
WO 01/23974 1 PCT/GB00/03720 wORRL6A S MANAGEMENT IN A COMPUTING
ENVIRONMENT This invention relates, in general, to managing workload within
a  computing system, and, in particular, to managing workload in a 5
partitioned system. Logical partitioning allows the establishment of a
plurality of  system images within a single. physical machine or central
processor  complex (CPC). Each system image is capable of operating as if
it was a 10 separate computer system. That is, each logical partition can
be  independently reset, initially loaded with an operating system that may
be  different for each logical partition, and operated with different
software  programs using different input/output (I/O) devices. 15 Examples
of logically partitioned computing systems are described  in, for instance,
U.S. 4,564,903, issued on January 14, 1986; U.S.  4,843,541, issued on June
27, 1989; and U.S. 5,564,040, issued on October  08, 1996. 20 Commercial
embodiments of logically partitioned systems include, for  example, IBM
S/3900 processors with the Processor Resource/Systems  Managerz1 (PR/SMI)
feature, which is described, for instance, in the IBM  publication
Processor Resource/Systems Manager Planning Guide,  GA22-7236-04, March
1999. 25 One important aspect of a logically partitioned system is the
management of workload running within the partitions of that system. In
S/390 systems, for example, workload managers are used to manage the
workload within and among the partitions. The workload managers attempt 30
to balance the workload of the partitions by moving work to the physical
resources of the system. In order to move the work, however, it is
important to ensure that the data needed by the relocated work is at the
moved location. This need often restricts the movement of work. Thus,  it
is desirable to further improve workload management in computer 35 systems.
Accordingly, the invention provides a method, system, and computer  program
as defined in the attached claims. WO 01/23974 PCT/GB00/03720  2 In one
embodiment, the method includes managing workload across two  



or more partitions of a plurality of partitions of the computing
environment, wherein the managing includes dynamically adjusting
allocation of a shareable resource of at least one partition of the two or
5 more partitions, such that workload goals of the two or more partitions
are being balanced. in another embodiment of the present invention, a
method of managing  workload of a computing environment includes managing
workload across two  10 or more partitions of a plurality of partitions of
the computing environment, wherein the two or more partitions concurrently
share a  shareable resource. The managing includes dynamically adjusting
allocation of the shareable resource of at least one partition of the two
or more partitions. 15 A preferred embodiment of the invention enables the
dynamic  redistribution of shareable resources across logical partitions
under  direction of a workload manager. These resources include, for
instance,  CPU resources, logical processor resources, I/O resources,
coprocessors, 20 channel resources, network. adapters, and memory
resources. Typically, the  dynamic adjustment of physical resources, in
accordance with workload  goals, is provided via a workload manager (WLM),
sysplex and PR/SM  integration without requiring parallel sysplex data
sharing. 25 Additionally, in the preferred embodiment, WLM dynamic
management of  CPU resources across logical partitions (LPARs) is provided;
as well as  dynamic channel path (CHPID) management across LPARs; WLM based
I/O  priority queuing in the channel subsystem; and WLM dynamic management
of  memory across LPARs. In one implementation, LPAR groups enable resource
30 sharing through priority-based resource allocation. Another embodiment
of the invention provides a method of managing  groups of partitions of a
computing environment, including identifying a  group of a plurality of
partitions of the computing environment. The 35 method further includes
determining a shareable resource to be assigned to the group, wherein at
least a portion  of the shareable resource is allocated to the plurality of
partitions of  the group. WO 01/23974 3 PCT/GB00/03720  A further
embodiment provides a method of managing groups of partitions of a
computing environment, which includes determining that a  



group of the computing environment has been modified, wherein the group
includes a plurality of the partitions of the computing environment; and 5
dynamically adjusting within the group allocation of a resource of the
group, in response to the determining. in the preferred embodiment,
resources for those groups are scoped  in order to determine which
resources are to be assigned to a particular  10 group and to enforce the
allocation of those resources. Scoping provides a handle on the resources
that are allowed to change, so that WLM can make  proper decisions of what
to do next. Scoping enables subsets of resources  to be provided on the
machine in such a way that the machine can  understand what the software
wants to do and the software understands the  15 machine configuration. A
further preferred embodiment of the invention provides a method  for
managing central processing unit (CPU) resources within a computing
environment, including determining that an allocation of CPU resources to
20 a partition of the computing environment is to be adjusted; and
dynamically adjusting the allocation across the  partition and another
partition of the computing environment.  Preferably, the dynamically
adjusting is in response to workload 25 goals of at least the partition,
and is performed across a plurality of  partitions of the computing
environment. In the preferred embodiment, a workload manager distributes
CPU  resources across logical partitions by dynamically adjusting the CPU
30 processor weights associated with the logical partitions. WLM
understands, for instance, when an important workload is late because the
weight of the partition it is running within is too low. WLM can help  this
workload by, for instance, raising the weight of this partition and
lowering the weight of another partition, thereby providing additional CPU
35 capacity to the important workload. This allows CPU resources to be
dynamically moved to the needed partitions, as workload requirements
change. The present invention further provides computer programs for 40
implementing the above methods. Such computer programs generally comprise
WO 01/23974 4 PCT/GBOO/03720  instructions executable by a machine, which
are encoded on a computer  usable media or program storage device readable
by a machine, and can be  included as a part of a computer system or sold
separately (possibly by  



transmission over a network). 5 The present invention also provides systems
corresponding to the  above methods, typically formed by combining a
computer program for  implementing a method with suitable hardware. 10 It
will be appreciated that such computer programs and systems will  benefit
from the same preferred features as the methods of the invention.  Various
preferred embodiments of the invention will now be described in detail by
way of example only with reference to the following drawings:  15 FIG. la
depicts one example of a computing environment; FIG. lb depicts a further
embodiment of a computing environment;  FIG. 2 depicts additional
components of a computing environment;  FIG. 3 depicts one example of
logical partition groups; 20 FIGs. 4a-4b depict one example of the logic
associated with a  partition joining a group; FIG. 5 depicts one embodiment
of the logic associated with removing  a partition from a group; FIG. 6
depicts one embodiment of the logic associated with 25 determining if a
partition's weight can be increased to help a receiver  service class of
the partition; FIG. 7 depicts one embodiment of the logic associated with
dynamically adjusting the configuration of logical processors;  FIG. 8
depicts one embodiment of a channel subsystem; 30 FIG. 9 depicts one
embodiment of the logic associated with selecting  an I/O operation to be
processed; FIG. 10 depicts one embodiment of the logic associated with
determining whether an I/O configuration is to be adjusted; FIG. 11 depicts
one embodiment of the logic associated with the data  35 gathering of FIG.
10; FIG. 12 depicts one embodiment of the logic associated with the
balance checking of FIG. 10; FIGs. 13a-13b depict one embodiment of the
logic associated with  correcting an imbalance of an I/O configuration; WO
01/23974 PCT/GB00/03720  FIG. 14 depicts one embodiment of the logic
associated with  determining affected subsystems; 



FIG. 15 depicts one embodiment of the logic associated with setting  an
explicit I/O velocity target; and 5 FIGs. 16a-22c depict various examples
of I/O configurations used in  determining entropy.  Workload management
capabilities are provided that enable the  dynamic adjustment of the
allocation of resources of a computing 10 environment to balance the
workload of that environment. In one example,  the computing environment
includes a plurality of logical partitions and  the workload is managed
across two or more of the partitions. One embodiment of a computing
environment using workload management  15 capabilities is described with
reference to FIG. la. A computing  environment 100 is based, for instance,
on the Enterprise Systems  .Architecture (BSA)/390 offered by International
Business Machines  Corporation, Armonk, New York. ESA/390 is described in
an IBM publication entitled "Enterprise Systems Architecture/390 Principles
Of Operation,"  20 IBM Publication No. SA22-7201-04, June 1997. One example
of a computing  environment based on ESA/390 is the 9672 Parallel
Enterprise Server offered by international Business Machines Corporation.
Computing environment 100 includes, for example, a central processor  25
complex (CPC).102 having one or more central processors 106 (e.g.,
CP1-CP4), one or more partitions 108 (e.g., logical partitions (LP1-LP4)),
and at least one logical partition manager 110, each of which is described
below. 30 Central processors 106 are physical processor resources that are
allocated to the logical partitions. In particular, each logical  partition
108 has one or more logical processors (not separately shown for  clarity),
each of which represents all or a share of a physical processor  106
allocated to the partition. The logical processors of a particular 35
partition 108 may be either dedicated to the partition (so that the
underlying processor resource 106 is reserved for that partition) or
shared with another partition (so that the underlying processor resource
is potentially available to another partition). WO 01/23974 6
PCT/GBOO/03720 In the particular example shown, each of logical partitions
LP1-LP4  functions as a separate system having a resident operating system
112  (which may differ for each logical partition) and one or more
applications  114. In one embodiment, operating system 112 is the OS/3901
or MVS/ESA7" 



5 operating system offered by International Business Machines Corporation.
Additionally, each operating system (or a subset thereof) includes a
workload manager 116 for managing the workload within a partition and
among partitions. One example of a workload manager is WLM offered by 10
International Business Machines Corporation. WLM is described in, for
instance, U.S. 5,473,773, issued December 5, 1995; and U.S. 5,675,739,
issued October 7, 1997. Logical partitions 108 are managed by logical
partition manager 110  15 implemented by microcode running on processors
106. Logical partitions  108 (LP1-LP4) and logical partition manager 110
each comprise one or more  programs residing in respective portions of
central storage associated  with the central processors. One example of
logical partition manager 110  is PR/SM. 20 In a further embodiment of a
computing environment, two or more  central processor complexes are coupled
to one another to form a sysplex,  as depicted in FIG. lb. As one example,
a central processor complex (CPC)  102 is coupled to one or more other CPCs
120 via, for instance, a coupling  25 facility 122. In the example shown,
CPC 120 includes a plurality of logical  partitions 124 (e.g., LP1-LP3),
which are managed by a logical partition  manager 126. One or more of the
logical partitions includes an operating 30 system, which may have a
workload manager and one or more application  programs (not shown in this
example for clarity). Additionally, CPC 120  includes a plurality of
central processors 128 (e.g.; CP1- CP3), the  resources of which are
allocated among the plurality of logical  partitions. in particular, the
resources are allocated among one or more 35 logical processors 130 of each
partition. (In other embodiments, each CPC  may have one or more logical
partitions and one or more central  processors.) Coupling facility 122
(a.k.a., a structured external storage (SES)  40 processor) contains
storage accessible by the central processor complexes WO 01/23974 7
PCTIGBOO/03720  and performs operations requested by programs in the CPCs.
The coupling  facility is used for the sharing of state information used in
making  shared resource redistribution decisions. (In one embodiment, each
central processor complex is coupled to a plurality of coupling 



5 facilities.) Aspects of the operation of a coupling facility are
described in detail in such references as Elko et al., U.S. 5,317,739,
issued May 31, 1994; U.S. 5,561,809, issued October 1, 1996; U.S.
5,706,432, issued January 6, 1998; and the patents and applications
referred to therein. 10 In one embodiment, one or more of the central
processors are coupled  to at least one channel subsystem, which is used in
communicating with I/O  devices. For example, a central processor 200 (FIG.
2) is coupled to main  storage 202 and at least one channel subsystem 204.
Channel subsystem 204 15 is further coupled to one or more control units
206. The control units  are then coupled to one or more I/O devices 208.
The channel subsystem directs the flow of information between the
input/output devices and main storage. it relieves the central processing
20 units of the task of communicating directly with the input/output
devices  and permits data processing to proceed concurrently with
input/output processing. The channel subsystem uses one or more channel
paths 214 as  communication links in managing the flow of information to or
from  input/output devices 208. 25 Each channel path 214 includes, for
instance, a channel 210 of  channel subsystem 204, a control unit 206 and a
link 212 between the  channel and control unit. In other embodiments, a
channel path may have  multiple channels, control units, and/or links.
Further, in another 30 example, it is also possible to have one or more
dynamic switches as part  of the channel path. A dynamic switch is coupled
to a channel and a  control unit and provides the capability of physically
interconnecting any  two links that are attached to the switch. Further
details regarding  channel subsystems are described in U.S. 5,526,484,
issued on June 11, 35 1996. In a preferred embodiment of the present
invention, various physical  resources are dynamically redistributed across
the logical partitions of a  computing environment under direction of one
or more workload managers. 40 This dynamic redistribution is transparent to
the application subsystems. WO 01/23974 8 PCT/GB00/03720  As examples, the
physical resources to be redistributed include CPU  resources, logical
processor resources, I/O resources, coprocessors,  



channel resources, network adapters, and memory resources. As one  example,
a coprocessor is a microprocessor (other than a CPU) within a CPC 5 that
serves a particular function. Examples of coprocessors include, for
instance, channel subsystems, network adapter cards and cryptographic
coprocessors. The above physical resources are only offered as examples;
other shareable resources may also be redistributed. 10 In order to
facilitate the dynamic redistribution of resources, in  one embodiment,
logical partitions are grouped together in order to share  the resources
among the partitions of the group. Each group can vary in  size from 1
partition to n partitions. (in one example, one or more of  the groups
include one or more partitions, but less than all of the 15 partitions of
the computing environment.) In particular, each group  includes, for
instance, one or more operating system images running in  independent
domains of a machine, which are managed by a common workload  manager
function to distribute workloads and resources. In one example,  these
domains are logical partitions running in logically partitioned mode 20 and
the operating systems are OS/390 running in the logical partitions.  The
logical partitions of a group may be a subset of the partitions of a
system (e.g., a CPC) or a sysplex, an entire system or sysplex, or may be
partitions of different sysplexes (on, for example, a single CPC) or
systems.  25 One embodiment of two logical partition groups (or clusters)
of a  central processor complex is depicted in FIG. 3. As shown, there is a
Logical Partition Group A 300 and a Logical Partition Group B 302, each of
which includes one or more logical partitions. The grouping of logical 30
partitions enables resource sharing among the partitions of a group
through resource allocation (e.g., priority based resource allocation).  As
examples, the resources to be shared include CPU resources, I/O resources,
and memory, as well as co- processors or any other shareable 35 resources
the machine might provide. A particular logical partition group  may or may
not have access to all of the resources of a particular  machine. In fact,
multiple logical partition groups could be defined to  operate concurrently
on a single machine. In order to manage each logical  partition group
effectively, the resources that make up a particular 40 logical partition
group are effectively scoped to that group. WO 01/23974 PCT/GB00/03720  



The scoping includes identifying which resources are allocatable to each
group. In particular, the scope defines which resources are  restricted to
the group and can be managed for the group. The logical  partitions that
make up a logical partition group can be thought of as a 5 container of the
resources. These containers exist within the bounds of a  total set of
resources available to the logical partitions. In one  example, this is the
total set of resources available on a particular CPC. The logical
partitions that make up a particular logical partition  10 group (e.g.,
Logical Partition Group A) are assigned a particular portion  of the total
shareable resource. For example, assume that the shareable  resource is a
CPU resource. With shared CPU resources, the logical partitions that are
included in Logical Partition Group A are assigned a  particular portion of
the total central processor complex CPU resource.  15 These resources are
being shared by the logical partitions within a particular group, as well
as, potentially, with logical partitions in  other logical partition groups
and logical partitions not included in any  logical partition groups. Thus,
a workload manager that is trying to make  decisions about moving resources
within a group (from, for instance, one 20 partition in the logical
partition group to another partition in the  group) is to have an
understanding of the resources that comprise the  group, as well as an
understanding of what the larger container (e.g., the  CPC) contains.
Measurement feedback (e.g., state information stored in  the coupling
facility) used to make decisions about managing workload 25 resources
should be sufficient to understand the customer defined  containers as
above. Once this understanding is established, workload manager directed
changes to the resource allocations in the logical partitions of a given
30 group are typically done in such a way that keeps the container size
(i.e., the resources allocated to the logical partition group) constant.
For instance, assume that the resource to be managed is the CPU resource,
and further assume that each logical partition is assigned a CPU
processing weight that indicates priority. In order to manage the CPU 35
relative weights, the sum of the relative weights for the logical
partitions in a given group are to remain constant before and after the
directed change, via, for instance, workload manager. This maintains the
customer specified allocation of the resources to the groups and other
logical partitions present on the machine. 



40 WO 01123974 10 PCT/GB00/03720  Notwithstanding the above, in some cases
it may be desirable and possible for the group of partitions to utilize
resources greater than the  defined container, when those resources are not
being used by their  designated owners. However, as soon as contention for
the resources 5 occurs, the resources are managed by the logical partition
(LPAR) manager  according to the defined container sizes (e.g., processing
weights in this  example). There may, however, be other cases when the
group should not be  allowed to expand beyond its container. This is also
possible with scoping. Other resources may need to be fully scoped to a
single group in  10 order to get an accurate picture of usage of the
resources. Limiting in  this fashion prevents logical partitions outside of
a given group from  accessing that resource. in addition to the above,
consideration is also given to the effect  15 of external changes on the
availability of resources within a logical  partition group. For example, a
user may change the allocation of  resources via some external means (not
under workload manager direction).  This might be done because of a change
in actual workloads that are on a  machine or a shift in business
priorities between groups and/or other 20 logical partitions. When these
changes are made, these changes are to be  understood by the workload
manager and the effects of these changes are to  be distributed rationally.
Changes might occur when a logical partition  is added to or removed from a
group; when some other logical partition  outside the group is added or
removed; or simply, when a processing weight 25 change is effected via
external means. When these external changes are  performed, the size of the
container can change and workload manager is  now the manager of that newly
sized container. When resources attributed to a particular logical
partition of a 30 group are changed externally, a redistribution of
resources within a group  may be needed. For instance, when a logical
partition is removed from a  group, the processing weight associated with
that logical partition is  removed from the group. If the current workload
manager assigned weight  for the logical partition is greater than the
logical partition's weight 35 that is being removed (i.e., the processing
weight associated with the  logical'partition initially), the difference in
weight is added to other  logical partitions in the group. This is done,
for instance, in  



proportion to the existing distribution of weights in the other logical
partitions in the group. If the current workload manager assigned weight 40
for the logical partition is less than the logical partition's initial WO
07/23974 PCT/GBOO/03720  li weight, the difference in weight is subtracted
from the other logical  partitions in the group. Again, this is done in
proportion to the other  logical partition weight assignments, as one
example. 5 As described above, a group is scoped in order to obtain a
handle on  the resources that are assigned to a group and the resources
that are  allowed to change, so that the workload manager can make proper
decisions  of what to do next. The scoping identifies the groups and
provides  information back to the program that the program can understand.
When a 10 group is modified, the resources are dynamically adjusted to
satisfy the  modification. In one embodiment, there can be separate groups
(clusters) for each  resource. For example, Logical Partition Group A may
be for CPU 15 resources, while Logical Partition Group B may be for I/O
resources.  However, in other embodiments, it is also possible that one
logical  partition group is for a subset or all of the resources. In order
to establish LPAR group scope, in one example, the logical  20 partitions
identify themselves to one or more groups of partitions. One  embodiment of
the logic. associated with joining a group is described with  reference to
FIGs. 4a-4b. For example, to join a logical partition group,  the operating
system (e.g., OS/390) running in a logical partition indicates to the LPAR
manager which LPAR group the logical partition is to  25 be a part thereof,
STEP 400. As one example, an instruction is used to  pass. the LPAR group
name to the LPAR manager. The operating system  specifies a name for each
type of resource that is to be managed within  LPAR groups. Thus, if there
are other resources, INQUIRY 402, then other  names are specified. For
example, a group name is given for CPU resources 30 and another name is
given for I/O resources. The same LPAR group name can  be specified for
each resource type, if desired. This declaration by OS/390 either
establishes a new LPAR group on  the machine (if the logical partition is
the first logical partition to  3S use that name) or causes this logical
partition to join an existing LPAR group of the same name for that resource
type. For example, once the  



group name is specified, STEP 404 (FIG. 4b), a determination is made as to
whether it is a new name, INQUIRY 406. If so, a new group is created,  STEP
408. Otherwise, an existing group is joined, STEP 410. Thereafter, 40 the
resources are scoped to the group, STEP 412. WO 01/23974 12 PCT/GBOO/03720
In particular, the resources of the group type that are bound to the  LPAR
group are now made available for that logical partition to utilize,  if and
when WLM running in the LPAR group determines it should. The  resources of
a particular type for an LPAR group that need scoping include 5 at least
two varieties: additive resources and fixed resources.  Additive Resources:
in some cases, joining an LPAR  group inherently adds resources to the LPAR
group that the  logical partition just joined. An example of this is CPU 10
processing weight, which is, for example, assigned by the  customer to a
logical partition at a hardware console. The  current (in use) processing
weight of the logical partition is  initialized from this customer assigned
weight, when the  logical partition is activated. When the logical
partition 15 joins an LPAR group for CPU resources, the customer assigned
processing weight for that logical partition becomes part of  the total
processing weight available for use within the LPAR  group, and thus, can
be reassigned within the LPAR group by  WLM. The logical partition that
just joined the LPAR group 20 now has the potential to use the larger set
of LPAR group  resources, to which a contribution was just made. Fixed
Resources: in some cases, a set of resources  is predefined as belonging to
a particular LPAR group. An 25 example of this is managed (floating)
channel paths. A  managed channel path is a channel path whose resources
can be  reassigned to help achieve workload goals. The set of managed
channel paths for use by a particular LPAR group is initially  defined via
an I/O configuration definition process that 30 associates channel paths
(CHPIDs) with an LPAR group. When a  logical partition joins this LPAR
group, it is now allowed  access to this set of channel paths. The logical
partition  itself did not contribute anything to this resource pool.  (This
pool of resources can still be changed dynamically, but 



35 the point is that the resources do not come and go as logical
partitions join and leave an LPAR group.) LPAR scope can also be enforced
differently for resources depending  on the type of resource. 40 WO
01/23974 13 PCT/GB00103720  Additive Resources: The operating system in an
LPAR group is to be able to query the complete set of  resources of this
type for the LPAR group. As an example, for  CPU processing weights, this
is accomplished via an 5 instruction. The operating system learns the total
set of  this resource type within the LPAR group, the allocation of  the
resources to the logical partitions in the group, and the  complete size of
the resource pool available on the current  machine. All these components
are used to understand how much 10 of the total physical resource is to be
allocated to a logical  partition. The operating system then updates the
allocations  to the logical partitions in the LPAR group to reassign
resources within the group. The operating system is not  allowed, in one
example, to change the total amount of 15 resource allocated to the LPAR
group. The LPAR manager  enforces this by making sure that all parts of the
LPAR group  are accounted for in an update and no logical partitions
outside the LPAR group have their resources affected. 20 Fixed Resources:
The operating system in an LPAR  group queries the set of resources. that
is associated with its  LPAR group for this type of resource. For example,
with  managed channel paths, a list of managed channel paths that  are
defined for a particular LPAR group can be retrieved from 25 the LPAR
manager via an instruction. The LPAR manager also  screens these resources
to make sure they are only utilized by  the proper LPAR group. For managed
channels, this means only  allowing a managed channel path to be configured
online to a  logical partition that has declared an LPAR group name that 30
matches that defined for the managed channel path. When a logical partition
that is part of an LPAR group is system  reset, re-IPLed, or deactivated,
any affiliation that logical partition  



had with one or more LPAR groups is removed. One embodiment of the logic 35
associated with removing a logical partition from a group is described
with reference to FIG. 5. As part of the reset, the logical partition
manager removes a declared LPAR partition group name(s) from the logical
partition, STEP 500. Then, one or more other actions are performed to
complete the LPAR group resource deallocation for the logical partition, 40
depending on the resource, INQUIRY 502. WO 01/23974 14 PCT/GBOO/03720 If
the resource is an additive resource, then the following occurs:  resources
such as this, that were added into an LPAR group when a logical  partition
joined the LPAR group, are removed from the LPAR group, STEP  504. This may
involve an adjustment in the current allocation of this 5 type of resource
to the remaining members of the LPAR group. For  instance, in the case of
processing weights, the initial processing weight  for the logical
partition leaving the group is now removed from the scope  of the LPAR
group. If WLM had changed the current processing weight for  the logical
partition, adjustments need to be made. If the logical 10 partition's
current processing weight is greater than its initial  processing
weight,.the difference between the two is redistributed to the
remaining.LPAR group members in proportion to their current processing
weights. if the logical partition's current processing weight is less  than
its initial processing weight, the difference between the two is 15 removed
from the remaining LPAR group members in proportion to their  current
processing weights. The result of these adjustments  re-establishes the
processing weight container for the resulting LPAR  group 20 On the other
hand, if the resource is a fixed resource, then the  following occurs:
resources such as these are.simply removed from the  configuration of the
logical partition being reset, STEP 506. For  instance, for managed channel
paths, the channel paths are deconfigured  from the logical partition being
reset. This once again re-establishes 25 that only members of the LPAR
group have access to the LPAR group  resource. It should also be noted that
some resources managed by WLM in an  LPAR group environment may not have a
need for group sopping. One example  30 of such a resource is the number of
logical central processors (CP) online for a logical partition. The
effective behavior of a particular logical  



partition in an LPAR group can be significantly influenced by the number
of logical CPs that are online to the logical partition. The number of
logical CPs that a logical partition can have defined and/or online is a 35
characteristic of a logical partition whether or not is it is in an LPAR
group, so this resource does not really become part of a larger pool of
resources. Its effect in an LPAR group though is that it can change what
type of workload can effectively be run in one LPAR group member versus
another. 40 WO 01/23974 PCT/GB00/03720  15 in one example, a resource to be
shared among a plurality of logical  partitions is a CPU resource. The
OS/390 workload manager redistributes  CPU resources across logical
partitions by dynamically adjusting one or  more relative processor weights
associated with the logical partitions. 5 WLM understands when an important
workload is delayed because the weight  of the partition it is running
within is too low. WLM can help this  workload by raising the weight of
this partition and lowering the weight  of another partition, thereby
providing additional CPU capacity to the  important workload. CPU resources
dynamically move to the partitions 10 where they are needed, as workload
requirements change. in one embodiment, the scope of WLM management of
logical partition  weights is a logical partition group. As one example,
WLM adjusts logical  partition weights, but maintains the sum of the
weights of the partitions 15 in the group constant. Maintaining the sum
constant, keeps the overall  CPU resource allocated to the group the same
relative to other independent  groups on the same physical computer.
Therefore, when WLM raises the  weight of one partition, it lowers the
weight of another partition in the  same group. 20 The management of
logical partition weights is an enhancement to  WLM's goal oriented
resource allocation techniques, which are described  in, for instance, U.S.
5,473,773, issued December 5, 1995; and U.S.  5,675,739, issued October 7,
1997. 25 As described in those patents, WLM controls the allocation of CPU
resources within a logical partition by adjusting CPU dispatching  



priorities. CPU dispatching priorities are assigned to work at a service
class level. However, there are various situations in which the 30
adjustment of dispatching priorities does not help the service class. For
example: 1) The service class is already alone at the highest CPU
dispatching priority allowed to non-system work. 35 2) Changing CPU
dispatching priorities to help the service class  will have too large a
negative impact on other service classes  that are of equal or higher
importance. WO 01/23974 16 PCT/GB00/03720  Thus, when WLM finds that a
service class is missing its goals due to CPU delay, which cannot be helped
by adjusting CPU priorities, WLM  considers adjusting the weight of the
partition associated with the  failing service class. 5 The service class
to which WLM is considering allocating additional  resources is called the
receiver service class. When WLM has found a  receiver service class
missing goals due to CPU delay on a given partition  that cannot be helped
for one of the reasons listed above, WLM considers 10 raising that
partition's weight. One embodiment of the logic followed by  WLM to
determine if a partition's weight can be increased to help the  receiver
service class is described as follows, with reference to FIG. 6: 1. Project
the effect on the receiver class of increasing the 15 weight of the
partition, STEP 600. Increasing the partition's  weight increases the CPU
capacity of the partition. Since the  CPU demand of the work in the
receiver class is assumed to be  constant, increasing the CPU capacity of
the partition decreases the percentage of this capacity that the receiver
20 service class demands. The projection of the benefit to the  receiver
service class is based on this decrease in the percentage of available CPU
capacity both the receiver service  class and the other work on the system
demand. 25 2. Find another partition in the logical partition group to be a
candidate to have its weight lowered, STEP 602. This  partition is known as
the candidate donor partition. The  candidate donor partition is chosen by,
for instance, looking  



for the partition where the least important work is likely to 30 be
impacted by lowering the partition's weight. 3. Project the effect on all
service classes with work running on  the candidate donor partition of
lowering its weight, STEP  604. Decreasing the candidate donor partition's
weight 35 decreases the CPU capacity of the candidate donor partition.
This decrease in CPU capacity means that the CPU demand of the  service
classes with work running on the candidate donor as a  percentage of the
capacity of the candidate donor will increase. The projection of the
negative effect of reducing  40 the candidate donor's weight is based on
this increase in the WO 01/23974 17 PCT/GBOO/03720  percentage of available
CPU capacity that these service  classes demand. 4. Determine if this
change in weight has net value, INQUIRY 606.  5 That is, the benefit to the
receiver service class overrides  the negative impact to work on the
candidate donor partition  based on the goals and importance of the service
classes  involved. 10 S. if adjusting the weights does have net value,
implement the  proposed change to the partition's weights, STEP 608. If
there is no net value, then a determination is made as to  whether there
are more candidate donor partitions, INQUIRY  610. If so, another candidate
donor partition is chosen, STEP 15 612, and processing continues at step 3,
STEP 604. If there  are no more candidate donor partitions, then processing
ends,  .STEP 614. To enable WLM running on one partition to make a
projection on the  20 effect of changing partition weights on work running
on another partition,  each partition has access to a shared data structure
containing  performance data about each logical partition in the group.
This  partition level performance data includes, for instance:  CPU
requirements of work running on the partition by  25 service class;  How
well each service class is doing towards its goal on  the partition; 30 CPU
usage by CPU dispatching priority for the partition.  



In a preferred embodiment of the present invention implented in an  OS/390
system, this shared data structure is built and maintained in a  coupling
facility. However, other data sharing approaches could be used 35 to
implement this data structure, such as messaging or shared disk.  Described
above is a capability for dynamically redistributing CPU  resources of a
computing environment. The resources are redistributed  across logical
partitions, as one example, by dynamically adjusting 40 logical partition
weights. WO 01/23974 18 PCT/GB00/03720  In addition to dynamically
adjusting CPU resources of a computing environment, logical processor
resources may also be dynamically adjusted.  A logical partition is
configured with one or more logical 5 processors, which are dispatched on
the central processor complexes'  physical central processing units to
execute work. To allow a partition  to consume its assigned CPU capacity,
sufficient logical processors are to  be configured to the logical
partition. For example, consider the case of  Logical Partition A running
on a CPC with ten CPUs. If a workload manager 10 assigns Logical Partition
A 50% of the CPC's capacity, Logical Partition A  needs at least five
logical processors to be configured to it. (Five  logical processors could
run on five of the CPUs or 50% of the CPC's  capacity.) Should Logical
Partition A later be assigned 95% of the CPC's capacity, Logical Partition
A would then be configured with ten logical  15 processors. Since WLM can
dynamically adjust the capacity assigned to  Logical Partition A with a
statically defined logical processor configuration, ten logical processors
are configured to Logical Partition  A in order to accommodate all possible
capacity assignments. However,  should Logical Partition A be assigned, for
example, only 20% of the CPC's 20 capacity, two problems arise from the
statically defined logical  processors: 1) Each of the ten logical
processors will, on average, be  allowed to consume physical CPU resources
at the rate of only 0.2 of a  physical CPU's capacity (20% of ten CPUs
divided by ten logical processors  equals 0.2 CPUs per logical processor).
This can severely restrict 25 workloads whose throughput is gated by a
single task, since that single  task will only be able to execute at 0.2
the capacity of the physical CPU  - this is often referred to as the short
engine effect; 2) Software and  hardware efficiency is significantly
reduced when having to manage ten  logical processors, when only two
logical processors are required. 



30 In order to address the above deficiencies, the configuration of a
logical partition is not statically defined, but instead is dynamically
adjusted. In one example, it is WLM that manages the partition and makes
the dynamic adjustment. WLM can do this for each logical partition of a 35
computing environment (or within an LPAR group). One embodiment of the
logic associated with dynamic adjustment of the configuration of logical
processors is described with reference to FIG. 7. Initially, a logical
partition is configured with the minimum number  40 of logical processors
required to allow it to consume the capacity WO 01/23974 19 PCT/GBOO/03720
assigned to the logical partition by workload manager (or the capacity
actually being used, if larger), STEP 700. As the logical partition's
capacity assignment (or capacity use) changes, INQUIRY 702, an evaluation
is made to determine whether the number of logical processors configured 5
to the logical partition should be altered, STEP 704. In one example, the
number of logical processors configured to a logical partition remains
close to the number of physical CPUs necessary to provide the CPC capacity
assigned to (or used by) a logical partition. Thus, each logical  processor
executes at close to the capacity of a physical CPU and the 10 number of
logical processors to manage are minimized. In order to make the evaluation
of whether to change the logical  configuration, the following equation is
used in one example:  L=floor[max(W,U)xP+1.5] subject to a maximum of L=P,
15 where L=number of logical processors configured to a logical partition;
w=percentage of CPC capacity assigned to the logical partition;
U=percentage of CPC capacity currently being used by the logical
partition; and P=number of physical CPUs on a CPC, STEP 705. 20 L is
evaluated by workload manager based on the then current values  of P,W and
U at, for instance, regular and frequent intervals (e.g., every  10
seconds). Thresholds are used to determine if the actual value of L
(L-act) for the logical partition should be raised or lowered. If the
newly calculated value of L (L-calc)is higher than the current value of 25
L-act, INQUIRY 706, then L-act is raised to L-calc, STEP 708. Otherwise,
if L-calc is a value of two or more lower than L-act, INQUIRY 710, then
L-act is set to L-calc minus one, STEP 712. If L-calc is equal to L-act  or
only a value of one below L-act, no change in the value of L-act for  



the logical partition.is made, STEP 714. Through the use of these 30
thresholds, unnecessary changes of L-act due to small workload
fluctuations are avoided, while still being responsive to quickly
increasing capacity demands of workloads. For further illustration,
consider the following example: Assume 35 P=10, W=U=24%. A static
configuration of logical processors would require  L(static)=10 to handle
the case should W grow to greater than 90%.  However, in a preferred
embodiment of the present invention:
L(Dynamic)=floor[max(.24,.24)xlO+1.5]=3. Thus, in this example, L(static)
would constrain a single task to execute at 0.24 of a physical CPU, while
40 L(Dynamic) allows a single task to execute at 0.80 of a physical CPU, WO
01/23974 20 PCT/GB00/03720  thereby providing a 233% increase in throughput
for workloads gated by  single task performance. Additionally, the software
and hardware efficiency is significantly improved since, in this example,
only three  logical processors are managed rather than the ten logical
processors 5 needed for L(static). Another shareable resource of a
computing environment to be managed  is an asynchronous resource, such as
an I/O resource. In particular, I/O  operations or requests within a
coprocessor (e.g., a channel subsystem) 10 are to be managed. This
management includes prioritizing the I/O  operations, such that I/O
operations with a higher priority get processed  quicker, and/or I/O
operations with a higher priority are assigned more  bandwidth of the
channel. 15 In contemporary large scale multi-programmed computing systems,
the  initiation and execution of long running processes, such as I/O
operations  for reading, writing, and controlling attached I/O devices, is
typically  accomplished by the use of several independently operating
computing  elements (see FIG. 8). For example, a program executing in a
central 20 processor 800 may request an I/O operation with an attached
device 804;  however, the actual initiation and execution of the I/O
operation with the  attached device is carried out by one or more separate
and independently  executing processors working together, typically called
a channel  subsystem 802. The asynchronous I/O processing methodology is
generally 25 employed in order to optimize and efficiently use the central
processor  for other work concurrently with the execution of the relatively
long  running I/O devices. That is, to minimize the total processor
overhead,  



processing time, and processor wait time that would otherwise be required
in order to access and to read/write at the attached I/O devices. Such a 30
methodology is designed to achieve maximum overlap, or concurrency of
execution, of I/O operations with the execution of other processor work in
a large multi-programmed system. In such asynchronous I/O processing
systems, the central processor  35 initiates the execution of a program
requested I/O operation by use of an  I/O instruction, such as the S/390
START SUBCHANNEL instruction. Such an  instruction is typically responsible
for: 1. En-queuing (adding) the I/O operation request on a channel  40
subsystem I/O work queue; and WO 01/23974 21 PCT/GB00/03720  2. Signaling
the asynchronously,executing channel subsystem to  process the I/O work
queue. Subsequently, the central processor is free to perform other 5
work/instructions and is not directly involved in the actual execution of
the requested I/O operations with the I/O device. Due to 1) the
asynchronous nature of the above process, 2) the  independent operation of
the central processor and the channel subsystem  10 processors, 3) the
relatively long execution time of I/O operations in comparison to the
execution speed of the central processors, and 4) the  fact that some or
all of the channel subsystem resources, such as the  channel paths which
connect the device to the channel subsystem, may be  busy performing other
operations when an I/O operation is requested by a 15 program, it is highly
probable that multiple I/O requests will be  concurrently en- queued on the
channel subsystem I/O work queues. That  is, the START SUBCHANNEL
instruction is executed by the central processors  at a greater rate
than'the channel subsystem's ability to carry out the  requested I/O
operations, thereby continually causing N-level deep I/O 20 work queues of
pending I/O operation requests. In order to process the pending I/O
requests, the micro-processors  that comprise the channel subsystem inspect
their respective I/O work  .queues (see FIG. B), de-queue one or more I/O
requests from these queues 25 and attempt to initiate the de-queued I/O
requests with their respective  I/O devices. The initiative for this
activity depends on the  microprocessor and work queues in question within
the channel subsystem.  For example, the channel subsystem I/O processor
that interacts with the  



central processor might initiate this process periodically when it is not
30 busy performing other work, as the result of one or more central
processor  START SUBCHANNEL signals, or a combination of both. One example
of the various work queues of a channel subsystem are  described with
reference to FIG. S. As previously mentioned, I/O requests  35 are
en-queued on an I/O processor work queue 806 by, for instance, the START
SUBCHANNEL instruction. I/O requests are then de-queued from the  I/O
processor work queue by an I/O processor 808. The requests that are
de-queued from the I/O processor are en-queued by the I/O processor onto a
channel processor work queue 810. Thereafter, those requests are 40
de-queued by a channel processor 812 and en-queued onto a control unit WO
01/23974 22 PCT/GB00/03720  work queue 814. The channel processor then
de-queues requests from the  control unit work queue to be sent via the
channel path to the control  unit and ultimately to the I/O device. 5
Currently, within the S/390 product family of systems, channel  subsystem
de-queuing and work initiation processes are performed on a  First-In,
First-Out (FIFO) basis. This process is logically the simplest to
implement, is intended to optimize throughput, and has in the past,  been
an acceptable strategy for work transfer between the various 10
asynchronous processing elements given that the average depth of the
pending work queues is relatively shallow and that I/O work pending times
remain relatively' short in duration (i.e., that the average number of
pending I/O requests on the various I/O work queues does not cause
significant elongation of the total I/O response time for I/O operations 15
associated with high importance and/or real- time critical programs).
However, in operating systems that provide application/program
prioritization functions in order to support user demands for timely
processing of critical or time dependent work, a FIFO processing strategy
20 for pending I/O requests becomes increasingly less acceptable, as the
average depth of the FIFO work queues increases. For example, parallel
access volumes used in conjunction with the IBM Enterprise Storage Server
increase the average queue depth in the channel subsystem. This is
typically due to the fact that lower importance or less time critical I/O
25 requests may be queued ahead of the more important requests on the FIFO
work queues and would therefore be initiated before the more critical I/O
requests. Frequently, less critical work performs I/O which ties up  



resources for longer periods of time, increasing the delay encountered by
more important work. This typically results in an increased probability 30
of delay for the more important I/O requests. An increase in delay time,
also called I/O pending time (which might  be either total real-time delay
or relative time delay when compared with  the central processor speed) is
often due to the inability of the channel 35 subsystem and the attached
devices to maintain a rate of I/O execution  that does not impact the
timely completion of the critical I/O requests.  (Said differently, the
inability to maintain an execution rate that does  not result in an
unacceptable elongation in the execution time of the high  importance/time
critical programs). As stated above, the probability of 40 an unacceptable
elongation in total I/O response time for critical I/O WO 01/23974 23
PCT/GB00/03720  requests generally increases when a FIFO work processing
methodology is  used. This probability of delay is further magnified as the
speed and  number of central processors increases at a greater rate than
the increase  in speed of the attached I/O devices and other required
channel subsystem 5 elements, such as the channel paths to which the
devices are attached. in  general, the disparity in the rate of central
processor speed increase  over the rate of I/O speed increase continues to
grow in contemporary  large system environments resulting in increasingly
higher probability for queuing delays and larger I/O response times (either
real-time or relative  10 time) for critical work. in order to minimize the
frequency of elongated I/O response times  for high importance and time
critical I/O operations, as examples, due to  queuing delays at the channel
subsystem, a priority handling technique is 15 defined for processing one
or more of the channel subsystem pending I/O  work queues. Examples of the
implementation of a priority processing technique  between two
independently executing processors or processes include the  20 following:
1. An en-queuing processor (or process) adds I/O requests to a  channel
subsystem I/O work queue (the particular queue depends  on the stage of
processing) using a priority sequencing 25 technique based on a program
specified (e.g., by WLM) priority  number. The channel subsystem
subsequently removes the first,  highest priority I/O request from the work
queue, using a FIFO  



technique; or 30 2. An en-queuing processor (or process) adds I/O requests
to the  bottom of the I/O work queue, using a FIFO en-queuing  technique.
The channel subsystem, using a priority selection  technique, subsequently
searches all I/O request elements on  the work queue and removes and
processes the I/O request with 35 the highest program specified priority
number. The FIFO en-queuing technique (technique #2) requires fewer
instructions, and therefore, allows the central processor to complete the
I/O request scheduling process more quickly. This frees the central 40
processor to perform other work more quickly. For the WO 01/23974 24
PCT/GB00/03720  en-queuing/de-queuing process between the various
microprocessors that  comprise the channel subsystem, the technique to
choose typically depends  on which of the participating processors is the
most constrained with  respect to its processing capacity and timeliness
requirements. That is, 5 if the en-queuing processor is the most
constrained, then the second  technique is chosen. If the de-queuing
processor is the most constrained,  then the first technique is typically
chosen. Regardless of which of these technique is employed, the result is
10 that the channel subsystem gives preference to the initiation and
execution of pending I/o requests based on a prioritization methodology,
not a time-of-arrival or FIFO methodology. Further, in one embodiment,
regardless of the en- queuing and 15 selection techniques employed, various
criteria are used to prioritize  and/or select a request to be processed.
In one example, these criteria  include the following: 1. The selection of
pending I/O requests based on a program  20 specified priority number where
each. different number  corresponds to a unique priority level. For
example, a range  of consecutive unique numbers is to be provided and the
total  range of numbers is to be equal to or greater than the total  number
of distinct work categories that require priority 25 differentiation. For
example, if the system provides the  ability to concurrently execute N
different operating systems,  such as is possible with a typical S/390
system, then the  channel subsystem priority techniques are to provide for
N or  



more distinct priority levels. Each priority level, from the 30 lowest to
the highest level or vice versa, would be  represented by a unique number
in the range of 0 to N-1.  2. The priority selection of pending I/O
requests using a technique that also applies "fairness" to all en-queued
35 requests regardless of their priority. This is typically  desired in
order to minimize the probability of lower priority  requests not being
processed for extended periods of time  which could occur, for example, due
to a disproportionately  large number of higher priority requests being
presented to 40 the channel subsystem for an extended period of time. WO
0123974 25 PCT/GB00103720  Fairness selection might also be applied to
equal priority  pending requests depending on other considerations. For
example, to provide fairness for pending requests that have  already been
de- queued, unsuccessfully initiated, and 5 re-queued one or more times
with other equal priority requests  that have not yet been selected. Such a
technique is  described with reference to FIG. 9. This technique applies
both priority and fairness to a plurality of different  categories of
pending requests. 10 3. External user/operator controls for: 1. Globally
enabling/disabling the priority processing  techniques. This control may be
required in order to  15 force FIFO processing of the pending requests, if
the  priority techniques are unnecessary or unable to adequately
accommodate an atypical program execution  environment. 20 2. For systems
that provide the concurrent execution of  multiple logical partitions, an
external control that  allows the user to specify a "default" priority
value  for I/O requests associated with a given logical partition. This is
used when the operating system 25 executing in the logical partition is not
designed to  specify.a priority value for its I/O requests, but which  is
to nevertheless successfully compete with other  



operating systems executing in other logical partitions  that do specify
I/O prioritization. 30 3. For systems that provide the concurrent execution
of  multiple logical partitions, an external control that  allows.the user
to specify a subset minimum and maximum  range of priority values for each
logical partition, 35 from the total set of values provided by the channel
subsystem. This control is used when multiple operating  systems executing
in separate logical partitions use I/O  prioritization independently and
without knowledge of  the other using partitions. That is, to allow for WO
01/23974 26 PCT/GB00/03720  priority based segregation of the requests
initiated by  each using partition. For items 3.2 and 3.3 above, in one
embodiment, the central 5 processor implicitly assigns the user specified
default priority value or  the user specified minimum/maximum allowed
priority for the program  executing in the logical partition in a manner
that is transparent to the  program operating in the partition. In S/390
systems, this can be  accomplished jointly by the logical partition manager
(hypervisor) and the 10 central processor START SUBCHANNEL instruction.
When the program operating in the logical partition executes START
SUBCHANNEL, in order to initiate an I/O operation, the interpretative
execution of the START SUBCHANNEL instruction in the central processor  15
implicitly acquires both the default priority number and the
minimum/maximum allowed priority numbers from a Start Interpretive
Execution (SIE) State Description (SD) table. This table is created and
loaded into the central processor by the logical partition hypervisor,
when it executes the SIB instruction in order to place the partition into
20 an Execution State. The interpretative execution of START SUBCHANNEL
then  uses the SIR state description table default and min./max. priority
values  to implicitly set the appropriate priority value into the I/O
request  without involvement by the program operating in the logical
partition. 25 When a priority value is not specified by the program
executing in  the logical partition, START SUBCHANNEL interpretation
assigns the user  specified default priority value to the I/O request. When
the program  



executing in a logical partition does specify a priority number when it
executes START SUBCHANNEL, the interpretive execution of START SUBCHANNEL
30 compares the program specified priority value with the hypervisor
specified min./max. priority values in the state description table. When
the program specified priority is less than the hypervisor specified
minimum value, the minimum value from the state description table
implicitly replaces the program specified value. When the program 35
specified priority value is greater than the hypervisor specified maximum
priority, the maximum priority value from the state description table
replaces the program specified value. A priority selection technique can be
devised using zero or more of  40 the above criteria. One embodiment of a
technique for selecting a request WO 01/23974 27 PCT/GBOO/03720  to be
processed, which uses at least some of the above criteria, is  described
with reference to FIG. 9. Initially, a pending work queue is accessed, STEP
900. For example,  5 either the I/O processor work queue, the channel
processor work queue or  the control unit work queue is accessed.
Thereafter, the count of  de-queued pending requests is incremented by one
(e.g.,  DQCOUNT=DQCOUNT+1), STEP 902. 10 Subsequently, a determination is
made as to which category of  pending requests is to be processed, STEP
904. In one example, the  selected category is equal to DQCount MODULUS the
number of categories.  Thus, since in this example there are four
categories, the selected  category equals DQCount MODULUS 4. If the result
is 0., then the first 15 request of any priority is de-queued, STEP 906.
However, if the selected  category is 1, then the first highest priority
request not previously  de-queued.is selected, STEP 908. Further, if the
selected category is 2,  then the first highest priority request previously
de-queued and  unsuccessfully initiated is selected, STEP 910. However, if
the result is 20 3, then the first any priority request not previously
de-queued is  selected, STEP 912. Thereafter, the selected request is
de-queued and  processed, STEP 914. . Described in detail above, is a
prioritization mechanism for 25 asynchronous requests within a coprocessor.
Although the examples are  described with reference to I/O requests and
channel subsystems, these are  only examples. The approach is equally
applicable to other asynchronous  



requests and coprocessors. Further, although the example described above
is described with reference to queuing, a similar prioritization mechanism
30 can be used to adjust the assignment of resources (e.g., bandwidth) on
the  channel, which is capable of concurrently executing multiple
operations,  giving more of the channel resource to the higher priority
operations,  rather than everything running equally. 35 Further, although
various examples described herein are described  with reference to a
logically partitioned system, the I/O priority  capabilities are useable
within a system that does not have or support  logical partitions. WO
01/23974 28 PCT/GB00/03720 As a further benefit, the I/O configuration
(e.g., the channel path  configuration) of a computing environment can be
dynamically changed in  order to move available channel resource to where
it is needed or to  remove excess channel resource, without human
intervention. This reduces 5 the skills required for configuring I/O,
enhances overall system  availability, maximizes utilization of installed
channels and uses the  relative priorities of workloads to distribute
available I/O capacity. in  one embodiment, one or more factors are looked
at before making a change,  in order to determine the "best" change to
make. These factors include, 10 for example, the impact to the response
time, or I/O velocity; the impact  to the response time to achieve specific
workload goals; the destination  port being busy; the resulting
availability characteristics (e.g., add  paths with no single points of
failure in common); and the resulting  complexity (or entropy) of the I/O
configuration. 15 One embodiment of the logic associated with dynamically
adjusting an  I/O configuration is described in detail with reference to
FIGs. 10-14.  Initially, base balance processing is invoked by, for
instance, a workload  manager component of the computing environment at the
start of regularly 20 scheduled time intervals, e.g., every 10 seconds. The
function of the  base balance processing is to continuously balance the I/O
velocity evenly  across the subsystems (e.g., logical control units) (with
floating (i.e.,  managed) channels defined), ensure that all devices can be
accessed through two or more paths, preferably with no single points of
failure in  25 common; and rebalance subsystems after a hardware failure.
This  processing includes two components: data collection, STEP 1000 (FIG.
10)  



and balance checking, STEP 1002. Data collection is run once each  interval
within each logical partition of the environment (assuming the  environment
is logically partitioned or within each system if it was not 30 logically
partitioned); and balance checking is only run once per interval  per
grouped LPAR (again, assuming grouping). Serialization of the data
collection part of the processing is  obtained by the fact that WLM only
invokes the base balance technique once  35 per interval in any one system.
Additionally, version number checking is used when updating the collected
information. For example, control blocks  stored within the coupling
facility are serialized to update the collected  information. These control
blocks enable a group level data collection,  which allows the management
of channels across members of a group on the  40 same CPC. WO 01/23974 2 9
PCT/GBOO/03720  in order to serialize the balance checking, serialization
with a group scope specifically for that purpose is used. Typically, when
balance is called immediately after data collection, group-wide
serialization is requested. If the serialization is obtained, balance 5
checking proceeds; if not, then balance checking is already occurring
within the grouped LPAR, and need not run again during this interval. The
data collection processing of FIG. 10 is further described with  reference
to FIG. 11. In one embodiment, measurement data is collected 20 and
updated, for each subsystem (e.g., logical control unit) defined, STEP
1100. The measurement data includes, for instance, connect time, pending
time, subsystem busy, device busy, destination port busy time, and
destination port busy counts. The updated measurement data is stored in
control blocks within processor memory, along with control blocks within 15
shared memory, such as the coupling facility. Subsequent to updating the
measurement data, a default target I/O  velocity for each subsystem is
calculated, STEP 1102. The I/O velocity  indicates whether additional
channel bandwidth is needed or desired. As 20 one example, the default
target I/O velocity is weighted by connect time.  in order to perform this
calculation, the following steps are taken, in  one instance: For each
subsystem managed by DCM, the current or actual  velocity is obtained,
along with the amount of connect time afforded that  subsystem during the
past interval. The I/O velocity is then multiplied 25 by the connect time
to obtain a result. The results for the subsystems  



are then added together to obtain a sum. The sum is then divided by the
total connect time in order to determine a default target I/O velocity
weighted by connect time. 30 Returning to FIG. 10, after performing the
data gathering, balance  checking is performed as described herein, STEP
1002. One embodiment of  the logic associated with balance checking is
described with reference to  FIG. 12. Initially, serialization is performed
to determine whether balance checking should be performed at this instance,
INQUIRY 1200. If  35 the attempt to get group-wide serialization is
unsuccessful, then the  balance checking logic is not performed, STEP 1202.
However, if  serialization is obtained, then the subsystems are searched
for those  outside their target range, STEP 1204. WO 01/23974 30
PCT/GB00/03720  For example, the actual I/O velocity is obtained for all of
the subsystems and then an average is taken. (in one example, only those
subsystems managed by the dynamic CHPID management (DCM) are included in
the average.) Once the average is determined, a range is created. In one 5
example, the range is, for instance, plus or minus 5% of the average
value. Thereafter, the target I/O velocity of each subsystem is compared
to the target range. if no target I/O velocity is specified, then the
default target I/O velocity is used. As the result of the comparisons,  two
lists are created, STEP 1206. One of the lists includes those 10 subsystems
exceeding the target range and the other includes those  subsystems missing
the range. In each case, subsystems which have been  modified recently
(e.g., within the last 10 seconds) are excluded from the  lists. 15
Thereafter, the list of missing targets is sorted, STEP 1208. In  one
example, WLM is used to sort this list, since WLM is in the position  to
determine which subsystems are most important. Thus, WLM orders the
subsystems in the order in which WLM would like them serviced. 20
Subsequent to sorting the list, one or more of the subsystems on the  list
are serviced by, for instance, shifting capacity from the  under-utilized
subsystems to the over-utilized subsystems, STEP 1210. As  many of the
subsystems that can be serviced in the allotted time are  adjusted. 25 One
embodiment of the logic associated with adjusting the capacity  



is described with reference to FIGs. 13a-13b. Initially, a subsystem is
selected from the list, STEP 1300 (FIG. 13a). In one example, it is the
first subsystem on the list that is selected. Thereafter, a determination
30 is made as to whether it is the destination port busy that is the
problem,  INQUIRY 1302. In particular, a determination is made as to
whether the  contention (e.g., destination port busy time) is high, and if
it is, does  it vary with respect to the various interfaces that connect
thereto. If  the destination port busy is high on all of the interfaces,
then it 35 signifies that another channel path needs to be added. However,
if it is  high on only one interface, then a channel path is moved to
another  interface, STEP 1304. Thus, an existing path is moved from the
interface  with excessive destination port busy time to another interface,
and  processing continues with implementing the change, STEP 1306 (FIG.
13b). 40 Examples of how to implement the change are described in U.S.
5,257,379, WO 01/23974 PCT/GB00103720  31 issued October 1993; U.S.
5,257,368, issued October 1993; and U.S.  5,220,654, issued June.1993.
After the change is implemented, a determination is made as to  5 whether
there are other subsystems that are not in the target range,  INQUIRY 1308.
If not, then processing of the imbalance correction is  complete. However,
if other subsystems are not within the range, then  processing continues
with STEP 1300 "SELECT NEXT SUBSYSTEM IN THE LIST"  (FIG. 13a). 10
Returning to INQUIRY 1302, if the problem is not due to contention,  then
processing continues, as described herein. In particular, in one example,
the possible channel paths to be  15 added to the subsystem are determined,
STEP 1310. This determination  includes checking within the physical
topology all of the channels that  can get to the particular subsystem, and
then for each channel,  determining possible ways (paths).to get to . the,
subsystem. A path is a  connectivity permutation through the hardware
elements connecting and 20 including both the channel and subsystem. All of
these paths (or a  subset, if so desired) are included in the possible
paths.  Similarly, a determination is made as to the possible paths to
remove, STEP 1312. As one example, if there are multiple subsystems on 



25 the same channel, then one of the.paths connected to the sharing
subsystem  is considered a candidate for removal. Thereafter, a
determination is made as to which subsystems will be  impacted by the
change, STEP 1314. Further, an entropy index indicating  30 the complexity
of a configuration to be changed is also determined, as  described below.
One embodiment of the logic associated with determining the effected
subsystems is described with reference to FIG. 14. Initially, a subsystem
35 control block (SSCB) list for subsystems and a CHPID list for channels
are cleared for use later on, STEP 1400. Thereafter, a channel path id is
retrieved from a decision selection block (DSB) associated with the
proposed channel and is added to the CHPID list, STEP 1402. In  particular,
each path has a decision selection block associated therewith. 40 The
decision selection block is a control block that includes various WO
01123974 3 2 PCT/GB00/03720  information, including, for example, the id of
the channel path (CHPID), a  subsystem control block (SSCB) pointer
indicating the logical control unit  associated with the channel path, and
an array of effected SSCBs. Each  SSCB includes all of the channels
connected to the subsystem. 5 Thereafter, all the CHPIDs associated with
the SSCB to be assisted  are also added to the CHPID list, STEP 1404. In
particular, the SSCB  pointer is retrieved from the DSB which indicates the
SSCB to be assisted.  All of the CHPIDs in the SSCB are then added to the
CHPID list. 10 Thereafter, for each CHPID in the list, the SSCBs associated
with  the channel path are added to the SSCB list, STEP 1406. In one
example,  this information is obtained from a channel path table that
indicates the  SSCBs connected to each CHPID. 15 Subsequently, a
determination is made as to whether any SSCBS were  added to the list,
INQUIRY 1408. If so, then for each SSCB in the list,  the CHPIDs not
already in the CHPID list are added, STEP 1410, as  described above with
STEP 1404. 20 Thereafter, a further determination is made as to whether any
CHPIDs  were added to the list, INQUIRY 1412. If there were more CHPIDs
added to  



the list, then processing continues with STEP 1406. However, if there are
no SSCBs or CHPIDs added to the lists, INQUIRIES 1408, 1412, then for each
25 SSCB in the list, a DSB array element is created, STEP 1414. That is,
each of the SSCBs are added to the array of effected SSCBs. Additionally,
each of the array elements is updated with actual and target I/O
velocities, the current delta between the target and actual I/O
velocities, and an SSCB pointer, STEP 1416. 30 Returning to FIG. 13a, in
addition to the above, the availability  index for each path is calculated,
STEP 1316. In one example, the  availability index is a number that
indicates how many single points of  failure the proposed path has in
common with existing paths to the 35 subsystem. If a channel path is to be
added, then it is desired to have  no single points of failure. If a
channel path is to be deleted, then the  path with the most single points
of failure is typically chosen. Subsequently, the impact to the effected
systems is projected, STEP  40 1318. In particular, in one example, the
current load on each subsystem WO 01/23974 3 3 PCT/GB00/03720 is looked at
to determine how it will be different if the change is made.  Using this
information, the best option is selected, STEP 1320. In order  to select
the best option, various factors may be considered including,  for
instance, the following: 5  Which option moves the subsystem closest to
target?   Which option provides the best availability?  Which option
provides the best symmetry (least entropy)?  Will this option reduce the
total number of paths below two?  10 Will this option violate any explicit
targets (WLM can provide  explicit targets to be used instead of the
default targets)?  Will this option violate any architectural limits?  Will
this option violate the configuration as defined by the  installation? 15
Will this option attempt to use resources which are currently  unavailable?
In one particular example, initially, any decision selection blocks  (DSBs)
that cannot be implemented under any circumstances are eliminated.  20 This
would include, for example, those that violate architectural limits, 



those that reduce the total number of paths below two, those that violate
the configuration as defined by the installation (e.g., use more than the
maximum number of floating channel paths allowed in the definition) and
those that attempt to use resources which are currently unavailable (e.g.,
25 those that attempt to use ports which were made unavailable.) (This
function could be moved earlier in the processing, so that the
availability index and projected impact to subsystems are not calculated
for DSBs which could never be selected.) 30 if there is currently only one
path to the subsystem (possible  shortly after system startup or after a
failure), select a path with the  best availability index. If more than one
have equivalent availability  indices, select the path that has the lowest
entropy index that will move  the target subsystem within the target I/O
velocity target. If there is 35 more than one, select the one whose total
projected delta ("I Projected  Delta" from the DSB) is smallest. If there
is currently more than one path to the subsystem, find the  set of DSBs
with the best availability index. Search that set for options  40 which get
the target subsystem within the tolerance of the target I/O WO 01/23974 34
PCT/GB00103720  velocity and have the lowest entropy index. If there is
more than one,  select the one whose total projected delta ("E Projected
Delta" from the  DSB) is smallest. 5 If there is no such option, find the
set of paths with the next best  availability index, and try again. If no
options get the subsystem within the tolerance, select the one  that gets
the subsystem closest to target, without regard for its 10 availability
index or entropy index. (The above described technique for  selecting the
best option is only one example. Various additions,  deletions and
modifications can be made, and any other suitable techniques  may be used
to select the best option.) 15 After attempting to select the best option,
a determination is made  as to whether the new target can be achieved
without impacting subsystems  with explicit targets, INQUIRY 1322. In other
words, is the best option  going to negatively impact the subsystems with
explicit targets that were  set by WLM. If so, then workload manager is
invoked to choose the 20 appropriate path, STEP 1324. Specifically,
workload manager picks the  path and selects new targets for the donor. 



Subsequently, or if the new target can be achieved without  negatively
impacting subsystems with explicit targets, the change is 25 implemented,
STEP 1306, and processing continues with a determination as  to whether
other subsystems exist which are not in target range, INQUIRY  1308. As
stated above, WLM can set an explicit I/O velocity target, which  30 is to
be used instead of the default average I/O velocity target. In one
embodiment, WLM sets an explicit target, when WLM finds that the service
class is not meeting its goals. One embodiment of the logic associated
with setting the explicit subsystem I/O velocity target is described with
reference to FIG. 15. 35 initially, a determination is made as to whether
I/O is causing the  biggest delay, INQUIRY 1500. If not, then for present
purposes processing  is complete. However, if I/O is causing the biggest
delay, then I/O  priority adjustment is attempted, STEP 1502. Thereafter, a
determination 40 is made as to whether the service class is meeting its
goals, INQUIRY WO 01/23974 35 PCT/GBOO/03720  1504. If the service class is
now meeting its goals, then processing is  complete. However, if the
service class is still not meeting its goals,  then a search is made for
subsystems that are being used by the service  class and have a low I/O
velocity, STEP 1506. For one or more subsystems 5 that are located, new
subsystem I/O velocity targets are set. In one  example, it is set by
increasing the current target by a defined amount  and then projecting the
impact on the subsystem. If the impact is  sufficient, (e.g., above a
receiver value), then processing is complete.  If not, the target is
increased again, and the processing is repeated.  10 Described in detail
above is dynamic CHPID management (DCM) that  provides for dynamic
adjustment of I/O configurations. DCM is  advantageously integrated with
WLM, which enables decisions to be made  with an understanding of workloads
and goals. Further, DCM allows 15 management of channels across multiple
partitions (e.g., of a group of  partitions). This enables the addition of
resources where they are  needed, as well as the removal of excess
resources. As described above, with dynamic CHPID management (DCM), the
"best"  20 channel is selected to add to (or remove from) a subsystem. In
order to  



do this, one or more attributes are examined, including, for instance, the
complexity (or entropy) of the resulting I/O configuration. Increased
entropy causes the I/O configuration to become overly 25 complicated,
resulting in excessive time in DCM's processing, inaccurate  results due to
excessive numbers of subsystems being impacted, complexity  in performance
reporting and complexity in problem determination. Thus,  in a preferred
embodiment of the present invention, a capability is provided to determine
the relative entropy of different choices, so that  30 the relative entropy
can be considered along with other considerations,  such as I/O velocity
and availability, when making a choice in how a  configuration is to be
adjusted. In determining relative entropy, an entropy index is calculated.
35 For example, in the case where a path is being added, the entropy index
is  the sum of channels and subsystems in the resulting configuration.
Further, in the case where a path is being deleted, the entropy index
reflects the set of channels and subsystems interconnected to the target
subsystem after the path is deleted. It does not include channels and 40
subsystems that will no longer be in the set. WO 01/23974 36 PCT/GBOO/03720
To calculate the degree of entropy for each option, the number of channels
and subsystems that are connected together, assuming the decision  is
implemented, is used. One basic premise of the entropy technique is to
calculate an index which enables a comparison of two or more proposed 5
topologies and a determination of which one is more symmetric, or has less
entropy. The purpose of this is to avoid large interconnected topologies,
which it is suspected will make the I/O velocity technique less accurate,
and will make it harder for people to analyze performance problems after
the fact, due to overly complex topologies. 10 One embodiment of the
entropy determination technique is described  with reference to various
examples. For instance, FIG. 16a depicts one  example of a configuration
1600 that includes two channels 1602 connected  to two subsystems 1604. If
subsystem 22 needs additional resource, it can 15 obtain it from at least
two places. It can either receive it from channel  1 or channel 3. If it
obtains it from channel 3, the resulting  configuration now has three
channels and two subsystems (FIG. 16b). This  gives the configuration an
entropy index of five (3+2). If, however,  



subsystem 22 receives additional resource from channel 1 (FIG. 16c), the 20
resulting configuration has no more channels or subsystems than it
originally had, and the resulting entropy index is two. In this example,
the second option has the least entropy. Consider another example. In the
example depicted in FIG. 17a, 25 subsystem 23 needs additional resource. it
can be obtained from channel 2  or 4. If channel 2 is used, (FIG. 17b) the
resulting entropy index is  five (i.e., three channels interconnected to
two subsystems in one  configuration; channel 4 is not counted, since it is
not connected.) if  channel 4 is used (FIG. 17c), the resulting index is
three. Thus, the 30 second option has the least entropy. Next, consider
cases where the configuration is split, to determine  how this effects
entropy. 35 Referring to FIG. 18a, if subsystem 23 has excess capacity,
channel  2 or 3 could be removed. If channel 2 is removed (FIG. lab), the
configuration is split, and the entropy index of both configurations goes
down. If channel 3 is removed (FIG. 18c), there is still one
configuration, but with a lower entropy index than the original index. it
40 appears that the decision that breaks the configuration, somewhat in
half, WO 01/23974 37 PCT/GB0O/03720  results in two less complicated
networks, and is the better choice, in one  embodiment. On a delete, if the
index of the existing configuration (FIG. 19a)  5 is known, as well as the
index of the proposed configuration containing  the subsystem at hand
(right side of FIG. 19b), the index of the other  configuration (left side
of PIG. 19b) can be calculated by subtracting. In this example, the index
of the other configuration is equal to 2 (4-3=1  and 2-1=1, so 1+1=2). If
the subtraction results in a zero for the number  10 of subsystems or
channels, as in FIG. 19c, then entropy has been reduced without splitting
the configuration. (E.g., 2 subsystems-2 subsystems=0.)  Splitting is
preferred, in one embodiment. In the following example, subsystem 23 has
excess resource (FIG.  15 20a). Channels 2 or 3 can be removed. If channel
3 is removed (FIG.  20b), the resulting entropy index is 7. If channel 2 is
removed (FIG.  20c), the configuration is split into two configurations
with the configuration at hand (configuration with subsystem 23) having an
entropy  index of 5 and the resulting second configuration having an
entropy index  



20 at 3. in one embodiment, splitting the configuration is preferred.
Further examples are now considered to determine if it is only  desired on
a delete to look for a split, not the resulting entropy value.  25 In the
example depicted in FIG 21a, subsystem 23 has too much bandwidth. Either
channel 2 or 4 can be removed. If channel 2 is removed  (FIG. 21b), a new
entropy index of 6 is obtained, with the resulting  second configuration's
entropy index at 3. If channel 4 is removed (FIG.  21c), a new entropy
index of 5 is obtained, with the resulting second 30 configuration's
entropy index at 4. The configuration with entropy  indices of 5 and 4 is
the better choice. So the type of split does  matter, in one embodiment. In
the example depicted in FIG. 22a, subsystem 23 needs additional  35
resource. Subsystem 21 can be removed from channel 2 (FIG. 22b), giving
subsystem 23 all of channel 2's resource; or subsystem 25 can be removed
from channel 4 (FIG. 22c), giving 23 all of channel 4's resource. If
subsystem 21 is removed from channel 2, the resulting entropy  40 index is
7, and that of the resulting second configuration is 2. if WO 01/23974
PCT/GBOO/03720  38 subsystem 25 is removed from channel 4, the resulting
entropy index is now  6, and the resulting second configuration is 3. The
second choice seems  better, in one embodiment, because the split is closer
to being even. 5 In order to calculate which option is closer to being in
half (i.e.,  "even"), determine the difference in the number of channels
and subsystems  between the new entropy index and that of the resulting
second  configuration. In this example, the first choice results in entropy
indices of 7 and 2, so the difference is 5 (i.e., the symmetry index). 10
The second choice results in entropy indices of 6 and 3, so the difference
is 3. The one with the lower difference is the best choice in this
embodiment. To conclude, in one embodiment, options which do not move the
15 subsystem closer to the target I/O velocity are to be eliminated.
Further, the entropy index is calculated by adding the total number of
channels and subsystems that are interconnected in the resulting
configuration. If the entropy index does not change, the change is
symmetric. The configuration with the lowest entropy index is typically 20
selected. Avoid selecting a configuration with greater than eight  



channels, even if it means selecting one with a higher entropy index. If
there is no alternative, select a configuration with greater than eight
channels, and hopefully on the next interval the configuration will be
split. 25 Although variations of the above embodiments are described with
reference to I/O configurations, the capabilities described herein are
equally applicable to other networks, such as storage area networks, as
well as others. 30 Described above are various. mechanisms for managing
resources of a  computing environment. Physical shareable resources are
managed across  logical partitions of a computing environment. The logical
partitions are  grouped to enable resource sharing through, for instance,
priority based 35 resource allocations. This resource sharing includes, for
example,  dynamic management of CPU resources across LPARs; dynamic CHPID
management  across LPARs; I/O priority queueing in the channel subsystem;
and dynamic  management of memory across LPARs. WO 01/23974 39
PCT/GB00103720  In one example, the workload manager of the system is at
least partially responsible for this management. The shareable resources
are  dynamically redistributed across the LPARs under workload manager
direction transparent to the application's subsystems. The resources are 5
provided to the needed partitions based on monitoring activity and
customers' goals. Additionally, the dynamic adjustment of physical
resources in accordance with workload goals via, for instance, WLM,
sysplex and PR/SM integration, is performed without needing parallel
sysplex data sharing. 10 In the embodiments described above, various
computing environments  and systems are described. It will be appreciated
that these are only  examples and are not intended to limit the scope of
the present invention.  Likewise, the flow diagrams depicted herein are
just exemplary. There may 15 be many variations to these diagrams or the
steps (or operations). For  instance, the steps may where appropriate be
performed in a differing  order, or steps may be added, deleted or
modified. 20 



WO 01/23974 40 PCT/GBOO/03720  CLAIMS 1. A method of managing workload of a
computing environment, said method  comprising: 5 managing workload across
two or more partitions of a plurality of  partitions of said computing
environment; and said managing comprising dynamically adjusting allocation
of a  shareable resource of at least one partition of said two or more
partitions, wherein workload goals of said two or more partitions are  10
being balanced. 2. The method of claim 1, wherein said dynamically
adjusting is performed  transparently to work processing within said at one
least one partition.  15 3. The method of any preceding claim, wherein said
shareable resource comprises at least one of central processing unit
resources, logical  processor resources, input/output resources, channel
resources,  coprocessors, network adapters, and memory. 20 4. The method of
any preceding claim, wherein said dynamically adjusting  comprises moving
at least a portion of said shareable resource from one  partition to at
least one other partition. 5. The method of any preceding claim, wherein
said dynamically adjusting  25 comprises managing said shareable resource
among said two or more  partitions based on priority. 6. The method of any
of claims 1-5, wherein said dynamically adjusting  comprises assigning said
shareable resource among said two or more 30 partitions based on percentage
allocation, wherein each partition of said  two or more partitions is
assigned a percentage of said shareable  resource. 7. The method of any
preceding claim, wherein said partitions are logical  35 partitions. 8. The
method of any preceding claim, wherein said dynamically adjusting  is
controlled at least in part by at least one workload manager of said
computing environment. 40 1111111111111 lOji IIII II IIII * L S WO 01/23974
41 PCT/GBOO/03720 9. The method of any preceding claim, wherein said
dynamically adjusting  



is performed without a requirement for data sharing. 10. A method of
managing workload of a computing environment, said method  5 comprising:
identifying a group of a plurality of partitions of said computing
environment; and managing the group of partitions by determining a
shareable resource  to be assigned to said group, wherein at least a
portion of said shareable  10 resource is allocated to said plurality of
partitions of said group. 11. The method of claim 10, wherein said one or
more partitions comprise  one or more instances of at least one operating
system. 15 12. The method of any of claims 10-11, further comprising
joining said  group by at least one partition of said one or more
partitions. 13. The method of claim 12, wherein said joining affects said
at least a  portion of said shareable resource allocatable to said group.
20 14. The method of any of claims 10-13, further comprising removing a
partition from said group. 15. The method of claim 14, wherein said
removing affects said at least a  25 portion of said shareable resource
allocatable to said group. 16. The method of any of claims 10-15, wherein
said identifying comprises  identifying a plurality of groups of one or
more partitions. 30 17. The method of any of claims 10-16, further
comprising readjusting  allocation of said at least a portion of said
shareable resource of at  least one partition of said group. 18. The method
of claim 17, further comprising ensuring that said 35 readjusting does not
affect a total amount of said at least a portion of  said shareable
resource for said group. 19. The method of any of claims 10-18, further
comprising ensuring that  said shareable resource is allowed to be
allocated to said group. 40 1111111111111IIIIIX1111II~!II C L M S WO
01/23914 42 PCTIGB00/03720 20. A method of managing workload of a computing
environment, said method  comprising: determining that a group of said
computing environment has been  modified, wherein said group comprises a
plurality of partitions of said  



5 computing environment; and managing the group of partitions by
dynamically adjusting within  said group allocation of a resource of said
group, in response to said  determining. 10 21. The method of claim 20,
wherein said dynamically adjusting maintains  a total allocation of said
resource within said group. 22. The method of claim 20, further comprising
temporarily using, by said  group, an amount of said resource beyond the
amount allocated for said 15 group. 23. The method of claim 22, further
comprising: determining that a contention exists for said resource; and
readjusting said amount used to an amount allocated to said group.  20 24.
A method of managing workload within a computing environment, said  method
comprising: determining that an allocation of CPU resources to a partition
of  said computing environment is to be adjusted; and 25 dynamically
adjusting said allocation across said partition and  another partition of
said computing environment. 25. The method of claim 24, wherein said
dynamically adjusting is in  response to workload goals of at least said
partition. 30 26. The method of claim 24 or 25, wherein said dynamically
adjusting  comprises modifying a first CPU processor weight assigned to
said  partition and a second CPU processor weight assigned to said another
partition. 35 27. The method of claim 26, wherein said modifying comprises:
increasing said first CPU processor weight; and  decreasing said second CPU
processor weight. II  iIiJ'IIII'ijIIIiI1II!II WO 01/23974 43 PCT/GB00/03720
28. The method of claim 27, wherein said first CPU processor weight is
increased an amount equal to the decrease of said second CPU processor
weight, wherein a sum of said first CPU processor weight and said second
CPU processor weight remains constant. 



5 29. The method of any of claims 24-28, wherein said partition and said
another partition are within a group of partitions. 30. The method of any
of claims 24-29, wherein said partition comprises  10 one or more service
classes of work, and wherein said determining  comprises: projecting an
effect on a selected service class of said one or more  service classes of
increasing a processor weight associated with said  partition; 15
projecting an effect on one or more service classes of said another
partition of lowering a processor weight of said another partition; and
determining whether the benefit to said selected service class overrides a
negative impact to work of said another partition, wherein the  adjustment
is to be made when the benefit overrides the negative impact.  20 31. The
method of any of claims 24-30, further comprising selecting said  another
partition, wherein said selecting is based on importance of work  .to be
executed within said another partition.. 25 32. A computer program for
implementing the method of any preceding  claim. 33. A system of managing
workload of a computing environment, said system  comprising: 30 means for
managing workload across two or more partitions of a  plurality of
partitions of said computing environment; and means for said managing
comprising dynamically adjusting allocation  of a shareable resource of at
least one partition of said two or more  partitions, wherein workload goals
of said two or more partitions are 35 being balanced. 34. A system of
managing workload of a computing environment, said system  comprising:
means for identifying a group of a plurality of partitions of said  40
computing environment; and MIIII!I lull 011111111111111 * C L 14 S WO
01/23974 44 PCT!GB00/03720  means for managing the group of partitions by
determining a shareable resource to be assigned to said group, wherein at
least a  



portion of said shareable resource is allocated to said plurality of
partitions of said group. 5 35. A system for managing workload of a
computing environment, said  system comprising: means for determining that
a group of said computing environment has  been modified, wherein said
group comprises a plurality of partitions of  10 said computing
environment; and means for managing the group of partitions by dynamically
adjusting  within said group allocation of a resource of said group, in
response to  said determining. 15 36. A system for managing workload within
a computing environment, said  system comprising: means for determining
that an allocation of CPU resources to a  partition of said computing
environment is to be adjusted; and means for dynamically adjusting said
allocation across said  20 partition and another partition of said
computing environment.  ''iiJ ~II"III VIII II Ifs L M 


