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(57) Abstract: The present disclosure describes methods, systems, and computer program products for a multiple-processor system.
The multiple-processor system includes a plurality of central processing unit (CPU) cores. Each of the plurality of CPU cores is con -
figured to operate in at least one of a plurality of CPU states. The plurality of CPU states includes a low-voltage memory retention
(NAP) state, an active state, and a shut-off state. The NAP state includes a sleep state that retains state memory. The multiple-pro -
cessor system also includes a voltage regulator that is configured to provide a NAP voltage to the plurality of CPU cores. The NAP
voltage is sufficient for at least one of the plurality of CPU cores to retain state information and the NAP voltage is lower than an
active state voltage. The multiple-processor system further includes a plurality of state control switches. Each of the plurality of state
control switches connects the voltage regulator to one of the plurality of CPU cores.
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METHOD AND APPARATUS FOR A MULTIPLE-PROCESSOR SYSTEM

CROSS REFERENCE
[0001] This application claims priority to U.S. non-provisional patent application Serial
No. 14/806,547, filed on July 22, 2015 and entitled “METHOD AND APPARATUS FOR A
MULTIPLE-PROCESSOR SYSTEM”, which is incorporated herein by reference as if
reproduced in its entirety.

TECHNICAL FIELD
[0002] This disclosure relates to data transmission in communication systems and, more

specifically, to a multiple-processor system that supports a low-voltage memory retention (NAP)

state.
[0003]
BACKGROUND
[0004] In some cases, a multiple-processor system may be a computing component

that includes two or more independent processing units. These processing units may be
referred to as “cores,” “Central Processing Units” (CPUs), or “CPU cores.” These
processing units may read and execute program instructions. The program instructions may
include adding, moving data, and branching. In some cases, the multiple-processor system
may run multiple instructions at the same time to increase overall speed for the execution of
the programs. In some cases, a user equipment may use a multiple-processor system for high-
performance and low-power operations. For example, a user equipment may use an MP system

that includes 4 or 8 cores.

SUMMARY
[0005] The present disclosure is directed to methods, systems, and computer program
products for a multiple-processor system. The multiple-processor system includes a plurality of
central processing unit (CPU) cores. Each of the plurality of CPU cores is configured to operate
in at least one of a plurality of CPU states. The plurality of CPU states includes a low-voltage
memory retention (NAP) state, an active state, and a shut-off state. The NAP state includes a
sleep state that retains state memory. The multiple-processor system also includes a voltage

regulator that is configured to provide a NAP voltage to the plurality of CPU cores. The NAP
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voltage is sufficient for at least one of the plurality of CPU cores to retain state information and
the NAP voltage is lower than an active state voltage. The multiple-processor system further
includes a plurality of state control switches. Each of the plurality of state control switches
connects the voltage regulator to one of the plurality of CPU cores.

[0006] The present disclosure further discloses a method for providing state transitions

in a multiple-processor system, wherein the multiple-processor system including a plurality of

central processing unit (CPU) cores. The method comprises operating a first CPU core of the

multiple-processor system in an active state, wherein the first CPU core is configured to operate

in one of a plurality of CPU states, the plurality of CPU states includes a low-voltage memory

retention (NAP) state, an active state, and a shut-off state, and the NAP state comprises a sleep

state that retains state memory; receiving a NAP voltage from a voltage regulator, wherein the

NAP voltage is sufficient for the first CPU core to retain state information and the NAP voltage

is lower than an active state voltage , and the voltage regulator is configured to provide a NAP

voltage to the plurality of CPU cores of the multiple-processor system; and transitioning, in

response to receiving the NAP voltage, the first CPU core from the active state to the NAP state.
[0007] The present disclosure also discloses a use equipment (UE). The UE comprises

a multiple-processor system comprising a plurality of central processing unit (CPU) cores,

wherein each of the plurality of CPU cores is configured to operate in at least one of a plurality

of CPU states, the plurality of CPU states including a low-voltage memory retention (NAP)

state, an active state, and a shut-off state, wherein the NAP state comprises a sleep state that

retains state memory; a voltage regulator that is configured to provide a NAP voltage to the

plurality of CPU cores, wherein the NAP voltage is sufficient for at least one of the plurality of

CPU cores to retain state information and the NAP voltage is lower than an active state voltage;

and a plurality of state control switches, wherein each of the plurality of state control switches

connects the voltage regulator to one of the plurality of CPU cores.

[0008] Other implementations of this aspect include corresponding user equipments

(UEs), apparatuses, computer-implemented methods, and computer programs recorded on one

or more computer storage devices, each configured to perform the actions of the methods. A

system of one or more computers can be configured to perform particular operations or actions

by virtue of having software, firmware, hardware, or a combination of software, firmware, or

hardware installed on the system that in operation causes the system to perform the actions.
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One or more computer programs can be configured to perform particular operations or actions
by virtue of including instructions that, when executed by data processing apparatus, cause the
apparatus to perform the actions.

[0009] The details of one or more implementations of the subject matter of this
specification are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will be apparent from the description, the

drawings, and/or the claims.

DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a high-level architecture block diagram of a multiple-processor (MP)
system with multiple voltage regulators according to an implementation.

[0011] FIG. 2 is a high-level architecture block diagram of an MP system with multiple
voltage regulators according to another implementation.

[0012] FIG. 3 is a high-level architecture block diagram of an MP system that uses one
voltage regulator to provide voltages for multiple central processing unit (CPU) cores according
to an implementation.

[0013] FIG. 4 is a high-level architecture block diagram of an MP system that uses two
voltage regulators to provide input voltages for four CPU cores according to an implementation.

[0014] FIG. 5 is a high-level architecture block diagram of an MP system that is
implemented in a big.LITTLE architecture according to an implementation.

[0015] FIG. 6A is a high-level architecture block diagram of an MP system that includes
a digital NAP state controller according to an implementation.

[0016] FIG. 6B is a high level block diagram illustrating an example SMP-ASMP state
transition process according to an implementation.

[0017] FIG. 7 is a high-level architecture block diagram of an MP system that accesses
cache data between CPU cores according to an implementation.

[0018] FIG. 8A is a high-level architecture block diagram of an MP system that
transitions between different states according to an implementation.

[0019] FIG. 8B is a timing diagram that illustrates a process for transitioning from an

active state to a low-voltage memory retention (NAP) state according to an implementation.
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[0020] FIG. 8C is a timing diagram that illustrates a process for transitioning from a NAP
state to an active state according to an implementation.

[0021] FIG. 9 is a chart that illustrates a process for transitioning between CPU states
according to an implementation.

[0022] FIG. 10 is a flow chart illustrating an example method for CPU state transitions in

an MP system according to an implementation.

[0023] Like reference numbers and designations in the various drawings indicate like
elements.

DETAILED DESCRIPTION
[0024] The following detailed description is presented to enable any person skilled in the

art to make, use, and/or practice the disclosed subject matter, and is provided in the context of
one or more particular implementations. Various modifications to the disclosed implementations
will be readily apparent to those skilled in the art, and the general principles defined herein may
be applied to other implementations and applications without departing from the scope of the
disclosure. Thus, the present disclosure is not intended to be limited to the described and/or
illustrated implementations but is to be accorded the widest scope consistent with the principles
and features disclosed herein.

[0025] In some cases, a user equipment (UE) may include a multiple-processor (MP)
system. In some cases, a CPU core of the multiple-processor system may operate in different
CPU states. For example, a CPU core may operate in an active state. During the active state, the
CPU core may execute one or more program functions. In some cases, an active state voltage is
supplied to a CPU core that operates in the active state. In some cases, dynamic voltage
frequency scaling (DVFS) techniques may be used to provide active state voltage to a CPU core
operating in an active state. In a DVFS scheme, a dynamic range of voltage may be provided to
a CPU core depending on the task load that the CPU core is executing. For example, if the task
load is high, then the active state voltage may be at or near the top of the dynamic range. If the
task load is low, then the active state voltage may be at or near the bottom of the dynamic range.
In some cases, a CPU core that is supplied with different input voltage is also referred to as a
power domain.

[0026] In some cases, a CPU core may also operate in a shut_off state. During a shut_off
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state, the power input to the CPU core may be shut down. Therefore, in a shut_off state, the
input voltage to the CPU core may be at or close to 0, and the state information of the CPU core
may be lost. The state information of the CPU core may include the logic state, the transistor
state, the memory state, or a combination thereof. Operating the CPU cores in the shut_off state
may reduce power leakage and improve battery performance of the system. Therefore, in some
cases, the multiple-processor system may operate some CPU cores in the active state and some
CPU cores in the shut_off state. The multiple-processor system may determine the number of
CPU cores operating in the shut_off state based on the current task load of the system. However,
because the state information is lost in the shut_off state, the wakeup time to switch a CPU core
from a shut_off state to an active state may be long. For example, the wakeup time may include
the time to power up the CPU core, reload the state information, and turn on the clock.
Therefore, the latency of the system may be increased if the task load of the system increases
significantly.

[0027] In some cases, a CPU core may operate in a low-voltage memory retention (NAP)
state. In some cases, the NAP state may be a sleep state that retains the state information of the
CPU core. In some cases, a NAP voltage may be supplied to a CPU core that operates in a NAP
state. The NAP voltage may be lower than the active state voltage, and therefore the leakage for
the CPU core is reduced. The NAP voltage may also be high enough for the CPU core to retain
the state information. Therefore, the wakeup time to switch a CPU core from a NAP state to an
active state may be short. In some cases, the wakeup time may include the time to turn on the
clock.

[0028] In some cases, the UE may operate in ANDROID operation system (OS). In
these or other cases, the CPU cores in the multiple-processor system may operate in one of 4
states: CO, C1, C2, C3. The CO is an active state. A CPU core operating in CO is executing
instructions, while a CPU core operating in C1 does not execute instructions but can do so
instantly. A CPU core operating in C2 stops the clock. A CPU core operating in C3 is powered
down and not synchronized. In some cases, a CPU core operating in C2 can operate in a NAP
state, during which a NAP voltage is supplied and the state information is retained. A CPU core
operating in C3 can operate in a shut_off state. Alternatively or additionally, a CPU core
operating in C3 can operate in a NAP state, during which a NAP voltage is supplied and the state

information is retained.
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[0029] Turning to a general description, a UE may be referred to as mobile electronic
device, user device, mobile station, subscriber station, portable electronic device, mobile
communications device, wireless modem, or wireless terminal. Examples of a UE (e.g., the UE
102) may include a cellular phone, personal data assistant (PDA), smart phone, laptop, tablet
personal computer (PC), pager, portable computer, portable gaming device, wearable electronic
device, or other mobile communications device having components for communicating voice or
data via a wireless communication network. The wireless communication network may include
a wireless link over at least one of a licensed spectrum and an unlicensed spectrum.

[0030] Other examples of a UE include mobile and fixed electronic devices. A UE
may include a Mobile Equipment (ME) device and a removable memory module, such as a
Universal Integrated Circuit Card (UICC) that includes a Subscriber Identity Module (SIM)
application, a Universal Subscriber Identity Module (USIM) application, or a Removable
User Identity Module (R-UIM) application. The term “UE” can also refer to any hardware or
software component that can terminate a communication session for a user. In addition, the

k13

terms “user equipment,” “UE,” “user equipment device,” “user agent,” “UA,” “user device,”
and “mobile device” can be used synonymously herein.

[0031] In some cases, a voltage regulator may be used to provide active state voltage to a
CPU core. In some cases, the voltage regulator may be implemented in a different chip than the
CPU core. In some cases, multiple voltage regulators may be used to provide input voltages to
multiple CPU cores in an MP system. FIG. 1 is a high-level architecture block diagram of an
MP system 100 with multiple voltage regulators according to an implementation. As illustrated,
the MP system 100 includes 8 cores 102a-h and 8 voltage regulators 106a-h. As illustrated, each
voltage regulator is coupled with a corresponding core. In some cases, the cores 102a-h and the
voltage regulators 106a-h can be implemented on the same chip. For example, 102a-h and the
voltage regulators 106a-h can be implemented on a single integrated circuit die or multiple dies
in a single chip package. In some implementations, a voltage regulator may provide different
voltage levels according to the state that the corresponding CPU core operates in. For example,
if the core 102a operates in the NAP state, the corresponding voltage regulator 106a may provide
a NAP voltage to the core 102a. In some cases, the voltage regulator may include a bypass mode.
In the bypass mode, the output voltage level of the voltage regulator may be the same as the

input voltage level, e.g., VDD as illustrated in FIG. 1. The voltage regulator may use the bypass
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mode to provide the active state voltage to the corresponding CPU core.

[0032] FIG. 2 is a high-level architecture block diagram of an MP system 200 with
multiple voltage regulators according to another implementation. As illustrated, the MP system
200 includes 4 cores 202a-d and 4 voltage regulators 206a-d. As illustrated, each voltage
regulator is coupled with a corresponding core. Therefore, each voltage regulator can provide a
voltage to the corresponding core. Each core is also coupled with a corresponding switch to a
voltage source. In some implementations, if a core, e.g., the core 202a illustrated in FIG. 2,
operates in the NAP state, the corresponding switch, e.g., S1 illustrated in FIG. 2, is turned to an
open position. In this case, the corresponding voltage regulator, e.g., the voltage regulator 206a
illustrated in FIG. 2, can provide an output voltage, e.g., VR1_OUT illustrated in FIG. 2, at the
NAP state voltage level to the core 202a. If a core operates in the active state, the corresponding
switch may be turned to a closed position. Therefore, the voltage source may provide an active
state voltage level, e.g., VDD_IN illustrated in FIG. 2, to the core.

[0033] In some cases, using multiple voltage regulators to provide input voltages to the
CPU cores can increase the hardware overhead of the MP system. The increased hardware
overhead may increase the implementation complexity and the cost, in particular for the MP
systems that are implemented on the same chip, where the available footprint is limited.

[0034] In some cases, a voltage regulator may be used to provide NAP voltages to two or
more CPU cores. For example, a multiple-processor system may include at least two central
processing unit (CPU) cores. Each of the at least two CPU cores is configured to operate in at
least one of a plurality of CPU states. The plurality of CPU states includes a low-voltage
memory retention (NAP) state, an active state, and a shut-off state. The NAP state includes a
sleep state that retains state memory. The multiple-processor system also includes a voltage
regulator that is configured to provide a NAP voltage to the at least two CPU cores. The NAP
voltage corresponds to the NAP state. The multiple-processor system further includes a plurality
of switches. Each of the plurality of switches connects the voltage regulator to one of the at least
two CPU cores.

[0035] In some cases, the multiple-processor system includes a digital NAP state
controller that is configured to provide a control signal to the voltage regulator and controls an
output state transition sequence. The control signal configures an output state of the voltage

regulator. The output state represents a combined CPU state of the at least two CPU cores. The
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output state transition sequence includes a transition between different combined CPU states. In
some cases, the output state is selected from a reduced set of combined CPU states.

[0036] In some cases, the voltage regulator and the at least two CPU cores are
implemented on the same chip. In some cases, the voltage regulator is a low-dropout-voltage-
regulator (LDO). In some cases, the voltage regulator is a capless voltage regulator. In some
cases, the voltage regulator is configured to provide a bypass voltage to the first and the second
CPU cores, and the bypass voltage corresponds to a transient state.

[0037]In some cases, the multiple-processor system is implemented in a 4-core architecture or
an 8-core architecture. In some cases, the multiple-processor system is implemented in a
big.LITTLE architecture. The multiple-processor system includes at least two big CPU cores
and at least two little CPU cores. In some cases, the voltage regulator is configured to provide a
NAP voltage to at least one big CPU core and at least one little CPU core. In some cases, the
voltage regulator is configured to provide a NAP voltage to the at least two big CPU cores, and
the multiple-processor system further includes an additional voltage regulator that is configured
to provide a NAP voltage to the at least two little CPU cores. In some cases, the multiple-
processor system operates in ANDROID operating system (OS). In some cases, the multiple-
processor system includes a dynamic symmetric multiprocessing (SMP)-asymmetric
multiprocessing (ASMP) switching system. In some cases, the multiple-processor system
includes an SMP. In some cases, the multiple-processor system comprises an ASMP.

[0038] In some cases, the MP system described herein may provide one or more
advantages. For example, using one voltage regulator to provide input voltages to multiple
CPU cores can reduce the overhead for the MP system and, therefore, reduce the
implementation complexity of the system. Furthermore, using a digital NAP state controller
may further reduce the wakeup time and improve the speed performance of the multiple-
processor system. In addition, using a voltage regulator that provides a bypass voltage may
reduce transient noise in the multiple-processor system during the state transitions. Other
advantages will be apparent to those of ordinary skill in the art.

[0039] FIG. 3 is a high-level architecture block diagram of an MP system 300 that uses
one voltage regulator to provide voltages for multiple CPU cores according to an implementation.
The MP system 300 includes cores 302a-c. As illustrated, the cores 302a-c are coupled with

header switches 304a-c, respectively. The MP system 300 also includes a voltage regulator 306
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that provides voltages to the cores 302a-c through state control switches 308a-c.

[0040] Each of the cores 302a-c can include one or more processing components
(alternatively referred to as “processors” or “central processing units” (CPUs)) configured to
execute instructions related to one or more of the processes, steps, or actions described above in
connection with one or more of the implementations disclosed herein. In some implementations,
the cores 302a-c may be configured to execute program instructions such as adding, moving
data, and branching. In some implementations, the cores 302a-c may be configured to generate
control information for a UE, such as a measurement report, or respond to received information,
such as control information from a network node. The cores 302a-c may also be configured to
make a radio resource management decisions such as cell selection/reselection information or
triggering a measurement report for a UE.

[0041] As discussed previously, each of the cores 302a-c may operate in one of the CPU
states. The CPU states may include a shut-off state, an active state, or a NAP state. In some
cases, each of the cores 302a-c may switch from one CPU state to a different CPU state. The
cores 302a-c may operate in the same CPU state or different CPU states.

[0042] The header switches 304a-c include any electronic circuit elements that are
configured to connect the cores 302a-c with a supply voltage VDD. In some cases, as illustrated,
the header switches 304a-c may be implemented using distributed header switches.
Alternatively or in combination, the header switches 304a-c may be implemented using block
header switches. In some cases, e.g., when a core operates in an active state, the associated
header switch may be closed. Because the supply voltage VDD is provided to the header
switches, when the header switch is closed, the input voltage of the core may be equal to VDD.

[0043] In some cases, VDD is provided by a power management integrated circuit
(PMIC) chip. In some cases, the PMIC may be implemented on the same chip as the MP system
300. Alternatively, the PMIC may be implemented on a different chip than the MP system 300.
In some cases, the PMIC may set VDD to the voltage level for a core that operates in an active
state. In some cases, a core may operate in an active state using DVFS and, therefore, the VDD
may be set within the DVFS range.

[0044] As illustrated, the MP system 300 includes the voltage regulator 306. The voltage
regulator 306 is configured to provide a voltage VR_OUT to the cores 302a-c. In some cases,

the VR_OUT is set to a retention level for a core to operate in a NAP state. In some
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implementations, the retention level may be much lower than VDD but still sufficient for a core
to retain memory its logic and memory states.

[0045] In some cases, the voltage regulator 306 may be implemented using an LDO. An
LDO is a direct current (DC) linear voltage regulator. In some cases, the LDO can be configured
to regulate an output voltage when the LDO receives an input voltage that is close to the output
voltage. Using an LDO may reduce switching noise and system footprint and complexity.
Alternatively, the voltage regulator 306 may be implemented using other alternating (AC) or DC
voltage regulators.

[0046] In some cases, the voltage regulator 306 and the cores 302a-c may be
implemented on the same chip. For example, the voltage regulator 306 and the cores 302a-c may
be implemented on a single integrated circuit die, or onto multiple dies in a single chip
package. This approach may save the footprint of the MP system 300 and increase system
performance. In some cases, the voltage regulator 306 may be implemented using a capless
LDO. A capless LDO may be an LDO that does not include an external capacitor. For example,
the voltage regulator 306 may not be connected to another capacitor outside of the chip where
the voltage regulator 306 resides. Using a capless LDO may further reduce the footprint of the
MP system 300.

[0047] As illustrated, the MP system 300 includes the state control switches 308a-c. The
state control switches 308a-c include any electronic circuit elements that are configured to
connect the cores 302a-c with the voltage regulator 306. In operation, when a core operates in a
NAP state, the associated state control switch may be closed. When the state control switch is
closed, the input voltage of the core may be equal to VR_OUT. In some cases, VR_OUT is
much lower than the lower end of the DVFS range that is supplied by VDD. Therefore,
substantial leakage reduction may be provided. On the other hand, VR_OUT may be equal to or
higher than the retention voltage level that is required to retain state information in the core.
Therefore, the state information of the cores 302a-c may be retained when the state control
switches 308a-c are closed.

[0048] For example, when the core 302a operates in active state, the header switch 304a
is closed and the state control switch 308a is open. The input voltage VDD_INT]1 is equal to
VDD. When the core 302a operates in a NAP state, the header switch 304a is open and the state
control switch 308a is closed. The input voltage VDD_INTI is equal to VR_OUT. When the

10
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core 302a operates in a shut_off state, both the associated header switch 304a and the associated
state control switch 308a are open, and the VDD_INTT1 is equal to 0.

[0049] In some cases, the voltage regulator 306 may include a bypass mode. During the
bypass mode, the voltage regulator 306 may provide a bypass voltage to the cores 302a-c. In
some cases, the bypass voltage may be set to VDD. FIGS. 8A-8C and associated descriptions
provide additional details of these implementations.

[0050] In some cases, the voltage regulator 306 may be configured to operate in an
example configuration. The example configuration may include the following example
parameters: current between about 10mA to about 600 mA, voltage input about 0.6-0.8V,
voltage output about 0.8-1.1V, minimum dropout voltage about 100 mV, voltage output accuracy
about 5%, power supply rejection ratio about 40-45, settling time about 0.1 us, output capacitor
greater than about 1 nF, transient current about 50 mA per 50 ns, and etc. In some cases, the
voltage regulator 306 may be implemented using resistive-capacitive (RC)-delay slow-start
techniques. In some cases, the voltage regulator 306 may be implemented using optimized 16
nm FinFet transistors.

[0051] In some cases, as illustrated in FIG. 3, the MP system 300 may operate in a
symmetric multiprocessing (SMP) configuration. In an SMP system, the cores 302a-c may
operate with the same clock frequency and the same voltage supply. For example, the supply
voltage VDD may be common to the cores 302a-c. In some cases, the MP system 300 may
operate in an asymmetric multiprocessing (ASMP) configuration. In an ASMP system, the cores
302a-c may operate with different clock frequencies, different voltage supplies, or a combination
thereof. For example, a supply voltage VDD1 may be provided to the header switch 304a that is
coupled to the cores 302a, while a different supply voltage VDD2 may be provided to the header
switches 304b-c that are coupled to the cores 302b-c, respectively. Therefore, the cores 302b-c
operating in an active state may be provided with a different voltage level than the core 302a
operating in an active state.

[0052] In some cases, the MP system 300 may operate in a dynamic SMP-ASMP
switching configuration. In a dynamic SMP-ASMP switching configuration, the MP system 300
may switch between an SMP mode, where the supply voltages to the cores 302a-c are the same,
to an ASMP mode, where the supply voltages to the cores 302a-c are different. In some cases,

the dynamic SMP-ASMP switching system may provide an efficient power management scheme

11
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for the MP system 300 to execute applications with different processing loads.

[0053] In some cases, more than one voltage regulator can be used to provide input
voltages for the MP system. FIG. 4 is a high-level architecture block diagram of an MP system
400 that uses two voltage regulators to provide input voltages for four CPU cores according to an
implementation. As illustrated, the MP system 400 includes cores 402a-d and voltage regulator
406a-b. As illustrated, the cores 402a-d are coupled with header switches S1-S4, respectively.
The voltage regulator 406a provides NAP voltages to the cores 402a-b through state control
switches L1S1 and L1S2, respectively. The voltage regulator 406b provides NAP voltages to the
cores 402c-d through state control switches L2S1 and L2S2, respectively.

[0054] FIG. 5 is a high-level architecture block diagram of an MP system 500 that is
implemented in a big.LITTLE architecture according to an implementation. In some cases, the
big.LITTLE architecture can be used to implement an MP system. A big.LITTLE architecture is
a heterogeneous computing architecture that includes different types of CPU cores. The different
types of CPU cores can include a big CPU core, which is a type of high-performance CPU core.
The big CPU core may provide powerful computing performance, while consuming a high-level
of power. The different types of CPU cores can also include a little CPU core, which is a type of
low-performance CPU core. The little CPU core may be more power efficient, while providing
limited computing performance. Using the big. LITTLE architecture can enable the MP system
to adjust dynamically to the computing needs and use less power than clock scaling alone.
Examples of the big. LITTLE architecture include the ARM big.LITTLE architecture.

[0055] Referring to FIG. 5, the MP system 500 includes big cores 502a-d, little cores
504a-d, and voltage regulator 506a-b. As illustrated, the big cores 502a-d are coupled with
header switches S1-S4, respectively. The big cores 502a-d may form a cluster. The little cores
504a-d are coupled with header switches S5-S8, respectively. The little cores 504a-d may form
another cluster. As illustrated, a voltage regulator, e.g., the voltage regulator 506a, may provide
NAP voltage to the big cores 502a-d through state control switches L1S1-4, respectively.
Another voltage regulator, e.g., the voltage regulator 506b, may provide NAP voltage to the little
cores 504a-d through state control switches L2S1-4, respectively.

[0056] Alternatively or in combination, a voltage regulator may provide NAP voltages to
a big core and a little core. For example, the voltage regulator 506a may be coupled to the big

core 502a and the little core 504a through state control switches L.1S1 and L1S2 respectively. In
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this example, the voltage regulator 506a may provide NAP voltages to the big core 502a and the
little core 504a.

[0057] In some cases, a voltage regulator may operate in multiple states. Each state may
correspond to a combined CPU state of the cores to which the voltage regulator provides NAP
voltages. For example, if a core may operate in any one of the active states, the NAP state, and
the shut_off state, thus the number of the CPU states is 3. If a voltage regulator provides NAP
voltage to 3 cores, then there may be 27 combined CPU states, each representing a permutation
of the CPU states for the 3 cores. Each combined CPU state corresponds to a combination of
output voltages provided by the voltage regulator. The following provides an example
denotation of these states.

[0058] For example, we denote S for shut-off state, N for NAP state, and A for active
state. For a 3-core MP system, an example combined CPU state may be represented as “ANN,”
where “ANN” represents corel at active state and core2 and core3 at NAP state. Other example
combined CPU states may include “AAN,” “NSS,” or etc.

[0059] When the MP system operates in a turbo mode, the combined CPU state may be
“AAA.”’ If the cores use DVFS, the VDD for the cores may be set at the top range of the DVFS
range. When the MP system operates in a two-processor mode, the combined CPU state may be
“AAS,” or in some cases, “ANS” or “NNS” for power saving and quick resuming operations.

[0060] In some cases, the states of the voltage regulator can be controlled by software.
Alternatively or additionally, the states of the voltage regulator and the output voltages can be
controlled by hardware, e.g., a digital NAP state controller. FIG. 6A is a high-level architecture
block diagram of an MP system 600 that includes a digital NAP state controller according to an
implementation.

[0061] As illustrated, the MP system 600 includes cores 602a-d and a voltage regulator
606. As illustrated, the cores 602a-d are coupled with header switches S1-S4, respectively. The
voltage regulator 606 provides NAP voltages to the cores 602a-d through state control switches
L1S1-4, respectively.

[0062] The MP system 600 also includes a digital NAP state controller 610. The digital
NAP state controller 610 represents one or more hardware circuit elements that can be
configured to provide control signals to the voltage regulator 606, state control switches L1S1-4,

header switches S1-4, or a combination thereof. The control signals configure the output
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voltages of the voltage regulator 606 and the open/close positions of the state control switches
L1S1-4 based on the combined CPU states of the cores 602a-d. In one example, the combined
CPU state of the cores 602a-d is “ANNS.” In this example, the cores 602b-c operate in NAP
state. Therefore, the control signals may configure state control switches L1S2 and L1S3 to be at
the close position, the header switches S2-S3 to be at the open position, and the voltage regulator
606 to provide NAP voltages to cores 602b-c. The core 602a operates in the active state. The
control signals may configure state control switches L1S1 to be at the open position and the
header switches S1 to be at the close position. The core 602d operates in shut_off state. The
control signals may configure state control switches L.1S4 and the header switches S4 to be at the
open position.

[0063] The digital NAP state controller 610 includes a finite state machine (FSM) 612,
timers 614, and configuration/status registers 616. The FSM 612 represents one or more
hardware circuit elements that can be configured to sequence control signals with timing delays
in between. In some cases, using an FSM may increase processing speed and reduce
interventions from software or operating systems. In the event of exceptions, e.g., timeout, etc.,
an FMS may generate an interrupt to the CPU cores.

[0064] In some cases, the digital NAP state controller 610 may provide control signals
during the state transitions of the combined CPU states. For example, the control signals may
configure a transient state operation for a core that switches between states. During the transient
state operation, the voltage regulator 606 may provide a bypass voltage to a core for a short
duration and the associated state control switch may change from a closed position to an open
position, or from an open position to a closed position. In some cases, the FSM 612 may receive
input signals that indicate the current and the next combined CPU state. The FSM 612 may
provide control signals to the voltage regulator 602 and the associated state control switches for
both the steady state configuration and the transient state operation based on the current and the
next combined CPU state. FIGS. 8A-8C and associated descriptions provide additional details of
the transient state operations.

[0065] The timers 614 represent one or more hardware circuit elements that can be
configured to set the timing intervals that correspond to the state transitions discussed above.
The timers 614 may provide the timing information to the FSM 612. The configuration/status

registers 616 represent one or more hardware circuit elements, software, or a combination
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thereof that can be configured to set the function of the digital NAP state controller 610. In some
cases, the configuration/status registers 616 may be configured to report the status of the digital
NAP state controller 610.

[0066] Using hardware implementation, e.g., a digital NAP state controller discussed
above, to provide control signals to a voltage regulator may provide a fast switching performance.
In some cases, switching performance of a hardware implementation may be about 10 times
faster than using software implementations. The low switching latency provided by the
hardware implementation may be significant in providing a fast wakeup time for NAP states,
which may be on the order of 100-200 clock cycles.

[0067] In some cases, some of the cores 602a-d may not support NAP states. In these or
other cases, the digital NAP state controller 610 may include two FSMs. One FSM may be used
to provide control signals for cores that support NAP states. The other FSM may be used to
provide control signals for cores that do not support NAP states.

[0068] In some cases, an FSM, e.g., the FSM 612, may be configured to support dynamic
SMP-ASMP switching. FIG. 6B is a high level block diagram illustrating an example SMP-
ASMP state transition process 630 according to an implementation. The process starts in state
632, where the FSM operates in the SMP mode. When a switching command, e.g.,
SELECT_ASMP_MODE is received, the FSM enters in state 634 (ASMP_CLK_WU), where
the ASMP clocks are enabled and activated using the ASMP clock enable signal and warmed up.
After a predetermined warm-up time period, the operating voltage supplies for different CPU
cores may be increased to a predetermined maximum voltage level, e.g., VDD_MAX. The
predetermined maximum voltage level may be equal to or greater than the highest voltage level
that any of the CPU cores in a MP system may operate in the ASMP mode.

[0069] The  process 630 proceeds from state 634 to state 636
(SMP_ASMP_CLK_SWITCH), where the clock switching signal is asserted and the clocks of
the CPU cores and associated memory are switched from the SMP clock signal to the ASMP
clock signals.

[0070] The  process 630 proceeds from state 636 to  state 638
(V_SMP_ASMP_RAMP_DN), where the operating voltage supplies for each CPU core may be
ramped down from the predetermined maximum voltage level to the operating voltage of the

respective CPU core. The process 630 proceeds from state 638 to state 640, where the FSM
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operates in the ASMP mode.

[0071] When a switching command, e.g., SELECT_ASMP_MODE - unasserted, is
received, the process 630 proceeds to state 642 (SMP_CLK_WU), where the SMP clock is
enabled and activated using the SMP clock enable signal and warmed up. After a predetermined
warm-up time period, the operating voltage supplies for different CPU cores may be increased to
a predetermined maximum voltage level, e.g., VDD_MAX. In some cases, the predetermined
maximum voltage level may be equal to or greater than the highest voltage level that any of the
CPU cores in a MP system may operate in the ASMP mode. In some cases, the operating
voltage supplies for different CPU cores may be further increase to the operating voltage level of
the SMP mode, e.g., V_SMP, if V_SMP is greater than VDD_MAX.

[0072] The process 630 proceeds from state 642 state 644
(ASMP_SMP_CLK_SWITCH), where the clock switching signal is asserted and the clocks of
the CPU cores and associated memory are switched from the ASMP clock signals to the SMP
clock signal.

[0073] The  process 630 proceeds from state 644 to state 646
(V_ASMP_SMP_RAMP_DN), where the operating voltage supplies for the CPU cores may be
ramped down to V_SMP if V_SMP is lower than VDD_MAX. The process 630 proceeds from
state 646 to state 632, where the FSM operates in the SMP state.

[0074] Alternatively or in combination, a FSM that is different than the FSM 612 may be
configured to support the state transitions of the ASMP-AMP switching discussed above.

[0075] In some cases, the combined CPU states can be reduced to simply the
implementation of the digital NAP state controller 610. For example, a reduced set of combined
CPU states may be used. The reduced set may to exclude repeated permutations. For example,
there may be 27 combined CPU states for 3 cores. A reduced set may include 8 combined CPU
states. Following is a list of an example reduced CPU states for 3 CPU cores: “AAA,” “AAN,”
“AAS,” “ANN,” “ANS,” “ASS,” “NSS,” “SSS.”

[0076] FIG. 7 is a high-level architecture block diagram of an MP system 700 that
accesses cache data between CPU cores according to an implementation. In some cases, one
CPU core may access data that is stored in a cache of another CPU core. In the illustrated
example, the MP system 700 includes cores 702a-c and a voltage regulator 706 that provides
NAP voltage to the core 702a through a switch S1. The core 702a includes a cache 704. The

16



WO 2017/012566 PCT/CN2016/090880

cache 704 represent a hardware, software, or a combination thereof that is configured to store
data.

[0077] In the illustrated example, the cores 702b and 702c¢ operate in active state. The
core 702a operates in the shut_off state with both switches S1 and S2 are open. In operation, the
core 702b attempts to access cache 704 on the core 702a to read or write data. In some cases, the
switch S2 may be closed so that the core 702a can be transitioned into an active state for the core
702b to access the cache 704. Alternatively, the switch S1 may be closed while the switch S2
remains open. In this case, the voltage regulator 706 may provide a bypass voltage to the core
702a. The bypass voltage may be at or close to an active state voltage. The core 702a may
operate in a transient state and the core 702b may access the cache 704 without fully
transitioning the core 702a to the active state. Using a bypass voltage in this case may provide a
small latency for the core 702b to access the data on the cache 704. In some cases, the latency
may be reduced to about 100 clock cycles. FIGS. 8 A-8C and associated descriptions provide
additional details of the transient state operations.

[0078] FIG. 8A is a high-level architecture block diagram of an MP system 810 that
transitions between different states according to an implementation. As illustrated, the MP
system 810 includes cores 802a-n and a voltage regulator 806. The voltage regulator 806
provides NAP voltages to the cores 802a-n. In some cases, the voltage regulator 806 also
provides a bypass voltage to the cores 802a-n during the state transition. Using a bypass voltage
during the transition period may reduce the transient noise created by the fluctuations of the
input voltages to the cores 802a-n.

[0079] FIG. 8B is a timing diagram 820 that illustrates a process for transitioning from an
active state to a NAP state according to an implementation. As shown in FIG. 8B, before the
transition, S1 is open and S2 is closed; therefore, the core 802a operates in the active state. S3 is
closed and the core 802b operates in the NAP state. The input voltage V1 to the core 802a is at
1.2V, which corresponds to the active voltage. The output voltage of the voltage regulator 806 is
0.6V, which corresponds to the NAP voltage. When the core 802a switches to the NAP state,
during a first transition period T1, S1 switches to the closed position, while S2 remains closed.
During T1, the voltage regulator 806 provides a bypass voltage. In some cases, the bypass
voltage may be close to or equal to the active voltage. In the illustrated example, the bypass

voltage is 1.2V. Therefore, during T1, V1 stays at 1.2V while V2 moves from 0.6V to 1.2V.
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During the second transition period T2, S2 switches to open while the voltage regulator 806
reduces its output voltage from the bypass voltage 1.2V to the NAP voltage 0.6V. After T2, both
V1 and V2 go to 0.6V and the cores 802a-b operate in the NAP state. In some cases, the
duration of T1 and T2 may be about 0.5 us. As discussed previously, in some cases, a digital
NAP state controller may be configured to provide control signals to the switches S1 and S2 and
the voltage regulator 806 to execute these state transition sequences.

[0080] FIG. 8C is a timing diagram 830 that illustrates a process for transitioning from a
NAP state to an active state according to an implementation. As shown in FIG. 8C, before the
transition, S1 is closed and S2 is open; therefore, the core 802a operates in the NAP state. S3 is
closed and the core 802b operates in the NAP state. The output voltage of the voltage regulator
806 is 0.6V, which corresponds to the NAP voltage. When the core 802a switches to the active
state, during a first transition period T1, S2 switches to the closed position, while S1 remains
closed. During T1, the voltage regulator 806 provides a bypass voltage. Therefore, during T1,
both VI and V2 move from 0.6V to 1.2V. During the second transition period T2, S1 switches
to open, while the voltage regulator 806 reduces its output voltage from the bypass voltage 1.2V
to the NAP voltage 0.6V. VI stays at 1.2V while V2 moves from 1.2V to 0.6V. After T2, V1
stays at 1.2V and the core 802a operates in the active state. V2 stays at 0.6V and the core 802b
remains in the NAP state.

[0081] FIG. 9 is a chart 900 that illustrates a process for transitioning between CPU
states according to an implementation. In some cases, the decisions to transition between CPU
states for a core may be made based on the task load or the queue length for the core. In some
cases, a scheduler may be used to make the state transition decisions. For example, in some
cases, a scheduler may make the decision based on predetermined load thresholds. The chart 900
includes a task load curve 902, an up-migration threshold 910, and a down-migration threshold
920. As illustrated, at T1, the task load curve 902 exceeds the up-migration threshold 910, and
therefore, the scheduler may determine to switch a core from the NAP state to the active state.
At T2, the task load curve 902 is below the down-migration threshold 920, and therefore, the
scheduler may determine to switch a core from the active state to the NAP state.

[0082] In some cases, the derivative of the load may also be tracked. The chart 900 also
includes a task derivative curve 904. In some cases, the task derivative curve 904 may be set

based on the sign of the derivative of the task load curve 902. For example, as illustrated, at T3,
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the task load begins to increase and the derivative of the task load curve 902 tumns positive.
Therefore, the task derivative curve 904 may be set to 1. At T4, the task load begins to decrease
and the derivative of the task load curve 902 turns negative. Therefore, the task derivative curve
904 may be set to 0. In some cases, the scheduler may determine a state transition based on both
the task load and the derivative of the task load. For example, a scheduler may determine a CPU
score to switch from a NAP state to an active state if the task load exceeds the up-migration
threshold 910 and the derivative of the task load is positive for a predetermined duration.

[0083] FIG. 10 is a flow chart illustrating an example method 1000 for CPU state
transitions in a multiple-processor system according to an implementation. The method 1000
may begin at block 1002, where a first central processing unit (CPU) core of the multiple-process
system operates in an active state. The first CPU core is configured to operate in one of a
plurality of CPU states. The plurality of CPU states includes a low-voltage memory retention
(NAP) state, an active state, and a shut-off state. The NAP state includes a sleep state that
retains state memory.

[0084] In some cases, the voltage regulator, the first CPU core, and the second CPU core
are implemented on the same chip. In some cases, the voltage regulator is a low-dropout-
voltage-regulator (LDO). In some cases, the voltage regulator is a capless voltage regulator. In
some cases, the voltage regulator is configured to provide a bypass voltage to the first and the
second CPU cores, and the bypass voltage corresponds to a transient state.

[0085] In some cases, the multiple-processor system is implemented in a 4-core
architecture or an 8-core architecture. In some cases, the multiple-processor system is
implemented in a big.LITTLE architecture. The multiple-processor system includes at least two
big CPU cores and at least two little CPU cores. In some cases, the voltage regulator is
configured to provide a NAP voltage to at least one big CPU core and at least one little CPU core.
In some cases, the voltage regulator is configured to provide a NAP voltage to at least two big
CPU cores, and the multiple-processor system further includes an additional voltage regulator
that is configured to provide a NAP voltage to the at least two little CPU cores. In some cases,
the multiple-processor system operates in ANDROID operating system (OS) or iOS. In some
cases, the multiple-processor system includes a dynamic symmetric multiprocessing (SMP)-
asymmetric multiprocessing (ASMP) switching system. In some cases, the multiple-processor

system includes an SMP. In some cases, the multiple-processor system comprises an ASMP.
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[0086] At block 1004, a NAP voltage is received from a voltage regulator. The NAP
voltage corresponds to the NAP state. The voltage regulator is configured to provide a NAP
voltage to the first CPU core and a second CPU core of the multiple-processor system.

[0087] In some cases, control signals are received from a digital NAP state controller.
The control signals configure an output state of the voltage regulator and an output state
transition sequence. The output state represents a combined CPU state of the first and the second
CPU cores. The output state transition sequence includes a transition between different
combined CPU states. In some cases, the output state is selected from a reduced set of combined
CPU states.

[0088] At block 1006, in response to receiving the NAP voltage, the first CPU core
transitions from the active state to the NAP state.

[0089] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any invention or on the scope of what may
be claimed, but rather as descriptions of features that may be specific to particular
implementations of particular inventions. Certain features that are described in this specification
in the context of separate implementations can also be implemented in combination in a single
implementation. Conversely, various features that are described in the context of a single
implementation can also be implemented in multiple implementations separately or in any
suitable sub-combination. Moreover, although features may be described above as acting in
certain combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or variation of a sub-combination.

[0090] Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel processing may be advantageous.
Moreover, the separation and/or integration of various system modules and components in the
implementations described above should not be understood as requiring such separation and/or
integration in all implementations, and it should be understood that the described program
components and systems can generally be integrated together in a single software product or

packaged into multiple software products. Furthermore, while the operations depicted in the
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drawings may indicate start and/or end points for the operations, implementations of the methods
described in the disclosure are not restricted to the particular start and/or end point as illustrated.
Other implementations may start and/or end at different points of the operations.

[0091] Particular implementations of the subject matter have been described. Other
implementations, alterations, and permutations of the described implementations are within the
scope of the following claims as will be apparent to those skilled in the art. For example, the
actions recited in the claims can be performed in a different order and still achieve desirable
results.

[0092] Accordingly, the above description of example implementations does not define
or constrain this disclosure. Other changes, substitutions, and alterations are also possible
without departing from the spirit and scope of this disclosure.

[0093] What is claimed is:
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CLAIMS

1. A multiple-processor system, comprising:

a plurality of central processing unit (CPU) cores, wherein each of the plurality of CPU
cores is configured to operate in at least one of a plurality of CPU states, the plurality of CPU
states including a low-voltage memory retention (NAP) state, an active state, and a shut-off state,
wherein the NAP state comprises a sleep state that retains state memory;

a voltage regulator that is configured to provide a NAP voltage to the plurality of CPU
cores, wherein the NAP voltage is sufficient for at least one of the plurality of CPU cores to
retain state information and the NAP voltage is lower than an active state voltage ; and

a plurality of state control switches, wherein each of the plurality of state control switches

connects the voltage regulator to one of the plurality of CPU cores.

2. The multiple-processor system of claim 1, wherein the voltage regulator and the

plurality of CPU cores are implemented on the same chip.

3. The multiple-processor system of claim 1, wherein the voltage regulator is a low-

dropout-voltage-regulator (LDO).

4. The multiple-processor system of claim 1, further comprising:

a digital NAP state controller that is configured to provide a control signal to the voltage
regulator and controls an output state transition sequence, wherein the control signal configures
an output state of the voltage regulator, the output state representing a combined CPU state of the
plurality of CPU cores, the output state transition sequence including a transition between

different combined CPU states.

5. The multiple-processor system of claim 4, wherein the output state is selected

from a reduced set of combined CPU states.

6. The multiple-processor system of claim 1, wherein the voltage regulator is a

capless voltage regulator.
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7. The multiple-processor system of claim 1, wherein the voltage regulator is further
configured to provide a bypass voltage to the plurality of CPU cores, and the bypass voltage

corresponds to a transient state.

8. The multiple-processor system of claim 1, wherein the multiple-processor system
is implemented in a big. LITTLE architecture, the multiple-processor system comprises a
pluarlity of big CPU cores and a pluarlity of little CPU cores, and the voltage regulator is

configured to provide a NAP voltage to at least one big CPU core and at least one little CPU core.

9. The multiple-processor system of claim 1, wherein the multiple-processor system
comprises a dynamic symmetric multiprocessing (SMP)-asymmetric multiprocessing (ASMP)

switching system.

10. The multiple-processor system of claim 1, further comprises a plurality of header
switches, wherein each of the plurality of header switches connects one of the plurality of CPU

cores to a voltage source.

1. A method for providing state transitions in a multiple-processor system, wherein
the multiple-processor system including a plurality of central processing unit (CPU) cores, the
method comprising:

operating a first CPU core of the multiple-processor system in an active state, wherein the
first CPU core is configured to operate in one of a plurality of CPU states, the plurality of CPU
states includes a low-voltage memory retention (NAP) state, an active state, and a shut-off state,
and the NAP state comprises a sleep state that retains state memory;

receiving a NAP voltage from a voltage regulator, wherein the NAP voltage is sufficient
for the first CPU core to retain state information and the NAP voltage is lower than an active
state voltage , and the voltage regulator is configured to provide a NAP voltage to the plurality of
CPU cores of the multiple-processor system; and

transitioning, in response to receiving the NAP voltage, the first CPU core from the

active state to the NAP state.
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12. The method of claim 11, wherein the voltage regulator and the plurality of the

CPU cores are implemented on the same chip.

13.  The method of claim 11, wherein the voltage regulator is a low-dropout-voltage-

regulator (LDO).

14.  The method of claim 11, further comprising:

receiving control signals from a digital NAP state controller, wherein the control signals
configure an output state of the voltage regulator and an output state transition sequence, the
output state representing a combined CPU state of the plurality of CPU cores, the output state

transition sequence including a transition between different combined CPU states.

15. The method of claim 14, wherein the output state is selected from a reduced set of
combined CPU states.

16.  The method of claim 11, wherein the voltage regulator is a capless voltage
regulator.

17.  The method of claim 11, wherein the voltage regulator is configured to provide a

bypass voltage to the plurality of CPU cores, and the bypass voltage corresponds to a transient

state.

18. The method of claim 11, wherein the multiple-processor system is implemented in
a big. LITTLE architecture, the multiple-processor system comprises a plurality of two big CPU
cores and a plurality of little CPU cores, and the voltage regulator is configured to provide a

NAP voltage to at least one big CPU core and at least one little CPU core.

19. The method of claim 11, wherein the multiple-processor system comprises a
dynamic symmetric multiprocessing (SMP)-asymmetric multiprocessing (ASMP) switching

system.

20. A use equipment (UE), comprising:
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a multiple-processor system comprising a plurality of central processing unit (CPU) cores,
wherein each of the plurality of CPU cores is configured to operate in at least one of a plurality
of CPU states, the plurality of CPU states including a low-voltage memory retention (NAP) state,
an active state, and a shut-off state, wherein the NAP state comprises a sleep state that retains
state memory;

a voltage regulator that is configured to provide a NAP voltage to the plurality of CPU
cores, wherein the NAP voltage is sufficient for at least one of the plurality of CPU cores to
retain state information and the NAP voltage is lower than an active state voltage; and

a plurality of state control switches, wherein each of the plurality of state control switches

connects the voltage regulator to one of the plurality of CPU cores.
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1002 ~_

OPERATING AFIRST CENTRAL PROCESSING
UNIT (CPU) CORE OF THE MULTIPLE-PROCESS
SYSTEM IN AN ACTIVE STATE, WHEREIN THE
FIRST CPU CORE IS CONFIGURED TC OPERATE
IN ONE OF APLURALITY OF CPU STATES, THE
PLURALITY OF CPU STATES INCLUDING A LOW-
VOLTAGE MEMORY RETENTION (NAP) STATE, AN
ACTIVE STATE, AND A SHUT-OFF STATE, AND
THE NAP STATE COMPRISES A SLEEP STATE
THAT RETAING STATE MEMORY

v

1004 -

RECEIVING AN NAP VOLTAGE FROM A
VOLTAGE REGULATOR, WHEREIN THE NAFP
VOLTAGE CORRESFONDING TC THE NAP
STATE, AND THE VOLTAGE REGULATOR IS
CONFIGURED TO PROVIDE A NAP VOLTAGE TO
THE FIRST CPU CORE AND A SECOND CPU
CORE OF THE MULTIPLE-PROCESS SYSTEM

¥

1006 -

TRANSITIONING, IN RESPONSE TO RECEIVING
THE NAP VOLTAGE, THE FIRST CPU CORE
FROM THE ACTIVE STATE TO THE NAP STATE

FiG. 10
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