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[Crawl vs. Re-crawl, 25 US Universities (2 levels)]ñ

Crawling 
Re-Crawling after 1 hour with Meta-Info Store
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[Crawl .vs ReCrawl 10 Frequently Changed Portals (2 levels)]õ

Crawling 10 Portals (2 levels each).
Re-Crawling after 10 minutes with Meta-Info Store.
Re-Crawling after 1 hour with Meta-Info Store.
Re-Crawling after 1 hour without Meta-Info Store.
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JWBE>j5�DGBEÆ�BEJ37�5m>=>;D�ÜW5�M
ÏAJcÆcÉGÈE9=5$:;78<CB
DZ9=5´9;ÃL5´Çç5�9,Å,ÃL<IBLÜ�J�Ç�9=ÃE<I>�H
D�:=9=<?Å�KLF?D�:�:;5%>=JGKL:,Å�5WÈc5�Êv9=:,DGÅ�9X9=ÃL5�ÆLJvÅ$KL785$Bk9
FI<CBEYv>�Çç:=JW7 <z9,>�785�9,DZM©<CBcÇçJ�êEFI5GÈ
D�BEÆ«HL:;JvÅ$5$5mÆ�9;J�>y9;5$H^�LÝ

î ��9;ÃL5$:;Ä�<I>=5GÈLÆLJZÄ�BLFCJkDGÆ�9=ÃL5�Ï
JcÆcÉ«J�Ç�9=ÃL5�ÆLJvÅ$KL785$Bk9%È
>y9;JG:;53<z9!<IBë71D�<IB®785%7�JW:=É«D�BEÆ
HL:;JcÅ�5%5%Æ�9=J1>y9;5$H^�EÝ

Â©ÇED�Å%DGÅ,ÃL5mÆ�ÆcJcÅ�KL785%BW9�ÃEDG>�BLJG9�ÏA5$5$B�Å,ÃED�BEÜG5%Æ3ÆLKL:=<IBLÜ�D!:;5�M�Å�:,D�Ä�FOÈ�9;ÃL5WL�Ð!é�BL5�9,Å,ÃL5$:�HL:;JcÅ�5$5mÆL>
Ä�<z9;Ã®Å$:;D�Ä�FI<IBLÜ�9;ÃL53ÆcJcÅ�KL785%BW9SN >XJWKc9=ÜWJG<IBLÜ�FC<IBLYc>$ÈcÄ�ÃE<IÅ,Ã�D�:;5�>j9=JW:=5mÆ�<IB®9=ÃL53Uë5$9;DZM©Â�BcÇçJ1ýk9=JW:=5WÈ
D�BEÆ«Ä�ÃL<?Å,Ã�78D�É�ÃED�ÙG5´Å,ÃED�BEÜG5%Æ�Ý

Ö�J3DG>;>=5%>;>�9;ÃL5�HA5$:=ÇçJG:;78DGBEÅ�5X<I78HL:=JZÙW5$785$Bk9-HL:;JZÙk<?Æc5mÆ�ÏvÉ39;ÃL5�KE>=5­JGÇ
9;ÃL5�Uë5�9,DZM©Â�BcÇçJ�ýk9=JW:=5WÈ
Äx5�Å�JWBEÆcKEÅ�9=5mÆËD�BÛ5�ÊcHA5$:;<C785$Bk98Ä�<z9;ÃÛÅ$:;D�Ä�FI<CBEÜV9yÄ­JïÅ�F?DG>;>=5%>¶J�Ç�ÌÎ5$Ïî>j<C9=5m>$Ý�ÖXÃL5«êE:,>y91Å�F?DG>;>
<CB
Å�FIKEÆc5%>->=5$:;ÙG5%:;>�9=ÃED�9-HE:=JZÙv<?Æc5xÅ$JGBk9=5%BW9-Ä�ÃL<?Å,Ã¶ÆcJv5m>�BLJG9�Å,ÃED�BLÜW5PÙW5$:;É6Çç:;5%ókKL5%Bk9=FIÉ�ã>L!BE<CÙW5$:,>j<C9yÉ
>j<C9=5m>;ä�Ý
ÖXÃL5¶>j5mÅ�JGB
Æ®Å$FIDW>=>6Å�JWBE>j<?>j9;>�JGÇ-HAJGHEKLFIDG:!BL5%Ä!>yM�>j<C9=5m>$È
>j5mD�:,Å,ÃcMÚ5%BLÜG<IBL53>=<z9;5%>�DGBEÆ�HAJG:=9;D�F?>
ã±Å$BLB�Ý Å�JG7�ÈWÉWD�ÃEJkJ
Ý Å$JG7�È�71>=B�Ý Å$JG7�ÈG5$9;ÅGÝ ä�Ý�BLJW:�9;ÃL5%>=5!5�ÊcHA5$:;<C785%BW9,>�Ä­5�Å�JWBcêEÜWKL:=5mÆ�Ìï5%ÏEÐ!Ñ�Ò­Ó
9=J3KE>=5YCSZA�6Å$JGBEÅ$KL:;:=5%BW9&L6Ð!é�BE5�9;Å,ÃE5$:,>�D�BEÆ�:,D�B8<z9�JWB8JGKL:PývKEB8ÓPBk9=5$:;HL:;<I>=5�Ó»R�Z4�´ýv5$:;ÙG5%:%È�Ä�<C9=Ã
9=ÃL5�Ñ�BLBLJG9;DZ9;<CJWB®×P:=JcÅ$5%>;>jJW:x:;KLBLBL<IBLÜ1Å�JWBEÅ�KE:=:;5$Bk9=FIÉ1JGBëD1ývHEDG:;ÅYZLÝ

ÖXÃL5¶Æc<?D�ÜW:;DG7ìJGÇOB�<IÜGKE:=5�ZÔãçFI5�ÇS9�ä!HL:;5%>=5$Bk9,>�9=ÃE5�HL:;JGÜW:=5m>=>XJGÇ�9=ÃL5�Å�:,D�Ä�F�D�BEÆV:=5$M©Å$:;D�Ä�F�JWHcM
5$:,DZ9;<CJWBE>-ÇçJG:P9=ÃL5�êE:,>y9xÅ$FIDW>=>PJ�Ç�>=<z9;5%>%ÝkÑ6>�Ä­56Å$DGB�>j5%5�Çç:;JG7Ø9=ÃL<?>xÆL<IDGÜG:,D�7�ÈZ9=ÃE5�5$78HLFIJZÉv785$Bk9PJ�Ç



9=ÃL58Uë5$9;DZM©Â�BcÇçJ�ýk9=JW:=5�:;5%>=KLFC9;>�9=J�D�BÔDGFC78Jk>y969=ÃL:;5$5$MOÇçJWFIÆë<I78HL:;JZÙG5$785%BW96<CBÔ9=ÃL58Å�:,D�Ä�FC<IBLÜ1HA5$:=M
ÇçJG:;71D�BEÅ$5GÝEUëJW:=5%JZÙG5%:%Èc<C96:;5%ÆcK
Å�5%>6>jKEÏE>y9,D�Bk9=<?D�FIFIÉ�9;ÃL5�BL5$9yÄxJW:=Y�9=:,D;s�Å�DGBEÆ®9=ÃL5¶Ìï5%ÏcM�>j5%:=ÙW5$:,>1N
FCJkDGÆ«ÜG5%BL5$:,DZ9;5%Æ�ÏA5%Å%D�KE>=5´J�Ç�9=ÃL5�Å$:;D�Ä�FÚÝ

ÖXÃL53Æc<IDGÜG:,D�7 J�Ç�B�<IÜGKE:=5�Z«ãç:;<IÜGÃk9,äxHL:;5%>=5$Bk9;>xJGKE:­785mDG>=KL:=5%785$Bk9;>PÇç:=JW7 9=ÃL53Å$:;D�Ä�F¡D�B
Æ�:;5�M
Å�:,D�Ä�FEJWH
5%:;D�9=<IJGBE>PÇçJG:x9=ÃL5´>=5%Å�JWBEÆ�Å$FIDW>=>PJ�Ç�>=<C9=5%>%ÝcÕ!5%:=5WÈkDGFC78JW>j9¯C��@Ä JGÇ�9=ÃL5¯°A°�U�ÆcJZÄ�BLFIJWDWÆc5%Æ
ÆcJcÅ�KL785%BW9,>�Å,ÃED�BEÜG5�Ï
5$9yÄx5%5$Bë>jKEÏE>j5mókKL5$Bk9�:=5$M©Å$:;D�Ä�F?>%Ý@BE:=JW7 9=ÃL<?>!Æc<?D�ÜW:;DG7 Äx53Å$DGB«5mDG>=<CFIÉ�>=5$5
9=ÃL5ïH
5%:jÇçJW:=71DGBEÅ�5ÎDGÆcÙZD�Bk9,D�ÜG5ëÜkD�<IBL5%Æ*ÏkÉîKE>=<IBLÜæ9;ÃL5ÎUV5�9;D�MÚÂ�BLÇçJÛýk9=JW:=5Ô9=JÍÅ$DGÅ,ÃE5ïÅ�:,D�Ä�FI<CBLÜ
785�9;D�MÚ<IBcÇçJW:=71DZ9;<CJWB�Ý

� �#"]����º6º!½�»���»LÁy½Pº��ëº]�PÁ=º]�����Ô���
ÖXÃL5XÑ!BLBLJG9;D�9=<IJGB8Ó�BLÜW<CBL5xHL:;JvÅ$5%>;>j5m>�ÆLJvÅ$KL785$Bk9;>�9;ÃEDZ9-ÃED�ÙW5xÏA5$5%B�ÆcJZÄ�BEFCJkDGÆc5mÆ�D�BEÆ¶Å$DWÅ,ÃL5%Æ�<CB
9=ÃL5wÓnÕ>Ö$Þ�/7:Xá&2A/��LÞPJ�Ç¡ÌÎ5$ÏEÐ�Ñ�Ò­Ó!ÝGÂ©9,>�HLKE:=HAJW>=5�<I>�9=JVú;Å�F?DG>;>j<CÇçÉcû�Å$JGFIFC5mÅ�9;5%Æ8Å�JWBW9;5$Bk9xDWÅ$Å�JW:;ÆL<CBLÜ
9=J�K
>j5%:jM©<CBk9;5$:;5%>j9;>�Æc5m>=Å$:=<IÏ
5mÆ®<CBë5mÐ!Ñ�Ò­Ó�HL:;J�êEFI5%>%ÝEÖXÃL5�7�5$9;D�MÚ<IBcÇçJG:;71DZ9;<CJWB«HL:;JcÆcKEÅ$5%Æ�ÏvÉ�9;ÃL5
HL:;JvÅ$5%>;>j<IBLÜ®J�Ç­9=ÃL5«Ñ!BLBLJG9;D�9=<IJGB_Ó�BLÜW<CBE5�<?>�>j9=JW:=5mÆÔ<IB_Ìï5%ÏEÐ!Ñ�Ò­Ó DW>3D�BLBLJG9;D�9=<IJGBÎFC<IBLYG5mÆï9=J
9=ÃL5�Å%DGÅ,ÃL5mÆôÅ�JGBk9;5$Bk9%Ý�×�DGÜG5m>6Ä�ÃE<IÅ,Ã_D�:;58<C:;:;5$FI5$ÙZD�Bk9´9=JëKE>=5$:=M©HL:=JGêEFI5%>3D�:;51Æc:;JGHLHA5%ÆïÇç:;JG7 9;ÃL5
Å$DWÅ,ÃL5GÝ

_&`ba ¦
	E¦ ]®g,e � uP�-°ïuP`k`kd$qj�$qy^adm`�°�`Wnm^a`kg%s

×-5$:,>jJWBED�FI<CQ%5%ÆëDGBLBLJ�9,DZ9;<CJWBV5$BLÜW<CBE5%>�D�:;5�BLJ�9´KE>=5%ÆÔ<CBÔ9yÉkHE<IÅ%D�F�ýv5%DG:;Å,ÃÔÓPBLÜG<IBL5m>TH¥C¢K©ÈAÄ�ÃE<IÅ,Ã
5$78HLFIJZÉ�ÜW5$BL5%:;DGFzM©HLKL:;HAJW>=5Î<IBEÆc<?Å�5m>V<IBE>j9=5%DWÆ¡Ý6Ö�JåD�ÙWJG<?Æå9;ÃL5ËJZÙW5$:;ÃL5%DWÆåJGÇ�<CB
Å�JG:;HAJG:,DZ9=<IBLÜ�D
ÜG5%BL5$:;<IÅ�FCJvJWYWM©KLH�<IBEÆc5$Ê�<CB«Ìï5%ÏEÐ!Ñ�Ò­ÓË9=ÃED�9­Ä�<IFIFAÏA5�KLHAÆEDZ9=5mÆ«ÆLÉkB
D�78<IÅ%D�FIFCÉ1DW>P:;5%>=JGKL:,Å�5m>PDG:=5
ÆcJZÄ�BLFIJWDWÆc5%Æ�Çç:;JG7Ø9=ÃL5�ÌÎ5$Ï�ÈkÄx5�Æc5%>=<IÜGBL5mÆ89=ÃL5�Ñ�ÓÛ>jJ39;ÃEDZ9X<C9xHL:;JcÅ�5%>;>=5%>�ú=JGB89;ÃL5]�EÉcû¶ÆcJZÄ�BcM
FCJkDGÆc5mÆ�H
D�ÜG5m>$Ý%ÖXÃL5$:;5�ÇçJW:=5WÈ�5%DGÅ,Ã�9;<C785-9=ÃE5PÑ!BLBEJ�9;D�9=<IJGB3Ó�BEÜG<IBL5�:=5mÅ�5%<CÙW5%>¡D�����Â ¿t½-¼AÀ-�@��­gª�}A~�À�
��7{9�4ÀA¿�����®����
:=5mókKL5%>j9P9;ÃL:=JWKLÜGÃ�9=ÃL5�5%>j9;DGÏLFC<?>=ÃL5%Æ«>jJcÅ,YG5$9xÅ�JWBLBL5mÅ�9=<IJGB«Ä�<z9;Ã�9;ÃL5�UV<CBL<CM�Å�:,D�Ä�FC5%:%ÈW<z9X<CB
>j5%:j9,>P9;ÃL5
:=5mókKL5%>j96<IBV9;ÃL5ïá&8S8;0%�4),+�24:�840�È�Ä�ÃL<?Å,ÃÔ<?>�D®ýcDZÇç5;V6KL5$KE5�ÆLD�9;D«>y9;:=KEÅ�9=KL:;5«ãO>j5%5MB�<IÜGKL:;5�§kä�Ý¡UëKLFCM
9=<IHLFI5T�&),5J:©Þ10¢),+@?G¶60%8S/,Þ����18;0��­:=5%78JZÙG5�:=5móWKE5%>j9;>­Çç:;JG7 9;ÃL5¶ÒxJvJG:,Æc<CB
DZ9=JW:�D�BEÆ«HL:;JvÅ$5%>;>­9=ÃL5%7ñDWÅ�M
Å�JW:;Æc<IBLÜ�9=J�9;ÃL5Å��+u) �xÞ��8ß�Þ��784r�0%/,Þ��¶Þ��1/70¢) �9: )>84+����S�ªß��� �"!�#%$�&('!J�ÇP5mÐ!Ñ�Ò­ÓåK
>j5%:;>�Å�JWBW9,D�<IBL5%Æ
<CBï9=ÃE51:=5móWKE5%>j9%Ý	L�Ð�4 <I>�D�BÎè6UVé�MÚ5%BEÅ�JcÆc5mÆïÆLD�9;D�>j9=:;KEÅ�9;KL:=5�9;ÃEDZ935$B
Å$D�H
>jKLF?DZ9;5%>3>=JGKL:,Å�5�<IBcM
ÇçJG:;71DZ9=<IJGB�È
HL:;JcÅ�5m>=>=<CBEÜ«Æc<I:=5mÅ�9;<CÙW5%>�D�BEÆÔKL:=ÜW5$BEÅ$Éë<CBLÇçJG:;78D�9=<IJGBëÇçJW:´Ìï5%ÏÎ>=5$:;Ùv<IÅ$5%>67�JWBL<C9=JG:;5%Æ



ÏvÉï5mÐ!Ñ�Ò­Ó!Ý�ÒxKL:=:;5$Bk9;FCÉWÈ�9=ÃE5«D�BEBLJ�9,DZ9=<IJGB_5%BLÜG<IBL5�<I78HLFI5$785$Bk9;>�DV>=<C78HLFI5�H
DZ9j9;5$:;BcM©78D�9;Å,ÃL<IBLÜ
D�FIÜGJW:=<C9=ÃL7 FIJvJGYv<IBLÜ�ÇçJG:�Ä­5$<IÜGÃk9=5mÆ�YW5$ÉvÄxJW:;ÆE>�9;ÃEDZ9�DG:=5´<IBEÅ�FIKEÆc5mÆ«<IB®9=ÃL53K
>j5%:jM©HL:;J�êEFI5%>%Ý

)	à â *,+.-×å�ä@í/+>é1032¯í;ë�4Aä�565�ëuí
B�<CFC9=5%:=<IBLÜô×�:;JvÅ$5%>;>jJW:�ã>B-×­ä�<?>¶9=ÃL5ëÅ$JG78H
JWBL5$Bk98:=5m>jHAJGB
>j<IÏLFI5�ÇçJW:¶5%Ù�DGFCK
DZ9=<IBLÜÎ<zÇ´DïÆLJvÅ$KL785$Bk9
71DZ9;Å,ÃE5%>­9=ÃE53<CBk9=5%:=5m>y9,>�J�Ç-D8HED�:=9=<?Å�KEFIDG:­5mÐ!Ñ�Ò­Ó�M©KE>=5$:mÈLD�BEÆ«ÇçJW:�ÜG5$BE5$:,DZ9=<IBLÜ8D�BëÑ�ÒxÂ­JGKc9!JGÇ�D
Å�:,D�Ä�FC5mÆ�HEDGÜG5WÝLÑ�ÒxÂ�H R�C¢K�>j9;DGBEÆL>­ÇçJW:XÑ�BLBLJG9;DZ9;5%ÆVÒ­DGÅ,ÃE5%Æ«Â�BcÇçJG:;71DZ9=<IJGB®D�BEÆ®<?>�D�B®5�Êv9=5%BE>=<CÏLFI5
ÆLDZ9,D8>y9;:=KEÅ�9=KL:;5´9=Ã
DZ9!5$B
Å$D�H
>jKLF?DZ9;5%>X<IBcÇçJG:;71DZ9;<CJWB®>=KEÅ,Ã�DG>X9;ÃL5�ãç:;5$FI5$ÙZD�B
Å�5GÈcKE:=ÜW5$BEÅ$ÉGÈvêEFI5�>j<IQ$5WÈ
5GÝ 9%Ý Å%ä�9;ÃEDZ9¶<I>�ÜG5$BE5$:,DZ9=5mÆôDZÇS9=5%:�D�:;5%>=JGKL:,Å�58<?>�HL:;JcÅ�5%>;>=5%ÆÎÏvÉV9=ÃE5wB�<CFC9=5%:=<IBLÜÔ×P:=JcÅ�5m>=>=JG:mÝ¡ÖXÃL5
B�<CFC9=5%:=<IBLÜ�×�:;JcÅ�5m>=>=JG:-Ä­JG:;Yv>�DW>�D´HL<IH
56J�ÇAêEFC9=5$:,>�¨WÑ­9x>j9=5%H*CGÈAB-×ôFIJWDGÆE>�D�BEÆ1ÆL5%Å�JW78HL:=5m>=>=5%>�9;ÃL5
D�HLHE:=JWHL:=<?DZ9;5�êEFI5�Çç:=JW7 9=ÃE5��6Ït�y5%Å�9¶Ò­DWÅ,ÃL5¶JGÇPÌÎ5$ÏEÐ!Ñ�Ò­Ó�Ý�Ñ­9�>y9;5$H RcÈª<C9�:=5%7�JZÙW5%>6D�FIF�FC<IBLYc>
Å�JWBW9,D�<IBL5%Æ�<CB�9=ÃL5´ÆcJcÅ�KL785%BW9!DGBEÆ1HL:;JcÅ�5$5mÆL>P9=J8>y9;5$H�UEÈvÄ�ÃL5$:;56DGFCF¡>=H
5mÅ�<?D�FªÕ�Ö�UVéÎÅ,ÃED�:,DGÅ�9=5%:;>
D�:;5�D�F?>jJÔ:=5%7�JZÙW5%Æ¡Ý�Ñ­9�>j9=5$HÆ�EÈ�DGBvÉï:;5$71D�<IBL<IBLÜë9;5�Êv9¶<?>�DWÆLÆc5%Æ_9=JÔD�ï´5$ÉvÄxJW:;ÆôÕ6DG>=ÃEÖ�DGÏLFI5GÝ
B�<CBEDGFCFIÉGÈ�DZ9¶>j9=5%HÆZcÈ�DëHEDZ9=9=5%:=BcM©71DZ9,Å,ÃL<CBEÜë7�5mÅ,ÃED�BE<I>=7 FIJWDWÆL>�>=5%ókKL5%BW9;<IDGFCFIÉïDGFCFP9=ÃL5«:=5mókKL<C:;5%Æ
L�Ð!4 5$FI5$785$Bk9;>�Çç:;JG7 9;ÃL5�L�Ð�4!M�×P4Y��U DGBEÆïÜG5$BE5$:,DZ9=5m>6Ñ�ÒxÂ6785�9;D�MÚ<IBcÇçJW:=71DZ9;<CJWB�ÈªÄ�ÃL<?Å,Ãï<?>
>y9;JG:;5%Æî<IB*9;ÃL5ïÑ�ÒxÂ©M�×P4Y��U ã±>j9=5%HÃ§Wä�Ý­ÖXÃE<I>®HL<IH
5ï:=5mókKL<C:;5%>«D�BåD�ÙW5$:,D�ÜW5®JGÇMR4���ô71>j5mÅ$>�9=J
Å$DGFIÅ$KLFID�9=5�9=ÃE5�Ñ�ÒxÂ�ÇçJG:!Dw�4�A²�³ ÌÎ5$Ï�HEDGÜG5GÈcÄ�<C9=Ã*U�HAJ�9=5%Bk9=<?D�F�:;5%Å$<CHL<I5$Bk9,>$Ý

7 �Î½Pº�Àá�=¿��vÁy½Pº�� ��º�¾Ç�!¿!»L¿!¼t�ø� ½�¼98

Â�B_9=ÃE<I>�HED�HA5$:mÈ�Ä­5�HL:;5%>=5$Bk9;5%ÆôÌÎ5$ÏEÐ!Ñ�Ò­Ó�È�DÔÌïJW:=F?ÆvM©Ì�<IÆc5�Ìï5%Ïðú=DGÜG5$Bk9=MÚHL:;J�ÊcÉcû�9;ÃEDZ98Å�JGFCM
FC5mÅ�9,>$ÈXêEFC9=5%:;>ÔD�BEÆøÅ$DWÅ,ÃL5%>®ÌÎ5$Ï ÆcJcÅ�KL785%BW9,>$Ý�Ìï5%ÏEÐ!Ñ�Ò­Ó <?>ëÆc5%>=<CÜWBL5%Æ�<IB�9;ÃL5æÅ�JWBk9=5�Êv9ëJ�Ç
5%Ð!Ñ�Ò­Ó�È�D�B_5$Êv9=5$B
>j<IÏLFI5�Ð�5�9;:=<I5$ÙZDGFPÑ!BLBEJ�9;D�9=<IJGBÛÒ­DWÅ,ÃL<CBEÜVÓ�BLÜW<CBL5WÝ�5%Ð�Ñ�Ò­ÓðÅ�JWFCFI5%Å�9;>%È�D�BLBEJ�M
9;D�9=5%>XDGBEÆ«ÆL<I>;>j5%78<CBED�9=5m>x<IBcÇçJW:=71DZ9;<CJWB�Çç:;JG7 ÃE5�9=5%:=JWÜG5%BL5$JWKE>PÂ�Bk9;5$:;BL5�9�>jJWKL:,Å�5%>XDGBEÆ�HL:;J�9;JcÅ�JGF?>
ãçÌÎ5$Ï�Èk5$71DG<CFÚÈWBE5$Ä!>=ÜG:;JGKLHE>,ä�ÈWDGÅ$Å$JG:,Æc<IBLÜ´9=J¶è6UVé�MÚ5%BEÅ�JcÆc5mÆ8KE>j5%:PHL:;J�ê
FC5m>�9=Ã
DZ9­ÆL5�9=5%:=78<IBL5!9;ÃL5
KL:;ÜG5$B
Å�É_D�BEÆæ:=5%FC5%Ù�DGBEÅ�5«J�Ç6Å$JGFIFC5mÅ�9;5%Ææ<IBcÇçJW:=71DZ9;<CJWB�Ý-ÖXÃL5«71DG<CBÍÅ�JG78HAJGBL5%Bk9¶J�Ç6Ìï5%ÏEÐ!Ñ�Ò­Ó
<I>«DæÃL<IÜGÃLMÚHA5$:=ÇçJG:;71D�BEÅ$5GÈPÆc<?>j9=:;<CÏLKL9=5%Æ*Ìï5%ÏåÅ�:,D�Ä�FC5%:�D�B
ÆÍêEFz9;5$:;<CBEÜËHL:;JcÅ�5%>;>=JG:mÈ�Ä�:=<C9j9;5$B*5%BcM
9=<I:=5%FCÉË<CB�ÿkD�Ù�DEÝ�Ñ!FC9=ÃLJWKLÜGÃ�DÎBvKL7�ÏA5$:�JGÇ6HEDGH
5%:;>8Ã
D�ÙG5�Ï
5%5$BîHLKLÏEFC<?>jÃE5%ÆÍJGBÍÌï5%Ï�Å�:,D�Ä�FC5%:;>
H RcÈ$ZvÈ6CSZcÈOC�§LÈ»C;��KÚÈ�HL:;J�ÊvÉÎ>j5%:=Ùv<?Å�5m>]HJCS°\K©È�<IBcÇçJG:;71DZ9;<CJWBôÆL<I>;>j5%78<CBED�9=<IJGBæ>=Éc>y9;5$71>�H R4�;K­D�B
ÆôÂ�BcM
9=5%:=BL5$9®78<?ÆLÆcFI5$ÄXD�:;5�H¥C��\K©ÈX9=ÃL5ô<?>=>=KL5ÎJ�Ç�<IBEÅ$JG:;H
JW:;D�9=<IBLÜ¦�E5$Êc<CÏLFI5GÈ�>;Å$DGFIDGÏLFC5ÎD�BEÆ�KE>=5$:=M©ÆL:=<IÙG5%B
Å�:,D�Ä�FC5%:;>8<IB*78<?ÆLÆcFI5$ÄXD�:;5V<CBLÇç:;DW>y9;:=KEÅ�9=KL:;5%>�:=5%78DG<CB
>�JGHA5$B�Ý6BEKL:j9;ÃL5$:;78JG:;5GÈ�9;ÃL5ïDWÆcJGHL9=<IJGB�J�Ç
ÿWD�ÙZD8DG>�9=ÃL5�F?D�BEÜGKEDGÜG5´J�Ç�Å,ÃLJG<?Å�53<IB�9=ÃE5�Æc5%>=<IÜGB�J�Ç-Â�Bk9=5$:;BL5$9�78<IÆLÆLFC5%Ä­DG:=5�DGBEÆ�>j5%:=ÙW5$:,>x:,D�<?>=5%>
71D�BvÉ�ÆcJWKLÏc9;>%ÈLHL:;<I78DG:=<IFIÉ�Ï
5mÅ$DGKE>j53JGÇ�HA5$:=ÇçJG:;71D�BEÅ$53D�BEÆ�>;Å$D�F?D�ÏE<CFI<z9yÉ«óWKE5%>j9=<IJGBE>%ÝEÖXÃL5%:=5´<?>�BLJ
ókKL5%>j9=<IJGB�ÈkÃLJZÄ­5$ÙW5$:mÈ�9=Ã
DZ9�Ìï5%Ï«Å$:;D�Ä�FI5$:,>�Ä�:;<z9=9=5%B�<IB®ÿkD�ÙZD3Ä�<CFIFªÏ
53DGB�<I7�HAJG:=9;DGBk9­Å�JW78H
JWBL5$Bk9
J�Ç->jKEÅ,Ãë>=Éc>y9;5$71>$ÈLDGFCJWBLÜ�Ä�<z9;Ã®78JcÆcKLFI5%>�9=ÃED�9!HL:=JcÅ$5%>;>­Å$JGFIFC5mÅ�9;5%Æ�Å�JWBW9;5$Bk9%Ý

Â�BÎJWKL:3Ä­JG:;YAÈ¡Ä­51DGÆLÆL:=5m>=>�9;ÃL5�Å,ÃED�FIFI5$BLÜW5�JGÇ­Æc5m>j<IÜGBE<CBLÜëDGBEÆÎ<C78HLFI5$785$Bk9;<CBLÜVD®78JcÆcKLF?D�:mÈ
KE>=5$:=M©Æc:;<IÙG5$B�ÈGJGHA5$B�ÈLÆc<I>j9=:;<IÏLKc9=5mÆ¡ÈcD�BEÆ«>=Å%D�F?D�ÏLFI56Å$:;D�Ä�FI5$:XD�B
Æ1êEFC9=5%:=<IBLÜ�HL:=JcÅ$5%>;>jJW:%ÈW<CB�9=ÃL53Å�JWBcM
9=5$Êk9XJ�Ç�9=ÃL5�5%Ð!Ñ�Ò­ÓË78<IÆLÆLFC5%Ä­DG:=5WÝWÌÎ5�ÆL5%>;Å�:;<CÏA5�JWKL:­ÆL5%>=<CÜWB�D�BEÆ�<C78HLFI5$785%BW9,DZ9;<CJWB«Æc5mÅ�<?>j<IJGBE>%È
D�BEÆ«ÙZD�:;<CJWKE>­JGHc9;<C78<IQ%D�9=<IJGBE>%ÝtBLKL:=9=ÃE5$:;7�JW:=5WÈcÄx53Æc<?>;Å�KE>;>­9=ÃL5�DWÆcÙZD�Bk9;DGÜG5m>­DGBEÆ®Æc<I>;DGÆLÙ�DGBk9;D�ÜW5%>
J�Ç-KE>=<CBLÜ1ÿkD�ÙZD�9;J1<C78HLFI5$785%BW9�9=ÃL5�Å$:;D�Ä�FI5$:mÈcD�BEÆ®HL:;5%>=5$Bk9�D�B®5$ÙZDGFCKED�9=<IJGB�J�Ç-<C9;>�HA5$:=ÇçJG:;71D�BEÅ$5GÝ
Ö�J8DG>;>=5%>;>PÌÎ5$ÏEÐ�Ñ�Ò­Ó]N >xHA5$:=ÇçJG:;71D�BEÅ$56DGBEÆ�:;JGÏLK
>y9;BL5%>;>PÄ­5�:;DGB�BvKL785$:;JGKE>x5�ÊcHA5$:;<C785%BW9,>XD�BEÆ
Å�:,D�Ä�FI>�F¡>j5%ÙG5%:;DGF�JGÇ­JWKL:�Å�:,D�Ä�F?>´FIDW>y9;5%ÆÔÇçJG:�ÆLD�Éc>%Ý��6KL:�>=Év>j9=5%7 Ä­JG:;YG5mÆV57s�Å$<C5%BW9;FCÉÎD�BEÆïÄ�<C9=Ã
BLJ�Ç±DG<CFIKL:;5%>PÄ�ÃL5$B®Å�:,D�Ä�FC<IBLÜ3FIJvÅ%D�FAÌï5%ÏE>x<CB«JGKL:­é�Ñ�PøD�B
Æ�L!BL<IÙG5%:;>=<C9yÉ¶ÌÔÑ�P�ÈcD�B
Æ19=ÃE5�ÜGFIJGÏ
D�F
Â�Bk9=5$:;BL5$9%Ýu�6KL:�5$ÊvHA5$:;<I7�5%Bk9;>�>=ÃLJZÄx5mÆ�9;ÃEDZ9!JWKL:�<I7�HEFC5%7�5%Bk9;DZ9;<CJWB«<?>�:;JGÏLK
>y9!D�B
Æ�:;5$FI<IDGÏLFI5GÝ




Ô�	f���¼t��º6À9���

: s � sv~��y^a`��%`kr1p�s | �$nmg<;cf-iWg6uP`v��qydm�6��d$���3p
�$�yn%g;¬ � h��$lzg>=x�G�cg;��qyg;��qywk�%l�??]�g,e�@ � g����yh=i�°�`kn%^z`Wgmt
��dm�3�WwWqyg;��öxg;qÚ¨�d%�BA�oP�%`kr § � �Xö � �Go©qyg,�3o-��d%lawk�3g��%�Gtv`�wW��ecg;� : ¬Ú��tk�v�%n%g,o : �m��¬ :6: ��t : �m�6C

�Zs � sGb�^alzlag;�P�$`vr´�´sG~�ik�$�j��qD; �W| = § öDEF;Zu ù �j�$�3g;¨-d$�BA��?d$�P���yg��$qy^a`Wn | g;�yo�d%`v�%lSt � ^aqyg=¬Oo��cg;h,^¯²vhx]®g,e
���j�,¨�lag;�yo,t | �ydZh,g;g�rW^a`kn%oªd%��qyiWg � g,��g,`Zqyi § `Zqyg;�y`v��qy^zd%`v�$lm]ô]ô]#��dm`G�?g;�yg;`kh,gmt��k�%n%g,o :�GH: ¬ : �m��t%uP�W�y^al
: �%�6C

��s�f��G�3�k�%`k^L�Xg;��g,ladm�W�3g,`Zq § `Whms9;köxg;qju-q�qj�%hjikg | �ydWtc�%�%�m�
I s�µWsKJ­dmo�la^a`kn��$`vr�~xsAµmd��®�%`vrLJ6s � qyg,g,lagmtAf-ikg�µ����%�8pA�$`kn%wv�%n%g � �cg,h;^a²kh��$qy^ad%`
t¡uxrkrG^zo�d%`W¬ç]�g;o�lzg=�Zt
: �%� G

{Zs�u�s�=­g;�WrWd%`��%`vr�b«sLö­��³Úd%�BA�;
b�g;�yh���qyd%��;
u � h��$lz�%eklagmt
°¡��qyg,`ko�^aeklag!]�g,e«���j�,¨�lag;��tL]�d$�ylCr1]_^zrWg
]�g;e
tG`�wk��ecg=� I tW��dmlawW�3g!��tW�v�$nmg,o­� : �$¬Ú�m�$�Gtc�Xg;h,g,��ecg=��t : �m�%�

G s!b«s��X^MA%�%^z�
Amdmo,t���s�J­wk`Wdm�cdmwWladmoN; ù § J § ;�f-ikg�u��yh=iW^aqyg;h;qywW�yg�d%�6�$` § `Zqyg;�y`kg=q�¬Oek�%o�g�r ù ^z`k�%`Wh,^z�%l
§ `G�?d$�y���$qy^adm`OJX�$qyiWg;�y^a`kn § `W�C�j�%o©q��ywWh;qywW�ygms § ` | �ydZh,g;g�rW^a`kn%o�d%�Pqyikg § `Zqyg;�y`v��qy^zd%`v�$l-]�d%�BA�o�iWdm�Vdm`
u­rG�m�$`kh,g,r § o�o�wWg,o�d$�ª°¡¬Ú��dm�3�3g;�yh,gP�$`vr�]�g;eW¬±ev�$o�g�r § `G�?d%�y����qy^adm` � �Go©qyg,�3o,tm�v�%n%g,o�� : ¬O� I t § °�°�°¡¬
��dm�3�WwWqyg;� � dZh,^ag;qÚ�ZtWuP�W�y^al : �m�%�

�Zs�f­sZ~�g;�y`kg;�yo©¬OpEg,gP�%`vr � s ù ^zg;lCrG^a`kn��%`krP=6s ù ���Go©qÚ�HA�;Q=P�W�cg=��qyg;��q�f
�j�%`Wo©�?g;���W�yd%qydZh;dmlHRF=­f�f | ÷ : s �Gt
]æ�m�Ëb8�,� : �%� G tvi�q�qy�9; ÷m÷�¨�¨�¨�s ¨P��s d$�ynZ÷ | �yd$qydZh,dmlaoj÷
=­f�f | ÷ : s �Z÷$oy�cg,hms iZqy�3lC�s�µWsSJ­g;q�qO�Go �%`kr�µWsÛb�dmn%wkl*�%`krT=6s ù ���Go©qO��A �%`kr�p�sÛb8�%o�^a`Zqyg;� �$`vr | sæp
g,�%hji �$`vr
f­sø~�g;�y`kg=�yo©¬ÚpEg,gU;V=x�G�cg;��qyg;��q fE�j�%`ko©�Ig;� �W�yd%qydZh;dmlWRX=Xf�f | ÷ : s : t ]æ�m� µ%wk`kg : �m�%�Gt
iZq�qy�Y; ÷m÷�¨�¨�¨�s ¨P�Gs d%�yn�÷ | �yd%qydZh,d%lzoj÷����?h�� GZ:�G ÷��y�?h�� GZ:�G s iZqy�3l

��sX��s � �%n%nmg;q�q ; ��lag��$` wk� �Zd%wW� ]®g,e �v�%n%g,o ¨�^¯qyi =­f�b8p f § �P�6t
iZq�qy�Y; ÷m÷�¨�¨�¨�s ¨P�Gs d%�yn�÷ | g,d%�klag�÷ � �%n%nmg;q�q=÷�qy^Ir��k÷

: �Gs � svpEg,�3�k^a`Wg,`�;kµ%qy^zrG�ZtWiZq�qy�Y; ÷m÷�lag,�3�k^a`kg;`
s `kg;q=÷�oy�%�3^C÷y³Oqy^zrG�
:
: s�J6s�=­wWh[A��$`vr § scb8�$h=iWg;�y^awkoP�%`kr | s ù �$`�A�iv�$wko�g;�,; | �!}�b\;vpE^anmiZqÚ¨�g,^anmiZq | g;�yo�^ao©qyg,`kh;� � wW�k�cd%��q
�?d$�!qyikg´�XdZh;wk�3g,`Zq�}­e�³©g,h=q6b�d�rWg,lSt | �ydZh,g,g,rW^a`kn%o6d$�-qyikg : �m�%��}�} |�� pAu�]�d%�BA�o�iWdm��µm���%���$`vr
����qj�%ev�$o�g,o�; | g=�yo�^zo©qyg;`kh,g6}­�Wqy^ad%`ko,s]?±}�} |�� pAu_^ �%�Q@=tvux��b«t � § J | p
uxö�tWöxd���g,��ecg=� : �%�m�Gt ��� u

: ��s�J�b��x¬ § |�� § E»�Xp®°�`kn%^a`kgmtWiZq�qy�Y; ÷m÷��W�3lSs rk���y�3o©qj�mr�q�s n%��rEs rWg�÷���`ZlI÷
: �GsX�­dZh,wk�3g,`Zq�}­e�³©g;h;q�b�d�rWg,l9?S�!}�ba@ªp
g;��g,l : � �cg;h,^¯²vh���qy^zd%`
t$]æ��� � g,h,d%�3�3g,`vrW�$qy^adm` : t�}­h;qydmecg=�
: �%�6C�tciZq�qy�Y; ÷m÷�¨�¨�¨�s ¨P��s d%�ynZ÷$f � ÷ � °���¬±�!}�b¶¬Op
g,�mg,l¯¬ : ÷

: I sX�6s�bLg,^a`k�%la^a�cdmwW��¬ç���%·;qy^K;Gg � uP�-°c;Z�%`�g�Exqyg,`Wo�^aeklag � g;q��y^ag,�%�%lStGux`W`kd%qj��qy^adm`¶�%`vr��-�$h=iW^z`Wn´°�`kn%^z`Wgmt
�Xg,�k�$��qy�3g,`Zq�d%�A��d%�3�kwWqyg=� � h,^ag,`kh,g%t � `W^z�mg;�yo�^¯qÚ�6d%�ª���W�G�ywko,t�~xs � hms�f-iWg,o�^ao,s § `dJx�yg,geALtZµmwk`Wg­�$�m�%�

: {�s�µGs-��iWd��$`vrf=6sgJX���yh,^z�$¬Úb�dmla^a`v�ë�$`vrVp�s | �$nmgL;�°ih3h,^ag,`Zq3h;�j�,¨�la^a`kn«qyiG�ydmwWnmi �­� pæd$�jrWg;�y^a`WnWt
| �ydZh,g,g�rG^z`WnmoPd%�¡qyiWg � g,�mg,`Zqyi § `�qyg=�y`v�$qy^ad%`v�%lL]ô]ô]���dm`W�Ig;�yg,`Wh,gmtc�k�%nmg;o :�GH: ¬ : �m�ZtLux�G�y^zl : �%�6C

:�G s � sL��ik�
AZ�j�%ek�$��qy^ª�$`vr1b«sk�m�$`1rWg;`1~�g;�yn��$`vr8~xsk�Xdm��; ù dZh,wko�g,r1���j�,¨�lz^a`Wn�;EuÍöxg;¨Ûux�k�G�yd��$h=i
qyd�fAdm�W^ah;¬ � �cg,h,^¯²khP]®g,e � g;o�dmwW�yh;gx�X^ao�h,d���g=���ZtZC$qyi´]®d%�ylzr´]_^zrWg�]�g,e���d%`W�?g=�yg,`kh,g­fAd%�yd%`ZqydWtWb8�,�
: �%�m�

: ��s � s � �%n%iv���%�%`8�$`vrd=6s�JX�$�yh,^z��¬©b�d%la^z`k�j;c���j�,¨�la^a`kn´qyikgD=­^zrkrGg,`¶]®g,e
tHkXpE��~_�$�m� : ;L�%��qyi § `�qyg=��¬
`v��qy^adm`v�$l¡��d%`W�?g=�yg,`kh,g!d%`lk�g;���¶pA�$�yn%g����$qj��~-�%o�g,o � g;�Wqyg,�6ecg;�P�%�%� :

: CGs � sZJx�y^aekeWlagPg=q��$lSs�;Zf-iWgPöx^a`%³���u��yh=iW^¯qyg,h;qywW�yg-�Id%� � d%ekwWo©q § `Zqyg;�y`kg;q�¬ � h��%lag � �Go©qyg,�3o��$`vr � g;�y��^ah,g,o,t
fAd3�$�k�cg����P^z`8� � �cg,h;^C�$l § o�o�wkg�d$����dm�3�WwWqyg;��öxg;qÚ¨�d%�BA�o�dm` | g=�y�m�$o�^z�mg���dm�3�kwGqy^a`knWtv�%�%� :

: �Gs!�xs�b«s�~�d�¨����%`!�$`vr | s�~xs;���%`W·,^anx�$`vrX��s � se=X���jrG�­�%`vr � s�b8�$`Gecg=�¡�%`kr!b«s ù s � h=iZ¨-�$��qy·�;�f-ikg=X���y��g,o©q § `W�Id%�y���$qy^ad%`¶�X^ao�h,d���g=�����%`vr¶uxh,h;g,o�o � �Go©qyg,�8tZ�ydZh;g,g�rW^a`Wnmo�d%�Aqyikg � g,h,d%`vr § `Zqyg;�y`v��qy^adm`v�$l
]ô]ô]���dm`W�Ig;�yg,`Wh,g : �m�m{

�$�Gs�f­s�]îs����%`��%`krd=�s�JX�$�yh,^z��¬©b�d%la^z`k�l; � § ù fï¬�uÛf
dZdmlc�?d$��]_^zrWg;¬OuP�yg,� § `W�?d$�y���$qy^adm`��X^ao�o�g,�3^a`v��¬
qy^adm`Et | �ydZh,g,g�rG^a`knmoPd%�¡qyiWg : �%��{ �X� °�ö § EÛfAg,hjik`W^ah��%lª��dm`W�Ig;�yg,`Wh,g!�v�%n%g,o : �%��¬ : C G t : �m��{

� : sX�6sgbLg,^a`k�%la^a�cdmwW��¬ç���%·;qy^St�b«s��X^MAm�$^z�
A�d%o�;g=x^anmiW¬ | g;���Id%�y���$`kh,g8���j��¨�la^a`kn®�%`kr ù ^al¯qyg;�y^a`kn«^z`ïµ����%�Gt
fAg,hjik`W^ah��%l � g,�cd%��q�f � ¬Ú�%�m� : ¬O�Gt%�Xg,�k�$��qy�3g,`ZqAd%�E��d%�3�kwWqyg=� � h,^ag,`Wh,gmt � `W^a��g;�yo�^¯qÚ�!d$�L���G�W�ywWo,tmµ%wk`kg
�%�%� :


