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(57) ABSTRACT

An information processing device of the present invention
comprises a main CPU capable of taking at least two states
which are an operating state and a sleeping state, a sub-CPU
having power consumption lower than that of the main CPU
and capable of taking at least two states which are an operat-
ing state and a sleeping state, and a process request determin-
ing section for determining which of the main CPU and the
sub-CPU is caused to execute a process related to a request
from a peripheral device. The process request determining
section determines whether the main CPU is in the sleeping
state or the operating state, and when the main CPU is in the
sleeping state, determines whether or not the sub-CPU can be
caused to execute the process, and when the main CPU is in
the operating state, determines whether or not the main CPU
can be caused to execute the process, and depending on a
result of the determination, causes the main CPU or the sub-
CPU to execute the process.

16 Claims, 21 Drawing Sheets
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1
INFORMATION PROCESSING DEVICE FOR
ASSIGNING PROCESSES TO A MAIN CPU OR
SUB-CPU BASED ON A SLEEPING STATE

TECHNICAL FIELD

The present invention relates to an information processing
device, and more particularly, to an information processing
device capable of reducing power consumption.

BACKGROUND ART

In recent years, mobile information processing devices are
very widespread. Mobile telephone devices, mobile personal
computers, mobile personal digital assistants, and the like are
representatives thereof. These mobile terminal devices are all
operated while being driven by batteries. Therefore, in order
to be able to use the device for a longer time, development has
been conducted so as to reduce power consumption.

2

ling processes of peripheral devices are fixed. Therefore, the
two CPU resources cannot be flexibly effectively utilized,
depending on the state of the device. Also, it is necessary to
redesign connections between the CPUs and peripheral
devices every time the hardware configuration is changed.

Therefore, an object of the present invention is to provide
an information processing device which achieves low power
consumption and in which a CPU for executing a request
from a peripheral device is not fixed to a main CPU or a
sub-CPU.

Solution to the problems

To achieve the above objects, the present invention has the
following aspects. A first aspect of the present invention is
directed to an information processing device for controlling
more than one internal or external peripheral device, com-
prising amain CPU capable of taking at least two states which
are an operating state and a sleeping state, a sub-CPU having
power consumption lower than that of the main CPU and

Particularly in mobile telephone devices, as on-board func- 20 capable of taking at least two states which are an operating
tions are increased (hereinafter referred to as an increase in state and a sleeping state, and a process request determining
the variety of on-board functions), the performance of CPUs section for determining which of the main CPU and the sub-
is dramatically improved. Therefore, the proportion of power CPU is caused to execute a process related to a request from
consumption of a CPU with respect to a whole device is  one of the peripheral devices. The process request determin-
increasing year by year, and therefore, a power saving tech- 25 ing section determines whether the main CPU is in the sleep-

nique for CPUs is required. Also, due to the increase of the
variety of on-board functions, there is a disparity between
high system requirements and low system requirements.

For example, orthodox processes, such as a process for a
standby screen of a mobile telephone device, a process for
displaying a clock, and the like, have low system require-
ments. On the other hand, processes for new additional func-
tions, such as a process for displaying moving images, tele-
vision telephony, and the like, have high system
requirements. As can be seen from these examples, there is a
significant difference in CPU processing load between pro-
cesses having low system requirements and processes having
high system requirements. CPUs need to execute processes
having high system requirements as well as processes having
low system requirements, and therefore, need to have perfor-
mance which satisfies all system requirements. However,
there is only a handful of functions which fully utilize the
performance of a CPU in a whole system.

Therefore, an information processing device which com-
prises a main CPU and a sub-CPU which has power consump-
tion lower than that of the main CPU, has been proposed (see
Patent Document 1). In the conventional information process-
ing device of Patent Document 1, the main CPU and periph-
eral devices in a control of the main CPU are directly con-
nected to each other, and the sub-CPU and peripheral devices
in a control of the sub-CPU are directly connected to each
other. Thereby, the conventional information processing
device can cause the sub-CPU to execute processes having
small loads, such as waiting for user’s key input, timer event,
and the like. Therefore, the main CPU is not uselessly
executed during the time when a process having a small load
is executed, thereby reducing power consumption.

Patent Document 1: Japanese Patent [Laid-Open Publication

No. H04-309110

DISCLOSURE OF THE INVENTION

Problems to be solved by the invention

However, in the conventional technique described in Patent
Document 1, each CPU is directly connected to peripheral
devices in a control of the CPU, so that the CPUs for control-
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ing state or the operating state, and when the main CPU is in
the sleeping state, determines whether or not the sub-CPU can
be caused to execute the process, and when the main CPU is
in the operating state, determines whether or not the main
CPU can be caused to execute the process, and depending on
a result of the determination, causes the main CPU or the
sub-CPU to execute the process.

According to the first aspect of the present invention, when
the main CPU is in the sleeping state, it is determined whether
the sub-CPU can be caused to execute the process. Therefore,
when the sub-CPU can be caused to execute the process, the
process is executed by the sub-CPU. Therefore, the main
CPU can be caused to be in the sleeping state for a long time,
thereby making it possible to reduce power consumption. On
the other hand, when the main CPU is in the operating state,
it is determined whether or not the main CPU can be caused
to execute the process. Therefore, when the main CPU can be
caused to execute the process, the process is executed by the
main CPU. Therefore, the response speed is improved. Thus,
an information processing device which has low power con-
sumption and in which a CPU for executing a process request
from a peripheral device is not fixed to the main CPU or the
sub-CPU, is provided.

Preferably, when the main CPU is in the sleeping state, the
process request determining section may cause the sub-CPU
to execute the process. When the main CPU is in the operating
state, the process request determining section may cause the
main CPU to execute the process.

Thereby, when the main CPU is in the sleeping state, the
sub-CPU invariably executes the process, and when the main
CPU is in the operating state, the main CPU invariably
executes the process.

Preferably, when the main CPU is in the sleeping state, the
process request determining section may determine whether
or not the sub-CPU can accept the process, and when the
sub-CPU can accept the process, cause the sub-CPU to
execute the process, and when the sub-CPU cannot accept the
process, cause the main CPU to execute the process. When the
main CPU is in the operating state, the process request deter-
mining section may cause the main CPU to execute the pro-
cess.
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Thereby, when the sub-CPU cannot accept the process, the
main CPU is caused to execute the process, so that the
response speed is improved.

Preferably, when the main CPU is in the sleeping state, the
process request determining section may determine whether
or not the sub-CPU can accept the process, and when the
sub-CPU can accept the process, cause the sub-CPU to
execute the process, and when the sub-CPU cannot accept the
process, cause the main CPU to execute the process. When the

4

process request determining section may determine that the
main CPU is caused to execute the process.

Thereby, even when the main CPU is in the operating state,
the sub-CPU can be caused to operate, depending on the
situation, thereby making it possible to reduce power con-
sumption.

Preferably, when the CPU designated by the designated
CPU information of the process request destination designat-
ing section is the sub-CPU, the process request determining

main CPU is in the operating state, the process request deter- 10
mining section may determine whether or not the main CPU section may determine whether the sub-CPU is in the sleep-
can accept the process, and when the main CPU can accept the ing state or the operating state to determine which of the main
process, cause the main CPU to execute the process, and CPU and the sub-CPU is caused to execute the process.
when the main CPU cannot accept the process, determine Thereby, in a situation where the use of the sub-CPU is
whether or not the sub-CPU can be caused to execute the 15 designated, when the sub-CPU is in the sleeping state, it is
process. selected whether the sub-CPU or the main CPU is used.
Thereby, when the main CPU is in the operating state, it is Preferably, the process request destination designating sec-
determined whether or not the main CPU can accept the  tjon may further define, as other CPU availability informa-
process. When the main CPU cannot accept the process, itis  tjon, whether or not the process is permitted to be executed
determined whether or not the sub-CPU can be caused to0 20 uging a CPU other than the CPU defined in the designated
execute the process. Therefore, since the main CPU and the CPU information. The process request determining section,
sub-CPU can execute processes in parallel, thereby making it when the sub-CPU is in the sleeping state, may reference the
possible to reduce power consumption and improve the other CPU availability information to determine whether or
response speed. not the main CPU is permitted to execute the process. When
Preferably, the information processing device may further 25 the main CPU is permitted to execute the process, the process
comprise a process request destination designating section  request determining section may determine the main CPU is
defining in advance a desired CPU which is desired to execute caused to execute the process. When the main CPU is not
the process, as designated CPU information, in association permitted to execute the process, the process request deter-
with a process in one of the peripheral devices. When a CPU mining section may determine that the sub-CPU is caused to
designated by the desigpateq CPU igfonpation of the process 30 execute the process.
request destination des%gr.latmg section is the main CPU, the Thereby, when the sub-CPU is in the sleeping state, the
process request d.eterrmmng section may determln.e whether main CPU is used, depending on the situation, thereby
the main CPU is in the sleeping state or the operating state. . ine the response speed
Thereby, when a process in the main CPU is designated, it HHproving P peec. . .
is determined whether the main CPU is in the sleeping state or 35 Prefer ably,. the process request determining section, when
the operating state. the sub-CPU is in the operating state, may determine whether
Preferably, the process request destination designating sec- or not the sub-CPU can accept the process. When the. Sl.lb_
tion may further define, as other CPU availability informa- CP[,J can accept the.process, the process request determining
tion, whether or not the process is permitted to be executed section may determine that the sub-CPU is caused to execute
using a CPU other than the CPU defined in the designated 40 the process. When the Sl,lb,'CPU cannotaccept the process, the
CPU information, and the process request determining sec- process request d.e termining section may reference the other
tion, when the main CPU is in the sleeping state, may refer- CPU avallgblllty 11.1f0rmat10n to determine whether or not the
ence the other CPU availability information to determine main ,CPU 18 Permmed to execute the process. When the main
whether or not the sub-CPU is permitted to execute the pro- CPU 1s.p.erm1tted. to execute the process, the process request
cess. When the sub-CPU is permitted to execute the process, 45 determining section may determine that the.maln CPU 18
the process request determining section may determine the causgd to execute the process. When the main CPU is not
sub-CPU is caused to execute the process. When the sub-CPU pe.rmltted {0 execute the process, the process r equest deter-
is not permitted to execute the process, the process request mining section may determine that the sub-CPU is caused to
determining section may determine that the main CPU is execute the process.
caused to execute the process. 50 Thereby, when the sub-CPU cannot accept the process, the
Thereby, when the main CPU is in the sleeping state, the main CPU is used, depending on the situation, so that parallel
sub-CPU can be caused to execute the process, depending on processing can be done, thereby improving the response
the situation, thereby making it possible to reduce power speed.
consumption. Preferably, the information processing device may further
Preferably, the process request determining section, when 55 comprise a process request destination designating section
the main CPU is in the operating state, may determine defining in advance a desired CPU which is desired to execute
whether or not the main CPU can accept the process. When the process, as designated CPU information, in association
the main CPU can accept the process, the process request with a process in one of the peripheral devices. The process
determining section may determine that the main CPU is request determining section, when the main CPU is in the
caused to execute the process. When the main CPU cannot 60 sleeping state, may reference the designated CPU informa-
accept the process, the process request determining section tion to determine whether or not the sub-CPU is permitted to
may reference the other CPU availability information to execute the process. When the sub-CPU is permitted to
determine whether or not the sub-CPU is permitted to execute execute the process, the process request determining section
the process. When the sub-CPU is permitted to execute the may cause the sub-CPU to execute the process. When the
process, the process request determining section may deter- 65 sub-CPU is not permitted to execute the process, the process

mine that the sub-CPU is caused to execute the process. When
the sub-CPU is not permitted to execute the process, the

request determining section may cause the main CPU to
execute the process.
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Thereby, when the main CPU is in the sleeping state, it is
determined whether or not the sub-CPU is permitted to
execute the process.

Preferably, the process request determining section, when
the main CPU is in the operating state, may determine
whether or not the main CPU can accept the process. When
the main CPU can accept the process, the process request
determining section may reference the designated CPU infor-
mation to determine whether or not the main CPU is permit-
ted to execute the process. When the main CPU is permitted
to execute the process, the process request determining sec-
tion may cause the main CPU to execute the process. When
the main CPU is not permitted to execute the process, the
process request determining section may cause the sub-CPU
to execute the process. When the main CPU cannot accept the
process, the process request determining section may cause
the sub-CPU to execute the process.

Thereby, when the main CPU is in the operating state, it is
determined whether or not the main CPU is permitted to
execute the process.

Preferably, if there is a request for waking up of the main
CPU while the sub-CPU is caused to execute the process, the
sub-CPU and the main CPU may execute a process for caus-
ing the main CPU to take over a process executed in the
sub-CPU.

Thereby, the main CPU can take over a process in the
sub-CPU.

A second aspect of the present invention is directed to a
processing method for use in an information processing
device for controlling more than one internal or external
peripheral device, the information processing device com-
prising amain CPU capable of taking at least two states which
are an operating state and a sleeping state, and a sub-CPU
having power consumption lower than that of the main CPU
and capable of taking at least two states which are an operat-
ing state and a sleeping state. The method comprises deter-
mining whether the main CPU is in the sleeping state or the
operating state, and when the main CPU is in the sleeping
state, determining whether or not the sub-CPU can be caused
to execute a process from one of the peripheral devices, and
when the main CPU is in the operating state, determining
whether or not the main CPU can be caused to execute the
process, and causing the main CPU or the sub-CPU to execute
the process, depending on a result of the determination.

A third aspect of the present invention is directed to an
integrated circuit for controlling more than one internal or
external peripheral device using a main CPU capable of tak-
ing at least two states which are an operating state and a
sleeping state, and a sub-CPU having power consumption
lower than that of the main CPU and capable of taking at least
two states which are an operating state and a sleeping state.
The integrated circuit determines whether the main CPU is in
the sleeping state or the operating state. When the main CPU
is in the sleeping state, the integrated circuit determines
whether or not the sub-CPU can be caused to execute a
process from one of the peripheral devices. When the main
CPU is in the operating state, the integrated circuit determines
whether or not the main CPU can be caused to execute the
process. The integrated circuit causes the main CPU or the
sub-CPU to execute the process, depending on a result of the
determination.

A fourth aspect of the present invention is directed to a
program executed in a computer apparatus for causing a main
CPU capable of taking at least two states which are an oper-
ating state and a sleeping state, and a sub-CPU having power
consumption lower than that of the main CPU and capable of
taking at least two states which are an operating state and a
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sleeping state, to control more than one internal or external
peripheral device. The program causes the computer appara-
tus to determine whether the main CPU is in the sleeping state
or the operating state. When the main CPU is in the sleeping
state, the program causes the computer apparatus to deter-
mine whether or not the sub-CPU can be caused to execute a
process from one of the peripheral devices. When the main
CPU is in the operating state, the program causes the com-
puter apparatus to determine whether or not the main CPU
can be caused to execute the process. The program causes the
main CPU or the sub-CPU to execute the process using the
computer apparatus, depending on a result of the determina-
tion.

Effect of the invention

According to the information processing device of the
present invention, of frequently occurring events, a process
having a relatively small processing load in the whole system
is executed by a low frequency operation using a sub-CPU
having low power consumption, thereby making it possible to
cause a main CPU having high power consumption to be in
the sleeping state for a longer time. Also, when the main CPU
is in the operating state, the sub-CPU can be used as an
auxiliary CPU, thereby making it possible to effectively use
the CPUs of the information processing device and reduce
power consumption. Thus, according to the present invention,
an information processing device which has a low power
consumption and a CPU for executing a process request from
a peripheral device is not fixed to the main CPU or the sub-
CPU, is provided.

These and other objects, features, aspects and advantages
of'the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] FIG. 1 is a block diagram illustrating a hardware
configuration of an information processing device 100
according to a first embodiment of the present invention.

[FIG. 2] FIG. 2 is a block diagram illustrating a functional
configuration of the information processing device 100 of the
first embodiment of the present invention.

[FIG. 3] FIG. 3 is a flowchart of an operation of the infor-
mation processing device 100 of the first embodiment.

[FIG. 4] FIG. 4 is a block diagram illustrating a functional
configuration of an information processing device 200
according to the second embodiment of the present invention.

[FIG. 5] FIG. 5 is a flowchart of an operation of the infor-
mation processing device 200 of the second embodiment of
the present invention.

[FIG. 6] FIG. 6 is a block diagram illustrating a functional
configuration of an information processing device 300
according to a third embodiment of the present invention.

[FIG. 7A] FIG. 7A is a flowchart of an operation of the
information processing device 300 of the third embodiment
of the present invention.

[FIG. 7B] FIG. 7B is a flowchart of an operation of the
information processing device 300 of the third embodiment
of the present invention.

[FIG. 7C] FIG. 7C is a flowchart of an operation of the
information processing device 300 of the third embodiment
of the present invention.

[FIG. 7D] FIG. 7D is a flowchart of an operation of the
information processing device 300 of the third embodiment
of the present invention.
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[FIG. 8] FIG. 8 is a sequence diagram illustrating a detail of
an exemplary method of causing a main CPU 15 to take over
a process in a sub-CPU 26.

[FIG. 9] FIG. 9 is a block diagram illustrating a functional
configuration of an information processing device 400
according to the fourth embodiment of the present invention.

[FIG. 10] FIG. 10 is a flowchart of an operation of the
information processing device 400 of the fourth embodiment
of the present invention.

8

interrupt controller (M4), peripheral devices (M5 to M7), and
RAMs (M8 and M9). The numbers of the peripheral devices
(M5 to M7) and the RAMs (M8 and M9) are not limited to
those of the example of FIG. 1.

The main CPU (M1) is a CPU which can take two states,
i.e., an operating state and a sleeping state. The sub-CPU
(M2) is a CPU which has power consumption lower than that
of the main CPU (M1), and can take two states, i.e., an
operating state and a sleeping state. The access arbitrating

[FIG. 11] FIG. 11 is a block diagram illustrating a func- 10 circuit (M3), when accesses to a bus simultaneously occur
tional configuration of an information processing device 500 from the main CPU (M1) and the sub-CPU (M2), manages
of the fifth embodiment of the present invention. competition arbitration. The RAMs (M8 and M9) can limit

[FIG. 12] FIG. 12 is a diagram illustrating exemplary infor- accesses from the main CPU (M1) and the sub-CPU (M2),
mation stored in a process request destination designating depending on the setting. The peripheral devices (M5 to M7)
section 36. 15 are, for example, an HDD, a timer, a keyboard, a button

[FIG. 13A] FIG. 13A is a flowchart of an operation of the switch, a liquid crystal display, an MPEG decoder, and the
information processing device 500 of the fifth embodiment of like, and are connected to the main CPU (M1) and the sub-
the present invention. CPU (M2) via a bus. In FIG. 1, the peripheral devices (M5 to

[FIG. 13B] FIG. 13B is a flowchart of an operation of the M7) are illustrated as devices provided inside the information
information processing device 500 of the fifth embodiment of 20 processing device 100, and may be provided outside the infor-

the present invention.

[FIG. 13C] FIG. 13C is a flowchart of an operation of the
information processing device 500 of the fifth embodiment of
the present invention.

[FIG. 13D] FIG. 13D is a flowchart of an operation of the
information processing device 500 of the fifth embodiment of
the present invention.

[FIG. 14] FIG. 14 is a flowchart of an operation of a
information processing device according to a sixth embodi-
ment of the present invention.

[FIG. 15] FIG. 15 is a diagram illustrating another exem-
plary table defined in the process request destination desig-
nating section 36.

DESCRIPTION OF THE REFERENCE
CHARACTERS

100, 200, 300, 400, 500 information processing device
M1, 1, 15, 1¢ main CPU

M2, 2, 2a, 2b sub-CPU

M3 access arbitrating circuit

M4 interrupt controller

MS5 to M7, 41 to 43 peripheral device

M8, M9 RAM
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mation processing device 100.

The main CPU (M1) and the sub-CPU (M2) can both
access the peripheral devices (M5 to M7). The peripheral
devices (M5 to M7), when desiring to execute a process,
transmit an interrupt signal to the interrupt controller (M4).
When receiving an interrupt signal from the peripheral
devices (M5 to M7), the interrupt controller (M4) sends an
interrupt signal to the main CPU (M1) or the sub-CPU (M2),
depending on the state of the main CPU (M1), i.e., sends an
interrupt signal to the sub-CPU (M2) when the main CPU
(M1) is in the sleeping state, and an interrupt signal to the
main CPU (M1) when the main CPU (M1) is in the operating
state. Note that, as described above, the main CPU (M1) has
the operating state and the sleeping state. Every time the state
of the main CPU (M1) is changed, the interrupt controller
(M4) writes the state into a register (main CPU status register)
in the interrupt controller (M4).

FIG. 2 is a block diagram illustrating a functional configu-
ration of the information processing device 100 of the first
embodiment of the present invention. In FIG. 2, the informa-
tion processing device 100 comprises a main CPU 1, a sub-
CPU 2, a process request determining section 3, and periph-
eral devices 41 to 43. The main CPU 1 corresponds to the
main CPU (M1) of FIG. 1. The sub-CPU 2 corresponds to the

11 interrupt determining section 45 sub-CPU (M2) of FIG. 1. The process request determining
21 interrupt determining section section 3 corresponds to the interrupt controller (M4) of FIG.
3, 3a process request determining section 1. The peripheral devices 41 to 43 correspond to the periph-
31 main CPU status register eral devices (M5 to M7) of FIG. 1.

32 interrupt request register The main CPU 1 includes an interrupt determining section
33 sub-CPU status register 50 11. The sub-CPU 2 includes an interrupt determining section
34 sub-CPU process request completion register 21. The process request determining section 3 includes a main
35 main CPU process request completion register CPU status register 31, an interrupt request register 32, and a
36 process request destination designating section sub-CPU status register 33.

44 main CPU wake-up request sending section The main CPU 1 can take two states, i.e., an operating state
51 memory area determining section 55 and a sleeping state. The main CPU 1 sends notification of

61 memory area

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

FIG. 1 is a block diagram illustrating a hardware configu-
ration of an information processing device 100 according to a
first embodiment of the present invention. In FIG. 1, the
information processing device 100 comprises a main CPU
(M1), a sub-CPU (M2), an access arbitrating circuit (M3), an

60

65

whether the main CPU 1 is in the sleeping state or the oper-
ating state, to the main CPU status register 31. The main CPU
status register 31 memorizes whether the main CPU 1 is in the
sleeping state or the operating state. The main CPU status
register 31 changes a flag value by a write process from the
main CPU 1, and writes a sleep flag when the main CPU 1
goes to the sleeping state, and an operation flag when the main
CPU 1 goes to the operating state.

The sub-CPU 2 can take two states, i.e., an operating state
and a sleeping state. The sub-CPU 2 sends notification of
whether the sub-CPU 2 is in the sleeping state or the operating
state, to the sub-CPU status register 33. The sub-CPU status
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register 33 memorizes whether the sub-CPU 2 is in the sleep-
ing state or the operating state. The sub-CPU status register 33
changes a flag value by a write process from the sub-CPU 2,
and writes a sleep flag when the sub-CPU 2 goes to the
sleeping state, and an operation flag when the sub-CPU 2 goes
to the operating state.

The main CPU 1 and the sub-CPU 2 can each control the
peripheral devices 41 to 43.

The main CPU 1 and the sub-CPU 2 automatically go to the
sleeping state when a required process is finished. When an
interrupt signal is sent from the process request determining
section 3 to the interrupt determining section 11, the main
CPU 1 performs a process for going to the operating state, and
when going to the operating state, writes the operation flag
into the main CPU status register 31.

The interrupt request register 32 receives an interrupt sig-
nal from the peripheral devices 41 to 43, and memorizes the
interrupt signal. When receiving an interrupt signal from the
peripheral devices 41 to 43, the process request determining
section 3 determines whether to cause the main CPU 1 or the
sub-CPU 2 to execute a process, and sends the interrupt signal
to the interrupt determining section 11 of the main CPU 1 or
the interrupt determining section 21 of the sub-CPU 2. The
interrupt determining section 11 detects the interrupt signal
from the process request determining section 3. The interrupt
determining section 21 detects the interrupt signal from the
process request determining section 3.

FIG. 3 is a flowchart of an operation of the information
processing device 100 of the first embodiment. Hereinafter,
the operation of the information processing device 100 of the
first embodiment will be described with reference to FIG. 3.

When an interrupt signal is sent by any of the peripheral
devices 41, 42 and 43, the process request determining sec-
tion 3 memorizes that the interrupt signal has occurred, by
setting a flag in a portion corresponding to the peripheral
device 41, 42 or 43 of the interrupt request register 32 (step
S1).

Next, the process request determining section 3 determines
whether or not the main CPU 1 is in the sleeping state, by
referencing the main CPU status register 31 (step S2).

When the main CPU 1 is in the sleeping state, the process
request determining section 3 references the sub-CPU status
register 33 to determine whether or not the sub-CPU 2 is in the
sleeping state (step S3). When the sub-CPU 2 is in the sleep-
ing state, the process request determining section 3 causes the
sub-CPU 2 to go to the operating state, causes the sub-CPU
status register 33 to memorize that the sub-CPU 2 is in the
operating state (step S4), and goes to an operation of step S5.
On the other hand, when the sub-CPU 2 is in the operating
state, the process request determining section 3 goes to the
operation of step S5.

In step S5, the process request determining section 3 sends
an interrupt signal to the interrupt determining section 21 of
the sub-CPU 2 (step S5). In response to this, the sub-CPU 2
executes an interrupt process corresponding to the sent inter-
rupt signal (step S6), and goes to an operation of step S7.

In step S7, the sub-CPU 2 confirms whether or not there is
a request for a new interrupt with respect to the sub-CPU 2
during execution of step S6. When there is a request for a new
interrupt, the sub-CPU 2 returns to the operation of step S6,
and executes a new interrupt process. On the other hand, when
there is not a request for a new interrupt, the sub-CPU 2 goes
to the sleeping state (step S8). The sub-CPU 2 notifies the
sub-CPU status register 33 that the sub-CPU 2 goes to the
sleeping state. In response to this, the sub-CPU status register
33 memorizes that the sub-CPU 2 is in the sleeping state.
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In step S2, when it is determined that the main CPU 1 is not
in the sleeping state, i.e., is in the operating state, the process
request determining section 3 sends an interrupt signal to the
interrupt determining section 11 of the main CPU 1 (step S9).
The main CPU 1 executes an interrupt process corresponding
to the sent interrupt signal (step S10), and goes to an operation
of'step S11.

In step S11, the main CPU 1 confirms whether or not there
is a request for a new interrupt with respect to the main CPU
1 during execution of step S10. When there is a request for a
new interrupt, the main CPU 1 returns to the operation of step
S10, and executes a new interrupt process. On the other hand,
when there is not a request for a new interrupt, the main CPU
1 goes to the sleeping state (step S12). The main CPU 1
notifies the main CPU status register 31 that the main CPU 1
goes to the sleeping state. In response to this, the main CPU
status register 31 memorizes that the main CPU 1 is in the
sleeping state.

Thus, according to the first embodiment, the information
processing device 100, when a peripheral device sends an
interrupt signal, determines whether or not the main CPU 1 is
in the sleeping state. When the main CPU 1 is in the sleeping
state, the information processing device 100 determines that
the sub-CPU 2 can be caused to execute an interrupt process,
and causes the sub-CPU 2 to execute the interrupt process.
Therefore, if the main CPU 1 is in the sleeping state, the
information processing device 100 can execute an interrupt
process without waking up the main CPU 1, so that the main
CPU 1 can be caused to be in the sleeping state for a long time,
thereby making it possible to reduce power consumption. On
the other hand, when the main CPU 1 is in the operating state,
the information processing device 100 determines that the
main CPU 1 can be caused to execute an interrupt process,
and causes the main CPU 1 to execute an interrupt process.
Therefore, the response speed of interrupt processes can be
improved. Thus, in this embodiment, since a CPU to be used
is selected, depending on the operating state of the main CPU
1, the information processing device 100 which achieves low
power consumption and in which a CPU for processing a
request from a peripheral apparatus is not fixedly assigned, is
provided. In this embodiment, it is determined which of the
CPUs is used to process a process request from a peripheral
device, depending on the operating states of the CPUs. There-
fore, as is different from the conventional art, it is not neces-
sary to directly connect between the CPUs and the peripheral
devices or provide a clear correspondence relationship ther-
ebetween. Therefore, if the process request determining sec-
tion 3 of this embodiment is used, an information processing
device which achieves low power consumption and in which
a CPU for executing a process request from a peripheral
device is not fixed to a main CPU or a sub-CPU can be
provided, even when the information processing device has a
different hardware configuration.

Note that, in the first embodiment, the interrupt determin-
ing sections 11 and 21 may be provided within either the CPU
or the process request determining section 3. Also, the main
CPU status register 31 and the sub-CPU status register 33
may be provided within either the CPU or the process request
determining section 3.

Note that a method of recording an interrupt signal into the
interrupt request register 32 may be other format than that
which is described above.

Second Embodiment

In a second embodiment of the present invention, an infor-
mation processing device has a hardware configuration simi-
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lar to that of the first embodiment, and therefore, FIG. 1 is
referenced. FIG. 4 is a block diagram illustrating a functional
configuration of an information processing device 200
according to the second embodiment of the present invention.
In FIG. 4, the information processing device 200 comprises a
main CPU 1, a sub-CPU 24, a process request determining
section 3a, and peripheral devices 41 to 43. In FIG. 4, parts
having functions similar to those of the first embodiment are
indicated by the same reference numerals and will not be
described. The process request determining section 3a
includes a main CPU status register 31, an interrupt request
register 32, a sub-CPU status register 33, and a sub-CPU
process request completion register 34.

The sub-CPU process request completion register 34
memorizes whether or not the sub-CPU 2a is prohibited from
being interrupted. The sub-CPU 2a, when receiving an inter-
rupt request, writes a flag indicating that the sub-CPU 2aq is
executing an interrupt process, into the sub-CPU process
request completion register 34. The sub-CPU 2a, when fin-
ishing an interrupt process, writes a flag indicating that the
sub-CPU 2a is not executing an interrupt process, into the
sub-CPU process request completion register 34.

FIG. 5 is a flowchart of an operation of the information
processing device 200 of the second embodiment of the
present invention. Hereinafter, the operation of the informa-
tion processing device 200 of the second embodiment of the
present invention will be described with reference to FIG. 5.

When an interrupt signal is sent by any of the peripheral
devices 41, 42 and 43, the process request determining sec-
tion 3¢ memorizes that the interrupt signal has occurred, by
setting a flag in a portion corresponding to the peripheral
device 41, 42 or 43 of the interrupt request register 32 (step
S21).

Next, the process request determining section 3a refer-
ences the main CPU status register 31 to determine whether or
not the main CPU 1 is in the sleeping state (step S22).

When the main CPU 1 is in the operating state, the process
request determining section 3a goes to an operation of step
S32. On the other hand, when the main CPU 1 is in the
sleeping state, the process request determining section 3a
references the sub-CPU status register 33 to determine
whether or not the sub-CPU 2aq is in the sleeping state (step
S23). When the sub-CPU 2a is in the sleeping state, the
process request determining section 3a causes the sub-CPU
2a to go to the operating state, rewrites the sub-CPU status
register 33 (step S24), and goes to an operation of step S25.
On the other hand, when the sub-CPU 2a¢ is in the operating
state, the process request determining section 3a goes to the
operation of step S25.

In step S25, the process request determining section 3a
references the sub-CPU process request completion register
34 to determine whether or not the sub-CPU 2a can accept an
interrupt request. When the sub-CPU 2a cannot accept the
interrupt request, i.e., when the sub-CPU 2aq is executing an
interrupt request, the process request determining section 3a
goes to an operation of step S26. On the other hand, when the
sub-CPU 2a can accept the interrupt request, i.e., the sub-
CPU 2a is not executing an interrupt request, the process
request determining section 3a goes to an operation of step
S27.

In step S26, the process request determining section 3a
determines whether or not the main CPU 1 is in the sleeping
state. When the main CPU 1 is in the sleeping state, the
process request determining section 3a causes the main CPU
1 to go to the operating state, rewrites the main CPU status
register (step S31), and goes to the operation of step S32. On
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the other hand, when the main CPU 1 is in the operating state,
the process request determining section 3a goes to the opera-
tion of step S32.

In step S27, the process request determining section 3a
sends an interrupt signal to the interrupt determining section
21, and goes to an operation of step S28.

In step S28, the sub-CPU 2a executes an interrupt process.
During start of the interrupt process in step S28, the sub-CPU
2a writes a flag indicating that the sub-CPU 2ais executing an
interrupt process, into the sub-CPU process request comple-
tion register 34. During end of the interrupt process in step
S28, the sub-CPU 2a writes a flag indicating that the sub-CPU
2a is not executing an interrupt process, into the sub-CPU
process request completion register 34. After the interrupt
process is finished, it is confirmed whether or not an interrupt
occurs in the sub-CPU 2qa again during step S28 (step S29).
When an interrupt signal is detected again by the interrupt
determining section 21, the process flow returns to step S28,
or when an interrupt signal is not detected, the sub-CPU 2a
goes to the sleeping state (step S30). The sub-CPU 2a notifies
the sub-CPU status register 33 that the sub-CPU 2a goes to
the sleeping state. In response to this, the sub-CPU status
register 33 memorizes that the sub-CPU 2a is in the sleeping
state.

In step S32, the process request determining section 3a
sends an interrupt signal to the interrupt determining section
11 of the main CPU 1. Next, the main CPU 1 executes an
interrupt process corresponding to the sent interrupt signal
(step S33), and goes to an operation of step S34. In step S34,
the main CPU 1 determines whether or not there is a request
for a new interrupt with respect to the main CPU 1 during
execution of step S33. When there is a request for a new
interrupt, the main CPU 1 returns to the operation of step S33,
and executes a new interrupt process. On the other hand, when
there is not a request for a new interrupt, the main CPU 1 goes
to the sleeping state (step S35). The main CPU 1 notifies the
main CPU status register 31 that the main CPU 1 goes to the
sleeping state. In response to this, the main CPU status reg-
ister 31 memorizes that the main CPU 1 is in the sleeping
state.

Thus, according to the second embodiment, the informa-
tion processing device 200, when an interrupt signal is sent
from a peripheral device, determines whether or not the main
CPU 1 is in the sleeping state. When the main CPU 1 is in the
sleeping state, the information processing device 200 deter-
mines whether or not the sub-CPU 2a can be caused to
execute an interrupt process. When the sub-CPU 2a can be
caused to execute the interrupt process, the information pro-
cessing device 200 causes the sub-CPU 2a to execute the
interrupt process. Therefore, if the main CPU 1 is in the
sleeping state and the sub-CPU 2a can execute an interrupt
process, the interrupt process can be executed without waking
up the main CPU 1, so that the main CPU 1 can be caused to
be in the sleeping state for a long time, there by making it
possible to reduce power consumption. On the other hand,
when the main CPU 1 is in the sleeping state and the sub-CPU
2a cannot execute an interrupt process, the information pro-
cessing device 200 causes the main CPU 1 to go to the
operating state and causes the main CPU 1 to execute an
interrupt process. Also, if the main CPU 1 is in the operating
state, the information processing device 200 determines that
the main CPU 1 can be caused to execute an interrupt process,
the main CPU 1 is caused to execute the interrupt process.
Therefore, the response speed of interrupt processes can be
improved. Thus, in this embodiment, since a CPU to be used
is selected, depending on the operating states of the main
CPU 1 and the sub-CPU 2aq, the information processing
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device 200 which achieves low power consumption and in
which a CPU for processing a request from a peripheral
device is not fixedly assigned, is provided. In this embodi-
ment, it is determined which of the CPUs is used to process a
process request from a peripheral device, depending on the
operating states of the CPUs. Therefore, as is different from
the conventional art, it is not necessary to directly connect
between the CPUs and the peripheral devices or provide a
clear correspondence relationship therebetween. Therefore,
if the process request determining section 3a of this embodi-
ment is used, an information processing device which
achieves low power consumption and in which a CPU for
executing a process request from a peripheral device is not
fixed to a main CPU or a sub-CPU can be provided, even
when the information processing device has a different hard-
ware configuration.

Note that, in the second embodiment, the interrupt deter-
mining sections 11 and 21 may be provided within either the
CPU or the process request determining section 3a. Also, the
main CPU status register 31 and the sub-CPU status register
33 may be provided within either the CPU or the process
request determining section 3a. The sub-CPU process request
completion register 34 may also be provided within either the
CPU or the process request determining section 3a.

Note that a method of recording an interrupt signal into the
interrupt request register 32 may be other format than that of
FIG. 2.

Third Embodiment

In a third embodiment of the present invention, an infor-
mation processing device has a hardware configuration simi-
lar to that of the first embodiment, and therefore, FIG. 1 is
referenced. FIG. 6 is a block diagram illustrating a functional
configuration of an information processing device 300
according to a third embodiment of the present invention. In
FIG. 6, the information processing device 300 comprises a
main CPU 15, a sub-CPU 2, a process request determining
section 34, peripheral devices 41 to 43, a main CPU wake-up
request sending section 44, a memory area determining sec-
tion 51, and a memory area 61. In FIG. 6, parts having func-
tions similar to those of the first and second embodiments are
indicated by the same reference numerals and will not be
described in detail.

The memory area 61 is a memory area which can be ref-
erenced by the main CPU 15 and the sub-CPU 2b. The
memory area 61 corresponds to the RAMs (M8 and M9) of
FIG. 1.

The memory area determining section 51 memorizes
whether or not the memory area 61 is being used by the
sub-CPU 2b. The memory area determining section 51 man-
ages a state of the memory area 61 used by the sub-CPU 25,
using a Lock variable. The memory area determining section
51 corresponds to the RAMs (M8 and M9) of FIG. 1. The
memory area determining section 51 memorizes a flag indi-
cating that the memory area 61 is being referenced, into the
Lock variable while the memory area 61 is being referenced
by the sub-CPU 2b. Note that the flag is set by the sub-CPU 25
when the sub-CPU 2 references the memory area 61. When
the flag is set, the Lock variable is assumed to be locked.
When the flag is not set, the Lock variable is assumed to be
released.

The main CPU wake-up request sending section 44 sends
an interrupt signal for causing the main CPU 15 to go to the
operating state.

The main CPU 15 and the sub-CPU 25 have functions
similar to those of the main CPUs 1 and the sub-CPUs 2 and
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2a of the first and second embodiments, except that the main
CPU 15 and the sub-CPU 24 can access the memory area
determining section 51 and the memory area 61.

Although only one pair of the memory area 61 and the
memory area determining section 51 corresponding thereto is
illustrated in FIG. 6, any number of the pairs may be provided.

FIGS. 7A to 7D are flowcharts of operations of the infor-
mation processing device 300 of the third embodiment of the
present invention. Hereinafter, the operations of the informa-
tion processing device 300 of the third embodiment of the
present invention will be described with reference to FIGS.
7A to 7D.

When an interrupt signal is sent by any of the peripheral
devices 41, 42 and 43, the process request determining sec-
tion 35 memorizes that the interrupt signal has occurred, by
setting a flag in a portion corresponding to the peripheral
device 41, 42 or 43 of the interrupt request register 32 (step
S41).

Next, the process request determining section 35 refer-
ences the main CPU status register 31 to determine whether or
not the main CPU 15 is in the sleeping state (step S42).

When the main CPU 1bis in the operating state, the process
request determining section 3 b goes to an operation of step
S49. On the other hand, when the main CPU 15 is in the
sleeping state, the process request determining section 36
references the sub-CPU status register 33 to determine
whether or not the sub-CPU 25 is in the sleeping state (step
S43). When the sub-CPU 254 is in the sleeping state, the
process request determining section 35 causes the sub-CPU 2
b to go to the operating state, rewrites the sub-CPU status
register 33 (step S44), and goes to an operation of step S45.
On the other hand, when the sub-CPU 25 is in the operating
state, the process request determining section 356 goes to the
operation of step S45.

In step S45, the process request determining section 35
references the sub-CPU process request completion register
34 to determine whether or not the sub-CPU 25 can accept an
interrupt request. When the sub-CPU 25 cannot accept the
interrupt request, the process request determining section 35
goes to an operation of step S47. On the other hand, when the
sub-CPU 2b can accept the interrupt request, the process
request determining section 35 goes to an operation of step
S46.

In step S47, the process request determining section 35
determines whether or not the main CPU 154 is in the sleeping
state. When the main CPU 15 is in the sleeping state, the
process request determining section 35 causes the main CPU
15 to go to the operating state, rewrites the main CPU status
register (step S48), and goes to an operation of step S49. On
the other hand, when the main CPU 15 is in the operating
state, the process request determining section 356 goes to the
operation of step S49.

In step S46, the process request determining section 35
sends an interrupt signal to the interrupt determining section
21 of the sub-CPU 25, and goes to an operation of step S100.

In step S49, the process request determining section 35
sends an interrupt signal to the interrupt determining section
11 of the main CPU 15, and goes to an operation of step S200.

FIG. 7B is a flowchart of an operation of the information
processing device 300 in step S100 of FIG. 7A. Hereinafter,
the operation of the information processing device 300 in step
S100 of FIG. 7A will be described with reference to FIG. 7B.

The sub-CPU 254, when detecting an interrupt signal, starts
a sub-CPU interrupt routine (step S101), writes an interrupt
prohibition flag into the sub-CPU process request completion
register 34 (step S102), and executes an interrupt process
(step S103). Next, the process request determining section 35
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determines whether or not there is a request for waking up of
the main CPU 15 during execution of the interrupt process by
the sub-CPU 25 (step S104). When there is a request for
waking up of the main CPU 15, the process request determin-
ing section 35 executes a process change routine (step S300),
and goes to an operation of step S105. On the other hand,
when there is not a request for waking up of the main CPU 15,
the process request determining section 3b writes an interrupt
permission flag into the sub-CPU process request completion
register 34 (step S105) after the interrupt process is finished,
and goes to the operation of step S106.

In step S106, the process request determining section 35
determines whether or not a new interrupt request has
occurred with respect to the sub-CPU 2 during the interrupt
process. When a new interrupt request has occurred, the pro-
cess request determining section 35 returns to the operation of
step S102. On the other hand, when a new interrupt request
has not occurred, the process request determining section 36
causes the sub-CPU 25 to go to the sleeping state (step S107),
and ends the sub-CPU interrupt routine (step S108).

FIG. 17C is a flowchart of an operation of the information
processing device 300 in step S200. The main CPU 15, when
the interrupt determining section 11 detects an interrupt sig-
nal, starts a main CPU interrupt routine (step S201). Next, the
main CPU 15 executes an interrupt process corresponding to
the interrupt signal (step S202). The main CPU 15 determines
whether or not a new interrupt request has occurred with
respect to the main CPU 15 during step S202 (step S203).
When a new interrupt request has occurred, the main CPU 15
returns to step S202 and processes the new interrupt request.
On the other hand, when a new interrupt request has not
occurred, the main CPU 15 goes to the sleeping state, notifies
the main CPU status register of that matter (step S204), and
ends the main CPU interrupt routine (step S205).

FIG. 17D is a flow chart of an operation of the information
processing device 300 in step S300. Initially, when the pro-
cess change routine is started (step S301), the sub-CPU 25
transmits a number of an interrupt process (hereinafter
referred to as an interrupt number) which has been currently
accepted by the sub-CPU 24, to the main CPU wake-up
request sending section 44 (step S302) Next, the main CPU
wake-up request sending section 44 sends an interrupt signal
including the interrupt number to the process request deter-
mining section 35 (step S303). Next, the process request
determining section 35 sends the interrupt signal to the main
CPU 15 (step S304). Depending on the interrupt signal, the
main CPU 15 performs a busy-loop until the Lock variable is
obtained from the memory area determining section 51 (step
S305), and when the Lock variable is obtained, starts the
continuation of the process of the sub-CPU 25 (step S306),
and ends the process change routine (step S307).

FIG. 8 is a sequence diagram illustrating a detail of an
exemplary method of causing the main CPU 15 to take over a
process in the sub-CPU 2b. Initially, the main CPU 15 is
assumed to be in the sleeping state (step S401). The sub-CPU
2b executes an interrupt process (step S502), depending on an
interrupt signal which is sent thereto (step S501), and obtains
a Lock variable from the memory area determining section 51
(step S503). Next, the sub-CPU 24 transmits a request for
waking up of the main CPU 15 to the main CPU wake-up
request sending section 44 (step S504) In response to this, the
main CPU wake-up request sending section 44 sends an inter-
rupt signal to the main CPU 15, so that an interrupt for waking
up of the main CPU 15 is executed (step S505).

The main CPU 15 executes a wake-up process for going to
the operating state, depending on the interrupt signal (step
S402). After the wake-up process is completed, the main CPU
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15 sets the main CPU status register 31 into the operating
state. When the main CPU status register 31 goes to the
operating state, the process request determining section 35
sends an interrupt signal to the main CPU 15 (step S601), and
sends a main CPU wake-up completion interrupt signal as a
wake-up completion trigger to the sub-CPU 25 (step S403).

The sub-CPU 2b flashes cache data memorized in the
memory area 61, depending on the wake-up completion trig-
ger (step S506), and stores register information into the
memory area 61 (step S507).

The main CPU 15 executes a busy-loop for obtaining the
Lock variable until the Lock variable is released (step S404).
When the sub-CPU 25 releases the Lock variable (step S508),
the main CPU 15 goes out of the busy loop and obtains the
Lock variable (step S405), obtains the register information
stored by the sub-CPU 25 from the memory area 61 (step
S406), and starts the continuation of the interrupt process
which has been executed in the sub-CPU 256 (step S407).
Here, the wake-up completion trigger of the main CPU 15
described in the above-described example is implemented by
changing the main CPU status register 31. However, an event
for the wake-up completion trigger may be executed by a
peripheral device dedicated to notifying the sub-CPU 25 of
the event.

Thus, according to the third embodiment, the information
processing device 300, when an interrupt signal is sent from
aperipheral device, determines whether or not the main CPU
15 is in the sleeping state. When the main CPU 15 is in the
sleeping state, the information processing device 300 deter-
mines whether or not the sub-CPU 25 can be caused to
execute an interrupt process. When the sub-CPU 24 can be
caused to execute the interrupt process, the information pro-
cessing device 300 causes the sub-CPU 25 to execute the
interrupt process. Therefore, if the main CPU 15 is in the
sleeping state and the sub-CPU 25 can execute an interrupt
process, the interrupt process can be executed without waking
up the main CPU 15, so that the main CPU 15 can be caused
to be in the sleeping state for a long time, thereby making it
possible to reduce power consumption. On the other hand,
when the main CPU 15 is in the sleeping state and the sub-
CPU 25 cannot execute an interrupt process, the information
processing device 300 causes the main CPU 15 to go to the
operating state and causes the main CPU 15 to execute the
interrupt process. Also, if the main CPU 15 is in the operating
state, the information processing device 300 causes the main
CPU 15 to execute the interrupt process. Therefore, the
response speed of interrupt processes can be improved. Fur-
ther, if there is a request for waking up of the main CPU 15
during execution of an interrupt process by the sub-CPU 25,
the information processing device 300 is operated so that the
main CPU 15 executes the continuation of the process in the
sub-CPU 2b. Therefore, the response speed of interrupt pro-
cesses can be further improved. Thus, in this embodiment,
since a CPU to be used is selected, depending on the operating
states of the main CPU 15 and the sub-CPU 25, the informa-
tion processing device 300 which achieves low power con-
sumption and in which a CPU for processing a request from a
peripheral apparatus is not fixedly assigned, is provided. In
this embodiment, it is determined which of the CPUs is used
to process a process request from a peripheral device, depend-
ing on the operating states of the CPUs. Therefore, as is
different from the conventional art, it is not necessary to
directly connect between the CPUs and the peripheral devices
orprovide a clear correspondence relationship therebetween.
Therefore, if the process request determining section 36 of
this embodiment is used, an information processing device
which achieves low power consumption and in which a CPU
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for executing a process request from a peripheral device is not
fixed to a main CPU or a sub-CPU can be provided, even
when the information processing device has a different hard-
ware configuration.

Note that, in the third embodiment, the interrupt determin-
ing sections 11 and 21 may be provided within either the CPU
or the process request determining section 35. Also, the main
CPU status register 31 and the sub-CPU status register 33
may be provided within either the CPU or the process request
determining section 3b. The sub-CPU process request
completion register 34 may also be provided within either the
CPU or the process request determining section 34.

Note that a method of recording an interrupt signal into the
interrupt request register 32 may be other format than that of
FIG. 6.

Fourth Embodiment

In a fourth embodiment of the present invention, an infor-
mation processing device has a hardware configuration simi-
lar to that of the first embodiment, and there fore, FIG. 1 is
referenced. FIG. 9 is a block diagram illustrating a functional
configuration of an information processing device 400
according to the fourth embodiment of the present invention.
In FIG. 9, the information processing device 400 comprises a
main CPU 1¢, a sub-CPU 2aq, a process request determining
section 3¢, and peripheral devices 41 to 43. In FIG. 9, parts
having functions similar to those of the second embodiment
are indicated by the same reference numerals and will not be
described. The process request determining section 3¢
includes a main CPU status register 31, a main CPU process
request completion register 35, an interrupt request register
32, a sub-CPU status register 33, and a sub-CPU process
request completion register 34.

The main CPU process request completion register 35
memorizes whether or not the main CPU 1c¢ is prohibited
from being interrupted. The main CPU 1¢, when receiving an
interrupt request, writes a flag indicating that the main CPU
1c is executing an interrupt process, into the main CPU pro-
cess request completion register 35. When ending the inter-
rupt process, the main CPU 1¢ writes a flag indicating that the
main CPU 1c is not executing an interrupt process, into the
main CPU process request completion register 35. Thus, the
information processing device 400 of the fourth embodiment
has a configuration obtained by adding the main CPU process
request completion register 35 to the information processing
device 200 of the second embodiment.

FIG. 10 is a flowchart of an operation of the information
processing device 400 of the fourth embodiment of the
present invention. Hereinafter, the operation of the informa-
tion processing device 400 of the fourth embodiment of the
present invention will be described with reference to FIG. 10.

The operation of the information processing device 400 has
many points in common with the operation of the information
processing device 200 of the second embodiment. In the steps
of the flowchart of FIG. 10, steps have operations similar to
those of the information processing device 200 of the second
embodiment are indicated by step numbers similar to those of
FIG. 5 and will not be described.

The flowchart of FIG. 10 is different from the flowchart of
the second embodiment of FIG. 5 in that an operation of step
S51 is added at some midpoint of transition from step S22 to
step S32. In step S22, when determining that the main CPU 1¢
is in the operating state, the process request determining
section 3¢ executes the operation of step S51. In step S51, the
process request determining section 3¢ references a register
memorized in the main CPU process request completion reg-
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ister 35 to determine whether or not the main CPU 1c¢ can
accept an interrupt. When the main CPU 1c¢ cannot accept an
interrupt, the information processing device 400 goes to the
operation of step S23. On the other hand, when the main CPU
1c can accept an interrupt, the information processing device
400 goes to the operation of step S32. The subsequent process
steps are similar to those of the second embodiment.

Thus, according to the fourth embodiment, when the main
CPU 1c is in the sleeping state, the sub-CPU 2a executes an
interrupt process, thereby making it possible to cause the
main CPU 1¢ to be in the sleeping state for a long time. On the
other hand, when the main CPU 1c¢ is in the operating state,
the sub-CPU 2a can also process an interrupt process in
parallel. As compared to the second embodiment, the
response speed of the information processing device 400 is
improved. Therefore, an information processing device
which achieves low power consumption and in which the
response speed can be improved, is provided.

Fifth Embodiment

In a fifth embodiment of the present invention, an informa-
tion processing device has a hardware configuration similar to
that of the first embodiment, and therefore, FIG. 1 is refer-
enced. FIG. 11 is a block diagram illustrating a functional
configuration of an information processing device 500 of the
fifth embodiment of the present invention. In FIG. 11, the
information processing device 500 comprises a main CPU 1e¢,
a sub-CPU 2a, a process request determining section 3d, and
peripheral devices 41 to 43. In FIG. 11, parts having functions
similar to those of the fourth embodiment are indicated by the
same reference numerals and will not be described. The pro-
cess request determining section 3d comprises a main CPU
status register 31, a main CPU process request completion
register 35, an interrupt request register 32, a sub-CPU status
register 33, a sub-CPU process request completion register
34, and a process request destination designating section 36.

The process request destination designating section 36
memorizes information about whether the process request
determining section 34 should send an interrupt signal to the
main CPU 1c¢ or the sub-CPU 2a (hereinafter referred to as
designated CPU information), and information about
whether or not a CPU other than a designated CPU may be
used (other CPU availability information), in association with
interrupt numbers.

FIG. 12 is a diagram illustrating exemplary information
memorized in the process request destination designating
section 36. In FIG. 12, for example, when an interrupt process
from the peripheral device 41 is assigned as an interrupt
number, the process request determining section 3d defines
that an interrupt signal should be sent to the main CPU 1¢, and
an interrupt signal may be sent to the sub-CPU 2a. Also, for
example, when an interrupt process from the peripheral
device 42 (or 43) is assigned as an interrupt number, the
process request determining section 3d defines that an inter-
rupt should be sent to the sub-CPU 24, and an interrupt signal
is not permitted to be sent to the main CPU 1c.

The contents of the definition of the process request desti-
nation designating section 36 are defined, for example, during
initialization of the information processing device 500.

FIGS. 13A to 13D are flowcharts of operations of the
information processing device 500 of the fifth embodiment of
the present invention. Hereinafter, the operations of the infor-
mation processing device 500 of the fifth embodiment of the
present invention will be described with reference to FIGS.
13A to 13D.
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When an interrupt signal is sent by any of the peripheral
devices 41, 42 and 43, the process request determining sec-
tion 34 memorizes that the interrupt signal has occurred, by
setting a flag in a portion corresponding to the peripheral
device 41, 42 or 43 of the interrupt request register 32 (step
S61).

Next, the process request determining section 3d executes
a process request destination determining function to deter-
mine a CPU which should execute an interrupt process (step
S700).

In step S700, when the sub-CPU 2a is designated as a CPU
which should execute an interrupt process, the process
request determining section 3d references the sub-CPU status
register 33 to determine whether or not the sub-CPU 2a is in
the sleeping state (step S62). When the sub-CPU 2a is in the
sleeping state, the process request determining section 3d
causes the sub-CPU 24 to go to the operating state (step S63),
and goes to an operation of step S64. On the other hand, when
the sub-CPU 2q is in the operating state, the process request
determining section 3d goes to the operation of step S64. In
step S64, the process request determining section 3d refer-
ences the sub-CPU process request completion register 34 to
determine whether or not the sub-CPU 2a can accept an
interrupt process. When the sub-CPU 2a cannot accept an
interrupt process, the process request determining section 3d
returns to the operation of step S64. On the other hand, when
the sub-CPU 2a can accept an interrupt process, the process
request determining section 3d sends an interrupt signal to the
interrupt determining section 21 (step S65), and executes a
sub-CPU interrupt process routine (step S900).

Instep S700, when the main CPU 1c¢ is designated as a CPU
which should execute an interrupt process, the process
request determining section 3d references the main CPU sta-
tus register 31 to determine whether or not the main CPU 1¢
is in the sleeping state (step S66). When the main CPU 1c is
in the sleeping state, the process request determining section
3d causes the main CPU 1c¢ to go to the operating state (step
S67), and goes to an operation of step S68. On the other hand,
when the main CPU 1c¢ is in the operating state, the process
request determining section 3d goes to the operation of step
S68. In step S68, the process request determining section 3d
references the main CPU process request completion register
35to determine whether or not the main CPU 1¢ canacceptan
interrupt process. When the main CPU 1c¢ cannot accept an
interrupt process, the process request determining section 3d
returns to the operation of step S68. On the other hand, when
the main CPU 1c¢ can accept an interrupt process, the process
request determining section 3d sends an interrupt signal to the
interrupt determining section 11 (step S69), and executes a
main CPU interrupt process routine (step S800).

FIG. 13B is a flowchart of the process of step S700 of FIG.
13A. Hereinafter, the process of step S700 of FIG. 13A will
be described in detail with reference to FIG. 13B.

When a process request function is started (step S701), the
process request determining section 3d references designated
CPU information of the process request destination designat-
ing section 36 to confirm which of the CPUs is designated
with respect to the interrupt signal (step S702).

When the designated CPU is the main CPU 1c, the process
request determining section 3d references the main CPU sta-
tus register 31 to determine whether or not the main CPU 1¢
is in the sleeping state (step S707). When the main CPU 1c¢ is
in the operating state, the process request determining section
3d goes to an operation of step S709. On the other hand, when
the main CPU 1c is in the sleeping state, the process request
determining section 3d references the other CPU availability
information of the process request destination designating
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section 36 to determine whether or not an interrupt signal is
permitted to be sent to the sub-CPU 2a (step S708). When an
interrupt signal is permitted to be sent to the sub-CPU 2aq, the
process request determining section 3d selects the sub-CPU
2a as a process request destination CPU, and ends the process
request destination determining function (step S711). On the
other hand, when an interrupt signal is not permitted to be sent
to the sub-CPU 24, the process request determining section
3d goes to the operation of step S709.

In step S709, the process request determining section 3d
references the main CPU process request completion register
35to determine whether or not the main CPU 1¢ canaccept an
interrupt. When the main CPU 1¢ can accept an interrupt, the
process request determining section 34 selects the main CPU
1c as a process request destination CPU, and ends the process
request destination determining function (step S712). On the
other hand, when the main CPU 1¢ cannot accept an interrupt,
the process request determining section 3d determines
whether or not an interrupt signal is permitted to be sent to the
sub-CPU 2a, as is similar to step S708 (step S710). When an
interrupt signal is permitted to be sent to the sub-CPU 2aq, the
process request determining section 3d selects the sub-CPU
2a as a process request destination CPU, and ends the process
request destination determining function (step S711) On the
other hand, when an interrupt signal is not permitted to the
sub-CPU 2aq, the process request determining section 3d
selects the main CPU 1c¢ as a process request destination
CPU, and ends the process request destination determining
function (step S712).

In step S702, when the designated CPU is the sub-CPU 2a,
the process request determining section 3d references the
sub-CPU status register 33 to determine whether or not the
sub-CPU 2a is in the sleeping state (step S703) When the
sub-CPU 2a is in the operating state, the process request
determining section 3d goes to an operation of step S705. On
the other hand, when the sub-CPU 2a is in the sleeping state,
the process request determining section 3d references the
other CPU availability information of the process request
destination designating section 36 to determine whether or
not an interrupt signal is permitted to be sent to the main CPU
1c (step S704). When an interrupt signal is permitted to be
sent to the main CPU 1¢, the process request determining
section 3d selects the main CPU 1c¢ as a process request
destination CPU, and ends the process request destination
determining function (step S712). On the other hand, when an
interrupt signal is not permitted to be sent to the main CPU 1¢,
the process request determining section 3d goes to the opera-
tion of step S705.

In step S705, the process request determining section 3d
references the sub-CPU process request completion register
34 to determine whether or not the sub-CPU 2a can accept an
interrupt. When the sub-CPU 24 can accept an interrupt, the
process request determining section 3d selects the sub-CPU
2a as a process request destination CPU, and ends the process
request destination determining function (step S711). On the
other hand, when the sub-CPU 24 cannot accept an interrupt,
the process request determining section 3d determines
whether or not an interrupt signal is permitted to be sent to the
main CPU 1c, as is similar to step S704 (step S706). When an
interrupt signal is permitted to be sent to the main CPU 1¢, the
process request determining section 34 selects the main CPU
1c as a process request destination CPU, and ends the process
request destination determining function (step S712). On the
other hand, when an interrupt signal is not permitted to be sent
to the main CPU 1¢, the process request determining section
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3d selects the sub-CPU 2a as a process request destination
CPU, and ends the process request destination determining
function (step S711).

FIG. 13C is a flowchart of a detail of the main CPU inter-
rupt process routine in step S800 of FIG. 13A. Hereinafter,
the main CPU interrupt process routine in step S800 of FIG.
13 A will be described in detail with reference to FIG. 13C.

When the main CPU interrupt process routine is started and
the interrupt determining section 11 detects an interrupt sig-
nal (step S801), the main CPU 1c¢ writes an interrupt prohi-
bition flag into the main CPU process request completion
register 35 (step S802), and executes an interrupt process
corresponding to an interrupt number (step S803). When the
interrupt process is finished, the main CPU 1c¢ writes an
interrupt permission flag into the main CPU process request
completion register 35 (step S804). Next, the main CPU 1c¢
references the interrupt determining section 11 to determine
whether or not there is an interrupt request (step S805). When
there is an interrupt request, the main CPU 1¢ returns to the
operation of step S802. On the other hand, when there is not
an interrupt request, the main CPU 1c¢ goes to the sleeping
state (step S806), and ends the main CPU interrupt process
routine (step S807).

FIG. 13D is a flowchart of a detail of the sub-CPU interrupt
process routine in step S900 of FIG. 13A. Hereinafter, the
sub-CPU interrupt process routine in step S900 of FIG. 13A
will be described in detail with reference to FIG. 13D.

When the sub-CPU interrupt process routine is started and
the interrupt determining section 21 detects an interrupt sig-
nal (step S901), the sub-CPU 2a writes an interrupt prohibi-
tion flag into the sub-CPU process request completion regis-
ter 34 (step S902), and executes an interrupt process
corresponding to an interrupt number (step S903). When the
interrupt process is finished, the sub-CPU 2a writes an inter-
rupt permission flag into the sub-CPU process request
completion register 34 (step S904). Next, the sub-CPU 2a
references the interrupt determining section 21 to determine
whether or not there is an interrupt request (step S905). When
there is an interrupt request, the sub-CPU 2a returns to the
operation of step S902. On the other hand, when there is not
aninterrupt request, the sub-CPU 2a goes to the sleeping state
(step S906), and ends the sub-CPU interrupt process routine
(step S907).

Thus, according to the fifth embodiment, it is possible to
flexibly determine which of the CPUs is caused to perform a
process, for each interrupt, so that, for example, an event
which has a relatively small processing load and is executed
in short cycles is assigned to the sub-CPU 24, and other events
are assigned to the main CPU 1¢, thereby making it possible
to reduce power consumption. Also, in the fifth embodiment,
when the main CPU 1c¢ is designated by the process request
destination designating section 36, the information process-
ing device 500 initially determines whether or not the main
CPU 1c is in the sleeping state (see step S707 of FIG. 13B).
When the main CPU 1c¢ is in the sleeping state, the informa-
tion processing device 500 determines whether or not an
interrupt process can be executed by the sub-CPU 24 (see step
S708 of FIG. 13B). When an interrupt process can be
executed by the sub-CPU 2aq, the information processing
device 500 causes the sub-CPU 2a to execute the interrupt
process. Therefore, if the main CPU 1c¢ is in the sleeping state
and the sub-CPU 24 can execute an interrupt process, the
interrupt process can be executed without waking up the main
CPU 1c, so that the main CPU 1c¢ can be caused to be in the
sleeping state for a long time, thereby making it possible to
reduce power consumption. On the other hand, when the main
CPU 1c is in the operating state, the process request deter-
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mining section 3d determines whether or not an interrupt
process can be executed by the main CPU 1c. When the
interrupt process can be executed by the main CPU 1, the
interrupt process is executed by the main CPU 1c¢, so that the
response speed is improved.

Note that, in the fifth embodiment, the interrupt determin-
ing sections 11 and 21 may be provided within either the CPU
or the process request determining section 3d. Also, the main
CPU status register 31 and the sub-CPU status register 33
may be provided within either the CPU or the process request
determining section 3d. The sub-CPU process request
completion register 34 may also be provided within either the
CPU or the process request determining section 3d.

Note that a method of recording an interrupt signal into the
interrupt request register 32 may be other than that of FIG. 11.

Note that, in the fiftth embodiment, as a process until an
interrupt can be accepted, a busy loop is used as illustrated in
steps S64 and S68 of FIG. 13A. However, the process request
determining section 3d may accumulate interrupt processes
in a data structure, such as a queue, in time series, and send the
subsequent interrupt signals while monitoring the interrupt
determining sections 11 and 21.

Note that, in the fifth embodiment, as in the third embodi-
ment, a mechanism for causing the main CPU 1c¢ to take over
a process in the sub-CPU 24 can be introduced. This can be
implemented by a method which will be clearly understood
from FIGS. 7B to 7D and 8 of the third embodiment.

Note that, in the fifth embodiment, at least one of steps
S709, S703 and S705 may be dispensable.

Sixth Embodiment

An information processing device according to a sixth
embodiment of the present invention has parts similar to those
of'the fifth embodiment, and therefore, FIGS. 1,11 and 12 are
referenced.

FIG. 14 is a flowchart of an operation of the information
processing device of the sixth embodiment of the present
invention. Hereinafter, the operation of the information pro-
cessing device of the sixth embodiment of the present inven-
tion will be described with reference to FIG. 14.

When an interrupt signal is sent by any of the peripheral
devices 41, 42 and 43, the process request determining sec-
tion 34 memorizes that the interrupt signal has occurred, by
setting a flag in a portion corresponding to the peripheral
device 41, 42 or 43 of the interrupt request register 32 (step
S71).

Next, the process request determining section 3d refer-
ences the main CPU status register 31 to determine whether or
not the main CPU 1 is in the sleeping state (step S72).

In step S72, when determining that the main CPU 1is inthe
operating state, the process request determining section 3d
references the main CPU process request completion register
35to determine whether or not the main CPU 1¢ canaccept an
interrupt (step S73). When the main CPU 1c¢ can accept an
interrupt, the process request determining section 3d refer-
ences designated CPU information on a table defined in the
process request destination designating section 36 to deter-
mine whether or not an interrupt signal is permitted to be sent
to the main CPU 1¢, depending on whether or not the main
CPU 1c is designated as a designated CPU (step S74). Here,
as an example of the table defined in the process request
destination designating section 36, a table on which only
designated CPU information is defined in association with
interrupt numbers as illustrated in FIG. 15 as well as F1G. 12,
may be used.
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In step S74, when an interrupt signal is not permitted to be
sent to the main CPU 1¢, the process request determining
section 3d goes to an operation of step S75. On the other hand,
when an interrupt signal is permitted to be sent to the main
CPU 1c, the process request determining section 34 goes to an
operation of step S81.

In step S75, the process request determining section 3d
references the sub-CPU status register 33 to determine
whether or not the sub-CPU 24 is in the sleeping state.

When the sub-CPU 2a is in the sleeping state, the process
request determining section 3d causes the sub-CPU 2a to go
to the operating state (step S76), and goes to an operation of
step S77. On the other hand, when the sub-CPU 2aq is not in
the sleeping state, the process request determining section 3d
goes to the operation of step S77.

In step S77, the process request determining section 3d
references the sub-CPU process request completion register
34 to determine whether or not the sub-CPU 2a can accept an
interrupt signal.

When the sub-CPU 2a cannot accept an interrupt, the pro-
cess request determining section 3d returns to the operation of
step S77, and while it is determined that the sub-CPU 2a
cannot accept an interrupt, the process request determining
section 3d performs a busy-loop to wait until the sub-CPU 2a
can accept an interrupt. When the sub-CPU 2a can accept an
interrupt signal, the process request determining section 3d
sends an interrupt signal to the interrupt determining section
21 (step S78), and executes a sub-CPU interrupt process
routine (step S900). The sub-CPU interrupt process routine is
similar to that of the fifth embodiment, and therefore, FIG.
13D is referenced, and the sub-CPU interrupt process routine
will not be described.

In step S72, when determining that the main CPU 1c¢ is in
the sleeping state, the process request determining section 3d
references the designated CPU information on the table
defined in the process request destination designating section
36 to determine whether or not an interrupt signal is permitted
to be sent to the sub-CPU 2a (step S79). When an interrupt
signal is permitted to be sent to the sub-CPU 2a, the process
request determining section 3d goes to the operation of step
S75. On the other hand, when determining that an interrupt
signal is not permitted to be sent to the sub-CPU 2a, the
process request determining section 34 causes the main CPU
1c to go to the operating state (step S80), and goes to the
operation of step S81.

In step S81, the process request determining section 3d
references the main CPU process request completion register
35to determine whether or not the main CPU 1¢ canacceptan
interrupt. When the main CPU 1c¢cannot accept an interrupt,
the process request determining section 3d returns to the
operation of step S81, and performs a busy-wait until the main
CPU 1c¢ can accept an interrupt. When the main CPU 1¢ can
accept an interrupt, the process request determining section
3d sends an interrupt signal to the interrupt determining sec-
tion 11 (step S82), and executes a main CPU interrupt process
routine (step S800). The main CPU interrupt process routine
is similar to that of the fifth embodiment, and therefore, FIG.
13C is referenced, and the main CPU interrupt process rou-
tine will not be described.

Thus, according to the sixth embodiment, for example, it is
possible to flexibly determine which of the CPUs is caused to
perform a process, for each interrupt, so that an event which
has a relatively small processing load and is executed in short
cycles is assigned to the sub-CPU 2a, and other events are
assigned to the main CPU 1c¢ thereby making it possible to
reduce power consumption. Also, in the sixth embodiment,
the information processing device initially determines
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whether or not the main CPU 1c¢ is in the sleeping state (see
step S72 of FIG. 14). When the main CPU 1c¢ s in the sleeping
state, the information processing device determines whether
ornot an interrupt process can be executed by the sub-CPU 2a
(see step S79 of FIG. 14). When an interrupt process can be
executed by the sub-CPU 24, the information processing
device causes the sub-CPU 2a to execute the interrupt pro-
cess. Therefore, if the main CPU 1c¢ is in the sleeping state and
the sub-CPU 24 can execute an interrupt process, the interrupt
process can be executed without waking up the main CPU 1¢,
so that the main CPU 1c¢ can be caused to be in the sleeping
state for a long time, thereby making it possible to reduce
power consumption. On the other hand, when the main CPU
1c is in the operating state, the process request determining
section 3d determines whether or not an interrupt process can
be executed by the main CPU 1c (step S74 of FIG. 14). When
the interrupt process can be executed by the main CPU 1¢, the
information processing device causes the main CPU 1c¢ to
execute the interrupt process. Therefore, the response speed is
improved.

Note that, in the sixth embodiment, the interrupt determin-
ing sections 11 and 21 may be provided within either the CPU
or the process request determining section 3d. Also, the main
CPU status register 31 and the sub-CPU status register 33
may be provided within either the CPU or the process request
determining section 3d. The sub-CPU process request
completion register 34 may also be provided within either the
CPU or the process request determining section 3d.

Note that a method of recording an interrupt signal into the
interrupt request register 32 may be other format than that of
FIG. 11.

Note that, in the sixth embodiment, as a process until an
interrupt can be accepted, a busy loop is used as illustrated in
steps S77 and S81 of FIG. 14. However, the process request
determining section 3d may accumulate interrupt processes
in a data structure, such as a queue, in time series, and send the
subsequent interrupt signals while monitoring the interrupt
determining sections 11 and 21.

Note that, in the sixth embodiment, as in the third embodi-
ment, a mechanism for causing the main CPU 1c¢ to take over
a process in the sub-CPU 24 can be introduced. This can be
implemented by a method which will be clearly understood
from FIGS. 7B to 7D and 8 of the third embodiment.

Note that the interrupt controller (M4) may be a general-
purpose computer device (e.g., a microcomputer, etc.), a pro-
gram stored in a memory device may be read into the com-
puter device, and the operations described in the
embodiments are executed by the computer device, thereby
implementing the process request determining section. The
program may be previously incorporated into the information
processing device, or may be lately installed into the infor-
mation processing device.

Note that functional blocks for implementing the informa-
tion processing device of the present invention (e.g., the pro-
cess request determining section), maybe typically imple-
mented as an integrated circuit (L.SI). Each functional block
may be separately mounted on one chip, or a part or the whole
of the functional blocks may be mounted on one chip. Here,
the term L.SI is used. LSI may be also called IC, system LSI,
super LSI or ultra LSI, depending on the packaging density.
Also, the integrated circuit is not limited to LSI. The inte-
grated circuit may be achieved by a dedicated circuit or a
general-purpose processor. Further, a Field Programmable
Gate Array (FPGA) which can be programmed after [LSI
production or a reconfigurable processor in which connec-
tions or settings of circuit cells in LSI can be reconfigured,
may be used. Furthermore, if an integrated circuit technology
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which replaces LSI is developed by an advance in the semi-
conductor technology or the advent of other technologies
derived therefrom, the functional blocks may be packaged
using such a technology. A biotechnology may be applicable.

While the invention has been described in detail, the fore-
going description is in all aspects illustrative and not restric-
tive. It is understood that numerous other modifications and
variations can be devised without departing from the scope of
the invention.
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when the main CPU is in the operating state, the process
request determining section determines whether or not
the main CPU can accept the process, and when the main
CPU can accept the process, causes the main CPU to
execute the process, and when the main CPU cannot
accept the process, determines whether or not the sub-
CPU can be caused to execute the process.

5. The information processing device according to claim 1,

further comprising:

10 a process request destination designating section defining
INDUSTRIAL APPLICABILITY in advance a desired CPU which is desired to execute the
rocess, as designated CPU information, in association
The information processing device of the present invention Svith a process iinone of the peripheral devices,
can perform a process using a sub-CPU having low power wherein, when a CPU designated by the designated CPU
Ic“oornnsfarrlllcpenaonlzl \l)lvilgtgllllopuotvszyzlo?i sﬁﬁi‘;ﬁﬂ?gﬁ;ﬁg&%ﬁ%&fgﬁ; 15 information of the process request destination designat-
operating state. Therefore, the information processing device ﬁ%ﬁssglszlcléZ;hgeﬁiﬁiriz%ﬁgfhgOﬂclzsrsnﬁﬁug;? ei:;eirn
of'the present invention is useful for mobile terminal devices the sleeping state or the operating state.
driven by a battery, and the like. Also, the information pro- 6. The information processing device according to claim 5,
cessing device of the present invention is applicable to vari- 20 wherein the process request destination designating section
ous home appliances, information processing devices, indus- further defines, as other CPU availability information,
trial devices, and the like which are expected to exhibit a  whether or not the process is permitted to be executed using a
power reducing effect, as well as mobile terminal devices. CPU other than the CPU defined in the designated CPU
The invention claimed is: information, and
1. An ipformation processing .device for ?OntrOIIing more 25 the process request determining section, when the main
than one internal or external Perlpheral device, comprising: CPU is in the sleeping state, references the other CPU
amamn CP[{, capatbie of(tiaku}g at.leasttt\tvo states which are availability information to determine whether or not the
an operating state and a sleeping state; ) sub-CPU is permitted to execute the process,
a S:Ill)-ocigtfipasl:elft:eoafrﬁlzz%e? %ﬁaszggg Ztr?(ties which are % when the sub-CPU is permitted to execute the process, the
a procgss re(fuest determining sgction’ for determining Iérglcjeisss zzglslz(sittie;igzllllrtl:i%se;crtclgrés(ietae;gnnes the sub-
which of the main CPU and the sub-CPU is caused to when the sub-CPU is not permitted to execute the process,
execute a process related to a request from one of the the process request determining section determines that
perip heral devices, .. . the main CPU is caused to execute the process.
wherein the process request determining section deter- 35 7 The information ino devi dine to claim 6
i hether the main CPU is in the sleeping state or . processing device accoraing to cfaim o,
$;ng;§a fing state, and when the main CgUgi s in the th:reln th.e process request determlmng.sectlon, when the
: > main CPU is in the operating state, determines whether or not
sleeping state, determines whether or not the sub-CPU the main CPU can accept the process,
can be caused to execute the process, and when the main when the main CPU can accept the process, the process
CPU is in the operating state, determines whether or not 40 . . . ’ .
the main CPU can be caused to execute the process, and request determining section determines that the main
depending on a result of the determination, causes the CPUis capsed to execute the process,
main CPU or the sub-CPU to execute the process. when the main CPU cannot accept the process, the process
2. The information processing device according to claim 1 request determining section references the other CPU
p g g , e . .
wherein, when the main CPU is in the sleeping state, the 45 avallablhty 1nf0m}at10n to determine whether or not the
process request determining section causes the sub-CPU to sub-CPU is pe@ltted to.execute the process,
execute the process, and when the sub-CPU is permltrted to gxecute the process, the
when the main CPU is in the operating state, the process process request determining section determines that the
request determining section causes the main CPU to sub-CPU is cause.:d to execute the process, and
execute the process. 5o when the sub-CPU is not perrpljrted to execute the process,
3. The information processing device according to claim 1, the process request determining section determines that
wherein, when the main CPU is in the sleeping state, the the main CPU is caused to execute the process.
process request determining section determines whether or 8. The information processing device according to claim 5,
not the sub-CPU can accept the process, and when the sub- ~ wherein, when the CPU designated by the designated CPU
CPU can accept the process, causes the sub-CPU to execute 55 information of the process request destination designating
the process, and when the sub-CPU cannot accept the pro- section is the sub-CPU, the process request determining sec-
cess, and causes the main CPU to execute the process, and tion determines whether the sub-CPU is in the sleeping state
when the main CPU is in the operating state, the process or the operating state to determine which of the main CPU and
request determining section causes the main CPU to the sub-CPU is caused to execute the process.
execute the process. 60 9. Theinformation processing device according to claim 8,
4. The information processing device according to claim 1, wherein the process request destination designating section
wherein, when the main CPU is in the sleeping state, the further defines, as other CPU availability information,
process request determining section determines whether or whether or not the process is permitted to be executed using a
not the sub-CPU can accept the process, and when the sub- CPU other than the CPU defined in the designated CPU
CPU can accept the process, causes the sub-CPU to execute 65 information,

the process, and when the sub-CPU cannot accept the pro-
cess, causes the main CPU to execute the process, and

the process request determining section, when the sub-
CPU is in the sleeping state, references the other CPU
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availability information to determine whether or not the
main CPU is permitted to execute the process,

when the main CPU is permitted to execute the process, the
process request determining section determines the
main CPU is caused to execute the process, and

when the main CPU is not permitted to execute the process,
the process request determining section determines that
the sub-CPU is caused to execute the process.

10. The information processing device according to claim

9, wherein the process request determining section, when the
sub-CPU is in the operating state, determines whether or not
the sub-CPU can accept the process,

when the sub-CPU can accept the process, the process
request determining section determines that the sub-
CPU is caused to execute the process,

when the sub-CPU cannot accept the process, the process
request determining section references the other CPU
availability information to determine whether or not the
main CPU is permitted to execute the process,

when the main CPU is permitted to execute the process, the
process request determining section determines that the
main CPU is caused to execute the process, and

when the main CPU is not permitted to execute the process,
the process request determining section determines that
the sub-CPU is caused to execute the process.

11. The information processing device according to claim

1, further comprising:

a process request destination designating section defining
in advance a desired CPU which is desired to execute the
process, as designated CPU information, in association
with a process in one of the peripheral devices,

the process request determining section, when the main
CPU is in the sleeping state, references the designated
CPU information to determine whether or not the sub-
CPU is permitted to execute the process,

when the sub-CPU is permitted to execute the process, the
process request determining section causes the sub-CPU
to execute the process, and

when the sub-CPU is not permitted to execute the process,
the process request determining section causes the main
CPU to execute the process.

12. The information processing device according to claim
11, wherein the process request determining section, when
the main CPU is in the operating state, determines whether or
not the main CPU can accept the process,

when the main CPU can accept the process, the process
request determining section references the designated
CPU information to determine whether or not the main
CPU is permitted to execute the process,

when the main CPU is permitted to execute the process, the
process request determining section causes the main
CPU to execute the process,

when the main CPU is not permitted to execute the process,
the process request determining section causes the sub-
CPU to execute the process, and

when the main CPU cannot accept the process, the process
request determining section causes the sub-CPU to
execute the process.

13. The information processing device according to claim

1, wherein, if there is a request for waking up of the main CPU
while the sub-CPU is caused to execute the process, the
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sub-CPU and the main CPU execute a process for causing the
main CPU to take over a process executed in the sub-CPU.

14. A processing method for use in an information process-
ing device for controlling more than one internal or external
peripheral device, the information processing device com-
prising amain CPU capable of taking at least two states which
are an operating state and a sleeping state, and a sub-CPU
having power consumption lower than that of the main CPU
and capable of taking at least two states which are an operat-
ing state and a sleeping state, the method comprising:

determining whether the main CPU is in the sleeping state

or the operating state;

when the main CPU is in the sleeping state, determining

whether or not the sub-CPU can be caused to execute a
process from one of the peripheral devices;

when the main CPU is in the operating state, determining

whether or not the main CPU can be caused to execute
the process; and

causing the main CPU or the sub-CPU to execute the

process, depending on a result of the determination.

15. An integrated circuit for controlling more than one
internal or external peripheral device using a main CPU
capable of taking at least two states which are an operating
state and a sleeping state, and a sub-CPU having power con-
sumption lower than that of the main CPU and capable of
taking at least two states which are an operating state and a
sleeping state, wherein:

the integrated circuit determines whether the main CPU is

in the sleeping state or the operating state;

when the main CPU is in the sleeping state, the integrated

circuit determines whether or not the sub-CPU can be
caused to execute a process from one of the peripheral
devices;

when the main CPU is in the operating state, the integrated

circuit determines whether or not the main CPU can be
caused to execute the process; and

the integrated circuit causes the main CPU or the sub-CPU

to execute the process, depending on a result of the
determination.

16. A program executed in a computer apparatus for caus-
ing a main CPU capable of taking at least two states which are
an operating state and a sleeping state, and a sub-CPU having
power consumption lower than that of the main CPU and
capable of taking at least two states which are an operating
state and a sleeping state, to control more than one internal or
external peripheral device, wherein:

the program causes the computer apparatus to determine

whether the main CPU is in the sleeping state or the
operating state;

when the main CPU is in the sleeping state, the program

causes the computer apparatus to determine whether or
not the sub-CPU can be caused to execute a process from
one of the peripheral devices;

when the main CPU is in the operating state, the program

causes the computer apparatus to determine whether or
not the main CPU can be caused to execute the process;
and

the program causes the main CPU or the sub-CPU to

execute the process using the computer apparatus,
depending on a result of the determination.

#* #* #* #* #*
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