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500 A computer program product. 

502 A signal bearing medium. 

504 at least one of 
one or more instructions for accessing a first shared cache memory by 

one or more processor cores of a first plurality of processor cores; 

one or more instructions for accessing a second shared cache memory 
by one or more processor cores of a second plurality of processor cores; 

one or more instructions for accessing a third shared cache memory by 
one or more processor cores of a third plurality of processor cores 

one or more instructions for storing a first copy of shared data in the first 
shared cache memory; 

one or more instructions for storing a second copy of the shared data in 
the second shared cache memory; 

one or more instructions for accessing a first local cache memory by a 
first processor core of the first plurality of processor cores; or 

one or more instructions for accessing a second local cache memory by 
a second processor core of the first plurality of processor cores . 
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SHARED UPPER LEVEL CACHE 
ARCHITECTURE 

BACKGROUND 

[0001] Multi-core processors may experience greater 
impact from cache misses and cache busy events. A number 
of factors may result in increased cache misses on multi-core 
processors, such as linear superscalar optimization, where 
instructions may be loaded for the next execution step during 
the previous execution step, and simultaneous multi-thread­
ing, in which processes may be swapped during execution 
delays. Tracking processes in multi-core processors and mov­
ing processes between cores may further impact cache capa­
bilities. A multicore chip may have both a private per-core 
Level 1 (Ll) cache and a chip-wide shared Level 2 (L2) cache 
and cache penalties may be most acute when multiple cores 
seek access to the L2 cache. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] Subject matter is particularly pointed out and dis­
tinctly claimed in the concluding portion of the specification. 
The foregoing and other features of the present disclosure will 
become more fully apparent from the following description 
and appended claims, taken in conjunction with the accom­
panying drawings. Understanding that these drawings depict 
only several embodiments in accordance with the disclosure 
and are, therefore, not to be considered limiting of its scope, 
the disclosure will be described with additional specificity 
and detail through use of the accompanying drawings. 
[0003] In the drawings: 
[0004] FIG. 1 illustrates an example shared upper level 
shared cache architecture apparatus and/or system; 
[0005] FIG. 2 illustrates another example shared upper 
level shared cache architecture apparatus and/or system; 
[0006] FIG. 3 illustrates yet another example shared upper 
level shared cache architecture apparatus and/or system; 
[0007] FIG. 4 is a flow chart illustrating an example process 
for sharing cache memory; 
[0008] FIG. 5 illustrates an example computer program 
product; and 
[0009] FIG. 6 is a block diagram illustrating an example 
computing device, all arranged in accordance with at least 
some embodiments of the present disclosure. 

DETAILED DESCRIPTION 

[0010] The following description sets forth various 
examples along with specific details to provide a thorough 
understanding of claimed subject matter. It will be understood 
by those skilled in the art, however, that claimed subject 
matter may be practiced without some or more of the specific 
details disclosed herein. Further, in some circumstances, 
well-known methods, procedures, systems, components and/ 
or circuits have not been described in detail in order to avoid 
unnecessarily obscuring claimed subject matter. In the fol­
lowing detailed description, reference is made to the accom­
panying drawings, which form a part hereof. In the drawings, 
similar symbols typically identify similar components, unless 
context dictates otherwise. The illustrative embodiments 
described in the detailed description, drawings, and claims 
are not meant to be limiting. Other embodiments may be 
utilized, and other changes may be made, without departing 
from the spirit or scope of the subject matter presented here. 
It will be readily understood that the aspects of the present 
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disclosure, as generally described herein, and illustrated in 
the Figures, may be arranged, substituted, combined, and 
designed in a wide variety of different configurations, all of 
which are explicitly contemplated and make part of this dis­
closure. 
[0011] In the following description, algorithms and/or 
symbolic representations of operations on data bits and/or 
binary digital signals stored within a computing system, such 
as within a computer and/or computing system memory may 
be presented. An algorithm is generally considered to be a 
self-consistent sequence of operations and/or similar process­
ing leading to a desired result where the operations may 
involve physical manipulations of physical quantities that 
may take the form of electrical, magnetic and/or electromag­
netic signals capable of being stored, transferred, combined, 
compared and/or otherwise manipulated. In various contexts 
such signals may be referred to as bits, data, values, elements, 
symbols, characters, terms, numbers, numerals, etc. Those 
skilled in the art will recognize, however, that such terms may 
be used to connote physical quantities. Hence, when terms 
such as "storing", "processing", "retrieving", "calculating", 
"determining" etc. are used in this description they may refer 
to the actions of a computing platform, such as a computer or 
a similar electronic computing device such as a cellular tele­
phone, that manipulates and/or transforms data represented 
as physical quantities including electronic and/or magnetic 
quantities within the computing platform's processors, 
memories, registers, etc. 
[0012] This disclosure is drawn, inter alia, to methods, 
apparatus, and systems related to multicore processors. More 
specifically, implementations will be described in reference 
to providing shared upper level cache architectures for groups 
of processor cores. 
[0013] In accordance with the present disclosure, distinct 
and/or separate higher level ( or upper level) caches, such as 
level 2 (L2) and/or level 3 (L3) caches, may be shared by 
different groups of processor cores. Thus, for example, in 
various implementations, independent upper level caches 
may be associated with or shared by specific groups of pro­
cessor cores within a multicore processor system. In some 
examples, a group of processor cores sharing an upper level 
cache may include processor cores that are physically proxi­
mate to each other and/or that are physically proximate to the 
shared cache. Further, in some examples, data shared by 
processor cores may be mirrored across the shared caches to 
provide multi-fold coverage of such data. In various imple­
mentations, the mirroring of shared data across the shared 
caches may be provided by logic implemented in hardware, 
software, and/or firmware and/or any combination thereof. 
[0014] FIG. 1 illustrates an example upper level shared 
cache architecture apparatus and/or system 100 arranged in 
accordance with at least some examples of the present dis­
closure. System 100 may include any device or collection of 
devices capable of implementing shared cache architectures. 
For example, system 100 may include selected components 
of a computing device configured in accordance with tech­
niques describer herein. 
[0015] System 100 may include a semiconductor die or 
chip 102 with a multi-core processor 104 formed on die 102. 
Multi-core processor 104 may include a plurality of processor 
cores 106 (in this example sixteen cores 106 labeled "A" 
through "P") and discrete higher level shared cache memories 
108, 110, 112 and 114, such as on chip caches and/or low 
instruction count caches, associated with one or more of cores 
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106. In accordance with at least some examples of the present 
disclosure, multi-core processor 104 may be either homoge­
neous in structure or heterogeneous in structure. In some 
examples the shared cache memory may be Static Random 
Access Memory (SRAM) although claimed subject matter is 
not limited in this regard and shared cache memory may 
include other types of memory such as, for example, embed­
ded Dynamic Random Access Memory ( eDRAM), non-vola­
tile memory, etc. 
[0016] In the example of system 100, shared cache 108 may 
be associated with or shared by a subset or group of cores 
including cores A, B, E and F as indicated by dashed outline 
116, shared cache 110 may be associated with or shared by a 
different subset or group of cores C, D, G and H as indicated 
by dashed outline 118, shared cache 112 may be associated 
with or shared by yet a different subset or group of cores I, J, 
Mand N as indicated by dashed outline 120, and shared cache 
114 may be associated with or shared by a further different 
subset or group of cores K, L, 0 and Pas indicated by dashed 
outline 116. 
[0017] While FIG. 1 illustrates an example arrangement of 
shared caches and associated processor cores, claimed sub­
ject matter is not limited to particular arrangements of shared 
caches with associated processor cores, to particular numbers 
of shared caches, to particular numbers of processor cores, 
and/or to particular numbers of processor cores within a 
group of processor cores associated with or sharing higher 
level cache memory. For instance, while FIG. 1 illustrates 
multi-core processor 104 as including both cores 106 and 
shared caches 108, 110, 112 and 114, claimed subject matter 
is not limited in this regard, and one or more of shared caches 
108, 110, 112 and 114 may be located external to processor 
104 and/or external to die 102. For example, in some imple­
mentations, one or more of shared caches 108, 110, 112 and 
114 may be implemented on one or more separate semicon­
ductor dies that may be, for example, flip-chip bonded to die 
102. 
[0018] In some implementations different shared cache 
memories may be shared by different groups of processing 
cores where each respective group of cores may be adjacent to 
or physically proximate to the particular shared cache 
memory. Thus, as shown in the example of system 100, cores 
A, B, E and F may be physically proximate to shared cache 
108, cores C, D, G and H may be physically proximate to 
shared cache 110, cores I, J, M and N may be physically 
proximate to shared cache 112, and cores K, L, 0 and P may 
be physically proximate to shared cache 114. Associating a 
shared cache with a particular group of processors, such as 
associating cache 108 associated with cores A, B, E and F, 
may include permitting one or more of cores A, B, E and/or F 
to read and/or write data to one or more memory locations 
within cache 108. Other processing cores and/or groups of 
processing cores may be precluded from operation with cache 
108, such as, for example, cores C, D, G and H, which may be 
excluded from reading and/or writing data to memory loca­
tions within cache 108 when, as in this example, cores C, D, 
G and H do not share cache 108. 
[0019] In addition, in various implementations, each of 
cores 106 may be associated with a distinct independent 
lower level or Level 1 (Ll) local cache not depicted in FIG. 1 
in the interest of clarity. Further, system 100 may also include 
a system or main memory 124 communicatively coupled to 
cache memories 108, 110, 112 and 114 via communications 
pathways including a communications bus 126 such that 
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cache memories 108, 110, 112 and 114 may read and/or write 
data to or from main memory 124. The main memory 124 
may be Dynamic Random Access Memory (DRAM), 
although claimed subject matter is not limited in this regard 
and main memory may include other types of memory such 
as, for example, eDRAM, SRAM, non-volatile memory, etc. 
[0020] Further, system 100 may include additional commu­
nications pathways, not shown in FIG. 1 in the interest of 
clarity, that may enable associated processing cores to read or 
write data to or from their respective shared cache memory. 
Moreover, system 100 may also include logic, not shown in 
FIG. 1 in the interest of clarity, which may be configured to 
provide the mirroring of data shared by some or all of cores 
106 by, for example, providing separate copies of such shared 
data to memory locations in each of shared caches 108, 110, 
112 and 114. 
[0021] While example system 100 illustrates four groups of 
four cores associated with corresponding shared higher level 
caches ( e.g., cores A, B, E and F associated with shared cache 
108), claimed subject matter is not limited in this regard and, 
thus, any number or physical arrangement of processor cores 
may be associated with various shared higher level caches in 
accordance with claimed subject matter. 
[0022] FIG. 2 illustrates another shared example shared 
cache architecture apparatus and/or system 200 arranged in 
accordance with at least some examples of the present dis­
closure. System 200 may include any device or collection of 
devices capable of implementing cache architectures. For 
example, system 200 may include selected components of a 
computing device configured in accordance with techniques 
described herein. 
[0023] Although similar to system 100, with like numbered 
items in system 200 representing similar components to those 
illustrated in system 100, example system 200 includes dif­
ferent groupings of processor cores than illustrated in 
example system 100. Thus, as shown in FIG. 2, shared cache 
108 may be shared by or associated with cores A, B, E as 
indicated by dashed outline 202, cache 110 may be shared by 
or associated with cores C, D, G, H, K and L as indicated by 
dashed outline 204, cache 112 may be shared by or associated 
with cores F, I, J, Mand N as indicated by dashed outline 206, 
and cache 114 may be shared by or associated with cores 0 
and Pas indicated by dashed outline 208. Many other group­
ings or arrangements of processor cores with shared cache 
memories may be implemented in accordance with the 
present disclosure. 
[0024] FIG. 3 illustrates yet another example apparatus 
and/or system 300 arranged in accordance with at least some 
examples of the present disclosure. System 300 may include 
any device or collection of devices configured to implement 
the described cache architectures. For example, system 300 
may include selected components of a computing device 
configured to operate in accordance with various techniques 
described herein. 
[0025] System 300 may include a semiconductor die or 
chip 302, with a multi-core processor 304 formed on die 302, 
and main memory 3 05. Multi-core processor 3 04 may include 
four processor cores 306, 308, 310 and 312 and two higher 
level shared cache memories 314 and 316. In this example, 
processor cores 306 and 310 may share cache 314, while 
processor cores 308 and 312 may share cache 316. Further, 
each of cores 306, 308, 310 and 312 may be associated with 
a respective local ( e.g., L1) cache memory 318, 320, 322 and 
324 such that any given local cache memory, such as cache 
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322, may be accessed by one processor core, e.g., core 310, 
and not by other cores, in this example, cores 306, 308 and/or 
312. In the example of FIG. 3, representative individual 
memory entries or segments 325 of cache memories 314 and 
316 have been illustrated. The number of segments 325 illus­
trated in caches 314 and 316 are provided as an illustrative 
example and do not limit claimed subject matter to particular 
sizes of upper level cache memories having particular num­
bers of memory segments. 
[0026] System 300 also includes a management module 
326 configured to manage access by processor cores to shared 
data 328 stored or held in a subset of memory locations of 
both shared caches 314 and 316. Module 326 may be imple­
mented in hardware, software, firmware or any combination 
thereof. Shared data 328 may be data used by cores associated 
with both caches 314 and 316. For example, shared data 328 
may include one or more data elements or datum that may be 
used by any and/or all of cores 306, 308, 310 and 312, and 
module 326 may act to provide duplicate copies of data 328 to 
both caches 314 and 316. Further, module 326 may act to 
implement multi-fold or mirroring techniques such that mod­
ule 326 may update all copies of data 328 when one or more 
of cores 306,308,310 and 312 modify the shared data by, for 
example, overwriting some or all of data 328. 
[0027] In various examples, when a processor core, for 
example core 306, seeks data needed to, for example, carry 
out a computational instruction, core 306 may check it's 
private local cache 318 for the data. If the data is not stored in 
cache 318, then core 306 may check shared upper level cache 
314 to see if the data is stored there. If the data is stored in 
cache 314, then core 306 may obtain the data from cache 314 
for use in implementing the instruction. If, however, the data 
is not stored in either cache 318 or 314, then core 306 may 
access the data from main memory 305. 
[0028] Further, in various examples in accordance with the 
present disclosure, when another processor core, such as core 
310, that shares cache 314 with core 306, seeks data, core 310 
may first check it's private local cache 322 for the data and, if 
core 310 does not find the data in cache 322, then core 310 
may check shared upper level cache 314 to see if the data is 
stored there. If the data is not stored in either cache 322 or 314, 
then core 310 may seek the data from main memory 305. By 
contrast, when another processor core, such as core 312, that 
does not share cache 314 with core 306, seeks data, core 312 
may first check it's private local cache 324, then core 312 may 
check separate shared cache 316 for the data rather than 
checking shared cache 314. 
[0029] FIG. 4 is a flow chart of an example process 400 for 
sharing cache memory, arranged in accordance with at least 
some examples of the present disclosure. Process 400, and 
other processes described herein, set forth various functional 
blocks that may be described as processing steps, functional 
operations, events and/or acts, etc., and that may be per­
formed by hardware, software or any combination thereof. 
Those skilled in the art in light of the present disclosure will 
recognize that numerous alternatives to the functional blocks 
shown in FIG. 4 may be practiced in accordance with claimed 
subject matter. Although claimed subject matter is not limited 
in this regard, an apparatus, such as a computer, employing a 
multi-core processor, may execute instructions and/or under­
take actions to implement the functional blocks of process 
400 as will be described in further detail below. 
[0030] Process 400 may include one or more operations, 
functions, or actions as illustrated by block 410, 420, 430, 
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440, 450, 460, and/or 470. As will be evident from the 
description below, process 400 may begin at either block 410, 
420, or 430. 
[0031] In block 410, a first shared cache memory may be 
accessed by one or more processor cores of a first plurality of 
processor cores of a multi-core processor. For example, cores 
306 and310 of system 300 may access shared cache memory 
314. 
[0032] At block 420, a second shared cache memory may 
be accessed by one or more processor cores of a second 
plurality of processor cores of the multi-core processor. For 
example, cores 308 and 312 of system 300 may access a 
different shared cache memory, namely shared cache 
memory 316. 
[0033] In various examples, the first group of processor 
cores of block 410 may include different processor cores than 
the second group of processor cores of block 420. In some 
examples, such as the example of system 300, the first and 
second groups may not include any processor cores in com­
mon. 
[0034] Process 400 may also include, at block 430, access­
ing a third shared cache memory by one or more processor 
cores of a third plurality of processor cores of the multi-core 
processor. For instance, referring to the example of system 
100, process 400 may include, at block 410, cores A, B, E and 
F accessing shared cache memory 108, at block 420, cores C, 
D, G and H accessing shared cache memory 110, and, at block 
430, cores I, J, Mand N accessing shared cache memory 112. 
In various examples, such as the example of system 100, the 
first and second groups may not include any processor cores 
in common and the second and third groups may not include 
any processor cores in common. 
[0035] Process 400 may further include, at block 440, stor­
ing a first copy of shared data in a first shared cache memory, 
and, at block 450, storing a second copy of the shared data in 
a second shared cache memory. For instance, referring to the 
example of system 300, blocks 440 and 450 may correspond 
to module 326 storing multiple copies of shared data 328, one 
copy of shared data 328 may be stored in shared cache 314 
and another copy of shared data 328 may be stored in shared 
cache 316. Block 440 may be followed by block 450. Further, 
process 400 may also include, at block 455, storing a third 
copy of shared data in a third shared cache memory. For 
instance, referring to the example of system 100, blocks 440, 
450 and 455 may correspond to storing one copy of shared 
data in cache 108, another copy of the shared data in cache 
110 and yet a third copy of the shared data in cache 112. Block 
450 may be followed by block 455. 
[0036] At block 460 one processor core of the first group of 
processor cores may access one local cache memory, while at 
block 470 another processor core of the first group of proces­
sor cores may access another local cache memory. For 
example, referring to system 300, block 460 may correspond 
to processor core 306 accessing local cache memory 318 
while block 470 may correspond to processor core 310 
accessing local cache memory 322. Block 460 may be fol­
lowed by block 470. 
[0037] While FIG. 4 illustrates an example ordering of the 
functional blocks of example process 400, claimed subject 
matter is not limited to any particular ordering of the various 
functional blocks of process 400. Thus, for example, while 
FIG. 4 illustrates blocks 410, 420 and 430 as occurring con­
temporaneously with each other, in various examples, any of 
blocks 410,420 and 430 may occur before, during or after any 
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other of blocks 410, 420 and 430. Further, for another 
example, while FIG. 4 illustrates blocks 460 and 470 as 
occurring after blocks 410,420 and 430, in various examples, 
eitherofblocks 460 and 470 may occur before, during or after 
any of blocks 410, 420 and 430. 
[0038] FIG. 5 illustrates an example computer program 
product 500 arranged in accordance with at least some 
examples of the present disclosure. Program product 500 may 
include a signal bearing medium 502. Signal bearing medium 
502 may include one or more instructions 504 that, when 
executed by, for example, a multi-core processor, may pro­
vide the functionality described above with respect to FIGS. 
1-4. Thus, for example, various components of system 300 
may undertake one or more of the blocks shown in FIG. 4 in 
response to instructions 504 conveyed to the system 300 by 
medium 502. 
[0039] In some implementations, signal bearing medium 
502 may encompass a computer-readable medium 506, such 
as, but not limited to, a hard disk drive, a Compact Disc (CD), 
a Digital Video Disk (DVD), a digital tape, memory, etc. In 
some implementations, signal bearing medium 502 may 
encompass a recordable medium 508, such as, but not limited 
to, memory, read/write (R/W) CDs, R/W DVDs, etc. In some 
implementations, signal bearing medium 502 may encom­
pass a communications medium 510, such as, but not limited 
to, a digital and/or an analog communication medium ( e.g., a 
fiber optic cable, a waveguide, a wired communications link, 
a wireless communication link, etc.). Thus, for example, pro­
gram product 500 may be conveyed to one or more compo­
nents of system 300 by an RF signal bearing medium 502, 
where the signal bearing medium 502 is conveyed by a wire­
less communications medium 510 (e.g., a wireless commu­
nications medium conforming with the 802.11 standard). 
[0040] FIG. 6 is a block diagram illustrating an example 
computing device 600 that may be arranged for providing a 
shared upper level cache architecture in accordance at least 
some examples of the present disclosure. In a very basic 
configuration 601, computing device 600 may include one or 
more processors 610, such as one or more multi-core proces­
sors, and main or system memory 620. A memory bus 630 
may be used for communicating between the processor 610 
and the system memory 620. 
[0041] Depending on the desired configuration, processor 
610 may be of any type including but not limited to a micro­
processor (µP), a microcontroller (µC), a digital signal pro­
cessor (DSP), or any combination thereof. Processor 610 may 
include one or more levels of caching, such as a level one 
cache 611 and a level two cache 612, multiple processor cores 
613 ( only one or which is illustrated herein), and registers 
614. Each processor core 613 may include an arithmetic logic 
unit (ALU), a floating point unit (FPU), a digital signal pro­
cessing core (DSP Core), or any combination thereof. A 
memory controller 615 may also be used with the processor 
610, or in some implementations the memory controller 615 
may be an internal part of the processor 610. 
[0042] Depending on the desired configuration, the system 
memory 620 may be of any type including but not limited to 
volatile memory (such as RAM), non-volatile memory (such 
as ROM, flash memory, etc.) or any combination thereof. 
System memory 620 may include one or more of an operating 
system 621, one or more applications 622, and program data 
624. Application 622 may include a shared cache algorithm 
623 that may be arranged to perform the functions, opera­
tions, actions or processes as described herein including at 
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least the blocks described with respect to the process of FIG. 
4. Program Data 624 may include shared cache data 625 
which may be useful for implementing access control algo­
rithm 623. In some example embodiments, application 622 
may be arranged to operate with program data 624 on an 
operating system 621 such that implementations of shared 
cache architectures may be provided as described herein. This 
described basic configuration is illustrated in FIG. 6 by those 
components within dashed line 601. 
[0043] Computing device 600 may have additional features 
or functionality, and additional interfaces to facilitate com­
munications between the basic configuration 601 and any 
required devices and interfaces. For example, a bus/interface 
controller 640 may be used to facilitate communications 
between the basic configuration 601 and one or more data 
storage devices 650 via a storage interface bus 641. The data 
storage devices 650 may be removable storage devices 651, 
non-removable storage devices 652, or a combination 
thereof. Examples of removable storage and non-removable 
storage devices include magnetic disk devices such as flexible 
disk drives and hard-disk drives (HDD), optical disk drives 
such as compact disk (CD) drives or digital versatile disk 
(DVD) drives, solid state drives (SSD), and tape drives to 
name a few. Example computer storage media may include 
volatile and nonvolatile, removable and non-removable 
media implemented in any method or technology for storage 
of information, such as computer readable instructions, data 
structures, program modules, or other data. 

[0044] System memory 620, removable storage 651 and 
non-removable storage 652 are all examples of computer 
storage media. Computer storage media includes, but is not 
limited to, RAM, ROM, EEPROM, flash memory or other 
memory technology, CD-ROM, digital versatile disks (DVD) 
or other optical storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium which may be used to store the desired 
information and which may be accessed by computing device 
600. Any such computer storage media may be part of device 
600. 
[0045] Computing device 600 may also include an inter­
face bus 642 for facilitating communication from various 
interface devices ( e.g., output interfaces, peripheral inter­
faces, and communication interfaces) to the basic configura­
tion 601 via the bus/interface controller 640. Example output 
interfaces 660 include a graphics processing unit 661 and an 
audio processing unit 662, which may be configured to com­
municate to various external devices such as a display or 
speakers via one or more A/V ports 663. Example peripheral 
interfaces 660 include a serial interface controller 671 or a 
parallel interface controller 672, which may be configured to 
communicate with external devices such as input devices 
( e.g., keyboard, mouse, pen, voice input device, touch input 
device, etc.) or other peripheral devices ( e.g., printer, scanner, 
etc.) via one or more I/0 ports 673. An example communica­
tion interface 680 includes a network controller 681, which 
may be arranged to facilitate communications with one or 
more other computing devices 690 over a network commu­
nication via one or more communication ports 682. A com­
munication connection is one example of a communication 
media. Communication media may be embodied by com­
puter readable instructions, data structures, program mod­
ules, or other data in a modulated data signal, such as a carrier 
wave or other transport mechanism, and includes any infor­
mation delivery media. A "modulated data signal" may be a 
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signal that has one or more ofits characteristics set or changed 
in such a manner as to encode information in the signal. By 
way of example, and not limitation, communication media 
may include wired media such as a wired network or direct­
wired connection, and wireless media such as acoustic, radio 
frequency (RF), infrared (IR) and other wireless media. The 
term computer readable media as used herein may include 
both storage media and communication media. 
[0046] Computing device 600 may be implemented as a 
portion of a small-form factor portable ( or mobile) electronic 
device such as a cell phone, a personal data assistant (PDA), 
a personal media player device, a wireless web-watch device, 
a personal headset device, an application specific device, or a 
hybrid device that includes any of the above functions. Com­
puting device 600 may also be implemented as a personal 
computer including both laptop computer and non-laptop 
computer configurations. 
[0047] Claimed subject matter is not limited in scope to the 
particular implementations described herein. For example, 
some implementations may be in hardware, such as employed 
to operate on a device or combination of devices, for example, 
whereas other implementations may be in software and/or 
firmware. Likewise, although claimed subject matter is not 
limited in scope in this respect, some implementations may 
include one or more articles, such as a storage medium or 
storage media. This storage media, such as CD-RO Ms, com­
puter disks, flash memory, or the like, for example, may have 
instructions stored thereon, that, when executed by a system, 
such as a computer system, computing platform, or other 
system, for example, may result in execution of a processor in 
accordance with claimed subject matter, such as one of the 
implementations previously described, for example. As one 
possibility, a computing platform may include one or more 
processing units or processors, one or more input/output 
devices, such as a display, a keyboard and/or a mouse, and one 
or more memories, such as static random access memory, 
dynamic random access memory, flash memory, and/or a hard 
drive. 
[0048] Reference in the specification to "an implementa­
tion," "one implementation," "some implementations," or 
"other implementations" may mean that a particular feature, 
structure, or characteristic described in connection with one 
or more implementations may be included in at least some 
implementations, but not necessarily in all implementations. 
The various appearances of "an implementation," "one 
implementation," or "some implementations" in the preced­
ing description are not necessarily all referring to the same 
implementations. Moreover, when terms or phrases such as 
"coupled" or "responsive" or "in response to" or "in commu­
nication with", etc. are used herein or in the claims that 
follow, these terms should be interpreted broadly. For 
example, the phrase "coupled to" may refer to being commu­
nicatively, electrically and/or operatively coupled as appro­
priate for the context in which the phrase is used. 
[0049] In the preceding description, various aspects of 
claimed subject matter have been described. For purposes of 
explanation, specific numbers, systems and/or configurations 
were set forth to provide a thorough understanding of claimed 
subject matter. However, it should be apparent to one skilled 
in the art and having the benefit of this disclosure that claimed 
subject matter may be practiced without the specific details. 
In other instances, well-known features were omitted and/or 
simplified so as not to obscure claimed subject matter. While 
certain features have been illustrated and/or described herein, 
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many modifications, substitutions, changes and/or equiva­
lents will now, or in the future, occur to those skilled in the art. 
It is, therefore, to be understood that the appended claims are 
intended to cover all such modifications and/ or changes as fall 
within the true spirit of claimed subject matter. 

[0050] There is little distinction left between hardware and 
software implementations of aspects of systems; the use of 
hardware or software is generally (but not always, in that in 
certain contexts the choice between hardware and software 
may become significant) a design choice representing cost vs. 
efficiency tradeoffs. There are various vehicles by which pro­
cesses and/or systems and/or other technologies described 
herein maybe affected (e.g., hardware, software, and/or firm­
ware), and that the preferred vehicle will vary with the context 
in which the processes and/or systems and/or other technolo­
gies are deployed. For example, if an implementer determines 
that speed and accuracy are paramount, the implementer may 
opt for a mainly hardware and/or firmware vehicle; if flex­
ibility is paramount, the implementer may opt for a mainly 
software implementation; or, yet again alternatively, the 
implementer may opt for some combination of hardware, 
software, and/or firmware. 

[0051] The foregoing detailed description has set forth vari­
ous embodiments of the devices and/or processes via the use 
of block diagrams, flowcharts, and/or examples. Insofar as 
such block diagrams, flowcharts, and/or examples contain 
one or more functions and/or operations, it will be understood 
by those within the art that each function and/or operation 
within such block diagrams, flowcharts, or examples may be 
implemented, individually and/or collectively, by a wide 
range of hardware, software, firmware, or virtually any com­
bination thereof. In one embodiment, several portions of the 
subject matter described herein may be implemented via 
Application Specific Integrated Circuits (ASICs), Field Pro­
grammable Gate Arrays (FPGAs), digital signal processors 
(DSPs ), or other integrated formats. However, those skilled in 
the art will recognize that some aspects of the embodiments 
disclosed herein, in whole or in part, may be equivalently 
implemented in integrated circuits, as one or more computer 
programs running on one or more computers (e.g., as one or 
more programs running on one or more computer systems), as 
one or more programs running on one or more processors 
( e.g., as one or more programs running on one or more micro­
processors), as firmware, or as virtually any combination 
thereof, and that designing the circuitry and/or writing the 
code for the software and or firmware would be well within 
the skill of one of skill in the art in light of this disclosure. In 
addition, those skilled in the art will appreciate that the 
mechanisms of the subject matter described herein are 
capable of being distributed as a program product in a variety 
of forms, and that an illustrative embodiment of the subject 
matter described herein applies regardless of the particular 
type of signal bearing medium used to actually carry out the 
distribution. Examples of a signal bearing medium include, 
but are not limited to, the following: a recordable type 
medium such as a floppy disk, a hard disk drive, a Compact 
Disc (CD), a Digital Video Disk (DVD), a digital tape, a 
computer memory, etc.; and a transmission type medium such 
as a digital and/or an analog communication medium ( e.g., a 
fiber optic cable, a waveguide, a wired communications link, 
a wireless communication link, etc.). 

[0052] Those skilled in the art will recognize that it is 
common within the art to describe devices and/or processes in 
the fashion set forth herein, and thereafter use engineering 
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practices to integrate such described devices and/ or processes 
into data processing systems. That is, at least a portion of the 
devices and/or processes described herein may be integrated 
into a data processing system via a reasonable amount of 
experimentation. Those having skill in the art will recognize 
that a typical data processing system generally includes one 
or more of a system unit housing, a video display device, a 
memory such as volatile and non-volatile memory, proces­
sors such as microprocessors and digital signal processors, 
computational entities such as operating systems, drivers, 
graphical user interfaces, and applications programs, one or 
more interaction devices, such as a touch pad or screen, 
and/or control systems including feedback loops and control 
motors ( e.g., feedback for sensing position and/or velocity; 
control motors for moving and/or adjusting components and/ 
or quantities). A typical data processing system may be 
implemented utilizing any suitable commercially available 
components, such as those typically found in data computing/ 
communication and/or network computing/communication 
systems. 
[0053] The herein described subject matter sometimes 
illustrates different components contained within, or con­
nected with, different other components. It is to be understood 
that such depicted architectures are merely exemplary, and 
that in fact many other architectures may be implemented 
which achieve the same functionality. In a conceptual sense, 
any arrangement of components to achieve the same func­
tionality is effectively "associated" such that the desired func­
tionality is achieved. Hence, any two components herein 
combined to achieve a particular functionality may be seen as 
"associated with" each other such that the desired function­
ality is achieved, irrespective of architectures or intermedial 
components. Likewise, any two components so associated 
may also be viewed as being "operably connected", or "oper­
ably coupled", to each other to achieve the desired function­
ality, and any two components capable of being so associated 
may also be viewed as being "operably couplable", to each 
other to achieve the desired functionality. Specific examples 
of operably couplable include but are not limited to physically 
mateable and/or physically interacting components and/or 
wirelessly interactable and/or wirelessly interacting compo­
nents and/or logically interacting and/or logically inter­
actable components. 

[0054] With respect to the use of substantially any plural 
and/or singular terms herein, those having skill in the art may 
translate from the plural to the singular and/or from the sin­
gular to the plural as is appropriate to the context and/or 
application. The various singular/plural permutations may be 
expressly set forth herein for sake of clarity. 

[0055] It will be understood by those within the art that, in 
general, terms used herein, and especially in the appended 
claims (e.g., bodies of the appended claims) are generally 
intended as "open" terms ( e.g., the term "including" should 
be interpreted as "including but not limited to," the term 
"having" should be interpreted as "having at least," the term 
"includes" should be interpreted as "includes but is not lim­
ited to," etc.). It will be furtherunderstood by those within the 
art that if a specific number of an introduced claim recitation 
is intended, such an intent will be explicitly recited in the 
claim, and in the absence of such recitation no such intent is 
present. For example, as an aid to understanding, the follow­
ing appended claims may contain usage of the introductory 
phrases "at least one" and "one or more" to introduce claim 
recitations. However, the use of such phrases should not be 
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construed to imply that the introduction of a claim recitation 
by the indefinite articles "a" or "an" limits any particular 
claim containing such introduced claim recitation to inven­
tions containing only one such recitation, even when the same 
claim includes the introductory phrases "one or more" or "at 
least one" and indefinite articles such as "a" or "an" ( e.g., "a" 
and/or "an" should typically be interpreted to mean "at least 
one" or "one or more"); the same holds true for the use of 
definite articles used to introduce claim recitations. In addi­
tion, even if a specific number of an introduced claim recita­
tion is explicitly recited, those skilled in the art will recognize 
that such recitation should typically be interpreted to mean at 
least the recited number (e.g., the bare recitation of "two 
recitations," without other modifiers, typically means at least 
two recitations, or two or more recitations). Furthermore, in 
those instances where a convention analogous to "at least one 
of A, B, and C, etc." is used, in general such a construction is 
intended in the sense one having skill in the art would under­
stand the convention ( e.g., "a system having at least one of A, 
B, and C" would include but not be limited to systems that 
have A alone, B alone, C alone, A and B together, A and C 
together, Band C together, and/or A, B, and C together, etc.). 
In those instances where a convention analogous to "at least 
one of A, B, or C, etc." is used, in general such a construction 
is intended in the sense one having skill in the art would 
understand the convention (e.g., "a system having at least one 
of A, B, or C" would include but not be limited to systems that 
have A alone, B alone, C alone, A and B together, A and C 
together, Band C together, and/or A, B, and C together, etc.). 
It will be further understood by those within the art that 
virtually any disjunctive word and/or phrase presenting two 
or more alternative terms, whether in the description, claims, 
or drawings, should be understood to contemplate the possi­
bilities of including one of the terms, either of the terms, or 
both terms. For example, the phrase "A or B" will be under­
stood to include the possibilities of"A" or "B" or "A and B." 
[0056] While various aspects and examples have been dis­
closed herein, other aspects and examples will be apparent to 
those skilled in the art. The various aspects and examples 
disclosed herein are for purposes of illustration and are not 
intended to be limiting, with the true scope and spirit being 
indicated by the following claims. 

What is claimed: 
1. An apparatus for implementing a shared cache architec­

ture, the apparatus comprising: 
a multi-core processor including a first subset of processor 

cores and a second subset of processor cores; 
a first shared cache memory configured to be accessible to 

the first subset of processor cores; and 
a second shared cache memory configured to be accessible 

to the second subset of processor cores, 
wherein the first subset of processor cores includes differ­

ent processor cores than the second subset of processor 
cores. 

2. The apparatus of claim 1, further comprising: 
a module configured to store a first copy of shared data in 

the first shared cache memory and to store a second copy 
of the shared data in the second shared cache memory. 

3. The apparatus of claim 1, wherein the multi-core pro­
cessor includes a third subset of processor cores, the appara­
tus further comprising: 

a third shared cache memory configured to be accessible to 
the third subset of processor cores, 
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wherein the third subset of processor cores includes differ­
ent processor cores than the first subset of processor 
cores and the second subset of processor cores. 

4. The apparatus of claim 1, wherein the first shared cache 
memory comprises cache memory adjacent to the first subset 
of processor cores, and wherein the second shared cache 
memory comprises cache memory adjacent to the second 
subset of processor cores. 

5. The apparatus of claim 1, wherein the first shared cache 
mell:1;o~ comprises cache memory having closer physical 
prox1m1ty to the first subset of processor cores than to the 
second subset of processor cores. 

6. The apparatus of claim 1, further comprising: 
main memory configured to be accessible to both the first 

subset of processor cores and the second subset of pro­
cessor cores. 

7. The apparatus of claim 1, further comprising: 
a first plurality oflow level cache memories, each low level 

cache memory of the first plurality of low level cache 
memories associated with a different processor core of 
the first subset of processor cores. 

8. The apparatus of claim 7, further comprising: 
a second plurality of low level cache memories each low 

level cache memory of the second plurality of low level 
cache memories associated with a different processor 
core of the second subset of the processor cores. 

9. The apparatus of claim 1, wherein the multi-core pro­
cessor, the first shared cache memory and the second shared 
cache memory comprise a single semiconductor die. 

10. A method of sharing cache memory by processor cores 
of a multi-core processor, the method comprising: 

accessing a first shared cache memory by one or more 
processor cores of a first plurality of processor cores; 
and 

accessing a second shared cache memory by one or more 
processor cores of a second plurality of processor cores 

wherein the first plurality of processor cores includes dif~ 
ferent processor cores than the second plurality of pro­
cessor cores. 

11. The method of claim 10, further comprising: 
storing a first copy of shared data in the first shared cache 

memory; and 
storing a second copy of the shared data in the second 

shared cache memory. 
12. The method of claim 10, further comprising: 
accessing a third shared cache memory by one or more 

processor cores of a third plurality of processor cores, 
wherein the third plurality of processor cores includes dif­

ferent processor cores than the first plurality of proces­
sor cores and the second plurality of processor cores. 

13. The method of claim 10, further comprising: 
accessing a first local cache memory by a first processor 

core of the first plurality of processor cores; and 
accessing a second local cache memory by a second pro­

cessor core of the first plurality of processor cores. 
14. A shared cache system, the system comprising: 
a multi-core processor including a first subset of processor 

cores and a second subset of processor cores; 
a first shared cache memory configured to be accessible to 

the first subset of processor cores; 
a second shared cache memory configured to be accessible 

to the second subset of processor cores, 

7 
May 26, 2011 

a plurality of local cache memories, each local cache 
memory of the plurality of local cache memories con­
figured to be accessible to a respective one of the pro­
cessor core of the first and second subsets of processor 
cores; and 

main memory configured to be accessible to the first and 
second subsets of processor cores. 

15. The system of claim 14, further comprising: 
a module configured to store a first copy of shared data in 

the first shared cache memory and to store a second copy 
of the shared data in the second shared cache memory. 

16. The system of claim 14, wherein the multi-core pro-
cessor includes a third subset of processor cores, the system 
further comprising: 

a third shared cache memory configured to be accessible to 
the third subset of processor cores. 

17. The system of claim 14, wherein the first shared cache 
memory comprises cache memory adjacent to the first subset 
of processor cores, and wherein the second shared cache 
memory comprises cache memory adjacent to the second 
subset of processor cores. 

18. The system of claim 14, wherein the first shared cache 
memory comprises cache memory having closer physical 
proximity to the first subset of processor cores than to the 
second subset of processor cores. 

19. The system of claim 14, wherein the multi-core pro­
cessor, the plurality oflocal cache memories, the first shared 
cache memory and the second shared cache memory com­
prise a single semiconductor die. 

2_0. An article comprising: a computer program product 
havmg stored therein instructions that, if executed, result in: 

accessing a first shared cache memory by one or more 
processor cores of a first plurality of processor cores· 
and ' 

accessing a second shared cache memory by one or more 
processor cores of a second plurality of processor cores 

wherein the first plurality of processor cores includes dif~ 
ferent processor cores than the second plurality of pro­
cessor cores. 

21. The article of claim 20, the computer program product 
having stored therein further instructions that if executed 
result in: ' ' 

storing a first copy of shared data in the first shared cache 
memory; and 

storing a second copy of the shared data in the second 
shared cache memory. 

22. The article of claim 20, the computer program product 
having stored therein further instructions that if executed 
result in: ' ' 

accessing a third shared cache memory by one or more 
processor cores of a third plurality of processor cores 

wherein the third plurality of processor cores includes dif­
ferent processor cores than the first plurality of proces­
sor cores and the second plurality of processor cores. 

23. The article of claim 20, the computer program product 
having stored therein further instructions that if executed 
result in: ' ' 

accessing a first local cache memory by a first processor 
core of the first plurality of processor cores; and 

accessing a second local cache memory by a second pro­
cessor core of the first plurality of processor cores. 

* * * * * 
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