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L2 Data Mapping Block

Address Mapping Block

Memory
Array

L1 Data
Mapping
Block

Memory
Array

L1 Data
Mapping
Block

Memory
Array

L1 Data
Mapping
Block

data 
lines

address
lines

N memory arrays
Total bits = B

Q external address buses (width=log  B)2

Wnom

Wnom

M external data buses (width of each bus = Wnom)
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¦�£ = ¤3§
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b) 4 bit output configuration

memory array
(8 data lines)

L2 data
mapping
block 4 data

lines

memory array
(8 data lines)

L2 data
mapping
block

A

B

a) example with Wnom=8

L1 Data
Mapping
Block
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Address Mapping Block

1024x8 1024x81024x8 1024x8

L1 L1 L1 L1

External address bus

L2 Data mapping block

External data buses (4 buses, each 8 bits
wide, gives a 32 bit wide memory)

Address Mapping Block

1024x8 1024x81024x8 1024x8

L1 L1 L1 L1

L2 Data Mapping Block

effective data
width = 1

effective data
width = 4

External address bus 
for 24576x1 logical memory

External address bus 
for 2048x4 logical memory

External data bus for
24576x1 logical memory

External data bus for
2048x4 logical memory

0/k�¾�Ý
À3ÂZ{�Á
À P�k©ÀZÂ,Þw{�¾@03*�-bÀ
Ý3Â,Ò={cÂ
ß
ÎhØ,ì
¯$ì/íêè]ÏvÉZø,ÌÂÙ�Í"ÓhÉÒÙ*Ì�Í"Í$Îçå$Ø�Ä�ì

� �.�ML�
 �>���
�|�������J�/����áO����â:�
��à � à
à
�K�+�)���u�����t���,�N��áO�N�+â
�b'+2:;
%�FÕ��'){,�8P/�OEO�"!KF.�J?W0NEJ?K;
;
P�!10N�8*�'�-7P,F.0NEOE";3qW�8*�B
!�#�'\C�?K'+%o!$;M();
2
P/�8*�'L03%�%10NF�?�!�;@�82:9/E8'+2:'+*/!WEJ03%�B>'+%
2:'+2:;>%K�8'�?+U[f��"B�U
Á/dT0/k�?K#�;3ql?�#�;3qmYz;>C�%�¾�Ý
À3Â3{�Ò\03%�%10NF�?[(+03*
P�'l();
2
P/�8*�'�-7!�;\�82:9/E8'+2:'+*,!W0:¾�Ý>À3Â3{�Á
ÀWC�?K'+%
2:'+2:;>%�F
U
Qn*�!$#/�6?X(+0
?K'
G�0b?I�8*�B3E8':'){c!$'+%�*�0NE©0
-�-/%�'�?$?@P�C�?\�J?X();
*�*�'�()!�'�-u!�;D'�0>(�#¹0Z%�%10NF
G�q�#/�OE8'4!�#�':-�03!)0
P�C�?wY�%�;
2Ð'�0
(�#�03%$%10NF.�6?X();
*�*�'�()!�'�-b!�;^?K'+9�0Z%103!�'X'){c!�'+%$*�0NE©-�03!107P�C�?K'�?XdnB3�8<>�8*�B|0.Á
À3a�P/�8!L-�03!10.qW�J-/!�#�k)U
Úo0>(�#^Ù[¾X-�03!10
240Z9�9/�"*�B.P/E8;c($~^();
*�*�'�()!1?wÒ:03%�%10NF4-�0Z!10XEO�8*�'�?l->�8%�'�()!KE8Fb!�;
!�#�'MÒ:Ùp¾@;
C�!�9�C�!1?�U
f��8B�U
Á/dnP�k[?K#�;3ql?�#�;3q_!�#/�J?o0Z%1(�#/�8!�'�()!$C�%�'j(+0Z*:P�'\C�?K'�-
!�;Õ�82:9/E8'+2:'+*,!�0X();
*/`�B
C�%103!5�";>*4();
*/!10N�8*/�8*�BM!KqW;
C�?K'+%\2:'+2:;
%5�"'�?�Ö[;
*�'MÀZÂ,Þw{�¾X03*�-D;
*�'LÀ>Ý3Â,ÒN{�Â�UoVW#�'@!$#�%�'+'M03%$%10NFc?p�82:9/E8'+2:'+*/!K�8*�B^!�#�'LÀ3Â/Þw{�¾@27'+2:;
%�F
03%�'W'�0
($#:();
*/`�B
C�%�'�-70
?�Ò�¾�ç
ÀN{�¾oC�?T�"*�BX!�#�'�Ù[¾�-�03!10w24039�9/�8*�BXP/E";�($~tG/03*�-X'�0
(�#.-�03!10�Es�8*�'w�J?�2MC/E8!K�89/E8'){�'�-
!�;@0@?I�8*�B3E8'�'){�!�'+%�*�0NEt-�03!)0WEO�8*�'lC�?T�"*�B@9�0>?�?�!�%103*�?T�6?5!�;
%1?+U�VWqW;j0>-�-/%�'�?�?�P/�8!1?[();
*/!�%�;3E�!�#�'W9�0
?�?�!$%103*�?I�J?K!�;>%1?+ú
!�#�'X<=0NE8C�'
;3Yo!�#�'�?K'
0
-�-/%�'�?�?wP/�8!1?@-/'+!�'+%�2e�"*�'
q�#/�J($#|03%$%10NFy-/%K�8<
'�?XdI;
%W�J?l-/%5�"<>'+*|P/F�k©!�#�'X'){c!$'+%�*�0NEv-�03!)0
EO�8*�'
U_VW#�'^À
Ý3Â/ÒN{cÂb2:'+2:;
%$F¹(+03*&P�'.�82:9/E8'+2:'+*/!�'�-AC�?I�8*�B¹!�#�'.%�'+240=�"*/�8*�B&03%�%10NF
G�qW�8!�#&!�#�'^Ùp¾DP/E8;c($~
();
*/`�B
C�%$'�-.�8*^!�#�'�HãP,F.ÂOI
2:;�-/'
U
VW#�'.'){c!�'+*/!
!�;uq�#/�J(�#_0Z%�%10NFc?X(+03*mP�'^();
2
P/�8*�'�-_-/'+9�'+*�-�?:;
*m!�#�'7��'){,�8P/�OEO�8!TF ;3Yl!�#�'DÙ�À�-�0Z!10^03*�-
0
-�-/%�'�?$?@24039�9/�8*�BuP/E8;c($~�?+UDVW#�'y0>-�-/%�'�?�?@2.039�9/�8*�B^P/E8;c($~�2
C�?K!XP�'7��'){,�8P/E8'D'+*�;
C�B
#�!$#�03!L'�0
($#¹03%$%10NF
!�#�03!p�J?oC�?5'�-7�"*D0
?I�8*�B3E8'@C�?K'+%W2:'+2:;
%$Fe(+0Z*4P�'j();
*�*�'�()!$'�-.!�;L!�#�'@?�0327'l'){�!�'+%�*�0NE�0
-�-/%�'�?�?HP�C�?+U[VW#�'@Ù�À
-�03!10e24039�9/�8*�B:P/E8;c($~D2
C�?K!�P�'@��'){/�"P/E8'
'+*�;
C�B
#b!�;:();
2
P/�8*�'M03%�%)0�F�?p�8*^!KqW;Mq�0NF�?+Ö

¾
U[i\%�%10NF�?L(+03*mP�'D();
2
P/�8*�'�-+H)#�;
%5�"�+;>*,!10=EsE8F7Ib!�;D�82:9/E8'+2:'+*/!4q��6-/'+%
C�?K'+%
2:'+27;
%K�8'�?+UuQn*m!�#/�J?:(+0
?5'
G
'�0
($#^03%�%)0�F72MC�?5!�P�'
();
*�*�'�()!�'�-D!$;
�8!1?�;3q�*.'){�!�'+%�*�0NEv-�0Z!10
P�C�?+U[i\*^'){�032:9/E8'X;3Yv!$#/�6?��J?l?5#�;=qw*.�"*
f��8B�U�ÁcdT0/k1U



���������
	���
������
����

��	��������
��������	
�����
���
	
�! "���#���������
	� $��%'&�

��(����*)+�,)-�

�./��
��#0������1�#��&

���� P

n L1 blocks
and arrays

external
data 
buses

external
address
buses

n arrays

a) address mapping block b) L2 data mapping block
width of each bus = wwidth of each bus = log  b2
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Pattern 1: B(i)={i mod M}

Pattern 4: B(i)={j: 0<j<M}Pattern 3: B(i)={j: j<(i mod M)}

Pattern 2: B(i)={i mod 2  : 0<j<log M}j
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=!ì�à'Ø�Ýdù%ã_ß�ê�ßEê�×�ØGÛHß:Ü1áWÝ�ã_Ù?Ú'×�à'ì�ÚRß:Ý�Þ?Ú
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×dçÌå%Û_æ Ý�Ü?Ü7Û_ì�æ'ê�ßEæ%Ùk�!ß�
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ù%ã_×�Þ��'ÜÐÜGÚ'×>��æ ÝdØ[ß�ß:û�à%Û_ëdÝ�ã_ßEæhÙS	�ö+ÿTçÌß�Û_Ù?Ú'ßEØ�×9ç Ù[Ú'ß:Üwßlê�Ýdå'å%Û_æ'ì|ù%ã_×�Þ���ÜDÝdØ[ßlà!Üwß:âLá Ù?Ú'ß�ù'à!Ü�Ý�Ü[Ü7Û_ì�æ'ê�ßEæ%Ù�!ß�
%ÛHù%Û#ã#Û_ÙwäðÝdå'å'Ø?×,
%Û_êlÝdÙ?ß�ã_ä�â%×�à'ù%ã_ß:Ü�Ù?×¦©'ö_ô3±�õhöó÷�Ú'ß¡Ý9Ø?ß:ÝDÝdæ!âlÜGå!ßEß:â�×dë�ßEØ[Ú'ß:Ý�âDÛ_æ Ý�â'â�Û_æ'ì�×�æ'ß]ß�
�Ù?Ø�ÝÐÜGßEÙ
×dçÌÜ���Û_Ù)Þ[Ú'ß:Ü.Û¯ÜDÜwêlÝ�ãÅã=áAÜw×+Þ[ãHß:Ý9Øwã_ä�áOçé×�Ø¡êlÝdæ%äðÝ9å'å%ãÅÛ¯ÞEÝdÙGÛH×�æ!ÜEá�ß�Û_Ù?Ú'ßEØÒ×dç¸Ù?Ú'ß�êlÝdå'å%Û_æ'ì ù%ã_×'Þ1�'ÜøÛHæoÖÆÛ_ì!öóîIô
Ø?ß:Üwà%ã_Ù)Ü Û_æðÝÒù!ßEÙ[Ù?ßEØþÝ9Ø)Þ?Ú%Û_Ù?ß:Þ�Ù[à'Ø?ß�ö®|ß]ÞEÝdæ�ì�×]çTà'Ø?Ù?Ú'ßEØ.Ýdæ!âlÝ�â'â�Ü���Û_Ù)Þ[Ú'ß:Ü�Ù[×ÐÙ���×]Û_æ%Ù?ßEØ)Üwß:Þ�ÙGÛH×�æ!ÜEöN÷ Ú'ßEØ?ßþÝ9Ø?ßþî^¬R�¸Ý�ä'Ü�Ù[Ú'ß:ÜwßÌÙ���×ÐÜp��Û_Ù)Þ?Ú'ú
ÜwßEÙ)Ü.ÞEÝdæ+ù!ß�Ý�â'â%ß:âLüLÙ[Ú'ßÐù§ß:ÜwÙ¡Þ�×�êDù%Û_æ!ÝdÙwÛ_×�æRÛ¯Ü]ÜwÚ'×��¸æ�Û_æ|ÖÆÛ_ì!öLî�î'ö]÷�Ú%Û¯Ü.êlÝdå'å%Û_æ'ì�ù%ã_×�Þ�� ì9ÛHë�ß:Ü]Ýdæ ù'à!Ü
Ý�Ü?Ü2ÛHì�æ'ê�ßEæhÙ��!ß�
hÛ_ù%Û#ã#ÛHÙwä+×dç­©'ö î'ô9õhö
÷�Ú%Û¯ÜDå'Ø?×'Þ�ß:Ü?Ü��¸Ý�ÜÒØ?ßEå§ß:ÝdÙ?ß:âpçT×�Ø�ï'á�ñ§á²±'á²³'áHõháóÝdæ!âP¬zÜ���Û_Ù)Þ[Ú ÜwßEÙ)ÜEöo÷�Ú'ß�ì�Ø�Ýdå'ÚpÛ_æ ÖÆÛHì§ö�î�ïRìdÛ_ë�ß:ÜDÙ?Ú'ß

ù'à!Ü�Ý�Ü[Ü7Û_ì�æ'ê�ßEæ%Ù��!ß�
hÛ_ù%Û#ã#Û_Ù2ä�çé×�ØÐß:Ý�Þ?Úoæ%à'êDù!ßEØ�×dç]Ü���Û_Ù)Þ[Ú ÜwßEÙ)ÜEöpÖ'×�ØDß:Ý�Þ[Ú�å§×dÛ_æhÙ�áNÝ�ã#ãÌå§×hÜ?Ü7Û_ù%ã_ßðÜp��Û_Ù)Þ?Ú
å!ÝdÙ?Ù[ßEØ?æ!ÜY��ßEØ?ß¡Þ�×�æ!Ü7Û¯â%ßEØ?ß:âLáLÝdæ!âíÙ?Ú'ß]ù!ß:ÜwÙ]Þ[Ú'×hÜwßEæWögi]Ü¸Ù[Ú'ß]ì�Ø)Ýdå'Ú ÜwÚ'×��ÌÜ1áhÙ[Ú'ßÐÞ�à'Ø?ë�ß.Û¯Ü�Ø?×�à'ì�Ú%ã_ä�ã#Û_æ'ß:ÝdØ:á
ê�ß:Ýdæ%Û_æ'ì�Ù?Ú'ßEØ?ßøÛ£Ü�æ'×�å§×dÛ_æhÙ]ù§ßEä�×�æ!â���Ú%Û£Þ[ÚðÝ�â'â�ÛHæ'ì Üp��Û_Ù)Þ?Ú'ß:Ü ìdÛ_ë�ß:Ü�ã#Û_Ù?Ùwã_ßDù!ßEæ'ß�=!Ù�ö¸÷�Úhà!Ü1á¡��ß¡Þ�×�æ!Þ[ã_à!â%ß
Ù?Ú!ÝdÙ�Û_æ ×�Ø)â%ßEØ¸Ù?×Dì�ßEÙÌÝYù'à!Ü¸Ý�Ü?Ü7Û_ì�æ'êsßEæhÙY�!ß�
%Û_ù%Û#ãÅÛ_Ùwä+×dç Þ[ã_×hÜwßÒÙ?×�ô�á'Ù?Ú'ß]ê�Ýdå'å%Û_æ'ìlù%ã_×'Þ1��ÜwÚ'×�à%ã¯â�ù§ß]çTà%ã#ãHä
å!×�å'à%ã£Ý9Ù?ß:âLö§¸×�Ù?ß�Ù?Ú!ÝdÙ�Ù[Ú'ßEØ?ßÌÝdØ?ß�Ù#��×]å§×dÛ_æhÙ)Ü�×�æsÙ?Ú'ßÌì�Ø)Ýdå'Ú�Ù?Ú!Ý9Ù�ÜwÙ)Ýdæ!âD×�à'Ù3nAï¡Ýdæ!â¦³ÒÜ���Û_Ù)Þ[ÚÂÜGßEÙ)ÜEöAÖÆÛ_ì!ö�îdñÐÜGÚ'×>�.Ü
Ù?Ú'ßÒêlÝdå'å%Û_æ'ì�ù%ã_×�Þ���å!ÝdÙ?Ù?ßEØ[æ!ÜÌÞ�×�Ø[Ø?ß:Üwå!×�æ!â�ÛHæ'ì�Ù[×�Ù?Ú'ß:ÜwßÒå!×dÛ_æ%Ù)ÜEöÌÖÆÛ_ì!öLîdñ2�wÝ
	OÛ£Ü.Ù[Ú'ßa=!Ø)ÜwÙ�å!ÝdÙ?Ù?ßEØ?æm�¸Ú%Û¯Þ?Ú
Ú!Ý�ÜOÙ���×¸Ú'×�ØwÛ:9E×�æ%Ù)Ý�ã!ù'à!ÜGß:ÜOÙ?Ú!ÝdÙAÞEÝdæ�Þ�×�æ'æ'ß:Þ�Ù�Ù?×]Ý�ã#ã!ñ¡ÝdØ?Ø�Ý:ä'ÜEüdÖÆÛ_ì!ö�î9ñ2�=ù�	§Û£Ü Ù?Ú'ß/=!Ø)ÜwÙOå!ÝdÙ?Ù?ßEØ[æYÞ�×�æhÙ)Ý�ÛHæ%Û_æ'ì
Ù?Ú'Ø?ßEß]Ú'×�ØwÛ:9E×�æhÙ�Ý�ãWù'à!Üwß:Ü¸Ù[Ú!ÝdÙ¸ÞEÝdæ Þ�×�æ'æ'ß:Þ�Ù¸Ù?×�Ý�ã#ãóñ�ÝdØ?Ø)Ý�ä'ÜEög�L×�ìdÛ¯ÞEÝ�ãóêsßEê�×�Ø?älÞ�×�æ
=!ì�à'Ø)ÝdÙwÛ_×�æ!ÜNÛHæm�¸Ú%Û¯Þ?Ú
Ý�ã#ã ÝdØ[Ø)Ý�ä�Ü êÐà!ÜGÙNù§ß¡Þ�×�æ'æ'ß:Þ�Ù?ß:âíÙ?×Dß:Ý�Þ?Ú�×�Ù?Ú'ßEØ¸ÝdØ?ß¡Þ�×�ê�ês×�æWü%Ù?Úhà!Ü1áhÙ[Ú'ß]ê�×�Ø?ß.ù'à!Üwß:Ü�×�æ���Ú%Û£Þ[Ú�Ù?Ú%Û¯Ü¸ÞEÝdæ
ù!ßDâ%×�æ'ß�á'Ù?Ú'ß]Ú%Û_ì�Ú'ßEØ.Ù?Ú'ßÒù'à!Ü¸Ý�Ü?Ü7Û_ì�æ'êsßEæhÙY�!ß�
%Û_ù%Û#ãÅÛýÙ2ä�ö
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extra switch-sets added to each mapping block
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ÿ=æpÙ?Ú%Û¯ÜDå!Ýdå§ßEØ:ág��ßlÚ!Ý�ë�ß�â%ß:Ü?Þ�ØwÛ_ù!ß:â�ÝðÜGÙ)Ýdæ!â%ú=Ý�ã_×�æ'ß Þ�×�æ
=!ì�à'Ø)Ýdù%ã_ß�ê�ßEê�×�Ø[äèÝ9Ø)Þ?Ú%Û_Ù?ß:Þ�Ù[à'Ø?ß Þ�×�æ!Ü7Û¯ÜwÙwÛ_æ'ì
×dçþÝ9æpÛHæ%Ù?ßEØ)Þ�×�æ'æ'ß:Þ�Ù?ß:â ÜwßEÙs×dçþÝdØ?Ø�Ý:ä'ÜEö|÷�Ú'ßEØ[ß ÝdØ?ß�Ù���×�ã_ßEë�ß�ã¯Ü�×9çøÞ�×�æ
=!ì�à'Ø)Ýdù%Û#ã#ÛHÙwä�n�Ù?Ú'ß�ß�ÃWß:Þ�ÙwÛ_ë�ß â'ÝdÙ�Ý��Û¯â%Ù?Ú+×dç�ß:Ý�Þ[ÚðÝ9Ø?Ø)Ý�ä Ýdæ!â�Ù[Ú'ß¡Û_æ%Ù?ßEØ)Þ�×�æ'æ'ß:Þ�ÙGÛH×�æðù§ßEÙ��NßEßEæ+Ù?Ú'ß:ÜGßYÝ9Ø?Ø)Ý�ä�Ü1ö¸÷W×�ì�ßEÙ?Ú'ßEØ:á§Ù?Ú'ß:ÜwßDØ?ß:Üwà%ã_Ù�ÛHæpÝdæ
ÝdØ)Þ[Ú%Û_Ù?ß:Þ�Ù?à'Ø?ßÒÙ?Ú!ÝdÙ�Û¯ÜY�!ß�
%Û_ù%ã_ßÐßEæ'×�à'ì�Ú Ù?×ÒÛ_ê�å%ã_ßEê�ßEæ%Ù¡Ýk��Û¯â%ßÐëdÝdØwÛ_ßEÙwäl×9ç à!ÜwßEØ�ê�ßEê�×�Ø?ä�Þ�×�æ
=!ì�à'Ø�ÝdÙwÛ_×�æ!ÜEö®|ßDÚ!Ý�ë�ß�Ý�ã¯Üw× â%ß:Ü?Þ�ØwÛ_ù!ß:âpÝ�ÜwßEÙ]×dç�ß�
'å!ßEØGÛHêsßEæhÙ)ÜDÝ�Û_ê�ß:â+ÝdÙ¡â%ßEÙ[ßEØ?êDÛ_æ%Û_æ'ìðÚ'×��Ôë�ÝdØGÛH×�à!Ü¡ÝdØ)Þ[Ú%Û_Ù?ß:Þ�Ù?à'Ø)Ý�ã
å!ÝdØ)Ý9ê�ßEÙ?ßEØ)Ü�Ý,ÃWß:Þ�Ù�Ù?Ú'ß¡Þ[Ú%ÛHå+ÝdØ?ß:Ý'á'Ý�ÞEÞ�ß:Ü[Ü�ÙwÛ_ê�ß�á!Ýdæ!â��!ß�
%Û_ù%Û#ãÅÛ_Ùwä ×9çóÙ?Ú'ß¡â%ßEë�Û£Þ�ß�ö/®|ß]Ú!Ý�ë�ß¡Þ�×�æ!Þ�ßEæ%Ù?Ø)Ý9Ù?ß:â
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Ý
	�÷�Ú'Ø?ßEßDÜ���Û_Ù)Þ[Ú'ú=ÜwßEÙ)Ü¸Ý�â'â%ß:â ù�	 � Û�
ðÜ���Û_Ù)Þ[Ú'ú=ÜwßEÙ)Ü¸Ý�â'â%ß:â
�! #"%$�,E{h$RMW<?>70�>7@A Å0 57B�C /E070=<?;7F�>� «°W�Ì/1Fh-D�.>=@A #0 57B ÓT>=<?07>N/1;=<¸/:-�-9<)-'$
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×�æoÙ���×|ÝdØ)Þ[Ú%ÛHÙ[ß:Þ�Ù?à'Ø?ß:ÜSnR×�æ'ß Þ�×�æ%Ù)Ý�Û_æ%Û_æ'ìÆ¬^Ç.ù%ÛHÙ�ÜlÝdæ!â�Ù?Ú'ß�×�Ù?Ú'ßEØ�Þ�×�æhÙ�Ý�Û_æ%ÛHæ'ìP³dñ�Ç.ù%Û_Ù)Ü1ö ÖI×�ØDÙ?Ú'ß�=!Ø)ÜGÙ
ÝdØ)Þ[Ú%Û_Ù?ß:Þ�Ù?à'Ø?ß�á^��ßAçT×�à'æ!âDÙ?Ú!ÝdÙAâ�Û_ë�Û¯â�Û_æ'ìDÙ?Ú'ßC¬�Ç.ù%Û_Ù)ÜOÛ_æ%Ù?×R¬.ÝdØ?Ø)Ý�ä'ÜEá�Ý9æ!âÐÞ�×�æ'æ'ß:Þ�ÙwÛ_æ'ì¡Ù?Ú'ß:Üwß¸ÝdØ[Ø)Ý�ä�ÜÆÙ?×.ß:Ý�Þ?Ú
×�Ù?Ú'ßEØ¸Ýdæ!âsÙ?×DÙ?Ú'ß]Þ?Ú%Û_å�å%Û_æ!Ü�à!Ü7Û_æ'ì�ñ�â'ÝdÙ)Ý]ù'à!ÜGß:Ü�Û¯Ü�Ù?Ú'ß.×�å'ÙwÛ_êDà'ê Þ[Ú'×dÛ¯Þ�ß�ö�ÿ=æ�Ù?Ú'ß]Üwß:Þ�×�æ!â�ÝdØ�Þ?Ú%Û_Ù?ß:Þ�Ù?à'Ø[ß�á��ß�çT×�à'æ!â�Ù?Ú!ÝdÙ�â�ÛHë�Û¯â�Û_æ'ìlÙ?Ú'ß�³dñ�Ç.ù%Û_Ù)Ü Û_æhÙ?×�ô3³ÒÝdØ?Ø)Ý�ä'ÜEáhÝ9æ!â�Þ�×�æ'æ'ß:Þ�ÙwÛ_æ'ì�Ù?Ú'ß:ÜGßþÝdØ[Ø)Ý�ä�Ü�Ýdæ!â�Ù[Ú'ß¸ÿ1\�]uå%Û_æ!Ü
à!Ü7Û_æ'ì�¬lâ'ÝdÙ�ÝDù'à!Üwß:Ü�Ø?ß:Üwà%ã_Ù)Ü ÛHæRÙ?Ú'ß¡ês×hÜwÙ¸ß�ÈÂÞ[Û_ßEæ%ÙþÝ9Ø)Þ?Ú%Û_Ù?ß:Þ�Ù[à'Ø?ß�öY®|ß¡Ú!Ý�ë�ß¡Ý�ã£ÜG×�å'Ø?ß:ÜwßEæ%Ù?ß:â+ÝDêlÝdå'å%Û_æ'ì
ù%ã_×�Þ��DÙ?×�å§×dã_×�ì�ä]Ù?Ú!ÝdÙAå'Ø[×�ë�Û¯â%ß:ÜOæ'ß:ÝdØ?úTå§ßEØwçéß:Þ�Ù��!ß�
hÛ_ù%Û#ã#Û_Ù2ä�á§Ý�Ü?Üwà'êDÛ_æ'ì]Ù?Ú'ß�êlÝ9å'å%ÛHæ'ìÒÙ?×%×dã¯ÜAÝdØ?ß�çéØ[ßEßNÙ[×ÌêlÝÉ��ß
ß�
'Ù?ßEØ?æ!Ý�ãAå%Û_æ�Ý�Ü?Ü7Û_ì�æ'êsßEæhÙ)Ü1ö]ÿTç�Ù?Ú'ß�â%ßEë�Û¯Þ�ßsÛ£Ü.Ù[×lù§ß�à!Üwß:âíÛ_æ�Ýdæ|Ýdå'å%ã#Û¯ÞEÝdÙwÛ_×�æ+Û_æÊ�¸Ú%Û¯Þ[Ú|ÿ1\^] å%Û_æ!ÜøêÐà!ÜGÙ
ù!ßRå'Ø?ßEú=Ý�Ü?Ü2ÛHì�æ'ß:âLá�Ú'×>��ßEë�ßEØ�á�ÝRêlÝdå'å%Û_æ'ì�ù%ã_×'Þ1�pÛ_æ��¸Ú%Û¯Þ?Ú�ßEë�ßEØ?äpù'à!Ü�ÞEÝdæ Þ�×�æ'æ'ß:Þ�Ù�Ù?×+ßEë�ßEØ?äoÝdØ?Ø)Ý�ä+Û¯Ü
Ø?ß:û�à%Û_Ø?ß:âLö
ÖÆÛ_æ!Ý�ã#ãHä�áAÝ�ã_Ù?Ú'×�à'ì�Ú|Ù?Ú%Û¯ÜÒå!Ýdå!ßEØÒÚ!Ý�Ü¡Þ�×�æ!Þ�ßEæhÙ?Ø�ÝdÙ?ß:â+×�æ|ÜwÙ�Ýdæ!â%ú=Ý�ã_×�æ'ß�Þ�×�æ
=!ì�à'Ø)Ýdù%ã_ß�ê�ßEê�×�ØGÛHß:Ü1áWÙ?Ú'ßlÝ9Ø?ú

Þ[Ú%ÛHÙ[ß:Þ�Ù?à'Ø?ßDÛ¯Ü]Üwà%Û_Ù)Ýdù%ã_ßDçT×�Ø.Û_æ!Þ[ã_à!Ü7Û_×�æoÝ�Ü.ßEêDù!ß:â'â%ß:â+ê�ßEês×�Ø?ä�Ø?ß:Üw×�à'Ø)Þ�ß:Ü���Û_Ù?Ú%Û_æ�Ýdæ|ÖgbYh�iÐöL÷�Ú'ßDê�×hÜGÙ
Û_ê�å!×�Ø?Ù)Ýdæ%Ù¸Û¯Ü?ÜGà'ßDÛ_æ|ßEêDù!ß:â'â%ß:â+ê�ßEês×�Ø?ä Ø[ß:Üw×�à'Ø)Þ�ß:Ü�Û¯Ü.Ù?Ú'ßÒÛ_æhÙ[ßEØwç Ý�Þ�ßÐù§ßEÙ��NßEßEæ+Ù?Ú'ßDê�ßEês×�Ø?äðÝ9æ!â�ã_×�ì9Û£Þ
å!ÝdØ?Ù�Ü¸×dç�Ù[Ú'ßÐÖgbYh�iÐö§ÿTç�Ù[Ú%Û£Ü�Û_æ%Ù?ßEØ)Þ�×�æ'æ'ß:Þ�ÙGÛH×�æ+Û¯Ü.æ'×�ÙC�!ß�
%Û_ù%ã_ßlßEæ'×�à'ì�ÚWá!êDà!Þ[Úð×9ç�Ù?Ú'ß¡æ!ÝdÙGÛHë�ßR�!ß�
%Û_ù%Û#ãÅÛ_Ùwä
×dçAÙ?Ú'ßÐÞ�×�æ
=!ì�à'Ø)Ýdù%ã_ßDê�ßEê�×�Ø[ä���Û#ã#ãAù!ß]ã_×hÜGÙ:ö�]¸æ Ù?Ú'ßÒ×�Ù?Ú'ßEØ¸Ú!Ý9æ!âLá�Ýdæ�×dë�ßEØGãHä��!ß�
%Û_ù%ã_ß¡Û_æ%Ù?ßEØ)Þ�×�æ'æ'ß:Þ�Ùa� ÛÅã#ã
Ø?ß:Üwà%ã_ÙøÛHæzß�
IÞ�ß:Ü?Ü2ÛHë�ß�×dë�ßEØ?Ú'ß:Ý�âíÛ_æ�Ù[ßEØ?êlÜ�×dç Þ[Ú%Û_å ÝdØ[ß:Ý�Ýdæ!â+Þ[ÛHØ�Þ�à%ÛHÙ�Üwå§ßEß:âLö�÷�Ú'ß:ÜwßDÛ¯Ü?ÜGà'ß:Ü¡ÝdØ?ßsß�
�å%ã_×�Ø?ß:â
çTà'Ø?Ù?Ú'ßEØ�ÛHæPË_ô�î�Ì=öYÍAêDù!ß:â'â�Û_æ'ì Þ�×�æ
=!ì�à'Ø�Ýdù%ã_ßÐêsßEê�×�Ø?ä�ÝdØ?Ø)Ý�ä'Ü�Û_æ|ÝdæðÖgb�h!iÎ��Û#ãÅãAã#Û:��ß�ã_ä Ú!Ý�ë�ßDÝ�â'â�Û_ÙwÛ_×�æ!Ý�ã
Ý�â%ëdÝdæhÙ�Ýdì�ß:ÜEüL��ß�ß�
'å!ß:Þ�ÙDÙ?Ú!ÝdÙ¡Üw×�ê�ßDã_×�ìdÛ¯Þ�Þ[ÛHØ�Þ�à%ÛHÙ�Ü���Û#ã#ã ê�Ýdå|ë�ßEØ?ä+æ%Û¯Þ�ß�ã_ä|Û_æ%Ù?× êsßEê�×�Ø?ä|ÝdØ?Ø�Ý:ä'ÜEö�÷�Ú'ß
Û_æhë�ß:ÜwÙwÛ_ìhÝdÙwÛ_×�æR×dçóÙ?Ú%Û¯Ü�å!×hÜ[Ü7Û_ù%ÛÅã#Û_Ùwä�Û¯Ü.Ýdæ Ý�Þ�ÙwÛ_ë�ßDÝdØ?ß:ÝÒ×dçOçéà'Ù?à'Ø[ßa�N×�Ø1��ö

OaÁÐÏLIWÀ�Ñ�K�F2ÒWTLV!F2I�DWQ
ÖÆÛ_æ!Ýdæ!Þ[Û¯Ý�ãÌÜwà'å'å!×�Ø[Ù �¸Ý�Üøå'Ø?×dë�Û¯â%ß:âpù%äÊÓ ÿ�d�Ôl]!§!Í�÷]áOÙ?Ú'ß�§ÌÝdÙ[à'Ø)Ý�ã � Þ[Û_ßEæ!Þ�ß:Ü�Ý9æ!âÕÍ æ'ìdÛ_æ'ßEßEØwÛ_æ'ìÆÔ�ßEú
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