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‘The present invention pertains to the field of initializing a
conputer 3VQYHHEH? More particularly, it relates to a net howusembsappar at us

used to enumerate a conplex nulti-node conputer systemin an efficient
0002J Reliable Hi gh Availability

manner . BACKG?&B%@&‘P THE RELATED ART

(HA) systens GAEHAPBARARUSIEQR EWEBATQ@MQR)AMHETLm&ve maxi mum-
uptime, and reduce the potentlalcdmp YRR Sqr%:leﬂ,lout ages. to 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 caI%@gﬂg&%&g@nst reliability, serviceability, and

avail abilit ' . RAS capabilities typically require that a
HA system |[99cup afiet proseni mgermaﬁ PertdidntodRe QQQ%mmaﬁz*}@ 3 Lo, Ie:g‘éorﬂ-&, 034
Servers,, be conpl ex, conput er systens, provide Critt calvsarvi ces
that ndy rsé Eﬂ" %&9’”&5%?’1 It "F’é‘§s tasa yithest aridaapparetis awed tastiumerataipt i me ar e
general |y cdﬁplegﬁﬁﬁkn-%defboﬁﬁﬂwlsiﬁaﬁYn aethidldh olif€ 1S no single point of
failure in th eC| |c system conponent performng a task

- mal functi o/ D & 2 ART avai l able to conplete the task.

| ndependenfgagtpu of ten have 20. sim | ar

f unct i onal :[t Y, Pa?%ilgg%g rf?WaﬁJ 5’) Sgggrgpr%edg%s'g"?g{? é‘b‘f‘\"f'ﬁ/“?%‘)?c be
directly cé’rsﬂiéil%nsedcmﬂmhna‘cmramm anfl recedelmicbautantial oy ShSIEARIRLAYS.

Ther ef g5 e, r.e.nodes.t erform a specific function maybe
m 5 e realii af s§/¥t?né8g]£¥>" b%\ﬁéerqqgf § ertica ‘??Fé'l‘ﬁ.l}taé eIty rall cenrtsripadinct i on
or/ pl annedstear vadingags wamowwerms &y mbRar{ app it A&, Irfmtéy»aerﬁyék%éﬂgﬂ up
procedure IS ef f jent a %@ 25 initialize the many nodes system
in a short a%’fﬂ{{’ ASAY 'ab syigsability; apd avadahiliy (RAR) seuicaiehisd RASooot

process, _tospatsratds typieitly UekRive ¥k S RTSIsAL 1 P8GR el o AR 9 dhgb\Gy SYStem
resources and verify that the resources ar& functi oni ng propérly £|.
pr esent i H0etPf-on includes a nethod and apparatus for an eff|C| ent
e AL 20003 O0RArs, Dhidh AR chifleR cof il S0e,01 Pgﬂfﬁcgg ROk @S ks 1O

processors residi n?m ‘ocal ly“int
may require S capabilities. Servers that achieve ma\umum uptime are generally

designed with redundancy so that there is no single point of failure in the system. If a
specific system component performing a task malfunctions, another system component is
available to complete the task. Independent groups of system elemerits, 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 mventron ach:eves a significant

reduction of start-up time.




30 'a portion of the enuneration tasks in.parallel, the invention achieves a
significant reduction of start-up tine. 1 WO 03/042829 11/ 05/ 2006

"PCT/ US02135946 BRI EF DESCRI PTI ON OF THE DRAW NGS 10005) FI G 1AL/ |Q&f 2806s
one enbodi MW/ UP328 nul ti - node system 100061 FIG |11 showsTaisédmwadi agr am
for one enbodi ment of enunerating a nmulti- node system s 10007] FIG 2
illustrates _one enbodi nent of a node. 100081 FIG 3A shows a flow di agram

- for one e SHL ' il 9) FIG 3B shows a flow di agram

of one embegboRENFIGOIA NGRS FECRbodiREMIEL AlltOfbde IAHQL FIG 4 shows a
detail ed enbodi nent of a multi-node switched system to [00111 FIG 5

i |1 ustrat el0046k | EACdiBgheis # dlowotiagramtian enecerehaisetinheh enusferasing memidtii ng a
mul ti - noden&)é%%&énl_ 100121 FIG 6A illustrates one enbodi ment of a
mul ti -node systemwi th a server nanagenent device. (00131 FIG 6B

i 11 ustrat e087) | BH>R diysteetnsfooe crobuslirmenbolii medat of nonitoring node s

enuneratio gt h t vicg. ,100 FLG 7 shows one

enbodi nment 8% H'&PGn'uSﬁ %"%%ngﬂg's’gﬁ%? fo?g?fl%'}emﬂ"@"}élwﬁ'%“t?ng'es a flow

~di agr am of (006 eFRbBadi3Bestowaf anfiowt dingring ofy 9hemmbediarear dbi GodaMclefmear server
managenent devi ce. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100161 FIG 1A
i 11 ust rat eS8 & 8N bodi ment of a multi-node system 100 to practice the

i nvention. {001 nRIC.i4-shodea datsited @inbOlimentOF &l fRARI-Addd kwitdidépanraent nodes 105.

I n act ual ctice, the numher of nodes 105 pay vary and nmay not be
limted tdﬂﬁ{}it F§Es tysiratin How ikem ene detyjled smbpdimentidsnyrigrating 2an

I ndependenfuighosdsyefemsyst em el ement s that may 2s include at |east one
_processor. One or nore nodes 105 may be directly interfaced to a swtch
110 with dP0LZht dfiCact lillystrate gne Trbodipeatcof 4 Tauliragdensysismogritinmeetvaro send
packets ta sheclfigisystem conponents based on conponent specific

I dentificatiohs or addresses.
' [0013] FIG. 6B illustrates a flow diagram for one embodiment of monitoring node

15 enumeration with a server management device,
[0014) FIG. 7 shows one embodiment of a HA multi-node system.
[001S] 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 iﬁtcrface 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 (1/0) bridge 120, and one or more 1/0 devices 125. The switch 110 facilitates

30 inter-node communications as well as communications between nodes 105 and the /0
bridge 120. The I/O bridge 120 may be connected dircctly to the switch 110 and 1O

| devices 125 with interface lines 128. The interface lines 128 m.ay also be a bus. The I/O

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




Exanpl es of system conponents nmay be the individual nodes 105, the sw tch

110, an input/output (1/0O bridge 120, and one or nore |/O devices 12

“The switch 110 facilitates 30 inter-node comunications as wel |l §05/2005

comuni cat i ORE¥BESReen nodes 105 and the 1/0 bridge 120. TPaardsbmsiosd dge

120 may be connected directly to the switch 110 and 1/O devices 125 with
ce lines 128 may al so be a bus. The 1/0

interface |jnes 1(31,228. I;’%e interf
bri dge 120 9560 HadnHs RSPLT S dHshidfikeS et diebvark cqripection sy oRilar sisemssch Ex anpl es
of 1/0 2 V@5 0B¢N428R he o0 LAY 6cdredetiblR0 2/ ARIAGII eMiSC Gy 185 hpibleude

printers, disk drives, and network connections to other systens such as

| ocal ar ea SRBMRBIRING Wity the Y devessdAbY SPRENS pllaece1 R infymuiondbipeahitee of

communi cat ispachM foRvHiErobe Qe SifbaRBonl@ 2 I nformation
t hr ough thes gWI tchlllg whi ch routcés tﬁgﬁﬁﬁé?r‘rg?f‘gﬁ‘@@‘?%ém?‘%zgn dge 120

vi a t hesi ni¥fhcdn progmbodmgent, 4he 16D bridge| 120 brnartofrh Sduthidse whitd is wsed by i dge 120
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Corporation, Santa Cara fornia) architectures
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| ud I di I
|l 0100 WSRO ey RRIN o
hub whi ch izmhagdmpaa df etrei lﬂhwrmlollammwhhhﬁncluaéﬁﬁc@@ﬁer&l&o@B&bc)n iarefades part of

the Intel ( Archlte | HA [ FIG IB shows an exenplary fl ow
di agr aff 13{5))(:[' Brﬁ%ﬁ’f”é‘rc‘:{t‘@ 3“’ H%!?B%J“"%é f¢m such as the system 100 of

FIG | A FEporgrafiqns §hdmpa§a&&mi&ﬁ@onrm§@§ﬁ 180 1ol @efbialey h ReLid-R&RUT CeS,
testi ng resources to veri fy functionality nd generating an enuneration

Likt with YHESr suchiasihapsitm 49kot E%dﬁceséﬂumﬁtaépﬂ ﬂ%@?@?@t tmrrsesrler ed up
15 (bl ock 1&&Q|)f'ym rl:%‘ﬁfkles b&%n’% r&BurPf.rsoﬁ)e%ﬁt‘?fy 'l'1§1c§ aﬁ@t and f Qlnedalifiy 1aRd1 Vi dual

nodes (bl ock 150). ~1In one odi nent, the’l ocal processor may be
r esponsi blﬁé"meﬁﬂtﬂi’ftjbﬁt‘?lﬂ'yinf@mam abowisthe mgourkes. rAtube esteosgiowersd uhe node.

The | O%al (Bﬁgﬁ 1 n@SQ 'tgcg cts(rg roi\fsgor if £ %ted%;rathc f’h""‘fm crd’c%érm céc't lﬁgi)ude

processors an ev ce ectlng
processor lhone trhmbodnodesth(; llﬂcab&oofsﬁ-ﬁb protdssbr |mgl|bwr€hpa:hsnb10d3esidear@ugmnder ated by

Lhe 120, \esReell e, L OgalPontotiap BLopessete (Block 120), o oL Low o node
(bl ock 17Q)emehi3, ANLInENMOSHEREYrs arldmeematy ks b&ﬁér%&!EéGxgﬂch‘éwmstﬁFy be
responsi blpﬁ)czsggr ?Orlutrgs rn%%ésn?blglkl Ig St:h%n?nﬁﬁn uglnsc?c}eg are enumerated by their
20 respective local bootstrap processors (block 160) . Following node enumeration (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.
e Examples of system components are nodes, switches, and /0 bridges. Next, the global
J‘) © . . bootstrap processor enumerates the components of the whole system (block 180). After
25  the entire system is enumerated (block 180), contro! 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 paralie] during the same
30 time frame, A parailel 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 muli-
3 _




Exanpl es of system conponents are nodes, switches, and I/ O bridges. Next,
the global bootstrap processor enunerates the conponents of thf ?/rkbogyg
‘system (bl ock 180). After 25 the entire systemis enunerated (b ¢ %906
control ofWPR&E§Z emis transferred to the operating systEmsessv+¢ bl ock
190). The OS may efficiently manage and assign tasks to the system

resour ces baaed on information provided in the enuneration list. [0019] In
one enbodi MEft SYSIHS PROIRVEIDaNTePdse and @dparalick prpmicrition setignedsignibantly syst em
boot tine ploRaeRBnAeMrninc@NURR L AhAE 4 ( K nd@0nul! al I el
during the sgrre ao tine fr} ane. A padr]ailal %ﬁeﬂggg'zean@%%afﬁnéngcb%g@for N
nodes may BeeEsHthetdeepdenmap peroxitoaiodd snumsatiombifintime$ fastemehantif ésidges t 0
enumer at e Zeril At 8niRGSion beiRHiR0 i uneration scheme for N
nodes whi ch perfor s .nqéfen-';{énurré?gltﬁ?%ﬁoﬁg%éﬂ%?a %g%g’f’&géaﬁé"%%ﬁ@? TEHE ot her,
may be &onfriesteddfor the amdividual madeethgreNs To sieeonded ofarhidaeg tvicen Bodkd kD5/ 2006
WO 03/ 0428 ; 6 I s..the proce rs 205 to comunicate with

ot her el eéﬂﬁ%{%ﬁﬁ?ﬁé&%@ﬁémﬁﬁg %@uwgﬁﬁ?%’ﬁéﬁ% t's, and a processor node

may have af¥2¢juntféé. villuprasens enbod@int ol EPKE-REQISHPHSIe 200 th BActice the
an interchi p connection 210.

mul ti-processor nagde may. be coupled w
The i Ir[:t er® ‘f'@o%ogﬂ%@tz‘fbg’rpa§¥ﬂ” E?CBEP&%%‘S%Z‘&%%W%@E% Rty uRbepPlocessor s
205 to al | denénite anddd PrOEESRMBAS Maf RAFARY GathBer of ProBiSore B AT NG oesBrsSepar at e

o
interface .rm%‘sbe used to allow invention. Node 200 has four | ocal
pr oces &or P Asmulli-piegesoragetfifanambe soypisd mithan perehigyeensationaif. hlge nany

nodes, andinehipadoRhdcibn 810 pRYALY E}pin?&ﬂ&”@ct@écgnh% }J%?&tséry 205 %’Eﬁo\(ﬁﬁeb oot

perfornmance. For exanple, a systemusing a para nodée enuneration
scherme wi tAROSHORA syMAERicaie iploas embndirent auemerat interladd thaybd isek® alast er t han

i T usi ng | RHOEE Rl ene. . Furt her npr cause a | ocal
boot st rap%ﬁ)cr?)rgéeéssgd(gsr E%;F? %e séﬁq%c'?ghdg‘ﬁgrr HE %%%F?/ g%afuohgﬁg, TP e is no
ti me wast edntohicn?ddi donpitd rwgthd etenddm conackeion 200 isat ecdmple of Angheriieak#t r ap
procesgor _]‘k())rS réurrrereati n% gll t he nodes..l{o 20] FIG 2 llustrates one
embodi Renf" B FEniPrrigs S8 48 SPmRYRIEats ot et slemerls #4958 aolelader 230
coupl ed t'enetdagy.i Nt erchi p connection 210 is one exanple of an interface that
al | ows thﬁ ';y;roce sors 205 to comunicate with ot her elenents, such as |ocal

node ne 1} n one embodiment, the interchip connection 210 may be a front side bus
(F3B) and the memory controller 230 may be a Northbridge controlier which both are

used in certain Inel® architectures 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 PCIL. In another embodiment, the interchip

connection 210 and the memory éomroller 230 may be part of [HA. The IHA includes a

FSB and a Graphics and AGP Memory Controller Hub, which is similar to the

s
;,«,, U

_ _ Northbridge, but is capable of higher bus speeds and does not include a PC! 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 efement that
~may be accessed through the memory controller 230 is the basic ihput/oulput system
software (BIOS) | stored in the flash memory 250. The BlOS 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 | flash memory 250 may not include the software
| required for enumerating the whole system. In another embodiment, the BIOS | software
may be stored in a read only memory (ROM). The node 200 may include all the elements

~ required to enumerate the node 200.




]0021] I n one enbodinent, the interchip connection 210 may be a front side
bus FSB) and the nmenory controller 230 may be a Northbridge controll er
bus  (FSB) y y ge cont/s/5b06

whi ch bot h reﬂ‘”lQIkoj%%%d in certain Intel(r) architectures for pers
conput ers. Re thor i dge 20 comuni cates with processors RSIaySoeA#+&SB and

acts as the controller for nmenory, the accel erated graphics port (AGP) and
the PCl. In h hent., the interchip connection 210 and the
menory cont !@Pﬂer @]'5?3869%%9{3 be R'S%Sr% fog b?‘ﬂli{ag Tegeter R0 thalcnayds sceesseE B thend a

G aphi cs anbcaGRAMproessorEans.r16lohe embbdimemNite Nodab b Mk MaiskQ 20Snay be
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Nort hbri dge t.is ¢ bl e of higher_bu
i nt erface.g %B%&% "?‘ﬁgh’%ﬁ%’(%"ilﬁﬁﬁlw‘o}_hq gf%!lb"ﬂ‘oflfé rpesses2g0 o bk eckpted t he
menory conttoshd @emaFQontidlr 189, dyAEA b6 MEL MRS Q’f’{?mgy&lﬁﬁ%ﬂ (PRAM,i240.

g e Nenory

Anot her Jocally. noge el enent that., pay be accessed throu
cont rol I%er $36" 9 the, Bragessers 205 oy 1the g 200 ysy ehe the dbeahdwetstedpl @BFesborst or ed

in the fl asBsporsiBIE Yor2&dmekife BleGRdL 20h.ahH 0 __d.ncludes software for
enunerating the node 200 @m?ié3 coupl ed to tEeBér(%%mﬁific '%%t?@ﬂ?‘@? %8 230. In
one enbodi fEHEEr hfdymictalt is injazsre siserandre@Bi@s ivpay zenobiate mofiluder i has beht war e

required f Qecc8ddRrad tHeGird iseWhol € system | n anot her enbodi nent, the BIGS
| software may be stored in a read only nmenory (ROM. The node 200 may
include al lI02Ak eAdieethe docalrboquiiagacgister 220 hinstieai eeall Be: 11A] ehe206h! bdbt E)

03/ 042829 / . 135946 (0023) The node 200 jncludes a | ocal
boot flglgg %ﬁtﬁgpgczﬁfﬁé'%a%ﬁé%eﬁ’é@&& séé“eﬁglrcfﬂfe““ei?séé'éq logejchoopflagessor s
205. | n onegeido3al ienser. Theetbecal efficiest shag: ©ek& 2 9bca? Bobt flpgcegsgpupl ed to
the interchj tion 210 . The | | boot flag register 0 may be

colipl ed t@b@h@ﬁ@%?"ﬁ“&’ﬁ% o'l"laé‘r"d%%".am%@ fodaxg gls(wgwq'qahgromsgqrsﬁ@& 220 may

be used t oredettier tocalcbobt Whg edpiser 22DQind ri&ﬁllﬁﬁﬁ@lfz Sioc%pﬁo&ﬁraﬁgrbgo&gﬂg 200 may be
e

t he | ocal bootstrggwgrggcessor responsi bl e for enunerating t Rode 200.

The | ocal BBTTSY¥ P ales zeso ffatgdipnpide lpcairbogl Ragorgistbrad20bThisetimid is in a
zero stAt eavaild 20 @S - drbiirdtion Se! L.abher it has been. accessed or
read the fjrst t?rre.gn?oézglwﬁﬁcg}(e%%ﬁ%&f g@tﬁ{ss rggbgfu? dgeruds ?F@E 'ﬁ%ﬁf has been
read one t!Psab boetpEap preegssanodt shiduldybe iappredgeds be londakillek in thedar @At @R O St at e

Ther of or o e fokocts 68 BollhE Rl MELVAEE R it & i Biboesor
_ _ boot flag register 230, as well as the specific state to trigger selecting the local bootstrap
processor may take on many combinations within the scope of the present invention.
20 [0025] In another embodiment, the node 200 may include a focal 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 powér 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




frommultiple processors 205 in a node 200 nmay be to have the individual
.processors 205 read the local boot flag register 220 and ident iay i\{]ﬁ

| ocal boot %639,Jpgz?cessor as the processor 205 which reads a z c{ 42806
fromthe |ocal bo flag register 220. This schene is avoi 8§TaRY2FeHgt hy
arbitrati on between node processors 205 to determne which is the |ocal
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205 t hat raaanialcaamp@ow&nmaﬂnmmﬂrmlm lidkhietek faahayCieUdisaBled (blocBBOS) 1 be
apparent to re are na evi ces, specific
| ogic | eve‘r’%""ga‘ﬂaligkd'&?&”é% C%'ﬂrcf’hm&?lcr’eﬁb@ q\ﬁk‘?”ﬂ@é‘”‘"&h@' !H‘géF‘Ff.ﬁ‘fFé“aYt hat nay
zs be usedbetdisablel b tleflEafRF fHAS 5P (bISAE3 185 add B abtndhayR Uik @R diaBRESSOr .
100261 The?qngg}g 20 C?Jﬁ% be_one of man‘\l/ conponents in a_ |larger s stem The

link intéd 95130 -a i fiep thsy Fricivtoslasane thetnoge frodisa # ot her
conpongnt 3§y, .rmaduam%am ofr me nbaenkm amuﬁr.fnasem%@fhxgp/ k@zaﬁbin%upon
power up of the node 200. link 1nterface 2 etmeen t he node 200

~and al | otcﬁ'épdiwnlpdhferﬁli%”fots qm@-@m@mqtsofsmsraltsa\mhéd begio rfupstieealitup, t he
naode 200 h ntil the
[Ehi | nt erpheaBys BISTOI Loh QLA 081 16 ol ot Wiy 2icEine OIEIT oo
t he processiside pbthe node @mmgsdlunﬂynmmmaﬁemy lﬂ'thmmeindxmcch ealvade 200 may
only be | rfaged to .ot S I s functionin roperly.
Successf ufﬂégﬁtrsfegg ”u""m JHS’E m’} g?%% pioffsﬁ%r/%ﬁéts "H%‘T’ E%C‘E?cg@§46 be the
conpl et i 0lbc&ifbondﬁagtrbéxyterr@lockési)l hgoneadxdmpleSthe [gaithbe: flag Seitrasayi bt ian
enuneration |i n}h E’frr res a asm | evel of fun tlonalltd;/h (0027)
PG 3A showR By éﬁ%{f %W?a'? GRaing AR e RIS ETERH R ode.
After powgfst tie,(PIQEH i) Thidole thKfi isﬂﬁ&!&fpﬁﬁ%sgﬂﬂhlémﬁa&% ki 16daabl ed
(block 315). In the 5 enbodinment shown, the link interface may be

cont rol | eP% flag Eemisiesi ey ®ad a gerersite ambfnas it should b@?mﬁ)@We'PC‘d mo@m ock
310), -t hebdoks"&lép b;&gsggrace may be di sabl ed (bl ock 315) by

20 [0028] Afier the processors read the locai boot flag register (block 325), the processors
determines if the local boot flag register is in a zero state (block 330). If 2 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). [f 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 bbotstrap
o processor may perform a full suite of functioﬁality tests on all the elements in the node.
After cnumerating 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.
_ . _




witing to a link interface control register. In another enbodi ment, the

Jdink interface may be disabled by default after power up (bl Ole. %ngﬁﬁﬁ

no action Wn? %%quired to disable the link interface (bl ock 4 ) &r

the link inter for the node is disabled (block 10 315) pCrivdéviseisal

el enments of the node run a built-in-self-test (G ST) (block 320). I n one

enbodi ment T. L ent ar tes to verify sic

functi onal |{{G§%ble %Gﬁl %:%ISSP&VS# Oxﬁldgﬁr%sggti gﬁw h?‘ﬂf“ﬁ'é‘d Qt'é?f’e ‘F%H‘F"‘may not

require aceeswratigni fiirey ﬂatlom nodubitstiep pfocésoe tmﬁ&le%r@ﬂ'ﬁiﬁﬂhty bsehédeand may
nade. elements. After running the

not requireg, nt tion betwe

B1ST (bl OCE 'g%)"”"‘f'ﬁ’rﬁ&f%&%‘égw %?‘glﬁﬁﬁet@Jﬁi"??“?rf‘?@tyrfﬁftﬂse‘“i%lﬁcpcffﬁﬁnqdé’“Iaocal boot
flag regi stfemor@bllmht Bdbying hive AERor@XENGH @, thd HEMbPeRmcRO R ddidAy, @i ster may
-be in Eeéacgtatftuntll it.is read the first tinme and remains in a :

nonzer o’ st ‘5 8t thE ARomPry il 4 memom; soatroler ard otfien deyises may de alsgdie.

Theref ore tehed.f Thchta 8emiROE BSHIc MvEdher 8RS the em,nefjlef@mn?ﬂagat Ofcgfig

regi ster I“r@il g %&aezgro state and know that it shoul

node bootS1%¥ ‘é 8 glementois 1fglhy fincugnal thenbe pedscelernent ds tistedint the | ocal
boot flag dne@bmtia list B ARK fuddional (blek BIGCESSOrs determines if the |ocal
boot flag re |ster is in a zero state (block 330). |If a processor is the
first to ri8%¥l ¢t ndn oBE smbedigents Ff&geﬂﬂ@gfasqrehst(fba)/obd(stEng)ma:nﬂasdentmncrrynes t hat
the | opal deged sichad thé 8R0S IClad a E % tHgp that
processor is t?\é: | ocal node Eogtsg‘!tnﬁ% rchZés;s‘or g]céi id ot fki’]'ﬁl’he
processor fustienali the sleneat ist mnébﬁmckbﬂél bf,rltag lacelycle eootsarap @tocéssor25 a zer o
state (bl )as sor ctl ated bl o k 335 I n one

J 'wgodl man?ﬁlﬁ %%9 ar%éée}gg;%rgﬁa EQV Jt?r{?a‘f eadm(‘ st ‘gﬁs 8ing a

hi ber nat i @Yﬂcnsrtcmpenem ﬁob@mn@tel, o‘ra mﬂaélembra ifa meMoRQIaRIce Sﬁcﬂlhemchﬂ;ryanOt her

enbodi nmen t be de-acti vated (bI ock 335) by entering a
waiting | g%vbccqﬁégp % E’&Yy HERE 'Hﬁ'g't"gtt"?"éﬂﬁ ang, e’ HF MEMAREFAIBS t he node

(bl ocks 3454)1ct1dnhmqjil@pcet§¥bm3 id¥N&ode tbb&s&aa%&ccgkeﬁiﬁ.apeaw.ﬁéma@ﬂ%e RleRoRSSOr may
performa full m?te of functionality tests on all the elenents 1'n the
node. Af ficednittersaful agd tdl%"fbidEFeW(”lbe@éRCtQ‘@)ifesiﬁhelﬂ deeiag prising dfdlest st r ap

processorc!@rﬁ@@k%cﬁ 395) thé Mcal RBR!BERad BloP&lor iRmind oy Kabé,aeﬁaﬂen the art

- would know that. there are many to se ootst
- pr ocessorP"’F"F"Hmfﬂ‘CQP%}ﬁblmk B%aﬂhcmdd@mnd@@sﬁb@pmml@ M@t@»ﬁi@&%ﬂ:ﬁt i/ 05/ 2006

PCT/ USOZ/@g%gwgagggﬁgt (ﬁl)@c}'ﬁﬁ shows a flow diagram 360 of one enbodi nent

for node el eme
20 [6031] lf the local node bootstrap processor 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
- ) o enumeration list. In another embodiment, amputated elements may be .Iislcd 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 ali the other
. components connected to the switch 410. An VO bridge 420. provides an interface

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




enuneration. First, the |ocal node bootstrap processor tests the
functionality of a node elenent (block 361). For exanple, a fuih Lg(}hi 8f
functi onal i\%o&ﬁﬁ&% may be perforned on a nenory el enent analy r@ 006
menory sectors in the nenory elenent. Additionally, the s iM{TarS&Y39%nm of
the nenory with a nmenory controller and other devices nmay be al so be

tested. Theg.: ' .90 15 | n_whe Foon -not. th lement is fully
functi onal %&(ﬁsg@&gg‘%{lﬂﬁc?%ﬁ@y e efgrey?{'])r'}q@ #zgslfayhr{‘kdﬂtgfflacﬁg?f Et%ﬁ'@ﬁ[tef he node
el ement i s of fleyicesliinked directiyen treelfQbiidye 420 s aafiskfdaive W44, ungintepdsd, a@ainock 370) .
100301 In ' t he enu tion |ist,my be stored jn a flash
menmory 10 g@@ﬁ‘%@?ﬁ‘%’h%gé“mé’%ﬁ?%gﬁl}@ 'n ORe FhEmBIcy 2 rg‘f“’“‘ff'll@?ec,lcﬂmﬁlly t he

el ement i stotbe /Obiridge #20vety bnaBjOS héashineiment 4305 ipoudedbddaheekna8Bi)s by t he

| ocal npde ot strap processor. Pruning i.s process to sal vage, working
port i ong of bfgasmeﬂ?p RN "r#ﬁjorrh‘?ﬁ% oy ﬁwgﬁia“% %esvg?"érﬂyi‘ﬁ‘ﬁpﬂqenﬁc il

exanpl e, i inteafatothd tetvesea e Svitch 40BIHA e HObriES: 4B0Cndy6: JHRBBA MponGRWECE has
30% of the nenory sectors mal functioning and 70% of the menory sectors is
functi oni "t pr operly, the local node bootstrap processor may determ ne that
the menor y[oosHVi TR ditchtd10lindISRE 4lyiARh ol BRI ichict B85 WORK biR8aIHR6L Mg
addresses. If during Erunl ng of the elenen bl ock 375) "the | ocal” node
boot st r ap FEEFEESIRaY B dsedithseieqt i slpbpb beqterpp prodessor. pEhe tlabalypostsirapt i onal

(bl ock 1038 QrpcetBET rdedpolBYle i RCE §iRE (8 b} e R in the
enunerat i éq)}rlr__ﬁci st (blpgck §70) .dﬁg‘grafll(?)%gl\l Bﬁd’@}{e %Olffg%a%})sﬁg'dgﬁb?gﬁg%ap%p
processor SedckdiPnths WO dridee 28 |adehe npdes 85, phercasah| lyeal uned¢ ibovtsthap( bl ock
380), the gleagni i : t 89)~. A tion is
Che i sanPrne ey s Do IR Bne AR A RhAR B O RLs SRt (P 0 ¢ ha
it is no loongrebodiragtdbsploba bodtrilag ngiseniptichagEmtide mmp/Qtbedgedrde el enments may

not be i i ..enuneration list. |n, anothe nbodi.nent , anput at ed
el enent s ?r%@g{)enﬁ[ﬁg? dF Slﬂﬁlci ﬁgo‘ﬁgméﬁﬁh%lf %ﬂeid(?ﬁ'ﬂf‘i‘ ng%FE'BCWFRW"f%’"g di cate

| npr oper shultigiodosatent. WpdnGR82Iuf(bleck 405 @¥aniaintefadd bedcdnldnyiskitahlang@n Of
anot her nultj - no,ge swi tched system 400.. The sw tched system 400 incl udes
four proc®¥df? brEERS wBledqpnd te 4k dntprace ibepiser ank ipde At 2y &Yikh ey have

any nunmbefisabled (bRERSIS). NOLLSintRtuall Roded SreC BRRLLAEN bnd 1S (inPRGERSOr Nodes
405 may be the processor node described in FIG 2. Tﬁe processor nodes 30

- 405 may BEtYese diernadesamenbecnphied ¢hocki B 0). hTimpdenimay heewimpuated isingicht nt er f ace
i th al T TR B BRIl o8 3hi 8 2o oM BRTRESLGRRAR I Romdits WD b dge.
420 provicdeserated i sutaessialbe thbatode dimk ainterfadre raaimpo dizaiiled ahd tthe mystiem 400
Whi ch m%ff?cqivleliy %ﬁ%gla[c% é’or}r? :h%"?yEerﬂ. %@c %ICE: enumeration is compiete 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 staie (block 520), then the local node bootstrap processor is the global bbotst'rap

processor (block 533). 1t 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 pracessor.

[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 529),

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 | flash memory local to the node. In another embodiment, the local node
_ . _ g




7 WO 03/042829 11/05/ 2006 PCT/ US02/ 35946 various |/0O devices |inked
directly to the 1/0-bridge 420 via link interfaces 409. Exanpl ei %f
devi ces i %833/ irectly to the 1/0O bridge 420 are a disk drive 116 5/ 2006
printer 450, ARF? connection 460, and a menory devi ce 47@CTIUSITNGG

exanpl e, another device linked directly to the I/O bridge 420 nay be a
BICS 2 flash menory 430. | ne . enbodi t he BI 5 f|.as ry

"ol udes. saTEREmFeiteman s 408 5T R BIGE s B aeey e S e

i nterface 40&cbexhwden the switch 410 and the 1/0O bridge 420 may be enabl ed
upon power (00331 The switch 410 incl ude | obal boot flag register
ahe The olUHBI bABE Pod P dniEruron 1 Pt DeBdbt feabhuk: opRtaRy s gba
boot strap proeesss o¢-actiliies qblBIRAISIDROL IS GrRPemBYIARRESOE loSal I R UISIsRLE T O

enunerating the conponents of the system 400, such as the switch 410, the
1/0 bri dge PSP fdarha Wrsdoomsin aivtice subedimentathe dorak bersBtap tPrasesspt ocessor

i S responsiht® of KiberfiiionBlaad | M8 EfdGall %b@fd]ﬁ{;roeés?dm{iﬂié & alf 1RPB&I fibge node
405. In one enbodi nent, the gl obal boot flag register 415 may reside in

the 1/ 0 br PeRy8aR prCCSTD Ui ths eppmyialion f dhsic esprcsive dodsg padtdrolocshe
~detal | ed eahpgaientesls (GRLATR! 1 e loksP ndBdbbbrPBARocR Y3 GHLe itk OVer UP
y t an any

(block 502), the link interface between any sw ridge is
enabl ed, aweringhbeir gmimeraiiop résutie(theckideh thenglotmd teotsirad paovyssonprocdtds ®

di sabl ed ( Neabare G Y .nod r nuner at ed ,and_ t.he |ink
I nt erfg‘ge %Qf\lxetgén)a%sesnoa%es 'Jr}gl%/\%tg&génvésg{ﬁ'e@%f glsggﬁ g’lﬁ'}‘: é’?ﬁog'"ﬁcc')]&‘ehse may be
enumner at edglotsi hootithep proetdodhatks diei BIOS | soffta® (BA @nhe hbdes. IBandtherone

enpodi ment, i f. a ngde i.s not 20 enumerated s sfully,.the node |ink
interface %bﬁgﬁmﬁg{)ﬁ]csgéooqaggmmdp ngcsﬁ%}fgﬂ{ig theg‘ﬁbgi’t siogé’la 'Eﬁaff)‘ﬁ't‘)d{‘)"e@of romthe
system Otgidgd) 06l gct @fdiR@ Teaibbdieht the @labhItoBtsAapOnrbdesot Ebékd BHieiht 8EES 1ar e

enabl ed (bl Sﬂ? :502@ the#oca@o&g boot strap processors race to read the
gl obal bod¥’ 98 rafrarell heoPHRX setye isiup to daic] the globhwatsharpietssias |
Processor dnsmém®s fhkWiold §/seRBlcRSs@! AhRk ¢ Eterkleaanéﬁgdrﬁ?mck%@d) gdeterm nes
that the gl obal boot flag register is in a 25 zero state (bl ock 520), then

the | ocal cABBEtcpersirat pithe systrm isctianslessed fiem gheogiabal howstsrprrapeeponte®eor (bl ock
o) ceb SRSl Bl SNl i B g T
i nt er r upt $#5)t thaB!@ayotbeare is updated (block 560), and the global bootstrap processor issues
a system reset {block 565) to restart the entire boot process.
20 [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
L 603 may be identical to the node described in FIG. 2, with the exception of an additional
- \) local status register 610. Referring back to FIG. 2, the local status register 610 mé‘y be
.lzs 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
2 pfogrcss of node enumeration. If there is an issuc 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 enumeratiorn and fail in the middle of enumeration.
9




used to select one processor as a bootstrap processor. [00351 If the | ocal

node bootstrap processor is not the first to read the gl obal boit ;Ia}q 30
regi ster, and determ nes that the gl obal boot flag register is ét/ 43/ 4006
zero stat e YOPYERS820), then the Iocal node bootstrap pro@eE&s6n/sveres the
enuneration results for its |Iocal node (block 525). In one enbodinent, the

| ocal node rafi esul may, be.stored in the BIOS | flash nenory
ocal to.t HO3Bhde M SRR 0w deP itk Paudires 40T O™ BOUES 635042350
11/ 05/ 2006 caus€dTh 45O 2435046 bemstrar fallin@ BuftesUhd EwumBtibe issiope&@fpléted tlhe Bl OS 2
flash menory t hat. rraa]¥rt?be Ogi.recé)y linked to the 1/0O bridge. (00361 After
storing t hECAHFISSAEHYREMT ¥hilp Maionsg e progiess PHEMIMEFAINR Usehst 8% ap
processor Healagdti leBer 6, a6K SHBQYvicd H010RSy %@%}ﬁﬂc%nénunk%oh QG@d ampde
bootstrap 5 processor enters a waiting |oop. 1n another enbodi nent, the

| ocal bdot SHhehipl i Be issucH 2amuiestheneden dr prg arehedisteat ehe S sonfrab g 6ot st r ap

processor xfiwsshd S delite 60100 bQCH thOQSRenEFALRHE BREATRCHVRL B R RBPl et e
t he enuneration of their respective nodes and store |ocal enuneration

resul ts (bPYeshsAede if there 43 4n qnp@ebemiogredéssioot strap processors have
conpl eted (op3n" | PG, (B us AP IRY Bfrki bl b, (hbfien? ¥WmorilBfinghofa!

boot strap processor proceeds to to check i software 1s the | atest
revi si on (tvmeRtign®jth a|5M dadceddfodihesiM detiee wajisaitil ndsissnemerlorpstatsessor
checks, t h sqf . t .nodes.. .In.a her,. enbodi nent, the
gl obal mboobls?i{c lr‘oggs)b)br@c@é@@&%ﬁ%@‘]&hcﬁgggv'&“? (s’ec%ﬁn\f\‘/gplggtl '.’%’Eé:a“ ’}%P%Qfoﬁg /0O

bri dge. | rhayserteirigytrbmsiingghdblodil sans regishe. Qhahmbe baeaicsiina pasatoredasosMchecks

Chb gl obaltetgrers Admer Sad B SKhR sauBS Rl 45 EySs o koK 5509,
Once the siygitemtiepioEa ol adtiehlmekidn)redding thOloR Qth@s regBtdr (Klbckad60).he system

Is transferred fromthe gl obal  bootst ra6B processor to the _OS (bl ock 555).
| f the Bl Od'<EBPHRR M Il Hansregisica (bliord 660k thseSM Hevigederssrungs Haheshis@BI ock

545), {he Rlh&akf frh@eR ibshe YREAL 665)( bh QrKemfiime®Ne LA FhRRYrohQt StTap

m
processor issues a Systemreset (block 5%5) to restart the entire boot
process. ucipoBPe indicatedgyy the lepat bentwep prasesser incthedoshbstaibs gegipiart ifonode

1t o SOt bpfoRich STPAARSTERIASL B 6 sl egie en
two nul ti issredmessismrhomodesd tE@Shas Phsscdimtesn the start of an enumeration task and the
‘. completing of thal task. For example, the SM device may have a predetermined list of
20 time limits for successive tasks of node enumeration and a time limit for the whole node
enumeration process. Using the timer as a time reference, the SM device may determine
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 663), 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
-3g - 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 (bleck 675). If the enumeration

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




605 may be identical to the node described in FIG 2, with the exception of

.an additional |ocal status register 610. Referring back to FI ,
| ocal statl{? rf%;'.’ ter 610 may be 25 coupled to the interchip c&ﬁé&#gioos
210. In ano! R&FERSodi ment, the local status register 610PgaUSHEgEupl ed
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there is aRoredlie \k’fttf!im Sap 5HALES BF A AR PECESSH, ™2Y Re SEfifevi ce 601
may i nter v@nekias0yL e o tinBidihdrdNhPROEBES nodooB¥ @ fb&ssofl iRy 1be seld@dgper at ur e
changes du |ng é}gg boqt 0CESS |ticga%/ be possible for the | ocal node
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enumer ati ogt. R WO RdEA pERsdrd/ B54R0RRal RSl bbRRAP 3248 shPO3R afhiRerSM devi ce
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the | ocal FORAY!BE61HaE pMdevice maygeses theroged beqi dlag segissyr £ ithnneds andmayonpl et ed

in a predgusikmingsd pl%HBEU}E which tHal® notiies gmgﬁlﬁhé Y h@g 'EOt (8 1BEPY5& S Of

enuneration through the [|ocal status regqi he SM devi ce 601 may
recogni ze T&Sistehimnerder oolstermise ahcang %ocal bavtstrag @Toﬂessmrwcd’rd@aewdhe Saput ate the

node. |on Qﬁ?crfﬁ@a)ﬂqjiﬁeﬂ& fﬁﬂ%n%%&ﬁ% ﬁécgs I%‘t?e g%)[%gi\f@cl 19 fﬂpoq' SQMH vice 601

to access the elenents o a node so eV|ce une the
node if t ek losalanede hootsreatpraasspr Geckses0),skuBM ¢ORESontFuEs to6a‘Bomldr ustrates

a flow di nt of nonitoring node enuneration with a SM
deNi ce 64%%%&%@%%?@%6?@ until node enuneration starts 10 (bl ock
650). In MEE2pntddi Meinws ¢n|ae:nf5bﬁ:d&ui cfta ratiyblel e miitinerdt hgdterndde. @heiner at i on
has started,by rea

Ctartod,  EREoRRER 3oRein: e B8 odts Ay Bd S Biche gl e B GiR TR, e

tinmer b OCik aﬁﬁ@:ated iRt B nlRBECST coffPahdn® & debiRePMOIVRS e ndmgdﬁ @aUNeration
by reading the | ocal status register (block 660). After rea t he | ocal
st at us rea?séﬁ"e? e PYSER GHG)“OC'?Sh S0 d, brédgey B0trpinterfrced tor e PWIGIES an i s

enuner at i gpy thﬁ?grlﬁ&ﬁntbﬁa%%ébh di0r} 744 B B PARR He B HpondrloGRYTer At | On
progress issue may be indicated by t oca ootstrap rocessor in the

| ocal st agy§sny dgiasteer mpppgerngnd cordrol dind 3%. nisran, alietnete SMbddivieste THe S i nes
that t her&cv%ymz}}q)e%uagd"%ﬂ gthlm(?tgd B[!r%&:f%?%)rstem components. The system 760 is

20 reliable because it has no single point of failure. If any one component of the system fails
there is at lcast one other component of the system that may perform the samc
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 bc 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
' 1 ' '




| ssue based on how much tinme has passed between the start of an enuneration
.task and the conpleting of that task. For exanple, the SM devi ig 5@’/585%
a predetermined list of 20 time limts for successive tasks of d
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there i s 2 drGralalt ¥shaasg FRRUlime, e ¢iprab sptupgistr { Handiceiotal Boder f or s
pruni ng anmif edgistd¥Ie i ARide bdpaeteBinlic Nickdg108d8: 1/OBrigne 780bedinent , the
SM devi ce, argputa es el enents of_ the node that were indicated through the

| ocal St atHEriqcey7eh Betwess e nodes 405 and pwishes JIL9 ywape rdissled.omndne ink anot her
embodi mentptedifaes Fd Qﬁwe&%@mﬁr%essmhﬁm (ﬁ@stL@?l’ﬁﬁrﬂ?y bé cm@h%ﬁbﬁban

enuneration progress issue. [004I1 During pruning and ‘anputatio | ock
670), a d&P¥¥HPnati on is nade on whether or not the |ocal node bootstrap

processor ygoi4f UNGH 5Ka - : W) Yo'o[s L ssue is -
resol ved E[iS gfrggttr€9%¢Ch$% prﬁ%f%%ﬁ%@??ﬁg %]b({cgaté"}' Mﬁlagé‘rgﬁ%rcéned by 10
WO 03/ 0428Pbmay $i0shacosly FartdISeoutd 5SufunitdiensSiviveben sysesm covapontres bpocal node

boot st 1 ap; r is. functiqnal | ock 675 the SM device coptinues to
noni tci)é ew&%gﬁﬁ ?)ﬁr)\c 8‘#@%‘?@%@&(’ f)}f%é’kgvggg)‘.s aIfne%hHg:‘ 43058 g otfe Eaﬁgsof’g rap
pr ocessor délepating somerufthieamskk to difierantawitehs 706 alln anatie ehdodislehgpnddfaiessor may

be sel ect ed bl.ack 680). ,l.n e enhodi ment, the_new | ocal node bootstrap
'pﬂocessorsmésojél%s@?% iéﬁdéyugpaﬁﬁeﬂggﬁﬂc?%r gwithys 2Hpwen ?ﬁgmtaﬁg B | ocal
node bootwhdnaRe MTAGEHERE 7RNEilS DAG bheBO BRBze 730 nlah) e QA JRALUR, RrACESSOrS as
the | ocal node bootstrap processor. In another enbodi nent, the SM device

may resetthf HQ_W@&"&IHBBHVW psed siuagouy!y.of the node and may enable all the
processor@oad)i Crd\ay 1lRle L 8w AIRMEAL Fbnk lerbg&ﬁ.eh%r Bdn? CahpliRAt T1ag

register in order to determne the new | ocal bootstrap processor according
to the fl@umedtigiewih istruet managangnt 800. The $Madewine waitafor systqm somewent ssue i s

{EPOLed e B a8 65! T cd LR AR AR P oo
(bl ock 66@3jtem enumeration has started by reading the global status register that may be written to
by the global bootstrap processor. If systcm enumeration has begtin, the SM device starts
20 .. a timer (block 815). Afier starting the timer (block 815) the SM device monitors the
| _progress of system componeént 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 issuc, the SM
device performs pruning and amputation (block 830). In one embodiment, information
read from the plobal 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,

I0046] 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 :




(0042) FIG 7 shows one enbodi ment of a reliable HA nulti-node system 700.
‘The enbodi nrent shown includes four nodes 705, two switches 710 %nd }wo
/O bridges 730. is It is appreciated that the nunber of conpo;lié {2 0£006

devi ces mayYQ&#9128dpendi ng on the design of the system Thecnudess7@5 and
| /O bridges 730 are interfaced to the switches 710 with a link interface

760. A SM | 0 is coupled with the_conponents of the systemvia a
server man 'aelurar‘lgﬁ(fozsgrgﬁtp FogFSS?rﬁﬁég?%"éi. (blogk £30)ant dlierpdd alobribodisiapitrocesoe  SM

devi ce may ey tecuuettdwi It theggldbiaMbdo strdp Ui eEsoOfs fMBﬁH%,%Q%P%@cﬁ The
| e pol'nt o al

system 700 isgﬁga(el | abl e because it _has no sing e 1t any

one conmponént’ 498t PR PEYFTI block S5l the SM devict determinnaéf the bétchesamponent  of
the syst emflidedbnin@iblqaRrg40). Nnlohe em8d M merd UPSTE/ | d5:Ne Ehe switches 710

i ncl ude a gl obal. status regist ere_ 715 %rlldﬁgjtyg éqgeéﬂj‘%%%cét[pﬁcasﬁsm? &§i"8t er 720.

In one SmbOHCHINE PORF Dy hbaM davice mayr progiamr ang1Gviihes tha ase ifiiric@eniigd by t he

gl obal- boopmbédp WHrRe8esel bMeHeCaldbhi st.atus, pf, s em enuneration. 25
(0043) In onﬁ_ enbadi nent, the scystemgnf%a}g&éo[éagﬁ? h(rbgoﬁléhyi%hempg%ésséheof node
enuner at i ofAiIHE 0 eWighe affereixely intpedating thd GalfBtiarioly FliGh. Jfexi,nkd SMi Ng t he
SM node  epuiRr diter @ he MPNIRE Qe - G . 6B, _Fal |l owi ng the node enuneration
process, the syst énj e75)0 %ﬁgg lﬁ]PE{’fééhlstﬁréa'gBﬂ%@FPé’ﬁﬁy é‘ﬂﬁ?ﬁaﬁ‘gi)‘i dh@process
descri bed faiutt I Sridsaiistnol Fiketionirtgepropdrigotht defaulo 1/0t Briigs Yisly&U® dafbubie@Ur € 6A,

t he syss em, e . ' 7 ) 0 ed {o monitor the progress of
syst em co ng%(rab?\‘tgk gﬁﬁﬁ#ﬁ%y gb%.cn%gemocg%édilﬁg'ﬁt"?ftat"ﬁg”"%?é? HEFtiQpingRe ment
devi ce 740htbask up bidsyies explaestthedetiulbhidpy, @@h fsnddtionahtidRendlipay st atus
regi ster 7 " s w.itten to by.the gl obal bootstrap processor

ik ice WMiiks s i § s
thF oughout " SyST em SruMEPEF hsProgress by slemSemPIRsRtenyTeRation (blesk §2®bal st at us
regi ster TAB7hndt thoeldlte Mﬂbr@@b@ﬂﬁS@skﬂlﬂeﬂQ@g%%%hat%qcfdgﬁg%/iﬁé?g&tm obal boot

: er “enbo

flag register 750 éfef'jl de in the switches 7 n anot I'ment, the
gl obal st AP, 8UPRY; St Emenisswhigh aimbegpedtsainodesotefértedforasgiubinedes72@ sy r esi de
N thersl / Glerdatid0@inE3ion bRcKS thad Qi the global status
r egi sterwg15 and the g|'833| boot f agitersgg?g?%r’ 9%%#5]13)7 r}%‘gg:;l, g’élo‘s"é arately
in the swPY SHYEET Zpgpghentshs witdnpht depps of3be ifVeatidd. NKNde itk akid aistem 760

e SR R SR YT R iy e
enabl ed uPsE™ gammencnip equating to node elements that have similar functionality. These
different embodiments may be part of a larger system. For example, the nodes 105 of
20 FIG. TA may include the system shown in FIG. 4 or FIG. 7. Therefore, the present
invention applics 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.
LL) Likewise, the SM device may be used to monitor enumeration progress of all components
25 ora 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 2 memory device that is set to a specific value on power dp,
and changed after the first time the memory location is read by a processor.
3 {0050] In the foregoing description, the invention is described with reference to specific
excmplary embodiments thercof. It will, however, be evident that various modifications

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

i3




[0044J Al the switches 710 may be used sinultaneously by default. Miltiple
switches 710 may sinultaneously be used to route connunicationiﬁeptwfen
system co &entgrpy ro interleaving the comuni cation tasks, Gp4 3006
net hod of spPMHHY up tasks and del'egating sone of the tagksrusezstivid er ent
switches 710. In another enbodi ment, one of the swtches 710 may be used

by default, and all. other sw es,710 e activated anl en the
defaul t switERS7HEM LIS Sgﬁ’f}p Bnke ?9"5‘%?&@’85‘ 7Hs aeﬁa}f‘?%%é@%‘w%f aul t,
or, all tietd beQeuricligean N6ty raier thaedresirdiNd ampeousl y. is [0045) FIG 8
illustrates a fl ow di agram of one enbodi nent for system conponent
enuneration with server managenent 800. The SM device waits for system
conponent enuneration to start (block 810). In one enbodi nent, the SM
device determi nes that system enuneration has started by reading the

gl obal status register that may be witten to by the gl obal bootstrap
processor. |f system enuneration has begun, the SM device starts 20 a tinmer
(bl ock 815). After starting the tiner (block 815) the SM device nonitors
the 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
status register, the SMdevice determnes if there is an enuneration
progress issue (block 825). If there is no enuneration progress issue then
the SM devi ce continues to nonitor progress of system 25 conponent
enuneration (block 820). If there is an enuneration progress issue, the SM
devi ce perforns pruning and anputation (block 830). In one enbodi nent,
i.nformation read fromthe gl obal status register indicates which conponent
of/ t he systemis malfunctioning. In another enbodi ment, the SM device
determ nes that there may be an enuneration. progress issue by eval uating
how | ong an enuneration task is taking based on 30 the tinmer and a
predetermined tine limt for the task. [0046J After the SM devi ce has
pruned and/ or anputated the mal functioning 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 WO 03/042829 11/05/2006 PCT/ US02/ 35946 gl obal bootstrap processor
is selected (block 850) and the old gl obal bootstrap processor nay be
anputated. If the global boot strap processor is functioning, or, after

sel ecting a '




new-gl obal boot strap processor (block 850), the SM device determnes if
the switches are functioning (block 840). In one enbodinent, if zi/légszfa t he
switches in the systemare not 5 functioning properly, the SM dévi 906
reprogram any switches that are functioning properly to handle all of the
communi cation traffic (block 855) to bypass the malfunctioning swtch,
effectively anputating the mal functioning swtch. Next, the SM device
determnes if the default 1/O bridge is functioning properly (block 845).

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

bri dge may be anputated to 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 defaulst brigQg.qthaRkspQuUMeration continues and the SM device continues
to nonitor the progress of “system conponent enuneration (bl ock 820).

(0047( It shoukéledify 4iegofibe BdocBhodBembitd Atz pikakth6f IRbIncld@Emadlode may
itself contain any nunber of elenents which are thensel ves nodes, referred
t o as §Subwhedwdhe phngityeof losal npderdemehis@ad in emactier stite omd g9¢ odtessndritat;, enuner at es
sub- nodes, followed by nodes, followed by system conponents is within the
scope of the i FR/AHYAIBH reRIsinDYPRrden ¢ffpsalopds dimenisndnsi ments of FIG | A FIG
4, and FIG 7 1h inhclude independent groups. of. system
conmponent s equ%{uﬁ'ﬁgag%gﬁ%%u %’Et‘é?felorﬁaelnr’toge ?Iﬁ"é'l?"? “él'g'ghes e%f'legﬁrstfpl?ﬁ'(?? F%?%Fi ty. These
di f f er ent neEtReticAB VinerdPshuRBralitthe dﬂ@ralﬁkr M BPbacHSHRAD rudFRf inGaREP! €, the
nodes 105 of 20 FIG I A may include the systemshowm in FIG 4 or FIG 7.
Ther ef ore, t hedemmeisient theiphweditytof I0tal aqlelele@@ntt @redii¢tidiaint i Ng nodes wi t hin
nodes, and may be used recursively. 100481 It should al so be understood by
one ski 11 ed i remPHBtIngthe lpgphpodeislements whigh are corpleteh dysilsetipnal do disahlettioer

enurreratigrguﬁ)‘:rﬁ%%r,%s% o(% || elements or a portion of elenments in a node.
Li kewi se, Fia & e??ﬁ]?"ﬁe used to nmonitor enumeration progress of all

component s 25 i il R b SRIRABENS Sy R R MReab0AT bbbt €7t o

enbodi nents, the present invention may enent e screte hardware
or firmwegtfehe paaitllygaaigdbiocal fb@e bioGats aiéh 4k eRIncRAAbnd loaBatieBbstiafRs may be

i npl emented as a location in a nenory device that is set to a specific

val ue on gbthweeertialy functipndl leshbnede deméritewhithhage functisbalitande t he nenory |l ocation is
read hy a processor. 30 (00501 In the fore%oing description, the invention

i s decri bed KPPRING &lighobprumerationsisaits fq list theleabissases dnibo aedeent et her eof . It

will, ho =Y Vi t various nodifications and changes nmay be
made the?@%ggnwtfﬁéﬁetIbc%g%%loruh%%g fromthe broader spirit and scope of 13 WO

03/ 042829

C2 The method of claim 1 wherein selecting the first portion includes selecting the portion
which first accesses a device that is shared by the plurality of local node elements.
20
3. The method of claim 1 wherein selecting the first portion includes selecting the first

pottion of local node processor elements.

4, The method of claim 1 wherein de-activating the remaining portion inciudes putting the

25 remaining portion infe 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

156




'11/ 05/ 2006 PCT/ US02/ 35946 the present invention as set forth in the

appended cl ains. The specification and drawi ngs are to be regari&%hin an
illustrative rather than a restrictive sense. 14 11/05/2006 d at 5/4006
met hod conprising: selecting a first portion of |ocal node elenents froma
plurality of |ocal node elenents, 5 wherein the plurality of |ocal node
elenments are in an active state and are not enunerated; de-activating a
remai ni ng portion of |ocal node el enents; and, enunerating the plurality of
| ocal noddinkinterfeastaliows informatins te bt enntresuicatid Esettwemurtina loral @ide busbamponeod ef
elenents,tmﬂereln enunerating the plurality of [ ocal node el enents further
i ncl udes ‘SeFEF ¥Ry if the plurality of local node el ements are
functional, 10 anmputating the |ocal node el enments which are conpletely
dysfunctional to disable the dysfunctional |ocal node el enents; pruning

the | ocal enodeTied memdt & clain CitrttRF onipasihd: al | y functional to disable only
those parts of the partially functional |ocal node el enents which are
dysfunéti onal &aeltoting therivmeratidrosenresaof the plorlity bfeoqamoﬁé aemgntf; unct i onal | ocal
node el ements mhlqh are functional; and 15 conpiling a list of enuneration
results to |ist®HY 4 weyd pP@%"b‘ifr‘Q?@'§‘°F?\e'?rﬁ%“srft?dbthaﬂ'a’a¥th@"°°F‘UH’€‘?.| onality of

t he loca!eéﬁﬁ@y#ﬁﬁénséﬁmﬂhgmﬂﬁkﬂﬁﬂmgf cIa|n11 wherein selecting the first

portion inc es selectin £T0on " which first accesses a device that

i's shared by tdmamplatiigahd ;BIMaIQf of |Idé§i@|'0dé’é?é1ﬁ‘en@ VAR s2con@Porfion dFiRaiBld0d of
claiml wherein selecting the first portion includes selecting the first

porti on o¢lehentsif there ikanEnarcestivo progltessiesies. 4. The net hod of claim | wherein
de-activating the remai ning portion includes putting the 25 renai ning
portiHh into a hibernation state. 5. The nmethod of claim21 further

node | ar ger

d | terfa .
P e un Sm@elia & ol wh b 5P BE b e Pirates API 1l Enadse. and

the 15 114QR64208s selecting the portion which first reads from a shared register.

8. The method of claim & further comprising enabling the link interface after enumerating the

15 local node.

9. An apparatus comprising:
a node including a plurality of local node elements;
a first local bootstrap element to enumerate the plurality of local node elements, whersin
20 the first local bootstrap element is one of the plurality of local node elements and the first local
bootstrap element is operable to determine if the plurality of local node elements are functional, to
amputate the local node elements which are completely dysfunctional to disable the dysfunctional
local node elements, to prune the local node elements which are partially functional to disable
only those parts of the partially functional local node elements which are dysfunctional and to
25  enable those parts of the partially functional local node efements which are functional, and to
compile a list of enumeration results to list the local resources in the node and the functionality of

the local resources; and,

16




link interface allows information to be comuni cated between the | ocal node
and conponents of the larger system 6. The nethod of claim1l iﬁrtggf
conprising: 5 nonitoring the enuneration progress of the pluralt %0 7804
node el ements; selecting a second portion of |ocal node elenents fromthe
plurality of local node elenents if there is an enuneration progress

i ssue; enunerating the plurality of | ocal node elenents with the second
portion of local node elenments if there is an enuneration progress issue.
10 7. The met hédheed lopahevice tywetecevhichoéihe oluiatitg ot lbml pde tlementsisitretiirst i r st
accesses 3.9 Viﬁf tgai is shared includes selecting the portion which
first read¥T8MY SN Ed register. 8. The method of claimb5 further
conprising enabling the link interface after enunerating the 15 | ocal node.
9. An apparatus conprising: a node including a plurality of |ocal node

el enents; 1a. fi Bd agpaatub olxMairh 9 iwhaRineaiFBE s ohPofRIpuirdityak RodebSouledifoddati Y Of

| ocal node el enents, wherein 20 the first |local bootstrap elenent is one
of theSpl wtarity of |ocal node elenents and the first local bootstrap
elenment is operable to determine if the plurality of |ocal node el enents
are functional, to anputate the |ocal node el enents which are conpletely
dysfuncti gnal [ unctjional local .node elenents, to prune
the local Mode ™ Bpaals & daife ANILH D0 bco s B DR IR TR 6 “on y
those par t fist adcbss P Ehadd tcal didiet hidin d REA: sRBHEIGE 85 BiRtkigh are
dysfunctional and to 25 enable those parts of the partially functional

| ocal nodmnedatebrefisr tdhfirstlacaasetofthensbibiedivabl dedded t o conpile a |ist of
enuneration results to list the |ocal resources in the node and the
functi®nality of the local resources; and, 16 11/05/2006 a shared | ocal
device to,.select which of t lurality of |ocal node elements is the first
| ocal boo%zzt r:‘%eeaf%aﬁ%g%sto?di'@mef r&%‘ﬁﬁ?'éq YTHY MEPeRPY dﬁﬂ%ert%f“ﬁ”"("ﬁ@enode is
one of a RbatERlorb¥al RideRAGRS atoR YR B LalsR 1RACR RN BF {]&cf‘ercondjl al BoORwrPPar at us of
claim9 wherein the shared local device is I1n aftirst [ogic state prior to
the firstelaomesssn bk plukaity st16datibde eRMbntsl v Sputithd frstildtabbodistdp didentiecond

| ogi c state substantially
the progress of local node enumeration does not meet a predetermined requirement.

15
13. The apparatus of claim 9 wherein the local shared device is a register which has a first
* logic state prior to the first reading of the register by a local node element and a second logic
state after the first reading of the register by a local node element.
20 14, The apparatus of claim 10 wherein the enumeration of the plurality of nodes is performed

locally by the first local bootstrap elements substantially simultaneously.
15. The apparatus of claim 12 wherein the predetermined requirement is a time limit.

25 186 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:

17




imredi ately after the first access to the shared | ocal device. 10 12. The
apparatus of claim9 further conprising a server nanagenent deviifz ti/
nonitor the progress of |ocal node enuneration and to cause th 9/:2P88
of a second | ocal bootstrap elenent fromthe plurality of |ocal node

el enents and anputate the first |local bootstrap element if the progress of
| ocal node enuneration does not neet a predeterm ned requirenent. 15 13.
The apparatus of claim9 wherein the |ocal shared device is a register

whi ch has a fi sslecting 8 fistpogionttogatiode elermeritdieont & plsrality efdatiaingdoélethdigs, r egi st er
by a local node el enent and a second logic state after the first reading
of the redlfSielytheRlurglity ofdosal npdelerpqnisashin an sefive alatepRgarg Ppferumeraiedt cl ai m 10
wherein the enym i -t | i of, nodes s performed l|ocally by
the first | ocalldgggotg%tlggrgerliaé)%ae'rb@??gﬁ'?ﬁgg@%Jcﬁfsrtég‘?l?'f"ﬁ?']Syafédl’rrul taneously. 15. The

apparat us of chminfBratidg B BILRII of BRI RIE defEft i He firiPdiibE WREkini S & time
limt. 25 16. A conputer-readabl e nmedi um havi ng stored thereon a sequence
of i ns®r uchinagting theeluraitygliiorat sodefeleimests indiolésons i ncl udi ng i nstructi ons

whi ch, when executed by a processor, causes the processor to perform 17
11/ 05/ 2006 sel ‘é%?"f“ﬁ‘{:j‘géix'?ei Rlusglity ) jops! gpregiemegisare fHesienak| ements from a
plurality of I|gcal _.node. elenents wherein the pluraljty of |ocal node

el enents are iarlrg%’ﬁat'g%?'?\l%algfq%t%emaeﬂﬁ wgfcé af?ocf’mglﬁﬁﬁéjy%{‘f”@ ,“X'd‘ég'éaé’fel ts%lti ng a
remai Ni NgdpAmkioRsl IRE l@caémdiade el ements; and, enunerating the plurality of
| ocal node el ements with the first portion, wherein 5 enunerating the
plurality of |maadg thoideal eddermests Which 4t @artislp FumEinAlitd\@sdble dhlt@hopd parel i ty of

| ocal node el enments are functional, anputating the |ocal node el enents

whi ch1@r eofdhsRsrtalydunetionpsipenheade elements whidh araldysiuncineal ady tofenalie fhoseadarts ocal node
el ements; _pruni .nlg/ thg I glcal raode el enents which are partially functional to
di sabl e offM PRBEdunsienpLioca) ppdg pleppnts which are functionzliaad; onal | ocal node

el ements whic ; s ' t he

par U1 al Ty 1 unce] B P Bk heh Bl d b FEREAFecbliEi AP anfivel 13

conpi | i Nngusktibriafitty olthe REMIFRE@EIsON results to list the local resources in the

node and the functionality of the local resources. 15 17. The
conput er -r eadabl e medi um of claim 16 further conprising instructions which,
When 18 17, The computer-readable medium of claim 16 further comprising instructions which, when
executed by the processor, causes the processor to perform:
selecting the first portion as the portion which first accesses a device that is shared by the

plurality of local node elements.

20 18 The computer-readable medium of claim 16 further comprising instructions which, when

executed by the processor, causes the processor to perform:
enabling a link interface between a local node and a larger system, 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.

25
19. An apparatus comprising:

a plurality of processor nodes wherein a processor node comprises a plurality of local

elements;

18




executed by the processor, causes the processor to perform selecting the
first portion as the portion which first accesses a device that_is, shared
by the plurality of local node elenments. 20 18. The conputer-r%&dé)(ﬁ 2006
medi um of claim 16 further conprising instructions which, when executed by
t he processor, causes the processor to perform enabling a link interface
between a | ocal node and a | arger system wherein the [arger system

i ncludes nultiple nodes and the link interface allows information to be
communi cat ed béfﬂmiéwﬁCtomedtoealuraﬁwd’eilcadnhces)rrponents of the larger system
25 19. An apparatus conprising: a plurality of processor nodes wherein a
processor node 2SBHRE? §'€§'e§°rb’I"W°éF'?rt Retwsen fheplralityof rpgessos nodegandithe)5/ 2006 a

/O bri dgepiu?a%&%lff?@d&@ce?ﬁ%uﬁﬁ@i' h{%{l()%f |/ O devices; a switch to enable

comuni cat'l on "bet ween of processor nodes and the plurality
of 1/ 0 devi cesaplaryShnddb fnklidiérabes 6 giRiw c@mﬁlluHEﬁal)r'lst aém%n MR H8yek Lidkinp Nt er f aces
to all ow conmuni cati ons between the nodes and the sw tches, wherein the
node | Pnk switrhes. vheres t!wredej&rﬁaindrfacbsmmqbtewapommwe@ppI urality of first |ocal
bootstrap processors to enunerate the |ocal elenments of the processor
nodes in the pf BFZlty pifirgiocq pepieien procesers & enumerrtsithe '@%éeltm@@eé@er nodes

i ncl ude a rocessor which is t he. nodes and
the 111 st "B gaBithe BIRKY bR BH RS ShebhsferodsalrarHiiee i ine | ocal
el ement s Rkal béks t I @#URH i«10 | ocal

el ements which ar ggggén%&;ﬁhgg%q%yagg&ggyg%négﬁﬂggmaﬂlb%é E;ﬁﬁr‘éﬁé Gnct i onal

| ocal el eomrbi,to tictermteliftios [bdaCekkriuhd of e @riRBdsEr WbLdie Rh@iofkdtd hipdtate fhynct i onal
to disable only those parts of the partially functional |ocal elenents

whi ch'@r e'O%WQ‘Pfﬂ‘ﬂ'&?t Vietedre sgmplately dypfatidtienad tectseblp thetdgstigkctidnhidocpleaidmentsl tp

functi onal nents which are functional, and to co le a |ist of
eﬁu melr ati %’f‘l"eqﬁ%ﬁﬁ?gle‘f’%m? Yvhigh arg parti a\"bfé'ﬁ‘%""ﬂaélg’oqﬁaf‘,“éé’"'y W"?%@”ﬁgp ':‘-? %ﬂ'ﬁi‘ ¥ Ihe

function afhﬁ(,rtlé(naplt)catl ngm!erﬁgﬁllncﬂa(?é%fuﬁ&%nal 324 B Bilbw{]t%setpzrts c{f the )? ?Hyfs P?g ,?d

devices within the processor I"ur-a | ocal
boot st r apfuitieraPEEDElsmet i die fuhdiod Ghy to‘i’dﬁlbllem IQF&%ﬁﬁﬁerﬁgﬁ%ulis'ﬁplksyde a

| ocal shared device which is local to the node; a first global bootstrap
pr ocessorthe locabregeregegtirethe hasle aodhthe hctiosaligf of tHedocalppsbu@es)s; and,
15 a plurality of local shared devices within the processor nodes to select the plurality 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 first

20  globhal bootstrap processor.

20. - The apparatus of claim 19 wherein the global shared device is coupled to the switch.

21. . The apparatus of claim 19 wherein the global shared device is coupled to the IfO bridge.
25

22, The apparatus of claim 19 further comprising at least one server management device to

monitor the progress of individual node enumeration and to cause the selection of a second local

bootstrap processor from the plurality of local node elements and amputate the first local

19




a gl obal shared device accessible to the individual processor nodes to
select the first 20 global bootstrap processor. 25 20. The appiéﬁt%? 25
claim 19 wherein the global shared device is coupled to the sw 0 é 006
The apparatus of claim19 wherein the gl obal shared device is coupled to
the 1/0O bridge. 22. The apparatus of claim 19 further conprising at |east
one server nmanagenent device to nonitor the progress of individual node
enuneration and to cause the selection of a second | ocal bootstrap
processor Hoptakaptianecegsotiordny nydeaf the pluedity obubdesih efrieimths nedectnamguatioatisenct he fi r st

| ocal 19 11/05/ 2006 bootstrap processor for any node of the plurality of
nodes in WﬂW@ﬁm?H@”h%ﬁ@m%%ﬂﬁ@$é&?QﬁP%s not conpleted within a predeternined
time franme. 23. The apparatus of claim 19 further conprising at |east one
server managenent device to 5 nonitor the progress of system conmponent
enumer at i @9, andhd &hp&aws 6f ddie 1SRHRS LorRilisAY afeSEGRREVE raderRAQeStd BP
processor fromthe plurality of system conponents and anputate the first

gl obal 5 boongr theprqress efsgsiem cdmpyst emreratiorearal o cause the naécticrosfplsetodd Wi t hin a
predeterm ned tinme frane. 24. The apparatus of claim 19 wherein the

pl ur al i ty 9l5pal Perisiiar 8Rsgsse fra@ Hebuality 1 systesn gpmppaants apd awpiigie te fetglehs!

i ndepende i first loagic.state prior to . the first cess to the
har o dedbbe BerRortlshiiin pRBlefun e G P 8e B T st oaf O Tt ot of y
after the first access to the shared device. 25. The apparatus according
to claim19 wherein the plurality of first |ocal bootstrap 15 processors
for the i viTheabpanaiciost claiin totvheinthapiurtity afiocactiasd agviees aldard gisbal
substantially sinmultaneously and the plurality of first |ocal bootstrap
pr oced or haed (reseindeperdentyhaye firstyogiststateorrial to gredicst seress tn g shaspigrrise s
substantial | y.sinultanequsly. 26. The apparatus of claim 24 wherein the
ocal - shated RN S RIRH T SUFBHY B Corsi360es k8 8 YEBH ot or i ch
has a firglbogic state of "0" prior to the first reading of the register
by a processor elenent and a second |logic state of not "0" substantially
imedi ately after the first reading of the register by a processor
el ement. 27. A conputer systemconprising: 25 a plurality of processors; a
| ocal nerddry déearparatus astooling tBEIAB 9rvdereindbe mrslitasfdirselacarboottiramn resul ts; an

interchip connection device to enabl e conmuni cati on between devices in the
1 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 of local

processor node elements substantially simultaneously.

26. The apparatus of claim 24 wherein the local shared devices and the global shared device
20 - 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 efement.

27. A computer system comprising:
25 a plurality of processors;
a local memory device o store BIOS instructions and enumeration resulis;
an interchip connection device to enable communication between devices in the

compufter system;

20




conput er system 20 11/05/2006 a boot flag register to select a bootstrap
processor, a bootstrap processor to enunerate devices in the coirﬁzg)q%/
system and the bootstrap processor is operable to determne if e%Pgés
are functional, to anputate the devices which are conpletely dysfunctional
to di sable the dysfunctional devices, to prune the devices which are 5
partially functional to disable only those parts of the partially
functional devices which are dysfunctional and to enable those parts of
the partially Pbaetifipoicaibterte s¢lects bogistran pmessséruncti onal, and to conpile a

l'i st of enumer at ?‘8& results to list the local resources in the devices and

the functionaFi BP PRRESP IR HUmPRltavicedn thﬁﬁam%f'tel’ﬁ‘ﬂ?"i MAdhtoetEtaPo enabl e
comuni catg-QBsBAk %‘?&{BlettgI @etgrﬂlﬁg%tt Wted e%ﬁ&igna"ﬁ o %ﬁliug thd Beviels wihlde cOMpUL er

system of claim 2 erein t I nt ace I's ed on power up and

enabl ed afitetompleriyassindionany a'e&baetth@aysfua&:oni 6vice s MPBHIR thS NvicBIMiadh ¢ ail m 27
wherein the bootstrap processor is the first processor of 15 the plurality
of pr o&es®atialyfuncionaldo disrblelvplythobd pagtsiobiye sartally fuldtional devices which are

dysfunctional and to enable those parts of the partially functional devices which are functional,
and to compile z list of enumeration results to list the local resources in the devices and the
functionality of the local resources; and
a link interface to enable communication between the computer system and a switch.
10
28. The computer system of claim 27 wherein the link interface is disabled on power up and

enabled after successful enumeration.

29, The computer system of claim 27 wherein the bootstrap processor is the first processor of

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

21




