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Description

Technical Field

[0001] This invention relates, in general, to partitioned
environments, and in particular, to facilitating access to
input/output resources of a partitioned environment.

Background Art

[0002] In a partitioned environment, a computing unit,
such as a server, is partitioned into a plurality of partitions
to create smaller independent systems within the com-
puting unit. Partitioning is becoming popular as multiple
smaller servers are consolidated into one or more bigger
servers with multiple partitions. This consolidation pro-
vides better resource utilization, centralized manage-
ment and greater flexibility, as customers are able to in-
stantiate new servers/partitions more easily. Typically,
one operating system (OS) instance runs in each parti-
tion, and the operating system instance either has its own
dedicated I/O adapters, or it is able to share I/O adapters
through specific techniques.
[0003] For example, an operating system may allow
sharing of one or more adapters it owns via an interface
to other partitions. This requires the operating system to
be configured to enable sharing, which is frequently com-
plex. Further, this technique is not robust, since other
applications can ran in the open partition; operating sys-
tems are not tailored for the purpose of sharing I/O adapt-
ers. Other shortcomings include security concerns, as
well as timing concerns (e.g., dependencies between
partitions for start-up and shutdown).
[0004] In a further example, sharing is provided
through the use of specialized hardware that owns one
or more adapters. This, however, increases system hard-
ware costs, increases development costs by requiring
the hardware to be built and integrated with industry I/O
adapters, has a long development cycle for new I/O
adapters, and unique I/O adapter sharing configuration.
[0005] Dedicated I/O adapters in each partition are ex-
pensive due to the cost of the adapters, slots, cabling,
etc.; complex to manage/maintain; and typically under-
utilized, since utilization drops with an ever increasing
number of partitions. Further, in both sharing cases de-
scribed above, adding a partition and assigning virtual
I/O (sharing an adapter owned elsewhere) requires con-
figuration in multiple places with different tools. Moreo-
ver, new I/O adapters are constantly being created. Ded-
icating them to individual operating systems requires that
each operating system develop drivers and qualify the
adapter. If they need to be shared, sharing code needs
to be developed for each operating system.
[0006] As a multiple logical partitioned server grows in
size, the number of logical partitions, i.e., operating sys-
tem instances, grows proportionally. This places addi-
tional demands on the number of I/O adapters supported
based on the number each operating system needs for

bandwidth, availability and latency. The cost of support-
ing these increasing numbers of dedicated adapters is
incurred both in development and in the cost that is
passed on to the customer.
[0007] Today’s on-demand environment requires effi-
ciency from a development perspective for server man-
ufacturers, and from a total cost of ownership perspective
for information technology (IT) consumers. Time to mar-
ket is also a critical criterion for success for both server
manufacturers and IT consumers who have to deliver
computing and applications within a window of opportu-
nity. Thus, a need exists for an enhanced capability to
facilitate sharing of I/O resources.
[0008] European Patent Application 0 574 691 A dis-
closes a method of facilitating access to input/output (I/O)
resources of a partitioned environment comprising one
or more computing unit(s) providing processor and mem-
ory resources, the method comprising providing a plural-
ity of partitions each having an allocation of said proces-
sor and memory resources. The I/O subsystem is located
in an area outside the logical partitions - in the Hardware
System area. The I/O subsystem is not governed by the
isolation characteristics of a logical partition. The I/O sub-
system is a privileged entity and special hardware sup-
port is required to enable this.
[0009] European Patent Application 1 091 296 A dis-
closes the inclusion of logical partitions in a Logical Par-
tition Group A which are assigned a particular portion of
the total central processor complex CPU resource. These
resources are being shared by the logical partitions within
a particular group, as well as, potentially, with logical par-
titions in other logical partition groups and logical parti-
tions not included in any logical partition groups.
[0010] International Patent Application WO
2005/036405 filed claiming a priority date of 8 October
2003 and published 21 April 2005 in the name of Unisys
Corporation, discloses a virtualization infrastructure that
allows multiple guest partitions to run within a host hard-
ware partition. The host system is divided into distinct
logical or virtual partitions and special infrastructure par-
titions are implemented to control resource management
and to control physical I/O device drivers that are, in turn,
used by operating systems in other distinct logical or vir-
tual guest partitions. Host hardware resource manage-
ment runs as a tracking application in a resource man-
agement "ultravisor" partition, while host resource man-
agement decisions are performed in a higher level com-
mand partition based on policies maintained in a sepa-
rate operations partition. The conventional hypervisor is
reduced to a context switching and containment element
(monitor) for the respective partitions, while the system
resource management functionality is implemented in
the ultravisor partition. The ultravisor partition maintains
the master in-memory database of the hardware re-
source allocations and serves a command channel to
accept transactional requests for assignment of resourc-
es to partitions. It also provides individual read-only views
of individual partitions to the associated partition moni-

1 2 



EP 1 763 749 B1

3

5

10

15

20

25

30

35

40

45

50

55

tors. Host hardware I/O management is implemented in
special redundant I/O partitions. Operating systems in
other logical or virtual partitions communicate with the
I/O partitions via memory channels established by the
ultravisor partition. The guest operating systems in the
respective logical or virtual partitions are modified to ac-
cess monitors that implement a system call interface
through which the ultravisor, I/O, and any other special
infrastructure partitions may initiate communications with
each other and with the respective guest partitions. The
guest operating systems are modified so that they do not
attempt to use the "broken" instructions in the x86 system
that complete virtualization systems must resolve by in-
serting traps.

Disclosure of Invention

[0011] One aspect of the present invention provides a
method of facilitating access to input/output (I/O) resourc-
es of a partitioned environment comprising one or more
computing unit(s) providing processor and memory re-
sources, the method comprising: providing a plurality of
partitions each having an allocation of said processor
and memory resources. The method is characterised in
that: the plurality of partitions includes at least one I/O
partition coupled to one or more I/O resources, and one
or more consumer partition(s) coupled to the I/O partition;
and the method further comprises the steps of: at least
one consumer partition making use of the I/O partition to
access at least one of the I/O resources coupled thereto
comprising providing to a virtual adapter driver of the con-
sumer partition a request to access the I/O resource of
the I/O partition and communicating the request to a vir-
tual adapter interface of the I/O partition; and using a
partition management tool to facilitate at least one of
managing the I/O partition, specifying one or more re-
sources to be allocated to the I/O partition, and specifying
one or more consumer partitions allowed to share at least
one I/O resource of the one or more I/O resources, where-
in the I/O partition further provides automatic workload
balancing among one or more I/O resources owned by
the I/O partition.
[0012] System and computer software program prod-
ucts corresponding to the above-summarized method
are also described and claimed herein.
[0013] Additional features and advantages are real-
ized through the techniques of the present invention. Oth-
er embodiments and aspects of the invention are de-
scribed in detail herein and are considered a part of the
claimed invention.

Brief Description of the Drawings

[0014] The foregoing and other features, and advan-
tages of the invention are apparent from the following
detailed description taken in conjunction with the accom-
panying drawings in which:

FIG. 1 depicts a partitioned computing environment,
in accordance with an embodiment of the present
invention;

FIG. 2 depicts further details of a consumer partition
of the partitioned environment, such as an operating
system partition, being coupled to an I/O partition of
the environment, in accordance with an embodiment
of the present invention;

FIG. 3 pictorially depicts multiple partitions having
access to one or more adapters via an I/O partition,
in accordance with an embodiment of the present
invention;

FIG. 4 depicts an I/O partition configuration file, in
accordance with an embodiment of the present in-
vention;

FIGs. 5A-5B depict the logic associated with creating
an I/O partition configuration file, in accordance with
an embodiment of the present invention;

FIG. 6 depicts the logic associated with employing
the I/O partition configuration file by a hypervisor to
configure partitions of the partitioned environment,
in accordance with an embodiment of the present
invention;

FIG. 7 depicts the logic associated with configuring
I/O resources of the partitioned environment based
on the I/O partition configuration file, in accordance
with an embodiment of the present invention; and

FIG. 8 depicts one example of a partitioned environ-
ment that includes a plurality of I/O partitions, in ac-
cordance with an embodiment of the present inven-
tion.

Mode for the Invention

[0015] In accordance with an aspect of the present in-
vention, a capability is provided to facilitate access to I/O
resources of a partitioned environment. Within the parti-
tioned environment, one or more I/O partitions are cre-
ated and used to manage access to I/O resources by
other partitions in the environment. For instance, an I/O
partition owns one or more adapters that are shared by
one or more other partitions of the environment. One em-
bodiment of an environment to incorporate and use one
or more aspects of the present invention is described
with reference to FIG. 1. A partitioned environment 100
includes a server 102, such as a pSeries server offered
by IBM®, that is partitioned into a plurality of partitions.
(IBM® is a registered trademark of International Business
Machines Corporation, Armonk, New York, U.S.A.
pSeries and other names used herein may be registered
trademarks, trademarks or product names of Internation-
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al Business Machines Corporation or other companies.)
[0016] As an example, server 102 includes one or more
consumer partitions 104, each of which functions as a
separate system and may include an operating system,
such as AIX or Linux, or other control code. The consum-
er partitions are responsible for executing applications
and processing work, some of which requires access to
I/O resources. The access is not performed directly by
the consumer partitions, but via another entity, as de-
scribed herein. Thus, the consumer partitions employ vir-
tual I/O processing. Although four consumer partitions
are shown, in other embodiments, more or less consumer
partitions may be included.
[0017] Server 102 also includes, in accordance with
an aspect of the present invention, one or more I/O par-
titions 106 used to facilitate access to I/O resources. It
is the I/O partitions that provide the consumer partitions
with access to the I/O resources, thus, relieving the con-
sumer partitions of various tasks associated with I/O
processing. In this embodiment, an I/O partition is a
firmware partition. That is, the partition is based on the
architecture and platform of the server and includes com-
ponents of the server being partitioned, eliminating the
need for specialized hardware.
[0018] Each partition (104, 106) is, for instance, a log-
ical partition and has associated therewith at least a por-
tion of one or more physical processors 108 and memory
110 residing within server 102. In particular, each parti-
tion has one or more logical processors associated there-
with, in which each logical processor represents all or a
share of a physical processor allocated to the partition.
The logical processors of a particular partition may be
either dedicated to the partition, so that the underlying
processor resource is reserved for the partition; or shared
with another partition, so that the underlying processor
resource is potentially available to another partition.
[0019] The consumer partitions are coupled to the one
or more I/O partitions via a hypervisor 112, which is used
as a conduit or transport between the partitions. The hy-
pervisor is also responsible for management of various
aspects of the partitions. One example of a hypervisor
that can be employed, in accordance with an aspect of
the present invention, is the POWER hypervisor, offered
by IBM. Additional details regarding logical partitions and
hypervisors are described in "Dynamic Logical Partition-
ing in IBM eServer pSeries," International Business Ma-
chines Corporation, 2002, pages 1-9 available at IBM®
and at http://www-l.ibm.com/servers/eserver/ pseries/
hardware/whitepapers/dlpar.html; U.S. Patent Applica-
tion No. 2002/0152344 A1, entitled "Method For Process-
ing PCI Interrupt Signals In A Logically Partitioned Guest
Operating System," Holm et al., October 17, 2002; U.S.
Patent Application No. 2003/0009648 A1, entitled "Ap-
paratus For Supporting A Logically Partitioned Computer
System," Doing et al., January 9, 2003; and U.S. Patent
Application No. 2003/0041090 A1, entitled "Yield On Mul-
tithreaded Processors," Armstrong et al., February 27,
2003.

[0020] The coupling of a consumer partition and an I/O
partition is further described with reference to FIG. 2. In
this example, the consumer partition includes an operat-
ing system, and thus, is also referred to herein as an
operating system partition. However, in other examples,
the consumer partitions may include entities other than
operating systems, such as control code or other entities.
[0021] Referring to FIG. 2, an operating system parti-
tion 200, which includes an operating system 202, is con-
figured to share at least one I/O adapter 206 owned by
an I/O partition 208. The I/O adapter, including an indi-
cation of the class of adapter, is defined to the operating
system, but other specialized configuration information,
such as failover and link aggregation, is defined in the
I/O partition. The operating system partition employs the
I/O partition to access the adapter, and thus, I/O devices
coupled thereto.
[0022] To access an adapter owned by the I/O parti-
tion, in one example, an application 204 of the operating
system partition issues an I/O request, such as an open,
read, write, or close, that is received by a device driver
210 of the operating system partition. Device driver 210
builds a command for the I/O device (e.g., disk device,
network device, etc.) to be accessed and forwards the
command, in accordance with an aspect of the present
invention, to a virtual adapter driver 212 of the operating
system partition.
[0023] The virtual adapter driver replaces a physical
adapter driver in the operating system partition and is
paired with a virtual adapter interface 214 in I/O partition
208. The virtual adapter driver is less complex than a
physical adapter driver and is generic to a class of adapt-
ers. The interface for the virtual adapter driver is stand-
ardized based on the type of adapter class. That is, it
includes information common to that class of adapters.
However, specific information, such as specialized infor-
mation for a particular adapter manufacturer, is specified
in the interfaces for the physical adapter drivers located
in the I/O partition. The physical adapter drivers can vary
greatly in their interfaces, which are usually proprietary.
By using virtual adapter drivers, once an operating sys-
tem is set up to handle a particular class of virtual adapter,
it can access any physical adapter of that class, subse-
quent to the I/O partition being set up with the physical
adapter. With virtual adapter drivers, each operating sys-
tem does not have to implement I/O adapter sharing for
each type of adapter. The sharing capability is provided
once in the I/O partition and accessed based on the virtual
adapter driver for that class.
[0024] The virtual adapter driver recognizes that there
is a special type of communication with a virtual adapter
interface and it initializes a connection with that interface.
This includes, for instance, indicating which I/O partition
to connect to and which virtual adapter is being used.
The virtual adapter driver also sends a message to a
hypervisor 216 to establish queues for communication.
Communication between the virtual adapter driver and
the virtual adapter interface is via hypervisor 216. The
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hypervisor is the conduit or transport between the two
partitions. It is responsible for providing connections be-
tween the partitions and for moving data between the
partitions. In one example, it uses command and re-
sponse queues for communication.
[0025] Following the initialization phase, there is a ne-
gotiation phase in which the virtual adapter driver and
the corresponding virtual adapter interface communicate
regarding the settings of the virtual adapter driver re-
quests, the characteristics of the physical adapter and
what settings other virtual adapter drivers (who are shar-
ing that adapter) are using. Some of these may be mu-
tually exclusive and others are mere changes in the
adapter’s settings. Examples of mutually exclusive set-
tings that could cause a failure in this phase include a
MAC address override from multiple virtual adapter driv-
ers, or incompatibilities in the size of the packets that will
be sent, etc.
[0026] In response to successfully completing the ne-
gotiation phase, the virtual adapter driver takes com-
mands from device driver 210, encapsulates them as
messages, and sends them to hypervisor 216 to be
placed on the queue for the virtual adapter interface.
These commands include the standard command for-
mats of a command with a set of send or receive buffers
for networking, and a command with a set of read or write
buffers for storage, as examples. Hypervisor 216 signals
to virtual adapter interface 214 that a command is waiting
(or in another embodiment, the virtual adapter interface
periodically checks the queue for commands).
[0027] The virtual adapter interface in the I/O partition
initializes a connection with the virtual adapter driver. As
part of this initialization, the interface may perform spe-
cialized processing including checking whether the par-
tition (e.g., operating system) has authority to access the
physical adapter and validating the device, if appropriate.
The virtual adapter interface retrieves the command from
the queue and remaps the command, if needed, so that
it is appropriate for the device. For instance, it may
change a logical block number, implement link aggrega-
tion, and/or implement other advanced functioning, such
as offload. The virtual adapter interface then issues the
command to a physical adapter driver $48 of the I/O par-
tition.
[0028] Adapter driver 218 receives the command from
the virtual adapter interface, encapsulates it in the ap-
propriate protocol format (e.g., Ethernet frames) and is-
sues the command to physical adapter 206, which for-
wards the command to a device. The adapter driver also
handles timing to ensure that the physical link operates
accurately; flow control so that a down stream entity is
not flooded; and recovery/retries for the adapter, includ-
ing resetting the adapter; re-trying the adapter; returning
to a previous point and resending the command, etc., as
examples.
[0029] When a response, which may include data, re-
sponse codes and/or other information, comes back from
the device, it is received by adapter 206 and passed to

adapter driver 218. Adapter driver 218 forwards the re-
sponse to virtual adapter interface 214, which then sends
the response to virtual adapter driver 212 via hypervisor
216. The virtual adapter interface is responsible for re-
covery of the I/O devices, such as handling attention
pending conditions or retries, and for terminating its con-
nection with virtual adapter driver 212.
[0030] Pursuant to receiving the response, virtual
adapter driver 212 passes the completed response to
device driver 210, which, in turn, passes the response to
application 204. The virtual adapter driver also termi-
nates its connection with virtual adapter interface 214.
As examples, the termination of the connections with vir-
tual adapter interface 214 and virtual adapter driver 212
can occur after each I/O request is processed, after a
predetermined number of requests are processed, at a
point in time designated by the operating system, or at
any other selected time. This concludes the I/O process-
ing, which is facilitated by employing at least one I/O par-
tition to access I/O resources owned by the at least one
I/O partition.
[0031] In order to use one or more I/O partitions to fa-
cilitate access to I/O resources owned by those partitions,
each I/O partition is created and configured. In one ex-
ample, the creating and configuring are performed by a
partition management tool 220, which is coupled to hy-
pervisor 216. The partition management tool includes a
set of functions implementable in a number of different
physical forms. In one example, it is implemented on a
management console, e.g., a hardware management
console, executing on a computing unit, such as an ex-
ternal personal computer (e.g., a ThinkPad offered by
IBM). As a further example, it is implemented via a web
browser interface. The partition management tool has
the responsibility for creating and configuring each I/O
partition, including specifying which I/O adapters it owns,
identifying the one or more consumer partitions that can
share the I/O adapters, specifying the amount of resourc-
es to be allocated to the I/O partition, etc. It further has
the responsibility for configuring the consumer partitions,
including assigning operating systems to those partitions
and allocating resources to the partitions.
[0032] Each I/O partition may be configured in various
ways. In one example, an I/O partition is configured with
a plurality of adapters to be shared by a plurality of con-
sumer partitions, as shown in FIG. 3. For instance, an
I/O partition 300 includes a plurality of physical adapters
302, each of which is coupled to the I/O partition (e.g.,
located within, external but coupled to, or therebetween)
and is accessible by one or more consumer partitions
304. Physical adapter 302 is coupled to one or more de-
vices 306 and to at least one physical adapter driver 308.
Adapter driver 308 is further coupled to one or more vir-
tual adapter interfaces 310. A virtual adapter interface is
provided for each class of adapters. Since the interfaces
are part of the I/O partition, idiosyncrasies of adapter in-
terfaces are confined to the I/O partition. For example,
knowledge of specific vendor or manufacture details is
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confined to the I/O partition, and need not be provided
or propagated to each operating system, etc.
[0033] The I/O partition takes requests from multiple
virtual adapter drivers 312 of one or more consumer par-
titions and multiplexes them out over the physical adapt-
ers. This keeps a physical adapter busy and allows mul-
tiple consumer partitions (e.g., multiple operating sys-
tems) to share a single physical adapter. Additional ca-
pacity for peak usage and redundancy can be configured
over multiple adapters of the same type. For instance,
Partition 2 has two virtual adapter drivers, each coupled
to a different physical adapter driver/adapter pair. By
sharing adapters and requiring fewer adapters, there are
fewer slots, drawers, cables, switches and other down-
stream infrastructure for the user to purchase and man-
age.
[0034] When an I/O adapter fails, the I/O partition can
automatically reroute I/O requests over another adapter
that provides connectivity to the same device. This is
accomplished using one or more of various routing tech-
niques. For instance, a table is maintained of devices
and adapters and when one adapter fails, another is se-
lected. Advantageously, instead of requiring one failover
adapter per operating system partition using dedicated
adapters, the I/O partition can own one or more adapters
that can be used for failover by many partitions.
[0035] Further, workloads typically have peaks and
valleys. When an operating system has dedicated adapt-
ers, the number of adapters allocated to it are based on
its peak usage. This means that at non-peak times, there
is a great deal of under-utilized capacity. Also, the peaks
and valleys of workloads do not automatically fall at the
same time. By using an I/O partition, when one operating
system partition needs additional capacity or sees unex-
pectedly high workload peaks, capacity can be borrowed
from another operating system partition that is not fully
utilizing its capacity. For instance, the I/O partition can
route requests over other adapters enabled to be shared
by the partitions. Again, various routing techniques may
be used. This provides the peaking operating system with
the capacity it needs without having to over-configure the
entire system. For unexpectedly high peaks, additional
capacity can be borrowed more dynamically without
manual intervention. This provides on-demand comput-
ing.
[0036] In order to configure an I/O partition, an I/O par-
tition configuration file is created by the partition man-
agement tool. The hypervisor uses this file to allocate
processor(s) and memory to an I/O partition, and to ini-
tiate creation of virtual adapter drivers in consumer par-
titions for shared I/O adapters. The I/O partition uses this
file to determine which adapters it owns; which consumer
partitions are allowed to share each owned adapter; and
which functions, such as failover and link aggregation,
are supported by each owned adapter. One example of
a configuration file for an I/O partition is described with
reference to FIG. 4.
[0037] An I/O partition configuration file 400 includes,

for instance, an I/O partition id 402 identifying the I/O
partition for which this configuration file is created; a
number of processors or a percentage of a processor
404 to be allocated to the I/O partition; and an amount
of memory 406 (e.g., a predefined amount, a given range,
etc.) to be made available to the partition. Additionally,
for each adapter to be owned by the I/O partition, an entry
is created in the configuration file for that adapter. Each
entry includes, for instance, an I/O adapter slot number
408; adapter configuration information 410 for this adapt-
er, including, for instance, address, buffer size, available
storage devices associated with the adapter, etc.; and
one or more ids of operating system partitions (or other
consumer partitions) 412 allowed to use this adapter.
Other information may be included in the entry, such as
user defined information, including, for instance, an over-
ride of a media access control (MAC) address definition
414, an indication as to whether a particular adapter is a
failover adapter 416, an indication as to whether link ag-
gregation is supported, etc. Other types of information
may also be included in an adapter entry and/or within
the configuration file.
[0038] One embodiment of the logic associated with
creating a configuration file for a particular I/O partition
is described with reference to FIG. 5. In this example,
the configuration file is created by the partition manage-
ment tool. Initially, an inquiry is made as to whether the
user has selected the defaults for processor and memory
requirements for the I/O partition, INQUIRY 500. If the
user has not selected the defaults, then the user is
prompted for processor and memory requirements,
STEP 502. Thereafter, or if the user has selected the
defaults, a list of the I/O adapters on the server is provided
and the user or administrator selects one or more adapt-
ers to be owned by the I/O partition, STEP 504.
[0039] Subsequently, an I/O adapter is chosen from
the selected adapters, STEP 506. For that chosen I/O
adapter, an entry in the configuration file is created, STEP
508, and the user is prompted for any I/O adapter con-
figuration required or desired for this type of adapter,
STEP 510. For example, the user can be prompted for
an indication of whether this adapter is to be configured
for failover, link aggregation, or other types of configura-
tions.
[0040] Subsequently, a determination is made as to
whether this is a failover adapter, INQUIRY 512. If it is a
failover adapter, then a list of the other I/O adapters of
this type owned by the I/O partition is provided. From the
list, one or more adapters are selected for which the
adapter being configured will be a failover adapter, STEP
514. Thereafter, or if this is not a failover adapter, a list
of operating system partitions is provided from which one
or more will be selected to share the chosen adapter,
STEP 516.
[0041] Next, a determination is made as to whether
this I/O adapter supports link aggregation and whether
the user selects to use link aggregation, INQUIRY 518.
If the adapter supports link aggregation and the user se-
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lects link aggregation, a list of the other I/O adapters of
this type owned by the partition is provided, STEP 520.
From this list, one or more adapters are selected to be
bound together for link aggregation.
[0042] Thereafter, or if link aggregation is not support-
ed or selected, a determination is made as to whether
there are more adapters to be configured, INQUIRY 522.
If there are more adapters to be configured, then process-
ing continues with STEP 506 "Choose An I/O Adapter
From Selected Adapters." However, if there are no more
adapters to be configured, then the configuration file is
saved in memory associated with the partition manage-
ment tool, STEP 524, and sent to the hypervisor, STEP
526.
[0043] When the hypervisor receives the configuration
file, it uses it to configure the I/O partition identified in the
configuration file, if necessary, as well as to possibly con-
figure one or more consumer partitions to support the I/O
partition. One embodiment of the logic associated with
employing the configuration file to configure one or more
partitions is described with reference to FIG. 6. Initially,
a determination is made as to whether this configuration
file is for a new I/O partition, INQUIRY 600. If it is for a
new partition, then one or more processors or a portion
of a processor, as well as a portion of memory, are allo-
cated to the new partition, as indicated in the configura-
tion file, STEP 602. However, if this is not a configuration
file for a new partition, a further determination is made
as to whether this configuration file indicates any chang-
es to processor or memory resources for the existing I/O
partition, INQUIRY 604. Should the configuration file in-
dicate changes to processor or memory resources, then
those resources are reallocated, as designated, STEP
606.
[0044] Thereafter, or if there are no resource changes
to be made, then processing continues with implement-
ing the zero or more changes designated in the config-
uration file, STEP 608. In particular, the configuration file
is searched for operating system partitions that have
been added to or removed from I/O adapter entries. If a
remove is indicated, then the virtual adapter driver is re-
moved from the operating system partition. This includes,
for instance, deallocating resources, such as memory,
and providing clean-up, if desired.
[0045] If an add is indicated, then a virtual adapter driv-
er is created in the operating system partition. This in-
cludes, for instance, building a message in the memory
of the operating system partition that includes a com-
mand to create a virtual adapter driver, an indication of
the class of virtual adapter driver (for example, Ethernet
or storage), a partition ID of the I/O partition that owns
the adapter, and a virtual adapter driver ID (note: an op-
erating system partition can have multiple virtual adapter
drivers for multiple I/O adapters owned by one I/O parti-
tion); and generating an interrupt, so that the operating
system partition finds and processes the message.
[0046] When the operating system partition obtains the
message, the operating system allocates resources for

the virtual adapter driver. One type of resource to be al-
located is memory. The amount of memory to be allocat-
ed varies depending on the class of virtual adapter driver.
The operating system also stores the I/O partition ID and
virtual adapter ID, and initially sets the adapter state to
unavailable. If this is the first instance of a virtual adapter
of this class in the partition, a virtual adapter driver for
this type of virtual adapter is loaded. Additionally, the
operating system sets up its end of a command/response
queue to communicate with the I/O partition for this virtual
adapter.
[0047] Subsequent to making any designated changes
in the configuration file or at another selected time, the
configuration file is sent to the I/O partition, STEP 610.
When the I/O partition receives the configuration file, it
employs the file to configure one or more resources of
the partitioned environment. One embodiment of the log-
ic associated with employing the configuration file to con-
figure the resources of one or more partitions is described
with reference to FIG. 7.
[0048] Initially, the configuration file is searched for I/O
adapters and their configurations, STEP 700. If there are
any new or changed I/O adapters, or new or changed I/O
adapter configurations in the configuration file, then each
of those adapters is updated, as indicated. For instance,
the property of a physical adapter may be changed.
[0049] Moreover, the configuration file is searched for
new, changed, or removed link aggregation status. If any
new, changed, or removed link aggregation status is de-
tected, the aggregated I/O adapters are updated, STEP
702. This may include, for instance, removing an indica-
tion of link aggregation, linking another adapter, etc.
[0050] Further, the configuration file is searched for
new, changed or removed failover adapters. If any
failover information is provided, it is saved for later use
should an adapter fail, STEP 704.
[0051] Additionally, the configuration file is searched
for new operating system partitions (or other consumer
partitions) that are allowed to share an I/O adapter. If
there are new operating system partitions enabled to
share a particular adapter, then a message is sent to a
virtual adapter driver in the operating system partition
with linkage information on how the operating system
virtual adapter can share the I/O adapter, STEP 706.
[0052] In particular, when the I/O partition processes
the configuration file and finds a new operating system
partition that is allowed to share an adapter, the I/O par-
tition updates internal tables(s) with information on op-
erating system partitions allowed to share the adapter;
performs a configuration update in the physical I/O adapt-
er, if required (for example, add a new ID in I/O adapter
memory tag data belonging to the new operating system
partition; for example, a new Ethernet MAC address);
sets up its end of a command/response queue to com-
municate with the operating system partition for this vir-
tual adapter; and sends a message to the queue of the
operating system partition with configuration information
about the I/O adapter; including, for instance, what func-
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tions it supports, and configuration information for the
virtual adapter (e.g., Ethernet MAC address, Ethernet
transmit buffer size, storage devices available from a
storage adapter, etc.).
[0053] The operating system partition receives this
message and completes configuration of the virtual
adapter driver making the virtual adapter driver available
for application use. Note that, in this embodiment, the
application interface to a virtual I/O adapter driver should
be the same or nearly the same as an application inter-
face to a physical I/O adapter driver. This concludes con-
figuration processing by the I/O partition.
[0054] Although in the embodiment described above
a server is configured with one I/O partition, a server can
be configured with multiple I/O partitions. One example
of a server having multiple I/O partitions is depicted in
FIG. 8. As shown, a server 800 includes a plurality of
consumer partitions 802 and a plurality of I/O partitions
804. In this embodiment, there is a set of command/re-
sponse queues for each I/O partition and one or more
virtual adapter driver/virtual adapter interface pairs for
each I/O partition.
[0055] There are numerous reasons and benefits for
configuring multiple I/O partitions. For instance, multiple
I/O partitions can be configured for isolation, in which
groups of partitions can have one or more of their own
I/O partitions. This can be for reliability or security rea-
sons. Further, multiple I/O partitions can also be used for
availability and scalability. A consumer partition can
switch between multiple I/O partitions for multipathing,
and to use another I/O partition when one I/O partition is
unavailable. Various algorithms may be used for multip-
athing, including a round robin approach. Configuring
multiple I/O partitions also enables the firmware in the
I/O partition to be updated without impacting I/O initiated
by consumer partitions.
[0056] By providing I/O access in an I/O partition, the
resources provided to it can be adjusted dynamically by
the IT consumer. While it can be configured with a default
set of processor and/or memory resources, the system
administrator can dynamically and to immediately adjust
the resources up or down to conform to the changing
environment, since it is a partition. In one example, this
is accomplished via the configuration file. If there is an
I/O bottleneck, the resources allocated to the partition
can be increased to relieve the bottleneck. If, on the other
hand, there is a need for resources elsewhere, the re-
sources in the I/O partition can be decreased to accom-
modate the other demands. This can be done automat-
ically by the hypervisor based on ranges and limits set
by the system administrator. Running in a partition there-
fore provides fine-grained control over the performance
of the server system.
[0057] The I/O partition can also allocate the expen-
sive, high bandwidth, high performance adapters to the
partitions that need them. For example, during the day,
the high bandwidth Fibre Channel adapters can be allo-
cated to the operating system cluster that is running da-

tabase applications. After hours, that set of Fibre Channel
adapters can be used by the operating system that is
performing the backup of the business critical data, since
that has to complete within a certain window, without re-
allocation.
[0058] I/O partitions are similar to the hypervisor in that
they are not subject to customer modification. Running
the I/O partition code in a partition makes partition man-
agement more standard for the server. Application code
does not run in an I/O partition, in this embodiment, and
therefore, does not impact the operation of the I/O parti-
tion, either deliberately or accidentally. This enhances
the security of the function and provides robustness and
reliability.
[0059] The I/O partition is monitored and managed by
the hypervisor and partition management tool. It is booted
up first automatically when the server is booted. There-
fore, when operating systems want to connect their virtual
adapter drivers, the I/ O partition is already up and oper-
ational. I/O adapter sharing is configured by the partition
management tool. Intelligence in the configuration func-
tion simplifies tasks for users and allows them to make
changes once. Changes are propagated to the various
operating systems automatically. Recovery and restart
of the I/O partition are handled by the partition manage-
ment tool and the hypervisor.
[0060] The I/O partition can provide a heartbeat to the
hypervisor. This includes, for instance, periodically send-
ing a signal or message to the hypervisor. Should the
hypervisor fail to receive a heartbeat for a predetermined
amount of time, it assumes the I/O partition has failed
and automatically restarts the I/O partition. Error recovery
may need to be performed in the consumer partitions,
but the automatic restart is significantly better and faster
than customer manual intervention to figure out what
failed and what needs to be restarted.
The partition management tool enables centralized, sim-
ple, easy to use user interfaces. Currently, I/O adapters
need to be configured in multiple ways, at least one per
operating system type. Smart interfaces in the partition
management tool can interact with multiple different op-
erating system interfaces and provide a single consoli-
dated interface to the user for configuring in the operating
system physical I/O adapters owned by an I/O partition;
configuring virtual I/O adapter drivers in the consumer
partitions; and for configuring partitions (add/remove,
specify operating system(s), specify memory/ proces-
sor(s), assign I/O adapter to partition), as examples.
[0061] Described in detail herein is the provision of one
or more I/O partitions, in which an I/O partition owns I/O
adapters and enables autonomic, robust, secure, effi-
cient, and centralized sharing of the adapters with oper-
ating systems or other code running in other partitions.
The support for the adapters and other I/O resources is
at the I/O partition and not the operating system. Sharing
of adapters provides cost savings by increasing the uti-
lization of individual adapters; decreasing the number of
adapters used; and reducing the infrastructure costs of
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additional adapters (cabling, switches, management,
etc.). Sharing of adapters increases value by increasing
the speed of logical partition instantiation; and being able
to easily address unexpected peaks by applying unuti-
lized bandwidth to the additional demand.
[0062] An I/O partition is, for instance, firmware
shipped with the server and appears as an extension to
server hardware. There is no need for dedicated I/O proc-
essors, and it is maintained/upgraded consistent with
other firmware on the server (for example, hypervisor
and service processor firmware). No customer install is
required, and it is robust because it is designed and op-
timized for the purpose of sharing I/O adapters (and not
open operating system). Its support is consistent with
other server firmware. (In other embodiments, one or
more of the I/O partitions of a server may be implemented
as other than firmware.)
[0063] A single tool, referred to herein as a partition
management tool, facilitates adding/ removing partitions
on the server, including consumer partitions and I/O par-
titions (a consumer partition is configured in a manner
similar to that of an I/O partition by using a configuration
file); assigns an operating system or other code to run in
a consumer partition; assigns processor(s) and memory
to the partition; and configures I/O adapters owned by
an I/O partition and identifies other partitions which are
allowed to share the I/O adapters. The tool allows cus-
tomers to easily, from a single tool, create one or more
partitions, and assign virtual I/O resources to the one or
more consumer partitions and physical I/O resources to
the one or more I/O partitions.
[0064] Each operating system provides general sup-
port for a virtual device of a certain class (e.g. Ethernet
or parallel SCSI, or iSCSI). The I/O partition supports a
single interface to its sharing operating systems for each
class of these devices. The idiosyncrasies of adapter in-
terfaces are therefore restricted to the I/O partition. New
adapters can thus be supported much faster and more
simply by developing and testing adapter drivers in the
I/O partition. Other operating systems can automatically
pick up the support via the general virtual device interface
for that class.
[0065] Failover (can be many-to-one spare) I/O adapt-
ers in an I/O partition can be provided with no knowledge
of this function in operating systems that share the I/O
adapters. This reduces the cost of providing a fully re-
dundant configuration, as each operating system does
not have to have dedicated failover adapters.
[0066] Multiple adapter functions, like Ethernet Link
Aggregation, can be implemented in an I/O partition with
no knowledge of this function in operating systems that
share the I/O adapters by using a single virtual adapter
interface. Advanced functions, like offload, can also be
implemented in an I/O partition without requiring changes
in the operating systems that share the adapters by using
a single virtual adapter interface.
[0067] The partition management tool can create vir-
tual I/O adapters in consumer partitions with a consistent

user interface, even for different operating systems, sim-
plifying systems management. In summary, the partition
management tool facilitates creation of an I/O firmware
partition that provides other partitions with the ability to
share I/O in a robust, secure, autonomic and efficient
manner using industry-standard I/O adapters. Advanced
adapter functions, like Ethernet Link Aggregation and
function offload, can be seamlessly provided to consum-
er partitions without any changes to their base operating
systems or other control code. Sharing I/O adapters via
the I/O firmware partition reduces cost of ownership, in-
creases availability and flexibility and enables logical par-
titions to be instantiated on-demand without manual in-
tervention. Moreover, by employing an I/O partition, re-
covery associated with the physical adapter and/or de-
vices is isolated to that partition.
[0068] Although an example of an environment incor-
porating and using one or more aspects of the present
invention is described herein, other embodiments may
similarly include and/or use one or more aspects of the
present invention without departing from the spirit of the
present invention. For example, an environment may
have more or less consumer partitions and/or I/O parti-
tions than described herein. Further, a consumer partition
may include no operating system, multiple operating sys-
tems, one or more other entities, such as control code,
or a combination thereof. Further, the partitions may be
other than logical partitions, such as zones or other types
of partitions. In a further example, an I/O partition may
be shared by partitions of multiple servers. Further, there
may be more or less than the number of virtual adapter
drivers and virtual adapter interfaces described herein.
Many other variations may be provided without departing
from the spirit of the present invention.
[0069] As a further example, other types of communi-
cations environments may incorporate and/or use one or
more aspects of the present invention.
[0070] The capabilities of one or more aspects of the
present invention can be implemented in software,
firmware, hardware or some combination thereof.
[0071] One or more aspects of the present invention
can be included in an article of manufacture (e.g., one or
more computer program products) having, for instance,
computer usable media. The media has therein, for in-
stance, computer readable program code means or logic
(e.g., instructions, code, commands, etc.) to provide and
facilitate the capabilities of the present invention. The
article of manufacture can be included as a part of a com-
puter system or sold separately.
[0072] Additionally, at least one program storage de-
vice readable by a machine embodying at least one pro-
gram of instructions executable by the machine to per-
form the capabilities of the present invention can be pro-
vided.
[0073] The flow diagrams depicted herein are just ex-
amples. There may be many variations to these diagrams
or the steps (or operations) described therein without de-
parting from the spirit of the invention. For instance, the
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steps may be performed in a differing order, or steps may
be added, deleted or modified. All of these variations are
considered a part of the claimed invention.
[0074] Although preferred embodiments have been
depicted and described in detail herein, it will be apparent
to those skilled in the relevant art that various modifica-
tions, additions, substitutions and the like can be made
without departing from the spirit of the invention and these
are therefore considered to be within the scope of the
invention as defined in the following claims.
[0075] The scope of the present disclosure includes
any novel feature or combination of features disclosed
herein. The applicant hereby gives notice that new claims
may be formulated to such features or combination of
features during prosecution of this application or of any
such further applications derived therefrom. In particular,
with reference to the appended claims, features from de-
pendent claims may be combined with those of the inde-
pendent claims and features from respective independ-
ent claims may be combined in any appropriate manner
and not merely in the specific combinations enumerated
in the claims.
[0076] For the avoidance of doubt, the term "compris-
ing", as used herein throughout the description and
claims is not to be construed as meaning "consisting only
of".

Claims

1. A method of facilitating access to input/output (I/O)
resources (206, 302) of a partitioned environment
(100) comprising one or more computing unit(s) pro-
viding processor (108) and memory resources (110),
the method comprising:

providing a plurality of partitions each having an
allocation of said processor and memory re-
sources;
characterised in that:
the plurality of partitions includes at least one
I/O partition (106, 208, 300, 804) coupled to one
or more I/O resources, and one or more con-
sumer partition(s) (104, 200, 304, 802) coupled
to the I/O partition; and
the method further comprises the steps of:
at least one consumer partition making use of
the I/O partition to access at least one of the I/O
resources coupled thereto comprising providing
to a virtual adapter driver (212, 312) of the con-
sumer partition a request to access the I/O re-
source of the I/O partition and communicating
the request to a virtual adapter interface (214,
310) of the I/O partition; and
using a partition management tool (220) to fa-
cilitate at least one of managing the I/O partition,
specifying one or more resources to be allocated
to the I/O partition, and specifying one or more

consumer partitions allowed to share at least
one I/O resource of the one or more I/O resourc-
es, wherein the I/O partition (106, 208, 300, 804)
further provides automatic workload balancing
among one or more I/O resources (206, 302)
owned by the I/O partition.

2. The method of claim 1, wherein managing the I/O
partition (106, 208, 300, 804) comprises at least one
of adding the I/O partition to the partitioned environ-
ment (100), modifying the I/O partition and removing
the I/O partition from the partitioned environment.

3. The method of any preceding claim, wherein the I/O
partition (106, 208, 300, 804) has allocated thereto
one or more resources usable by the I/O partition,
and wherein said method further comprises dynam-
ically adjusting an amount of the one or more re-
sources allocated to the I/O partition.

4. The method of any preceding claim, wherein the vir-
tual adapter interface provides the request to a phys-
ical adapter driver (218, 308) of the I/O partition used
to access the I/O resource.

5. The method of claim 4, wherein the communicating
comprises: receiving, by a hypervisor (112, 216) of
the partitioned environment (100) coupled to the con-
sumer partition (104, 200, 304, 802) and the I/O par-
tition (106, 208, 300, 804), the request from the vir-
tual adapter driver (212, 312); and making available
by the hypervisor the request to the virtual adapter
interface (214, 310).

6. The method of any preceding claim, wherein the I/O
partition (106, 208, 300, 804) further provides a
failover capability in which an I/O resource (206, 302)
of the one or more I/O resources takes over for an-
other I/O resource of the one or more I/O resources,
transparent to one or more consumer partitions (104,
200, 304, 802) of the partitioned environment (100).

7. The method of any preceding claim, wherein the I/O
partition (106, 208, 300, 804) supports one or more
I/O resource functions transparent to one or more
consumer partitions (104, 200, 304, 802) of the par-
titioned environment (100).

8. The method of any preceding claim, further compris-
ing: detecting that the I/O partition (106, 208, 300,
804) is to be restarted; and automatically restarting
the I/O partition.

9. The method of claim 8, wherein the automatically
restarting is performed by a hypervisor (112, 216) of
the partitioned environment (100) coupled to the I/O
partition (106, 208, 300, 804) and the one or more
consumer partitions (104, 200, 304, 802), the hyper-
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visor using a heartbeat signal to detect that the I/O
partition is to be restarted.

10. The method of any preceding claim, wherein the pro-
viding the I/O partition (106, 208, 300, 804) compris-
es configuring the I/O partition using a configuration
file (400).

11. A system for facilitating access to input/output (I/O)
resources (206, 302) of a partitioned environment
(100) comprising one or more computing unit(s) pro-
viding processor (108) and memory resources (110),
the system comprising:

means for providing a plurality of partitions each
having an allocation of said processor and mem-
ory resources;
characterised in that:
the plurality of partitions includes at least one
I/O partition (106, 208, 300, 804) coupled to one
or more I/O resources, and one or more con-
sumer partition(s) (104, 200, 304, 802) coupled
to the I/O partition; and
the system further comprises:
means for at least one consumer partition mak-
ing use of the I/O partition to access at least one
of the I/O resources coupled thereto, comprising
means for providing to a virtual adapter driver
(212, 312) of the consumer partition a request
to access the I/O resource of the I/O partition
and means for communicating the request to a
virtual adapter interface (214, 310) of the I/O par-
tition; and
means for using a partition management tool
(220) to facilitate at least one of managing the
I/O partition, specifying one or more resources
to be allocated to the I/O partition, and specifying
one or more consumer partitions allowed to
share at least one I/O resource of the one or
more I/O resources, wherein the I/O partition
(106, 208, 300, 804) further provides automatic
workload balancing among one or more I/O re-
sources (206, 302) owned by the I/O partition.

12. A computer software program comprising instruc-
tions that when executed by a processor of a com-
puter causes the computer to perform the steps of a
method according to any one of claims 1 to 10.

Patentansprüche

1. Verfahren zum Erlauben des Zugriffs auf Einga-
be/Ausgabe-(E/A-) Betriebsmittel (206, 302) einer
partitionierten Umgebung (100), die eine oder meh-
rere DatenverarbeitungsEinheiten umfasst, welche
Prozessor- (108) und Speicher-Betriebsmittel (110)
bereitstellen, wobei das Verfahren umfasst:

Bereitstellen einer Vielzahl von Partitionen mit
jeweils einer Zuordnung der Prozessor- und
Speicher-Betriebsmittel;
dadurch gekennzeichnet, dass:

die Vielzahl von Partitionen mindestens ei-
ne E/A-Partition (106, 208, 300, 804), die
mit einem oder mehreren E/A-Betriebsmit-
teln verknüpft ist, und eine oder mehrere
Verbraucherpartitionen (104, 200, 04, 802)
beinhaltet, die mit der E/A-Partition ver-
knüpft sind;

und wobei das Verfahren des Weiteren die
Schritte umfasst:

Verwenden der E/A-Partition durch mindes-
tens eine Verbraucherpartition, um auf min-
destens ein der damit verknüpften E/A-Be-
triebsmittel zuzugreifen, was ein Bereitstel-
len einer Anforderung an eine virtuelle Ad-
apter-Steuereinheit (212, 312) der Verbrau-
cherpartition zum Zugreifen auf die E/A-Be-
triebsmittel der E/A-Partition und ein Über-
tragen der Anforderung an eine virtuelle Ad-
apter-Schnittstelle (214, 310) der E/A-
Partition umfasst;
Verwenden eines Partitionsverwaltungs-
Hilfsmittels (220) zum Ermöglichen eines
Verwaltens der E/A-Partition und/oder ei-
nes Festlegens eines oder mehrerer Be-
triebsmittel zum Zuteilen an die E/A-Partiti-
on und/oder eines Festlegens einer oder
mehrerer Verbraucherpartitionen, die min-
destens ein E/A-Betriebsmittel des einen
oder der mehreren E/A-Betriebsmittel ge-
meinsam verwenden dürfen, wobei die E/A-
Partition (106, 208, 300, 804) ferner ein au-
tomatisches Ausgleichen der Arbeitslast
unter dem einen oder der mehreren E/A-
Betriebsmitteln (206, 302) bereitstellt, die
zu der E/A-Partition gehören.

2. Verfahren nach Anspruch 1, wobei ein Verwalten der
E/A-Partition (106, 208, 00, 804) mindestens ein Hin-
zufügen der E/A-Partition zu der partitionierten Um-
gebung (100), ein Verändern der E/A-Partition oder
ein Entfernen der E/A-Partition aus der partitionier-
ten Umgebung umfasst.

3. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der E/A-Partition (106, 208, 300, 804) ein
oder mehrere Betriebsmittel zugeordnet sind, die
von der E/A-Partition genutzt werden können, und
wobei das Verfahren ferner ein dynamisches Anpas-
sen einer Menge des einen oder der mehreren Be-
triebsmitteln umfasst, der der E/A-Partition zugeord-
net wird.
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4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die virtuelle Adapter-Schnittstelle die An-
forderung an eine physische Adapter-Steuereinheit
(218, 308) der E/A-Partition bereitstellt, die zum Zu-
greifen auf die E/A-Betriebsmittel genutzt wird.

5. Verfahren nach Anspruch 4, wobei der Datenaus-
tausch umfasst:

Empfangen der Anforderung von der virtuellen
Adapter-Steuereinheit (212, 312) durch einen
Hypervisor (112, 216) der partitionierten Umge-
bung (100), die mit der Verbraucherpartition
(104, 200, 304, 802) und der E/A-Partition (106,
208, 300, 804) verknüpft ist; und
Verfügbarmachen der Anforderung für die virtu-
elle Adapter-Schnittstelle (214, 310) durch den
Hypervisor.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die E/A-Partition (106, 208, 300, 804) fer-
ner eine Ausfallsicherungs-Fähigkeit bereitstellt, bei
der ein E/A-Betriebsmittel (206, 302) des einen oder
der mehreren E/A-Betriebsmittel die Funktion eines
anderen E/A-Betriebsmittel des einen oder der meh-
reren E/A-Betriebsmittel übernimmt, was für die eine
oder die mehreren Verbraucherpartitionen (104,
200, 304, 802) der partitionierten Umgebung (100)
transparent ist.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die E/A-Partition (106, 208, 300, 804) ei-
ne oder mehrere E/A-Betriebsmittel-Funktionen un-
terstützt, die für eine oder mehrere Verbraucherpar-
titionen (104, 200, 304, 802) der partitionierten Um-
gebung (100) transparent sind.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, das ferner umfasst: Erkennen, dass die E/A-
Partition (106, 208, 300, 804) neu gestartet werden
muss; und automatisches Neustarten der E/A-Par-
tition.

9. Verfahren nach Anspruch 8, wobei das automati-
sche Neustarten von einem Hypervisor (112, 216)
der partitionierten Umgebung (100) ausgeführt wird,
der mit der E/A-Partition (106, 208, 300, 804) und
der einen oder den mehreren Verbraucherpartitio-
nen (104, 200, 304, 802) verknüpft ist, wobei der
Hypervisor ein Aktivitäts-Signal zum Erkennen ver-
wendet, dass die E/A-Partition neu gestartet werden
muss.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bereitstellen der E/A-Partition (106,
208, 300, 804) ein Konfigurieren der E/A-Partition
mit einer Konfigurationsdatei (400) umfasst.

11. System zum Erlauben des Zugriffs auf Eingabe/Aus-
gabe-(E/A) Betriebsmittel (206, 302) einer partitio-
nierten Umgebung (100), die eine oder mehrere Da-
tenverarbeitungsEinheiten umfasst, die Prozessor-
(108) und Speicher-Betriebsmittel (110) bereitstel-
len, wobei das System umfasst:

ein Mittel zum Bereitstellen einer Vielzahl von
Partitionen mit jeweils einer Zuordnung der Pro-
zessor- und Speicher-Betriebsmittel;
dadurch gekennzeichnet, dass:

die Vielzahl von Partitionen mindestens ei-
ne E/A-Partition (106, 208, 300, 804), die
mit einem oder mehreren E/A-Betriebsmit-
teln verknüpft ist, und eine oder mehrere
Verbraucherpartitionen (104, 200, 04, 802)
beinhaltet, die mit der E/A-Partition ver-
knüpft sind;

und wobei das System des Weiteren umfasst:

ein Mittel zum Verwenden der E/A-Partition
durch mindestens eine Verbraucherpartiti-
on, um auf mindestens ein der damit ver-
knüpften E/A-Betriebsmittel zuzugreifen,
ein Mittel umfassend zum Bereitstellen ei-
ner Anforderung an eine virtuelle Adapter-
Steuereinheit (212, 312) der Verbraucher-
partition zum Zugreifen auf die E/A-Be-
triebsmittel der E/A-Partition und ein Mittel
zum Übertragen der Anforderung an eine
virtuelle Adapter-Schnittstelle (214, 310)
der E/A-Partition; und
ein Mittel zum Verwenden eines Partitions-
verwaltungs-Hilfsmittels (220) zum Ermög-
lichen eines Verwaltens der E/A-Partition
und/oder eines Festlegens eines oder meh-
rerer Betriebsmittel zum Zuteilen an die
E/A-Partition und/oder eines Festlegens ei-
ner oder mehrerer Verbraucherpartitionen,
die mindestens ein E/A-Betriebsmittel des
einen oder der mehreren E/A-Betriebsmit-
teln gemeinsam verwenden dürfen, wobei
die E/A-Partition (106, 208, 300, 804) ferner
ein automatisches Ausgleichen der Arbeits-
last unter dem einen oder den mehreren
E/A-Betriebsmitteln (206, 302) bereitstellt,
die zu der E/A-Partition gehören.

12. Computersoftware-Programm, das Anweisungen
umfasst, die, wenn sie von einem Prozessor auf ei-
nem Computer ausgeführt werden, den Computer
zum Durchführen der Schritte nach einem Verfahren
gemäß einem der Ansprüche 1 bis 10 veranlassen.
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Revendications

1. Procédé pour faciliter l’accès à des ressources d’en-
trée/sortie (I/O) (206,302) d’un environnement par-
titionné (100) comprenant une ou plusieurs unité(s)
de calcul informatique fournissant des ressources
de processeur (108) et de mémoire (110), le procédé
comprenant de :

fournir une pluralité de partitions ayant chacune
une allocation desdites ressources de proces-
seur et de mémoire ;
caractérisé en ce que :

la pluralité de partitions inclut au moins une
partition I/O (106, 208, 300, 804) couplé à
une ou plusieurs ressources I/O, et plu-
sieurs partition(s) de consommateur (104,
200, 304, 802) couplées à la partition I/O ; et

le procédé comprend en outre les étapes con-
sistant à :

faire utilisation par au moins une partition
de consommateur de la partition I/O pour
accéder à au moins une des ressources I/O
couplées à celle-ci comprenant de fournir à
un pilote d’adaptateur virtuel (212, 312) de
la partition de consommateur une demande
pour accéder à la ressource I/O de la parti-
tion I/O et communiquer la demande à une
interface d’adaptateur virtuel (214,310) de
la partition I/O ; et
utiliser un outil de gestion de partitions (220)
pour faciliter au moins une de la gestion de
la partition I/O, spécifiant une ou plusieurs
ressources à allouer à la partition I/O et spé-
cifiant une ou plusieurs partitions de con-
sommateurs autorisées à partager au
moins une ressource I/O de la ou des res-
sources I/O, la partition I/O
(106,208,300,804) fournissant en outre un
équilibrage de charge de travail automati-
que parmi une ou plusieurs ressources I/O
(206,302) détenues par la partition I/O.

2. Procédé selon la revendication 1, dans lequel gérer
la partition I/O (106, 208, 300, 804) comprend l’ad-
dition de la partition I/O à l’environnement partitionné
(100) et/ou la modification de la partition I/O et la
suppression de la partition I/O de l’environnement
partitionné.

3. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la partition I/O (106, 208,
300, 804) se voit allouer une ou plusieurs ressources
utilisables pour la partition I/O et dans lequel ledit
procédé comprend en outre d’ajuster dynamique-

ment une quantité d’une ou plusieurs ressources al-
louées à la partition I/O.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’interface d’adaptateur vir-
tuel fournit la demande à un pilote d’adaptateur phy-
sique (218, 308) de la partition I/O utilisé pour accé-
der à la ressource I/O.

5. Procédé selon la revendication 4, dans lequel la
communication comprend de :

recevoir, par un hyperviseur (112, 216) de l’en-
vironnement partitionné (100) couplé à la parti-
tion de consommateur (104, 200, 304, 802) et
à la partition I/O (106, 208, 300, 804), la deman-
de provenant du pilote d’adaptateur virtuel
(212 ; 312) ; et rendre disponible par l’hypervi-
seur la demande à l’interface d’adaptateur vir-
tuel (214, 310).

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la partition I/O
(106,208,300,804) fournit en outre une capacité de
basculement automatique dans laquelle une res-
source I/O (206, 302) de la ou des ressources I/O
prend le relais d’une autre ressource I/O de la ou
des ressources I/O, transparente à une ou plusieurs
partitions de consommateurs (104, 200, 304, 802)
de l’environnement partitionné (100).

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la partition I/O (106, 208,
300, 804) prend en charge une ou plusieurs fonc-
tions de ressources I/O transparentes à une ou plu-
sieurs partitions de consommateurs (104, 200, 304,
802) de l’environnement partitionné (100).

8. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre de : détecter que
la partition I/O (106, 208, 300, 804) doit être
redémarré ; et redémarrer automatiquement la par-
tition I/O.

9. Procédé selon la revendication 8, dans lequel le re-
démarrage automatique est effectué par un hyper-
viseur (112, 216) de l’environnement partitionné
(100) couplé à la partition I/O (106,208,300,804) et
à une ou plusieurs partitions de consommateurs
(104, 200, 304, 802), l’hyperviseur utilisant un signal
d’activité pour détecter que la partition I/O doit être
redémarrée.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la fourniture de la partition
(106, 208, 300, 804) comprend de configurer la par-
tition I/O en utilisant un fichier de configuration (400).
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11. Système pour faciliter l’accès à des ressources d’en-
trée/sortie (I/O) (206, 302) d’un environnement par-
titionné (100) comprenant une ou plusieurs unité(s)
de calcul informatique fournissant des ressources
de processeur (108) et de mémoire (110), le système
comprenant :

un moyen pour fournir une pluralité de partitions
ayant chacune une allocation desdites ressour-
ces de processeur et de mémoire ;
caractérisé en ce que :

la pluralité de partitions inclut au moins une
partition I/O (106, 208, 300, 804) couplé à
une ou plusieurs ressources I/O et de plu-
sieurs partition(s) de consommateur (104,
200, 304, 802) couplées à la partition I/O ; et

le procédé comprend en outre :

un moyen pour faire utilisation par au moins
une partition de consommateur de la parti-
tion I/O pour accéder à au moins une des
ressources I/O couplées à celle-ci compre-
nant un moyen pour fournir à un pilote
d’adaptateur virtuel (212,312) de la partition
de consommateur une demande pour ac-
céder à la ressource I/O de la partition I/O
et communiquer la demande à une interface
d’adaptateur virtuel (214,310) de la partition
I/O ; et
un moyen pour utiliser un outil de gestion
de partitions (220) pour faciliter au moins
une de la gestion de la partition I/O, spéci-
fiant une ou plusieurs ressources à allouer
à la partition I/O et spécifiant une ou plu-
sieurs partitions de consommateurs autori-
sées à partager au moins une ressource I/O
de la ou des ressources I/O, dans lequel la
partition I/O (106, 208, 300, 804) fournit en
outre un équilibrage de charge de travail
automatique parmi une ou plusieurs res-
sources I/O (206,302) détenues par la par-
tition I/O.

12. Programme de logiciel informatique comprenant des
instructions qui quand elles sont exécutées par un
processeur d’un ordinateur amènent l’ordinateur à
mettre en oeuvre les étapes d’un procédé selon l’une
quelconque des revendications 1 à 10.
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