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Optim zation of SM Handling and Initialization FIELD
[0001] This invention relates to the field of conputer

waeywsesssand, in particular, to system managenkCt/USmd€032469
opti m zati ons. BACKGROUND [ 0002] Conputer systens are
becom ng i ncreasingly pervasive in our society

i ncl udi ng everyt hin . . oni ¢

devi ces, gﬁtﬁmi%a b%lgggﬁgﬁ %.gg?if%%aag‘%lgégkgﬁgﬁt s and

cel lul ar phones, to application-specific electronic
FIE Ehponents, such as set-top boxes and ot her consuner

el ectronics, to full nobile, desktop, and server

[60G] e s . Thde Wevattiorasel stys tethe fidd afeonmltbesydtemsiand, in

and in price, the need for efficient nenory allocation

t rg:ga %%ﬂﬁ 9{‘[@% ; -'aigg)q{tant. [ 0003]

@2@%@%’%&% erm% ave%%g{e%%&tra |(§?E(i)lﬁ%}f y ghar acterized
by a significant anount of conventional nenory and
BA%(@RQ&N%ysi cal processors in the same system (a

mul ti processor system, wherein a physical processor

[08d2]r s tQompeitaigdystamneassisawondng increasinglyepeamkgan our
The significant anount of nenory available to a server

s%%%f @cglg%lggeeg%ﬁ%@g g@mllilﬁﬁd&{efa Q@EF?]&%(Z(%@%&&? s8@h as

_ _ _ execution tinme.

RevGh g llitish aeF e AL A By BN eD o AR bRy speciti

i nclude al l ocating nmenory and rel ocating
electronic components, such as set-top boxes and other consumer electronics, to
full mobile, desktop, and server systems. However, as systems become smaller
in size and in price, the need for efficient memory allocation and system
management becomes more important.

t0003] Server systems have been traditionally characterized by a significant
amount of conventional memory and multiple physical processors in the same
system (a multiprocessor system), wherein a physical processor refers to a
single processor die or single package. The significant amount of memory
available to a server system has lead to extremely inefficient allocation of
memory space and wasted execution time.

[0004] Typically, in a multi-processor system, upon boot every processor
arbitrates for wake-up, which may include allocating memory and relocating
the processor’s base address (SMBase). In the process of initializing each

processor, a system management interrupt (SMI) is generated, which is

handled with a default SMI handler for each processor. Usually, the processors
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the processor's base address (SMBase). In the process
of initializing each processor, a system managenent

WO nios1088spt (SM )i s generated, which i s handl edp@i/Uk2084/032469

default SM handler for each processor. Usually, the
processorsarbitrate wwth a race to the flag schene,

PR d i et i 1Rl AR IS ST Rt S¥egin

typically includes allocation of a separate and )
hredling-theARI il abje talbegingnitiadigatiens britialization tausallyr includes

whi ch forces one to allocate nore nenory than needed

{IRcafi¥A lof A sEPRAGE ARAistiRQARB Afishel ehembey s of each
syst em managenent interrupt (SM") occurs, et her

during bopt .or requl ar eration, each ocessqQr,i.n a
eSS oR BibPr s s o AlIREA & rogRemEty Hhan Aeprind fotastem
handl er to service/ handle the SM. There are two

mgpegeroéntSM s. The first type is an asynchronous
interrupt that be generated by the system hardware,

I?,gtg as M8AeAnbAl Wil '§y§té}Y’{-m€H?€e?bk{)é}§thh ¢ (SMD) occurs,

a
rrupt may be handl ed ‘separate y any processor,
si nce know edge of anpther processor's save state area
Wbe&k% iéh‘élé%&!:*aoqt&%ég\ﬂgé QPFH%‘%&E PFOG?H%O%I@@O%F?‘F essor
of interrupt, a synchronous SM, that is software

geten aunsla ssparatelahd distirat ENMItharelerty servicesksardle the SMI
Typically, a software generated SM occurs when the

PRSE AL Mo SHALER IR LA RCAP AR R poryt
executing software routines/ handlers that does not
may dergeneratpd hytthe systesr haisy areasidrasvbgn amgattery is low. An

asynchronous interrupt may be handled separately by any processor, since
knowledge of another processor’s save state area is not needed to service the
request. The second type of interrupt, a synchronous SMI, that is software
generated, should be handled by every processor. Typically, a software
generated SMI occurs when the operating system (OS) wants a processor to
enter system management mode (SMM). SMM is an environment for
executing software routines/handlers that does not interfere with the OS or
application programs.

[0006] In current multiprocessor systems, each processor enters SMM and
then one-by-one executes a distinct SMI handler to check their registers to find
out which processor generated the SMI. This requires a separate SMI handler
be executed for each processor, which introduces resource contention issues,

thus making updates to the SMI handler code difficult.
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[0006] In current nultiprocessor systens, each

processor enters SMM and then one-by-one executes a
wale@siossss2 SM handl er to check their regi st er sSPEDUR2004032469

out which processor generated the SM. This requires a

separate SM handl er be executed for each processor,

[MAh | MHRAYEE IhERIALFLFrRNE ML O ihi#iBl8Stion AHE handling
making updates to the SM handl er code difficult.

2[ 0007] .However . .these inefficient t hods, .of

e

mul ti processor server systens, but exist in other

syl tae msobikumiul d@gravedsior ey stehits. ddppastoreaslsg €ashnology (HT) is a
per - Threadi ng Technol ogy (HT)is a technol ogy from

l.l}/
t I&@ £34 RRERD (0 p@{]atf%%rgf%agté‘t?arac‘@%ﬁf&hm fhat BALbles
enabl € f g a

execution o reads 1 n parallél usin
si gnal physical procgssor. HT incorporates two | Qgica
eﬁ?@&%&@%ﬁ@ ORePaRllel eHng Br Fysieahproacgagorgild] A
| ogi cal processor is an independent processor visible

iheorpbeatep ewallogigalgysiesvorsa one phgblcabpraessit(tigsaanddie). A
and mai ntaining a unique architectural state from

her . pr 1S, eV
P R REPE R b BB Plock kBRI BYF ol iRl Hhtom
execution resources. c50008] Therefore, HT enabl es one
©8)iaprelegrftexaciting redoand agiptadvinssornigpetasghitectyral state
nobil e platform As shown above, inefficient nmenory

fedrh @tRér Pdcedtio 608 $9stehdli HITak aglalel ot byaay iy mliainild i ng
exist in traditional multiprocessor systens, such as

sgr.ver sys rt her mor as | .tiprocessor systens
BB Pif e LA Ru et 8% Bph B oo cos

such as nenory are limted, the
[0008] Therefore, HT enables one to implement a multi(logical)processor
system in a mobile platform. As shown above, inefficient memory allocation,
processor initialization, and SMI handling exist in traditional multiprocessor
systems, such as server systems. Furthermore, as multiprocessor systems begin
to infiltrate the mobile realm, where resources such as memory are limited, the

need for optimizations of the aforementioned inefficiencies becomes even more

important.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention is illustrated by way of example and not
intended to be limited by the figures of the accompanying drawings.
[0010] Figure 1 illustrates a block diagram of a device with multiple

processors that share execution resources, caches, and memory.
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need for optimzations of the aforenentioned

i nefficiencies becones even nore inportant. BRIEF
wWOEBHER$TI ON OF THE DRAW NGS [ 0009] The pr esenPCT/US2004/032469

invention is illustrated by way of exanple and not

intended to be limted by the figures of the

FEE G iahes e T s B Sinbi P et P R e

that share execution resources, caches, and
preneasgrd. 0011] Figure 2 illustrates a bl ock diagram of
a systemw th nultiple processors. [0012] Figure 3

[00129St ¥ atigare3 Alntkated ABIRI dihgns ¥ heysteht With a physical
physi cal processor having multiple | ogical processors.

0013] Figure 4 illustrates a flow diagramof a first
I%PS%%%’%E?‘QWPH&IQE’i%%ﬁ%cpr&c%scsgg%or. [0014] Figure 5
depicts a flow diagramof an illustrative enbodi ment

[00t3]waki Figuee 4 dtustchtes @ fovs diagmmiofa fiist progesserwsking a
[0015] Figure 6 illustrates a flow di agram of handling

%ﬁﬁ%r sfof I rSst and second processor with the same
ndl er. [0016] Figure 7 depicts a flow di agram of

DML R RE T TR TNt
[0017] Figure 8 illustrates a flow diagram for

exeiagtd segohll recaseoswithenfirdmagesssot. i nt errupt code on

a first and second processor if the generated

[0015] Figure 6 illustrates a flow diagram of handling an SMI on a first and
second processor with the same SMI handler.

[0016] Figure 7 depicts a flow diagram of an illustrative embodiment for
handling an SMI on a first and second processor with one SMI handler.

[0017] Figure 8 illustrates a flow diagram for executing the same system
management interrupt code on a first and second processor if the generated
SMI is a software SMI.

[0018] Figure 9 depicts a flow diagram of an illustrative embodiment of a
first and second processor executing the same SMI handler, if the SMI being
handled was software generated.

DETAILED DESCRIPTION

{0019] In the following description, numerous specific details are set forth
such as examples of specific memory addresses, memory sizes, and component

configurations in order to provide a thorough understanding of the present

invention. It will be apparent, however, to one skilled in the art that these
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SM is a software SM. [0018] Figure 9 depicts a flow
diagramof an illustrative enbodinent of a first and

WG 2@onsB6pr ocessor executing the sane SM handl BCT/US$004/032469
the SM being handl ed was software generated. DETAILED
DESCRI PTI ON [0019] In the foll ow ng description,

B dRalf BEieL b6 PEL Ry P! BudPut S wBEN Adeyn. 1n

and conponent configurations in order to provide a
ather nsianaeadeel kandimeproponerts or esethods ushtasgputing boot-up
w || be apparent, however, to one skilled in the art

BiBaks ﬁ%%ﬂéﬁﬁ%&f-fesg gﬁ@*s”rf),o Wﬁh i rRAI eéhttRode

pract the present venti t her instances,

| ] I . hqds, h i
S R TR B 8 B A BB AL Bt nancler
speci fic system managenent node (SMM i npl enentati on,

ankt Ispeaidtibeen yiesenberhivadeni it ordérstoraymtid wameteasaribde
have not been described in detail in order to avoid

#&gﬁ%@gﬁgéﬁ%ﬁg@w&ﬁm't he present invention. [0020]

appar atus descri bed herein are for

Fr Tkt M R T —

interrupt (SM) handling in nultiprocessor systens.

mhbmoie tatiodatidn wicnngalkingreopesessor iyl aptivizasionafrsgsieint
of any nunber of normal operations. For exanple, when

&Qﬁaé&ﬁ?ﬂ{ ﬁrteljrﬁpp &Nl %%naﬂn%rinrlﬁﬁﬁfprog&gof@ystems. The method

of waking a processor may occur as a result of any number of normal
operations. For example, when the computer is powered on or reset, one may
wake an inactive/sleeping processor. Furthermore, when a system is returning
from a low power state, such as sleep, standby, suspend, hibernation, wait-for-
SIP], sleep, deep sleep, reset, or any other mode where the second processor
does not respond to interrupts one may wake an inactive processor.

[0021] It is readily apparent to one skilled in the art, that the method
disclosed for waking a second processor may be applicable to any level
computer system (personal digital assistants, mobile platforms, desktop
platforms, and server platforms), as well as any number of processors. For
example, a multiprocessor system with four or more processor may use this
method to wake an inactive processor with an active processor.

[0022] Figures 1-3 depict illustrative examples of some hardware that may

embody the methods described herein. The methods described may be used in
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wake an inactive/ sleeping processor. Furthernore,

when a systemis returning froma | ow power state,
WGEowh/0388551 eep, standby, suspend, hibernati on, PCT/US2004/032469

wait-for- SIPl, sleep, deep sleep, reset, or any other

node where the second processor does not respond to

A S Bk Tt el b ARG PAF GRS s gSRibkyt in
may

the met hod di sclosed for waki ng a second processor _
tieéerapes icchilgiuee Basay t ebsqure thpinventiopsysmunmecessagy detail.
digital assistants, nobile platforns, desktop

[Bb24]f OF NBig R84 iR ¥Ses BIAGHOHABYamAT aVdvicB0RWYth multiple
nunber of “processors. For exanple, a multiprocessor

AR St A e BEOEER0L e IR o

processor. [0022] Figures 1-3 depict illustrative
gnglenjaekagd. Adogichbprbwassortihan imispemdent prodessoretibiblsto the
descri bed herein. The nmethods described may be used in

e Py B M I b Blec BRE R bR B RETIEINES unique
to obscure the invention wth, unnecess detail . .
0RO g% O IO MRS ORI GEREel, JgY BRF-dreding
device 105 with nultiple | ogical processors. A

Tthablagy (]H’D)Cie sstechrialbgy $rono Inte[® YRirpatativrocfeSans (am,

or a single package. A |ogical processor is an
ARG R IE S0t S OhESHO ] L RPN 43 el
uni que architectural state from other processor in a .
rrpsessar- Hlpscludasdae legicnb prerspengy oprpne plysical processor and is

technology fromlintel (r) Corporation of Santa C ara,
achieved by duplicating the architectural state, with each architecture state

sharing one set of processor execution resources.

[0024] Device 105 may include a first processor 120 and a second processor
125. Device 105 may be a physical processor. Device 105 may also be an
embedded system or other device having at least two processors. Processors
120 and 125 may be logical processors. For example, processor 105 may include
architecture state registers 130 and 135 that each holds a unique architecture
state. It is readily apparent that device 105 may include more than two logical
processors that each have an architecture state register associated with it to
hold a separate architecture state. The two processors 120 and 125 share the
same execution resources 140, caches 145, bus 150, and memory 155.

{0025] Device 105 may also include controller 110. Controller 110 may be

an Advanced Programmable Interrupt Controller (APIC) controller. Controller
6
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California that enabl es execution of threads in
paral l el using a signal physical processor. HT
w0 p@b0sss2 t wo | ogi cal processors on one physi cBCT/US2004/032469
processor and is achieved by duplicating the
architectural state, with each architecture state

f ur,
TP 3030l SRR PSR R P, oot
and a second processor 125. Device_ 105 may
bitymeg alsohesezesk sy comepinieate 08 amafKY busmhmh is m@éddpdlted
system or ot her device having at |east two processors.

FUPIRSS0E Fird2PrRBskokA20 Y the st BloRERAAD5 Wb SethERr
exanple, processor 105 may include architecture state

OB | ccParEd aParnsy Fo A BR G OR ot MRLE ma e ey

105 may include nore than two | ogical processors that
splerofistaragarwherstin deta mey hut sioxed: digirstxemple smeirairgd 55 may be
with it to hold a separate architecture state. The two

ﬁg@ﬁ&%%@ foré 2R tbED M@fi‘{o?% ihe n%@inﬁsﬁ ¥EGHbHAR level of cache

sources 140, caches 145, bus 150, and nenory

bRy A8 oy e Rt Ao er%ion device 105.

Interrupt Controller (APIC) control ler. Controller
[6027] mayMemaryeldstimsge hexrsah €irst mgstoeynl omtpyeliind a second
interrupt (SM). Controller 110 may also be used to

theHY 'I%@n %Sa'Fu%ﬂr%rH % 166 niQF cHRRICH dé?gult system

coupl ng t irst proce and the secon

processor 125 toge her [0026] vi.ce 105 may
InARRgRIBeHegId]en Fs iRty @aaﬁp 160 ynay 60 ek aligned.
storage, wherein data may be stored. For exanpl e,

Seeond yndhbryniycation 165 may be another non-1k aligned address. First

memory location 160 and second memory location 165 may also be base
addresses for a first processor 120 and second processor 125 respectively.
Second memory location 165 may also be used as temporary storage space,
when relocating first processor 120’s base address. The first and second
memory locations will be discussed in more detail in reference to the methods
described in Figures 4-9.

[0028] Turning to Figure 2, an illustrative example of a system with
multiple processors is depicted. The system may include first processor 205
and second processor 210. Processor 205 and 210 may be physical processors,
wherein each processor is in its own package. The system may also include
system bus 215 to couple processors 205 and 210 to controller hub 220.

Controller hub 220 may also be coupled to memory 230 by a bus 225.
7
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registers to store information. Menory 155 may al so be
anot her | evel of cache 145. Menory 155 may al so be a

WO 20051088655y st em nenory pl aced on device 105. [PORV$2004/032469
Menory 155 has at least a first nmenory |ocation 160
and a second nenory | ocation 165. First nenory

IRBE8) or " TR R, B R IG o R S EERTRIRSRTRRe |

al i gned. Second nenory | ocation 165 may be anot her )
Prosessers | Pipsessosdap aay inclyde praseeroy I8 ead ripcesor 8hd which
second nenory | ocation 165 may al so be base addresses

dae axddutiin REGERES 830, L4Ch@BBh, 206 )etcpi BOS B ArdDitecture
respectively. Second nenory |ocation 165 may al so be

FrEreBbm O TRAR0 A ARL TR BRI S R L R gt Sts 320

menory | ocagi ons wWll be discussed in nore detail in
aret 32oerespectivaleSysienobiss Ibarifesipiarestioy$Ob o gogtroller hub
[0028] Turning to Figure 2, an illustrative exanple of

FU5S X RO I HuHBUS I‘nﬁy %e%‘&?ﬁiéfgs %rrsite?n‘i'ﬁ&hﬁi"fg ald¥®ond bus

system may include first p 205 and ‘setond
ocessor 210. Processor 205 .and 210 .be physic

00 a3 ueripat AN e e mBRBIE Susnons o Htpas BHR as st

package. The system may al so i nclude system bus 215 to

menpirg lprativaskorand2@sond dn@bhOry woatiohiBd0] er hub 220.
Controller hub 220 may al so be coupled to nenory 230

359 Dot TR Suesill b aqi el anos

i ncl ude processar 310 and processor 315, whic
Are%%cteg in F?gurpe’s 4-9. Althoug Flngurg 3 is being referred to in Hescribing

the methods of efficient memory allocation and system management interrupt
(SMI) handling, it is readily apparent that the hardware in Figure 1, Figure 2,
and other hardware configurations not depicted may implement the methods
describe herein.

[0031] Figure 4 illustrates a high-level flow diagram of a first processor
waking a second processor. The first and second processors may be logical
processors located on one processor die, separate processors located on
separate packages as shown in Figure 2, or processors in other multiprocessor
configurations. Initially, when a multiprocessor system comes out of a low
power state, such as sleep, standby, suspend, hibernation, wait-for-SIP]I, sleep,
deep sleep, reset, or any other mode where the second processor does not
respond to interrupts a first processor should initialize to an active state, while

a second processor should initialize to an inactive state. An active state may
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share execution resources 330, cache 335, and system

bus, 340. Architecture state registers 320 and 325
wheiod/0sds62 uni que architecture state of processPCBHUSRD4/032469

and 325 respectively. System bus 340 coupl es processor

305 to controller hub 345. Controller hub 345 may be

(HEHRS ek i SR AT PRIBRA AR & SERA00RD CRLC el RThn

first nenory | ocation 365 and second nenory | ocation

igadive gebomayiigeide 210§ regponsing to derypte iiniinactiye state may

used to describe the nethods depicted in Figure's 4-9.

Abd hivlade boeeulingsoliei ng referred to in describing
the nethods of efficient nmenory allocation and system

genment, i upt M,) _handlin it . is I LY .
RO e blaf AR Pt e MR gfnt gt gbF B s pepeived.
ot her hardware configurations not depicted my
Prtpn el istgemerated delseqiwst pispevitrefreima proG84gr. KDy an 8MI is
illustrates a high-level flow diagramof a first
1REQCES SOProfRlddibnierd 85o0th BIRAEERRAL midte @Mmg t886ryice the
second processors nmay” be | ogical processors | 6cated on
one processor die, separat rpcessors |l ocated o
ey t3 R tne S bR R le GRS 3n cOReriGrued swrmory,
in other multiprocessor configurations. Initially,
urtless the prbeésponisdnsdivesarst rot wepesding todhtariipis. power
state, such as sleep, standby, suspend, hibernation,
341- f or -1 S ] r
O e S e SLRER, B B it ST PI AR IR
oceﬁfor sho

; _ e
g'ggltﬁfa\r;ég @tyiﬂ %If’ci‘,é{fe;r@% , such as coniro |ler l‘ll
As another example, the first SMI in block 405 may be generated by an APIC,

itialize to an
ub 345 depicted in Figure 3.

such as controller 110 in Figure 1, or by a controller located separately in the
system (not depicted). As yet another example, the first SMI in block 405 may
be generated by changing the logic level of a pin on a processor, such as
processor 305 or a controller hub, such as controller 345.

[0034] The first SMI in block 405 may be a service request to initialize
SMM, to allocate address space for system management, and/or to relocate a
processors base address (SMBase). The SMBase may be the address where the
system management portion of memory begins. The SMBase may also be the
address where the system management portion of memory is referenced from.
For example, the SMBase may be a value of 0x30000. The SMI handler for that

portion of memory might be referenced to the SMBase by an offset. For
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a second processor should initialize to an inactive
state. An active state nmay 8include executing code or

WO e@poB8IsNg to interrupts. In the alternative, PENUS2004/032469
i nactive state may include not responding to
interrupts. An inactive state may also include not

S R SO R P A Ml QU e

generated to r auest a service froma (S)rocessor Once
Q8081 which scaildguit the pMIdwaslder atixeBe0Ginstheraxample.
managenent node (SM)to service the request by running

[Bds5handiAsercioREMNME JedidtdtBe $n hﬁnﬁﬂgﬂgﬁéésgﬁ 3y stERBYth.a first
unl ess the processor is inactive not responding to

e Eso B B B g b Sy S af RSN Aowever, the

controller hub, such as controller hub 345 depicted in
deicgud r8cespar amgrtﬂu&ren&rﬁyﬂvéancﬂ henflle the I at thibtioek since it
405 may be generated by an APIC, such as controller

ﬂ&{}’ Helln AndH6&ide sife @6 sgg?ﬁﬁr%{cﬁﬁqtéﬂﬁg{sﬁd Ir? €O te ryblock

t he system (not d er exanple

‘}clﬁe i f{*@‘t" Pﬁ%cqslé% lgllaffi\?a%%gﬁ g‘édﬁggy glﬁﬂgfep%gfer%%w reerived in

as processor 305 or a controller hub, such as
lslocit 405.| Wheddihe ffr6OSKI isTieeeivietdHy B firish pbdaesdord tite fimy
be a service request to initialize SMM to allocate

FEFEERF o st Sl B RERERABHAIRRL (R 1] sdrfice/ handle the

SMBase nmay be the address where the system nanagenent
Ftion of menory begins. The SMBase may al so be the

[0036] As shown in Figure 5, the first processor may handle the SMI by
initializing SMM in block 505 and executing a default SMI handler in block 510.
The default SMI handler may be default code located at a default memory
location, such as first memory location 365. The first memory location may be
1k, 4k, or any other alignéd memory range.

[0037] Returning to Figure 4, a wake-up signal is generated by the first
processor in block 415. The wake-up signal in block 415 may be any signal that
is sent to wake the second processor from an inactive state. Since the second
processor may not be responding to interrupts or executing code in an inactive
state, the wake-up signal may be a bus signal that the second processor, in an
inactive state, waits for to begin the waking process. In one embodiment, the

wake-up signal may be a startup inter processor interrupt (SIPI) message
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address where the system managenent portion of nenory
is referenced from For exanple, the SMBase may be a

WO 2008038552 0x30000. The SM handl er for that porP€T/U82004/032469
menory m ght be referenced to the SMBaseby an of f set.
Forexanple, the SM handler may be offset fromthe

o BB Tl A e o

i's generat ed in a nmultiprocessor systemboth a
a‘nd&wp guesessprand a second processor should receive/
latch the SM. However, the second processor may not

[@U?Sﬂr Sk aeghidiad st Flglﬁ'@ 53] Gdk 515, $hd WaRe-1 HigBal ay be a

be in an'inactive state (not respondl ng to

SRS BB A B o

recel ved in bI ock 405. Wien the first SM is received
wyke-np dsignadtmpy be esyaddressenfmemorp openy seferemae toraneaddress
syst em managenent node (SMJto service/ handle the

; {
gl ARG LoHE SinReS e e SR e o

executing a def a dler.in block 510. Th .
ot EAPROSPCHIPS, HSreBehgoy Bt B SHA g deelgr desed on firs
default nenory | ocation, such as first nenory | ocation

Bemory ﬂ]@cafaloh5i65rrﬂmah§bthercmmbmhmm§t the wWike-df sigial dnpased on
ot-her aligned nenory range [0037] Returning to Figure

e S8 13800 7 SR P Ak Bk e e

415 may be any signal that |s sent to _wake the second
askesssEamges g saronch REPGeFEOTIRAY Bequire thatithe wakedp signal be

aligned and be in conventional system memory. In yet another embodiment,
first memory location 365 may be the address location where second processor
315 begins execution.

[0039] Turning back to Figure 4, block 420 shows the second processor
waking. Block 420 may include waking the second processor to allow it to
handle the first SMI received in block 405, or running basic wake-up routines,
such as a power on self test (POST).

[0040] In the next block, block 425, the first SMI received in block 405, is
handled by the second processor. Although, the second processor may have
béen inactive when first SMI in block 405 was received, and therefore, unable to
service the SMI at that time; the second processor may still have latched the
SMI when it was in an inactive state. Once awake, the second processor may

handle the first SMI that was previously latched.
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processor may not be responding to interrupts or
executing code in an inactive state, the wake-up

W@ k@sabsesny be a bus signal that the second prPCEESING/032469
in an inactive state, waits for to begin the waking
process. In one enbodi nent, the wake-up signal may be

art inte I 0cess LG erd . .
BaFhEn s it e b PEBES Bhe PR be b M B BRER R g with
bus, that couples the first and second Brocessors.
theesand prefepsastie dlusirated in blosks A2¢ paé 0251 5y blagk 520, the
wake-up signal may be a vector that is based on the

dc06A ipPBcdsBor@iBAlzea SNV eA adlonaly, fralbidbR 6525 BRanstruction
wake-up signal may be any address in nenory or any

BRI SoenBd qEpanre: SR Herran FEA Bisbnd ety address,

first nenory | ocation 365, wherein the wake-up signal
dushaswsectmnd npasery address 370 ingkiguye BoSetdrshn@®soryl address 370
anot her enbodi nent, the wake-up signal is based on the

bt Be IRREN ch S AHHARs HTontll Ehirfeditoldonvekitiofkl MRS
al i gned nmenory

address range. The second processor na§y'
equi.re that the wake-up sjgnal, be.aligned and be.in
QB Bifses PRt PEGRSER PainBry RS UL o BOREF Brtssanfenemory
first nmenory | ocation 365 nmay be the address |ocation
atiess 34Y; dnid npt aeassany ®l8ldeety the coneentiomal aligpédFhemory for
Turni ng back to Figure 4, block 420 shows the second

eggegﬁﬁléé Alar ALk, Ejftgfﬁnﬁ%@%tiﬁlﬁé@%ﬁ%ﬁ%@é e second

second”processor to allow it I rst

received in block 405, or running basic wake-up .
PrOGEsSRBAs shown in block 530, may resume to the patched instruction

pointer, which points to second memory address 370, and begin executing its
startup code.

. [0042] Referring to Figure 6, a method of handling and SMI whether upon
boot or under normal operation, is described, wherein an SMI may be handled
on multiple processors using the same SMI handler. In block 605, a SMI is
received. SMIs may be either hardware (asynchronous), such as a battery being
low, or software, such as the OS requesting a processor to change frequency or
power levels. Typically, a hardware SMI may be handled by either processor
without the knowledge of the other processor’s save-state area. A software
SMJ, in contrast, often depends upon the architectural state of the processor
when the SMI was generated thus requiring access to the save state area of the

processor which generated the SMI. Therefore, a software generated SMI may
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such as a power on self test (POST). [0040] In the
next bl ock, block 425, the first SM received in block

wa®s/0swshandl ed by the second processor. Al t hpemyis20041€32469

second processor may have been inactive when first SM
in block 405 was received, and therefore, unable to

Ser Vi the SM at | JTE; o) r

e e rfor ip il Ol R e AR e o
state. Once awake, the second processor may handl e the
handder.SM that was previously |atched. 11[0041] Movi ng

to Figure 5, one enbodi nent of handling the first SM

[0043) t herrSislee10 81( 0688 pAdcekssor dXebites BMTcdde (Ah®NMBhaRAler) to
and "525. In block 520, the second processor

e et 55 bt R0 i3 Sebilig ROSMERRS Hagtage

pat ched to a second nenory address, such as second
exeowtiyg SHreslke t8 detérmiRe g Aurredd puncessers syveasidieaea being
370 may be a non-aligned address no | onger confined to

SARUARY i(g%ﬂé%at&? PRI M .%%dmg tRE @Mﬂnag QUELSHRIURM &G YR g the
t cond ne

e Instruction pointer to s nory address 370,
.t 1s not necessary to allocate the conventiona

I greseshenory for executing startup code. After
finishing initialization and resum ng, the second
[post]essoAs stated hbowe invefidrenke tBPigutay, thedimstptaresdor may
pat ched i nstruction pointer, which points to second

IS 08558 002 B R OB B e
c{]e?ggllt io?tgse’ca fq'ng’Me f\i/\r,nsi(:e él(]/l%rasg Rddress. Furthermore, the SMI code may
reference a target SMBase address. The target SMBase may be the address
where the SMI code targets to access that processor’s system management area
(range in memory).

[0045] As an illustrative example, the target SMBase may be set by default
to reference a first SMBase address, which is the starting address of a first
processor’s system management area. Therefore, when an SMI is received and
the SMI handler code is executed, the SMI handler code is able to access the
first processor system management area, which may include the first
processor’s save-state area, by referencing off the target SMBase.

[0046] After executing the SMI code in block 610 to handle the SMI for the
first processor, the same SMI code/handler may be executed to handle the SMI

for second processor, as shown in block 615. In Figure 7, an illustrative

embodiment of block 615, executing the SMI handler to handle the SMI for a
13
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boot or under normal operation, is described, wherein

an SM nmay be handled on nultiple processors using the
W@ 2098/08652 handl er. I n bl ock 605, a SMis recei R€USIOM/632469

may be either hardware (asynchronous), such as a

battery being |ow, or software, such as the CS

' { .t
AT B FoSea N (E PRI B 12, B8 e
ei ther processor wthout the know edge of the other
WiBessadiress ohihe Svikhendles ds changstirmethirst $hfBase address

contrast, often depends upon the architectural state

fol thdBrR RECESOF toM 8stondSNEBhsaedd @88 firathe Beéditb processor.
requiring access to the save state area of the

B fiver <CoBhapmelReaR Ry IS nlbt IR  widprugng the

in a nultiprocessor systementer SMM and execute a
SMhbhedler coda 3tith thestaogdt SBiBasedatgating hedinst EhiBase, the target
executes SM code (an SM handler) to handle the SM

éMBa§J]ﬁ1agi Hgiﬂéhagfgge% Qﬂéet HangdlbAg SMIBAM adf¥sd. "Tha!si@ond

executin e to determne if the current

R O T

the SM request. [0044] As stated above in reference
man&ggnert dreh limeinorytsparec d3woefonsywhav theaSMI handler is
SMBase address. The SM code (SM handl er) may be

S sy S5 B SNBSS 163 s o
7212); o ?nNeBgl%/IeI c%%llg ; ﬁgr?dle;r ?seabtlcg1 o ﬁgnﬂ\e/%ﬁg SMI for kfﬁe ggc%nd
processor by referencing off the second processor’s SMBase address.

[0048] Figure 8 depicts another illustrative embodiment of executing the
same SMI handler code for multiple processors, if the SMI being handled is
software generated. As stated above, a hardware SMI may be handled by any
processor without affecting the other processor. Therefore, in block 805, a first
processor executes SMI code. In block 810, either the first processor or a second
processor may check to see if the SMI is software generated. It is readily
apparent that either processor may check to see if the SMI being handled is
software generated in any temporal order. For example, the first processor may
check to see if the SMI is software generated before block 805 and then execute

SMI handler code in block 805. As another example, the second processor may

check to see if a software generated SMI exists after block 805. If a software
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where the SM code targets to access that processor's

system nmanagenent area (range in nenory). [0045] As an
WO kdoamsseat i ve exanpl e, the target SMBase nmay bPCHEB2004032469

default to reference a first SMBase address, which is

the starting address of a first processor's system

APRTRS R R BEbRoee PR R R MM b AL B potarns

code is able to access the first processor system
toarmageeperatiagn, whi ch may i nclude the first
processor's save-state area, by referencing off the

paget  SNBARKrer [i0 SNV R s ok igeRrdtod tiedd tHeoskeoha
 ock 610 to handle the SM for the first processor,

RIRESSH S CBRTE By abBasarel o GRERA2 T inG RpuR bpocessor

In Figure 7, an illustrative enbodi nent of block 615,
@agthen axpdute tig\darha SMIeode shatkdinst predess@xetutedsin block 805.
13second processor, is depicted in a flow diagram In

@g‘?‘% er 15%1 %Eﬁtrﬁé@‘fg@?’ﬁ%ﬁf t he fxi@r st %%IBéa)lésaéﬁ ggmﬁl\e@sog eflsérCl epicted
the first processar to a _sec ase address for the
ioconte Srolea dorw Slasmamy NGHE PG TRG A $19 eediey o
exanpl e from above, after executing the SM handler

predessorsISMBase, avigeh nlyBaskbchmdgtfiragmicheoryi losition 365, may be
SMBase, the target SMBase may be changed to target the

S55aR s e on e spgrRg N nsn el g ame
1;%;2%& ?&ggﬁﬁ&e{ﬂtﬁ §?\5Hef%r (thg ?i?srtyprggc?sgg% 'thér tc]e?r:gg’fc glr\/l%as\émﬁe?y be
changed to target the second processor’s SMBase address in block 905. In block
910, the SMI code is executed using the second processor’s SMBase as the target
SMBase. In addition, as shown in block 915, the target SMBase may be restored
to targeting the first processor’s SMBase address.

[0051] It is readily apparent that any combination of the first and second
processor may execute the SMI code. For example, the first processor may
execute the SMI code for the first processor. Then, after the target SMBase is
changed to the second processor’s SMBase, the first processor may execute the
SMI code again to handle the SMI for the second processor. As another
example, the second processor may execute the SMI code both times. As yet

another example, the first processor may execute the SMI code the first time the

SMI code is executed to handle the SMI for the first processor, and the second

15



10

15

20

executed using the second processor's SMBase as the
target SMBase, as in block 710, the sane SM

weonshssssazll er is able to handle the SM for theCEESZON€032469

processor by referencing off the second processor's
SMBase address. [0048] Figure 8 depicts another

posHGF Thd B FEFP e ML e FRERKbADE:nT o R M for the

handl ed is software generated. As stated above, a
JespadanecessiPr.-may be handl ed by any processor without
affecting the other processor. Therefore, in block

@@52] a_f ThéelefdrePEREROEURYAEHsBEMSMhese @Rimizatibhe eday use only
1 either the first processor or a second processor

o’ . . ,
TR o 2pRFedto bitke Sk et BHeclBloR PR BhfGectsor
see if the SM being handled is software generated in

Furghersnerey uhlike traditiciod nesthags.evhichetdnt each prowssemt a
may check to see if the SM is software generated

iefersift RrRsk nf3RoANEd deas) rﬁfsﬁ% thasibe BBRG 1% sé‘r&ﬁﬁgianwake-

K
bl ock 805. As anot’her exanple, 1he second processo

may. check to see if a software generated SM. exists.
 blgnabhit gtabetheiseechd BracRaser AL iR MgBULY rekdtesy yhich may
then the first processor exits SMMin block 815 and
beetherlosation ofta defaubifdviahandler] Doek@pvenbyvEtching thhénstruction
SM was software generated then the second processor

R et g b e g it rocsor

econ xecute t
S Litet piocesser sxceued Inblpck Soe, fogeol
Xﬁgv;i; gecond processor to resume at second memory address saves the
allocation of a separate aligned memory space for each processor.
[0053] In addition, handling an SMI may be done with a unified handler,
by executing the same handler code with a first processor and then with a
second processor. By checking to see if the SMI being handled was software
generated and exiting SMM if the SMI was not software generated, one may
save a significant amount of execution time. Furthermore, this implementation
allows for easier platform development since all changes required for the
software SMI handler may easily be contained in wrapper code without
requiring modification to the software SMI handler routines.
[0054] In the foregoing specification, the invention has been described with

reference to specific exemplary embodiments thereof. It will, however, be

evident that various modifications and changes may be made thereto without

16



in Figure 9 with a flow diagram Muich |ike Figures 6
and 7, the first processor's SMBase, which nay be

wo omanssssat first nmenory | ocation 365, may be PEEUS2004/032469
target SMBase address. After the SM code is executed
with the first processor to handle the SM for the

I r'St._pr.oce t t S ed.to .
A3 ipBERER 308 bro 7 sb AL SRRRE AP IRARER R B i the
905. In block 910, the SM code is executed using the

dslajoess Slre spesifationaad: drawingg ate, sp@ydinglynto be
addition, as shown in block 915, the target SMBase may
ﬂ@gafcfé%‘t R @ilkRth ke ebhdtdratiig thahStrepfrRERSSCASE SMBase
address. [0051] It is readily apparent that any
conbi nation of the first and second processor may
execute the SM code. For exanple, the first processor
may execute the SM code for the first processor.
Then, after the target SMBase is changed to the second
processor's SMBase, the first processor may execute
the SM code again to handle the SM for the second
processor. As another exanple, the second processor
may execute the SM code both tinmes. As yet another
exanple, the first processor nay execute the SM code
the first time the SM code is executed to handle the
SM for the first processor, and the second
15processor may execute the SM code the second tine
to handle the SM for the second processor. [0052]
Therefore, unlike current systens these optim zations
may use only one SM to be generated to wake and begin
execution of a second processor.
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Furthernore, unlike traditional methods, which start
each processor at a different default nenory address,

woreews/y86any be saved by sendi ng a wakeup si gnaPCT/081004/032469

starts the second processor at first nenory address,

“which may be the location of a default SM handl er.

ver, by patching the instruction pointer when the
second processor handles the first SM, the second
promswgdgﬁ%{ea%s.une at a second nenory address, which
may be non-aligned. Allow ng second processor to
resune at second nenory address saves the allocation
f a separa | gned .nenory space for each processor.
?0053] I%Igég}oﬂégg?ﬁﬂ%'ﬁgling an SM nmay be done with a
uni fi ed handl er, by executing the same hand| er code
with a fracsivipg aduskystemananpgement interawtdail);
processor. By checking to see if the SM being handl ed
was sof t M @ireary filse VARt 4 firsrcebbddrf the SM was
not software generated, one nmay save a significant
anount of execution tine..Furtherpor this .
i npl ene ngﬁt%raﬁn% PIVS%e'FB Pr Wélfh ﬂ?ea@% PAYFEYEY opnent
since all changes required for the software SM
handl er awgkesisglasebend pmoctssew basedpa ploewakedp signal from
W thout requiring nodification to the software SM

hanglegtrsf B deB&s: ah®054] I n the foregoing
spglg‘!ef Frga ior?, the invention has been described with

reference to.specifi e ary enbodi nents thereof.

It e st sfiGERe detadhd procse

nodi fi cati ons and changes nmay be nade thereto w t hout
16departing fromthe broader spirit and scope of the
invention as set forth in the

2. The method of claim 1, wherein the first and second processors are logical

processors.

3. The method of claim 1, wherein the first and second processors are

physical processors.

4, The method of claim 1, wherein handling the first SMI with a first
processor comprises: executing a default SMI handler located at a first

memory address.

5. The method of claim 4, wherein the wake-up signal comprises a vector

based on the first memory address.
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appended cl aims. The specification and drawi ngs are,
accordingly, to be regarded in an illustrative sense

WO ad0me8866han a restrictive sense. 17CLAI MS VWhaPCT/ES2004/032469

clainmed is: 1. A nmethod conprising: receiving a first
system managenent interrupt (SM); handling the first

3 ot e phEopR 255 B St Bl SRS Mignea.

processor, based on the wake-up signal fromthe first
processor; and handling the first SM with a second
processor. 2. The nethod of claim1l wherein the first

INATREARIMROL P LPEREHY, SviddrBirl OGS mMRERHHIRRITSss B-4KkHMned.
met hod of claim 1, wherein the first and second

processors are physical processors. 4. The nethod of
claim1l wherein handling the first SM with a first

processor conprises: executing a default SM handl er
IBocBherthethod of tlagn Jrevimrginduhrdig the firsh8Miwvritl dthesecond
claim4 wherein the wake-up signal conprises a vector

basgihQekok REndpiristh HBHRINg AULSS! SMI handler located at the first

memory address.

9. The method of claim 8, wherein handling the first SMI with the second
processor further comprises patching an instruction pointer to a second

memory address.

10. The method of claim 9, wherein the second memory address is a non-

aligned address.

11. The method of claim 10, further comprising: executing code at the second

memory address after the second processor has handled the first SMI

12. A method comprising:
receiving a first system management interrupt (SMI);
executing code at a first memory address with a first processor in
response to the first SMI;

generating a wake-up signal with the first processor;
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186. The nethod of claim5 wherein the first nmenory
address is aligned. 7. The nethod of claim®6 wherein

wWo b@s08868t nmenory address is 4k aligned. 8. TheCTES1904032469

of claim5 wherein handling the first SM with the
second processor conprises executing the default SM

met hod otV EREENER Srar Lk oRaraY Pagtd AR A FaRe uB il from the

the second processor further conprises patching an
i nsfirsiproess@pvpiter to a second nenory address. 10.
The nmethod of claim9, wherein the second nenory

addr ess é)éécatiﬁgrtﬁé teaedt ares fenidry adtreseiirtRfsecond
clai m10, further conprising: execufing code at the

second nenory address after the second processor has
handf%85% e first SM. 12. A nethod conpri sing:
receiving a first system managenent interrupt (SM);
executing code at a first nmenory address with a first
processor in response to the first SM; generating a

WA KER & hcthSDBE Mt X DehdrbinSthe RFA6C8S Signal %@éarumh&eaﬁrst

second processor, based on a wake-up signal fromthe
first processor; and executing the code at the first
me Al §5%i th the second

14. The method of claim 13, wherein the first memory address is the location of

default SMI handling code.

15. The method of claim 14, wherein the first memory address is located in

conventional memory.
16. The method of claim 15, wherein the first memory address is aligned.

17, The method of claim 12, wherein both the first and second processors are

logical processors located on the same die.

18. The method of claim 12, wherein the first and second processors are

physical processors located on separate packages.

19. The method of claim 12, further comprising
20
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processor. 13. The nethodof claim 12, wherein the
wake-up signalis based on the first nenory address.

wQ@2005/0ss52ret hodof cl ai m 13, wherein the first PENDR3004/032469

address is the | ocationof default SM handling code.
15. The net hodof claim 14, wherein the first nmenory

address 1s, | ocatedi t: 6 he

et hodof PR AT A HeSEREY PN for ERREdd PRocshiBitp 4 gecond
aligned. 17. The nethodof claim 12, wherein both the

f i reenzy asksvessd processors are | ogical processors

| ocated on the sane die. 18. The nethodof claim 12,

wherein the first and second processors are physical
processors | ocated on separate packages. 19. The

PR FRe st Bk o s BEet s madd 5 R A non-

second nmenory address. 20. The method of claim 19,
whealggned addreesond nmenory address is a nonal i gned
address. 21. The nmethod of claim 20, further
conprising: executing code at the second nenory
address after patching the instruction pointer to the

il "Fﬂg method b 21%91;162%? further comprising:

executing code at the second memory address after patching the

instruction pointer to the second memory address.

22. The method of claim 12, further comprising generating the SMI before

receiving the SMI with a first and a second processor.

23. The method of claim 22, wherein generating the SMI comprises changing

the logic level of a pin coupled to a controller hub.
24. The method of claim 22, wherein an APIC is used to generate the SMI.
25. The method of claim 24, wherein the APIC is located in the first processor.
26. A method comprising:

receiving an system management interrupt;

executing a SMI handler to handle a SMI for a first processor; and
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22. The nmethod of claim 12, further conprising
generating the SM before receiving the SM with a

wo 2e0s38s8zl a second processor. 23. The net hod PET/TEZN04H032469

22, wherein generating the SM conprises changi ng the
logic level of a pin coupled to a controller hub. 24.

Th h . cl.aj ' '
gener at o g gy e SA I Byl 8ig SMITob S Sechfl processor.
the APIC is located in the first processor. 26.A

met hod conprising: receiving an system managenent
interrupt; executing a SM handler to handle a SM for

a7f Thé indtheg 8 eRiirn X8 trhétenabt SMIkis tahw fiSMrehndt£6d SHI.
handl e the SM for a second processor. 27. e met hod

of claim 26, wherein the SM is a software generated
SM. 28. The nmethod of claim 27, wherein the first
processor executes the SM handler to handle the SM

28r Thdrmethed of ehimt27e wheteindhp figstgerosessop execrties thet $dd

of claim?26, wherein the SM handler is |ocated at a

f i rgdndBIRY Narpdld RS SMIIBr thBrsiBhiHe 9corl BHBcESsor.

wherein the first nmenory address is a default offset
froma first system managenent base (SMBase) address
for the first processor. 31. The nethod of clai m 30,
wherein handling the second SM with the first SM
Rarbhemetloogh of slasn 26, wherein the SMI handler is located at a first

memory address.

30. The method of claim 29, wherein the first memory address is a default
offset from a first system management base (SMBase) address for the first

Pprocessor.

31. The method of claim 30, wherein handling the second SMI with the first
SMI handler comprises:
changing a target SMBase of the SMI handler from the first SMBase
to a second SMBase for the second processor; and
executing the first SMI handler using the second processor’s SMBase

as the target SMBase.

32. A method comprising:
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changi ng a target SMBaseof the SM handler fromthe
first SMBase to a second SMBase for the second

wW@e@sesner ; and executing the first SM handl ePCTIEE2994/032469

the second processor's SMBase as the target SMBase.
32. A nethod conprising: 22executing system managenent

b STl S OR SR U B

a software generated SM; and executing the SM code
t o PEAEFOIItRdagife a gMIfog tPreRessQer, if the SM
is software generated. 33. The nethod of claim 32,

wher ei n ¢leking ithp GMIES G0 eKxRE geAsratb® SHIE as@de to
handl e the SM™ for the second processor, if the SM is

sof t war e_gener at " 0 l.ai m 32 .
wherein i»%agu lggot gS occoedse rs][ §rﬂ%§2%ﬁ}e;§sl\/l‘tf Ifw%r %ﬁﬁcopgd%roggssor, if
handle the SM for the second processor, if the SM is

sof thediMdI ifenndtvaaregengdatedhe net hod of cl ai m 32,

wherein the first processor has a first system

managenent base (SMBase) address. 36. The net hod of

clai m 33, wherein the second processor has a second

%%?ﬁee n%g[iﬂ(r)& Of claim 32, wherein the first processor executes the SMI code
to handle the SMI for the second processor, if the SMI is software
generated. |

34. The method of claim 32, wherein the second processor executes the SMI
code to handle the SMI for the second processor, if the SMI is software

generated.

35. The method of claim 32, wherein the first processor has a first system

management base (SMBase) address.

36. The method of claim 33, wherein the second processor has a second

SMBase address.

37. The method of claim 36, wherein said SMI code is located at first memory

location, which has an offset from the first SMBase address.
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37. The nethod of claim 36, wherein said SM code is
| ocated at first nmenory | ocation, which has an of fset
wo easnosdss2 f i r st SMBase address. 2338. The net hpdr/o$2004/032469
claim 37, wherein executing said SM code to handl e
the SM for the second processor conprises: changing

SReLhg pRthod R HEa O RN Eonld OO e I g the

usi n the second processor s SMBase as the target
NB%@@ forthe sPRANGPTACRISON CUNBIIFRS38, further conpri sing
returning the target SMBase of the SM handler to the

first SMBafgiag e tegesNBage dhteINII handlet erdia il frst
the SM for the second processor. 40. An appar at us

a contr enerate a first system
n@@gﬁﬁ%?of %SGFPH%%‘\(@R% gn(g first |ogical processor,
coupled to the controller, enerate a first SMto
5 handl e t@@cmlngttheﬁMIaamieg@m ateeseéomé@ocq:sser gPhdiBase as the
and a second | ogi cal processor, coupled to the
conigr&ddaNIBaded handl e the first SM after the wake-up
signall is received fromthe first |ogical processor.
41. The apparatus of claim40, wherein to handle the
first SM with the first |ogical processor, the first

| ogi cal processor executes code at a first
Aenthy hetlhod oficlaim 38, further comprising returning the target SMBase of

the SMI handler to the first SMBase after executing the SMI code to handle

10 the SMI for the second processor.

40. An apparatus comprising;:
a controller to generate a first system management interrupt (SMI);
a first logical processor, coupled to the controller, to generate a first
15 SMI to handle the first SMI and generate a wake-up signal; and
a second logical processor, coupled to the controller, to handle the
first SMI after the wake-up signal is received from the first logical

Pprocessor.

20 41. The apparatus of claim 40, wherein to handle the first SMI with the first
logical processor, the first logical processor executes code at a first memory

location.
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2442. The apparatus of claim4l, wherein the first
menory address is k aligned. 43. The apparatus of

w@b@snss632 wherein handling the first SM w t hP€T18S2004/032469

second | ogi cal processor conprises executing code at
the first nmenory |ocation. 44. The apparatus of claim

‘ﬁ THE ﬁf)géﬁhﬁé‘!@fj&h 4‘1 h%hfeféﬁtth‘.si*ﬂrst%é& kfﬁdﬁ?&s%riglk aligned.

I'ogi cal* processor ther conprises

i nstruction pointer to a second nenDry address 45. A
system conprising: a controller hub to generate a
first system managenent interrupt (SM); a nenory with

a3f The hppanmhy obddire 43, Whateif blahdling the fiest SMI Wit the second
processor coupled to the controller hub to handle the

S e ey B ESEEBPDBE gt .

wake-up signal; and a second processor coupled to the
controller hub to handle the first SM after receiving
t he wake-up signal, wherein the second processor

9XCTHE 85 ?éﬁ@ué?@ﬁﬁaﬁ\ﬁ 48hehbidif haRERE Yhe Bt ST M@h thE@cond

systen1o cl ai m 45 mhereln the first and second

rs are rocesso on the sa
D Bt pEadfstunfidier cafirtires Bakbiy ah dhut st Pajnter toa
second processors are physical processors |ocated on
sepsacand mpawnkayeddress.

45. A system comprising:

a controller hub to generate a first system management interrupt

(SMI);

a memory with a first memory address that contains code;

a first processor coupled to the controller hub to handle the first
SMI, wherein the first processor executes the code at the first memory
address and generates a wake-up signal; and

a second processor coupled to the controller hub to handle the first
SMI after receiving the wake-up signal, wherein the second processor

executes the code at the first memory address.

46. The system of claim 45, wherein the first and second processors are logical

processors on the same die.
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48. The system of claim45, wherein a pin is toggled

on the controller hub to generated the first SM. 49.
wab@seyssem of claim 45, wherein code i s execuP€rUB3004/032469

the controller hub to generate the first SM. 50. The

system of claim 45, wherein the code at the first

addre i.S | . The syst f
07Tt PR R B HERE: DGR second Ploifors e
containing the first nenory address. 52. The system of
cl aphysaal prneessprs lngatatlionsepatateinaskag® with t he
second processor after receiving the wake-up signal

further conprises setting a pointer to a second nenory
address. 53. The system of claim 52, wherein the

d processor. on, resum ng. from handl,i ng the:$S
35 oY BB i 12 SPnBRUT AR it RBlReF B IR iy Vb to
system conprising: a nenory with a first nenory
5 addgassatedvhadirst/SlYiém managenent interrupt (SM) code;
a first processor to execute the SM code when a SM
is received; and a second processor to execute the SM
code, if the SM is software generated.

49. The system of claim 45, wherein code is executed by the controller hub to

generate the first SML

10 50. The system of claim 45, wherein the code at the first memory address is

SMI handling code.

51. The system of claim 50, wherein the wake-up signal is a vector containing

the first memory address.

15
52. The system of claim 51, wherein handling the first SMI with the second
processor after receiving the wake-up signal further comprises setting a
pointer to a second memory address.
20 53. The system of claim 52, wherein the second processor, upon resuming from

handling the SMI, executes code at the second memory address.
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55. The system of claim 54, wherein the first
processor has a first system managenent base (SMBase)

W@oase3ws52 56. The system of cl ai m 55, wherei n PEEUS2004/032469

second processor has a second SMBase address. 57. The
system of claim56, wherein the first nenory address

lﬁa,sAﬁrggg{eflﬁmﬁérrngr%ﬂ% .he first SvBase. 58. The system of

chaim ie target SMBase by default is the
first SvBase. 59. The system of claim58, wherein the
target SVBRIBOTEWilhan{esy Meneneaddiesn hasigaystera ppgragement
t he second processor executes the SM code. 2760. The

sysfheém{lp@(%i{mc@ae; wherein the first and second
processors are | ogical processors. 61. The systenof

g'h;"s m gﬁagﬁgggg@g@}%fg%&m AMIsRARND PLOCESRA S &l Sved:
and

a second processor to execute the SMI code, if the SMI is software

generated.

55. The system of claim 54, wherein the first processor has a first system

management base (SMBase) address.

56. The system of claim 55, wherein the second processor has a second SMBase

address.

57. The system of claim 56, wherein the firstmemory address has an offset

from the first SMBase.

58. The system of claim 57, wherein the target SMBase by default is the first

SMBase.

59. The system of claim 58, wherein the target SMBase is changed to the

second SMBase before the second processor executes the SMI code.
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60. The system of claim 54, wherein the first and second processors are logical

processors.

61. The system of claim 54, wherein the first and second processors are

physical processors.
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