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ªu�]� ¢A`¤n'l�ª ¢G¢�3,/879- ¢G`¨ªGnG²=3VLV70+T- n5b¨nG¯'±
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GF��TUQ{ ¡� ��I��¢BDQ£I �¤I¥� ��I�� ��¦�I�� §��¨I¥�
ªPj�� µo¢¸l ¢G`¨n'lCª lo`¤nAªG² ª,`¤nA´G¯ ²5`Q¢�´'l
²|j�� lAµA¯ µ�¢�l ¢A`¤n'l�ª l�`¤nCª'² ª,`¤nA´G¯
¢�¯Pj�� ¢�lA² lGµC¯ µo¢¸l ¢G`¤nGlCª l�`¤nCª'²
§Gl|j�� ¯Cª ¢¸lC² lAµA¯ µ�¢¸l ¢G`¤nGlCª
¯Cª6j�� §Gl ¯Aª ¢�lA² lGµA¯ µ�¢¸l
¢�lA²|j
� ¢�¯ §'l ¯Cª ¢¸lA² lGµA¯
lAµA¯|j
� ² ¢�¯ §Gl ¯Aª ¢¸lA²
µo¢¸l=j
� ª ² ¢�¯ §'l ¯Aª
¢>��� l ª ² ¢�¯ §'l
l|��� ¢ l ª ² ¢�¯
ª6��� p ¢ l ª ²
²P��� p p ¢ l ª
¢�¯6�]� p p p ¢ l
§GlP�]� p p p p ¢
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l|��� ¢ lCª ²|j l�ª,`cµA±A¯�3'Lo70+T-
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�cÖÊÇ>ÌDð/Å�2£ÌXÅÐð¬Ë/Ì£ùÈÖÚ×�Å9#>ÌëùÐõ
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2-d Mesh (4x4)                                                                                  4 Node Ring

8 Node Hypercube

ÄÆÅÐÇ>É#Ë�ÌMÜ�Î è�Î¿û���ÖÊÛ&�#ùÐÌ�Ó!Ù©×/Ì£Ë�÷£í>Ù#Ù�Ì£÷ë×/ÅÈí>Ùÿ�Ì²×*��íÊË��©ð

ÅÐðýÙ#Ì£÷ëÌ£ð/ð/ÖÊË�õÊÎ

Ü�Î1è�ÎçÏ Ó!Ù©×/Ì£Ë�÷£í>Ù#Ù�Ì£÷ë×/ÅÈí>Ù�ÿ�Ì²×*��í>Ë(�©ð
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NODE WHERE MISS OCCURS             NODE TO WHICH THREAD MOVES

NODE WHERE MISS OCCURS             NODE TO WHICH THREAD MOVES

THREAD

DATA NEEDED
BY THREAD

THREAD

THREAD WITHOUT PACKAGING
NEEDED DATA

THREAD WHICH PACKAGES
NEEDED DATA

THE SIZE OF THIS DATA WHICH MUST BE MOVED
EQUALS THE "LOOKBACK" SIZE.
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Ü�Î æ û��e��Ì£Ë�ÅÈÛ�Ì£Ùw×�ÖÚùöà�í>Ùe.cÇ>É�Ë�ÖÚ×/ÅÈí>Ù#ð
ó�ð/ÅÈî�ÌXï�Ë/í>Û ×/ì#ÌX×�ì�Ë/Ì£Ì�ÅÐÙw×�Ì£Ë�÷£í>Ù�Ù#Ì£÷²×�ÅÈíÊÙÃÙ#Ìë×*�¶í>Ë��©ð�É#ð�Ì£îÃ×�í
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��í>ùÈÅÐ÷ëõKî#ÅÈ÷²×�ÖÚ×/Ì£ðý×�ì#ÖÚ×�Ö[×�ì#Ë�Ì?ÖÊîZÌ���Ì£÷ëÉ�×�Ìëð»É#Ùw×/ÅÈù������®Ë/ÌëÛKíÚ×�ÌMÖÊ÷ë÷£Ì£ð�ð�ÅÐðýÌ£Ù#÷ëí>É#Ùw×�ÌëË/ÌëîUÎ�éýì#Ì×/ì#Ë/Ì£ÖÊî�×/ì#Ì£Ù�ð�×/í�#ð���î#Ì²×�ÌëË/Û�ÅÈÙ#Ìëð/�¬ì#ÅÈ÷�ì�Ù#í+î#Ì�ÅÐ×MÛ[É#ðÕ×MÛKí$#ÊÌ�×/íÙ�Ì��+×5��ÖÊÙ#î�Û�í@#ÊÌ£ðëÎKéýì#Ì
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�¶í>Ë/î�ð�å�ï�í>ËN×�ì�ÌáÒ�Ö|×�Ö�Ø�ÖÊÙcÖÚÇ>Ì£Û�Ì£Ùw×j	}ÌëÙ#÷�ì#ÛKÖÊË��zÎó»ð�ÅÈð[×!õN�#ÅÐ÷?ÖÊùNï�íÊË�×/ì#Ì]	}ÌëÙ#÷�ì#ÛKÖÊË��©ð&�#Ë/Ìëð/ÌëÙ©×/Ì£î��N×/ì#Ì\	cÖÊ÷J�U�NÖÚË/î#ðKË/Ìëï�ÌëË/ÌëÙ#÷£ÌZð/Å�2£Ì]�NÖÊðÙ#íÚ×ýù-ÖÊË�Ç>Ì�â�Ù#íÊ×�ì�ÅÈÙ#Ç8��ÖÊð¬Ç>Ë/Ì£ÖÚ×�ÌëËN×�ìcÖÚÙ]�Fâ æ ��wå 	wõ©×�Ìëð�å��cì�í@�¶Ì�#ÊÌ£Ë�×�ì#ÌMÖ�	�ÅÈùÈÅç×!õ�×�í�Ë/Ì²ï�Ì£Ë�Ì£Ù#÷ëÌ×/ìcÖÚ×ñð/ÛKÖÊùÈùzÖÚÛKí>É�Ù©×ñíÊï�îcÖÚ×�ÖDÅÐÛ"�#Ë�í$#>Ì£î"�}ÌëË�ï�í>Ë�Û ÖÚÙ#÷£Ìý×�Ë�Ì£Û�Ì£Ù#î�í>É#ð/ùçõ>Î¡Ó&ï�ÅÐ×o��ÌëË/ÌY�cÖÊ÷J�|ÖÊÇ>Ìëî
�¬ì#ÌëÙ
×�ì#Ì»×/ì#Ë/Ì£ÖÊî
Û�í@#ÊÌ£î���×�ì#Ì/��Ë/í	cÖE	#ÅÈùÐÅÐ×�ÅÐÌ£ð¿íÊï�ì#Åç×/×/ÅÈÙ#ÇáùÈí>Ù#ÇÊÌ£Ë�Ë�É#Ù
ùÈÌëÙ#ÇÊ×/ì#ðNÅÈÛ&�#Ë�í@#ÊÌ£î6	wõÙ#Ì£ÖÊË/ùçõ[ÖÚÙ�íÊË/î#ÌëË¡íÊï�Û ÖÊÇÊÙ#ÅÐ×/É#î#ÌÊÎöó»î�î#ÅÐ×/ÅÈí>ÙcÖÚùÈùÐõ��|×/ì#ÌýÛKÖL��ÅÈÛ[É#Û���í>ð/ð�Å!	#ùÐÌNË/É#Ù�ùÐÌ£Ù#ÇÊ×/ì#ð��¶Ì£Ë�ÌÌ���×/Ì£Ù#î�Ì£î\	©õ í$#>Ì£Ëý×*�¶í�í>Ë/î#ÌëË/ðýíÊïöÛKÖÊÇ>Ù#Åç×�É#î�Ì�ï�Ë/íÊÛ�Ö�	�í>É�×½Ï$���N×�í�ð�ùÈÅÐÇ>ìw×�ùÐõ�í$#>ÌëËMÏ$��£Î¡éýì#Ì÷ëí>ð�×�íÊï��cÖÊ÷J�|ÖÊÇÊÅÈÙ#ÇáùÈÌ£ð�ð¶×/ìcÖÊÙFìcÖÚùÐï�Ö
�+ÅÐùÈí	wõ©×�Ì�íÊï îcÖ|×�ÖáÅÐð�ÅÐÙ#ð/ÅÐÇ>Ù#Å�.#÷?ÖÊÙw×ñ÷£í>Û&�cÖÊË�Ì£î ×/íá×/ì#í>ð/ÌÇwÖÚÅÈÙ#ðëÎ

Ü�Î1Ü�Î Ñ Ò½ÓÕÔ�ÄÆÄÆé
éýì#Ì�Ä�Ä�é�	�Ì£Ù#÷�ì�Û ÖÊË(����ÖÊð0�½ÖÊð
ÅÈÙ à�ìcÖ���×�Ì£ËZÍN�»÷�ìcÖÊË/ÖÊ÷ë×/Ì£Ë�Å!2£Ìëî�	wõgð�ì#í>ËÕ×�Ë/É#Ù°ùÈÌëÙ#ÇÊ×�ì�ð£Îéýì#íÊÉ#Ç>ì¤×/ì#Ìd�#Ë�í	cÖ�	�ÅÈùÈÅç×!õþíÊï¬Ì���Ì£÷£É�×�ÅÈÙ�ÇþÛKíÊË/Ì�×�ìcÖÊÙ Ï$���ZÅÈÙ#ðÕ×�Ë�É#÷ë×/ÅÈí>Ù#ð���ÖÊð[Ë/Ì£ÖÊð/íÊÙcÖ�	#ùÐÌ��Ìëð���Ì£÷£ÅÈÖÊùÈùçõ�ï�í>Ë�×/ì#ÌNùÈÖÊË/Ç>ÌëË�÷ëí>Ùe.cÇÊÉ#Ë�ÖÚ×/ÅÈí>Ù�ð0�Ê×/ì#ÌNË/É�Ù�ùÈÌ£Ù�ÇÊ×�ì#ð�Ù#Ì�#ÊÌ£Ë¡Ì���÷ëÌ£Ìëî#Ì£îZÏ$�E�{Î��«ÅÐ×/ì#í>É�××/ì#Ì"	#ÖÊ÷J�U�NÖÊË�î#ðXË�Ìëï�ÌëË/Ì£Ù�÷£ÌFÖE	#ÅÈùÐÅÐ×!õ� ÅÐÙÃï�ÖÊ÷ë×0�ö×/ì#ÌKË�É#Ù�ùÈÌ£Ù�ÇÊ×�ì#ð��¶Ì£Ë/Ì�×�í+íZð/ÛKÖÊùÈùÆ×/íî�ÅÈð���ù-Ö?õÇ>Ë/Ö��#ì#ÅÐ÷?ÖÊùÐùÐõÊÎÆú�í@�¶Ì�#ÊÌ£Ë��#ï�í>ËNÖ�#>Ì£ËÕõFð�Û ÖÊùÐù�ÖÊÛKíÊÉ#Ùw×�íÊï�î#ÖÚ×�Ö
â�Ù#í[Û�í>Ë/Ì¬×�ì#ÖÊÙ æ �F	wõ©×�Ìëð�å���×�ì#ÌË�É#ÙùÐÌ£Ù#ÇÚ×�ì#ðX�¶Ì£Ë�ÌáÅÐÛ"�#Ë�í$#>Ì£î�×�í�×/ì#Ì�ï�ÖÊËýð/É���Ì£Ë�ÅÈí>ËýÙ©É#ÛF	}ÌëË/ð¬ð/ì#í$�¬ÙÅÈÙ6.cÇ>É#Ë�ÌDÜ�Î Ü�Îéýì#ÌëË/Ì
ÖÊË�Ì�×*�¶í|#ÊÌ£Ë�õ¨ÅÈÛ&��í>Ë�×�ÖÊÙw×á÷�ì#ÖÊË�ÖÊ÷²×�ÌëË/ÅÈðÕ×�ÅÐ÷£ðXíÚïN×�ì#ÅÐðZ	�Ì£Ù�÷�ì#Û ÖÚË��H�¬ì#ÅÈ÷�ì®ÖÊË/ÌKÌ£ÙC<÷ëí>É#Ë�ÖÚÇ>ÅÈÙ#Çáï�í>Ë�ï�É�×/É#Ë/Ìl�cÖÚË�ÖÊùÐùÈÌ£ùÐÅÈð�ÛÎÆÔ�ÅÈÙ�÷£Ì½×�ì�Ì�îcÖÚ×�ÖX×/í)	}ÌMÖÚùÈùÈí+÷?Ö|×�Ì£î"�NÖÊðýÙ�íÊ×¬ÅÈÙw×�ÌëË/ùÐÌ?Ö5#>Ìëîí>Ù[×/ì#Ì¬ß¡ÓÕØãÅÈÙ�ÖÊÙwõ[ÅÐÙw×�Ì£ùÐùÈÅÐÇ>Ì£Ùw×��NÖ?õ�w×/ì#ÅÈð�Ë�Ì0�#Ë�Ì£ð�Ì£Ùw×�ð¿×�ì#Ì¬ÖE	#ð/í>ùÐÉ�×�Ì�ùÈí$��ÌëË'	}íÊÉ#Ù#î�Ù©É#Û8	�Ì£Ë/ðï�í>Ë¬ÖÚÙ©õ�ÅÐÛ"��ùÈÌ£Û�Ì£Ùw×�ÖÚ×�ÅÐí>ÙUÎÆÓ!Ù�ï�ÖÊ÷²×5�zÖ�÷£í>Û&�#ÅÐùÈÌ£Ë¶×�í+îcÖ?õ
÷£í>É�ùÈî�×�Ö��ÚÌM×/ì#ÌM÷£í+î#ÌáÖÊÙ#îZÛ Ö��ÚÌMÅÐ×÷£Ö��cÖ�	#ùÐÌ�íÊï�Ë/É#Ù#Ù�ÅÈÙ#Ç�í>ÙÖ�ß¿ÓÕØOð�õ+ðÕ×�Ì£Û��¬Åç×�ì#í>É�×�ÖÊÙwõ
ÛKí+î#Å9.c÷?ÖÚ×/ÅÈí>Ù�Î

Ü�Î1Ü�Î1è Ò½ÓÕÔZØZÌë×�ì�í�îZíÊï�Øí>Û�Ì£Ùw×�ð
ó�ÇwÖÊÅÈÙB��×�ì#ÌþØÌë×/ì#í+îgíÊïDØí>Û�Ì£Ùw×/ðc�#Ë/í$#ÊÌ£î«ÅÐ×/ð/Ì£ùçï%#ÊÌ£Ë�õmî#Å�m�÷ëÉ#ùÐ×�×�í®ð/ÖÚ×�ÅÐð�ï õ ÖÊÙ#îmí>Ù#Ì�íÚï×/ì#Ì�ÛKí>ðÕ×
÷£íÊÛ"�#ùÐÌ��fð/Ìë×/ðíÚïXË�Ì£ð/É�ùÐ×�ð
×/í ÖÚÙcÖÊùÐõN2ëÌÊÎ éýì#ÅÐð
ÅÈð
Ù#íÊ×�ð�É#Ë���Ë/ÅÈð�ÅÈÙ#Ç ÷ëí>Ù#ð/ÅÐî#Ì£Ë�ÅÈÙ#Ç

Í>Í
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CIPD With "lookback" DIS FFT

Run Length

P
ro

ba
bi

lit
y

16 MB PIM and greater 

2 and 4 MB PIM 

8 MB PIM 
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0
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1
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2
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−1

10
0

Backward Reference Probability Density

Backwards Reference Size (32−bit Words)

P
ro

ba
bi

lit
y

2 MB PIM 

8 MB PIM 

ÄÆÅÈÇÊÉ#Ë/ÌMÜ�Î1Ü�Î¿Ò½ÓÕÔ
Ä�ÄÆé ô¬Ì£ð/É�ùÐ×�ðáâ)à�Ó3ßñÒ8��ä�â��¶å�å

×/ìcÖÚ×MÖ ×/Ë/É#Ì8�#ÖÊË�ÖÊùÐùÈÌëù�ÅÐÛ"�#ùÐÌ£Û�Ì£Ùw×�Ö|×�ÅÈíÊÙÅÐð½ÛKíÊË/ÌXî�Å�m�÷£É#ùç×�â��#ÖÊË�×/ÅÈ÷£É�ù-ÖÊË�ùÐõ�ÅÈÙ×�Ì£Ë�ÛKð»íÊïñîcÖÚ×�Ö
�#ùÈÖÊ÷£ÌëÛKÌëÙw×<åñ×/ìcÖÊÙF×�ì�Ì½ð/ÅÐÛ"�#ùÐÅÐï õ+ÅÈÙ�ÇXÖÊð�ð/É#Û&��×/ÅÈí>Ù#ð¶×�ìcÖÚ×ýÖÊË/Ì½ÛKÖÊî#Ì»ÅÈÙ ×/ì#ÅÈða�¶í>Ë(��Îñú�í@�¶Ì�#ÊÌ£Ë��×/ì#ÌZ��Ì£ËÕï�í>Ë/ÛKÖÊÙ#÷ëÌM÷£É#Ëg#>Ì£ð½ÖÊË/ÌDÙ#íÊ×j�#Ë�í>ì#Å!	�ÅÐ×�Å9#>ÌëùÐõc	#ÖÊîUÎNéýì#ÌZ�#Ë/í�	cÖ�	#ÅÐùÈÅÐ×!õ íÊï�Ì���Ì£÷£É�×�ÅÈíÊÙï�í>ËÛ�í>Ë/Ì[×/ìcÖÊÙ Ï$���
ÅÈÙ�ð�×�Ë�É#÷ë×/ÅÈí>Ù�ðDÅÐðMË/Ì£ùÈÖÚ×�Å9#>ÌëùÐõþùÐí$�MÎKó�ÇwÖÊÅÈÙB��×/ì#ÅÈðMÅÐð
	�Ì£÷£ÖÊÉ#ð�ÌK×�ì�Ì�ÛKÖÚ×/Ë/ÅÈ÷ëÌ£ðÖÊË�ÌZ#ÊÌ£Ë�õù-ÖÚË/Ç>ÌáÖÊÙ#îÃÖÚË/Ì[ÖÚùÈùÈí+÷?Ö|×�Ì£îZí>Ù#ÌXÖÚï ×�ÌëË�×/ì#Ì[íÊ×/ì#Ì£Ë�ÅÈÙ#ðÕ×�Ì?ÖÚîþíÊï'	�Ì£ÅÐÙ#Ç ÅÐÙ©×/Ì£Ë�ùÈÌ?Ö5#ÊÌ£îÃí>Ëð�É�	}î�Å�#+ÅÈî#ÌëîUÎ

�«ÅÐ×/ì#í>É�×¶ð/É�÷£÷£Ìëð/ðÕï�É#ùÈùçõ"�#ÖÊ÷J�|ÖÊÇ>ÅÈÙ�ÇD×/ì#Ì»ùÐí�í�<�	cÖÊ÷J�[Ë�Ìëï�Ì£Ë�Ì£Ù#÷ëÌ£ð�×/ì#Ì£Ë�ÌY��ÖÊðNÖE	#ð/í>ùÐÉ�×�ÌëùÐõ�Ù#í÷�ìcÖÚÙ#Ç>Ì8	�Ìë×*�¶Ì£ÌëÙ�÷ëí>Ùe.cÇÊÉ#Ë�ÖÚ×/ÅÈí>Ù�ð£Î½éýìcÖ|×½ÅÈð��}×/ì#Ì�ÑC� æ � h �öÏ{Üe��ÖÊÙ#îÃè>ÑFØ�Þ ÷£íÊÙe.cÇ>É#Ë/ÖÚ×�ÅÐí>Ù#ðÖÊùÐù_��Ë/í+î#É#÷£ÌëîZ×/ì#Ì�Ì���ÖÊ÷²×�ð�ÖÊÛ�ÌMà�Ó3ß¿Ò¥ÇÊË�Ö��#ì�Î¡ó»ùÈùÐí$�¬ÅÈÙ#Ç[ùÐí�í��U<�	cÖÊ÷J��×�í[×/ì#Ìl�#Ë/Ì�#+ÅÈí>É#ðýÙ�í�î#ÌÖÊùÐùÈí$�¶Ì£îX×/ì#Ì æ � h �#Ï?Üe�wÖÊÙ#î�èwÑ�ØÞ ÷ëí>Ùe.cÇÊÉ#Ë�ÖÚ×/ÅÈí>Ù�ðÆ×�í�ÅÐÛ"�#Ë�í$#>ÌNð�ÅÈÇ>Ù#Å9.c÷?ÖÚÙ©×/ùÐõM×�ì�Ì;�#Ë/í	#Ö�	#ÅÈùb<Åç×!õíÚï¿Ì���Ì£÷ëÉ�×�ÅÐÙ#Ç�ùÈí>Ù#ÇÊÌ£Ë�ÅÈÙ#ðÕ×�Ë/É�÷ë×�ÅÐí>ÙþðÕ×�Ë/Ì£ÖÊÛ�ð/	}Ì²×*��ÌëÌ£Ù�Û�ÅÈð/ð�Ì£ð��Uì#í$��Ì�#>ÌëËM×/ì#Ì[ÛKÖL��ÅÈÛ[É�ÛË�É#ÙùÐÌ£Ù#ÇÚ×�ì�Ë/ÌëÛ ÖÊÅÐÙ#Ì£îF×/ì#ÌMð�ÖÊÛ�ÌÊÎ¶Ô�ÌëÌl.cÇ>É#Ë�ÌáÜ�Î ø�Îéýì#Ì�Ë�Ì01©É#Ì£ðÕ×�ðýï�í>Ë¶îcÖÚ×�ÖXï�Ë�í>Û ×�ì#Ì/��Ë/Ì�#+ÅÐí>É#ðNÙ#í+î#Ì½î�ÅÈî
÷�ìcÖÊÙ�Ç>Ì�î#Ì0��Ì£Ù�î#ÅÈÙ#Ç�íÊÙ ×�ì#Ì�÷ëí>ÙC<
.cÇÊÉ#Ë�ÖÚ×/ÅÈí>ÙB�Ú×�ì�í>É#Ç>ì�Ù#íÚ×�ð/ÅÐÇ>Ù#Å9.c÷?ÖÊÙw×/ùÐõ â�ð�Ì£ÌN×�ì�ÌNð/Ìë÷£í>Ù#î�Ç>Ë/Ö��#ì�ÅÐÙF.cÇ>É#Ë�ÌýÜ�Î ø>å²Îöéýì#Ì¬ÖÊÛ�í>É#Ùw×íÊï�îcÖÚ×�Ö
�¬ì#ÅÐ÷�ìFÙ#Ì£Ìëî#Ì£îK×�íF	�Ì¬×�Ë�ÖÚÙ#ð�ï�ÌëË/Ë/Ìëîd��ÖÊð�Û�í�î�Ì£Ë�Ö|×�Ì � Ù#íáÛKíÊË/Ìý×�ìcÖÚÙ h ÝMÞ%�©ì#í$�¶Ì�#>ÌëË×/ì#Ì��}ÌëË�ï�í>Ë�Û ÖÊÙ�÷£ÌMÇwÖÊÅÐÙ]��ÖÊðý×�Ë�Ì£Û�Ì£Ù#î�í>É#ð£ÎNü%#>Ì£Ë�è�í>Ë/î�Ì£Ë/ð�íÊï�Û ÖÚÇ>Ù#ÅÐ×/É#î#Ì/�¶Ì£Ë�ÌáÇwÖÚÅÈÙ#Ìëîí>Ù×/ì#ÌMË/É#ÙZùÈÌëÙ#ÇÊ×�ì]�#Ë�í	cÖ�	�ÅÈùÈÅç×!õ î�Ì£Ù#ð�ÅÐ×�ÅÐÌ£ðëÎñéýì�ÅÈðýË/Ì��#Ë/Ìëð/ÌëÙ©×/ð½Ö�ð�×/Ë/Å!�©ÅÐÙ#Ç�ÅÈÛ&�#Ë/í$#ÊÌ£Û�Ì£Ùw×�ÖÚ×ý×�ì#Ì÷ëí>ð�×�íÊïö×�Ë/ÖÊÙ#ð�ï�ÌëË/Ë�ÅÈÙ#Ç�Ö�ð/ÛKÖÊùÈù�ÖÊÛ�í>É#Ùw×¬íÊï�î#ÖÚ×�Ö�Î

Ü�Î1Ü�Î æ Ò½ÓÕÔ
Ó!ÛKÖÊÇ>ÌMò�Ù#î#ÌëË/ð�×�ÖÊÙ#î#ÅÐÙ#Ç
ó�ð7�¬Åç×�ìK×/ì#Ì»Ë�Ì£ð�É#ùÐ×/ð¶ÅÐÙ ÷�ìcÖ���×�Ì£ËNÍC�w×�ì#Ì�Ó!Û ÖÚÇ>Ì�ò�Ù#î#ÌëË/ðÕ×�ÖÊÙ#î�ÅÈÙ#Ç8	�Ì£Ù�÷�ì#Û ÖÚË���ÖÊÇwÖÚÅÈÙ&�#Ë/í$#>Ìëî×/ì#ÌFÛ�í>ð�×Xî#Ì£ÛKÖÊÙ#î#ÅÐÙ#Ç#Îéýì#Ì
Ì��+×�Ë�Ì£Û�Ì£ùçõ¨÷ëí>Û&�#ùÈÌ��¤Ù#ÖÚ×�É#Ë�ÌFíÊï^	�íÊ×�ì®×/ì#Ì
ÖÊùÐÇ>í>Ë�ÅÐ×�ì�ÛKðMÖÊÙ�îîcÖ|×�Ö�ð�×/Ë/É#÷²×�É#Ë�Ì£ð�Ë/Ì01©É#ÅÐË/Ìëð¬×/ìcÖÚ×�Ö[×�Ë�É#Ì��cÖÊË/ÖÊùÈùÐÌ£ù}ÖÊÙ#îZÛ[É#ùÐ×/Å9<:×�ì#Ë�Ì?ÖÊî#ÌëîFÅÈÛ&�#ùÐÌ£Û�Ì£Ùw×�ÖÚ×/ÅÈí>Ù"	}ÌðÕ×�É#î#ÅÐÌ£î�ï�É#Ë�×/ì#Ì£ËëÎÄÆÅÐÇ>É#Ë/Ì�Ü�Î h ð/ì#í$�¬ð¡×�ìcÖ|×��¬ÅÐ×/ì#í>É�×�×/ì#ÌýÖ�	�ÅÈùÈÅç×!õ�×�í�ùÐí�í�<�	cÖÊ÷J�áÖÚ×'�#Ë�Ì�#+ÅÈí>É�ð�Ë/Ì²ï�Ì£Ë/ÌëÙ#÷£Ìëð0�©×�ì#Ì
�#Ë�í	cÖ�	�ÅÈùÈÅç×!õFíÊïÆÌ���Ì£÷ëÉ�×�ÅÐÙ#ÇFÛ�í>Ë/Ì�×/ìcÖÊÙ¤Ï5���ÅÐÙ#ð�×/Ë/É#÷²×�ÅÐí>Ù#ð^�¬ÅÐ×�ì�í>É�×�Ç>Ì£Ù�Ì£Ë�Ö|×�ÅÈÙ�ÇFÖ�ÛKÅÐð/ð^�NÖÊðð�ÅÈÇ>Ù#Å9.c÷?ÖÚÙ©×/ùÐõ�ùÐÌ£ð�ð¶×�ì#ÖÊÙ�Ï$���N�?Î�éýì#Ì�ÖE	#ÅÈùÐÅÐ×!õX×/íXùÐí�í�<�	cÖÊ÷J�)�#Ë�í@#ÊÌ£îFÌ��+×�Ë/ÌëÛKÌëùÐõ�ð/É�÷£÷£Ìëð/ðÕï�É#ù ÖÚ×ÅÐÙ#÷£Ë�Ì?ÖÊð�ÅÈÙ#ÇM×�ì#Ìj�#Ë�í	cÖ�	#ÅÐùÈÅç×!õ[íÊïUÖáì#ÅÐÇ>ìKÅÐÙ#ð�×/Ë/É#÷²×�ÅÐí>ÙKË�É#Ù��©ì#í$�¶Ì�#>ÌëË0��×/ì#Ì»÷ëí>ð�×7��ÖÊð�Ë�Ì£ù-Ö|×�Å�#ÊÌ£ùçõì#ÅÐÇ>ìUÎ�ÿ�Ì?ÖÊË�ùÐõ¤Í�ÏsÑÊÝ íÊï�îcÖ|×�Ö|�¶í>É#ùÈî3	}Ì
Ë�Ì01©É#ÅÈË�Ì£î®×/í�ÖÊ÷�ì#ÅÈÌ�#>Ì�ÖÊÙwõ¨Ë/Ìëð/É#ùç×?Î�ú�í$�¶Ì�#>ÌëË0�¶ÅÐ×ð�ì#í>É#ùÐî�	}ÌKð�×/Ë/í>Ù#ÇÊùÐõ�Ù#íÊ×/Ì£î®×�ì#ÖÚ×X×/ì#ÌFÅÈÛ&�#Ë�í@#ÊÌ£Û�Ì£Ùw×[íÚïN×�ì#Ìd�#Ë/í	#Ö�	#ÅÈùÐÅÐ×!õÃíÚï¬ùÈí>Ù#ÇË/É#Ù�ð[ÅÈð
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CIPD Without "lookback" DIS Method of Moments

Run Length

P
ro
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lit
y

2, 4, 8, 16, and 32 MB PIM 
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CIPD With "lookback" DIS Method of Moments

Run Length

P
ro

ba
bi

lit
y

2 MB 

4, 8, 16, 32 
MB 
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10
0

Backward Reference Probability Density

Backwards Reference Size (32−bit Words)

P
ro
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2 MB 

8 MB 

4, 8, 16 MB (left to right) 

Ä�ÅÈÇ>É#Ë�Ì�Ü�Î ø�Î¿Ò½ÓÕÔZØÌë×/ì#í�îZíÊï�Øí>Û�Ì£Ùw×�ð�ô¬Ì£ð�É#ùÐ×/ðXâ)à�Ó3ß¿Ò8��ä�â��ñå/å

í$#>ÌëË�Ü�í>Ë�î#Ì£Ë�ð¬íÊïÆÛKÖÊÇ>Ù�ÅÐ×�É�î#ÌÊÎ

Ü�Î1Ü�Î Í Ò½ÓÕÔ�ô�Ö?õ
éöË�ÖÊ÷ëÅÈÙ#Ç
éýì#ÌDÒ½ÓÕÔ
ô�Ö{õ é�Ë/ÖÊ÷£ÅÐÙ#Ç)�NÖÚð�íÊÙ#Ì�íÊïö×�ì#ÌMÛ�í>ð�×ýð�É#÷£÷ëÌ£ð�ð�ï�É#ùöÅÈÙF×/Ì£Ë/Û�ð¬íÊïöË/É#ÙZùÈÌëÙ#ÇÊ×/ì#ð£Î¿û�#>ÌëÙ
�¬Åç×�ì#í>É�×F×�ì#ÌÃùÐí�í��U<�	cÖÊ÷J� í��×�ÅÐÛKÅ�2?ÖÚ×/ÅÈí>ÙB�NÅÐ×d�}ÌëË�ï�í>Ë�ÛKÌëî°Ë�Ì£ùÈÖÚ×�Å9#>Ì£ùçõD��ÌëùÈù:Î éýì#Ì£Ë�ÌH�NÖÊð�Ù#íî#Å9:�ÌëË/ÌëÙ#÷£Ì"	}Ì²×*��ÌëÌ£Ùª×�ì#Ì æ � h ��Ï{Üe��í>ËáèwÑ�Ø�Þ ÷£í>Ùe.#Ç>É#Ë�Ö|×�ÅÈíÊÙ#ðZ	�Ì£÷£ÖÊÉ#ð�Ì ×�ì#Ì&��íÊË��©ÅÈÙ#Ç�ð/Ìë×
��ÖÊð¬Ì�:}Ì£÷²×�Å�#ÊÌ£ùçõ�÷?Ö���×/É#Ë/ÌëîUÎéýì#ÌáÖ�	#ÅÐùÈÅÐ×!õ�×/íKùÐí�í�<�	cÖÊ÷J�d��Ë/í$#>Ìëî�ùÈÌëð/ð¬Ì�:}Ì£÷²×�Å9#>ÌáÖÚ×ý×�ì#ÌáÑ�Ø�Þ«÷£í>Ùe.#Ç>É#Ë�Ö|×�ÅÈíÊÙZð�ÅÈÙ#÷ëÌMÅÐ×Ë�Ì01©É#ÅÈË�Ì£îð/ÅÈÇÊÙ#Å�.c÷£ÖÊÙw×�ùçõ
ù-ÖÊË�Ç>Ì£Ë¬ÖÚÛKí>É�Ù©×/ð�íÚï�îcÖÚ×�Ö�×/í ð�É#÷£÷ëÌ£Ì£îþ×/ìcÖÊÙ�ÖÚ×¬×�ì#Ì æ Ø�Þ°÷£í>ÙC.cÇ>ÉC<Ë/ÖÚ×�ÅÐí>Ù�â�ð�Ì£Ì�.cÇ>É#Ë�ÌáÜ�Î y ï�í>ËNï�É#ËÕ×�ì#ÌëË�î�Ìë×�ÖÚÅÈùÈð�å²Î¿éýì#Ì æ Ø�Þ«Ë/É�Ù#ð�Ë�Ì01©É#ÅÐË/Ì£îZùÈÌëð/ð¬×�ìcÖÚÙ�Ï?ÝDÞg×�íÛ�í>Ë/Ì½×/ìcÖÊÙ�î#í>Ée	#ùÈÌ�×�ì�Ì
��Ì£ËÕï�í>Ë/ÛKÖÊÙ#÷ëÌÊÎ

Ü�Î1Ü�Î1Ü Ò½ÓÕÔZØZí>ùÈÌë÷£É#ùÈÖÊË¬Ò»õ+ÙcÖÊÛ�ÅÈ÷£ð
éýì#Ì¨ØíÊùÈÌ£÷ëÉ#ù-ÖÚËFÒ»õ+ÙcÖÊÛ�ÅÈ÷ëð�Ô�ÅÈÛXÉ#ù-ÖÚ×/ÅÈí>Ù Ì���ì#Å�	#ÅÐ×/Ì£îg×�ì#ÌH	�Ì£ðÕ×\�}ÌëË�ï�í>Ë�Û ÖÊÙ�÷£Ì|�¬Åç×�ìg×�ì#Ì æØ�Þ«÷£íÊÙe.cÇ>É#Ë/ÖÚ×�ÅÐí>ÙUÎ�Ó!Ù�ï�ÖÊ÷²×5�cù-ÖÚË/Ç>ÌëËN÷£í>ÙC.cÇ>É#Ë/ÖÚ×�ÅÐí>Ù#ðýÛKÖÊî#Ì�Ù#í�î#Å�:}Ì£Ë�Ì£Ù#÷ëÌMÅÈÙ]�}ÌëË�ï�í>Ë�Û ÖÚÙ#÷£Ì
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Run Length
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CIPD With "lookback" DIS Image Understanding
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Backward Reference Probability Density

Backwards Reference Size (32−bit Words)

P
ro

ba
bi

lit
y

2 MB PIM 

ÄÆÅÈÇ>É�Ë/Ì�Ü�Î h Î¿Ò½ÓÕÔ
Ó!Û ÖÚÇ>ÌMò�Ù#î�Ì£Ë/ðÕ×�ÖÊÙ�î#ÅÈÙ#ÇKô¬Ì£ð/É�ùÐ×�ðáâ)à�Ó3ßñÒ8��ä�â��¶å�å

�¬ìcÖ|×�ð/í+Ì�#ÊÌ£Ë�â�ð�Ì£ÌX.cÇÊÉ#Ë/ÌýÜ�ÎÐÏ$�>å²ÎÆéýì�Ì�Ñ�Ø�Þ®÷£í>ÙC.cÇ>É#Ë/ÖÚ×�ÅÐí>Ù��>í>Ù[×/ì#ÌNíÊ×/ì#Ì£ËÆìcÖÊÙ#î��U��Ì£ËÕï�í>Ë/Û�Ì£î
#ÊÌ£Ë�õD	#ÖÊî#ùÐõgâ�Ù#Ì£ÖÊË/ùçõºÑþí>Ë/î�Ì£Ë/ð�íÊï»Û ÖÚÇ>Ù#ÅÐ×/É#î#Ìd�¶í>Ë�ð/ÌZÅÈÙª×�ÌëË/Û�ð�íÚï%�#Ë�í	cÖ�	�ÅÈùÈÅç×!õ¤î�Ì£Ù#ð�ÅÐ×!õ�å²Îó�î#î#ÅÐ×/ÅÈí>Ù#ÖÊùÈùçõ���¬ì#ÅÐùÈÌ�×�ì#ÌKù-ÖÊË�Ç>Ì£ËM÷ëí>Ùe.cÇ>É�Ë�ÖÚ×/ÅÈí>Ù�Ë/Ì�1+É�ÅÈË/Ìëî3#+ÅÈËÕ×�ÉcÖÊùÐùÐõ�Ù#í�ùÐí�í�<�	cÖÊ÷J�[�ö×/ì#Ì
ÑØ�Þ«ð�õ+ðÕ×�Ì£Û Ë�Ì01©É#ÅÐË/Ì£îZÙ#Ì£ÖÊË/ùçõZÍ�ÏsÑÊÝêï�í>Ë¬Ö�ð/É#÷ë÷£Ìëð/ð�ï�É�ù�Ë�É#ÙUÎà�í>Ù#ð�ÅÈî#ÌëË/ÅÐÙ#Ç
×�ìcÖÚ×%�¬ÅÐ×�ì�í>É�×�×�ì�Ì�ùÈí+í�<*	cÖÊ÷J��×�ì�Ì�ð/ÖÊÛ�Ì�Ñ
Ø�Þ¥÷ëí>Ùe.cÇÊÉ#Ë�ÖÚ×/ÅÈí>Ùþï�ÖÚÅÈùÈÌëî�×�íÖÊ÷�ì�ÅÈÌ�#ÊÌ»ÖÚÙ©õ�ÅÐÙ#ð�×/Ë/É#÷²×�ÅÐí>ÙKË�É#Ù#ðñí$#>Ì£Ë�Ï$��MÅÈÙ�ùÐÌ£Ù#ÇÊ×/ì��w×�ì#Ì�ùÈí+í�<*	#ÖÊ÷J�Z��ÖÊð�ì�ÅÈÇ>ì#ùçõ[ð�É#÷£÷ëÌ£ð/ðÕï�É#ùP�ì#í$�¶Ì�#ÊÌ£Ë»ÅÐÙ#÷£Ë�Ì?ÖÊð�ÅÈÙ#Ç�×/ì#ÌMÛ ÖÊ÷ëË/í�ð�Å!2£Ì��#Ë�í$#>Ì£îð/ÅÐÇ>Ù#Å�.#÷?ÖÊÙw×�ùçõ Û�í>Ë�Ì�Ì�:}Ì£÷ë×/Å�#ÊÌÊÎ

Ü�Î ø à�í>Û�Û[É#Ù#ÅÐ÷?ÖÚ×/ÅÈí>Ù
ô�ÖÊî#ÅÐÉ#ð¬Ò�ÖÚ×�Ö
éýì#Ìk  ILK)K)MC��OPG�Q�R�OPIL�k¡;QUT�OVMUW�Ë/Ì��#Ë/Ìëð/ÌëÙ©×/ð½×�ì#ÌXÛKÌ£ÖÊð/É#Ë�ÌXíÊï¿÷ëí>Ù#Ù#Ìë÷ë×/Å�#+ÅÐ×!õ-	}Ì²×*��ÌëÌ£Ù�Ù#í+î#Ì£ðÇ>Å9#>ÌëÙ Ö¢=g#+ÅÈË�×/ÉcÖÊù�?ºÙ�Ìë×*�¶í>Ë��£�¬ÅÐ×/ì Ù#í ÖÊð�ð/ÅÈÇÊÙ#Ì£î°×�í��í>ùÈíÊÇÊõ>Î Ó&ï¤�»ï�í>ËZÌ���ÖÊÛ&�#ùÈÌE�½Ù#í+î#Ì+¥Ì���ì�Å!	#Åç×�ðFÖ®à�í>ÛKÛXÉ#Ù#ÅÈ÷£ÖÚ×�ÅÐí>Ùºô�ÖÚî#ÅÈÉ#ðKíÊï æ �N×/ìcÖÚ×KÛKÌ£ÖÊÙ#ð ×/ìcÖÚ× ×/ì#Ì£Ë�ÌþÖÊË�Ì�í>Ù�ùÐõ æ Ù#í+î#Ì£ðÅÐÙþ×�ì#Ì�Ì£Ùw×/ÅÈË/Ì�Ù�Ìë×*�¶í>Ë��k�¬Åç×�ìH�¬ì#ÅÈ÷�ì�Ù#í+î#Ì8¥ Ì�#ÊÌ£ËD÷£í>Û�Û[É#Ù#ÅÐ÷?ÖÚ×/Ì£ð�î#É�Ë/ÅÈÙ�ÇF×�ì#Ì�÷£íÊÉ#Ë/ð�Ì�íÚï
�#Ë�í>Ç>Ë/ÖÊÛYÌ���Ìë÷£É�×/ÅÈí>Ù�Î éýì#ÌZÅÈî�Ì?ÖÊùýÙ#Ì²×*��íÊË��®ï�í>Ë�ÖÊÙwõD�#Ë�í	#ùÐÌ£Û ÷ëí>É#ùÈîD	�Ì�÷£í>Ù#ðÕ×�Ë�É#÷ë×/Ì£î>	wõ÷ëí>Ù#Ù#Ìë÷ë×�ÅÐÙ#Ç®Ì£ÖÊ÷�ìgÙ#í+î#Ì�ÅÐÙ ×�ì�ÌþÙ#Ìë×*�¶í>Ë(� í>Ù�÷£Ì â�ÖÊÙ#îfí>Ù�ùÐõºí>Ù#÷ëÌ{ån�¬Åç×�ìfÌ£ÖÊ÷�ìgÙ#í+î#Ì×/ìcÖÚ×
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CIPD Without "lookback" DIS SAR Ray Tracing
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CIPD With "lookback" DIS SAR Ray Tracing

Run Length
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Backward Reference Probability Density

Backwards Reference Size (32−bit Words)

P
ro

ba
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lit
y

2 MB PIM 

4 MB PIM 

Ä�ÅÈÇ>É#Ë�Ì�Ü�Î y Î¿Ò½ÓÕÔ�ô�Ö?õ
éöË�ÖÊ÷ëÅÈÙ#Ç�ô¬Ì£ð�É#ùÐ×/ðXâ)à�Ó3ß¿Ò8��ä�â��ñå/å

Åç× ÷ëí>ÛKÛXÉ#Ù#ÅÈ÷£ÖÚ×�Ìëð£Î â�éýì�ÅÈð ÅÐðKÙ�íÊ×
Ö�÷£í>Û&�#ùÈÌ²×�ÌZ÷£Ë�í>ð/ðc	#ÖÊË&�¬ì�ÅÈ÷�ì«ÖÊùÐùÈí$�¬ð�Ì�#>ÌëË�õmÙ#í�î�Ì×�í÷ëí>ÛKÛXÉ#Ù#ÅÈ÷£ÖÚ×�ÌY�¬ÅÐ×�ì�Ì�#>Ì£ËÕõZíÊ×�ì#ÌëË¬Ù#í�î�Ì�ÅÈÙ�í>Ù#ÌMì#í��Î åéýì#ÌÃîcÖ|×�Ö��#Ë�Ì£ð/ÌëÙw×�Ì£î°ì#ÌëË/Ìºâ�ï�íÊËF÷£í>ÙC.cÇ>É#Ë/ÖÚ×�ÅÐí>Ù#ðFÖÚùÈùÈí$�¬ÅÐÙ#Ç®ÖÊÙ�îgË/Ìëï�É�ð/ÅÈÙ�ÇªùÈí+í�<*	cÖÊ÷J��åð�ì#í$�¬ð»×�ì#Ìá÷£í>Û�Û[É#Ù�ÅÈ÷?Ö|×�ÅÈíÊÙZË/ÖÊî#ÅÐÉ#ð�ï�íÊË�Ì£ÖÊ÷�ìH	}ÌëÙ#÷�ì#ÛKÖÊË��zÎ�Ó&×½ÅÐðY�#Ë�Ì£ð�Ì£Ùw×�Ìëî¨ÖÚð½ÖK÷ëÉ#Û[É#ùÈÖL<×/Å�#>Ìl��Ë/í	cÖE	#ÅÈùÐÅÐ×!õ�î#Ì£Ù�ð/ÅÐ×!õ��cì#í$��Ì�#>ÌëË�×/ì#Ì£Ë�ÌáÖÚË/Ì�ð/íÊÛKÌ�ÅÐÛ"��í>Ë�×�ÖÊÙw×Nî#Å9:�ÌëË/ÌëÙ#÷£Ìëðj	�Ìë×*�¶Ì£ÌëÙ×/ì#ÅÈðÛ�Ì?ÖÊð�É#Ë/Ìâ��+Ù�í@�¬Ù®ÖÊðD×/ì#Ì+ �MCK)MNq9Q�R�OV¦��-  ILK)K)MC��OPG�Q�R�OPIL�w¡XQUT�OVM�W)§ �sI�pJQUp0OVqtOVR��]¨8���eW�OVR���í>Ë×/ì#Ì| ; �¡^§o¨�åýÖÊÙ#îZ×�ì#ÌXà�Ó3ß¿Òpî#ÅÐð/÷£É�ð/ð/ÌëîÃÅÈÙZð/Ìë÷ë×�ÅÐí>ÙÃÍ+Î Ñ�Î�Ó&ïÆ×�ì�Ì[àýàNô�ß¿Ò~ÅÈð¬Ë/Ì��#Ë/Ìëð/Ì£Ùw×/Ì£î
	wõ
×�ì�Ìáï�É#Ù#÷²×�ÅÐí>Ùk©�â�� å����¬ì#ÅÐ÷�ì�ÅÐð¬×/ì#Ì
�#Ë/í	#Ö�	#ÅÈùÐÅÐ×!õK×�ìcÖÚ×»Ö�Ç>Å�#ÊÌ£Ù�Ù�í�î#Ì��¬ÅÈùÐù ÷£í>Û�Û[É#Ù�ÅÈ÷?Ö|×�Ì
�¬Åç×�ìA�fí>Ëáï�Ì��¶Ì£Ë�É#Ù#Å�1©É#Ì
Ù#í+î#Ì£ðëÎ�© ÅÈð[÷ëÉ#Û[É#ùÈÖÚ×�Å9#>Ì�×�íþ×�ì�Ì
ùÈÌëï ×
â��¬ì#ÌëË/Ì£ÖÊð�×�ì#Ì�à�Ó3ß¿Ò ÅÈð÷ëÉ#Û[É#ùÈÖÚ×�Å9#>Ì½×�í�×/ì#ÌMË/ÅÈÇÊì©×�å²ÎÄÆÅÐÇ>É#Ë/Ìëð�Ü�ÎÐÏ>Ï»ÖÊÙ#î
Ü�ÎÐÏsÑMð/ì#í$�«×�ì#ÖÚ×�ï�í>Ë¶ÖZ�#ÖÊË�×/ÅÈ÷£É�ù-ÖÊË¿Ù#í+î#Ì���ÖáË�Ì£ù-Ö|×�Å�#ÊÌ£ùçõ�ð/ÛKÖÊùÈùcÙ©É#Û8	�Ì£ËíÊïöÙ#í+î#Ìëða�¬ÅÈùÐù_	�Ì�÷£í>Û�Û[É#Ù�ÅÈ÷?Ö|×�Ì£î"�¬ÅÐ×�ì�Î¡Ó!ÙFï�ÖÊ÷ë×0��×�ì#Ì»ù-ÖÊË�Ç>Ì£ðÕ×ýð/É#÷�ìZÙ©É#Û8	�Ì£ËNÅÐð y ��ð/ì#í$�¬ÅÈÙ�Ç×/ìcÖÚ×D×�ì#ÌZÏ$�L<&î#ÅÈÛ�Ì£Ù#ð�ÅÈí>Ù�ìwõN�}ÌëË/÷ëÉ�	}Ì ÷£í>É#ùÐî¤Û�í>ð�×áùÈÅ��ÊÌëùÐõH	�Ì ÖÚË/Ë�ÖÚÙ#Ç>Ì£î�×�í�ÖÊùÈùÐí@�¥ï�í>ËDÅÈî#Ì£ÖÊù÷ëí>ÛKÛXÉ#Ù#ÅÈ÷£ÖÚ×�ÅÐí>ÙUÎöÓ!Ùc#+ÅÈË�×/ÉcÖÊùÐùÐõ�Ì�#>Ì£ËÕõF÷£ÖÊð/ÌE��Ì���÷ëÌ0��×ýï�í>Ëñ×�ì#Ì½ØÌë×/ì#í+î
íÊï�Øí>Û�Ì£Ùw×�ð��cÍ��ª íÚï÷ëí>ÛKÛXÉ#Ù#ÅÈ÷£ÖÚ×�ÅÐí>Ù»í+÷£÷ëÉ#Ë/ð}	�Ìë×*�¶Ì£ÌëÙáí>Ù�Ì'�cÖÊÅÈË�íÊï+Ù#í�î�Ì£ð0�|ð/É�Ç>Ç>Ì£ðÕ×�ÅÐÙ#Çý×�ìcÖÚ×�×�ì#Ì¡îcÖ|×�Ö;�#ù-ÖÚ÷£Ì£Û�Ì£Ùw×ÅÐÙÖ�Ë�ÅÈÙ#Ç�÷ëí>É#ùÈî\	�Ì�í��×�ÅÐÛKÅ�2£Ìëî6	}Ì²õ>í>Ù#î\�¬ìcÖÚ×^�¬ÅÈùÐùB	�Ì��#Ë/Ìëð/Ì£Ùw×/Ì£îþÅÐÙ
ð/Ì£÷²×�ÅÐí>Ù�Ü�Î y ÎçÏ>Îó»ùÐùÈí$�¬ÅÈÙ�Çáï�í>ËNùÐí�í��U<�	cÖÊ÷J��Ç>Ì£Ù�Ì£Ë�ÖÚùÈùÐõ�Ë�Ì£î#É#÷ëÌ£ðý×�ì�Ì�Ù+É�Û8	}ÌëËNíÊïöÙ#í+î#Ì£ðX�¬ì�ÅÈ÷�ì]�cÖÊËÕ×�ÅÈ÷ëÅ!�cÖ|×�Ì
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CIPD With "lookback" Molecular Dynamics Simulation
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4 MB PIM 
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Backward Reference Probability Density

Backwards Reference Size (32−bit Words)
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2 MB PIM 

Ä�ÅÈÇ>É#Ë�Ì�Ü�ÎçÏ$��ÎñØíÊùÈÌ£÷ëÉ#ù-ÖÚË¬Ò»õ�Ù#ÖÊÛKÅÐ÷£ð¬ô¬Ì£ð�É#ùÐ×/ðDâ:à�Ó3ß¿Ò8��ä�âS�ñå/å

ÅÐÙ®×�ì#Ì
÷ëí>ÛKÛXÉ#Ù#ÅÈ÷£ÖÚ×�ÅÐí>Ù®Ë/ÖÊî#ÅÈÉ�ð0�¿ì#í$��Ì�#>ÌëË0��Ù�íÊ×�ð/ÅÐÇ>Ù#Å�.#÷?ÖÊÙw×�ùçõgâ ×!õN�#ÅÈ÷£ÖÊùÈùçõw	wõgÏ�<ÕÑ�Ù#í+î#Ì£ð�å²Îéýì#Ì"	}ÌëÙ#Ì�.�×[íÊï�ùÈí+í�<*	cÖÊ÷J�ÃÅÐð��#Ë/ÅÐÛ ÖÊË�ÅÈùçõ�î#ÌëË/Å9#>Ì£î¨ï�Ë/í>ÛOÅÐÙ#÷£Ë�Ì?ÖÊð�ÅÈÙ#Ç�×�ì#ÌKË/É#Ù¨ùÈÌëÙ#ÇÊ×�ì¨í>Ù®ÖÇ>Å9#>ÌëÙZÙ�í�î#ÌÚÎÿ�íÚ×
ð/É#Ë(�#Ë/ÅÐð/ÅÐÙ#Ç>ùÐõ��¬ÅÈÙ#÷ëË/Ì?ÖÚð/ÅÈÙ�Ç¤×�ì#ÌÃð�Å!2ëÌþíÊïDÌ?ÖÊ÷�ì°ß¡ÓÕØwi ð�ÛKÌëÛKí>ËÕõ ÖÊùÈð�íªð/ÅÈÇÊÙ#Å�.c÷£ÖÊÙw×�ùçõË�Ì£î#É#÷ëÌ£ð�×/ì#Ì»÷ëí>Û�Û[É#Ù#ÅÐ÷?ÖÚ×/ÅÈí>Ù�Ë�ÖÚî#ÅÈÉ#ð¿ï�í>Ë¶ÖáÇ>Å9#>ÌëÙFÙ#í+î#ÌY1©É#Åç×�Ì�ð/ÅÈÇÊÙ#Å�.c÷£ÖÊÙw×�ùçõ>Î¡Ô+í>ÛKÌj	�Ì£Ù#÷�ìC<ÛKÖÊË��©ð��#Ù#íÊ×�Ö�	#ùÐõ�×�ì�ÌDØÌë×/ì#í�î�íÊïÆØíÊÛKÌëÙ©×/ð�ÖÊÙ#îZÄ�ÄÆél��ð/ì#í$�êÖ[÷ëË/í>ð�ð/ÅÐÙ#Ç�íÊï�×�ì#ÌáàýàNô�ßñÒ½ð
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÷£ÖÊ÷�ì#Ì&º�»�¼�½_¾\��¿�¾&	�Ì�î#í>Ù#Ì�ÌëÙ©×/ÅÈË�Ì£ùÐõÅÈÙìcÖÚË/îe��ÖÊË/ÌÚÎ»Ó&×»Û Ö?õZÛKÌëË/ÌëùÐõ\	}ÌXÖKð�Û ÖÊùÐù}	#Ée:}Ì£Ë�â�ÅÈÙ×/ì#ÌXÛ�Ì£Û�í>ËÕõ�Û ÖÊ÷ëË/í©åX�¬ì#ÅÐ÷�ìÃ÷£í>Ùw×�ÖÚÅÈÙ#ð×/ì#ÌMÙ#Ì£÷ëÌ£ð/ð/ÖÊË�õZîcÖ|×�Ö�ÖÊÙ#îZÅÈðý÷�ì#Ìë÷J�ÊÌëîk	}Ì²ï�í>Ë/ÌDÖÊÙZí�:ÃÙ�í�î#ÌMÖÚ÷£÷£Ìëð/ð�ÅÈðýÇ>ÌëÙ#Ì£Ë/ÖÚ×�ÌëîUÎ

øÊè



NODE B

MEMORY
MACRO

CARPET BAG
CACHE

THREAD

NODE A

MEMORY
MACRO

CARPET BAG
CACHE

THREAD

Ä�ÅÈÇ>É#Ë�ÌMø�ÎçÏ>Î¡ó àNÖÊË���Ìë×�ÞNÖÚÇ àNÖÚ÷�ì#ÌáÛ�í$#+ÅÈÙ#Ç[ï�Ë�í>Û ÿ�í+î#Ì�óê×�í�ÿ�í�î#ÌDÞ

ø�ÎçÏ>ÎçÏ Ó!Û"�#ùÐÌ£Û�Ì£Ùw×�Ö|×�ÅÈíÊÙ
éýì#ÌëË/Ì»ÖÊË/Ì�×*��íZ�}í>ð�ð/Å�	#ùÈÌ�ÅÈÛ&�#ùÈÌëÛKÌëÙw×�ÖÚ×/ÅÈí>Ù#ð�ï�íÊË¶ÖXàNÖÊË���Ìë×NÞNÖÊÇ[àNÖÊ÷�ì#ÌÊÎ¡éýì�Ì½ÛKíÊð�×ñí	U#+ÅÈí>É#ðÅÐÛ"�#ùÐÌ£Û�Ì£Ùw×�Ö|×�ÅÈíÊÙ�ÅÈðDÖÊðDÖ
ð�×�ÖÊÙ#îcÖÚË/î¤ÇÊÌ£Ù#ÌëË�ÖÊùñÔ�ô¬ó�Ø ÷?ÖÚ÷�ì#ÌÊÎKéýì#ÅÈðMìcÖÊð�×/ì#Ì�ÖÊîe#ÚÖÊÙw×�ÖÊÇÊÌ�íÚïÖÊùÐùÈí$�¬ÅÈÙ�Ç�Ö�Ù#í�î�ÌM×/í�ìcÖ5#>ÌáÖÊ÷£÷ëÌ£ð/ð¬×�íKÖ�Ç>Ì£Ù�Ì£Ë�ÖÚù��#É#Ë���í>ð�ÌD÷£ÖÊ÷�ì#Ì â�ð�Ì£ÌáÄÆÅÈÇ>É�Ë/ÌMø�Î Ñ>å<Îú�í$�¶Ì�#ÊÌ£Ë0��×�ì#ÅÐðýÛ Ö?õ
Ù�íÊ×j	}ÌMî#Ìëð/ÅÈË/Ö�	#ùÐÌÊÎñéýì#ÌMÛKÌëÛKí>ËÕõ
ù-Ö|×�Ì£Ù�÷ëõ
í>ÙZÛ�í>ð�×�ß¡ÓÕØ\ÛKÖÊ÷ëË/í>ðÅÐð%1©É#ÅÐ×/Ì[ùÈí$��â�Ì�#>ÌëÙ�÷ëí>Û&�cÖÊË/Ìëîþ×�í ×/ì#Ì�ùÈíÊÇ>ÅÈ÷Dð���Ì£Ìëîzå²ÎZ`�Å�#>ÌëÙþ×�ìcÖ|×½×�ì#ÌXÛ ÖÊ÷�ì�ÅÈÙ#Ì[ÅÐð»Û[É�ùÐ×�Åb<×/ì#Ë/Ì£ÖÊî#Ì£îB�#×�í>ùÐÌ£Ë�Ö|×�ÅÈÙ�ÇX×�ì#ÅÐðýù-ÖÚ×/Ì£Ù#÷²õ
Ë�Ö|×�ì#ÌëËN×�ìcÖÊÙ�É#ð�ÅÈÙ#Ç�Ö�÷£íÊÛ"�#ùÐÅÈ÷£ÖÚ×�Ìëî
÷?ÖÊ÷�ì#ÅÐÙ#Ç�ð�×/Ë/É#÷²×�É#Ë�Ì
�¬ÅÐùÈù[	}Ì�ùÈÌëð/ð�Ì��C�}ÌëÙ#ð/Å9#>Ì�ÅÈÙK×�Ì£Ë�ÛKð¶íÊï ìcÖÚË/îe��ÖÊË/Ì»÷£í>ðÕ×5�cÖÊÙ�îFÅÐ×¶Û Ö?õ�ð/ÅÐÇ>Ù#Å9.c÷?ÖÊÙw×/ùÐõ�Ë/Ìëî#É#÷ëÌ»×�ì#ÌÙ#ÌëÌ£îFï�í>Ëñð�õ+Ù#÷�ì�Ë/í>Ù#Å�2?ÖÚ×/ÅÈí>Ù ÛKÌë÷�ìcÖÊÙ#ÅÐð/Û�ð£Î�éýì#Ì½ÖÊùÐ×/Ì£Ë/Ù#ÖÚ×�Å9#>Ì�ÅÈð¿×�í8�#Ë�í$#�ÅÐî#Ì½Öáð/ÛKÖÊùÈùzÖÊÛ�í>É#Ùw×íÊï¿ð�É�����í>Ë�×�ï�í>Ë�×/ì#Ì[÷£ÖÊË���Ìë×%	cÖÊÇF÷£ÖÊ÷�ì#Ì[ÅÐÙþìcÖÊË�îe�NÖÚË/Ì�ÖÊÙ�î�×�íFÉ�ð/Ì[×�ì�ÌXË/É�Ù©×/ÅÈÛ�ÌXðÕõ�ðÕ×�ÌëÛ¢×�íùÐí@�¶Ì£Ë¬×�ì�ÌXù-Ö|×�Ì£Ù�÷ëõ�íÊï¿Ö&�}íÚ×�Ì£Ùw×/Å-ÖÊù í�:[<!÷�ì�Å!�þÖÚ÷£÷£Ìëð/ð½Ë/ÖÚ×�ì�Ì£Ë¬×�ìcÖÊÙÌ£ùÐÅÈÛ�ÅÈÙcÖÚ×/Ì�ÅÐ×�÷£íÊÛ"�#ùÐÌë×/Ì£ùÐõÊÎéýì#ÅÐð[ìcÖÊð[×/ì#Ì�ÖÊîe#ÚÖÊÙw×�ÖÊÇ>ÌFíÊï�Ù#íÚ×�í>Ù#ùçõ3	�Ì£ÅÐÙ#ÇÃð/ÅÐÛ"�#ùÐÌ£ËDÅÈÙªìcÖÚË/îe��ÖÊË/ÌE�o	#É�×�íÊïj	�Ì£ÅÈÙ�Ç|��ÌëùÈùð�É#ÅÐ×/Ì£î�×�í�Ö�Û[É#ùÐ×/Å9<:×�ì#Ë�Ì?ÖÊî#Ìëî
Ì£ÙU#+ÅÈË�í>Ù#Û�Ì£Ùw×?ÎÄÆÅÐÇ>É#Ë/Ì�ø�Î è
ð�ì#í$�¬ðXÖ�â���Ë/ÅÈÛKÖÊË�ÅÈùÐõ�åNð/íÚï ×*�NÖÊË�ÌKÅÐÛ"��ùÈÌ£Û�Ì£Ùw×�ÖÚ×�ÅÐí>Ù�íÊï¶Ö
÷?ÖÚË���Ìë×�	cÖÊÇ�÷£ÖÊ÷�ì#ÌÊÎéýì#Ì¬÷£ÖÊ÷�ì#Ì�ÅÐ×�ð�Ì£ùçï¤��¬ì#ÅÈ÷�ì�÷?ÖÊÛ�ÌNï�Ë/íÊÛp×�ì#Ì^�#Ë�Ì�#+ÅÈíÊÉ#ð¿Ù#í�î�Ì��©ÅÈð¡ðÕ×�í>Ë�Ì£î�í>Ù�×�ì#Ì�ß¡ÓÕØð¶Û�Ì£Û�í>ËÕõÛKÖÊ÷£Ë�í#Î3�«ì#ÌëÙmÖH�#Ë�í>Ç>Ë/ÖÊÛYÇ>ÌëÙ#Ì£Ë/ÖÚ×�Ìëð�Ö�Û�Ì£Û�í>ËÕõªÖÊ÷ë÷£Ì£ð�ð0�ñ×�ì#ÌZß¡ÓÕØ î�Ìë×�ÌëË/Û�ÅÈÙ#Ìëð�ÅÐï¬×�ì#ÌË�Ì01©É#Ì£ðÕ×�Ìëî®îcÖÚ×�ÖË/Ìëð/ÅÐî#Ì£ðDùÈí+÷?ÖÊùÐùÐõÊÎ�Ó&ïýÅÐ×Mî#í+Ì£ð��ö×/ì#ÌKÖÊ÷£÷ëÌ£ð/ðX÷?ÖÊÙ+�#Ë/í+÷£ÌëÌ£î¨Ù#í>Ë/ÛKÖÊùÐùÐõ� Ì���÷£Ì0��××/ìcÖÚ×ö×�ì#Ì¶ÖÊî#î#Ë�Ì£ð�ðÆï�í>Ë�×�ìcÖÚ×ÆÖÊ÷ë÷£Ì£ð�ð�ÅÈðöð�×/í>Ë/ÌëîXÅÐÙ[Ö½ØZÌ£Û�í>Ë�õMó�÷£÷£Ìëð/ð¿Þ�ÉC:�ÌëËNâ)Øó½ßñå��@�¬ì#ÅÐ÷�ì[ÅÈðÉ#ð�Ì£î�×�í�ðÕ×�í>Ë�ÌN×�ì#Ì¬ÖÚî#î#Ë/Ìëð/ð�Ì£ðñíÊïz×�ì#ÌýÛ�í>ð�×�Ë/Ì£÷ëÌ£Ùw×�ùçõ�ÖÊ÷ë÷£Ìëð/ð/Ìëî"�¬ÅÐî#Ìa�¶í>Ë/î#ð¿ÅÐÙ[ÛKÌëÛKíÊË�õ>Î�Ô�Ì£ÌÄÆÅÐÇ>É#Ë�Ì½ø�Î1è�Î¿ú�í@�¶Ì�#ÊÌ£Ë��cÅÐïU×/ì#Ì�ÖÊ÷ë÷£Ì£ð�ð¬ÅÈðNÖáË/Ì01©É#Ìëð�×ýï�í>Ë¶Ë/ÌëÛKíÊ×/Ì»îcÖ|×�Öá×/ì#Ì½÷?ÖÚË���Ìë×;	cÖÚÇ[÷?ÖÊ÷�ì�ÌÛ[É�ð�×Y	}Ìáð/Ì?ÖÚË/÷�ì#Ìëîþ×�í ð�Ì£Ì[ÅçïÆ×/ì#ÅÈðd=�Ë/ÌëÛKíÚ×�ÌDîcÖÚ×�ÖE? ìcÖÊð��}ÅÐÙï�ÖÊ÷²×5��	}ÌëÌ£ÙþÅÐÛ"�#ÖÊË�×/Ì£î]�¬ÅÐ×�ìZ×�ì#Ì×/ì#Ë/Ì£ÖÊîUÎ»éýì�ÅÈð»ð�Ì?ÖÊË�÷�ìÃ÷?ÖÊÙ|	}Ìáî#í>Ù#ÌXÖÊð½Ö Ë�Ì01©É#Ìëð�×�ï�í>Ë¬×�ì#Ìá÷?ÖÊ÷�ì�ÌXï�Ë/í>Û Û�Ì£Û�í>Ë�õ���ï�íÊùÈùÈí$�¶Ì£î
	wõÖ�ð�Û ÖÚùÈù Ë/íÊÉ�×�ÅÐÙ#ÌáÅÐÙð�íÊï ×*��ÖÊË/ÌE�}í>Ë�ÅÐ×�÷ëí>É#ùÈî\	�ÌXî#í>Ù�ÌáÌëÙ©×/ÅÈË�Ì£ùÐõ�ÅÐÙð�íÊï ×*��ÖÊË/ÌZ	©õZÅÐÙ�#Êí�©ÅÈÙ#ÇÖÊÙ�Ì���÷ëÌ0��×/ÅÈí>Ù�Î�Ó&ï¶×�ì#Ì�îcÖ|×�Ö
ÅÈð½ï�í>É�Ù#î�ÅÈÙÃ×�ì#Ì�÷£ÖÊË���Ìë×
	cÖÊÇ�÷£ÖÊ÷�ì#Ì���×�ì�Ì£Ù�×�ì#Ìn�#Ë�í>Ç>Ë�ÖÚÛS÷?ÖÚÙ÷ëí>Ùw×�ÅÈÙ©É#Ì Ë/É#Ù#Ù�ÅÈÙ#Ç#Î�ú�í$��Ì�#>Ì£Ë���ÅçïýÅÐ×XÅÈðXÙ�íÊ×5��×/ì#Ì
÷?ÖÊË(�}Ì²×)	cÖÊÇþÖÊÙ#î®×�ì�Ì
Ë/Ì£÷ëÌ£Ùw×�ùçõ¨×/í>É#÷�ì#ÌëîùÐí�÷£ÖÊùUÖÊî�î#Ë/Ìëð/ð/Ìëð»÷£ÖÊÙ-	�Ì�Û�Ì£Ë/ÇÊÌ£î�×�í�ï�í>Ë/Û�Ö�Ù#Ì��ê÷£ÖÊË���Ìë×j	cÖÚÇ#Î¡ó»Ùwõ©×�ì#ÅÐÙ#Çn�¬ì#ÅÈ÷�ìZî#í+Ì£ð¬Ù#íÊ×
.#×�÷£ÖÊÙ
×�ì#ÌëÙ|	�ÌDÌ*À�Ì£÷²×�Ì£î-	cÖÊ÷J� ×/í�×/ì#ÌMÙ#í+î#Ì½×�ín�¬ì#ÅÈ÷�ìZÅÐ×^	�Ì£ùÐí>Ù#Ç>ðëÎ¿ÄÆÅÈÇÊÉ#Ë/ÌMø+Î è�ð/ì#í$�¬ð�ì#í$�×/ì#ÅÈðýÅÐÛ"�#ùÐÌ£Û�Ì£Ùw×�Ö|×�ÅÈíÊÙ"�¶í>É#ùÈî�ï�É#Ù#÷²×�ÅÐí>ÙUÎÓ&×½ð�ì#í>É#ùÐî|	�ÌXðÕ×�Ë/íÊÙ#Ç>ùÐõ�Ù�íÊ×�Ìëî�×�ìcÖ|×%	�Ì£÷£ÖÊÉ#ð/Ìá×�ì#ÅÐð�ÅÐð»Ö�Û[É#ùÐ×/Å9<:×�ì#Ë�Ì?ÖÊî#ÌëîÛKÖÊ÷�ì#ÅÐÙ#Ì���ÖÊÙ�îùÐí�÷£ÖÊùNÛ�Ì£Û�í>Ë�õ ÖÚ÷£÷£Ìëð/ð�Ì£ð
÷?ÖÚÙ¬	�ÌÛKÖÊð��ÚÌ£î¬�¬Åç×�ì Ö¨ð�Û ÖÊùÐùýÙ©É#Û8	�Ì£Ë�íÊï»×/ì#Ë/Ì£ÖÊî#ð0�N×/ì#ÌZì#ÅÈÇ>ì
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PROCESSOR

MEMORY MACRO

CARPET BAG CACHE

ÄÆÅÈÇ>É�Ë/ÌDø�Î Ñ�Î7`�Ì£Ù#ÌëË�ÖÊùöàNÖÊË(�}Ì²×�ÞNÖÊÇKàNÖÊ÷�ì#Ì

MEMORY
ACCESS
UNIT

NOTE: THIS
IS JUST HELD
IN MEMORY

MEMORY MACRO

PROCESSOR

CARPET BAG CACHE
FROM PREVIOUS NODE

AGE   ADDRESS

HOLD MOST
RECENTLY USED
CODE, STACK, AND
DATA ADDRESSES
FROM CURRENT NODE

MEMORY ACCESS
BUFFER

ÄÆÅÈÇ>É�Ë/ÌMø�Î1è�ÎñÔ�íÚï ×*�NÖÊË�ÌáÓ!Û&�#ùÐÌ£Û�Ì£Ùw×�ÖÚ×/ÅÈí>Ù íÊï�Ö�àNÖÊË(�}Ì²×�ÞNÖÊÇKàNÖÊ÷�ì#Ì
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ùÈÖÚ×�ÌëÙ#÷ëõ¤í�}ÌëË�ÖÚ×/ÅÈí>Ù�ð[ÅÈÙ®×/ì#Ì6�#Ë/Ì�#+ÅÈí>É#ð�î�Ì£ð/÷ëË/Å���×�ÅÐí>Ù â�ÅÈÌE��×�ì#Ì�Û�Ì£Û�í>Ë�õ¨ÖÊ÷ë÷£Ìëð/ð/Ìëð�å�ÖÊË/Ì6�#Ë�Ì�<ð�É#ÛKÌëî ×�íZ	}Ì�Û ÖÚð��ÊÌëîc	wõ�íÊ×�ì#ÌëË¶×/ì#Ë/Ì£ÖÊî#ð�Ë�É#Ù#Ù#ÅÐÙ#Ç[í>Ù�×�ì#Ì�Ù#í+î#ÌÊÎ¡éýì#Ì�í>Ù#ùçõ�×�Ë/É�Ì»í$#>ÌëË/ì#Ì£ÖÊîÅÐÙ�#Êí>ù�#ÊÌ£îKÅÈð��¬ÅÐ×/ì&�¬ì#ÖÚ×�Ì�#>Ì£Ë �}íÊË�×�ÅÐí>Ù�íÊï�×/ì#Ì�Ö�	}í$#ÊÌ�î#Ìëð/÷ëË/Å!	�Ì£î�ï�É#Ù#÷²×�ÅÈíÊÙKÅÐð¡ÅÈÛ&�#ùÈÌëÛKÌëÙ©×/Ì£î�ÅÈÙð�íÊï ×*�NÖÚË/ÌÊÎ�Þ¶Ì£÷?ÖÚÉ#ð/ÌKÖFË/ÌëÛKíÊ×/Ì�ÛKÌëÛKíÊË�õ�ÖÊ÷£÷ëÌ£ð/ðDÅÈð�ð�É#÷�ì¨Ö�ì�ÅÈÇ>ì�ù-Ö|×�Ì£Ù�÷ëõþÌ�#>ÌëÙ©×0��ì�í@�¶Ì�#ÊÌ£Ë��ÖÊî�î#ÅÈÙ#Ç»Ö»ð/ÛKÖÊùÐù©ÖÊÛKíÊÉ#Ùw×�íÊïc÷ëí�î�Ì�×�í�ð/Ì?ÖÚË/÷�ì�×�ì#Ì¶÷?ÖÊË(�}Ì²×�	cÖÚÇ½÷?ÖÊ÷�ì�ÌNí>Ë��#ÖÊ÷J�|ÖÊÇ>Ì�Åç×ÆÉe�)	}Ì²ï�í>Ë/Ìî#ÌëùÈÅ9#>Ì£ËÕõ
ÅÈðýð�ÅÈÇ>Ù�Å�.c÷£ÖÊÙw×�ùÐõKð/ÛKÖÊùÐùÈÌ£Ë¶×�ìcÖÊÙ
×/ì#ÌM÷£í>Û�Û[É#Ù#ÅÐ÷?ÖÚ×/ÅÈí>Ù ÷£í>ðÕ×?Îó»÷ë÷£Ìëð/ð/Ìëð»×�í�×�ì�ÌD÷ëí�î�ÌDíÊË�ðÕ×�ÖÊ÷J�
ð�ì#í>É#ùÐîí+÷£÷ëÉ#Ë�ÅÈÙZÖ�ð�Ì0�cÖÚË�ÖÚ×/Ì
	�Ée:�ÌëË�î�É#Ë/ÅÐÙ#Ç�×�ì#ÅÐð�÷ëí>ÙC<
.cÇÊÉ#Ë�ÖÚ×/ÅÈí>Ù � ð���Ì£÷ëÅ�.c÷£ÖÊùÈùçõ�öÖ�ð/ÛKÖÊùÈù�Ù+É�Û8	}ÌëËáíÚï �¬ÅÐî#Ì)��í>Ë�î#ðDð/ì#í>É�ùÈî¨ÖÊù���Ö?õ�ð
	�ÌKÖ5#ÚÖÊÅÐù-Ö�	#ùÐÌï�í>ËýË�Ìëï�ÌëË/Ì£Ù�÷£ÌÊÎñéýì#ÅÐð�ÅÐð;�cÖÊËÕ×�ÅÈ÷ëÉ#ù-ÖÚË/ùÐõ�ÅÐÛ"��í>Ë�×�ÖÊÙw×Nï�í>ËN×/ì#ÌM÷£í+î#ÌÊÎ

ø�ÎçÏ>Î Ñ Ô+õ+Ù#÷�ì#Ë/íÊÙ#Å!2£ÖÚ×�ÅÐí>Ù
`�Å�#ÊÌ£Ù®×�ì#ÖÚ×[îcÖ|×�ÖþÙ#íþùÐí>Ù#Ç>ÌëËXË�Ì£ð/ÅÐî#Ì£ð�ÌëÙw×�ÅÈË�Ì£ùçõ¨íÊÙ Öþð/ÅÈÙ�Ç>ùÈÌ�Ù#í+î#Ì��¿ð/íÊÛKÌKð/ÅÈÛ&�#ùÐÌ�ï�í>Ë�Û íÚïðÕõ�Ù�÷�ì#Ë/í>Ù�Å!2?Ö|×�ÅÈíÊÙÛ[É�ð�×Y	}ÌDÛ ÖÚÅÈÙw×�ÖÊÅÐÙ#Ì£îF×/í"��Ë/Ì�#ÊÌ£Ùw×�÷ëË/ÅÐ×/ÅÈ÷£ÖÊùUîcÖÚ×�Ö�ï�Ë�í>Û�	�Ì£ÅÐÙ#ÇK÷ëí>Ë/Ë�É���×/Ì£îUÎéýì#ÅÐð
ÅÈð
ÖªÙ#Ìë÷£Ìëð/ð�ÖÚË�õgï�Ì?Ö|×�É#Ë�Ì�íÚïáÛXÉ#ùÐ×/Å9<&×/ì#Ë/Ì£ÖÊî#Ìëîfð�õ+ð�×/Ì£Û�ðË�Ì£ÇwÖÚË/î#ùÐÌ£ð/ð
íÚïD×/ì#ÌÃ×!õN�}ÌëðZíÚï
��íÊ×�ÌëÙw×�Å-ÖÚù�÷?ÖÚ÷�ì#ÅÈÙ#ÇÃÉ�ð/Ì£î�Î¤Ó&×�ÅÈðF�#Ë/í��í>ð�Ì£îª×�ìcÖ|×�Ì?ÖÊ÷�ìA�¬ÅÐî#Ìc��íÊË/îD	}ÌFÖÊÙ#Ù#íÊ×�ÖÚ×�ÌëîA�¬ÅÐ×�ì Öð�ÅÈÙ#Ç>ùÐÌ+=Õï�É#ùÐù�í>ËMÌ£Û&��×!õN?-	�ÅÐ×Mð/ÅÐÛKÅÐù-ÖÊË�×�í�×�ìcÖ|×áÌëÛ"��ùÈí{õ>Ìëî¨ÅÐÙ�×/ì#Ì�é�ÌëË�ÖþØZé�óáÎöéýì�ÅÈðMð�×�ÖÚ×�É#ð
	#Åç×áÖÊù���Ö?õ�ðZ	}ÌëÇ>ÅÈÙ�ðDð�Ìë×á×�í�ÌëÛ"��×!õ>Î
óÁ�¬ÅÈî#Ìn��íÊË/î¤ðÕ×�í>Ë�ÌK×/íZ×/ì#Ì Ç>Å9#>ÌëÙ¤Û�Ì£Û�í>Ë�õÃùÐí�÷£ÖÚ×�ÅÐí>Ù
�¬ÅÐùÈùcð/Ì²×�×/ì#Ì�ðÕ×�ÖÚ×/É#ða	�ÅÐ×ñ×�íáï�É�ùÈù:Îöéýì#ÌëË/Ì�ÖÊË�Ì��©×�ì#ÌëÙ��e��íÊ×/Ì£Ùw×�ÅÈÖÊùÈùçõX×*�¶íX×!õN�}Ìëð�íÊï ùÐíwÖÊî�â�ï�í>Ë¶ÖÊÙwõ
�cÖÚË�×�íÊïÆ×/ì#Ìl�¬ÅÈî#Ì��¶í>Ë/îzå�,�Ö]RPQL�U�����¬ì#ÅÈ÷�ì\�¬ÅÈùÈù�ð/Ìë×�×�ì�ÌáðÕ×�ÖÚ×/É#ðY	�ÅÐ×ý×�í�Ì£Û&��×!õZÖÊÙ�îùÐíwÖÊî
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	�Ì£Ù#÷�ì�Û ÖÊË(�zÎ

ø�Î1è�ÎçÏ Ò½ÓÕÔ�Ò�Ö|×�Ö�Ø�ÖÊÙcÖÚÇ>Ì£Û�Ì£Ùw×
éýì#Ì¨ð/ÅÐÛ"�#ùÐÌ£Ë�í�:[<!÷�ì#Å�� íÊÙ#ùÐõ«÷ëí>Ùe.cÇ>É�Ë�ÖÚ×/ÅÈí>Ùµ�#Ë/í$#ÊÌ£îêì#ÅÐÇ>ì#ùÐõfÌ�:}Ì£÷ë×/Å�#ÊÌ¤ÅÈÙ ÷?Ö���×�É#Ë�ÅÈÙ#Ç ×�ì#Ì
=�ùÐí�í��U<�	cÖÊ÷J��?�×/í�×/ì#Ì6�#Ë�Ì�#+ÅÈí>É�ð�Ù#í�î�ÌÊÎ®ú�í$��Ì�#>Ì£Ë���×�ì�Ì
÷£í>ðÕ×)�NÖÊð�Û�í�î�Ì£Ë�Ö|×�Ì£ùçõ�ì#ÅÈÇ>ì�Î®ÄÆÅÐÇE<É#Ë�Ì�ø�Î æ ð/ì#í$�¬ð�×�ì#ÖÚ×½×�í
÷£Ö���×/É#Ë/Ì y �ª íÊï¿×/ì#Ì�í�:®÷�ì�Å!��ÖÊ÷ë÷£Ì£ð�ð/ÌëðáË�Ì01©É#ÅÈË�Ì£ð�Ù#Ì£ÖÊË/ùçõÃÍE�d�¬ÅÈî#Ì
�¶í>Ë/î�ð£Îò�Ù�ð/É#Ë(�#Ë/ÅÐð/ÅÈÙ�Ç>ùÐõ���ÖÚðNÖáÇÊÌ£Ù#ÌëË�ÖÊù��#É#Ë(�}í>ð�Ì»÷£ÖÊ÷�ì#Ì½ÖÚùÈð/íZ�#Ë/í$#ÊÌ£î
ì#ÅÐÇ>ì#ùÐõ[Ì�:}Ì£÷ë×/Å�#ÊÌÊÎ¿ô¬í>É#Ç>ì#ùçõ×/ì#ÌMð�ÖÊÛ�Ì�Ù©É#Û8	�Ì£Ë¬íÊï��¬ÅÈî#Ìl�¶í>Ë/î#ð�ÖÊ÷�ì#ÅÐÌ�#ÊÌ£îZí@#ÊÌ£Ë�Ö y �Uª ì#Åç×ýË�Ö|×�ÌÊÎàNÖ���×/É#Ë/ÅÐÙ#Ç¨×/ì#Ì�ðÕ×�ÖÊ÷J�ºË/Ì�1©É#ÅÈË�Ì£îfÙ#Ì£ÖÊË/ùçõ«Ï$�+�¬ÅÐî#Ì-�¶í>Ë�î#ð ×�í¤ÖÊ÷�ì#ÅÐÌ�#>ÌZ×�ì#Ìð�ÖÊÛ�Ì y �Uªì#Åç×�Ë�Ö|×�ÌÊÎ¨éýì#ÅÈðXÅÈð�Ù#íÊ×[ð/É#Ë(�#Ë/ÅÐð/ÅÈÙ�ÇÃ÷£í>Ù#ð�ÅÈî#ÌëË/ÅÐÙ#Çþ×�ìcÖ|×�×�ì#Ì6�#Ë�í>Ç>Ë/ÖÊÛ ÅÐð�ì#ÅÈÇÊì#ùÐõ�Ë/Ìë÷£É#Ë�ð/Å9#>ÌÊÎó�ùÐ×�ì�í>É#Ç>ì��ñÅÐ×�ð�ì#í>É#ùÐî�	�Ì�Ù#íÊ×/Ì£î��ñ×�ìcÖÚ×�í>Ù�Ì]�¬ÅÐî#ÌZÖÊ÷£÷ëí>É#Ùw×�Ìëîmï�í>Ë�ÖÊË�í>É#Ù#îmÍ��Uª\íÊï»×/ì#í>ð/Ìì#Åç×�ðëÎ
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Carpet Bag Cache Size (256−bit words)
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DIS Data Management 2 MB Flying Carpet Bag Cache

Code

Stack

Data (General Cache)

Data (Off Chip)

ÄÆÅÐÇ>É#Ë/Ì�ø�Î æ Î¿Ò½ÓÕÔZÒ�ÖÚ×�Ö�Ø�ÖÊÙcÖÚÇ>Ì£Û�Ì£Ùw×»àNÖÊË���Ìë×�ÞNÖÚÇ àNÖÚ÷�ì#Ì[ØZÅÈð/ð�ô�ÖÚ×�Ì

éýì#Ìþ÷ëí�î�Ì|�NÖÚðF÷?Ö���×�É#Ë�Ì£î>#>ÌëË�õmÌ�:}Ì£÷ë×/Å�#ÊÌ£ùÐõ�	wõmíÊÙ#Ì-�¬ÅÐî#Ì-�¶í>Ë/îB�¬×/ì#í>É#ÇÊì���ÖÊÇwÖÊÅÐÙ���×�íÖÊ÷�ì�ÅÈÌ�#ÊÌXÖ y �ª ì#Åç×¬Ë�ÖÚ×/Ì�Ë/Ì01©É#ÅÐË/Ìëî�Ö�ù-ÖÊË�Ç>Ì£Ë�Ù+É�Û8	}ÌëË£Î

ø�Î1è�Î Ñ Ò½ÓÕÔ�ÄÆÄÆé
ÄÆÅÐÇ>É#Ë�Ì�ø�Î Í
ð/ì�í@�¬ðD×�ìcÖ|×áíÊÙ#Ì&�¬ÅÐî#Ì)��íÊË/î®ÖÚÇwÖÊÅÈÙ�÷£Ö���×�É�Ë/Ì£î¤Ö]#ÊÌ£ËÕõ¨ð�ÅÈÇ>Ù�Å�.c÷£ÖÊÙw×MÙ+É�Û8	}ÌëËáíÚïí�:[<!÷�ì�Å!�ZË/Ìëï�ÌëË/ÌëÙ#÷£Ìëð£Îýéýì#Ìáí�:�<&÷�ì#Å!�ZîcÖÚ×�Ö�Ë�Ìëï�ÌëË/Ì£Ù�÷£Ì£ð�ï�ÖÊË/Ìëî�Ì���÷ëÌ0��×/ÅÈí>Ù#ÖÊùÈùçõc��ÌëùÈù)Îýü½Ù#Ì��¬ÅÈî#Ì
�¶í>Ë/îÖÊ÷ë÷£í>É#Ùw×/Ì£îï�íÊËýí@#ÊÌ£Ë y �Uª íÊï�×/ì#Ì£ÛZÎéýì#ÌF÷ëí�î�ÌFÖÊÇwÖÚÅÈÙ¤Ë�Ì01©É#ÅÐË/Ì£î®Ö����#Ë�í$��ÅÐÛ ÖÚ×/Ì£ùçõ Ï$�\�¬ÅÐî#Ì"�¶í>Ë/î�ðX×�í�ÖÊ÷�ì#ÅÈÌ�#>Ì ×/ì#Ì y �ªSì#ÅÐ×Ë/ÖÚ×�ÌE�wì#í$��Ì�#>Ì£Ë���íÊÙ#÷£Ì�ÖÊÇwÖÚÅÈÙ��|×�ì#ÌX.cË�ð�×o�¬ÅÈî�Ìa��íÊË/îKÖÊ÷£÷ëí>É#Ùw×�Ìëî�ï�í>Ë�Öl#ÊÌ£ËÕõ�ù-ÖÊË�Ç>Ì£Ë��}ÌëË/÷ëÌ£Ùw×�ÖÊÇÊÌíÊïö×�ì�í>ð/ÌMì#Åç×�ð£Îó»ð¿Ö½ÇÊÌ£Ù#ÌëË�ÖÊùC�#É#Ë���í>ð�Ìý÷?ÖÊ÷�ì#ÌE�+ÖÊÙwõ+×/ì#ÅÈÙ�Ç�ÛKí>Ë�Ì�×�ì#ÖÊÙ�ÖÊË/íÊÉ#Ù#î
Ï$�%�¬ÅÐî#Ìa�¶í>Ë/î#ð���ÖÊð�ï�ÖÊÅÐË/ùçõÅÐÙ#Ì�:}Ì£÷²×�Å�#ÊÌÊÎéýì#ÌDð�×�ÖÊ÷J�FîcÖÚ×�Ön��ÖÊð¬÷?ÖE��×�É#Ë�Ì£îË/Ì£ùÈÖÚ×�Å9#>ÌëùÐõ"1+É�ÅÈ÷J�©ùÐõÊÎ

ø�Î1è�Î1è Ò½ÓÕÔZØZÌë×�ì�í�îZíÊï�Øí>Û�Ì£Ùw×�ð
éýì#ÌFØÌë×/ì#í+î¤íÊïýØí>Û�Ì£Ùw×�ðáîcÖÚ×�Ö6��ÖÊðX÷£Ö���×�É�Ë/Ì£î+#>ÌëË�õ¨Ì�m�÷£ÅÐÌ£Ùw×�ùçõ�ÅÈÙ�×�ì#Ì�ùÈí+í�<*	cÖÚ÷J�U<&í>Ù#ùçõ÷ëí>Ùe.cÇ>É�Ë�ÖÚ×/ÅÈí>ÙUÎ¨ó»ð�ÖÃÇ>ÌëÙ#Ì£Ë/ÖÊùX�#É#Ë(�}íÊð/Ì�÷?ÖÊ÷�ì�Ì���Ù�Ì?ÖÊË�ùÐõfÏ5��|�¬ÅÈî#Ìc�¶í>Ë�î#ðâ)èwÑþÝMÞýåZ�¶Ì£Ë�ÌË�Ì01©É#ÅÈË�Ì£î�×/íFÖÊ÷�ì�ÅÈÌ�#ÊÌ[Ö y �Uª�ì#Åç×»Ë/ÖÚ×�ÌÚÎýéýì#ÅÈðj#�Å9#+ÅÈî#ùçõ
î#Ì£Û�í>Ù#ðÕ×�Ë/ÖÚ×�Ìëð�×�ì#ÖÚ×�×/ì#ÌF	�Ì£Ù�÷�ì#Û ÖÚË��Ì���ì�Å!	#Åç×�ð¬ùÈí$� Ë/Ì£É�ð/ÌÊÎ�ÄcÉ#Ë�×/ì#Ì£Ë�ÛKí>Ë�Ì��zÖ�Ï$�8�¬ÅÈî#Ì��¶í>Ë/î\	#Ée:}Ì£Ë�í>Ù#ùçõFÌ£ùÐÅÈÛ�ÅÈÙcÖ|×�Ì£îZÍE�Uª íÊïö×�ì#Ìí�:þ÷�ì#Å!�ÖÊ÷£÷ëÌ£ð�ð/Ì£ðj�¬ì#Ì£ÙZÉ#ð�Ì£îþÖÚð�Ö+=�ùÐí�í��U<�	cÖÊ÷J�Kí>Ù#ùÐõN?�÷?ÖÚ÷�ì#ÌÊÎ
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Carpet Bag Cache Size (256−bit words)
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DIS FFT 2 MB Flying Carpet Bag Cache

Code

Stack

Data (General Cache)

Data (Off Chip)

ÄÆÅÈÇÊÉ#Ë/ÌMø+Î Í�Î¿Ò½ÓÕÔ�Ä�ÄÆé àNÖÊË(�}Ì²×»Þ�ÖÊÇKàNÖÊ÷�ì#ÌXØÅÈð�ð�ô�ÖÚ×/Ì

éýì#Ì�ðÕ×�ÖÊ÷J�ÃÖÚÙ#îÃ÷£í+î#Ì[Ë�Ìëï�Ì£Ë�Ì£Ù#÷ëÌ£ðáÖÊùÈð�íFË/Ì�1©É#ÅÈË�Ì£î�ÖFË/Ìëù-ÖÚ×/Å�#ÊÌ£ùÐõZùÈÖÊË/Ç>ÌáÙ©É#Û8	�Ì£Ë�íÊïo�¶í>Ë/î#ð×/íKÖÚ÷�ì#ÅÈÌ�#>ÌáÖ�ì�ÅÈÇ>ì�ì#Åç×¬Ë�ÖÚ×/ÌÊÎñÔ�ÌëÌáÄ�ÅÈÇ>É#Ë�ÌDø�Î1Ü�Î

ø�Î1è�Î æ Ò½ÓÕÔ
Ó!ÛKÖÊÇ>ÌMò�Ù#î#ÌëË/ð�×�ÖÊÙ#î#ÅÐÙ#Ç
éýì#Ì�Ó!ÛKÖÊÇ>Ì[ò�Ù#î#ÌëË/ðÕ×�ÖÊÙ#î�ÅÈÙ#ÇZÅÈð»×/ì#Ì�í>Ù#ùçõ|	�Ì£Ù�÷�ì#Û ÖÚË��-�¬ì�ÅÈ÷�ì�Ì���ì#Å!	�ÅÐ×�Ìëî�Ö
÷�ìcÖÊÙ#Ç>Ì�ÅÐÙþ×�ì#Ì
	�Ì£ìcÖ5#+ÅÈíÊË[íÊïý×�ì�Ì
÷?ÖÊË(�}Ì²×)	cÖÊÇÃ÷£ÖÊ÷�ì#Ì6	cÖÊð�Ì£î í>Ù®×/ì#Ì
ð/Å�2£ÌFíÊïý×/ì#Ì�ß¡ÓÕØ Ù#í�î�ÌÊÎ�ÄÆÅÈÇÊÉ#Ë/ÌFø�Î øð�ì#í$�¬ðá×�ì�ÌK÷£ÖÊË���Ìë×F	cÖÊÇZ÷?ÖÊ÷�ì#ÌKÛKÅÐð/ðMË�Ö|×�Ì�ï�í>ËDÖþÑZØ�Þ~ß¡ÓÕØw��ÖÊÙ#î¨ÄÆÅÈÇ>É�Ë/ÌKø�Î h ð/ì�í@�¬ðD×�ì#ÌÛ�ÅÈð�ðýË�ÖÚ×/Ì½ï�í>Ë¬Ö�èwÑKØÞ ß¡ÓÕØ¨Îöâ)à�í>Û"��ùÈÌë×/Ì�Ë/Ìëð/É#ùç×�ð¬÷?ÖÊÙ\	�ÌMï�íÊÉ#Ù#î�ÅÈÙ�ó%�e�}ÌëÙ#î#Å9��û¬Î åó»ð¬×�ì�Ìáð�Å!2£ÌDíÊï�×�ì#Ìáß¡ÓÕØ ÅÈÙ#÷ëË/Ì£ÖÊð/Ìëî��c×�ì#ÌDÇ>Ì£Ù�Ì£Ë�ÖÚù���É#Ë���í>ð/Ìá÷?ÖÊË(�}Ì²×%	#ÖÊÇK÷£ÖÊ÷�ì#Ìáî#ÅÈîZÙ#íÊ×÷�ìcÖÚÙ#Ç>ÌÊÎ¶ú�í$�¶Ì�#ÊÌ£Ë0�z×�ì�ÌDíE:�<&÷�ì#Å!��í>Ù#ùçõ
÷?ÖÚË���Ìë×j	cÖÊÇ�÷?ÖÚ÷�ì#ÌáÛ�ÅÈð�ðýË�ÖÚ×/Ì�	}Ìë÷?ÖÊÛ�ÌMð/ÅÈÇÊÙ#Å�.c÷£ÖÊÙw×�ùçõ
�¶í>Ë/ð�ÌXÖÚðN×�ì#ÌDß¡ÓÕØ\ð�Å!2£ÌMÇ>íÚ×¬ù-ÖÊË�Ç>Ì£ËëÎéýì#Ì
÷ëí�î#Ì
î#ÖÚ×�Ö|��ÖÊð�÷?ÖE��×�É#Ë�Ì£î Ì��+×/Ë/Ì£Û�Ì£ùçõ�1©É#ÅÐ÷J�+ùçõ®÷ëí>Û"�#ÖÊË/Ìëî®×�íþ×�ì�ÌFíÊ×�ì�Ì£Ë)	�Ì£Ù#÷�ìC<ÛKÖÊË��©ðëÎ¡éX��í&�¬ÅÈî#Ì/�¶í>Ë/î�ð»ÖÊ÷�ì�ÅÈÌ�#ÊÌ£î�Ö�Û�ÅÈð�ðýË�ÖÚ×/ÌMíÊïÆíÊÙ#ùÐõFÖ�	}íÊÉ�×MÏ@ªFÎéýì#ÌþðÕ×�ÖÊ÷J�mÖÊùÈð�í¤Ì���ì�Å!	#Åç×�ð ðÕ×�Ë/ÖÊÙ#Ç>Ì-	}ÌëìcÖ5#�ÅÐí>Ë£Î éýì#ÌþÛ�ÅÈð�ðKË/ÖÚ×�ÌþÅÐð ÖÚù���Ö{õ°Ï$���UªFÎ ó»ðÔ�Ìë÷ë×/ÅÈí>Ù�è�Î h ð/ì�í@�¬ð��U×�ì#Ì�Ù©É#ÛF	}ÌëË�íÊïñÖÊ÷£÷ëÌ£ð�ð/Ì£ðM×�íF×/ì#Ì�ð�×�ÖÊ÷J�×/ì#Ë/íÊÉ#Ç>ì#í>É�×½×�ì#Ì)	�Ì£Ù�÷�ì#Û ÖÚË��ÅÐðáÌ���×/Ë/ÌëÛKÌëùÐõ�ùÈí$�¢â�íÊÙ¨×�ì�Ì í>Ë�î#Ì£ËáíÊïMÏ$�Z×/ì#Ë/íÊÉ#Ç>ì#í>É�×X×�ì�Ì Ì£Ùw×/ÅÈË/Ì"�#Ë/íÊÇ>Ë�ÖÊÛ å���×�ì�Ì£Ë/Ì²ï�í>Ë/Ì ÅÐ×ð�ì#í>É#ùÐî\	�ÌMÌ��C��Ì£÷ë×/Ì£îZ×�ìcÖÚ×�Û�ÅÈð�ð/Ì£ð;�¬ÅÐùÈùB	�Ì�ï�Ë/Ì�1+É�Ì£Ùw×�ùçõ
Ç>Ì£Ù�Ì£Ë�Ö|×�Ì£î�Î

ø�Î1è�Î Í Øí>ùÈÌë÷£É#ùÈÖÊËýÒ»õ+ÙcÖÊÛ�ÅÈ÷ëð�Ô�ÅÈÛXÉ#ù-ÖÚ×/ÅÈí>Ù
ÿ�íÊ×�ð�É#Ë���Ë/ÅÈð�ÅÈÙ#ÇÊùÐõ��Ö�����Ë/í5��ÅÈÛKÖÚ×�ÌëùÐõ
Ï$���¬ÅÈî#Ìj��íÊË/î#ðMâ�èwÑ��
	©õ©×/Ì£ð�åñ÷?Ö���×/É#Ë/Ìëî
í$#>Ì£Ë y �UªpíÊïöÖÊùÐù÷ëí�î#Ì�ÖÊ÷£÷ëÌ£ð�ð/Ì£ðëÎ¿éýì#Ì�ðÕ×�ÖÊ÷J�áË/Ì01©É#ÅÐË/Ìëî[í>Ù#ùçõ[Í;�¬ÅÈî#Ì7��íÊË/î#ðÆ×/í½÷?ÖE��×�É#Ë�ÌNÖÊùÐÛKíÊð�×ÆÖÊùÈùwË�Ìëï�Ì£Ë�Ì£Ù#÷ëÌ£ðëÎ

ø y



10
0

10
1

10
2

10
3

10
4

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

Carpet Bag Cache Size (256−bit words)
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DIS Method of Moments 2 MB Flying Carpet Bag Cache

Code

Stack

Data (General Cache)

Data (Off Chip)

ÄÆÅÈÇ>É�Ë/ÌDø�Î1Ü�Î¿Ò½ÓÕÔ�ØÌë×/ì#í+îíÊï�Øí>Û�Ì£Ùw×/ð½àNÖÊË(�}Ì²×�ÞNÖÊÇ àNÖÊ÷�ì#ÌXØÅÈð�ð¬ô�Ö|×�Ì
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Carpet Bag Cache Size (256−bit words)
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DIS Image Understanding 2 MB Flying Carpet Bag Cache

Code

Stack

Data (General Cache)

Data (Off Chip)

ÄÆÅÈÇ>É�Ë/ÌDø�Î ø�Î¿Ò½ÓÕÔFÓ!Û ÖÚÇ>ÌMò�Ù#î�Ì£Ë/ðÕ×�ÖÊÙ�î#ÅÈÙ#Ç àNÖÊË(�}Ì²×»Þ�ÖÊÇKàNÖÊ÷�ì#ÌXØÅÈð�ð�ô�ÖÚ×/Ì â)Ñ�Ø�Þýå
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Carpet Bag Cache Size (256−bit words)
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DIS Image Understanding 32 MB Flying Carpet Bag Cache

Code

Stack

Data (General Cache)

Data (Off Chip)

Ä�ÅÈÇ>É#Ë�ÌMø�Î h ÎñÒ½ÓÕÔFÓ!Û ÖÊÇÊÌMò�Ù#î#ÌëË/ðÕ×�ÖÊÙ#î�ÅÈÙ#Ç àNÖÊË���Ìë×�ÞNÖÚÇ àNÖÚ÷�ì#Ì[ØZÅÈð/ð�ô�ÖÚ×�Ì�â�èwÑ�Ø�Þýå

éýì#Ì�Û�ÅÈð/ð»Ë�ÖÚ×/Ì£ð½ï�í>Ë½×/ì#Ì�í�:[<!÷�ì#Å��Ãí>Ù#ùÐõ�ÖÊÙ#î�Ç>ÌëÙ#Ì£Ë/ÖÊùÈÅ�2£ÌëîÃîcÖÚ×�Ö
÷£ÖÊ÷�ì#Ì£ðl�¶Ì£Ë�Ì&#+ÅÈËÕ×�ÉcÖÚùÈùÐõ×/ì#ÌMð�ÖÊÛ�Ì½×�ì#Ë�í>É#Ç>ì�í>É�×¬×�ì#ÌMË�É#Ù#ð£Î¶Ô�ÌëÌDÄÆÅÈÇ>É�Ë/ÌDø�Î y Î

ø�Î æ à�í>Ù#÷ëùÈÉ#ð�ÅÈí>Ù#ð
Ó!Ù#ðÕ×�Ë�É#÷ë×/ÅÈí>ÙªË�Ìëï�Ì£Ë�Ì£Ù#÷ëÌ£ð�ÖÊË�ÌFÌ?ÖÊð�ÅÈùçõ¨÷£Ö���×/É#Ë/Ìëî«	wõmÏ$�-�¬ÅÈî�Ìd��íÊË/î#ðëÎ¨Ó!ÙªÇ>ÌëÙ#Ì£Ë/ÖÊùP��×�ì#Ì6�#Ë�Ì�<
#+ÅÈíÊÉ#ð/ùçõï�Ì²×�÷�ì#Ìëîf�¬ÅÐî#ÌF�¶í>Ë/î�ÖÊ÷ë÷£í>É�Ù©×/ð�ï�í>Ë»Ù#Ì£ÖÊË/ùçõ�ì#ÖÊùÐïñíÊïñÖÊùÐù�ÅÐÙ#ð�×/Ë/É#÷²×�ÅÐí>ÙÃË/Ì²ï�Ì£Ë/ÌëÙ#÷£Ìëð£ÎáÓ!Ù×/ì#ÅÈð¶÷?ÖÊð�Ì���×/ì#Ì½÷?ÖÚË���Ìë×;	cÖÚÇ[÷?ÖÊ÷�ì�Ì�ÅÈð�ì�ÅÈÇ>ì#ùçõ�Ì�:}Ì£÷²×�Å�#ÊÌ�ÅÈÙF÷£Ö���×/É#Ë/ÅÐÙ#ÇX×�ì�Ì½÷£í+î#Ì»ï�í>Ë�ÖXÛ�í	#ÅÈùÐÌ×/ì#Ë/Ì£ÖÊîUÎÔ+×�ÖÊ÷J�Ë�Ìëï�ÌëË/Ì£Ù�÷£Ì£ð»Ç>Ì£Ù#ÌëË�ÖÊùÐùÐõ
Ë�Ì01©É#ÅÐË/Ì£îï�Ì��¶Ì£Ë%�¬ÅÐî#Ì
�¶í>Ë�î#ð�â:Í$<Õø[×�í ÷£Ö���×/É#Ë/Ì y �Uª�íÊï¿ÖÊùÐùÖÊ÷ë÷£Ìëð/ð/Ìëð�å<Î¤éýì#Ì
Ó!ÛKÖÊÇ>Ì ò�Ù#î#ÌëË/ðÕ×�ÖÊÙ#î�ÅÈÙ#Ç�ÖÊÙ#î Ò�Ö|×�ÖÃØ�ÖÚÙcÖÊÇ>ÌëÛKÌëÙ©×8	}ÌëÙ#÷�ì#ÛKÖÊË��©ð�ÖÊË�Ì ×�ì#ÌÌ���÷ëÌ0��×/ÅÈí>Ù�ÎáÓ!Ùþ×/ì#Ì�÷?ÖÊð�Ì�íÊï¡×�ì�Ì[ï�í>Ë/Û�Ì£Ë��_#>ÌëË�õþï�Ì��¥ð�×�ÖÚ÷J�þË/Ì²ï�Ì£Ë/ÌëÙ#÷£ÌëðDÖÊË/Ì[Ì�#>ÌëËDÇÊÌ£Ù#ÌëË�ÖÚ×/Ì£î��ð�íÖ
÷£ÖÊ÷�ì#ÅÈÙ�ÇZÛ�Ì£÷�ì#ÖÊÙ#ÅÈð�ÛÇ�¬ÅÈùÐù��#Ë�í$#>Ì�ì#ÅÈÇÊì#ùÐõË/ÌëÇwÖÊË/î�ùÈÌ£ð�ðMíÊï�Åç×�ð½ð�Å!2ëÌÊÎ�Ó!Ù�×�ì#Ì�÷£ÖÊð/Ì�íÊïñ×�ì#ÌùÈÖÚ×/×/Ì£Ë0��Ö�ì�ÅÈÇ>ì�î#ÌëÇ>Ë/ÌëÌDíÚïÆË�Ì£÷£É�Ë/ð/ÅÐí>ÙZÛ Ö��ÚÌ£ðý×�ì�Ì
��Ë/í	#ùÐÌ£Û ð/ÅÈÇÊÙ#Å�.c÷£ÖÊÙw×�ùçõFÛ�í>Ë/Ì�î#Å9m�÷£É#ùç×?Îú�í$�¶Ì�#ÊÌ£Ë0��Ö�Í��Uª ð/É�÷£÷£Ìëð/ð�Ë�ÖÚ×/Ì½ÅÈða#+ÅÐË�×�É#ÖÊùÈùçõ ÖÚù���Ö{õ+ð¬ÖÊ÷�ì�ÅÈÌ�#ÊÌ£îÖÚ×ý×�ì�Ì�÷£í>ðÕ×¬íÊïöí>Ù#ùÐõKí>Ù#Ì
�¬ÅÐî#Ì/��íÊË/îUÎ�à�í>Ù#ð�ÅÈî#ÌëË/ÅÈÙ�Ç�×/ìcÖÚ×ý×/ì#ÅÈðýð�Û ÖÊùÐùB�#Ë�ÅÈ÷ëÌD÷ëí>É#ùÐî\��íÊ×/Ì£Ùw×�ÅÈÖÊùÈùçõK÷ëÉ�×�×�ì#ÌM÷£íÊÛKÛ[É�Ù#ÅÈ÷£ÖL<×/ÅÈí>Ù
÷ëí>ð�×/ð�ÅÐÙZì#ÖÊùÐï¤��ÅÐ×�ðýð�ÅÈÇ>Ù�Å�.c÷£ÖÊÙ#÷£ÌM÷£ÖÊÙ#Ù#íÊ×^	�ÌMí$#>Ì£Ë�ð�×�ÖÚ×�ÌëîUÎÓ!Ùþ×�ÌëË/Û�ð»íÊïñÒ�Ö|×�ÖK÷ëí>Ùe.cÇÊÉ#Ë�ÖÚ×/ÅÈí>Ù�ð0�z×�ì#Ìf=ÕùÈí+í�<*	cÖÊ÷J��?Kí>Ù#ùÐõ¤â�ùÈí$�X<!÷ëí>ð�×0��ð/íÚï ×*�NÖÊË�Ì{å�÷ëí>ÙC<
.cÇÊÉ#Ë�ÖÚ×/ÅÈí>Ùf�#Ë�í$#>Ì£îªÌ��+×�Ë/ÌëÛKÌëùÐõ�Ì�:�Ìë÷ë×�Å9#>ÌÚÎ�ÿ�íÊ×áð/É#Ë(�#Ë/ÅÐð/ÅÐÙ#Ç>ùÐõ�� ×�ì#Ì�Ç>Ì£Ù�Ì£Ë�ÖÚù �#É�Ë���í>ð/Ì�÷?ÖÊ÷�ì�ÌË�Ì01©É#ÅÈË�Ì£îA	�Ìë×*�¶Ì£ÌëÙ°Ï?ÜþÖÊÙ#îªè>Ñ�ÝMÞ ×�ík	�Ì Ì�:�Ìë÷ë×/Å�#>Ì � ×�ì#ÅÐðX÷ëí>Ë/Ë�Ì£ð���í>Ù#î�ð�Ë/í>É#ÇÊì#ùÐõÃ×/í�×�ì#Ìð�Å!2£ÌMíÊïÆÖ�îcÖÚ×�Ö�÷£ÖÊ÷�ì#ÌDí>ÙZÖ�Û�í�î�Ì£Ë/Ù6�¶í>Ë��©ðÕ×�ÖÚ×/ÅÈí>ÙUÎ¶ü½Ù�×�ì#ÌMíÊ×/ì#Ì£Ë¬ìcÖÊÙ�î��cð�×/í>Ë/ÅÐÙ#Ç�í>Ù#ùÐõK×�ì#Ìí�:[<!÷�ì�Å!��Ë�Ìëï�ÌëË/Ì£Ù�÷£Ì£ðMÅÐÙþÖd	#ÉC:�ÌëË½Ì£ùÐÅÈÛ�ÅÈÙcÖÚ×/Ì£îÖ"#>ÌëË�õ�ù-ÖÊË�Ç>ÌáÙ©É#ÛF	}ÌëË½íÊï¡×�ì�Ë/Ì?ÖÚîþÛKÅÐÇ>Ë�Ö|×�ÅÈíÊÙ#ðÖÚ×;#ÊÌ£ËÕõ�ùÈí$� ÷ëí>ð�×£Î

h Ï



10
0

10
1

10
2

10
3

10
4

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

Carpet Bag Cache Size (256−bit words)

M
is

s 
R

at
e

Molecular Dynamics Simulation 2 MB Flying Carpet Bag Cache

Code

Stack

Data (General and
Off Chip Only)

ÄÆÅÈÇ>É�Ë/ÌMø�Î y ÎñØíÊùÈÌ£÷ëÉ#ù-ÖÚË¬Ò»õ�Ù#ÖÊÛKÅÐ÷£ð�Ô�ÅÐÛ[É#ùÈÖÚ×�ÅÐí>Ù
àNÖÊË(�}Ì²×�ÞNÖÊÇKàNÖÊ÷�ì#ÌXØÅÈð�ð�ô�ÖÚ×/Ì
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í>Ë�÷£÷ Ï>Ï� ø>Ñ æ �1è>èwÑ ��ÎÐÏ{è��wÍ
	#ÇÊÉ Ï$�e�1Ü æUy �±��>Ü ��ÎÐÏ>Ï h Í
��í>Ë Ï$�e�±� y Üe� Í hÊæ ��ÎÐÏ>Ï{Ñ æ
	�÷£÷ Ï$�e�±� æ øC� y ø>ø ��ÎÐÏ>ÏÊÏ y
ÖÊî�î#÷£÷ h � Í æ øC�1Ü>Ü æ ��ÎÈ� y Í>Ñ
ï�ðÕ×�í+î h �1è yy � y Ïsø ��ÎÈ� y èwÍ
	#Ç øC� ø hy �1Ü� y ��ÎÈ� h Üwø
ï�÷ëÛ"��Ì£î øC� ø>Í�Ï� y ��Ï ��ÎÈ� h Ü>è
Û[É�ùÈð/÷ë÷ ÍC�1Ü>Ü>Üe� h è y ��ÎÈ�>ÜÊè�Ï
	�÷£ð ÍC�çÏsÑ>øC�1è�Ï{Ü ��ÎÈ�wÍÊø�Ï
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ï�Û[É�ùÈî Ï�1è h èe�çÏ{è>è ��ÎÈ��Ï{Í æ
ùÐî�ï�ð/Ë Ï�1è>è�e� øÊèwÑ ��ÎÈ��Ï æUh
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ï�ÖÊî�î#î h è>Üe�1è>èwø ��ÎÈ�� y è
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ï�ÖÊî�î#î Ï�±�>è æ � hh ÍC� y Ü>Ü ÏÊÏ>Î Ñ æ>æUh
ï�ð�É�	}î Ï�±���e�1Üwø>ÍC�1è>è h Ï5��Î h øÊè�Ï
ÖÊî�î h èwøC� Í�Ï h � èwÍ æ y ÎÐÏ$���>è
ð�ùÈù æ Ï>Ï� h ÏsÍN� ø y Í æ Î æ ø æ ø
í>Ë Ñ>Í æ �±�wø��C�ÐÏ$� y Ñ+Î øÊÜ��wø
ð�Ìë×�ì�Å Ïsø y �±� æ �C� Ü h ø ÏÊÎ yÊæ Í æ
ð�É�	}÷ë÷ ÏsÍ>øC�1èwÍÊÜC�ÐÏ{è>Ñ ÏÊÎ ø�� yh
ð�É�	 Ï æ øC�±�wø h �ÐÏ æ è ÏÊÎ Í y�h Ï
ùÐî#ÉU� Ï æ>æ � Í>Ñ>ÑN� h è�� ÏÊÎ Í>øE�>è
ð�Û[É#ù ÏsÑÊèe� ø æ ÑN� è>èÊè ÏÊÎ è æÊæ Ü
À�Û&�#ù h ÑC�1èwÍ y � æ Ï{è ��Î hyÚæUy
ï�Û�í$#�ð ø h �1èwø>øC� æUy � ��Î h Í+Ï{Ü
	#ù ø>øC� ÍÊèwÍC� æ èwÑ ��Î hÊæ Ñ>Í
Ù#í�� ÜwøC� ø y �e� øÊÜ æ ��Î øÊèÊÜ>Ü
ðÕ×*� Ü æ �1Ü h Ï� y Ñ>Ñ ��Î ø��>Ñ h
÷£ÖÊùÈù Ü�Ï� y è>èe� h Ï>Ï ��Î ÜwøÚè�
ð�Ë�Ö Ü�Ï�±��ÏsøC� h ø>ø ��Î Ü>ÜÊè�
�¬ËÕõ æ �e� ø>Í��e� æUy è ��Î æ>æ Ñ h
ð�î#Å�#Ê÷£÷ æ �e� ø æ ÑC� æ è>è ��Î æ>æ Ñ>ø
	U#>÷ æ �e� øÊè>Üe�±�>Ü>è ��Î æ>æ ÑÊÜ
ï�Ù#ÌëÇ>ð è æ � Ñ æUy �1è y � ��Î èwøÊÑ�Ï
Ë�Ì£ð�×/í>Ë/Ì è�e� Í æ ÍC� y Ü�Ï ��Î è>è�Ï y
ð/Ö$#ÊÌ è�e� Í æ ÍC� y Ü�Ï ��Î è>è�Ï y
ï�î#Å9#+î Ñ h �1ÜwÍ��e�1è æUy ��Î è�ÏÊÏ{è
ï�÷ëÛ"��î Ñ h �1ÜwÍ��e� Ñ>ø y ��Î è�ÏÊÏ{è
ï�ð(1+ËÕ×�î Ñ h �1ÜwÍ��e� Ñ>Ñ h ��Î è�ÏÊÏ{è
	#ÇÊÌ Ñ�Ï� hy �e� ø>Í y ��Î ÑÊè>ø y
	�Ì Ñ�Ï�1Ü��e�1èwÑÊè ��Î ÑÊè æ ø
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ÖÊÙ�î#Ù Ï y �çÏ>Ï y � æ Ñ æ ��Î Ñ��>ø>ø
ÖÊî�î#÷£÷ Ï y �çÏ>ÏsÑC�±� æ ø ��Î Ñ��>ø>ø
.#×/í�î Ï y �çÏ$� h �çÏ{Ü h ��Î Ñ��>øÊÜ
ùÐî�ï Ï y �çÏ$�>Üe� h øÊÜ ��Î Ñ��>øÊÜ
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Ë�Ì£ð�×/í>Ë/Ì Ñ�ÏsÑC�±�>Ü y � øÊèÊè ��Î è y �wø
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ð�×�ï�ð/Ë yh Ï�� æ Ï h ��ÎÈ����Ï h
ï�	#É#ù y Í h � Ü>Ü�Ï ��ÎÈ����Ï h
ï�î#Å9#�î hÊæ ÑN� y ø æ ��ÎÈ����Ï{Ü
.#×/í�î ø>ÑÊèC� h Ï{ø ��ÎÈ����Ï{è
ùÈî�ï�ð/Ë ÜwÍÊèC� èwø h ��ÎÈ����ÏsÑ
ùÈî�ð/ì Í�Ï>Ï��ÐÏ$��� ��ÎÈ���� y
	cÖe�1Ö æ ø>øN� ÑÊÜ æ ��ÎÈ���� y
ï�î�×/í>Å èwøÊÜC�ÐÏ$� h ��ÎÈ����wø
	���í>ð è>Ü>èC� hÊæ Í ��ÎÈ����wø
	���í>ð0�1Ö èwÍ>ÑN�È�wÑÚÜ ��ÎÈ����>Ü
ï�	#É#ùÐÌ èwÍ�Ï�� èwøÚè ��ÎÈ����>Ü
ï�÷£Û&��î èwÑ>øN� ø>Í y ��ÎÈ����>Ü
ï�	#Ù#Ì èwÑ>øN� ø>ÑÊÑ ��ÎÈ����>Ü
ï�	#É#ÇÊÌ èwÑÊÜC� y øÚÜ ��ÎÈ����>Ü
ÖÊî#î�÷ ÏsÑ>ÍN� Ñ>ÑÚè ��ÎÈ����wÑ
	�÷£÷��1Ö h �e�1è�>Ü ��ÎÈ�����Ï
	#Ç>ÉB� Ö ø>øC�1è h ø ��ÎÈ�����Ï
é�ü½é�ó%� Í æ � Ñ hÊæ � æUh ÍC�ÐÏ y Ü Ï$���Î±����

y è



é�Ö�	#ùÐÌ�óXÎ æ ÎñÒ½ÓÕÔFÓ!Û ÖÊÇÊÌMò�Ù#î#ÌëË/ðÕ×�ÖÊÙ#î�ÅÈÙ#Ç�Ó!Ù#ð�×/Ë/É#÷²×�ÅÐí>Ù�ÄcË�Ì01©É#Ì£Ù�÷ëõ

Ñ)ÒoÓ ¿�Ô�Ì Õ-Ö�ºH×'Ì�Î&Ø%Ù�Ì Ó Ö}¾5ÌCÔ Ú/Ì�Î Ó ÌN�_¾n¿[Û%Üa¿�¾$��Ý
ÖÚî#î øN� hh øC� ÍE�wÑC�1Ü�Ïsø Ï{Ü�Î Í�Ï{ÜÊÜ
ð�É�	�÷£÷ øN� hÊæÊæ � h Ü>Üe� Í yh Ï{Ü�Î æ Ñ>øÚè
ùÐî#ð/ì æ � hh�h � øÊÑ��e� æ>æ Ñ Ï$��Î ÑÊèwø+Ï
ð�ùÈù èC� h Ñ h � øÊÍ>ÍC�±�wø h h Î±��Ïsø>Í
	�ùÈÌ èC� h ÑÚèe� ÑÚèwøC� h Ï$� h Î±��wÍ y
ùÐî#É#ì èC� Ñ æh � yÚæ ÍC� h � y Ü�Î h �>è æ
íÊË ÑN� ÜwÑÊÑC� øÚÜ y � hÊæ Ï Í�Î æUy Ñ�Ï
	�Ì ÑN� Ñ���Ï� h ÜwÍC�çÏsÍ æ æ Î1Ü�Ï$�wø
ùÐî#É�	 ÑN�ÐÏ y�h � øE�wÍC� æ Ï æ æ Î1Ü� æ Ï
	�Ù#Ì Ï�� ø>ÑE�e� æy Üe� yÊæUy è�Î1Ü�wÑ h
ÖÚî#î#÷£÷ Ï�� Ü h�h � è�ÏsøC� Ñ�Ï h è�Î ÍÊèwÍ æ
ðÕ×�ì Ï�� ÜwÑ h �ÐÏ5� æ � æ Ï{è è�Î æ � y è
ð�Ë�Ö Ï�� ÜwÑ æ �È�>Í>ÑC� Ñ>Ñ�� è�Î æ �� h
	�ùP�1Ö Ï�� ÜwÑÚèe� è�ÏsÑC�çÏ h Ï è�Î1è yy Ñ
ùÐî#ÉU� Ï{ÍÊÜe�1ÜwÍ y � æ Ñ�Ï ��Î1èwÑ h �
ùÐî�ï ÏÊÏ{Üe� æ>æ Ï� h � y ��Î Ñ æ è h
ð�Ìë×/ì#Å y Ï� y �wøC�±�>è>Ü ��ÎçÏ y Ñ>Í
ðÕ×*� øE�e� æ è�Ï� æ>æUh ��ÎçÏ æ ø>Í
	�ù Ü h � Ü y Ï� Í>ø�Ï ��ÎçÏ æ è h
ð�É�	 ÜÊÜe�ÐÏ æ �e� y �wø ��ÎçÏ{è h Í
	�Ç ÜÊèe�È� h Üe� y Ñ y ��ÎçÏ{èwÑ�Ï
ùÐî#î�ï Í h � ÍÊø>ÍC� Ñ>ø>Í ��ÎçÏsÑ>Ñ>ø
Ù�í� Í h � æ Ü>èe� ø�Ï{è ��ÎçÏsÑ>Ñ æ
ï�	�É#ùÈÌ ÍÊøC� Ü>ø�Ï� y è>Ü ��ÎçÏsÑ�� h
ï�÷ëÛ"��Ì£ð ÍÊøC� Ü>ø��e� h ��Ï ��ÎçÏsÑ�� h
	�Ù#Ì��1Ö Ï y � y �>Üe� Ñ h Í ��Î±� æ Ïsø
ÛXÉ#ùÈð�÷£÷ ÍN� æ Ï y � Ü�� y ��Î±��Ï>Ï{è
	�Ì��1Ö ÍN�ÐÏsÑ æ � Ü>ø�Ï ��Î±��Ï$�wø
	�Ç>Ì æ �È�wø+Ï� æ �wø ��Î±�� h Í
ð�Ë/ù èC� æ øÚèe� øÚèwø ��Î±��wøÊè
÷£ÖÊùÈù ÑN� Ñ>ÑÊøC� è�ÏsÑ ��Î±�� æ ø
À�Û&�#ù ÑN� Ñ��>ÍC� y�h ø ��Î±�� æ Ü
íÊË/÷£÷ Ï�� h ÑÚèe� è>ø�� ��Î±��>è h
	�Ç>É Ï�� Ü>è æ � Ñ æ>æ ��Î±��>è æ
	�ùÈÌ£ÉB� Ö Ï�� ÜwÑÊÑC� Í y è ��Î±��>è æ
ÖÚÙ#î#Ù#÷ë÷ Ï�� Ñ æ ÑC� ø+Ïsø ��Î±��wÑÊÜ
Ë�Ì£ðÕ×�í>Ë�Ì h �>èe�1Üwø h ��Î±���Ïsø
ð/Ö5#>Ì h �>èe�1Üwø h ��Î±���Ïsø
ï�ÖÚùÈÅÈÇÊÙ#îcÖÚ×�Ö h ��Ï� ø>ø æ ��Î±���Ïsø
	#Ö øÚèwøC�±�wÍ>ø ��Î±���ÏsÍ

yÊæ



é�Ö�	#ùÐÌ�óXÎ æ â�÷£í>Ùw×�ÅÐÙ©É#Ì£îzå
ÑnÒoÓ ¿�Ô�Ì Õ|Ö�ºH×'ÌNÎ"Ø%Ù�Ì Ó Ö�¾$ÌNÔ Ú%ÌNÎ Ó ÌN�_¾&¿[ÛjÜa¿�¾$��Ý
ï�ÖÊî�î#î Ü>èwøC� yy Ñ ��ÎÈ���Ï{è
	#Çe� Ö Ü>èwÍC�±� æ � ��ÎÈ���Ï{è
ðÕ×/ï ÍÊè y � Í>Ñ�� ��ÎÈ���Ï>Ï
ðÕ×�î�ï æUh èe� Ñ æ Ï ��ÎÈ���Ï$�
ï�Û[É�ùÈî æUh Ï� æ Ïsø ��ÎÈ���Ï$�
Ë�î�õ æ>æUh �çÏ y è ��ÎÈ���� y
�¬ËÕõ æ>æUh �çÏ y è ��ÎÈ���� y
.#×/í�î èwø æ � h Ñ�Ï ��ÎÈ���� h
	#ùÐÌ£É è æ �e�1Ü y ø ��ÎÈ����wø
ï�ÖÊî�î#ð Ñ>ø>ÍC�çÏsø>Ñ ��ÎÈ����>Ü
ÖÊÙ�î#Ù ÑÊÜ y �1Üwø y ��ÎÈ����>Ü
	�÷£ð Ñ>Í�Ï� Ñ>øÊè ��ÎÈ����wÍ
ÖÊÙ�î ÑÊè�e�1è yy ��ÎÈ����wÍ
.#×/í>ð Ñ>Ñ æ �çÏsÑ h ��ÎÈ����wÍ
	#ùÐÌ��1Ö Ñ�Ï æ � yh ø ��ÎÈ����wÍ
ðÕ×�î Ñ���Ï� ø y Ü ��ÎÈ���� æ
ï�ð�É�	}î Ï h øC�1èwø�� ��ÎÈ���� æ
ùÐî#î Ï æUy � Í>Í>Ñ ��ÎÈ����>è
��í>Ë Ï>Ï æ � Ñ�� æ ��ÎÈ����wÑ
	#ÇÊÌ��1Ö Ï>Ï æ �çÏ>Ïsø ��ÎÈ����wÑ
ï�÷ëÛ"��î Ï>Ï{èe� æ Ñ h ��ÎÈ����wÑ
ï�î�×/í>Å Ï>ÏsÑC�1ÜwÍ>Í ��ÎÈ����wÑ
ï�	#ùÐÌ Ï>ÏsÑC�±�>Ü æ ��ÎÈ����wÑ
ï�ðÕ×�í+î Ï>Ï>Ï� h Í>Ñ ��ÎÈ����wÑ
	���Ì��¶�#Ù yy � Í�ÏsÍ ��ÎÈ����wÑ
ùÐî#î�ï�Ö y øC�1Üwø æ ��ÎÈ����wÑ
ðÕ×�î�ï�Ö y øC� Í>Ñ>ø ��ÎÈ����wÑ
ÖÊÙ�î#÷£÷ ø>ÍC�±�wÑ>ø ��ÎÈ����wÑ
ðÕ×s	 ø��e� ÍÊè y ��ÎÈ�����Ï
ï�î#Å9#+î è y � æUy ø ��ÎÈ�����Ï
ï�î�×/í>ð èwøC� æUy Í ��ÎÈ�����Ï
ùÐî#ð�	 èwÍC�çÏsÑ æ ��ÎÈ�����Ï
	��#Öe� ÖC�±��× èwÑC�±�wÍ�� ��ÎÈ�����Ï
	�÷£÷ Ñ h � æ ø>Í ��ÎÈ�����Ï
é�ü½éöó/� æ øC� ø>Í>ÍC�±�wÍÊÜC� ÜwÑ h Ï5���Î±����

y Í



é�Ö�	#ùÐÌ�óXÎ Í�ÎñÒ½ÓÕÔ�Ô�ó½ôêô�Ö?õ
é�Ë/ÖÊ÷£ÅÐÙ#Ç�Ó!Ù#ð�×/Ë/É#÷²×�ÅÐí>ÙZÄzË�Ì01©É#ÌëÙ#÷ëõ

ÑnÒoÓ ¿�Ô�Ì Õ|Ö�ºH×'ÌNÎ"Ø%Ù�Ì Ó Ö�¾$ÌNÔ Ú%ÌNÎ Ó ÌN�_¾&¿[ÛjÜa¿�¾$��Ý
ùÐî#ÉU� æ Üe� Ñ æ èe� hy Ñ Ï{Ñ�Î Ü>Ñ�Ï{Ü
ð�É�	}÷ë÷ æ>æ � Í>Ñ h �çÏ$�� Ï{Ñ�ÎÐÏ{ÍÊè>è
ðÕ×*� èwøC� æ>æ øC� h ÍÊè Ï5��Î ÑÊÑ�� y
ÖÊî�î è æ �±�wÑ y � yÊæUh y Î Ñ h�h �
í>Ë Ñ æ �±���e� Ñ h � Ü�Î Í>ÍE�>Ü
ð�Ìë×�ì�Å Ï y �±� æ Ï� h Ï æ Í+ÎÐÏ y ø>Ñ
	�Ì Ï æ � Ñ>ø>ÍC�±�wø æ è�Î hy ÜwÑ
À�Û&�#ù ÏsÑC� ø�Ï$�e� æ>æUy è�Î æ Ü y Ï
ùÐî#É�	 ÏsÑC�±��>Üe� Í y Ü è�Î Ñ>øÊø��
÷£ÖÊùÈù y �1ÜwÍÊÜe� Í�Ï{Ü Ñ+Î Ü>è>ÍÊÜ
ð�É�	 h � Í>ø��e�çÏ æUy Ñ+Î è>è y Ï
Ù#í�� h � æ ø h �1Ü h ø Ñ+Î è�Ï æ Ï
ÖÊÙ�î#÷£÷ øC� h �>èe� y Í>ø Ñ+ÎÐÏ{è���
	#Ù�Ì Üe� æUh ÑC� ø æ Ñ ÏÊÎ øÊÜ yÊæ
ð/Ö$#ÊÌ Üe�1è�Ï{Üe� hy Ï ÏÊÎ ø>Ñ æ Ï
Ë�Ì£ð�×/í>Ë/Ì Üe�1è�Ï{Üe� hy � ÏÊÎ ø>Ñ æ Ï
	cÖ ÍC� Ñ>ø>øC� y èwø ÏÊÎ æ>æ �wÍ
ùÐî�ï ÍC� Ñ��wÑC�çÏsø h ÏÊÎ æ Ï yy
ð�ùÈù ÍC�±�wÑ h � Í>Ñ>Ñ ÏÊÎ èwøÊÑ>Í
	�Ì��1Ö æ � y Í h �1Ü>Ü� ÏÊÎ èwÍÚè æ
ðÕ×s	 æ � Ñ�ÏsøC� ÑÊèwÑ ÏÊÎÐÏsÍ+Ï$�
	#ÇÊÌ æ �çÏsÑ>øC� Í æ Ñ ÏÊÎÐÏsÑÚÜ>Ü
	#ù èe�1è�Ï y �1èwø>Í ��Î y �ÊÜ�
	#Ù�Ì£Ç èe� ÑÊè�Ï� Í æ>æ ��Î hh Ñ��
	#ÇÊÉ ÑC�1Ü h ÍC�çÏ{Ü>Ü ��Î øÊè>Ñ y
ùÐî#ð�	 ÑC� Í>ø�Ï� Ñ��� ��Î ø���Ï h
	#Ù�Ì��1Ö ÑC� æ ÍÊèe� ÑÊÜ æ ��Î Ü>Ü y Ü
ðÕ×/ï ÑC� ÑÊÜ>èe� Í��wÍ ��Î Ü�Ï{ø h
	#Ç Ï� ø h Ï� æ Ñ h ��Î æUh ÜwÑ
	#ùÐÌ Ï�1Ü�ÏsøC�±��ÏsÍ ��Î æ>æ Ï{è
ùÐî#î�ï Ï� Í>Í>øC�±�� æ ��Î æ ÑÊÍ��
ð�Ë�Ö Ï� Ñ�� y � hh ø ��Î è>è��wÑ
	#ùS� Ö Ï�çÏ{è æ � hy � ��Î è� yh
í>Ë�÷£÷ Ï�±� æ èe� hy è ��Î Ñ hÚæUy
ï�÷ëÛ"��Ì£ð Ï�±��Ï{èe�çÏ>Ïsø ��Î Ñ>øÚÜwÍ
	#ÇÊÌ��1Ö h è y � ÑÊÜ>è ��Î Ñ>Ñ y Ï
ï�ðÕ×�í+î h Ñ>øC� ÑÊèwø ��Î Ñ>ÑÊÍ h
ï�î�×/í>ð ø>Ñ h �±�>Ü y ��ÎÐÏ y�h ø
ðÕ×�î�ï ÜwÑ��e� h Ï{Ü ��ÎÐÏ{Ü yÊæ
ðÕ×/ï�ð/Ë Ü�Ï y � Í>øÊè ��ÎÐÏ{Ü y Ï

y Ü



é�Ö�	#ùÐÌ�óXÎ Íâ�÷£í>Ùw×�ÅÐÙ©É#Ì£îzå
ÑnÒoÓ ¿�Ô�Ì Õ|Ö�ºH×'ÌNÎ"Ø%Ù�Ì Ó Ö�¾$ÌNÔ Ú%ÌNÎ Ó ÌN�_¾&¿[ÛjÜa¿�¾$��Ý
ï�	#É�Ç>Ì Ü�Ï y � Í>ÍÊè ��ÎÐÏ{Ü y Ï
ï�÷ëÛ"��Ì£î Í>øÊèe� y Ñ h ��ÎÐÏsÍÚÜ>Ü
ï�ð�É�	#ð Í�� h �1èwø æ ��ÎÐÏ{è hh
ï�	#É�ùÈÌ Í��wøC�±� æ ø ��ÎÐÏ{è hÊæ
ï�î#Å9#+ð Í��>Üe� Í�Ï y ��ÎÐÏ{è h Ñ
ÖÊÙ�î æUh ÑC�1Ü>è æ ��ÎÐÏ{è�Ïsø
ï�÷ëÛ"��î æ Í y � y è>è ��ÎÐÏsÑÊÍ>Í
ï�	#Ù�Ì æ Í y � h �>Ü ��ÎÐÏsÑÊÍ>Í
ð�Ë/ù æ Ï h � æUh ø ��ÎÐÏ>Ï æ Ñ
ðÕ×�î æ ÏsÍC�çÏ y Í ��ÎÐÏ>Ï?è>è
ï�Û[É�ùÈî æ Ï{èe� Ñ>Ñ y ��ÎÐÏ>Ï{Ñ h
ï�ð�É�	}î æ Ï{èe�±�wÍ æ ��ÎÐÏ>Ï{Ñ>ø
ùÐî�ï�ð/Ë æ Ï{èe�±� æ Ñ ��ÎÐÏ>Ï{Ñ>ø
	#Çe� Ö è>ÜwÑC� Ñ>Ñ>ø ��ÎÈ� y�hy
ï�	#Ç èwÍ æ � ÍÊè� ��ÎÈ� y Ü h
	�÷£ð ÑÊèwÑC� y ø y ��ÎÈ�>ÜÊè>Ü
ÖÊÙ�î#Ù Ñ�� y �1è yh ��ÎÈ�wÍÊø>Ñ
��í>Ë Ñ�� h � æ è æ ��ÎÈ�wÍÚÜ y
ï�Û�í$#�ð Ñ��wøC�1Ü æ è ��ÎÈ�wÍÚÜwø
	�÷£÷E� Ö Ñ��wøC�çÏsÑÊÜ ��ÎÈ�wÍÚÜwÍ
	#ùÐÌ��1Ö Ñ��wøC�±�wÑÊè ��ÎÈ�wÍÚÜwÍ
	�÷£ð�� Ö Ñ��>Üe�1Ü æ Ü ��ÎÈ�wÍÚÜ æ
ï�ÖÊî�î#î Ñ��>Üe�1ÜwÑ y ��ÎÈ�wÍÚÜ æ
ï�î#Å9#+î Ñ��>Üe� æUy è ��ÎÈ�wÍÚÜ æ
.#×/í�î Ñ��>Üe� æ �>Ü ��ÎÈ�wÍÚÜ>è
ï�Ö�	�ð/ð Ñ��>Üe� æ �� ��ÎÈ�wÍÚÜ>è
ð�ùÈù9� ÏsÍ>øC� Ñ>Í y ��ÎÈ� æ Ñ y
ï�	#ù Ï$�wÍC� Ñ>Ñ h ��ÎÈ�wÑ h ø
ÖÊî�î#÷£÷ y Ï� ø y Ñ ��ÎÈ�wÑÊÍ�Ï
ï�Ù#ÌëÇ>ð hh � ø>ø>Í ��ÎÈ�wÑ æ Ñ
	���í>ð ø h � ø>Í h ��ÎÈ�wÑ+ÏsÍ
ÖÊî�î#÷ ø h �1Ü>èwÍ ��ÎÈ�wÑ+ÏsÍ
Û�í$#�Ë�ù!2 ø h �1ÜwÑ y ��ÎÈ�wÑ+ÏsÍ
Û[É�ù9� ø h �1ÜwÑ y ��ÎÈ�wÑ+ÏsÍ
ð�Ë�ÖL� ø h �1ÜwÑ y ��ÎÈ�wÑ+ÏsÍ
	�÷£÷ øÊÜe� ø>Í y ��ÎÈ�wÑ+Ï$�
	#ùÐÌ£É èe� hÊæ � ��ÎÈ���Ï$�
ùÐî#É#ì èe� Ñ�Ï>Ï ��ÎÈ���� y
Û[É�ùÈð/÷ë÷ ÑC� h Í>ø ��ÎÈ���� h
ï�Û[É�ùÈð ÑC� æ ÏsÑ ��ÎÈ����wø
×�Ö Ï�1è hh ��ÎÈ���� æ

y ø



é�Ö�	#ùÐÌ�óXÎ Íâ�÷£í>Ùw×�ÅÐÙ©É#Ì£îzå
ÑnÒoÓ ¿�Ô}Ì Õ|Ö�ºH×'Ì�ÎdØ%Ù�Ì Ó Ö�¾$ÌNÔ Ú/Ì�Î Ó ÌN�_¾&¿[ÛjÜa¿�¾$��Ý
ï�ÖÊî#î�ð Ï� Ñ�� y ��ÎÈ����>è
	cÖe�1Ö Ï�çÏ{Ü� ��ÎÈ����>è
	��#Çe� Öe�¶��× ø h Ñ ��ÎÈ����wÑ
	��#ùÐÌ��1Öe�¶�#Ù øÊÜwø ��ÎÈ����wÑ
ï�	#É#ù Ü y è ��ÎÈ����wÑ
ÖÊÙ#î�Ù#÷£÷ ÜwÍ h ��ÎÈ����wÑ
ð�×/ì è yy ��ÎÈ�����Ï
ùÈî�î è æ Ï ��ÎÈ�����Ï
	#Ç>ÉB� Ö è�Ï æ ��ÎÈ�����Ï
Ë/î�õ Ñ>ÍÊè ��ÎÈ�����Ï
�¬Ë�õ Ñ>ÍÊè ��ÎÈ�����Ï
ùÈî�ð/ì Ñ>Í�� ��ÎÈ�����Ï
é�ü½é�ó%� è>Ü>ÜC� è h ÍC� ø+Ï y Ï$���Î±����

yh



é�Ö�	#ùÐÌ�óXÎ1Ü�Î¶Øí>ùÐÌ£÷£É�ù-ÖÊËýÒ»õ+ÙcÖÚÛKÅÐ÷£ð�Ô�ÅÐÛ[É#ù-Ö|×�ÅÈíÊÙFÓ!Ù#ð�×/Ë/É#÷²×�ÅÐí>ÙZÄzË�Ì01©É#ÌëÙ#÷ëõ

ÑnÒoÓ ¿�Ô�Ì Õ|Ö�ºH×'ÌNÎ"Ø%Ù�Ì Ó Ö�¾$ÌNÔ Ú%ÌNÎ Ó ÌN�_¾&¿[ÛjÜa¿�¾$��Ý
ùÐî#î�ï ÍÊè�e� æ øÊÜC� èwÍÚÜ Ñ h ÎÐÏ h Ñ�Ï
ÖÊî�î Ñ>øÊèe�1è>ÜwøN� ÍÊÜ>Ñ Ï æ Î ÍÊÑ>Ñ y
ï�Û[É�ùÈî Ñ>Ñ h � æ Ï>Ï�� Ü�ÊÜ Ï{Ñ�ÎÐÏ?è æ Ü
ï�ð�É�	}î ÏsÍ æ � ø yy � æ �ÊÜ h Î Ñ>ÑÚè y
ï�ÖÊî�î#î ÏsÍ æ �1è>è h � yÊæ Ü h ÎÐÏ y�yÊæ
ðÕ×�î�ï Ü y �çÏ$��e�1Ü hy è�Î Üwø+Ï$�
ð�É�	}÷ë÷ Ü æ � æ Ï y �1è�� è�Î æ ÑÊÑÊè
	#ùS� Ö æ øC� Í>ø>ÑC�1Ü æ ø Ñ+Î Í>ÑÊøÊè
ï�÷ëÛ"��Ì£î æ ÍC�1Ü�Ï y �1ÜwÍ y Ñ+Î æ ÑÚè>Ü
Ù#í�� æ èe�1ÜwÑÊèe� h è�Ï Ñ+Î è�Ï{øÊÜ
ï�	#Çe� Ö æ �e�1è�ÏsÑC� Í��� Ñ+ÎÐÏ æ Ï{Ü
í>Ë èwÑC� y Í��e� ø hh ÏÊÎ ø>ÍE�wÍ
ï�Û�í$#�ð èwÑC� hh Ï� Ñ�Ï h ÏÊÎ ø æ Ü h
ùÐî#ÉU� èwÑC� h ø>ÑC� æ ÜwÑ ÏÊÎ ø æ Ü æ
ð�Ìë×�ì�Å Ñ��e�1Ü æ>æ �çÏ$�wø ÏÊÎÈ� y Üwø
ðÕ×*� Ï{Üe� ø y ÑC�1ÜwÍ>Ñ ��Î hy Ñ�Ï
ð�ùÈù y � æ Ï>Ï� h ÏsÑ ��Î Í�����
÷£ÖÊùÈù h �çÏ{Ü>èe� øÊÜwø ��Î æ èÊèwø
À�Û&�#ù h �±� æ �e� h ø�Ï ��Î æ ÑÊø>Ñ
ð�É�	 øC�1è�Ï y �±� h Í ��Î è h�hh
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