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MULTIFUNCTION PERIPHERAL DEVICE
INCLUDING PERIPHERAL COMPONENT
INTERCONNECT (PCI) DEVICE
CONNECTED TO PCI BUS, INFORMATION
PROCESSING APPARATUS, METHOD FOR
CONTROLLING INFORMATION
PROCESSING APPARATUS, AND STORAGE
MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a multifunction
peripheral device including a peripheral component inter-
connect (PCI) device, an information processing apparatus,
and a method for controlling the information processing
apparatus.

Description of the Related Art

[0002] Information processing apparatuses including per-
sonal computers and multifunction peripherals (MPFs) have
an SO state, an S3 state, and an S5 state which are defined
by a standard relating to electric power control which is
referred to as an “ACPI”. The “ACPI” stands for “Advanced
Configuration and Power Interface”. The states having a
prefix of “S” indicate electric power states of a system (a
controller unit) of an information processing apparatus. The
S0 state indicates an operation state, the S3 state indicates a
sleep state which consumes less electric power than the
operation state, and the S5 state indicates a power off state.
In the SO state, electric power is supplied to units included
in the information processing apparatus. In the S3 state
which is also referred to as a suspend state, a state of a
central processing unit (CPU) of the controller unit and the
like are saved in a memory and power supply to the CPU is
stopped. In the S5 state, the power supply to the units
included in the information processing apparatus is stopped.
[0003] When the power state of the system is in the S0
state, the CPU controls a device connected to the CPU
through a PCI express (hereinafter referred to as “PCle”) bus
(hereinafter referred to as a “PCI device™) to be in a D0 state.
Furthermore, when the system is in the S3 state, the CPU
generally controls the PCI device to be in a D3 state. The D0
state and the D3 state indicate states of the PCI device.
Specifically, the D0 state indicates an operation state of the
PCI device, and the D3 state indicates a sleep state which
less consumes electric power than the operation state of the
PCI device. In the D3 state, power saving of the PCI device
is realized by turning off the electric power supplied to units
included in the PCI device or by stopping a clock signal.
[0004] In recent years, image processing apparatuses are
capable of bringing a PCI device into the D3 state while a
power state of a system is in the SO state (refer to PCT
Japanese Translation Patent Publication No. 2013-538385).
The technique of bringing the PCI device into the D3 state
while the system is in the S0 state is referred to as “Runtime
D3”.

SUMMARY OF THE INVENTION

[0005] In a multifunction peripheral device (MFP) having
a large number of functions, such as copy, print, scan, and
FAX, a plurality of power modes are defined in the S0 state
of an electric power state of a system (a control unit). In a
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print mode in which printing is executed, although electric
power is to be supplied to a printer unit and a CPU which
controls the printer unit, the electric power is not to be
supplied to a scanner unit. Furthermore, in a scan mode in
which reading of a document is executed, although electric
power is to be supplied to the scanner unit and the CPU
which controls the scanner unit, the electric power is not to
be supplied to the printer unit. In a waiting/responding mode
in which a packet process is performed on a packet trans-
mitted from an external apparatus, electric power is to be
supplied to the CPU which executes the packet process and
a network interface which performs transmission and recep-
tion of the packet. However, the electric power is not to be
supplied to the printer unit or the scanner unit. In this way,
the multifunction device including the MFP as a represen-
tative has a plurality of power modes, such as the print
mode, the scan mode, and the waiting/responding mode,
even in the SO state in which electric power is supplied to the
CPU.

[0006] If the Runtime D3 technique is uniformly
employed irrespective of the plurality of power modes
described above when the power state of the system is the SO
state, problems arise. That is, in a mode in which excellent
responsiveness of a print process and a scan process is
required when the MFP receives an instruction from a user,
if the PCI device is brought into the D3 state, responsiveness
is degraded by a period of time required when the PCI
device returns to the DO state. On the other hand, in a case
of the waiting/responding mode in which supply of electric
power to the printer unit and the scanner unit is stopped
since power saving is more preferential than the responsive-
ness, if the PCI device is maintained in the D0 state, power
saving of the PCT device is not attained.

[0007] Aspects of the present invention are set out by the
independent claims. Accordingly, the present invention is to
perform electric power control on a PCI device based on a
power mode of a multifunction peripheral device.

[0008] A multifunction peripheral device according to the
present invention includes a processor, a peripheral compo-
nent interconnect (PCI) device connected to the processor
through a peripheral component interconnect (PCI) bus, and
apower controller configured to control a power mode of the
multifunction peripheral device. The processor performs
control such that a state of the peripheral component inter-
connect (PCI) device is changed between a first power state
and a second power state in which electric power is con-
sumed less than the first power state. The processor deter-
mines whether the power state of the peripheral component
interconnect (PCI) device is to be changed in accordance
with the power mode of the multifunction peripheral device.
[0009] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram illustrating an entire
configuration of a multifunction peripheral (MFP).

[0011] FIG. 2 is a block diagram illustrating a power
source unit in detail.

[0012] FIG. 3 is a block diagram illustrating a controller
unit in detail.
[0013] FIG. 4 is a block diagram illustrating a CPU and

PCI devices connected to the CPU in detail.
[0014] FIG. 5 is a block diagram of software.
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[0015] FIG. 6 is a diagram illustrating power states of the
MFP.
[0016] FIG. 7A is a diagram illustrating an active state in

a waiting/responding mode.

[0017] FIG. 7B is a diagram illustrating a low power state
in the waiting/responding mode.

[0018] FIGS. 8A to 8C are flowcharts illustrating pro-
cesses of a power source control application.

[0019] FIG.9is a flowchart illustrating a process of device
drivers of the PCI devices.

DESCRIPTION OF THE EMBODIMENTS

First Embodiment

[0020] FIG.1 is a block diagram schematically illustrating
a configuration of a MFP 101.

[0021] The MFP 101 is connected to an external apparatus
102 through a network 103. The network 103 is Ethernet
(registered trademark), for example. The external apparatus
102 is a personal computer and connected to the MFP 101
in a communication available manner. The MFP 101 may
execute a plurality of functions including a copy function, a
print function, a scan function, and a FAX function.
[0022] The MFP 101 includes a controller unit 104, an
operation unit 105, a scanner unit 106, a printer unit 107, and
a power source unit 108. The operation unit 105, the scanner
unit 106, and the printer unit 107 are functional units which
execute the functions of the MFP 101, and the controller unit
104 is a control unit which controls the functional units.
[0023] The operation unit 105 includes hard keys includ-
ing a numeric keypad to be used by a user to input the
number of sheets to be printed or the dike, a start key used
to perform an instruction for executing start of printing, and
a power saving key to be used to bring the MFP 101 into a
sleep mode. Furthermore, the operation unit 105 includes a
display unit which displays various information. This dis-
play unit is a touch panel type display unit.

[0024] The scanner unit 106 scans an image of a docu-
ment, converts the scanned image into digital data, and
outputs the digital data to the controller unit 104.

[0025] The printer unit 107 forms an image on a sheet in
accordance with the image data processed by the controller
unit 104.

[0026] The power source unit 108 converts an alternating-
current (AC) voltage input through a power source plug 208
into a direct-current. (DC) voltage. The power source unit
108 supplies the converted. DC voltage to the units included
in the MFP 101.

[0027] FIG. 2 is a block diagram illustrating the power
source unit 108 in detail.

[0028] An AC voltage is supplied to the power source unit
108 through the power source plug 208. The AC voltage
supplied through the power source plug 208 is further
supplied to first and second power source units 205 and 206.
The first power source unit 205 generates a DC voltage of
approximately 5.0 V from the AC voltage, for example. The
second power source unit 206 generates a DC voltage of
approximately 24.0 V from the AC voltage, for example.
[0029] The DC voltage generated by the first power source
unit 205 is supplied to the controller unit 104. The DC
voltage generated by the second power source unit 206 is
supplied to the operation unit 105, the scanner unit 106, and
the printer unit 107.
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[0030] A main switch 207 is disposed between the power
source plug 208 and the first and second power source units
205 and 206. The main switch 207 is a rocker switch and is
turned on or off in accordance with a user operation.
[0031] Furthermore, a relay switch 202 is disposed
between the second power source unit 206 and the operation
unit 105. A relay switch 203 is disposed between the second
power source unit 206 and the scanner unit 106. A relay
switch 204 is disposed between the second power source
unit 206 and the printer unit 107.

[0032] A power source controller 201 of the controller unit
104 is capable of bringing the main switch 207 into an off
state from an on state by driving a solenoid, not illustrated.
The power source controller 201 may turn on or off each of
the relay switches 202 to 204.

[0033] FIG. 3 is a block diagram illustrating the controller
unit 104 in detail.

[0034] The controller unit 104 includes a CPU (processor)
301 (information processing apparatus), a program memory
302, a general-purpose memory 303, an I/O controller 304,
an operation unit interface 305, a LAN controller 307, and
the power source controller 201.

[0035] The CPU 301 (processing means) is connected to
the 1/O controller 304 through a PCle bus 310 in a commu-
nication available manner. Furthermore, the CPU 301 is
connected to the LAN controller 307 through a PCle bus 320
in a communication available manner. The PCle buses 310
and 320 conform to the PCI Express standard, and the /O
controller 304 and the LAN controller 307 are PCI devices
compatible with the PCI Express standard.

[0036] The CPU 301 includes an interface circuit used to
communicate with peripherals and executes programs stored
in the program memory 302, such as a flash memory. The
program memory 302 stores programs and control data to be
used to control the PMP 101. The CPU 301 develops a
program loaded from the program memory 302 in the
general-purpose memory 303. The general-purpose memory
303 is used as a work memory of the CPU 301 and stores
image data and the like to be used to execute copying,
scanning, and printing.

[0037] The /O controller 304 is a processor which per-
forms image processing and is connected to the scanner unit
106 and the printer unit 107 in a communication available
manner. The I/O controller 304 performs image processing
on image data corresponding to an image of a document read
by the scanner unit 106 and image processing on image data
corresponding to an image to be printed by the printer unit
107.

[0038] The operation unit interface 305 is used to connect
the operation unit 105 and the CPU 301 to each other. The
operation unit interface 305 transmits information on an
operation on a key of the operation unit 105 and an operation
on a touch panel of the operation unit 105 to the CPU 301.
Furthermore, the operation unit interface 305 transmits
screen data to be displayed in the display unit of the
operation unit 105 to the operation unit 105.

[0039] The LAN controller 307 is a network control unit
used to communicate with the external apparatus 102 con-
nected to the network 103.

[0040] The power source controller 201 is a logic circuit
which controls power supply to the units included in the
MFP 101. The power source controller 201 detects a signal
input from the operation unit 105 through the operation unit
interface 305 and a signal input from the network 103
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through the LAN controller 307 and causes the MFP 101 to
return from a sleep mode. Examples of an interrupt signal
input to the power source controller 201 include a signal
supplied from a sensor which detects a recording sheet to be
subjected to printing performed by the printer unit 107, a
signal supplied from a sensor which detects a document to
be read by the scanner unit 106, and a signal supplied from
a human body detection sensor.

[0041] FIG. 4 is a block diagram illustrating the CPU 301,
the I/O controller 304, and the LAN controller 307 in detail.
[0042] The CPU 301 includes a first PCle I/'F 411, a CPU
core 412, a memory controller 413, a clock unit 414, a
second PCle I/F 415, a power source control I/F 417, and an
operation unit I/F 418. The first PCle I/F 411 is used for
communication with the LAN controller 307 through the
PCle bus 320. The CPU core 412 executes various pro-
cesses. A single CPU core or a multi CPU core may be used
as the CPU core 412. The memory controller 413 controls
writing of data to the general-purpose memory 303 and
reading of data from the general-purpose memory 303. The
clock unit 414 is an integrated circuit (IC) which measures
a current time. The second PCie I/F 415 is used for com-
munication with the I/O controller 304 through the PCI bus
310. The power source control I/F 417 is used for commu-
nication with the power source controller 201. The operation
unit I/F 418 used for communication with the operation unit
105. Each of the PCle I/Fs 411 and 415 performs data
transmission and reception in accordance with the PCI
Express.

[0043] The I/O controller 304 includes an engine PCle I/F
421, an engine CPU 422, an engine ROM 423, an engine
RAM 424, a scanner I/F 425, a printer I/F 426, an engine
power source controller 427, and a USB I/F 428.

[0044] The I/O controller 304 which is a PCI device
connected to the main CPU 301 through the PCle bus 310
may be brought into a D0 state or a D3 state which less
consumes electric power than the D0 state. The I/O control-
ler 304 is compatible with Runtime D3 and may be brought
into the D3 state while the controller unit 104 is in the SO
state. The DO state is in an active state in which electric
power is supplied to all the blocks in the /O controller 304.
On the other hand, the D3 state is in a state in which power
supply to some of the blocks included in the /O controller
304 is stopped or a clock supply is stopped. Note that, in the
D3 state, a clock frequency to be supplied to some of the
blocks included in the I/O controller 304 may be low. The
engine power source controller 427 controls electric power
in the I/O controller 304 with reference to a value of a
register, not illustrated, included in the /O controller 304.
The register is included in the engine PCle I/F 421, and the
second PCle I/F 415 of the CPU 301 writes a value of the
register.

[0045] The LAN controller 307 includes a LAN I/F 431,
a LAN CPU 432, a LAN ROM 433, a LAN PCle I/'F 434,
a LAN RAM 435, and a LAN power source controller 436.
The LAN controller 307 which is a PCI device may also be
brought into the D0 state and the D3 state. The DO state is
an active state in which electric power is supplied to all the
blocks included in the LAN controller 307. Furthermore, the
D3 state is a state in which power supply to some of the
blocks included in the LAN controller 307 is stopped or a
clock supply is stopped. Note that, in the D3 state, a clock
frequency to be supplied to some of the blocks included in
the LAN controller 307 may be low.

Oct. 5,2017

[0046] The LAN power source controller 436 controls
electric power in the LAN controller 307 with reference to
a value of a register, not illustrated, included in the LAN
controller 307. The register is included in the LAN PCle I/F
434, and the first PCle I/F 411 of the CPU 301 writes a value
of the register.

[0047] FIG. 5 is a software block diagram illustrating a
configuration of software of the MFP 101.

[0048] A power source control application Al which is
software which performs power control of the MFP 101
operates in an application layer. The power source control
application Al periodically transmits an inquiry about an
execution state of a job or the like to a print control
application A2 or a scan control application A3 which
operate in the application layer. Then the power source
control application Al controls a power mode of the MFP
101 in accordance with the job execution state or the like.
The CPU 301 which executes the power source control
application Al accesses the power source controller 201 so
as to change a power mode of the MFP 101. In this
embodiment, the power source control application (power
mode controller) Al notifies device drivers D1 and D2
(device controllers) of the power mode of the MFP 101.
[0049] The 1/O driver D1 which controls operation of the
1/0 controller 304 is a device driver and operates in an
operating system (OS) layer. Furthermore, the network
interface card (NIC) driver D2 which controls operation of
the LAN controller 307 is also a device driver and operates
in the OS layer. Furthermore, the printer driver D3 which
controls operation of the printer unit 107 and the scanner
driver D4 which controls the operation of the scanner unit
106 also operate in the OS layer.

[0050] Although description is omitted here, software
otter than the software described above is also executed in
the application layer or the OS layer. Examples of the
software operating in the application layer or the OS layer
include a memory controller which controls the general-
purpose memory 303 and a graphic driver which controls
display of the display unit included in the operation unit 105.
[0051] Here, a method for changing the DO state to the D3
state of a PCI device employed in a device driver will be
described. In this embodiment, the I/O driver D1 and the
NIC driver D2 bring the 1/0 controller 304 and the LAN
controller 307, respectively, into the DO state or the D3 state.
[0052] First, a method for bringing a PCI device from the
DO state to the D3 state employed in a device driver will be
described.

[0053] 1. The device driver detects an idling state of the
PCI device.

[0054] 2. The device driver activates an idling timer.
[0055] 3. The device driver stops the idling timer when the

PCI device is brought into an active state.

[0056] 4. After measuring a predetermined period of time,
the idling tinier transmits a notification to the device driver.
[0057] 5. The device driver writes information indicating
the D3 state in a power management control/status register
(PMCSR) included in the PCI device.

[0058] 6. The power controller included in the PCI device
stops power supply to units included in the PCI device, stops
a clock supply, or lowers a clock frequency with reference
to the PMCSR.

[0059] Next, a method for bringing the PCI device from
the D3 state to the DO state employed in the device driver
will be described.
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[0060] 1. The device driver detects an active state of the
PCI device.
[0061] 2. The device driver writes information indicating

the DO state in the PMCSR included in the PCI device.
[0062] 3. The power controller included in the PCI device
restarts power supply to the units included in the PCI device,
restarts the clock supply, or restores the clock frequency
with reference to the PMCSR.

[0063] The PMCSR is included in a PCle I/F of the PCI
device, and the PCle I/F of the CPU 301 updates a value of
the PMCSR. The CPU 301 only updates a value of the
register (PMCSR) of the PCI device so as to change a state
of the PCI device. This is because, after the value of the
register is updated, the PCI device itself performs power
supply and clock control in the PCI device.

[0064] The device drivers of this embodiment control
power states of the corresponding PCI devices in accordance
with power modes transmitted from the power source con-
trol application Al. Specifically, the I/O driver D1 maintains
the I/O controller 304 in the DO state if the power mode of
the MFP 101 notified by the power source control applica-
tion Al is a standby mode. The /O driver D1 changes a state
of the I/O controller 304 between the D0 state and the D3
state if the power mode of the MFP 101 notified by the
power source control application Al is a waiting/responding
mode. The NIC driver D2 also maintains the LAN controller
307 in the DO state if the power mode of the MFP 101
notified by the power source control application Al is a
standby mode. The NIC driver D2 changes a state of the
LAN controller 307 between the D0 state and the D3 state
the power mode of the MFP 101 notified by the power
source control application Al is a waiting/responding mode.

[0065] FIG. 6 is a diagram illustrating power states of the
MFP 101.
[0066] The MFP 101 of this embodiment may be brought

into the SO state (a standby state), the S3 state (a sleep state),
and the S5 state (a power off state) which are defined by the
ACPL. In this embodiment, a state in which electric power is
supplied to the CPU 301 which is the main CPU of the MFP
101 is defined as the SO state. A state in which the power
supply to the CPU 301 is stopped but the electric power is
supplied to the general-purpose memory 303 which is a
main memory is defined as the S3 state. A state in which the
power supply to the units included in the MFP 101, such as
the CPU 301 and the general-purpose memory 303, is
stopped is defined as the S5 state.

[0067] Furthermore, the PCI devices of the MFP 101 of
this embodiment may be brought into the D3 state even
while the controller unit 104 is in the SO state.

[SO State]

[0068] The MFP 101 has the SO state in which the con-
troller unit 104 is in a standby state. The MFP 101 having the
functional units including the printer unit 107 and the
scanner unit 106 has a mode in which power supply to the
peripherals (the printer unit 107 and the scanner unit 106) is
stopped while electric power is supplied to the CPU 301 (SO
state). When a print process is to be executed, for example,
although power supply to the CPU 301 and the printer unit
107 is required, power supply to the scanner unit 106 is not
required. On the other hand, when a scan process is to be
executed, although power supply to the CPU 301 and the
scanner unit 106 is required, power supply to the printer unit
107 is not required. Furthermore, to response to an inquiry
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from the external apparatus 102, although power supply to
the CPU 301 is required, power supply to the printer unit 107
and the scanner unit 106 is not required.

[0069] In this embodiment, the MFP 101 has, in the S0
state of the controller unit 104, a standby mode (S0) in which
electric power is supplied to the printer unit 107 and the
scanner unit 106 and a waiting/responding mode (S0) in
which power supply to the printer unit 107 and the scanner
unit 106 is stopped. When the MFP 101 is in the standby
mode, electric power is supplied to the units (the controller
unit 104, the operation unit 105, the scanner unit 106, and
the printer unit 107) included in the MFP 101. On the other
hand, when the MFP 101 is in the waiting/responding mode,
although electric power is supplied to the controller unit 104
of'the MFP 101, electric power is not supplied to the scanner
unit 106 and the printer unit 107 of the MFP 101. In the
waiting/responding mode, the PCI devices are brought into
the DO state or the D3 state.

[0070] The power supply to the CPU 301 is not stopped in
the waiting/responding mode (S0) since excellent respon-
siveness of communication with the external apparatus 102
through the network 103 is attained. In recent years, the
number of external apparatuses 102 including a PC, a server,
and a mobile terminal, connected to the network 103 is
increased, and therefore, the MFP 101 requires reduction of
a period of time required for a process of communication
with such external apparatuses 102. This is because the MFP
101 performs various communications including transmis-
sion of information on a toner remaining amount, informa-
tion on a sheet remaining amount, information on a sheet
jam, information on generation of an error, confirmation of
a version of a software program, information on version up,
and download of a new program.

[0071] In general, a PCI device is brought into a D0 state
in the SO state of the controller unit 104, and the PCI device
is brought into the D3 state in the S3 state of the controller
unit 104. In recent years, a technique, referred to as Runtime
D3, of bringing a PCI device into the D3 state while the
controller unit 104 is in the SO state has been realized.
Therefore, Runtime D3 is realized also in the MFP 101 of
this embodiment. Although the MFP 101 executes Runtime
D3 in the waiting/responding mode in the S0 state, the MFP
101 does not execute Runtime D3 in the standby mode.
Specifically, in the standby mode, the PCI device is not
brought into the D3 state but maintained the D0 state.
[0072] In the S3 state, the PCI device is brought into the
D3 state. When the I/O controller 304 is brought into the D3
state, the engine PCle IF 421, the engine CPU 422, the
engine ROM 423, the engine RAM 424, the scanner I/F 425,
the printer I/F 426, and the USB I/F 428 are brought into a
power saving state. Furthermore, when the LAN controller
307 is brought into the D3 state, the LAN PCle I/F 434, the
LAN CPU 432, the LAN ROM 433, and the LAN RAM 435
are brought into a power saving state.

[53 State]

[0073] In the SO state, electric power is supplied to the
CPU 301 of the controller unit 104. The MFP 101 enters the
S3 state for power saving. The S3 state is also referred to as
a “suspend state”. In the S3 state, the power supply to the
CPU 301 is stopped so that power saving of the MFP 101 is
realized. In the S3 state, a state of the CPU 301 and the like
is saved in the general-purpose memory 303, and the gen-
eral-purpose memory 303 is brought into a self-refresh
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mode. The state is resumed using the information saved in
the general-purpose memory 303 so as to return from the S3
state. In this way, high speed return is realized when
compared with a case where the MFP 101 is activated using
a boot ROM.

[0074] In the S3 state, the PCI device is brought into the
D3 state. When the 1/O controller 304 is brought into the D3
state, the engine PCle I/F 421, the engine CPU 422, the
engine ROM 423, the engine RAM 424, the scanner I/F 425,
the printer I/F 426, and the USB I/F 428 are brought into a
power saving state. Furthermore, when the LAN controller
307 is brought into the D3 state, the LAN PCle I/F 434, the
LAN CPU 432, the LAN ROM 433, and the LAN RAM 435
are brought into a power saving state.

[SS State]

[0075] When the main switch 207 is turned off, the S5
state is entered so that the power supply to the MFP 101 is
stopped. In the S5 state, power supply to the general-purpose
memory 303, in addition to the CPU 301, is also stopped.
[0076] Next, transition of a power state will be described
in detail.

[S601: S5 State to S0 State]

[0077] In the power off mode (S5), the main switch 207
which is a power source switch of the MFP 101 is turned off
and power supply to the units is stopped. When the main
switch 207 is turned on, the standby mode (S0) is entered.
In the standby mode (S0), electric power is supplied to all
the units of the MFP 101 and various jobs including copying
and printing are being executed or the various jobs are ready
to be executed.

[S602: SO State (Standby Mode) to S0 State
(Waiting/Responding Mode)]
[0078] In the waiting/responding mode (S0), the relay

switches 202 to 204 of the power source unit 108 are turned
off, and power supply to the scanner unit 106, the printer unit
107, and the operation unit 105 is stopped. On the other
hand, the first power source unit 205 supplies electric power
to the controller unit 104 and a portion of the operation unit
105. Both of the standby mode and the waiting/responding
mode correspond to the S0 state.

[0079] Conditions for transition from the standby mode
(S0) to the waiting/responding mode (S0) is illustrated in
Table 1.

TABLE 1

Conditions for Transition from Standby
Mode (S0) to Waiting/Responding Mode (S0)

Transition Conditions Description

Lapse of Time A predetermined period
of time has elapsed.

A power saving switch of the

operation unit 105 is pressed.

Set time has been reached.

Pressing on Switch
of Operation Unit
Time setting

[0080] When satisfying one of the conditions including the
lapse of time, the pressing on a switch of the operation unit,
and a time setting, the MFP 101 is brought into the waiting/
responding mode (S0) from the standby mode (S0).
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[0081] The lapse of time which is one of the transition
conditions in Table 1 indicates a case where an elapsed time
after an operation on she operation unit 105 is terminated or
after a job is terminated exceeds a predetermined period of
time. The predetermined period of time may be set by the
user in a range from several minutes to several hours. The
pressing on the switch of the operation unit indicates a case
where the user has pressed a power saving key (not illus-
trated) of the operation unit 105. The time setting indicates
a case where a time point set by the user in advance has been
reached.

[S603: SO State to S3 State]

[0082] The sleep mode (S3) is entered when power supply
to the CPU 301 and the I/O controller 304 is stopped in the
power state of the waiting/responding mode (S0). The sleep
mode (S3) is a low power state in which electric power is
supplied only to important portions so that the MFP 101 is
ready to return from the sleep mode (S3) to the standby
mode (S0) or the waiting/responding mode (S0). The S3
state is dIfferent from the S0 state in that the power supply
to the CPU 301 is stopped. Specifically, the sleep mode (S3),
electric power is supplied only to the general-purpose
memory 303, the operation unit interface 305, the power
source controller 201, and the LAN controller 307 illustrated
in FIG. 3. Furthermore, the general-purpose memory 303 is
brought into the refresh mode. The LAN controller 307
responds to an inquiry from the external apparatus 102 while
the power supply to the CPU 301 is stopped as long as the
LAN controller 307 may cope with the inquiry. This opera-
tion is referred to as a “proxy response”. Note that, in the
sleep mode (S3), the LAN controller 307 and the 1/O
controller 304 which are the PCI devices are in the D3 state.
[0083] Conditions for transition from the waiting/respond-
ing mode (S0) to the sleep mode (S3) are illustrated in Table
2.

TABLE 2

Conditions for Transition from Waiting/
Responding Mode (S0) to Sleep Mode (S3)

Transition

Conditions Description
Lapse A predetermined period
of time of time has elapsed.

Termination of
Job Process

A process for an inquiry is terminated
after the inquiry is received from the

Other Than external apparatus 102 and the
Printing waiting/responding mode (S0) is
entered from the sleep mode (S3).
[0084] The MFP 101 is brought into the sleep mode (S3)

from the waiting/responding mode (S0) when satisfying one
of the conditions including the lapse of time and the termi-
nation a job process other than the printing.

[0085] The lapse of time which is the transition condition
in Table 2 indicates a case where an elapsed time after
execution of a job is completed exceeds a predetermined
period of time. The predetermined period of time may be set
by the user in a range from several minutes to several hours.
The termination of a job process other than the printing
indicates a case where a response to the inquiry from the
external apparatus 102 through the network 103 is termi-
nated.
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[S604: SO State (Waiting/Responding Mode) to S0 State
(Standby mode)]

[0086] Conditions for return from the waiting/responding
mode (S0) to the standby mode (S0) are illustrated in Table
3.

TABLE 3

Conditions for Return from Waiting/Responding
Mode (S0) to Standby Mode (S0)

Return Conditions Description

Pressing on Switch
of Operation Unit
Job Reception

A power saving switch of the
operation unit 105 is pressed.
A print job ete. is received
from the network.

Time Setting A set time has been reached.
Detection of A USB device is detected in
USB device a USB interface or the

USB device detects a
return cause.

[0087] When satisfying one of the conditions including the
pressing on the switch of the operation unit, the job recep-
tion, the time setting, and the detection of a USB device, the
MFP 101 is brought into the standby mode (S0) from the
waiting/responding mode (S0).

[0088] The pressing on the switch of the operation unit
which is one of the return conditions in Table 3 indicates a
case where the user has pressed the power saving key (not
illustrated) of the operation unit 105. When the power saving
key is pressed by the user, a signal from the power saving
key of the operation unit 105 is detected by the CPU 301
through the operation unit interface 305. Furthermore, the
job reception indicates that a print job is received from the
external apparatus 102 through the network 103. The time
setting indicates a case where a current time measured by the
clock unit 414 matches a preset time. The detection of a USE
device indicates a case where a USB device connected to the
USB I/F 428 is detected or a case where a USB device which
has been connected detects a return cause. Examples of the
return cause detected by the USB device include a detection
of a card by an authentication card reader which is a USB
device and a detection of a person by a camera device or a
human detection sensor which is a USB device. The return
conditions may further include, in addition to the conditions
described above, a case where a document detection sensor
of the scanner unit 106 detects a document placed on a
document glass and a case where the document detection
sensor detects a sheet placed on a manual feeding sheet tray
of the printer unit 107.

[S605: S3 State to S0 State]

[0089] Conditions for return from the sleep mode (S3) to
the waiting/responding mode (S0) or the standby mode (S0)
is illustrated in Table 4.

TABLE 4

Conditions for Return from Sleep Mode (S3) To
Waiting/Responding Mode (S0) Or Standby Mode (S0)

Return Conditions Description

Pressing on Switch
of Operation Unit

The power saving switch of the
operation unit 105 is pressed.
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TABLE 4-continued

Conditions for Return from Sleep Mode (S3) To
Waiting/Responding Mode (S0) Or Standby Mode (S0)

Return Conditions Description

Reception of
Print Job
Reception of Job
Other Than Printing

A print job is received
from the network.
A job in which printing is not
performed or an inquiry is
received from the network.

Time Setting A set time has been reached.

[0090] When satisfying one of the conditions including the
pressing on the switch of the operation unit, the reception of
a print job, the reception of a job other than printing, and the
time setting, the MFP 101 is brought into the waiting/
responding mode (S0) from the sleep mode (S3).

[0091] The pressing on the switch of the operation unit
which is one of the return conditions in Table 4 indicates a
case where the user has pressed the power saving key (not
illustrated) of the operation unit 105. When the power saving
key is pressed by the user, a signal from the power saving
key of the operation unit 105 is detected by the CPU 301
through the operation unit interface 305. The reception of a
print job indicates that a print job is received from the
external apparatus 102 through the network 103. The time
setting indicates a case where a current time measured by the
clock unit 414 matches a preset time. The reception of a job
other than printing indicates a case where a job (an inquiry
job) for inquiry of information on the MFP 101 (hereinafter
referred to as “device information”) from the external appa-
ratus 102 through the network 103, which is an inquiry job
to which the LAN controller 307 may not respond as the
proxy response, is received.

[0092] When one of the return conditions is detected in the
sleep mode (S3), an interrupt signal is supplied to the power
source controller 201. When the interrupt signal is supplied,
the power source controller 201 performs control such that
electric power is supplied to the CPU 301 and the program
memory 302, The CPU 301 which received the supplied
electric power performs a resume process using the infor-
mation saved in the general-purpose memory 303. Further-
more, the power source controller 201 supplies electric
power to the functional units in accordance with a type of
interrupt signal. Specifically, when the interrupt signal asso-
ciated with the print job is input, the power source controller
201 supplies electric power to the printer unit 107 in addition
to the CPU 301 and the general-purpose memory 303. On
the other hand, although the power source controller 201
supplies electric power to the CPU 301 and the general-
purpose memory 303 when an inquiry is received, when the
power saving key is pressed, and when the set time has been
reached, the power source controller 201 does not supply the
electric power to the printer unit 107.

[S606: S3 State to S5 State]

[0093] Conditions for transition from the sleep mode (S3)
to the power off mode (S5) is illustrated in Table 5.
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TABLE 5

Conditions for Transition from Sleep
Mode (S3) to Power Off Mode (S3)

Return Conditions Description

Pressing on Main Switch
Lapse of time

The main switch is pressed.
A predetermined period of time
has elapsed in the sleep mode.

[0094] When satisfying one of the conditions including the
pressing on the main switch and the lapse of time, the MFP
101 returns to the power off mode (S5) from the sleep mode
(S3).

[0095] The pressing on the main switch included in the
return conditions in Table 5 indicates that the user brings the
main switch 207 into an off state. Furthermore, the lapse of
time indicates a case where a predetermined period. of time
has elapsed in the sleep mode (S3). The predetermined
period of time may be set by the user in a range from several
minutes to several hours.

[S607 and S608: SO State to S5 State]

[0096] In acase where the user brings the main switch 207
into an off state when the MFP 101 is in the SO state, the
MEFP 101 is brought into the power off mode (S5). Note that
the power off mode (S5) may be in a suspend state (S3 of the
ACPI standard) or in a hibernation state (S4 of the ACPI
standard).

[0097] Next, power control of the PCI device will be
described.
[0098] In this embodiment, examples of the PCI device

include the I/O controller 304 and the LAN controller 307
connected to the CPU 301 through the PCle bus 310 and the
PCle bus 320, respectively. In this embodiment, the PCI
device is compatible with Runtime D3, and a state of the PCI
device may be changed between the D0 state and the D3
state while the controller unit 104 is in the S0 state. In a case
where the MFP 101 is in the standby mode (S0), the PCI
device is maintained in the D0 state and may not enter the
D3 state in this embodiment. In a case where the MFP 101
is in the waiting/responding mode (S0), the state of the PCI
device is changed between the D0 state and the D3 state.
[0099] FIG. 6 is a diagram illustrating the correspondence
between a power mode of the MFP 101 and a power state of
the PCI device. As illustrated in Table 6, the MFP 101
controls a power state of the PCI device based on a power
mode of the MFP 101.

TABLE 6

Power State of PCI Device (/O Controller
304 and LAN Controller 307)

Power States

of Device
DO D3
Power Mode Standby Mode O X
of MFP 101 Waiting/Responding Mode ~ Response O
Sleep Mode X O
Power Off Mode off off
[0100] As illustrated in Table 6, the PCI device is brought

into the DO state when the power mode of the MFP 101 is
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the standby mode (S0), whereas the PCI device is brought
into the D3 state when the power mode of the MFP 101 is
in the sleep mode (S3). Furthermore, when the power mode
of the MFP 101 is in the power off state (S5), power supply
to the PCI device is stopped.

[0101] As described above, according to this embodiment,
in a case where the MFP 101 is in the standby mode (S0),
the PCI device connected through the PCle bus may not be
brought into the D3 state in this embodiment. The PCI
device of this embodiment supports Runtime D3 in which
the D3 state is entered in the SO state. Note that, in this
embodiment, the PCI device remains in the D0 state in the
standby mode (S0) so that responsiveness at a time of job
execution is enhanced.

[0102] In a case where the MFP 101 is in the waiting/
responding mode (S0), the state of the PCI device is changed
between the DO state and the D3 state in this embodiment.
The DO state of the PCI device in the waiting/responding
mode (S0) is the same as the DO state of the PCI device in
the standby mode (S0). Note that, unlike the standby mode
(S0), power supply to the scanner unit 106 and the printer
unit 107 is stopped in the waiting/responding mode (S0).
[0103] In Table 7, a condition for changing a state of the
PCI device from the DO state to the D3 state in the
waiting/responding mode (S0) is illustrated.

TABLE 7

Transition Condition of PCI
device (Waiting/Responding Mode)

Transition

Condition Description

Lapse of time A power mode of the MFP 101 is the
waiting/responding mode, and a predetermined
period of time has elapsed while the PCI

device is in an idling state.

[0104] The transition condition for changing a state of the
PCI device from the DO state to the D3 state is lapse of time.
The condition corresponds to a case where a power mode of
the MFP 101 is the waiting/responding mode (S0), and a
predetermined period of time has elapsed while the PCI
device is in an idling state. The state of the PCI device
frequently changes between the DO state and the D3 state
when compared with a change of the power mode of the
MEFP 101. The predetermined period of time may be set in
a range from several seconds to several milliseconds.
[0105] Next, in Table 8, return conditions for returning the
PCI device from the D3 state to the D0 state in the
waiting/responding mode (S0) are illustrated.

TABLE 8

Return Conditions of PCI device
(Waiting/Responding Mode)

Return Conditions Description

The CPU detects a
return cause.
The device detects a
return cause.

Detection of Return
Cause by CPU
Detection of Return
Cause by Device

[0106] A condition for returning the PCI device from the
D3 state to the DO state corresponds to a case where the CPU
301 detects a return cause or a case where the PCI device
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detects a return cause. Specifically, the PCI device in the D3
state may return to the DO state by either of the CPU 301 and
the PCI device.

[0107] In Table 7, the detection of a return cause by the
CPU indicates a case where the CPU 301 detects a return
cause. The case corresponds to a timing when the power
state of the MFP 101 is changed from the waiting/respond-
ing mode to the standby mode. Specifically, when the power
source control application Al changes the power state of the
MFP 101 from the waiting/responding mode to the standby
mode, the device driver executed by the CPU 301 changes
a state of the PCI device from the D3 state to the D0 state.
Furthermore, when a setting of the PCI device is to be
changed or when information on the PCI device is to be
obtained, the device driver accesses the PCI device. In this
case, the device driver changes the state of the PCI device
from the D3 state to the DO state. For example, the LAN
controller 307 may transmit information to the external
apparatus 102 through the network 103 at a predetermined
time point. When a current time measured by the clock unit
414 reaches the predetermined time point, an interrupt signal
is input to the CPU 301. When the interrupt signal is input,
the CPU 301 updates a value of the register included in the
PCI device. By this, the PCI device returns from the D3 state
to the DO state. As a result, the LAN controller 307 may
transmit information to the external apparatus 102.

[0108] Furthermore, in Table 7, the detection of a return
cause by the device indicates a case where the PCI device
detects a return cause. The case corresponds to a timing
when the LAN controller 307 receives data from the external
apparatus 102 through the network 103 or at a timing when
the USB I/F 428 detects a USB device, for example. When
detecting a return cause, the PCI device outputs an interrupt
signal to the CPU 301 in an out bound (outside the PCle
bus). When the interrupt signal is input, the CPU 301
updates a value of the register included in the PCI device. By
this, the PCI device returns from the D3 state to the DO state.

[0109] FIG.7Ais a diagram illustrating the PCI devices in
an active state in the waiting/responding mode (S0), and
FIG. 7B is a diagram illustrating the PCI devices in a low
power state in the waiting/responding mode (S0).

[0110] In the active state, as illustrated in FIG. 7A, the
CPU 301 is in a C0 state and the PCI devices are in the D0
state. Specifically, in the active state, electric power is
supplied to the units of the CPU 301, the units of the /O
controller 304, and the units of the LAN controller 307.

[0111] In the low power state, as illustrated in FIG. 7B, the
CPU 301 is in a C10 state and the PCI devices are in the D3
state. Note that the general-purpose memory 303 connected
to the CPU 301 is in a self-refresh state. In the low power
state, the first PCle I/F 411, the CPU core 412, the memory
controller 413, and the second PCle I/F 415 included in the
CPU 301 are in a power saving state. The power saving state
corresponds to stop of power supply, stop of a supply clock,
or lowering of a frequency of the supply clock. In the low
power state, the engine PCle I/F 421, the engine CPU 422,
the engine ROM 423, the engine RAM 424, the scanner I/F
425, the printer I/F 426, and the USB I/F 428 included in the
1/O controller 304 are in a power saving state. Furthermore,
in the low power state, the LAN I/F 431, the LAN CPU 432,
the LAN ROM 433, the LAN PCle I/F 434, and the LAN
RAM 435 included in the LAN controller 307 are in a power
saving state.
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[0112] FIGS. 8A. to 8C are flowcharts illustrating pro-
cesses of the power source control application Al. The CPU
301 which executes the power source control application Al
executes processes in the flowcharts of FIGS. 8A to 8C.
[0113] As illustrated in FIG. 8A, when the MFP 101 is in
the standby mode (S0), the CPU 301 determines whether
one of the conditions for transition to the waiting/responding
mode is satisfied (S801). The conditions for transition to the
waiting/responding mode are included in Table 1. When the
determination is affirmative (S801: Yes), the CPU 301
notifies the device driver of information indicating the
waiting/responding mode (S802). Thereafter, the CPU 301
brings the MFP 101 into the waiting/responding mode (S0)
by stopping the power supply to the printer unit 107 and the
scanner unit 106 (S803).

[0114] As illustrated in FIG. 8B, when the MFP 101 is in
the waiting/responding mode (S0), the CPU 301 determines
whether one of the conditions for transition to the standby
mode is satisfied (S811). The conditions for transition to the
standby mode are included in Table 3. When the determi-
nation is affirmative (S811: Yes), the CPU 301 notifies the
device driver of information indicating the standby mode
(S812). Thereafter, the CPU 301 brings the MFP 101 into the
standby mode (S0) by performing control such that electric
power is supplied to the printer unit 107 and the scanner unit
106 (S813).

[0115] When the determination is negative (S811: No), the
CPU 301 determines whether one of the conditions for
transition to the sleep mode (S3) is satisfied (S814). The
conditions for transition to the sleep mode are included in
Table 2. When the determination is affirmative (S814: Yes),
the CPU 301 notifies the device driver of information
indicating the sleep mode (S815). Thereafter, the CPU 301
brings the MFP 101 into the sleep mode (83) by performing
control such that power supply to the CPU 301 itself is
stopped (S816).

[0116] In a case where the MFP 101 is in the sleep mode
as illustrated in FIG. 8C, when one of the return conditions
in Table 4 is detected, the power source controller 201
supplies electric power to the CPU 301. The CPU 301 which
has received the electric power checks the return condition
latched by the power source controller 201. The CPU 301
determines whether the checked return condition corre-
sponds to a condition for return to the waiting/responding
mode (S821). The condition for return to the waiting/
responding mode corresponds to the conditions in Table 4
described above other than “Reception of Print Job”. When
the determination is affirmative (S821: Yes), the CPU 301
notifies the device driver of information indicating the
waiting/responding mode (S822). Thereafter, the CPU 301
brings the MFP 101 into the waiting/responding mode (S0)
(S823).

[0117] When the checked return condition does not cor-
respond to a condition for return to the waiting/responding
mode but the checked return condition corresponds to a
condition for return to the standby mode (S821: No, S824:
Yes), the CPU 301 notifies the device driver of information
indicating the standby mode (S825). Thereafter, the CPU
301 brings the MPP 101 into the standby mode (S0) by
performing control such that electric power is supplied to the
printer unit 107 and the scanner unit 106 (S826). Note that
the condition for return to the standby mode corresponds to
“Reception of Print Job” in Table 4, and therefore, power
supply to the scanner unit 106 may not be performed.
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[0118] FIG. 9 is a flowchart illustrating a process per-
formed by the device driver.

[0119] The CPU 301 executes the device drivers of the
PCI devices so as to execute various processes in the
flowchart of FIG. 9.

[0120] First, the CPU 301 determines whether the power
mode of the NFP 101 is the waiting/responding mode
(S901). When it is determined that the CPU 301 is in the
standby mode in step S901, the CPU 301 does not execute
a process of bringing the PCI device into the D3 state and
terminates the process of this flowchart (S901: No).

[0121] When it is determined that the CPU 301 is in the
waiting/responding mode in step S901, the CPU 301 deter-
mines whether the PCI device is in an idling state (S902).
When it is determined that the PCI device has been in the
idling state for a predetermined period of time (S903: Yes),
the CPU 301 updates a value of the register included in the
PCI device by a value indicating the D3 state. In this way,
the processor included in the PCI device brings the PCI
device into the D3 state.

[0122] As described above, according to this embodiment,
even in a case where the controller unit 104 is in the SO state,
a determination as to whether Runtime D3 is to be executed
is made in accordance with a power mode of the MFP 101.
Specifically, the PCI device may be maintained in the D0
state in the standby mode in which responsiveness is
required, whereas the PCI device may be brought into the
D3 state from the DO state in the waiting/responding mode
in which power saving is preferentially performed.

[0123] In this way, the responsiveness may be enhanced at
a time of job execution in the standby mode, and power
saving may be realized in the waiting/responding mode.

Second Embodiment

[0124] In the first embodiment, power states of all the PCI
devices may be maintained in the D0 state when the power
mode of the MFP 101 is the standby mode, and the power
states of all the PCI devices may be brought into the D3 state
from the DO state when the power mode of the MFP 101 is
in the waiting/responding mode.

[0125] In a second embodiment, a power state of at least
one of PCI devices may be maintained in a D0 state when
a power mode of an MFP 101 is a standby mode, and a
power state of at least one of the PCI devices may be brought
into a D3 state from the D0 state when the power mode of
the MFP 101 is in the waiting/responding mode. Specifi-
cally, a power state of an 1/0 controller 304 may be main-
tained in the DO state when the power mode of the MFP 101
is in the standby mode, and the power state of the 1/O
controller 304 may be brought into the D3 state from the D0
state when the power mode of the MFP 101 is the waiting/
responding mode. On the other hand, a power state of a LAN
controller 307 may be brought into the D3 state from the D0
state even when the power mode of the MFP 101 is the
standby mode.

[0126] Power states of the I/O controller 304 are illus-
trated in Table 9, and power states of the LAN controller 307
are illustrated in Table 10.

Oct. 5,2017

TABLE 9

Power Control of /O Controller 304

Power
States of
Device

Do D3

Power State Standby Mode O X

System Waiting/Responding Mode Response O
Sleep Mode off
Power Off off
[0127] As illustrated in Table 9, the I/O controller 304 is

in the DO state in the standby mode and is in the D0 state or
the D3 state in the waiting/responding mode.

TABLE 10

Power Control of LAN Controller 307

Power States

of Device
DO D3
Power State Standby Mode O No LINK
of System Waiting/Responding Mode Response O
Sleep Mode X O
Power Off off
[0128] Unlike the I/O controller 304, the LAN controller

307 is in the DO state or the D3 state in the standby mode as
illustrated in Table 10. Specifically, the LAN controller 307
is brought into the D3 state when a LAN cable is not
physically connected or when a link pulse signal is not
received. Furthermore, the LAN controller 307 is in the D0
state when responding to a received packet in the waiting/
responding mode and is in the D3 state at a time of waiting.
Specifically, the LAN controller 307 is maintained in the D3
state when a L AN cable is not physically connected or when
a link pulse signal is not received.

[0129] As described above, in the second embodiment, a
state of one of the PCI devices may be changed between the
DO state and the D3 state and the other devices may not be
brought into the D3 state when the MFP 101 is in the standby
mode. That is, in the second embodiment, a device driver of
the I/O controller 304 determines whether Runtime D3 is to
be executed in accordance with a power mode of the MFP
101. On the other hand, a device driver of the LAN con-
troller 307 executes Runtime D3 irrespective of the power
mode of the MFP 101.

[0130] Furthermore, in the second embodiment, a result of
the determination as to whether Runtime D3 to be executed
is changed in accordance with a use state of the device. By
this, the PCI device is prevented from being maintained in
the DO state in a state in which the PCI device is not used
and the PCI device may be brought into the D3 state.

Other Embodiments

[0131] Although the MFP 101 is described as the infor-
mation processing apparatus of the present invention in the
foregoing embodiments, the information processing appa-
ratus may be a personal computer or a server.

[0132] Furthermore, the present invention may be realized
when a recording medium which records a program code of
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software which realizes the functions of the foregoing
embodiment is supplied to a system or an apparatus. In this
case, a computer (or a CPU or an MPU) of the system or the
apparatus reads and executes the program code stored in the
recording medium so as to realize the functions. Note that
the recording medium which stores the program code is
included in the present invention.

[0133] Examples of the recording medium which supplies
the program code include a flexible disk, a hard disk, an
optical disc, a magneto-optical disc, a CD-ROM, a CD-R, a
magnetic tape, a nonvolatile memory card, and a ROM.

[0134] Furthermore, the present invention is not limited to
a case where the functions of the foregoing embodiments are
realized when the computer executes the read program code.
The present invention also includes a case where the func-
tions of the foregoing embodiments are realized when an
operating system (OS) or the like operating in the computer
performs a portion or all of an actual process.

[0135] Furthermore, the present invention also includes a
case where the functions of the foregoing embodiments are
realized after the program code read from the recording
medium is written in a memory included in a function
expansion board inserted into the computer or a function
expansion unit connected to the computer. Specifically, the
present invention includes a case where the functions of the
foregoing embodiments are realized when a CPU or the like
included in the function expansion board or the function
expansion unit performs a portion or all of the actual process
in accordance with the program code after the program code
is written in the memory.

[0136] Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific integrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

[0137] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
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is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0138] It is common general knowledge in the field of
electronics that power is defined as a rate of use of energy.
Thus a unit of power corresponds to a unit of energy per unit
time. It is well-known that the concept of power consump-
tion corresponds to energy consumption. Consequently, a
low power consumption corresponds to a low consumption
of energy per unit time.

[0139] This application claims the benefit of Japanese
Patent Application No. 2016-069173 filed Mar. 30, 2016,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. A multifunction peripheral device comprising:

a processor;

a peripheral component interconnect (PCI) device con-
nected to the processor through a peripheral component
interconnect (PCI) bus; and

a power controller configured to control a power mode of
the multifunction peripheral device,

wherein the processor performs control such that a state of
the peripheral component interconnect (PCI) device is
changed between a first power state and a second power
state in which electric power is consumed less than the
first power state, and

wherein the processor determines whether the power state
of the peripheral component interconnect (PCI) device
is to be changed in accordance with the power mode of
the multifunction peripheral device.

2. The multifunction peripheral device according to claim

1, wherein the processor fixes the peripheral component
interconnect (PCI) device in the first state when the power
mode of the multifunction peripheral device is a first mode,
whereas the processor changes the power state of the periph-
eral component interconnect (PCI) device when the power
mode of the multifunction peripheral device is a second
mode.

3. The multifunction peripheral device according to claim

2, wherein less power is consumed in the second mode than
the first mode.

4. The multifunction peripheral device according to claim

15

wherein the power controller is configured to notify the
processor of the power mode of the multifunction
peripheral device, and

wherein the processor is configured to determine whether
the power state of the peripheral component intercon-
nect (PCI) device is to be changed in accordance with
the notified power mode of the multifunction peripheral
device.

5. The multifunction peripheral device according to claim

15

wherein the processor is configured to write a value
indicating the first power state or a value indicating the
second power state in a register included in the periph-
eral component interconnect (PCI) device, and

wherein the peripheral component interconnect (PCI)
device is configured to control the power state of the
peripheral component interconnect (PCI) device in
accordance with the value of the register.

6. The multifunction peripheral device according to claim

1, wherein the peripheral component interconnect (PCI) bus
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conforms to the peripheral component interconnect (PCI)
Express standard and the peripheral component interconnect
(PCI) device is compatible with the peripheral component
interconnect (PCI) Express standard.

7. The multifunction peripheral device according to claim
1, wherein the processor is configured to execute a device
driver which controls operation of the peripheral component
interconnect (PCI) device, and the device driver is config-
ured to change a state of the peripheral component inter-
connect (PCI) device between the first and second power
states.

8. The multifunction peripheral device according to claim
7, wherein the device driver is configured to operate in an
operating system (OS) layer.

9. The multifunction peripheral device according to claim
1, wherein the processor is configured to execute a power
source control application operating in an application layer,
and the power controller is configured to control the power
mode of the multifunction peripheral device in accordance
with an instruction issued by the power source control
application.

10. The multifunction peripheral device according to
claim 1, wherein the processor is configured to change the
state of the peripheral component interconnect (PCI) device
between the first and second power states in accordance with
a state of the peripheral component interconnect (PCI)
device.

11. An information processing apparatus including a
processor and a peripheral component interconnect (PCI)
device connected to the processor through a peripheral
component interconnect (PCI) bus, the information process-
ing apparatus comprising:

a device controller configured to change a state of the
peripheral component interconnect (PCI) device
between a first power state and a second power state in
which electric power is consumed less than the first
power state in a standby state in which electric power
is supplied to the processor; and

a power mode controller configured to control a power
mode of the information processing apparatus in the
standby state in which electric power is supplied to the
processor,

wherein the device controller is configured to maintain a
power state of the peripheral component interconnect
(PCI) device in the first power state when a power
mode of the information processing apparatus in the
standby state controlled by the power mode controller
is a first power mode, and the device controller is
configured to change the power state of the peripheral
component interconnect. (PCI) device between the first
and second power states when the power mode of the
information processing apparatus in the standby state
controlled by the power mode controller is a second
power mode in which electric power is consumed less
than the first power mode.

12. The information processing apparatus according to

claim 11,

wherein the power mode controller is configured to notify
the device controller of information on the power mode
of the information processing apparatus, and

wherein the device controller is configured to control the
power state of the peripheral component interconnect
(PCI) device in accordance with the notified power
mode of the information processing apparatus.
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13. The information processing apparatus according to
claim 11,

wherein the device controller is configured to write a

value indicating the first power state or a value indi-
cating the second power state in a register included in
the peripheral component interconnect (PCI) device,
and

wherein the peripheral component interconnect (PCI)

device is configured to control the power state of the
peripheral component interconnect (PCI) device in
accordance with the value of the register.

14. The information processing apparatus according to
claim 11, wherein the peripheral component interconnect
(PCI) bus conforms to the peripheral component intercon-
nect (PCI) Express standard and the peripheral component
interconnect (PCI) device is compatible with the peripheral
component interconnect (PCI) Express standard.

15. The information processing apparatus according to
claim 11, wherein the device controller includes a device
driver which is configured to control operation of the
peripheral component interconnect (PCI) device, and the
device driver is configured to change a state of the peripheral
component interconnect (PCI) device between the first and
second power states in the standby state in which electric
power is supplied to the processor.

16. The information processing apparatus according to
claim 15, wherein the device driver is configured to operate
in an operating system (OS) layer.

17. The information processing apparatus according to
claim 16, wherein the power mode controller includes a
power source control application configured to operate in an
application layer, and the power mode controller is config-
ured to bring a power mode of the information processing
apparatus into the first power mode or the second power
mode.

18. The information processing apparatus according to
claim 11, wherein the device controller is configured to
change the state of the peripheral component interconnect
(PCI) device between the first and second power states in
accordance with the state of the peripheral component
interconnect (PCI)) device.

19. The information processing apparatus according to
claim 11, further comprising a printer unit configured to
form an image on a sheet.

20. A method for controlling an information processing
apparatus including a processor and a peripheral component
interconnect (PCI) device connected to the processor
through a peripheral component interconnect (PCI) bus, the
method comprising:

controlling a power mode of the information processing

apparatus in a standby state in which electric power is
supplied to the processor; and

maintaining a power state of the peripheral component

interconnect (PCI) device in a first power state when a
power mode of the information processing apparatus in
the standby state is a first power mode, and changing
the power state of the peripheral component intercon-
nect (PCI) device between the first power state and a
second power state in which electric power is con-
sumed less than the first power mode when the power
mode of the information processing apparatus in the
standby state is a second power mode in which electric
power is consumed less than the first power mode.
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21. A computer readable non-transitory storage medium
storing a program that, when implemented by a multifunc-
tion peripheral device, causes the multifunction peripheral
device to perform a method according to claim 20.

22. A computer readable non-transitory storage medium
storing a program that, when implemented by art informa-
tion processing apparatus, causes the information processing
apparatus to perform a method according to claim 20.

#* #* #* #* #*



