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METHODS AND SYSTEMS FOR POWER MANAGEMENT IN A DATA
PROCESSING SYSTEM

BACKGROUND OF THE INVENTION

[0001] At least certain aspects of the inventions relate to data processing
systems and the management of power consumption on those systems. Other
aspects of the inventions described herein relate to methods and systems for time
keeping in a data processing system.

[0002] Power management on a data processing system often involves
techniques for reducing the consumption of power by components in the data
processing system. The data processing system may be a laptop or otherwise
portable computer, such as a handheld general purpose computer or a cellular
telephone. The management of power consumption in a portable device which is
powered by a battery is particularly important because better power management
usually results in the ability to use the portable device for a longer period of time
when it is powered by one or more batteries.

[0003] Conventional systems typically utilize timers to indicate when a
subsystem should be turned off after a period of inactivity. For example, the motors
in a hard drive storage system are typically turned off after a predetermined period
of inactivity of the hard drive system. Similarly, the backlight or other light source
of a display system may be turned off in response to user inactivity which exceeds a
predetermined period of time. In both cases, the power management technique is
based on the use of a timer which determines when the period of inactivity exceeds a
selected duration.

[0004] Another technique which is used in the prior art for managing power
consumption of data processing systems is shown in Figure 1. In this technique, the
data processing system is switched between at least two different operating points,
such as the operating points 12 and 14 shown in the graph 10. Each operating point
represents a particular operating voltage and frequency pair. Thus, for example,
operating point 12 consumes less power by having the data processing system

operate at a lower voltage and also at a lower operating frequency relative to the
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operating point 14. In the case of operating point 14, the data processing system
operates at a higher voltage (V2) and a higher operating frequency (F2).

[0005] Certain systems provide the capability to switch power completely off
(e.g. set the operating voltage at V = 0) if no use is being made of a particular
subsystem. For example, certain system on a chip (SOC) provide a power gating
feature which allows for particular subsystems to be turned off completely if they
are not being used. This approach does not take into account the status of an
instruction queue relative to a system which may be turned off before events which

are scheduled in the instruction queue.

SUMMARY OF THE DESCRIPTION

[0006] One aspect of at least certain embodiments of the inventions described
herein relate to power management for a data processing system. In one
embodiment, a data processing system on a monolithic semiconductor substrate
(which forms a system on a chip) includes a general purpose processing unit, a
graphics processing unit (GPU), at least one peripheral interface controller, at least
one bus (coupled to the general purpose processing unit, the GPU, and the at least
one peripheral interface controller), and a power controller coupled to at least the
general purpose processing unit and the GPU. The power controller may be
configured to turn off power for the general purpose processing unit in response to a
first state of an instruction queue of the general purpose processing unit, and the
power controller may be further configured to turn power off for the graphics
processing unit in response to a second state of an instruction queue of the graphics
processing unit, wherein the first state and the second state represent an instruction
queue having either no instructions or instructions for only future events or actions.
The GPU may have its power turned off while an image, which was generated by the
GPU, is being displayed by the data processing system. In certain embodiments, the
GPU may be turned off between display frames (e.g. between successive,
consecutive display refresh frames).

[0007] In certain embodiments, the subsystems being turned on and off may
include a microprocessor, which is a form of a general purpose processing unit, and

the GPU, and one or more peripheral interface controllers as well as other
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subsystems in the data processing system. The power controller may completely
remove a voltage from the subsystem (e.g. setting the voltage to V = 0) or may
otherwise reduce power by performing other operations such as changing an
operating point which is specified by both an operating voltage and an operating
frequency. Power may be turned on and off to various subsystems over a short
period of time, such as less than one second or less than 100 milliseconds, such as
less than 10 ms. The reduction of power consumption by one or more subsystems
according to one of these embodiments may be triggered based solely upon the state
of the instruction queue for the subsystem; for example, an instruction queue which
is either empty (e.g. contains no user instructions for current events) or contains only
instructions for future events or actions may be the sole factor in determining
whether to cause the subsystem which operates on those instructions to be placed in
a reduced power consumption state.

[0008] In another embodiment, a data processing system includes a processing
unit, at least one bus coupled to the processing unit, at least one subsystem coupled
to the at least one bus, and a power controller coupled to the processing unit and to
the at least one subsystem. The power controller may be configured to reduce power
consumed by the at least one subsystem or the processing unit in response to a first
state of an instruction queue in memory for the at least one subsystem. The
instruction queue is typically accessible to a software driver for the at least one
subsystem which communicates the status of the first state to the processing unit
which in response reduces power, through the power controller, to the at least one
subsystem. The first state may represent an instruction queue having either no
instructions (e.g. user level instructions for the subsystem) or only instructions for
future events or actions which involve the subsystem.

[0009] According to another embodiment of the inventions, a method of
operating a data processing system includes determining a state of an instruction
queue of a graphics processing unit or of another subsystem and turning off power to
the graphics processing unit or the other subsystem, in response to determining that
the instruction queue of the graphics processing unit has either no instructions or
instructions for only future events or actions. This method further includes

determining a state of an instruction queue of a general purpose processing unit and
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turning off power to the general purpose processing unit in response to determining
that the instruction queue of the general purpose processing unit has either no user
level instructions or only instructions for only future events or actions. The GPU
may be turned off while an image, which was generated by the GPU, is being
displayed. Further, the GPU may be turned off (e.g. caused to enter a reduced power
state) between the display of frames or the generation of frames for a display.

[0010] Another aspect of the inventions relate to methods and systems for
scheduling a future event or action for processing. In one embodiment, a method
includes scheduling a future action for a subsystem of a data processing system,
wherein the future action is being scheduled for a future time which is adjusted with
a latency value which represents a latency in powering up the subsystem from a
reduced power state. In an embodiment, this latency represents a projected latency
or a portion of a projected latency. The method further includes supplying power to
the subsystem to be powered up in response to the future time as adjusted by the
latency value. The subsystem may be at least one of a general purpose processing
unit, a data decoder or codec, a camera interface controller, a wireless interface
controller, a controller for a dock, a serial bus interface controller, a digital signal
processor, and/or a display controller. The latency may be estimated based upon the
period of time it takes for a subsystem to become stabilized after initially receiving
power or after entering an increased power consumption state. In one embodiment,
the latency may be adjusted based on monitoring how long it is taking for the
subsystem to power up. In other words, the latency may be adjusted based on real
data on the length of time it takes the subsystem to power up. Different latencies
may be maintained for different subsystems if, for example, subsystems are found to
have different actual latencies. In one embodiment, the reduced power state may
include supplying zero volts to the subsystem or may involve supplying a reduced
voltage to the subsystem while operating the subsystem at a reduced operating
frequency.

[0011] In one embodiment of the inventions, a data processing system includes a
processing unit, at least one bus coupled to the processing unit, at least one
subsystem coupled to the at least one bus, a memory coupled to the at least one bus,

and a power controller coupled to the processing unit. The memory may be
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configured to store data representing a future action for at least one of the
subsystems and the processing unit, and the future action is being scheduled for a
future time adjusted with a latency value which represents a latency in powering up
at least one of the subsystem or the processing unit from a reduced power state. The
power controller may be configured to supply power to the at least one of the
subsystem or the processing unit in response to the future time as adjusted by the
latency value. In one embodiment, this allows the data processing system to
schedule a future event and cause a subsystem to be placed in a reduced power state
and then retrieve that subsystem from the reduced power state at a slightly earlier
time in order to reduce the latency of the power up process for the subsystem,
thereby making the system appear as if the subsystem had not been placed in a
reduced power state. In other words, the system seems as responsive as a system
which had not placed the subsystem in a reduced power state.

[0012] Other methods and systems and machine readable media for storing
computer programs to perform one or more of these methods are also described

further below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention is illustrated by way of example and not limitation
in the figures of the accompanying drawings in which like references indicate
similar elements.

[0014]) Figure 1 shows an example in the prior art for reducing power
consumption or otherwise managing the power in a data processing system.

[0015] Figure 2 shows, in block diagram form, an example of a system of the
present invention which uses power gating to reduce power to one or more
subsystems.

[0016] Figure 3 shows, in block diagram form, an example of a data processing
system which may employ one or more of the power management techniques
described herein and which also may use one or more of the methods of keeping

time described herein.
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[0017] Figure 4 shows another example of a data processing system which may
use one or more of the power management techniques described herein and/or one
or more of the time keeping techniques described herein.

[0018] Figure 5A shows a time line of activity in a data processing system
according to one embodiment of the present invention.

[0019] Figure 5B shows a time line of activity of different subsystems of a data
processing system according to one embodiment of the present invention.

[0020] Figure 5C shows a data structure and software for use with at least one
embodiment of the present inventions.

[0021] Figure 6 is a flow chart which illustrates one exemplary method of the
present inventions.

[0022] Figure 7 shows an example of a data processing system which utilizes
two different types of interrupts in order to keep time according to one embodiment
of the present inventions.

[0023] Figure 8 shows a relationship between certain hardware components and
certain software components in a data processing system according to one
embodiment of the present inventions.

[0024] Figure 9 shows another example of a data processing system which
utilizes two different types of interrupt signals in order to keep time in a data
processing system according to one embodiment of the present inventions.

[0025] Figure 10 shows an example of registers in a microprocessor according
to one embodiment of the present inventions.

[0026] Figure 11 is a flow chart which illustrates one embodiment of the
present inventions relating to the use of a type of interrupt signal to schedule time-
related events, such as time-related events in the future.

[0027] Figure 12 is a flow chart which illustrates how fast interrupts may be
processed if interrupts are disabled according to at least one embodiment of the
present inventions.

[0028] Figure 13 is a flow chart which illustrates a method of the present
inventions which adjusts for a latency in a subsystem.

[0029] Figure 14 is a time line which provides an example of the adjustment for

the latency of a subsystem according to one embodiment of the present inventions.
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DETAILED DESCRIPTION

[0030] Various embodiments and aspects of the inventions will be described
with reference to details discussed below, and the accompanying drawings will
illustrate the various embodiments. The following description and drawings are
illustrative of the invention and are not to be construed as limiting the invention.
Numerous specific details are described to provide a through understanding of
various embodiments of the present invention. However, in certain instances, well-
known or conventional details are not described in order to provide a concise
discussion of embodiments of the present inventions.

[0031] The present invention can relate to an apparatus for performing one or more
of the operations described herein. This apparatus may be specially constructed for
the required purposes, or it may comprise a general purpose computer selectively
activated or reconfigured by a computer program stored in the computer. Such a
computer program may be stored in a machine (e.g. computer) readable storage
medium, such as, but is not limited to, any type of disk including floppy disks,
optical disks, CD-ROMs, and magnetic-optical disks, read-only memories (ROMs),
random access memories (RAMs), erasable programmable ROMs (EPROMs),
electrically erasable programmable ROMs (EEPROMs), magnetic or optical cards,
or any type of media suitable for storing electronic instructions, and each coupled to
a bus.

[0032] A machine-readable medium includes any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a computer). For
example, a machine-readable medium includes read only memory (“ROM”);
random access memory (“RAM”); magnetic disk storage media; optical storage
media; flash memory devices; electrical, optical, acoustical or other form of
propagated signals (e.g., carrier waves, infrared signals, digital signals, etc.); etc.
[0033] At least certain embodiments of the inventions may be part of a digital media
player, such as a portable music and/or video media player, which may include a
media processing system to present the media, a storage device to store the media
and may further include a radio frequency (RF) transceiver (e.g., an RF transceiver

for a cellular telephone) coupled with an antenna system and the media processing
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system. In certain embodiments, media stored on a remote storage device may be
transmitted to the media player through the RF transceiver. The media may be, for
example, one or more of music or other audio, still pictures, or motion pictures.
[0034] The portable media player may include a media selection device, such as a
click wheel input device on an iPod® or iPod Nano® media player from Apple
Computer, Inc. of Cupertino, CA, a touch screen input device, pushbutton device,
movable pointing input device or other input device. The media selection device
may be used to select the media stored on the storage device and/or the remote
storage device. The portable media player may, in at least certain embodiments,
include a display device which is coupled to the media processing system to display
titles or other indicators of media being selected through the input device and being
presented, either through a speaker or earphone(s), or on the display device, or on
both display device and a speaker or earphone(s). Examples of a portable media
player are described in published U.S. patent application numbers 2003/0095096
and 2004/0224638, both of which are incorporated herein by reference.

[0035] Embodiments of the inventions described herein may be part of other types
of data processing systems, such as, for example, entertainment systems or personal
digital assistants (PDAs), or general purpose computer systems, or special purpose
computer systems, or an embedded device within another device, or cellular
telephones which do not include media players, or devices which combine aspects or
functions of these devices (e.g., a media player, such as an iPod®, combined with a
PDA, an entertainment system, and a cellular telephone in one portable device), or
devices or consumer electronic products which include a multi-touch input device
such as a multi-touch handheld device or a cell phone with a multi-touch input
device.

[0036] Figure 2 shows an example of a data processing system which includes
the ability to manage power consumed by one or more of the subsystems within the
data processing system. The system 50 includes a power management unit 54 which
is coupled through a data path to an always-alive module 58 which provides control
signals to a power controller 56 which includes a plurality of power gates which
provide power selectively to a plurality of different subsystems within the system

52, which may be a system on a chip component. The system 52 may include a
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microprocessor 70, a graphics processing unit (GPU) 72, a display controller 74, a
video decoder 76, a digital signal processor (DSP) 78, and a wireless interface
controllers 80 which may include one or more wireless interface controllers
described further herein. Each of these subsystems 70, 72, 74, 76, 78, and 80 are
coupled to a corresponding power gate through which power is supplied to the
subsystem. It will be appreciated that multiple power gates may be provided in
parallel to provide additional current capacity if need for a particular subsystem.
Each power gate, such as power gate 62A or 62B, has its drain electrode coupled to
a power supply voltage rail 60 and its source coupled to the corresponding
subsystem. The gate electrode of each power gate is coupled to a control signal
provided by the always-alive module 58 which may be controlled, in at least certain
embodiments, by the power management unit 54 which may be coupled to the
microprocessor through one or more buses as described herein. Through this
arrangement, it is possible for the microprocessor to selectively cause the various
different subsystems to be turned on and off by causing the power management unit
54 to provide control signals to the always-alive module 58 which in turn provides
the appropriate control signals to turn on or off one or more of the subsystems. For
example, the microprocessor 70 may instruct the power management unit 54 to turn
off the GPU 72 by providing a control signal to the always-alive module 58 which in
turn sets a voltage on the gate electrode of the power gate 62B which in turn shuts
off the voltage supply to the GPU 72 through the power line 66. Similarly, one or
more of the other subsystems may also be selectively turned off by causing its
supply voltage to be dropped to a value well below that necessary to operate the
subsystem. The microprocessor 70 may even turn itself off by saving state and
context information for the various application programs and operating system
programs which are executing at the time the microprocessor decides to turn power
off for itself. It will be understood that the system 50 may have additional
subsystems, not shown, such as memory controllers, etc. (examples of additional
subsystems are shown in Figure 4) or the system 50 may have fewer subsystems
than shown in Figure 2. It will also be understood that the system 50 may include
one or more buses and one or more bus bridges which are used to interconnect the

data and control signals between the various subsystems. The bus architecture
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shown in Figure 3 is an example of one or more buses being used to couple the
various components of a subsystem together.

[0037] Figure 3 shows an example of one bus architecture which may be used
in at least certain embodiments of the present inventions. This bus architecture may
be used to couple together the subsystems in the system 50 of Figure 2 and the
subsystems in the system 151 of Figure 4. The data processing system shown in
Figure 3 includes a memory 105 and a system 103 which may be implemented in at
least one embodiment as a system on a chip, which is a monolithic semiconductor
substrate which forms an integrated circuit that provides all the components for the
system on a single chip. In an alternative embodiment, the various components may
be spread over multiple integrated circuits. The system 103 includes a
microprocessor 107 which is coupled to memory 105 through a bus 113 and a
memory controller 111. The memory controller 111 may be multiple memory
controllers for controlling different types of memory 105, such as DRAM (e.g. DDR
RAM), and flash memory and/or other types or combinations of memory such as a
magnetic hard drive, etc. The memory controller 111 is coupled to a graphics
processing unit 109 which allows the GPU to obtain graphics data or store graphics
data in the memory 105 and to retrieve graphics instructions, for processing by the
GPU, from the memory 105. It will be understood that the GPU 109 is coupled to a
display controller, such as the display controller 74 shown in Figure 2, which in turn
is coupled to a display to drive the display to cause images to appear on the display,
such as a liquid crystal display (LCD). The microprocessor 107, the memory
controller 111, the memory 105, and the GPU 109 are coupled to the rest of the
subsystems of Figure 3 through two peripheral buses and two bus bridges as shown
in Figure 3. Bus bridge 115 couples the bus 113 to the first peripheral bus 117, and
bus bridge 119 couples the first peripheral bus 117 to the second peripheral bus 121.
The microprocessor 107 and the GPU 109 are coupled to the peripheral buses 117
and 121 through these bus bridges. The GPU 109 is also coupled to the first
peripheral bus 117 through a control port for graphics 133 to the first peripheral bus
117 and the microprocessor 107 is also coupled to the first peripheral bus 117
through a peripheral port 131 of the microprocessor 107. One or more input/output
(VO) devices may be part of the system 101. These /O devices may be one or more

10
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of a plurality of known /O devices including track pads, touch pads, multi-touch
input panels, an audio speaker and an audio microphone, a camera, a dock port, one
or more wireless interface controllers, a cursor control device such as a mouse or a
joystick or a trackball, one or more keyboards, one or more network interface
adapters (e.g. an Ethernet interface port), etc. If the system 103 is implemented as a
system on a chip, then the /O devices 127 and 129 would typically be a separate
component which is not disposed on the integrated circuit. Each of the /O devices
127 and 129 are coupled through /O controllers, such as the I/O controllers 123 and
the /O controllers 125 as shown in Figure 3. In addition to the /O devices
previously listed, the system 103 may include other subsystems which may be
considered an /O device, such as a video decoder or a digital signal processor such
as the video decoder 76 and the DSP 78 as shown in Figure 2. An embodiment of
the system shown in Figure 3 may include a power controller and a power
management unit, along with an always-alive module in order to provide power
gating to the various subsystems in the system 103. For example, a power
management unit, which may be similar to the power management unit 54, may be
coupled to an always-alive module, which may be similar to the always-alive
module 58, which in turn is coupled to provide control signals to a power controller,
such as the power controller 56, in order to turn power on and off for one or more of
the subsystems in the system 103, such as one or more of the /O controllers or one
or more of the /O devices of Figure 3 or the GPU 109 or the microprocessor 107,
etc.

[0038] Figure 4 shows another example of a system which may be used with
one or more of the inventions described herein. For example, the system shown in
Figure 4 may operate in the manner shown in Figures SA, 5B, and 6 and/or may
operate in the manner shown in Figure 11 and/or may operate in the manner shown
in Figure 13. The data processing system 151 may implement the system 153 as a
system on a chip (SOC) integrated circuit or may implement the system 153 as
multiple integrated circuits coupled by one or more buses. The data processing
system 151 includes a plurality of components which are shown external to the
system 153 but which are coupled to the system 153 as shown in Figure 4. Such

components include the dynamic random access memory (DRAM) 157, the flash
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memory 159, both of which are coupled to the memory controllers 177, the dock
port 171 which is coupled to a UART controller 197, the wireless (RF) transceivers
169 which are coupled to the wireless interface controllers 191, the power
management unit 167 which is coupled to the IIC port 189, the camera 165 which is
coupled to the camera interface controller 187, the audio digital-to-analog converter
163 which is coupled to the IIS port 185, the multi-touch input panel 161 which is
coupled to the multi-touch input panel controller 181, and the display device 155
which may be a liquid crystal display device, which is coupled to the display
controller 179. These various components provide input and output capabilities for
the data processing system as is known in the art. In addition, the system 153
includes a graphics processing unit 175 and a microprocessor 173 which may be, in
certain embodiments, an ARM microprocessor. In addition, the system may include
a digital signal processor 195 and an interrupt controller 193. These various
components are coupled together by one or more buses and bus bridges 183 which
may be implemented in a variety of architectures, such as the bus architecture shown
in Figure 3 or alternative bus architectures. The power management unit 167 may
operate in the same manner as the power management unit 54 of Figure 2, thereby
providing power reduction capabilities to one or more subsystems by turning power
on or off selectively for one or more subsystems as described herein. The power
management unit 167 may be coupled to an always-alive module (e.g., similar to
always-alive module 58) and a power controller (e.g., similar to power controller 56)
in the system of Figure 4. Further, the power management unit 167, in conjunction
with the microprocessor 173, may implement other power reduction techniques,
such as operating at different voltage and frequency operating points as described
herein. While the power management unit is shown external to the system 153, it
may be part of a system on a chip implementation in certain embodiments. At least
some of the other components, such as the wireless transceivers 169, may also be
implemented in certain embodiments as part of a system on a chip. The wireless
transceivers 169 may include infrared transceivers as well as radio frequency (RF)
transceivers and may include one or more of such transceivers, such as a wireless
cellular telephone transceiver, a WiFi compliant transceiver, a WiMax compliant

transceiver, a Bluetooth compliant transceiver, and other types of wireless
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transceivers. In one particular embodiment, the wireless transceivers 169 may
include a wireless cellular telephone transceiver, a WiFi compliant transceiver
(IEEE 802.11 A/G transceiver), and a Bluetooth transceiver. Each of these wireless
transceivers may be coupled to a respective wireless interface controller which may
be one or more of a plurality of interface controllers, such as a UART controller or
an IIS controller or an SDIO controller, etc. The data processing system 151 may
include further input/output devices, such as a keypad, or a keyboard, or a cursor
control device, or additional output devices, etc.

[0039] It will be understood that the data processing system of Figure 4 may be
implemented in a variety of different form factors or enclosures which package and
embody the data processing system. For example, the data processing system 151
may be implemented as a desktop computer, a laptop computer, or an embedded
system, consumer product or a handheld computer or other handheld device. It may
be implemented to operate off of AC power or a combination of AC power and
battery power or merely battery power in at least certain modes. The data processing
system may include a cellular telephone and may have the form factor of a cellular
telephone, such as a candy-bar style cellular telephone or a flip phone or a phone
with a sliding keyboard which slides out (e.g., from an enclosure) or swings out
(e.g., from an enclosure) to expose the keys of the keyboard. In certain
embodiments, the data processing system 151 may be implemented in a tablet
format of a small handheld computer which includes wireless cellular telephony and
WiFi and Bluetooth wireless capability. Examples of such form factors are shown
in co-pending U.S. Patent Application Serial No. 11/586,862, filed October 24,
2006, which is entitled “Automated Response To And Sensing Of User Activity In
Portable Devices” and which is owned by the assignee of the instant inventions.
This application is hereby incorporated herein by reference.

[0040] Figures 5A and 5B provide two examples of a method in which power
gating of a system, such as that shown in Figures 2, 3 or 4, may be used in order to
manage power consumption in such systems. The time line 201 of Figure SA
shows the switching on and off of a microprocessor and GPU, such as the
microprocessor 173 and the GPU 175 over time in a process in which the

microprocessor reacts to an event (e.g. a user manipulation of an input device or a
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timed event which had been scheduled previously), and that reaction by the
microprocessor causes an updating of a displayed image on a display device, such as
the display 155, wherein the updating is completed by the GPU. During the time
period 203, which is shown between times TO and T1, the microprocessor operates
on data to perform or create instructions in response to the event. These instructions
may include instructions to the GPU to composite a collection of views or images
into a final complete image, and the microprocessor may render one or more
portions of those views. In doing so, the microprocessor may store the instructions
for the GPU and the graphics data (e.g. the portions of the images to be composited
in a final display) into a memory which is accessible by the GPU, such as the
memory 157 and/or the flash memory 159 shown in Figure 4. After the
microprocessor completes its operations within the time frame 203, it begins to enter
a power down state by saving its context and states and other data, into memory (e.g.
DRAM 157 and/or flash memory 159), and then causes power to be shut off to itself
at time T1. At or before time T1, the GPU is returned to its power state from a
reduced power state and operates on the instructions and data stored in the memory,
such as memory 157 and/or flash memory 159, during the time period 205. In one
embodiment, the microprocessor and the GPU are switched between zero volts and
an operating voltage when switched from the power off state to the power on state.
Hence, at time TO, the microprocessor in this embodiment would not receive power
(its operating voltage is at zero volts) and during time period 203, it receives the full
operating voltage. In this same embodiment, the GPU receives zero operating
voltage during time period 203 and receives the full operating voltage of the GPU
during the time period 205. Following the operation T2, both the microprocessor
and the GPU may be turned off (e.g. have their operating voltages set at zero volts)
as shown in Figure SA. Then at time T3, the next image is displayed at 207 shown
in Figure SA. This may occur by reading data from a frame buffer written to by the
GPU during the time period 205; for example, a display controller, such as the
display controller 179, may read the next frame data from a frame buffer and cause
that data to be displayed on a display device, such as the display 155. Hence, in the
example of the time line shown in Figure 5A, both the microprocessor and the GPU

are turned off during a display at time T3 of the image initiated by the processing of
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the microprocessor during time period 203 and completed by the processing of the
GPU during the time period 205.

[0041] Figure 5B shows another time line 211 which provides another example
of how power gating may be used to turn on and off various subsystems in a data
processing system, such as the system shown in Figures 2, 3, or 4. The
microprocessor is shown being turned on during time periods 213 and 217; it is
otherwise turned off during the time shown on time line 211. Hence, the
microprocessor is turned on between times TO and T1 and times T2 and T3 and is
otherwise turned off (e.g. its operating voltage is set to zero volts). During the
period of time that the microprocessor is turned on (time periods 213 and 217), it
may be operating at full operating voltage. The GPU is shown as being turned on
only during time period 215, which extends from times T1 to T2 in the time line
211. The microprocessor and the GPU may be performing operations which are
similar to those described relative to Figure SA. For example, the microprocessor
may be reacting to a user event or a timed event and may be preparing data and
instructions which will be further processed by the GPU in order to render a final
image which is displayed at time T4 (time 219 in the time line 211). The
microprocessor is also shown as active during time period 217 in which the
microprocessor is turned on by the GPU (e.g. by the method shown in operation 257
in Figure 6) in order to turn off the GPU and to then turn off itself. An example of
a method which operates in a manner shown in the time line of Figure 5B is given
in the flow chart of Figure 6 which is described herein. In at least certain
implementations, the microprocessor, during time period 217, may also instruct the
display controller to display the new image at time T4, which may be the next
refresh opportunity for the display controller to refresh the display by reading data
out of the frame buffer for the display. In at least certain embodiments, the frame
buffer may be implemented as a portion of the DRAM memory 157.

[0042] In at least certain embodiments, the entire time along either time lines
201 or 211 may be less than one second or even less than 100 milliseconds, such as
less than 10 ms. Hence, the microprocessor and the GPU are being turned on and
off over a relatively short period of time directly in response to the existence or

nonexistence of user tasks or threads for each subsystem, such as the microprocessor
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or the GPU. In certain implementations, the power management shown in Figures
5A and 5B may be implemented through entirely software control or driven through
software without the use of timers, and based on the state of an instruction queue of
user tasks or threads as shown in Figure 5C. In at least certain embodiments, the
GPU may be turned off (e.g. have its operating voltage set to zero volts) between
display frames, such as successive refresh display operations on a display device,
such as the display 155.

[0043] Figure 5C shows an example of how software may drive the power
management technique shown in Figures SA and 5B. A data structure 225 and a
data structure 227 may be stored in memory, such as the memory 157 and/or flash
memory 159, and these data structures include an instruction queue of processing
tasks/threads from the system for a particular subsystem. In the case of the data
structure 225, the instruction queue is for subsystem 1, and in the case of data
structure 227, the instruction queue is for subsystem 2. In at least certain
embodiments, these two subsystems may be any one of the subsystems shown in
Figures 2, 3, or 4, such as the GPU 175 and another subsystem, such as the
microprocessor 173 or a data decoder, such as the video codec 76. A software
driver will typically exist for each subsystem, such as the software driver 229 for
subsystem 1 and the software driver 231 for the subsystem 2. These drivers interact
with their corresponding data structure to process the user tasks/threads for their
respective subsystems. These software drivers also interact with an operating
system kernel 233 which can, in at least certain embodiments, cause messages (e.g.
an interrupt signal) to be sent to a power management unit to turn on and turn off the
subsystem. Examples of subsystems being turned on and off are shown in Figures
5A and 5B and are also further illustrated in Figure 6. In the architecture of Figure
5C, the instruction queue itself provides a trigger mechanism to automatically cause
a subsystem to be turned off when there are no further user tasks/threads for a
particular subsystem or all user tasks/threads or other tasks/threads are for future
events that have been scheduled. Hence, the state of the instruction queue may
initiate a turn off operation of a subsystem when there are either no instructions
from the system or only instructions for future events/actions. The software driver

for a particular subsystem may determine the “empty” state of the instruction queue
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for user tasks/threads and may inform the operating system kernel of this state
through a call or other mechanism such as an interrupt signal. In turn, the operating
system kernel 233 can cause a message to be sent to the power management unit or
other device to cause a power controller, such as the power controller 56, to turn off
power to the subsystem which indicated that its instruction queue was “empty.” It
will be appreciated that at least in certain implementations, each subsystem will take
the necessary steps to preserve its state and context before having its power turned
off; this may be performed by the driver software for the particular subsystem in
conjunction with the operating system before signaling the operating system to turn
off the particular subsystem. In alternative embodiments, the power management
techniques may utilize an approach other than power gating to manage power, such
as the use of different voltage/frequency operating points rather than turning power
completely off and completely on.

[0044] Figure 6 shows an example of one method according to at least one
embodiment of the present inventions. The method of Figure 6 may represent the
processing operations which occur in the time line 211 of Figure 5B. The data
processing system, in operation 251, receives a user action, such as the selection of a
user interface element on a display device, or begins processing of a timed event,
such as the microprocessor wakes up as described herein to process a timed event.
The waking up operation typically involves the microprocessor (or other
component) exiting a reduced power consumption state and entering a higher power
consumption state. In operation 253, the processing system, such as a
microprocessor, executes instructions in response to the user action or timed event
from operation 251. For example, the microprocessor may generate instructions and
data for processing by the GPU which is currently turned off. Operation 253 may
represent the processing during time period 213 of Figure SB. Then in operation
255, the processing system causes power to be supplied to the GPU (or other
subsystem) and causes power to be turned off for the processing system. This
portion of operation 255 occurs around the time T1 shown in Figure SB. The
remainder of operation 255 involves the GPU processing the instructions prepared
for it by the microprocessor during time period 213. This portion of operation 255

corresponds to time period 215 in Figure SB. Then in operation 257, the GPU
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completes the instructions and generates a message to the operating system or
processing system. The GPU will typically cause the storage of the next display
image to be used when refreshing the display into the frame buffer, which is under
control of the display controller 179, for example. This allows the display controller
to refresh the display with the new image without requiring that the GPU be turned
on. Then in operation 259, the processing system turns on in response to the
message from operation 257, which may be an interrupt signal, and causes the GPU,
or other subsystem, to be turned off, and then the processing system turns itself off if
its application instruction queue is empty or has only future events. The method of
Figure 6 refers to the microprocessor and the GPU as the two subsystems involved
in this method; however, in alternative embodiments, different subsystems may be
involved, such as the microprocessor and a data decoder (e.g. an MPEG data
decoder subsystem) or the wireless interface controllers and the wireless transceivers
and the microprocessor, or other combinations of subsystems, such as the
subsystems shown in Figures 2, 3 and/or 4. In at least certain embodiments, the
pattern of operations shown in Figure 5B and reflected in Figure 6 may be
repeated several times (e.g. three or more times) over a short period of time, such as
a few seconds (e.g. less than 10 seconds). Hence, during a short period of time, both
the microprocessor and the GPU may be repeatedly (e.g. three or more times) turned
on (e.g. full operating voltage) and repeatedly (e.g. three or more times) turned off
(e.g. zero operating voltage) over such a short time period. As noted elsewhere
herein, each subsystem may implement a state-saving process which involves saving
states and context and other data associated with the subsystem before being
powered off as is known in the art. In alternative embodiments, it will be
appreciated that, rather than using completely off and completely on as the two
states by which power is managed, the data processing system may employ
alternative techniques alone or in combination with power gating to achieve power
management. For example, the data processing system may use different operating
points as in Figure 1 in conjunction with power gating, or without power gating to
manage power consumption of the data processing system.

[0045] Another aspect of the present inventions will now be described with

reference to Figures 7, 8,9, 10, 11, and 12. It will be appreciated that this aspect

18



WO 2008/085341 PCT/US2007/025848

may be used in combination with other aspects described herein or may be used by
itself in at least certain embodiments of the inventions. Figure 7 shows a data
processing system which includes a processing system 301 coupled to system
memory 303 by a bus 315. In addition, the system of Figure 7 includes an interrupt
controller 307 which is coupled to the processing system 301 through at least two
interrupt signal data paths 317 and 319. In at least one embodiment, the processing
system may be the microprocessor 173 and the system memory 303 may be one or
both of memory 157 and flash memory 159, and the interrupt controller 307 may be
the interrupt controller 193. The system of Figure 7 also.includes a timer 305
which includes one or more counters which are capable of asserting a timeout or
other similar signal over data path 313, and these timeout assertion signals can in
turn cause the interrupt controller 307 to generate either a first interrupt signal over
the data path 317 or a second interrupt signal over the data path 319. The data path
311 allows the processing system 301 to store a count value or timer value or other
time-related value into the timer 305. The interrupt controller 307 may be a
conventional interrupt controller that provides two different types of interrupt
signals, such as a fast interrupt signal and a normal interrupt signal in the case of
microprocessors from ARM Ltd. of Cambridge, England. The first interrupt signal
317 may be the fast interrupt signal which typically will provide a higher priority of
service to the source of the interrupt than the other type of interrupt signal. One
reason for this difference in performance includes the way in which registers are
reserved in a microprocessor relative to the mode of the microprocessor as described
below relative to Figure 10. Prior systems which utilized fast interrupt signals in an
ARM architecture used the fast interrupt signal solely for a particular process or
subsystem which had sole control and use of the fast interrupt signal. In other
words, the fast interrupt signal was dedicated for use for a particular process or
subsystem, which is typically the process or subsystem that the designer wants to
make sure has a high priority in receiving service. This is unlike embodiments of
the inventions in which different processes and/or different subsystems, such as
different software processes operating on different hardware subsystems, can each
use the fast interrupt signal in order to keep time for time-related events for each of

those different processes and/or subsystems as described herein. For example, the

19



WO 2008/085341 PCT/US2007/025848

memory 303 shows at least three different application processes which may be
executing on the data processing system of Figure 7 at any one point in time.
Application process 327 may be, for example, an MPEG decoding operation being
performed partly in software by the processing system 301 and partly by an MPEG
decoding hardware subsystem such as the subsystem 76 shown in Figure 2. The
application process 329 may, for example, be an MP3 decoding operation which is
performed in part by the processing system 301 and in part by a separate hardware
subsystem such as another data decoder which is dedicated to audio data, etc.
Application process 331 may be another software process being performed in part
by the processing system and performed in part by yet another subsystem (e.g. the
DSP 195 of Figure 4). Hence, the state of the memory 303 shows that multiple
applications may be executing concurrently and multiple subsystems may be
operating concurrently, with the OS kernel 325, which is an executing operating
system software, overseeing the management of various tasks and processes in a
conventional manner. In one exemplary embodiment, one subsystem may be the
processing system itself (the microprocessor 175) and the other subsystem currently
in operation may be an MPEG decoding subsystem or the GPU. In any event, at
least certain embodiments of the inventions allow different processes for different
subsystems to either concurrently or sequentially utilize a fast interrupt signal to
respond to a time-related event in order to keep time for those subsystems. The
processing system 301, in conjunction with the OS kernel 325, typically maintains a
data structure, such as a list of time-related events, such as the list 323 shown stored
in the memory 303. This list may be an ordered list from almost now to a future
time and the processing system may use this list to service events that were
scheduled for operation in the future at the time they were scheduled, such that they
may be performed at the time scheduled and requested by the particular subsystem
Or process.

[0046] Figure 11 shows an example of a method in which the system of Figure
7 operates by using a fast interrupt signal to provide time for time-related events of
different processes and/or different subsystems within the data processing system.
In operation 451, the processor, such as processing system 301, before going idle

and powering itself off, selects the next timed event from a data structure containing

20



WO 2008/085341 PCT/US2007/025848

time-related events of different processes and/or different subsystems. These events
may be both system and user time-related events. The list 323 in memory 303 is an
example of such a data structure. Then in operation 453, the processor causes a
time-related value to be entered into the timer associated with the fast interrupt
signal. The fast interrupt timer 384A shown in Figure 9 is an example of such a
timer. Then in operation 455, the processor enters a low power state, such as a zero
voltage operating state, for the microprocessor. While the processor is off, the timer
which received the time-related value in operation 453, continues to count until it
reaches the value indicating that the associated time-related value has reached its
scheduled time and needs to be performed. The timer, such as timer 305, as a result
of reaching the value, asserts a fast interrupt timer signal to the interrupt controller
in operation 457. In the examples shown in Figures 7 and 9, a fast interrupt timing
signal is asserted on data path 313 in Figure 7 while the fast interrupt timer signal is
asserted on data path 367 in Figure 9. The assertion of this timer signal is
interpreted by the interrupt controller to mean that the fast interrupt signal must be
asserted, and hence in operation 459, the interrupt controller, such as interrupt
controller 307 or interrupt controller 379, asserts the fast interrupt signal to the
processing system, such as the processing system 301. The processing system
responds as shown in operation 461, and its response depends upon its states and
whether or not interrupts are enabled. The operations shown within operation 461
assume that interrupts are enabled; if they are not, the method of Figure 12 may be
used when interrupts are not enabled. If the processing system, such as processing
system 301, is in a low power state when the fast interrupt signal is asserted in
operation 459, then the processing system exits its low power state and enters its fast
interrupt mode to process the time event specified by the fast interrupt, which may
be for any one of the different application processes such as the processes 327 or
329 or 331 or for other processes or subsystems which have their time-related events
stored in a data structure, such as the list 323 in the memory 303 of Figure 7. The
processing of the timed event in fast interrupt mode may occur in the same manner
to the processing in the prior art of fast interrupts, which are dedicated to a particular
subsystem, in that the processing system will call the handler for the hardware and

will clear the fast interrupt status signal in the interrupt controller and will perform
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other operations in order to service the fast interrupt, which in turn ultimately leads
to the servicing of the scheduled event which resulted in the assertion of the fast
interrupt signal. If the processing system is running a process, such as application
process 3 stored in memory 303, then it will enter fast interrupt mode to process the
timed event which caused the assertion of the fast interrupt. For example, if the user
is providing an input to the system and the system is responding to that input, the
response to that input will be interrupted by the fast interrupt signal in operation 461
which will cause the system to service the time-related event which caused the
assertion of the fast interrupt signal in the method of Figure 11 and then the system
will return to processing of the user’s input. Again, the response to this fast
interrupt signal may be performed as in the prior art systems in which the use of fast
interrupt signals was dedicated to a particular process or subsystem.

[0047] It will be understood that the next timed event which was selected in
operation 451 may be for any one of the executing processes, such as processes 327
or 329 or 331 or other processes and/or different subsystems. In other words, the
use of the fast interrupt signal is not dedicated to any one particular process or
subsystem but rather is used to provide a time keeping mechanism for many
different processes and/or subsystems.

[0048] Figure 9 shows a more detailed example of the timers and the interrupt
controller and how the interrupt controller is coupled to receive interrupts from
different sources. The processing system 377 corresponds to the processing system
301 and the timer 383 corresponds to the timer 305. The interrupt controller 379
corresponds to interrupt controller 307. The system memory shown in Figure 7
(system memory 303) is not shown in Figure 9 in order to simplify Figure 9;
however, it will be understood that the processing system 377 is coupled to a system
memory, such as the system memory 303 which includes a plurality of different
executing tasks or threads for one or more subsystems in the overall data processing
system, such as the system shown in Figure 4. The fast interrupt signal 373
corresponds to the first interrupt signal on data path 317 and the normal interrupt
signal 371 corresponds to the second interrupt signal provided on data path 319 of
Figure 7. Data path 365 allows the data processing system 377 to store time-related

values, such as a counter value, which may be decremented or incremented in order
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to determine the expiration of a time period or the occurrence of a time. The timer
383 includes at least two timers, one of which is utilized to assert the fast interrupt
timer signal over data path 367, which in turn will cause the assertion of the fast
interrupt signal 373. In alternative embodiments, there may be a plurality of timers
for the fast interrupt signal as well as a plurality of timers for normal interrupt
signals. The timer 383 includes at least one interrupt timer 384B which is used to
store a time-related value to increment or decrement a time or time duration in order
to cause the assertion of a normal interrupt signal by the interrupt controller 379. It
can be seen from Figure 9 that the interrupt controller 379 includes at least two
ports to receive interrupts from two different sources. In particular, the interrupt
controller 379 receives internal system interrupts 385 through one port and receives
other interrupts from a general purpose I/O interrupt controller 381, which in turn is
coupled to receive interrupts from the graphics processing unit (GPU interrupts 387)
and interrupts from the power management unit (PMU interrupts 389) and all other
input/output interrupts 391. It will be understood that the system 375 shown in
Figure 9 is a particular implementation of the system shown in Figure 7.

[0049] Figure 8 illustrates the relationship which may exist in at least certain
embodiments of a system such as that shown in Figure 7 between the operating
system software, such as an OS kernel 357, and a software driver for the hardware of
subsystem 1 such as the driver 355. The operating system kernel software 375 may
be considered to be in communication with the software driver 355 in a variety of
different ways. For example, the software driver 355 may make calls to the
operating system or to other software components and receive call backs or other
acknowledgements from the operating system or other software components. In
certain embodiments, the software driver may cause an interrupt signal to be
generated for servicing through the interrupt controlier of the system, such as the
interrupt controller 307 of Figure 7. These calls or interrupts may be generally
considered to be messages between the software driver for a particular subsystem
and the rest of the data processing system and may be used as part of the power
management process in the process for scheduling of timed events such as the time-
related events 323. For example, a software driver may provide a message to the

operating system that the instruction queue of user tasks/threads for the hardware
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subsystem being controlled by the software driver is empty or contains only future
scheduled events. This can allow the microprocessor to turn off that subsystem in
response to the state of its instruction queue. It will be understood that a software
driver for a particular subsystem may be part of a particular application process for
that subsystem, such as application process 327. For example, a software driver for
an MP3 decoder subsystem may be considered part of the application process 327.
Similarly, a software driver for another hardware subsystem may be considered part
of another application process, such as the application process 329 shown in Figure
7. 1t will also be appreciated that the processing system, such as processing system
351, may exchange other types of messages to the hardware subsystem, such as
hardware subsystem 253, and these messages may indicate that a hardware system
needs to reduce power or increase power, as the case may be.

[0050] Figure 10 shows an example of the registers of a microprocessor and
how they are allocated among different resources for different operating modes of
the microprocessor. Typically, the microprocessor will have multiple operating
modes, such as regular interrupt mode, fast interrupt mode, user mode, etc. User
registers, such as user register 403, are available for use by user application
processes, and shared registers 405 are shared across modes of the microprocessor.
The regular interrupt registers 407 are used to service regular interrupt signals, and
the fast interrupt register 409 includes a private space which can be used to avoid
saving user context and state when switching between user mode and fast interrupt
mode. This feature can improve processing time of the fast interrupt signal relative
to a normal interrupt signal and hence provides a higher priority of service to any
process which causes the assertion of the fast interrupt signal.

[0051] Figure 12 shows an example of how a data processing system, in at least
one embodiment, will handle a fast interrupt signal, such as the fast interrupt signal
asserted in operation 459 in Figure 11 when interrupts are disabled. Operation 461
in Figure 11 assumed that interrupts were enabled. If they are not enabled, at least
one embodiment can perform the operation shown in Figure 12. In operation 475,
the processing system receives a fast interrupt and determines whether interrupts are
enabled in operation 477. If they are enabled, then the interrupt is processed

normally in operation 479, which is shown in further detail in operation 461 of
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Figure 11. If interrupts are not enabled, then processing proceeds from operation
477 to operation 481 in which, in at least one embodiment, the fast interrupt signal
is converted into a regular interrupt signal by scheduling a regular interrupt to be
generated. This may include the saving of context and other information associated
with the fast interrupt signal and the clearing of the fast interrupt status information
in order to effectively remove the assertion of the fast interrupt signal and convert it
into a regular interrupt. Once the interrupts are again enabled, the interrupt which
resulted from the fast interrupt conversion in operation 481, may call the operating
system kernel to handle a time-related event interrupt associated with the process
which caused the assertion of the fast interrupt signal. In one embodiment, in the
usual case when the FIQ occurs, the processor's mode will be converted from FIQ to
IRQ and the RTC's (Real Time Clock) interrupt handler (rtclock intr()) will be
called. If, when the FIQ occurs, interrupts are disabled, it is assumed that it is not
safe to use the processor's IRQ mode. This could be because a client has disabled
IRQ so that they are not interrupted or because there is already an IRQ in progress.
In either case rtclock intr should not be called. Instead, in one embodiment,
cpu_signal() is called to request that an interrupt (IRQ) be generated by software. At
some later time when IRQ is enabled, the interrupt from cpu_signal() will occur and
control flow will pass to the kemel's inter-processor interrupt (IPI) handler. The IPI
handler will note that a rtclock interrupt is pending and call rtclock_intr().

[0052] Figures 13 and 14 relate to another aspect of the present inventions in
which a data processing system may take into account the time it takes for a
subsystem to start up from a reduced power state. In other words, a data processing
system may take into account that there is some lag or latency between when full
power is applied to a subsystem and when it is stabilized and ready to operate after
having been powered up from a reduced power consumption state. It can be seen
that embodiments of methods described relative to Figures 13 and 14 may be useful
in methods such as that shown in Figures SA and 5B in which subsystems are
turned on and turned off over short periods of time. For example, operation 251
shown in Figure 6 may involve a wake up operation for a microprocessor which has
been in a reduced power state and now needs to process the timed event whose time

has occurred. Similarly, the use of a latency value as described relative to Figures

25



WO 2008/085341 PCT/US2007/025848

13 and 14 may be used in operation 461 in which a processing system, or another
subsystem of a data processing system, may be in a low power state as it exits that
state and takes some time before it is ready to begin operating at full voltage or full
power. From a user’s perspective, the system appears to respond as if there were no
latency because of the fact that the subsystem was started before the time of the
scheduled event in order to give the subsystem time to get ready and be able to start
processing at or near the scheduled time. In operation 501 of Figure 13, the data

" processing system determines a time-related data for an event to be scheduled for a
future action for execution and selects a time latency value for the subsystem or
subsystems to be involved in the future action/execution. In one embodiment, the
data processing system implementing the method of Figure 13 may be the system
shown in Figure 4 and the microprocessor 173 may be scheduling a future event
such as the decoding of MPEG data in an MPEG decoding subsystem. That
decoding, relative to a current time, will determine a time to enter into a counter,
such as a fast interrupt timer counter 384A which will cause the assertion of the fast
interrupt signal in order to decode the next set of MPEG data. If the processor
and/or the MPEG decoder subsystem are going to be off before the event occurs,
then there may be some latency time involved in waking up the processor and/or the
MPEG decoder subsection. Based on the latency of the particular subsystem, the
processor will select a time latency value which may be a measured value or an
estimated value of the subsystem (e.g., the subsystem with the most latency if there
are two subsystems to wake up) and the time data which is entered into the timer
may be adjusted in accordance with the selected time latency value so that the
subsystem, such as the microprocessor or another subsystem, may be caused to exit
a low power state and enter a higher power state (such as completely off to
completely on as described herein). The timer, in the case of operation 503, may be
a timer which will cause the assertion of a fast interrupt signal as in the embodiment
shown in Figure 7. The assertion of the fast interrupt signal or other interrupt signal
may then cause the subsystem to be turned on in operation 505 just before the time
of the event in response to the timer. Then in operation 507, the subsystem responds
to the wake up process and operates on the event. Figure 14 shows a time line

which represents how the subsystem is started before the time of the scheduled event
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in order to give the subsystem an additional period of time to stabilize so that it is
ready to actually operate on the instructions or perform operations at the scheduled
time. In particular, the latency time is represented by the time Tw and the actual
time of the scheduled event is T1 shown as time 529. The subsystem is turned on at
time T1-Tw, which is labeled as time 527, which gives sufficient time for the
subsystem to enter a higher power state and stabilize at that state and be ready for
processing of instructions or operations at time T1. It will be appreciated that the
latency time Tw may be estimated or measured and that the actual latency time used
as the time latency value may be equal to or less than the actual or estimated latency
time of a particular subsystem.

[0053] In the foregoing specification, the invention has been described with
reference to specific exemplary embodiments thereof. It will be evident that various
modifications may be made thereto without departing from the broader spirit and
scope of the invention as set forth in the following claims. The specification and
drawings are, accordingly, to be regarded in an illustrative sense rather than a

restrictive sense.

27



WO 2008/085341 PCT/US2007/025848

CLAIMS

What is claimed is:

1. A data processing system on a monolithic semiconductor substrate which
provides a system on a chip (SOC), the data processing system comprising:

a general purpose processing unit;

a graphics processing unit;

at least one peripheral interface controller;

at least one bus coupled to the general purpose processing unit, the graphics
processing unit, and the at least one peripheral interface controller;

a power controller coupled to at least the general purpose processing unit and
the graphics processing unit, the power controller being configured to
turn power off for the general purpose processing unit in response to
a first state of an instruction queue of the general purpose processing
unit, and the power controller being configured to turn power off for
the graphics processing unit in response to a second state of an
instruction queue of the graphics processing unit, wherein the first
state and the second state represent an instruction queue having either
no instructions or instructions for only future events or actions and
wherein the graphics processing unit has its power turned off while
an image, generated by the graphics processing unit, is being

displayed by the data processing system.

2. The data processing system of claim 1 wherein a software driver of the

graphics processing unit provides, in response to the second state, a message,

representing the second state, to the general purpose processing unit and the general

purpose processing unit, in response to the message, causes the power controller to

turn power off for the graphics processing unit, and wherein power for the graphics
" processing unit is turned off without using a timer to time a duration of non-use of

the graphics processing unit.
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3. The data processing system of claim 2 wherein, over a period of time, the
power for the general purpose processing unit is turned off after a first period of
time and the power for the graphics processing unit (GPU) is turned on such that it
is on for a second period of time after the first period of time and then power to the
general purpose processing unit is turned on to allow the general purpose processing

unit to turn off power for the GPU after the second period of time.

4, The data processing system of claim 3 wherein the short period of time is

less than 60 seconds.

5. The data processing system of claim 2 wherein the general purpose
processing unit (GPU) receives a maximum voltage, while operating at maximum
frequency, when power is on for the GPU and receives about zero voltage when
power is off for the GPU, and wherein the graphics processing unit (GPU) receives
its maximum voltage, while operating its maximum frequency, when power is on for

the GPU and receives about zero voltage when power is off for the GPU.

6. The data processing system of claim 1 wherein the at least one peripheral
interface controller is at least one of (a) a data codec; (b) a camera interface
controller; (c) a wireless interface controller; (d) a controller for a dock; (e) a serial
bus interface controller; (f) a digital signal processor; and (g) a display controller,
and wherein the data processing system further comprises:
a power management unit which is external to the SOC and is coupled to the
power controller on the SOC and is coupled to the general purpose

processing unit.

7. A data processing system comprising:
a processing unit;
at least one bus coupled to the processing unit;
at least one subsystem coupled to the at least one bus;
a power controller coupled to the processing unit and to the at least one

subsystem, the power controller being configured to reduce power
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consumed by the at least one subsystem in response to a first state of
an instruction queue in memory for the at least one subsystem, the
instruction queue being accessible to a software driver for the at least
one subsystem which communicates the status of the first state to the
processing unit which in response reduces power, through the power
controller, to the at least one subsystem, and wherein the first state
represents an instruction queue having either no instructions or only

instructions for future events or actions.

8. The data processing system of claim 7 wherein power to the at least one
subsystem is reduced without using a timer to time a duration of non-use of the at
least one subsystem, and wherein power is reduced by one of (a) turning power off
completely; (b) reducing an operating frequency of the at least one subsystem; (c)
reducing the operating frequency and an operating voltage of the at least one

subsystem.

9. The data processing system of claim 7 wherein the at least one subsystem is
at least one of (a) a data codec; (b) a camera interface controller; (c) a wireless
interface controller; (d) a controller for a dock; (e) a serial bus interface controller;

(f) a digital signal processor; and (g) a display controller.

10. A machine implemented method comprising:

determining a state of an instruction queue of a graphics processing unit;

turning off power to the graphics processing unit in response to determining
that the instruction queue of the graphics processing unit (GPU) has
either no instructions or instructions for only future events or actions,
wherein the GPU has its power turned off while an image, generated
by the graphics processing unit, is being displayed,;

determining a state of an instruction queue of a general purpose processing
unit;

turning off power to the general purpose processing unit in response to

determining that the instruction queue of the general purpose
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processing unit has either no instructions or instructions for only

future events or actions.

11. The method as in claim 10 wherein a software driver of the GPU sends, in
response to determining that the instruction queue has either no instructions or
instructions for only future events or actions, a message to the general purpose
processing unit indicating the state of the instruction queue of the GPU, and the
general purpose processing unit causes a power controller to turn power off for the
GPU and wherein power for the GPU is turned off without using a timer to time a

duration of non-use of the GPU.

12. The method of claim 10 wherein the general purpose processing unit creates
instructions for the GPU while the GPU’s power is off and then causes, after the
instructions for the GPU have been created, power to be turned on for the GPU
which processes the instructions for the GPU and then, after the GPU completes
processing of the instructions for the GPU, the power to the GPU is turned off if the
instruction queue of the GPU has either no instructions or instructions for only

future events or actions.

13. A machine readable medium containing executable program instructions
which cause a data processing system to perform a method comprising:
determining a state of an instruction queue of a graphics processing unit;
turning off power to the graphics processing unit in response to determining
that the instruction queue of the graphics processing unit (GPU) has
either no instructions or instructions for only future events or actions,
wherein the GPU has its power turned off while an image, generated
by the graphics processing unit, is being displayed;
determining a state of an instruction queue of a general purpose processing
unit;
turning off power to the general purpose processing unit in response to

determining that the instruction queue of the general purpose
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processing unit has either no instructions or instructions for only

future events or actions.

14. The medium as in claim 13 wherein a software driver of the GPU sends, in
response to determining that the instruction queue has either no instructions or
instructions for only future events or actions, a message to the general purpose
processing unit indicating the state of the instruction queue of the GPU, and the
general purpose processing unit causes a power controller to turn power off for the
GPU and wherein power for the GPU is turned off without using a timer to time a

duration of non-use of the GPU.

15. The medium of claim 13 wherein the general purpose processing unit creates
instructions for the GPU while the GPU’s power is off and then causes, after the
instructions for the GPU have been created, power to be turned on for the GPU
which processes the instructions for the GPU and then, after the GPU completes
processing of the instructions for the GPU, the power to the GPU is turned off if the
instruction queue of the GPU has either no instructions or instructions for only

future events or actions.

16. A data processing system comprising;:

means for determining a state of an instructions queue of a graphics
processing unit;

means for turning off power to the graphics processing unit in response to
determining that the instruction queue of the graphics processing unit
(GPU) has either no instructions or instructions for only future events
or actions, wherein the GPU has its power turned off while an image,
generated by the graphics processing unit, is being displayed;

means for determining a state of an instruction queue of a general purpose
processing unit;

means for turning off power to the general purpose processing unit in

response to determining that the instruction queue of the general
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purpose processing unit has either no instructions or instructions for

only future events or actions.

17. A machine implemented method comprising:
determining a state of an instruction queue of a subsystem of a data
processing system,;
sending a message about the state of the instruction queue to a processing
unit of the data processing system in order to cause power to be
reduced in the subsystem, wherein power is reduced when the state of
the instruction queue has either no instructions or instructions for

only future events or actions.

18. A machine readable medium containing executable program instructions
which cause a data processing system to perform a method comprising:
determining a state of an instruction queue of a subsystem of a data
processing system,;
sending a message about the state of the instruction queue to a processing
unit of the data processing system in order to cause power to be
reduced in the subsystem, wherein power is reduced when the state of
the instruction queue has either no instructions or instructions for

only future events or actions.

19. A data processing system comprising:
means for determining a state of an instruction queue of a subsystem of a
data processing system;
means for sending a message about the state of the instruction queue to a
processing unit of the data processing system in order to cause power
to be reduced in the subsystem, wherein power is reduced when the
state of the instruction queue has either no instructions or instructions

for only future events or actions.

20. A machine implemented method comprising:
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scheduling a future action for a subsystem of a data processing system, the
future action being scheduled for a future time adjusted with a
latency value which represents a latency in powering up the
subsystem from a reduced power state;

supplying power to the subsystem to be powered up in response to the future

time as adjusted by the latency value.

21.  The method as in claim 20 wherein the subsystem is at least one of (a) a
general purpose processing unit; (b) a data codec; (c) a camera interface controller;
(d) a wireless interface controller; (e) a controller for a dock; (f) a serial bus

interface controller; (g) a digital signal processor and (h) a display controller.

22.  The method of claim 20 wherein data representing the future action is stored

in a data structure for future actions which include future events.

23.  The method of claim 20 wherein the latency includes a period of time after
initially supplying power to the subsystem until the subsystem has stabilized in a

powered up state.

24.  The method of claim 20 wherein the reduced power state includes supplying

zero volts to the subsystem.

25. The method of claim 20 wherein the reduced power state includes supplying
a reduced voltage to the subsystem while operating the subsystem at a reduced

operating frequency.

26. The method of claim 22 wherein the future action is stored in the data

structure before reducing power to the subsystem.

27.  The method of claim 26 wherein power to the subsystem is reduced in
response to a first state of an instruction queue, the first state having either no

instructions or instructions for only future actions.
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28. A machine readable medium containing executable program instructions
which cause a data processing system to perform a method comprising:
scheduling a future action for a subsystem of a data processing system, the
future action being scheduled for a future time adjusted with a
latency value which represents a latency in powering up the
subsystem from a reduced power state;
supplying power to the subsystem to be powered up in response to the future

time as adjusted by the latency value.

29. The medium as in claim 28 wherein the subsystem is at least one of (a) a
general purpose processing unit; (b) a data codec; (c) a camera interface controller;
(d) a wireless interface controller; (€) a controller for a dock; (f) a serial bus

interface controller; (g) a digital signal processor and (h) a display controller.

30. The medium of claim 28 wherein data representing the future action is stored

in a data structure for future actions which include future events.

31. The medium of claim 28 wherein the latency includes a period of time after
initially supplying power to the subsystem until the subsystem has stabilized in a

powered up state.

32. The medium of claim 28 wherein the reduced power state includes supplying

zero volts to the subsystem.
33. The medium of claim 28 wherein the reduced power state includes
supplying a reduced voltage to the subsystem while operating the subsystem at a

reduced operating frequency.

34, The medium of claim 30 wherein the future action is stored in the data

structure before reducing power to the subsystem.
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35.  The medium of claim 34 wherein power to the subsystem is reduced in
response to a first state of an instruction queue, the first state having either no

instructions or instructions for only future actions.

36. A data processing system comprising;:
means for scheduling a future action for a subsystem of a data processing
system, the future action being scheduled for a future time adjusted
with a latency value which represents a latency in powering up the
subsystem from a reduced power state;
means for supplying power to the subsystem to be powered up in response to

the future time as adjusted by the latency value.

37. A data processing system comprising;:

a processing unit;

at least one bus coupled to the processing unit;

at least one subsystem coupled to the at least one bus;

a memory coupled to the at least one bus;

a power controller coupled to the processing unit, wherein the memory is
configured to store data representing a future action for at least one of
the subsystem and the processing unit, the future action being
scheduled for a future time adjusted with a latency value which
represents a latency in powering up the at least one of the subsystem
or the processing unit from a reduced power state and wherein the
power controller is configured to supply power to the at least one of
the subsystem or the processing unit in response to the future time as

adjusted by the latency value.

38.  The data processing system of claim 37 wherein the subsystem is at least one
of (a) a data codec; (b) a camera interface controller; (c) a wireless interface
controller; (d) a controller for a dock; (e) a serial bus interface controller; (f) a

digital signal processor; and (g) a display controller.
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39.  The data processing system of claim 37 wherein the data representing the
future action is stored in a data structure for future actions which include future

events.

40.  The data processing system of claim 37 wherein the latency includes a period
of time after initially supplying power to the at least one of the subsystem or the
processing unit until the at least one of the subsystem or the processing unit has

stabilized in a powered up state.

41. The data processing system of claim 37 wherein the reduced power state
includes supplying zero volts to the at least one of the subsystem or the processing

unit.

42. The data processing system of claim 37 wherein the reduced power state

includes supplying a reduced voltage with a reduced operating frequency.

43. The data processing system of claim 39 wherein the future action is stored in
the data structure before reducing power to the at least one of the subsystem or the

processing unit.

44.  The data processing system of claim 43 wherein power to the at least one of
the subsystem or the processing unit is reduced in response to a first state of an
instruction queue, the first state having either no instructions or instructions for only

future actions.

45. A data processing system on a monolithic semiconductor substrate which
provides a system on a chip (SOC), the data processing system comprising:

a general purpose processing unit;

a graphics processing unit;

at least one peripheral interface controller;

at least one bus coupled to the general purpose processing unit, the graphics

processing unit, and the at least one peripheral interface controller;
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a power controller coupled to at least the general purpose processing unit and
the graphics processing unit, the power controller being configured to
turn power off for the general purpose processing unit in response to
a first state of an instruction queue of the general purpose processing
unit, and the power controller being configured to turn power off for
the graphics processing unit in response to a second state of an

instruction queue of the graphics processing unit.

46. The data processing system as in claim 45 wherein the first state and the
second state represent an instruction queue having either no instructions or

instructions for only future events or actions.
47. The data processing system as in claim 45 wherein the graphics processing

unit has its power turned off while an image, generated by the graphics processing

unit, is being displayed by the data processing system.
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