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relates generally to an inproved data processing system and in
particular, to a nmethod and apparatus for 10 managi ng conponents in a data
processing system Still nore particularly, the present invention provides
a nmet hod and apparatus for nanaging processors in a |logical partitioned

dgis pr gcr:]gZSI( E%TmtaﬁfnAﬁaagaﬁfﬁérpbkﬁml@h&;%h@%gggg :anbOopéA oG 1aRE
1 TI |
Fpl atform all 0\;\"‘11’\;,32 oﬁl%?%] % ggcAof)‘Pé]éc%f P%RTSFFF@TE@ 8% gﬁ?ﬁs&}%t%ﬁﬁ”os) or

mul ti pl e het erogeneous operating systens to be sinmultaneously run on a
singl e data processi ng syst ensidxakdNoTor Ampativeniresy W t hi n which an 20
opgrating systeminage runs, is assigned a non-overlapping subset of the
platform s resources. These platform all ocabl e resources include one or
more archtt ect TRdPEg2dFéeldict processors within their interrupt managenent
area, regions of systemnenory, and input/output (1/0O adapter bus slots.

The partition'g,d §§Mn@eﬁ%@lgﬁggf§%t g&et}xlw%o%mngmea éatranware to 25
the OS i mage. stinct h

e running W thin the
pl atform?lgjc T O RYEE™ r B é‘écﬁ?r&%gg SUtCQnatrFl Ogoﬁ"{‘l}vﬁgpé’réw*%rfgron one
| §i cal TFACEIRY GAMRAGAGE IAf fetrtat brocserinsc BYYFar: atitdAl gforargesfcurerlpt her
30 parti tﬂ:}m‘lSres-EhitSui\&npicﬁvipd@\d.dléy dldeonad iafg ppdi-sfei Adr sehagihgpl at form

oS 0Ur G, 1aDgsll 12! b BAAGA D)oy RACKL S LIRS AN, B pr OVI i g
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Each distinct OS or image of an OS running within the platform is
protected from each other such that software errors on one logical
partition cannot affect the correct operation of any of the other

30 partitions. This is provided by allocating a disjoint set of platform
resources to be directly managed by each 0S8 image and by providing
mechanisms for ensuring that the various images cannot control any
resources that have not been allocated to the 08. Furthermore, software
errors in the control of an operating system’s allocated resources are

35 prevented from affecting the resources of any other image. Thus, each
image of the 0S (or each different 08) directly controls a distinct set of

allocable resources within the platform.

With respect to hardware resources in a LPAR system, these resources
40 are disjointly shared among various partitions, themselves disjoint, each
one seeming to be a stand-alone computer. These resources may include, for

example, input/output (I/0) adapters, memory dimms, non-volatile random
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system without requiring a disruption in operations of the affected

25 partitions.
SUMMARY OF THE INVENTION

The present invention provides, in a first aspect, a method in a

30 logical partitioned data processing system for managing a set of
processors in the logical partitioned data processing system, the method
comprising :responsive to a request to deallocate a processor assigned to
a partition within the logical partitioned data processing system,
stopping the processor, wherein the processor belongs to the set of

35 processors; responsive to stopping the processor, placing the processor in
an isolated state, wherein the processor is isolated from the partition;

and placing the processor in a pool of resources for later reassignment.

The method preferably further comprises responsive to a request to
40 allocate the processor, assigning the processor to the partitiom;
configuring the processor for use by the partition; initializing resources

used to access the processor; placing the processor in a spin loop
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machi ne; and sending control of the processor to the partition.
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In a second aspect, the present invention provides a method in a
logical partitioned data processing system for managing processors in the
logical partitioned data processing system, the method comprising:
responsive to a request to deallocate a processor assigned to a partition

20 within the logical partitioned data processing system, placing the
processor into a spin loop software state machine to place the processor
in a stopped state; isolating the processor from the partition, wherein
the partition is unable to access the processor; and deallocating the
processor after the processor has been isolated from the partition.

25

Preferably, the deallocating step takes the processor out of the
spin loop software state machine and places the processor into a pool for

reallocation.

30 Preferably, the partition is a first partition and further
comprising: responsive to receiving a request to allocate the processor to
a second partition after the processor has been deallocated, allocating
the processor to the second partition in a state in which the second
partition is unable to access the processor; placing the processor into a

35 spin loop software state machine; unisolating the processor from the
partition after placing the processor in to the spin loop software state
machine; and placing the processor in to a running state in which the
processor beginning executing code at an address designated by the second
partition.

40

Preferably, the second partition is the first partition.



partition after placing the processor in to the spin |oop software state
machi ne; and placing the processor in to a running state in which the

pr ocessorwbagiopgiBhig executi ng code at an address desi gnat @dThyBoBlet1Second
partition. Preferably, the second partition is the first partition. WO

03/ 096185 PCT/ GB03/ 01415 4 The nethod preferably further conprises:
configuring the processor for use in the second partition. Preferably,
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unabl e to access the processor; and deallocate the processor after the

processor has f%egrkourth aspect, the present invention provides a logical

partitioned data processing system for managing processors in the logical
partiticned data processing system, the logical partitioned data

25 processing system comprising: a bus system; a communications unit
connected to the bus system; a memory connected to the bus system, wherein
the memory includes a set of instructions; and a processing unit connected
to the bus system, wherein the processing unit executes the set of
instructions to place a processor in the processing unit into a spin loop

30 software state machine to place the processor in a stopped state in
response to a request to deallocate a processor assigned to a partition
within the logical partitioned data processing system; isolate the
processor from the partition in which the partition is unable to access
the processcor; and deallocate the processor after the processor has been

35 isolated from the partition.

In a £ifth aspect, the present invention provides a logical
partitioned data processing system for managing a set of processors in the
logical partitiomed data processing system, the logical partitioned data

40 processing system comprising: stopping means, responsive to a request to
deallocate a processor assigned to a partition within the logical

partitioned data processing system, for stopping the processor, wherein



35 isolated fromthe partition. In a fifth aspect, the present invention
provides a logical partitioned data processing systemfor managi ng a set
of procesworos/0p418t he | ogical partitioned data processi ngPETgiRIBi01418e

| ogical partitioned data 40 processing system conpri sing: stopping neans,
responsive to a request to deallocate processor assigned to a partition
within the logical partitioned data processing system for stopping the
processor, wherein WO 03/096185 PCT/ GB03/01415 5 the processor belongs to
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basis. Preferably, deallocation of the processor occurs wthout term nating

25 execution of the partition. In a sixth aspect, the present invention
ptdvi des a | ofiF€arratddr tR1er e dha RTRCHF Tre $B | Hy Legistem Ttote mavass iy

pr ocessord samlingeah @i taly opartei praredodabahpradeessiengowyst em the | ogi cal
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C

| ogi cal  partitroned data processifng system T 6r°hIPAcT Ry FHe SPHcesssr into
a spin |*68p°EPEWarceusthac riCREFETt 8RI98cE° PReVpréeex $6r statea st opped
state; isolating nmeans for isolating the processor fromthe partition,

wher ei n Preferably, the method performs deallocation of the processor in a

dynamic basis.

Preferably, deallocation of the processor occurs without terminating

25 execution of the partition.

In a sixth aspect, the present invention provides a logical
partitioned data processing system for managing processors in the logical
partitioned data processing system, the logical partitioned data

30 processing system compriging: placing means, responsive to a request to
deallocate a processor assigned to a partition within the logical
partitioned data processing system, for placing the processor into a spin
loop software state machine to place the processor in a stopped state;
isolating means for isolating the processor from the partition, wherein

35 the partition is unable to access the processor; and deallocating means
for deallocating the processor after the processor has been isolated from

the partition.

Preferably, the deallocating means takes the processor out of the
40 spin loop software state machine and places the processor into a pool for

reallocation.



35 the partition is unable to access the processor; and deal | ocati ng neans
for deallocating the processor after the processor has been isolated from
t he partiwbma/oofsef erably, the deall ocating neans takes tIRETRIGOSHOSr oOut
of the 40 spin |oop software state nmachi ne and places the processor into a
pool for reallocation. WD 03/096185 PCTf GB03/ 01415 6 Preferably, the
partition is a first partition and wherein the placing neans is a first
pl aci ng nmeans and further conprising: allocating means, responsive to
receiving a reguestkabn,abhoGateidiig L QCESSAr pi0id:ioSenanddalt idton after
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execut i orP'ETeEFF PRISTLBArTeribindanela e eedfPsspegsipnstnd bY the sespedt h
aspect, ti#mreétisn.provi ded a conputer programto, when 25 |oaded into a
conput er system and executed, performthe steps of any of the nethods of

the first or sgcand .aspects. Preferahl there is provided a conputer
progr am produc re%ﬁr%balygogrr}beutgg?on;%e%%ﬁ%blhelﬁi E}Fﬁ ffé?gtnﬁﬁﬁﬁl?tﬁﬁnpr 0cessors in
the | ogical 30 partitioned data processing system the computer program
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20 Preferably, deallocation and allocation of the processor occurs
without terminating execution of the first partition and the second

partition.

In a seventh aspect, there is provided a computer program to, when
25 loaded into a computer system and executed, perform the steps of any of

the methods of the first or second aspects.

Preferably, there 1s provided a computer program product in a

computer readable medium for managing processors in the logical

30 partitioned data processing system, the computer program product
comprising: first instructions, responsive to a request to deallocate a
processor assigned to a partition within the logical partitioned data
processing system, for placing the processor into a spin loop software
state machine to place the processor in a stopped state; second

35 instructions for isolating the processor from the partition, wherein the
partition is unable to access the processor; and third instructions for
deallocating the processor after the processor has been isolated from the

partition.

40 The present invention thus provides a suitable method, apparatus,
and computer instructions for managing a set of processors. In response

to a request to deallocate a processor assigned to a partition within the



state machine to place the processor in a stopped state; second 35
instructions for isolating the processor fromthe partition, wherein the
partiti orwD930m@Eki e t o access the processor; and third i ngCmGRBONMST or
deal | ocating the processor after the processor has been isolated fromthe
partition. 40 The present invention thus’provides a suitable method,
apparatus, and conputer instructions for managi ng a set of processors. In
response to a request to deallocate a processor assigned to a partition
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DESCRI PTI £No@FceHE-PRAVWLNGI . A et r ed enbodi nent of the present invention
wi Il now be 10 described, by way of exanple only, with reference to the

acconpanyin drawings, in which: 15 Figure 1 is a block diagramof a data
processi ng system i n whi chBRRE& DEEEIERTION RFcTHE BRAYHFS be i npl enent ed;
Figure 2 is a block diagramof an exenplary logical partitioned platform
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Figure 5 is a dlQuehant &chprdlgS’éaﬁn ‘d%eaf dfa% F168LL 868 NG R 1 PLACGSEAL TN

accordance vvrth a %ref erre i ment e present” i'nvention; Figure 6
is a floAHTAFET GRVEPIPBCRES PRSEBLIPBT 4R ocating a processor to a partition
i ASaccordance with a preferred enbodi nent of the present invention; and

Figure 7 is a fiq@uehait Hbi3cplRegssm Usad bRémAasPi gl 00D psofiliwah&s

platform in which the present invention may be implemented;

Figure 3 is a diagram illustrating LPAR tables in accordance with a

20 preferred embodiment of the present invention;

Figure 4 is a flowchart of a process used for reallocating a
processor from one partition to another partition in accordance with a
preferred embodiment of the present invention;
25
Figure 5 is a flowchart of a process used for deallocating a
processor in accordance with a preferred embodiment of the present

invention;

30 Figure 6 is a flowchart of a process used for allocating a processor

to a partition in accordance with a preferred embodiment of the present

invention; and

Figure 7 is a flowchart of a process used for a spin loop software

35 state machine in accordance with a preferred embodiment of the present

invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
40 with reference now to the figures, and in particular with reference

to Figure 1, a block diagram of a data processing system in which the

present invention may be implemented is depicted. Data processing system



35 state machine in accordance with a preferred enbodi nrent of the present
i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT 40 Wt h

ref er encewpad0p@ss he figures, and in particular. wth ref@ceG3/orasFi gure
1, a block diagramof a data processing systemin which the present

i nvention may be inplenented is depicted Data processing system WD

03/ 096185 PCT/ GB03/01415 8 100 nmay be a symmetric nultiprocessor (SWP)
systemincluding a plurality of processors 101, 102, 103, and 104
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connection to control hard disk 150.

Thus, for example, suppose data processing system 100 is divided

25 into three logical partitions, P1l, P2, and P3. Each of PCI I/O adapters
120-121, 128-129, 136, graphics adapter 148, hard disk adapter 149, each
of host processors 101-104, and each of local memories 160-163 is assigned
to one of the three partitions. For example, processor 101, local memory
160, and I/O édapters 120, 128, and 129 may be assigned to logical

30 partition P1; processors 102-103, local memory 161, and PCI I/O adapters
121 and 136 may be assigned to partition P2; and processor 104, local
memories 162-163, graphics adapter 148 and hard disk adapter 149 may be

assigned to logical partition P3.

35 Each operating system executing within data processing system 100 is
assigned to a different logical partition. Thus, each operating system
executing within data processing system 100 may access only those I/0
units that are within its logical partition. Thus, for example, one
instance of the Advanced Interactive Executive (AIX) operating system may

40 be executing within partition P1l, a second instance (image) of the AIX

operating system may be executing within partition P2, and a Windows 2000



assigned to logical partition P3. 35 Each operating system executing wthin
data processing system 100 is assigned to a different |ogical partition.
Thus, eacWoopmp@si ng system executing within data proces®Ca@GEBS14m 100
may access only those 1/O wunits that are within its |logical partition.
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slots 172 and 173, respectively. In this manner, additional 1/0O devices,
such as, for esrappfigionpdeE mrstnetidorklzedapteidss may ibeerdappdidredn t hr ough
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slots 172 and 173, respectively. In this manner, additional I/O devices,

such as, for example, modems or network adapters may be supported through

25 each of PCI I/0 adapters 128-129. In this manner, data processing system

100 allows connections to multiple network computers.

A memory mapped graphics adapter 148 inserted into I/0 slot 174 may
be comnected to I/O bus 112 through PCI bus 144, PCI-to-PCI bridge 142,
30 PCI bus 141 and PCI host bridge 140. Hard disk adapter 149 may be placed
into I/0 slot 175, which is connected to PCT bus 145. In turn, this bus
. is comnected to PCI-to-PCI bridge 142, which is connected to PCT host
bridge 140 by PCI bus 141.

35 A PCI host bridge 130 provides an interface for a PCI bus 131 to
connect to IL/0 busg 112. PCI I/0 adapter 136 is connected to I/0 slot 176,
which is comnected to PCI-to-PCI bridge 132 by PCI bus 133. PCI-to-PCI
bridge 132 is connected to PCI bus 131. This PCI bus also connects PCT
host bridge 130 to the service processor mailbox interface and ISA bus

40 access pass-through logic 194 and PCI-to-PCI bridge 132. Service processor

mailbox interface and ISA bus access pass-through logic 194 forwards PCI



is connected to PCl-to-PCl bridge 142, which is connected to PCl host
bridge 140 by PClI bus 141. 35 A PClI host bridge 130 provides an interface
for a PClwbus/d6a85to connect to |/ O bus 112. PCl |/ O adapCarGR301418
connected to I/O slot 176, which is connected to PCl-to-PCl bridge 132 by
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If a meaningful/valid configuration of system resources is still

25 possible after taking out the elements found to be faulty during the
BISTs, BATs, and memory tests, then data processing system 100 is allowed
to proceed to load executable code into local (host) memories 160-163.
Service processor 135 then releases the host processors 101-104 for
execution of the code loaded into local memory 160-163. While the host

30 processors 101-104 are executing code from respective operating systems
within the data processing system 100, service processor 135 enters a mode
of monitoring and reporting errors. The type of items monitored by
service processor 135 include, for example, the cooling fan speed and
operation, thermal sensors, power supply regulators, and recoverable and

35 non-recoverable errors reported by processors 101-104, local memories
160-163, and I/O bridge 110.

Service processor 135 is responsible for saving and reporting error
information related to all the monitored items in data processing system
40 100. Service processor 135 also takes action based on the type of errors

and defined thresholds. For example, service processor 135 may take note



30 processors 101-104 are executing code fromrespective operating systens
within the data processing system 100, service processor 135 enters a node
of nonit owDong/oames reporting errors. The type of itens noniPCarGR3OY415Servi ce
processor 135 include, for exanple, the coollng fan speed and operation,

t hermal sensors, power supply regulator§' and recoverabl e and 35
non-recoverable errors reported by processors 101-104, |ocal nenories

160- 163, and I/ O bridge, 110. Service processor 135 is responsible for
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Figure 1 may vary. For exanple, other peripheral devices, such as optical
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Legi cal parti tygned. ahaLion %2&%5%@4 ugesa B%éﬂ 5595&%91 b qme;e% 25

operatin S hyper vi sor

syst ens %ﬁg ?gfarﬁbt@onﬁgfliﬁ@%f Bﬂ(?pﬁ‘fﬁe(‘% pP & 6pi B BJFesﬁcgllr?QfFﬁtlon

oper at i ngrasyBe eimpdementeti plTae Hetrdrvaoge Aol iope patt g osyd trdasform 200 may
be implemented as, for example, data processing system 100 in Figure 1.
Logical partitioned platform 200 includes partitioned hardware 230,

25 operating systems 202, 204, 206, 208, and hypervisor 210. Operating
systems 202, 204, 206, and 208 may be multiple copies of a single
operating system or multiple heterogeneous operating systems
simultaneously run on platform 200. These operating systems may be
implemented using 0S/400, which are designed to interface with a

30 hypervisor. Operating systems 202, 204, 206, and 208 are located in
partitions 203, 205, 207, and 209.

Additionally, these partitions also include firmware loaders 211,
213, 215, and 217. Firmware loaders 211, 213, 215, and 217 may be
35 implemented using IEEE-1275 Standard Open Firmware and runtime abstraction
software (RTAS), which is available from International Business Machines
Corporation. When partitions 203, 205, 207, and 209 are instantiated, a
copy of the open firmware is loaded into each partition by the
hypervisor’'s partition manager. The processors associated or assigned to

40 the partitions are then dispatched to the partitions’ memory to execute

the partition firmware.
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simultaneous execution of independent OS images 202, 204, 206, and 208 by

virtualizing all the hardware resources of logical partitioned platform
200.

25 Operations of the different partitions may be controlled through a
hardware management console, such as console 264. Console 264 is a
separate data processing system from which a system administrator may
perform various functions including reallocation of resources to different
partitions.

30

Turning next to Figure 3, a diagram illustrating LPAR tables is
depicted in accordance with a preferred embodiment of the present
invention. In this example, LPAR tables are located in NVRAM 300 and
system memory 302. NVRAM 300 may be implemented as NVRAM 298 in Figure 2,

35 and system memory 302 may be implemented as memory 244 in Figure 2. The
information in these tables is used for identifying what resources are

assigned to particular partitions as well as status information.
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partitions. 30 Turning next to Figure 3,%3% diagramillustrating LPAR tables
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ID, and an ID of the partition assigned to the slot.

20 System memory 302 includes translation control entry (TCE) table
314, memory mapped input/output (MMIO) table 316, and interrupt table 318.
These tables contain information used to identify resources used to access
I/0 slots. For example, TCE table 314 may include translation control
entries (TCEs) for direct memory access (DMA) addresses for each slot.

25 Additionally, memory mapped input/output (MMIO) addresses for slots are
located in MMIO table 316. Further, interrupts assigned to the different
slots also may be identified in interrupt table 318. This information is

controlled and accessible by a hypervisor, such as hypervisor 210 in

Figure 2.
30
Status/command table 310 includes a record for each partition. This
table may include a command state of the partition, a current command for
the partition, and a last command for the partition.

35 System resource table 312 maintains information regarding resources
available for the system. This table may include, for example, a maximum
number of slots, a maximum number of processors, a maximum number of
drawers, total memory installed, total memory allocated for the
partitions, and time information.

40

Turning now to Figure 4, a flowchart of a process used for

reallocating a processor from one partition to another partition is



I /O slots. For exanple, TCE table 314 may include translation control
entries (TCEs) for direct nenory access (DMVA) addresses for each slot. 25
Addi t i onawby3/opaEs®ry napped input/output (MM O addresses PCorGEBOIEsar e
located in MM O table 316. Further, interrupts assigned to the different
slots also may be identified in interrupt* table 318. This information is
control |l ed and accessible by a hypervisor, such as hypervisor 210 in
Figure 2. 30 Status/conmand table 310 includes a record for each partition.
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to the second partition (step 404). This partition ID is changed in a
20 processor table, such as processor table 304 in Figure 3. Thereafter, a
request is sent to the operating system in the second partition to add

that processor (step 406) with the process terminating thereafter.

The figures described below illustrate the processes employed by the
25 operating system, firmware loader, and the hypervisor to deallocate and
allocate a processor. In these examples, the processes are ones that are

initiated in response to requests from a console.

With reference now to Figure 5, a flowchart of a process used for
30 deallocating a processor is depicted in accordance with a preferred
embodiment of the present invention. The process illustrated in Figure 5
may be implemented in a logical partitioned data processing system such as

logical partitioned platform 200 in Figure 2.

35 The process begins by receiving a request to deallocate a processor
(step 500). In these examples, the request is received from the operating

system for the partition. Next, a determination is made as to whether a

brocessor is selected (step 502). If a processor is not selected, a
processor is selected (step 504). 1In this example, the processor is
40 selected by the operating system based on some policy or set of rules.

For example, to respond to this unspecific deallocation request, the

operating system decides which processor will be chosen based on



the process continues to return to step 402. O herwi se, the partition ID
in the table of available processors is changed fromthe first partition
to the sewordopasiition (step 404). This partition ID is ekaregedoissa 20
processor table, such as processor table 304 in Figure 3. Thereafter, a
request is sent to the operating system’®n the second partition to add
that processor (step 406) with the process termnating thereafter. The
figures described belowillustrate the processes enployed by the 25
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the 5 probesgbraexesuqicon stpstdppete ()stepl 308he 8Tap BOBcrent|¢fi that ed by
t he oper at:i Rg/-S¥St&RLE 0 di spatch the sel ected processor to nake a RTAS
call. In this exanple, the call is a rtas_stop_self() call. In response to
this call, the selected processor initiates a call to the hypervisor, such
as hyperV| sor ReIPRTCEY YERENER SCARSS FhE PIOFCTINE FOLERIGS (F6® Tihni AR o 10
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handle interrupts. The resources that are removed in this example include

removing external interrupt sources, which specify the processor as the
server and disable a global server queue that routes any external

25 interrupts to the processor. This isolation is performed by the RTAS
making a call to the hypervisor in response to the call from the operating
system. Then, the state of the processor is changed to isolated (step
512).

30 After the processor has been isolated, the operating system is ready
to return the processor to a global pool of available processors. The
processor is unallocated (step 514) and the state of the processor is
changed to unallocated (step 516). The deallocation is initiated by the
operating system making the call to deallocate the processor. In this

35 example, the call is a rtas_set indicator() call made to the firmware
loader, which includes the RTAS. The presently available
rtas_set_indicator() call is modified to handle new types of indicators
which are used by the mechanism of the present invention to perform the
intended functions. The RTAS performs the deallocation by sending an

40 unallocation or triggering event to the processor currently in the
rtas_spin_loop(). This event is acknowledged by the processsor, which in

turn, sends a call to the hypervisor to send the processor back to the



to a stopped state. This query may be nmade by the operating system 15
through a rtas_query_stopped state() call to the RTAS conponent of the
firmvar e Woadmpe1sResour ces used to access the processor aPETIGBmWMeds(step
510). Step 510 is perforned to isolate the processor fromthe partition.
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thereafteFlgure 6 may be implemented in a loglcal partitioned data processing

system, such as logical partitioned platform 200 in Figure 2.

The process begins by receiving a request to allocate a processor
25 (step 600). The request in this step may be initiated by an operator or
system administrator at a comsole, such as console 264 in Figure 2. The
operating system receives a grant to allocate a processor, which may or
may not indicate which processor is to be allocated. If a processor is
not identified, then a call is made to identify the processor. The
30 operating system makes a call to have the processor assigned to the
partition. The processor is then assigned to the partition (step 602).
This assignment may be initiated using a rtas_set indicator() call. In
response to receiving this call from the operating system, the RTAS

changes the state of the processor to isolated from unallocated (step
35 604) .

The processor is dispatched and stopped (step 606). Upon being
dispatched to the partition, the processor initializes its partition ID
register and other hypervisor resource registers. FHach processor has a

40 partition ID register in its hardware. All processors belonging to the
same partition must have the same partition ID value (obtained from the

LPAR processor table) written into their internal partition ID registers.



This alert message is sent to a hardware managenent console, such as 10
console 264 in Figure 2. This alert nmessage is used to indicate that the
processorwbas/obaeh deal | ocated. 15 Returning again to st@pTEI3OLf15a
processor is selected, the process proceeds to step 506 as descri bed
above. Turning nowto Figure 6, a flowh&rt of a process used for
allocating a processor to a partition is depicted in accordance with a 20
preferred enbodi nent of the present invention. The process illustrated in
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the spin loop. Step 608 changes the state from isolated to stopped and is

bghe operating system may not know if the processor is successfully in

a mechanism for the operating system to confirm that the processor is
indeed in the partition’s RTAS state machine rtas spin loop(). As a result
25 of step 608, the processor is now ready to be dispatched into the control

of the OS’'s kernel processor resource manager.

The processor is configured (step 610). This configuration is
initiated by the operating system. In this example, a
30 rtas_configure connector() call is made to the RTAS. The configuration
performed may include, for example, setting up the processor to function
as an interrupt server. Additionally, a global server queue may be

enabled to route interrupts to this processor.

35 The state of the processor is changed to running to give full
control of the processor to the operating system kernel (step 612) with
the process terminating thereafter. This step is initiated by the
operating system when it is ready to use a processor. The operating
system may send a call, such as rtas_start cpu(), to the RTAS to request

40 control of the processor be given to the operating system. In response,
the RTAS calls the hypervisor to set the state of this processor from

stopped to running. Thereafter, the RTAS sends a triggering event to



initialized to the sane val ues as used by the other processors already in
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state of this phegessesrs broms Y olspednindng urheher aThersgafing eveltie MRTAS
sefds a tpLaaethngteyeito)to 'I\PQSQ?JVQQ@Q-&@e%&gfﬁgﬁﬁﬁﬁi&ﬁaﬂs_ﬁ%xﬁh&ers

processor to begin exec tlon o st uctlons at at e r for the
oper ating E"S‘/tsf“élgnbel'ﬁf‘%set Fgderi %igr%ev‘[én nayesisﬁlél Ude 593 Ehg&)qfogé;gor f

perform a function or execute selected Code. If a trlggerlng event has
occurred, a determination is then made as to whether the event is
“go _to OS” (step 702). If the event is not “go_to_0S8”, a determination is
25 made as to whether the event is “go_to_globalprocessor_pool” (step 704).
If the event is not “go to_globalprocessor pool”, a determination is made
as to whether the event is “turn_ off myself” (step 706). If the event is
“turn off myself”, the processor is taken out of the system (step 708) and
the process terminates thereafter. An event taking the form of
30 “turn off myself” occurs if the processor has been identified as being a

bad processor or a processor having a malfunction at runtime.

Returning again to step 706, if the event is not “turn off myself”,
the process returns to step 700 as described above. If none of the
35 triggering events are present, the process continues to return to step 606

in a “loop”, also referred to as a “spin loop”.

With reference again to step 704, if the event is
“go_to_globalprocessor_pool”, the hypervisor is called to change the NVRAM
40 state from isolated to unallocated (step 712). The state is changed in a
processor table, such as processor table 304 in Figure 3. The process

then executes in the global processor pool manager'’'s processor control



buffer address for the argunent to the sub-routine at the target address.
In response to this change of state, the processor acknow edges the event,
5 exits tWe 03/0p418% oop state, sets the nenory buffer addre®ETBRMIiotdad i nto
its register and branches to the sub-routine provided at the target
address. Wth reference now to Figure 7,2 flowchart of a process used for
a 10 spin |oop software state machine is depicted in accordance with a
preferred enbodi nent of the present invention. The process illustrated in
Flgure 7 mkpbed URLEEDL el 3 AEACES Aoy SHGNuEt: RROGESROL; 28ondlleing

Fi gure 2'tl£§ g%pcess illustrated in Figure 7 i's a nore detaile
description of the events occurring when a processor enters a spin |oop 15
state, such as that initiated by a rtas_spin_loop() call. This state is

al so the Ist oppe@rsiahng, ayinCho g&eylrmv\h% tLQ%VQEQC;%EEOF%OE%E%dgth%m?giSn'gn
t he. spin e escripe oW. e pracess i
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speci fic ifSEYRREt Fih$ode framaheter stephth0) nelfttbEhpasseets hewmioating o t he
processor therefuse. t lseepruoessast taespeid PERGsbUNGIbOMOE BxREHE &tael ect ed
code. If g byiggesing event has g&c%ggére%? Zaflaled To0al Lon, ! 5.0t hed, yede as
to whether the event is "go to B step 6?5. the ‘event 1S Aot _
"go_to OS®F o%pedief"’é‘?%enhtt icgﬁ_’f?f’m?% et ago+'@-RRetIVert threcrtinthe gunning
"g¥ to_gl sbatpriocessoilpool Fefepiffdggainl fo tshep ewentif & noiggering event
"go_t o_gl ehalpito6esseed Paak "predetREHNAtL Ohel StdRde as to whether the
event is "turn off nyself" (step 706). If the event is "turn-off-nyself",
the processor is taken out of the system (step 708) and the process

term nat es t herr83ft &P BEESERe ARVEHKPAPINEIHD P HIPTIDed meEPPdDf PrRAFSERS "
occurs if anfiecqpprocas sostdvasidyse for @entvwingedyrasibelaaglecathadl prosassatiey a
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t he event . "Iu el f", e_process returns
descr i bedTgﬁ%\%ggcﬁs %glnogjso n%/%:é %‘5 % ?ifemggrgrflr?d SEJ\C/"’\“etr‘fff st%anérae§8ﬁ‘F?Stt he
process cOftHINIEES PoPFASTFT tfFGOBIES BUGL LR ¢ | kpys" thad BECTeererred to as a
"spin | oopllodAted foeherEreeomyatipd.0 Bleeppdiiding fsyhem eventaties the steps
"go_to_gl abadday 06 ems0lodRel the bhREAYPLIALAOL Sakakh&d ha Ghangs the, NVRAM
40, state Ligm,i EQAlatfﬁQ 19, ynal L geat gd rf%%ep 11£d:ac 108 S 3:[3%%:'1:2 changed in a
processor “tabl e; such as processor apf 6 304% 1 gur e 3. € %To €ss then
execut es PRCIIECYIMBBaF r BE dLBratsdoro faRERET Pariptder &YorFhansiny dihewD

03/ 096185r3rition ID in a processor table, such as processor table 304 in Figure

3. Thereafter, the user may send a request to the operating system in
partition 2 to grant the processor to that partition with the operating

25 system then performing the steps needed to allocate the processor. All of
these steps are performed without having to terminate operation of either

of the affected partitioms.

It is important to note that while the present invention has been
30 described in the context of a fully functioning data processing system,
those of ordinary skill in the art will appreciate that the processes of
the present invention are capable of being distributed in the form of a
computer readable medium of instructions and a variety of forms and that
the present invention applies equally regardless of the particular type of
35 signal bearing media actually used to carry out the distributiom.
Examples of computer readable media include recordable-type media, such as
a floppy disk, a hard disk drive, a RAM, CD-ROMs, DVD-ROMs, and
transmission-type media, such as digital and analog communications links,
wired or wireless communications links using transmission forms, such as,
40 for example, radio frequency and light wave transmissions. The computer
readable media may take the form of coded formats that are decoded for

actual use in a particular data processing system.



PCT/ GB03/ 01415 | oop and waits for future dispatch (step 714) with the
process termnating thereafter. Referring again to step 702, if the event
is a "go wWo0d8Yq18t he 5 processor branches to the address PEatGRy3oy415he
operating system and executes the code fromthere (step 710) with the
process termnating thereafter. Step 7”8 illustrates the processor
entering a running state froma stopped state. The processor has changed
state fromisolated to stopped before it can respond to the "go_to_CS

event to enter Tthdersugfgelgnl& %L@tﬁelséh@tlﬁpe&%gn rB%f Eééri Bges?eglaze@ d@ step
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syst em t henajger beotersngs tdra@isdwpskilaededheoaat lcocatderttmdptioe gggertioAl forof
these stepg. ahe BRSJQLIRI wufh%&lAthmfaea@l%ﬁmagag@e QRetad itencief ei t her

of the affected Qrés tcoor,lcsém folsS inportant to note that while the present
i nvent i on PRAS B&eh Y50 HESLRIHE 8 in the context of a fully functioning data
processi ng system those of ordinary skill in the art wll appreciate that

the processes of the present invention are capable of being distributed in
the formof a conputer readabl e nmediumof instructions and a variety of
forms and that the present invention applies equally regardless of the
particul ar type of 35 signal bearing nedia actually used to carry out the
di stribution. Exanples of conputer readabl e nedia include recordable-type
medi a, such as a floppy disk, a hard disk drive, a RAM CD- ROvs, DVD ROVs,
and transm ssion-type nedia, such as digital and anal og comruni cati ons
links, wred or wreless comruni cations |links using transm ssion forns,
such as, 40 for exanple, radio frequency and |ight wave transm ssions. The
conput er



readabl e nedia may take the formof coded formats that are decoded for
actual use in a particular data processing system WO 03/096185

PCT/ GBO3/W043896185 The description of the present inventi oRCRAEBBOBHAS
presented for purposes of illustration and description, and is not
intended to be exhaustive or limted to*the invention in the form

di scl osed. Many nodifications and variations wll be apparent to those of
ordinary skill 5 in the art. For exanple, the particul ar conponents
illustrated as participating in the dypgssc all ocati on and deal | ocati on of
processors are an operating system a RTAS, and a hypervisor. These
particular conponents are _described for purposes of illustration and are
not intended tPomPEhA% 1% He lREHIFEr PITFLRMTEH EHE ProRGSSEeE K8t R8T dynami ¢

al | ocat i omanaying0a beeti oplreweateds Fhehenfvgdeaie phriwas ovdrbsieba amdedgesogi bed
inprder tQbest cn&xRkabd Ihsriihyci pl es of the invention, the practica
application, and to enable others of ordinary skill in the art to
understand the invention for various enbodinents w th various

nodi fi cations #$SBPEi¥A|ted FHUCRe 1PaftFidarate dserGAtEnprat®sd W2

03/ 096185 pacHi {GBA3¢b44 5cH] 1 LAk Mkt i Biamethdxdai pracek oo absipar t $itoppived

dat ? |tor OCQ%SJ : c§¥§<;re,n%ﬂ&reinr@{éaﬁf{&sgozis%El@riq{sﬁ[:@clﬁﬁs%t_s o Nptdaesbagi; cal t
partitioned data processin syste e, et hod conprising. resp Vv o]
a ioequest rte(s)pcalesalfrgotcoa eo%l%?o%éas %?Ce%%?' RET TS a*° 5%? ?St?%%nwa?hﬁs(r%&?%%de

| ogi cal pd&terei ghetridatle Proeesst nf st StoBpprhgartiféopr Geessor,
wherein the processor belongs to the set of processors; 10 responsive to
stoppi ng the prAgessPine HRELNGD:t NE PHOSCESEOFedolirddl ESPI13EEH reStS@ment .
wherein the processor is isolated fromthe partition; and placing the
processor in a pool of resources for |ater reassignnment. 15 2. The nethod
of 1Tl ai m B-f ur tRermEAPrefsichet™ AeSHERST ve™PBHH"Pequest to all ocate the
processor, assigning the processor to the partition; 20 configuring the

processor for usgpdhkitbepartdduesn;cd Biidake ZHAJpF RLOYEL LS ssiSREnG GrACCESS
t he processor t he ocessor in a spin |loop software state machi ne;

césé%kagilggﬁ %ﬁxt? 107

and 25 séndi ng contro € processor to the partition.

20 configuring the processor for use by the partition;
initializing resources used to access the processor;

placing the processor in a spin loop software state machine; and
25

sending control of the processor to the partition.

3. The method of claim 2, wherein placing the processor in an isolated
state occurs by disabling an ability of the processor to handle

30 interrupts.

4. The method of claim 1 or claim 2, wherein the deallocation of the

processor occurs without terminating execution of the partition.

35 5. A method as claimed in any preceding claim, the method further

comprising:

responsive to a request to deallocate a processor assigned to a
partition within the logical partitioned data processing system, placing
40 the processor into a spin loop software state machine to place the

processor in a stopped state;



3. The method of claim2, wherein placing the processor in an isolated
state occurs by disabling an ability of the processor to handle 30

i nt erruptwo 08/096ike et hod of claim 1l or claim2, wherein Pog/GRealolasati on
of the processor occurs without term nating execution of the partition. 35
5. A nethod as clainmed in any preceding ttaim the nethod further
conprising: responsive to a request to deall ocate a processor assigned to a
partition within the |ogical partitioned data processing system placing 40
t he processor iiRbDaingptie boegess6fti@mnecisd phecitach) RetdnptRC @attiion is
processor J.0pf $L0pRedsShiat 6,0, 00-03/ 096185 PCT/ GB03/ 01415 22 isolating the
processor fromthe partition, wherein the partition is wunable to access
the processor; and deall ocating the processor after the processor has been
i sol ated 5 frcieprtireapang ithe oprocgssorhatymt hibel robcedsair i, baperieplattede

dedd | ocat ifgmSsieppdadkiesodi.he processor out of the spin | oop software state
machi ne and places the processor into a pool for reallocation. 10 7. The
met hod of claimb5, wherei he partition is first partition and further
Conpr i sin-  eSBBTE o FAEHT U1 g RdtBs = oS BE AP Pt Gfessor ¢ o
a 15 secomdopraseirt $wn oaf ther skie lpew ceftwnrehalsrtiserrrideal dandchtasgs ©id ocat i ng
the processessson ide sesondigaktaillioeAtidh.a state in which the second
pajgition is unable to access the processor; placing the processor into a
spin | oop software state machj ne; 20 unpisolating the, processor fromthe
par i i on "af t erteh IPHG ThELaist GeeTEGrLT FOF PTRLEUR At |Ddpt SoPPREPA St at o
machi ne; a@nd Plrabengorpeigingcessor in to a running state in which the
processor 25 begi nning executing code at an address designated by the

second partiti %?p&siéé&%gé‘éivﬁﬁée ta{ %E&[L%@ gatg, prace é;jBQoééé%B?”Eof ar

managi ng a set_of _processors, t gical partitioned data prOCQSS|Q%
syst em cof5FPEt REFESECR TGET St BFTCeESTo Mt SEat FoHe ot connert®d 5 t he
bus syst emrocesrenory therrsor@darbitive bus syaftecemp whhieh dihg sérenderaytytion

i ncl udes as unable to access the processor;

placing the processor into a spin loop software state machine;

20
unisolating the processor from the partition after placing the
processor in to the spin loop software state machine; and
placing the processor in to a running state in which the processor
25 beginning executing code at an address designated by the second partition.
8. A logical partitioned data processing system for managing a set of
processors, the logical partitloned data processing system comprising:
30 a bus system;
a communications unit connected to the bus system;
a memory connected to the bus system, wherein the memory includes a
35 set of instructions; and
a processing unit having a set of processors connected to the bus
system, wherein the processing unit executes the set of instructions to
stop a processor in which the processor belongs to the set of processors
40 in response to a request to deallocate a processor assigned to a partition

within the logical partitioned data processing system; place the processor

in an isolated state in which the processor is isolated from the partition



35 set of instructions; and a processing unit having a set of processors
connected to the bus system wherein the processing unit executes the set
of instruwDi0s%618D stop a processor in which the processecThEsgogast o t he
set of processors 40 in response to a reguest to deall ocate a processor
assigned to a partition wthin the logiCal partitioned data processing
system place the processor in an isolated state in which the processor is
isolated fromthe partition WO 03/096185 PCT/ GB03/01415 23 in response to
st oppi ng tiherqurones sor stapdng| dmeeptdtesfsCass @latd) thePces@fr ERSOWOEES f Or
later reasgi giRPles For Mk 0QicalRARLI tioned data processing system of
claim8, wherein 5 the placing neans is a first placing neans and further
conpri sing: assigning means, responsive to a request to allocate the
processor 2- forfhaskiagarhparhe-ipret cesarriogessiagparstieni ohclabn Gonfliayginng
means for teendliaglifig Mgahd & sps QLIRSS QFlabOlig teend wnt hirtpar tdolmpiking i t1 al i zi ng
means for initializing resources used to access the processor; 15 second

pl aci ng nmeans for, pl.acing the processor in a spin lo P software state
machi ne: and s@RETIY EBHEST GooBeRt g  EGnETBIE B t1 Ab BrEEcL oP IS LhE
partiti on.foR(RSEdINIMIC bhe resefsiod gt Rariheirtioaded i nto a conputer system
and executed thereon, performall the steps of a nethod according to any

Oflo clainms 1 t%toiguring means for configuring the processor for use by the

partition;

initializing means for initializing resources used to access the

processor;
15
second placing means for placing the processor in a spin loop
software state machine; and
sending means for sending control of the processor to the partition.
20

10. A computer program to, when loaded into a computer system and
executed thereon, perform all the steps of a method according to any of

claims 1 to 7.



