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(57) ABSTRACT

Embodiments of the disclosure generally set forth techniques
for handling communication between processor cores. Some
example multi-core processors include a first set of processor
cores in a first region of the multi-core processor configured
to dynamically receive a first supply voltage and a first clock
signal, a second set of processor cores in a second region of
the multi-core processor configured to dynamically receive a
second supply voltage and a second clock signal, and an
interface block coupled to the first set of processor cores and
the second set of processor cores, wherein the interface block
is configured to facilitate communications between the first
set of processor cores and the second set of processor cores.

23 Claims, 5 Drawing Sheets
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communication with the first region;
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the first region

E 504 a signal bearing . 1 906 a communication :
' medium ! ! medium :

medium

508 a computer readable !
medium

510 a recordable

Apple Exhibit 1001
Apple Inc. v. Redstone Logics LLC
IPR2025-01532, Page 6 of 12



US 8,549,339 B2

1
PROCESSOR CORE COMMUNICATION IN
MULTI-CORE PROCESSOR

BACKGROUND OF THE DISCLOSURE

A multi-core processor includes two or more independent
processor cores arranged in an array. Each processor corein a
conventional multi-core processor generally shares the same
supply voltage and clock signal to simplify the interfaces
between the processor cores. For power consumption man-
agement, dynamic supply voltage and clock speed control
may be utilized, so that a multi-core processor may operate at
high power and high clock frequency when needed and at low
power when the computing requirements are reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present disclosure
will become more fully apparent from the following descrip-
tion and appended claims, taken in conjunction with the
accompanying drawings. 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.

FIG. 1 illustrates an example configuration of a multi-core
processor;

FIG. 2 is a block diagram illustrating an example set of
processor cores with example interface blocks having level
shifters;

FIG. 3 is another block diagram illustrating an example set
of processor cores with example interface blocks having syn-
chronizers;

FIG. 4 is a flow chart illustrating an example transition
processing routine for managing a clock frequency change;
and

FIG. 5is a block diagram illustrating an example computer
program product for handling processor core communication
in a multi-core processor; all arranged in accordance with at
least some embodiments of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar compo-
nents, 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 pre-
sented here. It will be readily understood that the aspects of
the present disclosure, as generally described herein, and
illustrated in the Figures, can be arranged, substituted, com-
bined, and designed in a wide variety of different configura-
tions, all of which are explicitly contemplated and make part
of this disclosure.

This disclosure is drawn, inter alia, to devices, methods,
systems, and computer programs related to power manage-
ment for a multi-core processor.

A multi-core processor may include multiple processor
cores arranged in an array. A power profile associated with an
individual processor core may be controlled through signals
that may be received from control blocks that are located in
the periphery of the multi-core processor. The power profile
may include, without limitation, one or more power-supply
voltages of the core processor, clock rates of the core proces-
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sor, clock multipliers of the core processor, power throttling
of the core processor, and/or sleep state cycles of the core
processor.

FIG. 1 illustrates an example configuration of a multi-core
processor 100 that is arranged in accordance with at least
some embodiments of the present disclosure. The multi-core
processor 100 may include multiple processor cores 102
arranged in rows and columns in a 2-dimensional array in an
integrated circuit. A processor core may be coupled with
adjacent processor cores through an interface circuit 120. In
some implementations, the processor cores 102 may be hori-
zontally coupled to one another, vertically coupled to one
another, and/or diagonally coupled to one another by the
interface circuit 120. In some example implementations, the
processor core 102 located on one edge of the multi-core
processor 100 may also be coupled to the processor core 102
on the opposite edge with a wrap-around connection 122,
which may be employed to ensure a continuous connection
among the processor cores in the same row and/or column.

The multi-core processor 100 may be further divided into
regions. In some implementations, the regions of multi-core
processor 100 may correspond to rows of the two-dimen-
sional array, and the regions may or may not be overlapping.
Each row of processors may also be referred to as a “stripe.”
For example, the multi-core processor 100 may be divided
into stripes 112, 114, 116, and 118. Each stripe may be asso-
ciated with an independent power profile. For example, the
stripe 112 may be powered by a supply voltage received from
a power control block 108 and/or may be associated with an
independent clock domain defined by a clock signal received
from a clock control block 110. In some implementations, the
power control block 108 and the clock control block 110 may
be arranged at two different sides of the multi-core processor
100 as shown in FIG. 1. In some other implementations, the
power control block 108 and the clock control block 110 may
be arranged at the same side of the multi-core processor 100.
In yet some other implementations, the power control block
108 and the clock control block 110 may be arranged in a
common area located near the center of the multi-core pro-
cessor 100.

The power profile associated with a stripe may be deter-
mined based on the computational requirements of the tasks
assigned to the processor cores in the stripe. In some imple-
mentations, sensors placed at the input of each processor core
may be configured to measure the supply voltage and the local
temperature for the processor core. The measured supply
voltage and local temperature may be maintained in the
power control block 108. One or more performance counters
associated with each processor core may also provide feed-
back to the power control block 108. Based on the measured
operational information (e.g., supply voltage and local tem-
perature) and the performance data, the power control block
108 may then be configured to select a supply voltage for each
strip. For example, the tasks with the highest computational
requirements may be scheduled into the topmost stripe, such
as the stripe 112. The stripe 112 may be configured to operate
at a high supply voltage. The tasks with lesser computational
requirements may be scheduled into the stripe 114 and so
forth. The stripes 114, 116, and 118 thus may be configured to
operate lower supply voltages.

In some implementations, supply voltages to the stripes
may be selected such that the selected supply voltages for
adjacent stripes may differ by a limited amount. This limited
amount may be based on a relationship between the output
voltage level associated with one stripe and the input voltage
level associated with an adjacent stripe. For example, suppose
the stripe with the higher supply voltage (e.g., the stripe 112)
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may be associated with an output voltage level (e.g.,V,). V,
needs to fall reliably within an acceptable input voltage level
range (e.g., V,, to V,_) for an adjacent stripe (e.g., the stripe
114). In other words, the power control block 108 may be
configured to select the supply voltages to the stripe 112 and
the stripe 114, so that the aforementioned relationship
between V, and range V,, to V,_ may be maintained.

To maintain the limited differential relationship discussed
above, adjusting the supply voltage to one stripe may involve
adjusting the supply voltages to the other stripes. To illustrate,
suppose the power control block 108 may adjust the supply
voltage to the stripe 112. To maintain the limited differential
relationship, the power control block 108 may adjust the
supply voltages to the stripes 118, 116, and 114 before adjust-
ing the supply voltage to the stripe 112.

Although dynamically adjusting the power profile for a
stripe in response to changes in computational requirements
may reduce power consumption for a multi-core processor,
such adjustments may take some period of time to stabilize.
To further illustrate the interfaces that facilitate communica-
tion between two processor cores in the multi-core processor
100, a subset 150 of processor cores 152,154, and 156 of FIG.
1 may be selected. The processor core 152 belongs to the
stripe 112; the processor core 154 belongs to the stripe 114;
and the processor core 156 belongs to the stripe 116.

FIG. 2 is a block diagram illustrating an example subset
150 of processor cores with example interface blocks having
level shifters, arranged in accordance with at least some
embodiments of the present disclosure. The processor core
152 may be powered by a supply voltage 1 and coupled to an
interface block 200 having a level shifter 202; the processor
core 154 may be powered by a supply voltage 2 and coupled
to the same interface block 200; and the processor core 156
may be powered by a supply voltage 3 and coupled to an
interface block 204 having a level shifter 206. In some imple-
mentations, the inputs of the level shifter 202 may be the
supply voltage 1 and the supply voltage 2, and the inputs of
the level shifter 206 may be the supply voltage 2 and the
supply voltage 3. The supply voltage 1, the supply voltage 2,
and the supply voltage 3 may come from a power control
block, such as the power control block 108 of FIG. 1.

When the processor core 152 of the stripe 112 sends a
signal to the processor core 154 of the stripe 114, in some
implementations, the output voltage of the level shifter 202
may be tied to the supply voltage 2, and the input voltage of
the level shifter 202 may be tied to the supply voltage 1. The
level shifters are arranged to translate the signal levels such
that each of the processor cores operates correctly (e.g., the
processor cores properly interpret the voltages as valid logic
levels even though processor cores are powered by different
supply voltages). Here, the level shifter 202 may be adapted to
translate first logic levels associated with the stripe 112 to
second logic levels associated with the stripe 114, and the
level shifter 202 may be referenced to the supply voltage 2.
On the other hand, when the processor core 154 of the stripe
114 sends a signal to the processor core 152 of the stripe 112,
the output voltage of the level shifter 202 may be tied to the
supply voltage 1, and the input voltage of the level shifter 202
may be tied to the supply voltage 2. In other words, the level
shifter 202 may be adapted to translate second logic levels
associated with the stripe 114 to first logic levels associated
with stripe 112, and the level shifter 202 may be referenced to
the supply voltage 1. The relationships among the supply
voltage 1, supply voltage 2, and the level shifter 202 described
above similarly apply to the relationships among the supply
voltage 2, supply voltage 3, and the level shifter 206.
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FIG. 3 is another block diagram illustrating an example
subset 150 of processor cores with example interface blocks
having synchronizers, arranged in accordance with at least
some embodiments of the present disclosure. The processor
core 152 may be driven by a clock signal 1 and coupled to an
interface block 300 having a synchronizer 302; the processor
core 154 may be driven by a clock signal 2 and coupled to the
same interface block 300; and the processor core 156 may be
driven by a clock signal 3 and coupled to an interface block
304 having a synchronizer 306. In some implementations, the
clock signal 1, the clock signal 2, the clock signal 3, and the
respective phase lock loops (PLLs) may be a part of a clock
control block, such as the clock control block 110. The pro-
cessing results of the PLL blocks may be fed back to a tran-
sition processing routine 308. Commands generated by the
transition processing routine 308 may also be sent to the
synchronizer 302 and/or the synchronizer 306.

As discussed above, when the power profile for a stripe
changes, such as a change in clock frequency, the clock signal
for the stripe may become unstable. To handle such a situa-
tion, FIG. 4 is a flow chart illustrating an example transition
processing routine 400 for managing a clock frequency
change, arranged in accordance with at least some embodi-
ments of the present disclosure. For ease of description, the
transition processing routine 400 is described in terms of a set
of processor cores and interface blocks substantially similar
to those described previously with respect to FIG. 3. The
transition processing routine 400 may include one or more
functions, operations, or actions as depicted by operations
402,404,406, 408, and/or 410. In some implementations, the
various features of the illustrated operations for the transition
processing routine 400 may be combined into fewer opera-
tions, divided into additional operations, or eliminated based
on the desired result.

Processing for the transition processing routine 400 may
begin at operation 402, “receive clock frequency change
request.” Operation 402 may be followed by operation 404,
“idle communication between stripes.” Operation 404 may be
followed by operation 406, “examine PLL blocks of request-
ing stripe and adjacent stripe(s).” Operation 406 may be fol-
lowed by operation 408, “does each of PLL blocks acquire a
lock?” Operation 408 may be followed by either operation
406 when the decision logic tested at block 408 fails to be
satisfied (NO), or operation 410, “determine whether to
resume communication between stripes”, when the decision
logic tested at block 408 is satisfied (YES). Processing for the
routine may terminate after block 410.

For illustration, suppose the processor core 154 of the
stripe 114 in FIG. 3 is asked to change its clock frequency
based on the tasks that are being assigned to the stripe 114 for
processing. After having received the request in operation
402, the transition processing routine 400 may issue com-
mands to the synchronizer 302 and the synchronizer 306 in
operation 404 to idle the communications between the pro-
cessor core 154 and the processor core 152 and between the
processor core 154 and the processor core 156. Following
operation 404, the outputs of the PLL blocks for the stripes
that are adjacent to the stripe 114 may be examined in opera-
tion 406. Depending on whether the PLL blocks have
acquired locks as determined in operation 408, the transition
processing routine 400 may decide in operation 410 whether
the transition sequence has occurred properly and the com-
munication between the stripes may resume.

In some implementations, after each of the PLL block 1,
PLL block 2, and PLL block 3 is determined to have acquired
a lock of its respective clock signal in operation 408, a stable
clock signal may be sent to the processor core 154 and also the
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synchronizer 302 and the synchronizer 306. Then, the syn-
chronizer 302 may be configured to synchronize the clock
signal 1 and the clock signal 2 for the communication
between the processor core 152 and the processor core 154.
Similarly, the synchronizer 306 may be configured to syn-
chronize the clock signal 2 and the clock signal 3 for the
communication between the processor core 154 and the pro-
cessor core 156.

FIG. 5 is a block diagram illustrating a computer program

6

ing 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 and/or channel, a
wireless communication link and/or channel, etc.).

product 500 for handling processor core communicationina 10  Those skilled in the art will recognize that it is common
multi-core processor in accordance with at least some within the art to describe devices and/or processes in the
embodiments of the present disclosure. Computer program fashion set forth herein, and thereafter use engineering prac-
product 500 may include one or more sets of executable tices to integrate such described devices and/or processes into
instructions 502 for executing the transition processing rou- data processing systems. That is, at least a portion of the
tine described above and illustrated in FIG. 4. Computer 15 devices and/or processes described herein can be integrated
program product 500 may be transmitted in a signal bearing into a data processing system via a reasonable amount of
medium 504 or another similar communication medium 506. experimentation. Those having skill in the art will recognize
Computer program product 500 may also be recorded in a that a typical data processing system generally includes one
computer readable medium 508 or another similar recordable or more of a system unit housing, a video display device, a
medium 510. 20 memory such as volatile and non-volatile memory, proces-
There is little distinction left between hardware and soft- sors such as microprocessors and digital signal processors,
ware implementations of aspects of systems; the use of hard- computational entities such as operating systems, drivers,
ware or software is generally (but not always, in that in certain graphical user interfaces, and applications programs, one or
contexts the choice between hardware and software can more interaction devices, such as a touch pad or screen,
become significant) a design choice representing cost vs. 25 and/or control systems including feedback loops and control
efficiency tradeoffs. There are various vehicles by which pro- motors (e.g., feedback for sensing position and/or velocity;
cesses and/or systems and/or other technologies described control motors for moving and/or adjusting components and/
herein can be effected (e.g., hardware, software, and/or firm- or quantities). A typical data processing system may be
ware), and that the preferred vehicle will vary with the context implemented utilizing any suitable commercially available
in which the processes and/or systems and/or other technolo- 30 components, such as those typically found in data computing/
gies are deployed. For example, if an implementer determines communication and/or network computing/communication
that speed and accuracy are paramount, the implementer may systems.
opt for a mainly hardware and/or firmware vehicle; if flex- The herein described subject matter sometimes illustrates
ibility is paramount, the implementer may opt for a mainly different components contained within, or connected with,
software implementation; or, yet again alternatively, the 35 different other components. It is to be understood that such
implementer may opt for some combination of hardware, depicted architectures are merely exemplary, and that in fact
software, and/or firmware. many other architectures can be implemented which achieve
The foregoing detailed description has set forth various the same functionality. In a conceptual sense, any arrange-
embodiments of the devices and/or processes via the use of ment of components to achieve the same functionality is
block diagrams, flowcharts, and/or examples. Insofar as such 40 effectively “associated” such that the desired functionality is
block diagrams, flowcharts, and/or examples contain one or achieved. Hence, any two components herein combined to
more functions and/or operations, it will be understood by achieve a particular functionality can be seen as “associated
those within the art that each function and/or operation within with” each other such that the desired functionality is
such block diagrams, flowcharts, or examples can be imple- achieved, irrespective of architectures or intermedial compo-
mented, individually and/or collectively, by a wide range of 45 nents. Likewise, any two components so associated can also
hardware, software, firmware, or virtually any combination be viewed as being “operably connected”, or “operably
thereof. In one embodiment, several portions of the subject coupled”, to each other to achieve the desired functionality,
matter described herein may be implemented via Application and any two components capable of being so associated can
Specific Integrated Circuits (ASICs), Field Programmable also be viewed as being “operably couplable”, to each other to
Gate Arrays (FPGAs), digital signal processors (DSPs), or 50 achieve the desired functionality. Specific examples of oper-
other integrated formats. However, those skilled in the art will ably couplable include but are not limited to physically mate-
recognize that some aspects of the embodiments disclosed able and/or physically interacting components and/or wire-
herein, in whole or in part, can be equivalently implemented lessly interactable and/or wirelessly interacting components
in integrated circuits, as one or more computer programs and/or logically interacting and/or logically interactable com-
running on one or more computers (e.g., as one or more 55 ponents.
programs running on one or more computer systems), as one With respect to the use of substantially any plural and/or
Or more programs running on one or more processors (e.g., as singular terms herein, those having skill in the art can trans-
one or more programs running on one or more microproces- late from the plural to the singular and/or from the singular to
sors), as firmware, or as virtually any combination thereof, the plural as is appropriate to the context and/or application.
and that designing the circuitry and/or writing the code for the 60 The various singular/plural permutations may be expressly
software and or firmware would be well within the skill of one set forth herein for sake of clarity.
of'skill in the art in light of this disclosure. In addition, those Itwill be understood by those within the art that, in general,
skilled in the art will appreciate that the mechanisms of the terms used herein, and especially in the appended claims
subject matter described herein are capable of being distrib- (e.g., bodies of the appended claims) are generally intended
uted as a program product in a variety of forms, and that an 65 as “open” terms (e.g., the term “including” should be inter-

illustrative embodiment of the subject matter described
herein applies regardless of the particular type of signal bear-

preted as “including but not limited to,” the term “having”
should be interpreted as “having at least,” the term “includes™
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should be interpreted as “includes but is not limited to,” etc.).
It will be further understood 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 following appended
claims may contain usage of the introductory phrases “at least
one” and “one or more” to introduce claim recitations. How-
ever, the use of such phrases should not be construed to imply

8

an interface block coupled to the first set of processor cores
and also coupled to the second set of processor cores,
wherein the interface block is configured to facilitate
communication between the first set of processor cores
and the second set of processor cores.

2. The multi-core processor of claim 1, wherein the inter-
face block further comprises a first level shifter that is refer-
enced to the second supply voltage and adapted to translate
first logic levels associated with the first set of processor cores

that the introduction of a claim recitation by the indefinite 10 4 d Togic level iated with th d set of
articles “a” or “an” limits any particular claim containing O secon og}c ev; s as;ocui ¢ Wll. F secoE Isie o pro%
such introduced claim recitation to inventions containing cessor cores for a lirst signal traveling lrom the first set o
only one such recitation, even when the same claim includes processor cores to the second set of processor cores. -
the introductory phrases “one or more” or “at least one” and 3. The multi-core processor of claim 1, Wherel.n the 1nte.r-
indefinite articles such as “a” or “an” (e.g., “a” and/or “an” 15 face block further comprises a second level shifter that is
should typically be interpreted to mean “at least one” or “one referenced .to the first supply Volt.age and adapted to translate
or more”); the same holds true for the use of definite articles second logic levels associated with the second set of proces-
used to introduce claim recitations. In addition, even if a sor cores to first logic levels associated with the first set of
specific number of an introduced claim recitation is explicitly processor cores for a second signal traveling from the second
recited, those skilled in the art will recognize that such reci- 20 set of processor cores to the first set of processor cores.
tation should typically be interpreted to mean at least the 4. The multi-core processor of claim 1, wherein the inter-
recited number (e.g., the bare recitation of “two recitations,” face block further comprises a synchronizer configured to
without other modifiers, typically means at least two recita- synchronize the first clock signal and the second clock signal
tions, or two or more recitations). Furthermore, in those for communication between one or more processor cores of
instances where a convention analogous to “at least oneof A, 25 the first set of processor cores and one or more processor
B, and C, etc” is used, in general such a construction is cores of the second set of processor cores.
intended in the sense one having skill in the art would under- 5. The multi-core processor of claim 1, wherein the first set
stand the convention (e.g., “a system having at least one of A, of processor cores and the second set of processor cores are
B, and C” would include but not be limited to systems that configured to receive one or more control signals from one or
have A alone, B alone, C alone, A and B together, A and C 30 more control blocks located in a periphery of the multi-core
together, B and C together, and/or A, B, and C together, etc.). processor.
In those instances where a convention analogous to “at least 6. The multi-core processor of claim 5, wherein the first set
oneof A, B, or C, etc.” is used, in general such a construction of processor cores is adjacent to the second set of processor
is intended in the sense one having skill in the art would cores, and the one or more control blocks are configured to
understand the convention (e.g., “a system having at least one 35 select the first supply voltage and the second supply voltage to
of'A, B, or C” would include but not be limited to systems that maintain a differential relationship between the first supply
have A alone, B alone, C alone, A and B together, A and C voltage and the second supply voltage.
together, B and C together, and/or A, B, and C together, etc.). 7. The multi-core processor of claim 6, wherein the differ-
It will be further understood by those within the art that ential relationship is based on having an output voltage level
virtually any disjunctive word and/or phrase presenting two 40 associated with the first set of processor cores to be within an
or more alternative terms, whether in the description, claims, acceptable input voltage level associated with the second set
or drawings, should be understood to contemplate the possi- of processor cores.
bilities of including one of the terms, either of the terms, or 8. The multi-core processor of claim 1, wherein the first set
both terms. For example, the phrase “A or B” will be under- of processor cores are located in a first region of the multi-
stood to include the possibilities of “A” or “B” or “A and B> 45 core processor, and the second set of processor cores are
While various aspects and embodiments have been dis- located in a second region of the multi-core processor.
closed herein, other aspects and embodiments will be appar- 9. The multi-core processor of claim 8, wherein the first
ent to those skilled in the art. The various aspects and embodi- region and the second region are overlapping regions of the
ments disclosed herein are for purposes of illustration and are multi-core processor.
not intended to be limiting, with the true scope and spirit 50  10. The multi-core processor of claim 8, wherein the first
being indicated by the following claims. region and the second region are non-overlapping regions of
We claim: the multi-core processor.
1. A multi-core processor, comprising: 11. The multi-core processor of claim 8, wherein the first
a first set of processor cores of the multi-core processor, region corresponds to a first row of the multi-core processor,
wherein each processor core from the first set of proces- 55 and wherein the second region corresponds to a second row of
sor cores is configured to dynamically receive a first the multi-core processor.
supply voltage and a first output clock signal of a first 12. The multi-core processor of claim 1, wherein the inter-
phase lock loop (PLL) having a first clock signal as face block is configured to idle communications between the
input; first set of processor cores and the second set of processor
asecond set of processor cores of the multi-core processor, 60 cores when one or more of the first output clock signal and/or
wherein each processor core from the second set of the second output clock signal is determined to have changed.
processor cores is configured to dynamically receive a 13. The multi-core processor of claim 12, wherein the
second supply voltage and a second output clock signal interface block is configured to resume communication
of'a second PLL having a second clock signal as input, between the first set of processor cores and the second set of
wherein the first supply voltage is independent from the 65 processor cores after one or more of the first output clock

second supply voltage, and the first clock signal is inde-
pendent from the second clock signal; and

signal and/or the second output clock signal is determined to
have stabilized.
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14. The multi-core processor of claim 1, wherein the first
set of processor cores and the second set of processor cores
are configured to receive one or more control signals from one
or more control blocks located in a common region that is
substantially central to the first set of processor cores and the
second set of processor cores.

15. A method for managing communications in a multi-
core processor that includes a plurality of processor cores
having a first set of processor cores and a second set of

10

of processor cores has also acquired a second lock sig-
nal, wherein the first clock signal is independent from
the second clock signal.

19. The non-transitory computer-readable medium of
claim 18, further including a sequence of instructions, which
when executed by the computing device, causes the comput-
ing device to determine whether a third phase lock loop
operation associated with a third set of processor cores in the
multi-core processor has acquired a third lock signal before

P ling commieations bevwen the fst set of processor 55U (1 second ommand. wherein th third st of proces-
cores and the second set of processor cores in response to sorzzore}shl s adj actent tgtthe first set tOf prozesbslo r corzs.. £
a clock frequency change request for the first set of -0 e non-transitory - computer-readable medium o
processor cores; and claim 19, wherein the second set of processor cores is adja-
resuming communications between the first set of proces- 15 cerétltoAthe ﬁlrs tset of processor cores. )
sor cores and the second set of processor cores after - A Mulli-COre Processor, comprising:
having determined that a first phase lock loop operation a first set of processor cores of the multi-core processor,
associated with a first clock signal for the first set of wherein eaph processor core from the first set gfproces-
processor cores has acquired a first lock signal and a sor clores lls corilﬂﬁgured to dynam1calllbyl relzelvz a grst
second phase lock loop operation associated with a sec- 20 SUPPLY Vlo t§g§ roinfa powgr corﬁro 1 Oi lan aPLIEt
ond clock signal for the second set of processor cores has output clock signal from a first phase lock loop (PLL)
also acquired a second lock signal, wherein the first having a first clock signal as input in a clock control
clock signal is independent from the second clock sig- block; .
nal a second set of processor cores of the multi-core processor,
16. The method of claim 15, wherein resuming communi- 25 wherein each processor core from the. second set of
cations further comprises having determined that a third procezsor colres 115 con?gure(lil to dynam1call¥brle Civeg
phase lock loop operation associated with a third set of pro- secon (siupp yvo ltaglf .romlt fe power Cong%LLoﬁ an
cessor cores in the multi-core processor has acquired a third asecon d olu tplil Le ocl sigha Fonllla sle Col? lbalvnf
lock signal, wherein the third set of processor cores is adja- asecond clock signal as mput in the clock control block,
cent to the first set of processor cores 0 wherein the first supply voltage is independent from the
17. The method of claim 16, wherein the second set of second supply voltage, and the ﬁFSt clock signal is inde-
processor cores is adjacent to the first set of processor cores. Pendent from the second clock signal; and
18. A non-transitory computer-readable medium contain- an interface block coupled to the first set of processor cores
ing a sequence of instructions to manage communications in an}(li al.s N choupled IEO thzlseior.ld seItlﬁof prc()icess?r glqres,
a multi-core processor that includes a plurality of processor 35 wherein t e.mteg ace 01C1 Ilisr co g}lre to facilitate
cores having a first set of processor cores and a second set of coglmhumcatlc:in etv;een the frst set ol processor cores
processor cores, which when executed by a computing and the second set of processor cores. .
device, causes the computing device to: 22. The multi-core processor of claim 21, wherein the
issu;: a first command to idle co uﬁications between the interface block is configured to idle communications between
first set of processor cores and the second set of proces- 40 the first set of processor cores and the second set of processor
sor cores in response to a clock frequency change cores when one or more of the first output clock signal and/or
request for the first set of processor cores; the second output clock signal is determined to have changed.
issue a second command fo resume coj unications 23. The multi-core processor of claim 22, wherein the
between the first set of processor cores and the second interface block is configured to resume communication
set of processor cores after having determined that a first 45 between the first set of processor cores and the second set of

phase lock loop operation associated with a first clock
signal for the first set of processor cores has acquired a
first lock signal and a second phase lock loop operation
associated with a second clock signal for the second set

processor cores after one or more of the first output clock
signal and/or the second output clock signal is determined to
have stabilized.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,549,339 B2 Page 1 of 1
APPLICATION NO. 1 12/713220

DATED : October 1, 2013

INVENTOR(S) : Wolfe et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page

In Item (56), under “OTHER PUBLICATIONS”, in Column 2, Line 1, delete “al” and insert -- al., --,
therefor.

In Item (56), under “OTHER PUBLICATIONS”, in Column 2, Line &, delete “al” and insert
-- al., --, therefor.

In Item (56), under “OTHER PUBLICATIONS”, in Column 2, Line 11, delete “al” and insert
-- al., --, therefor.

In Item (56), under “OTHER PUBLICATIONS”, in Column 2, Line 15, delete “Howlett-Packard” and
insert -- Hewlett-Packard --, therefor.
In the Specifications

In Column 5, Line 61, delete “and or” and insert -- and/or --, therefor.

In the Claims

In Column 9, Line 7, in Claim 15, delete “for managing™ and insert -- to manage --, therefor.

Signed and Sealed this
Sixth Day of May, 2014

Tecbatle ZX Loa

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Office
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