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Partitioning a computer system may be done for a variety of reasons.
20 Firstly, it may be done for consolidation purposes. Clearly consolidating
a variety of computer systems into one by running multiple application
programs that previously resided on the different computer systems on only
one reduces (i) cost of ownership of the system, (ii) system management
requirements and (iii) footprint size.
25
Secondly, partitioning may be done to provide production environment
and test environment consistency. Once a new OS or application program
has been tested and certified, the test partition may simply be designated
as a production partition, with resources diverted to it as needed. This,
30 in turn, may inspire more confidence that an application program that has

been tested successfully will perform as expected.

Thirdly, partitioning a computer system may provide increased
hardware utilization. For example, when an application program does not
35 scale well across large numbers of processors, running multiple instances
of the program on separate smaller partitions may provide better

throughput.

Fourthly, partitioning a system may provide application program
40 isolation. When application programs are running on different partitions,
they are guaranteed not to interfere with each other. Thus, in the event

of a failure in one partition, the other partitions will not be affected.
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assigns running processes to classes, then attempts to make system
resources, such as CPU, memory and disk I/0 bandwidth available according
to the number of resource shares requested for the class. Alternatively,

25 WLM can impose maximum limits on the number of resources made available to
a class. Or, WLM can reserve for a class a minimum number of resources,
even if the resources are not being used. Other 0Ss; such as Sun’s

Solaris, Hewlett Packard’s HP-UX etc., provide similar capabilities.

30 Thus, hardware resource management and dynamic partitioning of a
computer system are two approaches that may be used to make resources
available to specific workloads when needed. A resource management
software, such as WLM, may be used to respond to short-term fluctuations
in resource demands, whereas a partitioning management software is used to

35 commit resources on a longer-term basis.

Presently, the two approaches, (i.e., the resource management
software and the partitioning management software) do not interact with
each other in a way that combines their capabilities to enable the most

40 efficient and flexible solution. For example, a critical application
running in a partition that has one processor or CPU may consistently be

approaching a maximum amount of CPU usage, even though other processors
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a similar resource is added to the partition. The similar resource is
preferentially an unassigned or unallocated resource. However, if there
is not a similar unallocated resource, the similar resource may be from
25 another partition that has more than one of those similar resources (e.g.,
CPUs; 1/0 slots etc.), or a greater amount of the resource than is being
used, (e.g., memory, bandwidth etc.) and the workload on the resources is

within a minimum threshold.

30 In another embodiment, a workload schedule is stored in a workload
profile. If a scheduled workload in any of the resources of a partition
is to exceed a maximum threshold, additional similar resources will be
allocated to the partition before the scheduled workload. Again,
unallocated resources are preferentially used as the additional resources

35 whenever possible. But if none are available, similar resources from
donor partitions may be used provided that the donor partitions are able
to do so (i.e., they have more than one of the similar resources or a
greater amount than is being used and there is not a scheduled workload

exceeding a threshold in the donor partitions).

40
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to the present invention.

Fig. 4 illustrates logical a plurality of partitions of a computer

20 system.

Fig. 5 illustrates a mapping table into which resources belonging to

each partition are registered.
25 Fig. 6 depicts a modified mapping table of Fig. 5.

Fig. 7 is a flow chart of a process that may be used with the

invention.

30 Detailed Description of the Preferred Embodiment

With reference now to the figures, Fig. 1 depicts a pictorial
representation of a network of data processing systems in which the
present invention may be implemented. Network data processing system 100

35 is a network of computers in which the present invention may be

implemented. Network data processing system 100 contains a network 102,
which is the medium used to provide communications links between various
devices and computers connected together within network data processing
system 100. Network 102 may include connections, such as wire, wireless

40 communication links, or fibexr optic cables.
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an interface tRefeyrdnpye $i®p- 2, a block diagram of a data processing system
that may be implemented as a server, such as server 104 in Fig. 1, is

depicted in accordance with a preferred embodiment of the present
invention. Data processing system 200 may be a symmetric multiprocessor

25 (SMP) system including a plurality of processors 202 and 204 connected to
system bus 206. Alternatively, a single processor system may be employed.
Also connected to system bus 206 is memory controller/cache 208, which
provides an interface to local memory 209. I/0 bus bridge 210 is
connected to system bus 206 and provides an interface to I/0 bus 212.

30 Memory controller/cache 208 and I/0 bus bridge 210 may be integrated as

depicted.

Peripheral component interconnect (PCI) bus bridge 214 connected to
I/0 bus 212 provides an interface to PCI local bus 216. A number of
35 modems may be connected to PCI local bus 216. Typical PCI bus
implementations will support four PCI expansion slots or add-in
connectors. Communications links to network computers 108, 110 and 112 in
Fig. 1 may be provided through modem 218 and network adapter 220 connected
to PCI local bus 216 through add-in boards.
40
Additional PCI bus bridges 222 and 224 provide interfaces for
additional PCI local buses 226 and 228, from which additional modems or
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Processor 302 and main memory 304 are connected to PCI local bus 306
25 through PCI bridge 308. PCI bridge 308 also may include an integrated
memory controller and cache memory for processor 302. Additional
connections to PCI local bus 306 may be made through direct component
interconnection or through add-in boards. In the depicted example, local
area network (LAN) adapter 310, SCSI host bus adapter 312, and expansion
30 bus interface 314 are connected to PCI local bus 306 by direct component
connection. In contrast, audio adapter 316, graphics adapter 318, and
audio/video adapter 319 are connected to PCI local bus 306 by add-in
boards inserted into expansion slots. Expansion bus interface 314
provides a connection for a keyboard and mouse adapter 320, modem 322, and
35 additional memory 324. Small computer system interface (SCSI) host bus
adapter 312 provides a connection for hard disk drive 326, tape drive 328,
and CD-ROM drive 330. Typical PCI local bus implementations will support

three or four PCI expansion slots or add-in connectors.

40 An operating system runs on processor 302 and is used to coordinate
and provide control of various components within data processing system

300 in Fig. 3. The operating system may be a commercially available
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on the i npbeawringtsrtemCt her internal hardware or peripheral devices, such
as flash ROM (or equi val ent nonvolatile menmory) or optical disk drives and

the like, may be_ use &am?%eadqg | Mol &:clhg '&SEL,@%%O%J be Dardu8one

As a O
depicted in Fig 5 esses resent” I nvention Jray be

appl i ed tsdsée“i‘nﬂotlﬁﬁ%éés@o]"e d’é’t’g ablsy Ut‘é}%tnﬁelé’fzggé’r?\ some type of net

communication interface, whether or not data processing system 300
comprises some type of network communication interface. As a further
example, data processing system 300 may be a Personal Digital Assistant
(PDA) device, which is configured with ROM and/or flash ROM in order to
25 provide non-volatile memory for storing operating systein files and/or

user-generated data.

The depicted example in Fig. 3 and above-described examples are not
meant to imply architectural limitations. For example, data processing
30 system 300 may also be a notebook computer or hand held computer in
addition to taking the form of a PDA. Data processing system 300 also may

be a kiosk or a Web appliance.

The present invention provides an apparatus and method of
35 dynamically repartitioning a computer system in response to partition
workloads. The invention may be local to client systems 108, 110 and 112 -
of Fig. 1 or to the server 104 or to both the server 104 and clients 108,
110 and 112. Consequently, the present invention may reside on any data
storage medium (i.e., floppy disk, compact disk, hard disk, ROM, RAM,

40 etc.) used by a computer system.



As anot her exanpl e, data processing system 300 may be a stand-al one 20
system configured to be bootable wi thout relying on sone type of network
comuni cawoban/orneer f ace, whet her or not data processing sysraBo300505
conprises sone type of network communicgtion interface. As a further
exanpl e, data processing system 300 nmay be a Personal Digital Assistant
(PDA) device, which is configured with ROM and/or flash ROMin order to 25
provi de non-vol atile nmenory for storing operating systemfiles and/or
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The computer system ensures that the resources assigned to one
partition are not used by another partition through a mapping table that
is managed by the partitioning management software. Fig. 5 illustrates
such a table. 1In Fig. 5, CPU, and CPU,;, memory location 1 to memory

25 location 50 (i.e., M; - Ms;) and input/output I/0 slot, and I/0 slots are
mapped to partition, 500. Likewise, CPU;, M;; - M, and I/0 slots to I/O
slot,, are mapped to partition, 502 and CPU, to CPU;, My - Miso and I/0 slot,
to I/O slot,s are mapped to partition; 504. As mentioned before, the last
CPU (CPU, of Fig. 4), some of the memory locations and I/0 slot; to I/0

30 slot,; and I/0 slot;; to I/O slot,, are not assigned to any partition (see
Fig. 4)_and thus, are not in the table. Nonetheless, the partitioning
management software is aware that they exist but are not presently

aésigned to any partition.

35 Note that Figs. 4 and 5 are used as an example and should not be
taken as being restrictive. Indeed, some existing computer systems are
capable of supporting up to sixteen (16) partitions, each containing at

least one CPU, one gigabyte of memory and one I/0 slot.

40 As mentioned before, the partitioning management software may be
running on a separate support processor. Using the software, a system

administrator defines the partitions by specifying the number of CPUs, the



15 resource belongs to a partition, it is knowm to and is only accessible
to that partition. If the resource does not belong to any partition, it is
nei t her kwowa/orm2for is accessible to any partition. NotePChaiBones€PU nay
be shared by two or nore partitions. Ingthat case, the CPUw Il spend an
equal amount of time processing data fromthe different partitions. 20 The
conputer systemensures that the resources assigned to one partition are
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The present invention monitors the resource management software
running in a partition to determine whether resources are being used at a
25 value that approaches or exceeds maximum values specified in a table of
the resource management software. If a resource overload lasting more
than a threshold period of time is detected, the resource management
software may locate resources that are either unallocated or that are
allocated but are not being used and automatically assign or re-assign

30 them to the overloaded partition.

For example, suppose the resource management software, while
monitoring resource usage by the partitions determines that partitions,,
which is running a large batch job that is CPU intensive, has been using

35 95% of CPU,’s processing capacity (95% being equal to or exceed a threshold
amount of load on the CPU set by the system administrator) for an extended
amount of time (i.e., a threshold amount of time that is again set by the
system administrator), the resource management software may allocate the
unused CPU (i.e., CPU; shown in Fig. 4) to partition,. Thus, Fig. 5 will

40 then be modified as shown in Fig. 6.



10 Presently, the OS running on a partition does not send any information
to the resource managenent software about the resources that are being
used by twatosparsdti on. The adm nistrator nay open a ter mpaalGBamososhr ough
various OS5 commands receive information, about the usage of resources in
use by a partition. For exanple, the admnistrator may want 15 to find out
whet her a partition handling a large batch job is using a naxinmm
percentage (e.g., 959.) of the allocated CPU resource. If so, the
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partitiomas¢f t@rcesuyee deneardsnt grofpware may re- deploy the resources in
advance of the peak periods and then re-assign the resources back to their

original partitions after the peak periods are over or after the workload
on the resources reaches a minimum threshold or a scheduled period of time
25 has elapsed. In the example of the monthly batch job described above, the
date-based and/or time-based profile could specify that just before the
batch job is to run each month, the partition running the job is to
receive additional CPUs, memory and/or I/O slots. The profile may also
specify that the added resources are to be returned to their original

30 partitions after the batch job has terminated running.

Fig. 7 is a process that may be used to dynamically assign or
re-assign resources to overloaded partitions. The process starts when the
computer system is turned on or when an administrator runs the process

35 (step 700). When the process is running, it constantly monitors work
status of all resources that assigned to the partitions. When it notices
that demand for a resource exceeds a threshold set by the system
administrator, it checks to see whether there exists a similar resource
that is not assigned to any one of the partitions in the computer system.

40 If so, it assigns the similar resource to the partition with the
over-burdened resource. When the job is finished or when demand for the

over-burdened resource is decreased to a minimum threshold, it



resource are noticed for a pre-defined anount of tine, the resource
managenent software may reallocate a simlar underused resource from

anot her paotsoieed or nay, if available, allocate a sim | aPCurGmsiogied
resource to the partition. 10 Alternatiyely or in addition to the
above-descri bed enbodi nent of the invention, the resource rranagerrent
software may i ssue conmmands to the workl oad nmanagenent software (i.e., the
W.M to change target, mnimmor maxi mrumresource values. For exanple, if
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resource BRteeds a threshold set by the system admnistrator, it checks to
see whether there exists a simlar resource that is not assigned to any

one of the par‘It t!ie%l:?: b&ornhgf_ (\t%gpﬁlzteggnt_sX%trgx{'@loﬂ%als bé&l pk&séﬁ%gaw t he
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modifications and variations will be apparent to those of ordinary skill
in the art. The embodiment was chosen and described in order to best
explain the principles of the invention, the practical application, and to
25 enable others of ordinary skill in the art to understand the invention for
various embodiments with various modifications as are suited to the

particular use contemplated.



11 de-all ocates the resource fromthe partition (steps 702, 704, 706 708
and. 710). If there is not a simlar resource that is not presently
assigned wo 03b7apy partition, a check is made to det erm necmcRb@psEhere i s
a simlar resource assigned to a partitjpon that is either idle or is
operating below a mninumthreshold. If there is an idle resource or a
resource operating below a mninmmthreshold, the resource is re-assigned
to the partition wth the over-burdened simlar resource. Before,
reassigning the 10 resource, however, ¢BrIMEeck is nade to ascertain that
there is nore than one sim'lar resource in the partition fromwhich the

simlar resourﬁnemci iéaqwdre L}IJ!L%onMgear;gﬁww&lew bdmpli04r be

re-al | ocated resource re-all ocat ed artition g\nt t he
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pesi od of campreerh ggstdm eh\alplse@l plupel itgsolireeoyidel . Peedpetdiol orPEES 8o e he
partitionstapd ofi:e-assigned to the original partition (steps 712, 708, 710,
714, 716 and 718). The description of the present invention has been
presented for 20 purposes of illustration and descriptio t:and i S not
intended to bedetsﬁw:mg?.%ta?r i FRTB62F &7t Ae"I5RVETR itBn® |pﬁr%lh ¢For excee S

di scl osech miRimum pipcishptdit rBts and variations will be apparent to those of
ofglinary skill in the art. The enbodi nent was chosen and described in
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nodi fications as are suited to the particular use contenpl ated. WO
03/ 071424 PCT/ %808 H3505¢ c12inCh Alrein ItheAsireitihodresbuthenasi < akbgurce

respartiti,oping a.Pafbhtd19Ped HOMPULSpartY8i&IM i N response to workl oads,
each partition of the partitioned 5 Conputer systemhaving a plurality of

resources, the nethod conprising the steps of: determ ning whether a
wor kI oad on a Theswrifiod $h CaaPnPt TraTein cbeeetisi 128 TAERNFAFM £ Hicseht@reand 10

from the partition after the workload has decreased to a minimum
threshold.

20
4. The method of Claim 1 wherein the similar resource is one of a
plurality of similar resources that are allocated to another partition

having a workload within a particular threshold.

25 5. The method of Claim 4 wherein the similar resource is de-allocated
from the partition and re-assigned to the other partition after the

workload has decreased to a minimum threshold.

6. A method of dynamically re-partitioning a partitioned computer
30 system in response to workloads, each partition of the partitioned
computer system having a plurality of resources, the method comprising the

steps of:

creating a workload profile for each partition, the profile having a

35 workload and a workload time schedule; and

automatically allocating additional resources to a partition before
the workload is to occur if the workload on the resources originally
assigned to the partition is to exceed a maximum threshold.

40
7. The method of Claim 6 wherein one of the resources is a processor.



automatically allocating a simlar resource to the partition if it 1is
determ ned that the workl oad exceeds the maxi numthreshold. 2. The nethod
of C ai mwowhereRa the simlar resource is a resource 15PCraiBoamssonot been
allocated to any partition. 3. The nmethed of Claim2 wherein the simlar
resource is de-allocated fromthe partition after the workl oad has
decreased to a mninmum threshold. 20 4. The nethod of Claim1l wherein the
simlar resource is one of a plurality of simlar resources that are

al l ocatecs.t 0 arvet heyhogast iCLatm 7 Waerieny @qﬁbﬂdoeadoﬁmtpﬁmsauwﬁtH:ﬂllea?ry

t hr eshol dypade. 5. The nmethod of Claim4 wherein the simlar resource is
de-allocated fromthe partition and re-assi gned to the other partition
after the workload has decreased to a mni %shol d. 6. A mat@ of
dynani cald-y réSareihefond rgadm ﬁa?’]?‘?rteilﬁr?e(fuﬁ% rEheSFE TS i Ponse

t oswor kl cads, each partition of the partitioned corrput er system having a
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vor kI 0ad Jyr ofidg fQ, aagp QI 5t e NBPLATL Endiatl iR $BeWRKI Oad and
a workload 'time sc automatically allocating additional resources
to a partﬁsﬁﬂ%‘f’deE‘Pd'\né( P‘i"i’fétb\iﬂ kload is to occur if the workload on the
resources originally assigned to the partition is to exceed a nmaxi num

t hg eshol d.1 .40 The dd@oieshedanf 16 Gicrefn Wher fiditonmloteddhecesesnerces i s a
processory QPQTO(%%QJ Hof FETLFHBA0300r 18e &,orIb@ad‘rﬁw%@cpéathawm wher ei n
anot her one e resources Is menory space. 9. The nmethod of Caim38
wher ei n FPEPEhER GOt e resources is an /O 5 sI ot. 10. The nethod of
Claim9 wherein the additional resources are not assigned to any
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13. The method of Claim 12 wherein the additional resources are
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partitions after the workload has decreased to a minimum threshold.

14. A computer program product on a computer readable medium for
dynamically re-partitioning a partitioned computer system in response to
25 workloads, each partition of the partitioned computer system having a

plurality of resources, the computer program product comprising:

code means for determining whether a workload on a resource in a
partition exceeds a maximum threshold; and
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code means for automatically allocating a similar resource to the
partition if it is determined that the workload exceeds the maximum

threshold.

35 15. A computer program product on a computer readable medium for
dynamically re-partitioning a partitioned computer system in response to
workloads, each partition of the partitioned computer system having a

plurality of resources, the computer program product comprising:

40 code means for creating a workload profile for each partition, the

profile having a workload and a workload time schedule; and
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20 means for creating a workload profile for each partition, the

profile having a workload and a workload time schedule; and

means for automatically allocating additional resources to a
partition before the workload is to occur if the workload on the resources

25 originally assigned to the partition is to exceed a maximum threshold.

18. A computer system that is partitioned and having code data for
dynamically re-partitioning itself in response to workloads, each
partition of the partitioned computer system having a plurality of

30 resources, the computer system comprising:
at least one storage device for storing the code data; and

at least one processor for processing the code data to determine
35 whether a workload on a resource in a partition exceeds a maximum
threshold, and to automatically allocate a similar resource to the
partition if it is determined that the workload exceeds the maximum

threshold.

40 19. A computer system that is partitioned into a plurality of
partitions, the computer system having code data for dynamically

re-partitioning itself in response to workloads, each partition of the
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