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Recently, achieving both low energy and high performance are de-

manded in the field of a mobile computing. And, the consumption en-

ergy of cache in the processor is increasing along with high performance,

miniaturization of the processor and an increase in cache capacity. Then,
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Variable Level cache is proposed as one of the techniques for reducing

the consumption energy of cache. Variable Level Cache is a technique

for aiming at the low consumption energy by changing dynamically the

capacity of cache. The half of cache capacity shifts to the Sleep mode

when cache is not necessary. And, it shits to usual capacity when cache is

necessary. Variable Level Cache is that has succeeded in the consumption

energy reduction in a single processor.

However, the main style is a multiprocessor now. Then, implementing

and the evaluation of Variable Level Cache in the multiprocessor that is

the main style now were done. Because the simulator that had been used

did not correspond the multiprocessor environment, the simulator has

been improved to the multiprocessor environment. And, the L1 cache of

the simulator is decentralized cache. The L2 cache is shared cache that in-

troduced Variable Level Cache . It has been understood the performance

might beteriorated when applying to the multiprocessor archtecture by

the evaluation as it is conventional in the technique.

Then, it proposed a new technique to control the cache capacity change,

and implementing and the evaluation was done. As a result, the proposal

technique was improved from the conventional technique about 44% or

less in the energy delay product in the multiprocessor environment.
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•

©9ª�«�¬�®�¯
–
·�¹5Æ¼Ç�È	É�Ê�¹SË

– Ì�Í%Î,Ï�Ð9Ñ�Ò3Ó�Ô�Õ�Ö ¹�×�Ø9Ù
– Ú�ÛÝÜ�Þ9ß�à ¶�ázâ�¾�ã�ä
– å�æ9ç�è

•

¶%·3¹^º	»�¹j½
–
·�¹5Æ¼Ç�È	É�Ê�¹�é�ê

– Ö ¹�× Ð9Ñ
– ë Æzì�¶�°²±�í5î�ï�ð9»�¹j½òñ�ó�ô Ò Á�õ¼ö�÷�Á%øAÁ Ô
– å�æ9ç�è"ù�ú
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F���=(k RC� F }
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Ry��Y|¯&° 365 ���� "!$#�%I*<¦ §�ú�û � Simple Scalar

.$�© ? © F�H Simple Scalar = �&Y�#�ÍIæq�t����£i!{r�*����E£i!{rZ#�Éq%3 ���;R·Syh H ¼��&ü��c�;�<ü�R�S F;k YEý���Q����I£i!{r�þ�ÿ�R�*G#É�% 3 �G#���Íq.$�i~ ��=\k RG�<p�© H,àqL Y|ü1�C.$ì f�F�L�f �<�
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CPU

Memory

CPU CPU

L1Cache L1Cache

L2Cache

Memory

SimMips SimMipsMP

û
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#
Éq% 3 ���q�

3.1 SimMips���,RqÛq�,w F #&É{% 3 �1�|* 5 �,� = p F #�É{% 3 �&�6R�S F;H SimMips[3]����� ß R�J�K B$^�L���� � ��! ��"
© ?	#1��= p F #�Íq�q� B�$ ¯	%¦G. #'&4>|L MIPS32 (�) £i!ZÎÒ*t���I£i!{r·.+*-,�#�Éq% 3 ���;R·SF1H SimMips
��#�Í$æ�������£�!{r�*Z#�Éq% 3 ���;R·Syh6Y"ý��
Q����£�!{rC�.� � >"? " `�/ Y�0��;�� :!$#�% m21�3Á>"? ©�p<© H

3.2 SimMipsMP�	��R�Û&��w F #
É$% 3 ����R SimMips
.�ý<��Q
����£Á!Mr	� � ��
4 >(L Ñ�RCY65&»'7

L1
�
 {!�#,% =�8:9 7';,° 3:5 � L2

�
 {!�#,%$.;¼<>=@?�A�B'CED'FGD
4 HJI�K A2L	M�N+OQPSR@TU= H	V L1 H	W:XZY\[�] ME^

L2 H'V�WGX_Ya`Ub�ced =+^Qf�g.Mih:j	k V 9�l�m	l O>npo�q�O'rQs	t'uF+v>wJA

4 x y z { | } ~�� � � � � ��� y � ��~ � ���� �
�G��O����2^6;:�>h�� ]����6b kQ� V����S� s�k'j�� ]E �¡.¢£b¥¤Q¦'§s�O'r�¨	©Sª �'« R�?�AJ¬ � s�^ �J ;:�>h�� ]����6b kQ�+F�® ]�¯� �¡
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�E��b k'�@°�±
L1 ²�³ -cache 32KB(64B/entry, 1way, 512entry)

L1
L'MeN

-cache 32KB(64B/entry, 2way, 256entry)

L2 cache 512KB(64B/entry, 4way, 2048entry)g b´Y´µ h X:¶ j'k
L1 cache 1 cycle

L2 cache 16 cycle·	¸�¹
250 cycleº M¼»¾½'¿�O�À�M ` MGÁ b »h XG¶ j	k

5cycleÂ
1: SimMipsMP

O �Ã�6b k	� H+ÄQK�Å�Æ�WGÇ MEN

¢Èb¥¤Q¦'§ÉH2Ê�Ë =�^J¬QO�Ì l	Í F�Î	Ï K�Å A6Ð:�>h�� ]����Ñb k�� H�ÒÓ « ^ Í�Ô OG¨'©-F�v>w  �¡�¢Ub6¤GÕ�Ö�V ^�Â
1 H@I�K AÐ'�_hJ� ]E�E�2b k	� V L2 × ÌeØ �Ã�2b k	� H�Ù <Z=Q^

512KB
O

L2���6b kQ� d = «�Ú w���Û º M_» d ^
256KB

O
L2 ���6b kQ� d 256KB

O
L3 Ü'Ý�Þ �E��b k'� d = «QÚ wÑß�à'á�âÃã ]�ä M º M¼»åO

2 æ'ç F�è ÞH ½G¿Sé Å A º MZ»ê½:¿ V 8192 ë O ����b k���ì c�¢�[�íSH����Ñb k��'î
[ ë�ï F�k�ð Yòñ'ó F Ë Ó «'���6b kQ��î [�ô F�õGö>=�^�÷�øiùe�Ñú�û�ü?£ýÑß�à�á�â-ã ]eä M º M¼»¾^Q÷�øÈù-�ÑþEû-ü�?iý6��Û º M¼»ÿs�è�� KÅ AQ÷+ø V���� [2] d��	�ÑÆ�WGÇ MEN�s�
 Å 25%

F Ë Ó ?eA

4.1 ����������Û ���6b k�� d Ð:�>h�� ]����6b k�� H�Ò Ó «GÙ v����QOQ¨:©EF�vÈwJA�´j ¯ ®�M c	 �¡ � W��ÃV SPEC2000
ùE�2^

SPECint2000 � ý
164.gzip,

175.vpr, 181.mcf, 256.bzip2
O

4 æQç ^
SPECfp2000 � ý

183.equake, 188.ammpO
2 æ	ç ^��

6 æ	ç F�� Ë =
SimMipsMP

s � Æ N�MSjGk�î���h2M-k"!�jF+v�ü�?�A$#�%SF	D
5 H@I�K A&

normal '�( ��Û �E��b k	��^ &
level ')( Ð'��h2� ]��E��b k	��s*
 Å,+#�%É^@�´j ¯ ®�M c ��-�O/.�0 H�1 Ó « Í'Ô O/2�3 (54 ý ��67+��.�SV ^ÐQ� h6� ]'����b k+� V ^ ����b k+��ì c�¢�[ O�8 9 Í�(5:�; ��< ^ �'�Ñbk'��g b�Yêô (�:�=$> Å OGs�ß�à�á�âÃã ]�ä M º M » s�è,� K�Å���d (? = ^@8�9 Í7( ß ; �"< ��Û º M¼»\s�è�� K�Å���d ( ? =$> Å�d Ó wBA
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5: Ù v)�,�

Í F�C Ò*+ ® ]e¯e �¡�¢Ub6¤	¦�§ O D�Ei^GF  �¡�¢�b6¤ s Ù v*HGO  �¡� WI� (KJ C d�K�Å����Ñb k�� J CG°'± (/L w 6,M ^
L2 ���6b k�� H ì c¢-[ ( ? Ó5N O  �¡ � W/� ( 8�9 Í)(�: Ó D,E´^/CEwPO N O 8�9 Í7( ßÓ D�E�sQCJß�à�á�âÃã ]eä M º M¼» H > ü «SR�� w +	�K6 ^�¬ � sUî [ô (,:T=U> Åed º M »¾½�¿ (/V � �J^ º M »åO:½'¿Éé ( ?/W R2«QR�� w +þ�¸�O ��d ( 2,3�O X"Y	û dPZ éSý �SÅ�+

5 x y z { | } ~ � [ \ ] ^ _)` a b c � d ef,g�s V ^�® ]�¯� �¡�¢�b6¤�h ; O º M »¾½'¿�i�j-F�k�lÉF�v>w +
5.1 m�n oGp�qsrutwv�xSyszº M�»\½�¿ V Ð��Zh@� ]e�E�Jb k	��O Í�Ô FI{�| K´Å�}�~ >/� 0�s�

Å�+ þ�¸eO	�¼�2^.Ð'�_h@� ]E�E�2b k'��O º M�»\½�¿ V 
 Å O�ö*��� í� ���6b kQ��î [�ô � ù�ü « ½	¿��	ö*��v-ü « Ó Å5+ ù�ü « ^J® ]�¯� �¡
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P
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Core1

Core2
25% � ú

26% � þ
25% � ú ß�à�á�âEã ]�ä�� º � » o�q��,�
26% � þ o�q���� ��Û º � »

Â
2:

o�q����

¢>bÑ¤ � Ê���R@6 D,E�^
L2 × Ì � ÐG�Uh2� ]��e��b kG�K� Ê���RJ« Ó Å6�M ^

CPU
��-7� �E��b k	�eî [+ô s º � »¾½'¿�����ö R2«QR�� w +�R� R ^�F  �¡.¢Èb ¤ �@� ÅQ �¡ � WI� � ù�ü «'���6b kQ� J ~ °'± (/L w

6�M ^:ì c�¢Ã[ ( ? Ó  �¡ � W/� ��� } (�� ü «SRQ� Ó ��� ��� � ( sR > Ó +
5.2 �����wm�n oGp�qsrutwvT���¬ � s�^�® ]�¯� �¡.¢Èb¥¤Q¦'§ � 1 Ó « CUF  �¡.¢£b¥¤ s ���6b k���î
[�ô ��� MeÅ���d � ùÃ� Í�Ô 2�3*�+ß��,� Å i�j*�e^ º � » ½�¿���ö��vUw$�5� ( L w

2 æ'ç k�l�� Å�+þ	¸������2^ Í'Ô�( 2�3�� Å X)Y V F  �¡.¢£b¥¤ �  �¡ � WI� � ���Ñbk'� J ~ °�± ��� � s�� « Ó > Ó 6�M s*
 Å,+ ùGü « ^�F  �¡�¢�b6¤ ����6b kQ� J ~ °'± �@� � s�� Å ù�w � ���6b k:��î [�ô � F  �¡.¢>b�¤s d�Å5+ Â 2
��ù�w � �  �¡.¢£b¥¤ s ���Ñb k���î [�ô ( ÷�ø*�+ú ë ü 6D5E��	r+ß	àGá	â�ã ]'ä5� º � » � ½G¿Sé	^¢¡ � �  '¡�¢´bå¤ sGþ ë ��<��Û º � » � ½�¿´é��+v�w ��d s Í�Ô 2,3£��ß���ª ¤ Å,+ > 1 ¥ N ( þë �J^ ¥ N ( ú ë Å D�E V o'q*���5��� Å + º � » ½	¿)� � V ^�¦

6
��ùw � F  �¡.¢Èb¥¤ �:Ð:�>h�� ]����6b kQ� �@� � Å O:öSì c.¢e[+í�§I¨)©� ÷�ø��	ö*��v wKC@� d ^$¦

7
��ù�w �$ª5« �:Ð:�>h��5¬ �����® ��¯ �� ù�w � Ð:�T°��5¬ �����® � �@� � Å O:öSì,± ¢)²+í � �	ö*�.v Ó"³ �� � F  �¡�¢�6¤ �e÷�ø���ö£��vUw C��

2 æ�ç � i�j�s Í�Ô ¨�©���v�ü
6"+ > 1´��� �"´ k�l�i�j¶µ·� &

separate ' ³ k,l�i�j 2
� &

integrate '¯U� Å�+
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miss miss

Core1 Core2

Access Access

Judge

¦
6: separatea

ð ¡��'¯E�K�¹¸

Core1 miss Core2 miss

ALL Access

Judge

ALL

¦
7: integrate

ð ¡��'¯E���º¸
6 » ¼ ½ ¾ ¿ À Á Â Ã Ä Å Æ Ç
6.1 ÈuÉTÊ�ËuÌÍ,Î�Ï	Ð�ÑUÒ�Ó)Ô5Õ�ÖØ×GÙ7Ú�Û�Ü�Ý�Þ)ß�à�Ô5á�â�ã�ä$å�×�æUç�è�é/êë Ñ@Ò�Ó)Ô ì�íT×7æ$ç î7ï5ð7ñ,ò£ãIó,ô�õ�é�ö�î�ï�ð7ñ�òT× Ð Ú�Û�Ü*ÝÞ7ß,à

E
×$÷5ø)ù�ú

T
ã û�ü,é�ý�×/þ�ÿ���ç�� ë é�ý�×�� Ï���é5ö î�ïð)ñ�ò��	��
/è���UÙ�Ú�Û�î7ïQ×���Ò�Ó7Ô á�â�������Ï��Kç�è�é7ý�×�ã

� æGç�è�é�ö

6.2 ��������� ��!Ú Û�Ü7Ý�Þ�ß à)þ#"�è ç)Ð5Ñ%$	&
[4][6]

ã('�)£þ+*-,�Ô*ÿ�.�þ0/	1SæUê�ö
2�3 Ñ54�687:9	;=<?>#@�A)þ7ÿ é(B�å�Ü�ÝIÞ�ß,à�Ô=C-D

DEtotal

ÐFE	G
H <�>I@A?J�KPÔ	L�M?B)å,Ü*Ý�Þ7ß�à

DEline

×=<�>I@A�N:O
Access

ÔD7ÏF� ë�P8Q é�ö�ÿ	��ç=/?1�R£Ð
DEtotal = DEline × Access (1)×IS)é�öT þVUGà�>IÜ"ÝIÞ�ß,à

LEtotal

Ð
1
>FWV7#>5XVG?> Þ�Ï�Ú,Û�õ éFE	G HJYK�ÔZLFM[UPà�>�Ü)Ý Þ�ß�à

LEline

þ0C�E�G H O
CSize

×I\?WZ]^E:_/÷ø`>FW�75>5X�G?>�Þ	O
CC
Ô/ò�Ï?� 2 é�ö�ÿ	� ç=/F1�R£Ð
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LEtotal = CC × LEline × CSize (2)R
(2)
Ô

LEline

Ð�Ñ+4^6a7I9�;Zb5cdUfe?g�Ôh.�i-A�UPà�\Ic�àkj$×#S^�ç�è*é�E-G H Ô	l?m
SR
×IAhU$à�\Zc7à�j Ô�EFG H J�ênKGÔdUUàV>IÜ*ÝÞ)ß�à

LEsline

Ô5ò	þ�Ñ0o^p?c7àqj Ô�E-G H Ô	l?m
(1 − SR)

×ro^p?c7àj ÔE�G H J�êYK�ÔnUPà�>�Ü)Ý Þ�ß�à
LEaline

ÔKò*ã5s�tKêu@Ô/Ï�v�é�êë Ñ#*?,�Ô�ÿ�.Iþ
LEline = SR × LEsline + (1 − SR) × LEaline (3)×(S�é ö0A`UBà�\5c,àwj ù7þ

L3
4?6a7(9Z;�þ=<->�@^A õ�é0x�m

,
oFp	c�à

jBþ�yzK|{�t,é0}?~?�^v�é
, L3
4�6�7I9�;�<F>(@�A/Ô?�)Ñ�4�6�7I9�;=E�G

H ã	AYUGà^\�c�à�j�� P o�pFc�à�jGþ+ywK�{�t�é�Ü"ÝIÞ�ß�à�Ð
CEtotal = CEline × BSize × Accesssline (4)×f�
 Q éKö

CEline

Ð(4�6f7�9�;�E�G H JKê�K·Ô:c�à[j�y�{ Ü�Ý@Þ5ß/à�Ïv�KGÑ
BSize

Ð0c5à�j ã0ydK�{�t/éZE�G H O
( � H >@Ô5��Z
 )

Ñ
AccessslineÐ�o?p-c�àkj���ÔZyF{N#O�Ñf" 2 K����[�8�5Þ�4�6a7#9�;�þ#�*ü�é�A�UPà\�c�à�j ù5Ô

L3
46�7Z9-;�þZJ,ê"é(�F�?��Ô<?>#@�A Ô�N5O�Ïv7é,öÿZ� ç*Ñ54^687I9=;�e�g7Ô5Ú,Û�Ü"Ý�Þ�ß,à

Etotal

Ð,Ñ0R
(1)
Ñ0R

(2)
Ñ�R

(4)
ÔZD�Ñ@õ�SZ��i"Ñ

Etotal = DEtotal + LEtotal + CEtotal (5)×5S)é�ö� Ñ|o?p�4�6�7#9=;r�
DRI
4�6�759Z;GÏ£Ð�Ñ�A�UPà�\Ic�àkj ÔE�G H Ð����æ+S5è�ê ë Ñ

CEtotal = 0
×IS)é�ö4�6�7�9-;�Ô�Ü�ÝKÞ7ß�à"ã:����õ é#�	Ð

Cacti[7]
ã ô�è

, 32nm
\^W5@

A�ã#�?��æIÑ-E-G H XVG= 7ã
64B

×�æGç	� ë ê
,
� ë ê���ã:*?,�þ � õ7ö

DEline = 2.20E − 10(J) (6)

LEaline = 5.39E − 15(J) (7)

LEsline = 8.61E − 16(J) (8)

CEline = 1.92E − 16(J) (9)*?¡7ÔFR,Ï?� 2 ��ê�Ñ$÷,ø�X�G�> ÞFOØ×$Ú�Û�Ü*Ý�Þ7ß�à,Ô5ò�ã:� ëZ¢?£ãIø[.Uö
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7 ¤ ¥ ¦ §¨F©uæ�ê�ª�«�ã
SimMipsMP

þ ÷-¬�æ�Ñ������×:®Y¯
SPEC

ÔF� H5°
± à>F\�W�]EZ_)ã�9�²=;��$à`9�³ H ã�ø���ê"ö��?��ì,í�Ð5´Fµ�Ï � æê�î�ï ð�ñ5ò�Ï,ø[.Uö

7.1 ¶k·�¸q¹÷�º þ�ÿ	� çZ» P8Q ê:¼�½*ã#» P�Q êI¼�½*ãF¾
8
þ � õ7öÀ¿

normal Á �o�p�4�6r7�9-;�ÑÂ¿
level Á �-Ã�Ä*ÔF�?�w����Þ�4�607�9-;�ÑÂ¿ separate Á ×¿

integrate Á ��¨-©?ª?«�Ïv7é�ö�¼�½*ãIÅ�é7× Ñ separate
þ5��è�ç=Ã-Ä)Ô�?�k�0��Þ�46r7�9-;�ÿ�K�u0¼�½^�?Æ�è�Ç�à^A-��v�é,ö/ý Q Ð�Ñ�Ã�Ä�ª«)Ô�ù*þ�Ð(o^p?c)à�j Ô-B?ÈSÿK�u�Ñ�Ù�Ú�Û�Ü�ÝKÞ7ß�à-c7àqj Ô-É��-l

m��?������ê���Ñ
separate

Ï	Ð�Ñ+o^p?c7àqj Ô���.r�FB?È)Ô	lFm��?�zÊS��ç�è�éI� PrË ×�)`t P8Q é�ö 2 ê)Ñ
separate

ÿ�K
integrate

Ô-É?�=¼
½���è,è�Ô*Ð�Ñae�g�Ô�<�>#@�A)þ�ÿ���ç-c�à�jÌy-Í�ã#Î?�TæGç,è�é�ê ë Ñ
separate

ÿ�K�urÏ	Ð�Ñ þ#c7à�jÌyFÍ�ãIø���ç�è�é/ê ë Ïv7é,ö
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8 Ò ÓÍ5Î�Ï£Ð�Ñ����[�8�5Þ�4�6a759=; ã ± Þ ° \?W(@�7fX=ÔFÕ?�ZÖ?×Øæa�-�ã�ø���ê�öa¼?½£Ñ8���[�8�5Þ�4�6�7#9=;@ÔZÃ	Ä7Ô�c�àkjØy-Í,Ï£Ð$Ò,Ó-Æ-Ù
��Å P�Q êZ�*Ñac�àkjØy-Í*ãIÚ�\?W(@�7fX5Ï�4�6a759=;?²+AIÛQ×Ké�ý�×Kþÿ�KUÑ î�ï/ð�ñ ò�þ#��è5ç

separate
Ï	Ã	Ä7Ô����[�8�5Þ�4?6�7(9Z;UÔ�c�à

jØy-Í�ÿ�K:u�LFM
10% Ü Ñ�Ñ integrate

Ï£Ð�LFM
15% Ü Ñ?Ý�Þ���Å P�Q ê�öß^à Ô?á�â�×"æ ç Ñ#J�ã�ä�å�Ï�ã�äY
 Q ç7è�é

VSP(Variable Stages

Pipeline)
×rm��-æ"ê9�²�;��Uà�9�³ H �F� Ñ 2 ê)Ð�Ñ�ç�þ	\�W#@[7aX	OãIè��Øæ@ê:x?m7Ô��F��S��+��)`t P�Q é�ö

9 é êÍ?ã�ä�ãIøz.�þ�v�ênKGÑ	ë�ì�ì Ñ	ë5í^î�è�ê Ë �:,�
Kè 2 æ ê�ï�ð#ñò�ó�í?ô	Ñ0õ�ö	þ�÷dÊGÔ	í�î"ã è7ê Ë � 2 æ�ê�/?ø?ù?úFôFû�Ña��ü-D�ýþVÿ"þ��kÊ����"è7ê	æ 2 õ7ö 2 ê�Ñ���ð	S	��
�þ�çF���� þ�SnK 2 æ ê
�����<KàF4��^> ° 6(ã�ä?å�Ô�����þ�u��Qÿ�K���)è�ê æ 2 õ7ö
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