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METHOD FOR REDUCING EXECUTION

JITTER IN MULTI-CORE PROCESSORS

WITHIN AN INFORMATION HANDLING
SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a reissue of, and claims the benefit of
the filing date of, U.S. patent application Ser. No. 13/652,
512, filed on Oct. 16, 2012, now U.S. Pat. No. 9,081,625,
titted “METHOD FOR REDUCING EXECUTION JITTER
IN MULTI-CORE PROCESSORS WITHIN AN INFORMA-
TION HANDLING SYSTEM,” the disclosure of which is

heveby incovporated by rveference hevein in its entirety.

BACKGROUND

1. Technical Field

The present disclosure generally relates to operation of
multi-core processors within an information handling sys-
tem and 1n particular to reducing execution jitter in multi-
core processors within an information handling system.

2. Description of the Related Art

As the value and use of information continue to increase,
individuals and businesses seek additional ways to process
and store information. One option available to users 1is
information handling systems. An information handling
system generally processes, compiles, stores, and/or com-
municates information or data for business, personal, or
other purposes, thereby allowing users to take advantage of
the value of the information. Because technology and infor-
mation handling needs and requirements vary between dit-
ferent users or applications, information handling systems
may also vary regarding what information 1s handled, how
the information 1s handled, how much information 1s pro-
cessed, stored, or communicated, and how quickly and
ciliciently the information may be processed, stored, or
communicated. The varniations in information handling sys-
tems allow for information handling systems to be general or
configured for a specific user or specific use such as financial
transaction processing, airline reservations, enterprise data
storage, or global communications. In addition, information
handling systems may include a variety of hardware and
solftware components that may be configured to process,
store, and communicate information and may include one or
more computer systems, data storage systems, and network-
Ing systems.

The information handling system can be designed with
one or more multi-core processors. A multi-core processor 1s
a single computing component with two or more 1indepen-
dent central processing units, processor cores, or cores that
are able to read and execute program instructions or sofit-
ware code. The program instructions or software code can be
regular computer mstructions. The multiple cores can run
multiple mstructions at the same time, 1ncreasing the overall
processing speed for programs. The multiple cores typically
are integrated onto a single integrated circuit die or inte-
grated circuit or onto multiple dies 1n a single chip package.

As processors with multiple cores implement higher and
dynamic frequency ranges, these changes can result 1n
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non-deterministic code execution timing. Some soiftware
applications require very specific or deterministic code

execution timing. Examples of these applications include
real time applications, financial trading applications, and
control applications. It 1s desirable for these applications to
have predictable execution times. Execution jitter 1s defined
as the diflerence 1n execution time for a given program or
thread between the predicted execution time and the actual
execution time at a given frequency. For example, 11 a given
thread 1s predicted to execute in 10 milliseconds and some
measured execution times are 8, 9, 11 and 13 milliseconds,
the execution jitter 1s the diflerence between the measured
times and 10 malliseconds. Execution jitter can occur for
threads that execute 1n either longer or shorter times than the
predicted or desired execution times. In order to control the
level of execution jitter within an acceptable range, the
multiple cores are forced to operate at the lowest operating,
frequency or lowest performance level. A method for reduc-
ing execution jitter 1n soitware programs running on multi-
core processors 1s therefore needed.

BRIEF SUMMARY

Disclosed 1s a method for reducing execution jitter 1 a
processing environment that includes a processor having
several cores and control logic that receives core configu-
ration data. The control logic determines 11 a first set of cores
are 1o be disabled. If none of the first set of cores are to be
disabled, the control logic determines 11 a second set of cores
are to be jitter controlled. If the second set of cores are to be
ntter controlled, the second set of cores are set to a first
operating state. If the first set of cores are to be disabled, the
first set of cores are disabled based upon physical location,
and the control logic determines a second operating state for
a third set of one or more enabled cores. The control logic
determines 11 the third set of enabled cores are to be jitter
controlled, and 11 the third set of enabled cores are jitter
controlled, the control logic sets the third set of enabled
cores to the second operating state determined by the
number of disabled cores. The method provides consistent
execution times for threads running on multiple cores.

A multi-core processor 1s disclosed that includes a plu-
rality of cores in communication with control logic having
firmware executing thereon. The firmware configures the
control logic to receive at least one core configuration
parameter and to determine from the at least one configu-
ration parameter ii a {irst set of one or more cores 1s selected
to be disabled. In response to none of the first set of cores
selected to be disabled, the control logic determines 1f a
second set of one or more cores 1s selected to be jitter
controlled. In response to the second set of the cores being
selected to be jitter controlled, the control logic sets the
second set of cores to a first operating state that reduces
jtter. In response to the first set of cores being selected to be
disabled, the control logic disables the first set of cores and
determines a second operating state that reduces jitter for a
third set of one or more enabled cores that are enabled for
turbo state operation. The control logic determines 1t the
third set of enabled cores are selected to be jitter controlled
and, 1n response to the third set of enabled cores selected to
be jitter controlled, the control logic sets the third set of
enabled cores to the second operating state that reduces
itter.

Also disclosed 1s an information handling system (IHS)
that comprises a processor having a plurality of cores and
control logic. A memory 1s coupled to the processor via a
system 1interconnect. The control logic has firmware execut-
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ing thereon to reduce execution jitter. The firmware config-
ures the control logic to determine 1f a first set of cores are
to be disabled, and in response to none of the cores being
selected for disabling, the control logic determines i1f a
second set of cores are to be jitter controlled. In response to
the second set of the cores being jitter controlled, the control
logic sets the second set of cores to a first operating state. In
response to the first set of cores being selected for disabling,
the first set of cores are disabled based upon physical
location, and the control logic determines a second operating
state for a third set of one or more enabled cores that are
enabled for turbo state operation. The control logic deter-
mines 1f the third set of enabled cores are to be jtter
controlled; and 1n response to the third set of enabled cores
being jitter controlled, the third set of enabled cores are set
to the second operating state determined by the number of
disabled cores. The information handling system provides
consistent execution times for threads running on multiple
cores.

The above summary contains simplifications, generaliza-
tions and omissions of detail and 1s not intended as a
comprehensive description of the claimed subject matter
but, rather, 1s intended to provide a brief overview of some
of the functionality associated therewith. Other systems,
methods, functionality, features and advantages of the
claimed subject matter will be or will become apparent to
one with skill in the art upon examination of the following
figures and detailed written description.

BRIEF DESCRIPTION OF THE DRAWINGS

The description of the illustrative embodiments can be
read 1n conjunction with the accompanying figures. It will be
appreciated that for simplicity and clarity of illustration,
clements illustrated 1n the figures have not necessarily been
drawn to scale. For example, the dimensions of some of the
clements are exaggerated relative to other elements.
Embodiments incorporating teachings of the present disclo-
sure are shown and described with respect to the figures
presented herein, 1n which:

FI1G. 1 illustrates an example information handling system
within which various aspects of the disclosure can be
implemented, according to one or more embodiments;

FI1G. 2 1llustrates an example of core configuration param-
cters being transmitted from the basic mput output system
(BIOS) to the processor control logic 1n accordance with one
or more embodiments;

FIG. 3 1s a flow chart illustrating one example of the
method by which cores are disabled and/or enabled for (a)
operation and (b) jitter control, according to one or more
embodiments;

FIG. 4 1s a flow chart illustrating one example of the
method by which cores are disabled, according to one or
more embodiments;

FIG. 5 1s a flow chart illustrating one example of the
method by which an ordered lookup table 1s generated,
according to one or more embodiments; and

FIG. 6 1s an example ordered lookup table 1identitying the
sequence of enabling the cores based on the total number of
enabled cores, according to one embodiment.

DETAILED DESCRIPTION

The illustrative embodiments provide an information han-
dling system (IHS), a multi-core processor and a method
performed within the information handling system for (1)
reducing execution jitter in multi-core processors, (2)
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enabling one or more processor cores within a multi-core
processor to operate at a pre-determined frequency and (3)
providing consistent execution times for threads running on
multiple cores within a multi-core processor.

In the {following detailed description of exemplary
embodiments of the disclosure, specific exemplary embodi-
ments 1 which the disclosure may be practiced are
described 1n suflicient detail to enable those skilled in the art
to practice the disclosed embodiments. For example, specific
details such as specific method orders, structures, elements,
and connections have been presented herein. However, 1t 1s
to be understood that the specific details presented need not
be utilized to practice embodiments of the present disclo-
sure. It 1s also to be understood that other embodiments may
be utilized and that logical, architectural, programmatic,
mechanical, electrical and other changes may be made
without departing from general scope of the disclosure. The
following detailed description 1s, therefore, not to be taken
in a limiting sense, and the scope of the present disclosure
1s defined by the appended claims and equivalents thereof.

References within the specification to “one embodiment,”
“an embodiment,” “embodiments”, or “one or more embodi-
ments” are mtended to indicate that a particular feature,
structure, or characteristic described in connection with the
embodiment 1s included 1n at least one embodiment of the
present disclosure. The appearance of such phrases 1n vari-
ous places within the specification are not necessarily all
referring to the same embodiment, nor are separate or
alternative embodiments mutually exclusive of other
embodiments. Further, various features are described which
may be exhibited by some embodiments and not by others.
Similarly, various requirements are described which may be
requirements for some embodiments but not other embodi-
ments.

It 1s understood that the use of specific component, device
and/or parameter names and/or corresponding acronyms
thereol, such as those of the executing utility, logic, and/or
firmware described herein, are for example only and not
meant to 1imply any limitations on the described embodi-
ments. The embodiments may thus be described with dii-
ferent nomenclature and/or terminology utilized to describe
the components, devices, parameters, methods and/or func-
tions herein, without limitation. References to any specific
protocol or proprietary name in describing one or more
clements, features or concepts of the embodiments are
provided solely as examples of one implementation, and
such references do not limit the extension of the claimed
embodiments to embodiments 1n which different element,
feature, protocol, or concept names are utilized. Thus, each
term utilized herein 1s to be given its broadest interpretation
given the context in which that terms 1s utilized.

FIG. 1 illustrates a block diagram representation of an
example nformation handling system (IHS) 100, within
which one or more of the described features of the various
embodiments of the disclosure can be implemented. For
purposes of this disclosure, an information handling system,
such as IHS 100, may include any instrumentality or aggre-
gate of instrumentalities operable to compute, classily, pro-
cess, transmit, receive, retrieve, originate, switch, store,
display, manifest, detect, record, reproduce, handle, or uti-
lize any form of information, intelligence, or data for
business, scientific, control, or other purposes. For example,
an information handling system may be a handheld device,
personal computer, a server, a network storage device, or
any other suitable device and may vary in size, shape,
performance, functionality, and price. The mformation han-
dling system may include random access memory (RAM),
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one or more processing resources such as a central process-
ing unit (CPU) or hardware or software control logic, ROM,
and/or other types ol nonvolatile memory. Additional com-
ponents of the information handling system may include one
or more disk drives, one or more network ports for com-
municating with external devices as well as various input
and output (I/0) devices, such as a keyboard, a mouse, and
a video display. The information handling system may also
include one or more buses operable to transmit communi-
cations between the various hardware components.
Referring specifically to FIG. 1, example IHS 100
includes one or more processor(s) 102 coupled to system
memory 130 via system interconnect 115. System 1ntercon-
nect 115 can be interchangeably referred to as a system bus,
in one or more embodiments. System memory 130 can
include therein a plurality of software and/or firmware
modules including firmware (F/W) 132, basic iput/output
system (BIOS) 134, operating system (O/S) 136, and appli-
cation(s) 138. The one or more software and/or firmware
modules within system memory 130 can be loaded into
processor(s) 102 during operation of IHS 100.

Processor(s) 102 include several processor cores, includ-
ing core 0 104, core 1 106, core 2 108, core 3 110, core 4

112, core 5 114, core 6 116 and core 7 118. Cores 104-118
can communicate with each other and with control logic
120. Control logic 120 can control the operation of cores
104-118. According to one aspect of the described embodi-
ments, control logic 120 can control the operating frequency
and voltage or operating state of cores 104-118. Control
logic 120 can also receive software and/or firmware modules
from system memory 130 during the operation of processor
(s) 102. In one embodiment, clock 121 1s provided on
processor(s) 102 and enables the generation of several
different periodic frequency signals that can be applied to
one or more of the cores 104-118 within processor(s) 102.

IHS 100 further includes one or more mput/output (I/O)
controllers 140 which support connection by, and processing
of signals from, one or more connected 1put device(s) 142,
such as a keyboard, mouse, touch screen, or microphone. I/O
controllers 140 also support connection to and forwarding of
output signals to one or more connected output devices 144,
such as a monitor or display device or audio speaker(s).
Additionally, 1n one or more embodiments, one or more
device interfaces 146, such as an optical reader, a universal
serial bus (USB), a card reader, Personal Computer Memory
Card International Association (PCMCIA) slot, and/or a
high-definition multimedia interface (HDMI), can be asso-
ciated with IHS 100. Device iterface(s) 146 can be utilized
to enable data to be read from or stored to corresponding
removable storage device(s) 148, such as a compact disk
(CD), digital video disk (DVD), flash drive, or tlash memory
card. Device interfaces 146 can further include General
Purpose 1/O interfaces such as I°C, SMBus, and peripheral
component mterconnect (PCI) buses.

IHS 100 comprises a network intertace device (NID) 150.
NID 150 enables IHS 100 to communicate and/or interface
with other devices, services, and components that are
located external to IHS 100. These devices, services, and
components can interface with IHS 100 via an external
network, such as example network 160, using one or more
communication protocols. Network 160 can be a local area
network, wide area network, personal area network, and the
like, and the connection to and/or between network and IHS
100 can be wired or wireless or a combination thereof. For
purposes of discussion, network 160 1s indicated as a single
collective component for simplicity. However, 1t 1s appre-
ciated that network 160 can comprise one or more direct
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connections to other devices as well as a more complex set
of interconnections as can exist within a wide area network,
such as the Internet.

Those of ordmary skill in the art will appreciate that the
hardware components and basic configuration depicted in
FIG. 1 and described herein may vary. For example, the
illustrative components within IHS 100 are not intended to
be exhaustive, but rather are representative to highlight
components that can be utilized to implement aspects of the
present disclosure. For example, other devices/components
may be used in addition to or in place of the hardware
depicted. The depicted example does not convey or imply
any architectural or other limitations with respect to the
presently described embodiments and/or the general disclo-
sure.

With reference now to FIG. 2, there 1s illustrated one
embodiment of core configuration parameters 210 being
transmitted from the basic input output system (BIOS) 134
to the processor control logic 120. In the discussion of FIG.
2, reference 1s also made to components 1llustrated 1n FIG.
1. During the mnitial startup of IHS 100 and processor(s) 102,
core configuration parameters 210 are transmitted from the
BIOS 134 to the processor control logic 120. The core
configuration parameters 210 include operating states 212
for the cores 104-118. According to one aspect of the
disclosure, examples of these operating states 212 include
(a) identification of one or more cores selected to be enabled
for operation at frequencies equal to or higher than the
minimum clock frequency or core operating frequency and
(b) an 1dentification of specific cores selected to be disabled,
such that the disabled cores are not operational. The oper-
ating states 212 identifies which of the one or more of cores
104-118 are to be selected to be disabled and/or enabled and
identifies which of the one or more cores 104-118 are to be
controlled for execution jitter. Operating frequencies that are
higher than the minmimum core operating frequency are
referred to as turbo states. For example, 1f the normal or
minimum core operating frequency 1s 2.0 GHz, operating
states 212 can be set or pre-determined by a user such that
one or more cores 104-118 operate at higher core frequen-
cies such as 2.5 GHz, 3.0 GHz, 3.5 GHz, 4.0 GHz or other
frequencies. The maximum core frequency 1s subject to
on-chip limits 1n temperature, current, and power consump-
tion. In one or more embodiments, the core configuration
parameters 210 also mclude an ordered lookup table 214 of
the cores, 1n which the cores are ordered by the maximum
physical distance separating each core on the chip or die. For
example, as shown in FIG. 1, core 0 104 1s physically
located further away from core 7 118 than from core 4 112.
Ordered lookup table 214 1s used to select one or more cores
104-118 for operation.

The core configuration parameters 210 can be pre-deter-
mined by a user and stored in (BIOS) 134. For example,
operating states 212 can direct four of the cores 104-118
(e.g., core 0-core 3) to be disabled from operating and
another (1.e., different) four of the cores 104-118 (e.g., core
4-core 7) to be enabled for operation and thus operate at a
higher core operating frequency.

FIG. 3 illustrates a flowchart of exemplary methods by
which cores are (a) disabled and enabled for operation and
by which (b) cores are controlled for reducing execution
ntter. Generally, method 300 represents a computer-imple-
mented method to reduce execution jitter in multi-core
processors and to enable cores to be operated at higher
operating frequencies. In the discussion of FIG. 3, reference
1s also made to components illustrated in FIG. 1 and FIG. 2.
According to one aspect of the disclosure, disabled cores do
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not perform execution of instructions and do not generate
heat, while enabled cores operate at a higher frequency that
1s variable depending upon processor workloads and other
factors that are internal to and based on the design of the
processors. Jitter controlled cores are set to a pre-determined
clock frequency as can be specified by a user. And, different
ntter controlled cores can have different clock frequencies.

Method 300 begins at the start block and proceeds to
block 302 at which control logic 120 determines 1f any of the
cores 104-118 are to be disabled from operation. Disabled
cores are identified through the use of core configuration
parameters 210 received from BIOS 134. Disabled cores do
not operate and thus do not execute any instructions.
According to one embodiment, the minimum core operating,
frequency 1s the default or reference operating frequency for
the cores. In response to none of the cores 104-118 being
selected to be disabled, control logic 120 determines 1f any
of cores 104-118 are to be jitter controlled (block 308). In
response to none of the cores 104-118 being selected to be
ntter controlled, method 300 ends. In response to one or
more of the cores 104-118 being selected to be jitter con-
trolled, the one or more cores selected for jitter control are
set by control logic 120 to operate at a maximum operating
frequency that 1s dependent on the number of cores in
operation (312). In one embodiment, control logic 120 sets
the maximum operating frequency based upon the pre-
determined operating states 212. In another embodiment,
control logic 120 sets the maximum operating frequency of
the jitter controlled cores to the reference Ifrequency or
mimmum core operating frequency. Method 300 then ter-
minates at the end block.

In response to one or more of the cores 104-118 being
requested or selected to be disabled 1n block 302, control
logic 120 disables the selected cores from operating at block
304 and determines the core operating frequency or turbo
states for the enabled cores (306). Control logic 120 deter-
mines 1f any of the enabled cores are to be jitter controlled
(310). In response to none of the enabled cores being
selected to be jitter controlled, method 300 ends. At block
314, 1n response to one or more of the enabled cores being
selected to be jitter controlled, control logic 120 sets or locks
the cores selected for jitter control to operate at a maximum
operating {requency or turbo state previously determined at
block 306. Method 300 then terminates at the end block.

Method 300 allows a set of instructions or threads to
execute across multiple cores that provide both fast execu-
tion times and consistent execution times (1.e., no jitter).
Execution jitter 1s defined as the difference 1n execution time
for a given program or thread between the predicted execu-
tion time and the actual execution time at a given frequency.
With a set of one or more cores 104-118 (e.g., core 4-core
7) fixed to operate at a pre-determined operating frequency,
the predicted execution time and the actual execution time
will be the same, resulting 1 no execution jitter. For
example, 1f the highest clock frequency that a set of instruc-
tions or threads executing with consistent execution times
(no jitter) on multiple cores 1s 3.5 GHz, method 300 can set
or restrict two or more of the cores 104-118 to operate at 3.5
GHz.

Turning now to FIG. 4, a flow chart of a method 400 by
which cores are enabled 1s shown. In the discussion of FIG.

4, reference 1s also made to components 1llustrated 1n FIG.
1 and FIG. 2. Method 400 begins at the start block and

proceeds to block 402 where the lookup table 214 1s loaded
into control logic 120. Lookup table 214 contains an ordered
table of the cores 104-118 ordered by the maximum physical
distance or spacing on the chip or die (see, for example,
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maximum separation distance between core 0 104 and core
7 118 within processor(s) 102 of FIG. 1). Control logic 120

enables a first one of cores 104-118 (e.g., core 0 104) for
operation in the order defined by lookup table 214 (block
404). At block 406, control logic 120 determines 1f the
requested or selected number of cores have been enabled for
operation. According to one aspect of the disclosure, the
number of cores selected to be enabled for operation are
determined by core configuration parameters 210 received
from BIOS 134. In response to the selected number of cores
being enabled, method 400 ends. In response to the selected
number of cores not being enabled, method 400 returns to
block 404 where control logic 120 enables the next core for
turbo state operation in the order defined by lookup table
214.

FIG. 5 1llustrates a flow chart of a method 500 for
generating an ordered lookup table 214. In the discussion of
FIG. 5, reference 1s also made to components illustrated 1n
FIG. 1 and FIG. 2. Method 500 begins at the start block and
proceeds to block 502 where one of the cores 104-118 1s
selected by control logic 120. The selected core 1s placed
into the lookup table 214 (block 504). At decision block 506,
control logic 120 determines if all of the required cores
104-118 have been placed into the lookup table 214. In
response to all of the cores being placed into the lookup table
214, method 500 terminates. In response to there being other
cores remaining to be placed into the lookup table 214,
control logic 120 selects (at block 508) the next core with
maximum physical spacing distance from the previously
selected core(s) 1n the processor (e.g., processor(s) 102, FIG.
1), and control logic 120 places the selected next core nto
the lookup table 214 (block 504). According to one aspect,
the next core with maximum physical spacing distance 1s
selected from among the other non-selected cores (1.e., cores
that are not yet placed 1n the lookup table).

Referring to FIG. 6, one embodiment of an ordered
lookup table 214 presenting an increasing number of
enabled cores and the corresponding enabled cores (at
maximum physical spacing distance) generated by method
500 of FIG. § 1s shown. Ordered lookup table 214 1s based
on the cores with maximum physical spacing from each
other. In the discussion of FIG. 6, reference 1s also made to
components 1llustrated m FIG. 1 and FIG. 2. Lookup table
214 1ncludes a first column, number of enabled cores 602,
indicating the different number of cores than can be enabled,
and a second column, enabled core(s) 604, identifying the
specific core(s) that 1s enabled as the number of cores that
are enabled increases. For example, if one core 1s to be
enabled for operation at a frequency higher than the regular
or minimum core operating {requency, then the only core
enabled can be core 0 104. If three cores are to be enabled
for operation at a frequency higher than the default or
minimum core operating irequency, then the cores enabled
are the cores with the maximum separation distance begin-
ning with core 0 104 (e.g., core 0 104, core 7 118 and core
1106 1n FIG. 1). If five cores are to be enabled for operation
at a frequency higher than the regular or mimimum core
operating frequency, then the cores and sequence of cores
that are enabled within processor 102 of FIG. 1 are core 0
104, core 7 118, core 1 106, core 6 116, and core 3 110.

In the above described flow chart, one or more of the
methods may be embodied 1n a computer readable medium
containing computer readable code such that a series of
functional processes are performed when the computer
readable code 1s executed on a computing device. In some
implementations, certain steps of the methods are combined,
performed simultaneously or in a different order, or perhaps
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omitted, without deviating from the scope of the disclosure.
Thus, while the method blocks are described and 1llustrated
in a particular sequence, use ol a specific sequence of
functional processes represented by the blocks 1s not meant
to 1mply any limitations on the disclosure. Changes may be
made with regards to the sequence of processes without
departing from the scope of the present disclosure. Use of a
particular sequence 1s therefore, not to be taken 1n a limiting,
sense, and the scope of the present disclosure 1s defined only
by the appended claims.

With the above described systems, computer program
products and methods, aspects of the disclosure provide the
functionality of reducing execution jitter 1n multi-core pro-
cessors within an information handling system and to selec-
tively enabling one or more processor cores to operate at a
pre-determined frequency.

Aspects of the present disclosure are described above with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the disclosure. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be imple-
mented by computer program instructions. Computer pro-
gram code for carrying out operations for aspects of the
present disclosure may be written in any combination of one
or more programming languages, imcluding an object ori-
ented programming language, without limitation. These
computer program 1instructions may be provided to a pro-
cessor of a general purpose computer, special purpose
computer, such as a service processor, or other program-
mable data processing apparatus to produce a machine, such
that the mstructions, which execute via the processor of the
computer or other programmable data processing apparatus,
performs the method for implementing the functions/acts
specified 1n the flowchart and/or block diagram block or
blocks.

As will be further appreciated, the processes 1n embodi-
ments of the present disclosure may be implemented using,
any combination of software, firmware or hardware. Accord-
ingly, aspects of the present disclosure may take the form of
an entirely hardware embodiment or an embodiment com-
bining soitware (including firmware, resident software,
microcode, etc.) and hardware aspects that may all generally
be referred to herein as a “circuit,” “module,” or “system.”
Furthermore, aspects of the present disclosure may take the
form of a computer program product embodied 1n one or
more computer readable storage device(s) having computer
readable program code embodied thereon. Any combination
of one or more computer readable storage device(s) may be
utilized. The computer readable storage device may be, for
example, but not limited to, an electronic, magnetic, optical,
clectromagnetic, ifrared, or semiconductor system, appa-
ratus, or device, or any suitable combination of the forego-
ing. More specific examples (a non-exhaustive list) of the
computer readable storage device would include the follow-
ing: an electrical connection having one or more wires, a
portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory ), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
device may be any tangible medium that can contain, or
store a program for use by or 1n connection with an instruc-
tion execution system, apparatus, or device.

10

15

20

25

30

35

40

45

50

55

60

65

10

While the disclosure has been described with reference to
exemplary embodiments, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereot without
departing from the scope of the disclosure. In addition, many
modifications may be made to adapt a particular system,
device or component thereof to the teachings of the disclo-
sure without departing from the essential scope thereof.
Theretore, it 1s intended that the disclosure not be limited to
the particular embodiments disclosed for carrying out this
disclosure, but that the disclosure will include all embodi-
ments falling within the scope of the appended claims.
Moreover, the use of the terms first, second, etc. do not
denote any order or importance, but rather the terms {irst,
second, etc. are used to distinguish one element from
another.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the disclosure. As used herein, the singular forms
“a”, “an” and “the” are mtended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used 1n this specification, specity the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, itegers, steps,
operations, elements, components, and/or groups thereof.

The description of the present disclosure has been pre-
sented for purposes of illustration and description, but 1s not
intended to be exhaustive or limited to the disclosure in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without depart-
ing from the scope of the disclosure. The described embodi-
ments were chosen and described 1n order to best explain the
principles of the disclosure and the practical application, and
to enable others of ordinary skill in the art to understand the
disclosure for various embodiments with various modifica-
tions as are suited to the particular use contemplated.

What 1s claimed 1s:

1. A computer implemented method of reducing execution
jitter within a processor having a control logic and a plurality
of individual cores, the method comprising:

recerving at least one core configuration parameter;

determining from the at least one core configuration

parameter 1f a {irst set of one or more cores 1s selected
to be disabled from operation;
in response to none of the first set of cores being
selected to be disabled].].
determining 11 a second set of one or more cores 1s
selected to be jitter controlled; and
in response to the second set of cores being selected
to be jitter controlled, setting the second set of
cores to a first operating state that reduces jitter;
and
in response to the first set of cores being selected to be
disabled],]-
disabling the first set of cores[, determining if a third
set of one or more enabled cores 1s selected to be
jitter contolled, and];
determining a second operating state that reduces
jitter for [the] a third set of one or more enabled
cores;
determining if the third set of cores is selected to be
Jitter controlled; and
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in response to the third set of enabled cores being
selected to be jitter controlled, setting the third set
of enabled cores to the second operating state that
reduces jitter.

2. The method of claim 1, wherein the at /east one core
configuration parameter comprises an ordered lookup table
of the third set of enabled cores.

3. The method of claim 1, further comprising:

receiving the at least one core configuration parameter

from a basic mnput output system stored 1n memory; and
loading the at least one core configuration parameter 1nto
the control logic.

4. The method of claim 1, wherein the first operating state
comprises a first operating frequency for the second set of
cores and the second operating state comprises a second
operating Ifrequency for the third set of cores, and wherein
the second operating state 1s based on the number of disabled
cores.

5. The method of claim 1, wherein the disabled cores do
not operate and are selected to be disabled based on a
physical location of each core.

6. The method of claim 1, further comprising:

determining a third operating state for a fourth set of

enabled cores;

determining 11 the fourth set of enabled cores are selected

to be jitter controlled; and

in response to the fourth set of enabled cores selected to

be jitter controlled, setting the fourth set of enabled
cores to the third operating state.

7. The method of claim 1, further comprising:

loading, into the control logic, an ordered lookup table of

the cores ordered by maximum physical spacing
between each pair of sequentially enabled cores among
a sequence of enabled cores;

enabling operation of a first core 1n the ordered lookup

table;

determining 1f all of the third set of enabled cores have

been enabled for operation; and

in response to all of the third set of enabled cores not

[being] 2aving been enabled, enabling operation of a
next sequential core in the ordered lookup table.

8. The method of claim 1, further comprising:

selecting a first core of the plurality of cores;
placing the first core in a first position 1 an ordered
lookup table;
determining 1 all of the cores have been placed 1n the
lookup table; and
in response to all of the cores not having been placed in
the table, selecting a second core with maximum spac-
ing from the other cores that are not yet selected for the
table and placing the selected second core 1n a next
sequential position 1n the ordered lookup table.
9. A multi-core processor, comprising;:
a plurality of cores 1n communication; and
control logic 1n communication with the plurality of cores
and having firmware executing thereon, wherein execu-
tion of the firmware configures the control logic to:
receive at least one core configuration parameter;
determine from the at least one core configuration
parameter if a first set of one or more cores [are] is
selected to be disabled from operation;
in response to none of the first set of cores being
selected to be disabled].],
determine if a second set of one or more cores [are]
is selected to be jitter controlled; and
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in response to the second set of the cores being
selected to be jitter controlled, set the second set
of cores to a first operating state that reduces jitter;
and

in response to the first set of cores being selected to be

disabled],];

disable the first set of cores from operation based on
a physical location of each corefand];

determine a second operating state that reduces jitter
for a third set of one or more enabled cores;

determine if the third set of enabled cores [are] is
selected to be jitter controlled; and

in response to the third set of enabled cores being
selected to be jitter controlled, set the third set of
enabled cores to the second operating state that
reduces jitter.

10. The multi-core processor of claim 9, [further com-
prising] wherein upon execution of the firmware, the control
logic [that] receives the at least one core configuration
parameter, and wherein the at least one core configuration
parameter comprises an ordered lookup table of the third set
ol enabled cores.

11. The multi-core processor of claim 9, [further com-
prising logic that] wherein upon execution of the firmware,
the control logic:

recerves the at least one core configuration parameter in a

basic input output system memory; and

loads the at least one core configuration parameter into the

control logic.

12. The multi-core processor of claim 9, wherein the first
operating state comprises a first operating frequency for the
second set of cores and the second operating state comprises
a second operating frequency for the third set of cores, and
wherein the second operating state 1s based on the number
of disabled cores.

13. The multi-core processor of claim 9, [further com-
prising logic that] wherein upon execution of the firmware,
the control logic:

determines a third operating state for a fourth set of

enabled cores:;

determines 11 the fourth set of enabled cores are selected

to be jitter controlled; and

in response to the fourth set of enabled cores selected to

be jitter controlled, set[s] the fourth set of enabled cores
to the third operating state.

14. The multi-core processor of claim 9, [further com-
prising logic that] wherein upon execution of the firmware,
the control logic:

loads an ordered lookup table of the cores ordered by

maximum spacing into the control logic;

enables a first core 1n the ordered lookup table;

determines if all of the third set of enabled cores have

been enabled for operation; and

in response to all of the third set of enabled cores not

having been enabled, enables a subsequent second core
in the ordered lookup table.

15. The multi-core processor of claim 9, [further com-
prising logic that] wherein upon execution of the firmware,
the control logic:

selects a first core of the plurality of cores;

places the first core 1n a first position 1n an ordered lookup

table;

determines 11 all of the cores have been placed 1n the

lookup table; and

in response to all of the cores not having been placed 1n

the table, selects a second core with maximum spacing
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from the other cores and [placing] places the selected
second core 1n a second position 1n the ordered lookup
table.
16. An [information handling system] Information Han-
dling System (IHS), comprising:
a processor having a plurality of cores and a control logic;
and
a memory coupled to the processor via a system inter-
connect, the control logic having firmware executing
thereon to reduce execution jitter, wherein execution of
the firmware configures the control logic to:
receive at least one core configuration parameter;
determine from the at least one core configuration
parameter if a first set of one or more cores [are] is
selected to be disabled from operation;
1n response to a determination that none of the first set
of cores [being] is selected to be disabled].];
determine if a second set of one or more cores [are]
is selected to be jitter controlled; and
in response to the second set of the cores being
selected to be jitter controlled, set the second set
of cores to a first operating state that reduces jitter;
in response to the first set of cores being selected to be
disabled].];
disable the first set of cores from operation[and];
determine a second operating state that reduces jitter
for a third set of one or more enabled cores;
determine 11 the third set of enabled cores 1s selected
to be jitter controlled; and
in response to the third set of enabled cores being
selected to be jitter controlled, set the third set of
enabled cores to the second operating state that
reduces jitter.
17. The [information handling system] /HS of claim 16,
wherein upon execution of the firmware:
the control logic further receives the at least one core
configuration parameter that includes an ordered
lookup table of the third set of enabled cores; and
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the first operating state comprises a first operating ire-

quency for the second set of cores and the second
operating state comprises a second operating frequency
for the third set of cores, and wherein the second
operating state 1s based on the number of disabled
cores.

18. The [information handling system] /HS of claim 16,
wherein upon execution of the firmware, the control logic:

determines a third operating state for a fourth set of

enabled cores:

determines 1t the fourth set of enabled cores 1s selected to

be jitter controlled; and

in response to the fourth set of enabled cores being

selected to be jitter controlled, sets the fourth set of
enabled cores to the third operating state.

19. The [information handling system] /HS of claim 16,
wherein upon execution of the firmware, the control logic:
loads an ordered lookup table of the cores ordered by

maximum spacing into the control logic;

enables a first core 1n the ordered lookup table;
determines if all of the third set of enabled cores have

been enabled for operation; and

in response to all of the third set of cores not [being]

having been enabled, enables a subsequent second core
in the ordered lookup table.

20. The [information handling system] /HS of claim 16,
wherein upon execution of the firmware, the control logic:

selects a first core of the plurality of cores;

places the first core 1n a first position in an ordered lookup

table;

determines 1f all of the cores have been placed in the

lookup table; and

in response to all of the cores not having been placed 1n

the table, selects a second core with maximum spacing
from the other cores and placing the selected second
core 1n a second position 1n the ordered lookup table.
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