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(57) ABSTRACT

Systems and methods for a workload optimized server for
intelligent algorithm trading platforms. In an 1llustrative,
non-limiting embodiment, an Information Handling System
(IHS) may include a plurality of Central Processing Units
(CPUs) and a control circuit coupled to the plurality of
CPUs, the control circuit having a memory configured to
store program 1nstructions that, upon execution by the
control logic, cause the IHS to: set a first number of enabled
cores 1n a first CPU to operate with a first all-core turbo
frequency, and set a second number of enabled cores 1n a
second CPU to operate with a second all-core turbo {ire-
quency, where the first number of enabled cores 1s different
from the second number of enabled cores, and where at least
one of the first or second all core turbo frequencies 1is
selected to cause the ITHS to operate with reduced execution
itter.
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WORKLOAD OPTIMIZED SERVER FOR
INTELLIGENT ALGORITHM TRADING
PLATFORMS

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.

CROSS-REFERENCE TO RELATED
APPLICATIONS

[This application claims the benefit of the filing date of
U.S. patent application Ser. No. 14/483,597, which 1s titled
“Workload Optimized Server for Intelligent Algorithm Trad-
ing Platforms™ and was filed Sep. 11, 2014, the disclosure of
which 1s hereby incorporated by reference herein in its
entirety.] This application is a reissue of, and claims the
benefit of the filing date of, U.S. patent application Ser. No.
15/456,457, filed on Mar. 10, 2017, now U.S. Pat. No.
10,198,296, which in turn is a continuation of U.S. patent
application Ser. No. 14/483,597, titled “WORKLOAD
OPTIMIZED SERVER FOR INTELLIGENT ALGORITHM
TRADING PLATFORMS” and filed on Sep. 11, 2014, now
U.S. Pat. No. 9,619,289, the disclosures of which are heveby

incorporated by reference herein in their entirveties.

FIELD

This disclosure relates generally to computer systems, and
more specifically, to systems and methods for a workload
optimized server for intelligent algorithm trading platforms.

BACKGROUND

As the value and use of information continues to increase,
individuals and businesses seek additional ways to process
and store information. One option 1s an Information Han-
dling System (IHS). An IHS generally processes, compiles,
stores, and/or communicates information or data for busi-
ness, personal, or other purposes. Because technology and
information handling needs and requirements may vary
between different applications, IHSs may also vary regard-
ing what information i1s handled, how the information 1is
handled, how much information 1s processed, stored, or
communicated, and how quickly and efliciently the infor-
mation may be processed, stored, or communicated. The
variations i IHSs allow for IHSs to be general or configured
for a specific user or specific use such as financial transac-
tion processing, airline reservations, enterprise data storage,
global communications, etc. In addition, IHSs may include
a variety of hardware and software components that may be
configured to process, store, and communicate mnformation
and may include one or more computer systems, data storage
systems, and networking systems.

An IHS may be designed with a multi-core processor. A
multi-core processor 1s a single computing component with
two or more independent processor cores that are able to
read and execute program instructions or software code.
These multiple cores can run multiple instructions concur-
rently, thus increasing the overall processing speed for
programs. Multiple cores typically are integrated onto a
single integrated circuit die or integrated circuit or onto
multiple dies 1n a single chip package, generally referred to
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2

as the IHS’s Central Processing Unit (CPU). In some cases,
a single IHS may include two or more multi-core processors.

A multiprocessor IHS 1s a computing system {itted with two
or more CPUs, where each CPU may include two or more
processing cores.

SUMMARY

Embodiments of systems and methods for a workload
optimized server for intelligent algorithm trading platiforms
are described herein. In an 1llustrative, non-limiting embodi-
ment, an Information Handling System (IHS) may include a
plurality of Central Processing Units (CPUs); and a control
circuit coupled to the plurality of CPUs, the control circuit
having a memory configured to store program instructions
that, upon execution by the control logic, cause the IHS to:
set a first number of enabled cores 1n a first CPU to operate
with a first all-core turbo frequency and set a second number
of enabled cores 1n a second CPU to operate with a second
all-core turbo frequency, where the first number of enabled
cores 1s different from the second number of enabled cores,
and where at least one of the first or second all core turbo
frequencies 1s selected to cause the IHS to operate with
reduced execution jitter.

For example, the control circuit may include basic input
output (BIOS) logic, a first portion of an application may be
run by the first CPU, and a second portion of the application
may be run by the second CPU. The first portion of the
application may include frequency sensitive threads and the
second portion of application may include parallel execution
sensitive threads. In some cases, the application may include
a high frequency trading application, the first portion may
include a feed handling or trading platform, and the second
portion may include an analytics platform.

The first number of enabled cores may be smaller than the
second number of enabled cores, and the first all-core turbo
frequency may be greater than the second all-core turbo
frequency. The program instructions, upon execution by the
control logic, may further cause the IHS to select the first
and second all-core turbo frequencies using a turbo boost
frequency table. The first all-core turbo frequency 1s a
highest frequency available for the first number of enabled
cores 1n the turbo boost frequency table.

In some implementations, the program 1nstructions, upon
execution by the control logic, further cause the IHS to
change at least one of the first number of enabled cores or
the second number of enabled cores, and change at least one
of the first or second all-core turbo frequencies to reduce the
execution jitter. Additionally or alternatively, the program
instructions may further cause the IHS to schedule all
Advanced Vector Extensions (AVX) threads on the second
CPU 1nstead of the first CPU.

In another 1llustrative, non-limiting embodiment, a com-
puter-implemented method may include receiving an indi-
cation of: (a) a first number of enabled cores in a first
processor of a multi-processor IHS chosen to execute a first
part of an application; (b) a second number of enabled cores
in a second processor of the multi-processor IHS chosen to
execute a second part of the application; and (c) a type of
instruction to be executed within the first or second parts of
the application; and selecting a first all-core turbo frequency
of the first processor and a second all-core turbo frequency
of the second processor to reduce an execution jitter of the
application during concurrent execution of the first and
second portions, the selection based upon the first number of
cores, the second number of cores, and the type of instruc-
tion.
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For example, the first and second number of enabled cores
may be selected by a human user. The application may
include a high frequency trading application, the first portion
may 1nclude a feed handling and/or trading platform, and the
second portion may include an analytics platform. The first
number of enabled cores may be smaller than the second
number of enabled cores, and the first all-core turbo fre-
quency may be greater than the second all-core turbo
frequency.

In some 1mplementations, selecting the first and second
all-core turbo frequencies may include using a turbo boost
frequency table. The first all-core turbo frequency may be a
highest frequency available for the first number of enabled
cores 1n the turbo boost frequency table. Also, the type of
instructions may include an AVX 1nstruction.

In yet another illustrative, non-limiting embodiment, a
non-transitory computer readable medium may have pro-
gram 1nstructions stored thereon that, upon execution by an
IHS, cause the IHS to receive an indication of a type of
instruction to be executed by a first CPU; and select a first
all-core turbo frequency of the first CPU and a second
all-core turbo frequency of a second CPU to reduce an
execution jitter of an application including one or more
instructions of the indicated type, where the first all-core
turbo frequency i1s diflerent from the second all-core turbo
frequency, and where at least one of the first or second CPUs
has at least one of its cores disabled. The program instruc-
tions may further cause the IHS to receive an indication of
a first number of cores 1n the first CPU chosen to execute a
first part of an application and of a second number of cores
in the second CPU to execute a second part of the applica-
tion; and select the first and second all-core turbo frequen-
cies based, at least 1n part, upon the first and second number
ol cores.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention(s) i1s/are illustrated by way of
example and 1s/are not limited by the accompanying figures,
in which like references indicate similar elements. Elements
in the figures are illustrated for simplicity and clarity, and
have not necessarily been drawn to scale.

FIG. 1 illustrates an example IHS configured to imple-
ment various systems and methods described herein accord-
ing to some embodiments.

FI1G. 2 1llustrates an example of core configuration param-
cters being transmitted from a basic input output system
(BIOS) to a processor control logic according to some
embodiments.

FIG. 3 1s a flowchart 1llustrating an example of a method
by which cores are disabled and/or enabled for operation and
jitter control 1 a single multicore processor according to
some embodiments.

FIG. 4 1s a flowchart 1llustrating an example of a method
by which cores are disabled 1n a single multicore processor
according to some embodiments.

FIG. 5 15 a flowchart 1llustrating an example of a method
by which an ordered lookup table 1s generated according to
some embodiments.

FIG. 6 1s an example ordered lookup table 1identitying the
sequence of enabling the cores based on the total number of
enabled cores 1n a single multicore processor according to
some embodiments.

FIG. 7 1s an example of a two-processor IHS configured
to reduce execution jitter according to some embodiments.
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FIG. 8 1s an example of a turbo boost frequency table used
to reduce execution jitter of parallel threads 1n multiproces-
sor applications according to some embodiments.

FIG. 9 1s a flowchart 1llustrating an example of a method
for reducing execution jitter of parallel threads 1n multipro-
cessor applications according to some embodiments.

FIG. 10 1s a flowchart illustrating an example of a method
for executing workload optimized multiprocessor applica-
tions according to some embodiments.

DETAILED DESCRIPTION

Systems and methods for reducing execution jitter of
parallel threads in multiprocessor applications are described.
Some software applications require very specific, precise,
and/or deterministic code execution timing. Examples of
such applications include, but are not limited to, real time
applications, financial trading applications (e.g., high vol-
ume securities trading, automated securities trading, etc.),
and control applications. Generally speaking, 1t 1s desirable
that these applications have predictable execution times.
When such an application 1s executed by an IHS having two
or more multicore CPUs, however, certain non-deterministic
code execution timing problems often arise.

As used herein, the term “execution jitter” refers to a
difference 1n execution time for a given program or thread
between the predicted execution time and the actual execu-
tion time at a given clock frequency. For example, 1f 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 milliseconds. Execution jitter can occur for
threads that execute 1n either longer or shorter times than the
predicted or desired execution times. To address these, and
other concerns, systems and methods described herein are
provided that reduce execution jitter in software programs
running on two or more multicore processors or CPUs. In
various applications, these systems and methods may be
used to provide a workload optimized server for intelligent
algorithm trading platforms or the like.

[llustrative embodiments provide an IHS, a multi-core
processor, and methods performed within the IHS that are
suitable for: (1) reducing execution jitter 1n multi-core
processors; (2) enabling one or more processor cores within
a multi-core processor to operate at a pre-determined maxi-
mum or turbo frequency; (3) enable two or more multi-core
processors to operate at distinct, pre-determined maximum
turbo Irequencies; and (4) provide consistent execution
times for threads runmng on multiple cores of multiple
processors, for example, when one or more cores are dis-
abled, that 1s, when one or more cores are powered down or
powered ofl, as opposed to simply non-active or unused.

In the following detailed description of exemplary
embodiments of the disclosure, specific exemplary embodi-
ments 1n which the disclosure may be practiced are
described 1n suilicient detail a person of ordinary skill in the
art to practice the disclosed embodiments. For example,
specific details such as specific method orders, structures,
clements, 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 disclosure. 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 is, therefore,
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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 1n 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 for other
embodiments.

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 dif-
terent 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,
teature, 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 1llustrates a block diagram representation of an
example THS 100, within which one or more of the described
teatures of the various embodiments of the disclosure can be
implemented. For purposes of this disclosure, an informa-
tion handling system, such as IHS 100, may include any
instrumentality or aggregate of instrumentalities operable to
compute, classily, process, transmit, receive, retrieve, origi-
nate, switch, store, display, manifest, detect, record, repro-
duce, handle, or utilize any form of information, intelli-
gence, 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 1n
s1ze, shape, performance, functionality, and price. The infor-
mation handling system may include random access
memory (RAM), one or more processing resources such as
a central processing unit (CPU) or hardware or solftware
control logic, ROM, and/or other types of nonvolatile
memory. Additional components of the information han-
dling system may include one or more disk drives, one or
more network ports for communicating with external
devices as well as various 1mput 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 communications 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 input/output
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6
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 nto
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 an aspect of the described embodi-
ments, control logic 120 may be configured to 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 an 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 one or

more processor(s) 102.

IHS 100 further includes one or more input/output (I/0)
controllers 140 which support connection by, and processing
of signals from, one or more connected 1mput 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 umiversal
serial bus (USB), a card reader, Personal Computer Memory
Card International Association (PCMCIA) slot, and/or a
high-definition multimedia iterface (HDMI), can be asso-
ciated with IHS 100. Device interface(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 I/0 mterfaces such as I.sup.2C, SMBus, and periph-
eral component interconnect (PCI) buses.

THS 100 comprises a network interface device (NID) 150.
NID 150 enables ITHS 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
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.

A person of ordinary 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 systems and
methods described herein. For example, other devices/com-
ponents 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
disclosure.
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With reference now to FIG. 2, there 1s illustrated an
embodiment of core configuration parameters 210 being
transmitted from the basic iput output system (BIOS) 134
to 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 processor control logic 120. Core configuration
parameters 210 include operating states 212 for cores 104-
118 for each of processor(s) 102.

According to one aspect of the disclosure, examples of
operating states 212 may include, for each distinct one of
processor(s) 102: (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 oper-
ating frequency; and (b) an identification of specific cores
selected to be disabled, such that the disabled cores are not
operational. Operating states 212 identify which of the one
or more of cores 104-118 are to be selected to be disabled
and/or enabled and 1dentifies which of the one or more cores
104-118 are to be controlled for execution jitter.

Operating frequencies that are higher than the “rated”
core operating frequency are referred to as turbo states or
frequencies. For example, if the rated core operating fre-
quency 1s 2.0 GHz, operating states 212 can be set or
pre-determined such that one or more cores 104-118 operate
at higher core frequencies such as 2.5 GHz, 3.0 GHz, 3.5
GHz, 4.0 GHz, or other frequencies. That 1s, the rated
frequency 1s the frequency the CPU stock keeping unit
(SKU) 1s actually rated for; whereas turbo states are states
that can be reached 1n an opportunistic manner to provide an
operating {requency that 1s higher than the rated frequency
depending upon operating conditions, which may vary over
time.

Accordingly, as used herein, the “reference,” “base,” or
“rated” operating frequency 1s, as 1ts name suggest, the base
CPU frequency. In some situations, a CPU may run at lower
frequency that 1ts rated frequency, for example, for power
management reasons. In order for the CPU to run at a higher
frequency than its rated frequency, turbo states may be used.
Moreover, 1t should be noted that turbo frequencies may
change as a function of the number of CPU cores that are
enabled 1n a given configuration. For sake of illustration
only, assume that for a given 12-core CPU, for example, the
rated frequency 1s 2.7 GHz and the all-core turbo frequency
when all 12 cores are enabled 1s 3.0 GHz. In this example,
when 4 cores are disabled and the CPU operates with 8
enabled cores (in a particular configuration), the rated fre-
quency 1s still 2.7 GHz; but the all-core enabled turbo
frequency for the 8 enabled cores may be 3.2 GHz.

The maximum actual core frequency for each core 1s
subject to on-chip limits 1n temperature, current, and power
consumption. In one or more embodiments, core configu-
ration parameters 210 also include an ordered lookup table
214 of the cores, in 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 may be used to select
one or more cores 104-118 for operation.

Core configuration parameters 210 may 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.
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FIG. 3 1illustrates 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 1n a single multi-
core processor, and to enable the processor’s cores to be
operated at higher operating frequencies. In the discussion of
FIG. 3, reference 1s also made to components illustrated 1n
FIGS. 1 and 2.

According to some embodiments, disabled cores do 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. The foregoing distinction between enabled and
disabled cores 1s presented in contrast with active versus
non-active (or 1dle) cores. When a core 1s merely idle but 1s
nonetheless enabled, 1t may not be used to execute threads
but 1t still generates heat. Among enabled cores, jitter
controlled cores are set to a pre-determined clock frequency
as can be specified by a user. And, different jitter controlled
cores can have diflerent clock frequencies.

In some embodiments, when some of the cores 1n a given
CPU package are disabled, the CPU’s architecture may
allow the remaining ones of the enabled cores to run at
“Max-All-Core-Turbo-Frequency.” This frequency 1s typi-
cally higher when less-than-max number of cores are
enabled. That 1s, the lesser the number of enabled cores, the
higher the all-core-max-turbo frequency 1n such CPU archi-
tectures.

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 or
generate heat. According to an embodiment, the rated or
base operating frequency 1s the default or reference operat-
ing frequency for the cores. In response to none of the cores
104-118 being selected to be disabled, control logic 120
determines 11 any of cores 104-118 are to be jitter controlled
(block 308). In response to none of cores 104-118 being
selected to be jitter controlled, method 300 ends.

In response to one or more of cores 104-118 being
selected to be jitter controlled, however, the one or more
cores selected for jitter control are set by control logic 120
to operate at a maximum operating or turbo frequency that
1s dependent on the number of cores in operation (312). In
some embodiments, control logic 120 sets the maximum
operating Irequency based upon pre-determined operating
states 212. In other embodiments, control logic 120 sets the
maximum operating frequency of the jitter controlled cores
to the reference frequency or minimum core operating
frequency. Moreover, in various embodiments, the maxi-
mum operating or turbo frequencies of each enabled core
within a given processor may be set to a same value, herein
referred to as an “all-core turbo frequency” for that proces-
sor. Method 300 then terminates at the end block.

In response to one or more ol 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
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selected to be jitter controlled, control logic 120 sets or locks
the cores selected for jitter control to operate at a maximum
operating frequency 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.€., no jitter)
within as single processor. With a set of one or more cores
104-118 (e.g., core 4-core 7) fixed to operate at a predeter-
mined operating frequency, the predicted execution time and
the actual execution time will be the same, resulting 1n no
execution jitter. For example, 1f the highest clock frequency
that a set of instructions 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 flowchart of a method 400 by
which cores are enabled 1n a single multicore processor 1s
shown. In the discussion of FIG. 4, reference 1s also made
to components 1illustrated 1n FIGS. 1 and 2. Method 400
begins at the start block and proceeds to block 402 where
lookup table 214 is 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, 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 1n 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. In some 1mplementations, 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 1n the order defined by lookup table 214.

FIG. § illustrates a flowchart of a method 500 for gener-
ating an ordered lookup table 214. In the discussion of FIG.
5, reference 1s also made to components 1llustrated in FIGS.
1 and 2. Method 500 begins at the start block and proceeds
to block 502 where one of 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 1f 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 into the lookup table 214
(block 504). In some cases, 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, an 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. 5 1s
shown. Ordered lookup table 214 is based on the cores with
maximum physical spacing from each other. In the discus-
sion of FIG. 6, reference 1s also made to components
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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, 1dentitying the specific core(s)
that 1s enabled as the number of cores that are enabled
1ncreases.

FIG. 7 1s an example of two-processor IHS 700 config-
ured to reduce execution jitter. In the discussion of FIG. 5,
reference 1s also made to components illustrated 1n FIGS. 1
and 2. Particularly, CPU 701 and CPU 702 may be part of
processor(s) 102, memory 703 and memory 704 may be part
of system memory 130 that are otherwise dedicated to CPUs
701 and 702, respectively, and NID 150 1s also shown. In
some cases, CPU 701 and CPU 702 may be the same part
number, and theretore CPU 701 may have the same number
of cores as CPU 702. In other cases, CPUs 701 and 702 may
be different parts with different numbers of cores.

In some 1mplementations, CPUs 701 and 702 may be
configured to execute a high frequency trading (HEF'T) appli-
cation or the like. High-frequency trading (HEFT) 1s the
automated, rapid trading of securities. HFT uses specialized
trading algorithms to move 1n and out of positions in seconds
(or fractions of a second), moving 1 and out of short-term
positions and aiming to capture small profits on every trade.
IHSs designed for HFT can sometimes handle round-trip
order execution speeds (from hitting “transmit order” to
receiving an acknowledgment) in the order of low single
digit to low double digit microseconds, therefore requiring
very low latencies or high operating frequencies, with
reduced execution jitter.

For example, a first portion of the application may include
a feed handling, which receives data from a securities
exchange. A second portion of the application may include
an analytics platform configured to analyze the mmcoming
data and make trading decisions. A third portion of the
application may include a trading platform that sends trading
orders (e.g., buy, sell, etc.) to the exchange.

In some cases, the feed handling and/or trading platform
may be executed by CPU 701, and HF'T data may be sent or
received via NID 150. The analytics plattorm may 1n turn be
executed by CPU 702. These various portions may be run
concurrently, with parallel threads. Moreover, 1t may be
desirable that CPU 702 use a higher number of cores than
CPU 701 (A<B). For example, a given number of cores may
be disabled in CPU 701 and a different number of cores may
be disabled in CPU 702. Alternatively, all cores may be
enabled 1n CPU 702.

Additionally or alternatively, 1t may be desirable that that
CPU 701 have a higher all-core maximum or turbo fre-
quency than CPU 702 (X>Y). By enabling (e.g., via the
BIOS) a fewer number of cores in CPU 701, a higher turbo
frequency may be reached for each enabled core in that
CPU. Also, 1n some cases, the clock frequencies of CPUs
701 and 702 may be selected based upon a type of instruc-
tion expected to be executed by the CPU (e.g., Advanced
Vector Extensions (AVX) instructions, or any other high
power 1nstructions now existing or vet to be developed,
versus non-AVX or default mstructions). These frequencies
may be tuned using a turbo boost frequency table or the like
and the reduced execution jitter methods described previ-
ously.

FIG. 8 1s an example of turbo boost frequency table 800
used to reduce execution jitter of parallel threads 1n multi-
processor applications according to some embodiments. In
the discussion of FIG. 8, reference 1s also made to compo-
nents illustrated 1n FIG. 7. As shown, the frequencies 1n table
800 account for a number of cores being used (e.g., 4, 8, 12,
or 16) as well as the type of mstruction executed by those
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cores (e.g., AVX or non-AVX). In some implementations,
every enabled core in a given one of CPUs 701 or 702
operates at the same, execution jitter-free clock. Further-
more, one or more cores 1n a given one of CPUs 701 or 702
may be disabled.

For example, both CPUs 701 and 702 may have 16
available cores. It CPU 701 is selected to execute non-AVX
code with 4 enabled cores (that 1s, 12 of the 16 cores are
disabled or turned ofl), the all-core maximum turbo fre-
quency for each of the 4 enabled cores may be set to 2.6
GHz. Conversely, 1if CPU 702 1s selected to execute AVX
code with 16 enabled cores (no cores are disabled), its
all-core maximum turbo frequency may be set to 2 GHz. In
combination with each other, the selected clock frequencies
tor CPUs 701 and 702 may provide a reduced or minimized
execution jitter for high-end, low latency applications such
as HFT platforms or the like.

FIG. 9 1s a flowchart 1llustrating an example of method
900 for reducing execution jitter of parallel threads in
multiprocessor applications. In some embodiments, method
900 may be performed, at least 1n part, by BIOS 134 of FIG.
1. Method 900 begins at the start block and proceeds to
block 901, where a user may select one of a plurality of
CPUs (e.g., CPU 701 of FIG. 7). At block 902, the user may
select a number of cores to be used by the selected CPU. At
block 903, the user may select the type of instruction to be
executed by those cores. Additionally, or alternatively, the
type of instruction may be identified at runtime. Then, at
block 904, method 900 includes setting an operating fre-
quency of all cores in the selected CPU that provides
ntter-free or reduced jitter operation, given the number of
cores and/or instruction type, for example, using a turbo
boost frequency table such as table 800 1n FIG. 8. At block
905, 11 additional CPUs are being set up, control returns to
block 901 where another CPU may be selected. Otherwise,
method 900 ends.

Accordingly, in some embodiments, each CPU socket
may be tuned to its specific workload threads, which enables
tuning (optimized tradeoils) for high single threaded pertor-
mance for 1 socket while allowing tuning for highly parallel
threads on a second socket. These systems and methods also
provide the ability to customize a number of cores frequency
per CPU 1n a jitter-free manner. As such, they enable a
customer to optimize number of cores to get higher pertor-
mance (higher speed of execution using higher all-core turbo
frequencies) versus parallel performance (volume of 1nstruc-
tions) for selected socket, and also enable the use of mixed
CPUs 1 the IHS’s configuration. Additionally, or alterna-
tively, these systems and methods may allow customers to
optimize their total system performance by scheduling AV X-
ecnabled threads on one socket while running non-AVX
threads on another socket, thereby resulting in jitter free
operation on ALL threads on both sockets without sacrific-
ing performance for non-AVX threads.

FIG. 10 1s a flowchart 1llustrating an example of a method
for executing workload optimized multiprocessor applica-
tions according to some embodiments. In the discussion of
FIG. 10, reference 1s also made to components illustrated 1n
FIG. 7. Method 1000 begins at the start block and proceeds
to block 1001, where a user may select an application to be
run by processors or CPUs 701 and 702. As described in
FIG. 7, such an application may have a number of portions,
cach portion having threads that are then scheduled to be
executed by a given one of CPUs 701 or 702. In some cases,
the first portion of the application may include frequency
sensitive threads whereas the second portion of application
may 1include parallel execution sensitive threads. For
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example, the application may include a high frequency
trading application, a first portion of that application may
include a feed handling or trading platform, and a second
portion of that application may include an analytics plat-
form.

At block 1002, method 1000 may determine whether a
particular thread 1s classified as frequency sensitive (that 1s,
a thread for which speed of execution 1s 1mportant or
critical). If so, then the given thread is assigned to first CPU
701 at block 1003 (fewer enabled cores, higher all-core
turbo frequency). Otherwise block 1004 determines whether
the thread 1s classified as a parallel execution sensitive (that
1s, one for which a number of other threads need to be
executed 1n parallel, concurrently, or simultaneously, for
example, to collaborate or cooperate with each other). If so,
then the given thread 1s assigned to second CPU 702 (more
enabled cores; lower all-core turbo frequency). If not, then
control passes to block 1006 where a second thread 1is
selected, 1T 1t exasts, and the process 1s repeated for each
subsequent thread. Otherwise, method 1000 ends. In some
cases, when a thread has not been classified as either
frequency or parallel execution sensitive, conventional
methods for assigning that thread to a given CPU (e.g., load
balancing, etc.) may be used.

In the above described flowcharts, 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 diflerent order, or perhaps
omitted, without deviating from the scope of the disclosure.
Thus, while the method blocks are described and 1llustrated
in a particular sequence, use of 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.

Aspects of the present disclosure are described above with
reference to flowchart 1llustrations 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 1mple-
mented by computer program instructions. Computer pro-
gram code for carrying out operations for aspects of the
present disclosure may be written 1n any combination of one
or more programming languages, including 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 com-
puter, such as a service processor, or other programmable
data processing apparatus to produce a machine, such that
the imstructions, 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 in 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-
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bining soitware (including firmware, resident software,
micro-code, etc.) and hardware aspects that may all gener-
ally 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
in 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, electromagnetic, infrared, or semiconduc-
tor system, apparatus, or device, or any suitable combination
ol the foregoing. More specific examples (a non-exhaustive
list) of the computer readable storage device would 1nclude
the following: 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
crasable 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 1nstruction execution system, apparatus, or device.

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 thereotf to the teachings of the disclo-
sure¢ without departing from the essential scope thereof.
Theretore, 1t 1s 1ntended 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 {first,
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 intended 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, specily 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, integers, steps,
operations, elements, components, and/or groups thereof.

The description of the present disclosure has been pre-
sented for purposes of 1llustration and description, but 1s not
intended to be exhaustive or limited to the disclosure in the
form disclosed. Many modifications and vanations 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 a person of ordinary skill in the art to understand
the disclosure for various embodiments with various modi-
fications as are suited to the particular use contemplated.

The 1invention claimed 1is:

1. An Information Handling System (IHS), comprising: a
plurality of Central Processing Units (CPUs); and a memory
having program instructions that, upon execution, cause the
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IHS to: set a first number of cores 1n a first CPU to operate
with a first frequency; and set a second number of cores in
a second CPU to operate with a second frequency, wherein
the first number of cores 1s different from the second number
of cores, and wherein at least one of the first or second
frequencies 1s selected to cause the IHS to operate with
reduced execution jitter.

2. The IHS of claim 1, wherein the memory is part of a
Basic Input/Output System (BIOS), wherein a first portion
of an application 1s run by the first CPU, and wherein a
second portion of the application is run by the second CPU.

3. The IHS of claim 2, wherein the first portion of the
application 1ncludes {frequency sensitive threads and
wherein the second portion of application mcludes parallel
execution sensitive threads.

4. The IHS of claim 3, wherein the application includes a
high frequency trading application, wherein the first portion
includes a feed handling and/or trading platform, and
wherein the second portion includes an analytics platform.

5. The IHS of claim 1, wherein the first number of cores
1s smaller than the second number of cores, and wherein the
first frequency 1s greater than the second frequency.

6. The IHS of claim 1, wherein the program instructions,
upon execution by the control logic, further cause the IHS to
select the first and second frequencies using a table.

7. The IHS of claim 6, wherein the first frequency 1s a
highest frequency available for the first number of cores in
the table.

8. The IHS of claim 1, wherein the program instructions,
upon execution by the control logic, further cause the IHS
to: change at least one of the first number of cores or the
second number of cores; and change at least one of the first
or second Irequencies to reduce the execution jitter.

9. The IHS of claim 1, wherein the program 1nstructions,
upon execution by the control logic, further cause the IHS to

schedule all Advanced Vector Extensions (AVX) threads on
the second CPU instead of the first CPU.

10. A computer-implemented method, comprising: receiv-
ing an indication of: (a) a first number of cores 1 a first
processor ol a multi-processor Information Handling Sys-
tem (IHS) chosen to execute a first part of an application; (b)
a second number of cores 1 a second processor of the
multi-processor IHS chosen to execute a second part of the
application; and (c) a type of istruction to be executed
within the first or second parts of the application; and
selecting a first frequency of the first processor and a second
frequency of the second processor to reduce an execution
ntter of the application during concurrent execution of the
first and second portions, the selection based upon the first
number of cores, the second number of cores, and the type
of instruction, wherein the first number of cores i1s diflerent
from the second number of cores.

11. The computer-implemented method of claim 10,
wherein the first and second number of cores are selected by
a human user.

12. The computer-implemented method of claim 10,
wherein the application includes a high frequency trading
application, wherein the first portion includes a feed han-
dling and/or trading platform, and wherein the second por-
tion includes an analytics platform.

13. The computer-implemented method of claim 10,
wherein the first number of cores 1s smaller than the second
number of cores, and wherein the first frequency 1s greater
than the second frequency.

14. The computer-implemented method of claim 10,
wherein selecting the first and second all-core turbo fre-
quencies 1mcludes using a table.
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15. The computer-implemented method of claim 10,
wherein the first all-core turbo frequency 1s a highest fre-
quency available for the first number of cores in the table.

16. The computer-implemented method of claim 10,
wherein the type of instructions includes an Advanced
Vector Extensions (AVX) instruction.

17. A hardware memory storage device having program
instructions stored thereon that, upon execution by an Infor-
mation Handling System (IHS), cause the IHS to:

receive an 1ndication of a type of instruction to be
executed by a first CPU; and

select a first frequency of the first CPU and a second
frequency of a second CPU to reduce an execution jitter

5
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of an application including one or more instructions of 15

the indicated type, wherein the first CPU comprises a
first number of corves, the second CPU comprises a
second number of cores, and the first number of cores
1s different from the second number of cores.
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18. The hardware memory storage device of claim 17,
wherein the type of instructions includes an Advanced
Vector Extensions (AVX) 1nstruction.

19. The hardware memory storage device of claim 17,

wherein the program instructions, upon execution by the
IHS, further cause the IHS to:

receive an indication of [a first number of cores in] the
first CPU being chosen to execute a first part of an
application and of [a second number of cores in] the
second CPU being chosen to execute a second part of
the application; and

select the first and second frequencies based, at least in

part, upon the first and second number of cores.

20. The hardware memory storage device of claim 19,
wherein the application includes a high frequency trading
application, wherein the first portion includes a feed han-
dling and/or trading platform, and wherein the second por-
tion includes an analytics platform.
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