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DETERMINING PROCESSOR UTILIZATION OF

MULTIPROCESSING SYSTEM WITH VIRTUALIZATION

BACKGROUND

[0001] Multiprocessing refers to the use of multiple processing components
within a single computing system and/or the capacity of a system to support multiple
processes and/or threads and allocate the processes and/or threads among multiple
processing components. A multi-core processor is a single computing component with
multiple (commonly even number of) independent physical processor cores. The
multiple cores are either fabricated onto a single integrated circuit die (known as a chip
multiprocessor or CMP), or onto multiple dies in a single chip package. Multithreading
is a processor design/ability where a single processor or a single processor core of a
multi-core processor to execute multiple threads simultaneously. In multithreading, the
multiple threads share the resources of a single processor core, e.g., the computing units,
the cache, and the translation lookaside buffer (TLB). From system design perspective,
a processor core with the capacity of executing multiple program threads is called a
multi-threading processor core and each such capacity is called a logical processor or a
hardware thread as compared to a program thread executed in the “hardware thread.”
[0002] CPU utilizations obtained from operating systems (OS) are common
metrics that have been used for many purposes like product sizing, computer capacity
planning, job scheduling, etc. However, with the advances in computer architecture
designs including multi-processing systems, and especially hyper-threading, the CPU
utilization as reported by the operating systems may be unreliable.

[0003] Virtualization is a computer architecture where multiple virtual machines

(or virtual images) are multiplexed in the same hardware system. An operating system
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level virtualization creates an abstraction layer between a host operating system and
user applications. For example, operating system level virtualization may include
multiple virtual servers (or containers) on a single physical server and the host operating
system(s) to utilize the same hardware and software resources in, e.g., data center

application(s).

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] To describe technical solutions in the embodiments of the present
disclosure more clearly, the accompanying drawings are briefly described herein. The
accompanying drawings described herein merely represent some embodiments of the
present disclosure, and one of ordinary skill in the art may further derive other drawings
from these accompanying drawings without making any creative effort. The use of the
same reference numbers in different figures indicates similar or identical items.
[0005] FIG. 1 illustrates an example multiprocessing system.
[0006] FIG. 2 illustrates an example computing system including a

multiprocessing system and operating system level virtualization.

[0007] FIG. 3 illustrates an example system for controlling CPU resource
allocation.
[0008] FIG. 4 illustrates an example operating environment of the example

system of FIG. 3.

[0009] FIG. 5 illustrates an example operation process for controlling CPU
resource allocation.

[0010] FIG. 6 illustrates a detailed example operation process for controlling

CPU resource allocation.
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[0011] FIG. 7 illustrates another detailed example operation process for

controlling CPU resource allocation.

DETAILED DESCRIPTION

[0012] The disclosure provides a solution to determine a processor (CPU)
utilization of a multiple processing system with operating system (OS) level
virtualization. In the following detailed description, references are made to the
accompanying drawings that form a part hereof, and in which are shown, by way of
illustration, specific configurations or examples, in which like numerals represent like
elements throughout the several figures.

[0013] FIG. 1 illustrates an example multiprocessing system 100 including an
example symmetric multi-core processing unit 105 (“processing unit 105”) including
multiple (here for example, four) processor cores 110, each having their own caches
“L1 caches” 120. Processor cores 110 also share a cache “L2 cache” 130. Each of
processor cores 110 includes multi-threading capacity through multiple (here for
illustrative example, two) hardware threads 140. In the description herein, processing
unit 105 and the components and operations thereof are used as an example to illustrate
the current technical solutions. It should be appreciated that the scope of the disclosure
shall not be limited to the specific architecture of multiprocessing system 100 and/or
processing unit 105 or any other specific multi-processing system architecture. For
example, processor core 110 could be a lower level processor or CPU. In this disclosure,
the term “processor” and “CPU” are used interchangeably and do not have any variation
in definition and interpretation. Further, multiprocessing system 100 may include
multiple tiers of multiprocessing unit 105 such that each processor core 110 itself may

be a lower level multiprocessing unit 105 and/or each multiprocessing unit 105 may be
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a processor core 110 of a higher level multiprocessing unit 105. For example,
multiprocessing system 100 may include a hierarchical clustering structure with tight
coupling of multiprocessing components (e.g., processing units 105 and/or processor
cores 110) within a cluster. In another example, multiprocessing system 100 and/or
processing unit 105 may be a virtual machine (hardware level virtualization) capable of
virtual symmetric multiprocessing. In another example, multiprocessing system 100 is
a symmetric multiprocessing system including multiple tiers of processing units 105
and processor cores 110. All now existing and future developed multiprocessing
systems and architectures could be used with the current disclosure to determine
processor utilization and to allocate computing resources, and all are included in the
disclosure.

[0014] In the description herein, a “processor core” refers to any computing
component that have multithreading capacity and/or multithreading processing, and a
“processing unit” references a multiprocessing computing component having multiple
processor cores. The terms “processor usage/utilization” and “CPU usage/utilization”
are used interchangeably and all refer to a metric that indicates an amount of time that
a processor is used during a certain period of time, usually represented as a percentage.
[0015] FIG. 2 illustrates an example computing system 200 including a
multiprocessing processing unit 105 and operating system level virtualization. As
shown in FIG. 2, computing system 200 includes hardware layer 210 and a host
operating system (OS) layer 220. Hardware layer 210 may include one or more multi-
processing unit 105. Virtualization layer 230 lies inside host OS layer 220 (i.e., OS
level virtualization) and include virtual images (virtual machines) 240. Each virtual
image 240 may include a virtual server 242 (e.g., a container) capable of operating

multiple processes (PID) 244 (here each virtual server 242 is shown as having 2 PIDs
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244 for illustrative purposes only). In the description herein, a virtual image, a virtual
machine, a container, and/or a virtual server may be used interchangeably, each of
which do not limit the scope of the disclosure. A virtual server 242 may be used herein
as an example of a virtual image 240 for simplicity.

[0016] The software processes 244 operated through each virtual server 242 may
be executed in hardware threads 140 of a same processor core 110 or may be executed
by hardware threads 140 of different processor cores 110. As illustrated in FIG. 2 as
examples, two PIDs 244 A of virtual server 242A are executed by hardware threads
140A of a same processor core 110A; and a PID 244B of virtual server 242B and a PID
244C of virtual server 242C are each executed through one hardware thread 140B of
processor core 110B.

[0017] Further, software processes PID 244 of virtual servers 242 may migrate
between different hardware threads 140 and/or processor cores 110 due to the complex
event registration and allocation schemes of computing system 100/200. Such
complexity may be further exaggerated in the case of multiple levels of virtualizations,

e.g., a combination of CPU virtualization and OS level virtualization.

1. Example Systems and Environments

[0018] FIG. 3 illustrates a system diagram showing aspects of an illustrative
example computing system 300 for controlling computing resource allocation. As
shown in FIG. 3, computing system 300 may include a memory unit 310 containing
computer executable instructions, which when executed by a processing unit,
configures the processing unit to implement a computing resource allocation system
320. Computing resource allocation system 320 may include a PID identification unit

322, a VM determination unit 330, a CPU usage determination unit 332 and a control
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unit 334. PID identification unit 322 may further include an event detection unit 324,
a multi-threading identification unit 326 and a registration retrieval unit 328.

[0019] Computing system 300 may also include one or more processing units
(PU) 340, one or more interfacing units 350, one or more networking units 360 and
other components 370.

[0020] It should be appreciated that units of system 300 may reside on a single
computing device, e.g., a PC, or in multiple computing devices in a distributed
computing environment/system, and all are included in the disclosure. Details of a
computing device or a distributed computing environment is not required to understand
the disclosure and do not limit the scope of the disclosure.

[0021] FIG. 4 illustrates an example operation environment 400 of the
computing resource allocation system 320. As shown in FIG. 4, computing resource
allocation system 320 may communicate with multiple computing systems 200 through
network 420. One or more of computing systems 200 may include a multi-threading
processing core architecture(s) and OS level virtualization(s), e.g., containers. FIG. 4
illustrates that computing resource allocation system 320 functions remotely with
computing systems 200. But the resource allocation system 320 may also physically
reside within/together with a computing system 200.

[0022] In operation, PID identification unit 322 may be generally configured to
identify multiple software processes 244 operated through a same processor core 110
during a period of time. Any approaches may be used in this identification and all are
included in the disclosure. In an example, the multiple software processes 244 operated
through the processor core 110 during a period of time includes detecting that the
multiple software processes share a hardware resource, €.g., a cache, of the processor

core 110. In another example, PID identification unit 322 may identify multiple
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software processes 244 that are operated simultaneously at a same level of a multi-
threading architecture under the processor core 110.

[0023] Within PID identification unit 322, event detection unit 324 may be
configured to detect a registration event of a software process 244 being registered with
a processor core 110 during a sampling interval or to detect a termination event of a
software process 244 being terminated with a processor core 110 during a sampling
interval. The determination of registration/termination status of a software process may
be event based. That is, PID identification unit 322 and the units thereof may not
continuously monitor the registration and/or termination status of software processes
244 with the processor core(s) 110 and/or the hardware threads 140 thereof. Instead,
the registration/termination status of a software process 244 is checked upon an event
being detected by event detection unit 324.

[0024] Multi-threading identification unit 326 may be configured to identify all
co-existing software processes 244 operated through a processor core 110. In an
example, the identifying all co-existing software processes 244 operated through a
processor core 110 includes detecting that the multiple software processes 244 share a
hardware resource, e.g., L1 cache 120, of the processor core 110.

[0025] Registration retrieval unit 328 may be configured to determine a most
recent registration time of a software process 244 with a processor core 110. After a
registration event of a software process 244 is detected by event detection unit 324, a
registration time may be recorded and stored. As is appreciated, a software process 244
may register and/or terminate with multiple processor cores 110 sequentially and may
migrate from one processor core 110 to another. Registration retrieval unit 328 may
retrieve such stored registration time(s) to determine a most recent registration time of

a software process 244 with a processor core 110.
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[0026] VM determination unit 330 may be configured to determine one or more
operating system (OS) level virtual images 240 (including, e.g., virtual servers 242)
associated with the multiple software processes 244. For example, as illustrative in FIG.
2, processes PID 244B and 244C are co-existing software processes through processor
core 110B, and virtual servers 242B and 242C are determined as associated to software
processes 244B and 244C, respectively.

[0027] CPU usage determination unit 332 may be configured to determine CPU
usage of each of the one or more OS level virtual machines 242 for a time period based
on a count of the one or more OS level virtual machines 242. For example, CPU usage
determination unit 332 may attribute the CPU usage evenly to each of the one or more
OS level virtual machines 242 for the time period. Therefore, each of the one or more
OS level virtual machines 242 may be attributed with a same amount of CPU usage for
the time period. That is, the CPU usage is determined on the container level instead of
the software process level. If two OS level virtual machines 242 each have at least one
software process 244 operated through a same processor core 110 during a period of
time, the two OS level virtual machines will be attributed with same amount of CPU
usage, even if the two OS level virtual machines may have different number of software
processes 244 simultaneously operated through the same processor core 110.

[0028] Control unit 334 may be configured to control an allocation of CPU
registration of a processor core 110 based on the determined CPU usage of the one or

more OS level virtual machines with the processor core 110.

2. Example Operation Flows
[0029] Referring now to FIG. 5, which illustrates an example flow chart of a

process 500 of an example operation of system 300. In example operation 510, PID
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identification unit 322 may identify multiple software processes 244 operated through
a same processor core 110 during a first time period. Any approaches may be used in
the identification and all are included in the disclosure. In an example, the identifying
the multiple software processes 244 operated through the same processor core 110
during the first time period includes detecting that the multiple software processes 244
share a hardware resource of the processor core 110. In another example, PID
identification unit 322 may identify multiple software processes 244 that are operated
simultaneously at a same level of a multi-threading architecture under the processor
core 110. For illustrative example, with respect to the example of FIG. 2, PID
identification unit 322 may identify two software processes 244 A operated through a
same processor core 110A and software processes 244B and 244C operated through a
same processor core 110B. A first time period may be set by any approaches and all
are included. In an example, the first time period may be included within a sampling
interval and may fully overlap with the sampling interval.

[0030] In example operation 520, VM determination unit 330 may determine
one or more operating system (OS) level virtual images/virtual machines 240 (including,
e.g., virtual servers 242) associated with the multiple software processes 244. Any
approaches may be used to determine the virtual machine(s) 242 associated to the
software processes 244 and all are included in the disclosure. As illustrative in FIG. 2,
for illustrative example, software processes PID 244B and PID 244C are associated to
virtual servers 242B and 242C and two PIDs 244 A are associated to virtual server 242A.
[0031] It should be appreciated that any and all approach(es) for collecting data
for the purposes of example operations 510, 520 may be used and all are included in
the disclosure. For example, Windows-based and/or Unix-based real time performance

monitoring tools and/or log-based performance monitoring tools may be used to collect
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system operation/CPU registration data for processes 244 and/or virtual machines 242
with regarding to threads 140 and/or processor cores 110. The disclosure is not limited
to any specific way of data collection and/or the data collected to be used in the
operation(s).

[0032] In example operation 530, CPU usage determination unit 332 may
determine CPU usage of each of the one or more OS level virtual machines 240 for the
first time period based on a count of the one or more OS level virtual machines 240.
For example, CPU usage determination unit 332 may attribute evenly the CPU usage
to each of the one or more OS level virtual machines 240 for the first time period. For
illustrative example, in FIG. 2, OS level virtual servers 242B and 242C each includes
at least one software process 244 (PID 244B and PID 244C) operated through a same
processor core 110B during a period of time. Based on the count of virtual machines
240, i.e., two, the two OS level virtual machines 240 will be attributed with same
amount of CPU usage, e.g., 50% of the CPU usage of processor core 110B for the
period of time. Following also the example of FIG. 2, two software processes PIDs
244A of virtual server 242A are operated with the same processor core 110A for the
period of time. Based on the count of virtual machines involved, here, one virtual
machine, 100% of CPU usage of processor core 110A may be attributed to virtual server
242 A for the period of time.

[0033] In example operation 540, control unit 334 may control an allocation of
CPU registration of a processor core 110 based on the determined CPU usage of the
one or more OS level virtual machines 240/242. Control unit 334 may use the
determined CPU usage of a virtual machine 242 in various ways to control the
allocation of CPU registration to a virtual machine 242, and all are included in the

disclosure. For example, in a case that a virtual machine 242 has a set amount of CPU

10
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usage as part of a container agreement, the determined CPU usage (and/or the
accumulation thereof) may be used to determine the remaining computing resources
accessible by the virtual machine 242. For another example, the determined CPU usage
(and/or the accumulation thereof) may be used to prioritize and/or de-prioritize the
access to hardware computing resources entitled to a virtual machine 242.

[0034] FIG. 6 shows a detailed operating process of computing resource
allocation system 320. In example operation 610, event detection unit 324 may detect
a registration event of a software process 244 being registered with a processor core
110 during a sampling interval. For an illustrative example, at time point #; within a
sampling interval 7o to f2, event detection unit 324 may detect software process PID
244B registered with processor core 110B. In an example, a sampling interval is set to
be smaller than a threshold time interval, during which a software process 244 is
capable of migrating from one hardware thread 140 to another hardware thread 140.
[0035] In example operation 620, event detection unit 324 may identify a first
portion (e.g., #1 to 72) of the sampling interval (e.g., fo to 12) after the registration event
(e.g., at 71) as the first time period.

[0036] In example operation 630, multi-threading identification unit 326 may
identify all co-existing software process 244 operated through a same processor core
110 as the newly registered software process 244. In an example, all co-existing
software processes 244 operated through a processor core 110 includes detecting that
the software processes 244 share a hardware resource, e.g., a cache, of the processor
core 110. Here, following the example, multi-threading identification unit 326 may
identify that software process PID 244C is a co-existing software process operated
through the same processor core 110B as the newly registered software process PID

244B.

11
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[0037] In example operation 640, it may be determined whether the newly
registered software process 244 and the identified co-existing software process 244 are
associated to the same virtual machine 242. As shown in FIG. 5, example operation
520 may determine one or more OS level virtual machines 242 associated with the
multiple software processes 244. Here, following the example, it may be determined
that software process PID 244B is associated to virtual server 242B and software
process PID 244C is associated to virtual server 242C. The two software processes 244
are not associated to a same virtual machine 242.

[0038] In the case that the two software processes are not associated to a same
virtual machine 242, the process goes to example operation 650, where registration
retrieval unit 328 may determine a most recent registration time of the co-existing
software process 244 with the processor core 110. In an example, the determining the
most recent registration time of the co-existing software process 244 with the processor
core 110 is restricted within the sampling interval.

[0039] Following the illustrative example, for co-existing software process
244C, registration retrieval unit 328 may retrieve a most recent registration time #- with
the processor core 110B. if #-is earlier than 7o, the starting point of the relevant sampling
interval, 70, may be used as the most recent registration time of co-existing software
process 244C.

[0040] In example operation 660, CPU usage determination unit 332 may
determine a CPU usage of a virtual machine based on a count of virtual machines
involved in the co-existing software processes 244 (the newly registered software
process 244 is a co-existing software process itself). For the first time period, #: to 72,
the CPU usage of the processor core 110B is attributed at least to the OS level virtual

machine 242C of the co-existing software process PID 244C and the OS level virtual

12
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machine 242B of the newly registered software process PID 244B. For example, for
the first time period, #: to 72, a same amount of 50% of the CPU usage of processor core
110B may be attributed to each of virtual server 242B and virtual server 242C.

[0041] For a second portion of the sampling interval before the registration
event (#1) of the newly registered software process PID 244B and after the most recent
registration time (7o) of the co-existing software process PID 244C, i.e., foto t1, the CPU
usage of the processor core 110B is attributed at least to OS level virtual machine 242C
of the co-existing software process PID 244C.

[0042] FIG. 7 shows another detailed operation process of computing resource
allocation system 320. In example operation 710, event detection unit 324 may detect
a termination event of a software process 244 being terminated with a processor core
110 during a sampling interval. For an illustrative example, at time point #; within a
sampling interval 7o to f2, event detection unit 324 may detect software process PID
244 A being terminated with processor core 110A, with reference also to FIG. 2.
[0043] In example operation 720, event detection unit 324 may identify a first
portion (e.g., fo to 1) of the sampling interval (e.g., fo to #2) before the termination event
(e.g., at 71) as the first time period.

[0044] In example operation 730, multi-threading identification unit 326 may
identify all co-existing software process 244 operated through a same processor core
110 as the terminated software process 244. In an example, the identifying all co-
existing software processes 244 operated through a processor core 110 includes
detecting that the multiple software processes 244 share a hardware resource of the
processor core 110. Here, following the example, multi-threading identification unit

326 may identify that another software process PID 244A is a co-existing software

13
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process operated through the same processor core 110A together with the newly
terminated software process PID 244A.

[0045] In example operation 740, it may be determined whether the newly
terminated software process 244 and the identified co-existing software process 244 are
associated to the same virtual machine 242. As shown in FIG. 5, example operation
520 may determine one or more OS level virtual machines 242 associated with the
multiple software processes 244. Here, following the example, it may be determined
that the newly terminated software process PID 244A and the co-existing software
process PID 244A are associated to the same virtual server 242A.

[0046] In the case that the newly terminated software process 244 is not
associated with a same OS level virtual machine 242 as any of the co-existing software
process(s) 244, the operation process may proceed to example operation 750. In
example operation 750, the OS level virtual machine 242 of the terminated software
process 244 is removed from the count of the one or more OS level virtual machines
242 in attributing CPU usage of the processor core 110. For illustrative example, with
reference to FIG. 2, software processes PID 244B and PID 244C are co-existing
software processes operated through processor core 110B. In a case that PID 244B is
terminated with processor core 110B, virtual server 242B, to which PID 244B is
associated, may be removed from the count of OS level virtual servers 242 and 100%
of the CPU usage of processor core 110B may be attributed to virtual server 242C of
PID 244C.

[0047] In the case that the newly terminated software process 244 is associated
to a same virtual machine 242 with at least one co-existing software process 244, in
example operation 760, a same portion of CPU usage may be attributed to the same OS

level virtual machine 242 for the first time period. For illustrative example, even if one

14
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of software process PID 244 A is terminated with processor core 110A, another software
PID 244A of virtual server 242A is still operated with processor core 110A, and
therefore the same 100% of CPU usage is attributed to virtual server 242A.

[0048] The processes described above in association with FIGS. 5-7 can be
implemented in hardware, software, or a combination thereof. In the context of
software, the operations represent computer-executable instructions stored on one or
more computer-readable storage media that, when executed by one or more processors,
perform the recited operations. Generally, computer-executable instructions include
routines, programs, objects, components, data structures, and the like that perform
particular functions or implement particular abstract data types. In other embodiments,
hardware components perform one or more of the operations. Such hardware
components may include or be incorporated into processors, application-specific
integrated circuits (ASICs), programmable circuits such as field programmable gate
arrays (FPGAs), or in other ways. The order in which the operations are described is
not intended to be construed as a limitation, and any number of the described operations
can be combined in any order and/or in parallel to implement the processes.

[0049] The memory may include computer readable media such as a volatile
memory, a Random Access Memory (RAM), and/or non-volatile memory, e.g., Read-
Only Memory (ROM) or flash RAM, and so on. The memory is an example of a
computer readable medium.

[0050] Computer readable media include non-volatile, volatile, mobile and
non-mobile media, and can implement information storage through any method or
technology. The information may be computer readable instructions, data structures,
program modules or other data. Examples of storage media of a computer include, but

not limited to, Phase-change RAMs (PRAMs), Static RAMs (SRAMs), Dynamic
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RAMs (DRAMs), other types of RAMs, ROMs, Electrically Erasable Programmable
Read-Only Memories (EEPROMs), flash memories or other memory technologies,
Compact Disk Read-Only Memories (CD-ROMs), Digital Versatile Discs (DVDs) or
other optical memories, cassettes, cassette and disk memories or other magnetic
memory devices or any other non-transmission media, and can be used for storing
information accessible to the computation device. According to the definitions herein,
the computer readable media exclude transitory media, such as modulated data signals
and carriers.

[0051] It should be further noted that, the terms "include", "comprise”, or any
variants thereof are intended to cover a non-exclusive inclusion, such that a process, a
method, a product, or a device that includes a series of elements not only includes such
elements but also includes other elements not specified expressly, or may further
include inherent elements of the process, method, product, or device. In the absence of
more restrictions, an element limited by "include a/an..." does not exclude other same
elements existing in the process, method, product, or device that includes the element.
[0052] Described above are merely the examples of the present application,
which are not used to limit the present application. For those skilled in the art, the
present application may have various alterations and changes. Any modification,
equivalent replacement, improvement, and the like made within the spirit and principle

of the present application shall be included in the scope of the claims of the present

application.
[0053] The disclosure may be appreciated with the following clauses:
[0054] Clause 1: a computer-implemented system, comprising: one or more

processors; and computer readable storage medium communicatively coupled with the

one or more processors, the computer readable medium having computer executable
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instructions stored therein, which when executed, configure the one or more processors
to implement a computing resource allocation system operable to: identify multiple
software processes operated through a processor core during a first time period;
determine one or more operating system (OS) level virtual machines associated with
the multiple software processes; and determine CPU usage of each of the one or more
OS level virtual machines for the first time period based on a count of the one or more
OS level virtual machines.

[0055] Clause 2: the computer-implemented system of clause 1, wherein the
computing resource allocation system is further operable to control an CPU registration
of the processor core based on the determined CPU usage of the one or more OS level
virtual machines.

[0056] Clause 3: the computer-implemented system of clause 1, wherein the
identifying the multiple software processes includes: detecting a registration event of a
software process being newly registered with the processor core during a sampling
interval; identifying a first portion of the sampling interval after the registration event
as the first time period; identifying a co-existing software process operated through the
processor core; determining whether the co-existing software process and the newly
registered software process are associated with a same OS level virtual machine; and in
a case that the co-existing software process and the newly registered software process
are not associated with the same OS level virtual machine, determining a most recent
registration time of the co-existing software process with the processor core.

[0057] Clause 4: the computer-implemented system of clause 3, wherein the
determining the most recent registration time of the co-existing software process with

the processor core is restricted within the sampling interval.
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[0058] Clause 5: the computer-implemented system of clause 3, wherein: for a
second portion of the sampling interval before the registration event and after the most
recent registration time of the co-existing software process, the CPU usage of the
processor core is attributed at least to an OS level virtual machine of the co-existing
software process; and for the first time period, the CPU usage of the processor core is
attributed at least to the OS level virtual machine of the co-existing software process
and an OS level virtual machine of the newly registered software process.

[0059] Clause 6: the computer-implemented system of clause 1, wherein the
determining the CPU usage of each of the one or more OS level virtual machines for
the first time period based on the count of the one or more OS level virtual machines
includes attributing evenly the CPU usage to each of the one or more OS level virtual
machines for the first time period.

[0060] Clause 7: the computer-implemented system of clause 1, wherein the
multiple software processes are operated simultaneously at a same level of a multi-
threading architecture under the processor core.

[0061] Clause 8: the computer-implemented system of clause 1, wherein the
identifying the multiple software processes operated through the processor core during
the first time period includes detecting that the multiple software processes share a
hardware resource of the processor core.

[0062] Clause 9: the computer-implemented system of clause 3, wherein the
sampling interval is set to be smaller than a threshold time interval, during which a
software process is capable of migrating from one hardware thread to another hardware

thread.

18



WO 2018/227549 PCT/CN2017/088619

[0063] Clause 10: the computer-implemented system of clause 1, wherein the
computing system includes a symmetric multiprocessing system including multiple
tiers of processing units and processor cores.

[0064] Clause 11: the computer-implemented system of clause 1, wherein
identifying the multiple software processes includes: detecting a termination event of a
software process being terminated with the processor core during a sampling interval;
identifying a first portion of the sampling interval before the termination event as the
first time period; identifying a co-existing software process operated through the
processor core; and determining whether the co-existing software process and the
terminated software process are associated with a same OS level virtual machine.
[0065] Clause 12: the computer-implemented system of clause 11, wherein in a
case that the co-existing software process and the terminated software process are
associated with the same OS level virtual machine, a same portion of CPU usage is
attributed to the same OS level virtual machine for a second portion of the sampling
interval after the termination event as for the first time period.

[0066] Clause 13: the computer-implemented system of clause 11, wherein in a
case that none of the co-existing software process is associated with an OS level virtual
machine as the terminated software process, the OS level virtual machine of the
terminated software process is removed from the count of the one or more OS level
virtual machines in attributing CPU usage of the processor core.

[0067] Clause 14: a method, comprising: identifying multiple software
processes operated through a processor core of a computing system during a first time
period; determining one or more operating system (OS) level virtualization images

associated with the multiple software processes; and attributing usage of a computing
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resource associated to the processor core evenly among the one or more OS level
virtualization images.

[0068] Clause 15: the method of clause 14, wherein the multiple software
processes includes: detecting a registration event of a software process being newly
registered with the processor core during a sampling interval; identifying a first portion
of the sampling interval after the registration event within the first time period;
identifying a co-existing software process operated through the processor core;
determining whether the co-existing software process and the newly registered software
process are associated with a same OS level virtualization image; and in a case that the
co-existing software process and the newly registered software process are not
associated with the same OS level virtualization image, determining a most recent
registration time of the co-existing software process with the processor core.

[0069] Clause 16: the method of clause 14, wherein: for a second portion of the
sampling interval before the registration event and after the most recent registration
time of the co-existing software process, the CPU usage of the processor core is
attributed at least to an OS level virtualization image of the co-existing software process;
and for the first time period, the CPU usage of the processor core is attributed at least
to the OS level virtualization image of the co-existing software process and an OS level
virtualization image of the newly registered software process.

[0070] Clause 17: the method of clause 14, wherein the identifying the multiple
software processes operated through the processor core during the first time period
includes detecting that the multiple software processes share a hardware resource of the
processor core.

[0071] Clause 18: the method of clause 14, wherein the identifying the multiple

software processes includes: detecting a termination event of a software process being
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terminated with the processor core during a sampling interval; identifying a first portion
of the sampling interval before the termination event as the first time period; identifying
a co-existing software process operated through the processor core; and determining
whether the co-existing software process and the terminated software process are
associated with a same OS level virtualization image.

[0072] Clause 19: the method of clause 18, wherein in a case that the co-existing
software process and the terminated software process are associated with the same OS
level virtualization image, a same portion of CPU usage is attributed to the same OS
level virtualization image machine for a second portion of the sampling interval after
the termination event as for the first time period.

[0073] Clause 20: a server for a data center application, the server comprising:
a processor; and a memory communicatively coupled with the processor, the memory
having computer executable instructions stored therein, which when executed,
configure the processor to implement operations including: identifying multiple
software processes operated through a processor core executing the data center
application during a first time period; determining one or more containers associated
with the multiple software processes; and attributing a same amount of system resource
usage to each of the one or more containers for the first time period.

[0074] Clause 21: a method, comprising: identifying multiple software
processes operated through a processor core of a computing system during a time period;
determining one or more containers associated with the multiple software processes;
determining CPU usage of each of the one or more containers for the time period based
on a count of the containers; and controlling allocation of CPU resource based on the

determined CPU usage of the containers.
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[0075] Clause 22: the method of clause 21, wherein the controlling the
allocation of the CPU resource based on the determined CPU usage of the containers
comprising: controlling allocation of CPU registration based on the determined CPU
usage of the containers.

[0076] Clause 23: the method of clause 22, wherein the CPU registration

includes registering a software process with the processor core.
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What is Claimed is:
1. A computer-implemented system, comprising:

one or more processors; and

computer readable storage medium communicatively coupled with the one or
more processors, the computer readable medium having computer executable
instructions stored therein, which when executed, configure the one or more
processors to implement a computing resource allocation system operable to:

identify multiple software processes operated through a processor core during
a first time period;

determine one or more operating system (OS) level virtual machines
associated with the multiple software processes; and

determine CPU usage of each of the one or more OS level virtual machines for

the first time period based on a count of the one or more OS level virtual machines.

2. The computer-implemented system of claim 1, wherein the computing
resource allocation system is further operable to control an CPU registration of the
processor core based on the determined CPU usage of the one or more OS level

virtual machines.

3. The computer-implemented system of claim 1, wherein the identifying the
multiple software processes includes:

detecting a registration event of a software process being newly registered
with the processor core during a sampling interval;

identifying a first portion of the sampling interval after the registration event

as the first time period;
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identifying a co-existing software process operated through the processor core;

determining whether the co-existing software process and the newly registered
software process are associated with a same OS level virtual machine; and

in the case that the co-existing software process and the newly registered
software process are not associated with the same OS level virtual machine,
determining a most recent registration time of the co-existing software process with

the processor core.

4. The computer-implemented system of claim 3, wherein the determining the
most recent registration time of the co-existing software process with the processor

core is restricted within the sampling interval.

5. The computer-implemented system of claim 3, wherein:

for a second portion of the sampling interval before the registration event and
after the most recent registration time of the co-existing software process, the CPU
usage of the processor core is attributed at least to an OS level virtual machine of the
co-existing software process; and

for the first time period, the CPU usage of the processor core is attributed at
least to the OS level virtual machine of the co-existing software process and an OS

level virtual machine of the newly registered software process.

6. The computer-implemented system of claim 1, wherein the determining the

CPU usage of each of the one or more OS level virtual machines for the first time

period based on the count of the one or more OS level virtual machines includes
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attributing evenly the CPU usage to each of the one or more OS level virtual

machines for the first time period.

7. The computer-implemented system of claim 1, wherein the multiple software
processes are operated simultaneously at a same level of a multi-threading

architecture under the processor core.

8. The computer-implemented system of claim 1, wherein the identifying the
multiple software processes operated through the processor core during the first time
period includes detecting that the multiple software processes share a hardware

resource of the processor core.

9. The computer-implemented system of claim 3, wherein the sampling interval
is set to be smaller than a threshold time interval, during which a software process is

capable of migrating from one hardware thread to another hardware thread.

10. The computer-implemented system of claim 1, wherein the computing system
includes a symmetric multiprocessing system including multiple tiers of processing

units and processor cores.

11. The computer-implemented system of claim 1, wherein the identifying the
multiple software processes includes:
detecting a termination event of a software process being terminated with the

processor core during a sampling interval;
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identifying a first portion of the sampling interval before the termination event
as the first time period;

identifying a co-existing software process operated through the processor core;
and

determining whether the co-existing software process and the terminated

software process are associated with a same OS level virtual machine.

12. The computer-implemented system of claim 11, wherein in a case that the co-
existing software process and the terminated software process are associated with the
same OS level virtual machine, a same portion of CPU usage is attributed to the same
OS level virtual machine for a second portion of the sampling interval after the

termination event as for the first time period.

13. The computer-implemented system of claim 11, wherein in a case that none of
the co-existing software process is associated with an OS level virtual machine as the
terminated software process, the OS level virtual machine of the terminated software
process is removed from the count of the one or more OS level virtual machines in

attributing CPU usage of the processor core.

14. A method, comprising:

identifying multiple software processes operated through a processor core of a
computing system during a first time period;

determining one or more operating system (OS) level virtualization images
associated with the multiple software processes; and

attributing usage of a computing resource associated to the processor core

evenly among the one or more OS level virtualization images.
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15. The method of claim 14, wherein the identifying the multiple software
processes includes:
detecting a registration event of a software process being newly registered
with the processor core during a sampling interval;
identifying a first portion of the sampling interval after the registration event
as the first time period;
identifying a co-existing software process operated through the processor core;
determining whether the co-existing software process and the newly registered
software process are associated with a same OS level virtualization image; and
in the case that the co-existing software process and the newly registered
software process are not associated with the same OS level virtualization image,
determining a most recent registration time of the co-existing software process with

the processor core.

16. The method claim 14, wherein:

for a second portion of the sampling interval before the registration event and
after the most recent registration time of the co-existing software process, the CPU
usage of the processor core is attributed at least to an OS level virtualization image of
the co-existing software process; and

for the first time period, the CPU usage of the processor core is attributed at
least to the OS level virtualization image of the co-existing software process and an

OS level virtualization image of the newly registered software process.
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17. The method of claim 14, wherein the identifying the multiple software
processes operated through the processor core during the first time period includes
detecting that the multiple software processes share a hardware resource of the

Processor core.

18. The method of claim 14, wherein the identifying the multiple software
processes includes:

detecting a termination event of a software process being terminated with the
processor core during a sampling interval;

identifying a first portion of the sampling interval before the termination event
as the first time period;

identifying a co-existing software process operated through the processor core;
and

determining whether the co-existing software process and the terminated

software process are associated with a same OS level virtualization image.

19. The method of claim 18, wherein in a case that the co-existing software
process and the terminated software process are associated with the same OS level
virtualization image, a same portion of CPU usage is attributed to the same OS level
virtualization image machine for a second portion of the sampling interval after the

termination event as for the first time period.

20. A server for a data center application, the server comprising:

a processor; and
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a memory communicatively coupled with the processor, the memory having
computer executable instructions stored therein, which when executed, configure the
processor to implement operations including:

identifying multiple software processes operated through a processor core
executing the data center application during a first time period;

determining one or more containers associated with the multiple software
processes; and

attributing a same amount of system resource usage to each of the one or more

containers for the first time period.

21. A method, comprising:

identifying multiple software processes operated through a processor core of a
computing system during a time period;

determining one or more containers associated with the multiple software
processes;

determining CPU usage of each of the one or more containers for the time
period based on a count of the containers; and

controlling allocation of CPU resource based on the determined CPU usage of

the containers.

22. The method of claim 21, wherein the controlling the allocation of the CPU
resource based on the determined CPU usage of the containers comprising:
controlling allocation of CPU registration based on the determined CPU usage

of the containers.
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23. The method of claim 22, wherein the CPU registration includes registering a

software process with the processor core.
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