WO 03/ 042829 PCT/ US02/ 35946 METHOD AND APPARATUS FOR ENUVMERATI ON OF A
MULTI - NODE COVPUTER SYSTEM FI ELD OF THE | NVENTI ON [ 0001] The present

i nvent i onwentoazsas to the field of initializing a conplex mnvmotz/e59465
system More particularly, it relates to a nethod and apparat us” liséd"td
enunerate a conplex nulti-node conputer systemin an efficient manner.
BACKGROUND OMETHH (REANTEAP ARRATUSOZPR BN U MERA THONMORMaM LTI NODE( HA)
systens are designed to mnim i ptions, achieve nmaxi num
uptime, and reduce the potenti Za(fblflgﬁj unp?g%?t@gluout ages. 10 HA systens nmay
be used to facilitate critical services such as energency call centers and

stock trading, as well as services for mlitary applications. HA systens
are typi caﬂ&w&'@w nst reliability, serviceability, and
avai | abi | | joho)RARhe pRAE hifRRRSperiBAS to RPRIA ot bzl A%l e that a
HA system | S L]p anedbr unnin rmfpee %%I%ano 99. 999%0 lz é g%ed] %e(%
Serverss Wh’ﬁtcm nmixipord arti )ext wdatgsutioes methoteand appar@tsus deedctm ¢nuowtats er VI ces
that may ﬁgﬂQ achi eve maxi num uptine are
general |y J rﬁlﬂ%%d% re't n);cfgﬁim gk %n m%ﬂ%re is no single point of
failure i nBAGKGBz@UNDOFfrEEREMED Agyst em conponent performng a task

I ndependerD O ouseigle By BRERIRCATR) drnf 4 rmriLsg S6MRrFpd” 7

functi onal dntrypnoats eachRRE hakinunt aptan¢, efdireduas tiopteentiaRRr ivaplahrield Youtdays. be
directl rrel at edmth th? atrmunt of redundancy a system enpl oys.
Ther ef e SESFEIPE MRNPE Hsed o fasilitrie edticabsehuras SHF 48 egjsegensy @@l fcﬁﬁtétslaﬁﬂ may be

nore reli apdek 1rddt04h WHIeR RrIQRETbEKIIRYSt HPliGRVAS ptw&ysféuﬁ 4O typdafiyinct i on

or planned servicing, downtinme may be mnimzed if the systemstart-up
procedur e hegchmarked @ﬁmStam’éPbH’éXA seryigeahlity; aad jayailabihity (Relyhy) reqotiegenss. RAS system

in a short, g t%lcatl 1r-ghﬁat§t}@&ts¥§f$}n R %%fuﬁmn?%?e §ahlo ?6993% pot

process, |nc S an enuneration process to identify the system
resources ﬂmdmverl fy that the resources are functioning properly. The

presen i o e tu

enumerlja i 2[ ocgggérgéthl{%e'ﬁ@g%ﬁ%%?% C%%%P @F%ﬁ{e(%?’ rﬁ\]((’al%eﬁrﬁt%glraa ‘%(geﬁ%}tatés ks to
processor sma}eseqlilraQQAS)@a;bdbjtitiem tSea/ermdms aaﬁd/epmafiimum m;gin&O a@ goetallpn of the
enuner ati 0&51tgges(}( w1th re undancy so tha eereI lg\ﬁgnsgnlg enpoelltg:t c;fef ilure in t?tl %QSltgr{l.C Ellp g

specific system component performing a task malfunctions, another system component is

available to complete the task. Independent groups of system elements, which often have
20 similar functionality, are generally referred to as nodes. Reliability may be directly
correlated with the amount of redundancy a system employs. Therefore, a system with
more nodes to perform a specific function may be more reliable.
[0004]' When a complex system shuts down due to malfunction or planned servicing,
downtime may be minimized if the system start-up procedure is efficient and may
25 initialize the many nodes of the system in a short amount of time. The start-up procedure,
also called a boot process, typically includes an enumeration process to identify the system
resources and verify that the resources are functioning properly. The present invention
includes a method and apparatus for an efficient enumeration process. By delegating a
portion of the enumeration tasks to processors residing locally in the nodes and performing
30 a portion of the enumeration tasks in parallel, the invention achieves a significant

reduction of start-up time.



reduction of start-up time. 1 WO 03/042829 PCT/ US02/ 35946 BRI EF
DESCRI PTI ON OF THE DRAW NGS [0005] FIG 1A illustrates one embodi ment of a
mul ti - nodwospgusay [ 0006] FIG 1B shows a fl ow di agram f orrcaviesoentyadi ment

of enunerating a multi- node system 5 [0007] FIG 2 illustrates one
enbodi ment of a node. [0008] FIG 3A shows a flow diagramfor one

egog! menBRAEF DERCG ;I‘iO T 3B shows a fl ow di agram of one
enbodi men r e At ) 4 shows a detailed
enbodi msni(mggl aﬁrrgl {‘Lieflﬁ‘gﬁée}&s%%gléﬁh@g%%?@?g%{ug%p%eagélt "FIG 5 illustrates a

f1 ow di ag[@06)f oFIGnEBdabas betbwedigrdinnion bnembedinrent affiengmeratingud miulthode
system [O%ZA,StFI G O6A illustrates one enbodi nent of a nulti-node system
with a sef r fBnagement device. [0013] FIG 6B illustrates a flow di agram
for one e[m)gd] G, Dglslﬁtﬁdléstdanﬁ:ieﬁhgodimdnﬁofa,ﬁo@nurrer ation with a server
managenen Vi ce, 14] Fl G .7 shows one, enbodi nent. of a,.HA nul ti-node
system [h&f&] Flts ‘l"% S‘?ﬂﬂ?sf#%?‘é%ra'a??ﬁ08&618}’%‘5‘5%8%]0%50%8 28948 di nent  of

moni torl ng\lo‘eggt G, SIBINBORE | DMow idigRinB F varle BBadIMBEN fordRydeC elem2®t DETAI LED
DESCRI PTI THE I NVENTION [0016] FIG 1A illustrates one enbodi ment of a
mul ti - nod&NWYEEh 100 to practice the invention. The nulti-node system 100

i ncludes §q)h) | 1960 ERRL RRHEFHAiImdiloPLhULlnodP ERikdhtE Systede nunber  of
nodes 105 may vary and may not be limted to %ust four. In one  enbodi nent,

a gi ven ndE1L0FIGaS ilbetrates ¢ Ao digeentor grotpilse embedimpatal SMEPRYNeRat may 25
i ncl ude ah‘lulltgﬁéée Sg_ggnpr ocessor. One or nore nodes 105 may be directly
interfaced to a swtch 110 with an interface |ine 128. The switch 110 may
be prograififdd] t Fleerbd phskaes ont ombpbivpft of & ywilénpdomstaneNid HASEY on
conponent speci fItC |%gnti fications or addresses. Exanples of system
g:orrponent?1 Mse Cﬁ’fe individual nodes 105, the switch 110, an
llggu]'g / O}J]t POUL3 | /KD, I6Bi iligetratdd0s flawddiagnan dor omer embdddnere\af geenitoddg nddee swi t ch
a t
1%| Iem?ngeei\gtion with a server management device.
[0014] FIG. 7 shows one embodiment of a HA multi-node system.
[0015] FIG. 8 illustrates a flow diagram of one embodiment of monitoring system

enumeration with a server management device.

20 DETAILED DESCRIPTION OF THE INVENTION
[0016] FIG. 1A illustrates one embodiment of a multi-node system 100 to practice the

invention. The multi-node system 100 includes four independent nodes 105. In actual
practice, the number of nodes 105 may vary and may not be limited to just four. In one
embodiment, a given node 105 may be an independent group of system elements that may
25 include at least one processor. One or more nodes 105 may be directly interfaced to a
switch 110 with an interface line 128. The switch 110 may be programmed to send packets
to specific system components based on component specific identifications or addresses.
Examples of system components may be the individual nodes 105, the switch 110, an
input/output (I/0) bridge 120, and one or more 1/O devices 125. The switch 110 facilitates
s0 inter-node communications as well as communications between nodes 105 and the 1/O
bridge 120. The I/O bridge 120 may be connected directly to the switch 110 and I/O
devices 125 with interface lines 128. The interface lines 128 may also be a bus. The I/O

bridge 120 provides the system with access to the 1/O devices 125. Examples of I/O
2



30 inter-node conmuni cations as well as comuni cati ons between node

and the 1/0O bridge 120. The I/0O bridge 120 may be connected di rectisyl'?(S)
the swi tcwols@4zsael |/ O devices 125 with interface |ines P28/USDhesset erface
lines 128 may al so be a bus. The I/O bridge 120 provides the systemwth
access to the |/ O devices 125. Exanples of |/O 2 WO 03/042829

PCT/ US02/ 85846 IZiijewlud@BmthlS, disicdnings, 35d inapworks congeationsifo QB SYsiFps b wor k

connect | OfS 1581 AddChe A STRNG Woltnecliind OCe A6R2. T vk bé LAApdbIE ANect 1 ons.

The nodes S1(5 ma be"cap conmuni cating with thé 1/0O devices 125 by
sendi ng aadnmeﬂeatmgwghmm deticeo k2% bbrsm@hg pritkrecedving mfprmmowmfoéah teut es t he

informatio [/ O bri
one enbod?‘?ﬁ’é‘itlhubt éclh r?‘&fsotb? %Soémfg %he II&?F}“%%B%%S?%S }%h[:)glz]seljn
; Pchlc teg E ?[0017]“12 & dite)en(bodineh, the mbpdgealﬂn mmparﬁzfratSwuﬁmbadg wl@ah isfusgdning)

ures for
Forms of fom et Qeeh Comeen Ng et (rarg b A pRAfpe FHIRNGRRSt 2200
ports, angdo@plérd. THeSoathBFiBE inSlitacinoee bhsic fdms bof Dobmted‘geng,bﬁﬂudwtlbe part of
t he I/Ocontroller hub whi ch |nclude r al on t rface
(ECI ) anduillsefﬁﬁdﬁ?rlaé;jst(I%Sﬁ)’rfﬁﬁ? (ROTES, 14 aie E‘EFWE“’("? %‘t ﬁ[edfﬁgﬁ fiG lB
SNOWs an gx¢ QMY O REtAMeLR® WiRcHERSIn®RS at
as the system %g% a ' Enumerat?og |sstaypg?§]§lmlnbbr?%dem§?gtg§§t g][n sueh

'ggﬁg ;T?/In(i@ﬁlb mgpmgﬁhq m@@br@%ﬁ%@?ﬂ}ﬂ@ verify functionality, and
a8 pompg%ashb\saggh ity 080! IR 190 13RAKhelRCa AGRHGRES. Af ter

the syste k“140), a |local bootstra ro
sel ect ed &ystent,hach adiheispsteh W@chf§l(3blléck Engipyration j5 typigaly; EH“PFg?eftSOSO'[ hleS

| ocal boot% i Pr}gcgc%&fergessortestm 1%?0#%% pﬁ)”%n@yeﬁf gﬁodaggntdnﬁygé?ﬁraﬁﬁ@ ant €sting

the resouf®® t hé nod ocal resources, referred to as
| ocal el enmmdrationniasy withdhfoeteation abeststbe sesandesnmq&nrthjwteew poaRtedruPse| ect i ng

t he | ocal boot st f
nodes i & (BaghiiGs blecRpRoREt procsSros ipFIERId; GEARRIAAT Bdes (el Bty Boal
(bl ock 16Q) one EAbddMénadhe QLS WOtTEY @bb@ﬁbr(nhﬂydml«espﬂ)ﬁ@l)lﬁ far igd:xmilﬁseing ot st rap

processor nmay b | ect d bl ock
boot st rap t?ﬁﬂé&:é@sﬁsﬁ&l‘?ﬁg?e% F"eg’gd‘rﬁ’ ?bI)T@ g‘?ﬂﬁﬁ[ﬁm?%g‘ﬁeﬁgregfﬁe& &8 %Cgpal

conponent me'r:rf&arﬁ%l ﬁ?]ugéa?rﬁé’e%};cﬁ@&m&ﬁ??ﬂéﬁce@r AfBOBRGtingSME tachiemtsam 1/ 0

bri dges. boot strap processor enunerates the co
t he whol e psgcsssemfozrbthocrwdgsmlylocwltsﬁ)r t12f5 indiddushofes argsgeratede gtn ggt s of

(block 180gs’pec(i1ve 8l b&)ftstntap%o%){s%gﬁ%iogk §EANSFEMdWAAg hodet SH@meration (block
160), a global bootstrap processor may be selected (block 170). In one embodiment, the
global bootstrap processor may be responsible for enumerating all system components.
Examples of system components are nodes, switches, and 170 bridges. Next, the global
bootstrap processor enumerates the components of the whole system (block 180). After

25  the entire system is enumerated (block 180), control of the system is transferred to the
operating system (OS) (block 190). The OS may efficiently manage and assign tasks to
the system resources based on information provided in the enumeration list.

[0019] In one embodiment, the flow 130 may be used to significantly decrease system
boot time by independently enumerating the nodes (block 160) in parallel during the same

30 time frame. A parallel node enumeration scheme for N nodes may be completed in
approximately the amount of time it takes to enumerate a single node, T seconds. A serial
node enumeration scheme for N nodes which performs node enumeration node by node,

one after the other, may be completed in approximately N*T seconds. Complex multi-
3



operating system (0OS) (block 190). The OS may efficiently nanage and assign
tasks to the systemresources based on information provided in the

enumer at i wio d3j031829 [ 0019] I n one enbodi nent, the flow 130 may/use2/se6 t o
significantly decrease system boot tinme by independently enunerating the
nodes (bl ock 160) in parallel during the same 30 time franme. A parallel
node enunerode ispsicrss majrdasomahy modiss anhy paesliclosnymeradian isphemspsignificantiel y t he
anount of n n rial
node enune%{ S%Bg%ﬁ%ﬁﬁn%ﬂcghﬁﬁgéahﬁﬁhlcka ﬁ?ﬂggémﬁg gﬁéﬁhﬂépgémgﬁ node by
node, onesclaffmdawnth thé noddsengy cmn}plebe ncdyrthmbﬁdon ﬁftﬁpmemiaswatlahy'f Ming seconds.
Conpl ex_Mielibi node MDptle €985 PElndRRGE RIS o POdI% e HRe TR aFYe Ny
nodes, and 4% gSFarTEISTLRNNEFRE G EERY Fre §1gnt RET Y P ARV 88Y Boot

perf or rmn(xelectEd)lforEtkah‘idivﬁiuaﬁn(ﬁijtsﬂlem uuso ngxeewapad ah |aﬁiltralmg&>e®WBﬁYﬁ6(&Hs it®n

schene mnth]5 q ﬁ ngx g& f enune éath%n fifty tinmes faster than
if using aseegteﬂ'ﬁ%ﬁe BHTRRACHEr Yt reﬂug‘ﬁrﬁﬂ'i’ﬁaa tiPY9%&r nore, because a | ocal
boot st rap [0020}es FG. NMYstRes s ehbsdiehtbos muhbplotdsotindiatoonoeactiédré e i s no
time wasted on arbltrat % Fetmeep nodes t@% sel ect a single bootstrap
processor PENtighuniedst4Y Hd‘ aifqur doral progeseors RO 23 nodfe @ay haye paspymltes of one

enbodi mente|Qfends, AAd 4 bm@és&ﬁ%&@hagﬁ% a%QQuﬁlgeerffﬁ»FJcbé%@rschg Thé‘)ﬁ%@ésk&? Node
200 has four |ocal processors node may have any nunber of el enents,

and a M odddkomuliceiacessey npde 20013y baipryeled gtithmnoiatsschin %onzc}slonih% Phdcessors
10 10 the il @hAEASS 210 BRARIS AN iffBYach b RUPIR brilctddribsl RIAbEh
connection Interchi p connection 210 provides an interface between
the proc esmmessozﬂs commamlc@w Innge emboths@oa separate dwenfasn ingpitbe usddrio altev

enbodi nment n I e 1L rs 205
to corrrrunltg% m%gg?}ﬁ%f td én"? ér?}rgan S or Qﬁﬁgﬁﬁ‘ga‘t&%ﬁ% '%ﬁﬁ thr?rer;l%r ?1%?1% troller
230 coupl edntralletr 220 ccmptz:dcdntha isterchipabhimati @21 0i is omampmrqﬂae mlérfzaa thant erface

that 15 all ows the roces 205 ta n wi th ot her el such
2o oo - IGES e RERESOROABLP FTOHECE IO HEf ST HER AR CBheet | on
210 may benameﬁrryont side bus (FSB) and the rrermry controller 230 may be a

Nort hbri dge controller which both. ar used |n rtain |Int
ar chi t ect 3%%1 Jt orn f8F £HPaHimeBihR g’t“g‘ﬁ"ﬂ'ﬁ%‘"ﬁﬁf’oﬂ“ i Ay lZ‘Da(,fEﬂ‘?%ﬁ‘H? it es with

processor SFO¥ehnd the rﬁé%r?'&gntﬁﬁl%ﬁ 236 ma} Be GONEKIDVHES clrddol I EFERRIEY bothhfe
accel erat ed graphi cs por AGP) and the PCl. |In another enbodi nent, the
i nterchi p use m certain Intel® archltectures for personal computers. The Northbridge

20 communicates with processors over the FSB and acts as the controller for memory, the
accelerated graphics port (AGP) and the PCI. In another embodiment, the interchip
connection 210 and the memory controller 230 may be part of I[HA. The [HA includes a
FSB and a Graphics and AGP Memory Controller Hub, which is similar to the
Northbridge, but is capable of higher bus speeds and does not include a PCI interface.

25 [0022]  One embodiment of local node memory coupled to the memory controller 230
may be dynamic random access memory (DRAM) 240. Another local node element that
may be accessed through the memory controller 230 is the basic input/output system
software (BIOS) 1 stored in the flash memory 250. The BIOS 1 flash memory 250
includes software for enumerating the node 200 and is coupled to the memory controller

30 230. In one embodiment, the BIOS 1 flash memory 250 may not include the software
required for enumerating the whole system. In another embodiment, the BIOS 1 software
may be stored in a read only memory (ROM). The node 200 may include all the elements

required to enumerate the node 200.



connection 210 and the nmenory controller 230 may be part of IHA. The IHA
includes a FSB and a Graphics and AGP Menory Control l er Hub, which is
simlar twode428drt hbri dge, but is capabl e of higher bus remaesds/3sme does
not include a PCl interface. 25 [0022] One enbodi nent of |ocal node nenory

coupled to the nenory controller 230 nay be dynam c random access nenory
( DRAM) 2410023hot ThemoHo2) ingludes addcahlast ﬂ@m@glstenagﬂ thet maydesseessadrydgh t he

/ 10S) 1
toren | n RE e ppctleck20s %y RSl LR pott ThE Ryl RS, 68O
sof t war e fcouplehtortiey mterahgp ¢dneecnonué1(2 Omeabdallbsotd@gpbgdertlimrm hmnmlgd
cont ol | o1, 50 230 LnBiE ABLOMKTR pod ¥ PR ad b IRID o230y not

i ncl ude the SO req U|red eRUTEr & oresyste
enbodi sentwhidhhef Bieqx}obessm Mne therayddd 2006 mmyebt- the mcerl elaﬂtstraﬁ yravessor y ( ROV .

The node 200 i.ncl ude t he .el ui r to. en rate the node
200, " Vo tRP e 5 TR MelgdE 200 oos, lofa Boteii St A mhede | o
boot flag régegér&harby?&fhutt higin aRYo fte ARE RARAH IDY zEO&tatd @tidhfieratigasHe@fessor s

205. In one enbodlng the local boot flag register 220 may be coupled to
the int er @fGessedGhifat thediistaims. The | ocal boot flag register 220 may be

coupl ed tgoduhe nEPIMHE l@d&ﬂﬁdo@h&ﬂe ©3P220708 bkGredd BR¥mel ihaJodaPioshigg 220 may
be used to determ ne 5 which ﬁ processors 205 in the node 200" may be

t he | ofal TefbEesMAY e fi 8WEIHP staft@&fowsthswﬁ'arre@mmswenl@ceﬂ eohBae 200.
The | ocal Dol 5039 ds8913HeRFord 20 e'?i%fen'?%‘c}éme&@gél&ft %ﬁoéah@éoté%bépg%c%& isina

zero state and renains in a zero state until fter 1t has accessed or
read the fliomsmultipleeproqesoss0S Mt g apde HW rhayckel t0tbwtth¢ indiyiduabprocessor9 206 has been

read one H—%'ﬁet’he l@ceal lbg&gﬂlagbr%?tste 5?1% an?lgdelh 'tﬁ% t%cfaF%XotQFag d{}s?eégr?)?%ééﬁ J o state

for all sequent rea boo IS reset.
Ther ef or e pranssef 205cwldch readsreaeeo state frometbe lomall tmoaﬂlagbegmtsrt 22&p Tmrmhsm)r from
mul ti pl e pragesso t ein

ot 0cestor BVORS any lekghy Red Falal eRisD rPIaRTeees A8 15 36 Hnt MR 1P ¢ he

| ocal bootsdar a@otwapqﬁs&@fm adt siald p¢ apmscised BY nehikitled nealsls ar tR@rthe St at e
fromthe | oc boot flag r |st§ rédZO Thi s ,schene 15 avoi ds % | engt hy
arbi t rati GH™ @tmfﬁ%d@w Eradppnd Wjtssrgaied de fhange (isiate pistheiesal | ocali

boot strap bB&tOFRSe Pikter 330, adell & e sa&mceﬁat@toetdiggaf s@l@@tm@Khé {oedl HoBtsirﬂ? art
that the nunber of accesses i ncl udi ng1 reads and wites, required to
1

change t h@rasesspemay takpen manygombinations within the scope of the present mvent10n
20 [0025] In another embodiment, the node 200 may include a local counter instead of the

local boot flag register 220. When a processor 205 reads the counter, the count increases.
The local bootstrap processor may be the processor 205 that reads a specific count from
the local counter. It should be apparent to one skilled in the art that there are many
devices, specific logic levels, and accesses such as reads, writes, and interrupts, that may
25  be used to select one processor 205 as the local bootstrap processor.
[0026]  The node 200 may be one of many components in a larger system. The link
interface 260 provides an interface between the node 200 and other components of the
system. The link interface 260 may be disabled upon power up of the node 200. If the
link interface 260 between the node 200 and all other components of the system is
30  disabled upon power up, the node 200 may remain isolated from the rest of the larger
system until the link interface 260 is enabled. The link interface 260 may be enabled once
the processor node is successfully enumerated. Therefore, the node 200 may only be

interfaced to other components if it is functioning properly. Successful enumeration may
5



boot flag register 230, as well as the specific state to trigger selecting
the | ocal bootstrap processor nmay take on many conbi nations within the
scope of wieespamsent invention. 20 [0025] In another embodicTarsn/3sshe node
200 may include a l|ocal counter instead of the |ocal boot flag register
220. Wen a processor 205 reads the counter, the count increase The

| ocal bodtesthe egmpleiaecfsdentifing, kesting ang figingsho Fesouess i an e‘?‘%‘&d@‘oaﬁ’sbeci fic

count fromchlji Q‘aunré)s%%asﬂ)é\" tcﬁ‘%nch&naﬁ ul d be apparent to one skilled in the
art that tHere are evi ces, ecific logic |evels, and accesses such
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system interface 260 provides
an i nter faswdhisdnvskow, hhae tiokl t&Goe amey twt mnou@rﬂpon@mssﬂgoﬁ ragiféer. sFy)st em The
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_ est of . ar ger stemu i,nk interf bled. T
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ggﬁpﬁgggh ?ﬁge Il%ﬁﬂﬂ{lt@?f%e}?(bl&{i%lspdﬁft&%% Ay lﬁxaﬂmebfer thiertode fsadieablddo(blitcker
it is functioning proper es my 5 WO
03/ 0428293 ¥5¢GTindisHipaligngts ¢fdhg Wé’edB‘ﬁﬁlbéﬁ‘r‘Bﬁe est @égjﬂ &’y‘i E?ﬁi @t? "5
g, and
i Stl ng thay c[d%ﬁ&Hr BIST 38 22 RidiREdrl Ot ldf Stests twvhiegify bagieli fussionalhpsi c | evel
of functionality 0027] FIG 3A shows a flow diagram 300 fo {‘? one

enbodi menTypéallyothei EﬂéTalS Bogl-containeds festthlemay §oy Hﬂb‘ffka@isé)"g ipiREmat|oR
interfac eo&t? Fpt%e AO&Ee drient ﬁtmn@%%moi)@ﬁu@ela@y infefhclidiEoerbecaibathsgent shown,

the link T'n ace may be control accessin a reglster r exanpl e,
after powelemens. (Aftwkmﬁrlg)tﬁe Bﬂf’rTe(blqchI@mhtl@rPF QETO B 18 |t’%ed15’fj%Efa§ Bifock 315)

by witi K.
the bk [ReiPpliag Rl BBek3E8, 8 Qﬁ%&aa‘ﬁ%ﬁéE‘&é'f‘%‘%?“%}&%'?‘%ﬁ%@%‘%?‘é‘tL‘egﬁm

and no achian smyumennmm the first tme iasditsimainstime nprizate sfatg affer heiag (B Sk 315) .

After the_link interf f d
i ndi vi duafirsbPEfefies btfaiscfeeﬁeéoﬁﬂg E’Feutﬁ g"r tﬁo%tﬁﬁ%lss?gr&téb gés%{ﬁs %@P?S{ﬂll' )O(C%II ock
320). In gag fla@regsten®ay reati hiezeRl Sdteiand &nowdhavindhanly teetmethetlest sodeo verify

basic functionality. Typically, the BIST is a self-contained test that ma
not requi P@Ot%tf,a@é’é%qe?ﬁﬁrl nformati on outside of the node elenent itself and g

May naj T RfERY € AN tHerélesioksi redd thelosmasnot Napregisedilock 325), the processors
determines if the local boot flag register is in a zero state (block 330). If a processor is the
first to read the local boot flag register (block 325) and determines that the local boot flag
register is in a zero state (block 330), then that processor is the local node bootstrap
processor (block 340). If the processor determines that the local boot flag register is not in

25 a zero state (block 330), then the processor is deactivated (block 335). In one
embodiment, the processor may be de-activated (block 335) by entering a hibernation
state. A hibernation state is a low power state. In another embodiment, the processor may
be de-activated (block 335) by entering a waiting loop. Next, the local node bootstrap
processor enumerates the node (block 345). In one embodiment, the local node bootstrap

30 processor may perform a full suite of functionality tests on all the elements in the node.
After enumerating the node (block 345), the local node bootstrap processor enables the
link interface (block 350). Those skilled in the art would know that there are many

methods to select a local bootstrap processor from a group of local node processors.
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el ements. After running the BIST (bl ock 320), the processor elenents in the
node read the 15 | ocal boot flag register (block 325). In one exanple, the
| ocal boowOfdsageseegi ster may be in a zero state until it PCI/USeadsstbe first
time and remains in a nonzero state after being read the first tineg,

unless it is reset. Therefore the first naode praocessor which reads fromthe
|l ocal  bol@02911 aBlG- 61} shaws meffowr diggram 360 of Qngreanbodinaehdoy porst clenethoul d

becore th ulng{aah Ned ﬁl%qeéama’aobcsb?@ﬁemessm)zgs&Qﬁ%hctfmmp dthendas ocessor s

read the Tocal bBoot fag register , processors determ nes
i f the | odehenb@dock 36y Foegtastply; a figl suite of funstignalitatestsmsly be rerdampd ong a

Pracessor mtRal Memeht £i2 zfgtﬁe.%gnaé&%ﬁt&gﬁlm@%now AGmE Rt AR Bek 325)

and det er iTe © register 1s 1n a zero'state (bl ock
330), & heintetdeeion pf deaaaooryiwitht hmehwqatonttrotlg dﬂdolﬂsﬁtrr@plceSpm@)cés 8lsp bebl ock

340). If the p ces detern ne h I r I S not
in 25 a zté‘thBd ?"ea ?f)tF%‘Ratﬁd maﬁ%érﬁ R téprpro@ggﬂlseo?g%m deact |f€%|t“§§iaq(bl ock
335). In @iek 38R0di thendemdnnas firllyfessionaljrdpn e oeleademanatietistédinotk 335) by

entering a hibernatio S ation state is a |l ow power state. In

anot her eﬁ%ﬁ‘ﬁﬁf%‘ﬁﬁ?“aﬁﬁlﬁlyﬁf’ ‘8%%‘0% e de-activated (bl OCFk) 335) by

entering EBO!Yﬂ' ti mgoﬂe?gﬁbod%ghé h:?ur’nam&in hg deaybbo ttetedap a ﬁashlcmemm'y

enuner ates t he node ocC n o cal _ngde

boot st'f apdeytrepiek 85 sy B F%%/lp%qs%d‘?‘?ﬂoéy 93‘? |0r113‘3ﬁ9t ZEQ% ttfeuaﬁlf’? n'f&l"f’& gﬁll?ests on

al | the ehRERALS thd eleh@nRAGuned iRk EBYBRIaE I0@] hb® Beuigrap praeksodd5) , the

| ocal node bootstrap processor enables the _link interfac éblock 350) .
lé}tlﬁ&lﬁ% noge'3

Those ski Plusiggiis atiiecess fo SobNIER WOHHNE PITEENS: ¢fet Malfp FBeY ¥ sel ect

a | ocal c 0 3n £ SR eRfis h AclorP 88l Bcein@ 4RSHENSry 6 WO
03/ 042829%@/{@@ %‘ggggls amf(g[e H‘a og Bes lf:)ws aor%now o?wg ram 36%yof one

enbodi nendevicerhan30% efl témmmor)e Sﬂ@tﬁé& miﬂemtlomng apd 7Q%é>flﬂaf‘claFm%cP§°tB'i§ot strap
processor .tests th n I For
ex arrpl% 5““? qnlmgsprg?efrfg' lg&ﬂnls&eybog{str@; ﬁ‘gg&sor%ﬁr%@rm(ng tidt thsrﬁér)lory

functionalit ts erformed on a nenory
el ement adalioezis sl biedulraadodentifethe ooskingisectoe adrkm«rsy Iéldemprum%\ﬁaftheonal ly,

my be al engs Gl gs) e soub it g ans SaBfes B ATHAEREL (oY The
el enent i garfiallyl fanétional (bduekl380Y, bhendkm3p clude fthet ;bwtlzélyémmpnmg efegrientyin
functional, then the. n (iie 78rrent is listed in the enuneration list as
fully funele@awa?ratc%ﬂ&&ﬁ’%ﬂ‘%g )[0030] In one enbodinment, the enumeration
list nBy R3S OrIeehel 1BcanddeasdBrsti@ Proaessor determines that the element is not partially
functional (block 380), the element is amputated from the node (block 385). Amputation
is the disabling of an element of a node, or a component of a system, so that it is no longer
accessible. In one embodiment, amputated node elements may not be listed in the
enumeration list. In another embodiment, amputated elements may be listed in the
25  enumeration list and marked to indicate improper functionality.
[0032] FIG. 4 shows a detailed illustration of another multi-node switched system 400.
The switched system 400 includes four processor nodes 405, although a multi-node
switched system may have any number of processor nodes 405. In one embodiment, the
processor nodes 405 may be the processor node described in FIG. 2. The processor nodes
30 405 may be interfaced to a switch 410 through an individual link interface 409. The link
interface 409 allows the processor nodes 405 to communicate with all the other
components connected to the switch 410. An 1/O bridge 420 provides an interface

between all the components of the system 400 which may be linked to the switch 410 and
7



10 device such as the BIOS 1 flash nenory 250 of FIG 1. If the elenent is
not fully functional, the elenent is pruned (block 375) by the |ocal node
boot st rapwproicmesaor. Pruning is a process to sal vage wor lCmgrsposiiens of a

mal f uncti oni ng node el enment or system conponent. For exanple, if a node

element is a nenory device and the nenory  devyi cxioihas 30% of _the menory

sectors meribunié® idevirasdinkerdiregty torthe K@ brdgrotA) v pterfaess A fxagRleng

properly,, {éﬁﬁsqﬁ&la? H{P&?lﬁggﬁlteqkj BiitigR 496 &2 2 Qiskdtie dgb.ef gHinke 4501atLANe menory
st ul a

device is use rdentify the working sector addresses. |f during
pruni ng ofonhéeeion 4605 artha memoncdevgy 5}10-t1n@n¢ e plen aepthas devies linkgd presssor

det erm neg hd'Rh b:r)iggq[ ﬂ0ﬁ'ﬁ§n¢e 4 B10PR hbdhHhdtord USE! QAR LmbBUiREls, B8Bost hen i

may i ncl ude I'a unctioning el enen e enuneration |ist
( bl ocks 37D)flast2 ep®BB iicludes stftwdrodarl emogeatingshes mhals prsisoedbr Thediekni nes

that the el ement ..s.not part.jal i ment is
anput at edl"}ef tg% { PohEa ﬂ%bﬁ‘%{(?ﬁ 4!1% g'}J M%ﬁgﬁ@?{i 3%163}11?2 IB% Ergd%) idsuggrﬁﬁ%&of an

el enent ofip.a node, or a conponent of a system so that it is no |onger
accessible. 1n e embodi nent ., anput at e de .el epmnt listed in
fhe. - onurPHI ot FEEeh 111 B8 eb BE RRy e ot ny 5 B ah ot dfrny b
listed inrepfiRr 425 manweRked io0selebi the giubal batsireyl ptooessordi Tt globairho@gep
functionality. [0032] FI G$w4 shows g detailed i E{Jstratiﬂ ofhan t her

mul ti "hod@ossHRar dh BEPAYDicHor sagneratingdhe GamRang Sgb Cemapd ﬁ’nsélf’uase °f our

processor syiaHes1 040k 1@ bhexg@ am ke ndies@05,swhéredsesl Issabneda baotsthpve any
nunber of processor nodes_ 405. In one enbodi nent }he ig.roc&si@r nodes 405
& rseidis agfe fly

may be t heropssens dsesponsibieefon etmeratiag theyjnieing clsmentyg £48 8 30 405
may be i ngerdangthdnd ggwu'a} E&btﬁ&%ekﬁ{epm@}eéiﬂﬂin\th@m|bri11{gerﬂ90i nterface 409.

The link 1nterface 409 allows the processor nodes 405 tQ comunicate with
al | the ol0#34] ddapdibutraecoiion diasam for enseleiaied embogiment AheYMSTAE dge 420
provi des 1Nt e e C BicObetlvBs SV SRR 420 whi ch
may bdE T BN S RE° ARGl blosk S8 CATRANGRL RoCbalilh SRS 35946 various
|/ O devi cag IO bkidge @i enabledyandothe Hisk iteyfise begrcen 20 viode lanhrny AVEHF Bces 409.
Exanpl es ,.0 evi ces:dl Nnked . di r.e t i . Al i sk drive
440, a prqlﬁ#’lég (ﬂ%’ﬁ,ﬁ Sé)lstAhsexé’oWﬁgg#}d%H&%%(??ee§Jﬁ@-&argr%%%g§>}ﬁgdgl3?é§te%%. I n one
exanpl e, kR tevd may bé atabitddbloalc§10). Toe hides Infa® tsrenuigera®d Bsingthebe a Bl OS

£ R S0, RO L, LI e oD o o i s

20 enumerated successfully, the node link interface remains disabled and the node is
effectively amputated from the system. Once node enumeration is complete and the link
interfaces are enabled (block 510), the local node bootstrap processors race to read the
global boot flag register (block 515). If the local node bootstrap processor is the first to
read the global boot flag register and determines that the global boot flag register is in a

25 zero state (block 520), then the local node bootstrap processor is the global bootstrap
processor (block 535). It should be apparent to one skilled in the art that there are many
devices, specific logic levels, and accesses such as reads, writes, and interrupts, that may be
used to select one processor as a bootstrap processor.
[0035] If the local node bootstrap processor is not the first to read the global boot flag

30 register, and determines that the global boot flag register is not in a zero state (block 520),
then the local node bootstrap processor stores the enumeration results for its local node
(block 525). In one embodiment, the local node enumeration results may be stored in the

BIOS 1 flash memory local to the node. In another embodiment, the local node
8



interface 409 between the switch 410 and the 1/0 bridge 420 nay be enabl ed
upon power up. [0033] The switch 410 includes a global boot flag register
415. The woabah2sboot flag register 415 may be used to selpeatushiraesogé obal
bootstrap processor. The gl obal bootstrap 10 processor is responsible for
enunerating the conponents of the system 400, such as the switg 3110 t he
|/ O bri dgenud@eiiametstlsanayduetoratin theyiQShlash megoay thaigasy brodiesty Wked pr ocessor
is respont%ltplﬁofbgg% enunerating the internal elenments of a specific node
405. In one enbo msnt t he gl obal boot flag register 415 may reside in
the 1/0 bjoodgle 4&fer §tODRAThe Rin@nemtion Fagultsr €l 5? | Bév leseh grdsPediirapne

detail ed embodi ment .0 en g 5 thedio sit biRagrapover up
(bl ock 50‘?)0 “tHe ?Cﬁlﬁgtfsnt@rgﬁg%bgetlae%% grﬂyééévftc%a% gﬂ&; /0O Iglral dge is

gnablbledd ptgflestdie:ntermk Wantngrlb@p:elrbenqmemmam}amnmdélealn@hl HAYISERY PIOPESFY

i sabl e oC X ! t i nk
interface mﬂéf\%g %t‘r?BNﬁa(‘) IO% le%gsnsggfg%%?%g El&uf%g ot tﬁﬁé&ﬂgﬁ@gem;nbe
e % mé rat e?odﬂﬁl:caﬁ grdcbﬁors m@tdmdetel ﬂ&mnuxlnerdtnomofﬁhdﬁ rea:)&cmdiﬁt@ndswe logalone
enbodi nen i no f i nk

i nt er f aceSTHEIRANRE recfPlﬁsaJBf"éggﬁ??dqfﬁgtﬂgEDﬁ% g By ?S?rgéf% fo\lz;lée %rs glr\r\%&to a? f%dflrom t he

system O%ﬁn DR cRUHTRiGH feQilts i(Blo€lo 530) ethe giuball tdosstrhp processort @odeadsets ar e
enabl ed (bl o 510}% the | ocal nopde boot StE’ﬁng g)c sors ra read the
( dVa In

gl obalto boeheck [iythe QS soBWatens gl latspissevisiop nYEe"D gi’%etnf‘)g‘e

Pr OCESSOr ofo§ ltl;b%tsﬁhﬂ 1toc$s‘§or éh%a@, thb 10k aba)frwarolocdll taghd egdest ah aamtier
det er mi ne§ ?’n 8

| obal boot flag register is in_ a J e (bl ock
520), t henmbcbtbmhrﬁcﬂit globalebopistmsproegssq cbreks ths BIPS %%@W@!edwi‘fﬁ E?&ﬁ"t @br ap
processor (9 leoﬁllS'(??grﬁ)}her L:ﬁlbéd?ﬂb‘l#tdthp lo@ﬂ%ﬁt@t‘?&p ﬁr@ce%?cﬁ-’é@ki bsltheBIOBa art that

there are | ces, speci o ic levels, and accesses such as reads,
wites, and BI(DSa?. sofovare. Itfhlm Blﬁﬁjsmamﬁéﬂ te éat§eqh§@i°b61n'?§’°b?r61&8%°§%ﬁsoras a

R L S e g g o g

ister, and determ nes that
t he gl obakoraplete, fdnagl asfétge systam nstrmﬁerrednframztm @Obalahoets(f%ﬂ pekess? (9 the t hen t he

| ocal node b t C t or ts | I
node (b1 Qs shy 33 RUREBRAD stfiath el pBmFE HETo e A I B tirdicn (bl (5 | 008
may be st gygdiheBIOB oS ibdhted gilodkeso0), und the @lobabbdokstrap prdesssarrissagrot her

enbodi nent, the local node 3/ 042829 PCT/ US02/ 35946 enuneration
resul ts rraysyﬁ’é@“éecs‘%}r(B'@ckﬁ65t)ﬁ%reE§P@)§‘ef“?“iei’§ﬂ 'RIESSYy that may be directly

linked, [0037] FIG. 6A illustrates another example of a multi-node system 600 with a server
management (SM) device 601. In this embodiment, the SM device 601 may be a
processor. The multi-node system 600 includes two multi-processor nodes 605. The nodes

605 may be identical to the node described in FIG. 2, with the exception of an addi_tiona}
local status register 610. Referring back to FIG. 2, the local status register 610 may be

25  coupled to the interchip connection 210. In another embodiment, the local status register
610 may be coupled to the memory controller 230. The local status register 610 may be
written to by the local node bootstrap processor after completing a task of the enumeration
process. The SM device 601 may access the local status register 610 through the SM
control line 615, which couples the SM device 601 to the nodes 605, and monitor the

30  progress of node enumeration. If there is an issue with the progress of node enumeration,
the SM device 601 may intervene in the enumeration process. For example, due to
temperature changes during the boot process it may be possible for the local node

bootstrap processor to begin enumeration and fail in the middle of enumeration.
9



to the 1/O bridge. [0036] After storing the enuneration results (bl ock
525), the local node bootstrap processor de-activates (block 530). In one
enbodi menwvp oBle2sbocal node bootstrap 5 processor enters 2CEAINL/BIY4¢ oop. I n
anot her enbodi nent, the |ocal bootstrap processor enters a hibernation

state. The gl obal bootstrap processor waits for all the |ocal node
boot st r apl0838]c e sBisr SMdgvieo i mexdeteraning {fiprehete 1S5 HPMEREPD POgEFEYPve nodes

and stor e.J,aeAly ne UARGAL bGstpSiihg Lol AGke Sferatioh iGhd: cbhplcleacah node

boot strap processors have conpleted” storing their enunmeration results

g P |Ogc k f53ﬁr)edet¢r_hmeglﬁobamt df tiotes Whilp moniseringsby progresed gaumegration tiregkthes t he
softwar,e.i.s. t St . I®Y 1S I t the

gl obal boftlﬁ\)?%ltsrt%%s E)e gtceLe?é@rt %ﬁ%ﬁ?'?ﬂg&gh&&?@g@ﬁ ag?g&ﬁﬁ?:al ?ﬁgﬂe{mﬁlg nodes.

| n anos heeitheesdudtherisate, ortanmpugkeotbanodso dh one eppbesimensstbe PMcepatrrklinetfd S| s 2

software | i nke he [l . i t | obal
boot st r apalk)orwgégesé@rc}egﬁ%éélg Oﬁg%eﬁgﬁﬁgle@%%gf a H%agég E{a@@?@?%ﬁd\%ﬁ@ém f gt gea
JI(BLC)S\;}O}‘tmheftﬂeaodﬂgftmi(edaargenmﬂztmtighpb)gtessbismestrap processor 15 enunerates

e ol e e o 50) . ce.the stem ' L OC 50) i
conpl et e, [@gﬁt r g}éo'%é) t"lll'@ggtf?%?e M ?'atg?ag’nyeornr%ee&'% ? ?%ﬁqﬁ?%gq{éﬂngggﬁ ‘Eooagt s% r ;Z
pr ocessor efupncdrdiRn vidh { BModekich $9).. Thé ShhéevRk GAits afitivande engneteticarstartsed not to

be the latest version (block 54 he.Bl OS software .i s updat ed. (bl ock
560) , 'and(HleRk A0 A1 OBoP R @%58@%‘&“’% ‘E%yu‘ie e““&‘%@%‘t“e"ﬁ? r%‘é“s‘% 1 ock 565)
to restarfd R Bl tdaBinD @Rtlodd Q58S fegiskP ORENGHe dnlufierafifn hasl stusted,aheSManot her

exanpl e of a nulti-node system 600 with a server n devi

60|1. In Ei Heviceesitstson Hupt (blogkedSS) Adisr startigs e, Hyerdlog %Sﬁ'éﬁé‘&g{ &I\‘%%eew o
mul ti - nodg, S¥sit O B0esk BENIAE EFurhdRidHYy tréad Rz QRIS 64D Ktatt© episted @locklés®).n0de

605 may be olﬁ%en?{@(?a %So t he node d(ladgt:ﬂryi bedgi n Fl Gtaz, ddv%%t h?ﬁoce exc):epti zn of

an addi ti orfiat reading thie lesahstetys resigies {Rockeig). thectM deyisgydairaeines & theresis a8 ¢ e
270 1 aRbURGR RS dnuE WpBeped. TR R: SlodAnbEns thapbalen Copeet upl ed
to the neisiymapbt indidatrd B30 1dtad bbasetep psecesies it Bigi leeab staBEUegiEs- b written
enuner at | Aot emeaegenyiis SRR BEARAY nd Al mERP Al GRe, e
g 8% [ ;52 e{ ) Ssl;&bolgdgéscb%@kwt xge%rSMuenmtnrphss?d bdtwera thid Bart eftinchuneraiioretasktand tl'gM devi ce
ot SR e e PR e L LR s BRI o0
gﬁgnl gge&Yi?}{éQimiFhﬂoh%lceé%bW@fa@kd éfMopé enessatiorand e Xiarepling faluke wiwle nedeper at ur e
J lénler1]egrationeproc(ze(s)st. 8srnr?gc t%?: stin;eE' asrrg1 %mlgere r%%c%, Ie%I\II gcr:vi}:ehr%a)l/ ggearlmi&()de
that there is an enumeration progress issue because a specific enumeration task has taken
longer than a predetermined time limit.
[0040] If there is no enumeration progress issue (block 665), then the server
25  management device continues monitoring the enumeration progress (block 660). If it is
determined that there is a enumeration progress issue (block 665), the SM device performs
pruning and/or amputation (block 670) on the node. In one embodiment, the SM device
amputates elements of the node that were indicated through the local status register to be
partially or fully malfunctioning. In another embodiment, the SM device amputates the
30 whole node if there is an enumeration progress issue.
[0041] During pruning and amputation (block 670), a determination is made on whether

or not the local node bootstrap processor is functional (block 675). If the enumeration

progress issue is resolved as a result of the pruning/amputating (block 670) performed by
10



boot strap processor to begin enuneration and fail in the m ddle of
enuneration. 9 WO 03/042829 PCT/ US02/ 35946 [0038] The SM device 601 may
det er m newhgto4tshere i s an enunerati on progress issue cawsadidoy3iodne | ocal
node bootstrap failing, such as the enuneration is not conpleted in a
predeterm ned anmount of tinme. Wiile nonitoring_ the pr e meration
t hr ough tthe SM devige, enchthe docalurgidg baptstErpoprogepser Spuptiongld % 2@ hr‘*%&gni ze an

enuner at i %g{k@ Y ek 86 rIﬁH@ld)Eﬂtrx@déB&)tsﬁh@ e. In one
enmbodi nen ewcteﬁé}& cor??.}ng‘)lt‘{alﬁﬁgé% &OEIQ%O(\RS th eQSM device 601 to gccess t he

el ement s mpbcasandseotsfunctival, thea aSimdiogalcteds GeotpiEap Prpgesot Maebeniesteft t her e
IS an enu{ﬁogdggﬂ tIRr 89 'él%ﬁ(?cyljnérﬁutﬁe név@%?ﬂnoﬁé Got&8p pch's%Brf BhEse Rikle@w di agram

for one enuneration with a 'SM devi ce 640.
The SM deby the Mdmcahytanhputaodgttem!m@pdtnodﬂb@qtsimp@rocmor(%\ldéél@ctewe In one
enbodi ment the SM dev t BRbAL | g RiAgerst art ed
by readi n@f e © hSEaﬂo %t%?%?%”?’%%. s?g %&E{]%g@nbggggﬁ)nﬁﬁr ation hgs strarted
the SM deMbsdemé&itatht SM déviceamay seiake ﬁﬁﬂ)booAﬂagregsteauof thegnadnend imagr (bl ock

655), the SM device nonit he ress f f readi ng
t he' | ocal e@pleralkthe Pgpcessars ‘?’B@b@%vedg’éﬁg HFR- atecp%a%l ngut?ﬁ l&lta B(gtittmlgat us
register {seekn @RI} to H&'temﬁﬂé ﬂﬁ\ﬂeaelodﬂttﬂbmrﬁxﬁprocéssdirhfecwdmg tarthel How
enunerati on progress iss

ck. 665 meration
progr €8s desgebrd KOG B |1§§’F€5‘f‘%f‘datﬁg? PE%%“F &é‘é"l iS 6%5? S‘ij?saa‘ re%jrltoocfreggg%wél n the
| ocal st af ey 8&i SH&S bookdirap PRR]EREN (HSHROSHONERE SM feericSMotliénties & dehiearni nes
that there nay be an enuneration progress issue based on how nuch tinme has
passed beenwmsition@ragress thlepk 688)- enunerati on task and the conpleting of that

task. For g g}]”P‘F?G ’fQt?o“%'\én‘é%mb%nféﬁﬁ/oﬂﬂ@v&]aaem/:e@lﬁtlteﬁmer@@teim-mn ofhe20 ti me
limts folf successive tasks of node enuneration_and a Iﬁbllmgé&or t he

whol e nodembetmemsrshowninclydesciodsnodess 7y t"t’?}@”‘f‘ihﬁ%710a§“da“"’t°| ridges t he
SM dev A égﬂﬁl%&"u{l?the%%& B'F&Endhﬁelﬁ{‘me&we%g Haly QRryPIDBRESS ont TeUE

becaus® C enuneration tas as taken longer "than a predeterm ned
time lini ae51groﬁ4ﬁ§ systent. hEheenddss 705 mddf@rbadgqsﬂ3$b|at9gﬂ@§f§ceﬂ§§ﬁ€ BicbEk 665),

Lhon 1he. SEFYED 125 MENAASTE A S5V AGROAD PUERATH hORLARrkhS cpRuTer ol on

progress ( erm ne ere is a enuneration
progress igstdie viatd @ever @ﬁsagemtemecoswam 750. perf eltersate pmbedimgnta ey M

AMput at es derignBit 6 GPI A GULPEHCR U B PAaTCarea i JR e POET status
regi stgr tQiabR because it has no single point of failure. If any one component of the system fails
there is at least one other component of the system that may perform the same
functionality. The switches 710 include a global status register 715 and a global boot flag
register 720. In one embodiment, the global status register 710 may be written to by the
global bootstrap processor indicating the status of system enumeration.

25 [0043] In one embodiment, the system 700 goes through the process of node
enumeration using the flow described in FIG. 3A and FIG. 3B including the SM node
enumeration monitoring of FIG. 6B. Following the node enumeration process, the system
700 may go through the component enumeration process described in FIG 5. Much like
the SM control of the system in Figure 6A, the system management device 740 may be

30 used to monitor the progress of system component enumeration. In one embodiment, the
server management device 740 monitors system enumeration progress through the global
status register 715, which is written to by the global bootstrap processor throughout

system enumeration. In the embodiment shown, the global status register 715 and the
11



partially or fully mal functioning. In another enbodi nent, the SM device
anputates the 30 whole node if there is an enuneration progress issue.
[ 0041] Duwiong/opzsani ng and anput ation (bl ock 670), a deter maratdoensse made
on whether or not the |ocal node bootstrap processor is functional (block

675). If the enuneration progress issue is resolved as a result of the
pruni ng/ aiphal Aoetnflag tsisistek 78t agsidseinfthe swiichsy 718.0 ImenegtheromapsunepgTthe)so2/ 35946

the SM dg{%ﬁsgﬁﬂ%%ﬁ&@r bacald ReYSotAPBb&! iAPrePERF §56 Hay irssidd!Rcthk aral (bl ock

675), th : evi ceé continues t0 nonitor "enuneration progress (block 660).
| f the | durilgesiiide Ibpotasetherpmbpdioeats g glabs! siaes egiptet T15rad therghebal Bookew | ocall

node bootgtr ag%tgrrﬁ%%ai/ﬁgsﬁidr‘%ép%erﬁ%lg% RE LR fchel H(p&rif?eﬁﬁ@)orid%g 790 &heedi ment,

t he new | a_(garf’ ode "bo essor may be sel ected by the SM devi ce
by anput ahierfacets 60 detvden iz nallesi@0h et switchps prboes dordiwbldd.sadgbe iling one  of

t he ot her, node essor he | I e I
enbodi merpeteers TeaRven ety bhledsy ARt PRk R bOEERR ol 1 UL T
node ?ndtlf]mlrup,nabl e all Ithe processors whi ch have not been anputated to
race to e |.oca oot, reqi ster .in.order to,determ t I I
boot st r ap9Bttic eébd&e %Ig@g?sg'ﬁﬂgnqy f:tLI’?‘:éJ ?WBW"fﬁusb'ebsyc(}e?%}étd I\?II.HHEIIE é&ﬁgﬁgwl f Of ﬁe
Fggg}ar ﬁéh’?@bﬂ}fﬁ?ﬁﬁaﬁleblﬁw uséd tb?&lfﬂ: v@fmasicAionelsdilvéenafstae baapanagts bp new

e bootstrap processor ock, 680), t SM devi '
Toni 61 BB MSnCPTBUNETen (BRoCR IS0 4 [ IOIFIRAATE. Wh O G
embodi ”Enngelcgauﬁg {5ld @R dib Mt enAGBhEYE 0 S 1R H#ofer SRR diniHbde GBME Shown
i ncl udes tour nodes 705, two switches 710, and two I/O bridges, 730. 15 It

is aﬁpr Sciva'tdads THamay he usrdntyedefamt andaborkatseithes Jd 0 inayenaglivaret ol¥ependi ng
on the degj aTh Y i K

"t ert acoN g e e T O B e e e v e 740
i s coupl etthe MO bridgbe730omydeestdsinfiltanpauslysyst em vi a a server nmanagenent

control | t{%ﬂ?sg;Sa’&%l)grlﬁlgsftr%!eégrﬂ})% giaﬁ%p*pgf’ gf?eném?]o-ﬁhﬁen‘?‘%r de¥hCnPRYede coupl ed

with &1 : syStem coffponents. The system 700 is 20 reliable
because i ¢énufirsation vathngher panagemert §08i |Tihe &M Kdéviemvyaitsrfer exstepoerepongt t he

per  orm ¢ Fremesn o st Blark VDY, P biRREEPEEGM afjcs BReRXRERAN (o 1S
gleglb Z lt e g t i%%gﬁér}gg?gaéﬁg? bgllsédmngby fdaagwrg _tI:equd)l&l ﬂatggﬁgirsltef thabmay baotémtent , t he
pr ocessor by Higiglobe! bRetstraR PROFesEdis ?ﬁysﬁ@@gﬁf%ﬁm%g@ngk WAt 2P
20 a timer (block 815). After starting the timer (block 815) the SM device monitors the
progress of system component enumeration by reading the global status register (block
820). Based on the contents that are read from the global status register, the SM device
determines if there is an enumeration progress issue (block 825). If there is no
enumeration progress issue then the SM device continues to monitor progress of system
25 component enumeration (block 820). If there is an enumeration progress issue, the SM
device performs pruning and amputation (block 830). In one embodiment, information
read from the global status register indicates which component of the system is
malfunctioning. In another embodiment, the SM device determines that there may be an
enumeration progress issue by evaluating how long an enumeration task is taking based on
30 the timer and a predetermined time limit for the task.
[0046] After the SM device has pruned and/or amputated the malfunctioning device
(block 830), the SM device determines if the global bootstrap processor is functioning

(block 835). If the global bootstrap processor is not functioning properly, then a new
12



25 [ 00431 I n one enbodi nent, the system 700 goes through the process of
node enuneration using the flow described in FIG 3A and FIG 3B incl uding
t he SM nowe o3@msaer ati on nmonitoring of FIG 6B. Fol | ow ng POTAUS00GE®46
enunerati on process, the system 700 may go through the conponent
enuneration process described in FIG5. Much |ike the SMcontrol of the

syst em i n globguoetseap ProRessaryis selentadethlog $EM andetlie eld giabol basjstioe PBGesSRRd t O
moni tor t hey e QdpESRdOff HE A E&%%&ce@s’&”ﬁeﬂ‘uﬁ&loﬂfh ,ér[‘af?é?%el@&ﬂgdi ment,

the server managenent device 740 itors system enumeration pragress
t hr ough t Rew globhldtoot yragtprsesserybiack 85M1the Sivhdeviceidstemniney i€ thetswitblyestatee gl obal

boot strap g I i_nent
shoun, t panefionns Rodc koA enBGHER, TIRTRERL 10y PbpSoBHoRe nor

PCT/ US62/ Bsedéning)bwipally, sbeoSM Hewjcer mgy sdpeagrah2 @ny ewitches ithmt taree fupvtiidnidges 710.

I n anot her I t,. the obal status register 7 d t he gl.obal boot
flag regi gfog)g;%g%ngrr%)? ler 52 i %q%en R upf%lonbrtria bceiﬁ?%%Pﬁqfleéypﬁﬁotﬂﬁer
enbodi menmalfuieioging sevitcls tefifectivelyeppmitaging ikSmalfichctidénggdvdtedl Neantthe SMag

regi ster 720 resi de separately, in the swtches 710 qr .t /0O bridges
750, “The fRRe Bl L RSBTRA BOYvidln W b Predto ot Mnel 10 ey
bﬁ di sabl ﬁefaulal‘l/d) lﬁrit%egi Adt fuig}ﬁoﬁihé@ﬁ@ﬁrl)zﬁﬂe befaiie ®0 Brivge |rda|§z)| B@l’drr]rﬁ@%eﬂ?:ﬁ and

the swi tche 1 . be en e p r_up.. []0044] All.  the sw tches 710
my beousat & b Paisan ey dhyranistdiek BRI ir R detil Prtests Funsimiag or

si nul t aneiétayk BELritEE Had Rpladiditfe &MMBAUEA tieARAuRGLTRDNEIRE /1N ROSPONENt s by
10 interleaving the communi cation tasks, which is a nethod of SB)H'['[I ng up

t asks andderdfeegatinusy tsBpritoptheprrgrasseliaystery camppnspesiumsiation fdeck 828). |

anot her engadj mMindhoudR BillerkiBd by Bhd KNRA if UYL dPMaLL nbREHaPYsedRbAWI and al |
other switches 710 may be activated only when the default switch 710

fails. Onpyy awebdr/ad demeuewhish armihemeelvesarpdpsy refefrediba as srbnodes, andie 1/ 0

bri dgeg 7?Qramca£gm%§e?ﬂioﬁ'p?&élegs%‘ﬁ%\ﬁﬁéfateslélb[n%?eds?}ollawgﬁ bfnaJeL,leWédes a flow
di agram or one enpodi nment or syst em conponen enunerati on w server
managenenby 89gem ThvanpSMndevs wathinatht sscomer of yhet wergionpoNetet thatetha ngystati on t o

start (bl gc 10).. n di ,» 1 he SM . devi determ nes th system
enunerat i %HE airgeﬂ& 8#1?[&3]%3/%3 |nng h7ear§f1%‘§éeslltha§ ne({ﬁl ﬁ% m(rag%e’lngqné?mflﬂsa may be
written t eysteay cohporghts beghatingoad stoda lepreot abstoliave Isimity Stestosdlityre Thkseon has

DO, B b R0 Bl ARG Pl e b8 149 1

20 FIG. 1A may include the system shown in FIG. 4 or FIG. 7. Therefore, the present
invention applies to enumerating nodes within nodes, and may be used recursively.
[0048] It should also be understood by one skilled in the art that the SM device may be
used to monitor enumeration progress of all elements or a portion of elements in a node.
Likewise, the SM device may be used to monitor enumeration progress of all components

25  or a portion of components in a system.
[0049] In alternate embodiments, the present invention may be implemented in discrete
hardware or firmware. For example, the local and global boot flag registers may be
implemented as a location in a memory device that is set to a specific value on power up,
and changed after the first time the memory location is read by a processor.

30 [0050] In the foregoing description, the invention is described with reference to specific
exemplary embodiments thereof. It will, however, be evident that various modifications

and changes may be made thereto without departing from the broader spirit and scope of

13



progress of system conponent enuneration by reading the gl obal status

regi ster (block 820). Based on the contents that are read fromthe gl obal
st at us r ewioaBen2829 he SM device determnes if there is anPemurspe/ainen
progress issue (block 825). If there is no enuneration progress issue then
t he SM devi ce continues to nonitor progress of_system 25 copponent

enuner at itbapressinbinikersRas setifortihiarthe appended chuimer Bhe HACIBFAEGR BULITAYWEE  t he SM
devi ce perfor Is ' ). In one enbodi nent,

i nf or mat iagTI’l% bgz%%h#? 6&19‘% ﬁlgggﬁo %Péfstthgrgﬁgemrrfgg?estégér} i ndi cat es whi ch conponent
of the systemis malfunctioning. In another enbodi nent, the SM device
determ nes that there nmay be an enuneration progress issue by eval uating
how | ong an enuneration task is taking based on 30 the tinmer and a
predetermned tine limt for the task. [0046] After the SM devi ce has
pruned and/ or anputated the mal functioning device (block 830), the SM
device determnes if the gl obal bootstrap processor is functioning (bl ock
835). If the gl obal bootstrap processor is not functioning properly, then a
new 12 WO 03/042829 PCT/US02/ 35946 gl obal bootstrap processor is selected
(bl ock 850) and the old gl obal bootstrap processor may be anputated. |f
the gl obal boot strap processor is functioning, or, after selecting a new
gl obal boot strap processor (block 850), the SM device determnes if the
switches are functioning (block 840). In one enbodinent, if any of the
switches in the systemare not 5 functioning properly, the SM device may
reprogram any switches that are functioning properly to handle all of the
comuni cation traffic (block 855) to bypass the nalfunctioning swtch,
effectively anputating the mal functioning switch. Next, the SM device
determnes if the default 1/O bridge is functioning properly (bl ock 845).

If a default 1/O bridge is not functioning properly, the default /0O

bri dge nmay be anputated 10 and a back up bridge may be enabl ed (bl ock 860).
If the default bridge is functioning or the back up bridge has repl aced
the default bridge, then enuneration continues and the SM device continues
to nonitor the progress of system conponent enuneration (block 820).

[0047] It should be understood by one skilled in the art that a node may
itself contain any nunber of elenments which are thensel ves nodes, referred
to as sub-nodes, and a 15 hierarchical enuneration process that enunerates
sub- nodes, followed by nodes, followed by system conponents is within the
scope of the invention. Note that the system

14



enbodi nents of FIG | A FIG 4, and FIG 7 are nodes that include

i ndependent groups of system conponents equating to node el enents that
have si m warosfouzseti onality. These different enbodi nents may/use2pmné of a

| arger system For exanple, the nodes 105 of 20 FIG 1A may include the
systemshown in FIG 4 or FIG 7. Therefore, the present invention applies
t o enunmer@LAMMS nodes within nodes, and nay be used recursively. [0048] It
shoul d al so be understood by one skilled in the art that the SM devi ce nmay
be wused to nonitor enuneration progress of all elenents or a portion of

el ement s j@a@:node. Likew se, the SM device may be used to nonitor
enuneration progress of all conponents 25 or a portion of conmponents in a
system [0049] In alternate enbodinents, the present invention may be

i mpl errentgd in dlt?lc(rig(g nslgn dware or firmware. For exanple, the |ocal and
gl obal t fI‘Aélb“ grs y be inplemented as a location in a nenory
device that i $elseﬁngtz0 ﬁvstsmetmnf ofcloval| node elempoiseironu, pluehity ehlosgerpdaft er t he
first ti t he | ocation.is 0gess n the

f or egof ngE'EfB%‘E?’i fe they ‘Ea‘i‘%?ér‘ﬁ% o'hO%Fsep%eegté%% daﬁ1 é)cliwe §t9 eaggﬁge]endt

speci fic exRpaddary enbodi ments thereof. It wll however be evi dent that

various nodifications and.chan e to w t hout departi ng
from the broadiraclyiting g refpainiog p %aorb? X“fg ?i%ag*@eﬁiz 9 PCT/ US02/ 35946 the
present | nventén%e@ﬁn%ﬂ% pliRalith of ekl deplemesteaithlths saectedfastgpeinfdfcat i on
and drawings are to be regarded in an illustrative rather than a
restricti lpealgedesdements. Wo 03/ 042829 PCT/ US02/35946 CLAIMS | Caim 1. A
met hod conprising: selecting a first portion of |ocal node elenents froma

plurality of local node 5 elenents, wherein the plurality of |ocal node
el enenhs are iTheafethsd bl elaidt atveheseird seﬂdfoa'ngldte ﬁrempméoratrehhﬂesj@lwtimg thati ng a

remai ni ng portion qof | ocal de el enen e, n urality of
| ocal nodBOrEPREIYRIGR §r5\‘/\P“t°F|SSFSn"eg e dhat 53 ‘PrFq@f BP‘{*lng frl?call %dgé:PemeR{ e
el ements.

3. The method of claim 1 wherein selecting the first portion includes selecting the

first portion of local node processor elements.

4. The method of claim 1 wherein de-activating the remaining portion includes

15 putting the remaining portion into a hibernation state.

5. The method of claim 1 further comprising disabling a link interface between a
local node and a larger system upon power up, wherein the larger system includes multiple

nodes and the link interface allows information to be communicated between the local

node and components of the larger system.

20 6. The method of claim 1 wherein enumerating the plurality of local node elements

further includes:

determining if the plurality of local node elements are functional,
amputating the local node elements which are completely dysfunctional to disable

the dysfunctional local node elements;

15



10 2. The nmethod of claim 1l wherein selecting the first portion includes
selecting the portion which first accesses a device that is shared by the
pl ural i t ywofosloezsa® node el enents. 3. The net hod of cl ai mPCTViisez/859m6
selecting the first portion includes selecting the first portion of |ocal
node processor elenents. 4. The nethod of claim 1l wherein de-activating the
remai ni ng por tpruving the logalawde disments whislyare partiabyinptiong! tosiiseble Anly fiase a

hi ber nat i o %Ivﬁ%g ctigHly B[Ja‘aic{r.%f #ageﬁ' nBde GLinE vihibhiArk RGEuRRIBR laRd REndbisabl i ng a
link intdfface ?ween a loca nodee and a | arger system upon power up,
wher ei n ttheselpartgefithspastiain fumtiona desamelde £lpments whigh arefhertionad; andnk i nterface

allows information taq b | t :
conmponent s of CPWB’“Inéraghes‘r?oggi%%tﬁgg%g{tpﬁhrgﬁﬁngtlﬁ%g réoS? ﬁg%salln%ﬁijﬁovﬁgggi n

enuner at i the finbkonalityrodkhetlycabfesbuwaal node el enents further includes:
determining if the plurality of |ocal node elenents are functional,
anputating the |l ocal node el enents which are conpletely dysfunctional to

di sabl e 4he i 20B|m | G dler ORdRIsRLenents; 15 WO 03/ 042829
PCT/ USOZ/%594g%%pr uni r?g tkne I oca{ nodé %I ements which are partially

functional to rinitatingtheshymarsiinserqgasss of Be PRIFLRIPGANIdS Clegife®i onal " | ocal
node el enents whi, é’i{egorg%/ﬁjnrf‘g@géfi elﬁ&%o&@enﬁéﬁtsem@ kiR pibARSOIRRAL Sodef the

partially functional C ements which are functional; and,
conpi | i ngeleméritsif thefe ie A pmmzraton prageass tsstet o | i st the |l ocal resources in the

node and 5 the fungl:;j%i %Ire]%gdrglyt ﬁ? %otggl%édgg:ﬁbeﬁt@%@ﬂ%ﬁ@%co& ?c-)m& geiobgd of

clai m? furtheePu'@Srr‘%p ring e enuneration progress of the

pl ur al i t ynsik eleaats ifthete issAneememtration gegresstissngg a second portion of |ocal node
el enents fromthe plurality of |local node elenents if there is an
enuneration progress issue; 10 enunerating the plurality of |ocal node

el ement s i th e, SECLAIAATL MARCRGeib@REMne MRS PHETRA! Sucbdscd D@l S an

enunerati On progress | ssue. of claim2 wherein selecting the
porti on whiacik shiaredsinclades ssleding thedoutionevhichtist reagds dioar adhaied 68ifffids sel ect i ng
the portion which first reads froma shared register. 9. The nethod of
claim5 further conprising enabling the link interface after

9. The method of claim 5 further comprising enabling the link interface after

15 enumerating the local node.

10.  An apparatus comprising:
a node, wherein the node is a plurality of local node elements;
a first local bootstrap element to enumerate the plurality of local node elements,

wherein the first local bootstrap element is one of the plurality of local node elements;

20 and,
a shared local device to select which of the plurality of local node elements is the

first local bootstrap element.

11.  The apparatus of claim 10 wherein a node comprises a plurality of nodes and the
nodes of the plurality of nodes include a first shared local device to select a first local

25 bootstrap element and a first local bootstrap element to enumerate the plurality of local

node elements.
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15 enunerating the | ocal node. 10. An apparatus conprising: a node, wherein
the node is a plurality of local node elenents; a first |ocal bootstrap

el enent twoanwmmeate the plurality of | ocal node el enment s PCTviise2/83916 t he
first local bootstrap element is one of the plurality of |ocal node

el enments; 20 and, a shared |local device to select which of the plurality
of local node elenents is the first |ocal bootstrap elenent. 11. The
apparatus, _of claim 10 erein.a.node, c rises a.pluralit f _nodes and the
nodes of t’he ﬁhﬁraBIPai"it‘g‘/SV%f"E%Hgé”hieW& t&ﬁghrggedfq%?”& ‘%ﬁgkl'ésgl?géc%& relc\’/riq%e to

sel ect a thi 1pdt db@eabf the ZhAred Usiiceaghdeik eme niistiactcheeonti bgit sta@caibstbatlgt r ap

el emrent to enunerate the pl uraliéé/ of l.ocal node elements. 16 WD 03/042829
PCT/ US02/ igwasigntely aiter fiedirstagerssio fae dhered daYits- 10 wherein the shared device is
inafirst logic state prior to the first access of the shared device and
isin a distinct second |logic state substantially imediately after the
first access tThetdpparatuarofctlabmy]® urthe coprisingppacratiumandgementi ¢avicd thur t her

conprising a server man nt .device to ' . f local
node ehu P’éffqrglﬁf’ Brﬁérefsogfgggigo%gmé%ﬁmet&o iagg tg?ngngéec%eE%tlng gggl%g ggt strap
el ement  f foeantobstra)) elerdkrt thondthel parality vd deakbheikeinenaroid amputagt e fine fir st

| ocal bootstrap elenent if_the progre of | pcal node enuneration does not
neet a plroéﬁe?cé)FSFﬁaP\réT’gmfeéhdﬁ F@n@rﬁgr.egslﬁf.s?efﬁle“?f%t HYEEHI08 | 9 ™2b "ihefei n t he
| ocal shagg,@gietggl\megeeduge,ae,{t,egi ster which has a 10 first logic state prior

to the first reading of the register by a |l ocal node elenent and a second
| ogic state after the first reading of the register by a | ocal node

el enent . 5. The rat us .of cl aim.l i i t he
ol ora iy 1br D dutRESLA R e Ml ool A D £ iidhath, L
el emeng s frbsdganithtalpriyr &i ol firstreading yf the GegiSierebyap pevahhods @émant andral3

wherein the predetermned requirenent is.a tinme Limt. 15 17.
conput er - %eéa'&ggqgéc et & rh@\“liqﬁ@t §%§P’§d°tfﬁ'§rr§§'ﬁteé b%’eaulgcnacjgenotjgl eilér?liéetnﬁucti ons,
the sequence of instructions including instructions which, when executed

by a processor, causes the processor to perform _ .
15.  The apparatus of claim 11 wherein the enumeration of the plurality of nodes is

performed locally by the first local bootstrap elements substantially simultaneously.
16.  The apparatus of claim 13 wherein the predetermined requirement is a time limit.

15 17. A computer-readable medium having stored thereon a sequence of instructions, the

sequence of instructions including instructions which, when executed by a processor,

causes the processor to perform:

selecting a first portion of local node elements from a plurality of local node

elements, wherein the plurality of local node elements are in an active state and are not

20  enumerated;
de-activating a remaining portion of local node elements; and,

enumerating the plurality of local node elements with the first portion.

18.  The computer-readable medium of claim 17 further comprising instructions which,

when executed by the processor, causes the processor to perform:

17



selecting a first portion of |ocal node elenents froma plurality of |ocal.
node elenents, wherein the plurality of | ocal node elenents are in an
active stwoasams2are not 20 enunerated; de-activating a PETAISAR/BRY4@Orti on
of | ocal node elenents; and, enunerating the plurality of |ocal node
elements with the first portion. 18. The conputer-readabl e nedium of claim
17 further congedtioths firstsnortinntds dhesparfiincmhich {ifseascessesddesise Bipt 518827p% ocessor
causes t 17 WO 03/ 042829 PCT/ US02/ 35946 sel ecting
the fi rs[b%'ﬁgér@?'%ﬁ@ggk%cgle&ggge{gfng}r?&mhi ch first accesses a device that is
shared by the plurality of |ocal node elements. 19. The conputer-readabl e
medi um of claim 17 furtheyr, conpri si Jdnstructions.whi.c .when.execut ed by
t he proce¥sor ,ThEéﬂg%‘gerﬂﬁ%‘[ablre6‘8?@&%?&%'“3?4’%?eﬁfo'?)présﬁégb‘f“gﬂ‘éu%{’sI"Yq'rlu ‘interface
bet ween ayhdaGbcuftads iR Hocksdon ks th¥ pioeessomb pérfiri: t he | arger system
includes nultiple nodes and the link interface allows inforpat to be

S ¢ jo
conmurfi cat ed beeblking linkeintgtase beryaen alnralcwndp SR Atlareg: sysiR I‘”Q?rﬁﬁ'rtﬂ%yst em

20. An appafald Sy RciuabdBultipletlodbfdrditie Bik REPHESARWsNRBARatORes 8EN a
processor node conprises a plurality of 10 local elenents; a I/O bridge

coupl ed to eormpnumriedted hetwgen thecoepdpodeagd compappnte if the laggeR BYSEt onmuni cat i on
between the plurality of processor nodes and the plurality of 1/0O devices
through the 1/O bridge; a plurality of node link interfaces to allow
comuni cajg, ONAMYHpHvaRe céhrisipdes and 15 the switches, wherein the node

link interfaces are di sabl ed upon power up. a plurality of first local
boot strap procdedwaly of Presserepedes WhsEM @ esé‘l’refl?aﬁtcgmB se gPlurplity @b s s or

nodes § n ltotb?_emn'dﬁt@;l ity of processor nodes, wherein the processor nodes
include a first local bootstrap processor which is local to the nodes; a
plurality of ladébriddespenlediow plurlityaf Oleyises: pr ocessor nodes to sel ect the

plurality 20 of;f Fosegmaﬁlg(é mgﬁ%tg)hrb@@vgpﬁ 0 PR of WORESRK Hodeb nd teli vi dual

processor nodes | nclude a [oca ared device ich is local to the node;
a first gplodakty dfd6tdevicapthpugle the 46} bridgeenuner at e t he conponents of the

apparat us; a plurality of node link interfaces to allow communications between the nodes and

15 the switches, wherein the node link interfaces are disabled upon power up.
a plurality of first local bootstrap processors to enumerate the local elements of the
processor nodes in the plurality of processor nodes, wherein the processor nodes include a
first local bootstrap processor which is local to the nodes;
a plurality of local shared devices within the processor nodes to select the plurality
20  of first local bootstrap processors, wherein the individual processor nodes include a local
shared device which is local to the node;

a first global bootstrap processor to enumerate the components of the apparatus;

and,
a global shared device accessible to the individual processor nodes to select the

25 first global bootstrap processor.

21.  The apparatus of claim 20 wherein the global shared device is coupled to the

switch.
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and, a gl obal shared device accessible to the individual processor nodes to
select the 25 first gl obal bootstrap processor. 21. The apparatus of claim
20 wher eiwotia@4zgbobal shared device is coupled to the swPCalSoy/8s9WO

03/ 042829 PCT/ US02/ 35946 22. The apparatus of claim 20 wherein the gl obal
shared device is coupled to the I/O bridge. 23. The apparatus of claim 20
further conprising at | east one server managenent device to nonitor the

f individual ti 1h I ' 5 of
Cecond 1 el bR B O ECRb PP HEoprted F a1 SRsRE S H® o) Coan &

and anmputgtget he first | ocal bootstrap processor for any node of the
plurality of nodes in which the node enuneration is not conpleted within a
predeterm ned tine frame. 24. The apparatus of claim20 further conprising

at | east e sgrver nagenent ' ; 111104st LhE Va9 Réntsystem
corrponent%;nu FaFPPEA 5?\53 Ctrlrag'gczaouggeﬁ%ﬁgorﬁqsl@gteg{si on cs)? a Sgﬁ%?ld. rlgI obal
boot st r apdgviceae ssaitorf the progtess pf indisldualynodé emymerasion codrprosrupr e spleCt®Aput at e

the first global bootstra rocessor. | f kat] i conpl et ed
wi thin®a ngﬁgfogpﬁp?é}oﬁsw]p;og?pgqr ggﬁ] ”ﬁ%é’?‘}é%{)péﬁ’zﬁ Eg‘lss‘\dlo hég{ége?@hnlggén\%her ein
the plur ahmfmateihelmaad)casmmp grvessasosang nbdeof thd plbalitysifaodes inlahiche

i ndependently have a fiyrst l?rg)i c%[rs]t%'f.e Bridqr th?edttpeeffa{n;est access to the 15
shared delfedadegymaratipnisinAteombldehyting Peddt A4t i al Iy | mredi atel y
after the first access to the shared device. 26. The apparatus according
to claim20 wherein the plurality of first |ocal bootstrap processors for

t he i ndi v4lual Theoahpsraofs dftadaipl 20 Airthey conprifingedt lgpse oe|seyeeMeaagsYeYnt i al | y

si mul tanequsly and the, pluralit ' SLral BroegsSaRr s
enuner at e STHE [ Hﬁogﬁ?rt?g REEer %(fogasiemp?g%ﬁ%dsng%?énﬁlo gdtng{‘ ea?rent s substantially
si mul tyaneedlsdiivn oRd secohdglaby) dbatstep procesdoaiimm2be plueliti of system|comabnesisar ed

devi ces and, the gl qgb shar evice are..a register i irst

| ogi ¢ st af®d ﬁﬁ’p“‘%" %%rgrgl%?g%grrap rpgfceﬁﬁg%'éis%sée%gf’ m{nﬁeéat relglng{t gﬁlp%gda
processor wahRBitdetitined @6 ®age] 0gi ¢ state of not "0" substantially

i mredi ately after the first reading of the register by a processor elenent.

25.  The apparatus of claim 20 wherein the plurality of local shared devices and the
global shared device independently have a first logic state prior to the first access to the
15 shared device and a distinct second logic state substantially immediately after the first

access to the shared device.

26.  The apparatus according to claim 20 wherein the plurality of first local bootstrap
processors for the individual nodes of the plurality of nodes are selected substantially
simultaneously and the plurality of first local bootstrap processors enumerate the plurality

20  of local processor node elements substantially simultaneously.

27.  The apparatus of claim 25 wherein the local shared devices and the global shared
device are a register which has a first logic state of “0” prior to the first reading of the
register by a processor element and a second logic state of not “0” substantially

immediately after the first reading of the register by a processor element.

25 28. A computer system comprising:
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25 28. A conputer system conprising: 19 WO 03/042829 PCT/ US02/ 35946 a
plurality of processors; a local nenory device to store BIOS instructions
and enunewatasomseesul ts; an interchi p connection devi ce t®carzsoh/es46
comuni cati on between devices in the conputer system 5 a boot flag
register to select a bootstrap processor; a bootstrap processor to
enuner at e deviapdwality of precasgpipiut er system and a link interface to enable

communi cat i On.aq&%g'ﬁg\ﬂg{y%vﬁpwi@ﬁ&@g%@ﬁf&imnaen&ﬁ@r&t%-res&as; The conput er

systemof claim elnt ' Interface is disabled on power 10 up
and enabl ed afanénteshipc@ssdctibn denieretoagnallp coBauniTaEonchepsnelevissssinghs of cl ai m
28 wherein th%{boptst rap processor is the first processor of the plurality

of procescsof)’(}‘pél ¥°r°€4d the boot flag register. 20

5 a boot flag register to select a bootstrap processor;
a bootstrap processor to enumerate devices in the computer system; and

a link interface to enable communication between the computer system and a

switch.

29.  The computer system of claim 28 wherein the link interface is disabled on power

10 up and enabled after successful enumeration.

30. The computer system of claim 28 wherein the bootstrap processor is the first

processor of the plurality of processors to read the boot flag register.
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