7088451 A2 NI 0O 000 00 00O A

=N
=
—

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

International Bureau ) I 0 OO

(10) International Publication Number

WO 2009/088451 A2

(51) International Patent Classification: (74) Agents: VINCENT, Lester, J. et al.; BLAKELY,
GOG6F 1/32 (2006.01) SOKOLOFF, TAYLOR & ZAFMAN LLP, 1279 Oakmead
Parkway, Sunnyvale, CA 94085-4040 (US).

(43) International Publication Date
16 July 2009 (16.07.2009)

(21) International Application Number:
PCT/US2008/014036 (81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
23 December 2008 (23.12.2008) CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

(25) Filing Language: English IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(26) Publication Language: English

(30) Priority Data:

11/970,483 7 January 2008 (07.01.2008) US ZW.
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): APPLE kind of regional protection available): ARIPO (BW, GH,
INC. [US/US]; 1 Infinite Loop, Cupertino, CA 95014 (US). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
(72) Inventors; and European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(75) Inventors/Applicants (for US only): SOTOMAYOR, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
Guy, G., Jr. [US/US]; 2527 Alto Court, San Jose, Cali- NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
fornia 95148 (US). COX, Keith [US/US]; 1234 Colleen CL CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
Way, Campbell, CA 95008 (US). CONROY, David, G.
[CA/US]J; 1071 San Carlos Avenue, El Granada, CA 94018  Published:
(US). CULBERT, Michael [US/US]; 18500 Hillview — without international search report and to be republished
Drive, Monte Sereno, CA 95030 (US). upon receipt of that report

(54) Title: FORCED IDLE OF A DATA PROCESSING SYSTEM

(57) Abstract: Exemplary embodiments of methods and apparatuses to manage a power of a data processing system are described.
One or more constraint parameters of a system are monitored. The data processing system is forced into an idle state for a first
portion of a time while allowed to operate for a second portion of the time based on the one or more constraint parameters, wherein
the system is forced into the idle state in response to comparing a target idle time to an actual idle time. The target idle time of
the system is determined, in one embodiment, based on the one or more constraint parameters. The actual idle time of the system
may be monitored to take into account interrupts which disrupt an idle time and idle times resulting from no software instructions to
execute. The system may be allowed to operate based on comparisons of the target idle time and the actual idle time.



WO 2009/088451 PCT/US2008/014036

FORCED IDLE OF A DATA PROCESSING SYSTEM

RELATED APPLICATIONS

[0001] The present application is related to U.S. Patent Application No.
11/970,476 entitled “Forced Idle of a Data Processing System” of Keith Cox,
David Conroy, and Michael Culbert, filed January 7, 2008 (Attorney Docket No.
4860P5854).

FIELD OF THE INVENTION

[0002] At least some embodiments of the present invention relate generally

to data processing systems, and more particularly but not exclusively to the
management of power and/or thermal characteristics in data processing systems.

BACKGROUND

[0003] Traditionally, computer systems are designed to be able to
continuously run a fairly worst-case power load. Design according to such a
continuous worst-case power load has never been much of a problem, because
traditionally the individual components have had modest operating powers and
the computer systems have had large power budgets so that the systems could
sustain the load fairly naturally.

[0004] As the operating power consumptions of the individual components
of computer system creep upwards, the power budgets of the computer systems
have become tighter. It is now becoming a challenge to design a computer
system to run a continuous worst-case workload while pursuing other goals, such
as high computing power, compactness, quietness, better battery performance,
etc. For example, portable computer systems, such as laptop computers, have a
limited battery output capability; and thus a system designed to deal with a worst-
case workload for a given battery output capability may limit the performance of
the system because the worst-case workload may rarely occur.

[0005] Therefore, managing power is important to achieve both battery life
and thermal design goals of the computer system or other data processing system,

such as a cellular telephone. One common technique, for example, for managing
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the power of the central processing unit (“CPU”) is to dynamically adjust both
the frequency of operation and the power supply voltage of the CPU core
between multiple distinct states of the computer system. Typically, at a power
operating point of the computer system there may be two components to power
consumption, such as dynamic power and leakage power. Dynamic power
represents the actual desired circuit operation. It is proportional to the number of
clock transitions per second (frequency) and the square of the voltage. Leakage
power represents the cost overhead of having the CPU powered at all. It is fixed
for a given voltage, and normally rises exponentially with increasing voltage.
Dynamically adjusting the frequency of operation, however, only manages the
dynamic power and has no effect on the leakage power of the computer system.
[0006] Certain prior art systems included the ability to periodically cause the
system to stop executing instructions by setting a system clock at zero frequency;
however, these systems repeatedly performed this operation without regard to any

measure of actual idle time in the system.

SUMMARY OF THE DESCRIPTION

[0007] Exemplary embodiments of methods and apparatuses to manage power of a
data processing system are described. One or more constraint parameters of a data
processing system may be monitored. The data processing system may be forced
into an idle state for a first portion of a time while allowed to operate for a second
portion of the time based on the one or more constraint parameters, wherein the
system is forced into the idle state in response to comparing a target idle time to an
actual idle time. In one embodiment, the target idle time of the data processing
system is determined based on one or more system constraint parameters. An actual
idle time of the data processing system may be monitored. The actual idle time of
the data processing system may be accumulated over an amount of time (e.g. 5
seconds) which may be the same amount of time that the target idle time is based
on. The data processing system may be allowed to operate based on comparisons of

the target idle time and the actual idle time. In one embodiment, the idle state
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prevents the system from executing instructions. In one embodiment, the system is
switched from the idle state to an operating state in response to an interrupt.

[0008] In one embodiment, the system repeatedly, over time, determines the

actual idle time and compares this actual idle time to the target idle time and
makes a decision to force or not force an idle time based on the comparison. The
system may decide, in this embodiment, to avoid an idle time if the most current
actual idle time is greater than the target idle time. In this way, the system can
decide whether to force an idle based on a monitored actual idle time, which can
take into account interrupts which disrupt an idle time (and hence shorten an

actual idle time) and can also take into account situations in which the system

was idle (because, for example, no user inputs or other inputs were received and
no software instructions were awaiting execution). This embodiment allows the
system to intelligently decide whether to force an idle by checking the actual idle
time; if enough idle time already exists (e.g. the actual idle time exceeds the

target idle time), then the system can avoid a forced idle.

[0009] A system may use both an embodiment, described herein, that

intelligently decides whether to force an idle along with other techniques to
efficiently operate a system, such as one or more of the techniques described in
U.S. application No. 11/212,970, filed August 25, 2005 and/or in U.S.

Application No. 11/327,68S, filed January 5, 2006, and the ability of those other
techniques to improve a system’s operating efficiency (in power and/or thermal
characteristics) can be improved from the use of intelligently decided forced
idling.

[0010] At least in some embodiments, a data processing system is described that
comprises a processor, a memory coupled to the processor, one or more sensors
coupled to the processor to monitor one or more constraint parameters of the
system; wherein the processor is configured to force the system into an idle state for
a first portion of a time while allowing the system to continue to operate for a
second portion of the time based on the one or more constraint parameters, wherein
the processor is configured to force the system into the idle state in response to a

comparison of a target idle time and an actual idle time. In one embodiment, the
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processor is further configured to determine the target idle time of the system based
on one or more system constraint parameters, and is configured to monitor the
actual idle time of the system, and is configured to allow the system to operate for
the second portion of the time based on the comparison of the target idle time and
the actual idle time. In one embodiment, the actual idle time may be an estimate
which represents idle time of the system. In one embodiment, the processor is
further configured to switch from the idle state to a full operating state in response
to an interrupt. In one embodiment, the memory stores one or more look up tables
that include the target idle time associated with the one or more constraint
parameters.

[0011] At least in some embodiments, a machine-readable storage medium is
disclosed that stores executable program instructions which cause a data processing
system to perform operations, comprising monitoring one or more constraint
parameters of a system; and forcing the system into an idle state for a first portion of
a time while allowing the system to operate for a second portion of the time based
on the one or more constraint parameters, wherein the forcing is performed in
response to a comparison of a target idle time and an actual idle time.

[0012] In one embodiment, the machine-readable medium further includes
instructions that cause the data processing system to determine the target idle time
of the system based on one or more system constraint parameters, and to monitor
the actual idle time of the system. In one embodiment, the machine-readable
medium further includes instructions that cause the data processing system to
switch from the idle state to a full operating state in response to an interrupt.

[0013] At least in some embodiments, a data processing system is described that
comprises means for monitoring one or more constraint parameters of a system;
and means for forcing the system into an idle state for a first portion of a time
while allowing the system to operate for a second portion of the time based on

the one or more constraint parameters, wherein the forcing is performed in
response to a comparison of a target idle time and an actual idle time.

[0014] In one embodiment, the data processing system includes means for

determining the target idle time of the system based on one or more system

4.
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constraint parameters, and means for monitoring the actual idle time. In one
embodiment, the data processing system further comprises means for switching
from the idle state to a full operating state in response to an interrupt.

[0015] Other features of the present invention will be apparent from the

accompanying drawings and from the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] 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.

[0017] Figure 1A shows one example of a typical computer system which may
be used to provide a forced idle state.

[0018] Figure 1B illustrates another embodiment of a system to provide a forced
idle state.

[0019] Figure 2 illustrates one embodiment of a system that provides a forced
idle state.

[0020] Figure 3A is a diagram that illustrates one embodiment of power
operating points of a data processing system.

[0021] Figure 3B is a diagram illustrating dependence of a leakage power on a
power supply voltage.

[0022] Figure 4 is a diagram illustrating forcing a data processing system into an
idle state while the system continues to operate according to one embodiment of
the invention.

[0023] Figure 5A is a diagram illustrating forcing a data processing system into
an idle state while the system continues to operate according to one embodiment
of the invention.

[0024] Figure 5B is a diagram illustrating forcing a data processing system into
an idle state while the system continues to operate according to another
embodiment of the invention.

[0025] Figure 6 shows one embodiment of a table that includes information

about the idle state.
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[0026] Figure 7 is a flow chart of one embodiment a method to force a data
processing system into an idle state.

[0027] Figure 8 is a flow chart of one embodiment a method to force a data
processing system into an idle state.

[0028] Figure 9 is a flow chart of one embodiment a method of forcing a data
processing system into an idle state based on a constraint parameter.

[0029] Figure 10 illustrates a method to dynamically determine a power usage
budget which may be used with certain embodiments described herein.

[0030] Figure 11 shows a scenario of power usage which may be used with
certain embodiments described herein.

[0031] Figure 12 is a flowchart of one embodiment a method to manage power
of a data processing system to a target power.

[0032] Figure 13 is a flowchart of one embodiment a method to increase an
operating power point without a forced idle.

[0033] Figure 14 is a flowchart of one embodiment a method 1400 to increase
an operating power point that includes a forced idle.

[0034] Figure 15 is a flowchart of one embodiment a method to decrease an
operating power point without forced idle.

[0035] Figure 16 is a flowchart of one embodiment a method to decrease an
operating power point that includes forced idle.

[0036] Figure 17 is a flow chart of one embodiment a method to provide a
forced idle state for a data processing system.

[0037] Figure 18 is a flow chart of one embodiment a method to switch from a
forced idle state.

[0038] Figure 19 is a flow chart of one embodiment a method to provide a

forced idle state.

DETAILED DESCRIPTION

[0039] 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
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illustrative of the invention and are not to be construed as limiting the invention.
Numerous specific details are described to provide a thorough understanding of
various embodiments of the present invention. It will be apparent, however, to
one skilled in the art, that embodiments of the present invention may be practiced
without these specific details. In other instances, well-known structures and
devices are shown in block diagram form, rather than in detail, in order to avoid
obscuring embodiments of the present invention.

[0040] Reference in the specification to “‘one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the
invention. The appearances of the phrase “in one embodiment” in various places
in the specification do not necessarily refer to the same embodiment.

[0041] Unless specifically stated otherwise, it is appreciated that throughout the
description, discussions utilizing terms such as "processing" or "computing" or
"calculating” or "determining" or "displaying" or the like, refer to the action and
processes of a data processing system, or similar electronic computing device,
that manipulates and transforms data represented as physical (electronic)
quantities within the computer system's registers and memories into other data
similarly represented as physical quantities within the computer system memories
or registers or other such information storage, transmission or display devices.
[0042] Embodiments of 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.
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[0043] 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
media.

[0044] The algorithms and displays presented herein are not inherently related to
any particular computer or other apparatus. Various general-purpose systems
may be used with programs in accordance with the teachings herein, or it may
prove convenient to construct more specialized apparatus to perform the required
machine-implemented method operations. The required structure for a variety of
these systems will appear from the description below.

[0045] In addition, embodiments of the present invention are not described with
reference to any particular programming language. It will be appreciated that a
variety of programming languages may be used to implement the teachings of
embodiments of the invention as described herein.

[0046] Many of the methods of the present invention may be performed with
a digital processing system, such as a conventional, general-purpose computer
system. The computer systems may be, for example, entry-level Mac mini ™
and consumer-level iMac ™ desktop models, the workstation-level Mac Pro ™
tower, and the MacBook ™ and MacBook Pro™ laptop computers produced by
Apple Inc., located in Cupertino, California. Small systems (e.g. very thin laptop
computers) can benefit from the methods described herein. Special purpose
computers, which are designed or programmed to perform only one function, or
consumer electronic devices, such as a cellular telephone, may also perform the
methods described herein.

[0047] Figure 1A shows one example of a typical computer system which
may be used to provide a forced idle state. Note that while Figure 1A illustrates
various components of a computer system, it is not intended to represent any
particular architecture or manner of interconnecting the components as such

details are not germane to the present invention. It will also be appreciated that
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network computers and other data processing systems which have fewer
components or perhaps more components may also be used with the present
invention. The computer system of Figure 1A may, for example, be an Apple
Macintosh® computer.

[0048] As shown in Figure 1A, the computer system 100, which is a form of a
data processing system, includes a bus 102 which is coupled to a microprocessor
103 and a ROM 107 and volatile RAM 105 and a non-volatile memory 106. The
microprocessor 103, which may be, for example, a G3, G4, or G5 microprocessor
from Motorola, Inc. or IBM or a microprocessor from Intel is coupled to cache
memory 104 as shown in the example of Figure 1A. The bus 102 interconnects
these various components together and also interconnects these components 103,
107, 105, and 106 to a display controller and display device 108 and to peripheral
devices such as input/output (I/0) devices which may be mice, keyboards,
modems, network interfaces, printers, scanners, video cameras and other devices
which are well known in the art. Typically, the input/output devices 110 are
coupled to the system through input/output controllers 109. The volatile RAM 105
is typically implemented as dynamic RAM (DRAM) which requires power
continually in order to refresh or maintain the data in the memory. The non-
volatile memory 106 is typically a magnetic hard drive or a magnetic optical drive
or an optical drive or a DVD RAM or other type of memory systems which
maintain data even after power is removed from the system. Typically, the non-
volatile memory will also be a random access memory although this is not
required. While Figure 1A shows that the non-volatile memory is a local device
coupled directly to the rest of the components in the data processing system, it will
be appreciated that the present invention may utilize a non-volatile memory which
is remote from the system, such as a network storage device which is coupled to
the data processing system through a network interface such as a modem or
Ethernet interface. The bus 102 may include one or more buses connected to each
other through various bridges, controllers and/or adapters as is well known in the
art. In one embodiment the 1/O controller 109 includes a USB (Universal Serial

Bus) adapter for controlling USB peripherals, and/or an IEEE-1394 bus adapter for

9.
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controlling IEEE-1394 peripherals.

[0049] In one embodiment of the present invention, at least some of the
components can be actively throttled to trade perfermance for power usage. For
example, the microprocessor 103 may have different core voltage and frequency
settings. In one embodiment, system 100 includes throttled component(s) and
non-throttled component(s). A throttled component has different throttle settings
at which the component is functional but at different power/performance levels
(operating setting). For example, a processor may be throttled to work at
different core voltages and core frequencies; a disk drive may be throttled to
work at different spin rate; a bus may be throttled at different frequencies; etc. If
a component is not throttled to trade performance for power usage, the
component is considered a non-throttled component. Throttled and non-throttled
components of the data processing system are described in further detail in U.S.
Patent Application Serial No. 11/212,970, filed August 25, 2005, which is hereby
incorporated herein by reference in its entirety.

[0050] In one embodiment of the present invention, the system 100 further
includes power usage sensor(s) 111 that are coupled to the I/O controller(s) 109.
Sensor(s) 111 may include one or more hardware and/or software components.
In one embodiment, the sensors are implemented using hardware. Alternatively,
at least some of the sensors can be implemented using software. For example,
software modules may be used to determine the operation states and
corresponding time periods to compute the actual power usage from
predetermined power consumption rate for the operation states, as described in
further detail in U.S. Patent Application Serial No. 11/212,970, filed August 25,
2005; U.S. Patent Application Serial No. 11/327,685 filed January 5, 2006; U.S.
Patent Application Serial No. 11/327,275, filed January 5, 2006; and U.S. Patent
Application Serial No. 11/327,238, filed January 5, 2006, which are hereby
incorporated herein by reference in their entirety.

[0051] One or more sensors may be used to monitor one or more constraint
parameters of the system 100, as described in further detail below. The

constraint parameters may be, for example, power, temperature, current, load of a

-10-
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battery (not shown) that may be coupled to the system 100, or any combination
thereof. The one or more constraint parameters of the system may be monitored
to determine the power usage of the Central Processing Unit (CPU) (e.g.,
microprocessor 103) and/or the Graphical Processing Unit (GPU) (e.g., a
processor of the display controller 108). Further, one or more sensor may be
directly coupled to the CPU and/or GPU (not shown).

[0052] In one embodiment, actual power usages are monitored by sensor(s)
111. For example, the actual power usage can be measured periodically to
determine the history of the power usage. The history of the power usage can be
used to determine the power usage in certain averaged ways. In one
embodiment, with the knowledge of the past power usage the system can
dynamically determine the allowable power budget for the next time interval, as
described in further detail in U.S. Patent Application Serial No. 11/212,970, filed
August 25, 2005, which is hereby incorporated herein by reference in its entirety.
[0053] In one embodiment of the present invention, the microprocessor 103
dynamically budgets power usage and forces system 100 into an idle state, as
described in further detail below, according to instruction stored in cache 104,
ROM 107, RAM 105, and/or nonvolatile memory 106. Alternatively, the system
100 further includes a microcontroller (not shown) to dynamically budget power
usage and determine when and how to force the system to enter the forced idle
state based on the information stored in cache 104, ROM 107, RAM 105,
nonvolatile memory 106, or any combination thereof, as described in further
detail below. In one embodiment, the data processing system 100 may include
multiple central processing unit (CPU)/microprocessors.

[0054] It will be apparent from this description that aspects of the present
invention may be embodied, at least in part, in software. That is, the techniques
may be carried out in a computer system or other data processing system in
response to its processor, such as a microprocessor or a microcontroller,
executing sequences of instructions contained in a memory, such as ROM 107,
volatile RAM 105, non-volatile memory 106, cache 104, or other storage

devices, or a remote storage device. In various embodiments, hardwired circuitry
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may be used in combination with software instructions to implement the present
invention. Thus, the techniques are not limited to any specific combination of
hardware circuitry and software nor to any particular source for the instructions
executed by the data processing system. In addition, throughout this description,
various functions and operations are described as being performed by or caused
by software code to simplify description. However, those skilled in the art will
recognize what is meant by such expressions is that the functions result from
execution of the code by a processor, such as the microprocessor 103, or a
microcontroller.

[0055] A machine readable medium can be used to store software and data
which when executed by a data processing system causes the system to perform
various methods of the present invention. This executable software and data may
be stored in various places including for example ROM 107, volatile RAM 105,
non-volatile memory 106 and/or cache 104 as shown in Figure 1A. Portions of
this software and/or data may be stored in any one of these storage devices.
[0056] Thus, a machine readable medium includes any mechanism that
provides (i.e., stores and/or transmits) information in a form accessible by a
machine (e.g., a computer, network device, personal digital assistant,
manufacturing tool, any device with a set of one or more processors, etc.). For
example, a machine readable medium includes recordable/non-recordable media
(e.g., read only memory (ROM); random access memory (RAM); magnetic disk
storage media; optical storage media; flash memory devices; and the like.

[0057] The methods of the present invention can be implemented using
dedicated hardware (e.g., using Field Programmable Gate Arrays, or Application
Specific Integrated Circuit) or shared circuitry (€.g., microprocessors or
microcontrollers under control of program instructions stored in a machine
readable medium. The methods of the present invention can also be
implemented as computer instructions for execution on a data processing system,
such as system 100 of Figure 1A.

[0058] Figure 1B illustrates another embodiment of a system 120 to provide a

forced idle state. The system 120 has a plurality of subsystems. In one
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embodiment, the plurality of subsystems includes processors, e.g., a CPU, a GPU,
a microcontroller, and the like. As shown in Figure 1B system 120 includes a
subsystem 121, e.g., a CPU, a subsystem 122, e.g., a GPU that may be coupled
with a display device, and one or more subsystems 129, e.g., one or more 1/O
controllers coupled to one or more 1/0 devices, and a microcontroller 127 coupled
to a bus 126. Further, system 120 includes a volatile RAM 124, a non-volatile
memory 130, e.g., a hard drive, ROM 123, and a cache memory 125 coupled to
subsystem 121 which is coupled to bus 126.

[0059] The power used by at least a subset of each of the subsystems is
controlled, e.g., by a microcontroller, such as microcontroller 127, and a
maximum power used by each of the subsystems is determined by the dynamic
power history of the whole system over an averaging period, as described in
further detail in U.S. Patent Application Serial No. 11/212,970, filed August 25,
2005, which is hereby incorporated herein by reference in its entirety. Such
control of power allows higher performance operation in at least certain
environments. That is, the subsystems may operate at bursts of substantially high
power if there is a considerable low power operation, e.g., an idle time, during
the averaging period, as described in further detail in U.S. Patent Application
Serial No. 11/212,970, filed August 25, 2005, which is hereby incorporated
herein by reference in its entirety.

[0060] In one embodiment, the power of the system is redistributed among
the subsystems based on the load profile, as described in further detail in U.S.
Patent Application Serial No. 11/327,685 filed January 5, 2006; U.S. Patent
Application Serial No. 11/327,275, filed January 5, 2006; and U.S. Patent
Application Serial No. 11/327,238, filed January 5, 2006, which are hereby
incorporated herein by reference in their entirety.

[0061] One or more sensors 128 are coupled to subsystems 121, 122, 129,
and to microcontroller 127, as shown in Figure 1B. The sensors may be used to
monitor, measure and/or estimate one or more constraint parameters, such as
power, temperature, current, battery load, or any combination thereof, to

determine actual power usage by one or more of the subsystems operating at a
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certain frequency and a certain voltage. The sensors 128 in turn may provide the
determined power usage values to the microcontroller 127 that may force the
system and/or the subsystem into an idle state based on the one or more sensed
parameters as described in further detail below. Components of the system 120,
including processors, microcontrollers, buses, I/O controllers, I/O devices,
memories, sensors are described in detail above with respect to Figure 1A. In
one embodiment, one or more look up tables that include information about
when and how to force the system and/or subsystem into the idle state, as
described in further detail below, are stored in any of memories 126, 124, and
125 or within a memory in the microcontroller 127. In one embodiment,
microcontroller 127 performs methods described below with respect to Figures
4-19. In another embodiment, subsystem 121, rather than microcontroller 127,
performs methods described below with respect to Figures 4-19. In yet another
embodiment, subsystem 121 and the microcontroller 127 together perform the
methods described below with respect to Figures 4-19.

[0062] Figure 2 illustrates one embodiment of a system that provides a
forced idle state. As shown in Figure 2 system 200 includes a subsystem A 201,
e.g., a CPU, a subsystem B 202, e.g., a GPU that may be coupled with a display
device, subsystem C 204, e.g., a memory, subsystem D 205, e.g., a
microprocessor, and one or more subsystems N 203, e.g., one or more /O
controllers coupled to one or more /O devices, a power manager 208, e.g., a
microcontroller, a system management controller (“SMC”), coupled to a
interconnect 206, e.g., a bus. Subsystem C 204 may be a volatile RAM, a non-
volatile memory, e.g., a hard drive, and/or a ROM. One or more measuring
devices 207, e.g., one or more sensors, as described above with respect to
Figures 1A and 1B, are coupled to subsystems 201-205, and to power manager
208, as shown in Figure 2. A power look-up table 209 that may include one or
more look up tables that contain information about how and when to enter the
forced idle state, as described below with respect to Figures 4-19, is coupled to
power manager 208, as shown in Figure 2. Components of the system 200,

including processors, microcontrollers, buses, I/O controllers, I/O devices,
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memories, sensors are described in detail above with respect to Figures 1A and
1B. In one embodiment, one or more power lookup tables corresponding to
various performance settings of the computer system may be generated by
subsystem 201 (or generated by test equipment in the design and/or
manufacturing process), and stored in memory 204, and/or in a memory located
in power manager 208. One or more power look up tables that include various
performance settings of the computer system may be used as described in further
detail in U.S. Patent Application Serial No. 11/212,970, filed August 25, 2005;
U.S. Patent Application Serial No. 11/327,685 filed January 5, 2006; U.S. Patent
Application Serial No. 11/327,275, filed January 5, 2006; and U.S. Patent
Application Serial No. 11/327,238, filed January 5, 2006, which are hereby
incorporated herein by reference in their entirety. In one embodiment, power
manager 208 performs methods described below with respect to Figures 4-19.
In another embodiment, subsystem 201 performs methods described below with
respect to Figures 4-19.

[0063] Figure 3A is a diagram that illustrates one embodiment of power
operating points of a data processing system. For example, the data processing
system may be any of the data processing systems as depicted in Figures 1A, 1B,
and 2. As shown in Figure 3A, a power operating point of the data processing
system, such as power operating points 301-304, corresponds to a pair of
operating frequency and voltage of the data processing system. The operating
frequency and voltages may be, for example, core voltages and frequencies of a
microprocessor of the data processing system. As shown in Figure 3A, the
highest power operating point, such as an operating point Py (302) represents the
highest power consumed by the data processing system. The highest power
consumed by the data processing system may be determined based on one or
more system constraint parameters, such as power, temperature, current, battery
load, and the like. The highest power operating point Py (302) may correspond
to a pair of highest operating frequency (f};) and voltage (V). As shown in
Figure 3A, the intermediate power operating points, such as an operating point

Pn (303) represents the intermediate power consumed by the data processing
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system. The intermediate power operating point Py (303) corresponds to a pair
of intermediate operating frequency (fy) and voltage (Vn). Typically, the
operating frequency of a data processing system may be reduced if the power of a
data processing system needs to be reduced to a power state which is below the
one defined by the minimum (lowest) operating voltage V. The operating
frequency (fy) of the data processing system may be reduced by a ratio X, where
X is less than 1. For an example, if the operating frequency (fy) of a circuit at its
lowest voltage is 1GHz, a reduction by X=20% changes the operating frequency
to 800MHz (first case). This has the net effect of reducing the dynamic power by
20%, but has no effect on the leakage power.

[0064] The minimum power efficient operating point of the data processing
system is determined by the lowest voltage and the highest frequency at which
the data processing system continues to behave as designed when operated at the
lowest voltage. This minimum power efficient operating point, such as operating
point Py (301) that corresponds to the lowest (minimum) operating voltage (V)
and the corresponding highest (maximum) operating frequency (Fy) is typically
referred as Low Frequency Mode (“LFM”). Typically, the lowest operating
voltage V| is not more than several hundred millivolts. Typically, the data
processing system may reduce manageable power only to the minimum power
operating point, such as P, (301), because the data processing system has no
practical operating points below this point; since the data processing system is
already at the minimum voltage, its only alternative is to lower the operating
frequency, which is less efficient and may not even be functional.

[0065] Typically, in order to save power when a data processing system has
no tasks to perform, the data processing system stops the clock entirely (zero
frequency). This has the effect of reducing dynamic power to zero. In addition
to stopping the clock, the data processing system may move to a reduced voltage
level. This has the effect of exponentially reducing leakage power, shown in
Figure 3B, which illustrates the relationship between leakage power (Pleak) and
the power supply voltage. This operating point is typically referred to as the idle

state.
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[0066] At least certain embodiments described herein allow a system to operate
below a minimum power operating point (such as Pp. 301) by using intelligently
decided forced idling, which forces an idle state (even if there are tasks to perform,
such as software instructions waiting to be executed) based upon, at least in certain
embodiments, a comparison between an actual idle time and a target idle time as
shown in Figures 18 and 19 which is described further below; this forced idling is
intelligent because there can be times when the comparison shows that an idle state
should not be forced (for example, when there has already been sufficient idle
time).

[0067] In one embodiment, additional operating points below the minimum
power operating point are created by continuing operation of the data processing
system at the minimum power operating point, and by forcing the data processing
system into an idle state for a certain percentage (e.g., 20%) of the operating time
(e.g., a period of a clock). The effective power of a minimum operating point

with a 20% forced idle (20% of the time the system is forced to idle) is 0.8 times
the power of the minimum operating point plus 0.2 times the power of the idle
state. Since the power of the idle state is very low, this new operating point with
an intelligently decided forced idling represents a point whose power is less than
the minimum operating point.

[0068] In one embodiment, a forced idle state is provided at any power
operating point of a data processing system. For example, the forced idle state
may be provided at any of the power operating points 301, 302, and 303, and

these forced idle states create intermediate points which may be useful in certain
embodiments.

[0069] There are many important considerations in implementing a forced idle
scheme. Some software tasks (e.g., multi-media playback) require a real-time
response and cannot afford to be delayed. Many hardware devices require their
software driver to respond to them within a fixed latency, or incorrect operation
may result. Some software threads, e.g., real time tasks, interrupts, cannot be
subject to the forced idling. A proper implementation of forced idle needs to take

such issues into consideration (although it is not a requirement depending upon
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the needs of the system being implemented). In one embodiment, the operating
system (OS) kernel keeps track, for example, of which threads can be held off,

and which require immediate operation independent of the forced idle setting.

This kernel is responsible for guaranteeing that the long term average forced idle
percentage is maintained in the presence of real-time threads. In one

embodiment, the scheduler in kernel performs the forced idling on all
processes/threads run on the data processing system. In one embodiment, the
operating system (““OS”") scheduler mechanisms are used to provide forced idling.
[0070] Figure 4 is a diagram illustrating forcing a data processing system into an
idle state while the system continues to operate according to one embodiment of the
invention. As shown in Figure 4, the data processing system is forced to enter an
idle state S, (406) at a first portion, such as portion T, (403) of the operating time,
such as time T3 (401), while continuing to operate in full (e.g., 100%) operating state
S (407) at a second portion, such as portion T, (402) of the operating time, such as
time T3 (401). In one embodiment, the data processing system continues to operate
in state S; (407) at any operating frequency that is allowed for a corresponding
operating voltage. In one embodiment, the data processing system is forced to enter
the idle state while continuing to operate in operating state S, (407) at a maximum
frequency allowed at the lowest voltage. As shown in Figure 4, the data processing
system is forced to enter the idle state at times ty, ty, t3, and ta.

[0071] Figure SA is a diagram illustrating forcing a data processing system into

an idle state while the system continues to operate according to one embodiment

of the invention. As shown in Figure 5A, the system is forced into an idle state

for one portion of a time, such as portion 504 of time T, (506) while continuing

to operate for another portion of the time, such as portion 502 of time T at a

certain operating frequency and voltage based on the one or more constraint
parameters. In one embodiment, time T is a clock period (e.g., T~1/f) of the

data processing system. In one embodiment, the idle state prevents the system to
execute instructions. In one embodiment, the clock is stopped (operating

frequency is zero) when the system is in the idle state. As shown in Figure 5A,

the rate of modulation to force the system in the idle state is maintained constant,
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such that the portion of the time the system spends in the idle state and the
portion of the time the system spends in the full operating state is kept the
substantially the same.

[0072] Figure 5B is a diagram illustrating forcing a data processing system into
an idle state while the system continues to operate according to another
embodiment of the invention. As shown in Figure 5B, an interrupt 1 (508) is
received at time t; while the system is in the forced idle state. The system is
switched back to operate in a full (e.g., 100%) operating state at a certain
frequency and voltage in response to the interrupt 1, as shown in Figure 5B. In
one embodiment, switching from the idle state to the full operating state in
response to the interrupt is performed based on an actual idle time and the target
idle time, as described in further detail below. After serving the interrupt 1, the
system is switched back to the forced idle state. The system may remain in the
forced idle state for idle time 512, as shown in Figure 5B. In one embodiment,
idle time 512 may be determined based on the system constraint parameters and
on how much time the system spent in the full operating state serving the
interrupt 1 (time 510). As shown in Figure 5B, an interrupt 2 is received at time
t, while the system is in the idle state. The system is switched back to operate in
a full (e.g., 100%) operating state in response to the interrupt 2. The system may
remain in the full operating state for time 518, as shown in Figure 5B. In one
embodiment, time 518 is determined based on the system constraint parameters
and on the amount of accumulated idle time. In one embodiment, the
accumulated idle time is determined over one or more clock periods of the data
processing system. As shown in Figure 5B, after serving the interrupt, the
system i1s forced back to the idle state for time 520 and then switched to the full
operating state to operate during time 522 that can be determined by the system
constraint parameters and accumulated idle time, as described below. That is, the
system is allowed to serve interrupt to operate high priority tasks any time during
the forced idle state based on the thermal/power constraints that is very important

to the responsiveness of the system.
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[0073] Another important consideration is rate of modulation of forced idle and
the maximum time that the data processing system may spend in the continuous
forced idle state. If the rate of modulation for enabling and disabling execution
of the instructions (e.g., to perform computation) is too fast, significant power
and computational energy will be spent managing the overhead of the forced idle
loop. If the rate of modulation for enabling and disabling execution of the
instructions is too slow, then higher idle percentages will result in substantially
long forced idle periods. In one embodiment, a control is provided where the
lower percentage forced idle periods all run at substantially the same rate, as
discussed in further detail below. In one embodiment, when the forced idle
percentage reaches a threshold where the idle time is at the maximum desired,
the idle rate begins to increase so that the maximum idle time is never exceeded,
as discussed in further detail below.

[0074] Figure 7 is a flow chart of one embodiment a method 700 to force a
data processing system into an idle state. Method begins with operation 701 that
involves monitoring a constraint parameter of a data processing system operating
at a first frequency and a first voltage. The constraint parameter may be power
consumed by the data processing system, temperature of the data processing
system, current supplied to the data processing system, load of the battery
coupled to supply power to the data processing system, and the like. The
constraint parameter may be monitored and measured using one or more sensors,
as described above. Method 700 continues with operation 702 that involves
forcing the system into an idle state while the system continues to operate at a
second frequency and a second voltage, which is different (e.g. lower) than the
first voltage, based on the constraint parameter. In one embodiment, forcing the
data processing system into the idle state involves preventing instructions from
being executed by the system. In one embodiment, time periods when system is
in the idle state are interspersed, and/or interleaved with the time periods when
the system operates at a higher performance level, such that the average power
dissipated by the system does not exceed a maximum average power determined

from the system’s power and/or thermal constraints. That is, a duty cycling of
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the forced idle state may be performed at a rate such that users do not need to
know what is happening to their machine, as described in further detail below. In
one embodiment, the duty cycling of the forced idle state is performed entirely in
the frequency domain. The forced idling mechanism extends the power
management of the data processing system further beyond the minimum power
operating point, such as P (301) depicted in Figure 3A.

[0075] Figure 8 is a flow chart of one embodiment a method 800 to force a data
processing system into an idle state. Method begins with operation 801 that
involves monitoring a constraint parameter (e.g., an actual power, temperature,
current, battery load, the like constraint parameters, or any combination thereof)
of a data processing system operating at a first frequency and a first voltage.
Method continues with operation 802 that includes determining whether the
constraint parameter is greater than a first constraint parameter threshold. A
constraint parameter threshold may be associated with a specification power,
temperature, battery load, current, of a data processing system. The constraint
parameter threshold may be a worst-case value that is valid for a plurality of
subsystems of the data processing system, such as subsystems depicted in
Figures 1B and 2. In one embodiment, the constraint parameter threshold may
be, for example, a worst-case power, temperature, current, or battery load value
determined from a statistical distribution curve of a number of measured
samples. In one embodiment, a measured constraint parameter, such as an actual
measured power, temperature, current, battery load, or any combination thereof is
compared to the constraint parameter threshold to determine whether the
measured constraint parameter is greater or equal to a first constraint parameter
threshold. If the constraint parameter is not greater or equal to the first constraint
parameter threshold, it is determined at operation 803 whether the constraint
parameter is less than a second constraint parameter threshold. The second
constraint parameter threshold may be determined by subtracting a hysteresis
from the first constraint parameter threshold. If the constraint parameter is less
than the second constraint parameter threshold, an operating point (e.g.,

frequency, voltage) may be increased at operation 804, then method 800 returns
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to operation 801. If the constraint parameter is not less than the second
constraint parameter threshold, method returns to operation 801. If the constraint
parameter is greater or equal to the first constraint parameter threshold, at
operation 806 it is determined whether the first operating voltage and/or first
operating frequency of the data processing system can be further decreased.
Next, if it is determined that the first operating voltage and/or first operating
frequency can be decreased, the operating power point (e.g., frequency
and/voltage) is decreased at operation 805, then method 800 returns to operation
801. For example, if the first operating voltage corresponds to an intermediate
operating voltage, such as Vy, and/or the first operating frequency corresponds to
an intermediate operating frequency, such as fy as depicted in Figure 3A, the
operating power point can be moved down by decreasing voltage and/or
frequency, for example, to the lowest operating frequency fi and/or voltage V.

[f it is determined that the first operating frequency and/or first operating voltage
cannot be decreased, forcing the data processing system into an idle state is
performed at operation 807 while continuing the operation of the system at the
first operating frequency and the first operating voltage. In one embodiment,
whether the first operating voltage is a minimum operating voltage is determined.
In one embodiment, the system is forced into the idle state if the first operating
voltage is the minimum voltage and the monitored actual constraint parameter is
greater than the constraint parameter threshold. In one embodiment, forcing the
data processing system into the idle state involves preventing instructions from
being executed by the data processing system. In one embodiment, an operating
point (e.g., frequency, and/or voltage) of the system is decreased if the system
does not operate at the minimum voltage and the monitored actual constraint
parameter is greater than the constraint parameter threshold.

[0076] In one embodiment, a percentage of the idle state for the system operating
at the first frequency and the first voltage is determined based on the constraint
parameter. For example, the percentage of the idle state may be decreased or

increased based on the constraint parameter.
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[0077] Figure 9 is a flow chart of one embodiment a method 900 of forcing a
data processing system into an idle state based on a constraint parameter.

Method 900 begins with operation 901 that involves monitoring a constraint
parameter (e.g., actual used power, actual temperature, current, battery load, or
any combination thereof) of a data processing system, as described above. At
operation 902 a determination is made whether the constraint parameter is greater
or equal to a constraint parameter threshold, as described above. At operation
904, a percentage (portion) of the forced idle state relative the total operating

time is increased if it is determined that the constraint parameter is greater or
equal to the constraint parameter threshold. If it is determined that the constraint
paranﬁeter is not greater or equal to the constraint parameter threshold, the
percentage of the forced idle state can be optionally increased at operation 903.
[0078] Referring back to Figure 4, the portion of the idle state T is increased to
T,' (405), and the portion of the full operating state T is decreased to T ' (404)
based on the constraint parameter.

[0079] Figure 6 shows one embodiment of a table 600 that includes information
about the idle state. As shown in Figure 6, table 600 includes the following
columns: an idle ratio, an idle rate, and an idle time. In one embodiment, lower
percentage (e.g., up to 30%) forced idle periods all run at the same rate. When the
forced idle percentage reaches a threshold where the time spent in the idle state
(idle time) is at the maximum desired, then the idle rate begins to increase so that
the maximum idle time is not exceeded. As shown in Figure 6, when the idle ratio
is less or equal to 30, the idle rate may be maintained at a constant value 30000
microseconds, and idle time is increased as idle ratio increases. As shown in
Figure 6, if the idle ratio becomes greater than 30, the idle rate increases, while the
idle time may be kept at a constant value of 10000 microseconds.

[0080] Figure 12 is a flowchart of one embodiment a method 1220 to manage
power of a data processing system to a target power. Method 1220 starts at 1200.
At 1201 an initialization is performed where Integral Error is set to zero

(“Integral Error=0""). In one embodiment, the Integral Error is a defined as a

difference between a measured power and a target power of the data processing
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system. At operation 1202 method 1220 waits for a next sample interval to
measure the power of the data processing system. At operation 1203 the target
power and the measured power of the data processing system are received. In
one embodiment, the power is measured during the sample time interval using
one or more sensors, as described above. The target power of the data processing
system is computed based on one or more system constraint parameters and
desired performance of the data processing system, as described above. At
operation 1204 a difference (‘“‘error”) between the power measured during the
sample interval and the target power of the data processing system is determined.
At operation 1205 an accumulated error (“integral error”) is determined. In one
embodiment, the integral error accumulated over sample intervals is determined.
In one embodiment, the integral error accumulated over one or more clock
periods of the data processing system is determined. At operation 1206 an
integral power (“‘PI”’) over time (e.g., one or more clock periods, and/or sample
intervals of the data processing system) is determined. In one embodiment, PI is
computed by applying a control system gain “G-term” to the error and the
integral error using the following formula:

PI= Gp*Error +Gi Integral*Error, (1
where Gp may be associated with a weighting factor to the error determined over
a sample interval, and Gi is associated with a weighting factor to the integral
error.
At operation 1207 a determination is made whether the integral power (“PI”) is
greater than an upper threshold (““+threshold”). If the PI is greater than the upper
threshold, operating power point is decreased at operation 1209. If the PIis not
greater than the upper threshold, a determination is made at operation 1208
whether the PI is less than a lower threshold. If the PI is less than the lower
threshold, operating power point is increased at operation 1210.
[0081] Figure 15 is a flowchart of one embodiment a method 1500 to decrease
an operating power point without forced idle 1501. At operation 1502 it is
determined whether frequency and/or voltage are at a lowest (minimum) level. If

the frequency and/or voltage are not at the lowest level, the frequency and/or
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voltage are decreased at operation 1503. If the frequency and/or voltage are at
the lowest level, method 1500 ends at 1504. In many situations, however, this
lowest level may not be enough and intelligent forced idling may be used to
obtain better performance at this lowest level.

[0082] Figure 16 is a flowchart of one embodiment a method 1600 to decrease
an operating power point that includes forced idle 1601. At operation 1602 a
determination is made whether frequency and/or voltage at a lowest level. If the
frequency and/or voltage are not at the lowest level, the frequency and/or voltage
are decreased at operation 1603. If the frequenéy and/or voltage are at the lowest
level, a determination is made at operation 1604 whether a forced idle percentage
is at a maximum idle percentage level. If the forced idle percentage is not at the
maximum idle percentage level, the forced idle percentage is increased at
operation 1605. Method 1600 ends at 1606.

[0083] Figure 13 is a flowchart of one embodiment a method 1300 to increase
an operating power point without forced idle 1301. At operation 1303 a
determination is made whether a frequency and/or voltage are at a highest
(maximum) level. If the frequency and/or voltage of the data processing system
are not at the maximum level, the method continues with operation 1303 that
involves increasing the frequency and/or voltage of the data processing system.
If the frequency and/or voltage are at the highest level, method 1300 ends.

[0084] Figure 14 is a flowchart of one embodiment a method 1400 to increase
an operating power point that includes forced idle 1401. At operation 1402 it is
determined whether a forced idle percentage is 0%. If the forced idle percentage
is not 0%, the forced idle percentage is reduced at operation 1403. If the forced
idle percentage is 0%, the determination is made at operation 1404 whether a
frequency and/or voltage are at a highest level. If the frequency and/or voltage
are not at the highest level, frequency and/or voltage are increased at operation
1405. The method ends at 1406.

[0085] Figure 17 is a flow chart of one embodiment a method 1700 to provide
forced idle state for a data processing system. As shown in Figure 17, method

1700 begins with operation 1701 that includes monitoring one or more constraint
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parameters of the data processing system, as described above. Method continues
with operation 1702 that involves forcing the data processing system into an idle
state for a first portion of a time while allowing the system to operate for a
second portion of the time based on the one or more constraint parameters. This
forcing is in response to a comparison between a target idle time and an actual
idle time.

[0086] Figure 18 is a flow chart of one embodiment a method 1800 to switch
from a forced idle state. Method 1800 begins with operation 1801 that involves
determining a target forced idle time based on one or more constraint parameters
of a data processing system. For example the target forced idle time may be
determined by multiplying an operating period (e.g., a clock period of the data
processing system) to an idle ratio. In one embodiment, the idle ratio is
associated with a portion of the idle time relative to the total operating time, as
described above. In one embodiment, the idle ratio is determined based on
system power/thermal constraints and the system performance. Method
continues with operation 1802 that involves monitoring an actual time the data
processing system spent in the idle state (“‘actual idle time”). In one
embodiment, the actual idle time is measured by one or more sensors and stored
in a memory of the system to provide an accumulated idle time over one or more
clock periods of the system. 4. In one embodiment, the accumulated idle time is
determined over one or more clock periods of the system.

[0087] At operation 1803 an accumulated idle time is determined based on the
actual idle time. At operation 1804 a determination is made whether the
accumulated idle time is greater or equal to the target idle time. If the
accumulated idle time is greater or equal the target idle time, the system is
allowed to switch from the idle state to a full operating state for a portion of the
time at operation 1805 based on the target idle time and the accumulated idle
time. In one embodiment, the system is switched from the idle state to continue
an operation for a portion of the operating time. In one embodiment, the idle
state prevents the data processing system from executing software instructions

which are waiting to be executed. In one embodiment, a memory of the data
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processing system stores one or more look up tables that include the target idle
time associated with the one or more constraint parameters.
[0088] Figure 19 is a flow chart of one embodiment a method 1900 to provide a
forced idle state. Method 1900 begins at 1901 that includes starting a forced idle
state. At operation 1902 it is determined whether a ratio between the time during
which the data processing system is allowed to run to the forced idle time
(“operating ratio”) is less than 100. If the operating ratio is less than 100, the idle
percentage (portion) is determined at operation 1903 using the following formula:
max_idle =((100-operating ratio)* Period)/100, 2)
where Period represents a clock period of the system T=1/f, where f is the
frequency of the system.
[0089] Next, a determination is made at operation 1905 whether the idle
percentage is greater than a last idle (“last_idle”). In one embodiment, the last
idle is determined from a previous time, e.g., a clock period of the system. If the
max_idle is greater than the last_idle, an accumulated idle is computed at
operation 1907 by taking into account the last idle according to the following:
max_idle =max_idle —last_idle (3)
[0090] If the max_idle is not greater than last_idle, max_idle is set to 0 at
operation 1906. Then method 1900 continues at operation 1908 that involves
determining an end of a period to allow the data processing system to operate
according to the following:
period_end= now +Period, 4
where “now” is a current time, and “Period” is a clock period.
[0091] Next, at operation 1909 target idle time is determined (“idle_goal’) at
operation 1909 according to the following:
idle_goal=accumulated_idle +maximum idle, (5)
where “accumulated_idle” is the total amount of idle time accumulated from one
or more previous times (e.g., clock periods), and “maximum idle” is the most
recent idle time.
[0092} Further, at operation 1910 it is determined whether the accumulated idle

is less than idle_goal. If the accumulated idle is less than idle_goal, only high
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priority threads are allowed to run at operation 1914. The data processing system
(e.g., a CPU) is forced to the idle state for up to max_idle time at operation 1915.
In one embodiment, interrupts cause the system to exit from the idle state. The
accumulated idle is updated for the amount of time the data processing system 1s
spending in the forced idle state taking into account the interrupts. Then method
1900 returns to operation 1910. If the accumulated idle is not less than the
idle_goal, the idle start time is set to be the accumulated_idle at operation 1911.
Method 1900 continues with operation 1912 that includes allowing any thread to
run until period_end determined at operation 1908. At operation 1913 last_idle
is determined according to the following formula:

last_idle = accumulated_idle —idle_start (6)
Then method 1900 returns to operation 1902.
[0093] The intelligent forced idling shown in Figures 18 and 19 may be
performed in combination with one or more of the power and/or thermal
management techniques described in U.S. Application No. 11/212,970, filed
August 25, 2005, and/or U.S. Application No. 11/327,685, filed January 5, 2006.
For example, intelligent forced idling may be employed with averaging of power
usage to allow for dynamic determination of an allowable power budget for a
future time interval; Figures 10 and 11 are from U.S. Application No.
11/212,970 and relate to embodiments which utilize averaging of power usage,
and these embodiments and figures are described further in that application.
[0094] In the foregoing specification, embodiments of the invention have 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. The specification and drawings are,

accordingly, to be regarded in an illustrative sense rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. A machine-implemented method, comprising;:

monitoring one or more constraint parameters of a system; and

forcing the system into an idle state for a first portion of a time while
allowing the system to continue to operate for a second portion of the time based
on the one or more constraint parameters, wherein the forcing is performed in

response to comparing a target idle time to an actual idle time.

2. The machine-implemented method of claim 1, further comprising:
determining the target idle time of the system based on one or more
system constraint parameters;
monitoring the actual idle time, and wherein the actual idle time is

accumulated over a period of time.

3. The machine-implemented method of claim 1, wherein the idle state
prevents the system from executing instructions and wherein a decision to avoid
an idle time is made if the actual idle time is greater than the target idle time

when the decision is made.

4. The machine-implemented method of claim 1, wherein the actual idle

time and the target idle time are based on a common period of time.

5. The machine-implemented method of claim 1, further comprising:
receiving an interrupt; and
switching from the idle state to an operating state in response to the

interrupt.

6. The machine-implemented method of claim 5, wherein the monitoring

takes interrupts into account when determining the actual idle time.
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7. A data processing system, comprising:

a processor;

a memory coupled to the processor;

one or more sensors coupled to the processor to monitor one or more
constraint parameters of the system, wherein the processor is configured to force
the system into an idle state for a first portion of a time while allowing the system
to operate for a second portion of the time based on the one or more constraint
parameters, wherein the processor is configured to force the system into the idle

state in response to comparing a target idle time to an actual idle time.

8. The data processing system of claim 7, wherein the processor is further
configured to determine the target idle time of the system based on one or more
system constraint parameters, to monitor the actual idle time, and wherein the

actual idle time is accumulated over a period of time.

9. The data processing system of claim 7, wherein the actual idle time and

the target idle time are based on a common period of time.

10.  The data processing system of claim 7, wherein the processor is further
configured to receive an interrupt, and to switch from the idle state to an

operating state in response to the interrupt.

11.  The data processing system of claim 7, wherein the memory stores one or
more look up tables that include the target idle time associated with the one or

more constraint parameters.

12. The data processing system of claim 7, wherein the idle state prevents the
system from executing instructions and wherein a decision to avoid an idle time
is made if the actual idle time is greater than the target idle time when the

decision is made.
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13. A machine-readable storage medium storing executable program
instructions which cause a data processing system to perform operations,
comprising:

monitoring one or more constraint parameters of a system; and

forcing the system into an idle state for a first portion of a time while
allowing the system to operate for a second portion of the time based on the one
or more constraint parameters, wherein the forcing is performed in response to

comparing a target idle time to an actual idle time.

14.  The machine-readable medium of claim 13, further including instructions
that cause the data processing system to perform operations comprising:
determining the target idle time of the system based on one or more
system constraint parameters;
monitoring the actual idle time; and wherein the actual idle time is

accumulated over a period of time.

15. The machine-readable medium of claim 13, wherein the idle state
prevents the system from executing instructions, and wherein a decision to avoid
an idle time is made if the actual idle time is greater than the target idle time

when the decision is made.

16. The machine-readable medium of claim 13, wherein the actual idle time

and the target idle time are based on a common period of time.

17. The machine-readable medium of claim 13, further including instructions
that cause the data processing system to perform operations comprising:
receiving an interrupt; and
switching from the idle state to an operating state in response to the

interrupt.
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18.  The machine-readable medium of claim 13, wherein the monitoring takes

interrupts into account when determining the actual idle time.

19. A data processing system, comprising:
means for monitoring one or more constraint parameters of a system; and
means for forcing the system into an idle state for a first portion of a time
while allowing the system to operate for a second portion of the time based on
the one or more constraint parameters, wherein the forcing is performed in

response to comparing a target idle time to an actual idle time.

20. The data processing system of claim 19, further comprising:

means for determining the target idle time of the system based on one or
more system constraint parameters;

means for monitoring the actual idle time; and wherein the actual idle

time is accumulated over a period of time.

21.  The data processing system of claim 19, wherein the idle state prevents
the system from executing instructions, and wherein a decision to avoid an idle
time is made if the actual idle time is greater than the target idle time when the

decision is made.

22. The data processing system of claim 19, wherein the actual idle time and

the target idle time are based on a common period of time.

23. The data processing system of claim 19, further comprising:
means for receiving an interrupt; and
means for switching from the idle state to an operating state in response

to the interrupt.

24.  The data processing system of claim 23, wherein the means for

monitoring takes interrupts into account when determining the actual idle time.

232.
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25.  The data processing system of claim 20 further comprising:
means for storing one or more look up tables that include the target idle

time associated with one or more constraint parameters.

-33-
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