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KERNEL PROCESSOR GROUPING

BACKGROUND

[0001] As the number of processors in systems increase, the overall productivity of
the processors may not match the system’s expected processing capacity when
processing applications which were designed to be processed on a system having
less processors. For instance, bottlenecks may occur as individual threads for
processing are distributed to the various processors. In other instances, some
applications may limit the number of processors which may effectively process
tasks for the application. For example, some applications may not be well suited
for being processed by more processors that for which the application was
designed. For example, while an application may operate as expected on a desktop
system including two processors, an enterprise server having sixty-four or more
processors may experience issues with the same application.
SUMMARY

[0002] Techniques for grouping individual processors into assignment entities are
discussed. Statically grouping processors may permit threads to be assigned on a
group basis. In this manner, the burden of scheduling threads for processing may
be minimized, while the processor within the assignment entity may be selected
based on the physical locality of the individual processors within the group. The
groupings may permit a system to scale to meet the processing demands of various

applications.



10

15

WO 2009/076001 PCT/US2008/083530

[0003] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid in determining the

scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The detailed description is described with reference to the accompanying
figures. In the figures, the left-most digit(s) of a reference number identifies the
figure in which the reference number first appears. The use of the same reference
numbers in different instances in the description and the figures may indicate
similar or identical items.

[000s] FIG. 1 illustrates an environment in exemplary implementations that may
use kernel level group processing.

[0oo6] FIG. 2 1s a flow diagram depicting a procedure in exemplary

implementations in which processor assignment entity static grouping is used.
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DETAILED DESCRIPTION

[0007] Overview

Accordingly, techniques are described which may provide kernel level processor
grouping. For instance, individual processors may be statically configured into
kernel level groupings based on the locality of the individual processors so that
threads or discrete application tasks for processing may be scheduled and processed
on a per group basis. Grouping may permit the OS to interact on a group basis
rather than interacting with individual processors. As a result, the OS may be
simplified in comparison to an operating system which distributes processing tasks
on per processor basis. The individual threads may be assigned to a kernel group
for processing. Statically grouping processors, and assigning processing tasks on a
per group basis, may minimize the burden associated with scheduling individual
processors in systems including a large number of processors. For example, a
enterprise server having one hundred twenty eight processors may be configured to
handle several applications which were designed to operate effectively in a two
processor desktop type system.

[0008] For applications which may experience synchronization or correctness
issues, if processing is carried out by more processors than was anticipated for
processing the application, the threads associated with the application may be
processed in a single kernel grouping so that processing may be isolated (e.g., occur
as if the processors in the kernel group were the only processors in the system). In
this manner, a first kernel group may service a first application while other

applications, if applicable, may be processed by other kernel groups. The static
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processor grouping may promote efficient processing of applications which were
designed for processing on a limited number of processors, while supporting
overall scalability for the applications running on the computing system.

[0009] Exemplary Environment

FIG. 1 illustrates an environment 100 in exemplary implementations that permits
kernel grouping. For example, a computing system 102 having sixty four or more
processors (104- 134 will be referenced) may be configured so that the processors
are configured into groups (GROUPS “0-N” will be referenced, respectively 136-
144) on the kernel level. An OS operating on the computing system may be
configured on the kernel level to cause threads or discrete tasks to be processed on
particular group of processors, in the computing system. Kernel level processor
grouping may relieve applications or other level from having to account for the
number of processor included in the system while considering the physical locality
of the individual processors. This is to say, that by accounting for multiple
processor on the kernel level, issues associated with conducting processing on
numerous processors, in comparison to that for which an application was
configured, may be minimized. For example, software application modules may be
isolated or otherwise partitioned to make use of the available processing resources.
As a result, applications which are not readily scaleable may be processed without
overly consuming computing system resources in comparison to an anticipated
processor use. For instance, an application may consume more processing capacity
when processed on large number of processors in comparison to the same

application when run on the number of processors for which the application was
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designed. Performing operations on a per-group basis may minimize scheduling
burden on the OS when distributing threads for processing. For example, by
distributing individual threads to a kernel group for processing, the burden on a
kernel scheduler 145 may minimized in comparison to distributing tasks to
individual processors. For instance, minimizing the number of kernel group in the
computing system may allow the kernel scheduler 145 to implement a relatively
simpler, and potentially faster, algorithm.

[0010] While physical embodiments are discussed, virtualized implementations are
contemplated as well. For example, applications may be run in a virtual
environment, or in a combined environment, and so on. For example, an
application may be executed in a virtual environment on a computing system which
1s physically partitioned as well.

[00o11] Although, a 64 (sixty-four) processor computing system is referenced, the
techniques and principles discussed herein may be scaled, such as for “P”
processors (such as in a particular GROUP) and “N” kernel groups (including “P”
individual processors), as desired based on computing system resources, such as a
one hundred twenty eight processor system, hardware/software, and so on. For
example, the sixty-four processors or more processors may be configured into “N”
kernel level groupings with individual kernel groupings having “P” processors. In
implementations, a kernel group may include a single processor, two processor and
so on. In another example, a sixty-four processor system may be configured as a

single group as a sixty-four bit bitmask may effectively address the grouping. In
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further examples, a system having sixty-four or more processors may be configured
into approximately sixty-four processor per group.

[0012] The precise number of kernel groups and individual processors within
individual kernel groups may vary. For example, processors may be hot-swapped
into groups as desired, and so on. For example, while a computing system may
include sixty-four or more physical processors, some groups may be dedicated to
specific tasks, or processors may be reserved for subsequent group assignment and
so on. The burden of scheduling tasks may be limited by minimizing the number of
kernel groups. For example, the number of individual processors within a group
may be selected based on the number of processors an applications is designed to
be processed on. In this manner, a computing system may support applications
which do not lend themselves to processing by a larger number of processors. For
example, a kernel group may include two processors if an application, which is
expected to be routinely process, may make efficient use of two processors. This is
to say, the number of individual processors in a kernel group may be assigned
based on application parameters or for applications which are expected to be
processed. For instance, if an enterprise server is anticipated to run at least one
application which was designed for processing on four processors, four processors
may be statically assigned to a kernel group so that additional processors beyond
that which may be used effectively are not included in the kernel group.

[0013] Other considerations may include, grouping a sufficient number of
processors together in order to efficiently process a thread. In addition to

scheduling application threads to dedicated groups, the kernel scheduler 145 may
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assign tasks on a round-robin basis as kernel groups become available for
processing.

[0014] Individual processors within kernel groups may be selected based on the
locality of the processor with respect to the other processors within the kernel
group. In implementations, individual processors within non-uniform memory
access (NUMA) nodes may be included in kernel groups. For example, one or
more individual processors assigned to a local memory node may be included in a
kernel group. As a result, the processors within the NUMA node may have
efficient access to local memory resources when processing a thread assigned to the
kernel group which includes the processors in the NUMS node. In-turn, the
processors included in the NUMA nodes (for reference NUMA nodes 0-15,
respectively 146-152) may be assigned to particular kernel groupings. Including
locality adjacent processors within a kernel grouping, whether in the same NUMA
node or not, may improve overall processing while various portions of the system
are used by different applications. Other factors for deciding groupings may be
used in conjunction with locality or may be implemented, such processing core
configurations or other factors as desired. For example, a kernel grouping
configuration may be based on the configuration of a processing core and the core’s
socket configuration.

[0015s] Kernel level processor grouping may prevent erratic application
performance, correctness issues, synchronization issues and so on for computing
systems having large numbers of processors, in comparison to a low processor

system for which an application was designed. In instances, a computing system
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having a large number of processors (such as one hundred and twenty-eight) may
potentially experience the above issues, while a lower resource system running the
same application may not. Grouping the processor according to the techniques
herein may cause the application and/or the system to effectively minimize the
potential for erratic behavior.

[0016] In implementations, the number of processors within a kernel may permit a
common bitmask of a designated size to be used. For example, a sixty-four bit
bitmask may be managed in an efficient manner, while accommodating the grouped
processor configuration. Other exemplary situations may implement a 32-bit
bitmask (thirty-two bit bitmask) configuration.

[0017] By using kernel groupings, OS assigned threads available for processing,
may make efficient use of computing system resources thereby avoiding potential
issues which may occur in server having large numbers of processors. In a large
scale processor system, a kernel scheduler 145 may assign individual application
threads for processing to particular kernel groups so that multiple application,
which are suited to a lesser number of processors than what are included in the
system, may be processed in a generally contemporaneous manner thereby making
more efficient used of the system’s processor than if the processors were handled
on an individual basis.

[0018] If a particular application has synchronization, correctness or other multiple
processor issues (if executed on a computing system with multiple processors), the
kernel scheduler 145 may schedule the application’s threads to a single group to

avoid or minimize these potential issues. For example, if an application is not
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readily scalable, the kernel scheduler 145 may direct the application’s processing
task to a single group. For example, if a computer system having sixty-four or
more processors is to process a task which is multiple processor sensitive, the
kernel scheduler 145 may direct the application threads to GROUP 0 (zero) which
may isolate the application. In this manner, the threads may be processed as if the
processors in the group were the system’s processing resources. The level of
isolation may vary from a physical or virtual partition type isolation to lesser forms
of isolation as desired.

[0019] In contrast, if an application is configured for multiple processor processing,
threads for processing may be individually scheduled for processing among
GROUP 1, GROUP 2 and GROUP 3, (which individually may include multiple
processor akin to the configuration of GROUP 0) to take advantage of the
computing system’s processor resources.

[0020] In implementations, applications and drivers may be given visibility to the
entire system. For example, a driver may be made aware of the kernel level
structure so that the driver may support a component having access to the system.
In this manner, the computing system may obtain group processing benefits while
applications and drivers may be made aware of the systems processor groupings.
[0021] Generally, any of the functions described herein can be implemented using
software, firmware, hardware (e.g., fixed logic circuitry), manual processing, or a
combination of these implementations. The terms “module,” “functionality,” and
“logic” as used herein generally represent software, firmware, hardware, or a

combination thereof. In the case of a software implementation, for instance, the
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module, functionality, or logic represents program code that performs specified
tasks when executed on a processor (e.g., CPU or CPUs). The program code can
be stored in one or more computer readable memory devices, e.g., tangible memory
and so on.

[0022] The following discussion describes transformation techniques that may be
implemented utilizing the previously described systems and devices. Aspects of
each of the procedures may be implemented in hardware, firmware, or software, or
a combination thereof. The procedures are shown as a set of blocks that specify
operations performed by one or more devices and are not necessarily limited to the
orders shown for performing the operations by the respective blocks.

[0023] Exemplary Procedures

The following discussion describes a methodology that may be implemented
utilizing the previously described systems and devices. Aspects of each of the
procedures may be implemented in hardware, firmware, or software, or a
combination thereof. The procedures are shown as a set of blocks that specify
operations performed by one or more devices and are not necessarily limited to the
orders shown for performing the operations by the respective blocks. A variety of
other examples are also contemplated.

[0024] FIG. 2 discloses exemplary procedures for statically grouping processors.
For example, a computing system’s OS kernel level may be configured to group
individual processor so applications which may be sensitive to large scale processor

environments may be processed.

10
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[0025] The techniques discussed herein may permit processing of threads assigned
by the OS in an isolated manner on a group basis. These techniques may minimize
the overall complexity of the OS as processing may be consider on a group basis
rather than parsing out tasks on a individual processor basis.

[0026] For application designed for large scale processing the individual groups
may isolate the individual task in one assignment entity from other assignment
entities within computing system.

[0027] The individual processor may be grouped 202 into an assignment entity for
processing threads. For example, the kernel scheduler may assign a particular
application to processors statically grouped at startup. For example, threads from a
first application may be scheduled to a first assignment entity, while other
application tasks are assigned to a second assignment entity and so on. For
example, a first application may be assigned to a first static kernel grouping of two
processors, which may be physically local to the other processor included in the
group, while a second application is assigned to a second static kernel group having
four processors. The foregoing may permit the first and second applications to be
processed more efficiently (make more efficient use of the processors) than if the
OS interacted with the processors on an individual basis.

[0028] In implementations, the number of processors included in an assignment
entity may be commensurate with the number of processor for which an application
was configured. In this way, processing resources may not be dedicated to a
particular application which may not be able to make effective use of the number of

processors assigned to the group. Other assignment entities may be similarly
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configured so that the individual groups may be assigned tasks individually from
different applications.

[0029] The number of processors included in an assignment entity may be
determined based on the bitmask used in conjunction with the processors. Thus,
the number of processors within a group may be, for example, sixty-four or less in
order to make use of a sixty-four bit bitmask. In this manner, the system may use
lower bit bitmask configuration, which may be of a simpler configuration, while
accommodating a system having a processors beyond that which the bitmask may
effectively address. In instances, the number of processors assigned into
processing groups may be less than that of the bitmask as some processor may be
withheld hot-swapping and so on.

[0030] Using a grouped processor configuration (on the kernel level) may minimize
the impact of a multi-processor environment on applications executing at a higher
level. Thus, while the kernel level may be configured for controlling multiple
processors as a entity, such as in a real environment, a virtualized environment or a
combination thereof, a lower bit bitmask configuration may be used without having
to reconfigure the bitmask for the additional processors beyond that for which the
bitmask is configured.

[0031] In implementations, the number of assignment entities within an
OS/computing system may be minimized in order to minimize the scheduling
burden associated with dispersing application tasks (e.g., potential bottlenecks).
This may permit kernel level scheduling using simpler algorithms in comparison to

a system which individually addresses the processors. The precise number of

12



10

15

20

WO 2009/076001 PCT/US2008/083530

assignment entities and the number of individual processors within the assignment
entities may be based on a number of factors including the expected application
processing demands, the number of processors which may be implemented with an
application before the application experiences processing issues, minimize scaling
bottlenecks and so on.

[0032] Individual processors may be included in a particular assignment entity to
maximize the locality of the processors within the assignment entity. For example,
the processors within an assignment entity may be physically adjacent to the other
individual processors within the assignment entity.

[0033] The individual processors within a non-uniform memory access node
(NUMA) node may be grouped into an assignment entity. Thus, individual
processors assigned 204 in a NUMA node may be grouped into a particular kernel
level processor group. In the previous manner, the individual processors included
in the assignment entity and the NUMA node may have rapid access the local
memory (in comparison to individual processors in which the preceding does not
apply). While NUMA nodes may not be not tied to particular kernel groups, in
implementations nodes may be mapped 206 to kernel groups in order to closely
affinitize specific tasks. For example, an application program interface may be
configured to tie individual physical processors with the kernel groupings. Closely
mapping physical resources with the kernel level assignment entities may permit
assigning closely associated tasks to particular kernel groupings for processing.
[0034] For applications suitable for scaling 208, the kernel scheduler may assign the

threads as desired. For applications designed for a limited number of processors,
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the threads may be directed to a single kernel group. For example, an application
may have its processing tasks directed to GROUP 0, while other application may be
directed to GROUP 1.

[0035] Applications and drivers may be given visibility to the system’s grouping.
For example, a driver may be made aware of the kernel level grouping structure so
that the driver may support a component having access to the overall system. In
this manner, a computing system operating in conformance with the techniques
discussed herein may obtain group processing benefits while applications and

drivers may be made aware of the systems processor groupings as desired.

[0036] Conclusion

Although the invention has been described in language specific to structural
features and/or methodological acts, it is to be understood that the invention
defined in the appended claims is not necessarily limited to the specific features or
acts described. Rather, the specific features and acts are disclosed as exemplary

forms of implementing the claimed invention.
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CLAIMS
What is claimed is:

1. A method comprising:

statically grouping individual processors into an assignment entity,
the individual processors being grouped based on the physical locality of the
individual processors with respect to other individual processors within the
group; and

scaling one or more assignment entities to handle individual threads

so that individual threads are assigned on a per assignment entity basis.

2. The method as described in claim 1 wherein the individual processors

are statically grouped on a kernel level.

3. The method as described in claim 1 wherein the assignment entity is

configured to isolate individual threads, associated with an application,

within the assignment entity.

4. The method as described in claim 1 wherein a single thread is

assigned to a single individual assignment entity at a time.

S. The method as described in claim 1 wherein individual processors

within the assignment entity are configured into a non-uniform memory

15
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access (NUMA) node with other individual processors in the assignment

entity.

6. The method as described in claim 1 wherein individual processor are

grouped at start-up.

7. The method as described in claim 1 further comprising partially
populating a non-uniform memory access (NUMA) node at start-up to

permit hot-adding of processors.

8. The method as described in claim 1 wherein threads for a single

application are processed in a single assignment entity.

9. One or more computer-readable media comprising computer-
executable instructions that, when executed, direct a computing system to:
assign locality related individual processors to non-uniform memory
access (NUMA) nodes; and
group the locality related individual processors statically at startup
into a kernel group which is configured to process an individual thread at a

time.

16



10

15

20

WO 2009/076001 PCT/US2008/083530

10.  The one or more computer-readable media as described in claim 9
further comprising schedule the individual thread on a per kernel group

basis.

11.  The one or more computer-readable media as described in claim 9
wherein application threads are all scheduled to single kernel group for

processing.

12.  The one or more computer-readable media as described in claim 9
further comprising add driver model extensions for hardware configured for

scalable processing.

13.  The one or more computer-readable media as described in claim 9
further comprising scale additional kernel groups for processing threads
from applications supporting distributing of threads among different kernel

groups.

14.  The one or more computer-readable media as described in claim 9

wherein individual processors in the kernel group are isolated from

processors outside the kernel group.

15. The one or more computer-readable media as described in claim 9

wherein a group includes approximately sixty-four individual processors.

17
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16. A system comprising:

a plurality of processors, statically configured in a kernel group such
that individual threads for processing are assigned on a kernel group basis;
the individual processors being physically local to the other processors

included in the kernel group.

17.  The system of claim 16 further comprising a kernel scheduler

configured to distribute individual threads on a kernel group basis.

18.  The system of claim 17 wherein the kernel scheduler assigns all

threads for a particular application to a single kernel group.

19.  The system of claim 16 wherein individual processors, in the plurality

of processors, are physically located locally to other processors included in

the kernel group.

20. The system of claim 16 wherein the plurality of processors are

assigned to a kernel group upon starting up the system.

18
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