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Evaluation of IPC of a high-speed instruction scheduling scheme for superscalars

KENGO NISHINO, é RUI ODA , é MASAHIRO GOSHIMA , é
YASUHIKO NAKASHIMA , é SHIN-ICHIRO MORI , é TOSHIAKI K ITAMURA é

andSHINJI TOMITA é
A superscalarhasa logic calledwakeup to manageavailability of thedatafor instruction scheduling. We

have proposedanew scheduling schemewhich substitutesassociation of thetagsby readingmatriceswhich
representsdepndencesbetweeninstructions,anda methodwhich changesthedelayof thematricesinto IPC
penalties. We evaluated the penalty by simulation. The result shows that the matricessizeof 16 to 64 is
enough even for theprocessorwhich have an infinity of the issuewidth andthe window size,andthat our
schemelet thedelayof instruction scheduling almostindependentof thewindow size.
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±j­��yg�e<sAt�3�÷�¦Uo MIPS R10000 ¥�n�o���| �� o � {�± / vÇÄï½ (LS) o.4%³65�|�£ (FP)
��� �(ã4�7 ��m�o �ø÷ *
8 ô o ÷�ü *98;:=< � �$�  zU{��
�<�0t��| ���  z�{�� CAM �iÒ�Ó�t�/>1G{ÇÄ |�nao 3� 4? �ø÷ *)@A: ��ôCB¨g	ÖKÊ�Ò�sCt

2.2 Ô�¥
Ø�Ú���¡�¢Um�o wakeup g select gÅñ�â
�
Ê 1 }�
 K [	¥�·
´$r�sÏQ%R<c��ysSt ÑS� � �¨¢*b�o
select ��w%x�n
D ��E { Ä w%x ��� e<s���Ð4o LSI �F ��Ý�m&� õ Ê�G���mIH�J�ÀK�"s�gÎj�k"ÀK�"sCt0ç�è
wakeup �iw�x�nao RAM g CAM �LK4{�±NM�o þ
¾�ÄM�o�O¨¾\¿�Mye ê ��P�M�w�x ��� e�s��	Ð�o LSI � F
�
Ýy�.Q�R���s���m�fKÒ�t(�%�y�4k M$m�¡�Æ wakeup
n>o LSI � F �(Ý�o	á0
6G(°i
�}a����Ý�m�g	h>e õ Ê
Ò õ ã�¢ K |�n$ß"S*[<m0e õ Ê�Ò"f0g�j�k�Àa�"s��4¥
�<sSt

3. T(UWVWXZYW[L\(]_^2`(acb�dfe�g2h�icj
©�ª �(v	w�xUz�{�|�}�~Aè�«�¥�n>oUë
p�¥�Å�mG�<s�(� � °%± o�rye	â�bAë
p8Ú�Û��>o rename g wakeup
� 2 k�m�l õ ÊG´ õ Ê$Ò�sWt Rename ¥�nao tagL/R �	�s4�	Ð$mao��%�"my� ��� c$ã4� 7 ����«>{�vP¬ ­�¯
°�}�± ��n�o�m�� �(� ��p�r�t Wakeup ¥�n�o rdyL/R
�*���(r�s4�	Ð>o�n�o"my� �(� c��%�"m�� ��� �y«�{
vÇ¬�­(¯�°�}�±²��p�r4t
Ö � ÖWo�²��(¥	Ø$Ú��<¡�¢amKo�ã0��{�Ü�ÀGn � e×Æ

Ý�e<sCt�ãU�yn>�( <��k¤M
m�¡�s½¼
(1) qsr @"tsu Wakeup ¥yn\o
n�o8á�m<� ��� nAoi{
|�p0q�Ö+	�s\r(Ú
Ê(�*�%��á<�Ur�Ú
Ê
�y«>{�vP¬®­(¯
°$}�±j��p�r
Q�R<c
�<sSt�ã	�(��Ð wakeup mU����s°�± n>o�v�k�lymI®%¯�lym	e �"w sG��	�e�Ò>t
ç0è Rename ¥�nAo����8á�m�� �	� nAoUã>� 7 �
��«K{
v�¬ ­�¯�°
}�±²mAÍ×ÖAÊ�o�� � ô � 1 �"Ö � p0q�Öx	
e�Ò�n�o�á���pH�0¦y¡�Ò>t
(2) C2y�?HD�z è){
;L| �
x�vH��¬a| � { �4}U~G�
�	Ð�o�«>{�vP¬ ­�¯�°
}�±®¥y��sCi	k��(x�v��	m���¦�"/ �a´½¢ ��� nI{�|�p0q�Ö�	¨sWt�Ö � Öuo���s �(�
�
n�o8áyn0ã�� � �"¢�b ��� ���	¥8Ã�����h\��¥���sÅtF ��� n Rename � in-order ¥�q0}$r"s4��Ð�o rename
n�ã���Ã��y�9n�o%á���~×s$Ñ$gCc�¥�¦(sSt
�%��� 2 �$�4k M$m�¡"Æ o rename m��<��sCë�p�Ú

Û�n9��ÿ"m����
Ý�À>��sSt RMT ¥�n�o�i�k �$x�vH���g�mIÃ��<�.n�o�á ? � tagD B
� / ����÷UÊ
�<�8¦
¡<fÉo °�± n��6��lym>´½¢	Ñ
gScG¥�¦
sWt
ç�è wakeup mU�<��s °�± n�o�®%¯
l � �"�6��l�m
e �0w sG��	�e
Ò�t�ã����$o rename n�á6
µG(°�
�}
�<� � }�Ä Ã"}�±²mG�<s4�	Ð�o�Q�R�¥<�U�H¦�á"
6G�°

"}CÝ$r�s$Ñ�gAc�¥¨¦
s4��m>Í�Ö>Ê�o wakeup n�á�

G�°�
�}uÝ��	ï
¥��<sSt

Wakeup �$�(Ð��4ë
p�Ú%Û$o(r�e�â"bao0n�o%á�m����� �y� ãG�*����á�m<� ��� ? �<«a{�v�¬ ­�¯�°(}"±�B
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�Ip�r���k=L V nao�v	w�xUz�{�|G}U~	myg õ Ê����$l
¥<��Æ®o"�0�
r"s
Ñ
gScU¥�¦�e�Òat�Ö � Öuo�ã0����k
�Gr(Ú(Ê��IQ�É¨Ö(h wakeup mU��ÒGÊU·(´
r�s¾Q�R�n
e	ÒKt<Ö>�Uc õ Ê4o wakeup �I�6�	Ý�r�sx�ynKo wakeup
�(��Ð(m���î"��¥<�<suë�p8Ú�Û<� û�ßyÒUþ
-�W��Ko re-
name g\Ë����Uè0��m�¡ õ Ê�o
á"
µG�°�
�}>��� � }
ÄøÃ�}�± ¥0��ó��$Ê(�×fGÑ$g�m	��sCt
����¥0Ø$Ú�sCè�«�nao�ã	�
� V l�e>è0��� 1 ��¥<�
sWt��0��è�«�¥�nao ©�ª �"��~	m$¡�s¾®�¯0��k�m&¬�­
f�ha�"gan�����l<m&Ý�e¨Æ o F ����� �	à�{"�\ë(p�¥
Å����"��l<m
�(r D _Z� cUo�v�w�xGz4{"|0}U~�mU���sU�4��l<e4���"�����4r4t Wakeup m*Q�R gaeysSë
p
Ú�Û��.�"-�W�nKo D ´6�y����� � x(¾ K cUo rename g
Ë�����è���¥�oGá"
6G	°�
�}a�<� � }�Ä Ã"}"± ¥0�yó
��Ê��×f�Ñ$gCc�¥�¦(sWtyã��(��Ð wakeup n>o"��m D´6��� ."/�1 r<ô(�A¥	·�u(r�s
Ñ(gCcU¥�¦�sWt0�� ��
�
¥�n>o D ´6�½g>ã	�9��´�mU��Ò�ÊGÕ×Ö�f Ø�Ú�sCt

3.1 D _ ��
1 mao D ´��<�������y�
�
r�t D ´0��n>o rdyL/R

í�m F 1 ��­(��í%¸�Àa��� ÷�ü û ÷�ü �4´0�(¥y�ysWt
ÞGß�}"±CÞ>ú��0Ã�}�ÄA| ID

8s� � ���½� µ ��·�´	¸��
� ID = �\� �
� � � c����
r�sWð(ñ$o�� ´ � �y��R��
n “1” o�ã"¢j¥�e
���"¦ “0” gur�sCt

Wakeup m���Ò0Ê<n�o��$´�À���s �ø÷¡  � � µ m>Í
Î�r�s �ø÷ �y� bitwise-OR �aÏ�ÐU�0¦4o6��¾�Ä r(Ú
¦ rdyL/R �
�
r6�2� K Ä [y�aÏ�Ðys$Ñ$gCc�¥�¦(sCt

3.2 D _6� @�¢6£
D ´��y�\·
ò�r�s4mU�	� õ Ê(nAoI�ym 1-read� RAM
�Aí�Ò��H¦<¡4Ò>t
{�|(´�� OR �KÏ�Ð�s4�	Ð	��¹�Íye� x�¾ K n�Q�R�e�Ò�t�

2 mAo D ´"���Zk�¤����I��r�t0ËZ��m0nAo 2 ´ 2 �
W��8��[	c���ÖSÊ���sut F ��[(�0��¥�mU�$s 4T ��[
�
ª"m�n>o������(�	Ð0���"¦ �H/ 1�{ÇÄ©¥��<sut wakeup
m*¥�®(r�s>�(nKo 4T ��[
��¹	 Zm�m���s .H/�1 Ö�1�{
Ä®¥y�<sSt

3.3 D _6� @"¦�§
D ´0�y������n 2 ���y�	��{ �(��� e�Æ®o�¨ 1o0¨

2 �y�G��{ � n	ãU� 7 � rename o dispatch gSË�Ì�mI©
´�r�sSt�¹�m>o rename gKË0Ì�m�© � ¨ 1 ���0�U{ �
n�o rename gAË�ªy�4i�k"m�¡ õ ÊU·%u�Àa��sCt« à�y>{�±uÀK�$Ê$Ò�s ��� c ID

8 �u�GÃ"}�Äa|amXÁ
Â�Àa��s�gGÖ�¡�¢Ét D ´"�y�����0��k�� 2 �
���0�4{� n>o��( ��y¡<¢>m�e�s½¼

¬ ­ ® ¯ ° ± ² ³ ´ µ ¶ ± ·

¸ ¹ ¹ º » ¼ ½ ¾ ¿ À Á Â
Ã Ä Å Æ Ç È É Ê Ë Ì ÍÎ Ï Ð Ñ Ò Ó Ô Õ Ö × Ø

Ù Ú
Û ÜÝ Þ
ß à á â â ã ä å æ ç è é êë ì
í î ï ð ñ ò ó ôõ ö ÷ø

ù ú
û

ü ý þ ÿ � �

�

� � � � � �	 
��


� � � � � � � ��

�
1 D ���

� � � � �
 ! " ! # $ % & & ' ( )

* + , - . / 0 1
2 3 4 5 6

�
2 D ���87:9<;>= rdyL ?A@

(1) BDCFEHGJIJKLEHMJNOBQPSRUTJVXWZY\[^]`_badcfeg E ID h^ikj8lnm _Fofp8ErqksutZvxwzy|{H} rename~r� ]U[ tagL/R j�l`m _�qxs��:�b� ~ vS��sf�z�8��������z�z��� E����8�zcH�\�����¡ Z¢ ~J£U¤ [r¥z¦§W�Y
_Fo £§¨ª©z«L¬�~ tZv 2.4.1 ­ EH®J¯ ~�� ]�[�vª°±���r²
�³° RMT ² j °´B P ExaXcµe g ID i ²µ�¶°D·�¸L¹\ºk»¼�½

(PT) ² ~A¾\¿�ÀÂÁ Y\Ã £ ]8o PT t8v RMT �Ä�§ÅÆ v��zs|�¡�b�^�SÇzÈ jxÉËÊ �r�u�:Ì�_ÄvzÍ�ÎÏBÑÐ -read
BÑÐ -write E RAM ÒÂÓ _Ao§}JÔÂ{�ÕzE¡ÖU×XtHv �^�� EzadcXe g ID irÒ�Ó _�o
��Ø ~UÙnÚ � Ê W8Yu_FM¡NJÛ^EZG¡I j8Ü�Ý Ìu_U} m E
Ü`ÝrÞ t8v rename �<ßxàJÌu_¡p��FR Ò�á _H} m vrâkãäkå E^} m ~bækçkèké �8êL_UEJtbvxë ~ v PT ÒnÓ _�o
(2) i¡j Ù§Ú � Ê {Fv¡ìkínEïî<ì ~Zð á�ñ�ò oózô�õkö`÷�ø�ù
úkû q�snEHü 1vzü 2 ýxþ ��ÿ�E����Âtrv^��Ø ~ ì� Yu_ rename v dispatch E���� ��vJÕHY��HY
	���E £
 ~���� Òµá _��

(1) � � ý�� E�aµcïe g�� t Ð��ÂE������O��Ìf_
p¡�ÄR���� ÒnÓ _ �§� v PT EzÖr× ÒnÓ _Za�cµe g ID
tbv RMT EkÖU× ÒnÓ _x�¡� £u¨ 0 1b ����!u]bo�{
}�R ¤ [�v PT E����nt RMT E¡ÕrY £Â¨#" W Æ vJÕ%$� R'& g �)(�*r¢ ~ ê�_^pJ�rtzê�]ro
(2) +�(^c Ê + � E ð áAñ ¿ E����ÂtZv
�-,zv.+�(
c Ê + j0/�1 Ì�_ RAM EHì ÙÂÚ �%2Â��3�� Ê54 E��
� ~06�7 WZYd_Äo i E ÙnÚ � Ê t�pbEHì ÙnÚ �%2§�98: ê<;�= Ò ¥�¦ Òdá _ �Â� vLÕxE����\R<>�?�@¡Ì�_BAC%D t0E§]ro
	GF ��� v D ì�í\E ú�û R)&%H��0&�IG�LEJE���K Ù`Ú �
Ê �<�¡�x�u� � EML�N jPO Æ A C%D t0E�]u�RQ Á _�o

3.4 D S
TVU%W%X wakeupY
2
�Â��Z ¯ �Z� ê £ 
 ~ v D ìzí�E ¾L¿ Ý {�[��

e]\§tZv single-bitline E 1-read E RAM �9^�_ ¬�~ t
�uÅ Z E Ò�Ó _�o`}�Ôn{:v
��,`E RAM �ZtZv�	��`E` R<a§êL_b�c�d�e ð áÄñ ¿ [�� eS� ¾`¿ Ý {�[��Oe Ò tZvMf�gh<i RMj ~ ê ¤ [^]L_Äo ¾`¿ Ý {�[�� e Ò tZvk3H� Ê
4 R<l ~ vnm\�ue 4 R�o ~�p � Y^[L]`_�oq�r�e ��,ÂE RAM Ò tk�kØ ~ tJ} � Ô � 1 s E
3U� Êt4 { � É�u � e�WbY`êk]kE ~0v {8[�v D ìzí Ò
t0w u%x &8¢�¥¡ì�WbY�_nBQP ~0v�y Ìd_�BÑÐz_nE)3��
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{ | } ~ � ~ � � � � �

� �� �
� ��

��

��

� � � � � � �

� � � � � � � � �
�   ¡

¢ £ ¤

¥ ¦ §

¨
3 D ©Rª�«­¬¯®�°

Ê±4 issue Rk��Ø ~ ÉGu � e WSY�_:o<².mJ�ne 4 rdyL~ trv É�u � e:WHYÂ} issue
~Pv�y Ìµ_dBÑÐ´³nE-µ

¢LRG¶�·ïWHY�vÂ]G¸¡Y � E%µz¢�E Ý�¹ R low ÒÂÓ Y
Ã pull-down WZYd_Fo¡Ìnê � $bv�º ~0» � E)3U� Ê54
j �kØ ~ É�u � e Ìf_`p`� ~`£�¤ [zv v%y Ì|_SíuE
bitwise-OR j ¾�¿ Ý ÌfpJ�AR Òµá _HE ÒnÓ _�o

3.5 D S�T)U�¼�½�X�¾�¿-À�Á�ÂVÃ ÷�Ä%Å�ÆMÇÈ�É E��z��Ê��k��Ëk�)Ì Ò tZv�Í-Î�Ï�Ð ~^£ _¯Ñ�Ò
¥zìJR èGÓ ÒLÓ _�oAMzNL�GË���ÔS� g cr�HE ä�å ~ � ¤
[\tbvMÑ�Ò�Õ�ÖJØ\EP×�Ø�;�Ùkqks`RU×�Ú Ò�Ó _^p¡�ÄRÛ é ÒnÓ _Fo

D ì�í Ò tbv
Í-Î�Ï�ÐÝÜÄ�UØ ~ tZv
Þ%ß�@dW8YX_FM
N ~0v�y Ì�_Fí j Ì�à¡[ “0”

~ g µ��Âe Ì�_UÔ%á Ò £
]ro Y 1 E�â Ò ID h ÍZE�Í-ÎzM�NLR
Ï�ÐãÜF� jPä p
{U}�å�æ ~ tbv ID hkçè 6 EUM¡N`RMÞ�ß�@dWZYX_Fo D
ì�í Ò trvkü 3 6 í j g µX�ue Ì�Y`Ã £ ]bo
ínE g µ��Âe<t8M¡Né+
(¡c Ê +rE�ê�E�ë�ì�E�Þ�ß�@
���M����E Ú � e Ò ¥¡ì Ò�á _ �Â� vMÑ�Ò
Õ�ÖJØ ~ D
ìxí ~ h�í {�[ û }zêGî�ï�¢\��(AR � Å�_¡p��8t�êz]8o

3.6 D S�Tkð�ñ�ò%ó ÷�ô
õ�ö
3.6.1 D S�T ÷<÷�ø�ö
MJNé+�(\c Ê +rRnù�_ÂE u�x ÿïÐ��5ú�EHM¡Nkû�ÔU�

Í-üXWrYµ_ýå-æ ~ tHv D ì¡í�tHv�ùB³§E Ð��¡ì¶Ð��5ú
í�E�\�Í�ìzí ~ Í�þXWSY�_Fo R10000Ò tbvMÿ � v LSv
FP M¡N ~�v {8[ 3 s E�M¡Nkû�ÔU� j��)s o�ÕzE�å�æ
E D ìkínE�Í�ü�@nEr��� j�� 3

~�� ÌUo
D ìxí`EPÍ�ü�@ ~ t8v�	��LE 2 s E�� g �`e R Ó _V��
	�� »�
 ÷���� ÕrY��HY^E D ìxí Ò t8v ð áFñ ¿
[z� e � RïBÑÐ �§� BÑÐ ú ~���� Ìd_�o��� º���� U������� "!�# ö � x �Lc%$SR 1 EPÊL�
Ò tbv wakeup � select t�æ ��& [ 1 u-x &b¢ Ò ¥¡ì
Ì�_ èké R Ó _bR�v\ÕrY�	�'�E�Ê�� Ò t)(�* ~ Ê x�+
Ì x c @ï{S[ £ ]bo

R10000 E /�1�Ò tZv�� x ��c�$bR 1 Ò`Ó _ýÊn�¡tZv
ÿ � �§� ÿ � v
ÿ � �Â� LS E 2 s�ÒnÓ ¨ v Y 3 Ò t, j.- áx}�\�Í`R�p:Y ~�/ *kÌ�_Foµp8E�\�Í j.0 ¨ Ô
{ÄvïpÄY j L-1 v�1 ¨ E�\�Í j L-2 D S�T �32�4�o

L-2 D ìxí tSv5(�* ~ Ê x6+ Ì x c�@µ{A[ £ ]8o L-1

~
0.5 u%x &Z¢ j87 [§_��:ÌX_`��v L-2

~ t 1.5 u�x
&8¢�v�Ìnê � $Zv L-1 E 3 �ÂE�ØJÛ j � á � Y�_�of{
}kR ¤ [zv L-2 R & g ��(�*U¢ ~ êÂ_�A C�D t�E Æ v
wakeup EM�-� ~ s ]x[^E%9�� �§�): 'LÌµ_^p\��R Ò
á _�o; ä L-1 D ìkí trvJK�E D ì¡í ��� � àX_`��T�<~�"�= @µWrYX_�} m vÂÕ�E ¾n¿ Ý { �%� Z ! Æ ê`_Aoú ~ v L-1 D ìkí ~Jv {8[\tbv�	�� ~ y�àu_?>�I�@�@A j (kà^ÌX_^pJ�AR Òµá _Äo

3.6.2 L-1 D S�T ÷����
G\I^Ìµ_SMJNLÛ�E8BDCut�!�]På-æÂR�E Æ v 32 MJN

	��LE�å�æLR 90%����	�F j�F�m _¡p��ÄR�Í � ¤ [J]
_�o�pbE D�G j�H à�{b[xv wakeup j ú ~ >%I%@JÌµ_
p^�SR ÒXá _�o ©�«�¬Â~ trvJI�·uELKnMJN ~�v Ìµ_
m\�§e�Ô�á j L-1 D ìkí ~ 1|{ÄvnÕHY�	�' j L-2 D ì
í ~)M ÌLE ÒnÓ _Äo rdyL/R tZM¡N^Û\E8B�C\RLK)	��
EPå�æ ~ t L-1 D ìzí ~^£z¤ [�v"N Á [\]k}�å�æ ~ t
L-2 D ìkí ~\£k¤ [ ú�û W8YX_Äo
� 4

~ v D ìxíLE.O " EZ�P� j � ÌHo�Qnt8K�RZErv)S
R5O " ILE D ìxí Ò`Ó _�o�� Y Ò tSvrÐ�� hUT v.K h
V
Ò�Ó _:ozK
RUE D ìzí �Â�XW�: WSY�_�µ�¢�tZv%Q YDY
ÒPZ Æ � {r}Zo èzé ê
µ�¢ j�[�\�]�^ ~)_ m _ äPA ~
t)`Pa D R Ó _ZR�v £§¨ & g �-(G*r¢ Ò�Ó _�mJ�Âe 4
E5bdW j !PO^Ì�_Jp�� j.cPd {S[Uv Y 4 S`E £ 
 ~ Ì
_L� £ ] ÒÂÓ�e 
 ofK j L-1 D ìkínE%g��32�4�oY

4 S �d� ¯ �U� ê £ 
 ~ v�O " WrYÂ} D ì¡íÂE
3�� Ê#4 vnm^�ue 4 tHvÂÕ�Y ��YfK ³§E�µz¢ ~ { �
¶�·dW8Y¡[ � � ¸�vJÕHY���Y^E�bdW�tdÐ����ZtJÞ h�i
�8ê ¤ [J]�_Foµ{r}�R ¤ [ wakeup E����§tZv Ð��µ�
t.h�i ~ vJK ~\£k¤ ["j m _\pJ�ÄR ÒXá _Äo

Pace-Keeping Operation
L-1 D ì�í ~J£�¤ [ rdyL/R R úxû Ò�á _rE¡t8vHMkN
Û^E�BJC Ò tzê Æ v +�(¡c Ê +HÖ�E�a�cXe g Û^E�B�C
R L-1 D ìkínE�k�	%��E�å�æ ÒÂÓ _Aoï{U}�R ¤ [�v�M
N�l�F Ò E5BJC���+
(¡c Ê +bÖ Ò E.BJCLR Ó _ ��� ;m ÌX_ £ 
 ~.n�o Ìd_ è�é R Ó _Äo
pAE`pk�St?p ~ vFMzN'+M(�c Ê + j » � EZMzN)û<Ô8�~ Í�ü�@JÌ�_¯å�æ ~5q�r �8êL_FoGFPs�E�t�u j.v }UÌ

} m ~ trvLadc|e g jGu-x & g ��& ~.w à�{�}�F Ò v
aÂêL_FMkNkû�ÔH��Û Ò tUadcXe g E.xJy�E5zP{ j)| Á

} ~ ~ � �
� � � � � �

�
�
�
�

�
�
�
�

� � � �
�
�
�

��

¨
4 L-1 D ©Rª�«��3�
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_ (keep pace)
èké R Ó _:o R10000E /�1 E�å�æ�v�ÿ� � LS û�ÔU��Û Ò tbv æ E-û%Ô�� ~�Ù (U��Ê ���LW

Y`}5I
·nErM�N§tZv d ìJÌ�_FM�N\RUT�VdW8Y`}�a�cXeg E ° o-	J�J² ~ TJV^Ìd_ è�é R Ó _�o
4. IPC ���U�
SimpleScalar  �U¢%µn�Le (ver.2.0)

~Bv {�[Uv 3.6 ¡
Ò y%à^} L-1 D ìxí`E.O " j ¥"¢|{�v SPEC £ c)���¡�
& j àu]�[ L-1 D ìkínE%k ~0v Ì�_ IPC E�¤�@ j ÐP¥
{U}bo�¦ 1

~�� Ì CINT95 E + HH�-Ì�§ j ¥¡ìï{H}Zo
£ �¡� �©¨ Ù ¢|�z{8[Ltrv MIPS R10000 j àu]¡}bo

R10000 tUv�ÿ ��ªD« v LSv FP
ª�« E\Õ�Y �xY ~ M

N û�ÔZ� j�� $Sv�¬ BÑÐ ú®­ BÑÐ ­ Ð�� ú¯­±° Ð³² h ¬ Í ­ V ­µ´·¶¸­¹¶ ²
ÒLÓ _�oSMzN /

Ù �J�BÍ�C 1 º v ��£)» v½¼Gæ 2 º û�¾A�
$�Ô�EHv�×J¿kv Ì x cd� u�x ÿHvµ� x ��c�$�tbv�ÕHY
�UYzv 32KBv 32Bv 1 u�x &S¢�v �Â£8» v 1MB v 64Bv
6 u-x &b¢ ÒuÓ _Ao 2 º ûD¾b�%$�Ô§��ÜA��Ø ~ trv ÈÀ E)3�� Ê ~ 18 u%x &8¢zv�I�· 3�� Ê ~ t 2 u%x &
¢ / 3H� Ê R èzé Ò�Ó _Fo�Í�Î
Ï
Ð ~ tZv   ��¢%µ��ne~ à�aµWbYL[\]n_ 2b ÁDÂ = *-+\c�� ~L£ _ Z E (bi-
mod) j àµ]\}�o p8Y j v /�1 R10K Ã ´ �?264�o ú~ v'û�¾U�8$�Ô0	�'�EkÌ�à`[`E�Ä�Å j 2 �`vJÌuê �
$rv6¬ BÑÐ úÆ­ BÑÐ ­ Ð�� ú®­Ç° ÐÈ² h ¬ V ­ T ­ ç Í ­ÊÉ ²��k{�} /-1
R10K Ã Í Z æ ��& [<Ð�¥f{b}ZoDËz}Zv%KÂE�F�Ì j8l�m
_�} m vJÌ�àJ[^E�Ä�Å j Þ6Ì"Í ~ {Fv'û�¾8��$�Ô�v�Í
Î�Ï�Ð j5Î�Ï �z{H} /�1 R10K ÃÑÐ Z Ð�¥ï{r}bo

L-1 D ì�í§E�k ~Pv Ìf_ IPC E ��Ò j�� 5
~5� ÌUo

ê � vPK h Ð�� ú E�å�æ Z _�Ó�Ô é ê pace-keeping j
ì ¤ [ ��¨ v^Õ�EUØ^E IPC E0E��nt pace-keeping E ¿
E ,PÕ j � {8[L]`_�o

R10K Ã ´µÖ Í�E8×DØ �u� tUvÙKÛÚ�Ð��5ú Ö V8Ò tUvUÜÝßÞáà
pace-keeping â ,�Õ
ã á)ä�åçæéè IPC â5êJë
ì

1%í�î�ï�ëáð)ñáò�ó?ô³õ�ö Ý½÷%øúù õßû
ËPü.è R10K ÃÑÐýâ ×JØ ù ó5ì è8þ ì 16 å ôDÿ IPC

â Í��������	��
 ì �
� è 64 å ô6ÿ�� ø äUå õDö Ý÷�øúù õ?û
5. �������
��� ä ì è������ â	�� "!�#%$'&"( D )+* $-,%. ü/10�2436587�9�:<;+= Ý?> â IPC â6@+A ð6BC.�D4E"F
ü û � ;�= ä ì è wakeup ð<G1H Ý � õI�� KJ1L%$ D )
* â�M1NPO 2"Q�R ÷%S O 9�TVU�98W ä+X�Y6Z D�[ �½ü\ è1] ð D )1* $'^ 
`_ ( ã`a ä wakeup $?b`c"(áõ
ö Ýß÷ ä8� õXû YPü5è D )+* $'d�e�(áõDö Ý ðCf�g6D

h
1 i	j<kmlonmpIqsrutIvxwIy (M)z|{~}���� �s�s����� z|{�}s�~� ���m�I���

099.go 9 9 132 130.li train.lsp 183
124.m88ksim dcrand.big 120 132.ijpeg vigo.ppm-GO 26
126.gcc genrecog.i 122 134.perl primes.in 10
129.compress10000q 2131 35 147.vortex persons.250 157

R10K ���

��� ���
��� ���
��� ������ ���

� � � � � ��� ��� ��� �����
R10K ���
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� � � � � ��� ��� ��� �����

�����¡� ¢�£�����¡� ¤¥���¡¦¨§ª© ¤�����¡� ¢�«¬«�����¡� «¬£¡¤¥­¡® ¯�§¬§�����¡� ° ©�����¡� © ± ­�¯�¢�����¡� ­�¯¡® °���� �� ²¬£¡® ³ ¯�´

µ
5 L-1 D t�¶?q|·'¸V¹»º	¼ IPC

> â4½`¾%$ IPC ¿+À�ÁÃÂÅÄ�ð'Æ`Ç"( õDö`È ÷ ä�� õßû��� ä ì è > â�É�Ê ð�[ a õ IPC â�@+A8$ ) g ü û
MIPS R10000 âKËÃÌ ù ó è�ÍÏÎuÐ , Î+ÑÒÐ $�ÓÕÔ ðÕÖ è×1Ø Q'Ù43<Ú ø`ÛKÜ�Ý $-Þ�ßàÈ�Ö ü<á1â ðÅã è D )K* âä ì 16 å ô�ÿ IPC â�å ��� ê�ëUì � .
ö�È ÷%ø
ù g
ü û+b�æ
ðPì è1ÍÏÎ Ð , Î+Ñ Ð $	� ø ð	å ��� Ö ü ÈKÖ'D
ã è ×�Ø Q<Ù�3oÚ ø�Û�ÜKÝ â�ç / ð�f4g<D4è�éUì ù �³æ
ê�ë�(áõ ù ó è D )�* â ä ìÃã"ê�ë
ÖIe�ì � D�ã�f�.�ûí`î ;1= â6½"¾UðPì è D )�* â�ï �»�Å
Ãð 5ñT~ò È
Ö<D è'ÍÏÎ Ð â6ó�ô
ì<õ1ö1÷³õ`ã�â�â è6Î+Ñ Ð â6ó�ô
ì1ø
ÈoùÕú � ..û`( �1û"�.è í`î ;+= ðCf�g6D è /15�üÃ5/10+5Ãý â ��� /+0%2K3�587K9�:ÿþ O 2CQ�R â6½�¾
ì� Ä 9�W � þ������ ù ó8ì�ø���Þ1ß ð
	��PÈ � g ü È��
�� a õDö"È ÷ ä�� õßû���
����� â����Uì���������� ������ �!�" è$#�% ���

(B)(2) #12480072è #12558027è #13480083 ðCfJõßû
& ' ( )

1) *,+.-�/ , 0�132�4�5 :
/+5�ü 5�/+0`5�ý.6 ü \6$7�8 ��93:��"� /�0Õ2�3�5ÿ719�:	;+= , ;�<�=> ��? 
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