;e3e6L6T6N 2 3 J U L 2002 PCI SNOT CONTROL APPARATUS W TH DY?%gL?
CONFI @URATI ON FOR PARTI Tl ONED SYSTEMS Background of the | nvenéidnJtL 2002
Techni cal Field: The present invention generally relates to nultiprocessor
conput er systens, and nore particularly to resource allocation anong
processors in a partitioned nultiprocessor system Still nore particularly,
the preferred enbodinents relate to a systemfor partitioning and

al locating individual PCl slots in a myltiprocessor conputer system 2.
Description of the Related Art: Miltiprocessor conputer systens are well
known in the art, and provide for increased processing capability by
all ow ng processing tasks to be divided anong several different system
processors. |n conventPonadlLoly CONTROL cERFARNTUSCWIDH DYXNZAMICe to access all
of the system resour ces¢ONEESURATFITONOFOR EFARITTITONED eSYSIEMSS, such as nenory
and 1/ 0O devices, are shared between all of the system processors.
Typically, sonme parts of a systemresource nmay be partitioned between
processors, e.g., while each processor will be able to access a shared
menory, thi sBaskargund ofi thdefinvertidrhat each processor has its own

wor kspace. Mpre rf?éﬂﬂﬁd%& §¥gﬂgtric mul ti processor (SMP) systens have been
partitioned t0 behave as nultiple i ndependent conputer systens. For
exanpl e, a single system having ei ght *@00002* *166166* f 23J UL

2D02 2 processorsTﬁgggyésggtcgﬂgéﬁ%gégid@geggggi Lachaf tbhe ei ght processors

(or multiple Erou s of one or nobre processors) as a separate gésten1for
processi ng pOPPbERECCEESOR SPTPRESE *XAteMGal a0 R PARGAFE HEVE 5 s own
copy of the opegatidyy sQysianioangndsrmy prversbers nidepepdent kyomssi gned t asks,

or ey oper ak g L B0ElI. e s pLpcesslg ahps! Sl il By ok des Tor both
hi gh- speed processing and inproved reltapi ity ypicalty, Thn a
mul ti pr ocessdresgsregneniedinments grskpte toepviretepriveePS6EL LR manages

the startup and QPesadioRy Qhdatibeaever®il system 4 nalivdbRgcsyssem
configuration and data routing on shared buses and devices, to and from

speci fi c pro&88BRFST system.

2. Description of the Related Art:

Multiprocessor computer systems are well known in the
art, and provide for increased processing capability by
allowing processing tasks to be divided among several
different system processors. 1In conventional systems, each
processor is able to access all of the system resources;
i.e., all of the system resources, such as memory and I1/0
devices, are shared between all of the system processors.
Typically, some parts of a system resource may be
partitioned between processors, e.g., while each processor
will be able to access a shared memory, this memory is

divided such that each processor has its own workspace.

More recently, symmetric multiprocessor (SMP) systems
have been partitioned to behave as multiple independent

computer systems. For example, a single system having eight

IS LT

*, .
Goooo2* *166166*



When several virtual systens, in a single nmultiprocessor system are
conflgured to operate as a cluster, software support nust be pd?? QHSL}ZUUZ
al l ow each cluster node to comunicate with each other node in

mul ti processor to perform quorum negotiation and validation, send
"heartbeats,"” and perform ot her quorum functions using any cluster

communi cation technique. Wien this is acconplished, if one of the
processors fails, which would cause that node to beconme unavailable to the
cluster, the jobs assigned to that node can be reassi gned anong the
remai ni ng processors (nodes), using standard cluster techniques. Typically,
when a nul ti processor systemis divided into nultiple virtual systens, each
of the virtuatoapsersnhgit ke comiigopyd ofo tineagpepahi vl ysstedantand t he

same oper at i g, S¥sbed isr uped iffk E%Hpé”éf Uile %%an@fré ﬁdl‘"e%s%@%h RE0Cessor
IS running the sanme operating system it is JUL 202 relatlvely

easy to prow ¢HegAtEeSBEFER feﬂ‘l @EQFFBﬁl%WHOﬁéspr 0%%%%&% thegerent 1y,

however, thergirdthiad"meykeéns egplilcenant 1o dhie c@bnyl bfytlté) do#ranong t han one
operating syst m armng t he several .virtua a_user may
|

| e
e o s i oae, BEY R Afubbeesdt STRightd SO 8 Ral
"W ndows" basiestradgetagehlgesyst empirecas seeo ndl ysdueti t wbnch THoyvigeedfpresent s

particul ar psohi htébé&&dpf&ers%%%ﬁr Sﬁdaiﬁﬂﬁﬁie'do@eli\%iﬁﬂ} vi sion of
menory between partl tions in a mutiprocessor stem i sgﬁgener ally supported

i n har dwar e, Tt 3 Yo c iR %rf“‘blftlé’trl?éfas'?%%o@f% L SHERS ak® PEr D Rer al
Conponent | ntesmwdrReEChroedjors! aibd chi aanagegetheby thheup paidtdpegasyshem

Since the muiltigle RALLAL ons: JPY 18AGNaDR, WANAY Bndi LSIEN, QT ati ng

system there IS a nee Y Tean: e Sys resources which is
not based ordatie nopéiag Ay sharasnbusgspand daniges t kerand stptheed for an
operating syst&edndirdependegsrsol uti on which allows a systemresource such
.as a PCl slot to be allocated anmong nultiple partitions in a multiprocessor
conputer system 2 3J UL 2002 -4 SUMVARY OF THE INVENTION It is

t herefore one objm@n ekvthel priasentl isgseans onrt @ phiogyide a systemfor the

operati on_ofwdy (. 1ddILABes S0k GMRLELBY8L M I, bpeanol her obf ect of the

pr esent i nvent T o rovi d& a system for Pnproved fesource allocation
within a rrul‘f%‘bﬁfc‘és§81ft&’6ﬁﬁu%‘éfp%rﬁsfnéﬁ1t pe E%O‘?&edaﬁetﬁjelfo‘blﬁaé@t of the

present i nvealusted GopieOtbdeomma)isiadd WOth each other node in the
multiprocessor to perform quorum negotiation and validation,
send "heartbeats," and perform other quorum functions using
any cluster communication technique. When this is
accomplished, if one of the processors fails, which would
cause that node to become unavailable to the cluster, the
jobs assigned to that node can be reassigned among the
remaining processors (nodes), using standard cluster

techniques.

Typically, when a multiprocessor system is divided into
multiple virtual systems, each of the virtual systems has
its own copy of the operating system, and the same operating
system is used for each virtual system. Since each

processor is running the same operating system, it is



partitioning and allocating individual PCl slots in a nmultiproces
conput er system The foregoing objects are achieved as i s now desz(rjg béuL »2002
system for partitioning and allocating individual PCl slots within a

Primary Host Bridge (PHB) in a partitioned conputer systemis provided. An

i nnovative PHB systemis included which allows a PCl slot to be dynamically
assigned to one or nore partitions at a given tine, allowing for nore
efficient allocation of systemresourcgs. According to one aspect of the
present invention there is provided a conputer system conprising: a
plurality of system processors, divided into a plurality of processing
partitions, each partition having at | east one system processor and a

uni que parti rebatdeslor iggisyr Lo aprésialst foneraeerge ggdrattien yaranandéeed to

be witten t?r@@@gggﬁglfron1by said processors; an |/ O controller connected
to communi cate with said system processors; a plurality of I/O connections,
managed by said I/O controller, each 1/0O connecti on capabl e of being

assigned to at | eastreanaysahdwpvacesieng parid indret aepghitahdrity fofr 1/ 0
devices, conpget odh 1. 53id | Queomnsel] 8ns: Mhereil) sghdel/ Qoontugl | er

only permts confruricat i ons “Bel Ween system ocessor §¥ana 17 nnecti ons

bel ongi ng t oseherahmn yynedesysbenpar thoti enampkrl wherseirnnagi Wi 4y @o

connections ean bepewnamigahkyogesiGngdsiotoh Hemedateom sl diy acessing

partitions. According to another aspect of the present invention there is
provi ded a "Windows'™ based operating system in a second partition.

This need presents particular problems related to resource
allocation; while division of memory between partitions in a
mutiprocessor system is generally supported in hardware, the
allocation of other resources, such as Peripheral Component
Interconnect (PCI) slots, is managed by the operating
system. Since the multiple partitions may each be running a
different operating system, there is a need for a means to
allocate system resources which is not based on the
operating system. 1In particular, there is a need for an
operating system-independent solution which allows a system
resource such as a PCI slot to be allocated among multiple

partitions in a multiprocessor computer system.



conmputer system conprising; at |east one system processor; a nenpr
connected to be witten to and read from said system processor;232jB]LJ!z002
2002 -4a an I/ O controller, connected to comunicate with said nmenory and
sai d processors; and at |east one peripheral device, connected to
communicate with said I/O controller via one of a plurality of device
connections; wherein said systemperfarys the steps of: receiving, in said
/O controller, a request to wite to said peripheral device, froma system

processor; receiving, in S%WM&?%F_’IQ—#E?NVE(N%M tion identifier

correspondi ng to said system processor urning on at | east one of said
plurality of co ' acco.rdiqr}qbto whet her sai d connections belong to a’
[

nectiops,
group correspon g? WQ}L?rSPoé%l PBe phieEt T tBf PCIRMtnYSIEPD tQ REPYViRESE YRER £91dher i t e
request to BaldoA8Yh Gfiltiprocessor computer system.

It is another object of the present invention to provide a system for improved
resource allocation within a multiprocessor computer system.

It is yet another object of the present invention to provide a system for
partitioning and allocating individual PCI slots in a multiprocessor computer system.

The foregoing objects are achieved as is now described. A system for
partitioning and allocating individual PCI slots within a Primary Host Bridge (PHB)
in a partitioned computer system is provided. An innovative PHB system is included
which allows a PCI slot to be dynamically assigned to one or more partitions at a
given time, allowing for more efficient allocation of system resources.

According to one aspect of the present invention there is provided a computer
system, comprising:

a plurality of system processors, divided into a plurality of processing
partitions, each partition having at least one system processor and a unique partition
descriptor;

at least one memory operatively connected to be written to and read from by
said processors;

an I/O controller connected to communicate with said system processors;

a plurality of I/O connections, managed by said I/O controller, each I/O
connection capable of being assigned to at least one said processing partition;

a plurality of I/O devices, connected to said I/O connections;

wherein said I/O controller only permits communications between system
processors and I/O connections belonging to the same processing partition, and

wherein said I/O connections can be dynamically assigned to or removed
from said processing partitions.

According to another aspect of the present invention there is provided a
computer system, comprising:

at least one system processor;

a memory connected to be written to and read from said system processor;



wherein said I/O connections can be dynam cally assigned to or renoved from

said group corresponding to said partition identifier. Accordi %S)( Q]HL' 2002
anot her aspect of the present invention there is provided a co ter

system conprising: a plurality of system processors; at

| east one nenory

connected to be witten to and read from said system processors; an |I/0O
controller, connected to comrunicate wigh said nenory and said processors;
and at | east one peripheral device, connected to communicate with said I/0O

controller via one of a plurality of device connections;

wherein said

system perforns the steps of receiving, in said I/O controller, a request
to wite to nenmenyl/® rromrshérd comected; tor eadinngicate nwihisdid henwontandl dagl , a
partition descrlgzt_or correspondi ng to said device connection; turning on at

| east one BYOCEHP

i ce connections, according to whether said device

connection bel OBQ%a%PoﬁeQJeﬁBHerEPHEﬁéé’OEB%@&e Qo SRhSnBAE 1k L AR HRSE PLoT

turning off all said device connections do not belong to said group;

and controller via one of a plurality of device connectlons,

wherein said system performs the steps of:

receiving, in said IO controller, a request to write to said peripheral device,

from a system processor;

receiving, in said I/O controller, a partition identifier corresponding to said

system processor;

turning on at least one of said plurality of connections, according to whether

said connections belong to a group corresponding to said partition identifier; and

passing said write request to said device,

wherein said I/O connections can be dynamically assigned to or removed

from said group corresponding to said partition identifier.

According to still another aspect of the present invention there is provided a

computer system, comprising:

a plurality of system processors;

at least one memory connected to be written to and read from said system

processors;

an I/O controller, connected to communicate with said memory and said

processors; and

at least one peripheral device, connected to communicate with said I/O

controller via one of a plurality of device connections;

wherein said system performs the steps of:

receiving, in said I/O controller, a request to write to memory from said

device;

reading, in said I/O controller, a partition descriptor corresponding to said

device connection;

turning on at least one of said device connections, according to whether said

device connection belongs to a group corresponding to said partition descriptor;

turning off all said device connections which do not belong to said group; and

passing said write request from said device to

said memory,



passing said wite request fromsaid device to said nenory, 23J UL
2002 -4b wherein said device connections can be dynam cally as?i:pryzg,_t 2092
renoved from said group corresponding to said partition identifTier.
According to still another aspect of the present invention there is

provi ded a conmputer system conprising; a plurality of system processors;
at | east one nenory connected to be wélhten to and read fromsaid system
processors; an |I/O controller, connected to communicate with said nmenory
and said processors; and at |east one peripheral device, connected to
communicate with said I1/O controller via one of a plurality of device
connect i ons; whavheiain saii devigs cemeptoisoransbet hymagicaply asfignab®i griemgvehch of

o D o] RN ST BLREE 0L 2R RRSERS] 70 Par LI 1 O ass anig
assi gni ng each Qfccolih BelCMoRRPASL! Nthe Pestht nPaRIonOREreal psRiidkd a
processing partitions; o
computer system, comprising:
a plurality of system processors;
at least one memory connected to be written to and read from said system
processors;
an I/O controller, connected to communicate with said memory and said
processors; and
at least one peripheral device, connected to communicate with said I/O
controller via one of a plurality of device connections;
wherein said system performs the steps of:
assigning each of said plurality of system processors to a processing partition,
assigning each of said processing partitions a respective partition identifier;
assigning each of said device connections to at least one of said processing
partitions;
storing, in a memory, information identifying to which processing partition
each device connection belongs; and
passing communications between system processors and device connections
belonging to the same processing partition, and
not passing communications between system processors and device
connections which do not belong to the same processing partition,
wherein said device connections can be dynamically assigned to or removed
from said processing partitions.
The above as well as additional objectives, features, and advantages of the

present invention will become apparent in the following detailed written description.



storing, in a menory, information identifying to which processin ariltiéﬁh
each devi ce connection bel ongs; and passing communi cati ons betmeaﬁgsd b 2
processors and devi ce connections belonging to the sane processing

partition, and not passing conmunications between system processors and

devi ce connections which do not belong to the sane processing partition,
wherein said device connections can be dynam cally assigned to or renoved
fromsaid processing partitions. The above as well as additional

obj ectives, features, and advantages of the present invention will becone
apparent in the followi ng detailed witten description. 2 3 JUL 2002 5
Brief Description of the Drawi ngs The novel features believed

char act eri st i Brigff Deecrhpbivn cof dthe Deawinmgs h in t he appended cl ai ns. The

nvent on Ttsel f.mhoSYE +as WAIJ 123 ByBY ClBled Ipde; fodisge 1 Urt her

obj ectives, and advantages' thereof, t be understood reference to
t he fol | owi nfpasttdidnedrdeset i uytdn isf tha ppansdedacigénenbddierent when read

in conjuncti pgyentifdnt ResACEOMMARNIERY dEaptN0%s Whekerlir&d G bri s a bl ock
di agram of an exenpl ary conguter syst8n1an ccord% ce m%th ,JPEFf%rred
enbodi ment O?s?¢“§ rther objectives,” and advantages ereof, wi es

be understood by reference to the following detailed

description of an illustrative embodiment when read in

conjunction with the accompanying drawings, wherein:

Figure 1 is a block diagram of an exXemplary computer
system in accordance with a preferred embodiment of the

present invention;

Figure 2 depicts a high-level block diagram of a
partitioned computer system in accordance with a preferred

embodiment of the present invention;

Figure 3 is a more detailed block diagram of an
eight-processor computer system in accordance with a

preferred embodiment of the present invention;

Figure 4 depicts an improved PCI host bridge in
accordance with a preferred embodiment of the present

invention;

Figure 5 1is a partition descriptor table in accordance

with a preferred embodiment of the present invention;

Figure 6 is a flowchart of a system configuration
process in accordance with a preferred embodiment of the

present invention;



present invention; Figure 2 depicts a high-level block diagram of
partitioned conputer systemin accordance with a preferred enbodi n?rst JabL 2002
the present invention; Figure 3 is a nore detailed block diagramo

ei ght - processor conputer systemin accordance with a preferred enbodi nent
of the present invention; Figure 4 depicts an inproved PCl host bridge in
accordance with a preferred enbodi nent of the present invention; Figure 5
is a partition descriptor table in accardance with a preferred enbodi nent
of the present invention; Figure 6 is a flowhart of a system configuration
process in accordance with a preferred enbodi nent of the present invention;
11 23J UL 2002 6 Figure 7A shows a processor-initiated PCl wite in
accordance W th arpgefermedhewbodi piotesebrthei pi@sentecinvente oy Figure 7B
shows a nenory wite initiated b¥elareP Iemgew ce 1|:n Aagear dance wlth a

preferred enﬁ%ﬁf’ﬁ%ﬁ? oWt @ Pre odimen presen

invention;

Figure 7B shows a memory write initiated by a PCI
device in accordance with a preferred embodiment of the

present invention;

Figure 8A shows an exclusive-ownership slot removal
operation in accordance with a preferred embodiment of the

present invention;

Figure 8B shows an exclusive-ownership slot addition
operation in accordance with a preferred embodiment of the

present invention;

Figure 9 shows a multiple-ownership slot removal

operation in accordance with a preferred embodiment of the

present invention; and

Figures 10A and 10B show a multiple-ownership slot
addition operation in accordance with a preferred embodiment

of the present invention.



present invention; Figure 8A shows an excl usive-ownership slot r vﬁ
operation in accordance wth a preferred enbodi nent of the presegfg lJL.ZUUZ
i nvention; Figure 8B shows an excl usi ve-ownership slot addition operation

in accordance with a preferred enbodi nent of the present invention; Figure

9 shows a multiple-ownership slot renoval operation in accordance with a
preferred enbodi nent of the present invention; and Figures 10A and 10B show
a nul tiple-ownership slot addition opefation in accordance with a preferred
enbodi nent of the present invention. 2 3 JUL 202 Description of the
Preferred Enbodi mnent Wth reference nowto the figures, and in particul ar
with reference to Figure 1, a block diagramof a data processing systemin
whi ch a prefscedpebadofiettie @refbered candnidimeuent i on may be inplenented is

depicted. Data ptocessi system 100 e, far ex | e n f _the
deskt op nodel s ohlg rg%ﬁéhe %ﬁn&ﬁyegg Q@%Hﬁﬁ%ﬁ&sfr%%gﬂﬁ%é¥ﬁ§%?8§af Busi ness
Machi nes Conpidihatriedarehcdrimoidgulewl Yox keldokt dipgoaessi rg deysat em 100

i ncl udes praqcessaqrs. 10 d 2 ich i X digpent are each
connect ed t§N¥g§%ﬁ§paD;{§§?nﬁ%zﬁ@égkog %ﬁﬁ&%%fﬁ ?%E%%%¥?§£F§,%agich are
connect ed i reuasentt dnderiysuremayubel eplomergedonfederrtasl -sy®aém bus 106 is

Syst em Memory oL08 saRd Byl A8 Y ddPRhy Bol A0 Riffhple?. o4 2R ccoupl es 110

bus 112 to system buS 106, relaying_and/or transform ng data transactions
from one busasktoRemeaks .of perifenakerPRSErEnBEAL hEte FoMa processi ng

system 100 inaldraiasighaphkesi rrdapmachildds cumpeetedoh oot /MOmdnk, 1w
recei ving user .interface information for isplgxﬂlzo. Periphergbldevices

such as nonvol&ti | B35R PEYESEERI FHFERT P BE A ST PR ®FEva®Tand

keyboar d/ poidiid n@2¢dewheen 1, thahie&BmpByr § nelbsdeman € oawe rddcpnal nouse, a
trackball, or the like, are connectgg via an Industrﬁ% t andard Architecture

ke,
(1SA) bri dgefoMPESE) Fo el 70 pls’ 19288 3030288n ed to PCl slots 124

via |/ O bus dAdshectively, which are connected in turn to a system bus
106.

Also connected to system bus 106 is system memory 108
and Primary Host Bridge (PHB) 122. PHB 122 couples I/0 bus
112 to system bus 106, relaying and/or transforming data
transactions from one bus to the other. In the exemplary
embodiment, data processing system 100 includes graphics
adapter 118 connected to I/0 bus 112, receiving user
interface information for display 120. Peripheral devices
such as nonvolatile storage 114, which may be a hard disk
drive, and keyboard/pointing device 116, which may include a
conventional mouse, a trackball, or the like, are connected
via an Industry Standard Architecture (ISA) bridge 121 to
I/0 bus 112. PHB 122 is also connected to PCI slots 124 via
I/0 bus 112.

The exemplary embodiment shown in Figure 1 1s provided
solely for the purposes of explaining the invention and

those skilled in the art will recognize that numerous



The exenpl ary enbodi nent shown In Figure 1 is provided solely fon aih
purposes of explaining the invention and those skilled in the ar IJUL 2002
recogni ze that numerous 2 3J UL 2002 variations are possible, both in
formand function. For instance, data processing system 100 m ght al so

i ncl'ude a conpact disk read-only nmenory (CD-ROM or digital video disk
(DVD) drive, a sound card and audi o speakers, and nunerous other optional
conponents. All such variations are believed to be within the spirit and
scope of the present invention. Data processing system 100 and the

exenpl ary partitioned conputer systens bel ow are provided solely as

exanpl es for the purposes of explanation and are not intended to inply
archi t ect ur avatiatiitoaisi ame. p&edidrlie, npotb F giren 2ndafhhghidrevelFor ock

di agram of a, partitio ut er, syste ccordance with th referred
embodi nent 0%19%1 pr’eggg? g‘g\;ce 510N Sgsmﬂlus ralgg‘% ?Jﬁs Thi's u|g‘13urlge, a
conput er systempa00 diaki ngadi-kme‘ley mempoprofc@mlr)s ofuR) g 0L 208lendifskve PCl

slots 208- 21§ F%I %\% Thg, R qlasgﬁ&egallgl(}] Ejp%a?ggpr i s6f Rnddgsf i ve PCl

slots and th Bri dge ure, the systemis
di vi ded i nt o®ERRF p’&rﬁWﬁén@omﬂmﬁﬁfittsl -onPhb TS YHE [Viadea ThPRE O REE46V€9204 and

205, PCl sl ots RO&iamdn20fe itk itthanBHBc@Pd .o Palhlel bireBe 3i ngltides
m croprocessor. 206, PCl slots 210-212, 201. Note that both

partitions shar® RURSESSHBIPRHES tShhilof EBﬂtgb'T sextellf'éﬁﬁﬁﬁ’t PREGHIRTSSE the PO
slots. Wth é@ﬁ;ﬁ[tﬁ’m&yﬁﬁmkCbé:lcgura&e3pravimécﬁ tatediyl @ EkOnKl e af@rram of an

OO P oceSBRL RAJORROL e COIRULES - SSL I 36EaRdagce, Wikl !

preferred e odlne i'nvention’s dlagran1
ei ght proces3oerlsi BBI308 é#@l§¢ﬁﬁ0$5connected in a symretric nultiprocessor

configuration, using a core chipset 320 which includes an 2 3J UL 2002
9 address controller 321 and data controller 322, which is connected to the

processors 301- 30FERATE1RA SAFHEESDEs 32BL1BI5 ST BALEFHEER BN 956 2
crossbar. | nptbeipraiey lteﬁlpEH@t)dsly’m:léin mhee@o@ra}mss;@ts ahe prdfirrRanti um

'l class progesselment B¢ ERECI MG 380chPI&E T ACSS 18360, PLOCESTO 1S o FoNt

figure, a computer system 200 having three microprocessors
(uP) 204-206 and five PCI slots 208-212 is shown. The PCI
subsystem 207 is comprised of the five PCI slots and the PCI
Host Bridge (PHB) 201. In this figure, the system is
divided into two partitions; Partition 207 includes
microprocessors 204 and 205, PCI slots 208 and 209, and the
PHR 201. Partition 203 includes microprocessor 206, PCI
slots 210-212, and the PHB 201. Note that both partitions

share the same PHB, which controls the partitioning of the
PCI slots.

With reference now to Figure 3, a more detailed block
diagram of an eight-processor partitionable computer system
in accordance with the preferred embodiment of the present
invention is depicted. In this diagram, eight processors

301-308 are shown connected in a symmetric multiprocessor

configuration, using a core chipset 320 which includes an



side bus to the nmenory subsystem 330,331 and to the I/O bus 350, Qh gg
i ncl udes address bus 327 and data bus 328. The core |l ogic also in $| UlaZUUZ
snoop filter 329 that is designed to limt the anmount of snoop transactions
bet ween the busses of any two processors. The central nmenory subsystem
330,331 is shown as two separate ports that can be accessed independently

and sinul taneously. The 1/0O bus 350 provides the capability of attaching a

hi gh nunber of PCl slots 314-317, in qgfder to support a scaleable high
performance system Up to four PCl Host Bridges 310-313 are supported, all
interfacing to peer PCl bus segnents. In the preferred enbodi ment, all PCl

sl ots have hot-plug capability. By integrating PCI Hot Plug control |ogic

and Partiti oidresisr Obnﬂ:ﬂgilféﬂ nzuhen&PHmtzSmnaiallemtzamahahhebl asion

circuits, which are FETs .in the prefersred ggbo i ment, can g used to

i sol ate PCl SAESTEA O+ i PERCLSROBS -1 Fari@8c Vi B ne hAdE eSEnPYP der to

i npl emrent flm ges8i aed 441 mrst BQ&QM@%ro@%@Erpariﬂxtﬂlﬁn pQéme@wdf romone to
all of the s% €m processors, from none PCl _slots 2 3

U U 2005 ‘e BRBbn SHrAnPEOPrgur e A VAR Hs G ot B nect ed vi a
PHB 310. Thegs®dencbude SCSI controller 340, LAN connection 341, and

graphi cs adapter 342. An | SA Bridge 343 is used to connect any legacy 1/0O
devi ces 344, which can include a keyboard, nouse, serial ports, parallel
ports, audio deviT@escoaeflqum/ 3@pi venter EPREMVEaghdPrrdesalort smérefbck, anong
others. Refeiddgutocfi x hg H90s Gem 330l IBE 0¥ 0, 1208} o bgidge whi ch
provides the capabl ty or S PCI” partitioning I n accordance
with a pref &t5%d w@nabbdumemde@r atildeeﬁw geent32Tnaedt fafe ibis BR8st r8hed. The
PHB 400 provies 1%59@91 SAYEIL sAYELes, rﬁ ¢ 1QUEbe @q:}?a&d g%yggned
transacti ons, occCu 31 rful t aneous| y 11 either rectl on t bound
transact i onstarlgmifi that FMpUnt af ageer oransRetioos bb.@tmm tieahitpge®i t her
fromthe corg | 0gi %wgoﬁ'rcp@é@ofrs()f eRe Odnd e GLABEy PLAG{SIQLSE38T 341 OM

anot her PHB forwardi ng a menory transaction in a peer to peer

appl i cation.id ri’é’&h’ﬁdaﬁr‘a‘f‘%ﬁﬁﬂaé%eapér?%ﬁtf}aé{ &arphe aF &S on the PCl bus
403, and di riastep@dnhenal ¢saisy iem menesysof. to PCl menory on a peer PCl bus
segnent behi nd anot her PHB. Anong other significant features, the PHB
provides PCl arbitration for all initiator agents on its bus segnent, hot
plug PCl live ingdet L60/pesBhd psoppdes , tlandaP@bisiby parttitkicbnhaga The PHB
i npl enent s ed e fgLr [ onse apsacti ons
initiated fror#kf UWFF%) %us an%%pgstgg4 %?eg%angaagu%ge ?)r ;rrr%sgcu ons on

i nbound transectdadmds haghipe i imapget festPd . by, toufpourRE Imdlvsty wites are
al ways post egl i ddQ WibL 683 &% AWRLARRLLY POSLEHerfactnd b Yeler2882  OF
deferred, and both I1/0O and nenory reads i nvoke a deferred response. The
deferred reslb‘éﬁs‘ségﬁ’@&% that the transaction is removed fromthe processors
in-order queue and placed in the deferred transaction queue, informng the
processor that t n i te a he PHB 400 wil |

pl ace the def errglgl 1'étl;%n %lg’%|Igrnn6d|,\llr(1a'frLlD ?mgr&t bgLung> r&egﬁ%ts ES’eue 426, and
when t he reaelorPIWg cerebahbibtt | &y eaﬁpgé@*elsrlq)r?CtIhéoPCIPleJ§orlttﬁélPHB will

deliver a defggiedidephytieiddedntirbhaibfd PIPGeeSenps o191 transaction
has conpl eted. | nbound nmenmory wites are al ways posted, and rrermry r eads

are del ayed. SEetEPdd iFPARERRR | TS UH Sy nBBLHY H€adETAeRhsth A SIRETPAB wi | |
pl ace the trafisatinen,i 6o bhé ufXd tonbeungcdbufdes1429 amch term nates the
PCl initiategrggégg%y%%lBg—giéggaction basis, in order to implement
fine-grained I/O partitioning. Each partition can own from
one to all of the system processors, and from none to all of

the PCI slots.



retry. The transaction is forwarded to the 1/0O bus 40l for read data and.
placed’'in the | nbound Request queue 428 until the PCl transacti 02|33JUL 2032
retried. Once the transaction is retried the PHB conpl etes the transaction
with data. O Bus Transactions |I/O Bus transactions initiated from one of

t he eight system processors wll include the resource address (1/0O or
menory), the bus transaction type information, and sideband signals 450,
called the Initiator Partition ID. These sideband signals are generated in
the core | ogic based on which processd® on the front side bus has initiated
the transaction targeted for the PCl, and identifies to the PHB 400 the
partition of which the initiator is a nenber. The front side bus (FSB)

requesting agent splue shothSini tt £Eilgat-at hpdabafiiduer TVy Qexsicddi tration
schene, which the core | ogic tracks to identify the ini gi a]tsor o%f every
front side cenBedtefvisoEsB131¢s TesRsiBET o Seidh CpRbEREY YT 349 assi gned

to a partitigan eafddredonysiis [ tgrhapbdfck DidaddwePaubiti an 192 isriageew
programmabl e register file incorporated in the core logic to support the

generation of48nhks sitrshdRdcenppalt KR¥RPERCEI T v davdchreddtt YHidV &efve
partitioni ngihechid GlasybbhedPardidd, 0RekPal eSSl phirhe1és sordd, gured at or

before systeminitialization,_ and but, may b nged during operation. The
core |ogi c WAPRLROHEH STt 8 ﬂ‘ép%’ér?gtrlé(feedal ﬁ)ﬁ}gt %n%Pﬁr f???otnmfeD si deband
si gnal s al ongleckh ddmoneothekstransaction onto the 1/0 Bus. The PHB 400
receives the initiator Partition ID sideband signals with the 1/0O Bus

transaction so as to deternm ne what PCl Slot resource on its peer PCl bus
segnent shoul d beRefrilieg &s Bigarmrerd shrenght@r ot dappared t Poh.homte PHB

i ncludes as paftigOfuiich Bebveant i iy alipaBispegersr RGbeShotsPad tadd on
Descriptor, whi c% j ncl udes the follow ng. progra ble i rmation, and is
confi gured aP2bFhEiHy %P&ﬁ??‘%’ﬁeal"‘ilgat f Fe%;‘?‘i&gt eﬁg?g’r?‘?rbth 9D for the
PCl sl ot Thethargesésdiar tiintvieanidbh suppdntssrbhtedn zero up to "n" partitions,
"n" being the nunber of processors supported in the system Each partition

can be assigned as few no PCl slots or as many as all of them A PCl sl ot
and all of its taFyetPHedOQr pesvidds [serdyahfi tedVsstagyrynedied one or nore

partitions atuaByudh Vel LinBunk/ & adMaoRLY AddiasisgResaul eesedeagde Range

Regi sters for, the PCl Slot . ‘ .
in either direction. Outbound transactions are initiated by
an agent on the I/0 bus 401, meaning either from the core
logic (on behalf of one of the eight processors) or from
another PHB forwarding a PCI memory transaction in a peer to
peer application. Inbound transactions are initiated by an
agent on the PCI bus 403, and directed towards system memory
or to PCI memory on a peer PCI bus segment behind another
PHB. Among other significant features, the PHB provides PCI
arbitration for all initiator agents on its bus segment, hot
plug PCI live insertion/removal support, and PCI slot

partitioning.

The PHB implements posted writes and deferred response
on outbound transactions initiated from the I/0 bus and
posted writes and delayed transactions on inbound
transactions initiated from the PCI bus. Outbound memory

writes are always posted, I/0 writes are.optionally posted



2. 3J UL 2002 13 The PHB uses these range registers to p05|t|vely decod@
address resources clainmed as a transaction target by the PCl s 03 t‘z

of range registers would include a starting (base) address and an endi ng
address. The I/O registers would support a m ninumgranularity of a
256-byt e assignable range fromthe system address map, while the nenory
regi sters woul d support a mninumgranularity of a 1MB assi gnabl e range
fromthe system address map. The nunbgr of non-contiguous address resources
supported per PCl slot require a mninmumof tw I/0O and two nenory range
regi ster pairs. These registers are used for positive decodi ng purposes in
order for the PHB to accept transactions initiated on the 1/0O bus, targeted
for a particotatefidr@egar bndilmoth TH® Rotll menony ceadst ionskensstdedecyrdbef or e
the PHB wil 'r@%ﬁdg &€l ¥racgept - and r'é@?@ﬁé‘é’ sard ttﬁager:hé Otfra!r{s@cl%’.gn

initiated outbo t'ransacti ons. low ng is referenced as a positive
partition reé%o‘?%“é"’(qulﬂ}fol“thmWﬁéofF abzRdegngueye apfd RYASeHydn

initiator Pathétdeferdrlddstdehedwts drolgqubhe, cikiforinkr ansalsfcbmsmsﬁ:haatch one
of the target. Partition, ID s, supported.b e PHB; Bus
transaction FRSOUFEEagddrBsEiyt/ H%ﬁ%?é s fEFF TR h@ ¢HdLaddr ess
range of a ppsadé vtﬂmedeleoidedediets:mmraetﬁangﬂht@slsmcoatbdumtxheqdustmatchl ng

target Partition, 02 19 I f one of .t ve condi.tiqgns are
ot et for 408143 e 2B TR GG ebadngE TEHE MBTRIEL T BT/ O Bus
transacti on, oanul@smlrrbushatharﬁjimmllPl—Belemrdlanglednrth@ Jtdr@}BtI@ ithet he

intended targgfy Jﬂ%gcg 8CL9§%§ {13z khe EP%{]&VI%W nh® LOMAIERE, a bus

transacti on watc cases where e software or the hardware
fails and |t1%<e@i%§mﬁéyw§bm@re| AlYpEh ROThEse A8daNBHRTY rEfisifct i on
timeout, theatordelB@dc V\Dal&iyé&rﬁ&%ﬁl@aati&ﬁgﬁin abmbhnbaféiad:ﬂln{eal’rﬁsponse

backtothe i Ltigti pr 0 front S|deg g]{)cﬂlow
sumari zes t {é] q?eerbglr?t gg JSricees |ssu an%ac'ilhon PA flts it oll?r?é)uln O Bus
initiated trhuﬁﬁ@:t i 4295 anidt heanpuslets \teepacrlinmarteslponsn$awndn rafcdr ence
to Figure 4. rgytbOUQHmP%rangaggh£F%s forwardéélt Q%% }50 bus 401 for

read data and is placed in the Inbound Request gqueue 428

until the PCI transaction is retried. Once the transaction

is retried the PHB completes the transaction with data.

I/0 Bus Transactions

1/0 Bus transactions initiated from one of the eight
system processors will include the resource address (I/0O or
memory), the bus transaction type information, and sideband
signals 450, called the Initiator Partition ID. These
sideband signals are generated in the core logic based on
which processor on the front side bus has initiated the
transaction targeted for the PCI, and identifies to the PHB
400 the partition of which the initiator is a member. The
front side bus (FSB) requesting agents use a distributed
rotational priority bus arbitration scheme, which the core

logic tracks to identify the initiator of every front side



Menory, wites are posted in the Qutbound Request Queue 426 and will then be
noved to the PCl Qutbound Buffer 427 once an entry is avail abl e.2 gthL 2002
transaction is renoved fromthe Qutbound Request Queue 426 at thi s {ineg.
The PCI Initiator/ Target Control logic 425 requests ownership of the PCl
bus when the transaction is placed in the PCl Qutbound Buffer 427 via the
PCT arbiter 421, and it also forwards the PCI Qutbound Initiator Partition
IDto the Partition Control Logic 423,for determ nation of what PCl sl ot
resources are nenbers of this partition and to have their correspondi ng PCl
slots) enabled. Al slots wthin a partition on the same PCl bus are

enabl ed, since sone devices nmay not be the intended target, but m ght
require to snsopranaasiidn.on$afbr propesddcilsapsdigned tim-aopdekitgoshadow
its context.gHe RO, Pardigd a0 cGoAtEs! log ¢.423ccoPas 65 bhaefC! Qut bound
Initiator Partition 1D agai nst the target Partition |ID for each PCl sl ot
attached to RUSSrpRRakRlParegederblisle PO rRbCEyER el @ ifadPedcdtR to PCI
arbi tration;sugperar bhé ejerdanttisnt be s didiebhadnex§namnersndeni ay1éhe
current transaction, buf it won't ta1l:<e ownership until it detects that the
PO bus i s idi%ePressnt HngvaE,PEC (LR dCBRRBE that i the
presently preferred enbodi nent, the PCl bus requires a mninmmof one idle

bus state bet WeeRntr gl ﬂoqp%gaiéﬁg%gt 2T %ari@nwﬁfimtedﬁ%tcggtenti on

occurs, so as to performfast ba L O- ack transactions. There are two
types of faRelozeksystoackitiatdzetions e Piedmpy PheP@Iespeurirgati on;
the first i ssppaeaaphl sheite Wiere achnstwills doacgetnboe thwe gemerantd
transaction~i s .t.he sa s, the_tar of , t [ ' | V. .previous wite
transacti on,ir}lﬁelaggéon rt?letcﬁ)lnr eIEsD fgg%b?%%t ggg-g?giﬁﬁk‘ylctglpgélee targets
guar ant ee noowafll tressastiay gotor Bhpohse Bisgnal s. The PCl Speci fication
requires that this second nmechanismcan only be supported via a
configuration bit iri the PCl Conmand regi ster. The presently preferred
enbodi nent requi F&§ FRAt4YhEesEdRa Hee i tSRtREY BRI b adiPed, but can
ZUDport thg sfji%e‘gfngfﬁgéﬂérﬁmwﬂtl&ﬁ&:gléaﬁk?tm;(@@:&%nfséaﬂﬁ@x@té&%% tg the sa(rjre
evi ce. . idle clock is.require a turnaroun
cycle to avd %tech‘rJrPSnV%%Eh%i%l&%erﬁ’ffu%lcgeen%n dt6pkegt ?%C?Iﬁémg sc'leaﬂﬁpgand
anot her agenthddgi bs dnabled) ashe seghal . ofTHdepitetrdered wniddiivent requires
an idle bus ploOGpbehWesHe £VAS Yalk¥Sokr fRS AR QR rSh L FfRl géﬁ%agl on
switches 410-414 are_enabl ed/ di sabl.ed during this tgr nar.ound cycl e,

i n-order to TTMpliemenfaf FheL Yt AISFEGTRPEPT paftith dRCAYOEF ot RV ERE sane
peer PCl buspmegrenitbldhenRamiattioon @oatiolcdndgigord43at noi ¢atfeset o t he PC
Hot Plug contyqle] qgiici Wi gh R slots are to be enabled on a

transacti on-by-transaction basis. The FET swtches are enabl ed during the
idle turnaround cl ock cycle prior to the PHB taking ownership of the PCl
bus. The PHB i ni tiag3iqes bheciiBH ipWEbkethé ansm@aGhiogn and the target device
on the enabled PCl slot receives the data. If data is not delivered to the
PCl target successfully, due to a PCl target abort, or parity error a
Machi ne Check Abaditte ThEARti Bageintdoat d. sQubdxdusndrbhOzenr o tigs tich&h"ar e
optionally d. e the R S ]E%;gq_r Wt es.
Qut bound I/%Q%lgvtﬁdcég%\ér'e %ot]?ona I?ylﬂnggg?‘?gd@f %}%@%Q%&l%dsz 2 1t)8édlll wites
are optional ¥§¢ dof%érefed FACk HRAHHBEINE RIS 1Aede2 226 WiCGT t hen be
moved to thesR3s Qit heundnPuid er1142¢ enee. arn et ¥lbs avaid@bler. ithe
transaction js_nat renoved fromthe Qutb Request eue 426 at this
e, but T eRETRE (15O RE ST dit OV ERECRr LY &5 e SEGipt o B Gif TRESPC bus
403 and t he PHB-YO®Nsagtdehy vereh &igeferred

I/0 and Memory Address Resources Decode Range Registers

for the PCI Slot




reply transaction on to the I/O Bus 401. The PCl Initiator/Targef Control

| ogi ¢ 425 requests ownership of the PCl bus 403 when the transacgidrJUd. 2002
pl aced in the PCI Qutbound Buffer 427 via the PCl arbiter 42l, and it al so
forwards the PCI Qutbound Initiator Partition IDto the Partition Control
Logi'c 423 for determ nation of what PCl slot resources are nenbers of this
partition and to have their corresponding PCl slots) 440-444 enabl ed. The
PCl Partition Control |ogic 423 conpar,es the PClI Qutbound Initiator
Partition I D against the target Partition ID for each PCl slot 440-444
attached to the PHB' s PCl peer bus segnent. The PCl arbiter 421 grants the
bus to the PHB and it takes ownership when it detects that the PCl bus is
idle. The FET switches 410-414 are enabled during the idle turnaround cl ock
cycle prior tot PHB_400 taking ownership. of the PC 3. PHB
initiates the I/ v%r??g ?%Sngtg’ftsl%orrlaﬁﬁ% ?%‘glst%éarrﬁet%d C\)/?igée&svoeéq/t ﬁglgﬁgbl ed
PCl sl ot recaidmssst hesdarees |fladaed s detjarnsasdirn thegFClby &hgetCI

successf ul | yz1 NNOr Mala cRORPE &3¢ AWt Regel s F £ BRI Yntidsactdtanthifg
returned. |If data is not deliveréd to the_ PCl targgtg};uccessfully, due to a

PCl target afkfie! 4A9psFFtINeAorrAE TSt %ed ? BRSNS
response phaseuM |duppbdtcatmeiiriar driaul ar ety espangseangtdvbcisinaabheck
Abort (MCA) is generated, 3 J L2002 19 t boun y or 1/0O Reads
are Def erred]fang%z °F %gf %%%?mAlaldgrrggﬁ T 'nswe{l(%ileoggeg?%@ erred in the
Qut bound Regtesist@rsuwon2d surbasit] b nhehuwe granedardty hef RCIIMBut bound

Buf fer 427 opeg ARt k¥ngs A Itakl 8ysThe {daRsachhgn | PhdGfunkeroyed from
t he Qut bound Request, eue 426 at this time, but remains_in the queue until

the read i s RIRPIBYEGUGHS 1 HEAFRES B5SOHB3C AntHHReS teARPAB P Ha s i%dsued a
def erred reptyquinansaatndonumi dth tvead /datad stiyppiregdrgntangderdgi@tBus 401.

The PCI 1 ni thador/ Targel £ontral- 425 a0Le FRAYERLE. oanaLshipof the PO

bus 403 when the transaction is placed nt und Buffer 427 via
the PCl ar bi PeFPUEE 1gngriier af¥o ther REPJSC t 3 tOarpeemtPi ti at or
Partition |IDifpttifiedPant theon/ oty Olkakggt &€d 46 faopadet elivdamaticon of what
PCl slot resources are nenbers of this partition and to have their
correspondi n%a’aat]sqndts) 440- 444 enabl ed. The PCl Partition Control |ogic
423 conpares the PCI Qutbound Initiator Partition I D against the target
Partition ID for gachR&hyshotc4td-ddssahhachad drokherPHEWS FE WRGEr bus
segnent. The PC] arhiter 421 grants the bus to the PHB and it takes

owner shi p whBASH e AL6°Phat ™ HESPEPIAE § sLATHSE. TPRel FETPi t ches

410- 414 are éenabletdwutbgubtdetiatsctuonar outite dlcddlowdygl €sprior to the PHB
taking owner sbip, gf-ddg PG ppy&i@%a@léﬁtwhtfe_agé%%stehmﬁfdfég ansaction and
the target device on the enabled PCI slot provides the data. If data is
read from t h8WPeeuRAFensaGEER%ful |y, normal conpletion with deferred
reply transaction and read data is supplied in the data phase. If data is
not_read from the,fOl, (Ardel s sHECRSSl Wil Bue 19 ALEL hargel ghort, or
parity error, the deférr & replryatransactlon S Tesponse phase w S indicate
a hard failure resporay dndnpaechioe MOvdcRappbreng MEALhestgeaet at ed. 2 37
UL 202 21 Positiye-padildnt 18Ms I &shyisd BPREhaspis t anget for PCl bus
initiated inbound transactions is significantly sinpler than fox Qutbound
transactions. The PCl bus initiator Partition IDis internally generated in
the PHB' s PCR.Ar bTherI/A2BusTheaP{licArdn treisod2de heirsisgndf 80 REX0: 4 and

GNTO: 4 connect ed pgj iyt duRei P17 i wifniWehBOWGqi o engdicabe Logic or

i sol ati on FETs 410-41@: to PCl slots 440-444, respectively. REQ:4 is the
PCl bus request |PPetiore siespdedsvesprcer éapeetiveidriadnd G\iD: WS s the PC
bus grant signal h&tchHirseashoetspadtiasersi gnals nust not be bussed nor

i sol ated, since the arbiter nmust be able to receive requests, grant

owner shi p, and ot herwi se check the status of each slot even when a given
slot is turned off and otherw se isolated fromthe PHB. The arbiter grants
the bus to the next owner during the current transaction, but the PCl agent
won't take ownership until it detects that the PCl bus is idle. The PCl bus
Initiator Partition IDis generated sinply based on which PCl Slot 440-444
is to be granted bus ownership and to which I/O partition it is a nmenber
of, based on the PCl Slot Partition Descriptor. The Partition Control |ogic
423 receives the PCl bus initiator Partition ID and conpares it with all of
the target Partition ID s supported by the PHB. All slots within a
partition on the sane PCl bus are enabled, in support of peer-to-peer
transacti on comuni cations. The Partition Control |ogic 423 indicates to
the PCI Hot Plug control logic which PCl slots are to be enabl ed. The FET
swi tches 410-414 are enabl ed




during the idle clock cycle prior to the PCl bus initiator taking owiership
of the PCl bus. Inbound Menory wites are posted. 23J UL 2033 liUL 0 2
Menory wites are posted in the PCl | nbound Buffer 429 and will then be
noved to the I nbound Request Queue 428 once an entry is available. The
transaction is renoved fromthe PCl |nbound Buffer 429 at this tinme. The
/O Bus or Initiator/Target Control 424 |ogic requests ownership of the I/0O
bus 401 when the transaction is placed,n the Inbound Request Queue 428.

The PHB initiates the nenory read transaction on the 1/0 Bus, once bus
ownership is granted, targeting either systemnenory or PCl nmenory on

anot her PHB. | nbound Menory Reads are Del ayed 2 3J UL 2002 23 Menory
reads, in this enbbdirentf, theealsapparngd thyns feradelodymdtt fansact i on
mechani sm as pegiLi [ fy gmgtae PC
SIG 2575 NE %a% ryn‘%%é t‘%g Ec‘*?%ﬁ%}% 9%%4"3%%3%%%%%% nI(r:or pgrgat ed by
reference. TREAPHE&HAN, RAHCHSELRe Ff(ﬁatbé§°’t11ii%s‘%ﬁﬁ |r6ﬁlfih‘f1‘é)r%t‘qf@n I4Rd pl ace

the inbound EREDIY #1RAd ntRhAedt taRfdt .| nbaunélo&lfﬂo@rlc4zgsaﬂsleter mnate the
PCl transaction with retry. The trans%ctlgn Wi | | ge m)ved to the

| nbound RequESTUALEME 438" SHRLSBH erft r%’i&%ﬁ‘it&&n wa e heBE

transaction [fsrremn/sedalferr@mthhescPﬂlwalrrebomnthU‘iafreiwaztEQfail$ hargd tiithe. The
/O Bus Init r.ge | lQgi 2 e i he 1/0
bus 401 \Ahenktgﬁgﬂtle;rsgr{g)act %Eh%g fa){ge CE/tllnét e I n oun k& Eﬁ&%%@&e 428.
The PHB i nit taresuthdheesore ?L‘é%lc twaRslaéeronr i ttﬁiégfeF C thiget ed for

ei ther systemnMENBE3pHsePEhcREEB Yhe AMGEibtiRG SRR} sGLAGH echd U omner shi p.
When the read, ata is returned, the PHB will rmaintain coherency of the data
in the I nbouRid ?Qek&usest Queue 428. \Wen the PCl bus agent again attenpts to
read the sanme nenory |ocation as the del ayed transaction, the PHB noves the

data into the PClp)abonnd, Bubf st 2 %ﬁet&’lf%ﬁdr‘éﬂsﬁgn%’é 85 YAy

conpl etes the delayed transacCtion on the PCl bus. stemlnitialization and
Conflguratloﬁy the "PHB for Outbound I/0 Bus initiated transactions with

a positive partition response, with reference to Fiqure 4.

Outbound Memory Writes




2,3 J UL 2002 29 A preferred nmethod to initialize and configure the
partitioned conputer systemis for the system s service pr ocessor2t3) J L 2002
establish the initial partitioning. The Partition Descriptor is initially
programed during basic systemconfiguration. In the preferred nethod, as
shown in Figure 6, after a power-on reset or hard boot (step 610), the
servi ce processor begins systeminitialization while the processors are
still held in reset (step 620). Anpbng ftshe tasks perfornmed by the service
processor is establishing the partitioning of the system Depending on
whether it is configured to use a default partitioning configuration (step
630), the service processor either uses stored information (step 640) or
obt ai ns the partiNdgmyyngrihéoramd iporstedt enathe RitpotindnReauaspeRaege (st ep
650). The sepy} I S i Sh i YeBR f @bt he system
(step 660) mﬁ?iﬁﬁfﬁéﬁgge28§ §§%g§%%%%§§ %?gtﬁ%§5&§gggﬁ %rogf;2§7the
partitioni ngoNes cihemitey €8 avilzdde-t | Bhe desrsastdenr &g Reave@sEEpm670) .
Then, the SYSLE M INIRGES REGuEL € i et 396( 8t € 88Q) me@NdrgaCHEPr ocessor t hen
operates within its assigned partition (step 690), using its assigned PCl

sl ots. Parti Inbpl s iTiapget Cortidl) logic242P rERiupsésPavRe¢tsioip PdsEhppt or,
as shown in Btguses SnenN€hldesa iafdeiloh0R s "BIRAIS AinP chBf pE B tdunkn this
tabl e, each sl ot ent%y contains single-bit flags to indicate which
partitions tBufffteHA’haiastbe Hel giddteratPl s|ad i§hahmo hEeB'agsisOtRe has an
entry with apgin@h@Rind TALt £y RANEEOA IH dhensysher tidie daklke1si ze is
dynam cally all ocated since the nunber of gartltlons is not fixed, but may
be set at sy5Peht ot forofebarmingtdreffr yhatl BT sd6fr ESPpINHISGTy 36 each
part Imta i on ?01‘{‘1&@5@155 ejft k@ sapa Pt itididiagat gﬂgh&\hattl'ieﬁ(i abefeépaalﬂmtngcur rently
a menber o t rtition, .or a 1", -indicating that that slot.is
currently a %gﬁﬁ%gﬁaﬁ)tﬁg?b%%?tifPéh?lﬁffhw}e:3?§h Srﬁég% %‘f?&ﬁfes 7A and
7B, sinplifiedné| st aref exadpd PBHBCpr sees steyviicgsavevredhde wheh a
preferred embpdinmnt wfgbhe presednd PLENLEONArHIPOWRahE e e rdet ai | ed
processes are as descri bed abov%%. Fi gure 7A(%$ows a processor-initiated
PO wite. AftBFTEHBUS0EE¥L6F HHitidtesOt ARAGRT tidS( SPBPEYBO0) , ThHenECPHB
receives thepwrtitidrequestolSiepi0fP3 avtlphhes itld ipalri ogtps@aessor' s

partition identj fier (step, 710), The .PH en_conpares,the tition
Paenti 11 or wiPhCEHE R SRR E SR AER 3PS P S Grtrt bl ot et ep 715).
The PHB tur nsaoh ¥F&hatilogsptéachedPCGlo ghet PHRLS ePPamteietri bas deswrdnst.or

indi cates that Efchel gngs btk samn® pakt bbb o AS Jdnhechbi 1 iddd1g processor
(step 720) and d] sahl es each PCl slot that does not belong to this

partition (sPEPPT2557€ Pi's tPsEIDMEXS RYPRE Prerdt (¢ EHbbEThent, through
the use of theakrEstisiowibuitniEigen'ec 4aklei nghéyshihemnmwmiilt etréeuests i s passed
to the target,RCl rQeviGe st ep ¥30) - 2 3J UL 2002 26 Figure 78 shows a
menory wite initiated by a PCl device. In this figure, after the PC
device initiates the wite (step 750), the PHB receives the request (step
755) and reads that PCl slot's partition descriptor (step 760) to determ ne
to which partition it belongs. After it has done so, the PHB enabl es al

the PCl slots which belong to that partition (step 7650 and di sables all
slots which do not belong to that partition (step 7?0). Finally, t"~e wite
request is passed by the PHB to the 1/O bus (step 775). Dynam c Sl ot

Assi gnnent The PCI slots can al so be assigned dynam cally, and can have
mul ti pl e owners. The follow ng description details the processes to
dynam cal ly assign and renove slots froma partition, both in the case of
excl usi ve slot ownership and nultiple ownership. Exclusive owership is the
case when a slot is owned by one and only one partition at a tine but the
sl ot can be dynami cally noved to another partition during run-tine.
Multiple ownership is the case when a slot can be owned by nore than one
partition at a tinme and a slot can be assigned and unassi gned from
partition ownership during run-tine.



Renmoval - Exclusive Ownershit~ 2 3J UL 2002 27 Wth reference now to
Ft gure’8A, when a partition decides that it no | onger requires omﬁ gﬂLﬂ_qnoz
a particular slot (step 800), the operating system selects the slot for
removal fromthat partition (step 805). The operating systemthen initiates
a hot-plug event which signals the beginning of a change on the I/0O bus
(step 810). The operating systemthen quiesces the device in the slot to be
renoved from partition ownership (step 815). This step includes conpleting
all pending work and preventing any néfv work fromoccurring to the device.
Once the device in the slot has conpleted all pending activity, the
operating system can choose to unload the correspondi ng device driver if

that device driver Lhonosongeieneeded £y G pokbekc fe\iteerFle operating

system t hen di sabl es th iceint slot via the configuration
registers (sPoEPent. | ghe A byt 6REULITRT gid BTN h RS AFdFai® ng t he

PCl Conmand ﬂ%ﬂéb@tw@éﬁstﬁ&sﬁl’c@ieﬂb the Jdﬁ\daﬁegf,l&f)mt{h'ﬁ’ thaitpati ng i n bus
activity. Dlsa gﬁthe eV|ce|sasafe ard_ to retott%%t the device is

i nactive in ‘i‘ﬂ‘e P PREYET 0t%% &5y KBAcKRS vé)t edfg(s)Fre iHe G5 SFRS fut ure.
Final | y, thetmoperatingssystitaneprogr ans tiresc ofr §8poned dig tol-backarti ti on

descri ptor 10 RIS ohbeapalldd 'b?ntﬁeowrﬁycﬁfgf:aﬁb@ng&k (step 825). This

conpl etes the renoval operation (ste Wiile this process is described
in ternms of %qwﬁésbsﬂeﬂh%yatﬁ@%ﬁé %t'farfg?esty§f’én1:h? HE&8e et i ons can be
performed bycwkaethen softmarsaanexeasuthagardehi oft bige paitddiaaalyn question.
This woul d incl ude an%bg%)hr]_p ri ate sowaare %agabl e of ort%t;%stfr g%l ng the

operation arftd et et es\?lccégn’ }ie FHU L 580 T8

back-to-back capable targets guarantee no conflicts on
target response signals. The PCI Specification requires
that this second mechanism can only be supported via a
configuration bit in the PCI Command register. The
presently preferred embodiment requires that the second
mechanism never be enabled, but can support the first
mechanism, fast back-to-back transactions to the same

device.



Addi tion - Exclusive Owmership Referring nowto Figure 8B, a process is
shown for adding an exclusively owned slot to a partition. Wen t@es J(y[_ ?0[]2
partition requires a slot (step 835), a slot is selected to be include '
into the partition (step 840). The operating system checks to determne if
the-slot is currently owmed or if the slot is unowned (step 845). This
check is perfornmed by reading the slot descriptor for the target slot. If
the slot is owned then the slot is not available for inclusion in the
partition so an error is indicated, sdéh as "Error slot not avail abl e"
(step 850). If the slot is not currently owned (available) then the
operating system may optionally choose to performa hard reset on the slot
(step 855). Perfama pgraidips trRkelsi sequidld Gy aheusgatdiaia helepesating
system can neke to-ensure that a devic% in the slot is reset and jnactive.
The oper at i Y Vs CORERERD B anEet ReL A FHs FEREF ndE Y3 farrtfPidn
descri pt or tand raclottiert hgest ddegimst Heipamg itHeosifsbep 863 pr@feeredie sl ot
iswithinth titio h i.C Lt hi LS. Vd.Sd o the
operating sys eozr%n:{ltme%; geéu%{se\%logd% %ée] éo%gcrk:ltblg%‘ﬁé%@sétvzérﬁyt g% initiates a
hot plug evemtangsicdhosi gathee tHEE Begliahlony BfltghehahbR it @¥e |/ O bus (step
865). The OPEXAhdq3usheld (RI- IR EnsReCUIAfAhb ByEQL, BUS dldkyerow thin
t he operating systeg) configures the adapter (devitce)_ and potentially the
bus (step 878Ypleamenthifdngomtaiiied FRé BBRFL GiATETY0AT pF IS ©1 ABrUdRES
assi gni ng nope&onddr BlikNge dmetitdue)rneesaut Cesor( @nieaDr YogiRaaes to the
devi ce. Cbnf%gurlng the bus nmeans that the bus driver examnes the entire
bus to det erFHEAESF FGuFat i ont ﬁié’rtaﬁéf‘%r%o%‘ifd’slpéf’ﬂéﬁsw?%sEiC&n§lPE§ources
W t hin ot heraxkewac s taabtedmrodatteahhecadsh-thyenrafsactiwm densiices. The
device is noyy Cqnly %W'%Qhé‘@dapé"e'daﬁﬁedtgﬁn k! @Qf_éyé& déo%ﬁs the
correspondi ng device &rlver or notifies an already |oade river that the
devi ce has belrladdedcandies & dicabHE takBy SIBEILsRP ok dMisl &€ds t he add
\%ﬁer ation (spep. 88&%_- dPR@”’DﬁﬁtLia_’té\!ﬂﬂth:e— ety Witk er etgﬁm@'hq}DWnPOtEEgure 9,
en a partifion decides that it n n requires.ownership of a
particul ar sttIsEY6607" ?qeé%§$ﬁﬁ§tg§£tﬁl%'§F8FlY%?I?Eﬁn A2 £ r o t hat
partition (sd&p 9GbnotTHeloperetd itreg thpsPen iatidetasascas Hibtllpt,uguevént which
signal s the beginniNge?f aBorhange RRitheet/Q RUNaCBERP Ak nHaeroperating

system then qui esces the device in the slot to be renoved frompartition
owner shi p (st&p*15) 9epRFatefep incl udes conpl eting all pending work and

preventing any new work fromoccurring to the device. 2 3J UL 2002 30
Once the device '&éb'&%ﬁﬁ' 990*\9?1%%”& %{Eegr@lép&%%‘!'lg? g&ééé’d el Rfle
operating system can chooSe to unl oad the correspondi ng device driver if

that device 8T%eFHE Fefporsfget HESPERILYCBMY dttHéeSdevi ce. A check is made
to determne if tharshold rgotidteLWiedobsi&mhmiI20berbirséde sl ot is not

mul ti-owned then the operating systemdi sables the device in the slot via
the PCl configuration registers (step 935). Here, ~~PCl disable" neans
programm ng t he PCl




Command Regi ster bits to prevent the device fromparticipating i aus
activity. Disabling the device is a safeguard to ensure an inactﬂb dHJLcEOUZ
in the event the slot is reactivated sonetine in the future. If the slot is
mul ti-owned then the operating system cannot disable the device since the
device is also active within another partition. Finally, the operating
system prograns the corresponding slot partition descriptor to renove the
partition's ownership of the slot (step 925). This conpletes the renoval
operation (step 930). Addition - Miltit8Omer Referring now to Figures 10A
and 10B, this is the nost conplex of cases since a currently active device
W th assigned resources (e. g menory addresses) is to be introduced onto
the bus (step 1049 ,Before, %‘E}o}églﬂ V&R %'& bg LH&'&P&%&{'& hin a
partition's bus segment a non- ¢ |ct| g con |gurat|on nmust be
est abl i shed.Raduegtc@uehectzhgrdewidd tGeer Bbatmoygdced bline PGThOushounden
errors will geer. 1 IS e cl uded
into the partition 5st0§c%dﬁzknﬁ$&§lgp%$%'%%8‘%ys?§%1€%§gi§9?%gd% ermne if
the sl ot is met reemolvgdofnen Wre iCutbheng| RequestuRoened4?6 sttexhic04). This
check s per{gdied, yréﬁﬁﬁhé‘gﬁ 10 LALLJOREIIPLRE LOEeLNS, tahek eSOt - I
er 0

the slot is owned en t rocess rocee ["ut1 on
descri bed bePhi tPﬁIréflér‘éQﬂ:eaqdo theglik 41QJB hajsf dehévered 4 sleferredrrently

owned (avai | gl t&'&ﬁ@a&@ﬁ%ﬁgcﬁ%acto' @ﬂesyi%gé%sn%lom pf@abdy choose to

performa hard reset ont t (step Performng a hard reset is a
pol i cy choi cknithigtoriBappet dtanigodydvehs c42p nekpiestsensursitipap ft hbecard is

reset_and i ngct e aBe,R0ET AL NGSXSLEMA AN HLOgLATR {fie £4T respondi ng

slot partition descriptor to |nc e sIo I'n e par T tion (step 1008).
Once the sl c@utlumd Bufifehe4Pardiat itba POE advites welhlamdrmi.aueb is visible

to the oper asfing, SKSLEM pdhco ARSIAL B BYSLAMINRDLLOKLLES chot plug

event which signals t egi nni ng of ange on bus (step 1010).
Because of tPrrtdddes Eenprekikqgics 4ﬁﬁliPro®wﬁﬁnmimptéPha9f|whatd@¢Kces whi ch

are active 'QMQQQQSBBQCQHréﬁghmﬂﬁkghtb@nt@ﬂg;ﬁﬁQ@ElBﬁréﬁ&L@mﬁkwedeV|Ce and
bus configuration nust take into special account visible (slots this

partition cameidc &Sy PR iRauTEd &éQFééé 44874 44perabiag: sydrceCat t enpts to

confi gure thesgemics &Bﬁﬂk@g 1date abangesp£ads abley pbe dBES UM t he
configuration re |sters of exclu5|veléﬁomned devi ces $§tep 1012) . O her

devi ces are THEatE@ agafFXEP Al GeehaRGekhf darget Partition ID for

each PCI slot 440-444 attached to the PHB's PCI peer bus
segment. The PCI arbiter 421 grants the bus to the PHB and
it takes ownership when it detects that the PCI bus is idle.
The FET switches 410-414 are enabled during the idle
turnaround clock cycle prior to the PHB 400 taking ownership
of the PCI bus 403. The PHB initiates the I/0 write
transaction and the target device on the enabled PCI slot
receives the data. If data is delivered to the PCI target
successfully, normal completion with deferred reply
transaction is returned. If data is not delivered to the
PCT target successfully, due to a PCI target abort, or
parity error, the deferred reply transaction's response
phase will indicate a hard failure response and Machine
Check Abort (MCA) 1s generated.



2 3J UL 2002 32 If a suitable configuration can be achi eved then the
device is now configured and on-line and the operating systentlo QE hﬁhzgoz
correspondi ng device driver or notifies an already | oaded driver

devi ce has been added and is available (step 1014). This conpl etes the add
operation (step 1016). If a suitable configuration was not achieved then in
a sinple case the operation would fail. However, in an advanced scenario a
cooperative effort is made between all owning partitions (and the operating
systens executing within them to establish a suitable and nutually
agreeabl e set of device configuration values (step 1018). If, in
cooperating, the operatlng systenms can reach a suitable set of devi ce
configuration vagu- &) step 1020). The
operating syste B5as gac—ot = : % before (step
1014), and the operatlon conpletes (step 1016) I f no cooperative
configuration can be achieved, then the operating system nust renove the
slot fromthe partition, by progranning the partition descriptor (step
1022), and signal an error that the slot could not be added (step 1029).
The cooperative effort between operating systens to determne a suitable
bus configuration requires that successive partitions de-assert device
ownership and retry bus configuration until either an acceptable
configuration is obtained or the de-assertion process is exhausted. 231
UL 2002 33 Referring nowto Figure 10B, the process reaches step 1026 in
the event a slot is already owned by another partition, neaning that the
device in that slot is already configured and operational. The operating
system checks to determne if the device within the slot to be added has a
conpati bl e set of configuration values (that is, non-conflicting resource




assignnents) (step 1026). This check is acconplished by either as '%gkﬁgﬁ
of the owning partitions (or operating systemexecuting therein) f 2002
configuration data or by retrieving the configuration data froma centra

| ocati on such as the service processor. The selection is inplenentation
dependent, and within the ability of one skilled in the art. If the
configuration values are conpatible then the operating systemthen prograns
the corresponding slot partition descriptor to include the slot in the
partition (step 1028). Once the slot 28 within the partition, any device
within the slot is visible to the operating system The operating system

then initiates a hot plug event which signals the beginning of a change on

the 170 bus (step,1030), The fowioe.l 5 00N £0ULLOW e 2108051 ne, and the

operating systemloads the corresponding device driver or notifies an

al ready | oadRfiudsityv @retpat2§ rndjeniléetihers dseanvadded Hred BCS Quabpabdie (step
1032). Thislggﬂﬁle at Lon, (st 104, ) L. 2002 34 |f
the device wi thin ?EZ é g%qggeﬁgggdggdﬂgggﬁ not hg%% %%%%%f%%k% 18

confi gur at i owtvalemevetihénon heheo Pathbiing Ramtestn Queeapids tag tbmki gure the
bus "around", the ti- device .Q3 1S, | ate the
configuratiJﬁhggegﬁkngﬁéﬁﬁ%fg}¥%%négé%%33gé9cgﬁ?i%%%%ffiﬁoggﬁgkgg fixed
and unchangeabltdie PCIt hits 4@t arculthei BB sifi¥c dedsisheed tshalefewrednfi gurati on
val ues are applied (3LgPe 1036); 3N Y LACIN DCRSS1EEGUIRS, GREY 3Yb0B, 8t Step
1028. If the reéglé%ﬁaggg%g?g%hot guccessfuﬁééﬁen the operat{on can simply
fail. In thetWdvadbedPeastnitiatosdparget Vommeednfiegukedicoredusshfl ar to

that in step,hQl&niks o2t tRADIEd St 883 1QR8) -thkl cERRPLL ALV 8 sRBeQREguUr at i on
succeeds then the configuration is applied and the process resunes (step

1036) . |If thEr CBepEFCat Putbpurst &3 Tryi 27 iferthaoPSTi 2 el teerc Rl ga@rdtion i s

avai | abl e, the Sl RAALEEONEAIHS BOEL&ME A% 1hEoF EPOFi®T cACEBr dbngl y
(step 1040). Note that in this conplex case an active card is included in
the partitiomPorfidftiftier qoridladicsicotd? gintatiPbRrPENGHetBY fithehat
Programm ng pdwe fatt irkkeir 885 Hidd@hbsPONES thi st Per Pl Oras ineodbdniesul t in

resource conflicts between the devices on e s. Muti-Omership
COnsideraticﬁﬁ?lr'f°§r§SEPEd?@béx”é§i°t(s) }Jb-4%% enabieé. The PCI

Partition Control logic 423 compares the PCI Outbound
Initiator Partition ID against the target Partition ID for
each PCI slot 440-444 attached to the PHB's PCI peer bus
segment. The PCI arbiter 421 grants the bus to the PHB and
it takes ownership when it detects that the PCI bus is idle.
The FET switches 410-414 are enabled during the idle
turnaround clock cycle prior to the PHB taking ownership of
the PCI bus. The PHB initiates the read transaction and the
target device on the enabled PCI slot provides the data. If
data is read from the PCI target successfully, normal
completion with deferred reply transaction and read data is
supplied in the data phase. If data is not read from the
PCI target successfully, due to a PCI target abort, or
parity error, the deferred reply transaction's responsé
phase will indicate a hard failure response and Machine

Check Abort (MCA) is generated.



When a device has nmultiple owners at the physical |evel special programm ng
consi derations are required. For contrast, an exanple of shari n92 ngEezeooz
at a logical level is a shared network printer. In the shared prinfter cas
there is still only one physical owner of the printer; the systemactually
wired to the printer via a parallel port cable. It is this server system
(the one cabled to the printer) that nanages and controls the physical
mani pul ati on of the device. Physical sharing, as opposed to | ogical

sharing, requires additional coordinatton between owni ng operating systens.
The operating systens nust ensure that access to the physically shared
device occur in discrete units. Discrete operations will vary dependi ng on
the nature of t h%o?tﬂﬁigg 149 on! PelPSnsas@rrh LEeE pt{aifl}te%r £exappre

di scussed previously, one discrete operation is a conplete print_job. An
active printbyodnitiated aned trangdanpl At Isef dall Bl aatdnd SpBBLES

i nt r?ducgd ttg}afrhgo‘ﬂe@hﬁﬁouﬂcf t%ﬂglgadhﬁ@ﬁglemgl_reo@c@oﬂ)?é smlcttiafcehl owed, both
print jobs w hecone_corrupt ed. e operating._s els, ca oose any
standard medrs¥ 18HsEPel%XHBﬁ%P@éI¥Wﬁ?§§W&ﬁdngiﬁ%edgg%Fbgggoperations

i ncl udi ng "trokenepadaing ' Tios Eilapedisenibones, sihhels ammocanshder ed wit hin
the abilities of one of skill In the art. Mbdifications and Variations 2
3JUL 20023’§"6°’1“h8f’8“%‘1?%‘?é OIS TFEeP Wy drSdi £ I'E B RSO A EE | ons

whi ch can beldqde oroikbeati &t lrpged4sysieas andcoresbots ado-taayt, departing
fromthe spirit and scope of the.invention. For exanple, il e the above
descri pti on %ﬁ%ﬁﬁﬁ§§¥§5¥he BRY% aﬁFoﬁh%fP%inqﬂﬁhéFgFegghﬁﬁ?%xEerﬁﬁggﬁonnect
(PCl') connectdmiusid, nrpapéd€ittary, thasentechnisquas, pcnausdigignthose of

exclusive partitioning and selective isolation of the slot connegtions, can
be appli ed t%lgé‘ar}u:%ﬁért F59i F%r°ent T%ﬁ%u?]@na;rscﬁ}lf‘ AU g’se g’h‘&s? st ens.
Further, in =it ersodiiced, eshodd et srbater mylst BPeEBabba te nesedvkor each

sl ot. Thus, %@{Tes%fs,tﬁ§aﬁpr&n%}%lig?aglg&l GHY 4EALKOD GRG0 D8
encount ered betause there is only one device (1.e. slot) per bus segnent

el i m nati ng $3& fded e¥eRoMsYdr §1HEBuRtPexistiungededf Eed ather“afi ati ons
in formand fdedidecareomnethai vy, Wrhbi arpierabkirhihty the angs sk lthed in the
art, and are expected to fall w thin t@et§§§§§%t9f t he g|éHéﬂ%CI a§ 3.J UL

2002 37 CLAIVE " WAZETi SUEHA g (S 1 Aot er "sy 2t en conpr ferng: a

plurality ofway'st dmker ovessehie uwiitiildétl delterts phararhe yPOF ysodéessi ng

partitions, eqch pafhll bt@Nohavimi@idktokenstt ARnSYHt e gdrcessdr and a
uni que partitjon descriptor; nory operatively conpected to

at | east one ne
be witten tO"MNd PEE6% PRI &Cd protettbidd? an FP OTHRFGIEePYEonnect ed
t 0 comuni cadenamdHipSand S8y SHEIMBIPIYOEsaptStion it is a member of,

based on the PCI Slot Partition Descriptor. The Partition
Control logic 423 receives the PCI bus initiator Partition
ID and compares it with all of the target Partition ID's
supported by the PHB. All slots within a partition on the
same PCI bus are enabled, in support of peer-to-peer
transaction communications. The Partition Control logic 423
indicates to the PCI Hot Plug control logic which PCI slots
are to be enabled. The FET switches 410-414 are enabled
during the idle clock cycle prior to the PCI bus initiator

taking ownership of the PCI bus.

Inbound Memory writes are posted.




a plurality of I/0O connections, managed by said I/O controller,

connection capable of being assigned to at | east one said proces r?gJ(]L 2002
partition; a plurality of 1/0O devices, connected to said |I/O connecti ons;
wherein said /O controller only permts comuni cati ons between system
processors and |/ O connections bel onging to the sanme~processing partition,
and wherein said |/O connections can be dynam cally assigned to or renoved
fromsaid processing partitions. 2. The systemof claim1, wherein when a
processor belonging to a given processi?dg partition is comunicating with
an 1/ 0O device, all I/O connections not belonging to that partition are
isolated fromsaid processors. 3. The systemof claiml1l, wherein said
isolation is acconplished using field-effect transistors. 2 3 J UL 2002
38 4. The systemof claim1, wherein said |I/O connections

si mul t aneous| y bXeBAEYt WA A PpaFed titoride BCI ALpbnHf &Uf§9§t 849
conprising: &g h&ast +ROR k§é’§r¥o§;@dpﬁz9c€1§§Qﬂ'nbo%nﬁeﬁ@&tyew@%EGQZbOof?@eWr' tten
to and read from sai d system processor; an |/ QO controller, connected to
comuni cat e &t RtEY; dS nevivklabded sEhg ‘io‘?ae’lfé‘§§éf’§ 13 nEenavede £5PMmokkae

peripheral devi a@boGRANEEeE & 1429CARTHIY £alike t Binsai b IFfd eentrol ler via
one of a plurality of device connections; wherein said systemperforns the

steps of recEHiAgoryRasgst qonbrednd? bl degic &°ABREES tOME BANiPeof 0tBRI d

peripheral dey ¢Rs 4b2Male s YHLPrRhOSEERM i1 sf BEEEYA NG dHE SAbLHuL4O
controller, a partition identifier corresponding to said system processor,
turni ng on &equesst QvaBe of2&%ai dhsl BRAI iritigtesoffecreeny, r&eé€ording to

whet her sai dGeRRRELHANSH b@{@rxgot Bud, U6 HREr bRALPHH NG & graatdgpartition
identifier; ande%asm ng said wite request tao_sai d device, wherei n sald /0O

connecti ons ¥ endyf E?%raﬁth&g‘sf“aﬂ%ﬁy tF SCLr BRBOEY G GRCLRRY BEB

corresponding to said partition identifier.
Inbound Memory Reads are Delayed




6. The system of claimb5, wherein said device connections are PCl %Lo 7.
The system of claim5, wherein when said device connections are tZr ehﬁﬂiﬂﬂﬂz
they are isolated fromsaid /O controller by a field-effect transistor.

2 3J UL 2002 39 8. The systemof claim5, wherein all said connections

whi ch do not belong to said group are turned off. 9. The system of claimb5,
wherein said device connections may simultaneously belong to multiple said
groups. 10. A conputer system conprising: a plurality of system

processors; at |east one nenory connected to be witten to and read from

said system processors: an I/O controller, connected to conmunicate with

said nenory and said processors; and at | east one peripheral device,

connect ed 10 COMMILEA G ALY 281 chid CuBBRLEGLL Caoll 3,B6; oLy BplurAl 1t of

devi ce connecti ons rein Ssard systen1per or i's receiving, in
said 1/0 confedhyed transagiésr nechatiisa ag %@ﬁkﬁ%ﬁ1hﬁoﬁh§a?@1dé0hce readi ng,

in said I/0 ggatipldMiod BRLLidbAN ﬂ%&CEth%I g, e3B980kR Gk hsal d device
connecti on turngrgé{“ 5866a8t one of said VICG connectlons accordlng to

whet her sai d°8e 1 oR el Iafys 28 QFEEQXH}Q9BFP8§6Bﬁ%]ﬁ@ to said

partition desefepémrs. t Dhei BEBOFf1lallatsai dldertTewonmensaonsomhi ch do not
belong to Sa&ﬁf&b&?&’@lorﬁ'}%psiééé‘% LERWOhE End RSP S ol PR S A € g4l ce to

sai d nenor
Inbound Buffer 429 and terminate the PCI transaction with

retry. The transaction will then be moved to the Inbound
Request Queue 428 once an entry is available, and the PCI
transaction is removed from the PCI Inbound Buffer 429 at
this time. The I/0 Bus Initiator/Target Control logic 424
requests ownership of the I/0O bus 401 when the transaction
is placed in the Inbound Request Queue 428. The PHB
initiates the memory read transaction on the I/O Bus
targeted for either system memory or PCI memory, once it has
been granted bus ownership. When the read data is returned,
the PHB will maintain coherency of the data in the Inbound
Request Queue 428. When the PCI bus agent again attempts to
read the same memory location as the delayed transaction,
the PHB moves the data into the PCI Inbound Buffer 429 so as

to respond with data, and completes the delayed transaction
on the PCI bus.

System Initialization and Configquration
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connection bpkgRps e altter a power-on reset or hard boot (step 610),
the service processor begins system initialization while the
processors are still held in reset (step 620). Among the
tasks performed by the service processor is establishing the
partitioning of the system. Depending on whether it is
configured to use a default partitioning configuration (step
630), the service processor either uses stored information
(step 640) or obtains the partitioning information
interactively from an operator (step 650). The service
processor establishes the basic memory map for the system
(step 660) which includes the locations of the PHBs and
programs the partitioning information to the partition
descriptor register (step 670). Then, the system processors
are started (step 680), and each processor then operates
within its assigned partition (step 690), using its assigned
PCI slots.

Partition Descriptor
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the number of partitions is not fixed, but may be set at
system boot. For each slot entry, a bit corresponding to
each partition contains either a “0“, indicating that the
slot is not currently a member of that partition, or a “1%,
indicating that that slot is currently a member of that

partition.

With reference now to Figures 7A and 7B, simplified
flowcharts of sample PHB processes in accordance with a
preferred embodiment of the present invention are shown (the
more detailed processes are as described above). Figure 7A
shows a processor-initiated PCI write. After the processor
initiates the write (step 700), the PHB receives the write
request (step 705) and the initiating processor's partition
identifier (step 710). The PHBR then compares the partition
identifier with the partition descriptors for each of its
slots (step 715). The PHB turns on (enables) each PCI slot
whose partition descriptor indicates that it belongs to the
same partition as the initiating processor (step 720) and
disables each PCI slot that does not belong to this
partition (step 725). This is done, in the preferred
embodiment, through the use of the FETs shown in Figure 4.
Finally, the write request is passed to the target PCI
device (step 730).
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can be assigned and unassigned from partition ownership

during run-time.

Removal - Exclusive Ownership
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removal from that partltlon {step 805 ).  The operating

system then initiates a hot-plug event which signals the
beginning of a change on the I/0 bus (step 810). The
operating system then quiesces the device in the slot to be
removed from partition ownership (step 815). This step
includes completing all pending work and preventing any new
work from occurring to the device. Once the device in the
slot has completed all pending activity, the operating
system can choose to unload the corresponding device driver
if that device driver is no longer needed by any other
device. The operating system then disables the device in
the slot via the PCI configuration registers (step 820). In
this context, PCI disable means programming the PCI Command
Register bits to prevent the device from participating in
bus activity. Disabling the device is a safeguard to ensure
that the device is inactive in the event the slot is
reactivated sometime in the future. Finally, the operating
system programs the corresponding slot partition descriptor
to remove the partition's ownership of the slot (step 825).

This completes the removal operation (step 830).

While this process is described in terms of actions
taken by the operating system, these functions can be
performed by any other software executing within the
partition in question. This would include any appropriate
software capable of orchestrating the operation and

effecting the devices.
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Addition - Exclusive Ownership

Referring now to Figure 8B, a process is shown for
adding an exclusively owned slot to a partition. When the
partition requires a slot (step 835), a slot is selected to
be included into the partition (step 840). The operating
system checks to determine if the slot is currently owned or
if the slot is unowned (step 845). This check is performed
by reading the slot descriptor for the target slot. If the
slot is owned then the slot is not available for inclusion
in the partition so an error is indicated, such as “Error -
slot not available” (step 850). If the slot is not
currently owned (available) then the operating system may
optionally choose to perform a hard reset on the slot (step
855). Performing a hard reset is a policy choice that the
operating system can make to ensure that a device in the
slot is reset and inactive. The operating system then
programs the corresponding slot partition descriptor to
include the slot in the partition (step 860). Once the slot
is within the partition the device within the slot is

visible to the operating system.
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The operating system then initiates a hot plug event
which signals the beginning of a change on the I/0 bus (step
865). The operating system (or more specifically a PCI bus
driver within the operating system) configures the adapter
(device) and potentially the bus (step 870). 1In this
context, the configuration process includes assigning
non-conflicting {unique) resources (eg memory space) to the
device. Configuring the bus means that the bus driver
examines the entire bus to determine configuration
parameters and perhaps reassigns resources within other

devices to accommodate the addition of a new devices.

The device is now configured and on-line, the operating
system loads the corresponding device driver or notifies an
already loaded driver that the device has been added and is
available (step 875). This completes the add operation
(step 880).

Removal - Multi-Owner

With reference now to Figure 9, when a partition
decides that it no longer requires ownership of a particular
slot (step 900), it designates that slot for removal from
that partition (step 905). The operating system initiates a
hot-plug event which signals the beginning of a change on
the I/0 bus (step 910). The operating system then quiesces
the device in the slot to be removed from partition
ownership (step 915). This step includes completing all

pending work and preventing any new work from occurring to

the device.
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Once the device in the slot has completed all pending
activity, the operating system can choose to unload the
corresponding device driver if that device driver is no
longer needed by any other device. A check is made to
determine if the slot is multi-owned (step 920). If the
slot is not multi-owned then the operating system disables
the device in the slot via the PCI configuration registers
(step 935). Here, “PCI disable” means programming the PCI
Command Register bits to prevent the device from
participating in bus activity. Disabling the device is a
safeguard to ensure an inactive device in the event the slot
is reactivated sometime in the future. TIf the slot is
multi-owned then the operating system cannot disable the
device since the device is also active within another

partition.

Finally, the operating system programs the
corresponding slot partition descriptor to remove the
partition's ownership of the slot (step 925). This

completes the removal operation (step 930).

Addition - Multi-Owner

Referring now to Figures 10A and 10B, this is the most
complex of cases since a currently active device with
assigned resources (e.g., memory addresses) is to be
introduced onto the bus (step 1000). Before an active
device can be included within a partition's bus segment a
non-conflicting configuration must be established. If a

conflicting device were introduced onto the bus then errors

will occur.
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(step 1002). The operating system checks to determine if
the slot is currently owned or if the slot is unowned (step
1004). This check is performed by reading the slot
descriptor for the target slot. If the slot is owned then
the process proceeds to Multi-Owner Resolution described

below with reference to Figure 10B.

If the slot is not currently owned (available) then the
operating system may optionally choose to perform a hard
reset on the slot (step 1006). Performing a hard reset is a
policy choice that the operating system can make to ensure
that the card is reset and inactive. The operating system
then programs the corresponding slot partition descriptor to
include the slot in the partition (step 1008). Once the
slot is within the partition the device within the slot is
visible to the operating system. The operating system then
initiates a hot plug event which signals the beginning of a
change on the I/0 bus (step 1010). Because of the added
complexity of multi-ownership (that is, devices which are
active in both the current partition and other partitions),
device and bus configuration must take into special account
visible (slots this partition can access) multi-owned
devices. The operating system attempts to configure the
device knowing that changes can only be made to the

configuration registers of exclusively owned devices (step

1012). Other devices are treated as fixed and unchangeable.
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If a suitable configuration can be achieved then the
device is now configured and on-line and the operating
system loads the corresponding device driver or notifies an
already loaded driver that the device has been added and is
available (step 1014). This completes the add operation
(step 1016).

If a suitable configuration was not achieved then in a
simple case the operation would fail. However, in an
advanced scenario a cooperative effort is made between all
owning partitions (and the operating systems executing
within them) to establish a suitable and mutually agreeable
set of device configuration values (step 1018). If, in
cooperating, the operating systems can reach a suitable set
of device configuration values then these values are applied
{step 1020). The operating system goes on to load or notify
the driver as before (step 1014), and the operation

completes (step 1016).

If no cooperative configuration can be achieved, then
the operating system must remove the slot from the
partition, by programming the partition descriptor (step
1022), and signal an error that the slot could not be added
(step 1024).

The cooperative effort between operating systems to
determine a suitable bus configuration requires that
successive partitions de-assert device ownership and retry
bus configuration until either an acceptable configuration

is obtained or the de-assertion process is exhausted.
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Referring now to Figure 10B, the process reaches step
1026 in the event a slot is already owned by another

partition, meaning that the device in that slot is already

configured and operational.

The operating system checks to determine if the device
within the slot to be added has a compatible set of
configuration values (that is, non-conflicting resource
assignments) (step 1026). This check is accomplished by
either asking one of the owning partitions (or operating
system executing therein) for the configuration data or by
retrieving the configuration data from a central location
such as the service processor. The selection is
implementation dependent, and within the ability of one
skilled in the art.

If the configuration values are compatible then the
operating system then programs the corresponding slot
partition descriptor to include the slot in the partition
(step 1028). Once the slot is within the partition, any
device within the slot is visible to the operating system.
The operating system then initiates a hot plug event which
signals the beginning of a change on the I/0 bus (step
1030). The device is now configured and on-line, and the
operating system loads the corresponding device driver or
notifies an already loaded driver that the device has been
added and is available (step 1032). This completes the add
operation (step 1042).
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If the device within the slot to be added does not have
compatible configuration values then the operating system
attempts to configure the bus "around" the multi-owned
devices (step 1034). That is, recalculate the configuration
keeping the multi-owned device configuration data as fixed
and unchangeable. If this recalculation succeeds then the
new configuration values are applied (step 1036) and the
process resumes operation at step 1028. If the
recalculation is not successful then the operation can
simply fail.

.

In the advanced case, a "Cooperative Reconfiguration”,
similar to that in step 1018, is attempted (step 1038). If
Cooperative Reconfiguration succeeds then the configuration

is applied and the process resumes (step 1036).

If the Cooperative Process fails, then no suitable
configuration is available, the slot addition fails and an
error is reported accordingly (step 1040).

Note that in this complex case an active card is
included in the partition only after a suitable
configuration is determined. Programming the partition
descriptor sooner in the process could result in resource

conflicts between the devices on the bus.

Multi-Ownership Considerations
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When a device has multiple owners at the physical level
special programming considerations are required. For
contrast, an example of sharing a device at a logical level
is a shared network printer. 1In the shared printer case
there is still only one physical owner of the printer; the
system actually wired to the printer via a parallel port
cable. It is this server system (the one cabled to the
printer) that manages and controls the physical manipulation

of the device.

Physical sharing, as opposed to logical sharing,
requires additional coordination between owning operating
systems. The operating systems must ensure that access to
the physically shared device occur in discrete units.
Discrete operations will vary depending on the nature of the
shared device. 1In the case of the printer example discussed
previously, one discrete operation is a complete print job.
An active print job must be allowed to complete before a
second job is introduced to the device. If this discrete
protocol is not followed, both print jobs will become
corrupted. The operating systems can choose any standard
means to ensure exclusive ownership during discrete
operations including "token passing" or shared semaphores,
which are considered within the abilities of one of skill in
the art.

Modifications and Variations




10HH 10HH! *3 109%4H& ()-' 109& ()-!y, 109& ()- i %, r SIWf S109& () - f 1Q%
%109 ()-m 10 10 10! SS10%&' ()-! @10%& ()- , D} oPIW10%& () - 3%40% ({f-@‘loaﬁﬂz
10CC 10CC! - 109%CC& () - ! y109%& () - S! f 109%4H& () - SAEOPIW 109&10%& () - @

109& ()-y3109& ()-f 109& ()-f109& ()- SL09%& ()-#9xmbCW 1098409 ()-Y 10 10

10. 109& () - 9- 109& ()-L*109%& ()- (109 () - % Gopqr uV7W10%& () - % 109%& () -G 10

10 10! f S109& ()-ff109%& ()-109& ()-3[ MP1W 10

36

There are, of course, many modifications and variations
which can be made to the disclosed systems and methods
without departing from the spirit and scope of the
invention. For example, while the above description
discusses the allocation of Peripheral Component
Interconnect (PCI) connections in particular, these
techniques, including those of exclusive partitioning and
selective isolation of the slot connections, can be applied

to a number of different computer architectures and systems.

Further, in alternative embodiments, a single PHB can
be used for each slot. Thus, some of the more complicated
configuration issues are not encountered because there is
only one device (i.e. slot) per bus segment eliminating the
need to configure around existing devices. Other variations
in form and detail are certainly within the ability of one
skilled in the art, and are expected to fall within the

scope of the claims.
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CLAIMS:

What is claimed is:

1. A computer system, comprising:

a plurality of system procéssors, divided into a
plurality of processing partitions, each partition having at
least one system processor and a unique partition
descriptor;

at least one memory operatively connected to be written
to and read from by said processors;

an I/0 controller connected to communicate with said
system processors;

a plurality of I/0 connections, managed by said I/0
controller, each I/0 connection capable of being assigned to
at least one said processing partition;

a plurality of I/0 devices, connected to said 1/0
connections;

wherein said I/0 controller only permits communications
between system processors and I/0 connections belonging to
the same processing partition, and

wherein said I/0 connections can be dynamically

assigned to or removed from said processing partitions.

2. The system of claim 1, wherein when a processor
belonging to a given processing partition is communicating
with an I/0O device, all I/O connections not belonging to

that partition are isolated from said processors.

3. The system of claim 1, wherein said isolation is

accomplished using field-effect transistors.
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4. The system of claim 1, wherein said I/0 connections may

simultaneously belong to multiple partitions.

5. A computer system, comprising:

at least one system processor;

a memory connected to be written to and read from said
system processor;

an I/0 controller, connected to communicate with said
memory and said processors; and

at least one peripheral device, connected to
communicate with said I/O controller via one of a plurality
of device connections;

wherein said system performs the steps of

receiving, in said I/O controller, a request to write
to said peripheral device, from a system processor;

receiving, in said I/O controller, a partition
identifier corresponding to said system processor;

turning on at least one of said plurality of
connections, according to whether said connections belong to
a group corresponding to said partition identifier; and

passing said write request to said device,

wherein said I/O connections can be dynamically
assigned to or removed from said group corresponding to said

partition identifier.

6. The system of claim 5, wherein said device connections
are PCI slots.

7. The system of claim 5, wherein when said device
connections are turned off, they are isolated from said I/O

controller by a field-effect transistor.
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8. The system of claim 5, wherein all said connections

which do not belong to said group are turned off.

9. The system of claim 5, wherein said device connections

may simultaneously belong to multiple said groups.

10. A computer system, comprising:

a plurality of system processors;

at least one memory connected to be written to and read
from said system processors;

an I/0 controller, connected to communicate with said
memory and said processors; and

at least one peripheral device, connected to
communicate with said I/O controller via one of a plurality
of device connections;

wherein said system performs the steps of

receiving, in said I/O controller, a request to write
to memory from said device;

reading, in said I/O controller, a partition descriptor
corresponding to said device connection;

turning on at least one of said device connections,
according to whether said device connection belongs to a
group corresponding to said partition descriptor;

turning off all said device connections which do not
belong to said group; and

passing said write request from said device to said
memory,

wherein said device connections can be dynamically
assigned to or removed from said group corresponding to said

partition identifier.
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11. The system of claim 10, wherein said device connection
is a PCI slot.

12. The system of claim 10, wherein when said device
connections are turned off, they are isolated from said I/O

controller by a field-effect transistor.

13. The system of claim 10, wherein said device connections

may simultaneously belong to multiple said groups.

14. A computer system, comprising:

a plurality of system processors;

at least one memory connected to be written to and read
from said system processors;

an I/0 controller, connected to communicate with said
memory and said processors; and

at least one peripheral device, connected to
communicate with said I/0O controller via one of a plurality
of device connections;

wherein said system performs the steps of:

assigning each of said plurality of system processors
to a processing partition;

assigning each of said processing partitions a
respective partition identifier;

assigning each of said device connections to at least
one of said processing partitions;

storing, in a memory, information identifying to which

processing partition each device connection belongs; and
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processors and device connections which do not belong to the
same processing partition,
wherein said device connections can be dynamically

assigned to or removed from said processing partitions.

15. The system of claim 14, wherein when a system processor
belonging to a given processing partition is communicating
via a device connection belonging to the same processing
partition, all device connections not belonging to that

processing partition are turned off.

16. The system of claim 14, wherein when said device
connections are turned off, they are isolated from said I/0

controller by a field-effect transistor.

17. The system of claim 14, wherein said device connections

can simultaneously belong to multiple processing partitions.



