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46587 9;:�<>=�?>:A@CB�DFEFG>HI:KJMLON�P6P6QSR;P6TUP6QV9W7 X.R;P/9WYZR;PU[\JMQ�[�RWP6]�7^JMT6P6[SNVX�9W:	P_@`B�D�EFa>b>b>b	c�dFPe=�L;P_@`B�DFEFG>H	c�N�P6TUJM=�LWP>c�fg<>RFh�<>L;9F<Mf�9;:�PT6<>h�]�=	9;P6RWLOdFPeL;9;=�[�YZP6[�c�<>Q�7 XS@`B�D�EOG>Hi]�P6R;fg<>RWh.JMQ	TUP#RWP6LW=	7 9WLOdFP6RWP_J6j>JMYZ7^JMN�7ZP>kl>m8=�R�NKJML;POTnJML;P#YZL�JI@`]KJMR;TULo9pJq9;YZ<>QsrUbtT67Z<`Tpu>P6[.Jq9�vVbtwAx#yORW=�Q	Q�YZQ�?e9;:�Pe@C<>7^JMRWYZL�a	k ze<>]�P6RWJq9WYZQ�?_LoX	Lo9WP6hscVRpJq9;P6[.Jq9Fb	k G>z_E�B�{|YZQC9WG>H@`B�DFE�h.JMRWuCLnk}M~ <>R|L;<>h�PeQ�<M9;YZT6PnJMN	7ZP'P/�`TUP6]	9;YZ<>Q�L#YZQ�9;:�PIJMRWPUJ*<Mf�:�YZ?>:`��LW]�P6P6[ST6<>h�h*=�Q	YZTnJq9;YZ<>Q.f�<>RFdF<>R;u`Lo9pJq9;YZ<>QsT67Z=�L;9;P6RWL|LWP6P�� rUzq��JMQ	[�� rU�q��k
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ÓY> K/BVT^@�<_K�@ ]V>�< :�`N<?> Ea@�TWRVX[�JghFG@�<?Z RCEaZ[< �lé�Ê �Jk5Ì3�å��Rq@ �q�
��> <�D*E0@ T^;c<

@ \[PCE=F�<	D^TWRV<_�
ÓYD^`VBNE :	� É sS��ÝCj Î TWF�RV\=Xc\h\hH s_�=� s=j Ý
ÓYD^`VBNE :	� É sS��ÝCj Î F�E=> EOgh] �a�që ÕcÎVj �
k�<?Rc@ T^]CZ ��TWRq]Vpv�Jj$� ¿NE0@ s?�=� �Jj Î
k�<?Rc@ T^]CZ ��TWRq]Vpv�Jj$� PN\cRVRhg �aÙqë s_ÎVj u
k�<?Rc@ T^]CZ ��TWRq]Vpv�Jj$� �OE=Z[<�DW<�\=R Ý=Ýc� s0ëhj Î
k�<?Rc@ T^]CZ ��TWRq]Vpv�Jj$� > E=D^\c] ë0ÕVs Õq�Jj$�
k�<?Rc@ T^]CZ ��TWRq]Vpv�Jj$� XcE �=Õ=Õ Õc�Vj Ý
k�<?Rc@ T^]CZ ��TWRq]Vpv�Jj$� HJ]CEaD sO�aÎ=Î �Vs
�o��k8� ��ÔU�/��Ù=Ý[ÙCj X=>/Ea`VBVT^@�< s?�c� �Vj�ë
�o��k8� ��ÔU�/�|ÙVj$� \OphghXc<�R �au=Õ scs=j u
�o��k8� ��ÔU�/��Ù=Ý[ÙCj FGTWD^T*K�\cR �=�aÎ s?ÝCj �
�JkAÓ�Ô��8F�@/E0@�TW\=RV� s_Î �h]VRQ:	��ÝCjWs E0@ E=DWE=Rq@�< Õ=Ù s=j Î
�JkAÓ�Ô��8F�@/E0@�TW\=RV� s_Î �h\=D*Ea> TWFU�Vj$ë \=�hgcE=D^\qF Õ=Ù s=j Î
�JkAÓ�Ô��8F�@/E0@�TW\=RV��� �h\=D*Ea> TWFU�Vj Ù \cF�T^> TWF Ù=� s=j Ý
�YD,@ > Ea� s �h\=D*Ea> TWFU�Vj$ë XcEa> PVT*F s�ÝcÕ ÝCj u
�YD,@ > Ea� s �h\=D*Ea> TWFU�Vj Ù BV<?K�@�\=> s?Ùqë �Jj Õ
�YD,@ > Ea� s �h\=D*Ea> TWFU�Vj Ù `CEaRCHV\=>/E s?Ùqë �Jj Õ
�YD,@ > Ea��� �h\=D*Ea> TWFU�Vj$ë Ê�<�b�gh> \cF s?Ù=u �Jj$�
�YD,@ > Ea��Ì5Rc@ <�> `V> TWF�< �h\=D*Ea> TWFU�Vj$ë PV> E=T^R s?Ù=u �Jj�ë
�YD,@ > Ea��� �h\=D*Ea> TWFU�Vj Ù Ea`CE=D �aÎ=Î ÙVj �
�YD,@ > Ea�zÝ �h\=D*Ea> TWFU�Vj$ë K�> <�@�< �0Ýcu ëhj�ë
�YD,@ > Ea��� s_Î �h\=D*Ea> TWFU�Vj$ë X=>/Ea<�Xc\cF Õ=Ù=Î s_ÎVj$�
�YD,@ > Ea��Ì5Rc@ <�> `V> TWF�< �h\=D*Ea> TWFU�Vj$ë Ea> T^\cR ÝcÎ=Î s?ÝCj Î
�YD,@ > Ea�zÝ �h\=D*Ea> TWFU�Vj$ë K�EaDWDWT^\c`N< ÝcÎ=Î s?ÝCj Î
�YD,@ > Ea��� s_Î �h\=D*Ea> TWFU�Vj$ë BV\=>/FG<�@ E=T^D Ý=ÝcÎ sO�Jj Î
�YD,@ > Ea��� s_Î �h\=D*Ea> TWFU�Vj$ë FGRV\h\c`qg Ý=ÝcÎ sO�Jj Î
�YD,@ > Ea��ÙcÎ �h\=D*Ea> TWFU�Vj$ë T^> TWF Ýq�aÎ s_ÙVj$�
�YD,@ > Ea��ÕcÎ �h\=D*Ea> TWFU�Vj u PCEa> � �a�=Ù sO�Jj Ù
�YD,@ > Ea��ÙcÎ �h\=D*Ea> TWFU�Vj u E0@�BC<�RCE Ýq�aÎ s_ÙVj$�
�YD,@ > Ea��ÙcÎ �h\=D*Ea> TWFU�Vj u \=]V>/EaRVT*E Ù=Î=Î �c�JjWs

{IE=PVD^<[sc��éYEa>/HJL3Ea> <�k5DWEa@Gb�\=> ZiF3\=RvLUBVT*K/B�@ BV<�K�\cZ[ZS]VRVT*K�Ea@�TW\=RvPN<?RCK/BVZiEa> �JF8LM<?>�<	> ]VR�j

Ý



Ó�>/K/BVT^@�<_K�@�]C>�< k�> \JK�<?F F�\=> �	<�> RV<?DA<�Rq@�> gq�z<�phT^@ Ô�<�D*E0@�TW;=<
F�`Q<�<?HvTWZ[`V>�\0;c<�Z[<�Rq@ F�`N<?<?HvTWZd`C>�\0;c<�Z[<�Rq@ TWZd`C>�\0;c<�Z[<�Rq@

�JkAÓYÔ�� �=� ÕVj Ý ÎCj^s_Õ
k5ÌMØY{3���Y� �=� s_� ÎCj �=u

ÓYD^`CBCE Õc� ëhj�ë ÎCj �aÝ
�}��kM� s_� s=j � ÎCj^sO�

{�EaPVDW<S�J�"ÔU<?DWEa@�TW;=<	`Q<�>�b�\=> Z[E=RCK�<	TWZ[`V>�\0;c<�Z[<�Rq@3\ab��=<?>�RV<?D�<�Rq@�> gq�z<�phT^@�K�E=D^D*F�j
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��Ec� ��PN�

É T^Xc]V> <dsc�_�������8���'�����`�	���M���O�����o���`���#�����������p�8�#���`�; ��¡ ���¢8�� |�����`�	 ����C¢I����£'¤ É TWX=]V> <m��PN�8T*F�EdÊ�\h\cZdTWR�\ab
¿CXc]V>�<i��Ec��j

Ñ <}`VDW\a@m@ BV<o�=<?>�RV<?D�<�Rq@ >�gq��<�pJT,@mD*E0@ <�RCK�g»EcFmEÈb�]VRCK�@�TW\=R�\ab	@ BV<}`V> \JK�<?F F�\=>iFG`Q<�<_H ��Z[<?EcFG]C>�<_H»TWR6�Jk5Ì3�MT^Rq@/�c�
�JkMÌ8�MZiEa> �JF ��j Ñ <iTWZdZ[<_HJTWEa@�<?D^gÈFG<?<f@ BCE0@S@�BV<i`Q<�>�b�\=> ZiEaRCK�<d\=b5@ BV<m<�Z[`J@�gl\=`Q<�>/E0@�TWRVXoF�ghFG@�<?Z K?EaDWD�HJ\h<?F~RV\=@
F K�EaDW<SL8<�DWD�LUT,@ B³`V> \JK�<_F�F�\=>YF�`Q<�<?H�j É \=>(<�pVE=Zd`CD^<crQL8<fF�<�<f@�BNE0@~EaD^@�BV\c]VX=BlkMÌ5Ø�{3���Y� `V> \JK�<_F�F�\=>/FUBCEO;c<SX=\=@G@ <�R
Z[\=> <S@ BCEaRÖ�aÎ�@�TWZ[<?F	b�EcF�@ <�>_r�@�BV<[\0;c<�> BV<?EcHo\ab8<�Rq@�<?>�TWRVX�@�BV<i\c`N<?> Ea@�TWRVXvF�gJF�@ <�Z �c<�> RV<�D�BCEcF	T^Z[`V> \0;=<_H}E0@~PQ<?FG@
\=RCD^gvPhg�E[b�EcK�@�\c>�\abUsO�Jj��hTWZdTWD*Ea> D^gcrNEaD^@�BC\=]VXcBo�VkAÓYÔ��æ`V>�\JK�<?F FG\c> F3BCEO;c<	X=\a@�@�<?R�b�E=FG@�<�>�Phg�Z[\=> <~@�BNEaR}E[b�EcK�@�\c>
\ab��=�Vrq@�BV<~\0;c<�> BV<?EcHm\ab�<�Rq@�<?>�TWRVXd@�BC<m���h\cDWE=>�T*F �M�c<�> RV<�DABCEcF3T^Z[`V> \0;=<_Hm\cRVD^g�PqgvEfb�E=K�@ \=>U\=bIDW<?F F3@�BCE=RvÕCj�{!\[`V]V@
T^@MTWRi`N<?> F�`N<_K�@ T^;c<=rc@�BV<��c<�> RV<�DN<�Rq@�> gq�z<�pJT,@�\0;c<�> BV<?EcHSTWRmE~ÝcÎS�}é�Ê��VkAÓYÔ��æs?Î	L3E=F�sO�aÎ	K�gJK�D^<_F�rqLUBVTWD^<�TWR�E	> <?K�<�Rq@
Ù=ÎcÎS�}éYÊS�h]VRJ� � DWEcHJ<��/s?ÎcÎ=Î~T^@UTWF�ëau=ÎdK�gJK�DW<?F?j"{IE=PVD^<~�dFGBC\0L�F�@ BV<	>�<?DWEa@�TW;=<(`N<?>Gb�\c>�ZiEaRNK�<(T^Z[`V> \0;=<?Zd<?Rq@5b�\=>U<_E=K/B
Ea>/K/BVT^@�<_K�@�]C>�<mFG@�]CHVT^<_HAj Ñ <�F�<�<i@ BCE0@fT^ReE=D^D5K?E=F�<?F	@ BV<m�c<�> RV<�D"<?Rc@ >�gq��<�pJT^@�DWEa@�<�RNK�g�HJTWH�RC\a@fF K�E=D^<[`V> \=`Q\=>�@�TW\=RCE=D
@�\[@ BV<�`V> \JK�<_F�F�\=>�F�`N<?<?HAjM��Ro\=RV<�K?E=F�<	@�BV\c]VX=BÖ���o��kM�V��rNE=D,@ BV\=]VXcBv@�BV<�`C>�\JK�<_F�F�\=>UF�`N<?<?H�TWZ[`V>�\0;c<?H�Phg�E[b�EcK�@�\c>
\ab�sO�Jr�@�BC<��=<?>�RC<�D5<?Rq@�> gc��<�pJT^@fD*E0@ <�RCK�g³TWZ[`V>�\0;c<?H�\cRVD^g�Phg�Eob�E=K�@�\c>S\ab��Vj�:�;c<�>/EaDWD�r�LM<vFG<?<i@�BNE0@S@ BV<v>�<?DWEa@�TW;=<
TWZd`C>�\0;c<�Z[<�Rq@S\=bU@�BV<�@�TWZ[<m@�\ÈTWRq;c\=�c<mEaRe<?Zd`V@�gÈ\c`N<?> Ea@�TWRVX³F�gJF�@ <�Z K�E=D^DML8EcF�sO�cÜ����auqÜ \ab�LUBCEa@f\cRV<�L8\=]VD*H
<�pJ`Q<?K�@�PCE=F�<?H�\=Rv`V> \hK�<?F FG\c>3`N<?>Gb�\c>�ZiEaRNK�<=j

Ó�D^@�BC\=]VXcB~@�BVT*F�HJT*FG`CE=>�T^@�g(PN<�@�LM<?<�R�`V> \JK�<_F�F�\=>!F�`Q<�<?HfEaRCH�\=`Q<�>/E0@�TWRVXYF�gJF�@ <�Z `Q<�>�b�\=> ZiEaRCK�<�BCE=FIPQ<�<�RS>�<?`N\c>G@ <?H
PQ<�b�\=> <�w,s0ë?yzr5\=]V>[> <?F�]VD,@/FdT^RCHVTWK?E0@�<�@�BNE0@d@�BV<oHJT*FG`NEa> T,@�g�T*FfXc<�@�@�TWRVX³L8\=>/F�<=j É \c>d<�pVEaZ[`VDW<=r8:�]CFG@�<?>�BC\=]J@_r"T^RtBVT*F
F�<�Z[T^RNEaDV`CE=`N<?>5TWR[@�BV<Y<?Ea> DWgf�=ÎC� FUw^sOëOyzrc>�<?`N\c>G@ <?Hf@�BNE0@5�c<�> RV<�DV<?Rq@�> gV�0<�pJT^@�`N<?>Gb�\c>�ZiEaRNK�<UBCEcH[>�<?DWEa@�TW;=<�DWg�TWZ[`V>�\0;c<?H
\=RCD^g³�=ÎqÜ���u=ÎqÜ K�\=Z[`CEa> <?H}@�\v@�BC<i`V>�\JK�<?F FG\c>?� F�F�`Q<�<?H�r�LUBVTWD^<i\c]V>	>�<_FG]VD^@ Fi��T^RÈ@ BV<[DWEa@�<i�=ÎC� F	EaRNHl<_Ea> D^gl�=Î=Î=ÎC� F/�
E=FM> <�`Q\=>�@�<?H�T^R�@ E=PVD^<~��F�]VXcX=<?FG@5@ BCE0@3�=<?>�RC<�DQ<�Rq@�> gC�O<�pJT^@M`Q<�>�b�\=> ZiEaRCK�<YBCEcFM> <�D*E0@ T^;c<�DWgfTWZ[`V> \0;=<?Hm\=RVDWgos_�qÜ~���auhÜ
K�\cZ[`CEa> <?H�@�\m@�BV<f`V>�\JK�<?F FG\c>?� FUFG`Q<�<_HAj�{3BV<?>�<�b�\=> <=rC\c`N<?> Ea@�TWRVXmF�ghFG@�<?Z �c<�> RV<�D!`N<?>Gb�\c>�ZiEaRNK�<~RV\=@�\=RCD^gvK�\=Rq@ T^Rh]V<_F
@�\[Xc<�@�> <�D*E0@�TW;=<?D^giL8\=>/F�<(K�\=Z[`CEa> <?H�@�\[`V> \JK�<_F�F�\=>UF�`N<?<?HArJT^@YHJ\h<?F�F�\iE0@�EdBVTWX=BV<?>U> Ea@�<=j

Ó�D^@�BC\=]VXcB³@ BV<m\0;c<�> BV<?EcH}\abUK�E=D^DWTWRVX�@�BV<i\c`N<?> Ea@�TWRVX}F�ghFG@�<?Z×T*F~>/E0@�BC<�>�F�Z[E=D^DzrO¥�T,@ST*F~<_FG`Q<?K�TWE=D^DWglTWZ[`N\c>G@/EaRq@
b�\=>~RC<�@�L8\=> �=<?HÈEa`C`VD^T*K�Ea@�TW\=RCF?r!F�T^RNK�<}��T¡�(\=`Q<�>/E0@ T^RCX�F�gJF�@ <�Z T^Rh;=\JK?E0@�TW\=R³D^TW<?F�T^RÈ@�BC<�K�> T,@ TWK?EaD"`CEa@�B�\abUEaDWZ[\cFG@�EaDWD
HVEa@ E�@ > E=RCF�b�<?>S\c`N<?> Ea@�TW\=RCF?r�E=RCH���TWT¡��Ó�ZiHVE=BVDz� FfDWEOLÛF�]VX=Xc<?FG@ F	@ BCE0@[EaRhg�K�\=Z[`Q\=RV<?Rq@S\ab�ElF�gJF�@ <�Z�r�RV\}ZiE0@�@�<?>
BV\0L|F�ZiEaDWD�rQ@�BNE0@�HJ\h<?F�RV\a@~F K�EaDW<fEa@	F�TWZdTWD*Ea>(> Ea@�<?FYLUT,@ Bl@ BV<d>�<_F�@(\ab�@ BV<dF�gJF�@ <�Z�rALUTWD^D�<�;c<�Rq@�]NEaDWD^g�PQ<?K�\cZ[<�@�BC<
PQ\a@G@ D^<?RV<?K/�[EaRNHiD^TWZ[T,@M@�BV<�F�K?EaD*EaPVTWD^T^@�gd\ab�@�BV<�LUBV\=DW<YF�gJF�@ <�Z w,s�y�j"{3BV<YPQ\a@�@�DW<�RV<_K/�f\=b�@�BV<�\=`Q<�>/E0@�TWRVX�F�gJF�@ <�ZèK�EaDWD*F
BCEcF(E=D^> <?EcHJg}FG@ Ea>�@�<_Ho@ \vZiE=RVT,b�<_F�@~T^@ F�<�D^bMTWR³PC]CFGglLM<?PÈF�<�> ;=<?> F?j~��RCHJ<?<?HAr!@�BV<[> <�`Q<?E0@ <?H³K�> \cF FGTWRVXvPN<�@�LM<?<�Rl]NFG<?>
¦M§|:	Pt<>]�P6RWJq9WYZQ�?�LoX	Lo9WP6h¨PUQV9;R;XC��P/�	Y 9|T6<>L;9#YZQSJM7Z7�<>=�R8@`B�58©OE���NKJMLWP6[\TU<>h�]	=	9WP6R;LOdFJMLIr/���Ih�YZT6RW<>LWP6T6<>Q�[�LUk

�



F�`CE=K�<	E=RCH��=<�> RV<?D�FG`CEcK�<	BCEcF3>�<?`N\c>G@ <?H�@�\iK�\cRc@ >�TWPV]J@ <~EiFGTWX=RVT^¿NK?EaRq@8\0;c<�> BV<?EcHi@ \dPC]CFGg�LM<?PvF�<�> ;=<?> F	w^s_�_y�j

ð3ñ�ª «­¬¯®2°#±�®²-�ý´³¶µUþ�ôt"Gÿ.µ'��&
Ó�D^@�BC\=]VXcBm�=<?>�RV<?DN<?Rq@�> gc��<�pJT^@5`Q<�>�b�\=> Z[E=RCK�<�D^TW<?FMTWRi@�BV<	K�> T^@�T*K�EaDQ`CEa@�Bm\=b�T^Rq@�<?>�`C>�\JK�<_F�FMK�\cZdZf]VRVT*K�Ea@�TW\=R�rhEaRCHmZ[EOg
PQ<(F�T^XcRVT^¿NK�E=Rc@5b�\=>3FGBV\c>G@8HVE0@/E~@�>/EaRNF�b�<?> F?r=DW\=RVXdHVE0@/E~@ > E=RCF�b�<?> FMEa> <YHJ\cZdTWRCEa@�<?HmPqgd@ BV<�\0;c<�> BV<?EcHd\ab!K�\cZ[ZS]VRVT*K�Ea�
@�TW\=Rl`V>�\=@�\JK�\cD!<�ph<_K�]J@ T^\cR�j	{3BV<fHJ\cZ[T^RCE=Rq@(K�\cZ[ZS]VRVT*K�Ea@�TW\=R}`C>�\=@�\JK�\cD!\=R}@�BV<f��Rc@ <�> RV<�@�@�\JHVEOg�T*F�{Y�8k3�O��k�rNE=RCH
@�BC<�> <�b�\=> <=rJT^@�T*F3T^Z[`Q\=>�@ EaRq@U@ \d]CRCHJ<�>/FG@ EaRNH�BV\0Læ@�BV<~`Q<�>�b�\=> ZiEaRCK�<	\ab�{Y�8k3�O��ktF�K?EaDW<?F3LUT^@�B�`V> \JK�<?F F�\=>3FG`Q<�<_HAj

��Ri\=]C>5RV<�pq@8<�pJ`Q<�> T^Z[<�Rq@5L8<YFG@�]CHVgf@ BV<Y`Q<�>�b�\=> ZiEaRCK�<U\ab�{Y�8k8�0��k�PN<�@�LM<?<�R�K�\=Z[ZS]CRVTWK?E0@ T^RVX~`C>�\JK�<_F�F�<?F"@�BCEa@
> ]VRm\=R�@�BV<	F EaZ[<YK�\cZ[`V]J@�<?>?j�·v{!\f>�<_HJ]CK�<�EaRhgiFG@ Ea>�@G��]V`m\0;c<�> BV<?EcHVF?rcHVEa@ ESE=>�<YX=TW;=<�Rmb�\=>M@�>/EaRCFGb�<�>5@�\f@�BV<	FG\JK/�c<�@
D*EOg=<�>	TWRÖK/Bq]CRV�JF�ÙaÝ��	Phgq@�<?F	D*Ea> X=<cj É TWX=]C>�<m�v`VDW\a@/F(@�BV<�{Y�8k3�O��kæ@�BV> \=]CX=BV`V]V@SE=K/BVTW<�;c<?H³T^R�<?EcK/B³<�pJ`N<?>�TWZ[<�Rq@
��> <�D*E0@ T^;c<Y@ \S@ BV<~{Y�8k8�0��kÖ@�BC>�\c]VX=BV`C]J@3b�\=>8@�BV<	PCEcFG<	K�EcFG<O��j Ñ <	F�<�`NEa>/E0@�<Y@�BV<~K�\=Z[`V]J@ <�>/FMTWRq@�\db�\=]C>3K?E0@ <�X=\c>�TW<?F?�
�JkAÓ�ÔU�x]CRVT^`C>�\JK�<_F�F�\=>/F?rN�JkAÓYÔ��xZf]VD,@ T^`C>�\JK�<_F�F�\=>/F?r�¸(Ì8�îÓ�DW`VBCECrAEaRCHokMÌ5ØY{3�����Ör�FG\�EcF�@ \�F�BV\0LÏ@�BV<S@�> <�RCHCF
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ALPHA/DigitalUNIX Uniprocessors
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PENTIUM/Linux Uniprocessors
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SPARC/Solaris Uniprocessors
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SPARC/Solaris Multiprocessors
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ideal
actual performance

slope = 0.8
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slope = 0.62
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actual performance

slope=0.61
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`Q\q\c>�DWgvLUT,@ Bl`V> \JK�<?F F�\=>YF�`N<?<?HAj(ÓYK�@�]CE=D^DWg=rAEaD^@�BC\=]VXcBo`V>�\JK�<?F FG\c>YFG`Q<�<_HVF�BCEO;=<�TWZ[`V> \0;=<?H�PhgoE[b�EcK�@�\c>�\=bM�=�VrV@�BC<
E=K/BCT^<?;=<?Ho{Y�8k3�O��kåPCE=RCHJLUT*Hh@�BlBCE=FYT^Z[`V> \0;=<_H�\=RVDWg�PhgoE[b�EcK�@�\c>Y\=b�sOëhj�Ó�F�K?EaRoPQ<dF�<�<?RoT^R}¿CX=]V> <�Ý�LM<~¿C@G@�<_H
@�BC<fZ[<?EcFG]C>�<_H}HVE0@/E�LUT^@�BÈE�FG@�>/EaTWX=Bq@(D^TWRV<=rALUBC\cF�<fF�D^\c`N<f@�]V> RV<_H}\=]V@�@ \�PQ<dÎCj Ùq�Jj~{3BVT*F(T^Z[`VDWT^<_F�@�BCEa@	{Y�8k3�O��k
<�pJ<_K�]J@ T^\cRvF K�E=D^<_H³��EaPQ\=]J@��3Ù=ÎqÜÛE=F8b�E=FG@YE=F3`C>�\JK�<_F�F�\=>3F�`N<?<?HVF?j

ð3ñ;ø «­¬¯®2°#±�®²-�ý ô»ù øF&Jõ�µIúAµI"U-6&hô"ýû¼åõVø�ô¿¾æøF&=÷�µ�õ��
��Re\c]V>�RV<�pq@d<�pJ`Q<�> T^Z[<�Rq@SL8<mTWRh;=<?FG@�TWXcEa@�<i@ BV<m`Q<�>�b�\=> ZiEaRCK�<�F�K?EaDWT^RCXo\abY{Y�8k8�0��k"��PCE=F�<?HÈK�\cZ[ZS]VRVT*K�Ea@�TW\=R�TWRnE
s?Îl�oPV`CFf�o<�@ >�\c`N\cD^T^@ E=ReÓ�> <?E}ØY<�@�L8\=> �»���lÓYØ���r�]CFGTWRVXo@ BV<��������lPQ<�RCK/BVZiE=>���j Ñ <�]CF�<m;0Ea> T^\c]CF�K�\=Z[`V]J@ <�>/F
E=F�FG\c]V>/K�<?FY\ab�@�>/E0ÇmK���\=RCD^gv\=RV<dK�\cZd`C]J@�<?>�@�>/EaRNFGZ[T^@ F(E0@G��E0�z@�TWZ[<_��jY{3BV<�@ > EaÇmK�HJ<?FG@�TWRCEa@�TW\=R}T*F�E=Rl�h]VRÈ��D^@�>/E��
K�DW\JK/�=<_HvEa@�Õ=ÙcÎ[�}é�Êcj3ÓYD^DI@�BC<SFG\c]V>/K�<?FYEa> <(Z[\c>�<~@ BCEaRÖs_Î[�hT^DW\=Z[<�@ <�>/F�EOL3EOg[b�>�\cZê@ BV<SHJ<_F�@ T^RCEa@�TW\=R}K�\=Z[`V]J@ <�>_j
É T^Xc]V> <S�fF�BV\0L�F8@ BV<SE=K/BCT^<?;=<?H�@�BC>�\c]VX=BV`C]J@S��TWR}�oPhgq@�<?F3`Q<�>~�8k5��FG<_K?�M\0;=<?>3@�BV<	@ BV>�\c]VX=BC`V]J@�\ab�@�BC<�PCE=F�<�K�EcFG<cj
��@ST*F~<?EcFGg}@�\}F�<�<[@�BC<�F�E=Z[<f@ >�<?RCHA�d{Y�8k8�O��kx`Q<�>�b�\=> Z[E=RCK�<[TWReEo�o<�@ >�\c`N\cD^T^@ E=RÈÓY>�<_EoØ�<�@�LM\c>��JF~F K�EaDW<?F	Zf]CK/B
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SPEC Int95

ideal
actual performance

slope=0.69

É TWX=]V> <~ÙV�tÚ%Û%ÜÈÝ�ÞCÜàè����8£|á��o£#�`âã�	 2�¯â8 ��C�½�����K ��`����üýñ�ò÷¤

L8\=>/FG<3@ BCEaR�`V>�\JK�<?F FG\c>5FG`Q<�<_HAj�þ Ñ <Y¿C@G@�<_Hi@ BV<�HVEa@ ESLUT,@ B�E�DWT^RC<�@�BNE0@MBNE=HmEfFGDW\=`Q<Y\=b!ÎVj ÙVs=rcLUBVT*K/BmT^Z[`VDWTW<?F5@�BCEa@
{Y�8k8�0��kn`Q<�>�b�\=> ZiEaRCK�<~F�K?EaDW<?H�\=RVDWg�Ù=ÎhÜçLUT^@�B�>�<_FG`Q<?K�@3@�\i`V> \JK�<?F F�\=>3FG`Q<�<_HAj

ð3ñpÿ «­¬¯®2°#±�®²-�ý ô�� -�ö�øý¼åõVø�ôö¾xøF&a÷÷µ�õ��
��Rv\=]V>8DWEcF�@3PCE=RCHJLUT*Hh@�Bv<�pJ`Q<�> T^Z[<�Rq@3LM<(TWRq;c<?FG@�TWXcEa@�<�@ BV<	`N<?>Gb�\c>�ZiE=RCK�<(F�K?EaDWT^RVXd\ab�{Y�8k8�O��k��zPNE=F�<?HiK�\cZ[ZS]VRVT*K�Ea�
@�TW\=RvTWRvE Ñ T*HJ<~Ó�> <?EdØ�<�@�L8\=> ��rh]CFGTWRVXd@�BC<S�������iPN<?RCK/BVZiEa> ��j�ÓYD^DIFG\c]V> K�<�K�\=Z[`V]J@ <�>/F3LM<?>�<(D^\JK?E0@�<_HmTWR��(> <�<_K�<cr
LUBVTWD^<f@�BC<dHJ<_F�@ T^RNE0@�TW\=R³K�\=Z[`V]V@�<�>[��E��J��Ø��YD,@ > Ev�mK�DW\JK/�=<_H}E0@~�aÎ=Î��}é�ÊO��L3E=FYD^\JK?E0@�<_HoTWR³Ø�\c>�L3EOg=j É T^Xc]V>�<dÙ
`VDW\a@/F	@�BV<iZ[<_E=F�]V>�<_H}@ BV> \=]VXcBV`V]J@���T^RÖ�oPhgq@�<_F~`N<?>d�8k5��FG<_K?��\0;=<?>(@�BV<i@ BV> \=]VXcBV`V]J@�\=b5@�BC<mPCE=F�<iK�EcFG<cjm{3BV<?F�<
> <?F�]VD,@/F~K�\cRJ¿C> Z @�BV<i`Q\h\=>~F�K?EaD*EaPVTWDWT,@�go\=b8{Y�8k8�0��kæ<�pJ<?K�]V@�TW\=R�K�\=Z[`CE=>�<_Ho@ \v`C>�\JK�<_F�F�\=>(`Q<�>�b�\=> Z[E=RCK�<cj Ñ <iFG<?<
@�BNE0@STWRnEaDWD5RC<�@�L8\=> �}LM<�BCEO;=<mFG@�]CHVT^<_HAr"> E=RVX=TWRVXvb�> \=Zù��\JK�E=D5Ó�> <?E}ØY<�@�L8\=> �JF�r!@�\}`CE=RJ��<�]V> \=`Q<?E=R Ñ T*HJ<�ÓY>�<_E
Ø�<�@�LM\c>��JF?rJ{Y�8k8�O��k»`Q<�>�b�\=> Z[E=RCK�<~F K�E=D^<_FMZf]CK/B�LM\c> F�<�@�BCE=R�`V> \JK�<_F�F�\=>3`Q<�>�b�\=> Z[E=RCK�<cj

ð3ñ�� «­¬¯®2°#±�®²³Sô8&høIýYþ�(
:�]V>�<�pJ`N<?>�TWZ[<�Rq@ F�FG\Öb�E=>�TWRCHJT*K�Ea@�<o@ BCE0@�{Y�8k8�O��kçPCE=RCHJLUT*Hh@�BxK�DW<?Ea> DWg»HJ\h<?F�RV\a@�F�K?EaDW<oLM<?D^D�LUT,@ B6`V> \JK�<?F F�\=>
F�`N<?<?HAj[��RÈ\=]V>	RV<�pq@~<�ph`Q<�> TWZd<?Rq@	L8<[LUT^DWD"TWRq;c<?FG@�TWXcEa@�<dLUBV<�@ BV<�>�{Y�8k3�O��kxDWEa@�<�RNK�g}T*F	T^R��C]V<�RNK�<?H³Phg}`V> \JK�<?F F�\=>
F�`N<?<?HAj Ñ <�Zd<_E=F�]V> <f@ BV<mD*E0@ <�RCK�glPQ<�@�L8<�<�R�@�L8\�`V> \hK�<?F FG<_F	]CF�T^RVX�@ BV<�
�������������PQ<�RCK/BVZiE=>���j É TWX=]V> <�ë�`VDW\a@/F
@�BC<SD*E0@�<?RCK�gvPQ<�@�L8<�<�Rl`V>�\JK�<?F FG<_FU>�]CRVRVTWRVXm\=R}HVT,Ò�<�> <�Rq@(K�\=Z[`V]J@ <�>/FU@ BCE0@	Ea> <SK�\cRVRV<?K�@�<_H�T^Ro@ BV<fF EaZ[<ms_Îm�oPV`NF
Ì"@ BV<�> RV<�@3�IÓYØ�j Ñ <~F�<�<�@�BCEa@U{Y�8k3�O��knDWEa@�<�RNK�g�F K�E=D^<_F5;c<�> giD^T^@G@ D^<	LUT^@�Bv`V>�\JK�<?F FG\c>8F�`N<?<?HArVESb�E=K�@ULUBVTWK/B�F�BV\=]VD*H
PQ<d<�pJ`N<_K�@�<_HA�~{Y�8k8�0��k6D*E0@�<?RCK�glPN<�@�LM<?<�R³@�LM\�HJT^ÒQ<?>�<?Rc@�K�\=Z[`V]J@ <�>/F(HV<�`Q<�RCHVF	Z[\c>�<d\=RÈRV<�@�L8\=> ��DWEa@�<?RCK�glE=RCH
DW<?F FY\cRl`V> \JK�<?F F�\=>�F�`Q<�<?H�j�:�]C>(<�pJ`N<?>�TWZ[<�Rq@ F�LUT,@ B³{Y�8k3�O��k6D*E0@ <�RCK�g�PN<�@�LM<?<�R³K�\=Z[`V]J@ <�>/FYTWR}@ BV<iF�E=Z[<f�}Ó�Ø
EaRNH Ñ ÓYØ���RV\a@�F�BV\0LUR�BV<?>�<O�8T^RCHV<�<?HoK�\=RJ¿N>�Zê@�BCEa@U@�BV<?>�<�T*FUDWT,@�@�DW<���T^b5EaRhg�Ea@YEaDWD*�U>�<?DWEa@�TW\=RvPN<�@�LM<?<�Ro`V> \JK�<?F F�\=>
F�`N<?<?H�EaRCHv{Y�8k8�0��knD*E0@ <�RCK�g=j

ð3ñ�� ó «¯«¯® ®vø!õ��Mµ�õ��çô"ýYþ�ø
:�]V>�<�pJ`N<?>�TWZ[<�Rq@ F�FG\[b�E=>YBCEO;c<�HJ<�Z[\cRCF�@ > Ea@�<_Hv@�BCEa@�{Y�8k8�0��kå<�pJ<?K�]J@�TW\=R}HJ\h<_F�RV\=@�F�K?EaDW<SE=F�LM<?D^D�E=F�`C>�\JK�<_F�F�\=>/F
HJ\Nj"��@�TWFUTWRq@�<?>�<_F�@ T^RVXd@ \d�hRV\0L~rJBC\0LM<?;=<�>_rhLUBV<�@ BV<�>3@ BVT*FU`N\h\c>�F�K?EaD*EaPVTWD^T^@�gm`V> \=`NEaXcEa@�<_F5@ \[]V`V`Q<�>��zDW<�;c<�DA`V> \a@ \hK�\=D*F
E=F�L8<�DWD�r=\=>�TWF�T^@5E�ZdTWRV\c>�HJ<�@/EaTWDVK�\=RV¿CRV<?HfLUT^@�BVTWRd@�BV<U{Y�8k8�0��k³F�\ab¡@�L3Ea> <=jI{!\(]VRCHJ<?> FG@ E=RCHS@�BV<U<�ÒQ<_K�@"\abN@�BVT*F�`N\h\c>
F K�EaD*EaPCT^DWT,@�g}@�\o]V`V`Q<�>���D^<?;=<�D"`C>�\=@�\JK�\cDWF?r�L8<d]NFG<��	��� �������Ar�\=RC<i\ab8@�BV<i`V> \=Xc> E=ZiF�\=b��	��
���
����o@�\�Z[<?EcFG]C>�<d@�BC<
`Q<�>�b�\=> Z[E=RCK�<8\abN@�BV<i�������~`V>�\=@�\JK�\cD�jI��Rf\c]V>�F�<�@G@ T^RCXCr��	��� ��������TWRVT,@ TWEa@�<_F"E�;c<�> g�FGTWZ[`VDW<8L8<�P[F�<�> ;=<�>�EaRNHfE	K�DWTW<�Rq@
\=R�@�BC<�F�E=Zd<~K�\=Z[`V]J@ <�>_j�{3BV<~K�DWT^<?Rc@�> <?�q]V<_F�@/F3EaR�Bq@�Z[DA`CEaXc<i��EaPQ\=]V@�s?Î��	Pqgq@ <?F3D*Ea> X=<_��rVEaRCH�T^@ F~sO��<?ZSPQ<?HVHJ<_H
TWZ[E=X=<_F~@�BNE0@dE=>�<�EaPQ\=]J@SÝqÎä�	Phgq@�<?FSDWE=>�Xc<mTWRÖ@�\=@ EaDzjl{3BV<�PN<?RCK/BVZiEa> �JF�Z[<?EcFG]C>�<_F	@�BV<�DWEa@�<?RCK�gÈ@�\l>�<_K�<�TW;=<�EaDWD

 Ë#<M9;P*9W:�Jq9t9W:�YZLt7ZYZh�Y 9;P6[s§#E�BFÅqÆ�Bä]�PURof�<>R;h.JMQ�T6P'L;TUJM7^JMN�YZ7ZY 9�XAYZLeQ�<M9_[	=�P'9;<\9;:�Pi7ZYZh�Y 9;P6[sNKJMQ�[	d|YZ[	9;:È<Mf�9W:	PiQ�P/9�dF<>RWu�c�N�P6TUJM=�LWPdFPt[�<*Q�<M9|RWP6]�<>R;9|§#EFB�ÅqÆ�B�Q	P69�d�<>RWu�NKJMQ�[	d|YZ[	9;:	��dFPtRWP6]�<>R;9O9;:�P_wsNCXC9;PUL|9WRWJMQ�L;fgP6RWP6[.f�<>ROPUJMTp:¶E�B�{O��LWP6T6<>Q�[�k
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SPEC Int95 (relative to baseline)

ideal
actual performance

slope=0.1

É TWX=]V> <Sëh�tÚ%Û%ÜÈÝ�ÞCÜà�;���`���8���ë�	 2�¯â8 ��C���o���	â#�ä�	��å­��ì�í�îôß#¢e��ðIñ�òõ¤
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SPEC Int95

ideal
Uniprocessor SPARC

multiprocessor SPARC
slope=0.32

É TWX=]V> <~uV����Ú¶Ú¶Üà�o���	���#�����;���; O�����oâ8 ��`�������¯�p�8�#���`�o ��¡ ���¢#�K O�����`�	 ����`¢I����£I¤

@�BC<?F�<[¿CD^<_F�j É T^Xc]V>�<iu�`VDW\a@/F	@�BC<i`N<?>Gb�\c>�ZiEaRNK�<[Z[<?E=F�]V> <?HÈPhg��	��� �������»��RC\=> Z[E=D^TWÊ�<_H}@ \�@�BV<�PCE=F�<iK�E=F�<_��j Ñ <
F�<�<�@�BCEa@8@ BV<	Bq@G@�`�`Q<�>�b�\=> ZiEaRCK�<�F K�EaDW<?F8L8\=>/FG<Y@�BCE=R�`C>�\JK�<_F�F�\=>3F�`N<?<?HAj���@�F�K?EaDW<?F8<�;c<�R�LM\c> F�<�@ BCEaR�@�BV<~{Y�8k3�O��k
`Q<�>�b�\=> Z[E=RCK�<iL8<m\cPCFG<?>�;c<?H³`V> <�;hT^\c]CF�D^gcj É TWX=]V> <mu}F�]VX=Xc<?FG@ F	@ BCE0@déY{U{Uk `Q<�>�b�\=> ZiEaRCK�<mF�K?EaDW<?F�E=PN\c]J@fÕ=ÎhÜ EcF
b�E=FG@(EcFU`V> \JK�<?F F�\=>YF�`N<?<?HVF?jY{3BV<S>�<_E=F�\=R�PN<?BVTWRCHo@ BVTWFY\=Ph;hT^\c]CF�D^gvPCE=H�`Q<�>�b�\=> ZiEaRCK�<~TWFY@�BNE0@A�	��� ��������@�>/EaRCFGb�<�>/F
Bq@�Z[D"`CE=X=<?F(EaRNH}TWZ[E=X=<_F�E�b�<�L¿�	Pqgq@ <?F�DWE=>�Xc<=r�LUBVTWD^<d\=]V>	`V> <�;hTW\=]CF({Y�8k8�0��k6PQ<�RCK/BCZ[E=>��JFY@�>/EaRCFGb�<�> <?HlK/Bq]CRV�JF
\ab5HCE0@ E�ÙaÝ,�	Pqgq@ <?F�D*Ea> X=<cj�ÔU<_K�<?Rc@	F�@ ]CHJTW<?F(> <�`Q\=>�@�@�BCEa@�@ BV<[EO;=<�>/EaXc<(¿CD^<[F�T^Ê?<S\=R}@�BV<dLM<?P}T*F�u��	Pqgq@ <?F?rQLUBCT^DW<
@�BC<dZ[<_HJTWE=RÈ¿CD^<[T*F	<�;c<�R³F�ZiEaDWD^<?>?�(\=RCD^glÕÀ�	Phgq@�<_F�D*Ea> X=<�w Ý0yzj Ñ BV<?RÈ@�>/EaRCFGb�<�> >�TWRVXvFG]CK/B�F�Z[E=D^D�¿ND^<_F�r�\c`N<?> Ea@�TWRVX
F�ghFG@�<?ZiFUEa> <(RC\a@�EaPVDW<	@�\[\c`J@�TWZ[T^Ê?<	@�BV<	@ > E=RCF�b�<?> F3E=RCHvRV<?K�<?F F�E=>�TWD^gmF�]JÒ�<�>UD*Ea> X=<(\0;=<?>�BV<_E=HVF?j

ð3ñGò�� ����� �çô�õ�(
:�]V>[<�pJ`Q<�> T^Z[<?Rc@/EaD3> <?F�]VD,@/FiFG\³b�Ea>iF�]VX=Xc<?FG@f@ BCE0@iTWRq@�<�> `V> \JK�<?F FdK�\=Z[Zf]VRVT*K�E0@ T^\cRn`Q<�>�b�\=> ZiEaRCK�<vHJ\h<_F[RV\a@mF K�EaDW<
F�T^Z[TWDWE=>�DWgo@�\o`C>�\JK�<_F�F�\=>~F�`N<?<?HVF?j � E=F�T*Kf\c`N<?> Ea@�TWRVX�FGgJFG@�<�Z×b�]VRCK�@�TW\=RCFm��D^TW�=<i�c<�> RV<�D"<?Rq@�> gc��<�pJT^@~\0;=<�> BV<_E=HC�(F K�EaDW<
E=FYb�E=FG@~E=Ffs_�cÜ����auhÜ�EcF�b�EcF�@~E=F�`V> \hK�<?F FG\c>YHJ\Nj	{Y�8k3�O��kæ<�pJ<?K�]J@�TW\=R}TWR³E=D^D��hTWRCHVF�\ab5RV<�@�LM\c>��JF�F�K?EaDW<?F�PN<�@�LM<?<�R
Ù=ÎhÜÛE=RCH�u=ÎqÜ�E=F3b�EcF�@YEcFU`V> \JK�<?F F�\=>/F8HV\Cj8�JT^Z[TWDWE=>�DWg=rC{Y�8k3�O��ktD*E0@�<?RCK�gvHJ\h<?FURC\a@�F�<�<?Z�@�\iTWZ[`V> \0;=<	RV\a@ TWK�<?E=PVD^g
LUT^@�Bl`C>�\JK�<_F�F�\=>�FG`Q<�<_HVF�j(��RJb�\c>G@ ]VRCEa@�<�DWg=rQ@ BVTWF�`Q\q\c>(F K�E=DWE=PVTWD^T^@�g�T*F�Z[E=X=RVT^¿C<_H}EaRCH�`C>�\c`CEaXqE0@�<_Hv@�\�BVT^XcBV<�>�D^<?;=<?D
K�\cZ[ZS]VRVT*K�Ea@�TW\=ReZ[<_K/BCEaRVT*F�Z[FfDWT^�c<�L8<�PnHCE0@ E}@�>/EaRCFGb�<�>/F?r"LUBV<�> <�é�{U{Uk�K�\=Z[ZS]VRCTWK?E0@�TW\=Rn`N<?>Gb�\c>�ZiEaRNK�<�F K�E=D^<_F

s?Î



0

5

10

15

20

0 5 10 15 20 25 30 35 40

M
ile

ag
e 

(i
n 

M
by

te
s 

pe
r 

SP
E

C
se

c)
�

SPEC Int95

SPARC/Solaris Multiprocessors

SPARC/Solaris multiprocessor
slope = -0.27

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30 35 40 45 50

M
ile

ag
e 

(i
n 

M
by

te
s 

pe
r 

SP
E

C
se

c)

�

SPEC Int95

Pentium/LINUX performance

Pentium/LINUX performance
slope = -0.06
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SPARC/Solaris Uniprocessors

SPARC/Solaris uniprocessor
slope = -0.13
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Alpha/DigitalUNIX Uniprocessors

Alpha/DigitalUNIX
slope = -0.13
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LocalHost

actual performance
slope = -0.15
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SPEC Int95 (relative to baseline)

Local Area Network

actual performance
slope=-0.12
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SPEC Int95 (relative to baseline)

Metropolitan Area Network

actual performance
slope=-0.13
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SPEC Int95 (relative to baseline)

Wide Area Network

actual performance
slope=-0.11
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