2 0°0.00 16 10-5 . 2 1 MAR 200

1 g PCl SLOT CONTROL APPARAT y A o
CONFI GURATI"'GN FOR PARTI Tl ONED SYSTEI\/BR'% @X&Eﬂgﬁml\@]? t51e I nvention 1.

*Techni cal Field: The present invention generally relates to

mul ti processor conputer systens, and nore partigcal 0 resource

all ocation anong processors in a partitioned I?ﬂﬁﬂ%zm@sor system Still
‘nore particularly, the preferred embodinents relate to a system for
partitioning and allocating individual PCl slots in a nultiprocessor
conput er system 2. Description of the Related Art:

MA tiprocessor conmput epcsySiGcoRrRONEABPAFAGYS WiTH MaNaMIC
CONFIGURATION FOR PARTITIONED SYSTEMS

Background of the Invention

1. Technical Field:

The present invention generally'relates to
multiprocessor computer systems, and more particularly to
resource allocation among processors in a partitioned
multiprocessor system. Still more particularly, the
preferred embodiments relate to a system for partitioning
and allocating individual PCI slots in a multiprocessor
computer 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 I/O
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, symmetfic multiprocessor (SMP} systems
have been partitioned to behave as multiple independent

computer systems. For example, a single system having eight



art,' and “provi de for increased processing capability by allow ng processing
tasks to be divided anong several different system processors. In :
conventional systens, each processor is able to access all of the system
fesources; i.e., all of the systemresources, such as nenory and |I/0O

devi ces, are shared between all of the system processors. Typically, sone
parts of a systemresource nay be partitioned between processors, e.g.,
whi l e each processor will be able to actess a shared menory, this nenory is
di vi ded such that each processor has its own workspace. Mor e
recently, symetric nultiprocessor (SMP) systens have been partitioned to
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systems woul d«{ayg,dfis QMR eHiOAYofla hiGe OPE! &nNdopy of the operating
system, and may then be independently assigned tasks, or may
operate together as a processing cluster, which provides for
both high-speed processing and improved reliability.
Typically, in a multiprocessor system, there is also a
"service" processor, which manages the startup and operation
of the overall system, including system configuration and
data routing on shared buses and devices, to and from

specific processors.

When several virtual systems, in a single
multiprocessor system, are configured to operate as a
cluster, software support must be provided to allow each
cluster node to communicate with 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



system and may then be independently assigned tasks, or nmay operate
together as a processing cluster, which provides for both high-speed
processing and inproved reliability. Typically, in a nultiprocessor system
‘there.is also a service" processor, which nanages the startup and operation
of the overall system including systemconfiguration and data routing on
shared buses and devices, to and from specific processors. When
"several virtual systems, in a single miltiprocessor system are configured
to operate as a cluster, software support nust be provided to all ow each
cluster node to communi cate with each other node in the nultiprocessor to
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"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. In 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.



rel ativel'y easy to provide for resource allocation anong the processors.
Currently, however, there is a market requirenent for the ability to run
nore than one operating system anong the several virtual systens. For
‘exanplte, a user may wish to run a UNI X-variant operating systemin one
partition, and a "W ndows" based operating systemin a second partition.
This need presents particular problens related to resource allocation;
‘whi | e division of menory between partltﬁons in a nutiprocessor systemis
general 'y supported in hardware, the allocation of other resources, such as
Peri pheral Conponent |Interconnect (PCl) slots, is nmanaged by the operating

syStem Since the nmultiple parguMnfPSorBtEeagbelrergninni ng a di fferent
operating system there is a need for a neans to allocate systemresources

whi ch is not based on the operating system In particular, there is a need
for an operating spstienchesepardent Sl@jwﬂ oF ﬂheqb‘reaie!n@mﬁn@erst;d&trﬁmibr esource
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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.

The above-as well as additional objectives, features,
and advantages of the present invention will become apparent

in the following detailed written'description.
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4 SUMVARY OF THE | NVENTI ON It is therefore one
obj ect of the present invention to provide a systemfor the operation of a
mul ti processor conputer system It is another object of the present
Fnvention to provide a systemfor inproved resource allocation within .a
mul ti processor conputer system It is yet another object of the
present invention to provide a systemfor partitioning and allocating

i ndi vidual PCl slots in a multiprocessoP conputer system The
foregoi ng obj ects are achieved as is now descri bed. A system for
partitioning and allocating individual PCl slots within a Primary Host

Bri‘dge (PHB) i kr3ePapdiddipi8dn of the Drawings
The novel features believed characteristic of the
invention are set forth in the appended claims. The
invention itself, however, as well as a preferred mode of
use, further objectives, and advantages thereof, will best
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 exemplary 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;

FPigure 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;



conput er éysten1is provi ded. An innovative PHB systemis included which
allows a PCl slot to be dynam cally assigned to one or nore partitions at a
given tine, allowing for nore efficient allocation of systemresources.

The above as well as additional objectives, features, and advantages of the
present invention will becone apparent in the following detailed witten
descri ption. Bri ef Descrlptlon of the Draw ngs The novel
features believed characteristic of the®invention are set forth in the
appended cl ains. The invention itself, however, as well as a preferred node
of use, further objectives, and advantages thereof, wll best be understood

by ‘reference to the;gallom woagtélgmeggémrmﬁmeafp@ﬁ wrlilcsipative
enbodi ment when read”in conjunction with the acconpanyi ng draw ngs,
wher ei n: accordance with a preferred embodlment of t e present

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.



Figure 1"is a block diagram of an exenplary conputer systemin accordance
wth a preferred enbodi nent of the present invention; Figure 2

depicts a high-level block diagramof a partitioned conputer systemin
accordance with a preferred enbodi nent of the present invention;

Figure 3 is a nore detailed block diagram of an eight-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 5is a partition

descriptor table in accordance with a preferred enbodi nent of the present

I mfventi on; FlLgure | a : stem configuration proce
! p Lo e ddg 3 %&’&Q& ﬁ&b&’%%’ g process
in accordanc€ MLt & ?)rfe? erted enbodi ment of the present invention;

With reference now to the figures, and in particular

with reference to Figure 1, a block diagram of a data
processing system in which a preferred embodiment of the
present invention may be implemented is depicted. Data
processing system 100 may be, for example, one of the
desktop models of personal computers available from
International Business Machines Corporation of Armonk, New
York. Data processing system 100 includes processors 101
and 102, which in the exemplary embodiment are each
connected to level two {(L2) caches 103 and 104,
respectively, 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/O bus
112 to system bus 106, relaying and/or transforming data
transactions from one bus to the other. 1In 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
1/0 bus 112.

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

those skilled in the art will recognize that numerous



6 " Figure 7A shows a processor-initiated PCl wite in accordance

with a preferred enbodi nent of the present invention; Figure 7B
shows a nenory wite initiated by a PCl device in accordance with a
preferred enbodi nent of the present invention; Fi gure 8A shows an
excl usi ve- ownership slot renoval operation in accordance with a preferred
enbodi rent of the present invention; Fi gure 8B shows an

excl usi ve-ownership slot addition operdion in accordance with a preferred
enbodi ment of the present invention; Figure 9 shows a '

mul ti pl e-ownership slot renoval pperatidn i n accordance with a preferred
enbodi ment (ﬁ'vﬁpfa£¥63§eﬁke'E&égﬁﬂfgo;béﬂg in form and function. For

instance, data processing system 100 might also include a
compact disk read-only memory (CD-ROM) or digital video disk
(DVD} drive, a sound cérd and audio speakers, and numerous
other optional components. All such variations are believed
to be within the spirit and scope of the present invention.
Data processing system 100 and the exemplary partitioned
computer systems below are provided solely as examples for
the purposes of explanation and are not intended to inply
'architectural limitations.

Referring to Figure 2, a high-level block diagram of a
partitioned computer system in accordance with the preferred
embodiment of the present invention is illustrated. In this
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
PHB 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 compdter system
in accordance with the preferred embodiment of the present
invention is depicted. 1In this diagram, eight processors
301-308 are shown connected in a symmetric multiprocessor

configuration, using a core chipset 320 which includes an



Figures 10A and 10B show a nultipl e-ownership slot addition operation in
accordance with a preferred enbodi nent of the present invention.

7 Description of the Preferred Enbodi nent Wth reference now to
°the figures, and in particular with reference to Figure 1, a block diagram
of a data processing systemin which a preferred enbodi nent of the present
I nvention may be inplenented is depicted. Data processing system 100 nay
‘be, for exanple, one of the desktop nodel s of personal conputers avail able
fromlnternational Business Machi nes Corporation of Arnonk, New York. Data
processi ng system 100 i ncl udes processors 101 and 102, which in the

exempl ary erbogh BN cae-sRclt ARNGRl Sk, cbBYELL {310 36b2) ueashas 103 and

104, respectiv are connecte turn to a systembus 106.
connected to the processors 301-308 via an address bus

323,325 and data bus 324,326 crossbar. In the preferred

embodiment, these processors are Intel® Pentium II® class

processors.

The core logic 320 interfaces each processor's front
side bus to the memory subsystem 330,331 and to the I/O bus
350, which includes address bus 327 and data bus 328. The
core logic also includes a snoop filter 329 that is designed
to limit the amount of snoop transactions between the busses
of any two processors. The central memory subsystem 330,331
is shown as two separate ports that can be accessed

independently and simultaneously.

The I/0 bus 350 provides the capability of attaching a
high number of PCI slots 314-317, in order to support a
scaleable high performance system. Up to four PCI Host
Bridges 310-313 are supported, all interfacing to peer PCI

bus segments.

In the preferred embodiment, all PCI slots have
hot-plug capability. By integrating PCI Hot Plug control
logic and Partition control logic in the PHBs 310-313,
external isolation circuits, which are FETs in the preferred
enbodiment, can be used to isolate PCI slots on a
transaction-by-transaction basis, in order to implement
fine-grained I/0 partitioning. Each partition can own from
one to all of the system processors, and from none to all of
the PCI slots.



Al s6 conhected to systembus 106 is system nenory 108 and Prinary Host
Bridge (PHB) 122. PHB 122 couples I/0O bus 112 to system bus 106, relaying
and/or transform ng data transactions fromone bus to the other. In the
sexenp| ary enbodi nent, data processing system 100 i ncl udes graphi cs adapter
118 connected to 1/0O bus 112, receiving user interface information for

di splay 120. Peripheral devices such as nonvolatile storage 114, which nmay
‘be a hard disk drive, and keyboard/ poi i ng device 116, which may include a
conventional nouse, a trackball, or the like, are connected via an Industry
Standard Architecture (I SA) bridge 121 to |1/0O bus 112. PHB 122 is al so

connected to PCl slofs sgigﬂxav%ﬁi tll'{lg Pf?dxjel%ﬁe various! BoCX&MRIear y embodi ment
shown in Figure 1°7s provided solely Tor the purposes of explaining the
i nventi on andcthoseeskiviiheBHB Bli0he Bhesaniinclpde oifilz okl e r8us
- LAN connection 341, and graphics adapter 342. An ISA Bridge
343 is used to connect any legacy I/O devices 344, which can
include a keyboard, mouse, serial ports, parallel ports,
audio devices, a floppy drive, a CDROM, and a real-time

clock, among others.

Referring to Figures 4 through 6, an improved PCI host
bridge which provides the capability for slot-by-slot PCI
partitioning in accordance with a preferred embodiment of

the present invention is illustrated.

The PHB 400 provides separate request queues for
outbound and inbound transactions, occurring simultaneously
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. BAmong 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/O bus and
posted writes and delayed transactions on inbound
transactions initiated from the PCI bus. Outbound memory

writes are always posted, I/O writes are optionally posted



vari'ati ons are possible, both in formand function. For instance, data
processi ng system 100 m ght also include a conpact disk read-only nenory
(CD-ROM) or digital video disk (DVD) drive, a sound card and audio
*'speakers, and nunerous ot her optional conponents. Al such variations are
believed to be within the spirit and scope of the present invention. Data
proceSS|ng system 100 and the exenplary partitioned conputer systens bel ow
"are provided solely as exanples for thé!purposes of explanation and are not
intended to inply architectural limtations. Referring to Figure 2,
a high-level block diagramof a partitioned conputer systemin accordance
with the prefgpredenpqdi fent,th ()8 MELIRAbr Mafds 9Avbre id ldsgerated. | n

this figure, a conputer system 200 havi ng three ropyrocessors, (uP)
204- 206 and fFoePPEe-s| ghe rferred F%S@{%\%me%%él gﬁﬁs%ﬁrgr?lc é’?nl s
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m croprocessoﬁ 2‘%?4% 558825? M9G8 oS l%éh%& tggd %eé%ﬁ% %h%e
Partition 203thacttmeschicn oprldc bssoemPiEs.edPthtet ot Fhe1BHB 1400 akdlt he PHB
201. Note that, bot ar ks the
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initiating processor that the transaction has completed.
Inbound memory writes are always posted, and memory reads
are delayed. ‘Delayed transactions on inbound reads means
that the PHB will place the transaction into its.PCI inbound
buffer 429 and terminates the PCI initiated transaction with
retry. The transaction is forwarded to the I/0 bus 401 for
read data and is placed in the Inbound Request queue 428
until the PCI transaction is retried. Once the transaction

is retried the PHB completes the transaction with data.

I/0 Bus Transactions

TI/0 Bus transactions initiated from one of the eight
system processors will include the resource address (I/O 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



invention is depicted. In this diagram eight processors 301-308 are shown
connected in a symetric nultiprocessor configuration, using a core

chi pset 320 whi ch includes an 9
‘address controller 321 and data controller 322, which is connected to the
processors 301-308 via an address bus 323, 325 and data bus 324, 326
crossbar. In the preferred enbodi ment, these processors are Intel Pentium
I1[err] class processors. The cbtre logic 320 interfaces each
processor[err]s front side bus to the nenory subsystem 330,331 and to the
I/ O bus 350, which includes address bus 327 and data bus 328. The core

I]g)“gi c al s? ir&iy@ganaa%amn fhhﬁﬁr%&?@%s@b@tﬁ Sadiagheaeeb to pairiii tidhe amount
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programmable register file incorporated in the core logic to
support the generation of the sideband signals, which allow

the present innovative partitioning techniques.

The Partition ID register file is configured at or
before system initialization, and but may be changed during
operation. The core logic will concatenate the generated
Initiator Partition ID sideband signals along with the
normal transaction onto the I/O Bus.

The PHB 400 receives the initiator Partition ID
sideband signals with the I/O Bus transaction so as to
determine what PCI Slot resource on its peer PCI bus segment
should be enabled as a member of the targeted partition.

The PHB includes as part of its PCI configuration space a
PCI Slot Partition Descriptor, which includes the following
programmable information, and is configured at or before

system initialization.

Target Partition ID for the PCI slot

The Target Partition ID supports from zero up to "n"
partitions, "n" being the number of processors supported in
the system. Each partition can be assigned as few no PCI
slots or as many as all of them. A PCI slot and all of its
target resources can be dynamically assigned to one or more

partitions at any given time.

I/0 and Memory Address Resources Decode Range Registers

for the PCI Slot




is shown as two separate ports that can be accessed i ndependently and
si mul t aneousl y. The 1/ 0 bus 350 provides the capability of attaching
a high nunber of PCl slots 314-317, in order to support a scal eabl e high
per f or mance system Up to four PCl Host Bridges 310-313 are supported, al
interfacing to peer PCl bus segnents. In the preferred enbodi nent,
all PCl slots have hot-plug capability. By integrating PCl Hot Plug control
I'ogi ¢ and Partition control logic in thesPHBs 310-313, external isolation
circuits, which are FETs in the preferred enbodi nent, can be used to

I solate PCl slots on a transaction-by-transaction basis, in order to

i npl ement fine-grained I/O partitioning. Each partition can own fromone to

all of the system processors, and fromnone to all of the PCl slots.
10 The PHB uses these range registers to positively decode

address resources claimed as a transaction target by the PCI
slot. Each set of range registers would include a starting
(base) address and an ending address. The I/O registers
would support a minimum granularity of a 256-byte assignable
range from the system address map, while the memory
registers would.support a minimum granularity of a 1MB
assignable range from the system address map. The number of
non-contiguous address resources supported per PCI slot
require a minimum of two I/0 and two memory range register
pairs. ' These registers are used for positivé decoding
purposeé in order for the PHB to accept transactions
initiated on the I/0 bus, targeted for a particular I/O

partition.

The following conditions must occur before the PHB will
positively accept and respond as a target for I/O bus
initiated outbound transactions. The following is
referenced as a positive partition response (PPR) for

Outbound transactions.

1. The I/0 bus initiator Partition ID sidebands for the
current transaction must match one of the target

Partition ID's supported by the PHB; and

2. The I/O Bus transaction resource address (I/O or
memory) must fall within the address range of a
positive decoded resource target associated with the

matching target Partition.



Al so shown in this figure are various |I/0O devices connected via PHB 310.
These include SCSI controller 340, LAN connection 341, and graphics
adapter 342. An | SA Bridge 343 is used to connect any |egacy |/ O devices
344, which can include a keyboard, nouse, serial ports, parallel ports,
audi o devices, a floppy drive, a CDROM and a real-tinme clock, anong

ot hers. Referring to Figures 4 through 6, an inproved PClI host

bri dge which provides the capability fottslot-by-slot PCl partitioning in
accordance with a preferred enbodi nent of the present invention is
illustrated. The PHB 400 provides separate request queues for

out bound and i nbound bh@néa%ﬁ@%ovecewaﬂﬂgngl 5@@ trReads! ¥oi iy €i t her
direction. Qutbound transactjons are initiated %¥E5ﬂgge nt on the |/O bus

401, meani ng ePRHELYE BRFERELTbrEPERTL (3 BARA RES 0F0% He Qe P Yt
processors) or tfarmnc&ﬂohheand’lﬁsﬁmmﬁhdt ot hPECl PHER Meisy dingnsadthieon/On a

peer to peer g@l cat #&%&) c&arr apsachi eoggrgrfoﬁlry Thif:th by an agent on
rec

the PCl bus 40 and Towar s syst em nenor menory on a
peer PCl bus seguwinenigaki he mpement PHRusARsAYs ot tian sr§ahdes drimeteat ur es,

the PHB provi d§§r Fidseal hbrati sotwald diichbahOFn@GRNESsi 08 ddcS lbus
segnent, hot ge PCl live insertion/rempval support, and PCl slq

partitioning. ivesrRe PREPINAS -emtht TPbSt 685%w 3 é‘sb&ﬁdt’a@fsé"ttéﬂnr esponse

timeout, the core logic would forward a target abort hard
fail response back to the initiating processor on the front
side bus.

The following summarizes the different responses issued
by the PHB for Outbound I/0 Bus initiated transactions with

a positive partition response, with reference to Figure 4.

OCutbound Memory Writes




on out bound transactions initiated fromthe 1/0O bus and posted wites and
del ayed transactions on i nbound transactions initiated fromthe PCl bus.

Qut bound nenory wites are always posted, I/Owites are optionally posted
or deferred, and both I/O and nenory reads invoke a deferred response. The
deferred response neans that the transaction is renoved fromthe processors
i,n-order queue and placed in the deferred transaction queue, informng the
processor that the transaction will be &?mpl eted later. The PHB 400 w ||

pl ace the deferred transaction into its Qutbound request queue 426, and
when the read or wite transaction conpletes on the PCl bus, the PHB w ||

del i ver a deferred Naplry weitée drai bbatdddrPrasessiounbakedliest laRSaCt i On
e, dol ayed.  DAFBYRHR PridToEhYR difs TGReR B it FehGS EHRE PRERSE HeTpHe i |
pl ace the transacéiamn entlg i$saRGlabhoounthebtibbrsacddd@nand tenmavephttesmt he
PCl initiated H;anos %ti 0 ith JeLr Y, Z&e trtagfslacté.on i's éor ded to the
I/ O bus 401 for ?ea“g: (?éilpg gnﬁ%u?s %Végg % ath&PHhoodite REGTIES gueue 428

Initiator/Target Control logic 425 requests ownership of the

PCI bus when the transaction is placed in the PCI Outbound

Buffer 427 wvia the PCI arbiter 421, and it also forwards the

PCI Outbound Initiator Partition ID to the Partition Control

Logic 423 for determination of what PCI slot resources are

members of this partition and to have their corresponding

PCI slot(s) enabled. All slots within a partition on the

same PCI bus are enabled, since some devices may not be the

intended target, but might require to snoop transactions for

a particular device in-order to shadow its context. The PCI

Partition Control logic 423 compares the PCI Outbound

Initiator Partition ID agai%st the target Partition ID for

each PCI slot attached to the PHB's PCI peer bus segment.

No cycles are wasted due to PCI arbitration; the arbiter

grants the bus to the next owner during the current

transaction, but it won't take ownership until it detects

that the PCI bus is idle.



until the PCl transaction is retried. Once the transaction is retried the
PHB conpl etes the transaction with data. | /O Bus Transactions

I/ O Bus transactions initiated fromone of the eight system processors wl |
i hclude the resource address (1/O or nmenory), the bus transaction type

i nformati on, and sideband signals 450, called the Initiator Partition |ID.
These S|deband signals are generated in the core | ogic based on which
processor on the front side bus has initfated 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 agents use a distributed

rotational priorityrduhdibi Eé%&la %ﬁaenfn Ml BPeddi 160 kOBF& LT acks to

identify the |n|t|ator of everg front sid
12 embodiment, the PCI bus requlres a minimum of one idle bus

state between transactions, if it can guarantee that no
contention occurs, so as to perform fast back-to-back
transactions. There are two types of fast back-to-back
transactions defined by the PCI Specification; the first is
accomplished when a master's target for the current
transaction is the same as the target of the immediately
previous write transaction, the second requires that fast
back-to-back capable targets guarantee no conflicts on
target response signals. The PCI Specification redquires
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.



bus transaction. Each processor is assigned to a partition, defined by its
Partition ID. The Partition IDis a new programable register file
incorporated in the core logic to support the generation of the sideband
signals, which allow the present innovative partitioning techniques.

The Partition ID register file is configured at or before system
initialization, and but may be changed during operation. The core |ogic
will concatenate the generated Initiatot’Partition |ID sideband signals
along with the normal transaction onto the I/O Bus. The PHB 400
receives the initiator Partition ID sideband signals with the 1/0O Bus

trahsaction so as tghdeter Fhne sl P r %ﬁreﬁeﬁgtﬁ Ge1r@Rrbhid ReRI1ePEb bus
segnent shoul d_be, enabl ed as a nenber he t arget ed artition, T e PHB

incl udes as pafYoHt ‘?%epéflo’&o‘fﬁqqgﬁflﬁt ?% agspteSHe VPRI P
Descri ptor, whané anudhedeagéehe He@jlh@v\uﬂgvmg)g;mannﬂﬁﬂaa i nfrhe njmtemrealnd IS

conf i gur ed al grRELAE FHSHEMA Ut LALLAAN Morx petwedfALgELy A (11 on 1D

for the PCl slo 1on 1 Zzero up to
"n" partitionstramadigiong tshlecmﬁmensglamm@srsmlse%Lﬁﬂ@oﬂédalren the system

Each partition.gam be 4355908 LBSnkerhi9 Rifharound cycle, in-order to
implement fine grained PCI partitioning of slots on the same
peer PCI bus segment. The Partition Control logic 423
indicates to the PCI Hot Plug control logic which PCI slots
are to be enabled on a transaction-by-transaction basis.

The FET switches are enabled during the idle turnaround
clock cycle prior to the PHB taking ownership of the PCI
bus. The PHB initiates the memory write transaction and the
target device on the enabled PCI slot receives the data. IS
data is not delivered to the PCI target successfully, due to
a PCI target abort, or parity error a Machine Check Abort
(MCR)} is generated.

Outbound I/0 writes that are optionally posted have the
same PHB response as outbound memory writes.

Qutbound I/0O Writes are Optionally Deferred




slot$ or as many as all of them A PCl slot and all of its target resources
can be dynam cally assigned to one or nore partitions at any given tine.

| /O and Menory Address Resources Decode Range Regi sters for the
PCl Sl ot 13 The PHB uses
these range registers to positively decode address resources clained as a
transaction target by the PCl slot Each set of range registers would

I nclude a starting (base) address and al ending address. The |/ O registers
woul d support a mnimumgranularity of a 256-byte assignable range fromthe
system address map, while the nenory registers woul d. support a m ni num

granularity of a 1WBoagsi@nahle bafshnYTtRer ELAM AW RS uNBP. The
nunber of non-conti guous address resourcés supported per PCl slot require a

m ni mum of t woRqJUes ngueYR 4emePg Vhhigdheagpetigved to the PCI Outbound

Buffer 427 once an entry is available. The transaction is
not removed from the Outbound Request Queue 426 at this
time, but remains in the queue until the write is completed
on the PCI bus 403 and the PHB 400 has delivered a deferred
reply transaction on to the I/0 Bus 401. The PCI
Initiator/Target Control logic 425 requests ownership of the
PCI bus 403 when the transaction is placed in the PCI

- Outbound Buffer 427 via the PCI arbiter 421, and it also
forwards the PCI Outbound Initiator Partition ID to the
Partition Control Logic 423 for determination of what PCI
slot resources are members of this partition and to have
their corresponding PCI slot(s) 440-444 enabled. The PCI
Partifion 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 400 taking ownership
of the PCI bus 403. The PHR 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
PCI 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 Abert (MCA) is generated.



pai ¥s. 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
particular 1/0O partition. The followi ng conditions must occur before
.the PHB will positively accept and respond as a target for 1/0 bus
initiated outbound transactions. The followng is referenced as a positive
partition response (PPR) for Qutbound transactions. 1. The 1/ 0 bus
sinitiator Partition ID sidebands for the current transaction nust

mat ch one of the target Partition ID s supported by the PHB;, and 2.
The 1/ 0O Bus transaction resource address (I1/0O or menory) mnust fall
within the address range of a positive decodeig resource target

associ ated with tHaatboun eads @are; Rpterred.
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| f one off the above conditions are not nmet for a positive partition
‘response, the PHB will ignore the I/O Bus transaction, and assune that

anot her PHB residing on the /O Bus is the intended target. The core logic
has the requirenment to inplenent a bus transaction watchdog tiner, for
cases where the software or the hardware fails and it receives no response.
In such a case as a bus transaction tinmeout, the core logic would forward a
target abort hard fail response back to2d¢he initiating processor on the
front side bus. The followi ng summari zes the different responses

| ssued by the PHB for Qutbound I/O Bus initiated transactions with a

posi tive partition f§spange. bl &l £1EA 8 kO FIPYLCLAe outboungXUt boUNd

Menory Wites

Request Queue 426 and will then be moved to the PCI Outbound

’ Buffer 427 once an entry is available. The transaction is
not removed from the Outbound Request Queue 426 at this
time, but remains in the queue until the read is completed
on the PCI bus 403 and the PHB 400 has issued a deferred
reply transaction with read data supplied onto the I/0 Bus
401. The PCI Initiator/Target Control 425 logic requests
ownership of the PCI bus 403 when the transaction is placed
in the PCI outbound Buffer 427 via the PCI arbiter 421, and
it also forwards the PCI Outbound Initiator Partition ID to
the Partition Control Logic 423 for determination of what
PCI slot resources are members of this partition and to have
their corresponding PCI slot(s) 440-444 enabled. 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.



Menoty w'ites are posted in the Qutbound Request Queue 426 and will then be
noved to the PClI Qutbound Buffer 427 once an entry is avail able. The '
transaction is renoved fromthe Qutbound Request Queue 426 at this tine.
The PCI Initiator/ Target Control |ogic 425 requests ownership of the PCl
bus when the transaction is placed in the PCl Qutbound Buffer 427 via the
PCl arbiter 421, and it also forwards the PCI Qutbound Initiator Partition
1iDto the Partition Control Logic 423 far determ nation of what PCl sl ot
resources are nenbers of this partition and to have their correspondi ng PCl
slot(s) enabled. Al slots within a partition on the sane PCl bus are

enabl ed, since sompdevice,dmd igh Deddiect ThANISS LaEgRle i BNt

require to snoop transacti t1 cul eV| ce In-order to shadow
its context. Thus P@ntpatﬁﬁtimucéntxmsacdgp@sm denpiieantlie spoplent bound

I ni‘tiator PartigdipFokDodeidbiisi tirB8she¢Osls . Pa‘i‘ﬁé t?dl“bh@ {r-igach PCl sl ot
attached to the PHB' s PCl eer bus segnent. cycl es are, wast ed due to PC

arbitration; tiFEArPefP graitserpal sgecn(?rt"‘ﬁ%d ri‘éktthﬁwﬁ%l? HF5Ing t he
current transagtdider bBpi.i trhopct Adkiterwmaetshad sihblsiBeEgetseahd t hat the

PC bus is idlg, GNTO0:4 connected point-to-point, i.e., without intermediate
logic or isolation FETs 410-414, to PCI slots 440-444,
respectively. REQO:4 is the PCI bus request line for slots
440-444, respectively, and GNT0:4 is the PCI bus grant
signal for these slots. These signals must not be bussed
nor isolated, since the arbiter must be able to receive
requests, grant ownership, and otherwise check the status of
each slot even when a given slot is turned off and otherwise
isolated from the PHB. The arbiter grants the bus to the
next owner during the current transaction, but the PCI agent
won't take ownership until it detects that the PCI bus is
idle. The PCI bus Initiator Partition ID is generated
simply based on which PCI Slot 440-444 is to be granted bus
ownership and to which I/O partition 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.




It should be noted that in the presently preferred enbodi nent, the PCl bus
requires a mninmum of one idle bus state between transactions, if it can
guarantee that no contention occurs, so as to performfast back-to-back
transactions. There are two types of fast back-to-back transactions defi ned
by the PCI Specification; the first is acconplished when a nmaster's target
for the current transaction is the sane as the target of the immediately
previous wite transaction, the second ré&quires that fast back-to-back
capabl e targets guarantee no conflicts on target response signals. The PC
Specification requires that this second nechani smcan only be supported via
a configuration bit in the PCIl Command regi ster. The presently preferred
enbodi ment requires that the second nechani sm never be enabl ed, but can

support the first MEBRENI'SHteradre ReAtedolnakhe tBdnsaevrshPutéder nt2%ane
devi ce. and will then be moved to the Inbound! Request Queue 428 once

an entry is available. The transaction is removed from the
PCI Inbound Buffer 429 at this time. The I/0 Bus or
Initiator/Target Control 424 logic requests ownership of the
I/0 bus 401 when the transaction is placed in the Inbound
Request Queue 428. The PHB initiates the memory read
transaction on the I/0 Bus, once bus ownership is granted,
targeting either system memory or PCI memory on another PHB,

Inbound Memory Reads are Delayed




The PCl idle clock is required as a turnaround cycle to avoid contention
when one PCl agent stops driving a signal and another agent begins driving
the signal. The preferred enbodi ment requires an idle bus clock between
every .bus transaction, since FET isolation switches 410-414 are
enabl ed/ di sabl ed during this turnaround cycle, in-order to inplenment fine
grained PCl partitioning of slots on the sane peer PCl bus segnent. The
Partition Control |ogic 423 indicates to23he PClI Hot Plug control |ogic
which PCl slots are to be enabled on a transaction-by-transaction basis.
The FET switches are enabled during the idle turnaround clock cycle prior

tothe PHB taking J f the ' PHB.I Rj, L1 e nory
wite transaction gfrél@g%igi%a&%éeﬁndfé@gqeeg%ﬁd% %%n%ﬁegh}%%%t%ﬁo%pr te:fé%i ves
the data. It diftleved mbrnspgtigar vechanitsme apclefigagebystite &3 4I-Ly, due to a

PCI' target abofgeci®icReién)y afilhkbPe Machi REe GREClsTADOP§74 MEAKaltErgener at ed.
Qut bound 1/ 0O i% g th?L %Lg)ogﬁkﬁﬁﬁ%ty %ﬁségd havectheosqge EHB response
as out bound r;j‘vvFF gooro, nd2F/ BETRRY dOCFROTHS DRI Iy Deferred
reference. The PHB will latch all PCI bus transaction
information and place the inbound memory read into its PCI -
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/O Bus Initiator/Target Control logic 424
requests ownership of the I/O 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 Confiquration
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18 "1/Owites are optionally deferred in the Qutbound Request Queue
426 and wll then be noved to the PCl Qutbound Buffer 427 once an entry is
avai l abl e. The transaction is not renoved fromthe Qutbound Request Queue
426 at- this time, but remains in the queue until the wite is conpleted on
the PCI bus 403 and the PHB 400 has delivered a deferred reply transaction
on to the 1/O Bus 401. The PCl Initiator/ Target Control |ogic 425 requests
ownership of the PClI bus 403 when the tffnsaction is placed in the PC

Qut bound Buffer 427 via the PCl arbiter 421, and it also forwards the PCl
Qut bound Initiator Partition IDto the Partition Control Logic 423 for

deternination of Wﬂabré’%m%@&neftﬁ?&ut!&)%leislf%%asceﬁfﬁpﬁe RgEti tion and

to have their corresponding P 0-444 enabl ed he PClI Partition
Control |ogic m%ﬁﬁa‘ﬁe@?“tﬂﬁ’éepﬁyﬁﬁ%één&o? s &¥Y8FePL? t995V8ReI D agai nst

the-target Parﬁﬁdde@@okf}_é Qs tRdShsPQhes liat t440- ;fh%m&bﬁﬁli@d trpet he PHB' s PCl
peer bus seg The PCl_.arbiter othe PHB and it

t akes owner shi RﬂhgﬁoPtD%ﬁﬁﬁﬁﬂF rtﬁ%ﬁ“?%%%égy Qﬁﬁ?ragmeélé lﬂ?ébﬁ§+csmntches
410- 414 are emasiteth donfiguratdond| ein wheapoefekddowkthbyd) eespshownt ont he PHB

400 taking O“ﬁﬁkﬁggpe, after 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 pfocessor then operates
within its assigned partition (step 6980), using its assigned
PCI slots.

Partition Descriptor




of the PCl bus 403. The PHB initiates the I/Owite transaction and the
target device on the enabled PCl slot receives the data. If data is
delivered to the PCl target successfully, normal conpletion with deferred
reply transaction is returned. If data is not delivered to the PCl target
successfully, due to a PCl target abort, or parity error, the deferred -
reply transaction's response phase will indicate a hard failure response
and Machi ne Check Abort (MCA) is generat#d.

19 Qut bound Menory or 1/0 Reads are Deferred.

The Partition Descriptor, as shown in Figure 5,
includes partition membership information. 1In this table,
each slot entry contains single-bit flags to indicate which
partitions to which that slot belongs. Each slot, shown here
as 0:N, has an entry with a single bit for each partition in
the system; the table size is dynamically allocated since
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 PHB 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 ié passed to the target PCI
device (step 730).



&

20 "All read transactions are deferred in the Outbound Request Queue
426 and will then be noved to the PCl Qutbound Buffer 427 once an entry is
avai l abl e. The transaction is not renoved fromthe Qutbound Request Queue
426 at this tinme, but remains in the queue until the read is conpleted on
the PCI bus 403 and the PHB 400 has issued a deferred reply transaction
wth read data supplied onto the 1/0O Bus 401. The PClI Initiator/ Target.
Control 425 |ogic requests ownership of 26he PCl bus 403 when the
transaction is placed in the PCl Qutbound Buffer 427 via the PCl arbiter
421, and it also forwards the PCl Qutbound Initiator Partition ID to the
Partition Control i 3 e ] P ; Whate 4P I resour ces
are nmenbers of thiﬂél%g}g(rétié}%i%%&ésn% %‘gﬁﬁ}a}eyﬂlﬁgi Jr%lcorregpo dfn%EIPCI sl ot (s)
440- 444 enabl éevicthe Pl this tfiduss, CoftenltheoFE dvd ceoiphtEtash&hpCl

Qut bound | ni t,a% oL @%ﬁl Y500, 1{RA9RENSIcdiRR st BhdetefRRLE! (L& IfBsor each
PCl sl ot 440-444 attached to the PHB' s PCl peer bus segnent. The PCl
arbiter 421 gaadteeadsetbat RGO tsHetPrBrarid iipnt dkeeriphaer $ateP Wen e
detects that hBg.Rindys fidlRrtIBEFEL ShbaySS ARef1d als epab!l ed

during the idle turnaround cl ock cycl edlprl or to the PHB_taking ownership of

the PCl bus. TRe PMB AR ePRERS B FBAFTY £MSEE (TRIFIaREIPRE Y Artget device
on the enabl egdaP€itidrotispepV168S ahbeddediilesl b1l slots which do not®

belong to that partition (step 770). Finally, the write
‘request is passed by the PHB to the I/0 bus (step 775).

Dynamic Slot Assignment

The PCI slots can also be assigned dynamically, and can
have multiple owners. The following description details the
processes to dynamically assign and remove slots from a
partition, both in the case of exclusive slot ownership and
multiple ownership. Exclusive ownership is the case when a
slot is owned fy one and only one partition at a time but
the slot can be dynamically moved to another partiﬁion
during run-time. Multiple ownership is the case when a slot
can be owned by more than one partition at a time and a slot
can be assigned and unassigned from partition ownership

during run-time.

Removal - Exclusive Ownership




datd is read fromthe PCl target successfully, normal conpletion with
deferred reply transaction and read data is supplied in the data phase. If
data is not read fromthe PCl target successfully, due to a PCl target
sabort., or parity error, the deferred reply transaction's response phase
will indicate a hard failure response and Machi ne Check Abort (MCA) is
gener at ed. 21 Positive
“partition response (PPR) as a target fof?PCl bus initiated i nbound
transactions is significantly sinpler than for Qutbound transactions. The
PCl bus initiator Partition IDis internally generated in the PHB s PCl

Arbiter 421. The wthAE:Q't.".EFéncA@%oQaﬁo '%J_@esegﬁ%é}l anda M3 ¢h connect ed
e. | ate

point-to-point, i.e., wthout interme _ l'ogi ¢ or isolation FETs
410- 414, to P@ciles $hag0inuo Loagpecréamines ORERIFMAD 81t HPPHIPEATT equest

lihe for slot §lc§lt40(]'s4l;%§>’ sb6FPeGld Y’ﬁ%?%tﬁ’{?g SPNEER 4sd 1 deRet RO s yts f@rant

signal for these sl ot These si gnal t “"not be bussed nor isol ated,
since the arbremevatudironethpt coarpitéeri (atep 805). The operating

system then initiates a hot-plug event which signals the
beginning of a change on the I/O bus (step 810). The
operating system then qﬁiesces 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.



requésts, grant owner ship, and otherw 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,

Bbut 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 Sl ot 440-444 is to be granted bus ownership and to which 1/0 partltlon
it is a menber of, based on the PCl Sl ot?®Partition Descriptor. The
Partition Control logic 423 receives the PCl bus initiator Partition ID and
compares it wth all of the target Partition ID s supported by the PHB. Al

slots within a par{hdi Q3n00 RS SATR ngegﬁﬁﬂare enabl ed, in support of
peer -t o-peer transact artition Control |ogic 423
indicates to the PCl Hot Plug control logic which PCl slots are to be

endbl ed. The FET syif&has A40x4d4 Rabarens®) 6d pdueé sy ﬁéﬂ%nb%ef&é ock cycle
prior to the PCl bus initiator taking owner shi p of the PCl

| nbound Menor fOAiRg ean fxelyesvelly owned slot to a partition. When the 22
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
i1f 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 paftition (step 860). Once the slot
is within the partition the device within the slot is
visible to the operating system.



Menoty w'ites are posted in the PCl Inbound Buffer 429 and will then be
noved to the I nbound Request Queue 428 once an entry is avail able. The
transaction is renoved fromthe PCl |nbound Buffer 429 at this tinme. The
b/0 Bus or Initiator/ Target Control 424 |ogic requests ownership of the
|/ O bus 401 when the transaction is placed in the Inbound Request Queue
428. The PHB initiates the nenory read transaction on the 1/0 Bus, once. bus
ownership is granted, targeting either s2pstem nmenory or PCl nmenory on
anot her PHB. | nbound Menory Reads are Del ayed
23 _

The operating system then initiates a hot plug event
which signals the beginning of a change on the I/0O 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). In 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 8, 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.



Mendry réads, i n this embodinent, are supported by the delayed transaction
mechani sm as defined by the PCI 2.1 specification, available fromthe PCl
SIG 2575 NE Kathryn St #17 Hillsboro, OR 97124, and hereby incorporated by

creference. The PHB will latch all PCl bus transaction i nformati on and pl ace
the inbound nenory read into its PCl" Inbound Buffer 429 and termnate the
PCl transaction with retry. The transaction will then be noved to the

‘I nbound Request Queue 428 once an entry3fs avail able, and the PCl
transaction is renoved fromthe PCl Inbound Buffer 429 at this time. The
I/O Bus Initiator/ Target Control logic 424 requests ownership of the I/O

bus 401 when the S i . J.s:nl i Requ ue 428.
The PHB initiat estdt’n%g gg%m(?é;’lréeeaéﬁt %ﬁ%&(‘:}t@ i %ﬁgoén&?)%gelg?o Bug%tgg%gt ed for

either syst enr@EHEILY oEhPOPIREIRG, SHHEE CRRNEROYEe FOogPRHIAY s owner shi p.
w’etnh; h|enL gﬁgawé%p@g?ﬁ@wm%fngmﬁawﬁagmﬂ@ artederiency of the data
read the sanel?t%Qﬁf??eFSE te%r%ré's otRgr 2‘2?"&3?%@ % acﬁ%z:(}:(? ?g%af%g:logHgt Erg\r/rggstag
data into theq@drdimotindtiBeffiet 429mstiaowned (stspoR@0Wi t LHabhe, and
conpl etes t hesggilz aiyseglottr %{1] @fjgw%gdoghérpechgchpgygting 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

safequard to ensure an inactive device in the event the slot

is reactivated sometime in the future. If the slot is

multi-owned thén 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.



Syst‘em I nitialization and Configuration

24 A preferred nmethod to initialize and configure the partitioned
conputer systemis for the systenmls service processor to establish the
sinitial 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 service
‘processor begins systeminitialization Wwhile 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
partitioni ng i nf orfealiodn isnsekertady 6PyPe rigipladed potét Gge(gﬁ%'blt@% . The
SeTvi ce proce lis J, C R ftQr dbbereisd am (ste

660) which i niﬁg‘é%ﬁ%g | o?ggi%ﬁr%ag?ﬁ hse PHBsxgﬁ%psprqgrarrs t he ar'gi ti gni ng
i nformati on t éhehelofaritsi chgpently 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 resét 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 partitionms),
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.



deséri ptor

(step 680),
(step 690),

+25

‘Each sl ot

regi ster (step 670). Then, the system processors are started

and each processor then operates within its assigned partition

using its assigned PCl slots.

Partition Descriptor
The Partition Descriptor, as shown in Figure 5, includes
partition nmenbership information. In this table, each slot entry contains
single-bit flags to indicate which partitions to which that slot bel ongs.
shown here as ON, has an em2y with a single bit for each

partition in the system the table size is dynamcally allocated since the
each

nunber of partitions is not fixed, but may be set at system boot.

slot entry,

I'S no nber of that artltlon

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 cooperatiﬁe 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 gpplied
(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.

For

a bit %Ogrs.flpc%% I n oﬁﬁf&%lﬂﬂgﬁlrédr} 'b%naEHfé@é&‘sth%ht bge a "O',

i ndi cating that t e sl
"1", indi cat idryichais tieH @M@gusect@mﬂeﬁ@wlre? RefpEhe o‘?petnr?é:ﬂnﬁart i tion.

or

a



Wth reférence now to Figures 7A and 7B, sinplified flowharts of sanple
PHB processes in accordance with a preferred enbodi nent of the present

i nvention are shown (the nore detail ed processes are as described above).
*Fi gure 7A shows a processor-initiated PCIl wite. After the processor
initiates the wite (step 700), the PHB receives the wite request (step
705) and the initiating processor's partition identifier (step 710). The
‘PHB then conpares the partition identif3®r with the partition descriptors
for each of its slots (step 715). The PHB turns on (enables) each PCl sl ot
whose partition descriptor indicates that it belongs to the sane partition

as"the initiating_processor (step,..720 di,sabl ch PCl _sl t hat does
not belong to thi 513855?{1-1}91 il (%?e%lgﬁjﬁ ieghi%hel gn:g%ﬁ%g l|hen“’lct K& ﬁgé?er red
enbodi nent, tiv2sudgh the ewsmtoh shet BEETslshadn dwmeli uranothefE nal |y, the

\évgi ter equeapair%ip.%gg,e‘dméa itn%ethg{ g&}e Bgllgg V:inc%hgﬁt gfotj 3}95) 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).



Figure 7B shows a nenory wite initiated by a PCl device. In this figure,
after the PCl device initiates the wite (step 750), the PHB receives the
request (step 755) and reads that PCl slot's partition descriptor (step
=760) -.to determne to which partition it belongs. After it has done so, the
PHB enables all the PCl slots which belong to that partition (step 765) and
di sables. all slots which do not belong to that partition (step 770).
"Finally, the wite request is passed b3 the PHB to the 1/0O bus (step 775).
Dynami c Sl ot Assi gnnent The PCl slots-can al so be assigned

dynam cally, and can have nultiple owners. The follow ng description

details the procesges,t o dxnam eally A3sLof A LECIBYE: Y QLS nbE oML
partition, both ifA the case of "exclusive sIot ownership and nul'tiple
owner shi p. BEecrmpstielowmsridhiipation valvasethdiethg sporatingowrietemy one and

orfly one partidiie@ptratt & donFeghipé 4He bokOtafaithdre te¥ N wialdwnegoved to
another partition during run-tinme. Miltiple omnershlékés the case when a
sl ot can be Slvégey HaR 10R4N- ot ar fr t TRFF 1G] TR SRBLAIUFBEIThn be
assi gned and wassh oned ffu1em-pakdd tdedl ceVbsr SiuR aduéh Nk tfal Ast EiRed
Renoval - Excl usive CMnerﬁhlp _ X

and unchangeable.”. If this recalculation succeeds then the

new configuration values are applied (step 1036) and the

process resumes operation at step 1028. TIf 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). 1If
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




27 ¢ * Wth reference now to Figure 8A, when a partition decides that it
no | onger requires ownership of a particular slot (step 800), the operating
system sel ects the slot for renmoval fromthat partition (step 805). The
.operating systemthen initiates a hot-plug event which signals the

begi nning of a change on the I/0O bus (step 810). The operating systemthen
qui esces the device in the slot to be renoved frompartition ownership
»(step 815). This step includes conpletinag all pending work and preventing
any new work fromoccurring to the device. Once the device in the slot has
conpleted all pending activity, the operating system can choose to unl oad

t he correspondi ng_device driver if that .device driv i n eeded
by any other devi & ?nmed%‘ﬁﬁeag‘ﬁﬁd“!{}s’tp&ﬁ] ?H%%rsdiagagﬁgsg?iﬂéédggvgg{e’e?n t he
slot via the s¥dciadnprggratniony cegs'sd&aras:iéstsepr@mﬂu}rﬂdt hiBprcont ext, PCl
disabl e means,programm, nd. L e, RCL  Cmmand Regbol&d b hS144idyeyentlt he

device fromparticipating 1n bus activity. D sabhling the device is a
saf equard to EhsursdarpdtneorkePrebtes: | dactheeSharChRrREH BFE slot is

rﬁacti vat ed Sg&@tei IIle, 581t heorf1yt Bhe. piydidially owhéie cfpehat prinisyyst éhepr ogr ans
t he correspondi sl o titio esGriptor.to remve t: rdddei on''s
owner shi p of Wﬁencgeé‘\ SFICng%b ‘@2?}} g?h'fcrée E5BEet 54 ﬁe%P%erft}/a Foperation
(step 830). 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




VWhiFe this process is described in ternms 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

.sof tware capable of orchestrating the operation and effecting the devices.
28 Addi tion - Exclusive Oanership Referring now to Fi gure 8B,
a process is shown for adding an exclusively owed slot to a partition.
"When the partition requires a slot (step6835), 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 ig per fof med by, teading, | hqshals JBACI L Qarhiaksbhie Lar get

slot. If the slot i'S not aval e for inclusion
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 Peripherél 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 ﬁsed 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

scopé of the claims.



-

i'n the partition so an error is indicated, such as "Error - slot not
avai l abl e" (step 850). If the slot is not currently owned:(avail able) then
t he operating systemnay optionally choose to performa hard reset on the
-sl ot (step 855) Performng a hard reset is a policy choice that the
operating systemcan nake to ensure that a device in the slot is reset and
i nactive. The operating systemthen prograns the correspondi ng slot
*partition descriptor to include the sloB7in the partlﬂ,m once
the slot is within the partition the device W|th|n th U nﬂ“ﬂmﬁme

the operating system

operating systemthen initiates a hot plug event which S|gnals t he

begi nni ng of %P%ﬂﬁhge on the 1/0O bus .(step 865). The operating system (or
nmore specifi cahdty iz BPChilbes ib:i ver within the operating systenm) configures
t he adapter (device) and potentially the bus (step 870). In this context,
the configuration process includes assigning non-conflicting (unique)
resources (eglnendkcompate) systehe 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/0 controller connected to communicate with said
system processors;

a plurality of I/O connections, managed by said I/O
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 I/O
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 partitioms.

2. The system of claim 1, wherein when a processor
belonging to a given processing partition is communicating
with an I/0 device, all I/0 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.



device. ‘Configuring the bus rrem—bﬂi%du ver exam nes the entire
bus to determ ne configurati mm rhaps reassi gns resources
w t hin other devices to acco -u. "m ﬂ!g% of a new devi ces.

.The device is now configured and ofi- | Fner ts perating system | oads the
correspondi ng device driver or notifies an already | oaded driver that the
devi ce has been added and is available (step 875). This conpletes the add
coperation (step 880). Renoval -3%ulti- Oaner Wth 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

renmoval from } hat r n (st ). ..The. opeLr. ste dnitiates a
hot - pl ug even{ T?]% gygtgl?sifﬁgg egji‘snr‘ﬁhr?ﬁe%) %;IIZQe onnetché PRI Bs (step
910). The ope$mu1¢gn§y§$3e§mheﬁ@ngqm eisd@spﬂhepwtaensn the slot to be

renoved frompartition ownership (step 915). This step includes conpleting

all pending work and preventi n% any new work from occurring to the devi ce.
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/0 controller via one of a plurality
of device connections;

wherein said system performs the steps of

receiving, in said I/0 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/0 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.



30 °° * Once the device in the slot has conpleted all pending activity,
t he operating system can choose to unload the correspondi ng device driver
i f that dewiee—eriver—is—no1onger needed by any other device. A check is
-made to det myme |f the slot is multi-owned (step 920). If the slot is not
mul ti-own ﬁﬁ :ﬂg' |ng system di sables the device in the slot via
Cl

t he PCl sters (step 935). Here, "PCl disable" neans
progrann1ng t he Cowwand Regi ster bi 88 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 sonetine in

tie future. b thendl b sts, B8 hatiined JiiedshherORakal Loghssslam cannot

di sabl e the deV|ce S|n e device So active wthin another
partition.  which gonabtybeldyw épepatd rﬁijWsﬁe%tﬂ%ré@@aﬁEft he correspondi ng
slot partition descriptor to renpve the partition's ownership of the slot
(step 925). This conpletes the nempval gperation {oeRd3Wnections

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.



Ref érring now to Figures 10A and 10B, this is the nost conplex of cases
since a currently active device with assigned resources (e.g., menmory
addresses) is to be introduced onto the bus (step 1000). Before an active
-device can be included within a partition's bus segnment a non-conflicting

configuration must be established. If a conflicting device were introduced

A [T

1002). The operating system checks to deternmne if the slot*i$ curre
owned or if the slot i's unowned (step 1004). This check is perforned by

reading the s SCI’I t or f r the target slot. |f the slot is owned then
t he process ph tee gpf\'ﬂ“t‘? SR h%‘sgf CoR TRkt Cdedae beP e hiieR
reference to EsgarecIl@BRot.

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/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 partitioh;

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 iaentifying to which
processing partition each device connection belongs; and



If the slot is not currently owned (avail able) then_the operating syste
may optionally choose to performa hard reset on the ste 100
Performng a hard reset is a policy choice that the ﬁl&w w can

.make to ensure that the card is reset and inactive. tem
then programs the corresponding slot partition. descrlptor to include the
slot in the partition (step 1008). Once the slot is within the partition
-the device within the slot is visible taithe operating system The
operating systemthen initiates a hot plug event which signals the

begi nning of a change on the 1/0 bus (step 1010) Because of the added

conpl exity of rrultl-ovmersh{mﬁrs t hat, devi ce ich are active jn both
the current parti tPHiFH9d PR fl'?ll% ts‘jeendéw eé“é’rﬁ?cﬁﬁoﬁ?)rﬁq uration
nmust take i nt despeeianmectduns balinglisg (¢ dihe bhns grardeissing can access)

mH ti - owned d?ﬁkﬁfélonTh%napﬁéé‘Bé gést 2 t%&%ﬁ@%ﬁs b0 GRAL QUL &t he device

know ng t hat anges can on e con uration r gi sters of
excl usi vel y oRBegesesscesnd( Q?WGLGPZPGCGW wgégh notebeleng ¢ &def i xed

and unchangeakhfie processing partition, 32
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 turnhed off.

16. The system of claim 14, wherein when said device
connections are turned off, they are isolated from said I/O
controller by a field-effect transistor.

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

can simultaneously belong to multiple processing partitions.



| f sa sud tabl e configuration can be achieved then the device is now
configured and on-line and the operating system | oads the correspondi ng
device driver or notifies an already |oaded driver that the device has been
_ added and is available (step 1014). This conpletes the add operation (step
1016) . If a suitable configuration was not achieved then in a.
sinple case the operation would fail. Hgwever, 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 mutually

gt Pt g e v Lar AR os,

configuration values then these val'ues ar app] ed (step 1020). The
operating systemgoes on to |oad or glggb&% the driver as before (step
1014), and the operation conpletes ( 6][ I f no cooperative
configuration can be achi eved, then the oper atl ng system nust renove the

sl ot from i\hﬁstgarf@n pardtoning ansrabigeating indjvidne P&;Ir&l‘i)t’s( -Ha3y wiithjmt oPrifgetyep
1022), an a t hat ot ¢ adde ep 1024).
The cooper gﬁt%«gldg? fﬁrlg 5 Q@ﬁMean p%ré)gpgﬁ § an 196%? Srtﬁén {2(916 ggtpé? r’rg?fl( sui tabl e
bus confi gunéation PHBsteRSis ikdided which allows a PCI slot (208-212) to be dynamically
assigned to one or more partitions at a given time, allowing for more efficient allocation of

- System resources.

FIG 2



successive partitions de-assert device ownership and retry bus
configuration until either an acceptable configuration is obtained or the
de- assertion process is exhausted. 33
JReferring nowto Figure 10B, the process reaches step 1026 in the event a
slot is already owned by another partition, nmeaning that the device in that
slot is already configured and operati onal . The operating system
.checks to determne if the device within the slot to be added has a
conpati bl e set of configuration valueq qghat is, non-conflicting resource
assignnments) (step 1026). Thi s check i! acconpl i shed by either asking one
of .the owning partitions (or operating systemexecuting therein) for the
configuration data or by retrieving the configuration data froma centra

| ocation such as the service processor. The selection is inplenentation
dependent¢|@$g within the amléfQQOf one skilled in the art.
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| f 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 is within the partition, any
-device within the slot is visible to the operating system The operating
systemthen initiates a hot plug event which signals the beginning of a
change on the I/O bus (step. 1030). The device is now configured and
on-line, and the operating system|oads the correspondi ng device driver or -
notifies an already |oaded driver that2/t1tze devi ce has been added angoos
avai |l abl e (step 1032). This conpl et ezphte add operation (step 104

34 | thgﬁw ce within the to be added does not hav
conpati bl e confi ues t henrt+h -rng-s-y-st—e-m—a-tienpt s to
configure the bus " ? &ﬁ&l\é bﬁg 1800 i 4 ovvned d Briifion (step 1084). That is,
recal cul ate the conf Fgurat--oR | -=q i
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kéeping the nulti-owned device configuration data as fixed and
If this recal cul ati on succeeds then the new configuration

unchangeabl e.

val ues are applied (step 1036) and the
If the recalculation is not successful

-1028.
fail

to that in st

* Reconfiguration succeeds then the config

In the advanced case,
ep 1018, is attenpted

a "Cooperativ
(step 1038).

| f Cooperative

process resumes operation at step
t hen the operation can sinply
e Reconfiguration”,

simlar

ion is applied and the process

resunmes (step 1036). I f the Cooperative Process fails, then 38
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35 - When a device has multiple owmers at the physical |evel special
programm ng consi derations are required. For contrast, an exanple of
sharing a device at a logical level is a shared network printer. In the

. Shared printer case 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 manipul ation of thegpevice. Physi cal «shari ng,
as opposed to | ogical sharing, requires additional coordinationg#tween

owni ng operating syStens. Jre that” gccess to
the physically shayed device occur in dlscrete<yngts | §cr ete oﬁ#
wi |l vary dependi ng .on v ' In jthe €45
printer exanple difgdg g;eV||ust, ne_di 4 i qn'¥J :
print job. An actijse gé%b: st be a.LIng 5e Berqr e
job is introduced }o s @ 34 | [isglot 18
both print jobs w{l Thé& o4 tlers» AN
standard neans to prisure |€7 Tve OWNETSHp fetlés Eber @t
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Modi fi cations and Vari ati ons

There are,- of course,

36

many nodi fications and vari ati ons which can be nade

.to the disclosed systens and nmet hods wi t hout departing fromthe spirit and

.scope of the invention.
t he all ocation of Peripheral
t hese techni ques,

particul ar,

Conponent

in

For exanple, while the above description discusses
I nterconnect (PCl) connections in
I ncl udi ng those of exclusive partitioning and

-sel ective isolation of the slot connec i¥25, can be applied to a nunber of
different conputer architectures and s ns.

al ternative enmbodi nents,

a single PHB can be used for each slot.

Furt her,
Thus,

sone

of -the nore conplicated configuration issues are not encountered because

there is only one device (i.e.
to configure around existing devices.
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in formand detail are certainly within the ability of one skilled in the
art, and are expected to fall within the scope of the clains.

.CLAI M5: What is clainmed is: 1. A computer 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 partition descriptor; at | east one nenory operatively connected
-to be witten to and read from by sai d[@i&cessors; an /O controller
connected to communi cate with said sys pr ocessors; a plurality of

I/ O connections, managed by said I/O controller, each 1/0O connection
capabl e of being assigned to
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at | east one said processing partition; a plurality of 1/0 devi ces,

connected to said I/ O connecti ons; wherein said I/O controller only
-perm ts comruni cati ons between system processors and |/ O connecti ons
. belonging to the sanme processing partition, and wherein said I/0O
connections can be dynamically assigned to or renoved from said processing
partitions. 2. The system of claim1l, wherein when a processor
.belonging to a given processing parti t? is comunicating with an I/0O
device, all 1/0 connections not bel ong ﬁgzt o that partition are isolated
fromsaid processors. 3. The systemof claim 1, wherein said isolation
i s. acconplished using field-effect transistors.
38 4, The system of claim 1, wherein said I/O connections nay
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st nmul t-aneously belong to nultiple partitions. 5. A conputer system
conpri si ng: at | east one system processor; a nenory connected to
be witten to and read from said system processor; an I/ O controller,
.connected to communicate with said nenory and said processors; and at
| east one peripheral device, connected to conmunicate with said I/0O
controller via one of a plurality of device connections; wherein said
system perforns the steps of recegvigg, in said I/Ocontroller, a
request to wite to said peripheral froma system processor;
receiving, in said I/Ocontroller, a partition identifier corresponding to
sal d system processor; turning on at | east one of said plurality of
connections, according to whether said connections belong to a group

corresponding to said parti t'REi'nb%leXémﬁ'\le @Wihershl passing said wite

request to said device, wherein said I/O connections can be
dynamical |y assigned to or renoved from sajd @Boup corresponding to said
partition identifier. 6. The systemof Xlaimb5, wherein said device
connections are PCl slots. 7.

he ssfglttemo claim5, wherein when said
ha e—=#0| ated fromsaid I1/0O
SSOS

devi ce connections are turned off,
controller by a field-effect transistor.
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8: The systemof claim5, wherein all said connections which do not bel ong

to said group are turned off. 9. The systemof claim5, wherein said
.devi ce connections may sinultaneously 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 communi cate with said
menory and sai d processors; and %b tiast one peripheral device,
connected to communicate with said I/ é troller via one of a plurality of

devi'ce connecti ons; wherein said system perforns the steps of
receiving, in said I/Qcontroller, a request to wite
Addition - Exclusive Ownership
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te menory from said device; reading, in said I/Ocontroller, a
partition descriptor corresponding to said device connection; t ur ni ng
on at | east one of said device connections, according to whether said
-devi ce connection belongs to a group corresponding to said partition

descriptor; turning off all said device connections which do not

bel ong to said group; and passing said wite request from said device
to said nenory, wherei n said device, connections can be dynam cally
assigned to or renoved fromsaid group"QJJrzrespondi ng to said partition

I dentifier. 40 11. The system of
cl.aim 10, wherein said device connection is a PCl slot. 12. The system of

cl ai m 10, wherein when said device connections are turned off, they are
isolated fromsaid I/0O ‘
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controller by a field-effect transistor. 13. The system of cl aim 10,
wherei n said device connections may simultaneously belong to multiple said
groups. 14. A conputer system conprising: a plurality of system
: processors; at | east one nenory connected to be wi.tten to and read
fromsaid system processors; an /O controller, connected to
communi cate with said nenory and said pregessors; and at | east one
peri pheral device, connected to comrunicate with said I/O controller via
one of a plurality oAdd@bse Maltpenwheps; wherein said system perforns
the steps of: assigning each of said plurality of system processors to
a processing partition; assigrd B§ each of said processing partitions a
respective partition identifier: assi gning each of said device
connections to at | east one:nﬁnsaldvproce33|ng partitions; storing, in
a-nmenory, information i dep-=p=ag-+0 Whi ch processing partition each device
connection bel ongs; and §1002
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41 . passi ng comuni cati ons between system processors and device
connections belonging to the same processing partition, and not passing
comuni cati ons between system processors and devi ce connections which do

_not belong to the sanme processing partition, wherein said device
connecti ons can be dynami cally assigned to or renmoved from said processing
partitions. 15. The system of claim 14, wherein when a system processor

bel onging to a given processing partitionT2d42comuni cating via a device
connection belonging to the sane processing partition, all device
connections not belonging to tha SRM NG ,tion are turned off.

16. The system of claim 14, V\herépgﬁgggni}ém?idegﬁ/élrce connections are turned
off, they are isolated fromsaid I/O Sﬁqlpﬁpper by a field-effect

transi stor. 17. The system of claim 14, wherein said gﬁ\ﬁ g€ connecti ons
can sinmultaneously belong to nultiple processing parti tg' S
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