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ß�ìiæáÜ�ØOï

z ï@�­°aÆ=´�°E°Q³I¹
¸7»�´�»IÉ,É«°�É,Ç,¶Zº ·©Õ�Ö�×�Ù�×\é�Ýi×\×NÜ¾ÚªÞIß�Ýåß¾àáàá×\àáæáç�â â­×Zß�çië�Ýi×\çpì�Ö�×�Øaë�â�îI×\Ý�Ü¾ÚªÝi×Zß�Ù�í(ÞIß�Ýtß�àáàá×\à
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ä\Ü�âNÞ�àñ×\ìiæáÜ�Ø�ì�æáâN×\çjï

} ïl¡N´�»I¼��`É«»�´¾Ç«Ãt±(³I¹�Ã\»I¶\À`¶�·�Õ�Ö�×¬é�Ýåß�ØEë�à�ß�Ýiæáì�ípÜ�Úeß�ìtß�ç��
æáØ
ßpÞ�ÝiÜ�é�Ýåß�â3æñçªì�Ö�×"ßjè�×\Ýåß¾é�×�ä\Ü�â­Þ�ë�ìåß�ìiæñÜ�ØIß�à
ìiæáâ­×eØ�×\×\Ù�×\ÙNîEí©ß6ìåß�ç��/ïeÕ�Ö�×�é�Ýåß�ØEë�à�ß�Ý�æáì�í¬Ü�ÚIìtß�ç��EçeæáØ�ß�Ø�ß�Þ�Þ�àáæáäZß�ì�æáÜ�Øpæáç1ß�Ø
æáâ­ÞIÜ�Ýiìåß�ØEì/Ú9ß�ä\ìiÜ�Ý`æáØ
ìiÖ�×
ÞI×\Ý�Ú,Ü�Ýiâ
ß�Ø�ä\×�Ü¾Úªß�ØVß�Þ�Þ�àáæáäZß�ì�æáÜ�ØOïl
,Ú�ìiÖ�×
ìåß�ç��Eç"ß¾Ýi×�ìiÜEÜ4�IØ�×
é�Ýåß�æñØ�×\ÙOê/ìiÖ�×\Ø(ìiÖ�×
çiíaç�ìi×\â Ü�è�×\Ý�Ö�×Zß�Ù�ç
(,ä\Ü�â­â�ë�Ø�æáäZß�ì�æáÜ�Ø(à�ß¾ìi×\Ø�ä\íVìiæáâ­×�ê`çiÖIß�Ýi×\Ù!â­×\â­Ü�Ýií¥ß¾ä\ä\×\çiç�ìiæáâ­×�ê`ä\Ü�ØEìi×tðÅì
çiò6æáìiätÖ%ìiæñâN×�ê`×\ìiä�ïM, äZß�Ø
ß�Ù�è�×\Ýiçi×\àñí%Ù�Ü�â­æáØIß�ì�×NìiÖ�×¡×tðÅ×\ä\ë�ì�æáÜ�Ø>Ü¾Ú"ìiÖ�×¡Þ�ÝiÜ�é�Ýtß�â¥ï38�Ü�ØEè�×\Ýiçi×\àáí�ê:æ~ÚpìiÖ�×�ìtß�ç��EçNß�Ýi×¡ìiÜaÜÛà�ß�Ýié�×��
é�Ýåß�æáØ�×\ÙOêEìiÖ�×\Ø
ì�Ö�×\Ýi×�ò�Ü�ë�àáÙ­îI×�ìiÜEÜ�Ú,×\ò ìåß¾ç��aç�ìiÜ�×�� ×\ä\ì�æáè�×\àáí�ÞIß¾Ýåß�àáàá×\àñæ��\×�ï�
�ì�æáç�ìiÖ�×\Ý�×tÚ Ü�Ý�×pØ�×\ä\×\çiçåß�Ýií
ìiÜ
äZß�Ýi×tÚ,ë�àáàáí­äåÖ�ÜEÜ�çi×�ß�Ø�ß¾Þ�Þ�ÝiÜ�Þ�Ýiæ�ß¾ìi×¬é�Ýåß�ØEë�à�ß�Ýiæáì�í�Ú,Ü�Ý�ìåß�ç&�aç�æáØ�ß
ÞIß¾Ýåß�àáàá×\à/Þ�ÝiÜ�é�Ýåß�â(ï

� ï@�­°aÆ=´�°E° ³I¹V¶\¸e°�½	�`É«»�ÃZÇ«È]° ²
³I´�Àe·s
�Ø ßQØEë�â�î=×\Ý
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9ì6æáç�Ø�×\ä\×\çiçåß¾ÝiíNì�Ü^��×\×\Þ�ìiÖ�×�ß�â­Ü�ë�ØEì1Ü�Ú
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Ø�Ü�ì�Þ�ÝiÜ�èaæáÙ�×
â�ë�ätÖ(çiÞI×\ä\æ��Iä

p



æáØEÚ,Ü�Ýiâ
ß�ìiæáÜ�ØNß�îIÜ�ë�ì¬ìiÖ�×�Þ�ÝiÜ�é�Ýtß�â¥ï�
9Ø(ÞIß�Ý�ìiæáä\ë�à�ß�Ýjêaæñì¬æáç6Ù�æ�
Nä\ë�àáì6Ú Ü�Ý¬ìiÖ�×�çiíEçiìi×\â ìiÜ
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çiÞ=×\ä\æ��Iä�æáØEÚ,Ü�Ýiâ
ß�ìiæñÜ�ØVß�îIÜ�ë�ì
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Ø�×\×\Ù�×\Ù>îEíVìiÖ�×
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Insufficient work. Compare
message load balance of 
these processors with processors
that perform well. 

Sufficient work. Compare
grain-size of tasks to
overheads of message
creation/processing.

Imbalance exists.
Is placement 
fixed?

message queues on poorly performing
processors

Utilization imbalance exists. Do the

have sufficient work? processors have sufficient work?
message queues on poorly performing
There is no utilization imbalance. Do the

Identify a period in time where
overall utilization was poor. Check
utilization-balance.

size balance.
Check for grain
No imbalance.

Increase grain-size.
Grain-size is small. Good, hence it must

be system messages
which interfere with the

E.g., load balancing strategy,

Sufficient work. Compare
grain-size of tasks to
overheads of message
creation/processing.

Good, perhaps
there was lots
of system work
going on. E.g.,

Grain-size is small.
Increase grain-size.

processing of user messages.

Placement
is not fixed.
It could be 
due to a 
bad ldb.

Placement
is fixed. The
problem 
may be a
user-ldb,
or some

problem.
synchronization

in table requests)
shared variable access (imbalance

shared variable
access (non-local 
table requests), load
balancing strategy,
dynamic creation of
work

Yes, they
have varying
granularities.
User: balance
sub-task sizes.

Hence there must
be interference by
system messages,
e.g., load balancing,
shared variable
access, etc.

A

B

D

C

E

F

Perform critical path
analysis and check
for degree of  parallelism
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ò6Ö�æáàá×�ä\ÝiæáìiæáäZß¾à�ìåß�ç��Eç1ò�×\Ýi×�Ø�Ü�Ø­çiäåÖ�×\Ù�ë�àñ×\Ù­Ú Ü�Ý�×tð�×\ä\ë�ìiæáÜ�ØOï'
�Ø
ìiÖ�×pØ�×tð�ì¬ç�×\ä\ìiæáÜ�ØOêEò�×pÞ�Ýi×\çi×\ØEì¬ß
çåß¾âNÞ�àá×�Ü�Ú7ä\Ý�æáìiæáäZß�à/ÞIß�ì�Ö�ß�ØIß�àáíEçiæáç:Ú,Ü�Ý¬ß
Þ�ÝiÜ�é�Ýåß�â(ï

*	*



U VXWa�l� �^©&�mçZY ��Òa���®É�["Ô&�1ÑQ��©¼�@�Q�^©�ÔiÓ\��Î]Ô�ÐpÍ

2V×
ä\Ü�Ø�ç�æáÙ�×\Ýi×\Ù>ß�Ø>ß�Þ�Þ�àñæáäZß�ìiæáÜ�ØVò�Ö�æáätÖ%ì�Ýiæá×\ç
ìiÜ(çiÜ�àáè�×]\�æáØ�Ù�×\Þ=×\Ø�Ù�×\Øaì­çiÞIß�Ýiç�×
ÞI×\ØEìåß-�9Ù�æ�ß�é�Ü�ØIß�à1ç�íaçiì�×\âNç
ë�çiæáØ�é(ìiÖ�×F^�ß�ë�çiç+�I�Eæñ×\Ù�×\àq(¤Ýi×\Ù%�9î�à�ß�ä���,�æáì�×\Ýåß�ìiæáè�×�âN×\ì�Ö�ÜaÙOïw�Eë�äåÖ!ä\Ü�â­Þ�ë�ìåß�ì�æáÜ�Ø�ç�ß�Ýiæñçi×NæñØ!ë�Ø�çiìi×Zß�Ù�í�üIë�æáÙ
üIÜ�ò äZß�àáä\ë�à�ß¾ìiæáÜ�Ø�çZï9�EæñØ�ä\×NìiÖ�×�çiíaç�ìi×\âNçpß�Ýi×�Ù�æ��O×\Ýi×\Øaì9(�ß�Ø�ÙVÖIßjè�×
Ù�æ��O×\Ýi×\ØEìpîIÜ�ë�Ø�ÙIß�Ý�íVä\Ü�Ø�Ù�æáìiæñÜ�Ø�ç�,\ê/ìiÖ�×\í
ä\Ü�ØEè�×\Ýié�×
ß�ì�Ù�æ��O×\Ýi×\ØEì�Ýåß¾ìi×\çZïR
9Ø¡ìiÖ�×^8 ÖIß�Ýiâ æáâNÞ�àñ×\âN×\ØEìåß�ìiæ~Ü�ØOê�ìiÖ�×�ç�Ü�àáë�ìiæáÜ�Ø�ç�Ü�Ú1ß�àáàOìiÖ�×_\%ç�íaçiì�×\âNç�ò�×\Ýi×
äZß�ÝiÝ�æá×\Ù�Ü�ë�ì�çiæáâ�ë�àáìåß�Ø�×\Ü�ë�ç�àáíl� ì�Ö�æáç�ò ß¾ç1Ù�Ü�Ø�×�çiÜ�ß�ç1ì�Ü�×tð�Þ�àáÜ�æáì:ìiÖ�×¬Þ=Ü�çiçiæñî�æáàáæáìiæñ×\çeÜ�Ú7Ü�è�×\Ýià�ß¾Þ©Þ�Ý�Ü�èEæáÙ�×\Ù­îaí
â­×\çiçåß�é�×�Ù�Ýiæáè�×\Ø¡×tðÅ×\ä\ë�ì�æáÜ�ØOï
Õ�Ö�×
çiÜ�àáë�ìiæñÜ�Ø�Ü�Ú�×Zß�ätÖ¥ç�íaçiì�×\â é�ÜE×\çpìiÖ�ÝiÜ�ë�é�Ö(â�ë�àáìiæáÞ�àñ×pæáìi×\Ýåß�ì�æáÜ�Ø�çZïª
9ØV×Zß�ätÖ
æáìi×\Ýtß�ìiæáÜ�ØOê=ß�Þ�ÝiÜEä\×\çiçiÜ�Ý¬×tð�äåÖIß¾Ø�é�×\çpÙIß�ìåß�ò�æáìiÖ
æñìiç¬Ø�×\æñé�Öaî=Ü�ÝiçZê=ä\Ü�â­Þ�ë�ìi×\ç�ë�ÞIÜ�Ø(ìiÖ�×�ÙIß�ìåß�æáì¬ÖIß¾ç¬Ýi×\ä\×\æñè�×\ÙOê
ÞIß�Ýiì�æáä\æáÞIß�ìi×\çeæñØNßpé�àñÜ�îIß�à�Ýi×\Ù�ë�ä\ìiæñÜ�Ø�Ü�Ø�ì�Ö�×¬Ø�×\ò*è�ß�àáë�×\çjêÅß¾Ø�Ù�ìiÖ�×\Ø­çiìåß�Ýiì�çeìiÖ�×�Ø�×tð�ìªæñìi×\Ýåß�ìiæñÜ�Ø�Ü�Ø�Ýi×\ä\×\æáèEæáØ�é
ìiÖ�×pÝi×\ç�ë�àáì�Ü�ÚeìiÖ�×pÝi×\Ù�ë�ä\ìiæñÜ�ØOï

þeæáé�ë�Ý�×Q*©çiÖ�Ü�ò�ç�ß�Þ�æáä\ì�ë�Ýi×�Ü�ÚeçiÜ�â­×pÜ�ÚeìiÖ�×^�WÝiÜF=�×\ä\ìiæáÜ�Ø�çªèEæá×\ò�ç�Ü�ÚeìiÖ�×�Þ�Ý�Ü�é�Ýåß�âr� ç�×tð�×\ä\ë�ìiæáÜ�Ø¡ìiÝåß�ä\×�ï
Õ�Ö�×­×tðÅÞ=×\Ýiì©ß¾ØIß�àáíEçiæáç�æñØEÚ Ü�Ý�âN×\Ù¡ë�ç©ì�ÖIß�ì�ìiÖ�×�ä\ÝiæáìiæáäZß¾àeÞIß�ìiÖ%ß�ØIß¾àáíaç�æáçpæáØ�Ù�æáäZß�ì�×\Ù%æáâ­Þ�ÝiÜ�è�×\â�×\ØEì�æ~Ú�ä\×\Ýiìåß�æáØ
×\ØEìiÝií�Þ=Ü�æáØEìiçpàáíEæáØ�é
Ü�Ø(ìiÖ�×
ä\Ýiæáì�æáäZß�à`ÞIß�ìiÖVò�×\Ýi×
Þ�ÝiæáÜ�Ýiæáìiæ��\×\ÙOïµ��Ü�ò�×\è�×\Ý�×\è�×\ØVìiÖ�Ü�ë�é�ÖVâãß¾Øaí­×\Øaì�Ýií(ÞIÜ�æáØEìiç
ò�×\Ýi×pàáæáç�ìi×\Ù
Ü�Ø
ìiÖ�×pä\ÝiæñìiæáäZß�à/ÞIß�ìiÖOêEÜ�Ø�àñíNì�ò�Ü
òª×\Ý�×pàáæáçiìi×\Ù�ß¾ç�ÞIÜ�ì�×\Øaìiæ«ß�àáç:Ú Ü�ÝªÞ�Ý�æáÜ�Ýiæáì�æ��Zß�ìiæáÜ�ØOïOÕ�Ö�×�ìiæñâN×\àáæñØ�×\ç
Ú,Ü�Ý�ìiÖ�æáç�ìiÝtß�ä\×pÞ�ÝiÜ�èaæñÙ�×�ß�Ø
×tðÅÞ�à«ß�ØIß�ìiæáÜ�Ø�Ú,Ü�Ý�ìiÖ�æñç ß¾ØIß�àáíEçiæáçZï

þeæáé�ë�Ý�×qp
ç�Ö�Ü�ò6çªì�æáâN×\àñæáØ�×\çeÚ,Ü�Ý�çiìåß�é�×q�u(¤Ü�Ø�×pÜ�Ú7ìiÖ�×l�IÝ�çiì�çiìåß�é�×\ç6Ü�Ú7ìiÖ�×p×tð�×\ä\ë�ìiæáÜ�Ø
Ü¾Ú7ìiÖ�×pÞ�ÝiÜ�é�Ýåß�âu,
ß�Ø�ÙQçiìåß�é�×yp	z�(,Ü�Ø�×­Ü�Ú¬ìiÖ�×­à�ß�ç�ì�çiìåß¾é�×\ç�Ü�Ú�ìiÖ�×N×tð�×\ä\ë�ìiæáÜ�Ø!Ü�Ú�ìiÖ�×
Þ�ÝiÜ�é�Ýtß�ây,wïãÕ Ö�×NìiæñâN×\àáæñØ�×©Ü�Ø%ìiÖ�×
àñ×tÚ ì
ä\Ü�ÝiÝ�×\çiÞIÜ�Ø�Ù�ç:ìiÜ�ì�Ö�×�Ú Ü�ÝiâN×\Ýjê�ß�Ø�Ù­ìiÖ�×�ì�æáâN×\àñæáØ�×1Ü�Ø�ìiÖ�×�Ýiæáé�Öaìeä\Ü�Ý�Ýi×\çiÞIÜ�Ø�Ù�çªì�ÜpìiÖ�×�à�ß�ì�ìi×\ÝZï7Õ Ö�×�ÙIß�Ý��°�9î�àáÜEä��Eç
ß�Ýi×pÝ�×\Ù�ë�ä\ìiæáÜ�Ø­Þ�ÖIß�çi×\ç�æáØ­ìiÖ�×p×tðÅ×\ä\ë�ì�æáÜ�ØOï1Õ�Ö�×pì�æáâN×\àñæáØ�×�Ü�Ø
ìiÖ�×pàñ×tÚ ì�çiÖ�Ü�ò�ç�ì�ÖIß�ì�ìiÖ�×pÞ�ÝiÜEä\×\çiçiÜ�Ýiç�ä\Ü�ØEìiæáØEë�×
çiÜ�àñèaæáØ�é�Ü�ìiÖ�×\Ý�çiíaç�ìi×\âNçjêaò6Ö�æáàá×�Ý�×\Ù�ë�ä\ìiæáÜ�Ø¡æáç¬î=×\æáØ�é­äZß�ÝiÝiæá×\Ù¡Ü�ë�ì6Ú Ü�Ý�Ü�Ø�×�çiíaç�ìi×\â¥ïR8�Ü�Ø�ç�×5�aë�×\ØEìiàáí�ê=ìiÖ�×\Ýi×�æáç
Ö�æáé�Ö�Ù�×\é�Ýi×\×�Ü�Ú7Ü�è�×\Ýià�ß¾Þ©æñØ�çiìåß�é�×m�4(9ß�Ø�Ù�â­Ü�çiìeÜ�ÚOìiÖ�×�çiìåß¾é�×\ç1Ù�ë�ÝiæñØ�é�ìiÖ�×�îI×\é�æñØ�Ø�æáØ�é
çiìåß�é�×\çeÜ¾Ú7×tðÅ×\ä\ë�ì�æáÜ�Øx,\ï

9ØÛìiÖ�×�ìiæáâ­×\àáæáØ�×pÜ�Ø¥ì�Ö�×�Ýiæáé�ÖEìZê=Ü�Ø�×�Ø�Ü�ì�æáä\×\çpìiÖIß�ìpÞ�ÝiÜEä\×\çiçiÜ�ÝiçpæáÙ�àá×
ò�Ö�æáàñ×©ì�Ö�×©Ý�×\Ù�ë�ä\ìiæáÜ�ØVæñçpîI×\æáØ�é
äZß�Ý�Ýiæá×\Ù
Ü�ë�ìZïeÕ�Ö�æñç1ÜEä\ä\ë�Ýiç1î=×\äZß�ë�çi×pÜ�Ø�àáí�Ü�Ø�×�çiíaç�ìi×\â3Ýi×\â
ß�æáØ�ç`ìiÜ�îI×�çiÜ�àáè�×\Ù­ß�ìeìiÖ�×�è�×\Ýií�×\Ø�ÙOê�ß�Ø�Ù­ìiÖ�×\Ýi×tÚ,Ü�Ýi×6ìiÖ�×\Ýi×
æáç�Ø�Ü�ÞIÜ�çiç�æáî�æáàáæáì�í
Ü�ÚeÜ�è�×\Ýià�ß�Þ�Þ�æñØ�é©ì�Ö�×pÝi×\Ù�ë�ä\ìiæáÜ�Ø
ò6æáìiÖ
ìiÖ�×pçiÜ�àáë�ìiæáÜ�Ø­Ü�ÚeÜ�ìiÖ�×\Ý�ç�íaçiì�×\âNçZï

8�ÝiæñìiæáäZß�àOÞIß¾ìiÖ%ß�ØIß�àñíaçiæñçZêIì�Ö�×\Ýi×tÚ Ü�Ýi×�ê/ä\Ü�ÝiÝi×\ä\ì�àáí�æáÙ�×\ØEìiæ��I×\Ù(ìiÖ�×�ä\ÝiæáìiæáäZß¾à7ìåß¾ç��açQ(,ìiÖ�×
Ü�Ø�×\ç�çiÜ�àáèEæáØ�é­ìiÖ�×
à�ß�ç�ì�çiíEçiìi×\âu,5��Ö�Ü�òª×\è�×\Ý�âNÜ�çiì
Ü�Ú�ìiÖ�×�çtß�âN×
ìtß�ç��Eç�ò�×\Ýi×¥ß�àñçiÜVØ�Ü�Ø%�9ä\ÝiæñìiæáäZß�à�îI×\äZß¾ë�çi×(ìiÖ�×�Þ�ÝiÜ�é�Ýåß�â ë�ç�×\Ù
ìiÖ�×
çåß¾âN×­Ü�î�=�×\ä\ì�ìiÜ(çiÜ�àñè�×�ß�àáà�ìiÖ�×
çiíEçiìi×\â­çZï!Õ�Ö�×\Ýi×tÚ,Ü�Ýi×
ì�Ö�×�ß�ØIß�àáíEçiæáç
ä\Ü�ë�àáÙ!Ø�Ü�ì�çië�é�é�×\ç�ìNß�Ø!×��O×\ä\ìiæáè�×
Þ�ÝiæáÜ�Ýiæáìiæ��Zß¾ìiæáÜ�Ø�çiäåÖ�×\â­×R� ¯ ��õ�÷túQÐiûx"O�Iß�Ø�Ù¼Ðiû®"��Iß¾Ýi×�æáØ�æáì�æ�ß�àáæ��Zß¾ìiæáÜ�Ø�×\ØaìiÝ�í©â­×\ìiÖ�ÜEÙ�çªß�Ø�Ù­ß�Ýi×�×tðÅ×\ä\ë�ìi×\Ù­Ü�Ø�àáí
Ü�Ø�ä\×�ï��6Úeä\Ü�ë�Ýiç�×�ê�ìiÖ�×\Ýi×pæáç�Ø�Ü�Þ�Ý�æáÜ�Ýiæáì�æ��Zß�ìiæáÜ�Ø©ç�äåÖ�×\â­×�ß�Þ�Þ�àáæáäZß¾î�àá×�Ú,Ü�Ý�ìiÖ�æáç6Þ�ÝiÜ�é�Ýåß¾â¥ê�î=×\äZß�ë�çi×�æñìªò�Ü�ë�àñÙNî=×
Ø�×\ä\×\çiçåß¾Ýií(ìiÜ�Þ�ÝiæñÜ�Ýiæáìiæ��\×�ìiÖIß�ì�çiíEçiìi×\â ò�Ö�æáätÖVìåß���×\ç�ìiÖ�×�àáÜ�Ø�é�×\çiìpì�Ü
îI×­çiÜ�àáè�×\Ù��`Ö�Ü�ò�×\è�×\ÝpìiÖ�æáçpäZß¾Ø�Ø�Ü�ì�î=×
Ù�Ü�Ø�×�ò�æáìiÖ�Ü�ë�ìR�EØ�Ü�ò�æáØ�é
îI×tÚ,Ü�Ýi×\ÖIß�Ø�Ù¡ìiÖ�×pçiíEçiìi×\â ì�ÖIß�ì�ò�Ü�ë�àáÙ­ìåß ��×pì�Ö�×pàáÜ�Ø�é�×\çiì�ìiÜ�çiÜ�àáè�×�ï

Õ�Ö�æáçp×tðIß�â­Þ�àá×
æáàáàáë�ç�ìiÝåß�ìi×\ç�ìiÖ�×
ë�çi×tÚ,ë�àáØ�×\çiç
Ü�Ú�ä\ÝiæáìiæáäZß¾à7ÞIß�ì�Ö%ß�ØIß�àáíEçiæáçjïa
�ì�ß�àáçiÜ
æáàñàáë�çiìiÝåß¾ìi×\ç¬ì�ÖIß�ìpìiÖ�×
àáæáâ­æáìåß¾ìiæ~Ü�Ø�ç�Ü�Ú�ß�Øaí(×tð�ÞI×\Ýiì
ß�ØIß�àáíEçiæáç�ä\Ü�â­×\çpÞ�Ýiæáâ
ß�ÝiæáàñíNî=×\äZß�ë�çi×­ìiÖ�×
ë�çi×\Ý�Ü�Ú,ìi×\ØVÝ�×��9ë�çi×\ç�ä\ÜEÙ�×�î�àáÜEä��EçpÚ,Ü�Ý
Ù�æ��O×\Ýi×\ØEì
ÞIÜ�Ýiì�æáÜ�Ø�ç
Ü�Ú¬ìiÖ�×
ä\Ü�âNÞ�ë�ìåß¾ìiæáÜ�ØOê`ò�Ö�æáätÖ!ìiÖ�×
ß�ØIß�àáíEçiæáç
ìiÜEÜ�à�Ø�×\×\Ù�ç�ìiÜÛä\Ü�âNÞ�Ý�×\Ö�×\Ø�Ù%æáØ!Ü�ÝiÙ�×\Ý�ìiÜ
îI×(ß�î�àá×­ìiÜVä\Ü�â­Þ�àá×\ìi×\àñí ß¾ØIß�àáí%�\×
ìiÖ�×
Þ�ÝiÜ�é�Ýtß�â¥ïVÕ Ö�æáç�ä\Ü�ë�àáÙ!î=×�Ü�è�×\Ýiä\Ü�âN×�æ Ú¬ìiÖ�×
ìiÜEÜ�à�ÖIß�Ù ß¾Ù�Ù�æáìiæáÜ�ØIß¾à
æáØEÚ,Ü�Ýiâ
ß�ìiæáÜ�Ø©Ü¾ÚSìiÖ�×pç�ìiÝië�ä\ìië�Ýi×pÜ¾ÚSìiÖ�×pÜ�î�=i×\ä\ì6æáìiçi×\à~ÚiêEçië�ätÖ�ß�ç�ìiÖIß�ì6Þ�ÝiÜ�èaæáÙ�×\Ù
îEí­ìiÖ�×���ß�é�é�×\Ý�Ø�Ü�ìtß�ìiæáÜ�ØOï

` a Ô��/Ó:Òa���/ÔiÐpÍ ��Í�Ñ¥��ÒpÎ@Ò"Ï��cb Ð�Ï�æ


9ØÛÞ�Ýi×\èaæñÜ�ë�çpò�Ü�Ý��/êedÅß�â­æá×\çiÜ�Øw:M�-<1ÖIß�çpë�çi×\ÙÛìiÖ�×�ätÖIß�Ýåß�ä\ìi×\Ý�æáçiìiæáä\ç�Ü�Ú�ÞIß�Ýåß�àáàñ×\àSß�àñé�Ü�Ýiæáì�Ö�âNçZê æáØ(ä\Ü�Ø�=ië�Ø�ä\ì�æáÜ�Ø
ò�æáì�Ö¥ì�Ö�×©ätÖIß�Ýåß¾ä\ìi×\Ýiæáçiì�æáä\ç�Ü�Ú�ÞIß�Ýåß�àáàñ×\àSß�Ý�äåÖ�æáì�×\ä\ìië�Ýi×\çZê/ìiÜ­Þ�ÝiÜ�èEæáÙ�×�ß�Ø(ë�Ø�Ù�×\Ýiçiìåß�Ø�Ù�æñØ�é
Ü�ÚªÖ�Ü�ò ò�×\àáà`ìiÖ�×�ß�à��
é�Ü�Ý�æáìiÖ�â3æñçªç�ë�æáìi×\Ù­ìiÜ
Ù�æ��O×\Ýi×\Øaì�ß�Ý�äåÖ�æáì�×\ä\ìië�Ýi×\çZï
f�×\ä\×\ØEìiàáí�ê��6Ü�àáàáæáØ�é�çiò�Ü�ÝiìiÖNß¾Ø�Ù{�(æáàáàñ×\Ým: � <§êEÖIßjè�×�Ù�×\è�×\àáÜ�Þ=×\Ù
ß�Ø
ß�Þ�Þ�ÝiÜaß¾äåÖ�äZß¾àáàá×\Ù�ìiÖ�×
g ù â­ÜaÙ�×\à�ê�ò�Ö�æáätÖãß�ì�ìi×\âNÞ�ì�ç7ìiÜ�Ýi×\Ù�ë�ä\×pìiÖ�×pß�â­Ü�ë�ØaìeÜ¾Ú ÙIß¾ìåßpìiÝtß�ä\×\Ù
Ú,Ü�Ý1ÞIß�Ýtß�àáàá×\à
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Þ�ÝiÜ�é�Ýåß�â�Þ=×\Ý�Ú,Ü�Ýiâ
ß�Ø�ä\×Nß�ØIß�àñíaçiæñç�îEíVæáØEìi×\àáàáæáé�×\Øaìiàñí¥ß�ä\ìiæñè�ß�ìiæñØ�é�ìiÖ�×­ìiÝåß�ä\×­Ù�íEØIß�âNæñäZß�àáàáí¡ò�Ö�×\Ø ß¾Ø�Ù!ò�Ö�×\Ýi×
æáì�� çeØ�×\×\Ù�×\ÙOïªÕ�Ö�×\æñÝ1â­ÜaÙ�×\àIß�ì�ìi×\âNÞ�ì�çeìiÜ�â
ß ��×:çië�äåÖ­Ù�×\ä\æáçiæñÜ�Ø�ç1îIß�ç�×\ÙNÜ�Ø­àáÜ�ò!àá×\è�×\à/ß�ÝiätÖ�æáìi×\ä\ìië�Ý�×���à�ß�Ø�é�ëIß¾é�×
ätÖIß�Ýåß�ä\ìi×\Ý�æáçiìiæáä\çjêZçië�ätÖ�ß�çeàáÜEä��°�9ë�çåß�é�×�ê�çi×\âãß¾Þ�Ö�Ü�Ýi×\çZê�ß�Ø�Ù�îIß�Ý�Ýiæá×\ÝiçZê�ß�Ø�Ù�ç�Ü�âN×:é�×\Ø�×\Ýiæáä�Ö�æáé�Ö©àñ×\è�×\à�äåÖIß¾Ýåß�ä\ìi×\Ý+�
æáçiì�æáä\çZêEçië�ätÖ¥ß�ç¬ß¾Ø�Ü�î�=�×\ä\ì�� ç�ò�ß�æáì��9ìiæáâ­×�Ú Ü�Ý�âN×\ç�çåß�é�×\çZï\��ë�Ýpß�Þ�Þ�ÝiÜaß¾äåÖ
Ù�×Zß�àñç�ò�æáìiÖ
â­Ü�Ýi×�Þ�ÝiÜ�é�Ýåß�â?�9çiÞI×\ä\æ��Iä
ätÖIß�Ýåß�ä\ìi×\Ý�æáçiìiæáä\ç�Ü�Ú�ìiÖ�×�Þ�ÝiÜ�é�Ýåß�â(ê]ß�Ø�ÙÛò�æáàáàeÞ�ÝiÜ�èEæáÙ�×
âNÜ�Ýi×
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