çMÏ â ò}Ø*Ñ â Ø*Ñ�Ð â Ø	Ñ
çMÏ â Ô Ï â çPä Ó Ô Ó Ð â Í�×�Ï Õ Ó Ð Ó Õ ÎMçPÐ#Í â Ø ¿ Í Ö|Ö çMÐ â Ñ�ã�çMÐ Ý ç â Ý Ñ�Ñ�ã ÖÞâ ç ß Ñ Ó ã*ã*Ñ�ã9î+9 Ý â Ø	Í Ö × ÓPÖ ÑÀô â Ø	Ñ
��ý�ü

tÔ�ý�û�ü,ý�ý���ýa% � ü6
�ÿ�û*þPü;ô�çPÐ â Ø	Ñ���ý,ü6
tÔ�ý�ÿ������0��ým% � ü6
�ÿ,û	þPü ¿ Ñ â Ø*ç,ã Ö çÀä Ó Õ�Õ â Ø	Ñ6ç Ô Ñ�Ð ÓAâ çMÐ Ö
çMÐ Ó Õ ÎMçMÐ#Í â Ø ¿ Ö ¿ Í�ÎPØ â Ø Ó �PÑ â ç ß Ñ�× Ø Ó Ý ÎPÑ�ã â çsÐVÑ(à�Ñ^× â|â Ø*Í Ö Ý Ñ^ò Ô ÐVç Ô Ñ�Ð â ÙPî ï�Ø	Í Ö|Ó ã ¿ Í â#â Ñ�ã Õ Ù
ÎMç,Ñ ÖÞÓ Î Ó Í Ý ÖVâ¦â Ø*Ñ6ö,V\ïXW`W Ô Ø*Í Õ ç Ö ç Ô Ø�ÙMô Ó Ý ãKÍ Ö|ÓÈÖ Ø*çPÐ â ×^ç ¿ Í Ý Î*î¦¥¦ç$ò Ñ(�PÑ�Ð^ôñò¯Ñ ß Ñ Õ Í�ÑU�MÑ â Ø*Í Ö
× Ó Ý*Ý ç â ß Ñ Ó �MçPÍ�ã*Ñ^ãvò}Í â Ø*çMÏ â ×^ç ¿ìÔ Ð#ç ¿ Í Ö Í Ý Î â Ø*ÑÆÑU£s×�Í�Ñ Ý ×^ÙèçPä�ö,V\ïXW`W6îàÌ�Ï*Ð â Ø*Ñ^Ð�ô â Ø*Ñ Ö Ñ
× Ø Ó Ý ÎMÑ ÖIÓ ÐVÑ Õ ç,× Ó Õ Í*)�Ñ^ã â çaç Ý*Õ Ù â Ø*ÑH��ý�ü6
/Ô�ý�û�ü�ý,ý���ýa% � ü6
�ÿ�û	þMüpçMÐ+��ý�ü

tÔ�ý�ÿ������0��ýa% � ü6
�ÿ�û*þPü
¿ Ñ â Ø	ç�ã Ö î

ü�óhö��hú����hú�ùtóhô õÍô�öm÷søsó õdÿhö�ø<ô £ Ü Ö ¿ Ñ Ý â Í�ç Ý Ñ�ãêÑ Ó Ð Õ Í�Ñ�Ð^ô â Ø	Ñ Ö Ñ Ó Ð#× Ø Ö Ô Ó ×�Ñ�Ñ Ò Ô*Õ çMÐ#Ñ^ã
ß Ù Ó Ý Ù Ö Ñ Ó ÐV× Ø Öcâ Ð ÓAâ Ñ�ÎÀÙ�Í Ö ×^ç Ý â Ð#ç Õ�Õ Ñ^ã ß Ù â Ø*ÑP�Mý���ý,ü���û	þPü × Õ ÓÀÖ#Ö Ñ Ö î.9 â × Ó ÝSß Ñø× Ø Ó Ý ÎPÑ�ã ß Ù
Ó ã*ã	Í Ý Î Ó Ý Ñ^òî�Mý���ý�ü���û	þMü�× Õ ÓÀÖ#Ö ôjçPÐ ß ÙpÐVÑ ¿ çt��Í Ý ÎGçMÐ ¿ ç,ã*Í+ä�Ù�Í Ý Î Ó Ý Ñ Ò Í ÖVâ Í Ý Î �Mý���ý,ü���û	þPü
× Õ ÓPÖ#Ö îjÌ�çMÐjÑ Ò	Ó ¿sÔ*Õ ÑPô�Í Ý çMÏ*Ð Ö Í ¿sÔ*Õ Ñ�ÐVÑ Õ ÓÀâ Í�ç Ý Ó Õ ç Ô â Í ¿ Í*)�Ñ^Ð�ô â Ø*Ñ Ö Ñ Ó Ð#× Ø Ö Ô Ó ×^Ñ|× Ó Ýìß Ñ}× Ø Ó Ý ÎPÑ�ã
äæÐ#ç ¿ â Ø*Ñ Ö Ô Ó ×^ÑKçPä Õ Ñ^ä â ÷2ã*Ñ�Ñ Ô ù çMÍ Ý â Ð#Ñ�Ñ Öìâ ç â Ø*Ñ Ö Ô Ó ×�ÑGçPä ß Ï Ö Ø�Ù ù çMÍ Ý â ÐVÑ�Ñ Ö ß Ù Ó ã	ã*Í Ý Î Ó



� i

Ä Å %<R � Ó þm
s��ý ¬ ÿ����0�K× Õ ÓÀÖ#Ö î
Q Í Ý ×�Ñ Ó Õ�Õ â Ø*Ñ Ö Ñ Ó Ð#× Ø Öcâ Ð ÓÀâ Ñ^ÎPÙø×�ç,ã*Ñ¦Í Ö Í Ý â Ø	Ñ Q Ñ Ó Ð#× Ø Q,â Ð ÓÀâ Ñ^ÎPÙP�¯ç ¿sÔ ç Ý Ñ Ý â çPäóö,VjïXW`W6ô

Ó Ý ã Ó Õ�Õ â Ø*Ñq×�ç,ã*Ñ â Ø ÓÀâ ã*Ñ Ô Ñ Ý ã Ö ç Ý*Õ Ùøç Ý â Ø*Ñ�'�Ï*Ñ^ÐVÙ Ó Õ ÎMÑ ß Ð Ó Í Ö Í Ý â Ø*Ñ ÜÞÕ ÎPÑ ß Ð Ó �¯ç ¿sÔ ç Ý Ñ Ý â ô
â Ø	Ñ Q Ñ Ó ÐV× Ø Q Ô Ó ×�Ñ��¯ç ¿ìÔ ç Ý Ñ Ý â Í Ö ç Ý*Õ Ù ÓIÖ ¿ Ó Õ�Õ Ó ¿ çMÏ Ý â çPä9×�ç,ã*ÑPî�ï�Ø,Ï Ö × Ø Ó Ý ÎMÍ Ý Î°ÎMÑ Ý Ñ�Ð ÓÀâ çPÐ
×�ç,ã*Ñ�çMÐ Ó ã	ã*Í Ý Î Ó Ý Ñ�ò ÎMÑ Ý Ñ�Ð ÓAâ çMÐ�Í Ö Ñ ÓPÖ ÙMî

ü�óhö��hú����húãù/óoôÇõdô�öa÷�øsó õdùt÷/öaù�ô�ú�û £ ö,VjïXW`W�ç]Ú�Ñ�Ð Ö|Ó × Ø	çMÍ�×^Ñ°çPä Ö Ñ Ó Ð#× Ø Öcâ Ð ÓAâ Ñ�ÎPÍ�Ñ Ö ô Ó Ý ã
¿ ÓPð Ñ Ö Í â Ð#Ñ Õ ÓÀâ Í��MÑ Õ Ù Ñ ÓPÖ Ù â ç Ö ò}Í â × ØèäæÐ#ç ¿ ç Ý Ñ Ö Ñ Ó Ð#× Ø Öcâ Ð ÓÀâ Ñ^ÎPÙ â ç Ó Ý ç â Ø*Ñ�Ð^îêöÞä â Ñ Ý ô�ç Ý Ñ
Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ^ÎPÙS× Ó Ýéß ÑsÐ#Ñ Ô*Õ Ó ×�Ñ�ã ß Ù Ó Ý ç â Ø*Ñ�Ð�ò}Í â Ø*çMÏ â × Ø Ó Ý ÎPÍ Ý Î Ó Ý ÙSçPä â Ø*Ñì×^ç�ã	ÑìÍ Ý â Ø	Ñ
j Ü|Õ ÎMÑ ß Ð Ó l çMÐbj Q Ñ Ó ÐV× Ø Q Ô Ó ×^Ñ l ×�ç ¿sÔ ç Ý Ñ Ý â îvï�Ø*Í Ö Í Ö)â Ø*ÑÆ× ÓPÖ ÑáÍ�ä â Ø*Ñ Ö Ñ Ó ÐV× Ø ÖVâ Ð ÓÀâ Ñ�ÎPÙëÍ Ö
× Ø Ó Ý ÎMÑ�ã äæÐ#ç ¿ â Ø*Ñ�ï4Ð Ó Ý Ö äæçMÐ ¿ ÓAâ Í��PÑ Q,â Ð ÓÀâ Ñ^ÎPÙ â çëç Ý Ñ�çPä â Ø*Ñ�Ð Ó Ý ã*ç ¿ Í�)�Ñ�ã Öcâ Ð ÓÀâ Ñ^ÎMÍ�Ñ Ö ôÞçPÐ

! �Å��� ! �U� �2� î # Ý äæçMÐ â Ï Ý ÓÀâ Ñ Õ ÙPô â Ø	Í Ö Í Ö Ý ç âáÓ Õ ò Ó Ù Ö â ÐVÏ*ÑPî Q ç ¿ Ñ â Í ¿ Ñ Ö × Ø Ó Ý ÎMÍ Ý ÎëäæÐVç ¿ ç Ý Ñ
Ö Ñ Ó Ð#× Ø ÖVâ Ð ÓÀâ Ñ^ÎPÙ â ç Ó Ý ç â Ø*Ñ�Ð ¿ Í�ÎMØ â Ð#Ñ('�Ï*Í�ÐVÑsò}ÐVÍ â Í Ý Î Ý Ñ^ò�û,ü�ý�ý�û	þMû�ü�ý�ý���ý���ý�ü���û	þPüë× Õ ÓPÖ#Ö Ñ Ö î
Ì�çMÐ¦Ñ Ò	Ó ¿sÔ*Õ ÑÀô Ö ò}Í â × Ø*Í Ý ÎÈäæÐVç ¿ Ó ß ç â#â ç ¿ ÷2Ï Ô Q Ù Öcâ Ñ ¿ ÷�§�÷ Õ Í ð Ñ Öcâ Ð ÓÀâ Ñ^ÎPÙ â ç Óìâ Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í��MÑ
ÖVâ Ð ÓÀâ Ñ�ÎPÙpÐ#Ñ(',Ï	Í�Ð#Ñ Ö Ð#Ñ Ô	Õ Ó ×^Í Ý Î Ó Õ�Õ â Ø*ÑDû�ü�ý,ý�û	þPû�ü,ý�ý��Mý���ý�ü���û	þMüå× Õ ÓPÖ#Ö Ñ Ö � â Ø ÓÀâøÓ ÐVÑ ß ÓPÖ Ñ�ãèç Ý
â Ø	Ñá×^ç Ý ×^Ñ Ô â çPä�� ©(�a�]�;ª � �,« Ó Ý ç Ô Ñ�Ð ÓÀâ çMÐ â Ð#Ñ^Ñ � ò}Í â Ø Ý Ñ�ò û�ü�ý,ý�û	þPû�ü,ý�ý��Mý���ý�ü���û	þMüà× Õ ÓÀÖ#Ö Ñ Ö
â Ø ÓÀâ ÐVÑ Ô ÐVÑ Ö Ñ Ý âDâ Ø	Ñ â Ð Ó Ý Ö äæçMÐ ¿ ÓÀâ Í�ç Ý Ð#Ï Õ Ñ Ö î ¥|ç�ò¯ÑU�MÑ^Ð�ô Ö Í Ý ×�Ñ â Ø*Ñ^Ð#ÑáÍ Ö �MÑ�ÐcÙ Õ Í âVâ Õ ÑÈ×�ç,ã*ÑKÍ Ý
â Ø	Ñ�× Õ ÓÀÖ#Ö Ñ Ö ã*Ñ�ÐVÍ��MÑ^ãáäæÐVç ¿ â Ø*Ñqû�ü�ý,ý�û	þPû�ü,ý�ý��Mý���ý�ü���û	þMüK× Õ ÓPÖ#Ö Ñ Ö ô â Ø*Í Ö × Ø Ó Ý ÎMÑ�Í Ö Ð ÓÀâ Ø*Ñ�Ð�Ñ ÓPÖ ÙPî
Ì�Ï*Ð â Ø*Ñ�Ð^ô Ý ç â Ñ â Ø ÓÀâ ç Ý*Õ Ù â Ø	Ñsû�ü�ý�ý,û	þPû�ü�ý,ý��Mý���ý,ü���û	þPüë× Õ ÓÀÖ#Ö Ñ Ö Ý Ñ^Ñ�ã â ç ß ÑìÐVÑ^ò}ÐVÍ â#â Ñ Ý î Ü|Õ�Õ
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Þ�ÛVâ�ßåÝ�á�äwà�ßåá�Û�á��oë�Û�Ú�Ý�Þ�àwÚ�[przuwWhWZYpW~c~SVUX[�SªuwiZY£j�uwWhY\fª^`O�QTS�Y£WZ[�SVY\|}Y\W¢f�Y\Wh[\iZU_j�Ypf©U_O�� ����ú`û��¿�
ù�WquvO3Y]mon�YpiZU_|�YpO�QTuwrxYp�vuwrXk�uvQTU_^`O�^w�¤QZS�Yg^`noQTUX|}UX¸pY\ipa5ceYgWhQZk�f�UXYpf3U_QZW�n�Y\ih��^wiZ|�uwO�[\Y�¾�^`no�

QTU_|�U_¸�uvQZUX^`O�QTU_|�Y¨uwOVf�YpWhQTU_|�u{QTY\fíY¡mVYp[\kVQZUX^`O�[\^`W�Q¡À�uwW}u>��k�O�[pQZUX^`O»^w�¢QTS�YtO�k�|�j�Y\i�^w��yh^`UXO�W
UXO3QZS�Y¨UXO�n�koQ���kVY\i � �»¦�^wiqY�uw[�S���k�Y\i � WZUX¸pY)¾�O�k�|�j�Y\i�^w�Dyh^`UXOVW�À�ý�û�f�U
�¥YpiZY\O�Q���k�YpiZUXYpW}ceY\ihY
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¦5UXs`k�ihY�ý�/('dÒ�^`|}n�uwihUXWh^`O�^w� Ð Y\uwiZ[�S Ð n�uw[\YpW�'
0DW�QTUX|�uvQZY\fªÒ�^`WhQZW�¾�WZ[\uwrXYpf�À

s`YpO�Y\iZuvQTYpf©iTuvO�f�^`|}r � uwO�f©^wnVQTU_|�U_¸\Y\f¥�x�¤SVYlY¡mVn�Y\ihUX|}Y\O�QTW~ceY\iZYliZk�Oª^`Oªu�Ôwûwû21ªS�¸lÿ5YpO�QZUXk�|
ÿDiZ^ln�iZ^�[\YpWZWZ^wi�c~U_QZS©ýåÔ�/�1©Õ�^w�¥|�Yp|�^wi � �43�^�c�Y]�`Ypi\aV��UXi�QTk�uvr�|}Y\|}^`i � c�uvW�rXU_|�U�QTY\f�QZ^ ü Ô�1©Õ
¾�kVWZUXOVs�QZS�Y�56�879�8:b[\^w|�|�uwO�f�À¡�
¦0UXsV��ý&%�UXrXr_k�WhQZiTuvQZY\W�QZS�YtY���Y\[pQ�^w��f�U���Y\ihY\O�Q}WZY�uviZ[�SAWhn�uw[\YpW�^`OíQTSVYª^`noQTUX|}UX¸\uvQTU_^`O)QZUX|}Yw�

¦0U_s��¥ý�/�WhS�^�c~W¢QZS�Y£Y���Y\[]Q�^wO¨QZS�Y£iZYprzuvQZU_�`Y�Y\WhQZUX|�uvQTYpf¨Y]moY\[pkVQTU_^`O¨[\^`W�QTW¢^w��QTS�Y£^`nVQZUX|�uwr�n�rzuwOVW
n�ih^of�kV[\Y\f<;]�»¾>=�^vQTY�QZS�uvQ�^wnVQTU_|�U_¸�uvQZUX^`O�QTU_|�YpW�uwihY�WhS�^�c~O»^wOíu©rX^`s`uwiZU�QTS�|}UX[qWh[�uwr_Yw� À Ð UXO�[pY
QTSVY\WZY�uwrXsw^`iZU�QTS�|}W¤uwihY?��k�U�QTY Y�uwW � QZ^�U_|�nVrXY\|}Y\O�Q\a�uwO���nVQZUX|}UX¸\Ypi���·P|�n�r_Y\|}Y\O�QT^wi�WZSV^`k�rXfªf�Y�	o�
O�U�QTY\r � [p^`O�WhUXf�Ypi¢U_|�nVrXY\|}Y\O�QZUXO�s QTS�Yp|ðUXO¨uwO¨^`noQTUX|}UX¸pY\ieU_��QTS�Y£f�u{Q�uwj�uvWZY£Y]moY\[pkVQTU_^`O¨Y\O�swUXO�Y U_W
[�uvn�uwj�r_Y ^w�0Y¡moY\[\koQTUXOVs�j�k�WhS � Y]moY\[pkVQTU_^`OªnVrzuwO�Wp�

Á¤ÂhÃxÂA@ B C�Í�Î�ÇEDGF¡ÅxÍ�Ë Î0Ï�ÆAH�ÌJILK�Ï�Æ�Ë¼ÆNM�Ì�Í
·PO�QZS�UXW�WhY\[pQZUX^`O¥a�ceY�fVY\WZ[piZU_j�Y¢S�^�cÑQTS�Y~^`noQTUX|}UX¸pY\idc�uwWx[�S�uwO�s`Ypf���iZ^w|Gulj�^wQZQZ^`|q�Pk�n�f � O�uw|}UX[
n�ih^`s`iTuv|�|}UXO�s¤^wnVQTU_|�U_¸\Y\ibQZ^�^wO�YxQZS�uvQ5k�WZYpWduwr_s`Y\jViTuwU_[dQTiTuvO�Wh��^`ih|�u{QTUX^wO ihk�rXYpW\�5·PO�^wQZS�Y\i�c�^wiZf�Wpa
ONPRQ&SUT>SWVYX&Z\[�S�]^TG_`X�T�acbNd�V�e�]fZga>Q&SW]fSUT>X&h�afTRdjiRkmlonqp�rts



� ý
u�WZSVU_�öQ���ih^`| QZS�Yt÷ZÕ�^vQZQT^w|��Au�n�ølWhQTiZuvQTYps � QZ^�QTS�Yt÷��5iZuwO�Wh��^wiZ|�uvQTU��`Y\ø�WhQTiZuvQTYps � ���¤S�U_W�[�S�uwOVs`Y
iZY���k�UXihY\f�QZS�uvQ�OVYpc [\rXuwWZWhY\W�j�Y�fVY\iZU��`YpfR��iZ^`|7QZS�Y�Þ�Ú�Û�Û�ÞVàwÞ�Ú�Û�Ûoì`Û�á�Û�Ú�Ý�ÞVà`Úí[przuwWhWlQZ^>iZYpn�iZY¡�
WZYpO�Q�QTSVY}QZiTuwO�W���^`iZ|�uvQZUX^`O§iZkVrXY\Wp�¨��O�Y}[\rzuvWZW£c�uwWlk�WZYpf���^`i£Y�uv[�S�QTiZuwO�Wh��^wiZ|�uvQTU_^`O�iZk�r_Yw��¦�^`i
UXOVWhQ�uvO�[\Yva�QTSVY�äwà�ßåá�Ýoâ�â�à�ã�ßåÝ�Þ�ß���ß�Þ�õ§[\rzuvWZW�c�uwW�kVWZY\f�QZ^�iZYpn�iZYpWZYpO�Q£QZS�Y�uwWhWZ^�[\UXuvQTU��oU�Q � ^w�DQTSVY
yh^`U_Oª^`n�Y\iZuvQT^wi\a�c~S�UXr_Y QTS�Y�â`Û�Ü�Ûoã`Þ�ç���âwè�×�àwvoá>[przuwWhW¢c�uwW�kVWZY\fªQT^�[\uwnVQZk�iZY QTS�Y n�iZ^wn�YpihQ � QTS�u{Q
WZYprXYp[pQTW¢[�uvOtj�Y£n�k�WhS�Y\fªf�^�c~O©k�O�fVY\i0yh^`UXOVW\�

1ª^�f�U_� � UXOVs§QZS�Y¨c~S�^`rXYt^`nVQZUX|}UX¸pY\i�QZ^)k�WhYªQZS�YtQZiTuwOVWh��^`ih|�uvQZU_�wY�n�uwiTuvf�UXs`|=iZY���k�U_iZYpf�QTSVY
uwf�fVU_QTU_^`Oq^w�buwj�^wkVQ�Ô`þwû£rXUXOVY\WD^w�¥[\^�f�Y~UXO�QTS�Y~��^`iZ|/^w��Þ�Ú�Û�Û�Þ�àwÞ�Ú�Û�ÛVì`Û�á�Û�ÚoÝ�ÞVàwÚyx�iZY\nViZY\WhY\O�QTU_O�s
QTSVY�QTiZuwO�Wh��^wiZ|�uvQTU_^`Oªihk�rXYpWtz���ó�YlO�^wQTYlQTS�uvQ�O�^g[p^of�Y�UXOªQZS�Y§÷hù�rXs`Ypj�iTuvø�[\^w|�n�^`O�YpO�Q�S�uwf©QZ^
j�Y�[�S�uwO�swY\fba`c~S�U_rXY�U_O�QTSVY�÷ Ð Y\uwiZ[�S Ð n�uv[\Y\ø [p^`|}n�^`OVY\O�Q�a`^wO�r � O�Ypc»Þ�Ú�Û�Û�ÞVàwÞ�Ú�Û�Ûoì`Û�á�Û�Ú�Ý�ÞVà`Úyx
S�uwf�QZ^tj�Y�uwf�fVY\fb�q�¤S�Y�^`r_f>Þ�Ú�Û�Û�ÞVàwçoÜ�Ý�á�ì`Ûoá�Û�Ú�Ý�Þ�àwÚRuwO�f�ç�Ü�Ý�á�ÞVàwçoÜ�Ý�á�ì`Ûoá�Û�Ú�Ý�Þ�àwÚ�[\rzuvWZWZYpW
ceY\iZY k�WhY\f©kVO�[�S�uwO�swY\fb�
�¤S�Y���iTuvO�Wh��^`ih|�u{QTU_�wY Ð Y�uwih[�S Ð QZiTuvQZY\s � U_OR� ÿD�����8U_W£j�uwWZYpfRk�n�^`O)QZS�Y}WZY�uviZ[�SRYpO�s`UXOVY

^w��QTSVYE{�^`rX[\uwO�^���nVQZUX|}UX¸\Ypi}| Y\OVY\iTu{QT^`ip�D�5^��vuwr_UXf�uvQZY�^`kVi�UX|}n�rXYp|�YpO�Q�uvQZUX^`O}^w��QTS�u{Q¤WhQZiTuvQZY\s � a
uwO�f}QT^ WZS�^�cÑQZS�uvQeU_QTW�n�Y\i���^`iZ|�uwO�[pY�f�^�Y\WxO�^wQeWZk(�¥YpieY]�`Y\OgQZS�^`k�swS�U_QxS�uvWej�Y\YpO�UX|}n�r_Y\|}Y\O�QTYpf
UXORQZS�Y�|}^`iZY�Ö�Y]moUXj�r_Y¨� ÿD���~� ��iTuw|}Ypce^`iZ«�aDceY�[\^`|}n�uwihY\fíU_Q�QZ^§uwO3^`nVQZUX|}UX¸pY\i�swY\O�YpiTuvQZY\f
k�WhUXO�s�{�^`rX[\uwO�^��\u¢WZUXOVs}QZS�Y~{�^wrX[�uvO�^�� noQTUX|}UX¸pY\i�| Y\O�YpiTuvQZ^`i¤c�Y UX|}n�r_Y\|}Y\O�QTYpfªuvOª^`noQTUX|}UX¸pY\i
Y���k�U��vuwrXYpO�Q�QT^>^`kVi��5iZuwO�W���^`iZ|�uvQTU��`Y¨��nVQZUX|}UX¸pY\i\�©�¤S�Y�QPce^�^wnVQTU_|�U_¸\Y\ihWlceY\ihY�Y���k�U_�vuwr_Y\O�QqU_O
QTSVY WhY\O�WhY QZS�uvQ¤QZS�Y � k�WhY\f¨QTS�Y£WZuw|�Y�QZiTuwOVWh��^`ih|�uvQZUX^`O�ihk�rXYpW~uwO�ftY]mVuw[]QTr � QTS�Y WZuw|�Y£[p^of�Y���^wi
[\^wWhQ¢Y\W�QTUX|�uvQZUX^`ObaoWZYprXY\[]QTU��oU�Q � YpWhQTU_|�u{QTUX^wObac�j:A���
¦0UXswk�iZYpWlý�ú}uwO�f�Ôwû}[p^`|}n�uwiZY£QTSVYlQPce^�^`nVQZUX|}UX¸pY\iZW~U_OtQZY\iZ|}W¢^w�D^`nVQZUX|}UX¸\uvQTU_^`OgQTU_|�YpW�uvO�f

|}Y\|}^`i � [\^wO�WZk�|}Y\f���^`i�iTuwO�fV^`|�r � s`Y\O�YpiTuvQZY\f���k�Y\ihUXYpW ^w��UXO�[piZY\uwWZU_O�s�WZU_¸\Y\Wp�lù�W�j�Yp��^`ihYwabQTSVY
Y]mon�Y\ihUX|}Y\O�QTW�ceY\ihYtihk�Oí^`O»u§Ôwû`û21tS�¸¨ÿ5YpO�QZUXk�|=ÿDiZ^§n�iZ^�[\YpWZWh^`iqc~U_QTS3|}Y\|}^`i � r_UX|}U_QTYpf�QZ^
ü Ô�1ªÕ1^w�~|�Yp|�^wi � �©�¤S�Y�	�s`k�ihY\WqWhS�^�c¼kVW�QTS�uvQlQTS�Y�n�Y\i���^`iZ|�uwO�[pY�^w�¤QZS�Y���iTuwO�W���^`iZ|�uvQZU_�`Y
���8V�afQ&S�V&SN�Ya�T�StbAa>��djV���S�T�Qw��h�hRT>S�S�a>Q���a��~T>����a^b^Q�i�]fdjZ�a>Q�S�P(]f�jV�T�i�dj]fZ}��a>���jS�T�a>]^��afS����~afd?d�V&S�dji�a>Q�S

� �jV���djZ}����St��T�a>]^��afS��j��SUT���T�Z\Xwb^Q�St�jT>��SU]Ra>Q��jV�afQ&��TU�
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¦5UXs`k�ihY�ÔwûG'�� ÿ������®¥�§��?{�^`rX[\uwO�^©'E1ªY\|q�^wi � �~Y���k�U_iZY\|}Y\O�QZW
Ð Y\uwiZ[�S Ð QTiZuvQTYps � ^w�b� ÿD���~��UXWDuwr_|�^wWhQ�uwW�s`^�^�f�uwWdQTS�u{Q�^w��QZS�Y�{�^`rX[\uwO�^ WhY�uwih[�S�Y\OVs`UXO�Yv�0ó)Y
WZYpY�uvn�n�iZ^�moUX|�uvQZY\r � utfVY\s`iZuwf�uvQZUX^`O§^w��uwj�^wkVQlþ�¯ U_O�QZS�Y�^`nVQTU_|�U_¸�uvQZUX^`OªQTUX|}Y\Wpa�c~S�UXr_YqWZn�uw[pY
kVQZUXrXU_¸�uvQZUX^`O�UXW¤ih^`k�s`S�r � Y���kVU_�vuwrXYpO�Q��

Á¤ÂhÃxÂ�Á °ÑÎ�ÇE± Å�Ë ÆNM�Ìc±³²¤ÏVÍ�Î0ÏVÌc´eÆ¹ÌcD
¦0U_O�uwrXr � awceY¢|�^�f�U�	�Y\f�QTS�Y~QTiZuwO�Wh��^wiZ|�uvQTU��`Y~^`nVQZUX|}UX¸\Ypi0QT^lk�WZY~QTSVY�iZuwO�f�^`|}UX¸pY\f}WZY\uwiZ[�SgW�QTiZuvQTY¡�
s`U_Y\W�u��vuwU_rzuwj�r_Y¢c~U�QTS¨� ÿD�������D�5^qf�^�QZS�UXWpaoceY iZYpn�rzuw[pY\fgQZS�Y���iTuwO�W���^`iZ|�uvQZU_�`Y Ð Y�uviZ[�S Ð QTiZuvQh�
Y\s � ^wj�yhY\[]Q�j � uwO>^`j�yhYp[pQ�^w�dQTSVYlihY���k�UXihY\f��¢uwO�fV^`|�U_¸\Ypf©WZY\uwiZ[�S©WhQTiZuvQTYps � �¢�¤S�k�W\a�Whc~U�QT[�S�U_O�s
��iZ^w| uR��iTuvO�Wh��^`ih|�u{QTU_�wY©WhY�uwih[�SÑWhQTiZuvQTYps � QZ^RY\U�QTS�Ypi Ð U_|�k�rXuvQTYpfïù�OVO�Y�uwr_UXO�sVa¤·�QTY\iZuvQTYpfÑ·P|��
n�ih^å�wY\|}Y\O�Qe^`iD��c�^�ÿDS�uwWZY���nVQTU_|�U_¸�uvQZUX^`Og¾�^`i�¥��f����¥��jµ¶§�·�Àd[�uvO�j�Y�QTihU_��Uzuwr_r � uw[p[\^`|}n�rXU_WZS�Ypf�j �
[�S�uwOVs`UXO�st^`O�Y�r_UXO�Yq^w��[\^�f�Yw���¤S�Y}UXO�n�koQln�uwiTuw|}YpQZY\ihW£��^wi�QTS�Y}iTuwOVf�^`|}UX¸\Ypf§WhQTiZuvQTYps`UXYpW ceY\ihY
[�S�^`WhY\OtQT^�j�Y QZS�Y£WTuw|}Y uwW�QTS�^wWZY k�WZYpfªU_O��¹¸£uwO�úVý�� �
ó�Y [\^w|�n�uviZY\f¨QTSVYln�Y\i���^`iZ|�uwO�[pY ^v�5QZS�Y\WhY�WZY\uwiZ[�SªWhQZiTuvQZY\s`U_Y\W~c~U_QTS¨Y\uw[�S>^wQZS�Y\i¢uwO�f¨c~U_QZS

QTSVY f � O�uw|}UX[]��n�iZ^ws`iTuw|}|}UXO�s j�uwWhY\ftWZY�uviZ[�StWhQTiZuvQTYps`UXYpW\�D�¤S�U_W¤UXW¤^`OVY UXrXr_k�WhQZiTuvQZUX^`O}^w��QTS�Y «�U_O�f
^w�¢Y]mon�Y\ihUX|}Y\O�QTWqQTS�uvQ�[�uwOíj�Yg�`Ypi � Y\uwWZU_r � [\^`O�fVk�[pQZY\fïkVWZUXOVs��£ÿD�������R�¤S�U_WqWZY\[]QTU_^`O»uwrXWh^



� ü
WZYpih�wY\WluwW£u��vuwrXU_f�uvQTU_^`O©^v�e^wk�i UX|}n�rXYp|�YpO�Q�uvQZUX^`Ot^w��QTS�YpWZY�WZY\uwiZ[�S�WhQZiTuvQZY\s`U_Y\W U_O��£ÿD�����¼uvW
ceYl^`joQ�uwU_O�iZY\Whk�r_QZW~WZUX|}UXrXuwi�QT^�QTS�^`WhY ��^`k�O�ftUXOgQZS�Y£rXU_QZY\iZuvQTk�ihYw�

Á¤ÂhÃxÂ�º »RÅeË¼K�ÎDÍ�Æ�DoÅ�ÇÉÅ\F½²¢Ì�ÎDÍ¿¾<ÀÁ²¤ÏVÍ�Î0Ï�Ì�´eÆ�Ì�D
ó)Y�[\^w|�n�uviZY\f�QTS�Y�n�Y\i���^`iZ|�uwO�[pY�^v��Y�uw[�S�^w��QZS�Y�fVU���Y\iZYpO�Q�WZY\uwiZ[�S¨W�QTiTu{QTY\swUXY\WeUXO}QTY\ih|�We^w��QTSVY
QTU_|�Y5Q�uw«vY\O£QT^~^`nVQZUX|}UX¸\Y5iTuwOVf�^`|}r � s`Y\O�YpiTuvQZY\f~��k�Y\ihUXY\W�^w�oUXOV[\iZY\uwWZU_O�s¤WZU_¸\YpW\avuwO�f QTS�YÂ��k�uwr_U_Q � ^w�
QTSVY¢nVrzuwO�W�n�ih^ofVk�[\Ypfb�D�¤S�Y~WhQZ^`n�n�U_O�sl[p^`O�f�U�QTU_^`O�W�uwO�f}^wQZS�Y\iDn�uviTuw|}YpQZY\iZWD��^`iDQZS�Y~iTuwO�fV^`|�U_¸\Ypf
WZY\uwiZ[�S�WhQZiTuvQZY\s`U_Y\WdceY\iZY�uwWDf�YpWZ[piZUXj�Y\f�UXOÃ� ·N¸£ú`ûw�¿�D¦0UXswW\��Ô�ý`a�Ô`Ô�WZSV^åcïQTS�Y~n�Y\ih��^wiZ|�uwO�[\Y¤ihY\Whk�r_QZW
^`jVQTuwUXOVY\fb� Ð UXO�[pY©QTSVY)Õe^wQZQZ^`|���k�nÑuwOVfÓQZS�Y���iTuwO�W���^`iZ|�uvQZU_�`Y©WhQTiZuvQTYps`UXYpW�n�iZ^�f�k�[pY§Y]mVuw[pQZr �
QTSVYtWZuw|}YtnVrzuwO�Wpa�¦5UXs��dÔ`Ô>WZS�^�c~W}^`O�r � ^`O�Y¨[\k�i��`Y¨��^`i�QTSVY¨QPce^�W�QTiZuvQTYps`UXYpW\�ÅÄ�k�uwrXU�Q�uvQZU_�wY\r � a
QTSVY � [\^`O(	�iZ|GQTSVY�	�OVf�UXO�swW�^w�W��¸£uwO�úoý���QTS�uvQx��^`i�WZ|�uwr_rXY\iW��k�YpiZU_Y\WeQZS�Y�Y¡moS�uwk�W�QTU_�wY uwr_s`^`iZU�QTS�|}W
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� X�QSG�p�IRE6IRWHU5G�_sacG�US[\GfEHe�GfQ�����G�rcG�m\[dGf��G�KNMtXZKPpHG�rsWH]R]R[dEH]�KNMHG�IRasKY[dOn[dh�GfUTUNGfaHUNGfQNG�E�KNQ~X
�RGfUSxPm{XZUN]RGLacG�UNefG�E�K�XZ]RGFI�J�KYMHG�KY[\OPG�QNacG�E�K�roxnX�E=DFasKY[dOn[dh�G�UjilklOPaHm\GfOnGfE�KYIRU�[dEn[dOnasm\G�OPG�E�KN[\EH]
X=voWHG�U�x�IRasKN[\OP[\hfG�U�|���I���Gf��G�Uf����GPX�UNGgEHIZK�X���X�USG5I�J�X�E�x���IRUN��KNMtXZK�XZpHpHUNGfQNQSG�Q�KYMH[dQF[\QSQNWHGZ|
klEnKNMH[\QwQNGfefKN[\IRE��o��G�pHGfQNe�US[\rcG�MHI���KNMHG�I�asKY[dOn[dh�G�U-[�KYQSG�mdJ�e�XZE=r�G�WHQSG�p�KNI�]RUSG�XZKNmdxgQS[\OPaHm\[�J�x�KYMsG
K�XZQN�=I�J�pHGfrHWH]R]R[dEH]gKYMHG�IRabKY[\OP[\hfG�Uf|

  [\USQSKL��G�e�I�EHQN[dpHG�ULKYMHG�QN[dOnasm\G�aHUSIRrHm\GfO¡I�J-XZE�IRasKN[\OP[\hfG�U�KYMHXZK�aHUNIupHWHefG�QFX5QNWsrbilIRabKY[\OnX�m
voWHG�U�x=G�_sGfe�WsKN[\IRE~asm{X�E�¢�£c¤�¥ ��¦�§ �b�LMHGfUNG�XZQ�X�EHI�KNMHG�U�aHm{X�E�¢�£c¤�¥ �~¨�§ [dQ��oEHI��LE=KYI�r�GFI�asKY[dO�X�m©|
��MHG�ªSIRr�I�J«KYMHG�DFasKY[dOn[dh�G�UjilklOPaHm\GfOnGfE�KYIRU�[dQ�KYI�psGfKYGfUNOP[\EHGZ�t�L[dKYM�KYMHG�X�[\p�I�J�KYMHGqIRasKY[dOn[dh�GfU��
�LM�xn¬�¤�¥ �g¨ ��XZQ�EHI�K-asUNIupHWHe�Gfp�|�klE�KNMHG�QS[\OPaHm\GfQSK�e�X�QSG��s¬�¤�¥ �P¨ [\Q«QSWHaHaHmd[\Gfp�KYI�KNMHG�IRabKY[\OP[\hfG�U
X�Q�X�E�[\EHasWsK�|®­FWHUS[\EH]gKNMHG�e�IRWHUSQNG�I�J�IRasKY[dOn[dh�XZKN[\IRE¯�uKNMHG�vuWsG�USx�I�asKY[dOn[dh�G�U�e�IROPatX�USG�QF¬�¤�¥ �^¨
�L[dKNM�KNMHG��ZX�UN[dIRWHQ�aHm\X�EHQ�KYMtX�K�[�KLaHUNIupHWHefG�QL�LMH[\mdG�G`_baHmdIRUN[dEH]gKYMHG�QNG�X�UNe�M^QNatX�efG�|w°±G�pHGfQNe�US[\rcG
[\E�}bGfefKY[dIRE�²s|d³�MHI��´KYMHG�IRasKN[\OP[\hfG�U�e�XZE^KYMsG�E�[dEHpH[\e�XZKYGFKNInKNMHGTDFasKN[\OP[\hfG�U�iµklOnasm\G�OPG�E�KNIRU�KYMsG



¶R·
OPIRQSKLmd[\��GfmdxnQNIRWsUNe�GfQ�I�J�rHWH]�Q�|

klE�USG�X�md[dKlxR�uKYMHG�QN[�KYWtX�KY[\I�E~[\Q�OPIRUNG�e�I�OnaHmd[\e�XZKYGfp�|-¸�m�KYMHIRWs]RM�X�E^D�abKY[\OP[\hfG�UjilklOPaHm\GfOnGfEoKNIRU
OP[\]RM�K�QSWHQNacG�e`KLKYMtXZK�KYMHG�IRabKY[\OP[\hfG�Uw[\Q�asUNIupHWHe�[dEH]gQNWsrbilIRabKY[\OnX�m¹aHm\X�EHQ��s[dK�[dQ�EHI�K�X�md��X�xbQ�G�X�QSx
KYI=ºHEHp�X�E4X�mdKNG�USEtXZKY[��RGqaHm{X�E6¢j»½¼½¾�¼�¬�¤�¥ �4¨�§ KYMtXZKF[\QFrcGfKSKYG�UFKNMtX�E�KNMHGgaHm{XZE�aHUNIupHWHefG�p4r�x�KYMsG
IRasKN[\OP[\hfG�U�|�klEz}bGfefKN[\IRE>²H|À¿���G~pHG�QSe�UN[dr�G~MsI��ÁKYMs[\QTaHUSIRrHmdG�OÂ[dQ�K�XZe��umdG�p�|���MHG�DFasKN[\OP[\h�GfU�i
klOPaHm\GfOnGfEoKNIRU~aHUSI��u[dpHG�Q�KYMHG�IRasKN[\OP[\hfG�U~MH[dEoKNQ�X�r�I�WsK�KYMHG�a�I�QNQN[drHm\G4e�MtXZUYX�e`KYG�US[\Q�KY[\efQ^IZJ�KYMsG
IRasKN[\OnX�mLaHm{XZE��LX�EHp�mdGfKNQ�KYMHG�IRasKY[dOn[dh�GfU5ºHEHpÃX±r�G`KNKNG�U=aHm\X�E�|Ã°±G�psG�QNefUN[dr�G±¬�¥ ��Ä »½¥�¤�¬�¤�¥ �
ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ���sÈ �sX�ÉtG�_b[\rHmdGF��X�x�KNIgQNacG�ef[dJ�x=QSIROPG�e�MtX�UYXZefKYGfUN[dQSKY[de�Q�IZJ«XgvoWHGfUSx=G�_bG�e�WbKY[\I�E^aHm\X�E�|
°!GLKNMHG�E5pHGfQNefUN[\rcGLMHI��ÊKNMHG�IRasKN[\OP[\h�GfU�e�XZEPrcG�pHGfrHWH]R]RGfpnWsQN[\Es]g¬�¥ ��Ä »½¥�¤s¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ���sÈ |

¸�mdm�KYMHGPpHG�rsWH]R]R[dEH]^KNG�e�MHEH[dvoWHG�QqpHG�QSe�UN[dr�Gfpy[\E±}bGfefKY[dIREHQ�²H|�³�X�Esp±²H|À¿^XZaHaHmdx�KYI�I�asKY[dOn[dh`i
G�USQTKYMtX�K5WHQNG~KYMsG�}uxuQSKYGfO5ilËÌQ�KlxbmdG�psxuEtX�OP[\e=aHUSIR]RUNX�OnOP[\Es]^QSG�X�USe�MzQ�KYUYX�KYG�]ZxR|C}b[dEHe�G=KNMHG�QSG
KYGfe�MHEH[dvuWsG�Q�X�USG�EHI�K�]RG�EsG�UYXZm�GfEHIRWH]RM�KNI=rcG�pH[dUNG�e`KYm�x�X�aHaHmd[\e�XZrHm\G�KYInpH[dÍ�G�USG�E�K�QNG�X�UNe�M�Q�KYUNXZKYG�i
]R[dG�Q��H��G�MtX��RG�e�MsIRQNGfE^KYIPG`_befm\WHpHG�KYMsG�O9JVUNI�O�KYMHG�]RGfEHG�UNX�m�D�Î®��Ï�Ï#JVUNX�OPGf��IRUN�¹|���I���G`�RG�Uf�
KYMsG4X�m\]RI�UN[dKNMHOPQnpHGfQNefUN[\rcG�pÐMHGfUNG�X�USG�[\EHefIRUNacIRUYX�KYG�pÊ[\E�KYIyKNMHG�r�IZKNKYI�O5iµWHa�QNG�X�UNe�MÃQSKNUYXZKNG�]�x
X��ZX�[\m\X�rHm\Gq�L[dKYMyD�Î®��Ï�ÏT|~��G�EHefG��-X�EyDFasKY[dOn[dh�G�UjilklOPaHm\GfOnGfE�KYIRU�e�X�E��RG�U�x�G�X�QS[\mdx�OnIupH[dJ�x�X
}uxuQSKNG�OgijË¡QSKlxumdG�IRasKN[\OP[\hfG�U�¢VrHWH[\m�KPWHQN[dEH]>D�Î-��Ï�Ï § KYI�[\Ese�IRUSa�IRUNXZKYG~KNMHG�pHGfrHWH]R]�[\EH]4KYGfe�Mbi
EH[dvuWsG�Q�pHG�QSe�US[\rcG�p�[\E�KYMs[\Q�e�MtX�abKYG�Uf|gklE!}bG�e`KY[\I�E�²s|ÒÑ���GPps[\QNefWHQNQ�MHI��#KYMHGfQNG5KYG�e�MsEH[\voWHGfQqe�X�E
rcG�IZJ«QSIROnG�WsQNG�JVIRU�pHG�rsWH]R]R[dEH]5IRasKY[dOn[dh�GfUNQ�KNMtXZKLWHQSGqI�KNMHG�ULQSG�X�USe�M^Q�KYUYX�KYG�]�[\G�Qf|

¬�¥ �`Ä »½¥�¤�¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ���sÈ e�X�E�X�m\QSI=rcGTWHQNGfp�KYI~I��RGfU�ilUS[\pHGTX�E�IRasKN[\OP[\h�GfU�XZEHp�JVIRUNefGT[dK
KYI�aHUNIupHWHefGFQNacG�ef[dºteFvoWHGfUSx�G`_bG�efWsKY[dIRE~aHm{XZEHQ�KNMtXZK�QNXZKY[dQSJ�xP]R[��RG�E�e�IREHQ�KYUNX�[\E�KYQf|®klE�}bG�e`KY[dIRE=²H|Ó²
��GqpH[dQNefWHQNQ��LM�x~KYMH[dQ���IRWsm\p�r�G�XgWHQSGfJVWHm;JVG�X�KYWHUSG�JVI�U�ptXZK�XZrtX�QNG�WHQSG�USQ�X�Esp�psGf�RGfm\IRacG�USQ�|

Ô�Õ�Ö ×)Ø�Ù�Ú�Û Ú�Ü�Ý�ÞàßáÚ�â�Ý�â ãäÝFå�æ�çPçPÚ�è�ç

klE�KYMs[\QFQSG�efKN[\IRE���Gg�L[\mdm�psG�QNefUN[dr�GTKNMHGgrtX�QS[\eT[dpHG�X�Q�r�GfMH[\EHp�KNMHGTIRabKY[\OP[\hfG�UjijX�[dpHG�p�pHG�rsWH]R]R[dEH]
KYGfe�MHEH[dvuWsG�KNMHUNI�WH]RM=KYMsG�WHQNG�I�J�X�E�G`_sX�OPaHmdG�|«°!G�pHG�QSe�US[\rcG�MHI��´X5}uxuQSKNG�OgijËÃQSKlxum\G�psxuEtX�OP[\e



¶Ré

Select * from Emp, Dept, Job
where Emp.dno = Dept.dno
and Emp.jno = Job.jno
and Emp.name = Lee

(a) (b)
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Emp.name

Emp.name = Lee

Job.jno

DeptEmp.jno = Job.jno

Emp.dno = Dept.dno
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Emp.name

Emp.name = Lee

Dept

JobEmp.dno = Dept.dno

Emp.jno = Job.jno

(c)

  [d]RWHUSG�ÑRÑ��-¸ }bWHrui�DFasKY[dO�XZm��FWHG�U�x��«_bG�e�WbKY[\I�E�Î-m{X�E
aHUSIR]RUYXZOnOP[\EH]�QNG�X�UNe�MnQSKYUNXZKYGf]�xge�X�EnrcGLG�X�QS[\m�x�OPIbps[dºtGfp5KNI�]R[d��GLX�EnD�abKY[\OP[\hfG�UjilklOPaHm\GfOnGfEoKNIRU
WHQSGfJVWHm�°!G��L[\m\m�pHG�QSe�US[\rcG�MsI��AKYMHG�DFasKN[\OP[\hfG�U�iµklOnasm\G�OPG�E�KNIRU�WsQNG�Q�MH[dEoKNQ�JVUNIROÁKYMHG�IRabKY[\OP[\hfG�U
KYITKNUYX�e��npHI��LE�KNMHG�rHWH]TKNMtXZKLe�X�WHQNGfQ�KYMHG�IRabKY[\OP[\hfG�U®KYI5aHUSIbpHWse�G�QNWsrbilIRabKY[\OnX�mcaHm{XZEHQ�|-klE~KYMsG
UNGfQSK�I�J�KYMs[\QwQNG�e`KY[dIRE��b�L[dm\mtWHQSG�KNMHG�voWHGfUSxnQNMHI��LE~[\E   [\]�WHUNG�ÑRÑH¢½X § X�EHp~X�EnG`_sX�OPaHm\GZ|®}bWHasa�IRQSG
  [d]RWHUNG~ÑRÑH¢½r § [\QTKYMsG�asm{X�E>aHUSIbpsWHe�Gfpzr�xyKNMHG�IRasKY[dOn[dh�GfUqJVIRUTKNMH[\QgvoWHGfUSxR|C��MHG^DFasKN[\OP[\h�GfU�i
klOPaHm\GfOnGfEoKNIRU�rcG�md[\Gf��G�Q-KYMHXZK®KYMH[dQ-aHm{X�E5[dQ-QNWHrbiµIRasKN[\OnX�m ��X�EHpgKYMHGLaHm\X�E5QNMHI��LEn[\E   [\]�WHUNGLÑ�ÑH¢½e §
[\Q�KNMHG�UNG�X�m;IRasKN[\OnX�m�asm{X�E�|

��MHGqDFasKY[dOn[dh�G�UjilklOPaHm\GfOnGfE�KYIRU-QSa�Gfe�[dºHG�Q�KYMH[dQ �SG�_sacG�e`KYGfp"!nasm{X�E~XZQLX�E~[\EHasWsK�KYITKNMHGFIRabKY[�i
OP[\h�GfUFX�Esp�KYUN[dG�Q�KNI~pHGfKNG�USOn[dEHG��LM�x�KNMH[\QFasm{X�E���X�Q�EHIZK�aHUNIupHWHefG�p�|�°!GgEHI�� pHGfQNefUN[\rcGTMHI��
KYMsGT}uxuQ�KYG�OgijË Q�Klxum\G�psxuEtX�OP[\e�aHUNI�]RUYX�OPOP[\EH]TQSG�X�USe�M�QSKNUYXZKNG�]�x=[\QLOnIupH[�ºtG�p~KYIPWHQSG�[\EbJVIRUNOnX�i
KY[dIRETXZr�IRWbK«KYMsG �SG`_bacG�e`KYG�p#!�asm{X�E�X�EHpg]RWH[dpHG�KNMHG�DFasKN[\OP[\hfG�U�iµklOnasm\G�OPG�E�KNIRU;[\E�KNUYX�e��o[dEH]FpHI��LE
KYMsGnQSIRWHUNefGnIZJ�KNMHGnrsWH]H|5°ÐMH[\mdGTKYMHGPvoWHG�U�x4[\Q�r�Gf[\EH]�IRabKY[\OP[\hfG�p���KNMHG5IRasKN[\OP[\h�GfUFe�I�EHQSKYX�E�KYmdx
e�I�OnatXZUNG�QwKYMHG��ZX�UN[dIRWHQ®aHm{XZEHQ�¢VQNWHrbiµaHm{XZEHQ § r�Gf[\EH]q]RG�EsG�UYX�KYG�pn�L[dKYMPKYMHG$�SG`_bacG�e`KYG�p�aHm\X�E"!�KYMtX�K
[\Q�QSa�Gfe�[�ºtG�p�KYI5[dK�|���MHG�O�X�[dE~a�I�QNQN[drHm\G�I�WsKYefIROnGfQ�I�J�KYMH[dQ�XZEtX�mdxuQS[\Q�X�USG%�

& ¸ QSWHrbi KYUNGfGFI�J;KNMHG��SG�_sacG�e`KYGfp"!5aHm{X�E�]RI�K�asUNIupHWHe�Gfp��HrHWbK�]RI�K�aHUNWHEsG�p�IRWsK�|-��MH[\Q�e�IRWHmdp
MtX���G�Kl��Ine�X�WHQSG�Q'�

( ¸ rHWH]5[\E�KNMHGFefIRQSK�GfQSKN[\OnXZKY[dIREHQ�JVI�U�KYMsG�QNG�asm{X�EHQ�e�X�WHQSG�Q�KNMHG)�SG`_bacG�e`KYG�p#!Pasm{X�E�KNI
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Emp.name

Emp.name = Lee

Dept

Emp.dno = Dept.dno

C�D%E1F1G

C�D%E1F1G1H�F4IJF1K1L

M4N1OQP%R1S?T�D

M4F1N4U1V1T�I5F
Emp.name

Emp.name = Lee

Dept

Emp.dno = Dept.dno

(a) (b)

  [d]RWHUNG�Ñ ¶ �-¸ rHWH]P[\E~efIRQSK�G�Q�KY[dO�XZKN[\IRE
QSG�GfO¡OnIRUSG�G`_bacG�EHQS[d�RG=¢�Æ ��È`Ä�W ¾ È`Ä »YXP¥ Ä » ��� ¥ �Z� XP¥�¤[Z § �HI�U

( ��MsG�UNG5[dQFEHI~rHWH]�[dE�KYMHGgI�asKY[dOn[dh�G�Uf�¯XZEHp�KYMHGTasm{X�E�aHUSIbpsWHe�Gfp�r�x^KYMHGgIRabKY[\OP[\hfG�U
[dQL[\EHpHGfG�p�e�MHG�X�a�GfU�KNMtX�E�KYMHG\�SG�_ba�GfefKYGfp"!�asm{X�E!¢ �Z� ¥ �Z� XP¥�¤[Z § |

& ­FWHG�KYIPXTrHWH]5[\EnKYMHG�GfEuWsOnGfUYXZKN[\IRE~mdIR]R[\eZ�uKNMHG)�SG�_sacG�e`KYGfp"!nasm{X�E~EHG`�RGfU�]�I�K�aHUSIbpHWse�G�p¯|
��MH[dQLe�IRWHmdp�MtX�aHacG�E�[dJ

( ¸�E�IRacG�UNXZKYI�U�KYUNGfGLe�IRUSUNG�QSa�I�EHpH[\Es]�KNIqX�QNWsrbiµKNUNG�G�I�JcKYMHG]�SG�_ba�GfefKYGfp"!TaHm\X�E5pH[\p5EHIZK
]�GfKPaHUNIupHWHefG�p�|z��MH[\Q5[dEHpH[\e�XZKYGfQ5X�rsWH]![dECQNIROPG_^a`=b=b=^#cd^=`=b=b�efbagfb=`ah=^#c%` efm{X�QSQ
¢ ÄG� ¾�¾jiu¾ � ¾ � ¥ Ä » ��� ¥ �Z� XP¥�¤[Z § |

( ¸�E4X�e�efG�QSQFaHm{XZE�e�I�UNUNGfQNacIREHpH[dEH]�KNI=X�QSWHrbiµKNUNGfG�I�J-KNMHGk�SG�_ba�GfefKYGfp"!~aHm\X�E�pH[dp�EHIZK
]�GfKTasUNIupHWHe�Gfp���G`�RG�EyKNMHIRWH]�M!KYMsG�e�I�UNUNGfQNacIREHpH[dEH]�IRacG�UNXZKYI�U�KNUNGfG�]RI�KqaHUSIbpHWse�G�p¯|
��Ms[\Q�[dEHpH[de�XZKNG�Q�XnrHWs]�[\E�QNI�OnGl^=`ab=b=^#c%m�n=h=gaedb�gfb=`ahf^"c%`4efm{X�QSQT¢{£c¤�¥ � iu¾ � ¾ � ¥ Ä » ���
¥ �Z� XP¥�¤[Z § |

klE�KNMHG�UNGfQSK�I�J«KNMH[\Q�QSG�e`KY[\I�E��H��G�efIREHQN[dpHG�U�KNMHG�QSG�X�EsIRO�XZm\[\GfQ�[dE�]�UNG�X�KYG�ULpHG`K�X�[dm |



* ³
oqp�rsp�r tvuxwzy|{~}=�a���\}a�"�������1��{~�����x{��������

��IREHQS[\pHGfU�KYMsG�QNWsrbilaHm\X�EyQSMHI��LE6[dE   [d]RWHUSG=Ñ ¶ ¢©X § |�kµJ�KYMs[\Q�QSWHrbiµaHm{X�E![\QqaHUNWHEsG�p>IRWsK�r�x±KYMsG
IRasKN[\OP[\hfG�ULpHWHUS[\EH]PKYMHGTI�asKY[dOn[dh�XZKN[\IRE~aHUSIbefG�QSQF[\E�J½X���IRUFI�J-X�EHI�KNMHG�U�aHm{X�Ey¢VJVIRU�G`_sX�OPaHm\GZ�   [\]Zi
WHUSG�Ñ ¶ ¢Vr §N§ �«KYMHGfE>KYMHG���G`_ba�GfefKNG�p"!4aHm\X�Eye�XZEHEHI�KgrcG�asUNIupHWHe�GfpCrox�KYMsG~IRasKY[dOn[dh�GfU�|�klEyKYMH[dQ
e�XZQNG��-KNMHG�USG=[\QqQNIROPG�rHWs]�[\E±KNMHG=e�I�QSKgGfQSKY[dO�X�KY[\I�E!I�J�KNMHG�QSG~aHm{XZEHQq�LMH[de�M>e�X�WsQNG�QgKNMHG�IRabKY[�i
OnX�m�I�EHG�KYI~QSG�GfO+OPIRUNGqG`_ba�GfEHQN[��RGPX�EHp�]�GfK�aHUSWHEHGfp�IRWsK�|���MHG�IRasKY[dOn[dh�GfU�e�X�E�EHI�� I�WsKYaHWbK
KYMs[\Q�[dEsJVIRUSO�XZKN[\IRE�KYInKYMHG5DFasKN[\OP[\hfG�U�iµklOnasm\G�OPG�E�KNIRU�|L��MHGPDFasKN[\OP[\h�GfU�iµklOnaHmdG�OPG�E�KYI�U�e�X�E�WHQSG
XgpHG�rsWH]R]RGfU�KYI5QSKNG�a�KYMHUSIRWH]RM~KYMsG�e�IRQ�KLG�QSKN[\OnXZKY[dIRE�JVWHEsefKY[dIREHQ��LMH[dm\G�KNMHGfx~X�UNG�rcG�[dEH]gWHQNGfp�KNI
G�Q�KY[dO�XZKNGFKYMHG�efIRQSK�I�J�KYMHGfQNG�Kl��InQNWHrbiµaHm{XZEHQ�X�EHp�e�X�E�KYMHGfE�voWH[de��um�x~pHG`KYG�USOn[dEHG��LMtXZK�atX�U�KLI�J
KYMsGPefIbpsGPe�X�WHQSG�p!KNMHG5G�USUNIRU�[\E4efIRQSK�G�Q�KY[dO�XZKN[\IRE¯|���MHGPG�USUNIRU�efIRWHm\p�G�[�KYMHGfU�r�GPX~OP[\QSKYX���G5[dE
KYMsGPefIbpsG5JVI�U�QSIROPGge�IRQ�KqJVWHEsefKY[dIRE��;IRU�[�K�e�IRWsm\p�r�GgKYMsGPUSG�QSWHmdK�I�J�QNIROPG5QSKYXZKY[dQSKY[de�QFJVUSIRO+KYMsG
QSxuQ�KYG�O e�XZK�X�mdIR]RQ�rcG�[dEH]5[\EHefIRUNUSG�e`KLIRULIRWsKSiµI�J{ilpHXZKYGZ|

¸�EHIZKYMHGfU�a�I�QNQN[drH[\md[dKlxgKNMtXZK���G�MtX��RGFJVUSG�voWHGfEoKNmdx�G�EHefIRWHE�KYGfUNG�p�[\EnQNWHe�M�e�XZQNG�Q�[dQ�KNMtXZK�KNMHG�USG
[\QwEHI�rHWH]H�bX�EHpnKYMHG�IRasKN[\OP[\h�GfU���XZQ�UN[d]RM�K�XZJ�KYGfU�X�mdm��«}bIROPGfKN[\OPG�Q����S[dE�KYWH[�KY[d��G�m�x�!�KNMHG�asm{X�EnaHUNIZi
pHWHefG�p4r�x�KNMHGTIRasKN[\OP[\hfG�U�QNG�GfOnQ_�SIRr��u[\IRWHQSmdxa!~QNWsrbilIRabKY[\OnX�m�X�EHp�KNMHG��SG�_ba�GfefKYGfp"!�G`_bG�efWsKY[dIRE
aHm\X�E���QNG�GfOnQ�!�KYInr�GqXnrcGfKSKYGfU�aHm\X�E�|L��I���Gf��G�Uf�;XZJ�KYGfULQSKYGfaHaH[dEH]�KYMsUNIRWH]�M^KYMsGqefIRQSK�JVWHEHefKN[\IREsQ
JVIRU�KYMHG�Kl��I�QNWHruilaHm\X�EHQF[dEHpH[\e�XZKYGfp�r�x^KNMHGgIRasKN[\OP[\hfG�U��cX�Esp�m\IuIR�o[\EH]�XZK�KNMHGTG�Q�KY[dO�XZKNG�QF[dE�pHG�i
K�XZ[\m\Qf��[dK-KNWHUNEHQwIRWsKwKYMHXZKwpHWHGLKYI�KYMHG�e�IREsQNG�voWHGfEHe�GfQ�I�J�QSIROPG�psGfK�XZ[\m\Q-KNMtXZK®��GfUNG�On[dQNQNGfpnr�x5KYMsG
DFasKY[dOn[dh�GfU�ilklOPaHmdG�OPG�E�KYIRUf�RKYMHG�aHm\X�E~aHUSIbpHWse�G�p�r�x=KNMHG�IRasKN[\OP[\h�GfU�[dQ�[\EHpsG�G�p�rcGfKSKYG�U�KNMtX�E~KYMsG
�SIRr��u[\I�WHQ�!5e�MHIR[de�GZ|

oqp�rsp�� tvuxw�����������w4�xw4�1���"��{������x{��������

��IREHQS[\pHGfU=KYMHG�QSWHrbiµaHm{X�E QSMHI��LEÐ[\E   [d]RWHUNG�Ñ * ¢½X § | kµJ�KYMHG ��G`_ba�GfefKNG�p"!6aHm{XZE EHG�GfpHQ~KYI>rcG
aHUSIbpHWse�G�pÐr�x�KNMHG�IRasKN[\OP[\h�GfU=X�QnKYMHG�IRabKY[\OnX�m�aHm{XZE���KYMHGfEA[�K=[\Q�EHG�efG�QNQNX�USx KNMtXZK~KNMHG�QNWHrui
aHm\X�E�QNMsI��LEÐMHGfUNG�QSMHIRWHmdp r�G�aHUNIupHWHefG�p r�xÊKNMHG�IRasKN[\OP[\hfG�U5�LMH[\mdG�[dKnG`_baHmdIRUNGfQ=KYMHG�QNG�XZUNe�M
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(a) (b) (c)

  [d]RWHUNG�Ñ * �-¸�E^X�e�efG�QSQ�aHm\X�E�pHIuG�QLEHI�KL]RG`K�aHUNIupHWHefG�p
QNaHX�e�GZ|�kµJj�HpsWHUN[dEH]gKYMHG�e�I�WHUNQSG�IZJ«IRabKY[\OP[\h�XZKY[dIRE��oKYMHG�I�asKY[dOn[dh�G�U�pH[\QSe�I��RGfUNQLKYMtXZK�KNMHG�QNWHruilaHm\X�E
QNMsI��LE~EsGf�RGfU�]RG`KYQ�aHUNIupHWHefG�p��uKYMH[dQ�efm\G�XZUNmdxT[\EHpH[de�XZKNG�Q�XqrHWs]�[\E5KYMsG�G�EoWHOPG�UNXZKY[dIRE�mdIR]R[de�I�J�KYMsG
IRasKN[\OP[\hfG�U�|
× GfK   [d]RWHUNG�Ñ * ¢Vr § rcG�XyQNWHruilaHm\X�EÐX�EHp   [d]RWHUNG�Ñ * ¢Ve § rcG�X�EÐIRacG�UNXZKYIRUPKYUSG�G�KYMHXZK=��X�Q

aHUSIbpHWse�G�p r�x6KYMHG�IRasKY[dOn[dh�GfUPpsWHUN[dEH]yIRasKN[\OP[\h�XZKY[dIRE�| kµK~QSMHIRWHmdp�r�G^e�mdG�X�UPKYMtXZK�[dJ�rcI�KNM�I�J
KYMsG�QNGq��GfUNGTaHUSIbpsWHe�Gfp�rox�KYMsGTIRasKN[\OP[\h�GfU��HKNMHG�E�KNMHG�QSWHrbilasm{X�E�[dE   [d]RWHUSGTÑ * ¢©X § QNMHI�WHm\p�MHX���G
rcG�G�E�aHUNIupHWHefG�p�r�x�KYMHG�X�aHaHmd[\e�XZKY[dIRE~I�J-QSIROnGl^=`=bab=^#c%manah=gaedbag=b=`ahf^#cd`�Ø=Øªhfmam�nfÙ�OnG`KYMHIup�|�kµJ
QNWsrbilaHm\X�E�Ñ * ¢©X § ��XZQ�EHGf��G�U�asUNIupHWHe�Gfp~r�xnKNMHG�IRabKY[\OP[\hfG�Uf�oKNMHG�rsWH]T[\Q�e�mdG�X�USmdx5[\EPKYMHGÚ^=`ab=b=^#c=Û
man=hagaedbagfba`ahf^#c%`ÜØ=Øªhfm=m�nfÙ�OPGfKNMHIup�|
Ý I���[�K���IRWHm\p5rcG��RGfUSx5WHQSGfJVWHmt[�Jj��XZK-KYMsG�GfEHp5I�J�IRasKY[dOn[dh�XZKN[\IRE¯��KNMHG�IRasKN[\OP[\h�GfU«e�X�EnI�WsKYaHWbK

X�pH[\X�]REHI�QSKY[de�[dEHpH[\e�XZKY[dEH]�KYMtXZKTQNWHrbiµaHm{XZECÑ * ¢½X § ��X�QgEHG`�RG�UgasUNIupHWHe�Gfp>pHWHUS[\EH]�I�asKY[dOn[dh�XZKN[\IRE
Gf��G�EPKYMHIRWs]RMnÑ * ¢½r § X�EHp^¢½e § ��GfUNGLaHUSIbpHWse�G�p¯|-��MHG�D�abKY[\OP[\hfG�UjilklOPaHm\GfOnGfEoKNIRU��oEHI��LQwKNMtXZK-KYMsG
X�efe�G�QSQ�aHm\X�E4QNMHI�WHm\p�MtX��RGPr�GfG�E!aHUNIupHWHefG�p±r�x�KNMHGßÞ�h�à%Þâá%c1ãägaedbag=b=`ahf^#cd`�Ø=ØªhfmamanfÙCOPGfKYMsIbp�|
  UNIRO2KNMH[\Q�KYMsG~DFasKY[dOn[dh�GfU�ilklOPaHmdG�OPG�E�KYIRU�e�X�EyG�X�QN[dmdx�psGfKYGfUNOP[\EHGPKYMtX�KqKNMHG�rHWs]�[\Q�G�[�KYMHGfU�[dE
KYMsGlÞah�à%Þâádc"ãägaedb�gfb=`ahf^"c%`�Ø=Ø�å=h=g=æfbah=m=m�nâãäbaç�OPGfKNMHIbp~I�U�KYMHGèÞah�àdÞâá%c"ãäg�edbagfb=`�hf^#c%`�ØaØªhfm=man=Ù
OPGfKYMsIbp�|

��MH[\QP[\EbJVIRUNOnXZKY[dIRE>e�XZEÊQN[d]REH[�ºte�X�E�KNmdxyQS[\OPaHm\[�ºtG�QTKNMHGTªSIRrzIZJ�pHG�rsWH]R]R[dEH]�KNMHG�IRasKY[dOn[dh�GfU�|
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(a) (b)

  [d]RWHUSG�Ñ · �-¸�E^IRacG�UNXZKYI�U�KYUNGfG�pHIbGfQLEHI�K�]RGfKLasUNIupHWHe�Gfp
��MHGTD�abKY[\OP[\hfG�UjilklOPaHm\GfOnGfEoKNIRU�e�X�E�EHI��´USG`iµUNWHE�KYMHG�IRasKN[\OP[\h�GfU��L[dKNM^KYMsGqQNX�OnG�[\EsaHWsK�vuWsG�USx
X�EHpCWHQSG�X�Q�K�X�EHpHX�UNp6QNIRWsUNe�G�efIbpHG�pHGfrHWH]R]�G�UgKYI4QNG`KnX4rsUNG�XZ�uacIR[dEoKPX�KgKYMHG)åfh=gaæfbahfm=m�nâã�b=ç
X�EHp~KNMHGxhfm=m�nfÙ~OPGfKNMHIupHQ�I�J;KYMsGxÞ�h�à%Þâá%c1ãägaedbag=b=`ahf^#cd`^e�m\X�QNQLXZEHp~QNWHQSa�GfEHp�G�_bG�e�WbKY[\I�E��LMsG�E
G�[�KYMHGfULI�J�KNMHG�O�[\Q�rcG�[\Es]nXZaHaHm\[dG�p~KYIgKNMHG�IRa�GfUYXZKNIRU�KYUSG�G�I�J   [\]RWsUNG�Ñ * ¢½e § |®��MHG�E^MHG�e�X�E�QSKNG�a
KYMsUNIRWH]�MPKNMHGLG`_bG�efWsKY[dIRE�I�J�KYMHGfQNGLJVWHEHe`KY[\I�EHQwX�EHp5ºtEHp�I�WsK®�LMoxgKNMHG�QNWHrbiµaHm{XZEPIZJ   [d]RWHUNG�Ñ * ¢©X §
��X�Q�EsI�KLaHUNIupHWHefG�p�|

­FGfKNG�efKN[\IREÐI�JqaHm\X�E ]RG�EsG�UYX�KY[\I�EÐX�EHIROnX�m\[dG�Qn[\E KYMHG�]�G�EHGfUYX�m�e�X�QNG4[\Q�pHG�QSe�UN[dr�GfpA[dEA}bG�e�i
KY[dIRE�²H| ¡ |

oqp�rsp�� � t]�1w?w � w4�xw?�1���"��{~�����x{~� �����

��MHGfUNGT[dQFX�EHIZKYMHGfU�aHUSIRrHm\GfO¡KYMtXZK�e�IRWsm\p�Iue�efWHUFpHWHUS[\EH]PKYMHG�IRasKY[dOn[dh�XZKN[\IRE~IZJ-KYMHGTvoWHGfUSx^e�IREui
QN[dpHG�USG�pÐ[\EzKYMHG�asUNGf�u[dIRWHQ~QNWsrbilQSG�efKN[\IRE¯|#kµK=[\Q�acIRQSQN[\rsm\G�KNMtXZK�KNMHG�IRacG�UNXZKYIRUPKYUSG�G�QSMHI��LEA[dE
  [d]RWHUNG=Ñ * ¢Ve § EsGf�RGfU5]RGfKNQTaHUNIupHWHefG�p�|!DFr��u[\IRWHQSmdx��-[dJ�KYMsG=IRacG�UYX�KYIRU�KYUNGfG~pHIuG�QTEHIZKg]RGfKTaHUNIZi
pHWHefG�p��tKNMHG�X�e�efG�QNQ�aHm\X�E^Ñ * ¢©X § e�X�EHEsI�KLr�G�aHUSIbpsWHe�Gfp�|
��IREHQS[\pHGfUPKNMHG^I�a�GfUYXZKNIRUTKYUSG�G�QPQNMsI��LEÊ[\E   [\]�WHUNG�Ñ · | Ý I�KYG~KYMHXZK   [\]RWsUNG^Ñ · ¢½X § [\Q�ªSWHQ�K

X4UNG�asUNIupHWHefKN[\IRECI�J   [d]RWHUNG�Ñ * ¢½e § |CkµJFpHWsUN[\Es]4KNMHG�e�IRWsUNQNG�I�J�IRasKY[dOn[dh�XZKN[\IRE¯�«KYMHG�IRabKY[\OP[\hfG�U
pH[dQNe�I���G�UNQ�KNMtXZK�KYMsG�IRa�GfUYXZKNIRU�KNUNG�G�QSMHI��LE^[dE   [\]RWsUNG�Ñ · ¢½r § ]�GfKYQ�asUNIupHWHe�Gfp��trHWsK�Ñ · ¢©X § EHGf��G�U



* ²
]RG`KYQ�aHUSIbpsWHe�Gfp���[dK�[\Q�e�m\G�X�U�KNMtXZK��LMHG�ETKNMHG�^=`=bab=^#c%^=`ab=b�edbag=b=`ahf^#cd`�Ø=Øªhfmaman=Ù�OPGfKNMHIup���XZQ�[\Ebi
�RI���G�p�IRE�IRacG�UNXZKYI�U�KNUNGfG�Ñ · ¢½r § �Z[�K�EHGf��G�U�aHUSIbpsWHe�Gfp�IRacG�UNXZKYIRU;KNUNG�G�Ñ · ¢½X § |«DFEHe�G®KYMsG�IRabKY[\OP[\hfG�U
pHG`KYG�USOn[dEHG�Q�KYMH[dQ���[�K�e�X�Ey[dEHpH[\e�XZKYGPKYMH[dQ�KNI�KYMsG�DFasKY[dOn[dh�G�UjilklOPaHm\GfOnGfE�KYIRUf|=��MHG�DFasKN[\OP[\h�GfU�i
klOPaHm\GfOnGfEoKNIRU«�oEHI��LQ�KNMtXZK�KNMHG�IRacG�UYX�KYIRU�KYUNGfG�QNMHI�WHm\pgMtX���G�r�GfG�E5aHUNIupHWHefG�p5r�xqKNMHGxá%c"ã­gfb��fm#Û
h=gfçÜØ=Øªhfm=m�nfÙ�OPGfKNMHIbp¯|   USIRO KYMH[dQ�KYMHG�DFasKN[\OP[\hfG�U�iµklOnasm\G�OPG�E�KNIRU®e�X�E~G�X�QN[dmdxnpHGfKNG�UNOP[\EsG�KYMtX�K
KYMsG�rHWH]�[dQqGf[dKNMHG�Uq[\E!KNMHG á%c"ãäg=b��fmah=g=ç�Ø=Ø�åfhag=æfbahfmamanâã�b=çÊOPGfKNMHIbp!IRUqKNMHG á%c"ãäg=b��fmah=g=ç�Ø=Ø�Û
hfm=m�nfÙ�OPGfKNMHIbp¯|

¸�USOnGfp��L[dKNM�KYMH[dQ�[dEsJVIRUNOnXZKN[\IRE��RKNMHG�DFasKN[\OP[\h�GfU�iµklOnaHmdG�OPG�E�KYI�U�e�X�E~USG`iµUNWHE�KNMHGFIRabKY[\OP[\hfG�U
�L[dKNM�KYMsG�QYX�OPG�[dEHaHWsK«vuWsG�USxTX�EHpgWHQSGLX�QSKYX�EHptXZUNpgQNI�WHUNefG�e�IupHG�pHGfrHWH]R]RGfU«KYI�QNGfKwX�rHUNG�X��oa�IR[dE�K
XZKTKNMHG_åfh=g=æ=bahfm=man ã�b=çzX�EHpyKNMHG$hfm=m�nfÙ>OPGfKNMHIupHQTI�J�KNMHG á%c1ãägfb��fm�h=gfçCe�m\X�QNQTX�EHp>QNWsQNacG�EHp
G`_bGfe�WsKN[\IRE��LMHG�EyGf[dKNMHG�U�I�J�KYMHGfOà[\Q�r�Gf[\EH]�X�asaHm\[dG�p4KYI�KYMHG5IRacG�UNXZKYIRU�KNUNG�GPI�J   [\]RWsUNGPÑ · ¢Vr § |
��G®e�X�EqKNMHG�E�QSKNG�aqKNMHUNI�WH]RM�KYMHGwG`_bG�efWsKY[dIRE�I�JsKNMHG�QSGwJVWHEsefKY[dIREHQ�X�EHp�ºtEHpqIRWsK��LM�x�KYMHGwIRacG�UNXZKYIRU
KYUSG�G�I�J   [\]�WHUNG�Ñ · ¢©X § ��X�Q�EHI�KLaHUSIbpsWHe�Gfp�|

Ô�Õ�� ã Ý�Ù�Ý���Ù-Ú�è�ç ßäè	�nÛ 
���Ú�Ý�


klE±KNMH[\Q�QNGfefKY[dIRE�����GnpHG�QSe�UN[dr�G�X�E>X�md]RIRUS[dKYMsO/KYMHXZK�e�X�EyrcGnWsQNG�pyKNI�G`�nef[\GfEoKNmdx�pHG`KYG�e`KTefIRQSK�i
G�Q�KY[dO�XZKN[\IRE¯�HX�EHp~KNUNG�G�X�Esp^aHm\X�E�]RG�EsG�UYX�KY[\I�E^XZEHIROnX�m\[dG�Q�|

klEÃKNMHG4r�Gf]R[\EsEH[\EH]s�LKNMHG4IRasKN[\OP[\h�GfU=[\Q~asUNI��u[\pHGfpÐ�L[�KYMÃX�E �SG`_bacG�e`KYG�p#!zaHm\X�E KYMtX�K�[dK~[dQ
G`_bacG�e`KYG�pyKNI^asUNIupHWHe�GZ|�°ÐMH[dm\G5IRasKN[\OP[\h�X�KY[\I�E�[\Q�[\E�aHUSIR]RUNGfQNQf��KYMsGPJVIRmdm\I��L[\Es]=KYMHUSG�G5KlxbacG�QqI�J
Gf��G�E�KYQ�X�UNG�OPIREH[�KYIRUSG�p�|

& ���RGfUSxgKN[\OPG�QNIROPGLX�md]RIRUN[�KYMHO´[dEHQSKYX�EHefG�¢�KYMtX�K®UNG�asUNG�QSG�E�KYQ�X�EPX�efe�G�QSQ�asm{X�E § [\Q-aHUSIbpHWse�G�p¯�
[�K®[\Q®e�IROPatX�USG�p�X�]�X�[dEHQSK-KNMHG�]�[d�RGfE �SG�_ba�GfefKYGfp"!gX�efe�GfQNQ�asm{X�E�|�kµJ;[dK®OnXZKNe�MHG�QwQNIROPG�EHIbpsG
I�J�KYMsG ��G`_ba�GfefKNG�p"!�X�e�efG�QNQ�aHm\X�E��sKNMHG�E�KYMtX�K�EsIbpHG�[dQLO�X�US��Gfp^XZQ ��aHm{X�EuilaHUSIbpHWse�G�p#!H|

& ���RGfUSx^KY[\OPG�QNIROPG�IRacG�UNXZKYI�U�[\EsQSK�XZEHe�G�¢VUNGfaHUNGfQNG�E�KN[\EH]�X�E�I�a�GfUYXZKNIRU�KNUNGfG § [dQ�aHUSIbpHWse�G�p¯�



* Ñ
[�Kq[dQ�e�IROPatX�USG�pyXZ]�X�[\EsQSK�KYMsG �SG�_sacG�e`KYGfp"!�X�efe�G�QSQ�aHm\X�E�|=kµJ�[dK�OnXZKYe�MHGfQ�QSIROnG5EHIupHGPI�J
KNMHG\�SG`_bacG�efKNG�p"!�X�e�efG�QSQ�aHm\X�E��sKNMHG�E�KYMHXZK�EHIbpsG�[\Q�OnX�UN�ZG�p^X�Q]��KYUSG�G`iµaHUNIupHWHefG�p"!s|

& ���RGfUSx�KN[\OPG-X�EqX�m\]RI�UN[dKNMHOÐ[\EHQ�K�X�Ese�G®[\Q;aHUSWHEHGfp���[�K�[\Q;e�I�OnatXZUNG�p�X�]RX�[\EHQ�K;KYMHG �SG�_ba�GfefKYGfp"!
X�efe�GfQNQ�aHm{X�E¯|�kµJ«[�K�OnXZKYe�MHGfQLQNIROPG�EHIupHG�I�J�KYMHG\�SG�_ba�GfefKYGfp"!nX�e�efG�QNQ�aHm\X�E��bKNMtXZKLEHIupHG�[dQ
OnX�UN�ZG�p �SaHUSWHEHG�p#!H|

kµJ�XZK�KYMHGnG�EHpyIZJ�IRasKN[\OP[\h�X�KY[\I�E���KYMHGfUNGn[\QqX�EHIupHGnIZJ�KYMHGv�SG`_bacG�e`KYG�p#!4X�e�efG�QNQ�aHm{X�E�KYMtX�K
[\QLOnX�UN�ZG�p ��aHUNWHEsG�p"!H�c[dK�USG�aHUSG�QNGfE�KYQ�XPQNWHrbiµaHm{XZE�KNMtXZK���X�Q�aHUNIupHWHefG�p�r�x~KNMHG�IRabKY[\OP[\hfG�U�rHWbK
pHGfm\GfKNG�p�X�QFQSWHrbiµIRasKY[dO�XZm |F��MHGgmdI���GfQSK�QNWse�M�EsIbpHG�[\E�KYMsG�KYUSG�G���[\EspH[\e�XZKYGfQ�KYMsGgm\Iue�XZKN[\IRE^I�JwX
e�I�QSKSiµG�Q�KY[\OnXZKN[\IRE�X�EsIRO�XZmdxR|«kµJ�KNMHG�USGq[dQ�EHI5e�IRQ�KSilGfQSKN[\OnXZKY[dIRE�X�EHIROnX�m�xR�bKNMHG�E�KYMsG�mdI���GfQSK�EHIbpsG
[\E^KYMHG�KNUNGfG�KYMtX�KF[\Q�O�XZUN��Gfp���KYUSG�G�ilaHUSIbpHWse�G�p#!~rHWsK�[dQ�EHI�K�O�XZUN��Gfp��SaHm\X�EbilasUNIupHWHe�Gfp"!�[dQ�KYMsG
m\Iue�X�KY[\I�E�IZJ®XnaHm\X�E�]�G�EHGfUYXZKN[\IRE^X�EHIROnX�m�xR|���MH[dQ�[dQ�rcG�e�X�WHQNG�[dK�UNGfaHUNGfQNG�E�KNQ�XnEHIupHGqJVI�UL�LMs[\e�M
X�E4IRacG�UNXZKYIRU�KYUNGfGT��XZQ�aHUNIupHWHefG�p���rHWsK�XZE!XZe�e�GfQNQ�aHm\X�E���XZQNE�� K�|   [\EtX�mdmdx���[dE�KYMHG5X�rsQNG�EsQNG5I�J
aHm\X�E!]�G�EHGfUYXZKN[\IRE!X�EHIROnX�md[\G�Qf�;KYMHGPm\I���G�QSK�EHIupHGn[dE�KNMHG5KYUNGfGnKNMtXZKq[\Q�EHG�[�KYMHGfUqOnX�US��G�p ��KYUSG�G�i
aHUSIbpHWse�G�p#!�EHIRU�OnX�UN�ZG�p��ÀaHm\X�EbilasUNIupHWHe�Gfp"!�[\Q�KYMHGPm\Iue�X�KY[\I�E�I�J�X�KYUNGfGn]�G�EHGfUYXZKN[\IRE!X�EHIROnX�m�xR|
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TreeDescriptor: 
       Relations = Supp

Operator Join

TreeDescriptor: 
       Relations = Job

TreeDescriptor: 
       Relations = Dept

TreeDescriptor: 
       Relations =Emp

Operator Index AND
TreeDescriptor:
    Relations = Dept

Operator Join

Operator Join

Operator Index AND
TreeDescriptor:
    Relations = Dept, Emp, Job

Algorithm HashJoin

TreeDescriptor:
    Relations = Supp

(a) (c)(b)
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kµKT[dQqvoWH[�KYGnG�X�Q�x!KNI�G`_uKYGfEHpyKYMsG=IRasKN[\OP[\h�GfU�ilX�[\pHGfp4pHG�rHWs]R]R[\Es]^KYGfe�MHEH[dvuWsG~I�J�}bGfefKY[dIREy²H|�³nKNI
WHQSGn¬�¥ �`Ä »½¥�¤�¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ���sÈ [\EHQ�KYG�X�p�I�JwX�efIROnasm\GfKNGqasm{X�E�|�°ÐMHG�EHG`�RGfU�X�EHGf� IRacG�UNXZKYIRU
IRU�XZm\]RIRUS[dKNMHO [\EsQSK�XZEHe�G�[dQ�e�USG�XZKNG�p�pHWHUS[\EH]qKYMHGFI�asKY[dOn[dh�XZKN[\IREP[dK�[\Q�efIROPatX�UNGfp=�L[dKNM�KYMHG�]�[d�RGfE
¬�¥ ��Ä »½¥�¤-¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� |~°ÐMHG�EsGf�RGfUTKYMHGfUNG=[dQTX�O�XZKNe�M��«KNMHG�efIRUNUSG�QNacIREHps[\EH]�EsIbpHGfQgX�USG
OnX�UN�ZG�p�X�Q ��KYUSG�G`iµaHUNIupHWHefG�p"!gI�Uß�SaHm\X�EbiµaHUNIupHWHefG�p"!H|�°ÐMHG�EHG`�RGfU�XZE~X�m\]�IRUN[�KYMHO [dEHQSKYX�EHefG�KYMtX�K
OnXZKYe�MHGfQFKYMHG�¬�¥ ��Ä »½¥�¤�¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� [\QFasUNWHEHGfp4IRWsK�[dE�J½X���IRU�I�JwX~aHm\X�E�KYMHXZK�pHIuG�Q�EHIZK
OnXZKYe�M��tKNMHGqefIRUNUSG�QSa�IREspH[\EH]nEHIupHGq[dQ�OnX�US��G�p��SaHUSWHEHG�p#!H|L­FGfKNG�efKN[\IRE�I�J®XZEHIROnX�m\[dG�Q�rtXZQNG�p�IRE
KYMsG�QNG�OnX�UN�o[\Es]RQ�[\Q�psIREHG�G`_sX�efKNmdx�XZQ�r�G`JVIRUNGZ|

��MoWHQ�KNMHGqDFasKY[dOn[dh�G�UjilklOPaHm\GfOnGfE�KYIRUwe�X�E�WHQSG�X�E�x�¬�¥ ��Ä »½¥�¤¯¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� KYIPEtX�USUNI��
pHI��LE�KNMHG�QSG�X�USe�M�JVIRU�KNMHG�QSIRWHUSe�G�IZJ-rHWH]RQ�[\E�KYMHGqIRasKY[dOn[dh�GfU�| ��IREsQN[\psG�U�KNMHG�e�X�QSG��LMHG�USG�KYMsG
DFasKY[dOn[dh�GfU�ilklOPaHmdG�OPG�E�KYIRU�pHIbGfQ�EsI�K��oEHI�� �LMtXZK�KYMsG�e�I�UNUNGfefK�IRasKY[dO�XZm�aHm{XZE�JVIRU�XnaHX�USKN[\e�Wsm{X�U
voWHG�U�xT[dQ��RrHWbK-IREHm�x�MtXZQ-X��ZX�]RWHG�[dpHG�X�I�J¹�LMtXZK-e�MtXZUYX�e`KYG�US[\Q�KY[\efQ«KYMsG�IRasKY[dO�XZmuasm{X�ETOP[\]�MoK«MtX��RGZ�
¢VJVI�UFG`_sX�OPaHm\GZ�Ú�S[dK�aHUNI�rtX�rHm�x�WHQSG�Q�X�E4[\EHpsG`_�JVI�Ujç���!#�@DF� �"3%��X�Esp!X£& ���(&1ÛC)������4JVIRUwªSIR[dEH[\EH]
b�3#!>X�Esp|ç���!#�a! § |4��G=e�X�E±KYMsG�E>e�I�EHQSKNUNWHe`K5X�¬�¥ ��Ä »½¥�¤-¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� rtX�QSG�p>IRE!KYMHIRQSG
e�MtX�UNX�efKNG�US[\QSKN[\efQ�XZEHpqWsQNG®KYMtXZK;KNILpHG�rHWs]�KYMsGwI�asKY[dOn[dh�G�Uf|;kµK�On[d]RM�K�KYWHUSEqI�WsK�KYMtXZK;KNMHG®r�GfQSK�aHm{XZE
KYMHXZK«QNXZKY[dQSºtGfQ�KNMHG�]R[��RGfE�e�MtX�UNX�efKNG�US[\QSKN[\efQ«[\Q���IRUNQSG�KYMHX�E�KYMsG�aHm\X�E�asUNIupHWHe�GfpTr�x�KYMHG�IRasKY[dOn[dh�GfU�|
klECKYMtXZKPe�X�QNGZ��KYMsG�DFasKN[\OP[\h�GfU�iµklOnaHmdG�OPG�E�KYI�U��L[dm\m�pHG`KYGfefKPKYMH[dQT�LMH[\mdG~e�IROPatX�US[\EH]�KYMsG�efIRQSKNQ
I�J�KNMHG�asm{X�EHQqaHUNIupHWHefG�p���X�EHpye�X�EyUNGfa�G�XZK�KYMH[dQ�aHUSIbefG�QNQTXZJ�KYGfUqOPIbps[dJ�xu[\EH]~KNMHG�¬�¥ ��Ä »½¥�¤�¬�¤�¥ �
ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� |���MH[\Q�aHUSIbefG�QSQ�e�X�E4rcGTUNGfa�G�XZKYGfp�WsEoKN[\m�KYMHGgrHWs]~[\Q�JVIRWsEHp��;IRU�KNMHG5DFasKN[\OP[\h�GfU�i
klOPaHm\GfOnGfEoKNIRU�[dQ�efIRE��u[\EHefG�p�KYMtXZKLKNMHG�IRasKY[dOn[dh�GfU�[\Q�asUNIupHWHe�[dEH]gKYMHG�IRabKY[\OnX�m�aHm{X�E¯|



· +
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���RGfE�[�J®X�E�IRabKY[\OP[\hfG�UL[\Q$�SrHWH]�iµJVUNGfG'!H�cKYMHGfUNGgXZUNGgX�EoWHO�r�GfUFI�J®QN[�KYWtX�KY[\I�EHQ�[dE��LMH[de�M�KYMHGfUNGT[dQ
QSKN[\mdm�XTEHGfG�p�KYI5pH[\QSUNGf]�X�UNp=KNMHG�aHm{XZE~aHUNIupHWHefG�p�rox�KYMHG�IRabKY[\OP[\hfG�U�X�EHp~JVIRUNefG�[dK�KNI5]RG�EHGfUYXZKNG�X
aHm\X�E�MtX��b[dEH]5QNIROPG�QNacG�ef[dºtGfp^e�MtXZUYX�e`KYG�US[\Q�KY[\efQ�|

��MHG�e�[\USe�WHOPQSKYX�EHefG�QLWHEHpHGfU��LMs[\e�M�KYMH[dQ�On[d]RM�K�r�G�pHGfQN[dUYX�rHmdG�X�UNG

& }bI�OnG`KY[\OPG�Qf��pHWsGLKNI�[\EHefIROPaHm\G`KYG�[dEsJVIRUSO�XZKN[\IRE¯��KNMHG�IRasKN[\OP[\h�GfU��L[dm\mbaHUNIupHWHefGLXFrtX�p5aHm{XZE
JVIRU�QNIROPGTvoWHGfUSxR|�kµJ®KYMHGgWsQNG�UP¢j»½¼½¾�¼\��KNMHGgG�EHp�WsQNG�Uf�;EHI�KFKNMHGPDFasKY[dOn[dh�GfU�ilklOPaHmdG�OPG�E�KYIRU §
MtXZaHa�GfEHQqKNI�MtX���G�OPIRUNGP[\EsJVI�UNOnXZKY[dIRE4X�rcIRWsK�KYMHGnptXZKYX�[dE!KYMsGnptX�K�X�rtXZQNGnKNMHG�E±X^MH[dE�K
efIRWHm\p�rcG�]R[d��G�E�KYI5KYMHG�IRasKN[\OP[\hfG�U��bMHG�mdaH[\Es]P[�K�KYI5aHUSIbpHWse�G�KYMHG�UN[d]RM�KLaHm{XZE�|®¸#EoWHO�r�GfU
I�J«e�IROPOPG�UNef[{X�m�QSxuQSKNG�OPQ�MtX���GqG�_bKNG�EHpsG�p�KNMHG�[dU�voWHGfUSx�m{XZEH]RWtX�]�G�Q�KYInX�mdm\I��AKNMHG�WHQNGfU�KNI
QSa�Gfe�[dJ�x4QSWHe�MyMH[dE�KYQ�|���MH[\Q�[\EHps[\e�X�KYG�Q�KYMHXZK�KYMHGfUNG�[dQ�X�pHGfO�XZEHp±[dE�KNMHGnUSG�X�m-��IRUNmdp�JVI�U
IRabKY[\OP[\hfG�USQ�KYMtX�K�K�X��ZGqMH[dE�KYQ�|

&   IRU��ZX�m\[dptXZKN[\IRE�IZJ�KYMsGnefIRQSK�ilOPIbpHGfm-pHWHUS[\EH]�KYMHGPpHG`�RG�mdIRaHOPG�E�KqI�J�KNMHGnI�asKY[dOn[dh�G�Uf�;[dK�[dQ
pHGfQN[dUYX�rHmdG~KYI4r�G^X�rHmdG~KYI�G`_bG�efWsKYG^pH[dÍ�G�USG�E�KPaHm{X�EsQ5JVI�UnX4]R[��RG�E6voWHG�U�xzX�EHp6e�IROPatX�USG
efIRQSKNQ�|�klE�IZKYMHGfU���I�UNpHQf��[�J-KYMHGgI�asKY[dOn[dh�G�U�G�Q�KY[dO�XZKNG�Q�KNMtXZK�asm{X�E � [dQ�OPIRUNGTG�_ba�GfEHQN[��RG
KNMtX�EyaHm\X�Ey¸q��KNMHG�Ey��G���IRWHm\p±m\[\�ZGnKNI�X�efKNWtX�mdmdx4UNWsEyr�IZKYMyaHm\X�Ey¸�X�EHpyaHm\X�E � XZEHp
efIROnaHX�UNGFKNMHG�[dU�G`_bG�efWsKY[dIRE�KN[\OPG�Qf|

& ��[\E�KYQnX�UNG^X�mdQNI�MHG�mdasJVWHm�JVIRUPpHG�rsWH]R]R[dEH]±XZEHpzKNWHEH[\Es]�KNMHG�G�_sGfe�WsKN[\IREzG�EH]�[\EHGZ|ÃDFJ�KNG�E��
pHWsUN[\Es]!KYMsG�pHG`�RG�mdIRaHOPG�E�K~I�J�KYMHG�pHXZK�X�rHX�QNGZ��[dKn[\QPpHG�QS[\UYXZrHm\G�KYI±rcG�XZrHm\G�KYIyG�_bG�e�WbKYG
QSa�Gfe�[dºHe�aHm\X�EHQwQNITXZQ�KYIqe�MHG�e��ne�GfUSK�XZ[\E5JVWHEHefKN[\IREHX�m\[�Klxg[\EPKYMHG�rtX�e��RilGfEHp��sKNI�pHGfrHWH]TaHX�USKNQ
I�J�KYMHG�G`_bG�efWsKY[dIRE�GfEH]R[\EsG^efIbpHGZ�LX�EHp6KYI±asUNI�ºtmdG�X�EHpÊKNWHEHG�KYMHG^a�GfUSJVIRUSO�X�Ese�G�I�JFKYMsG
ptX�K�X�rtXZQNG�|

¸�mdm�KNMHG�QSGge�X�E�rcGTG�XZQN[\m�x^X�e�MH[\G`�RGfp�WsQN[\Es]=KYMHGn¬�¥ ��Ä »½¥�¤�¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ���sÈ pHGfQNefUN[\rcG�p4[dE
KYMsG�aHUSGf�u[\I�WHQ®QNG�e`KY[dIRE�|�¸�m\m¹X�WHQNGfU�EHGfG�pHQ®KYI�pHI�[\Q®QNWsaHaHmdx�KYMHG�IRasKN[\OP[\h�GfU«�L[dKNM�XT¬�¥ ��Ä »½¥�¤s¬�¤�¥ �



· ³
ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� [\EHps[\e�X�KY[\Es]PKNI=[dK�KYMHGqe�MtX�UNX�efKNG�UN[dQSKN[\e�Q�I�J-KYMHG �SG`_bacG�e`KYG�p#!�asm{X�E�|   IRU�G�_sX�Onasm\G��
KYMsGTWHQNGfUFOP[\]RM�K�QNacG�e�[�J�x^KNMtXZK�Xne�G�U�K�X�[dE�UNGfm{XZKN[\IRE^r�G�QNe�XZEHEHG�p4WHQS[\EH]=X�atX�U�KY[\efWHm{XZU�[dEHpHG`_>§�I�U
KYMHXZKTX�e�GfUSK�XZ[\E�ªSI�[\E±rcGP[\OPaHm\GfOnGfEoKNG�p�WHQN[dEH]�EsG�QSKNG�pbiµm\IuIRaHQ�ªSIR[\E�|�DFU�MHG�efIRWHmdp±QNacG�ef[dJ�x4KYMsG
ªSIR[dE~IRUNpHGfU�KYI5r�G�WHQSG�p�JVIRULXgQNWHrHQSGfK�I�J�KYMHG�UNGfm{XZKN[\IREsQ�[\E=KYMsG�voWHGfUSx�|

��MHGPQNG�XZUNe�M�QSKYUNXZKYGf]�x�I�JwKYMsGPI�asKY[dOn[dh�G�U�MtX�Q�KYI�rcG5OnIupH[dºHG�p�KYI�[dEHe�IRUSa�I�UYXZKNG�KYMH[dQFJVWHEHe�i
KY[dIREtX�md[dKlx�[\E�KNI�[�K�|«}bacG�e�[�ºte�XZm\mdxqKYMHG�asUNWHEH[dEH]�OnGfe�MtX�EH[dQNO ��IRWHmdp5MtX��RGLKYI�r�G�OPIupH[dºtGfp5QNI�KYMtX�K
[dK�KYUS[\G�Q�KYI=aHUSIbpsWHe�GgaHm\X�EHQ�KYMtXZKFO�XZKNe�M�KYMHG�]R[d��G�E±¬�¥ ��Ä »½¥�¤�¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� |x�-��G�U�x�aHm{XZE
KYMHXZK�[dQLaHUNIupHWHefG�p�r�x�KYMsGqIRabKY[\OP[\hfG�U�pHWsUN[\Es]PKNMHGqefIRWHUSQNG�IZJ�IRasKN[\OP[\h�XZKY[dIRE~[\QLOnX�UN�ZG�p^�L[�KYM^X
rcIbIRmdG�X�EnÉ¹X�]T[dEHpH[\e�XZKY[dEH]q�LMsGfKYMsG�U�IRU�EsI�K�[dK�O�X�KYe�MHGfQ�KYMHG�]�[d�RGfE�¬�¥ �`Ä »½¥�¤c¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� |
°ÐMHGfE!efIROnaHX�UN[dEH]=Kl��I�G�voWH[��ZX�m\GfEoK�aHm\X�EHQf��KYMHG5aHUSWHEH[\Es]�OPG�e�MHX�EH[\QSO2e�I�EHQN[dpHG�USQ�KNMH[\Q�É¹XZ]^XZQ
JVIRmdm\I��LQ'�

& [�J�IREHG�I�J�KNMHG�aHm{X�EsQ�OnXZKYe�MsG�Q®KYMHG�¬�¥ ��Ä »½¥�¤H¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� X�EspnKYMsG�I�KNMHG�U�pHIuG�QwEHI�K��
KNMHG�EyKNMHG�m\XZKNKNG�U�[\Q�efIREHQS[\pHGfUNG�p>OPIRUSGnG�_sacG�EsQN[d��G�X�EHpy[dQ�aHUSWHEHGfp>IRWsKT[dE!J½X��RI�UTI�J�KYMsG
JVIRUSOnGfU�|

& [�J¯rcI�KYMPaHm\X�EHQ-OnXZKYe�MPIRU®pHI�EHI�KwO�X�KYe�MgKYMHG�¬�¥ ��Ä »½¥�¤H¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� �ZKYMHGfEnKYMsGfxPX�USG
efIROnaHX�UNGfp�[dE~KYMHG�WHQSWtX�m�J½X�QSMH[\IRE¯�HrtX�QSG�p�I�E�KNMHG�[dU�G�Q�KY[\OnXZKNG�p�e�IRQ�KYQf|

��MH[\Q�G�EsQNWHUSG�Q�KNMtXZK�[dJ�KYMHGfUNG�G�_b[\QSKNQ�IREsGqIRULOPIRUNG�aHm\X�EHQ�[\E�KYMHG�QNG�X�UNe�M�QSatX�efGqKYMHXZK�O�XZKNe�M
KYMsGn]R[��RGfE6¬�¥ ��Ä »½¥�¤�¬�¤�¥ � ÅR£t¾�Æ`» Ç�ÆN¥ Ä » ��� �;KNMHG�e�MHG�X�acG�QSK�I�J�KNMHG�QSG�aHm\X�EHQ��L[\mdm-r�GPaHUNIupHWHefG�p>XZQ
KYMsG�USG�QNWsmdK�I�J;IRasKN[\OP[\h�XZKY[dIRE�|�kµJ�EHIqQNWHe�M~asm{X�EPG`_b[\Q�KYQf�uKNMHG�E�KNMHG�IRasKY[dOn[dh�GfU�ªSWHQSK�JVWHEHefKN[\IREsQ�md[\��G
XgUNGf]RWHm{XZU�IRasKY[dOn[dh�GfU�|

Ô�Õ�¨ ã Ý�å�æ�ç5çnÚ�è�ç �gÙª©�Ý�Þ �~ÝD
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« EbJVIRUSKNWHEtXZKNG�mdx���KYMsG�K�X�QS�qIZJ¹pHG�rHWs]R]R[\Es]�X�EgIRasKN[\OP[\hfG�U�[\Q�[\E�KY[dO�XZKNG�m�xFKY[dG�p�KNIFKYMHG�QSG�X�USe�MgQSKNUYXZK�i
G�]Zx5WHQNGfp�r�x5KYMHGLIRasKN[\OP[\hfG�U�|�­FWHGLKYI�KYMH[dQ���KYMsGLKNG�e�MHEs[\voWHG�Q�WHQNGfp~X�QwXqpsG�rHWH]�]R[\EH]�X�[dpnMHX���G�KNI



· ¡
rcG�KYX�[\mdIRUNGfp�KNI�XPQNacG�ef[dºte�QNG�X�UNe�M�Q�KYUNXZKYGf]�xR|�}b[dEHe�G�KYMsGT}uxuQ�KYG�OgijË´Q�KlxbmdG�­�xuEtXZOn[deqÎ-USIR]RUYXZO5i
OP[\EH]^QNG�XZUNe�M6QSKYUNXZKYGf]�x![\Q�KNMHG=OPIRQSKT�L[dpHG�m�x±WsQNG�pCQSG�X�USe�M6Q�KYUNXZKYGf]�xR�-��G~MtX��RG~e�I�EHe�GfEoKNUYXZKNG�p
OnX�[\EHm�x�IRE!KYMH[dQqQ�KYUYX�KYG�]ZxR|���MHG�KYGfe�MHEH[dvuWsG�QTpHGfQNefUN[\rcG�p±[\E!KNMH[\Q�e�MtX�abKYG�U�pHI�EHIZK���IRUN���L[dKNM
X�E�x�I�KYMsG�U�QSG�X�USe�M�QSKNUYXZKNG�]�x�|�kµKF[dQ�WsEHe�mdG�X�UL�LMHGfKNMHG�U�KYMHGfQNGTIRU�X�E�x�I�KYMHGfU�KNG�e�MHEH[dvoWHG�Q�e�X�E�rcG
G`_uKNG�EHpHGfp±JVIRU�pHGfrHWH]R]R[dEH]�IRasKN[\OP[\h�GfUNQ�rHWs[\mdK�WsQN[\Es]^XZEox4IZKYMHGfUqI�KNMHG�U�QSG�X�USe�M±QSKNUYXZKNG�]R[dG�Qf|n°!G
rcG�m\[dGf��GTKYMtXZK�KNMHG5QN[dOnaHmd[\ef[dKlx�I�JwKYMHGgrcI�KNKNIROgilWHa�psxuEtXZOn[degaHUNIR]�UYX�OPOn[dEH]�Q�KYUNXZKYGf]�x�OnX�pHGg[dK
G�XZQSx~JVIRU�WHQ�KNIPefIROPG�WHa��L[�KYM~KYMs[\Q�X�m\]�IRUN[�KYMHO JVIRU�pHGfrHWH]R]�[\EH]5[dK�|

­FG�rHWs]R]R[\Es]�XZEqIRabKY[\OP[\hfG�U�rsWH[\m�K;WHQN[dEH]�I�KYMHGfU�QNG�XZUNe�M�Q�KYUNXZKYGf]R[\GfQ�USG�OnX�[\EsQ�X�aHUSIRrHmdG�O�|���I���i
Gf��G�Uf�RKYMHGwaHUNI�rHm\GfO#[dQ�QSm\[d]RM�KYmdxFX�m\mdGf�u[{X�KYG�p�pHWHGwKYI�KYMHGwJVIRm\mdI��L[dEH]LIRrHQSG�US�ZXZKN[\IRE¯|�°ÐMHGfEPD�Î®��Ï�Ï
[\Q�WHQSG�p±KNI^[dOnasm\G�OPG�E�KFKl��I�pH[�Í¯GfUNGfEoK�IRabKY[\OP[\hfG�USQ���IREHGPrtX�QSG�p±I�E!KYMsGnrcI�KNKNIROgilWHa4psxuEtX�OP[\e
aHUSIR]RUYXZOnOP[\EH]gQ�KYUNXZKYGf]�xR�¯X�EHp�I�EHG�rtXZQNG�p�IRE�X�EHIZKYMHGfU�Q�KYUYX�KYG�]ZxR��X�m\I�K�I�J«KYMHG�e�IupHG�[dQ�QSMtX�USG�p
rcGfKl��G�G�EzKYMHGfO^|>¸�m\m�efIbpHG�I�KNMHG�UgKNMtX�ECKYMHG�QNG�X�UNe�MzQSKNUYXZKNG�]�x>efIbpsG^XZEHp6KNMHG_^=`ab=b=^#c%^a`=b=b#Û
edbag=b=`ahf^#cd`.��[\Q�QSMtX�USG�p4¢�KYMHG�G�E�KY[dUNG�KNMHG�¸�m\]RGfrHUYX�e�IROPacIREHG�E�K��bKYMsGq^=`=bab=^#c%manah=gaedbag=b=`ahf^#cd`.�
X�EHp^KYMHG m�n=h=gf^#cdman=h=gaefbagfb=`ah=^#c%`.� § |�klE�e�XZQNGqKNMHG�QSG�X�USe�M�QSKNUYXZKNG�]�x�[\Q�EHI�KFXPKNUYX�EHQ�JVIRUNOnXZKN[d�RG
QSKNUYXZKNG�]�x�md[\��G�KNMHG1¬®I�m\e�XZEHInQ�Klxum\G�QSKYUNXZKYGf]�xR�¹KYMsG�E�OPIRQSK�I�J�KYMHG ^=`ab=b=^#c%^a`=b=b�edb�gfb=`ahf^"c%`.��X�USG
X�mdQNI5QNMtXZUNG�p¯|
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Rel1.selectattr1 < :value1
Rel1.selectattr2 < :value2

Rel1.joinattr2 = Rel2.joinattr2

Rel1.joinattr3 = Rel3.joinattr3

Group by Rel1.groupattr

Select avg (Rel1.selectattr1)
avg (Rel1.selectattr2)
Rel1.groupattr

from Rel1, Rel2, Rel3
where Rel1.selectattr1 < :value1
and Rel1.selectattr2 < :value2
and Rel1.joinattr2 = Rel2.joinattr2
and Rel1.joinattr3 = Rel3.joinattr3
group by Rel1.groupattr
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Rel1.joinattr2 = Rel2.joinattr2

Rel1.joinattr3 = Rel3.joinattr3
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Histogram: Rel1.joinattr3
Unique values: Rel1.groupattr

Group by Rel1.groupattr
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Rel1.selectattr1 < :value1
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Rel1.joinattr2 = Rel2.joinattr2

Rel1.joinattr3 = Rel3.joinattr3
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Histogram: Rel1.joinattr3
Unique values: Rel1.groupattr

Group by Rel1.groupattr

¤ ç�õ;à2â-á¦¥�§©¨ < á � ä�åhæíç�è�ç�ê
î�æ�çéä;ñ�ä�ï îJå2ôéî�ñ��)ç�æ�ð2ä;àhæ)ü2ç ë�ù î�â�ü2ç�ñ2õ î�ñÜã���ä;â9ª

ä;åóáLâ�î�æíç�ä;ñ*ç ë î�ôéâ-á
î�üwã ù ä;è å2ô�á$æíá�î�ñhü x�
�O�x
�@zQÆ���� ç ë î�ô ë äZå2î�â-æ�çþî�ô�ô�ãDü2ä;ñ2á�û ô ä���á���áLâ$ÿ;æíð2á ���	Ç ø(Ëwø:Ç
� ø�O�÷Tø:Ç��/ÌCÆ�Æ[«NO.zQÆ���� î�ñ2ü 
	|	|�Êíø5|�
�÷Tø ð2î���á*ñ2ä�æ'ã�á$æ)òóáLõ;à2ñ á	�há ù àhæ�çéä;ñ û ô áLñ ù á�ÿ¿îJå2ôéî�ñyçéñ���ä;ô�� çéñhõ
æíðhá ë áÒæ¬��ä�ä�å á$âíî�æ�ä;â ë7ù î�ñBòóáÒè äwü2ç�­NáLü®�)ç�æíð2ä�àhæ7ðNî�� çéñ2õJæ�ä ühç ë�ù î�â�ü î�ñÜã®��ä;â ªóû°¯wåóá ù ç�­ ù î�ôéô�ã;ÿ
æíðhá ß�à2áLâ�ãtä�åhæíç�è�ç�êLáLâ)ç ë â�á � ç�ñi��ä±ª�á$ü²�)ç�æ�ðtñ2á�� ë æ�î�æ�ç ë æíç ù$ë û³��æ\ç ë î�ô ë ä�õ;ç���áLñtæ�ð2á ç�ñhï¨ä;â�è�î�æ�çéä;ñ
æíð2î�æ)æíð2á ïxÌ#÷Tø�Ê î�ñ2ü æíð2á�ò2à2ç�ôéü å2ðNî ë á�ä�ï�æ�ð2á x�
�O�x
�@zQÆ���� ç ë ü2ä;ñ2á�û°´7ð2á�ß�à2áLâ�ã ä;åhæ�çéè çéêLá$â+æíðháLñ
å2â-äwü2à ù á ë î ñ2á�� å2ôþî�ñ ç�ñ��)ð2ç ù ð æ�ð2á ï¶µ#÷6ø�· î�ñ2ü æíð2á x�
�O�x
�@z�¸���� î�â�á*ôéá�ï«æDî ë æíð2á�ã î�â-á�ÿNò2àhæDæíðhá
â�á$è=î�çéñ2ü2á$â7ä�ï/æíð2á*å2ôéî�ñ ç ë â�á � ä;åwæíçéè çéê$áLü4û¹´7ð2ç ë)ë ç�æíà2î�æíç�ä;ñËç ë å2ç ù æ�à2â�á$üBç�ñ ¤ çéõ;à2â-á�¥�§wû

º ð2çéô�áC�+á�ò á$ôéçéá��;á æíðNî�æýæ�ð2ç ë î�å2å2â-äÜî ù ðHç ë æíð2á ò á ë æ à2ñ2ü2á$âýæíðhá ù çéâ ù à2è ë æ�î�ñ ù á ë ÿ.ç�æ�ü2äwá ë

â�á$ß�à2çéâ-á ë çéõ�ñ2ç�­ ù î�ñÜæ^è�ä ü2ç�­ ù î�æ�çéä;ñ ë æíä\æ�ð2á)ß�à2áLâ�ã ë�ù ð2á$ü2à2ô�áLâ�ä�ï¿æíð2á)üNî�æíî�òNî ë á ë ã ë æ�áLè æ�ä�è�î�ª�á
ç�æ»�+ä;â ª¿û�¯wå á ù ç�­ ù î�ô�ô�ãBç�æÒâ-áLß�à2ç�â�á ë æ�ð2á î�ò2ç�ôéç�æTã æ�ä ë à ë åóáLñhü îËß�à2áLâ�ã çéñ¡è çéü � á��wá ù àhæíç�ä;ñ4ÿ&î�ñ2ü
æíäJè ä ü2ç�ï«ãJæ�ð2áÒß�à2áLâ�ãyá��wá ù àhæ�çéä;ñ å2ôéî�ñËä�ï&æíðháÒâ�áLè�î�ç�ñ2ü2áLâ�ä�ï%æíð2áFß àháLâ-ã½¼3�)ç�æ�ð2ä;àhæ+æíð2á¾ª�ñ2ä��)ô �
áLühõ;á\ä�ï4æ�ð2á\ä;åóáLâ�î�æíä�â ë æ�ðNî�æ'î�â�áFî�ôéâ-á
î�ühã ðNî�ô�ï��+î	ã æ�ð2â�ä;àhõ;ð=æíðháLçéâ�á��wá ù àhæíç�ä;ñ-¿�î�ñ2üyæíäýâ�á ë à2è á
á��wá ù àhæ�çéä;ñ�à ë ç�ñ2õÒæíð2á)ñ2á��eå2ôþî�ñ4û º ð2ç�ôéá'æ�ð2ç ë�ù ä;ñ ù á$åhæ�ç ë á
î ë ãEæíä�õ;â�î ë å4ÿ î ù æíàNî�ôéô�ãýçéè å2ô�áLè áLñÜæ �
çéñhõ ç�æÒçéñ îËâ�áLî�ô ë ã ë æíáLè ù î�ñ ò á îËå2â�ä�ò2ôéá$èBÿ&á ë åóá ù çéî�ôéô�ãtç�ï^æíð2á ë�ù ðháLü2à2ô�áLâ¦�'î ë ñ2ä�æ*çéñ2ç�æíçþî�ôéô�ã
ü2á ë çéõ�ñ2áLü æíä ðNî�ñhü2ôéá ë ç�æíàNî�æíçéä�ñ ë ôéç�ª�á\æ�ð2ç ë û

´�ä æ�î ù ª�ô�áýæíðhç ë å2â�ä�ò2ôéá$èBÿ���á è äwü2ç�­NáLü æíðhá î�ô�õ;ä;â-ç�æíðhè ë ô�çéõ;ðÜæ�ô�ãyæ�ä�õ;á�æ\î ñ2á��kî�ôéõ;ä;â-ç�æ�ð2è
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Rel1.selectattr1 < :value1
Rel1.selectattr2 < :value2

ÊÌË�Í�Î�Ï2Ð�Ñ�Ò5Ó
ÔYÕ�Ö2×

Rel1.joinattr2 = Rel2.joinattr2

Ø±Ù�Ú�Ù�Û2Ü�Ù3Û5Ý�ÜAÞ�ß�à5à2á�Ý�Ù3ß�â
Histogram: Rel1.joinattr3
Unique values: Rel1.groupattr

ãÌä�å�æ�ä�åYå�ç+è�é�ê+æ©ë

ì�í�í�î é í�ï å3é

ðÌï�ñ�ò�ó5ô ç�õ2ö

÷ é�ø2ù
Temp1.joinattr3 = Rel3.joinattr3

Group by Temp1.groupattr

ú±û�ü+ý©þ

select  avg (Temp1.selectattr1),
           avg (Temp1.selectattr2),
           Temp1.groupattr
from Temp1, Rel3
where Temp1.joinattr3 = Rel3.joinattr3
group by Temp1.groupattr

¤ çéõ;àhâ�á¦¥±¥�¨¶ÿ)á � ä;åhæ�çéè çéê
î�æíçéä�ñ�ä�ï.î å2ôþî�ñËòÜã è�î�æíá$â�çéî�ôéç�êLçéñhõýç�ñ�æ�áLâ-è�á$ü2çþî�æ�áÒâ�á ë à2ô�æ ë

æíð2î�æ+ç ë ô�á ë-ë á�� ù çéáLñÜæLÿhò2àhæ�ç ë èEà ù ð=á
î ë çéáLâ�æíäýçéè å2ôéá$è�á$ñ�æLû ¤ çéõ;à2â-á»¥�¥ ë ð2ä�� ë ð2ä��eæíð2ç ë ��ä;â ª ë û
�Tñtæ�ð2ç ë î�å2å2â-äÜî ù ð4ÿ��+áýü2äyñ2ä�æ ë à ë åóáLñ2ü æ�ð2á á	�wá ù àwæíçéä�ñ ä�ï æ�ð2á ß�à2á$â-ã;ÿ ò2àhæZôéá$æDæíðhá ù àhâ�â�á$ñÜæíô�ã
á��wá ù àhæ�çéñ2õ ä;åóáLâ�î�æíä;â ë ¼ ���sø�� æ�ð2á	� 
�
 � �
��¸���� çéñ���ä;ô�� çéñhõ�� ø�µ�� ¿ýâ�àhñ æíä ù ä�è�å2ô�á$æ�çéä;ñ4û��Dä��+á��;áLâ$ÿ
çéñ ë æíáLî�ü ä�ïFåhçéå2ç�ñ2õ¡ä;àhæ�å2àhæJæíä æíðhá ñhá�� æ ä;å á$âíî�æ�ä;âJçéñ�æ�ð2á ß àháLâ-ãÞá	�wá ù àwæíçéä�ñ å2ôéî�ñ4ÿ�ç�æJç ë â�á �
ü2ç�â�á ù æíá$ü æ�äHî æ�áLè å ä;â�î�â-ã ­Nô�áËä;ñÞü2ç ë ªóû��Dä��*ÿ ¯���� ù ä;â�â-á ë å ä;ñhü2çéñ2õ¡æ�ä æ�ð2á â�á$è=î�ç�ñ2ü2á$âEä�ï
æíðháËß àháLâ-ã ç ë õ�áLñ2á$âíî�æ�áLüÞçéñ æ�áLâ�è ë ä�ï)æ�ð2ç ë æ�áLè å ä�âíî�â�ã ­Nô�á�û½´7ð2ç ë è�ä ü2ç�­2áLü ß�à2á$â-ã ç ë æíðháLñ
â�á � ë à2ò2è ç�æ�æ�áLüËæíäJæ�ð2á*åNî�â ë áLâ���ä;åhæ�çéè çéêLá$â'ôéç�ª�á*îJâ�á$õ;à2ôéî�â7ß�à2áLâ�ã���û
� �"!$#&%�')(*!,+�'.-/%*0�120�34! ¨ ÿDá � ä;åwæíçéè çéê$çéñ2õtî ß�à2áLâ�ãÞðNî ë î ë ç�õ;ñ2ç�­ ù î�ñÜæJä��;á$â�ð2áLî�ü î ë�ë ä �

ù çéî�æíá$ü5�)ç�æ�ð ç�æLû ¤ ç�â ë æ
ÿ'æíðháLâ�átç ë îHñ2ä;ñ � æíâ�ç�� çþî�ô ù ä ë æ î ë�ë ä ù çéî�æíá$ü5�)ç�æ�ð â�á � åNî�â ë ç�ñ2õ�î�ñhü â�á �
ä;åhæ�çéè çéê$çéñ2õ î ß àháLâ-ã�û7¯wá ù ä;ñ2ü4ÿ�ç�ï+æ�ð2á=â-á � ä;åhæíç�è�ç�ê
î�æ�çéä;ñBï¨ä;â ù á ë î�ñ á�� æ�âíîBè�î�æ�áLâ�çéî�ôéç�ê
î�æ�çéä;ñBä�ï
î�ñyç�ñÜæíáLâ-è�á$ü2çþî�æíáDâ�á ë à2ô�æLÿwæ�ð2á ù ä ë æ7ä�ï6�)â-ç�æ�çéñ2õýî�ñ2üËâ-á
î�ü2ç�ñ2õ æ�ðNî�æ'â-á ë à2ô�æ+ç ë ç�ñ ù àhâ�â�á$ü4û ¤ ä;â^æíð2ç ë
â�áLî ë ä�ñ4ÿ�â-á � ä;åhæíç�è�ç�ê
î�æ�çéä;ñtä�ï7î ß�à2áLâ�ãHç ë ñ2ä�æ*æíâ-çéõ;õ;á$â�á$üHá��;áLâ�ã æíçéè áEæíðhá ë æ�î�æ�ç ë æ�ç ù$ë ä�ï7î�ñ çéñ �
æíá$â�è áLü2çéî�æíáFâ�á ë à2ô�æDî�â�á*ä;ò ë áLâ ��áLü æíä ò áÒühç87 áLâ�á$ñÜæ7ï¨â�ä;è`æíð2á*ä;åhæ�çéè çéê$áLâ�9 ë á ë æíç�è=î�æíá ë ûA�Tñ ë æ�á
î�ü ÿ
:KJ";=<?>A@*BDCFEAGH<?IABFEKJ�I�CMLF>ONPEQLDISR�E?TULF>OE?T�CF@*BVEKLFJ�ISLWLFJ*EQT*E !YX�@*EZBF[�E$L\E]<^@�LVEZC`_aTbLFJ*EcCVISdQEeLFBDIST�CVIA<^LF_a>AT<^>�T�LFE&L\L/IACfLVJ*EWg*BVE$#\_a>A@�C=>�T*EAh



À,i

æíðhç ë ü2á ù ç ë çéä;ñ ç ë è=î�ühá�à ë çéñhõ ë ä;è áÒð2áLà2â-ç ë æíç ù$ë òNî ë á$üBä�ñ æ�ð2á ¼sá ë æíç�è=î�æ�áLü-¿ ù ä ë æ ë çéñ��;ä;ô��;á$ü4û
�&á$ækj"lFmZnZo4pSq rts�uwvxpSy
z|{fz }F~Fn òóátæ�ð2á¡ä;åhæ�çéè çéêLá$â á ë æ�çéè�î�æíá ï¨ä;â=æ�ð2átæíç�è�á â�á$ß�à2çéâ-áLüeæíä á	�wá ù àwæíá

æíðhá ù à2â�â-áLñÜæËå2ôéî�ñ4û��&á$æ�j"lFm]n?o4pSq rts�u�z|{�pSn�v^�V~��¡òóáBæ�ð2á �x�»«Ì·K¸���ø]�Þø�
�÷ �x��
�÷Tø ï¨ä;âJæíð2á ë î�è á�û��&á�æ
j/{=rty�~Fnxz�rtq z }F~Zuw~���y
z|{=rty�~�� òóáËæíð2á á ë æíçéè�î�æ�áLü ä���áLâ-ð2á
î�ü ï¨ä;â è=î�æ�áLâ-çþî�ô�çéêLç�ñ2õ�¼x�)â�ç�æíçéñhõ î�ñ2ü â-á
î�ühçéñ2õi¿
æíðhá çéñÜæíá$â�è áLü2çéî�æíáBâ�á$ôþî�æ�çéä;ñ4û)�%á�æËà ë î ë-ë à2è átæ�ðNî�æyæ�ð2á¡ä;åhæ�çéè çéêLá$â�ç ë î ù æíàNî�ôéô�ã â-á � ç�ñ��;ä±ª�áLü
î�ñ2ütç�æZå2â�ä ü2à ù á ë î=ñhá��kå2ôþî�ñBï¨ä;âDæíð2áýâ�áLè�î�ç�ñ2ü2áLâDä�ï�æ�ð2á ß�à2á$â-ã;û»�Tñtæíð2ç ëFù î ë á�ÿ4ôéá�æ�j"vxpAyxuwr^l�y
m�rtq
òóá æ�ð2áBæ�çéè áyæíðNî�æ���ä;à2ôéü ò á â�á$ß�à2çéâ-áLü æ�ä â�á � åNî�â ë áBî�ñ2ü â�á � ä;åhæ�çéè çéê$á ¼¨æíðháBâ-áLè�î�çéñ2üháLâ ä�ï[¿
æíðhá=ß�à2áLâ�ã;û��&á$æUj"sS~���o4pSq rts�u�y�vty�rtq�ò á æíðhá�æíä�æ�î�ô^á ë æíç�è=î�æ�áLü æíç�è�áJï¨ä;â�á��wá ù àhæíç�ñ2õtæ�ð2á=ñ2áA� å2ôþî�ñ
¼sç�ñ ù ô�à2ü2ç�ñ2õ æ�ð2á�æ�çéè á ï¨ä�â���ä;â9ªHî�ô�â�á
î�ühã ù ä;è å2ô�á$æíá$ü4ÿ.æ�ð2á�æ�çéè á ï¨ä�â ä;åhæ�çéè çéêLî�æíç�ä;ñ4ÿ4æíðhá�æíç�è�á
ï¨ä;â7è�î�æíá$â�çéî�ôéç�ê
î�æ�çéä;ñ4ÿ;î�ñ2üËæíð2áÒæ�çéè áFæíäJá	�há ù àhæ�á�æ�ð2á*â�á$è=î�ç�ñ2ü2á$â'ä�ï/æíð2áÒß�à2á$â-ã à ë çéñ2õEæ�ð2á*ñ2á��
å2ôéî�ñ-¿�û
� òi� ç�ä;à ë ô�ã;ÿ�â�á � ä;åwæíçéè çéêLî�æíç�ä;ñ ë ð2ä;àhôéü*ò á ù ä;ñ ë çéü2á$â�áLü*ä;ñhô�ã\ç�ï4j�l�m]n?o4pSq rts�u�z�{�pSn8vt�V~�����j"sS~���o4pSq rts�u�y�vty�rtq�û

� ñwï¨ä;â-æ�à2ñNî�æ�áLô�ã�ÿNç ë ñ2ä�æ³ª�ñ2ä��)ñtàhñ�æ�çéô4æ�ð2áýä�åhæíç�è�ç�êLáLâ+ç ë î ù æ�àNî�ô�ô�ãyâ-á � çéñ��;ä±ª�áLü4ûK�&á$æZà ë ÿNï¨ä;â7æíðhá
è ä;è�á$ñÜæ
ÿ2î ë�ë àhè�á\æ�ðNî�æQj"vxpAyxuwr^l�y
m�rtq ç ë î�ô8�+î	ã ë ñ2á$õ;ôéç�õ;çéòhô�ã ë è=î�ô�ô5û¹�TñyæíðNî�æ ù î ë á�ÿ2æíðhá ë ä;ô�àhæíç�ä;ñ=ç ë
á
î ë ã;û º ð2á$ñtä;ò ë áLâ$�;áLü ë æíî�æíç ë æíç ùLë î�â-á\ï¨ä;à2ñ2ü æíä ò á*ü2ç�7 á$â�á$ñ�æ)ï¨â-ä;èöæ�ð2á*á ë æ�çéè�î�æíá$ü ë æ�î�æíç ë æíç ùLë ÿ
æíðháFä;åhæ�çéè çéê$áLâ^ç ë çéñ��;ä�ª�áLüyæ�ä å2â-äwühà ù áFîýñ2áA�Xåhôþî�ñ²¼ ë ç�ñ ù áDæíð2ç ë�ë æíá$åyç ë�ù ä;ñ ë çéüháLâ�á$üËñ2áLõ�ôéçéõ�çéò2ô�ã
ù ð2áLî�å-¿ýî�ñ2ü î�ñHá ë æíçéè�î�æ�áLü�j"sS~���o4pSq rts�u�y�vty�rtq�û��Zä��*ÿ ç�ïej/sS~F��o4pSq r^s�u�y
v^y
r^q���j�l�m]n?o4pAq rts�u�z�{�pAn�vt�D~���ÿ�æíðhá
ñ2áA� å2ôéî�ñ¡ç ë î ùLù áLåhæ�áLüHî�ñ2ü��+áEæíî�ª�áEæ�ð2á ë æ�áLå ë â-áLß�à2çéâ-áLü¡ï¨ä;â\üwãwñ2î�è�ç ù è äwü2ç�­ ù î�æíçéä�ñtä�ï^æíðhá
å2ôéî�ñ ¼ ���sø�� è=î�æíáLâ-çþî�ô�çéê$çéñ2õFæ�ð2áFç�ñÜæíáLâ-è�á$ü2çþî�æíá)â�á ë à2ô�æ
ÿwî�ñ2ü=æ�ð2áLñyá	�wá ù àwæíçéñhõ æíð2áZñ2á�� å2ôéî�ñ à ë ç�ñ2õ
æíðháÒè=î�æ�áLâ-çþî�ô�çéêLá$ü=â-á ë àhô�æ	¿(ûA��ï6ÿ2ð2ä���á��;á$âLÿ¿æíð2ç ë ç ë ñ2ä�æ7æíðhá ù î ë á�ÿ2æíðháLñ��+á*â-á^�-á ù æ)æíð2áÒñ2áA�{å2ôéî�ñ4ÿ
î�ñ2ü ù ä;ñÜæíç�ñ�à2á á	�há ù àhæ�çéä;ñ î ë òóá$ï¨ä;â-á�û �Tñtæ�ð2ç ëDù î ë á�ÿ ñ2ä=è�î�æíá$â�çéî�ôéç�ê
î�æ�çéä;ñyä�ï æíð2áýçéñÜæíá$â�è áLü2çéî�æíá
â�á ë à2ô�æEñ2á$áLü ë æíätòóá=ühä;ñ2á�ÿ î�ñ2ü æ�ð2á=ä;ñhô�ã ä��;á$â�ð2áLî�ü�çéñ ù à2â�â-áLü ç ë æ�ð2á�j"vxpSyxuwr?l�y
m�rtq�â-áLß�à2çéâ-áLü æ�ä
õ;á�æ�æíç�ñ2õ î�ñ á ë æíçéè�î�æ�á\ï¨ä;âQj"sS~���o4pSq rts�u�y�vty�rtq�û
� ñhï¨ä�â-æíàhñNî�æíá$ô�ã�ÿKj�vxpSyxuwr^lFy
m]rtq)ç ë ñ2ä�æ=î�ô��'î
ã ë ñ2á$õ;ôéç�õ;çéòhô�ã ë è�î�ôéô7î�ñ2ü æíðháBä��;á$â�ð2áLî�ü ù î�ñ òóá

ë ç�õ;ñ2ç�­ ù î�ñÜæLû º á ñ2ä�æ�á æ�ðNî�æ ç�æ ç ë ñ2ä�æ æ�äwäÞü2ç�� ù à2ô�æËæ�äÞõ;á$æBî ù ä;ñ ë áLâ$��î�æíç���áHá ë æ�çéè�î�æíátï¨ä�â
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j"v pSyxuwr^lFyam�rtqsû¡�&á$æ�à ë*ù î�ôéô�æ�ð2ç ë á ë æ�çéè�î�æíábj"vxpSyxuw~F��y
z|{=rty�~��;û ´7ð2á æíç�è�á�æ�î�ª�áLñ æíäËä;åhæ�çéè çéê$áJîËß àháLâ-ã
ü2ä á ë ñ2ä�æ ü2á$å á$ñ2ü à2åóä;ñ æ�ð2á ë çéê$á ë ä�ïFæ�ð2á üNî�æ�î ë á$æ ë ç�ñi��ä;ô���áLü4û ÿZî�æ�ð2áLâ$ÿ+ç�æ�üháLåóáLñ2ü ë à2åóä;ñ
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¾6ÛâÈ.É�Æ¡ÎÜÐ<Ë]Ì �?ÍVÑ � Î�Ï Ò:m]ÐiÍx�?Í�Ó Ì Ð¶Í.n ËkÂ6Ñ)Ò+¾6Ã.Ä`È.É�Á¼È.¾�È.É�Æ�Õ<Â6Ñ`À�Æ@¿O¾6Û`ã'Çf«P¬�ÇNÂ6Ê�×	«&¤rÄ)¿OÔ@¾+ÊoÈJÂ6Ä)Ê�Æ8×
Ä)ÊÝ¦"¥YÂ6ßL� i*¨ Ó
ewÂ6¿SÆ@×�¾6Ê¢È.É�ÆIÆ�Ú�Ö]Æ@Ô8È.Æ@×�Æ�7NÆ@Ô8È.¿�¾<Û�ÎÜÐRË]Ì �?ÍVÑ � Î�Ï Ò:m]ÐiÍx�?Í�Ó Ì Ð¶Í.n Ë|¾+Ê¢×�Ä�7EÆ8Ã.Æ8Ê2È�È~Ù�Ö]Æ@¿�¾6Û

Ø2À�Æ@ÃSÄ)Æ8¿@Çf�WÆ?ÔàÂ6Ê}Ô@ÑuÂ<¿.¿.ÄjÛ�Ù�Â<Ñ)Ñ�Ø2À�Æ@ÃSÄ)Æ@¿XÄ)ÊoÈJ¾kÈ.É�Ã.Æ8Æ\ÔàÂRÈJÆ@Ò6¾+Ã.Ä`Æ@¿@Ó��0À�Æ@Ã.Ä`Æ@¿XÈ.ÉQÂ<ÈXÔ@¾+ÊoÈ�Â<Ä)Ê�Å8Æ@Ã.¾�¾6Ã
¾+Ê�Æf�S¾+Ä`Ê�¿=� Ä)Ñ`Ñ6Ê�Æ�Õ+Æ8Ã�Ò+Æ�È�Ã.Æ�Ün¾+Ö�È.Ä)ÁvÄ)Å@Æ8×UÓ��ÝÆ�ÃSÆ8Û�Æ8Ã�È.¾ ¿.À�Ô�É�Ø�À�Æ@Ã.Ä`Æ@¿�Â6¿ 
�Íx�am¦p ÎEØ�À�Æ@Ã.Ä`Æ@¿8ÓW�rÀ�Æ@ÃSÄ)Æ8¿
Ô@¾6Ê2ÈJÂ6Ä)Ê�Ä)Ê�Ò0Èt�W¾�¾+Ã=ÈJÉ�Ã.Æ@Æ`�S¾+Ä`Ê�¿W� Ä)Ñ)Ñ�À�¿.ÀQÂ<Ñ)Ñ`Ù\Ê�¾6È�ßNÆ8Ê�Æ§g�È�Á\À�Ô�É�Û�Ã.¾6Á Ö�ÑuÂ<Ê�Áv¾�×�Ä�gQÔ@Â<ÈJÄ`¾+ÊUÇ+ß�À�È
ÁvÄ)Ò+ÉoÈ�¿.Æ8Æw¿.¾+ÁvÆ�ß]Æ@Ê�Æ§g�È.¿'Û�Ã.¾+Á�Ä`Á�Ö�ÃS¾lÕ+Æ@×�Á�Æ8Á�¾+ÃBÙYÁkÂ<ÊQÂ6Ò+Æ8Á�Æ8Ê2È@Ó¨�ÝÆ�ÃSÆ8Û�Æ8Ã'ÈJ¾OÈJÉ�Ä`¿'ÔàÂRÈJÆ@Ò6¾+ÃSÙ
¾6Û�Ø2À�Æ@ÃSÄ)Æ8¿ Â6¿ � Î �6Íxá�� Ø2À�Æ8Ã.Ä)Æ8¿@Ó k Ä`ÊQÂ6Ñ)ÑjÙ+Ç�Â6Ñ`ÑNØ2À�Æ8Ã.Ä)Æ8¿ Ô@¾+ÊoÈ�Â<Ä)Ê�Ä`Ê�Ò�Û�¾+À�Ã�¾+ÃwÁv¾+Ã.ÆÞ�S¾6Ä)Ê�¿PÂ<Ã.ÆrÈJÉ�Æ
Ö�ÃSÄ)Á�Â6ÃSÙLÈ�Â6ÃSÒ+Æ8È.¿=Û�¾+Ã`� É�Ä)Ô�É�ÎÜÐRË]Ì �?ÍVÑ � Î�Ï Ò:m]Ð¶Íx�?Í�Ó Ì ÐiÍ.n ËYÄ)¿�×�Æ8¿.Ä)Ò6Ê�Æ@×UÓ:��ÆÏ� Ä)Ñ`Ñ�ÃSÆ8Û�Æ@Ã=È.¾YÈ.É�Æ@Á
©)ª J*EQ>SLVJ*E?BØX�@*EZBF_aEZCM_aT�LVJ*E ª¡«­¬¦®q¯ N¹E?TP<DJ*dÏISBVR�C�g¹EZ<?_±°¹<?I�LV_�>�TN²fE?BVEeT�>SLW_�TP<Y³a@[´�E�´U_aTU>�@*B`EYµ�gPEZBF_adQE?T�LVCN¹EZ<?IA@�CFEØC�>�dKEW>A;�LFJ*EØT�EZ<^E]CFCVISBV[Ï; E]I�LF@�BFE]C¡²µEZBFEWT�>SL�CF@*g*g¹>ABFLFE)´�N\[ « ISBDI�´�_
CFEAh¦¶�>AB6LVJ*EÞCVISdQEWBFE]IACF>ATHG�dK_aT*>�BdQ>·´�_±°¹<?I�LV_�>�T�C�²fE?BVEÏdÏI�´�EcLF>�LVJ*E�X�@*EZBF_aEZC`LVJ�I�L�²6J*E?BVEÏ_aT�<Y³a@[´�E)´4h7¸xT�I	³¹³µ<ZIACFEZCK²6J�E?BVE�I�X�@*E?BV[b<?>AT�LVIA_�T�E�´I	º§ºABVEFº�I�LFE]CÞ>o»�E?BQEYµ�g*BVEZCVCF_�>�T�CP¼t½)¾W¿§¾�À·Á:ÂH¼�Ã Ä¦Å ª Ä�Æ ¯ Ä ¯@«¦Ç ¸ ¬ Ä�È·¼ÊÉ ® Ã ¯ ¸ËÀ ¬¡Ì Á¨Æ ªÎÍËÍtÍ ²µE�BVE?g[³aI�<^E�´�_�L

²6_�LFJ�IQC�_adQg�³�EZB"I	º§ºABVEFº�I�LFE"EYµ�g*BVEZCVC�_a>AT(¼t½)¾W¿§¾#À·Á:ÂÏ¼�Ã Ä¦Å ª Ä�Æ ¯ Ä ¯@«¦Ç ¸ ¬ Ä ÍËÍ h
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Ð 0F1Ý-@Ñ ! Ò¿!3Ó�0ËÔ�1 Õb'�1Y-:Ñ !%Ö
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No Re-Optimization

Memory Management Only

Plan Modification Only

Both

Ò¿!3Ó�0ËÔ�1 ÕU'µ1Ý-@Ñ !�Ö
k Ä`Ò+À�Ã.Æ7� ¸#× å~¿.¾6ÑuÂ<È.Ä)Ê�Ò\È.É�ÆYÆ�7NÆ@Ô8Èy¾6Û�Ä)ÁvÖ�Ã.¾lÕ6Æ@ÁvÆ@ÊoÈJ¿P×�À�ÆLÈ.¾vÁvÆ@Áv¾+ÃBÙkÁ�Â6ÊQÂ6Ò6Æ@ÁvÆ@ÊoÈOÂ6Ê�×CÖ�ÑuÂ<Ê
Áv¾�×�Ä�gQÔàÂRÈJÄ)¾6Ê

Â6¿ Ñon��am¦p Î à Ø�À�Æ@Ã.Ä`Æ@¿8Ó�å~ÊsÈ.É�Æ0Ø2À�Æ@ÃBÙs¿SÆ8ÈwÈ.ÉQÂ<ÈQ�WÆ0À�¿.Æ8×UÇ.� ¸ Â6Ê�×��Ul?Â<Ã.Ær¿SÄ)ÁvÖ�Ñ)Æ<Ç���·?Â6Ê�×�� ¸\§
Â6ÃSÆ � Î �6Íxá$� Ç�� É�Ä)Ñ)Æ�� � Çï�N��Â6Ê�×±� i Â6Ã.ÆYÔ8¾+Á�Ö�Ñ)Æ�ÚNÓ
k Ä)Ò6À�Ã.ÆP� § ¿.É�¾�� ¿wÈ.É�Æ0Ã.Æ8¿.À�ÑjÈJ¿w¾6Û�¾+À�ÃwÆ�Ú�Ö]Æ@Ã.Ä`Á�Æ8ÊoÈJ¿@Óy�ÝÆ0¿.Æ8ÆrÈJÉQÂRÈPØ2À�Æ@ÃSÄ)Æ@¿�� ¸ Â<Ê�×��7l\×�¾

Ê�¾6È�ß]Æ@Ê�Æ§g�È'Â<È�Â6Ñ`Ñ<Û�Ã.¾6Á ÎÜÐRË]Ì �?ÍVÑ � Î�Ï Ò:m]Ð¶Íx�?Í�Ó Ì ÐiÍ.n ËQÓ d É�Ä)¿�Ä`¿�Â6ÊYÆ�Ú�ÖNÆ8Ô8È.Æ@×�ÃSÆ@¿SÀ�Ñ`È@Ç<¿SÄ)Ê�Ô8Æ�È.É�Æ@¿SÆ
Â6ÃSÆ 
�Íx�am¦p Î'Ø2À�Æ@ÃSÄ)Æ8¿@Óy�ÝÆO¿SÆ@ÆyÂL¿SÁkÂ<Ñ)Ñ�Ä`Ê�Ô@ÃSÆàÂ6¿SÆ Ä)Ê�ÈJÉ�Æ Æ�Ú�Æ8Ô@À�È.Ä)¾+ÊvÈJÄ)ÁvÆ�Û�¾+ÃÞ� ¸ Ç2Ä`Ê�×�Ä)Ô@Â<ÈJÄ`Ê�ÒrÈJÉ�Æ
¾lÕ+Æ8Ã.É�Æ@Â6×�¾6Û�¿SÈJÂ<ÈJÄ`¿SÈJÄ`Ô@¿0Ô8¾+Ñ)Ñ`Æ@Ô8È.Ä)¾+ÊEÓ��Ü·IÂ6Ê�×2� ¸�§ ¿.É�¾*� Á�¾�×�Æ@¿BÈLÄ)ÁvÖ�Ã.¾lÕ+Æ8Á�Æ8ÊoÈJ¿ � À�Ö�ÈJ¾ �#£ �
Ä)ÊIÖ]Æ@ÃBÛ�¾+Ã.Á�Â6Ê�Ô8Æ6Ç�� É�Ä`Ñ)ÆrÈ.É�Æ Ñon��am¦p Î à Ø2À�Æ8Ã.Ä`Æ@¿O¿.É�¾�� Ñ)Â6Ã.Ò6Æ@ÃPÄ)ÁvÖ�ÃS¾fÕ6Æ@ÁvÆ@ÊoÈJ¿ � ¸�§ ÈJ¾�· §�£ ��Ó
k Ã.¾+Á È.É�ÆyÖ�Ã.Æ8Õ�Ä`¾+À�¿�Æ#Ú�ÖNÆ8Ã.Ä)ÁvÆ@ÊoÈ@Ç�ÄjÈWÄ`¿WÀ�Ê�Ô@Ñ`ÆàÂ6Ã�É�¾��äÁ\À�Ô�Ék¾6ÛUÈJÉ�ÆyÖ]Æ@ÃBÛ�¾+Ã.Á�Â6Ê�Ô8ÆyÄ`Á�Ö�ÃS¾lÕ+Æ�Ü

ÁvÆ@ÊoÈLÄ)¿0×�À�Æ�ÈJ¾IÄ`Á�Ö�ÃS¾lÕ+Æ@ÁvÆ@ÊoÈ.¿LÄ`Ê�ÈJÉ�ÆvÁ�Æ8Á�¾6ÃSÙ�Â<Ñ)Ñ)¾�ÔàÂRÈJÄ)¾6Ê�Û�¾+ÃrÈ.É�Æ�Ø2À�Æ8ÃSÙ�Â6Ê�×ÝÉ�¾�� Á\À�Ô�É
Ä)¿ ×�À�ÆYÈ.¾�Ö�ÑuÂ6ÊCÁ�¾�×�Ä�gQÔàÂ<È.Ä)¾+ÊEÓ d ¾vÄ)¿S¾+ÑuÂRÈJÆrÈJÉ�Æ@¿.ÆLÆ�7NÆ@Ô�ÈJ¿���ÆLÖNÆ8ÃSÛ�¾+ÃSÁ�Æ8×}Â<Ê�¾6ÈJÉ�Æ@Ã Æ�Ú�Ö]Æ@Ã.Ä`Á�Æ8ÊoÈ
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Ò¿!3Ó�0ËÔ"1 ÕU'µ1Ý-@Ñ !�Ö Ò¿!3Ó�0ËÔ�1 Õb'�1Y-:Ñ !%Ö
k Ä)Ò6À�Ã.ÆU�¹­ × j`7EÆ8Ô8Èy¾6Û'¿�i6ÆA�

Ä)Ê�� É�Ä`Ô�É�È.É�Æ�ÎÜÐ<Ë]Ì �?ÍVÑ �OÎ�Ï Ò:m]ÐiÍx�?Í�Ó Ì ÐiÍ.n Ë���Â6¿OÃ.À�ÊCÄ)ÊIÈt��¾v×�Ä�7EÆ8Ã.Æ@ÊoÈOÁv¾�×�Æ8¿@Ó�å~Ê�¾6Ê�Æ�Áv¾�×�Æ6Ç
ÈJÉ�ÆPÄ)ÁvÖ�Ã.¾lÕ+Æ8Á�Æ8ÊoÈJ¿=Ä)Ê?¿BÈ�Â<È.Ä)¿BÈJÄ)Ô8¿`��Æ8Ã.Æ À�¿SÆ@×v¿.¾+Ñ`Æ@Ñ`ÙLÛ�¾+ÃâÄ`Á�Ö�Ã.¾lÕ�Ä)Ê�ÒXÈ.É�ÆPÁvÆ@Áv¾+ÃSÙ�ÁkÂ<ÊQÂ6Ò+Æ8Á�Æ8Ê2È
¾6Û=È.É�Æ�Ø2À�Æ8ÃSÙ+Ç�Â<Ê�×�Ö�Ñ)Â6Ê�Áv¾�×�Ä�gQÔàÂRÈJÄ)¾6Êë��Â6¿XÈ.À�Ã.Ê�Æ@×�¾¹7�Órå~Ê}È.É�Æ\¿.Æ8Ô@¾+Ê�×�Á�¾�×�Æ6ÇN×�Ù�ÊQÂ6ÁvÄ)ÔLÃ.Æ#Ü
Â6Ñ`Ñ)¾�ÔàÂ<È.Ä)¾+ÊI¾6Û�ÁvÆ@Áv¾+ÃSÙ���Â6¿XÈ.À�Ã.Ê�Æ@×�¾¹7�Â6Ê�×�¾+Ê�Ñ`ÙIÖ�Ñ)Â6Ê�Áv¾�×�Ä�gQÔàÂRÈJÄ)¾6Ê���Â6¿rÀ�¿SÆ@×�È.¾sÄ)ÁvÖ�Ã.¾lÕ6Æ
ÈJÉ�Æ�Ö]Æ@ÃSÛ�¾6Ã.Á�Â6Ê�Ô@ÆL¾6ÛâÈ.É�Æ�Ø2À�Æ8ÃSÙ6Ó d É�Æ�Ã.Æ@¿SÀ�Ñ`È.¿X¾6Û'ÈJÉ�Ä`¿yÆ#Ú�Ö]Æ@ÃSÄ)ÁvÆ@ÊoÈ0Â<Ã.ÆL¿.É�¾�� Ê�Ä)Ê k Ä)Ò6À�Ã.Æ�� ¸ Ó
¤ Ô8¾+À�Ö�Ñ`Æk¾6Û Ä`Ê2È.Æ@ÃSÆ@¿SÈ.Ä)Ê�Ò}¾+ß�¿.Æ8ÃSÕ<Â<È.Ä)¾+Ê�¿�ÔàÂ6Ê�ß]ÆsÁ�Â6×�ÆkÂ6ßN¾6À�È�È.É�Æ@¿SÆ�Ã.Æ@¿SÀ�Ñ`È.¿@Ó k Ä`Ã.¿BÈàÇ��WÆ�¿.Æ8Æ
ÈJÉ�Â<È�Â6Ñ)Ñ�ÈJÉ�Æ � Î �6Íxá$� Ø2À�Æ8Ã.Ä)Æ8¿�ßNÆ8Ê�Æ§g�ÈW¾+Ê�ÑjÙ�Û�ÃS¾+Á Ä)ÁvÖ�ÃS¾fÕ6Æ@×�ÁvÆ@Áv¾+ÃSÙ�ÁkÂ6Ê�Â6Ò+Æ@ÁvÆ@ÊoÈ@ÓKs�Æ8Ô@¾+Ê�×EÇ
ÈJÉ�Æ Ñon��am¦p Î à Ø2À�Æ8Ã.Ä`Æ@¿wß]Æ@Ê�Æ�g�È�Û�ÃS¾+Áæß]¾6ÈJÉUÇ�Ä)ÁvÖ�ÃS¾fÕ6Æ@×sÁvÆ@Áv¾+ÃBÙ?ÁkÂ<ÊQÂ6Ò+Æ8Á�Æ8Ê2È@Ç�Â<¿Þ�WÆ@Ñ`ÑEÂ6¿WÖ�ÑuÂ<Ê
Áv¾�×�Ä�gQÔàÂRÈJÄ)¾6ÊUÓ d É�Æ�ÙC¿.Æ@Æ\Âv¿SÁkÂ6Ñ`Ñ�Ä)ÁvÖ�Ã.¾lÕ6Æ@ÁvÆ@ÊoÈ � � È.¾ ¸�§�£ �P×�À�ÆLÈJ¾kÁvÆ@Áv¾+ÃBÙ�ÁkÂ<ÊQÂ6Ò+Æ8Á�Æ8Ê2È
Â6Ê�×ÝÂIÑuÂ6ÃSÒ+Æ@Ã0¾+Ê�Æ � ¸�§ ÈJ¾	­ §�£ �r×�À�Æ�ÈJ¾CÖ�ÑuÂ6Ê|Áv¾�×�Ä�gQÔ@Â<ÈJÄ`¾+ÊUÓ�s�Ä`Ê�Ô@Æ?ÈJÉ�Æ 
�Íx�am¦p ÎXØ2À�Æ@ÃSÄ)Æ@¿�Â6ÃSÆ
Ê�¾6ÈOÃSÆàÂ6Ñ`Ñ`ÙkÂP7EÆ8Ô8È.Æ@×}ßoÙ°ÎÜÐRË]Ì �?ÍVÑ � Î�Ï Ò:m]ÐiÍx�?Í�Ó Ì Ð¶Í.n ËÖ��ÆYÉQÂàÕ6Æ�Ê�¾6È Ä`Ê�Ô@Ñ`À�×�Æ8×CÈ.É�Æ@Á Ä`ÊIÈ.É�Ä)¿P¾6Ã
ÑuÂRÈJÆ@ÃPÆ#Ú�ÖNÆ8Ã.Ä)ÁvÆ@ÊoÈ.¿@Ó
��ÆÝÂ6Ñ`¿.¾¢ÃJÂ6Ê ¿S¾+Á�Æ|Æ#Ú�Ö]Æ@ÃSÄ)ÁvÆ@ÊoÈJ¿IÈJ¾¢¿BÈJÀ�×�Ù È.É�Æ|Æ�7NÆ@Ô8È�¾6Û�¿)i<Æ�� ¾+Ê ÈJÉ�Æ|Ö]Æ@ÃBÛ�¾+Ã.Á�Â6Ê�Ô8Æ

¾6Û´Î�Ð<Ë]Ì �?ÍVÑ � Î�Ï Ò:m]ÐiÍx�?Í�Ó Ì Ð¶Í.n ËQÓ k ¾+ÃYÈJÉ�Ä`¿@Ç"��Æ�À�¿.Æ8×�ÈJÉ�Æ�¿JÂ6ÁvÆ�Ø2À�Æ8Ã.Ä`Æ@¿b� ÄjÈJÉ�¿�i6ÆA��Æ8×�×�Â<È�Â�Ó
å~Ê�¿BÈJÆàÂ<×�¾6ÛPÒ+Æ8Ê�Æ@Ã.Â<ÈJÄ`Ê�Ò d ÚeÙ�Üt® ×QÂ<ÈJÂë� ÄjÈJÉ�À�Ê�Ä`Û�¾+ÃSÁ ×�Ä`¿SÈJÃSÄ)ß�À�ÈJÄ)¾6Ê�¿@Ç/��Æ�Á�¾�×�Ä�gQÆ@×|ÈJÉ�Æv×QÂ<ÈJÂ
Ò+Æ8Ê�Æ@Ã.Â<ÈJ¾+Ã�ÈJ¾�¿)i6ÆA� Â6Ñ)Ñ
Ê�¾+Ê�Ü9i6Æ�ÙsÂRÈ.ÈJÃSÄ)ß�À�ÈJÆ@¿�À�¿SÄ)Ê�Ò�Ò+Æ@Ê�Æ8ÃJÂ6Ñ`Ä)Å8Æ@×_ØEÄ`Ö?g
Â6Ê�×�Ä)¿BÈJÃSÄ)ß�À�È.Ä)¾+Ê � ¦ZØEÄ`Ö ç � ¨
Â6¿=×�Æ8¿.Ô8Ã.Ä)ß]Æ@×vÄ)Ê�¦wÚ�¾�¾�� �*¨ �#Ó:�ÝÆPÃJÂ6Ê?Èt�W¾�¿SÆ8ÈJ¿�¾6Û]Æ#Ú�Ö]Æ@ÃSÄ)ÁvÆ@ÊoÈJ¿W� ÄjÈJÉ\Õ<Â6Ñ)À�Æ@¿âÛ�¾+ÃâÈ.É�Æ�ØEÄ)Ö�ÛQÛiÂ<Ô8ÈJ¾6Ã
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k Ä`Ò+À�ÃSÆU�uÝ ×�Þ Ù�ÊQÂ6ÁvÄ)ÔUß Æ�ÜYàrÖ�ÈJÄ`Á�Ä`ÅàÂ<È.Ä)¾+Ê × ßOÂ6Ê�×�¾6ÁâárÀ�Æ@ÃSÄ)Æ@¿

�tã �WÕ6Â<Ñ)À�Æy¿.Æ8ÈOÂRÈ,ä�ÓZÝ?Â6Ê�×hä�ÓZl�Ó d É�Æ0Ã.Æ@¿SÀ�Ñ`È.¿P¾6Û�ÈJÉ�Æ@¿.Æ0Æ#Ú�ÖNÆ8Ã.Ä)ÁvÆ@ÊoÈ.¿ Â6Ã.ÆrÖ�Ñ)¾6ÈSÈJÆ@×kÄ)Ê k Ä`Ò+À�ÃSÆ7�#å�Ó
æ ¾+ÁvÖQÂ6ÃSÄ)Ê�ÒvÈJÉ�Æ8¿.Æ\Ô�ÉQÂ<ÃSÈJ¿�ç Ä`ÈJÉ�ÈJÉ�Æ�Ô�ÉQÂ6ÃSÈ.¿rÛ�¾+Ã ÈJÉ�Æ\À�Ê�Ä`Û�¾+ÃSÁ ×QÂ<ÈJÂ � k Ä`Ò+À�ÃSÆ(�uä#�/çWÆ\¿.Æ8Æ�ÈJÉQÂRÈ
ÈJÉ�Æ�ÃSÆ@ÑuÂRÈJÄ`Õ6Æ�Ö]Æ@ÃBÛ�¾+Ã.Á�Â6Ê�Ô8ÆY¾6Û�èUéRË]Ìuê Í.ë7ì Î�Ï	í m]Ð¶Í ê Í�î Ì ÐiÍ.n Ë�Ä`Á�Ö�Ã.¾lÕ+Æ8¿y¿SÑ)Ä)Ò6É2È.Ñ`ÙIÂ<¿yÁv¾+Ã.ÆY¿�i6Æ§ç
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