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PROF

Attributes
Name
Dept
Salary

Methods
Supervise

Inheritance Relationship

Attribute Relationship

Method Relationship

Attributes

DEPT

Name
Office

STUDENT

Attributes
Name
GPA
TakeCourses

GRAD

Attributes
ResearchArea

UGRAD

Attributes
Major

AssociateProf

AssistantProf

FullProf

PHDGrad

MasterGrad

Attributes

Name
Number
Instructor

COURSE
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OID: 4
Name: Fortran
Number: 51
Instructor: 9

OID: 5
Name: Algebra
Number: 12
Instructor: 10

Name: Lou Cox
Dept: 11
Salary: 25000

OID: 9

OID: 10
Name: Kim Hunt

Salary: 42000
Dept: 12

STUDENT

OID: 2

OID: 3

Name: May Wilson
GPA: 2.78

Name: Steve Smith
GPA: 3.10
TakeCourses: {4}

COURSE DEPT

OID: 12
Name: Math

OID: 8
Name: Carl Hines
Dept: 11
Salary: 34000

Name: CS
OID: 11

TakeCourses: {5, 7}

Name: Joe Jones
GPA: 3.22

OID: 1

PROF

Name: Calculus
Number: 101
Instructor: 10

OID: 6
Name: Compiler
Number: 234
Instructor: 8

OID: 7

Office: 110 Fulton Hall

Office: 216 CS Building

TakeCourses: {4,6,7}
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¹�·]ºr¹pÊ � Ø�³�¹�Ã!»rÀ!½d·]¹�¹(»�·]ÃF·pÇiºr¹
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� - #�#�O�Q�RHç/.dé3Y^.`O�Q�RHç/.dá3Y^.`O�Q�RHé/.râ%Y�( .B#�O�Q�Rdà�.�á�Y`.^OJQ R^ç .wá�Y^.`O�Q�RHé/.râ%Y�( .)#kOJQ Rwàk.wá�Y^.`O�Q�Rdà�.râ%Y^.4O�Q�R^é .�â�Y)(B.
#�O�Q�Rdà�.râ%Y`.^O�Q�RHé/.râ%Y)(B.E#kO�Q�R^ç .wé�Y`.^O�Q�R^ç .wá�Y`.4O�Q R^á/.dã3Y�( .)#kO�Q�Rwàk.wá�Y`.4O�Q R^ç/.dá3Y^.`O�Q R^á/.rã3Y)(B.
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à�0¤ç�Ê � Ø!·�¹�·]×µ·p½dºr³µí�³µºHÂ�Çiº'" @ ³µ¹�¹�·]º�ÙX»rÀhÅ ç/0¤çhç�à�º�À�ç 0¤ã!Ê � Ø!·�´�ÇxíJ³µÄ�Ç�º�³µÀh´0½dÀh¹rº=Äm»�ÀiÞW¹�Çi¹�º�Ø!·(´�ÇxíJ³�ÄJÇiºr³�Àm´0¹�·]×µ·p½dºr³µí�³µºHÂ

éhá



10^{1}

10^{2}

10^{3}

10^{4}

10^{5}

0.001 0.005 0.01 0.05 0.1 0.5

D
is

k 
A

cc
es

s

Navigation Selectivity

Navigation Cost

"B-JIH~B-ASR"
"P-JIH"
"C-JIH"

"Full-ASR"
"P-ASR"

� ³�Äm¼!»�·�à�â�� O ÇxíJ³µÄ�Çiºr³µÀh´A��Àh¹rº�¹�ÀiÙ � É � ��ïZ¾ � É � ��ïZ¾ �¡É � ��ïZ¾4��¼!×µ×ªÉ^ì�Û� Z¾JÇi´�¶]� ÉHì=Û� óí�¹xÊ O ÇxíJ³µÄ�Ç�º�³µÀh´;ÛJ·�×�·x½dº�³µíJ³µº�³µ·]¹pÊ
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� ³µÄh¼!»r·�àpã.�QÛÐº�Àh»dÇiÄm· l�¸ÐÃ�×�Àm¹�³µÀh´�ÞW³µº�Ø"� Çi»rÄh·���Ç�´JÉHÀh¼!ºr¹pÊ

³µ´�½d»r·pÇi¹r·]¹pÊ
� ³�Äm¼!»�·0àpã�Ã�»�·]¹r·]´Jº�¹�º�Ø!·Z¹rº�Àm»wÇiÄm·)»r·pÁm¼!³µ»�·]Å�·]´Jº�¹�íJ¹pÊF×�Çi»rÄh·�Ù^Ç�´JÉHÀh¼!ºr¹pÊ � Ø!·�»�·xÇi¹�Àm´ÝºrØ�Çiº�Àh´!×µÂ0×�Çi»rÄh·�Ù^Ç�´JÉHÀh¼!ºr¹=Çi»r·

Çi´FÇi×µÂJÆ]·p¶�È�¼!ºQ´!Àmº�×�Çi»rÄh·:½]Ç�»w¶J³µ´�Ç�×µ³�ºr³µ·]¹QÀiÙ�½¢×òÇ�¹�¹r·]¹W³µ¹QÈ�·x½]Çi¼!¹r·ZÀh¼�»QÀhºrØ!·]»�Ã�·]»�ÙXÀh»rÅ�Ç�´�½d·:»r·]¹�¼�×�ºr¹ � ¹�Ø�ÀiÞW¹�ºrØ�Çiº�º�Ø!·�½dÀh¹rº�¹
ÀiÙ:¹rº�Àm»wÇiÄm·h¾Q´FÇxí�³µÄJÇiº�³µÀm´ÝÇi´�¶ ¼!Ã+¶!Çiºr·]¹;¶JÀ�´!Àmº)Äm»�ÀiÞ íh·�»�Â1Ù^Ç�¹�º�Çi¹ZºrØ!·�½]Çi»d¶J³µ´�Çi×µ³µº�³µ·]¹ZÀ�Ù=½d×�Çi¹r¹�·]¹�³µ´�½d»r·pÇi¹r·hÊ�ì�¹)Àm´!·
½]Ç�´ÝÃ!»r·p¶J³�½dºx¾+º�Ø!·�¹�ºrÀh»dÇiÄh·�½dÀm¹�º"RHÇi´�¶0Ø�·]´�½d·�ºrØ!·)´FÇxí�³µÄJÇiº�³µÀm´ÜÇ�´�¶0¼!Ã+¶!Ç�º�·;½dÀm¹�º�¹)Y�Äh»�ÀiÞW¹�»dÇiÃ!³�¶J×µÂ;ÞWØ�·]´�º�Ø!·(Ù^Ç�´JÉ^Àm¼!º
»wÇ�º�³µÀ�Äh»�ÀiÞW¹xÊ��!¼�×�×ªÉHì=Û� %Ø�Ç�¹Wº�Ø!·�Ø!³µÄhØ�·]¹�ºW¹rº�Àh»dÇiÄm·)½dÀh¹rºW¹�³µ´�½d·(Å�¼!×µº�³µÃ!×µ·:Çh½]½¢·]¹�¹�Ã�ÇiºrØ!¹WÙX»rÀhÅ)" $?d õ ºrÀ+" $ ÞW³�×µ×FØ�Çxíh·�ºrÀ
ÈF·)Å�¼!×µºr³�Ã�×�·¢¸Ð·x¶;ÞWØ�·]´ÝÃFÇi³µ»�³µ´!Ä�ÞW³µº�Øñº�Ø!·�ÀmÈh¿d·p½dºr¹=³µ´b" $:9 õ ¾F·]ºw½iÊ � Ø!³µ¹ZÇi×µ¹�À�¹r¼!ÄhÄm·]¹�ºr¹Zº�Ø�Ç�º�º�Ø!·(Ù^Çi´ÐÉ^Àm¼!º�¹�¹�Ø!Àm¼!×�¶0È�·
½dÀm´!¹�³�¶J·]»r·p¶�Ç�¹:Çi´0³µÅ;ÃFÀh»�ºdÇi´JºUÙ^Çm½dº�Àm»�ÙXÀh»�¹�·�º�º�³µ´!Ä<P 
�»r·�ÞMÇ�×�×µ¹ Q)ºrÀ ÇxímÀh³�¶;½dÀm¹�º�·d¸!Ã!×µÀh¹�³µÀm´TÊ

�H´0º�Ø!·�¹�·x½dÀh´�¶ÜÄh»�Àm¼!Ã;·¢¸ÐÃF·]»r³�Å�·]´Jºp¾J¹r³t¸;³µ´�¶Ð·d¸�¹rº�»�¼F½dº�¼!»r·]¹p¾ ÞWØ!³�½�Ø�¹�¼!Ã�Ã�Àm»�º:Çi¹r¹�À!½d³�Çiºr³µíh·�¹�·pÇ�»w½rØ!·]¹x¾+Çi»�·Z½dÀmÅ;Ã�Ç�»�·p¶��
Rwà�Y4�¡É � ��ï�Ç�¹�¹rØ!ÀiÞW´;³µ´ �T³µÄm¼!»�·�ã�R^Ç�Y � RHé3Y � É � ��ï�Ç�¹�¹rØ!ÀiÞW´0³�´ � ³�Äm¼!»�·�ã�R�È�Y � RHá3Y?� É � ��ï�Çi¹�¹�Ø!ÀiÞW´�³µ´ � ³µÄh¼!»r· àxå � RXâ�Y
��¼!×µ×tÉHì=Û� � RXâ%Y,��É^ì�Û� �!Ç�´�¶ R^ã3Y O ·]¹�º�ÞWØ!³�½rØÜ¶Ð·]´!Àhºr·]¹:ºrØ!·�´!·]¹rº�·p¶ñ³µ´�¶J·d¸0³�´1ß â!¾�éxë�Ê O Àmº�³�½d·ZºrØ�ÇiºWºrØ!·�ºwÇi»rÄh·]º�´!À!¶J·�³µ¹
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� ³µÄh¼!»r·�àpê.� ì:¹r¹�À!½d³�Çiºr³µíh·ZÛJ·pÇ�»w½rØ ��Àh¹rº�¹�ÀiÙ � É � ��ïZ¾ � É � ��ïZ¾ �¡É � ��ïZ¾4��¼!×µ×ªÉ^ì�Û� Z¾�� ÉHì=Û� �Ç�´�¶ O ·]¹rº:íJ¹pÊ4�FÇi´JÉHÀh¼�º�¹pÊ

O�Q�RHç/.dã3Y�³µ´;ºrØ!·ZÃ�Ç�»�º�³�Ç�×¦¿dÀm³µ´;³µ´�¶J·d¸0Ø!³µ·]»wÇ�»w½rØJÂ;³µ´ � ³�Äm¼!»�·�àxå!Ê
� ³�Äm¼!»�·1àpê0Ã�»�·]¹r·]´Jº�¹;Ø�ÀiÞ ºrØ!·�Ç�¹�¹rÀÐ½¢³òÇ�º�³µíh·�¹�·pÇ�»w½rØ�½dÀh¹rº�¹�³µ´�½d»�·xÇi¹�·�Ç�¹)ºrØ!·�Ù^Ç�´JÉHÀh¼!ºr¹)Äm»�ÀiÞ RXÀm´!×µÂÝºrØ!·;È�Çm½rî�ÞWÇi»d¶

´�ÇxíJ³µÄ�Ç�º�³µÀh´AÈ�·]ºHÞ�·]·]´ "A@ñÇi´�¶p"��ñ³µ¹�½dÀm´!¹�³�¶J·�»�·p¶+Ê Y�Ê�ÛJ³µ´�½d· � É � ��ï Ç�´�¶ �¡É � ��ï ¹�¼!Ã�Ã�Àm»�º O�Q�R^ç .wã�Y�¶J³µ»�·p½¢º�×µÂ�¾�º�Ø�·]³µ»
Çi¹r¹�À!½d³�Çiºr³µíh·Z¹r·pÇi»d½�Ø,½¢Àh¹�ºr¹ZÇi»�·�º�Ø�·Z¹wÇ�Å;·hÊ � Ø!³µ¹:³µ¹:³µ´�¶Ð³ò½�Çiº�·x¶0ÈJÂ�ºrØ!·�Àiíh·]»r×òÇ�Ã�ÀiÙQºrØ!·]³µ»�Ã�·]»�ÙXÀh»rÅ�Ç�´�½d·)½d¼�»�íh·�¹pÊ�� É � ��ï
Çi´F¶K�¡É � ��ï Ã�·�»HÙXÀm»�Å È�·�º�º�·�»�º�Ø�Ç�´ O ·]¹rº)¹r³�´F½d·;ºrØ!·;»rÀ�ÀmºZ´!À!¶J· � �)R^ç!¾¤ã�Y�ÀiÙ�� É � ��ï Çi´�¶K�¡É � ��ï ³µ¹Z¹rÅ�Ç�×�×µ·]»�º�Ø�Ç�´�º�Ø!·
´!·]¹rº�·p¶Ü³�´F¶J·d¸TÊ

� ³�Äm¼!»�·Zàxæ�³�×µ×µ¼!¹rº�»wÇ�º�·]¹¡º�Ø!·W¼!Ã+¶!Ç�º�·:½dÀm¹�º�¹xÊ � Ø!·]´�ºrØ!·�Ù^Ç�´JÉ^Àm¼!º�¹QÇ�»�·W¹�Å0Çi×µ×H¾]ºrØ!·:¼!Ã+¶!Ç�º�·:½dÀm¹�º�¹¡ÀiÙ � É � ��ï�Çi´F¶"�¡É � ��ï
Çi»r·ZØ!³µÄhØ�·]»:ºrØ�Çi´�ºrØ�Çiº�ÀiÙ�ºrØ!·Z´!·�¹�º�·x¶1³�´F¶J·d¸TÊ � Ø!³µ¹:»r·���·p½¢º�¹ZºrØ!·�Ù^Çm½dº:ºrØ�Çiº�� É � ��ï Çi´�¶/�¡É � ��ï Å�Ç�³�´JºdÇi³µ´�ºHÞ�À;½¢ÀhÃ!³µ·]¹
ÙXÀm»QÈ�Àmº�Ø�ÙXÀm»�ÞWÇi»d¶)Ç�´�¶�È�Çh½rîJÞWÇi»w¶�´FÇxí�³µÄJÇiº�³µÀm´!¹UÞWØ!³µ×�·�º�Ø�·:´!·]¹rº�·p¶'³µ´�¶J·d¸�¹�ºr»�¼�½dºr¼!»�·�Àm´!×µÂ)îm·]·]Ã!¹�Àh´!·�R�È�Çh½rîJÞWÇi»w¶ YQ½dÀhÃJÂ
Çi´F¶�½]Çi´0Àm´!×µÂ;ÈF·)·]Å�Ã!×µÀiÂh·p¶ ÙXÀh»:Ç�¹�¹rÀÐ½¢³òÇ�º�³µíh·(¹�·pÇ�»w½rØTR�È�Çh½rîJÞWÇi»w¶Ü´�ÇxíJ³�ÄJÇiºr³�Àm´�Y]Ê �Hº�³µ¹:¹�³µÄm´!³Z
ä½]Çi´Jºx¾!Ø!ÀiÞ�·]íh·�»p¾Fº�Ø�Ç�ºWº�Ø!·
¼!Ã+¶!Çiºr·;½dÀh¹rº�ÀiÙWº�Ø!·�´!·]¹rº�·p¶ ³�´F¶J·d¸ÝÄm»�ÀiÞW¹�Ù^Çi¹rº�·]»�ºrØ�Çi´1º�Ø!Àm¹�·�À�Ù � É � ��ï Ç�´�¶ �¡É � ��ï(¾TÇi´F¶�·d¸�½d·�·p¶J¹�º�Ø!·]Å ÞWØ!·]´1º�Ø!·
Ù^Ç�´JÉ^Àm¼!º�¹�ÈF·p½dÀhÅ�·:×�Çi»rÄh·�R�Ù^Ç�´JÉ^Àm¼!º�¹�¹w½�Çi×µ·�� q�àk0 ã�Y]Ê �H´�Ç(´!·]¹rº�·p¶0³µ´�¶Ð·d¸T¾hºrØ!·�»�·dÙX·�»�·]´�½¢·)³µ´JÙXÀm»�Å0Çiº�³µÀm´Z³µ´�Ç(Ã�ÇiºrØ;Ø�Ç�¹�ºrÀ
ÈF·:»�·�º�»�³µ·]ím·p¶�³µº�·]»dÇiº�³µím·]×µÂZÙX»rÀhÅ º�Ø�·=Çi¼Ð¸Ð³µ×µ³�Çi»rÂZ³µ´�¶J·d¸;¹rÀ)ºrØ�Çiº�Ç�×µ×�ºrØ!·=Ç�Ã!Ã!»�ÀmÃ!»�³�Ç�º�·:»r·p½dÀm»w¶J¹W³µ´�º�Ø�·:Ã!»r³�Å0Çi»rÂZ³µ´�¶J·d¸�½]Ç�´
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�T³µÄm¼!»�·�àpæ ���ðÃä¶�Çiº�·H��Àh¹�ºr¹WÀiÙ � É � ��ïZ¾���É � ��ïZ¾��¡É � ��ï(¾4�!¼�×�×ªÉHì=Û� (¾%��É^ì�Û� �Çi´�¶ O ·]¹rº:íJ¹pÊ	��Ç�´JÉHÀh¼!ºr¹pÊ

ÈF·=¼�Ãä¶!Ç�º�·p¶ñÇh½]½dÀm»w¶J³µ´!Äm×µÂ�Ê
�H´Z¹�¼�Å;Å�Ç�»�ÂJ¾�ºrØ!·QÃF·]»HÙ�Àh»�Å0Çi´�½¢·Q¹�ºr¼�¶JÂ�¹�Ø!ÀiÞW¹ º�Ø�Ç�º�� É � ��ïAÇi´�¶��¡É � ��ï�Àh¼�º�ÃF·]»HÙXÀm»�Å � É � ��ï:ô � ÉHì=Û� (¾:��¼!×µ×ªÉ^ì�Û� Z¾E� É

ì=Û� Z¾pÇ�´�¶ O ·]¹�ºU³µ´Z´�ÇxíJ³µÄ�Ç�º�³µÀh´T¾]Ç�¹�¹rÀÐ½¢³òÇ�º�³µíh·¡¹�·pÇ�»w½rØ Ç�´�¶�Àiím·]»wÇ�×�×mÃ�·�»HÙXÀm»�Å�Ç�´�½d·hÊ � É � ��ï Ø�Çi¹ È�·]ºrº�·]»¡¹�º�Àm»wÇ�Äh·�Ç�´�¶�ÈF·]º�ºr·]»
¼!Ã+¶!Çiºr·�½dÀm¹�ºr¹)ºrØ�Çi´T�¡É � ��ï(Ê���×µ·pÇ�»�×µÂ�¾m¿dÀh³µ´1³�´F¶J·d¸�Ø!³µ·]»wÇ�»w½rØJÂ�¾U·]¹rÃ�·x½d³�Çi×µ×µÂÝºrØ!·;Ã�Ç�»�ºr³òÇ�×QÀh´�·h¾TÃ�»�ÀiíJ³�¶J·]¹�Çi´1³�´Jºr·]»�·]¹rº�³µ´!Ä
¶!Ç�ºwÇ�¹�ºr»�¼�½¢º�¼!»r·)ºrÀ)¹r¼!Ã!ÃFÀh»�º�·! �½d³µ·]´JºW´�ÇxíJ³µÄ�Ç�º�³µÀh´!¹�³µ´;ÀmÈh¿d·p½dº�É^Àm»�³µ·]´Jº�·p¶ñ¶!ÇiºdÇiÈ�Ç�¹�·]¹xÊ
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:Õ �TÏ��UÏ!Ô�
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�Õ�Ô�
 �JÓ�$ $ZÑQÏJÎ��AÑUÎ�
��TÏ �WÕ�Í�Ò���Ñ�"0Í�� �:Õ����TÎ!ÕrÑQÍ��
� Ø!·W¿dÀh³µ´�³µ´�¶Ð·d¸�Ø!³µ·]»wÇ�»w½rØ!³µ·]¹)¶J³µ¹d½d¼!¹�¹r·p¶1³µ´�º�Ø�·)Ã!»r·]íJ³µÀh¼!¹�¹�·x½dº�³µÀh´�¹)Çi»r· ¶J·�¹�³µÄh´!·x¶0ÙXÀm»:¹r¼!Ã!ÃFÀh»�º(ÀiÙM½d×�Ç�¹�¹Z½dÀhÅ�Ã�Àm¹�³µº�³µÀm´
Ø!³µ·]»dÇi»w½rØ!³µ·]¹x¾T³HÊ ·hÊµ¾F´�ÇxíJ³µÄ�Çiºr³µÀh´!¹�º�Ø!»rÀh¼!ÄmØ>Ç�¹�·xÁh¼�·]´�½d·�ÀiÙWÀhÈh¿d·p½¢º)½d×�Çi¹r¹�·]¹ZíJ³�Ç�ºrØ!·]³µ»)Ç�º�º�»r³µÈ!¼!º�·�»�·�×òÇ�º�³µÀh´�¹�Ø!³µÃ!¹xÊ ÛÐ³�Å�³µ×òÇ�»
¿dÀm³�´(³�´F¶J·d¸�Ø!³µ·]»wÇ�»w½rØ!³µ·]¹�½]Ç�´�È�·:Ç�Ã!Ã!×µ³µ·p¶(º�À�¹�¼!Ã�Ã�Àm»�ºQÀ�Ùä´�ÇxíJ³µÄ�Ç�º�³µÀh´�¹Tº�Ø�»�Àh¼�ÄhØ�½d×�Çi¹�¹dôi¹r¼!Èä½¢×òÇ�¹�¹�Ø!³µ·]»wÇ�»w½rØ!³µ·]¹x¾JÀh»Uº�Ø!»rÀh¼!ÄmØ
Ç�¹�·xÁh¼�·]´�½d·�ÀiÙQ½d×�Çi¹�¹r·]¹:íJ³�Ç(º�Ø!·Z»r·]×�Çiºr³�Àm´!¹�Ø�³�Ã�¹�¹rÃ�·p½¢³ 
F·p¶�ÈJÂ�Å�·]º�Ø!À!¶J¹:Ç�´�¶!ô�Àh»W¶J·p¶J¼�½¢º�³µÀh´�»r¼!×µ·]¹pÊ

�H´�Ç�¹d½rØ!·]Å�Ç(Ã�Ç�º�Ø�³µ´JíhÀh×µíJ³µ´!ÄZ½d×�Çi¹r¹wôi¹r¼!È+½d×�Çi¹�¹WØ�³�·�»wÇi»d½rØ!³µ·]¹p¾JÀm´!·:Å0ÇxÂ)½dÀh´�¹�º�»r¼�½dºWÀm´!·�RH½dÀhÅ�È!³µ´!·x¶.YUÈ�Ç�¹�·�¿¢Àh³µ´�³µ´�¶J·d¸
´!À!¶J·�Àh»�¹�·�íh·]»dÇi×+¿dÀh³µ´0³µ´�¶J·d¸/
F×�·�¹ZÈ�Çi¹r·p¶ñÀh´1º�Ø!·�½dÀhØ�·]¹�³µÀh´1ÀiÙW¹�¼�Èä½d×�Ç�¹�¹�·�¹ Ç�´�¶�Çh½�½d·]¹�¹�Ã�Ç�º�º�·�»�´!¹xÊ ��Àh»�·d¸�Ç�Å;Ã!×µ·h¾�³tÙWÇ
¹�·�ºWÀiÙ�¹r¼!È+½d×�Çi¹�¹r·]¹�Ø�Çxíh·�¹�³µÅ;³µ×�Çi»UîJ³µ´�¶J¹�ÀiÙQÇiº�ºr»�³µÈ!¼!ºr·]¹=Ç�´�¶�ºrØ!·]³µ»WÀhÈh¿¢·p½dº�¹:Ç�»�·�¼!¹r¼�Çi×µ×µÂ;Çh½]½¢·]¹�¹r·p¶�ºrÀhÄm·]º�Ø!·�»p¾!³µºW½dÀh¼�×ò¶'È�·
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