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WO 2005/ 038652 PCT/ US2004/ 032469 Optim zation of SM Handling and
Initialization FIELD [0001] This invention relates to the field of conputer
systens and, in 5 particular, to system nmanagenent node optim zati ons.
BACKGROUND 0002} Conmput er systens are becom ng increasi ngl ervasive in
our soci etWORMEORHP g everything from small handhel d eIPé%[‘%ISZ HO3H6%i ces,
such as personal digital data assistants and cellul ar phones, to
application-specific 10 el ectronic conponents, such as set-top boxes and

ot her consuner el ectr Qptirization dfl8MI Hanidling ahekkritiplizatich ser ver syst ens.
However, as systens become smaller in size and in price, the need for
efficient piygyy allocation and system managenment becones nore. inportant.

[ 0003] Server systens have been traditionally characterized by a significant
15 anmount of venti.qnal nmor n | & iRl hysical processors in the
sane syst erﬁo@gﬁrrul ﬁkﬁf Hb"&g@a}‘réﬁgﬁsgﬂgfe é\ﬂgroglcﬁn%)uﬁms ?ﬁ‘%é’éssor refers
to a single processor die or single package. The significant amount of
nmenory 5 avai pabitelar,do sy stem/manggemnenhrhede optimizagioast renel y i neffici ent

al l ocation of nenory space and wasted execution tinme. 20 [0004] Typically,
in a nmulti BAKGCEREOUWNEYSt em upon boot every processor arbitrates for
wake-up, which may include allocating nenory and rel ocating

{0002} Computer systems are becoming increasingly pervasive in our
society including everything from small handheld electronic devices, suchas -
personal digital data assistants and cellular phones, to application-specific

10 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.
i0003] Server systems have been traditionally characterized by a significant

15 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.

20 [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 interrupt (SM) is generated, which is

handl ed with a default SM handl er for each processor. Usually, the
processors 1 WD 2005/ 038652 PCT/ US2004/ 032469 arbitrate with a race to the
flag schendyOwhosioaiod2 t he first processor to begin hand BGTURHB/OSME | s abl e
to begin initialization. Initialization typically includes allocation of a
separate and distinct 4kB aligned nenory space for each processor, which

forces one tguall@ca a@éeecormmﬁgsak@ﬂe,%ﬁ&em@rﬁrwpﬁo(@%@ﬁo)ﬁ%emt-

[ 0005] Furthernore, en a systenrnmanagenent iInterru S,

whet her duri pot _or.reqgul ar eraji,on, each.pr.ocessor, in nmul.t i,pr ocessor
system runs g‘#ﬁ%fﬁ‘?é@g agfestpi Hjpa ﬁﬂ?epﬂléﬁ %W@f‘h@ﬂd?%lufl SM .
There are two types of SMs. The first type is an asynchronous interrupt

that 10 may &léoagtioniofiaedparpte drel distinetdkBealipnedanemorhspacedbeeach battery is
| ow. An asynchronous interrupt may be handl ed separately by any processor,

since know gagesdt, WhRhIT6fced bAE 65 8ificate HBYEmeBicHy Fhar fdeded fb@fszéteﬁded to
service the “request. The second type of interrupt, a synchronous SM, that

I's software enerated, should be handl ed by every processor. Typically, a

software 15 AFHPEY- SM occurs when the operating system (0OS) wants a

processor to enter system nanagenent node (SMM. SMMis an environnent for
[0005] Furthermore, when a system management interrupt (SMI) occurs,

whether during boot or regular operation, each processor in a multiprocessor
system runs a separate and distinct SMI handler to service/handle the SMI.
There are two types of SMIs. The first type is an asynchronous interrupt that

10 may be generated by the system hardware, such as when a battery 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

15 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

20 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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executing software routines/handlers that does not interfere wwth the OS or
application prograns. [0006] In current multiprocessor systens, each
processor enters 5MM and 20 then one-by-one executes a distinct SM handl er
to check their registers to find out which processor generated the M This
requires a YO3WAEYSEM handler be executed for each priRfc¥8p40334e? ch

I ntroduces resource contention issues, thus naeking updates to the SM

handl er code difficult. 2 WO 2005/038652 PCT/ US2004/ 032469 EAOOO?] However ,
t hese ineffilOP@At nddhweyenthesaiinefficientimiettodsnf iniialiation and bandling i mited to
mul ti processor server systens, but exist in other systens, such as nobile

nul ti processsre nvy ihAfed tohAkiprobéseatiidrter yeten, BAYexiktih dthesystedgd)nol ogy
fromlintel (r) Corporation of Santa Cara, California that enables 5

execution of r A - al | ' ' ' L HT
ncor por at oA GE S ISR REBiocEieg &g ByBRE RGNS SeABAGATERD i
die). A logical processor js an independent processor visible to the
operating sy&eanglogniom itk Corparation of bamng Cﬁ%@ecahliprﬁ%ﬁ thehenable a uni que
architectural state fromother processor in a system HT is achieved by

havi ng Brul t i gleeutién of Hreadrin pahlldtmigsa sigail pisicl prscessdr. ¢IT execut i on
resources. [0008] Therefore, HT enables one to inplenent a

mul L1 (1 01 ool B RSERS Mo 19MENHPob b TR il BidPesdst (HRMEARRY A

logical processor is an independent processor visible to the operating system
(OS), capable of executing code and maintaining a unique architectural state
from other processor in a system. HT is achieved by having multiple
10 architectural states that share one set of execution resources.
[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
15 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
20 intended to be limited by the figures of the accompanying drawings.
[0010] Pigure 1 illustrates a block diagram of a device with multiple

processors that share execution resources, caches, and memory.



processor initialization, and SM handling exist in traditional
mul ti processor systens, such as server systens. Furthernore, as
mul ti processor systens begin 15 to infiltrate the nobile realm where

resources such as nenory are limted, the need for optimzations gJ t he

af or ement i SHRA*PAEA32 ci enci es becomes even nore i npor t ZGT/USEHEE4

DESCRI PTI ON OF THE DRAW NGS [ 0009] The present invention is illustrated by
way of exanple and not 20 intended to be limted by the figures of the
acconpanyi nqoorigw ndsgure/ Dillt6irates gbleckldiagtans bf abystem withokulipdgr am of a
device with multiple processors that share execution resources, caches, and
menory. 3 V\?&Q%@&IQS%SZ PCTI US2004/ 032469 [0011] Figure 2 illustrates a

bl ock diagramof a systemw th nultiple processors. [0012] Figure 3
illustrates a bl ock

mul tiple | odPeHl pr ééﬁ‘g”getr?ra pgtgat%ggﬁ%c?&ggéagn gf ‘if’) ?%ié‘%‘?"lé{’ttggégﬁesfs r dihg\éir Q?n of
a first processor waking a second processor. [0014] Figure 5 depicts a flow
di agr am of gsrotédsosshavdihp weultipleoldgivahprdeessorasvaki ng a second processor with a
first processor. [0015] Figure 6 illustrates a flow diagram of handling an
SM on g firggsgnd Figure 4 illustrates a flow diagram of a first processor waking a
second processor.
[0014] Figure 5 depicts a flow diagram of an illustrative embodiment for
waking a second processor with a first processor.
[0015] Figure 6 illustrates a flow diagram of handling an SMI on a first and
10 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
15 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
20 [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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10 second processor with the sane SM handl er. [0016] Figure 7 depicts a
flow diagramof an illustrative enbodinent for handling an SM on a first
and second processor with one SM handler. [0017] Figure 8 illustrates a
fl ow di agram for executing the sanme system nmanagenent interrupt code on a
first and J¥RPMF'PFPcessor if the generated 15 SM is FTOSRW4ORG .
[0018] Figure 9 depicts a flow diagramof an illustrative enbodi nent of a
first and second processor executing the sane SM handler, if the SM being

handl ed was grtifiwaietailienadaict be eDipléyédio pratif Helfohbed i vLitidn. [In t he
foll owi ng description, nunmerous specific details are set forth such as

| f i £ '
exanpl es o &Rgpkmgﬁggg Wé&}’h%tgﬁ géﬁl?%%lﬁﬁ@ g 'it?(]etﬁbtgﬁ SuckRas rﬁtgﬁf)é?&fﬂ{eu r esent

configurations i r provi or ough under st andi

invention. It wil] be apparen, hg , to,one skilled in the art that
these 4 WO z@egkm@%mwn@skﬁeﬁmm@ﬁégsp%&mwm RATGEPRICAERWIRot be

enpl oyed to practice the present invention. In other instances, well known

conponent s O(SI\AM)) haplementation andepetifie spstot managdmentinferrupt lpodéer on
self-test (POST)), specific system managenent node -(SMM i npl enentation,

i IS e E e e e R AL
obscuring the present invention.

- [0020}1 The method and apparatus described herein are for optimization of
memory allocation when waking a processor and optimization of system
management interrupt (SMI) handling in multiprocessor systems. The method

10 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

15 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

20 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
5



obscuring the present invention. [002D] The nethod and apparatus descri bed
herein are for optimzation of nenory allocation when waking a processor
and optim zation of system managenent interrupt (SM) handling in

mul ti processor systens. The nmethod 10 of waking a processor may occur as a
result of &YQ209&M¥E32 of normal operations. For exanpl e PGRABAOMAR46nput er
Is powered on or reset, one may wake an inactive/ sleeping processor.
Furthernore, when a systemis returning froma |ow power state, such as

sl eep, standfy: maUHROBEssol bpsémpthetsforapiie mbtods Silll onl$ beelescrileelins| eep,
reset, or any’other node where the second processor 15 does not respond to

interrupts o | Y . ' BRY
apparent to %ﬁeégig{el%guﬁp % %g&yro tof%s{a%gt&ﬁ ?ﬁ&e%l?hgﬁﬁ%hﬁ%?ég%égﬁg#'mki ng a
second processor nay be applicable to any |level conputer system (personal
digital assil808ts, lﬁﬁtﬂ‘qEllblséitaﬁ‘%ﬁr%‘r‘ék’dﬂ@@lgf%Ofﬁldﬁ"i%r]r@é,w’é%@‘gEP er
platforns), as well as any nunber of processors. For 20 exanple, a

mul ti pr ocessipgicalpideassoirs. hAfphysical pfovessopraiesss arphyajcaliprodebtos diewtdiod t o
wake an inactrve processor with an active processor. [0022] Figures 1-3

devor bt horBhh PokE ORI prCEerlg el M pehaBhe Btk ee BRI K8 RATE 00
PCT/ U52004/ 032469 any nul ti processar system therefore, the methods will
only be descopeseling system (OS), capable of executing code and maintaining a unique :
architectural state from other processor in a system. Hyper-Threading
Technology (HT) is a technology from Intel® Corporation of Santa Clara,
California that enables execution of threads in parallel using a signal physical
10 processor. HT includes two logical processors on one physical processor and is
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
15 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
20 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



reference to Figure 3 as not to obscure the invention with unnecessary
detail. [0023] Figure 1 illustrates a block diagramof a device 105 with
mul tiple 1ogical processors. A physical processor refers to a physi cal
processor die or a 5 single package. A |ogical processor is an Independent
processor WOI0BY®8¢3 the operating system (0S), capabl BCHUSERUER#Png code
and mai ntaining a unique architectural state from other processor in a
system Hyper-Threading Technology (HT) is a technology fromlintel (r)

Cor por at i on 100 ns@nbeusddtongenetitt iafsysteramahagemertiihtsrepte BMI). oGontrolidr eads i n
paral |l el using a signal physical 10 processor. HT includes two | ogical

processors o o9hsy ggg\%gt%%é% B 6 icAE0n hf APE WY SrhidlY sttt depte 9 ! he

architectura archrtecture state sharing one set o
processor execution resources. 24] vice 105 may jnclude a first
processor 12‘19’“9548821‘%§E5<SMO$§|3§R}'[§8"§@PC1 98‘?‘:05@#8%68&%*51%3985@9& physi cal
processor. Device 105 nay al so be an 15 enbedded system or ot her device

havi ng at | 6626}t wo PeviceH5amay aRodneade memdrydSan Manbryimmaylie dnygi cal
processors. For exanple, processor 105 may include architecture state

registeys 13 ang stbizgd BetlerSRCdhth Al SheistoRid Wor Bk&Rple GddthSry Bl5ahay bet 1S

readi |l y apparent t devi ce 105 may include more than two I"ogical . .
020" hol d GBI 1A $OH DHPRRRIAN MEmFE GTaY RS T e vy 105
share the sanme execution resources 140, caches 145, bus 150, and nenory
égS . [0025] 126y Memadn5]5bamanplatso herecfomteofsystermoinesrory PlaceGont desrites105110 may
[0027] Memory 155 has at least a first memory location 160 and a second
memory location 165. First memory location 160 may contain default system
10 management handler code. First memory location 160 may also be lk aligned.
Second memory location 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,
15 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
20 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



an Advanced Progranmable Interrupt Controller (APIC) controller. Controller

6 WD 2005/ 038652 PCT/ US2004/ 032469 110 nmay be used to generate a system
managenent interrupt (SM). Controller 110 nay al so be used to conmuni cate
on an APIC bus, which is not depicted, coupling the fir [ r 120 and
t he secondvmf)d(?ﬁ(g?fﬁz 125 together. [0026] Device 105 mﬁ%&f@é&?ﬁ ude menory
155. Menory nmay be any 5 style of storage, wherein data may be stored. For
exanpl e, menory 155 may be registers to store information. Menory 155 nmay
al so be anot[8829] evelFigiredillustrated Bn evample/ofisbsystam veitls smtple f or m of system
menory placed on device 105. [0027] Menory 155 has at |least a first nenory

| ocati on 160y3)6ksBrsS F58E&ks0rBUNMYY 1RCadd procd&or 310 £nd pheeEassr 318cwhicen 160
may contain default system 10 managenent handl er code. First menory | ocation

160 may al so,be 1k al.i gned. nd locat b t her
non- 1k al i grﬁ;HI%%q’:Btlgﬂ rﬁ"."%?ege%@hﬁ;{}@ %ﬁpggxu&a@%%gggg%%%ﬁg#gr y

| ocation 165 may al so be base addresses for a first processor 120 and
second pr ocedateregisters 3hand $2hheld theupigne avehitaciune state obprawssaray2til so be
used as tenporary storage space, 15 when relocating first processor 120's

base adgir essandl$ms febpeéctivelid Syetanbus BEIEIUpléDSicess08 308 td cdrtralleg ubsed i n
nore detail in reference to the nethods escribed in Figures 4-9. [0025]

Turning to Figure 2, iARyibhYs A by Sdpiamh §shin heshr) Ysbind bus

350. System memory may have multiple memory locations, such as first
memory location 365 and second memory location 370.
[0030] Figure 3’s illustrative system will be used to describe the methods

10 depicted in Figure’s 4-9. Although Figure 3 is being referred to in describing
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.

15 [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

20 power state, such as sleep, standby, suspend, hibernation, wait-for-SIPI, 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

8



mul tiple processors is depicted. The system may include first processor 205
20 and second processor 210. Processor 205 and 210 may be physi cal
processors, wherein each processor is in its own package. The system nay

al so include system bus 215 to couple processors 205 a ntroller
hub 220. WORW¥PE? hub 220 may al so be coupled to rrerrge'f/%%ﬁb‘%ﬁ&g bus 225.

7 WD 2005/ 038652 PCT/ US2004/ 032469 [0029] Figure 3 illustrates an exanple
of a systemwith nmultiple processors. Processor 305 may include processor
310 and pr otmdade eddmtingtiodh or séspoadingstolintesruptesbutheedteg®@ivecashe 335, and
system bus, 340. Architecture state registers 320 and 325 hold the uni que

ar chi t ect ur enshidb@tdtt niyineRRR Tt 3&Po o3RRFERPCAI ME e SBYRIRAY bus 340
coupl es processor 305 to controller "hub 45. Controller hub 345 y be

coupl ed to syst.e nory by a second bus 350. System nenory may have

mul tiple rre%ﬁ"&’n%ggﬂ%ﬁé?%ﬁ‘&ﬁo € first nmenory location 365 and second

menory | ocation 370. LOOS%@H gg&e 3's illustrative systemw || be used to
i

descri be th§0033] hoddn blagk systemm; mamagesnent gntepyuph (AN iFreeiceds | s
being referred to in describing the nmethods of efficient nenory allocation

The harduar &L ELOUr EE L B gUr e S AR oLher herGuare. confl Juratsons not
depi cted na}éecier{g)e!,cf reﬁ:%cetsrs]gr grﬁgr%os(}jrgteng fensaglgiggrgen &hS8 (SMM,) to service the
request by running SMI handler code and routines in conventional memory,
unless the processor is inactive and not responding to interrupts.
[0033] As an illustrative example, the first SMI in block 405 may be
10 generated by a controller hub, such as controller hub 345 depicted in Figure 3.
As another example, the first SMI in block 405 may be generated by an APIC,
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
15 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
20 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



15 [0031] Figure 4 illustrates a high-level flow diagramof a first
processor waking a second processor. The first and second processors nay be
| ogi cal processors |ocated on one processor die, separate processors

| ocat ed on__separ packages as shown in Figure 2, or i n ot her
nultiproceggbyﬁggg igurations. Initially, when a nulti%&géggégﬁagésten1
cones out of a low 20 power state, such as sl eep, standby, suspend,

hi bernation, wait-for-SIPl, sleep, deep sleep, reset, or any other nobde
where the seaxamplegthe Shdrandbersnapbe offsas froml theSMBase by 8008 (EMBsise pr ocessor
should initialize to an active state, while a second processor should

initialize td&gﬁ(ﬁbgjwﬁ%ﬂ%uﬁi Eﬁ%e/SMﬁ%HY& 2t DRBZ000EN tife YAPRD/ 038652
PCTI US2004/ 03246 I ncl ude executing code or responding to interrupts. In

t he alternati an ..t nacti tate .1 nclude not respondj ng t
nterrupt o T ac N bER Ehe i SR tte i RGBS RSRR ho At [ 00s2)
In block 405, a first system nanagenent i nterrl}ﬁ)t (SM) is received. 5

Often a SM preceseorcand edecand prpgessor shasdd veaeive/datah sthesMietkavevenribe an SM

is received, a processor enters system managenent node (SMV) to service the

requests by rééaéﬂdlgro%%sdiaﬁai} Abt &REESNIVMak®@HAAARThe BMIGHR ¥ itinfd) 3incERTO! Y,
unl ess the processor Is indctive and not responding to interrupts. [0033] As

o SR e o e R 66 o0 2 o

410, the first processor may be active and may handle the first SMI received in

block 405. When the first SMI is received by the first processor, the first
processor may enter system management mode (SMM) to service/handle the
10 SMIL
[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
15 1k, 4k, or any other aligne;d 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
20 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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As anot her exanple, the first SM in block 405 may be generated by an APIC
such as controller 110 in Figure 1, or by a controller |ocated separately in
the system (not depicted). As yet another exanple, the first SM in block
405 may be generated by changing the logic level of a pin on a frocessor,
such as 15WF¥¥E86R 305 or a controller hub, such as CEHFH§FWQP2§25. [ 0034]
The first SM in block 405 may be a service request to initialize SMM to
al | ocat e address space for system nanagenent, and/or to relocate a
processors haaendted eas Huls\as dipictEd) stbiBas en ARIClais; ttetaddples shefist e t he
syst em managenent portion of menory begins. The SMBase may al so be the 20

addr ess wherg it S8 agenent portion of nmenory is referenced from
For exanpl e,a%[dh%agﬁ%gge H%H;Qbe a val ue of 0x30000. The SM handler for that

portion of nmepory mght he refefenced SMBase by an offset. For 9 WD
2005/ 038652 | Us2d¥: %Qﬁégn%r%ﬁgl%fb?qq&fgqﬁ%%ﬂ' PS}E?EH?Y&%et from
t he SMBase by 0x8000 (SMBase + 0x8000), which would put the SM handl er at

0x38000 i n tveetorxthatib basddifiBtie 1dbation inem&hbry of aydefantitSMI handlemiThe pr ocessor
system both a first processor and a second processor should receive/latch

I T s o A e e
e Dt e n a5l A QA0S0 e YRS bRl RESSiRPYs ke 2011 Ve
first memory location 365, wherein the wake-up signal is a vector based on first
memory location 365. In another embodiment, the wake-up signal is based on
the first memory location 365, which is a 1k, 4k, or other aligned memory
10 address range. The second processor may require that the wake-up 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
15 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
20 be;en 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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bl ock 405. When the first SM is received by the first processor, the first
processor nmay enter system managenent node (SMVW) to service/ handle the 10
SM. [0036] As shown in Figure 5, the first processor may handl e the SM by

initializi % SMM in block 505 and executing a default SM_handl er in bl ock
510. The YAMYB8EY handl er may be default code | ocat B§TAS204/832463 ) ¢
menory | ocation, such as first nenory | ocation 365. The first nenory

| ocation may be 15 1k, 4k, or any other aligned nenory range. [0037]
Ret ur ni ng t od41gur e Moviagwa Fégute 55 bgeeinbodimentefdiaadlihy thd firdt SMItwithr ocessor
in block 415. The wake-up signal in block 415 may be any signal that is

sent. 10 vkt bR AGARERE 08 SRAarkd ATLRR BRREIIES IAMoASMedd he second

processor may not ing to Interrupts or executing code in an

i nactive 20 state, the wake- | I . be,a.b ignal that the second
processor, iSRC PF%S%?PF%‘%#%SEM@&&%SF‘#E %@S?%%@WHEVH&‘% ocess. In
one enbodi nent, the wake-up signal may be a startup inter processor

i nterrupt (PoPhter freshagecohd pMOCEBOEIRS R A tEET tos2xeodld Btmhery addxassii tt ed on
a bus (not depicted), such as an APIC bus, that couples the first and

d . ous, . co.
second gor Scesﬁ%R% sec[og’xg%ﬁ&wét?y Iggmbegés Z)éb f(x)\nrl?lghg‘:f.eséoh& 1ReM6Ky 2ddresd S wake- up

signal nmay be a vector t ocation I n nory of a default

SM handl er -mg}t‘ﬁe anon-aligned address no longer confined to conventional memory.

_Once the second processor patches the instruction pointer to second memory
address 370, it is not necessary to allocate the conventional aligned memory for
executing startup code. After finishing initialization and resuming, the second

10 processor, as 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

15 on multiple processors using the same SMI handler. In block 605, a SMIis
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

20 SMI, 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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5 wake-up signal may be any address in nenory or any reference to an address
| ocation in nenory. In one enbodinent, the default SM handler is | ocated at
first nmenory location 365, wherein the wake-up signal is a vector based on
first nmenory |location 365. hl another enbodi nent, the wake-up signal is
based on 0p3/438¢S2rerrory | ocation 365, which is a 1k, P4RUSHOVERIE, al i gned
menory 10 address range. The second processor may require that the wake-up
signal be aligned and be in conventional system nenory. |In yet another
enbodi ment , haté el therproveysdrizdata maltijibcessyr dystenh ented SMiMsaridm@tuiera wher e
second processor 315 begins execution. [0039] Turning back to Figure 4,

bl ock 420 s he second processor 15 waking. Bl ock 420 may include
waki ng the second processor to allowit to handle the first SM received in

bl ock 405, ar running, basi c wake-up routines, uch as,a power sel f test
(POST). [0049§43] n t%bﬂ&iﬂtﬂ& st PB@Q?&?PHF%S‘;H"%M FPS@ (@Mgé%‘iﬂ%&)&oi n bl ock
405, is handled by the second processor. Although, the second processor may
have 20 beemandkctheG3/oe thé firss préfebsarn HandinglbSME snaeieludsd, and
therefore, unable to service the SM at that tine; the second processor may

Lo e o o Ak s A plOREL SRk sl iRl
11 W0 2003/ %?(gr?\?ﬁzef gcc;l_r{ega%c%gotﬁé 8%4 ?—?andling the SMI may also include servicing the
SMI request.
[0044] As stated above in reference to Figure 4, the first processor may
have a first SMBase address. The SMI code (SMI handler) may be located at a
10 default offset from the first SMBase address. 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
15 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.
20 [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



[0041] Moving to Figure 5, one enbodi nent of handling the first SM wth
the second processor is illustrated in blocks 520 and 525. In block 520, the
second processor initializes SMM Additionally, in block 525 an instruction

pointer fo nd processor nay be patched to a se addr ess,
5 such as &gigﬁﬂ&ﬁgﬁory address 370 in Figure 3. Second$§3ﬂ§g@z§%%?%ss 370
may be anon-aligned address no | onger confined to conventional nenory. Once
t he second processor patches the instruction pointer to second nenory

addr ess 370,sefend pravessomeisekepintsd inm Aoweliagram. hia kloek &0f1, ithertarget i gned nmenory
for executing startup code. After finishing initialization and resum ng,

the second IVBARCAREREs ofthe SMAMANIerid etdhged GrorfiaNe Fifst GMEBAse addeesgat ched
i nstruction pointer, which points to second nmenory address 370, and begin

executing it startup code. [0042 ri Figure 6., a od of
andi | ng and SHe SHEPHRESTE 37 = o SRDa ARl ok RSB BBt G e f bed,
wherein an SM may be handled 15 on nultiple processors using the same SM
handl er. | n [808Ak 60EoninuEng theillusativeexangple from pbeee, @iftern exeqvsing ibe e

(asynchronous), such as a battery being |ow, or software, such as the OS

requests ng Ml RaedePéodowithahe eargeteSMBastatietingAhe FirsteSMBase, Thathaget | y, a
hardware SM may be handl ed by ei téher procgsg;égfg w t hout the know edge of

e oL P SRRATheR BBl AotRd VBB BB, TR BT, T
generated hSlJI\iB;siq:c{clrricasr]sgm%; %25&51(3 gtgrttirt]geacfcﬁ:\éses (')Sfttita gec%rn%apr%]::estsg?’ s system
management area (memory space). Therefore, when the SMI handler is
executed using the second processor’s SMBase as the target SMBase, as in block
10 710, the same SMI code/handler is able to handle the SMI for the second
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
15 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
20. 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

14



processor which generated the SM. Therefore, a software generated SM nmay
12 WD 2005/ 038652 PCT/ US2004/ 032469 have all the processor's in a

mul ti processor systementer SMM and execute a handler. [0043] In block 610,
a first processor executes SM code (an SM handler) to handle the SM for
the first pProgawsssnss2 Handling an SM rnay include 5 execRATAGZEM03B6Ue t o
determne if the current processor's save-state area being exam ned
generated the SM. Handl i ng the SM nmay al so include servicing the SM

request. [O04dy é\és ﬁé@%&& ‘fﬁe h?st b &St eits SMIIAH Mok 815 M d fetisths

processor may ave I\/Base dress. The SM code (SM handl er) may
be | ocat ed at a 10 def ault offset fromthe first SMBase address.
Furt her mor e, & PE’E?J’é’nnay reference a target SMBase address. The target
SMBase may be the address where the SM code targets to access that
processor' s [P949]em nidowgvarif the/'SMI was softyearergenerated ther| ihessonss an
illustrative exanple, the target SMBase may be set by default 15 to

reference a éfdc@éso%fﬁ’&ﬂﬁ e e SMhASWell SIt Biock B2, tthe Secdsid fotesbr a first
processor's system rranagerrent area. Therefore, when an SM i's received and

e e ey e Rk kbRl B oo e
[0050] An illustrative example of executing the same SMI code is depicted
in Figure 9 with a flow diagram. Much like Figures 6 and 7, the first
processor’s SMBase, which may be located at first memory location 365, may be
the target SMBase address. After the SMI code is executed with the first

10 processor to handle the SMI for the first processo.f, the target SMBase may 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.

15 [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

20 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



processor's save-state area, by referencing off the target SMBase. 20 [0046]
After executing the SM code in block 610 to handle the SM for the first
processor, the same SM code/ handl er may be executed to handle the SM for

second processor, as shown in block 615. In Figure 7, an_illustrative

enbodi nent WE2081438652615, executing the SM handl er to hBRUVEPHBIER for a
13 WD 2005/ 038652 PCT/ US2004/ 032469 second processor, is depicted in a flow
diagram In block 705, the target SMBase address of the SM handler is
changed fr oprbba@sbr inay ecddins eheSivil esde theaecdritbtifrerts hapdiectheSMI foo tiee second
SMBase address for the second processor. [0047] Continuing the illustrative

exanple fro 0 r executing the 5 SM handler code with the target
SMBase targrepfs?%ga/ﬁloecg%slto?'st SMBase, the target SMBase nay be changed to

target the second ShMBase address. The second. SMBase.address nmay be the
starting addPe of khegefers Hﬁg‘iﬁ FBF@EEWP@“%%?%W%W&%@MW ﬁgee(?iﬁ?'rrermr y
space). Therefore, when the SM handler is. executed using the second

processor' s davBMEtcdle gdreratad ge wakeBaddegisexequtibn oka secontpracessosane SM
code/ handler is able to handle the SM for the second processor by

ref erenging }ﬂirfchérﬁ-ﬁaéﬁﬁﬁﬂ@ @J&ﬁg@@%éﬁo@ﬁﬂﬁ% 368F &RH prbeQ4s] aff gure 8

depi ct s another 1 strative e I ment of executing the same SM handl er
ssors, if the SM being,handl softvvaaLee_

Gonerated. ritBran Batamosy AdAtRRS BORR Y T IANe OV SERdf ey

up signal that starts the second processor at first memory address, which may
be the location of a default SMI handler. Moreover, by patching the instruction
pointer when the second processor handles the first SMI, the second processor

10 may resume at a second memory address, which may be non-aligned.
Allowing second processor to resume at second fnemory 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

15 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

20 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
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15 processor without affecting the other processor. Therefore, in block 805,
a first processor executes SM code. In block 810, either the first
processor or a second processor nay check to see if the SM is software
generated. It is readily apparent that either processor may check to see if
the SM bei'¥)20PWIXd is software generated in any tenB&TAIS209#HHRAO For
exanple, the first processor may 20. check to see if the SM is software
generated before bl ock 805 and then execute SM handler code in block 805.
As anot her ifg flofetiedroadenspideatbscope vf tedigwkntion a6 setifbrih it dhd war e
generated SM exists after block 805. If a software 14 WD 2005/ 038652

PCTI US2004/ aMimdo el St : I . exits SMMin
bl ock 815 aﬁg%%g 5?ns gb?ﬁ%Eﬁ%ﬁﬁﬁg@%gPygﬁa“?Q%H%%’%%ﬁgﬁgggéﬁfg?he SM  was
sof twar e generateg,then t he second processor shoyld handle the SM as well.
In bl ock 820egade é@@&ﬁguiﬁﬁbvﬁﬁe@%}ﬁ%éﬁe%’%ﬁ #¥SRe sane SM code t hat
first processor executed in block 805. [0050] An illustrative exanple of
executing the sane SM code is depicted in Figure 9 with a flow di agram
Much like Figures 6 and 7, the first processor's SMBase, which nay be

| ocated at first menory |ocation 365, may be the target SMBase address.
After the SM code is executed with the first 10 processor to handl e the SM
for the first processor, the target SMBase nay be changed to target the
second processor's SMBase address in block 905. In block

17



910, the SM code is executed using the second processor's SMBase as the
target SMBase. In addition, as shown in block 915, the target SMBase nmay be
restored to targeting the first processor's SMBase address. 15 [0051] It is
readi |y apparent that any conbination of the first and second processor nay
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

t he secon¢gN@gessor's SMBase, the first processor may execute the SM code
again to handle the SM for the second processor. As another 20 exanple, the
second processor may execute the SM code both tinmes. As yet another

exanpl e, the“@i£§%=p&p essor may execute the SM code the first tine the

SM code is €x8& dtéd 0 ™andl e the SM for the first processor, and the
second 15 WD 2005/038652 PCTI US2004/ 032469 processor 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

t o be gener at.ed methodhkmmprrsthgoegi n executi on of a second processor. 5
Furthernore, unlike traditional methods, which start each processor at a

di fferent def apdcbivimgriirgt syStdmaHisnaglREM intert®y (ENSAVES fiRY asEnsich®d 2 wake- up
signal that starts the second processor at first nmenory address, which nmay
be the Ipcatiognﬁgﬁgndefault SM handl er. Moreover, by patching the

I nstruction

handling the first SMI with the first processor;

generating a wake-up signal with the first processor after receiving the first SMI,
wherein the wake-up signal references a first memory address of a default
SMI handler;

receiving the wake-up signal with the second processor;

awakening the second processor, based on the wake-up signal from the first
processor; and

handling the first SMI with the second processor.
2. The method of claim 1, wherein the first and second processors are logical
processors, and wherein the first logical processor includes a first thread and the

second logical processor includes a second thread.

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

processors.

18



T n

poi nter when the second processor handles the first SM, the second
processor 10 may resune at a second nenory address, which may be
non-al i gned. Allow ng second processor to resune at second nenory address
saves the allocation of a separate aligned nmenory space for each processor.
[0053] In addition, handling an SM may be done with a unified handler, by
executing the sane handler code with a first processor and then with a 15
second processor. By checking to see if the SM being handl ed was software
generated and exiting SMif the SM was not software generated, one may

save a signifi ‘?ﬁ‘é‘heﬂx’&% Llafih 1%&&%%‘3@41&{[&& fifs P Ml‘%tﬂ‘%rf?rs rﬁr@ée%olr changes

i npl erent ati on easl er plat n1deve opnent

required for the softmare S Si | ontalned wWr apper
Code it hout 26 PRERF IRy ngdre oLt S BBt Bt te SRt By ont s nes.
[0054] In the foregoing specification, the invention has been described with
reference to specific exenplary enbodinents thereof. It wll, however, be
evi dent that various nodifications and changes nay be nade thereto w thout
16 WO 2005/ 038 6h& miethibd dS2laiv ADBRe6E theegi@rip sighal fsanstdrtvg ileopdedssapi rit and
scope of the invention as set forth in the appended clains. The

speci fication gpéngk @wnafnar e, accordingly, to be regarded in an
illustrative sense rather than a restrictive sense. 17

6. The method of claim 5, wherein the first memory address is aligned.
7. The method of claim 6, wherein the first memory address is 4k aligned.

8. The method of claim 5, wherein handling the first SMI with the second processor

comprises executing the default SMI handler with the second processor.

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 handling the first SMI with the second processor.
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CLAIMS What is clainmed is: 1. A method conprising: receiving a first system
managenent interrupt (SM) with a first and a second processor; handling
the first SM with the first processor; generating a wake-up signal with the
first processor after receiving the first SM, wherein the wake-up signa
references a first menory address of a default SM handler; receiving the
wake-up signal with the second processor; awakeni ng the second processor,
based on the wake-up signal fromthe first processor; and handling the
first SM with the second processor. 2. The nethod of claim 1, wherein the

first and SQQQanﬁﬁ&Pfﬁ@g§ﬁ§?re | ogi cal processors, and wherein the first

| ogi cal processor 1nc first thread and the second |ogical processor
i ncl udes a second Ihr%ad. 3. The net hod of c%g&ﬁyl, wherein the first and
second processBFEVRES TPl sypiemmangeespedd sieraupt €M, The nethod of claim 1
wherein handling the first SM with a first processor conprises: executing
the defaul t SMxequling eode por Arskareamprt lneation mgth anfisioprocessitrie sesponse to the

first SMI,;
generating a wake-up signal with the first processor;
awakening a second processor, based on a wake-up signal from the first processor;
and
executing the code from the first memory location with the second processor, in

response to the first SMI after awakening the second processor.

13. The method of claim 12, wherein the wake-up signal is based on the first memory

location.

14. The method of claim 13, wherein the code at the first memory location is default

SMI handling code.

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

conventional memory.

16. The method of claim 15, wherein the first memory location is aligned.
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5. The method of claim4, wherein the wake-up signal is a startup inter
processor interrupt (SIPI) signal . 6. The nethod of claimb5, wherein the
first nenory address is aligned. 7. The nmethod of claim®6, wherein the first
menory address is 4k aligned. 8. The nethod of claim5, wherein handling the
first SM with the second processor conprises executing the default SM
handl er with the second processor. 9. The nethod of claim8, wherein
handling the first SM with the second processor further conprises patching
an instruction pointer to a second nenory address. 10. The method of claim

0, wherein theThegemidBPIRIY I AIHCRIT b R MONIRAIS:EAADoRIdEAS 1ogkd Th

nmet hod of claim 10, conprising: executing code at t cond menory
address after handlin G first S e with the second processor. 19 12. A
net hod conpris?ﬁ@?”@@%ﬁm ﬁﬁatg: ®system managenent interrupt (SM);
executing code at a first nenory location with a first processor in response
to the first SM; generating a wake-up signal with the first processor
awakeni ng a second processor, based on a wake-up signal fromthe first
processor; IBndhemethod ofigainné2,odebeei therfirsttaad f¢dosd proeessons akroplgsicain Wit h t he
second processor, in

processors located on separate packages.

19. The method of claim 12, further comprising
patching an instruction pointer for the second processor to a second memory

location .

20. The method of claim 19, wherein the second memory location is a non-aligned

location.
21. The method of claim 20, further comprising:
executing code at the second memory location after patching the instruction

pointer to the second memory location.

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

the first SMI.

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

logic level of a pin coupled to a controller hub.
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response to the first SM after awakening the second processor. 13. The

nmet hod of claim 12, wherein the wake-up signal is based on the first nenory
| ocation. 14. The nethod of claim 13, wherein the code at the first nenory

| ocation is default SM handling code. 15. The nethod of claim 14, wherein
the first nenory location is located in conventional nenory. 16. The net hod
of claim15, wherein the first nenory location is aligned. 20 17. The

met hod of claim 12, wherein both the first and second processors are | ogical
processors | ocated on the sane die. 18. The nethod of claim 12, wherein the
first and setbrdepredvdssslimazewpigision HPIC Pt eedssgmsraodaSll. on separate
packages. 19. The nmethod of claim 12, further conprising patching an
instruction pointer for the second processor to a second nmenory |ocation .
20. The nethod of claim 19, wherein the second nenory location is a

non-al i gned 74 q@akicdd ofklaim 2Ih\§hé¥ﬁfnlﬁ‘§@AP1fC 8 l1GatBd 2R thef s 16dessoRMPr | Si NQY:
executing code at the second nenory |ocation after patching the instruction

pointer to the second nenory | ocation.

26. An apparatus comprising:

a controller to generate a first system management interrupt (SMI);

a first logical processor, coupled to the controller, to receive the first SMI,
to handle the first SMI and to generate a wake-up signal after receiving the first
SMI, wherein the wake-up signal references a first memory address of a default
SMI handler; 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 processor.

27. The apparatus of claim 26, wherein handling the first SMI with the first logical
processor comprises executing the default SMI handler with the first logical
processor.

28. The apparatus of claim 27, wherein the first memory address is 1k aligned.

29. The apparatus of claim 27, wherein handling the first SMI with the second logical

processor comprises executing the default SMI handler with the second logical

processor.
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22. The nethod of claim 12, further conprising generating the SM before
receiving the first SM. 23. The nethod of claim 22, wherein generating the
SM conprises changing the logic level of a pin coupled to a controller

hub. 21 24. The nethod of claim 22, wherein an APIC is used to generate the
SM. 25. The method of claim?24, wherein the APIC is |located in the first
processor. 26. An apparatus conprising: a controller to generate a first
syst em managenent interrupt (SM); a first |ogical processor, coupled to the
controller, to receive the first SM to handle the first SM and to
generate a up 5| al - af.t ceivin mher

gonerat e el BT IEhr G AR TS T e TS o
and a second | ogical processor, coupled to the controller, to handle the
first SM af t @FOEH8r ﬁmbétipﬂlpgisamatch%g CRETUFEAN PIGIFF {hasecpRdMemgR; cal
processor. 27. The apparatus of claim 26, wherein handling the first SM
with the first addgsscal processor conprises executing the default SM

handl er with the first |ogical processor. 28. The apparatus of claim 27,
wherein the first nmenory address is |k aligned. 29. The apparatus of claim
27, wherein handling the first SM with the second | ogical processor

conprises exgfut E}@E&n{ &g.nlgpsﬁ]%ul t SM handler with the second | ogical

a controller hub to generate a first system management interrupt (SMI);

a memory to hold code beginning at a first memory address;

a first processor coupled to the controller hub to receive the first SMI and to
handle the first SMI, wherein the first processor is to execute the code
beginning at the first memory address to handle the first SMI and is to
generate a wake-up signal after receiving the first SMI; and

a second processor coupled to the controller hub to receive the first SM], to be
woken up in response to receiving the wake-up signal, and to handle the
first SMI after receiving the wake-up signal, wherein the second processor
is to execute the code beginning at the first memory address to handle the

first SMI.

32. The system of claim 31, wherein the first and second processors are logical

processors on the same die.

33. The system of claim 31, wherein the first and second processors are physical

processors located on separate packages.
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processor. 22 30. The apparatus of claim29, wherein handling the first SM
with the second | ogical processor further conprises patching an instruction
pointer to a second nenory address. 31. A systemconprising: a controller
hub to generate a first system nanagenent interrupt (SM); a nenory to hold
code beginning at a first nenory address; a first processor coupled to the
controller hub to receive the first SM and to handle the first SM,
wherein the first processor is to execute the code beginning at the first
menory address to handle the first SM and is to generate a wake-up signa

after receiv

control e T s RunPE el PR e R I ORERRRERHIER EkRE

recei ving the ;te LWE gnhal, and to handle the first SM after recei VI ng
t he wake-up sig% rst rein the second processor is to execute the code
beginning at the first nenory address to handle the first SM. 32. The
system of claim 31, wherein the first and second processors are | ogi cal

processors on the sane die. 33. The systemof claim 31, wherein the first
and second p3odassytan af dajphykivdetein poa cedesio esecuted by el amtrebBgdnbtte packages.

generate the first SMI.

36. The system of claim 31, wherein the code beginning at the first memory address

includes SMI handling code.

37. The system of claim 36, wherein the wake-up signal includes a vector referencing

the first memory address.

38. The system of claim 37, 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.

39. The system of claim 38, wherein the second processor, upon resuming from

handling the SMI, executes code at the second memory address.
40. A system comprising:

a memory to hold system management interrupt (SMI) code beginning at a first

memory address;
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23 34. The systemof claim 31, wherein a pinis toggled on the controller
hub to generate the first SM. 35. The system of claim31l, wherein boot
code is executed by the controller hub to generate the first SM. 36. The
system of claim 31, wherein the code beginning at the first nenory address

i ncludes SM handling code. 37. The system of claim 36, wherein the wake-up
signal includes a vector referencing the first nenory address. 38. The
system of cl ai mfidst prodessoe couphaidlthe@einbs tb exuiteShd SMItbdd hegirh@pai thepr ocessor
after receiving the wake-up signal further conprises setting a pointer to a

second nenory addr 3§ medtdry ddeR XS h&Min RTINS irstf16E84d? it RepsiReond
processor, upon resumng from handling the SM, executes code at the second

menory address. 40.t e%&StEQECQQ?Qkﬁin93 a nmenory to hold system managenent
a 3

interrupt (SM) code egVW iﬁb a first menory address; 24 a first

processor coupled tq the nenory to execute the SM_ code begi nning at the
first nemory addfe¥d QP eRRRR BRpleshio &4 MRy EXaciitedhe Me%gt&glqnwgraés ponse
to receiving the SM; and

the first memory address to handle the SMI for the second processor in

response to the SMI being software generated.

41. The system of claim 40, wherein the first processor is associated with a first

system management base (SMBase) address.

42. The system of claim 41, wherein the second processor is associated with a second

SMBase address.

43, The system of claim 42, wherein the first memory address has an offset from the

first SMBase address.

44, The system of claim 43, wherein a target SMBase referenced by the SMI code, by

default, is the first SMBase address.

45. The system of claim 44, wherein the target SMBase is changed to the second

SMBase address before the second processor executes the SMI code.
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a second processor coupled to the nenory to execute the SM code begi nning
at the first nenory address to handle the SM for the second processor in
response to the SM being software generated. 41. The system of claim 40,
wherein the first processor is associated with a first system nanagenent
base (SMBase) address. 42. The system of claim41l, wherein the second
processor is associated wwth a second SMBase address. 43. The system of
claim 42, wheg, gih8 sydin bf ¢lgim HE ReyeiRhdTRS Snd) Seord pbéssers atd l0pichine  first
SMBase address. 44. The system of claim43, wherein a target SMBase
referenced by @Pﬁeé@?.COde’ by default, is the first SMBase address. 45.
The system of al iﬁ wherein the target SMBase is changed to the second
SMBase address before the second processor executes the SM code. 25 46. The
system of claim 40, wherein the first and second processors are |ogi cal
processors. 47. The system of claim 40, wherein the first and second
processors atk Tﬂjﬁygqt%pf clmé@g@@f@n thedirst and second processors are physical

processors.
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