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PMSHI’,’W@MW"FA&G@JND OF THE I NVENTION 1. Technical Field: The
presen el ates in general to data processing and, in particular,
to a non- umiod@r m nenory access (NUMA) data processing system Still nore
particularly, the present invention rellates to a collecti

i nt erconnect ed processing nodes that may be confi gured as mmm"m m’wuwldata
processing systens including at |east one NUVA data processing

Description of the Related Art: It is well-known in the corrputé6P6%1rts t hat

greater conputer system performance can be achi eved by harnessing the
processi ng power of nultiple individual - 3 JAN 2003 2 processors in

tandem Ml ti - ﬁﬁ&aﬁfﬁ: Wﬁ & ,g%q unber
of different t?){oo ogl es 11@ IC V%IO?J@%\%S matp(ﬁU tter swtgﬁﬁ?e

particul ar appli cati ons QN aFON-ANIFQRM tNFEEMORY ACCESS (NUMA)
DATA PROCESSING SYSTEM

BACKGROUND OF THE INVENTION

1. Technical Field:

The present invention relates in general to data
processing and, in particular, to a non-uniform memory
access (NUMA) data processing system. 3till more
particularly, the present invention relates to a
collection of interconnected processing nodes that may be
configured as one or more data processing systems

including at least one NUMA data processing system.
2. Description of the Related Art:

It is well-known in the computer arts that
greater computer system performance can be achieved by

harnessing the processing power of multiple individual



performance requirements and software environment of each applicgELP Ehéﬁﬁ
of the common MP conputer topologies is a symretric nulti-proces 4& 3
configuration in which nultiple processors share conmon resources, such as
a system nmenory and i nput/output (1/0) subsystem which are typically
coupled to a shared systeminterconnect. Such conputer systens are said to
be symretric because all processors in SMP conputer systemideally have
the sane access latency with respect todata stored in the - shared system
menory. Al though SMP conputer systens pernmt the use of relatively sinple

i nter-processor conmuni cation and data sharing nethodol ogi es, SMP conputer
systens have limted scalability. In other words, while perfornmance of an
SMP conput er system can generally be expected to inprove with - 3JAN
2003 3 scale (i.e., with the addition of nore processors), inherent bus,
menory, and ippatéeabpst il tahdeandwiMdilh i-priocatisons (pPevemmpsitg f i cant
advant age from bei ng obtained fromscaling a SMP beyond an i npl enentati on

dependent si zgyateMAi 6Ant Be Hbkhzabl anraf ot hescshajred;irasawaes s
optim zed. Thus, the SMP topology itself suffers to a certain extent from

bandu 0t | 1261 808 o°OBECLALY, 35,08 SRSy ok A i s0al o
for particular applications depending upon the
performance requirements and software environment of each
application. One of the common MP computer topologies is
a symmetric multi-processor (SMP) configuration in which
multiple processors share common resources, such as a
system memory and input/output (I/0) subsystem, which are
typically coupled to a shared system interconnect. Such
computer systems are said to be symmetric because all
processors in an SMP computer system ideally have the
same access latency with respect to data stored in the

shared system memory.

Although SMP computer systems permit the use of
relatively simple inter-processor communication and data
sharing methodologies, SMP computer systems have limited
scalability. In other words, while performance of an SMP

computer system can generally be expected to improve with



fromthe standpoint of manufacturing efficiency. For exanple,
conponents can be optim zed for use in both uniprocessor and sna*B-sh%N
SMP conput er systens, such conponents are often inefficient for use in

al t hough sone

2003

| ar ge- scal e SMPs. Conversely, conponents designed for use in |arge-scale
SMPs may be inpractical for use in smaller systenms froma cost standpoint.
As a result, there has recently been inqieased interest in an MP conputer
whi ch addr esses

system t opol ogy known as non uni form menory access (NUMA),

many of the

3 JAN 2003 4 limtations of SMP conputer systens at the

expense of sone additional conmplexity. A typical NUMA conputer system
i ncl udes a nunber of interconnected nodes that each include one or nore
processors and a | ocal "systenl nmenory. Such conputer systens are said to

have a non unidarm MDY AGGSRSIBCANRE. £AEM, PIRSESSBascLOUpY access

| atency with respect

‘0 data stored in e systemne

than with respect to data stored in the systemnenory at a renote node.
NUMA systens ddmeieTurtor RERQLY f i @ abi b Mt high- Chifel eprn@yidhknhe
coherent, dependi ng upon whether or not data coherency is naintained

bet ween cachesl imi i f fet e reeses. s Jdei £onph exadyamf agachieomobet egt  NUVA
(CC-NUMA) systens is attributable in |arge neasure to the additional

obtained from scaling a SMP beyond an implementation-
dependent size at which the utilization of these shared
resources is optimized. Thus, the SMP topology itself
suffers to a certain extent from bandwidth limitations,
especially at the system memory, as the system scale
increases. SMP computer systems also do not scale well
from the standpoint of manufacturing efficiency. For
example, although some components can be optimized for
use in both uniprocessor and small-scale SMP computer
systems, such components are often inefficient for use in
large-scale SMPs. Conversely, components designed for
use in large-scale SMPs may be impractical for use in

smaller systems from a cost standpoint.

As a result, there has recently been increased
interest in an MP computer system topology known as non-

uniform memory access (NUMA), which addresses many of the

its'{ocal node



communi cation required for hardware to maintain data coherency mokhegé
bet ween the various | evels of cache nenory and system nmenory w thi Khzooa
node but al so between cache and system nenories in different nodes. NUVA
conput er systens do, however, address the scalability limtations of
conventional SMP conputer - 3 JA N 2003 s systens since each node within

a NUMA conputer system can be inplenentgd as a snaller uniprocessor or SM
system Thus, the shared conponents within each node can be optim zed for
use by one or a few processors, while the overall system benefits fromthe
availability of larger scale parallelismwhile maintaining relatively |ow

| atency. The present invention recognizes that the expense of a | arge-scale
NUMA data processing systemis difficult to justify in certain computing

envi ronnents, ,such_as thos j ng_varyin rkloads...That is, so
conput i ng env%%@%&Sﬁﬁé”Fhfﬁ%gﬁgnfﬁyﬁiﬁiﬁréﬁgﬁ%“b%%c§§§ ﬁfpeq%%éﬁrces of a

| arge-scal e NUVA data processing systemto execute a single application and
frequently reg@mee ap@itiisna ls rmodiexddtya prodedsiang YAYermemitrain
different operating systens and/or different applications. Prior to the
present inventsiy@fent HencMaddanag wimderads afntsucivreequsdd Ny idrenirent s

coul d be accommopdated only by
each include one or more processors and a local "system"
memory. Such computer systems are said to have a non-
uniform memory access because each processor has lower
access latency with respect tb data stored in the system
memory at its local node than with respect to data stored
in the system memory at a remote node. NUMA systems can
be further classified as either non-coherent or cache
coherent, depending upon whether or not data coherency is
maintained between caches in different nodes. The
complexity of cache coherent NUMA (CC~-NUMA) systems is
attributable in large measure to the additional
communication required for hardware to maintain data
coherency not only between the various levels of cache
memory and system memory within each node but also
between cache and system memories in different nodes.

NUMA computer systems do, however, address the

scalability limitations of conventional SMP computer



mul tiple conputer systens of differing scale or by - 3JAN 20_93
physically reconfiguring a NUVA system by connecting and di sconne ph@hJZUOS
nodes as needed. - 3 JA N 2Q3 SUWVARY OF THE | NVENTI ON To address the
above-descri bed shortcomngs in the art, the present invention provides a
data processing systemincluding a plurality of processing nodes that each
contain at | east one processor and data_storage. The plurality of
processi ng nodes are coupl ed toget her g@ a systeminterconnect. The data
processi ng system further includes a configuration utility residing in data
storage within at | east one of the plurality of processing nodes. The
configuration utility selectively configures the plurality of processing
nodes into either a single non-uniformmenory access (NUVA) systemor into
mul tiple i ndependent data processing systens through comunication via the
syst em i nt¥E¥TRMmeciingg | ea@) ceede webhin 3, NG eRAEaHesSYdEeRheapr esent
invention wll becone apparent in the following detailed witten
descripti @ implemented as a smaller uniprocessor or SMP system.

Thus, the shared components within each node can be
optimized for use by one or a few processors, while the
overall system benefits from the availability of larger
scale parallelism while maintaining relatively low

latency.

The present invention recognizes that the expense
of a large-scale NUMA data processing system is difficult
to justify in certain computing environments, such as
those having varying workloads. That is, some computing
environments infrequently require the processing
resources of a large-scale NUMA data processing system to
execute a single application and frequently require
multiple smaller data processing systems to run different
operating systems and/or different applications. Prior
to the present invention, the varying workloads of such
computing environments could be accommodated only by

multiple computer systems of differing scale or by



- 3 JA N 2003 BRI EF DESCRI PTI ON OF THE DRAW NGS The novel featur

beli eved characteristic of the invention are set forth in the apﬁgﬁdéﬁhJZUUB
clainms. The invention itself however, as well as a preferred node of use,
further objects and advantages thereof, w ||l best be understood by

reference to the follow ng detail ed description of an illustrative
enbodi nent when read in conjunction with the acconpanyi ng draw ngs,
wherein: Figure 1 depicts an illustrative enbodinent o a nultiple-node

data processing systemw th which the present invention nay advantageously
be utilized; Figure 2 is a nore detailed bl ock diagram of a processi ng node
within the data processing systemshown in Figure 1; Figure 3Ais a high

| evel logical flowhart illustrating a method of selectively partitioning
and - 3 JA N 2003 9 configuring the data processi ng system of Figure 1
into one or MR¥SHaRALYrHRESRfhgUELBSytRHEA VLR BB F9NReRT AT &DEl

| ogi cal flowchart of a
disconnecting nodes as needed.



met hod by which a master processing node configures a data processing
subsystemin accordance with an enbodi nent of the present invent.i_gn ﬁgﬁ
Figure 3Cis a high level logical flowhart of a method by which GJ 2003
processi ng node is configured in accordance with an enbodi nent of the

present invention. - 3 JAN 2003 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENT System Overview Wth reference now to the figures and in
particular with reference to Figure 1, there is depicted an illustrative

enbodi ment of a data processing systemin accordance with the present

i nvention. The depicted enbodi nent can be realized, for exanple, as a

wor kst ati on, server, or mainframe conputer. As illustrated, data processing
system 6 i ncludes a nunber of processing nodes 8 (in this case four), which
are interconnected by a node interconnect 22. As discussed further bel ow,

i nter-node data coherence is mapMvalRYe GO YR INViESFIGONNect coherence unit
(ICU 36. Referring nowto Figure 2, processing nodes 8a-8d may each

i ncl ude one or nore processors 10a-10On a local interconnect 16, and a
system nmenory 18 that is accessed via a nenory controller 17. Processors

10a- 10m are preferably (but not necessariI{g identical. In addition
To address the above-described shortcomings in

the art, the present invention provides a data processing
system including a plurality of processing nodes that
each contain at least one processor and data storage.

The plurality of processing nodes are coupled together by
a system interconnect. The data processing system
further includes a configuration utility residing in data
storage within at least one of the plurality of
processing nodes. The configuration utility selectively
configures the plurality of processing nodes into either
a single non-uniform memory access (NUMA) system or into
multiple independent data processing systems through

communication via the system interconnect.

All objects, features, and advantages of the
present invention will become apparent in the following

detailed written description.



- 3 JAN2003 nto the registers, instruction sequencing |ogic and
exeeution units utilized to execute programinstructions, mhicﬁ%ar
general | y designated as processor core 12, each of processors 1 an@*QQﬂa)
i ncl udes an on-chip cache hierarchy 14 that is utilized to stage data to

t he associ ated processor core 12 fromsystem nenories 18. Each cache

hi erarchy 14 may include, for exanplée, a level one (L1) cache and a |evel
two (L2) cache having storage capacities of between 8-32 kil obytes (kB) and
1-16 negabytes (MB), respectively. Each of processing nodes 8a-8d further

i ncludes a respective node controller 20 coupl ed between | ocal interconnect
16 and node interconnect 22. Each node controller 20 serves as a |ocal
agent for renote process%gg nodes 8 by performng at |east two functions.

First, each node cont Eg+3&r BES N HeF oS50 PBAEH$Dcal i nterconnect 16
and facilitates the transm ssion of |ocal comunication transactions to
renote processi ng nodes 8. Second, each node controller 20 snoops - 3 JA
N 2D0

The novel features believed characteristic of th=
invention are set forth in the appended claims. The
invention itself however, as well as a preferred mode of
use, further objects 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 depicts an illustrative embodiment of

43

multiple-node data processing system with which the

present invention may advantageously be utilized;

Figure 2 1s a more detailed block diagram of a
processing node within the data processing system shown

in Figure 1;

Figure 3A is a high level logical flowchart

illustrating a method of selectively partitioning and



12 conmuni cation transactions on node interconnect 22 and masters rel evant
- communi cation -transactions (e. g., read requests) on the aSSOCi%iiﬂAhgﬁﬁb

i nterconnect 16. Conmuni cation on each |ocal interconnect 16 iS 3
by an arbiter 24. Arbiter 24 regul ates access to |ocal interconnect 16
based on bus request signals generated by processors 10 and conpiles
coherency responses for snooped commugication transactions on | ocal

i nterconnect 16. Local interconnect 16 is coupled, via nezzanine bus bridge
26, to a nezzani ne bus 30, which may be inplenented as a Peri pheral
Conmponent | nterconnect (PCl) |ocal bus, for exanple. Mezzani ne bus bridge
26 provides both a |ow | atency path through which processors 10 may
directly access devices anong |/0 devices 32 and storage devices 34 that
are mapped to bus menory and/or I/O address spaces and a hi gh bandw dt h
pat h through which 1/0Q devices 32 and storage devices 34 nmay access system
menory 1€ONP W d 803k RIRFRBENG o?ygww%,magure-lslam 2003 13

di spl ay device, a keyboard, a graphical pointer, and serial and parall el
ports foroneorecidon dat®xissasdsived wourtksy otered £ ached devi ces. St orage
devices 34, on the

Figure 3B is a high level logical flowchart of a
method by which a master processing node configures a

data processing subsystem in accordance with an

embodiment of the present invention; and

Figure 3C is a high level logical flowchart of a
method by which a client processing node is configqured in

accordance with an embodiment of the present invention.



ot her hand, may include optical or nmagnetic disks that provide non-volatile
st orrage for operating system and application software. Local-i@t

16 is further coupled via host bridge 38 to a nenory bus 40 and a service
processor bus 44. Menory bus 40 is coupled to non-volatile random access
menory (NVRAM 42, which stores configuration and other critical data of
processi ng node 8. Service processor qHs 44 supports a service processor

50, which serves as the boot processor for processing node 8. Boot code for
processi ng node 8, which typically includes Power-On Sel f-Test (POST),
Basi ¢ | nput/output System (BIOS), and operating system | oader code, is
stored in flash nenory 48. Followi ng boot, service processor 50 serves as a
system nonitor for the software and hardware of processi ng node 8 by
executing system nonitoring | - 3 JA N 2003 14 software out of service
processor dynampeFRNoei RECEREP TENPoF (SELEEM T #or GusopIMERDT i gurability
In a preferred enbodi nent of the present invention, the Bl OS boot code

stored in flash nmenory 48 includes a configuration utility that permts
dat a

System Overview

With reference now to the figures and in
particular with reference to Figure 1, there is depicted
an illustrative embodiment of a data processing system in
accordance with the present invention. The depicted
embodiment can be realized, for example, as a
workstation, server, or mainframe computer. As
illustrated, data processing system 6 includes a number
of processing nodes 8 (in this case four), which are
interconnected by a node interconnect 22. As discussed
further below, inter-node data coherence is maintained by

an interconnect coherence unit (ICU) 36.

Referring now to Figure 2, processing nodes 8a-8d
may each include one or more processors 10a-10m, a local
interconnect 16, and a system memory 18 that is accessed
via a memory controller 17. Processors 1l0a-10m are

preferably (but not necessarily) identical. 1In addition



processing system6 to be selectively partitioned into one or nore
i ndependent |y operabl e subsystens. As discussed in detail bel ow= QaU%NOZ]U[B
processi ng system 6 nay advantageously be configured by the configurati
software as a single NUVA data processing system as multiple NUVA data
processi ng subsystens, or any other conbination of single and/or nulti

(i.e., NUMA
characteri st

data processing subsysteng in response to the anticipated
ics of the processing |oad. For exanple, if a | arge anount

processing power is required to execute a single application, it is
desirable to configure data processing system6 as a single NUMA conputer
system thus maxi m zing the processing power available to execute -
N 2003 15 the application. If, on the other hand, execution of multipl

di verse appl

it may be de$Pr &bke regicdsiisgurid sgaUs LHOrc SSSURER st

data process
data process
subsyst ens,
differently
processing s

ications and/or nultiple diverse operatingﬁiystens is requ
B @il tiple
i ng subsystens and/or nultiple single node subsystens. We

efg caiySbemu iits eeifiigwoed s yadudaiErdptan prrsessdtifons,
the data processing subsystens contain disjoint and possib

%%ﬁ%‘iil $65S a‘iclﬁﬁ%ie (?n,%q.]ee% & s ALl sdhe S P! e gaf,
ubsyst ens can be 1 ndependently

of processors 10a-10m also includes an on-chip cache
hierarchy 14 that is utilized to stage data to the
associated processor core 12 from system memories 18.
Each cache hierarchy 14 may include, for example, a level
one {(L1) cache and a level two (L2) cache having storage

capacities of between 8-~32 kilobytes (kB) and 1-16

megabytes (MB), respectively.

Each of processing nodes 8a-B8d further includes a
respective node controller 20 coupled between local
interconnect 16 and node interconnect 22. Each node
controller 20 serves as a local agent for remote
processing nodes 8 by performing at least two functions.
First, each node controller 20 snoops the associated
local interconnect 16 and facilitates the transmission of
local communication transactions to remote processing

nodes 8. Second, each node controller 20 snoops

- node

of

3 JA
e
ired,
NUVA
n

Iy
a



rconfigured, run, shut down, rebooted, and re-partitioned w thout
interfering wwth the operation of the other data processing subs?& GJ‘AN 2003
| mportantly, reconfiguration of data processing system 6 does not require
the attachnent or detachnent of any processing nodes 8 to or from node

i nt erconnect 22. - 3 JAN 2003 16 Menory Coherency Because data stored
within a systemnenory 18 can be requegbed, accessed, and nodified by any
processor 10 within a given data processing subsystem a cache coherence
protocol is inplenmented to maintain coherence both between caches in the
sanme processing node and between caches in different processing nodes of
the sane data processing subsystem The cache coherence protocol that is

i npl enented is inplenentation-dependent; however, in a preferred

enbodi nent, cache hierarchies 14 and arbiters 24 inplenent the conventional
Mbdi i ed, CERBNOSORE 1 0Bh &red SaciQNsd QVESIde pridtedcnNnett a2%arNdnt t her eof .
I nt er-node cache coherency is preferably maintained through a

di r ect or ymbased smeeharias® eiialiicead don drdeyaaaninged  cohgr pneeadni t (1 QU)
36 connected to node interconnect 22, but could alternatively be

di stribut %ngietsf%isr’ %inr E‘t({‘lteoraises%ciated local interconnect 16.

Communication on each local interconnect 16 is controlled
by an arbiter 24, Arbiter 24 regulates access to local
interconnect 16 based on bus reguest signals generated by
processors 10 and compiles coherency responses for

snooped communication transactions on local interconnect

16.

Local interconnect 16 is coupled, via mezzanine
bus bridge 26, to a mezzanine bus 30, which may be
implemented as a Peripheral Component Interconnect (PCI)
local bus, for example. Mezzanine bus bridge 26 provides
both a low latency path through which processors 10 may
directly access devices among I/0 devices 32 and storage
devices 34 that are mapped to bus memory and/or I/0
address spaces and a high bandwidth path through which
1/0 devices 32 and storage devices 34 may access system

memory 18. 1I/0 devices 32 may include, for example, a



mai nt ai ned by node controllers 20. This directory-based coher enr.ea r’(?sznpa
pref'erably recognizes the M S and | states and considers the E state

nmerged into the M - . - 3 JA N 2003 mstate for correctness. That is,
data held exclusively by a renpte cache is assuned to be nodified, whether
or not the data has actually been nodified. Interconnect Architecture Local
i nterconnects 16 and node interconnect, 22 can each be inplenented with a
vari ety of interconnect architectures.l#bmever, in a preferred enbodi nent,
at | east node interconnect 22 is inplenented as a switch based interconnect
governed by the 6xx communi cation protocol devel oped by |IBM Corporation of
Arnonk, New York. This point-to-point comunication nethodol ogy permts
node interconnect 22 to route address and data packets froma source
processing node 8 to only the processing nodes 8 within the sane data

processi ng guhsysyeqeviespl ai Reepearagchsgibpandanogeinmer,cenrect 22
permt split transactions, neaning that no fixed timng relationship exists

between the addr ess, and.dat .5 eBUES for AodAN-228R to external

networks or attached devices. Storage devices 34, on the
other hand, may include optical or magnetic disks that
provide non-volatile storage for operating system and

application software.

Local interconnect 16 is further coupled via host
bridge 38 to a memory bus 40 and a service processor bus
44. Memory bus 40 is coupled to non-volatile random
access memory (NVRAM) 42, which stores configuration and
other critical data of processing node 8. Service
processor bus 44 supports a service processor 50, which
serves as the boot processor for processing node 8. Boot
code for processing node 8, which typically %ncludes
Power-On Self-Test (POST), Basic Input/Output System
(BIOS), and operating system loader code, is stored in
flash memory 48. Following boot, service processor 50
serves as a system monitor for the software and hardware

of processing node 8 by executing system monitoring



, 1S conprising a comuni cation transaction and that data packets can be
ordefred differently than the associated address packets. The uti+i3szAN129g3
| ocal interconnects 16 and node interconnect 22 is al so preferably enhance
by pi pelining conmunication transactions, which permts a subsequent
communi cation transaction to be sourced prior to the nmaster of a previous
communi cation transaction receiving cqherency responses from each
recipient. Configuration Utility Referring nowto Figure 3A there is
depicted a high level logical flowhart illustrating a process for
partitioning and configuring a nmulti-node data processing system such as
data processing system6 into one or nore data processing subsystens in
accordance with the present invention. As illustrated, the process begins
at block 80 in response to all of processing nodes 8a-8d being powered on
and then progteflsare eRbcRIGICIWAPEhPFPFESEP At d¥NaBEGI ERNEPBCESSEPS50 at
each processi ng node 8 executing POST code fromflash nenory 48 to
initialize m8mdAN 200 bRAMhe4bocal hardware to a known, stable state.
Fol | owi ng POST, each service processor 50 executes conventional BIOS
routines to interface key peripherals (e.g., a keyboard and di splay) and
initialize interrupt handling.

System Configurability

In a preferred embodiment of the present
invention, the BIOS boot code stored in flash memory 48
includes a configuration utility that permits data
processing system 6 to be selectively partitioned into
one or more independently operable subsystems. As
discussed in detail below, data processing system 6 may
advantageously be configured by the configuration
software as a single NUMA data processing system, as
multiple NUMA data processing subsystems, or any other
combination of single and/or multi-node (i.e., NUMA) data
processing subsystems in response to the anticipated
characteristics of the processing load. For example, if
a large amount of processing power is required to execute
a single application, it 1is desirable to configure data
processing system 6 as a single NUMA computer system,

thus maximizing the processing power available to execute



Then, as illustrated beginning with block 84, a processor (i.eg V)
processor 50 and/or a processor 10) at each processing node & gggﬁ&éiéﬁﬁé

execution of the BIOS configuration utility menti oned above by obtaining

i nput specifying a nunber of independent data processing subsystens into
whi ch data processing system6 is to be partitioned and the particul ar
processi ng nodes 8 belonging to each tata processi ng subsystem The input
illustrated at bl ock 84 can be obtained fromany of a nunber of sources,
for exanple, a file residing on a data storage nmedi um or operator input at
one or nore processing nodes 8. In a preferred enbodi ment of the present
invention, the input illustrated at block 84 is obtained from an operator
at one or nore processing nodes 8 in - 3 JA N 2003 20 response to a
series of nenu screens displayed at such processing nodes 8. The input is

then utiliz t fruct a titiaqn a £SSi node 8
i ndi cative ggea%?&ggﬁgﬁgﬁ?ﬁcegg?nénkgggsQ§ﬁ§?¥ﬁﬁﬁﬁﬁcﬁg§ﬁ%9%f§§é§§ing node 8
is grouped to forma data processing subsystem For exanple, if each of the
four proces&UAd irdde i St $hiaPRisiG SHP LY HEMBL G dHLrIPed a bit
in a four-bit mask, a NUMA configuration including all processing nodes can

be representopddayt ilnkil Isy 4t 2 - ino dee LM S ubisty steando e ade e dleps esent ed by
0011 and 1100 or
configure data processing system 6 as multiple NUMA data

processing subsystems and/or multiple single node

subsystems.

When data processing system 6 is configured as
multiple data processing subsystems, the data processing
subsystems contain disjoint and possibly differently-
sized sets of processing nodes 8. Each of the multiple
data processing subsystems can be independently
configured, run, shut down, rebooted, and re-partitioned
without interfering with the operation of the other data
processing subsystems. Importantly, reconfiguration of
data processing system 6 does not require the attachment
or detachment of any processing nodes 8 to or from node

interconnect 22.



, 101 0 and 0101, and a 2-node NUMA subsystem and two single node subsystens
can be represented by 0011, 1000 and 0100 (and other sinilar nose3 JAN 2003
conbinations). If input indicating a desired partitioning of data
processing system6 is provided at | ess than all of processing nodes 8, the
appropriate mask is transmtted to the other processing nodes 8 via node
i nterconnect 22. In this manner, each ?5ocessing node 8 has a record of
each other processing node 8, if any, with which it is to be grouped. - 3
J A N 2003 21 Follow ng bl ock 84, the process proceeds to bl ock 86, which
depicts each data processing subsystem of data processing system6
i ndependently conpleting its configuration, as discussed below in detai
with reference to Figures 3B and 3C. Processing then continues at bl ock 88.
Referring now to Figures 3B and 3C, high level logical flowharts are given
t hat respect Megbyy Idoksineais, processes by which master and client
processi ng nodes can establish the configuration of a data processing
subsystem of data pr i t lepl C f & qure 3A
The illustrated pr oc%%;%%?,sg\?\hq%é% ggrpgqﬁcvglﬁ%‘eﬁ% te%g%%%%lﬁtljge%gfgi Ilelt %ean

communi cati on t herebetween, are preferably igP!enented as a portion of
be requested, accessed, and modiried by any processor 10

within a given data processing subsystem, a cache
coherence protocol is implemented to maintain coherence
both between caches in the same processing node and
between caches in different processing nodes of the same
data processing subsystem. The cache coherence protocol
that is implemented is implementation-dependent; however,
in a preferred embodiment, cache hierarchies 14 and
arbiters 24 implement the conventional Modified,
Exclusive, Shared, Invalid (MESI) protocol, or a variant
therecf. Inter-node cache coherency is preferably
maintained through a directory-based mechanism
centralized in interconnect coherence unit (ICU) 36
connected to node interconnect 22, but could
alternatively be distributed within directories
maintained by node controllers 20. This directory-based
coherence mechanism preferably recognizes the M, S and I

states and considers the E state to be merged into the M



the BIOS configuration utility discussed above. The process deEj tﬂﬂﬁi%@
Fi-gure 3B, which represents the operations of a master processi D3

and the process depicted in Figure 3C, which represents - 3 JAN 2003 22
the operations of a client processing node 8 (if any), begin in parallel at
bl ocks 100 and 140, respectively, follow ng bl ock 84 of Figure 3A. As shown
at bl ocks 102 and 142, respectively, qgch processing node 8 in the data
processi ng subsystem determ nes whether it is the nmaster processing node 8
responsi bl e for conpleting the configuration of the data processing
subsystem The master processing node 8 of a data processing subsystem can
be determ ned by a nunber of well-known nechani sns, including voting and
race, but in a preferred enbodi nent the master processing node 8 is set by
default as the processing node 8 in the data processing subsystem havi ng

the | owest-order bhit anon hose sef,.in the partitiqnin sk.. ster
processor (Ft@te ?fh%?r§gF%P8§Spro&@?goFSSOBSFaa &g&gﬁ%égifﬁﬁéi% br 10)
in the processing node 8 determned to be the master then nanages the

confi gur at ianrghotescadaha psoesssineg $obdHesmomids edet alhleddhdm &f ovks
104- 130 of Figure 3B. Referring now to block 104, the nmaster processor

the data has actually been modified.

Interconnect Architecture

Local interconnects 16 and node interconnect 22
can each be implemented with a variety of interconnect
architectures. However, in a preferred emboediment, at
least node interconnect 22 is implemented as a switch-
based interconnect governed by the 6xx communication
protocol developed by IBM Corporation of Armonk, New
York. This point-to-point communication methodology
permits node interconnect 22 to route address and data
packets from a source processing node 8 to only the
processing nodes 8 within the same data processing

subsystem.

Local interconnects 16 and node interconnect 22
permit split transactions, meaning that no fixed timing

relationship exists between the address and data tenures



t 3 JA N 2003 23 issues a nessage on its local interconnect 16 targeting a

client processing node 8, if any, belonging to the data processiJn b%%géz
subsystem The nessage, represented by arrow A, asserts that its gr QQ?

node 8 is the master. The nessage is snooped by the | ocal node controller
20 and ' forwarded to the indicated client processing node 8 via node

i nterconnect 22. As shown at bl ocks 144;@and 246, respectively, the client
processing node 8 waits until this nmessage is received fromthe naster, and
in response to recei pt of the nessage, transnmts an acknow edgenent

nmessage, represented by arrow B, to the master processing node 8. As

depi cted at bl ocks 106 and 108 of Figure 3B, the naster waits until the
acknow edgenent nessage is received fromthe client processing node 8, and

once the acknow edgenent has been received, returns to blqck 104 if the
partitioning Mm% Iﬁﬁﬂfﬁbf@§qmﬂﬂn%ﬁ?5ﬁﬁﬂtq%ﬁﬁﬁaéﬁﬁ%ﬂna?§2ﬁh£§i f4ode 8 has
not yet been contacted with the nmaster assertion nessage. This naster
assertion ackpewkedgermamt hw ctmstsoted whi fofe manil iy dihrasr nde vasg sodiea pedf or ned
with nmultiple client processing nodes 8 in - 3 JA N 20~ 24 parallel)

serves not onlgadr@ Wy AUAE thathaldtilization of local interconnects
16 and node interconnect 22 is also preferably enhanced
by pipelining communication transactions, which permits a

. subsequent communication transaction to be sourced prior
to the master of a previous communication transaction

recelving coherency responses from each recipient.

Configuration Utility

Referring now to Figure 3A there is depicted a
high level logical flowchart illustrating a process for
partitioning and configuring a multi~nodé data processing
system such as data processing system 6 into one or more
data processing subsystems in accordance with the present
invention. As illustrated, the process begins at block
80 in response to all of processing nodes 8a-8d being
powered on and then proceeds to block 82, which
illustrates service processor 50 at each processing node

8 executing POST code from flash memory 48 to initialize



processi ng nodes 8 within a data processing subsystemare in agreenent as
to which processing node 8 is the nmaster, but al so advantageou;la
synchroni zes the various processing nodes 8 in a subsystem whkc 1$£VVQQH¥3
been powered on at different tinmes and which may boot at different rates.
Once master processing node 8 has received acknow edgenents of its
mastership fromall of the client proressing nodes 8 (if any) in its data
processi ng subsystem as indicated by the process in Figure 3B proceeding
fromblock 108 to block 110, the master processing node 8 requests
configuration information (e.g., a resource list) froma client processing
node 8 (if any). This request for configuration information, which may

i ncl ude one or nore nessages to a client, is represented by arrow C. As
illustrated at bl ocks 148 and 150 of Figure 3C, the client processing node
8 awaits the resource list request, and in response to receipt of the ~
~aN 2003 fher tsodlchalridsiareequest knoaspordalye tatatsw t tFoplowsher
processi ng node 8 one or nore nessages specifying its 1/0 resources, the

amount  of pgy Eeehgﬁ”%xv&%epf%%%aso&h%m@%ut@s REQCESSOISndP it
contalns, an ot her conflgurg

tion information. This configuration

informati on response is represented q¥ arrow %. Blockf
BIOS routines to interface kKey peripherals (e.g., a

keyboard and display) and initialize interrupt handling.
Then, as illustrated beginning with block 84, a processor
(i.e., service processor 50 and/or a processor 10) at
each processing node 8 begins execution of the BIOS
configuration utility mentioned above by obtaining input
specifying a number of independent data processing
subsystems into which data processing system 6 is to be
partitioned and the particular processing nodes 8
belonging to each data processing subsystem. The input
illustrated at block 84 can be obtained from any of a
number of sources, for example, a file residing on a data
storage medium or operator input at one or more

processing nodes 8.
In a preferred embodiment of the present

invention, the input illustrated at block 84 is obtained

from an operator at one or more processing nodes 8 in



112 and 114 of Figure 3B illustrate the master processing node 303 '?bm%
the response fromthe client processing node 8, and followi ng'r 2@“

t he response, adding the specified resources to a subsystemresource |ist.
As shown at block 116, nmaster processing node 8 perforns bl ocks 110-114 for
each client processing node 8 specified in the partitioning mask. Once a
resource |ist has been obtained by t®@ master fromeach client (if any), as
i ndi cated by the process in Figure 3B proceeding fromblock 116 to bl ock
118, the naster processor at the nmaster processing node 8 determ nes an
overall configuration of the subsystem and conputes how to remap the
resources of each client - 3 JA N 2003 2G processi ng node 8. Next, at

bl ock 120, the master processor at the master processing node 8 transmts
to a client processing node 8 (if any) one or nore nessages (represented by
arrow E) specifying how that client processing node 8 should remap its
resour ces. TERPORRANPPe? BRERAsPEr "BRYCESSBF g §BEEVE] 85 EHE menDIY
controller 17 of the client processing node 8 the range of physical

addr esses probenbiny hbeéest 8rag@hkodapuanssi nheheuatfidebddtsyst em nenory 18
are associated. In addition, the nmaster processor may specify the nmenory

mapped addrgsses,of L/ QadeYte8RiAg hlsk! LeNLaRhOGESELYing node 8

indicative of any other processing nodes 8 with which the
processing node 8 is grouped to form a data processing

, subsystem. For example, if each of the four processing
nodes 8 within data processing system 6 is assigned a bit
in a four-bit mask, a NUMA configuragion including all
processing nodes can be represented by 1111, two 2-node
NUMA subsystems can be represented by 0011 and 1100 or
1010 and 0101, and a 2-node NUMA subsystem and two single
node subsystems can be represented by 0011, 1000 and 0100
(and other similar node combinations). If input
indicating a desired partitioning of data processing
system 6 is provided at less than all of processing nodes
8, the appropriate mask is transmitted to the other
processing nodes 8 via node interconnect 22. In this
manner, each processing node 8 has a record of each other
processing node 8, if any, with which it is to be

grouped.



node 8. Dependi ng upon the inplenentation, the master processor n,al
specify the processor ID for each processor 10 in the client prﬁggsb&ﬁgﬁﬂﬂa

node 8. In a preferred enbodi nent, all of processors 10 in each data
processi ng subsystem share a single physical nenory space, neaning that
each physical address is associated with only a single |location in one of
system nmenori es 18. Thus, the overall2tontents of a data - 3 JA N 2003
27 processing subsysteni s system nmenory, which can generally be accessed by
any processor 10 in the data processing subsystem can be viewed as
partitioned between systemnenories 18 wthin the processing nodes 8
conprising the data processi ng subsystem For exanple, in an illustrative
enbodi ment in which each processing node 8 includes 1 GB of system nenory
18 and data processing system6 is configured as two NUVA data processing

subsystens, each NJIVA slatrey N5 OEEES8NY S SYsd €8s ywopkdcbase 8o2bdbgabyt e
(@) physical address space. As shown at bl ocks 152 and 154 of Figure 3C

the clien rQgessi n ode 8 awai qs . req - ot ster
processi nd Hodh &1 A T T cponeiitd BEpErRRihi WRESYaRER pag fBe
responds with an acknow edgenent of the remap request, represented by arrow
F. As processing system 6 independently completing its

configuration, as discussed below in detail with

reference to Figures 3B and 3C. Processing then

continues at block 88.

Referring now to Figures 3B and 3C, high level
logical flowcharts are given that respectively illustrate
processes by which master and client processing nodes can
establish the configuration of a data processing
subsystem of data processing system 6 as depicted at
block 86 of Figure 3A. The illustrated processes, which
are described together to detail the communication
therebetween, are preferably implemented as a portion of

the BIOS configuration utility discussed above.

The process deépicted in Figure 3B, which
represents the operations of a master processing node 8,

and the process depicted in Figure 3C, which represents



‘i llustrated at bl ocks 122-124, the master processing node 8 awaits this
remap request acknow edgenent, and in response to receipt of the3eﬂrﬁm2003
request acknow edgenent, repeats bl ocks 120-122 for each other client
processi ng - 3 JAN Z003 28 node 8 indicated in the partitioning mask.
Fol | owi ng bl ock 124 of Figure 3B and bl ock 154 of Figure 3C, the naster
processi ng node 8 and each client procdssing node 8 remaps its respective
| ocal resources in accordance with the configuration determ ned by the
master processing node 8, as depicted at blocks 126 and 156. As indicated
at block 158 of Figure 3C, each client processing node 8 then halts
processi ng by processors 10 until the operating system (0OS) of the data
processi ng subsysten1schedu|es work to processors 10. Meanwhile, as shown

at bl ock 128 Fi gure 3B, ster proceSS|n node 8 boot erating
system for it ed&tpfr&rtd@é‘sss rfqﬁ%rﬁ df b‘eﬁedaé&c'es 34,

for exanple. As nentioned above |f nultlple dat a proceSS|ng subsystens are
formed from tegipr doegsrgd leddest & lafckdatld praocksidtng raagiah Hielhe
mul ti pl e data processing subsystens may run different operating systens,

such as W ndays )N, apd SR St Gtz Pt i o) M haseatisrion

processi ng by the processi ng no

and 142, respectively, each processing node 8 in the data
processing subsystem determines whether it is the master
processing node 8 responsible for completing the
configuration of the data processing subsystem. The
master processing node 8 of a data processing subsystem
can be determined by a number of well-known mechanisms,
including voting and race, but in a preferred embodiment
the master processing node 8 1is set by default as the
processing node 8 in the data processing subsystem having
the lowest-order bit among those set in the partitioning
mask. A master processor (i.e., either service processor
50 or a designated processor 10) in the processing node 8
determined to be the master then manages the
configuration of its data processing subsystem as

detailed in blocks 104-130 of Figure 3B.

Referring now to block 104, the master processor



- 3 JAN 2003 29 continues at block 130. As has been described, the present
invention provides a nethod for configuring a collection of intex Qﬂ&h!gﬂ 3
processi ng nodes into either a single NUVA data processing systemor 'l Q
sel ect ed nunber of independently operable data processing subsystens. In
accordance with the present invention, the partitioning of the processing
nodes into nultiple data processing sul?Systens is acconplished w thout
connecting or disconnecting any of the processi ng nodes. Wile the

i nvention has been particularly shown and described with reference to a
preferred enbodinent, it will be understood by those skilled in the art

that various changes in formand detail nmay be nade therein wthout
departing fromthe spirit and scope of the invention. For exanple, although
aspects of the present invention have _been described with respect to a
conput er syst efSEREcdt MGG SeGEt War & tEhaPCailr dets rCReNstthd® serIRting a 3
JA N 2003 30 present invention, it should be understood that the present

i nventi on may calitetnatrovelsyibg ndplee Bentigd aay , a beQrpuiieyy proogiamdamduct,

for use with a conputer system
processing subsystem. The message, represented by arrow
A, asserts that its processing node 8 is the master. The
message 1s snooped by the local node controller 20 and
forwarded to the indicated client processing node 8 via
node interconnect 22. As shown at blocks 144 and 146,
respectively, the client processing node 8 waits until
this message is received from the master, and in response
to receipt of the message, transmits an acknowledgement
message, represented by arrow B, to the master processing
node 8. As depicted at blocks 106 and 108 of Figure 3B,
the master waits until the acknowledgement message is
received from the client processing node 8, and once the
acknowledgement has been received, returns to block 104
if the partitioning mask indicates that an additional
client processing node 8 has not yet been contacted with
the master assertion message. This master assertion-

acknowledgement protocol (which could alternatively be

performed with multiple client processing nodes 8 in



.Prograns defining the functions of the present invention caqmﬁfaﬂ&hLveged
to a conputer systemvia a variety of signal-bearing nedia, Zﬂyae,
without limtation, non-rewitable storage nedia (e. g., CO-ROVM, witable

storage nedia (e. g., a floppy diskette or hard disk drive), and

comuni cation nedia, such as conputer and tel ephone networks. It should be
under stood, therefore, that such signalygbearing nedia, when carrying or
encodi ng conput er readabl e instructions that direct the nethod functions of
the present invention, represent alternative enbodi nents of the present

i nvention. - 3 JA N 2003 -31 What is clained is: A data processing
system conprising: a systeminterconnect; a plurality of processing nodes
coupled to said systeminterconnect, each of said plurality of processing

nodes cont ai ni_n t least_one processor, and d or ; d boot code
residing in a?asy ]talee )rre ’?\ile? nrp%tt ?%a%tt(gnguao?&gta%j tb}?agl?a ﬁ]y of processing
nodes, wherein said boot code includes a configuration utility that, upon

syst em r eset Pt ing|Odh§ Uit ad dipfAr_IPESS DENHr oee8EF h§Nnades
into one of a single non-uniformmenory access (NUMA) system and nultiple

i ndependent dat aadg)ﬂé&ﬁ@@ti ks Sy LaimBe s h olegdls $DRGNUNG §&t 8 ONs Vi BeSAkEL8Y$t em
i nterconnect, and wherein said boot code boots an independent operating

systemin each .configured data processi e ai d boot code
boot s nultipﬁ%“%ﬁ%g%gn(ﬁﬁn%ﬁﬁﬁéﬁ?r% %¥£$%§%§%ﬁ%% é@%gvég% ?%uration

utility configures said plurality of processing nodes as a plurality of
dat a processitgPeSstEmg nodes 8 in a subsystem, which may have been

powered on at different times and which may boot at

different rates.

Once master processing node 8 has received
acknowledgements of its mastership from all of the client
processing nodes 8 (i1f any) in its data processing
subsystem, as indicated by the process in Figure 3B
proceeding from block 108 to block 110, the master
processing node 8 reguests configuration information
(e.g., a resource list) from a client processing node 8
(if any). This request for configuration information,
which may include one or more messages to a client, is
represented by arrow C. As illustrated at blocks 148 and
150 of Figure 3C, the client processing node 8 awaits the

resource list request, and in response to receipt of the



.- 3 JA N 2003 -32 2. The data processing systemof claim1, wherein at

| east one of said nmultiple independent data processing systens L% aJA(N 2003
non-uni form nmenory access (NUMA) systemincluding at |east two of” sal
plurality of processing nodes. The data processing systemof claim1,
wherein said nultiple independent data processing systens contain disjoint
subsets of said plurality of processingsnodes. - 3 JA N 2pp~ -33 4. The
data processing systemof claim1l, wherein said communi cation includes a
request for configuration information transmtted froma naster processing
node anong said plurality of processing nodes to at | east one other of said
plurality of processing nodes. 5. The data processing system of claim 4,
said communi cation includes a reply nessage transmtted fromsaid at | east

th f id pl | it f ' i d t [
node, wher of TR Tt hsSaEe Bont aF eV edubst Ea BAF F QUPaPPBReE
i nformati on. - 3 JA N 2003 -34 6. The data processing systemof claiml,

wher ei n sai d PRIeP$ENG nilepenBepne operBaPragneySaeRs BPAPLIYESJal tBedd O t wo
di verse operating systens. 7. A nethod of configuring a plurality of

I nt er connect ek 945 9EESS] NEhAOGRSuA At §F 08Ps DEmNRERCERt 28PHREESHIENT tHYSt ENs,
said nethod conprising: coupling a plurality of processing nodes with a
system i nt er connect

syotom | er SOISGt o SELELE, SR 96 5P HoPLALRL! 1Kl Rggessing nodes
configuration information. This configuration
information response is represented by arrow D. Blocks
112 and 114 of Figure 3B illustrate the master processing
node 8 awaiting the response from the client processing
node 8, and following receipt of the response, adding the
specified resources to a subsystem resource list. As
shown at block 116, master processing node 8 performs

blocks 110-114 for each client processing node 8

specified in the partitioning mask.

Once a resource list has been obtained by the
master from each client (if any), as indicated by the
process in Figure 3B proceeding from block 116 to block
118, the master processor at the master processing node 8
determines an overall configuration of the subsystem and

computes how to remap the resources of each client



in response to systemreset, transmtting at |east one configuration
nmessage over said systeminterconnect; utilizing said at | east on.g w!AN 2003
configuration nessage, configuring sai d plurality of processing node
coupled to said systeminterconnect into one of a single non-uniformnenory
access (NUMA) system and nultiple i ndependent data processing systenm and
booti ng an i ndependent operating systemin each configured data processing
system such that nultiple i ndependent operating systens are booted when
said plurality of processing nodes i are configured as a plurality of data
processi ng systens. - 3 JAN 2003 35 8. The nethod of Caim?7, wherein
configuring said plurality of processing nodes into nultiple independent
data processing systens conprises configuring said plurality of processing
nodes into at |east one non uniforn1nennr% access (NUN%) subsysten1
i ncl udi ng at Prregssingonefesi-d Peaical ity P3Pk d@fssith§ MsddLr 9. The
met hod of Caim?7, wherein configuring said plurality of processing nodes
into mul tipl prioedependent tdat aaptese pIiong sy sige MARO B It reassmeiod itgiird ng
said plurality of processing nodes into nultiple independent data

Processing SYSLelh, GOALANIDG diakoit sulschs ol oAl dlanalidye ol

processing no d‘ai urt her r's
storing in data stora% in at Ieast one of said plurality of pr ocessi ng
nodes a confilgePaeisented v prrow E) specifying how that client

processing node 8 should remap its resources. For
example, the master processor may specify to the memory
controller 17 of the client processing node 8 the range
of physical addresses with which the storage locations in
the attached system memory 18 are associated. 1In
addition, the master processor may specify the memory-
mapped addresses of I/0 devices 32 in client processing
node 8. Depending upon the implementation, the masterx
processor can also specify the processor ID for each

processor 10 in the client processing node 8.

In a preferred embodiment, all of processors 10
in each data processing subsystem share a single physical
memory space, meaning that each physical address is
associated with only a single location in one of system

memories 18. Thus, the overall contents of a data



, 3 JAN 2003 36 form ng a portion of boot code; and executing said
configuration utility to configure said plurality of processing'ﬁ%d&éﬁ‘ﬂ@ﬂa
The nethod of Claim 7, wherein transmtting at | east one configuration
nmessage conprises transmtting a request for configuration information from
a nmaster processing node anong said plurality of processing nodes to at
| east one other of said plurality of pPbcessing nodes. 12. The nethod of
Claim 11, wherein transmtting at | east one configuration nessage further
conprises transmitting a reply nmessage fromsaid at | east one other of said
plurality of processing nodes to said master processing node, wherein said
reply nessage contains requested configuration information. - 3 JAN 2003
-37 13. The nethod of claim 7, wherein booting nultiple independent
operating systems conprises booting at |east two diverse operating systens.
14. A progr aF Predieetd f BROEBREPHUP AYShCHal S BF Yce¥ErAY §78t Sﬁf‘ieﬁglldd’l ng a
systeminterconnect having a plurality of processing nodes coupled thereto,
said plural iby sachssadl bdi agyaprbeastsoon&éOpiocebsodasind pdatasstiomage, sai d
program product conprising: a data processing system usable nedium and

boot code engodegdstdnsakbdndpbavREREaSSENgasYSteBhEsaBLe IRl Whsrwher i n

sai d boot code
memories 18 within the processing nodes 8 comprising the
data processing subsystem. For example, in an
illustrative embodiment in which each processing node 8
includes 1 GB of system memory 18 and data processing
system 6 is configured as two NUMA data processing
subsystems, each NUMA data processing subsystem would

have a 2 gigabyte (GB) physical address space.

As shown at blocks 152 and 154 of Figure 3C, the
client processing node 8 awaits the remap request from
the master processing node 8, and in response to receipt
of the remap request, responds with an acknowledgement of
the remap request, represented by arrow F. As
illustrated at blocks 122-124, the master processing node
8 awaits this remap request acknowledgement, and in
response to receipt of the remap request acknowledgement,

repeats blocks 120-122 for each other client processing



,includes a configuration utility that, upon systemreset, selectively
configures said plurality of processing nodes into one of a singé

‘non-uni form nenory access (NUMA) systemand nultiple i ndepender'l't delAaN 2003
processi ng systens through conmunication via said systeminterconnect, and
wherein said boot code boots an i ndependent operating systemin each
configured data processing system sucl28that said boot code boots multiple
i ndependent operating systens when said configuration utility configures
said plurality of processing nodes as a plurality of data processing
systens. - 3 JAN 2D03 -38 15. The program product of claim 14, wherein at
| east one of said nultiple independent data processing systens is a

non- uni f orm menory access (NUMA) systemincluding at | east two of said

plurality of pr ocess nodes., 16. The program product of claim 14, wherein
said nul tipl 8°Af%d é t&é}t&“p Psintd typidigs "eGt-ai n di sj oi nt subset s
of said plurality of processing nodes. - 3J AN2003 -39 17. The program

product of claim 14, wherein said conmunication includes a request for
configuration information transnmtted froma master processing node anmong

said plurality of preeassifigngdesy asat diedaiuane 8 o ofiRal dopf wel ity

of processing nodes. he progranlproéJct of claim1/, sai
comuni cati on |nclud|ng a reEIy nmessage transnitted fromsaid at. | east one

ot her of sai diFWea iy e Y Iroted S 06 @ st &2 Pt des¥ihg node,

wherein said reply nmessage contains requested configuration information.

19. The programgqesaiuct rafdec|&imanhs vilter etassaitd vaul taqd le newimpeneesnt

operating systenms conprises at |east two diverse operating systens.
in accordance with the configuration determined by the
master processing node 8, as depicted at blocks 126 and
156. As indicated at block 158 of Figure 3C, each client
processing node 8 then halts processing by processors 10
until the operating system (0S) of the data processing
subsystem schedules work to processors 10. Meanwhile, as
shown at block 128 of Figure 3B, master processing node 8
boots the operating system for its data processing
subsystem from one of storage devices 34, for example.
As mentioned above, if multiple data processing
subsystems are formed from the processing nodes 8 of data
processing system 6, the multiple data processing
subsystems may run different operating systems, such as

Windows NT and SCO (Santa Cruz Operation) UNIX.

Thereafter, processing by the master processing node 8
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present invention may alternatively be implemented as a

computer program product for use with a computer system.
Programs defining the functions of the present invention
can be delivered to a computer system via a variety of
signal-bearing media, which include, without limitation,
non-~rewritable storage media {(e.g., CD-ROM), writable
storage media (e.g., a floppy diskette or hard disk
drive), and communication media, such as computer and
telephone networks. It should be understood, therefore,
that such signal-bearing media, when carrying or encoding
computer readable instructions that direct the method

functions of the present invention, represent alternative

L embodiments of the present invention.
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a plurality of processing nodes coupled to said system interconnect, each of said plurality
of processing nodes containing at least one processor and data storage; and
boot code residing in a system memory in at least one of said plurality of processing
nodes, wherein said boot code includes a configuration utility that, upon system reset, selectively
configures said plurality of processing nodes into one of a single non-uniform memory access
(NUMA) system and multiple independent data processing systems through communication via
said system interconnect, and wherein said boot code boots an independent operating system in
each configured data processing system, such that said boot code boots multiple independent

operating systems when said configuration utility configures said plurality of processing nodes

as a plurality of data processing systems.
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processing systems contain disjoint subsets of said plurality of processing nodes.
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processing node, wherein said reply message contains requested configuration information.
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in response to system reset, transmitting at least one configuration message over said
system interconnect;

utilizing said at least one configuration message, configuring said plurality of processing
nodes coupled to said system interconnect into one of a single non-uniform memory access
(NUMA) system and multiple independent data processing system; and

booting an independent operating system in each configured data processing system, such
that multiple independent operating systems are booted when said plurality of processing nodes

are configured as a plurality of data processing systems.
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uniform memory access (NUMA) subsystem including at, least

two of said plurality of processing nodes.

9. The method of Claim 7, wherein configuring said
plurality of processing nodes into multiple independent
data processing systems comprises configuring said
plurality of processing nodes into multiple independent
data processing systems containing disjoint subsets of

said plurality of processing nodes.

10. The method of Claim 7, and further comprising:

storing in data storage in at least one of said

plurality of processing nodes a configuration utility
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11. The method of Claim 7, wherein transmitting at
least one configuration message comprises transmitting a
request for configuration information from a master
processing node among said plurality of processing nodes
to at least one other of said plurality of processing

nodes.

12. The method of Claim 11, wherein transmitting at
least one configuration message further comprises
transmitting a reply message from saild at least one other
of said plurality of proceséing nodes to said master
processing node, wherein said reply message contains

requested configuration information.
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interconnect having a plurality of processing nodes coupled thereto, said plurality each including

at least one processor and data storage, said program product comprising:

a data processing system usable medium; and

boot code encoded in said data processing system usable medium, wherein said boot code
includes a configuration utility that, upon system reset, selectively configures said plurality of
processing nodes into one of a single non-uniform memory access (NUMA) system and multiple
independent data processing systems through communication via said system interconnect, and
wherein said boot code boots an independent operating system in each configured data
processing system, such that said boot code boots multiple independent operating systems when
said configuration utility configures said plurality of processing nodes as a plurality of data

processing systems.



103s$YL09%&' () -#109%& () -1 $109%&R ()-t]ttt.uuuuudE:/ 10

1OF$10%& ()-5" 109%&' () - 10%' () -, -3 JAN 2003
10%&' ()-,s $109%& ()-, 3" $109%& () - uuuuuPvvvxyY:/

10@ 10%& () - @BLO%E () - @S$L0%&' () - @ HIOBAR () - 10%& () - $10%& () -

10v RMwWwMWWxbC 10SF" 109& () - 10%& () - &Y10%& ()-Z 10 10 10@aY" 10%& ()- @

" 1098 ()-xRxxx8yyydEbC 10, 1 10%&' ()- S@ 109%&' ()-,! 109&' () - S109&' () -

9%10%&4{ ) - SpOME Eﬁb@ﬁ@t@&:{a@ﬁh@ wherein at least one_ of said multiple inde endent ata
108f##10%&()- of llO ) - STO%&' (3} - SF"10%& () -, ! 10%&' ()- S10%&' ()-{{{{{{{%

LR 32 [

109&' ( % Z109& 8~\ ~~~aBz[ < 10

@10%& 23(‘?191@%%%?r€?“§‘1”§@?éﬁcc& ()- 10%& ()-% 10%&' () - SEYL0%&' () - ~~~~~~+~_@
1010%& ()-L10%& ()-10$10%}& ()-,: 10%& ()-M 10 10 109710% ()-+] ! dE~_@
108! 109%& () - 10%& ()-10%& ()-y 10%& ()-10%& ()- y10%& ()-7| dE:/ 10z
10z, 5z10%& () -:2z10%& ()-0S 10%& ()-1.10%& ()-

1092 & 16.- Y&IRdm&g(am pprdict/of LRare JUOMh&'e(n) sajd multiple independent data processing

systems contain disjoint subsets of said plurality of processing nodes.
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transmitted from said at least one other of said plurality of processing nodes to said master

processing node, wherein said reply message contains requested configuration information.

19.  The program product of claim 14, wherein said multiple independent operating systems

comprises at least two diverse operating systems.



