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BACKGROUND OF THE | NVENTI ON 1. FI ELD OF THE | NVENTI ON:

The present invention pertains to the field of conputer systens. More
particularly, this invention relates to conputer system power
managenent with device specific characteri gﬁt i on of power

consunpti on. 2. BACKGROUND: Conput er systens such as
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BACKGROUND OF THE INVENTION
1.  FIELD OF THE INVENTION:

The present invention pertains to the field of computer
systems. More particularly, this invention relates to computer system
power management with device specific characterization of power
consumption.

2. BACKGROQUND:

Computer systems such as portable computer systems, desktop
computer systems, and server systems typically include a power
supply subsystem. Such a power supply subsystem supplies electrical
current to the components and devices of the computer system. For
example, portable or notebook computer systems typically include a
battery subsystem that supplies direct current (DC) to devices and
components. In addition, desktop or service systems typically include
a power supply that converts an alternating current {AC) power source
into DC for the devices and components of the computer system.

Typically, such power supplies impose limits on the amount of
electrical current available to the computer system. For example, a
battery subsystem for a typical prior notebook computer usually
provides a limited level of peak electrical current for a limited
duration before battery replacement or recharging is required. In
addition, the AC power supply in prior désktop or server systems
typically imposes an upper limit on the amount of peak electrical
current available to the computer system.



conponents. I n addition, desktop or service systens typically include

a power siippéorefrat converts an alternating current (AQ W ks5€
into DC for the devices and conponents of the conputer system 593

Typically, such power supplies inpose |limts on the amount of

el ectrical current available to the conputer system For exanple, a
battery subsystem for a typical prior notebook conputer usually
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drives usual | yheldisk platternspirsl up to thebpproprate ahgulagspded: t Tie poak e
electrical current draw in such a system may exceed the capacity of the
AC power supply if multiple disk drives startup concurrently Such
strains on an AC power supply typically causes the power supply
voltage level to drop below normal operating, levels . Such low
voltage levels may cause hardware errors and erroneous system resets.
Similarly, excess electrical current draws on the battery supply in a
notebook computer system may cause lowered voltage levels and lead
to hardware errors and erroneous system resets.

Sor_r_i_e ;Sridf_desktop or _serve;_'_ systems implement an over-
designed _pdw_er supply capable of supplying the peak electrical current
required to spin up multiple diskdrives concurrently even though
normal system operation does not require such peak current levels.
Unfortunately, such high capacity power supplies typically increase

- the cost of such desktep or server systems. In addition, such high
capacity power supplies are typically less efficient over a wide range of
electrical supply current in comparison to lower capacity power
supplies. |

Other prior computer systems irrip_ler_nen_t power management
mechanisms that attempt to control the amount of electrical current
drawn from the power supply. For example, a prior desktop or server
system may provide a controlled sté_r_tup_ sequence for the disk drives
that prevents the system from exceeding the maximum electrical

current capability of the AC power supply. In addition, prior power
managemexit mechanisms for notebook computers typically switch off
the display screen backlight during a startup phase of a disk drive or
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power éupply, and thereby create the low-voltage levels that cause
hardware errors and erroneous system resets.

In addition, prior power management mechanisms for
notebook computers typically rely on hard coded values for the
electrical current requirements of the system. Unfortunately, such
hard coded characterizations of power consumption may cause such a
system to switch off the display screen backlight during disk drive
startup even though the actual disk drive installed in the notebook
consumes less electrical current during spin up than the originally
specified the disk drive for the system. Unnecessary power
management actions such as switching off the screen display backlight
creates unnecessary annoyances for the computer user and
unnecessary interruptions in other system functions.
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sonme other activity that requires a |large electrical curren AU .
fromthe battery power supply. Such prior power managenent
schenes usually rely on hard coded val ues for the electrical current
requi rements of the conputer system Such hard coded

characterizations of power consunption arg, typically based upon
average current consunption neasurenents obt ai ned during nanufacture.

Unfortunately, such hard coded provi de inaccurate
characterizati ons because the & ' - retertear current draw of any
gi ven devi ce or conbi nation of devices usual ly varies from such

average val ues. SUC'Thb"P‘éQ%E%%eﬂﬁEhﬂ@ a com L{?@,\E}ésti &1 ;ﬁr&\rﬁég' ons can

| ead to excessive curr reby create
t he | ow vol tagéewé@épgquﬁowan%aracterlzmxﬁar @%‘fﬂfcﬂoil teoldnet r oneous

systemresets. bud eting functiond. nTHé‘ébh{ er Bystem HNEA s@@é@@{'&@% chani sms
8 Pﬁﬂ I'Eyon har d ceoded va uesC or the

-]:alocract ri cal ngLrelﬁag comogg%\a bé i rﬁ%”s? gEamsuntlf devicecdriversych

~ programs deterrm_ne.a device specific power characterization for
corresponding devices including startup and stéady state power
consumption indications by measuring the_p@We_r draw on the
computer system power supply under device specific controlled
conditions. The device specific power _cha;}éctér_izations are stored in a
persistent storage for subsequent use by power control and budgeting
functions in the computer system.

Other features and advantages of the pr'esent invention will be
apparent from the accompanying drawings, and from the detailed
description that follows below.
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consunption indi i ONns raw on
Figure 1 illustrates a computer system for one embodiment
which comprises a processor subsystem, a main memory, a display
subsystem, a static memory, a floppy disk subsystem, a resident disk
subsystem, a mass storage subsystem, and a communication
subsystem;

Figure 2 illustrates a battery subsystem for one embodiment
which comprises a battery/power supply, an analog to digital
converter, and a microprocessor;

Figure 3 illustrates a battery subsystem for another embodiment
which comprises a battery, a power supply, and a power meter;

Figure 4 illustrates a desktop computer or server sys'tem for yet
another embodiment which comprises a processor subsystem, a main
memory, a keyboard and display subsystem, a floppy disk subsystem, a
pair of disk subsystems and a communication subsystem;

Figure 5 illustrates the software architecture of a computer
system for one embodiment which includes device driver programs
that perform device specific power characterizations;

Figure 6 illustrates a method employed by a device driver to
perform power characterization of a corresponding device;

Figure 7 illustrates a power characterization of a resident disk
subsystem which shows the electrical current drawn by the resident



conput er system poWer supply under device specific controlled
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advant ages of the present invention will be apparent fromthe
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BREF DESCRI PT| THE DRA The presen mvgnti on is
illustrated BYs Sypted AR né:FPG’“ertﬂme during the siarthp phasedhe; gures of

t he aCCOﬂDansteaaytbtﬂenpl@seJ ind\llﬂwbowek@ff phase sfedperations i ndicate simlar

el enments, and in which Figure 1 illustrates a conputer system
for one enbodl ment whi ch conprises a processor subsystem a main

nmenory, a displ ay Figure 8 flustyates:the hasdling of mepower aﬂotatupxpyeqhesk
subsystem  agl o iad%Rhesting device driver by the power budgeter application for
one embodiment.



subsystem a nmass storage subsystem and a conmunication subsystem
Figure 2 |Ilv%§ﬁ,ﬁr7&s a battery subsystemfor one enbodi nent pepusddiiisss?
attery/p

conpri ses a ower supply, an analog to digital converter, and
a m croprocessor; Figure 3 illustrates a battery subsystem for
anot her enbodi nent whi ch conprises a battery, a power supply, and a
power neter; Figure 4 illustrates a desktop conputer or server
system for yet anot her embodi ment whigh conprises a processor
subsystem a main menory, a keyboard and di splay subsystem a floppy
di sk subsystem a pair of di subs ens_and a comuni cati on

subsyst em Figure 5 il Ssortware architecture of a
conput er system for one enbodi nent which includes device driver

progr ans t hat ' £ 7 [ ' X

Figure 6 illustrat espgf #ogﬁ%%?%igggg{f%eggﬁ%&Egiféﬁbggéﬁééiﬁ%eﬁgifor m

power char act er i The comptten syssemet( compaises @pragessor subsystem 14,3 main 7
lustrates a poffindield el displdysisystent 18, Sd'a dadd subghet em
whi ch shows the electri cégl cur rg dr% by tghe resi e.nk%nemory
computer system 10 further comprises a floppy disk subsystem 20, a
resident disk subsystem 22, a mass storage subsystem 24, and a

communication subsystem 26.

The processor subsystem 14 communicates with the main
memory 16, the display subsystem 18, the floppy disk subsystem 20, the
static memory 21, the resident disk subsystem 22, the mass storage
subsystem 24, and the communication subsystem 26 communicate via
a system bus 28. '

The main memory 16 provides storage areas for an operating
system, a set of application programs and a set of associated device
driver programs and data structures implemented on the computer
system 10.

The static memory 21 provides storage areas for a set of basic
input/output software (BIOS) or a hardware abstraction layer (HAL)
for the computer system 10. For one embodiment, static memory 21
comprises a static random access memory with battery power back-up.
For other embodiments static memory 21 comprises flash memory or
other forms of non-volatile memory.

The display subsystem 18 provides a display area that enables
user interface functions for the computer $ystem 10. The display
subsystem 18 also provides software conttollable intensity levels and
backlighting functions. The amount of electrical current consumption
of the display subsystem 18 varies according to the display intensity
and the level of backlighting intensity.
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il lustrates the handling of a power allocation request froma
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subsyst em 14, devies. nThe eleqtricalrpower canshimiptiohayf thebsegﬁienmdiﬂ; and a static
mermory 21. Thubsystem 22 varies according to a set of operating phases. For one

embodiment, the operating phases of the resident disk subsystem 22

comprise a startup phase, a steady state phase, and a power off phase.

The power consumption of the steady state phase varies according to

the programmed values in a set of inactivity timers for the resident

disk subsystem 22. The inactivity timers determine the conditions for

entering sleep states and other power states of the resident disk

subsystem 22.

‘The computer system 10 further ¢ompr-is_es_a removable mass
storage subsystem 24 and a removable communication subsystem 26.
The mass storage subsystem 24 and the communication subsystém 26
may be routinely inserted and removed from the computer system 10
via standardized sockets coupled to the system bus 28. Such
standardized sockets may comprise, for example, Personal Computer
Memory Card International Association (PCMCIA) slots. The
electrical power consumption of the mass storage subsystem 24 and
the communication subsystem 26 varies according to the
corresponding operating phases. For one embodiment, the
communication subsystem 26 comprises a fax modem device. The fax
modem device consumes an amount of electrical current that varies
according to send or receive or other modem activities, as well as on
and off and standby power states of the fax modem device.

For one embodiment, the static memory 21 provides a
persistent storage for a power characterization table for the devices of
the computer system 10 including the display subsystem 18, the floppy
disk subsystem 20, the resident disk subsystem 22, the mass storage
-subsystem 24, and the commuriication subsystem 26. For other
embodiments, the persistent storage for a deer characterization table
is provided by the floppy disk subsystem 20, or by the resident disk
subsystem 22, or by the mass storage subsystem 24 which may be a
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Gomuni cat i Syst em 26. The processor subsystem 14
conmuni cates with the main menory 16, the display subsystem 18, the
fl oppy di sk subsystem 20, the static menory 21, the resident disk
subsystem 22, the nmass storage subsystem 24, and the comruni cati on
subsystem 26 comuni cate via a systemgbus 28. The main
menory 16 provides storage areas for an opeérating system a set of
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The static nmenosubgystemd@é.des storage areas for a set of basic

i nput /out put software (BIOS) or a hardware abstraction | ayer (HAL) for
the conputer system 10. For one enbodi nent, static nenory 21 conpri ses
a static random acceds batiery subsysternak2 pravides\electsicak power to thep@rigisher

ENHOARNENES SSE atcbﬁlfﬂi{@{tyaﬁé SEAS $hel dGHPutiREYsherRM10 via a &thgfr forns of
non-vol atile nmenpry., ) The di spl ay subsyst em 18|“Pr des a

di spl ay area t h&lecttigal| pawer lineg, that argin¢ Wi SR PUSEP- conput er
system 10. The displ ay subsystem 18 al so provides software

control | abl e intensi | evel. n backl [ ght i f ions. The anount
of electrical curr en%&‘ﬁ?ﬁsgr‘g‘f%ﬁt% the bﬁﬁg’t'%é&%yggﬁg)#gé%g%gt em 18 vari es
according to thembaodimenti Thersattery subsysteth 1P eomprisies af basterl/ pgerng
Intensity. supply 30, an analog to digital converter 32, and a microprocessor 34.

The battery/power supply 30 provides' DC electrical currents via
a set of power lines 46 for the computer system 10. The electrical
currents supplied by the battery/power supply 30 include a
predetermined set of fixed voltage levels required by the devices and
components coupled fo the system bus 28 and may include 5 volts, 12
volts, and 3.3 volts. or other voltage levels.

The analog to digital converter 32 samples the voltage levels,
electrical current levels, and temperature levels generated by the
battery/power supply 30. The analog to digital converter 32 converts
the sampled analog voltage, current, and temperature signals to digital
data under the control of the microprocessor 34.

The microprocessor 34 is programmed with the characteristic
curves for the battery in the battery/power supply 30. The
microprocessor 34 uses the digitized voltage, current, and temperature
levels sensed from the battery/power supply 30 to determine the
amounts of electrical power available from the battery subsystem 12.

The processor subsystem 14 communicates with the
microprocessor 34 via a set of battery control lines 42. The processor
subsystem 14 transfers battery messages to the microprocessor 34 via
the battery control lines 42 to query the power levels of the
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subsystem 22 varies according to a set of operating phases. For one
enbodi nent, the operating phases of the resident di sk subsystem 22
conprise a startup phase, a steady state Bhase and a power off phase.
The power consunption of the steady staté phase varies according to
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electrical current level is available.

The battery messages from the processor subsystem 14 also may
include an at_rate_time_remaining message. The |
at_rate_time_remaining battery méssage-includes an electrical
current value. The microprocessor 34 processes the
at_rate_time_remaining message by determining the amount of time
that the specified electrical current level is available from the |
battery /power supply 30. The microprocessor 34 then transfers the
indicated time remaining in a message to the processor subsystem 14
via the battery control lines 42.

The battery messages also include messages that enable the
processor subsystem 14 to query the amount of electrical current being
supplied by the battery/power supply 30. The processor subsystem 14
transfers the battery query messages to the microprocessor 34 in order

- to sample the electrical current generated by the battery/power supply
30 at any given time.

Figure 3 illustrates the battery subsystem 12 for another
embodiment which comprises a battery 36, the power supply 38, and a
power meter 40. The battery 36 supplies electrical current to the power
supply 38. The power supply 38 generates the various electrical
currents at the voltage levels required by the components and devices
of the computer system 10. The electrical currents are supplied to the |
computer system 10 via a set of power lines 48.

’
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processor subsystem 14 to sample the electrical current levels
generated by the battery subsystem 12 at any given time.

Figure 4 illustrates a desktop computer or server system 50 for
yet another embodiment. The system 50 comprises a processor
subsystem 54, a main memory 56 and a keyboard and display
subsystem 58. The system 50 further comprises a floppy disk
subsystem 62, a pair of disk subsystems 64 and 66 and a

communication subsystem 68.

The processor subsystem 54 communicates with the main
memory 56, the keyboard and display subsystem 58, the floppy disk
subsystem 62, the disk subsystems 64 and 66, and the communication
subsystem 68 via a system bus 70. The main memory 56 provides
storage areas for an operating system, a set of application programs
and a set of associated device driver programs and data structures

implemented on the system 50.

The system 50 further comprises a power supply 52, a power

meter 60, and a static memory 71. the power supply 52 receives an
alternating current (AC) input and generates direct current (DC)

output for the devices and components of the system 50 via a system
bus 70. The static memory 71 provides storage areas for a set of basic
input/output software (BIOS) as well as 4 power characterization table
for the devices of the system 50. The power meter 60 enables the
processor subsystem 54 to read the electrical current levels supplied by
the power supply 52 to the system 50. The processor subsystem 54
reads the electrical current levels via a set-of signal lines 74 to the

power meter 60.
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el ectrical power lines that are included with the system bus : .
Figure 2 illustrates the battery subsystem 12 for one _ enbodi ment. The
battery subsystem 12 conprises a battery/ power supply 30, an anal og
to digital converter 32, and a m croprocessor 34. The
battery/ power supply 30 provides DC el ect §I0a| currents via a set of
power lines 46 for the conputer systen11& The el ectri cal currents
supplied by the battery/ power supply 30 include a predet er mi ned set
of fixed voltage |evels required by the devices and conponent s
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processor wherem the disk rotates at a constant angular veloc1ty, and during a ;

power off phase. The processor subsystem 54 stores the electrical

current requirements of the devices in an internal, power

characterization table in a per51stent storage such as the static memory

21 or a disk or flash memory subsystem.

Figure 5 illu_str_a_t_es_ the -softWare architecture of the computer

system 10 for one embodiment. The software architecture of the

- computer system 10 comprises application programs including a pair
of application ;pro_gram-'s_,soia-nd 82.. The_épplication programs 80 and
82 invoke the system services provided by an operating system (OS)
88. The operating system 88 enables the application programs 80 and
82 to access hardware devices of the computer system 10 via the

- corresponding device driver programs.

- For example, the operating system 88 enables the application
programs 80 and 82 to acéeSs the résid_en_t disk__sub_sy_st_em 22 through a
disk device driver 94. For one embodiment, the disk device driver 94
invokes services of a set of basic input/output software (BIOS) 92 to
access the resident disk subsystem 22. -

The operating system 88 enables the application programs 80
and 82 to access the communication subsystem 26 through a
communication device driver 96. The operating system 88 also



subsystem 14 transfers battery nmessages to the m croprocessor 34 via

t he battery contr lines 42 to query the power levels of th
96/ 19764 Ritofes RS, s,

-10- battery/ power supply 30. The battery messages may include an
atrateok nmessage. The atrateok battery nessage fromthe processor
subsystem 14 includes an electrical current value. The m cr opr ocessor
34 processes the atrateok nessage by determnining whet her the
specified electrical current level is available fromthe

battery/ power supply 3Q. The mcroprocessor 34 then transfers
Bool ean true or ¢nAbies thesapplicationsprograms &%@%ﬁ%é@@gﬁssghs@weﬁmage

via the battery Préfé'm Izmnsodgm tRe dediceadgvere8 Bedt ddifespomdesbatie

el ectrical current level is ava ?6 The battery nmessages
from the processBASSHHY ?%‘FPW& may i ncl ude an

atratetinerenmai ni ng nessage. The atratetinerenmai ni ng battery nessage

ol udes an el ect v cafne sefESALNEor HE RGRABE RERBRCTy flp oo
comprises a power coordmator 90 and a power budgeter application 84.
The power budgeter application 84 accesses a power characterization
table 86 in the static memory 21 that provides a device specific power
characterization for each of the devices of the computer system 10
including the resident disk subsystem 22, the communication
subsystem 26, and the mass storage subsystem 24. The device power
characterizations in the power characterization table 86 indicate the
electrical power consumed by the corresponding devices under a set of
corresponding operating phases of the devices.

For one embodiment, the BIOS 92 includes a set of battery
driver routines. For one embodiment, the battery driver routines in
the BIOS 92 enable the transfer of messages to and from the
microprocessor 34 via the battery control lines 42. The battery driver
routines of the BIOS 92 enable application programs and device driver
programs executing on the computer system 10 to transfer battery
messages to the battery subsystem 12. The battery driver routines in
the BIOS 92 enable application programs and device driver programs
to query the electrical current levels being supplied by the battery
subsystem 12. The battery driver routines in the BIOS 92 also enable
application programs and device driver programs to transfer
at_rate_ok and at_rate_time_remaining messages to the battery
subsystem 12 and to receive corresponding response messages from
the battery subsystem 12. For other embodiments, the battery driver
routines are implemented in a hardware abstraction layer or in a
separate battery driver. ‘

For an alternative embodiment, the battery driver routines
enable read access to the power meter 40. The battery driver routines



that the specified electrical current level is available fromthe
battery/ ply 30. The m croprocessor 34 then transf
indicate@a¥gﬂgﬁggnaining in a nmessage to-the processorsnﬂ§§@v%ﬁﬁfﬁ7 .
via the battery control |ines 42. The battery nessages al so

I ncl ude nmessages that enable the processor subsystem 14 to query the
anmount of electrical current being - supplied by the battery/ power

supply 30. The processor subsystem 14 transfers the battery query
messages to the mcroprocessor 34 in or a&¥ to sanple the el ectrical
current generated by the battery/ power_ suppl . 30 at an Iven tine.
Figure 3 ill uspalalee%mhr@n@at@@gfagﬁm dewicexiziver BIRETAEIS 10 méagodi nent

whi ch conpri séke alderidad crrdht 1évids beitg suppliid/by he batledy subsyskanear met er

40. The batter¥§§6 su plleggglecgilcal current to the power supply 38.
The power supp %éoﬁgﬁﬁ?%f eMevari ous el ectri cal currents at the
vol tage | evel s required by the conponents and devi ces of the conputer

system 10. The el egbishl ek, Bhé poubit dBlaltheb'S0 enablesYauser System

10 via a set of power

 PCT/ US95/ 163310 the battery driver routines of the BIOS 92 from the power budgeter
application 84, the dis'k device driver 94, the cdmmuni‘cation device

~driver 96 and the device driver 98. For _énot__he_r embodiment, the
power budgeter application 84, the disk device driver 94, the
communication device driver 96, and the device driver 98 each
directly access the battery driver routines of the BIOS 92,

- For one embodiment, the device driver programs of the
computer system 10 each perforni-device power-ch_aracterization
functions on the corresponding devices. The disk device driver 94

. performs power characterization functions for the resident disk
subsystem 22. Similarly, the communication device driver 96
performs device power characterization functions for the

- communication subsystem 26, and the device driver 98 performs
device power characterization functions for the mass storage
subsystem 24. For an alternative embodiment, the device power
characterization functions are performed for all devices by a power
characterizer 99. |

The disk device driver 94, the communication device driver 96,
and the device driver 98 each transfer the corresponding device power
characterizations to the power budgeter application 84 _through the
power coordinator 90. The power budgeter application 84 stores the
device power characterizations in the power characterization table 86.

' The power budgeter application 84 receives power allocation
requests from application programs and device driver programs
through the power coordinator 90. Each power allocation request
specifies an operating phase of the corresponding requesting device.



The power neter 40 neasures the electrical current |evels gener at ed

by the batte‘&ég?{?%,g?d t he power supply 38. The processor gec?.g%g%gﬁtsyn 14

reads the el current |evel sensed by the power via a
set of signal lines 44. The power neter 40 enables the processor
subsystem 14 to sanple the electrical current |evels generated by the
battery subsystem 12 at any given tine. Figure 4 illustrates
a desktop conputer or server system 50 for yet anot her enbodi nent.
The system 50 conprises a processor §&%§ysten154, a main nmenory 56

and a keyboard and di spl ay . .Subsystem 58. The system 50 furt her
conprises a fl opgiprdémple, the §W§s‘§‘%‘t1§¢hd69’,e ISSURS POWET @1ioRalem IGQ esty 64
and 66 and a thaCEPetify &fidrahe St H tpHs6 Bthe steady state phase] e theocessor
subsystem 54 comuni catﬁs with tRe rgaan b di kgyﬁe"%ﬁh% he keyboard and

di spl ay subsyst eO¥¥er off Phase of fheregdent disk syhsysd 2, the disk
subsystens 64 and 66, and the conmuni cation subsystem 68 via a system
bus 70. The main nenor Vi a i ng
system a set of appl i%a’%?%‘ﬁﬁ%r%’gﬁ’r%we’ allﬁgﬁgnggéft, g}é gé%%gl at gg?‘%{evi ce
driver prograns appligationdid gaenigscthe batteryjsyhspatem 22 to dleteraningshem 50.

The system 50 f UrihGhn B Bldct¥Sal PAREE AvalgHleY Fof otheP @ffodiments iRt er 60,
and a static nenoyy, 71. 81:§2e gowe ceiyes an | ternating

I’ su gpl g 52 rﬁ a
current (AC) i npéeskip SYStEMe & POYWEF aHecaligy) request ciises e Fwehe
devi ces and conp@irigelerhpplitiRicivss eighery tite Sysiemdteswer supply to determine
the amount of electrical power available to perform power sequencing

functions.

The power budgeter application 84 determines the amount of
electrical power required for the specified operating phase of the
requesting device by accessing the power characterization table 86. The
power budgeter application 84 compares the information logged in the
power characterization table 86 with the amount of available power to
determine whether the battery subsystem 12 can satisfy the power
allocation request.

Figure 6 illustrates a method employed by a device driver to
perform power characterization of a corresponding device. For
example, the disk device driver 94 employs the process steps shown to
perform power characterization for the resident disk subsystem 22.

At block 100, the disk device driver 94 switches off the device
being characterized, in this example the resident disk subsystem 22,
and places the remaining devices into a steady power state. At block
102, the disk device driver 94 measures the electrical current
consumption of the computer system 10 (Igp). The disk device driver
94 measures the electrical current consumption of the computer
system 10 by measuring the elecirical current being drawn from the
battery subsystem 12.



bus 70. The static nenory 71 provides storage areas for a set of basic
input/ouﬁt software (BIOS) as well as a power characterization table
for the 76432645¢ { he system 50. The power neter 60 enablREI/E$98/16337
processor subsystem 54 to read the electrical current |evels supplied by
the power supply 52 to the system 50. The processor subsystem 54

reads the electrical current levels via a set of signal lines 74 to the
power rmeter 60. WO 96/ 19764
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The processor subsystem 54 enpl oys the power neter 60 to nmeasure the

amounts of el ectri Ear opgremabediment theldisk thviceairivenr % measurenthedi spl ay
subsystem 58, f | t:he  di ens 64
diénd L1ebPRYcal ngve;r%gt m%g?yfﬂgoﬂi@mepbme Brivet

and 66, and the communi c Focessor subsystem .
54 nmeasures tF@@F@C‘?ﬁ&‘G%IQﬁJ?% Entrapstayibasiery uery messages tocthece for the
differing opefritiopgordtser 340TheAsdital9Vdriver Ffiltines of th@BINY 62 ehiiiepr OCESSOr
subsystem 54 Sesi kg?%powag me?grt 60°to . reasure ;,’ge el ectrical
current dr ava}fy 15 165 GEYEE 73 ta Auery dhe migroprocessor Hfor the phase whi | e

t he di sk spi nelearicalignireptmbeingasiyppliet eigptiespower linesér dior drieehel sk
rotates at a gomdkifienf 4! BEk VAR B¥veR 9% Btliifhed system power

consumption by reading the power meter 40 via the signal lines 44.

At block 104, the disk device driver 94 switches on the device
being characterized, in this example the resident disk subsystem 22.
Thereafter at block 106, the disk device driver 94 periodically samples
the system electrical current consumption for the computer system 10
until a steady state level of electrical current consumption is reached.
The periodic sampling of system power consumption at block 106
yields a set of electrical current values Is(t) where t represents time.

At block 108, the disk device driver 94 determines the electrical
current consumption for the resident disk subsystem 22 according to
the following equation: '

Ip) = Is(t) - Isg,

At block 110, the disk device driver 94 determines the startup
time and the startup electrical current for the device being
characterized. The disk device driver 94 determines the startup time
and the startup electrical current for the resident disk subsystem 22 by
examining the electrical current consumption Ip(t.

At block 112, the disk device driver 94 determines the steady
state electrical current for the device being characterized. The disk
device driver 94 determines the steady state electrical current for the
resident disk subsystem 22 by examining the electrical current
consumption Ip(v.



power off phase. The processor subsystem 54 stores the electrical

current reqw B5E4S of the devices in an internal power PCT/USY5/16337
characterization table in a persistent storage such as the static nenory
21 or a disk or flash nenory subsystem Figure 5 illustrates
the software architecture of the conputer system 10 for one

enbodi nent. The software architecture of the conput er system 10
conprises application prograns including a_ pair of application
prograns 80 and 82. The application prograns 80 and 82 invoke the

system servi ces provided by an erat.ing, syst.em (OS5, . 8. The
operating system 88 eﬂgﬁf t@h@@ﬁﬁﬁﬁéﬁ&h&‘ﬁﬂ? @Sﬁgﬁsdrgypra%dg'ansfers B,
access hardwar e staviupeime théstartuppalteetrical suerent @nd thet steady state
correspondi ng deyi.ce: dki I : :
operating syst emglg Eé%%g}ﬂgé?r@ﬁgpg}g%ﬁggg{e iboerllng Ch‘?u'a':|5ér:%?£ercgi)rirgr@kfe %’ﬁggﬂ&e to
access the resi dﬁ}ﬂr@@ﬂmd}@)‘sﬁb%@p 32t by pawer bu gﬁtgkamlwat@nom ver
94. For one embo h’thTe[EoﬂéxskodiﬁYﬁ%r@b! Vife ?6wer budgesaioég;ﬁiéaﬁrows@s of
the

a set of basic inputFout software (BI OS%_QZ, ] acce t he rt%sident
di sk subsyst em 2tien store poweycaarpiens Wé@é‘?éﬁ&@%ﬁ%ﬂ%t% e
application progstarmpBélectrical canéndanticthactesdy stace eleetridal cattemt fot kit st em

26 through & ros SOITRE SAbbAReHES G0 thb waPenal i PRRLE Aids ! o™ 88
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Figure 7 illustrates a power characterization of the resident disk
subsystem 22 for one embodiment. The graph shown represents the
electrical current drawn by the resident disk subsystem 22 as a function
of time during the startup phase, the steady state phase, and the power
off phase of operation.

The startup time and electrical current gradient shown occurs
while the internal rotating magnetic media of the resident disk
subsystem 22 spins up to the appropriate angular velocity during the
startup phase. During the startup phase, the electrical current
consumption for the resident disk subsystem 22 gradually rises to a
peak electrical current draw from the battery subsystem 12. Thereafter,
the electrical current consumption of the resident disk subsystem 22
drops to a steady state current level during the steady state phase of
normal operation.

The disk device driver 94 examines‘the profile of electrical
current consumption by the resident disk subsystem 22 to determine
the startup time as shown as well as the startup electrical current and
the steady state electrical current required by the resident disk
subsystem 22. The disk device driver 94 stores the startup time, the
startup electrical current, and the steady state electrical current
required by the resident disk subsystem 22 into the power
characterization table 86. The disk device driver 94 subsequently uses
the startup time, the startup electrical current, and the steady state



[N

- 13- enabl es the application prograns 80 and 82 to access the mass
st or age system 24 through the device driver 98 t r onds to
t he W%‘é’sﬁé{jorage subsystem 24. ~The sof mﬁg{lgﬁpt ecture.

of the computer system 10 further conprises a power coordinator 90
and a power budgeter application 84. The power budgeter application
84 accesses a power characterization -table 86 in the static nenory 21

that provides a device specific power .18 characterization for each of
t he devices of the conputer system 10 i ncludi ng the resident disk

subsystem 22, the, conmuni cation subsystem 26, and the nmass storage
subsyst em 24. elFﬁB'“@i\FPE’@‘ﬁd(ﬁéﬂies stored gaguixed dpithamawer charagierizatien

char act er i zat ihle B8ltbrBesspowar aliohftion requestsehbii aticBonethaonsued by

t he correspondi ngugevi cesmiylier 2 set of ~correspondi ng operating
phases of t he® HiggSystem 1. - For one enbodi nent, the BI OS 92
I ncl udes a set. of battery driver routines. For one . enbodi nent, the

battery driver roukgifes 4 ' 2. Bl _ f
nmessages to and frg%eé_ ﬁlustra.t%s %’%p%@gg(@f gsnﬁg{'/v?gapﬁ%é%%ﬁéeﬁesgont r ol
lines 42. Thefnem eaequeasting device driveriey tespower adgetss applisationd4
conpUt o Syst Ry EEUAAEH:" TS tethlesting deVIOBIREE: BF B bt N
subsystem 12. sﬁﬁ@%i'?@%?lygﬁrtﬁ@éﬁg]ﬁ Gf?tvi/??egril"ﬁr 82'. the CIBIBYTHEAEON o ap] e
appl i cation pdegicerdriverdé)andctheddevie¢ dpiveg98Each requesting deyicehe
electrical cUBELRRL tasPlrpOivel ABURRSA F8qiesed B Qitdpohding requesting

device_s to the power budgeter application 84 through the power
coordinator 90. - . o

At block 130, the power budgeter application 84 begins
processing a power allocation request by reading the required startup
and stéady state power for the requesting device from the power
characterization table 86. Thereafter, at decision block 132 the power
budgeter application 84 queries the battery subsystem 12 to determine
whether the required power for the requesting device is available. For
one embodiment, the power budgeter application 84 uses the
at_rate_ok battery message to the microprocessor 34 to ‘determine
whether the required power for startup and other system functions is
available from the battery subsystem 12.

If the required power for the requesting device is not available

. at decision block 132 then co_n_t'rol' proceeds to block 134. At block 134,
the power budgeter application 84 determines a power control option
for handling the lack of available power according to system power
policy. For one embodiment, the power control options are user
preselected default options for the system ‘power management
software. The user power conirbl?options- may include, for example,
load shedding functions such as switching one of the other devices of
the computer system 10 into an off mode or a standby mode that
reduces power consumption from the battery subsystem 12.



sﬁbsystem 12. The battery driver routines in the BIOS 92 al so enabl e
appl i cation“;gmlrm and device driver prograns to transfer perussiigsszeok

and atrate tine_renmai ni ng nessages to the battery subsystem 12 and to
recei ve correspondi ng response nessages from the battery subsystem
12. For other enbodi nents, the battery driver routi nes are

I npl emented in a hardware abstraction layer or in a separate battery
driver. For an alternative enbgglinent, the battery driver
routines enabl e read access to the power neter 40. The battery driver
routines WD 96/ 19764

PCT/ US95/ 16337 -14- enabl e

application prograns Therehfteret blodk 38, ﬂhegzmvm‘ budgetes application 84 he
electrical curr egar#o?fﬁ%'tge%a&eeéugai bptioRY Cdif: %&grﬁr@g&fyﬁém&?

to the conputer ower
coordi nator 90 eﬁ&@lsw blosksi32 to agamcdqterénmwbeﬁmrtheéﬁqu@ﬂ@dw@f t he

BIGS 92 fromt heaH@E@cioer&Q uestmg%h‘iﬂxéec?sté%ﬂa%‘fe the di sk device
driver 94, the communi cati on dee\% driver 96 and the device. driver

98. For anot her enbodi nent, the
If the query of the battery subsystem 12 or power supply at

decision block 132 indicates that the required power for the requesting
device is available, then control proceeds to block 136. At block 136,
the power budgeter application 84 allocates the startup power specified
in the power characterization table 86 to the requested device.

After the startup time specified in the power characterization
table 86 for the requesting device, the power budgeter application 84
determines the time remaining for the battery subsystem 12 at block
140. This step is not required in a non battery-based system. The
power budgeter application 84 determines the time remaining at the
steady state electrical current of the requesting device specified in the
power characterization table 86 while taking into account the power
consumption of the remainder of the computer system 10. For one
embodiment, the power budgeter application 84 uses the
at_rate_time_remaining battery message to the microprocessor 34 to
determine the time remaining for the battery subsystem 12.
Thereafter, the power budgeter application 84 optionally notifies the
user of the remaining time available from the battery subsystem 12.

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



power budgeter application 84, the disk device driver 94 t he

communi ¢ ice driver 96, and the device driver
directl y%g?:ggsdg he batte'ry driver routines of the BIOS 9(23‘?&1)0595“6337

For one enbodi evice driver progranms of the conput er system
10 each perform,igg%le,qgsg&mg IsBpracteri zation i functions on the
corresponding d k device driver 94 perforns power
characteri zati Oqzllma“lgm the resident disk 22—
Simlarly, the c evice driv 96 pef: E|§ er
characterization functions for the conmuni cati o

t he device driver 98 perforns d ower chard unctlons
for the mass Whatajseclaimed iqubsystem 24. For an alternative enbodi ment, the
devi ce power characterization functions are perfor med for all

devi ces by a power " characterizer 99. H The di sk device
driver t hd. comfurPpnitensyssemckaving \atrlegs, one devmenaddtéxecdangcae driver

t he power budge I|c tion rou nat or
The power bud P‘"&B;ﬂn qt@,ﬁorgg g&eygcqmaﬁc powé\ﬁhaeaq&m@aﬂon in

characteri zat a@igsistent 3eoragedor SllsyeateRt hgé‘by% &wht BullBeting function The
power budget erxbsﬁgl icati.on 84 recei ves power - al .ocation request s from

application pf OB 8Y$teRdr i ver programs<: . through the power
~ coordi nator 90. Each power allocation request -  specifies an operating

phase of the gorreqRaNGuter YyEfhh 39 B (fewherem the device specific
power characterization specifies an amount of power consumption by ‘
the device for each of a set of operating phases of the device.

98 each transgﬁ fa?ﬁ’ tﬁﬂﬂ@l@?ﬂﬁ'ﬁésnﬂ c%‘%i’decﬁ)e%}@\?ﬁower chatds I@%ord{ fl F o to

3. - The computer system of claim 2, wherein the operating phases
-of the device include a startup phase that corresponds to a startup time
between a power off phase of the device to a steady -state phase of the
device.

4. The computer system of claim 2, wherein the operating phases
of the device include a steady state phase wherein the amount of
power consumption by the device remains at a relatively constant
level.

5. The computer system of claim 1, wherein the program
determines the device specific power characterization for the device by
determining a difference between an amount of power consumption
by the computer system while the device is switched on and an
amount of power consumption by the computer system while the
device is switched off.

6. The computer system of claim 5, wherein the program
measures the amount of pbwer consumption by the computer system
while the device is switched on and the amount of power -
consumption by the computer system while the device is switched off
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PCT/ US95/ 163 This Sheet Has Been Replaced 1

exanpl e, the% 6&‘ d“w ce power all ocatl oh requestpcrms”n'éﬁ{
specify either the start st eq ’{ ,§1 t he

power off phase of the resi | sk subsy % HAS BEEN’ I n response
to a power allocation request the power get LACED applfication 84
queries the battery subsystem 12 to determ ng, the . amotint  of

el ectrical power available. For other enbodifrents in desktop or

server systens, apower aI I ocatlon request causes the budget er
application 84 toYgHiE§ POYE rﬂ%’é‘\i%‘ft%&ﬁmve‘f @B@qumeecomputert he

amount of el ectri epdtepover avai I able to perform povver sequenci ng

functi ons. The power budgeter application 84 determ nes the
anount of el ectrical power required for the specified operating phase
of the requ@st i nFhecsomputsy systersifngainh S, pdwereir the programzat i on

table 86. The meaBQHEY (AR @gﬁ%ﬂvgﬁkbﬂﬁfﬁ%ﬁ%ﬂww c&ﬂﬁadt@? Q{rﬁ?ﬁ{ on

| ogged in the ovver character, h_t he anount
avai | abl e power t #hile the deyice i switahedien anddthgAmenpt of FoPETem 12 can

satisfy the power consump@iondspthe Boirites system while the device is switched off
using a battery subsystem that includes ‘a thicroprocessor and an
analog to digital converter for measurmg an amount of electrical
current supphed to the computer system.

8.  The computer system of claim 1, Wherein the program is a
device driver program corresponding to the device.

9. A power management method in a computer ‘system,
comprising the steps of: "

determining a device specific power characterization for at least
one device in the computer system;

storing the device specific power characterization in a persistent
storage for subsequent use by a power budgeting function in the
computer system.

10.  The method of claim 9, wherein the device specific power
characterization specifies an amount of power consumption by the
device for each of a set of operating phases of the device.

. L ar
11.  The method of claim 10, whe?éiﬂ"’the-operating phases of the
device include a startup phase that corresponds to a startup time
between a power off phase of the device to a steady state phase of the
device. '

12. The method of claim 10, wherein the operating phases of the

device include a steady state phase wherein the amount of power
consumption by the device remains at a relatively constant level.

A




Figure 6 illustrates a nethod enpl oyed by a device driver to perform’
power c zation of a correspondl ng device. For . 6393 t he

di sk demgﬁ%ryver 94 enpl oys the process steps::shown to PCT )gxegr?or

power characterization for the resident disk subsystem 22. At
bl ock 100, the TisSheetitasBes Replacedr 94 swi tches of f the device bei ng

characterized, i ) the resident di sk subsystem 22, . and
'pl aces the reni nto a stepdy povver state TH@ SHE@FHA 102,
t he di sk device er 94 ATlplx

_ nmeasures the @l ectrical curfen REPLAC
of ‘the conputer system 10 (I[err]). The disk device diiwer
nmeasures the electrical current consunption of tihe conputer system 10
by neasuri ngl3.he Fheahethosl of dhaimg, \bherg’;ndhe\shep obdetdrenining a battery
Isag.?_ls ﬁ%gg;nléggi?vxce spelfBc 304w er faracterization comprises the step of
For one enbodﬁtﬁl}mmlf’e&é differense/between; aazeranmurrbe@fspowgrtmsumpnorsyst em

el ectrical PBYthe ol i's?ﬁeﬁVWHil@Hie”&eﬁE@ i9BhlHld afl ra&if@unt of routines
of the BIOS 92 to transfer bﬁ uery nessage

mi cr opr ocessBPWEL Coﬂ‘ﬁ\én}i%t’cqrb t ?|°9 P‘%tS{nSYﬂég‘ i liﬂﬁ@‘eﬁﬂﬁﬂ@ﬂs effabl es

14, The method of c1a1m 13, wherein the step of determmmg a
~ difference between an amount of power consumpnon by the
computer system comprises the step of. measunng the amount of
power consumption by the computer system using a power meter {
coupled to a power supply of the computer system.

15.  The method of claim 13, wherein the step of determining a
difference between an amount of power consumption by the -
computer system comprises the step of measuring the amount of
power consumption by the computer system using a' battery Subsystem
that includes a microprocessor and an analog to digital converter for
measuring an amount of electrical current supphed to the computer
system.

16. A power management apparatus in a computer system
comprising: .
means for. determmmg a devxce specific power charactenzatxon
for at least one device in the computer system;
means for storing the device specific power charactenzatxon in a
- persistent storage for subsequent use by a power budgeting function in
the computer system. ...

17.  The apparatus of claim 16, wherein the device specific power
characterization specifies an amount of power consumption by the
device for each of a set of operating phases of the device.

Tl



the di sk device driver 94 to query the m croprocessor 34 for the
el ectrical r behieghestapBeceBepliced t he power |ines 46. F
Wil idhss, "¢ BETARNASS
consunption by reading r 40 via the signal |ines 44.
At bl ock 104, the disk device driver 94 switches on the dewlce bei ng
characterized, in this exanple the resident disk subsystemiBS SHEE gsBEEN
the systemelectrical current consunption for the conpute y
tion i
a set of el ectri cdé¢viceindude aastartupl plrase] thah eorresporejy s e Btartip itne
At bl ock 108, thepgisds ' i 9 t LNEeS I ri;cal
ndEBbiver Y déﬁése doffst‘li}% cﬁe{)v’%egfoeam E%dgcsg%t% dill}]age of the
the foll owi ng equatYieR: Iferr](t) = 1I[err](t) - I[err]. _
At bl ock 110, the disk device driver 94 determi nes the startup time
and the startup edevice indudearsteady State iphase asheteii tidi snonmpof Yovwer22 by
exam ning the el ' : ent i.on errd (i At
bl ock 113, the. areiEt g By s SERHTRAY ot S rplelvely, gonstant levgly &
devi ce driver 94 met erph@esphfusiadyinshat t 51 .Cal I :
resident di sk subsystem 22§$ exan n) nlg tlﬁ,eﬁrg@é%&{Hgéﬁ%egﬁ%’rféﬁpgtefrﬁ{mﬁ&e
determining a difference between an amount of power consumption
by the computer system while the device is on and an amount of

enbodi nment , m det erm nes system power
Thereafter at block 106, the di sk device dr_iz\égr 94 peri odf cal | ...,ui{
until a steady staje | l..of electrical .gurrent. consu s reached.
The periodi c sanpli'ng ﬁgﬁEﬂﬁuﬁmm&ﬁzu}%‘ﬁ%ﬁf Qesaiing phases OFIE}% el ds
current consunption for the resident S
and the startup ctrigcal current for, the devige being |
characterized. The'dis %IéPPE’éatBFi%&?alghlgewgﬁmlﬂége%r%‘%gﬂ?ﬁs‘?ﬁ pbthe
el ectrical current for the device being characterized. The disk
consunpti on I [ er r3 @gyice specitic power characterization comprises means for
power consumption by the computer system while the device is off.

21.  The apparatus of claim 20, wherein the means for determining
a difference between an amount of power consumption by the
computer system comprises a power meter coupled to a power supply
of the computer system.

22.  The apparatus of claim 20, wherein the means for determining
a difference between an amount of power consumption by the
computer system comprises a battery subsystem that includes a
microprocessor and an analog to digital converter for measuring an
amount of electrical current supplied to the computer system.
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Thereafteg‘?gigngﬁ%ck 114 the di sk device driver 94 transfers'};kzr es95/16337

startup tine, the startup electrical_ current and the steady state

electrical current for the device beVWg characterized, in this exanple

t he resident disk subsigstem 22, to the power budgeter application 84

t hrough t he power ecoot d-nat or 90— The~power budgeter. apprlicati on 84

then stores the poger characteriZaIngnincludigg thelstartdp tinme, the

startup electrical ,cycrent and the sfeady stjatg gl ectrical jcurrent for the

resi dent di sk subsystiem 22 i hto the power char &gerization table 86.

Figure 7 illustratés a;,péwer char act pe+zatHen gfg,t elresidént disk

subsystem 22 for one e@p bmegt . The! graph shownerepiesentd the

el ectri cal currentldramng'? the resifent disk em 22 jas a function

of tinme during the staﬂggp phase, the steady ase, qnd t he power
n.

of f phase of operatig The st T and ‘el ectri cal
current gradient showr occurs phil e the internal rotdting nmagnetic
medi a of the resident disk subgystem 2-;_7—5-p+-ﬂ-5—lT.l' p to tihe appropriate
angul ar velocity dﬁri ng the £ I
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startup phase. During the startup phase, the electrical current
consunpt i onv{'@?&i})& resi dent disk subsystem 22 gradually ris Os9R/16337
peak electrical current draw fromthe battery subsystem 12. ereafrter

the electrical current consunption of the resident disk subsystem 22

drops to a steady state current |evel during the steady state phase of

nor mal operation. The difgk device driver 94 exam nes the
profile of electrical current consunption by the resident disk
subsystem 22 to determ ne the startup tinme as shown as well as the
startup electrical current and the steady state electrical current
requi red by the resident disk subsystem 22. The di sk device driver 94
stores the startup tine, the startup electrical current, and the

steady state electrical current = — — requi+ed by +he reBi dent disk
| characterization t?blén86. The di sk

subsystem 22 into the power
devi ce driver 94 subsequently uses the startup tingggthe startup
el ectrical current, and the steady Etate . WD 96/ 19764 W
PCT/ US95/ 16337 l 2 - | @-A8y
el ectrical current values stored repui Bed iT t hewpower chéraaterization
table 86 to process power allocatiop r eghlest TrdvatgéﬂFn\the
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‘conmput er system 10.

power all og quest
budgeter a Bﬁ#%@gnégn 84
drivers of the conputer
t he conmuni cati on
requesti ng device
correspondi ng requesting
t hrough t he power ~coordin
power budgeter application 84
request by reading the required
t he requesting device fromthe
Thereafter, at decision block -1

f

devi ce
driver

Figure 8 illustrates the handling of a
froma requesting device dri vREI/B§ISEBponer
or one enbodi nent. The requesting device

system 10 i nclude the disk device driver 94,

driver 96, and the device driver 98. Each

transfer3ffower allocation requests for
devices to the power budgeter application 84
ator 90. At bl ock 130, the

begi ns processi ng a power allocation
startup and steady state power for
power characterization table 86.

32 the-power — — — budgeter application 84

gqueries the battery subsystem 1
power for the requestipg device
power budget er applrcaﬁron 84 u
the m croprocessor 34 to detern
startup and ot her systém functi

2 to determne whet her fhe required
is avail abl e. For one enbodi nent,
Ses theBatte at r at eok battery nmessage to

t he

i ne ther the required power for
ons is avail abl e fromthe battery

subsystem 12. If t

is not avail abl e iat deci s

he required power f

r the rquesting devi ce
ontrol ceeds to bl ock

134. At bl ock 134, t he power budget er- application 84 dbternlnes a
power control option | for® handling t e lack of avail ablg Bomer
according to system poywer odi ment, {he power
control options are user preselected default joptions for the system
power managenent sof tware, The usRowgrower control optibns may
i nclude, for exanple, | Supply l
. l
: r
' i
! Power |
! Meter - |
| 40
i
' |
L o e e o o e o e e e o e —_— - ——
48 44
e System Bus
(
Y Y,/)

P e . —

Figure 3



* | oad sheddi ng functions such as switching one of the other 11‘1%{/‘5559'?639;
t he corrpué&%ﬁ)ﬁ&em 10 into an off nbde or a standby nobde t
r

reduces p consunption fromthe battery subsystem 12. WO 96/ 19764
* PCT/ US95/ 16337 4/8 -19-
Thereafter at bl ock 138, the power budgeter application 84 per forns
the selected user opti@. Control then proceeds back to deci si on
bl ock 132 to again detehwi-ne—whether the-requested power— — — -allocation
for the requesting device is avail able. If the quer¥ of the
battery subsystem 12 or power supply at deci sion block 132 fndicates
that the required pbwer for the requesting devi cefT Thabl e, then
control proceeds tojblock 136. At bl ock 134, the poger. budgeter
application 84 aIIoEates the startup power |specified 3_§n t he power
characterization table 86 to the requested |[device » E 2 After the
startup tine specif|e¢—+ﬁ—rhe—pomer char actjeri zati on g_ﬂa | ¢ B6 for the
requesting device, the¢ power budgeter applijcation 84 g Aetelnjnes the
time remaining for Fhé;??iﬁ,ry subsystem 12 at bl ock 3 |
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140. This step is not required in a non battery-based system The

power budg %i cation 84 determnes the tinme renmaining ?élf‘!fl 116337

st eady stat%r'e(?éqlg ical current of the requesting device specifie |6n t he

power characterization table 86 while takizég into account the power
system 10. For one

consunption of the renmai nder of the conpuf

enbodi nent, the power budgeter application % uses the
atratetinerenmai ning battery nmessage to the ni'croprocessor 34 to

determne the time remaining for the battery®subsystem 12.
Thereafter, the power budgeter application optionally notifies the
user of the remaining tinme available fromt battery subsystem 12.
In the foregoing specification the inventiofshas been descri bed
reference to specific exenplary enbodinentsﬁqhereof. It wll,

however, be evident that various nodifications and changest may be
made thereto w thout departing fromthe broader spirit and scope of
the invention as set forth in the appended clains. The specification
and drawi ngs are accordingly to be regarded as illustrative rather than
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What is clained is: 1. A conputer system conprising: a bus; a
devi ce coupl ed tg aid bus, said device operatl ng in one of @Cﬁ;}uspsnanw of
operating pﬁ’é?ée 763 a processi nd/8nit coupled to said bus, said
processing unit executing a programthat dynam cally determ nes devi ce
speci fic power consunption values for eag yai d plurali r I ng
phases, by determining a difference b anount of pngleglctgﬁgmﬁéd by
the conputer systemwhile the device is |n the corrputer system and switched
on and an anount o Lhe device

in the conputer syst emis Mtﬁl?'&ﬁqhgflﬁev @Bg_} egg?ﬁt@’qs&: trafjsferi ng

the device specifig po%rpl%gegﬁg{g%m% ;ues, 1 zg(gfgo%e §Eat%t or ageod or

subsequent use by a power unctlon | r-Systiem 2.
The conputer syst el
characteri zation speci fies an amount of Jpower consurrptlon by the device
for each of a set of opgrating phases of thedevicte: The conputer
system of claim2, wherd nM%%ﬁé}lﬁ@’ﬁ&%l@g‘é@%f Ct“ﬁée‘btew ce include a
startup phase that corrgsponds to &Wéﬁ%ﬂftﬁtfr&@)betv\een a p6We% off phase

of the device to a stea Y= state pllaac of Ilc tevee-

Switch on the Device Being Characterized | ~104

I

Periodically Sample the System Electrical
Current Consumption to Generate Ig(t) for ~ 106

t=1,2,...n Until Steady State

!

Determine the Electrical Current Consumption for
the Device Being Characterized Ip(t) = Ig(t) - Igg

I

Determine the Startup Time and the Startup Electrical
Current for the Device Being Characterized From Ip(t) ~ 110

v

Determine the Steady State Electrical Current for
the Device Being Characterized from Ip(t) ~112

v

Update the Power Characterization
.Table in Persistent Storage

~ 108

~ 114




The conputer system of claim2, wherein the operating phases of the

déw ce ch eady state phase wher ein the anount of pouwarUSYSMEBINPLi on
by the deV|ce renalns at arelatively constant |evel.
2 2 JUN 1998 -21- 5. The

conput er system of claim1, whereinzgaghe program determ nes the device
speci fic power characterization for the device by determning a

di fference between an anount of power consunption by the conputer system
while the device is switched on and an anount of power consunption by the
conput er systemwhile the itched off. 6. The conput er
systemof claim5, wherein the program neasures the anmount of power
consunption by the conputer system while the device is switched on and the
anount of power consunption by the conputer systemwhile the device is

swi tched of f
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using a power neter coupled to a power supply of the conputer system

7. The corrpw(%m?y&t emof claim1, wherein the program pl acesp@dnisedfiEss
power consum ng devices in the conputer systemin a steady power state.

8. The conputer systemof claim1l, whgrein the programis a device
driver program corresponding to the device. 9. A power nmanagenent mnet hod
in a conputer system conprising the steps of: dynam cal | y

determ ning a device specific,p Rar act eri zation across- different
operating phases of the devick fo¥arht 1 east one device in the conput er
system by neasuring the power dray of the conmputer systemwhile varying the
oper ati ng phases of the one devicg, storing the device specific
power char act eptrzatt+omacross—different—operati g phases of the one device
in a persistent sReatégi@eRequiserbSMEﬂtandéeb%@tﬁQV\er budgeting function in
t he conputer syst &wwer for the Requesting Device From the ~ 130

Power Characterization Table

Required
Power
Available

Determine a Power
Control Option

138
/
Yes
l Perform
4 Selected
Allocate Startup Power to the Option

Requesting Device ~ 136

Determine the Time Remaining at the Steady State

Electrical Current of the Requesting Device ~ 140

Figure 8



-22-, .10. The nethod of claim9, wherein the device specific power
characterization specifies an ambunt of power consunption by the device for .

said different operating phases. 11. The nethod of c “TELE e

t he operating phases of the device include a startup ph t ;‘mﬁ{ QUHE T
corresponds to a startup tinme bet ween a power off phasej;of e Ce—t

a steady state phase of the devi ce. 12. The nethod pfficl ai muglg),e

wherein the operating phases of the devi-2@ i ncl ude a stga yZ'SZd ' ‘I%s i
wherein the anount of power consunption by the device r [Isat.oa j
rel atively constant |evel. 13. The @%@i of claim9§ wherein the ste

of determ ning gn...device specific power characterization
step of deter%v%?tngs é\lagp?‘?é?ence bet ween an anount of}'-'ipewer consunpti on
by the conputer systemwhile the device is on and an anount of power

consunpti on| byy t RecSRPR %sté%%ﬁ@riéﬂ{é e the device is off.

a bus;

a device coupled to said bus, said device operating in one of a plurality of
operating phases; and

a processing unit coupled to said bus, said processing unit executing a
program that dynamically determines device specific power consumption values
for each of said plurality of operating phases, by determining a difference
between an amount of power ¢onsumed by the computer system while the
device is in the computer system and switched on and an amount of power
consumed by the computer system while the device in the computer system is
switched off, said processing unit transfering the device specific power

consumption values to a persistent storage for subsecjuent use by a power

budgeting function in the computer system.

2. The computer system of claim 1, wherein the devi
power characterization specifi iint of power consumption by

of each of a set of operating phases of the device.

3. The computer system of claim 2, wherein the operating phases
of the device include a startup phase that corresponds to a startup time
between a power off phase of the device to a steady-state phase of the
device.

4. The computer system of claim 2, wherein the operating phases
of the device include a steady state phase wherein the amount of
power consumption by the device remains at a relatively constant
level.
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14. The nmethod of claim 13, wherein the step of deterninipy _,,..@Ii-“*f--f-ga]f—e_ﬂ_—_et_e;-T
bet ween an anount of power consunption by the conputer atid i c i | seH ]
the step of neasuring the anmount of power consunption by} the corrputer
system usi ng a power neter coupled to a power supply of §
system 15. The nethod of claim 13, wherein the step of

conput er system when said device is on and conparing the nmeasured anour
with the power consunption of said conputer system when said device is off.
-23- 16. A pbuwer iTheagenputeraypenanisldim 3, mmxhahemgeam c
nmeans for dynagigald ) agact eni zation
across differ eﬁ%3 opé?{e?%egagkgégge@i{q}éds% @gﬁ%&ekg af rirng po%‘él ice by
determining a difference between an of power consumption
by the computer system whi e device is switched on and an

Onsumption by the computer system while the

amount of pow
ice{§ switched off.

6. The computer system of claim 5, wherein the program
measures the amount of power consumption by the computer system
while the device is switched on and the amount of power
consumption by the computer system while the device is switched off

using a power meter coupled to a power supply of the computer
system.

7. The computer system of claim 1, wherein the program places all other power

consuming devices in the computer system in a steady power state.

8. The computer system of claim 1, wherein the program is a
device driver program corresponding to the device.

9. A power management methoci in a computer system, comprising the steps of:
dynamically determining a device specific power characterization across

different operating phases of the device for at least one device in the computer

system by measuring the power draw of the computer system while varying the

operating phases of the one device;

storing the device specific power characterization across different
operating phases of the one device in a persistent storage for subsequent use by a

power budgeting function in the computer system.
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draw of the conputer systemduring at least two different operating phases

of the device; nmeans for storing the device specific
characterization across the different operating phases of tmggwwf
persi stent storage for subsequent use by a power budgeting{fynction in the

conput er system 17. The apparatus of claim 16, wherein tthd d2@i .$éN 1998
speci fic power characterization specifies an anount of powdr jconsunption b

the device for each of said different operZting phases. 18. The
apparatus of claim 17, wherein the operating phases of the device

I nclude a startup phase that corresponds to a startup tine bet ween a
power off phase of the device to a steady state phase of the devi ce.

19.  The apbdpatline méthoHaifrlaim, 9, whereinrthe deviepepesificrrpwarbatackrizatien
device inclufde a steady state, phase wherei.n the, aqopunt . of
consunpti on byPEHESHRRY FE‘Q“PE%BW@’“&\W“&“’PBF‘S‘L‘ F’V&P’ﬁ/ oINS {Ognstapqoéf\?feelr?nt 20.

The apparatu ogar[;la‘iin? asfs. Wherein the nmeans for determning  a device
speci fic powgr - char erization conprises neans for determning a

di fference between an anount of power consunption by the conputer
systemwhile the device is on and an anmount of power consunption by the

conput er syst enihhi | #hetmethod ekclagmoll, wherein flie operhitingaphageatafsthef cl ai m
20, wherein thed@ﬁ%@%nﬂgﬁe%egt‘ﬁ?mwbﬂgse that oflel SEAE &P MBI VS HirR® amount of

power consunption by t ]
etwéen a power off phase of the device to a steady state phase of the

device.

12. The method of claim 10, wherein the operating phases of the
device include a steady state phase wherein the amount of power
consumption by the device remains at a relatively constant level.

13.  The method of claim 9, wherein the step of determining a
device specific power characterization comprises the step of
determining a difference between an amount of power consumption
by the computer system while the device is on and an amount of
power consumption by the computer system while the device is off.

14. The method of claim 13, wherein the step of determining a
difference between an amount of power consumption by the
computer system comprises the step of measuring the amount of
power consumption by the computer system using a power meter
coupled to a power supply of the computer system.

15. The method of claim 13, wherein the step of determining a difference
between an amount of power consumption by the computer system comprises
the step of measuring the amount of power consumption by the computer

system when said device is on and comparing the measured amount with the

power consumption of said computer system when said device is off.
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conput er system conprises a power neter coupled to a power.supply

the conputer system REPLQCEMEN]Z:SHEET
22. The apparatus of claim 16 further conprising neans fjor—fenttorrmgt
output of a battery connected to the conputer system 23. C

system conpri si ng: a bus; a power neter cougl 4d 2(? iﬁﬁcﬁgﬁés for
measuri ng power supplied to said bus; a devi ce coupl

sai d device operating in one of a plurality of operating phases each phasé;
requiring different power; and a processing unit ceuptet—to—sardbus,
sai d processing unit executing a programthat: causes sai d power

neter to neasur.e the power supplied to said bus when

16. A power management apparatus in a computer system, comprising:

means for dynamically determining a device specific power
characterization across different operating.phases of a device by measuring power
draw Sf the computer system during at least two different operating phases of the
device; _

means for storing the device specific power characterization across the
different operating phases of the device in a persistent storage for subsequent use

by a power budgeting function in the computer system.

17. The apparatus of claim 16, wherein the device specific power characterization

specifies an amount of power consumption by the device for each of said

different operating phases.

18.  The apparatus of claim 17, wherein the operating phases of the
device include a startup phase that corresponds to a startup time
between a power off phase of the device to a steady state phase of the
device.

19.  The apparatus of claim 17, wherein the operating phases of the
device include a steady state phase wherein the amount of power
consumption by the device remains at a relatively constant level.

20.  The apparatus of claim 16, wherein the means for determining
a device specific power characterization comprises means for
determining a difference between an amount of power consumption
by the computer system while the device is on and an amount of
power consumption by the computer system while the device is off.

21.  The apparatus of claim 20, wherein the means for determining
a difference between an amount of power consumption by the
computer system comprises a power meter coupled to a power supply
of the computer system.
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causes said power neter to neasure the power consuned by $@atr:
supplied through said bus in at least a startup and a steady
determ ning the difference val ues between said power neasyr ¢
said device is not draw ng power fromsaid bus and said p
when said device is in said startup and said steady state
storing said difference values in persistent nenory for sdybsequent use by
a power budgeting function in the conﬁﬁ?ér system 24. i-hod

conprising the steps of: causing all devices connected to a conputer
system bus and receiving power through said bus including a device to be

measured td ray g éﬁr%ﬁﬁyoﬁtlﬁ}rﬁl@ﬂﬂﬁ{erQQR@HBE%izﬁéhr@haﬁﬁionitoying thausi ng
said device to be neaSured to go to an operating phase where it draws no

power from jsabtpltief a battery connected to the computer system. - 25

23. A computer system comprising:
abus;
a power meter coupled to said bus for measuring power supplied to said
bus;
a device coupled to said bus, said device operating in one of a plurality of
operating phases each phase requiring different power; and
‘a processing unit coupled to said bus, said processing unit executing a
program that:
causes said power meter to measure the power supplied to said bus when
said device is connected to said bus, but not drawing power from said bus;
causes said power meter to measure the power consumed by said device
supplied through said bus in at least a startup and a steady state phase;
determining the difference values between said power measured when
said device is not drawing power from said bus and said power measured
when said device is in said startup and said steady state phase; and
storing said difference values in persistent memory for subsequent use by

a power budgeting function in the computer system.

24. A method comprising the steps of:

causing all devices connected to a computer system bus and receiving
power through said bus including a device to be measured to run in a steady state
power consumption phase;

causing said device to be measured to go to an operating phase where it

draws no power from said bus;
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measuring the power supplied to said bus for all devices connected thereto
when said device to be neasured is in said operating phasg—w o
no power from said bus; measuring the power suppli R
al | devices connected to said bus when said device to beg asuredad 1s
drawi ng power fromsaid bus in each phase in which said de |c? g ReP
nmeasured operates within said conputer system det gr &% H 8§er
val ues between said power supplied to said bus for all dgvi
sai d bus when said device to be neasured is drawi ng power{ from said bus in
each phase in which said device to bB&5aeasured operates wthirmmsard
conputer system-rand the power supplied to said bus for all devices
connected thereto when said device to be neasured is in said operating
phase where it draws no power from said bus; and transferring said
di fference \alues.to a persistent storage for subsequent use by a power

budgeting fyncti onpidashiiey BRPBWE suppleEBd said bus for all devices connected thereto

when said device to be measured is in said operating phase where it draws no

power from said bus;

measuring the power supplied to said bus for all devices connected to said
bus when said device to be measured is drawing power from said bus in each
phase in which said device to be measured operates within said computer
system;

determining difference values between said power supplied to said bus for
all devices connected to said bus when said device to be measured is drawing
power from said bus in each phasé in which said device to be measured operates
within said computer system and the power supplied to said bus for all devices
connected thereto when said device to be measured is in said operating phase
where it draws no power from said bus; and

transferring said difference values to a persistent storage for subsequent

use by a power budgeting function in the computer system.

ﬁMENDED SHEET “

IIII|II\ llllll IIIII I III\



PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) Intérnational Patent Classification 6 : (11) International Publication Number: WO 96/19764
GO6F Al
1700, 1/18, 1/26 (43) International Publication Date: 27 June 1996 (27.06.96)
(21) International Application Number: PCT/US95/16337 | (81) Designated States: AL, AM, AT, AT (Utility model), AU, BB,

(22) International Filing Date: 14 December 1995 (14.12.95)

(30) Priority Data:

08/361,944 22 December 1994 (22.1294) US

(71) Applicant: INTEL CORPORATION [US/US]; 2200 Mission
College Boulevard, Santa Clara, CA 95052 (US).

(72) Inventors: DUNSTAN, Robert, A.; 13775 S.W. 24th, Beaver-
ton, OR 97005 (US). SILVESTER, Kelan; 19840 N.W,
Metolins Drive, Portland, OR 97229 (US).

(74) Agents: TAYLOR, Edwin, H. et al; Blakely, Sokoloff,
Taylor & Zafman, 7th floor, 12400 Wilshire Boulevard, Los
Angeles, CA 90025-1026 (US).

BG, BR, BY, CA, CH, CN, CZ, CZ (Utility model), DE,
DE (Utility model), DK, DK (Utility model), EE, EE (Utility
model), ES, FI, F1 (Utility model), GB, GE, HU, IS, JP, KE,
KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD, MG, M
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE,

S1, SK, SK (Utility model), TJ, T™, TT, UA, UG, UZ, VN,
European patent (AT, BE, CH, DE, DK, ES, FR, GB, GR,
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG), ARIPO
patent (KE, LS, MW, SD, SZ, UG).

Published
With international search report.

(54) Title: POWER BUDGETING WITH DEVICE SPECIFIC CHARACTERIZATION OF POWER CONSUMPTION

{57) Abstract

A computer system (10) that provides device specific power characterizations for power control and budgeting functions is disclosed.
The device driver programs of the computer system (10) or a power characterizer of the system (50) determines device specific
power characterizations for corresponding devices (94, 96, 98) under device specific controlled conditions. The device specific power
characterizations are stored in persistent storage for subsequent use by power control and budgeting functions.




