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! ;DB4C&$C&'*C&<0&)/F&<0&240&

! 7C9/)'&C$\4,42/+$.&C4/$]**@2

! =X^DH42$B4C&$RR6$&M&'G24*)$G)42@

! 1)2&+$!\$]**@2

! Q&B$RR6;:=$1)@20G'24*)@

! RF/02$.&F*0-$7''&@@

! .&F*0-$\4@/FH4,G/24*)

! !/0CB/0&$"0&A&2'(4),

! 7C9/)'&C$RF/02$#/'(&

! T*B$+/2&)'-5$(4,($][$@(/0&C$TX$'/'(&
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8

7%8-.%)'G*1$6E!$18*5%15?$%
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!"#$%&'()*+,'-'./&%'()*+,012*+34,'-'567".89"::6'"5";$"<:%

Greater Instruction per clock and 

improved cache hierarchy

Simultaneous Multi-Threading

45nm Intel! multi-core processors
(2, 4, 8 core implementations planned)

Dynamic Resource Scaling 
Any unneeded cores automatically put into sleep mode; 

remaining operating cores get access to ALL cache, 

bandwidth and power/thermal budgets

Turbo Mode
CPU operates at higher-than-stated frequency when 

operating below power and thermal design points

Faster Processing / core

More Threads / core 

Energy efficient multi-core processing 

Lower power consumption during periods 

of low utilization

Additional Processing boost during peak 

demand periods

!"#$%"&'()"* +","%-'*

R*G0'&J$1)2&+:$7++$AG2G0&$30*CG'2@5$'*F3G2&0$@-@2&F@5 C/2&@5$/)C$A4,G0&@$@3&'4A4&C$/0&$30&+4F4)/0-$H/@&C$
*)$'G00&)2$&M3&'2/24*)@5$/)C$/0&$@GH_&'2$2*$'(/),&$B42(*G2$)*24'&:
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G 7%8-.%)'/%0*,"'98*.606:8&
G ;"8-"1%#'9$61%006$'<6$%
G 7%='>"05$?15*6"0
G @:5*)*A-5*6"'B?*#%.*"%0'-"#'(6C5=-$%'D66.0
G 7%='9.-5C6$)'4%-5?$%0

!,%"#-
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/%0*,"%#'46$'G6#?.-$*5&

$I=J@A?)IMJD>);)I>MKHM@A<D>);)><>MFB)>KKJDJ><DB
KHM)G>MS>M6)L>GC=HI)A<L)@HPJ?>)IMHLND=G

,%'&

_0!

-HM>

.<DHM>

-
$
%
/

-
$
%
/

-
$
%
/

!&- _0!
0HO>M)
`
-?HDC

a_0!
3J<CG

a)@>@
DEA<<>?G

+JT>)HK
DADE>a)DHM>G

0HO>M
&A<AF>]
@><=

(BI>)HK
&>@HMB

!<=>FMA=>L
FMAIEJDG

(899:;:<=8>=8?<#8<#=@:#A+<B?;:CD

W[[\)+>MS>MG)`),>GC=HIG

E

_0!E

E

E

3b)-ADE>

_0!^ !<=>?4
_NJDC0A=E
!<=>MDH<<>D=
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/%0*,"%#'C6$'9%$C6$)-"1%

/Q>DN=JH<
.<J=G

$N=]HK]$ML>M
+DE>LN?J<F)`
%>=JM>@><=

3W)-ADE>
`)!<=>MMNI=
+>MSJDJ<F

!<G=MND=JH<)#>=DE
`)3c)-ADE>

8MA<DE)0M>LJD=JH<
!<G=MND=JH<
,>DHL>)`
&JDMHDHL>

0AFJ<F

3c),A=A)-ADE>

&>@HMB)$ML>MJ<F
`)/Q>DN=JH<

'LLJ=JH<A?)-ADEJ<F
*J>MAMDEB

">O)++/d5W)
!<G=MND=JH<G

,>>I>M)
8NKK>MG

#AG=>M
1JM=NA?JTA=JH<

+J@N?=A<>HNG
&N?=J](EM>ALJ<F

8>==>M)8MA<DE
0M>LJD=JH<

!@IMHS>L)3HDC)
+NIIHM=

!@IMHS>L
3HHI)

+=M>A@J<F
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;"8-"1%#'9$61%006$'<6$%

>"05$?15*6"'4%518'-"#

9$%'/%16#%

>"05$?15*6"'M?%?%

/%16#%

>D+O

2%"-)%P!..61-5%

8&240&F&)2$Z)42

U8&`0C&0$]GAA&0V

8&@&09/24*)$R2/24*)

6M&'G24*)$Z)42@

/D+O

I"# +%F%.'D+O
4

4

5

QI3O

>"05$?15*6"'<-18%

QI3O

/-5-'<-18%

IKR3O

I"# +%F%.'<-18%

Ta$/)C$H&-*)C

61-./'7.+

78"3)/*-.

7.0*."

9"&-1:
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4$6"5E%"#

! 8&@3*)@4H+&$A*0$A&&C4),$2(&$'*F3G2&$&),4)&
! \&'*C&$4)@20G'24*)@

! ]0/)'($"0&C4'24*)

! b&-$#*0&$X$K&/2G0&@
! ;DB4C&$C&'*C&

! ./'0*AG@4*)

! T**3$R20&/F$\&2&'2*0

>"05$?15*6"'4%518'-"#

9$%'/%16#%

>"05$?15*6"'M?%?%

/%16#%

>D+O
QI3O

>"05$?15*6"'<-18%

14

G-1$6C?0*6"'2%1-:

! 1)20*CG'&C$4)$#*0&$X

! %6R%<#."$4)@20G'24*)$A*++*B&C$H-$/$'*)C424*)/+$
H0/)'($20&/2&C$/@$/$@4),+&$4)@20G'24*)

! \&'*C&$/@$*)&$4)@20G'24*)

! 6M&'G2&$/@$*)&$4)@20G'24*)

! 8&240&$/@$*)&$4)@20G'24*)

! !4,(&0$;"1<-1&$.3"
! 1F30*9&@$2(0*G,(3G2

! 8&CG'&@$&M&'G24*)$+/2&)'-

! 1F30*9&C$;-="1'"<<*3*".3:
! T&@@$30*'&@@4),$0&IG40&C$2*$/''*F3+4@($2(&$@/F&$B*0E

15

7%8-.%)'G-1$6C?0*6"

! c*/+J$1C&)24A-$F*0&$F/'0*AG@4*)$*33*02G)424&@$A*0$4)'0&/@&C$
;"1<-1&$.3" /)C$;-="1'"<<*3*".3:

! RG33*02$/++$2(&$'/@&@$4)$#*0&$X$9+S(

! #."de''$F/'0*AG@4*)$/CC&C$A*0$2(&$A*++*B4),$H0/)'($'*)C424*)@

" eT<eQc6

" ec6<eQT

" eT6<eQc

" ec<eQT6

! #*0&$X$*)+-$@G33*02@$F/'0*AG@4*)$4)$aXDH42$F*C&

! Q&(/+&F$@G33*02@$F/'0*AG@4*)$4)$H*2($aXDH42$/)C$f;DH42$F*C&@

>.31"$,"+'&$31-<),*-.'("."<*/'-.'!"#$%"&

16

4$6"5E%"#H'+66:'(5$%-)'/%5%156$'
2%)*"#%$

! T**3@$/0&$9&0-$'*FF*)$4)$F*@2$@*A2B/0&
! %/E&$/C9/)2/,&$*A$E)*B+&C,&$*A$+**3@$4)$![
! ./012345$67/$89:/$3486;<063148$1=/;$942$1=/;
! >9?345$67/$89:/$@;9407$A;/23063148$1=/;$942$1=/;

! T**3$R20&/F$\&2&'2*0$4C&)24A4&@$@*A2B/0&$+**3@
! R20&/F$A0*F$T**3$R20&/F$\&2&'2*0$4)@2&/C$*A$)*0F/+$3/2(
! \4@/H+&$G))&&C&C$H+*'E@$*A$+*,4'$A*0$;-="1',$?*.0,
! @*0#"1';"1<-1&$.3" H-$0&F*94),$4)@20G'24*)$A&2'($+4F42/24*)@

2-1"'A'B--;'C/1"$&'D"/"3/-1

]0/)'(

"0&C4'24*)
K&2'( \&'*C&

+66:

(5$%-)

/%5%156$

EF'

>.,/1)3/*-.,
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4$6"5E%"#H'+66:'(5$%-)'/%5%156$'
*"'7%8-.%)

! R/F&$'*)'&32$/@$4)$304*0$4F3+&F&)2/24*)@

! @*0#"1';"1<-1&$.3"G'6M3/)C$2(&$@4O&$*A$2(&$
+**3@$C&2&'2&C

! >&;1-?"+';-="1'"<<*3*".3:G'\4@/H+&$&9&)$F*0&$
+*,4'$

!"#$%"&'B--;'C/1"$&'D"/"3/-1

]0/)'(

"0&C4'24*)
K&2'( \&'*C&

+66:

(5$%-)

/%5%156$

AF'

9*31-HI;,

18

O$-"18'9$%#*15*6"'2%)*"#%$

! c*/+J$b&&3$3*B&0AG+$'*F3G2&$&),4)&$A&C

! `324*)@J
! R2/++$343&+4)&$B(4+&$C&2&0F4)4),$H0/)'($C40&'24*)<2/0,&2

! "0&C4'2$H0/)'($C40&'24*)<2/0,&2$/)C$'*00&'2$4A$B0*),

! .4)4F4O&$/F*G)2$*A$24F&$B/@2&C$'*00&'24),$A0*F$
4)'*00&'2$H0/)'($30&C4'24*)@
! J"1<-1&$.3"G'

" %(0*G,($(4,(&0$H0/)'($30&C4'24*)$/''G0/'-

" %(0*G,($A/@2&0$'*00&'24*)$B(&)$30&C4'24*)$4@$B0*),

! J-="1'"<<*3*".3:G'.4)4F4O&$)GFH&0$*A$
@3&'G+/249&<4)'*00&'2$F4'0*D*3@$2(/2$/0&$&M&'G2&C

2-./*.)"+'<-3),'-.'(1$.3#'

;1"+*3/*-.'*&;1-?"&"./,

19

+I'O$-"18'9$%#*156$

! "0*H+&FJ$R*A2B/0&$B42($/$+/0,&$'*C&$A**2304)2$)*2$
/H+&$2*$A42$B&++$4)$&M4@24),$H0/)'($30&C4'2*0@

! 6M/F3+&J$\/2/H/@&$/33+4'/24*)@

! R*+G24*)J$Z@&$FG+24D+&9&+$H0/)'($30&C4'24*)$@'(&F&

! ]&)&A42@J
! !4,(&0$;"1<-1&$.3" 2(0*G,($4F30*9&C$H0/)'($30&C4'24*)$
/''G0/'-

! c0&/2&0$;-="1'"<<*3*".3: 2(0*G,($+&@@$F4@D@3&'G+/24*)

20

2%"-)%#'2%5?$"'(5-13'O?CC%$'T2(OU

! 1)@20G'24*)$8&F4)C&0
! #7TTJ$6)20-$4)2*$AG)'24*)@

! 86%J$8&2G0)$A0*F$AG)'24*)@

! #+/@@4'/+$R*+G24*)
! 8&2G0)$R2/'E$]GAA&0$U8R]V$G@&C$2*$30&C4'2$86%

! 8R]$'/)$H&$'*00G32&C$H-$@3&'G+/249&$3/2(

! %(&$K".$&"+'KCL
! Q*$86%$F4@30&C4'2@$4)$2(&$'*FF*)$'/@&
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;V%1?5*6"';",*"%

! R2/02$B42($3*B&0AG+$#*0&$X$&M&'G24*)$&),4)&
! \-)/F4'$;DB4C&$6M&'G24*)

! 7C9/)'&C$\4,42/+$.&C4/$]**@2

" =X^DH42$B4C&$RR6

! !\$]**@2$U"&)0-)V

" RR6;:=$4)@20G'24*)@

! RG3&0$R(GAA+&0$U"&)0-)V

! 7CC$Q&(/+&F$&)(/)'&F&)2@
! 7CC424*)/+$3/0/++&+4@F$A*0$(4,(&0$3&0A*0F/)'&

22

6M&'G2&$f$*3&0/24*)@<'-'+&

G a$.&F*0-$`3&0/24*)@

G =$T*/C

G =$R2*0&$7CC0&@@

G =$R2*0&$\/2/

G a$HB"#$.'2'*"+2%I)J$&/2'*"+3

;V%1?5*6"'S"*5'@F%$F*%=

S"*C*%#'2%0%$F-5*6"'(5-5*6"

9
6
$
5'J

9
6
$
5'W

9
6
$
5'I

9
6
$
5'Q

9
6
$
5'X

9
6
$
5'K

T*/C
R2*0&

7CC0&@@

R2*0&

\/2/

1)2&,&0$7TZ$g$

R(4A2

1)2&,&0$7TZ$g

T67

1)2&,&0$7TZ$g

R(4A2

]0/)'(K"$7CCK"$.G+243+-

#*F3+&M

1)2&,&0
\494C&

RR6$1)2&,&0$7TZ

1)2&,&0$R(GAA+&@

RR6$1)2&,&0$

.G+243+-

K"$R(GAA+&

RR6$1)2&,&0$7TZ

1)2&,&0$R(GAA+&@

Z)4A4&C$8&@&09/24*)$R2/24*)

G R'(&CG+&@$*3&0/24*)@$2*$6M&'G24*)$G)42@

G R4),+&$R'(&CG+&0$A*0$/++$6M&'G24*)$Z)42@

G #/)$H&$G@&C$H-$/++$4)2&,&05$/++$K"5$&2':

23

>"1$%-0%#'9-$-..%.*0)

! c*/+J$b&&3$3*B&0AG+$
&M&'G24*)$&),4)&$A&C

! Q&(/+&F$4)'0&/@&@$@4O&$*A$
*G2$*A$*0C&0$B4)C*B$H-$aah

! .G@2$/+@*$4)'0&/@&$*2(&0$
'*00&@3*)C4),$@20G'2G0&@ !

"#

$%

&'

#&

'!

(#

""%

"%'

)*+,-. /01*2 30,-402

5*.67110.+879:;8<*;;=>40

>.31"$,"+'K",-)13",'<-1'@*0#"1'J"1<-1&$.3"

(5$?15?$% G%$6) 7%8-.%) <6))%"5
8&@&09/24*)$R2/24*) aX af \4@3/2'(&@$*3&0/24*)@$

2*$&M&'G24*)$G)42@

T*/C$]GAA&0@ aX ;^ %0/'E@$/++$+*/C$
*3&0/24*)@$/++*'/2&C

R2*0&$]GAA&0@ X? aX %0/'E@$/++$@2*0&$
*3&0/24*)@$/++*'/2&C

24

;"8-"1%#'G%)6$&'(?L0&05%)

! R2/02$B42($,0&/2$#*0&$X$K&/2G0&@
! .&F*0-$\4@/FH4,G/24*)$

! !/0CB/0&$"0&A&2'(&0@$

! 7C9/)'&C$RF/02$#/'(&

! Q&B$Q&(/+&F$K&/2G0&@
! Q&B$%T]$!4&0/0'(-

! K/@2$=fD]-2&$G)/+4,)&C$/''&@@&@

! K/@2&0$R-)'(0*)4O/24*)$"04F4249&@
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7%='D+O'Y*%$-$18&

! "0*H+&FJ$733+4'/24*)@$'*)24)G&$2*$,0*B$4)$C/2/$@4O&

! Q&&C$2*$4)'0&/@&$%T]$@4O&$2*$E&&3$2(&$3/'&$A*0$3&0A*0F/)'&

! Q&(/+&F$/CC@$)&B$+*BD+/2&)'-$G)4A4&C$X)C +&9&+$%T]

Z'6C';"5$*%0

W05 +%F%.'>"05$?15*6"'D+O0

RF/++$"/,&$U;EV =X^

T/0,&$"/,&$UX.<;.V >$3&0$2(0&/C

W05 +%F%.'/-5-'D+O0

RF/++$"/,&$U;EV f;

T/0,&$"/,&$UX.<;.V aX

7%='I"# +%F%.'S"*C*%#'D+O

RF/++$"/,&$`)+- P=X

26

;"8-"1%#'<-18%'(?L0&05%)'!
7%='G%)6$&'Y*%$-$18&

! Q&B$aD+&9&+$'/'(&$(4&0/0'(-
! =@2 +&9&+$0&F/4)@$2(&$@/F&$/@$1)2&+$
#*0&$.4'0*/0'(42&'2G0&
" aXb]$4)@20G'24*)$'/'(&
" aXb]$C/2/$'/'(&

! Q&B$TX$'/'(&$3&0$'*0&
" XPf$b]$3&0$'*0&$K (*+C@$C/2/$d$
4)@20G'24*)@

" S&0-$+*B$+/2&)'-

! Q&B$@(/0&C$+/@2$+&9&+$'/'(&
" T/0,&$@4O&$U^.]$A*0$;D'*0&V
" R(/0&C$H&2B&&)$/++$'*0&@

# 7++*B@$+4,(2+-$2(0&/C&C$/33+4'/24*)@$2*$
G@&$2(&$&)240&$'/'(&

" 1)'+G@49&$#/'(&$"*+4'-
#.4)4F4O&$20/AA4'$A0*F$@)**3@
#`)$'/'(&$F4@@5$*)+-$'(&'E$*2(&0$
'*0&@$4A$)&&C&C$UC/2/$4)$F*C4A4&C$
@2/2&V

Last Level Cache

TX$
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TX$
#/'(&

TX$
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TX$
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T=$
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\D#/'(&

T=$

1D'/'(&

T=$

\D#/'(&

T=$

1D'/'(&

T=$

\D#/'(&

T=$

1D'/'(&

T=$

\D#/'(&
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>"1.?0*F%'F0[';V1.?0*F%'<-18%0'!
<-18%'G*00

783%),*?" >.3%),*?"

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%

\/2/$0&IG&@2$A0*F$#*0&$?$F4@@&@$#*0&$?53)L=$/)C$TX

8&IG&@2$@&)2$2*$2(&$Ta$'/'(&
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>"1.?0*F%'F0[';V1.?0*F%'<-18%0'!
<-18%'G*00

783%),*?" >.3%),*?"

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%

#*0&$?$+**E@$G3$2(&$Ta$#/'(&

\/2/$)*2$4)$2(&$Ta$#/'(&

G>((\ G>((\
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>"1.?0*F%'F0[';V1.?0*F%'<-18%0'!
<-18%'G*00

783%),*?" >.3%),*?"

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%
G>((\ G>((\

.G@2$'(&'E$*2(&0$'*0&@ cG/0/)2&&C$C/2/$4@$)*2$*)DC4&

c0&/2&0$,3$%$(*%*/: A0*F$4)'+G@49&$/330*/'(
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>"1.?0*F%'F0[';V1.?0*F%'<-18%0'!
<-18%'Y*5

783%),*?" >.3%),*?"

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%
Y>D\ Y>D\

Q*$)&&C$2*$'(&'E$*2(&0$'*0&@ \/2/$'*G+C$H&$4)$/)*2(&0$'*0&

OSD M&,2%&#)*3)3#2/'N
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>"1.?0*F%'F0[';V1.?0*F%'<-18%0'!
<-18%'Y*5

>.3%),*?"

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%
Y>D\

#*0&$9/+4C$H42@$+4F42$
G))&'&@@/0-$@)**3@

G O2*+'2*+)2)3&')"-)H!"/&)
=2%*(I)7*'3)$&/)!2!,&)%*+&)*+)
2(&$Ta$'/'(&

G 6/'($H42$0&30&@&)2@$/$'*0&

G 1A$2(&$T=<TX$*A$/$'*0&$:9B
'*)2/4)$2(&$'/'(&$+4)&5$2(&)$
!"/&)=2%*()7*')*3)3&')'")HEI

GQ*$@)**3@$*A$'*0&@$/0&$
)&&C&C$4A$)*$H42@$/0&$@&2

G 1A$F*0&$2(/)$=$H42$4@$@&25$
+4)&$'/))*2$H&$4)$.*C4A4&C$
@2/2&$4)$/)-$'*0&

J J J J
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>"1.?0*F%'F0[';V1.?0*F%'<-18%0'!
2%-#'C$6)'658%$'16$%

783%),*?" >.3%),*?"

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%

#*0&

?

#*0&

=

#*0&

X

#*0&

a

+Q'<-18%
G>((\ Y>D\

.G@2$'(&'E$/++$*2(&0$'*0&@ `)+-$)&&C$2*$'(&'E$2(&$'*0&

B(*@&$'*0&$9/+4C$H42$4@$@&2

J J W J
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4-05%$'(&"18$6"*A-5*6"'9$*)*5*F%0

! .G+24D2(0&/C&C$@*A2B/0&$
H&'*F4),$F*0&$30&9/+&)2

! C3$%$(*%*/: *A$FG+24D2(0&/C$
/33+4'/24*)@$'/)$H&$+4F42&C$
H-$@-)'(0*)4O/24*)

! R-)'(0*)4O/24*)$304F4249&@J$
T`#b$30&A4M5$i#!c

! 8&CG'&$@-)'(0*)4O/24*)$
+/2&)'-$A*0$+&,/'-$@*A2B/0&

C;/96/;$67;/92$,3$%$(*%*/: D367$,/79E/:
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@58%$'9%$C6$)-"1%';"8-"1%)%"50
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>"5%.* D?$L6'O6605'
D%18"6.6,&

>"5%.* Y&:%$ED8$%-#*",'
D%18"6.6,&

1)'0&/@&@$3&0A*0F/)'&$H-$4)'0&/@4),$
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$ Preliminary tests involved Kernel code implementing
CRC algorithms commonly used by iSCSI drivers.

$ 32-bit and 64-bit versions of the Kernel under test

$ 32-bit version processes 4 bytes of data using 
1 CRC32 instruction

$ 64-bit version processes 8 bytes of data using 
1 CRC32 instruction

$ Input strings of sizes 48 bytes and 4KB used for the 
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