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(57) Abstract

A computer system (10) with system power consumption tracking and reporting is disclosed including a background task that
determines a hardware configuration of the computer system (10) and that detects new or novel hardware configurations (12, 18, 20, 22, 24,
26). The background task updates data sets in the system power table (70, 72) that correspond to previously logged hardware configurations
and creates new data sets in the system power table (70, 72) for the new or novel hardware configurations. The system power table (70,
:‘lzf) logs indications of system power consumption for the corresponding hardware configurations (12, 18, 20, 22, 24, 26) as well as related
information.




power consumption tracking and reporting in a conputer system

BACKGROUND: Port abl e conmputer systens such as not ebook
conput er sSyWO®6/R9765 typically accommpdate a variety-of coppIDsINIs9sand
devi ces. The conponents and devices of a portable conputer system
usual Iy include permanently installed or resident devices. Such
permanently installed devi ces typical Fy~include a resident disk drive
and a resident floppy disk drive as well as a processor subsystem a
mai n menory and an i nput and di spl ay subsystem In

addi tion, the conponents and devices of a portable conputer system
usual Iy include optionally installed devices. Such optional -

SYSTEM POWER CONSUMPTION
TRACKING AND REPORTING

E :

- The present invention pertains to the field of computer systems.
More particularly, this invention relates to mechanisms for system level

power consumption tracking and reporting in a computer system.
BACKGROUND:

Portable computer systems such as notebook computer systems
typically accommodate a variety of components and devices. The
components and devices -of a portable coniputer system usually include
permanently installed or resident devices. Such permanently installed
devices typically include a resident disk drive and a resident floppy disk
drive as well as a processor subsystem, a main memory and an input

and display subsystem.

~ In addition, the components and devices of a portable computer

system usually include optionally installed devices. Such optional
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devi ces woyweiows ude for exanpl e a nodem subsystem ot her pcT/US9S/16989
comuni cati on subsystens or additional types of nmass storage

subsystens. Such portable conputer systens usually provide

standardi zed interface slots that enable installation and renoval of such
optional devices. In addition, such portable conputer systems may al so
provi de standardi zed slots designed for the-regular insertion and'
renoval of peripheral devices such as nodens or flash nenory

subsyst ems h’@ébl&s%g?ﬂﬁlﬁbéﬁﬂ &x@niPlb - frdiddm subs system, other Typi cal l'y,

portabl e conputer systens I nclude a battery-base power supply

subsyst em t hgbnitignication sLbsystems! orcadditigrial ltyipéd@f mass st&agaonent s and
devices installed in the conputer system Such a ° battery power supply

usual |y i nposabsystdmsppBuch poitablercarhputee sisteensetisually providee! ectri cal power
avai lable to the conputer system In addition, such a battery power
supply typi cstandardizeddateriace slotsithat emnbldmstallatlomand removal efcsuchcal power
to the conputer, systen1before requiring battery repl acenment or
battery rech®P§Pnal devicesa inoagditian,spich portable computer systems may aiso

provide standardized slots designed for the regular insertion and
removal of peripheral devices such as modems. or flash memory

subsystems having standardized form factors. - _ {

Typically, portable computer systems include a battery-based
| power supply subsystem that supplies electrical current to the
components and devices installed in the computer system. Such a
battery power supply usually imposes and upper limit on the peak level
-of electrical power available to the computer system. In addition, such a
battery power supply typically provides only a limited duration of
electrical power to the computer system before requiring battery

replacement or battery recharging with a power supply.-

in such systems, the duration of electrical power available from
such a battery power supply is usually determined by the chargé level of
the battery in combination with the power characteristics of the computer
system hardware. For example, the power characteristics of the resident
disk drive installed in the computer system and the power characteristics
of the main memory in the computer system affects the system power

consumption from the battery power supply. Also, the system power



In such systens, the duration of electrical power available from such
a battery power supply is usually determ ned by the charge | evel of

t he batterwo9%/19m8sbi nati on with the power characteristics oPCTRISIFHIPUL er
§ystem hardware. For exanple, the power characteristics of the resident
disk drive installed in the conputer systemand the power characteristics
of the main nenory in the conputer system affects the system power
consunption fromthe battery power supply. Al so, the system power WO
96/ 19765 -3- _ PCT/ US95/ 16989
- 3- consunption in such a systemtypically varies as optional or
removable  colfslirmgtiorfiresiidiba JysRin §fpicaliyovaibs’ 49 optitwal Wrarerovablee d
interface slots. I n addition, the duration of electrical

power avai |l abl edéviess ave installed or rentened:-frgmpihrecstandandizedhinierfacessiotsct ed by
the software activities of the conput er system For exanple, an RF

nodem subsystemin such a . portabl e conputer usually consunes maxi nrum -

power during ) ) _
: - In addition, the duration of electrical power available from such a .

battery power supply may be affected by the software activities of the
computer system. For example, an RF modem subsystem in such a
portable computer usually consumes maximum power during
comm_unication' transfers by fax or modem programs. in addition,
computation intensive application programs such as graphics
applications typically cause increased system power consumption by
preventing the main -processor or math coprocessor from entering a
lower power consumption mode. A word processing application, on the
other hand, typically yields reduced powér consumption by allowing

frequent entry into low power consumption modes.

Prior portable computer systems typically provide an indication of
available battery duration through a user interface such as a run-time or
fuel gauge indicator. Such a portable computer system usually
generates a run-time or fuel gauge indication by estimating the level of
system power consumption and the remaining capacity of the battery.
Prior systems typically base an estimate of system power consumption
on hard coded values of the power characteristics of the computer
system. Such hard coded characterizations of system power

~ consumption are commonly obtained by power consumption

measurements during system manufacture.



conmmuni cation transfers by fax or nodem prograns. In addition,
conputation intensive application prograns such as graphics

appl i cat worysndBi cal | y cause increased system power consUp@iiusdriedse
_preventing the main processor or nmath coprocessor fromentering a

| ower power consunption node. A word processing application, on the

ot her hand, typically yields reduced power consunption by allow.ng
frequent entry into | ow power consunption nodes. Pri or
portabl e conputer systens typically providg. an indication of

avail abl e battery duration through a user I nterface such as a run-tine or

fuel gauge indi Catlf}{fonﬁi@%ftﬁé”abﬁl%h% Eﬁ{% ycg,té-'[gﬂm'ﬁﬁl&f uch

generates a run-tine or gauge |n I'ng t € |level of

Syst em pover &?&iﬂgﬁﬂﬁ%ﬁ%&ﬂ@ Y&red ﬂbﬁgitfc?ﬂ?ﬁfbtdbdéﬁ vdlGedaFber V-

Prior systens y base an ‘estinate system power consunption

on hard codegxam (?lésthﬁ ower Conseimptivty eCostior! of Yembvable devices er
c

system Such har ode characterizations of system power consunpti on
are commonl y tygitallyaty!fsorn the hardoodedptactory power charactedgations. dds ang system

manuf act ur e. WD 96/ 19765
PCT/ US95/ 169&0nsequence, prior systems that rely on such hard coded power
characterizations usually provide only a rough estimation of battery
duration. Such inaccurate power estimations gr_'eatly.reduces the utility
of prior battery duration indicafors In addition, such inaccurate power | |
estimations may lead to unanticipated low battery power levels and
consequeritial system failures.' Moreover, such inaccurate power
estimations may lead to poor power control decisions by power

management software.



v4- Unfortunately, the actual electrical power consunption of
such conputer systens typically varies fromsuch hard coded val ues.
For KN@HP199es t he power consunption of optional or renpcErisysdessdces
typically vary fromthe hard coded factory power characterizations. As a
consequence, prior systens that rely on such hard coded power
characterizations usually provide only a rough estimtion of battery
duration. Such inaccurate power estinations greatly reduces the utility

of prior battery duration indicators |In additpen, such inaccurate power
estimations nay lead to unanticipated |ow battery power |evels and
consequenti al syhRiEaGY OB At 8k such inaccurate power

estimati-ons nmay ' rBOWeT- contr ol deci si ons by power

managenent software. WD 96/ 19765

PCT/ US95/ 16989

The present invention is a computer system that provides system
power consumption tracking and reporting.: The computer system
implements a background task that determines a hardware
configuration of the computer system by detecting the devices installed
and that determines \)vhether the hardware configuration is logged in a

- system power table in persistent storage. If the hardware configuration
is logged in the system power table then the background task updates a

~ data set in the system power table that corresponds to the hardware

configuration such that the data set contains an indication of system
power consumption for the hardware configuration. On the other hand,
if the hardware configuration is not logged in the system power table
then the background task creates a new data set in the system power
table for the hardware configuration such that the new data set contains
the indi'cation of system power consumption for the hardw_are
configuration. For other embodiments, the background task also logs
software configurations and other related information in the system

power table.

Other features and advantages of the present invention will be
apparent from the accompanying drawings, and from the detailed

description that fqllows below.



- 5- SUMVARY OF THE | NVENTI ON The present invention is”®
a conputer systemthat provides system power consunption tracking and
reporti nq,og'mﬁ.,éonputer system i mpl ements a backgr opagyukdsisedonat

det erm nes a hardware configuration of the conmputer system by
detecting the devices installed and that determ nes whether the
hardware configuration is logged in a system power table in
persistent storage. |If the hardware configuration is logged in the
system power table then the background tasg updates a data set in
the system power table that corresponds to the hardware configuration
such that the,datasset contains 3 id’: at.l.on of system power
consunption Fro ractoron the other hand, ' if the
har dwar e configuration is not |ogged in the system power table t hen

t he background task creates a new data set in the:system power tabl e

for the hardware crHy hrysent ir%nﬁeﬁhsmneﬁr%{re%ﬁﬁgggﬁag%%hws the

i ndi cation of system power consunption
confi gurati onimifztiondhitRé figuibesionNthet acconmFaniang arawings it whieh fike | 09s
software configurations and other related i'nformation in the system

power tabl e. references indicate sishii@r elbamints, ncbimowhidhant ages of the present
invention will be _ '

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 removable mass storage subsystem, and an RF modem

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 which comprises a

_ battery, a power supply, and a power meter;

Figure 4 illustrates the software architecture of the computer
system for one embodiment which includes an operating system (OS), a

set of basic input/output software (BIOS), énd system power tables;

Figure 5 illustrates the format of a system power table which
contains system power consumption data for differing hardware and

software configurations of the computer systerh;



%pparent fromthe acconpanyi ng draw ngs, and fromthe detailed

description that foll ows bel ow WD 96/ 19765 _
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is
illustrated by way of exanple and not limtation in the figures of
t he acconpanyi ng drawings in which |ike references indicate simlar
el enents, and in which: Figure 1 illustrates a conputer
system for one enbodi nent whi ch conpri s&s a processor subsystem a
main nenory, a display subsystem a static nenory, a floppy disk
subsystem a resident disk subsystem a renpvabl e nmass storage
subsystem and an RF nodem subsystem

Figure 6 is a flow diagram illustrating a system power

cdnsumption tracking routine of the BIOS for one embodiment.



Figure 2 illustrates a battery subsystem for one enbodi nent

conprises a battery/ power supply, an analog to digital converter,

a M Cr OPWOARASTRS

whi ch

and

Figure 3 illustrates a bapé&fiyospgamyst em

whi ch conprises a battery, a power supply, and a power neter;
Figure 4 illustrates the software architecture of the conputer system
for one enbodi nent which includes an operating system (0S), a set of
basi c i nput/output software (Bl OS), and system power tables;
Figure 5 illustrates the format of a systegi power table which cont ai ns
system power consunption data for differing hardware and sof tware
configurati ogiﬂﬁwgﬁyst em WO 96/ 19765
PCT/ US95/ 169 o
Figure 1 illustrates a computer system 10 for one embodiment.

The computér system 10 comprises a processor SUbsystem 14, a main

memory 16, a display and input subsystem 18, and a static memory 21.

The computer System 10 further comprises a floppy disk subsystem 20,

a resident disk subsystem 22, a removable mass storage subsystem 24,

and an RF modem subsystem 26. The processor subsystem 14 {

communicates with the main memory 16, the display and input
subsystem 18, the floppy disk subsystem 20, the static memory 21, the
resident disk subsystem 22, the removable mass storage subsystem 24,

and the RF modem subsystem 26 communicate via a system bus 28.

The main memory 16 provides storage areas for an operating
system, a set of applicétion programs aﬁd a set of associated device_
driver programs and data structures implemented on the computer
system 10. For one embodiment, the main memory 16 comprises a

dynamic random access memory subsystem.

. 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, the static memory 21

comprises a static random access memory with battery power back-up. |

For other embodiments, the static memory 21 comprises flash memory

or other forms of non-volatile memory.



17- Figure 6 is a flowdiagramillustrating a system power

consunption tracking routine of the BIOS for one enbodi nent. WO -
96/ 19765  wo0 96/19765 : PeTTURB164989989
8- DETAI LED DESCRI PTI ON Figure 1l illustrates a
conput er system 10 for one enbodi nent. The conputer system 10

conpri ses a processor subsystem 14, a nain menory 16, a display and

i nput subsystem 18, and a static nenory 21. The conputer system 10

further conprises a floppy di sk subsystem 20,-9-

For one embodiment, the static memory 21 also provides a
persistent storage for system power tables for the_, computer system 10.
For other embodiments, the system power tables are stored on a mass
storage device such as the resident disk subsystem 22, the floppy disk
subéystem 20, or the removable mass storage subsystem 24 or are

obtained via the RF modem subsystem 26.

The display and input subsystem 18 provides a display area that
enables user interface functions for the computer system 10. The
display and input subsystem 18 also provides software controllable
intensity Ievéls and backlighting functions. The amount of electrical
current consumption of the display and input subsystem 18 varies
according to the display intensity, contrast, and the level of baéklighting
intensity which may be reflected as hardware configurations in the

system power tables.

The computer system 10 further comprises a removable mass
storage subsystem 24 and a removable RF modem subsystem 26. The
removable mass storage subsysterh’ 24 and the RF modem subsystem
26 are routinely inserted and removed from the computer system 10 via
standardized sockets coupled to the system bus 28. The electrical

- power consumption of the removable mass storage subsystem 24 and.
the RF modem subsystem 26 varies according to é set of corresponding
operating phases. The RF modem subsystem 26 consumes a relatively

high level of electrical current during fax or data transfers and a



a resident disk subsystem 22, a renovable nmass storage subsystem 24,
and an RF nodem subsystem 26. The processor subsystem 14 conmmuni cat es

wi th thaygeéyrgenory 16, the display and input subs \giTAnsod/geosd he

fl oppy di sk subsystem 20, the static nenory 21, the resi dent disk
subsystem 22, the renovabl e mass storage subsystem 24, and the RF
nodem subsystem 26 conmuni cate via a system bus 28. The main
menory 16 provides storage areas for an operating system a set of
application prograns and a set of associ afjgd device driver prograns
and data structures inplenented on the conputer systen110. For one

enbodi ent . FBEY oW idby YevaOsélbaiEaPourrent wik 4 6r g@iaciom acoess

menory subsys atlc nmenor rOVI S storage areas
for a set of fapsfets are not ORgérwaly. put sof tware BI 0S) or a. har dwar e
abstraction | ayer (HAL) for the conputer system 10. For one
enbodi nent, the static nenory 21 conprises a static random access
menory Wit h battery power back- up. For ot her enbodi nents, the static
menory 21 conpri s¥hefcomputersystem 10 further comprises@ battery subsysteimt i | e
nmenory. .

12. The battery subsystem 12 provides electrical power to the various

components and devices of the computer system 10 via a set of

electrical power lines that are included with the system bus 28. The

battery subsystem 12 provides mechanisms for reporting the amount of {

electrical current available.

Figure 2 illustrates the battery subsystem 12 for one
embodiment. The battery subsystem 12 comprises a battery/power

SUppIy 30, an analog to digital converter 32, and a microprocessor 34.

The battery/power supply 30 provides a set of DC electrical
currents via a set of power lines 46 for the computer syétem 10. The
electrical currents supplied by the battery/power supply 30 include a
predetermined set of voltage -le\)els required by the devices and
components coupled to the system bus 28 which may include 5 volts, 12
volts, and 3.3 volts. | '

The analog to digital converter 32-sér'np'les the voltage levels,
electrical current levels, and iemperature 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.
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For one eW@8W/H368 , the static nmenory 21 also provides a PCI/USYSs98st ent
storage for system power tables for the conmputer system 10. For ot her -
enbodi nents, the system power tables are stored on a nass st orage

devi ce such as the resident di sk subsystem 22, the floppy disk

subsystem 20, or the renovabl e nmass storage subsystem 24 or are

obt ai ned via the RF nbdem subsyst em 26. -11- : The di splay and i nput
subsystem 18 provides a display area that enabl es user interface
functions for the conputer system 10. The di splay and i nput subsystem
18 al so provides software controll able intensity levels and

backl i ghti ng functi ®he.miCraprecessor 3# isgregtammed with the eharaetdristiensunpt i on
of the display and input subsystem 18 varies -according to the

di spl ay i nt ensfufyesdohtheskatteryinithenbattary/gowsr suppki 3¢hTheg intensity
whi ch may be reflected as hardware configurations in the syst em power
t abl es. microprocesger 34 4sgsdhe digitized voltage, tawusvent.oand teraperaturenovabl e

ass levels sensed from the battery/power supply 30 to determine the

amounts of electrical power supplied by the battery subsystem 12 and to

calculate the remaining power in 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
battery/power supply 30. 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 which,
in effect, provides an electrical power meter function. The processsr
subsystem 14 transfers the battery 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



storage subsystem 24 and a renovabl e RF nodem subsystem 26. The

renovabl e mass storage subsystem 24 and the RF nodem subsystem 26 are
routi nel ywaserozesd and renmoved fromthe conputer system 10 PGTAIS95/16989

st andar di zed sockets coupled to the system bus 28. The el ectrical

power consunption of the renovabl e nmass storage subsystem 24 and t he
RF nodem subsystem 26 varies according to a set of correspondi ng

operating phases. The RF nbdem subsystem 26 consunes a relatively

high level of electrical current during faxl®ar data transfers and a . WO
96/ 19765 ' PCT/ US95/ 16989
-10- I epthe\w dtév\/sﬁétéﬁ'ﬂ’m Theadiedticl @srtants are QUﬂSﬂSi@Htth'ﬁén fax or
data - transfers are not underway. he ‘conput er system
10 furt her corrmmpmr:sybmn &OwraatsaWpUWerhnes&S The battery subsystem 12
provides electrical power to the various conponents and devi ces of

the conputer system 10 via a set of
The power meter 40 measures the electrical current leveis
generated by the b_attery 36 and the power supply 38. The processor
subsystem 14 reads the electrical current level sensed by the power
meter 40 via a set of signal lines 44. The power meter 40 enables the
processor subsystem 14 to sample the electrical current levels (

generated by the battery subsystem 12 at-any given time.

| Figure 4 illustrates the software architecture of the computer
system 10 for one embodiment. The software architecture of the
computer system 10 includes an operating system (OS) 88, a set of
basic input/output software (BIOS) 92, and a set of application programs
60-66.

The operating system 88 provides a.set of system services to.the
application programs 60-66 and corresponding device driver programs
including user interiéce functions through the display ahd input
subsystem 18 in conjunction with the BIOS 92. The application
programs 60-66 also use the operating system 88 to access a set of
hardware driver functions provided by the BIOS 92.

The BIOS 92, or a hardware abstraction-layer, provides a set of
hardware functions that enable access to the devices of the computer

system 10 including the floppy disk subsystem 20, the resident disk



‘electrical power lines that are i ncl uded with the system bus 28. The
battery subsystem 12 provi des nmechani sns. for reporting the anount of

_electri caWR/19%eh avail able. - Figure 2 ill ustRGHESISHEH8I
“battery subsystem 12 for one enbodi nent. The battery subsystem 12
conprises a battery/power supply 30, an analog to digital converter
32, and a m croprocessor 34. The battery/power supply 30
provi des a set of DC electrical currents via a set of power lines 46
for the conputer system 10. The el ectdBtal currents supplied by the
battery/ power supply 30 include a " predeterm ned set of voltage |evels
required by thsubsysterm22ative removabile massestorageosubhsydtam 24) andythe ®/F bus 28
whi ch may include 5 volts, 12 volts, and 3.3 volts. The
anal og to digi nwdeobaMs&em:?.B sb]mﬂdtwrl.ﬂbe\ﬂiQSaga incivdessfunctions thatect ri cal
current levels, and tenperature | evels generated by bat t ery/ power
supply 30. Thed @Wﬂ%&@%lﬂ%ﬂ"@dﬁ\l@?@@fﬂwbﬁﬂ%‘tw ﬁﬁ@ that mOﬂB@frrpI ed

| | t t t t t dat
fj‘ﬂgefgt Xg Cgﬁf fq;ﬁ#grérfi‘s“@nﬁ, p@’égeii‘g:ﬁ{ﬁ Ségdqewcses guc?w gs the removable
mass storage system 24. The BIOS 92 also provides "plug and play”
functions that facilitate instalilation of input/output devices and

subsystems into standardized slots in the computer system 10.

The BIOS 92 includes a set of battery driver routines for querying
the battery subsystem 12 to determine system power consumption. For
one embodiment, the battery driver routines of the BIOS 92 transfer
battery messages to the microprocessor 34 including the battery level
query messages. The BIOS 92 uses the battery level query messages
to determine the system power consumption of the computer system 10
from the battery/power supply 30. For another embodiment, the battery
driver routines of the BIOS 92 include routines for sampling the power
meter 40 to determine system power consumption of the computer

system 10.

For one embodiment, the operating system 88 implements a set
of power control functions that include functions that control bowér
states of the processor subsystem 14. The power states of the |
processor subsystem 14 include various low power or slow processor
clock speed states. The low power or slow processor clock speed states
lower the power consumption of the prdcessor subsystem 14 in a power

consumption versus processor performance tradeoff. For another
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The m crowoes?2ey 34 is programed W|th the characteri sti @crrusesiesy ves
for the battery in the battery/power supply 30. The m croprocessor 34
uses the digitized voltage, current, and tenperature - level s sensed
fromthe battery/power supply 30 to determ ne the anount s of

el ectrical power supplied by the battery subsystem 12 and to
cal cul ate the remaining power in the batterygsubsystem 12.
The processor subsystem 14 comunicates with the m croprocessor 34

via a set of kahbSaIMEMHeOBIOS B2Smblaméhts th Wontrol fun&fdh?Xﬁéﬁm 14

transfers battery nessages to the m croprocessor attery

control |ines cohtiohtiis poivet b&té@&ﬁ& dr@d@ds%r%fo& eed of thE%rbé‘?}égo?ower
supply 30. The battery nessages al so i nclude nessages at enabl e the

processor subsgutisgstetdt 180 query the anmount of ~electrical current
bei ng supplied by the battery/power supply 30 which, in effect,
provides an electrical power neter function. The processor subsystem
14 transfers the battery messages.to the m croprocessor 34
The application programs 60-66 include a graphics application

program 60, a modem application program 62, and a word proce'ssing

application program 64. The system hardware power consumption of

the computer system 10 varies according to the activities and functions (

of the graphics application program 60, the modem application program

62, and the word processing application program 64.

For. example, the graphics application 'program 60 performs
multidimensional graphics display functions on the display portion of the
display and input subsystem 18. The graphics application 60, such as a
computer aided design package, performs computationally intensive
three dimensional matrix calculations to provide the graphics functions.
The execution of the graphics application program 60 by the processor
subsystem 14 preventé the power management functions of the
operating system 88 or the BIOS 92 from entering lower power or clock

speed states during the computational intensive tasks.

The modem application progrém 62 performs data modém and
fax transfers through the RF modem SUbsystem 26. The power
consumbtion of the RF modem subsystem'ze is largely governed by the
power consumption of the RF circuitry within the RF modem subsystem

26. As a consequence, the power consumption of the computer system



V.in order to sanple the electrical current generated by the battery/power

supply 30 at any given tine. : Figure 3 illustrates the battery
_ subsyst erw@26/19965 anot her enbodi nent which conpri ses PCHUSSAGIBRG, t he
" power supply 38, and a - power neter 40. The battery 36 supplies

electrical current to the power supply 38. The power supply 38

generates the various electrical currents at the voltage |evels

required by the conponents and devi ces WO 96/ 19765

PCT/ US95/ 16989 -15- -12- . of

t he computer system 10. The electrical currents are supplied to the

conput er syst ¢(iAérenses dufing data rowdm landdax 4@nsfers by the modemThe power
nmeter 40 neasures the electrical current |evels generated by the

battery 36 andpphcatiomvprogsam8y. 38. The processor

The word processing application program 64 performs word
processing functions through the display and input subsystem 18. The
execution of the graphics application program 60 by the processor
subsystem 14 generally does not prevent the power management
functions of the operating system 88 or the BIOS 92 from entering lower

power or lower clock speed states during word processing tasks.

The software architecture of the computer system 10 also
includes a system power tracker 68. The system power tracker 68
executes as a background task on the computer system 10. The system
power tracker 68 invokes the services of the BIOS 92 to sense the
hardware configuration of the computer systerh 10. The system power
tracker 68 senses differing hardware configurations and then maintains
a log of the hardware configurations in a system power table 70. The
system power tracker 68'Iogs the maximum system power consumption,
the minimum system power consumption, and the average system
power consumption in the system power table 70 for each unique

hardware configuration.

The system power tracker 68 also invokes the services of the
operating system 88 to determine which application programs are
currently executing on the computer system 10. The system power

tracker 68 periodically queries the operating system 88 for a list of



subsystem 14 reads the electrical current |evel sensed by the power

nmeter 40 via a set of signal lines 44. The power neter 40 enables the
processor wobsyssem 14 to sanple the electrical current | evmtuses/16989
generated by the battery subsystem 12 at .any given tine.

Figure 4 illustrates the software architecture of the conputer system
10 for one enbodi nent. The software architecture of the conput er
system 10 i ncludes an operating system (0OS) 88, a set of basi c

I nput/out put software (BIOS) 92, and a set <@6- application prograns

60- 66. The operating system 88 provides a set of system.

services to thgyrrently ?ﬁﬁdtﬁ@t%icﬁﬁéﬁ pROGraRiS. Gﬁh@@ys@aﬁ pewar frdcker 68Vi ce

driver prograns udrn ser ace functions through the display

and i nput thetIeg¥ The Boftwatd cORMMjuraion o1 thiet dorptePsyief? 10 The
application prograns 60-66 al so use the operating system 88 to access

a set of relatiovatee hadrdware configurations in tive dpstetry power &bl 702. The

The BIOCS 92, or a hardware abstraction |ayer, provides a set of

har dwar e f unct system pewertracker 68 detects differing softweare configuretionsrjiuther

system 10 including the floppy disk subsystem 20, the resident disk
computer system 10 and logs the maximum system power consumption,
the minimum system power consumption, and the average System
power consumption in a system power table 72 for each unique

software configuration. _ ' | (

The system power tracker 68 invokes the battery driver routines of
the BIOS 92 to determine the system powef consumption of the
computer. system 10 for differing hardware configurations maintained in
the system power table 70 along with each unique software
configuration in the system power table 70. The system power tracker
68 periodically updates the system power table 70 for the differing |
'software configurations detected through the operating system 88. In
addition, the system power tracker 68 creates new entries in the system

. '_power table 70 ﬁpon detection of a new arrangement of application

‘programs executing on the computer system 10.

For another embodiment, the system power tracking functions for
the computer system 10 are contained within ihe BIOS 92. For this
embodiment, the system power consumption tracking routines in the
BIOS 92 detect differing hardware configurations: in the computer
system 10 and log the maximum system power consumption, the -

minimum system power consumption, and the average system power



*WOD 96/ 19765
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subsystemﬂa,gmmsrenovabl e mass storage subsystem 24, and pOTrUSYs/16989
‘nmodem subsystem 26. In addition, the BIOS 92 includes functions that
detect the devices installed in the conputer system 10 and that nonitor
for insertion and renoval of renovabl e devices such as the renovable
mass storage system 24. The BIOS 92 al so provides "plug and pl ay”
functions that facilitate installation of iRt/ output devices and
subsystens into standardized slots in the conmputer system 10.

The Bl 05 92 i ncdgid@pliontfor @achainique/ hdfdwde ¢ mhwﬁm‘cnﬁrag &b)ﬁ Swer

the battery subsystem 12 to determ ne system r consunpt

one enbodi ment tablee7aThersystém \p@we*rqablbnmsusOéorttbmeBIv@ﬁuﬁae?sumi er
battery nessages to the m croprocessor 34 including the battery | evel
query nessages.stotagesuth avthesstatic merharyt 2t.y The \sylstenn powemresssgmption to

determ ne the system power consunption of the conputer system 10 from
t he batt ery/poveackingmutines.inthe BIQS 82 pegoticailywipdate the handware
driver routines of the BIQS 92 include routines for sanpling the power

meter 40 to detQAnfigHEAtONS R s¥etent pRWER AT Zand ﬁ@ﬁi@lﬂ%‘( gptries system
10. when new hardware configurations are detected.

The software al_'chitecture of the computer system 10 also
includes a power monitor application program 66. Thé power monitor
application progrém 66 accesses the information contained in the
system power table 70 or 72 to predict battery life before recharging or
replacement is required for the battery subsystem 12. The power
monitor application program 66 uses the parameters from the
appropriate data set in the system power table 70 or 72 to predict battery
time remaining or render power management: decisions in the computer
system 10. The power management decisions include, for example,
spin down of the resident disk subsystem 22 according to access time-
out or dimming the display to make available power to other devices in

the system.

- The power monitor application program 66 accesses the
information contained in the system power table 70 or 72 and displays
the information to the user by invpking the user interface functions of the
operating system 88. The power monitor application program 66
invokes the services of the BIOS 92 and the operating system 88 in the

manner previously described to determine the current hardware and/or



For one enbodi nent, the operating system 88 inplenents a set of power
control functions that include functions that control power states of

t he procegpeoi8system 14. The power states of the PETOSISHBGYS9
subsystem 14 i nclude various | ow power or slow processor cl ock speed

states. The | ow power or slow processor clock speed states | ower the
power consunption of the processor subsystem 14'in a power

consunption versus processor performance tradeoff. For another ‘WO

96/ 19765 -18- PCT/ US95/ 16989
-14- enbodi ment, the BIOS 92 inplenments the power control functions

t hat CON'sbflyab RoRfGGh B e B5HpBISHGEMM 18 9@&3@3 &6 mnitoPe

processor on prograns 60-66
| nclude a gr a?bgﬁéatﬁﬂp fogPamceE then s@dreAes e Sy stanﬂg 79 £ Program
62, and a wor rocessi ng appl 1 cation progrant e system hardware
power consunpipod data set corresponding to the current hardware/software

configuration and reads the logged power consumption information from

that data set..

For one embodiment, the power monitor applibation program 66
invokes battery driver routines in the BIOS 92 that enable application (
programs and device driver programs to transfer
at_rate_time_remaining messages to the battery subsystem 12 and to
receive corresponding response messages from the battery subsystem
12. The at_rate_time_remaining battery message includes an electrical

current vaiue.

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 pro'cessorlsubsystem 14 via the battery control lines 42.
The power monitor application program 66 uses the returned time
remaining to provide a user interface display of time remaining at the

current hardware/software configuration.

" Figure 5 illustrates the format of the system power table 70 for
one embodiment. The system power table 70 contains system power

consumption data for differing hardware and software configuratibns of



‘the computer system 10 varies according to the activities and functions
of the graphics application program 60,

62, and tWwoeem9mspr ocessi ng applicati on program 64. PCT/US95/1698%

‘exanpl e, the graphics application program 60 perforns

t he nodem application program

mul ti di nensi onal

graphi cs display functions on the display portion of the di spl ay and
| nput subsystem 18. The graphics application 60, such as a conput er
ai ded desi gn package, perfornms conputationally intensive t hree

di nensi onal

matri x cal cul ati ons to provi de-I%e graphics functions.

execution of the graphics application program 60 by the processor _
subsystem 14 ﬁhétergtél*@/mfo; RS §PSTBRT pdwariabln 7204 sinhifar to the oper at i ng

system 88 or the B

WD 96/ 19765
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| The system power table '70 is subdivided into a set of data sets 1-
N. [Each data set includes a hardware configuration, a software
configuration, a maximum system power consumption value for that
hardware/software configuration, a minimum system power
consumption for that hardware/software configuration, an average
system power consumption value for that hardware/software
configuration and a set of related information for that hardware/software

information.

- The related information in a data set 1-N includes, for example,

‘an indication of time span between the measurements by the system
power tracker that update the corresponding data set as well as the time

~ and date of the first measurement and the last measurement for the

corresponding data set. In addition, the related information may include
the time spent by the processor subsystem 14 in idle states and in full on

states or differing procéssor clock speed states.

For another embodiment, the system power table 70 provides
similar information as discussed above on a per device basis for each

device in the computer system 10.

92 fromentering | ower power or clock speed
states duri ng systent poper aabler%y andhicontdingsystemspower consumption data fopdem
application program 62 perforns data nodem and
t he RF nodem differing bardware tonfigurations but doessnotdog softefare he RF nodem
subsystem 26 is | argely governed by the
circuitry witiconfigueation infaraationbsyst em 26. As a consequence, the
power consunption of the conputer system

PCT/ US95/ 16989 : '

power consunption of the RF

The

“ fax transfers through



- 15- 10 increases during data nodem and fax transfers by the nodem

application program 62. The word processing application .
progr am 64udPsgifo9gsts word processing functions throughdrhfReslicesy ay and |

I nput subsystem 18. The execution of the graphics application

program 60 by the processor . subsystem 14 general ly does not prevent

t he power managenent functions of the operating system88 or the BICS

92 fromentering | ower power or |ower clock speed states during word
processi ng tasks. The softwargp.architecture of the conputer
system 10 al so I ncl udes a system power tracker 68. The system power

‘TLZCSLL em  pdigre® Ea foRaRAGM MudRling e VBT o L ﬁ? to
i . i B i . . 1 The
gggfgmt pgwer condd ﬁra@eki'é{dk g%é\@é?‘ﬁ??%??ﬁ%fﬂar gwaérg&c%n |éh9§t [ oﬁs and

then mai nt ai ngiock 100, the' §Yététh power o imitionarddiing PdutiesdétBrminasst em
power table 70. The _

the hardware configuration of the computer system 10. The system

power c_:onsumption tracking routine determines the hardware

configuration by invoking functions of the BIOS 92 that sense the

presence of the floppy disk subsys_te'm 20, the removable mass storage

subsystem 24, the RF _modem subsy‘s’tem_zs, and the resident disk ‘

subsystem 22 as well as other devices in the computer system.

At decision block 102, the system power coﬁsumption tracking
" routine determines whether the hardware configuration determined at
block 100 is a new or novel hardware configuration. The system power
consumption tracking routine determines whether the hardware
configuration is new by searching for the hardware configuration in the
-system power table 72. If none of the data sets 1-N in the system power
table 72 contain the hardware conﬁgurétion detected at block 100, then

control proceeds to block 104.

At block 104, the system power consumption 'tracking routine of
the BIOS 92 creates a new data set in the system power table 72 to
| reflect the new hardware configuration. Thereafter at block 106, the
system power consumption tracking routine measures the system power
consumptioh of the computer system 10 via the metering function

provided by the battery subsystem 12.



*system power tracker 68 |ogs the nmaxi num system power consunption,

the m ni nrum system power consunption, and the average system power
consunpt i omoB61976® system power table 70 for each unique  PCI/USRS/I1GMAr e
‘configuration. The system power tracker 68 al so invokes the
services of the “operating system 88 to determ ne which application
prograns are currently executing on the conputer system 10. The

syst em power tracker 68 periodically %lieri es the operating system 88

for a list of WO 96/ 19765
PCT/ US95/ 16989 : -16-

currently executi ngF@pphb@hb@dinﬁrﬁgﬂh&@sté’h@@@tcbnspmiontwmum 68
then | ogs the software configurations of the conputer system 10 in

rel ation to haroutines aftheiBj0S82 aneasure the systenesieotical powiere 70. The
system power tracker 68 detects differing software configurations in the
conput er syst egpasumption bydinvokingihe hatiedydrivenrpdtings ebihe BIRIS 82 to t he
m ni nrum syst em power consunption, and the average syste

: y tlgns er battery gBery messages to the m{cr proc3ssorr34. The battery
driver routines of the BIOS 92 enables the system power consumption
tracking routine to query the level of electrical currents being supplied
via the power lines 46. For another embodiment the system power
consumption tracking routines in the BIOS 92 determines system power

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

At block 108, the system power cbnsumption tracking routine
initializes the maximum system power consumption value, the minimum
system power consumption value, and the average syStem power
consumption value in the newly created data set of the system power

table 72 with the power measurement obtained at block 106.

If a new hardware configuration is 'not detected at decision block
102, then control proceeds to block 110. At block 110, the system' power
consumption tracking routine measures the system power consumption

- of the computer system 10 in the manner previously described.

Thereatter, at block 112 the system power consumption tracking routine
updates the power consumption ent.ries in the appropriate data set of
the systerﬁ power tabie 72 for the hardware configuration detected at
block 100. The system power consumption tracking routine updates the
maximum system power cdnsumption value if necessary, the minimurﬁ

system power consumption value if necessary, and the average system



power consunption in a system power table 72 for each uni que sof tware

configuration. . The .system power tracker 68 invokes the
battery cyovglo7eouti nes of the BICS 92 t-0 determ ne tm/gsgs;;mpomer
consunption of the comput er system 10 for differing hardware -
configurations maintained in - t‘he *system power table 70 along with each
uni que software configuration in the system power table 70. The system
power tracker 68 periodically updates the system power table 70 for
the differing sof tware configurati ons28etected through the operating
system 88. In addition, the system power tracker 68 creates new
entries in th?oﬁbﬁb@ﬁ%umptloﬁ%e irfiPleccotfesiomdinte ROl Pgged @ita
arrangement of application progranms executing on the corrputer system
10. set for fat kardwaes confiutatiomt , the system power ‘tracking
functions for the conputer system 10 are contained within the BICS
92. For this enbodi nent, the system power consunption tracking
routines in the BICS 92 detect differing hardware confi guratl ons in
t he conput er Insthe: {oregaing speciigation theinventios nasdegrdescriheds urpt i on,
t he m ni mum syst em power .consu }I on, .angd the %erage system power

with reference to specmc exemplary embodiments thereof. 1t 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 régarded as illustrative rather than a

restrictive sense.
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consunpt i owd'wnymwsch uni que ha Ch"@ égleﬁ on in a sysﬂ’mﬁﬂﬁ”’
) EEN

tabl e.. The system power tab BE?) ﬁ withi.n. persistent
st orage such as C MenmBy—2 Jl’

yst-em: poweri: copsunpt i on

tracki ﬂmu' e BIOS 92 periodically update the hardware
config Tm i!ﬂﬂ? stem power table 72 and create niew entries

when new har dware urations are detect e The software
architecture of the conputer system 10 al so I ncl udes a power nonitor
application praQLAmS§6. The power nonitor . application program 66
accesses the information contained in the system power table 70 or 72
to predict battWhgat Is ¢laimed isce rechargi ng or repl acenent i's required
for the battery subsystem 12. The power noni t or application program
66 uses the paraneters fromthe appropriate data set in the system
power table 70 or 72 to pred|ct bat t i ni ng_ot_render
power management. decfdnethod;far Pﬂ\é’eésﬁﬂéﬂ'@mo" tracﬂﬁly 'ﬁ{%r&"ﬂg’ éovver
managenent deci sions, include, for.exa spin down of the resident
di sk subsystem@“&ﬂ%rsbﬁ'ﬁ w@%&%&f% ﬁ@psof out or di ming the

display to make avaiyabl e fodar ndrBwalhd 8bnfigiafiGh dfthe computer system
and whether a data set for the hardware configuration is stored in a
system power table;
if the data set is stored, then updating an indication of system
power consumption for the hardware configuration in the data set;
if the data set is not stored, then creating a new data set in the
'system power table that includes the indication of system power

consumption for the hardware configuration.

2. The method of claim 1, further comprising the steps of
determining an average power consumption for the hardware
configuration and storing the average power consumption in the system

power table.

3. The method of claim 1, further comprising the steps of
determining a minimum power consumption for the hardware
configuration and storing the minimum power consumption in the

system power table. -

4.  The method of claim 1, further comprising the steps of

determining a maximum power consumption for the hardware

This Sheet Has Been Reﬂlace
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the system The power nonitor application program 66

accesses the information contained in the system power table 70 or 72
and di spwydsr19765 the information to the user by invoki pgriydssisos
interface functions of the . - opetrfating system 88. The power nonitor
application progra S HEET Hgygﬁﬂt he servi-ces of the BIOS 92 and the
operating system 88 mafgner’ previ ousl term ne
the current hardwar EPLACED 96/ 19765 ”mmmlumnj"ﬂﬂmn

PCT/ US95/ 16989 -24- - 8-~

software configuration of the conputer system 10 The power nonitor

appl i catlon Righaraien érgf&o?ﬁgrtﬁﬁ‘?ﬁahﬁﬁ;rﬁ YOWRN RAYGHBR!iR tHE o 72

for a data set c rrespon e curren war e
confi gurati orsygfem p@w&téﬁ]g | ogged power consurrpt | on information from

t hat data set.

5.  The method of claim 1, further comprising the steps of:

determining a software configuration of the computer system and

- whether a data set for the software configuratfon is stored in the system

power tabile;

if the software configuration is stored, then updating an indication (
of system power consumption for the software configuration in the data
set; ' | | _

if the software configuration is not stored, then creating a new
data set in the system power.téble for the software configuration that
includes the indication of system power consumption for the software

configuration.

6. The method of claim 5, further comprising the steps of
determining an average power consumption for the software
configuration and storing the average power consumption for the

software configuration in the system power table.

7. The method of claim 5, further comprising the steps of
determining a minimum power consumption for the software
configuratidn and storing the minimum power consumption for the

software configuration in the system power table.

\
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‘For one enbodi nent, the power nonitor application program 66 I nvokes
battery driver rout| nes in the BIOS 92 that enabl e application

prograns ¥QWIéte driv “rnmnrm to transfer at _r atRCRUSIS/16980ni ni ng
‘messages to the battery >ﬁ5éy ErﬁlmsaEENto.- or ee—%@@%%penm—ng—
response messages fromtpe balHEEL&CEDIbsys

atratetimeremai ning bat t 6Ty TESTATE-rTIc ULeS an e1 ect“ ”"I" “I" "Im IMt
val ue. The m croprocessor 34 processes

at _rate_time_remaining nmessage by det er#ani ng the anount of time that
the specified el ectrical current level is available fromthe

bat t ery/ power $uippl yrfeomethed of claimiSc fuithes comprisimgithensteps adnsf er s t he
indicated time remaining in a nessage to the processor subsystem 14

via the batt er \deieiiping aimadmym power c‘l’ﬁé“’[ﬂ@ﬂ@ﬂ f%'ﬁh’letﬁﬂ WRIBl i cati on
program 66 uses ttt1e refurn rovide .a yser

remain
i nterface di splGH gPrqt!WW‘gﬁQrWQﬁged{‘a’f'ﬁpr}' plo“%é EHE“WI'SF‘J%F sof t war e
configuration. illus rat f@#he format of the system

power table 70 qo(gtpuare congqgraélﬁggﬁ tﬁgﬁysteﬁl]g 93?5 power table 70 contains

syst em power consunption data for differing hardware and software
configurations of

9. . An apparatus for power consumption tracking and reporting in a
computer system, comprising:

means for determining a hardware configuration of the computer
system and whether a data set for the hardware configuration is stored
ina systém power table; _

means for updating an indication of system power consumption
for the hardware configuration in the data set if the data set is stored;

means for creating a new data set in the system power table that
includes the indication of system power consumption for the hardware
configuration if the data set is not stored.
10. The apparatus of claim 9, further co_mprising means for
determining an average power consumption for the hardware
configuration and storing the average power consumption in the system

power table.

11. The apparatus of claim 9, further comprising means for
determining a minimum power consumption for the hardware
configuration-_and storing the minimum power consumption in the

system power table.

\
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conput er WJsAoes0. The system povver table 72 .i-s simlar tpciigosi6os0 System .
power table 70 and contain PRI consunption data for

differing hardware confhgig 8H es not

configuration information. The syst"ém
subdi vided into a set d N. Each SHBE Iﬁﬂ E
‘hardware configuration, a software 264 1 gur at| em

power consunption value for that har dwar e/software configuration,

M ni num syst efppPoWghe apparatﬁ@'b?%!H?H ofuftfer &mbnamgp%éﬁé 6 twar e

configuration, an average yst em power consuffption val ue for that
har dwar e/ sof t defepmining a mfmmwdwma@mptﬁﬁi forithé ¢apdware Nnf or mat i on for
t hat har dwar e/ sof tware I nformati on. The rel ated

i nf or mati on i configlratiors andistoting the ceximbiiny pewenpbnsumptnon imthendi cat i on of
ti me span between the nmeasurenents by the system - power tracker that
updat e the cosystepopewentaiig.a set as well as the tine. and date of the
first measurenment and the |ast neasurenent for the : '

13. The apparatus of claim 9, further comprising:
means for determining a software configuration of the COmputer
system and whether a data set for the software configuration is stored in {
the system power table; |
means for updating an indication of system power consumption
for the software configuration in the data set if the software configuration
is stored; |
means for creating a new data set in the system power table for
the software configuration that includes the indication of system power
consumption for the software configuration if the software configuration

is not stored.

14. The apparatus of claim 13, further comprising means for
 determining an average power consumption for the software
configuration and storing the average power consumption for the

- software configuration in the system power table.

15.  The apparatus of claim 13, further comprising means for
determining a minimum power consumption for the software
configuration and storing the minimum power consumption for the

software configuration in the system power table.
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torrespondi ng data set. In addition, the related information may include
the tinme spent by the processor subsystem 14 in idle states and in full on
states or WOf9%a91680 processor cl ock speed states. PCT/USHS11698N 0t her
enbodi ment, the system po H p}iﬁé les . ~sim ar i nformati on as
di scussed above on a per eV| Ceﬂ%b Df ach dev. ce-+n—the conmputer
system 10. WO 96/ 197

PCT/ US95/ 16989 |||||||| mﬂt“!‘ u‘LlI |!|
Figure 6 is a flowdiagramillustrating the-%stem povver

tracking routine of the BIOS 92 for one enbodi nent. bI ock 100, the
system power consunption tracking routine determ nes t he hardware
configuration of the conputer system 10. The system power consunption
tracking routi ré. detihenapparatuscofclaidwd 8pfurther comprising mieiams foy i nvoki ng
functions of the BIOS 92 that sense the presence of the floppy disk
subsyst em 20, tdetermining-d maximum poweagensumptvemwymgmMret he RF nodem

subsystem 26, and_the resident dis subsystem 22 as wel |l as other
devi ces in t he COpfigutationang gigring the maximum power consumption for the

software configuration in the system power table.

17. A computer system having a set of hardware including a
persistent storage and that executes a task that determines whether a
data set for a configuration of the hardware is stored in a system power
table in the persistent storage and that updates an indication of system
power consumption for the configuration in the data set if the data set is
stored and that creates a new data set in the system power table that
includes the indication of system power consumption for the .

configuration if the data set is not stored.

18. The computer system of claim 17, wherein the task determines an
average p'ower consumption for the configuration and stores the

average power consumption in the system power table.

19. The computer system of claim 17, wherein the task determines a
minimum power consumption for the configuration and stores the

- minimum power consumption in the system power table.

20. The computer system of claim 17, wherein the task determines a
maximum power consumption for the t:onﬁguration and stores the

maximum power consumption in the system power table.
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At decision block 102, the system power consunption tracking routine
determ nes whether the hardware configuration determned at bl ock 100

s a newwoosses hardware configuration. The system powerpermsesgéugsunption ‘

tracki ng routine deterni nes whether-the hardware :. : configuration is new

by searching for thmlsagﬂggqtr EF[IF' uration i.n. the tabl e
72. If none of th dat apggt N} the system pawer tabl e 72 contain
t he hardware confi at. bl ock 100, thﬁ!wﬂ lgr"wmmm

th

proceeds to bl ock 104. At bl oglg- 104,

consunption tracking routine of the BIOS 92 creates a new datd set in
the system power table 72 to refl ect the new hardware configuration.
Thereafter at bl ock 106, the syst em power consunption tracking routine

TEasures the RSt eTHERUMputer sy@BRPHELIN?170nE i IR HATRT0 Vi 2

the metering function y the’ battery subsystem
96/ 19765 software configuration of the computer system and whether a dafal 66595/ 16989

for thé software configuration is stored in the system power table and

that then updates an-indication of system power consumption for the

software configuration in the data set if the data set for the software

configuration is stored and that creates a new data set in the system

power table for the software configuration that includes the indication of '
system power consumption for the software configuration if the data set

for the software configuration is not stored.

22. The computer system of claim 21, wherein the task determines an
average power .consumptioh for the software configuration and stores
the average power consumption for the software configuration in the

system powaer table.

23. The computer system of claim 21, wherein the task determines a
minimum power consumption for the soﬂwa’_r’e‘conﬁgUration and stores
the minimum power consumption for the software configuration in the

system power table.

24, The computer system of claim 21, wherein the task determines a
maximum power consumption for the software configuration and stores
the maximum power consumption for the software configuration in the
- system power table. L
—_—
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-21- For one enbodi nent, the system power consunption tracking
routines of the BIOS 92 neasure the systemelectrical power

consunpt i oold¢nb7e¥Oki Nng the battery driver routines of the PEfiBsdsAessy

transfer battery query %E Aepgem roprocessor_34. The battery
9 E!%éﬁif system power consunptio

driver routines of the

tracking routine to quer : . ctrical cj ' l'ied
via the power |lines 46. For another enbodi nment the mmm'mmmmr
consunption tracking routines in the Bl OS 92gdet er m rfes ¢syst em powe
consunption by reading the power neter 40 via the signal |ines 44.

At bl ock 108, ' ' | |
i 1811 zes | h@ona) M AaUE, SFRRRY SF LR 17, RANrG nWer fanagement

system pover CQuRiERs } gpg,' i m

consunpti on vaI%t@e I'n E@hﬁmu&e téé clata@?? 0 é?ﬁ?@%%ﬁgomr

table 72 with 1 ABIe tBRBIGIAAB & battrpilifefbral battarglsub8fstem of the

If a new hardware configuration is not detected at decision bl ock

102, then cont icomputecsysiemt o bl ock 110. At block 1 10, the system power
consunption tracking routine nmeasures the system power consunption of
the conputer system 10 in the manner previously descri bed.

Thereafter, at block 112 the system power consunption tracking routine
updat es the pogé. cofhaiepmputersystene of claimny, Wherejsy pewer manageaents

software for the computer system uses information from the system

power table to render a power management decision for the computer

system.

27. The computer system of claim 26, wherein the power
management decision is whether to spin down a disk drive in the

computer system.

28. The computer system of claim 26, wherein the power
management decision is whether to dim a display in the computer

system.

This Sheet Has Been Replaced:
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the system power table 72 for the hardware configuration detected at
bl ock 100. The system power consunption tracking routine updates the

maxi num syWoBe19m8er consunption value if necessary,
system power consunption value if necesgary,

the n pCEAERYs/16989
and the average system

PCT/ US95/ 16989

96/ 19765
-22- power consupption value in the correspondi ng previously |ogged
dat a set for thats hardware configuration. In the
f oregoi ng speci ficatTon thé& imventT on Mas beenm _destrbsd=— 7  with
reference to specifilc exenplary enbodhnents tlhereof. ]t will,
however, be evi dent |t frat—var+pus nodifi cati ors changes pay be made
thereto wi thout depgrfing &romthe brpader spirgt8 and| scope, of the
i nvention as set forth# g €he|appendeptcteai-s. gk{%&peci fichtion and
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. drawi ngs are accordingly to be regarded as illustrative rather than a
restrictive sense.

PCT/ US95/v698%9765 _ - PGEUSISIME \What
“is clained is: 1. A et hod for powapgconsunption tracking and reporting
in a conputer system conprising the steps of: in a background task

determ ning a hardware configuration of the conputer system by detecting
the devices installed and whether a data set for the hardware configuration

is stored in a system power table; if the data set is stored, then
t he background task updates an indication of system power consunption for
the hardware configuration in the data set; if the data set is not

stored, then the background task creates a
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"new data set in the system power table that includes the indication of
system power consunption for the hardware configuration. 2. The met hod
_of cl ai m yobédreer conprising the steps of determ ning an RWaisH8R6de0 Vel
‘consunption for the hardware configurati on and storing the average power
consunption in the system power table. 3/6 3. The nethod of claim 1,

further conprising the steps of determ ning a m ni mum power consurrptl on for
the hardware configuration and storing the mni nrum power consunpti on in the
system power tabl e.

PCT/ US95/ 16989 -24- 4. The
met hod of claim1, further conprising the steps of determ ning a maxi num
power consunption for the hardware

Battery
36

!

[

|

|

|

I

|

i

| Power
' Supply
| 38
|

l

|

|

]

I

|

|

ol ———
_e— e e - - - — e e o . —
-tl-‘
(V]

U -
48 | 44

Systezrsn Bus

- >~

I'd

. Y

——— e —— g
— |,

Figure 3



.configuration and storing the maxi mum power consunption in the system power

t abl e. 5. The nethod of claim.1, further conprising the steps of:
determ ni "Yo? &ngware configuration of the conputer systenpéerrdsosnedsoer a
data set for ?he software configuration is stored in the system power

t abl e; if the software configura#ifon is stored, then updating an

i ndi cation of system power consunption for the softwarg confi  in
the data set; if the software configuration is nqt stonedl, ghen
creating a .new data set in the systewqpower table for the soffteerg
configuration that includes the indiggtion of system pdwe @ﬁwﬁ,@(m for
the software configuration. 6. THE nethod of claim5,| fulfh& 2
conprising the steps of determ ning @ average power cqnsjunp dor |t he
sof tware configuration and storing tigg average power cansunpt |t he

software configuration in the syste ower table. 7.1 [The

b

claimb5, further conprising the ste of determ ning almini
consunption for the software configuration and storing the mjn @m ower
consunption for the software configuration in the syste]\m pOV\I(BI‘ot‘i).QJ
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PCT/ US95/ 16989 - 25- 8. The

nmet hod of claimb5, further conprising the steps of determ ning a maxi num
power congyggpiotesn for the software configuration and stor pogushs16989<i num
power consunption for the software configuration in the system power table.
9. An apparatus for power consunptsm tracking and reporting in a

-conputer system conprising: nmeans for determ ning a hardware

configuration of the conputer system during a background task and during
t he background task determ ning whether a data set for the hardware

configuration is stored in a system power table; means for updating
an indication of system power consunption for the hardware configuration in
the data set if the data set is stored, nmeans for creating a new data

set in the system power table that includes the indication of system power
consunption for the hardware configuration if the data set is not stored.

Figure 5
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Data Set N
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+10. The apparatus of claim9, further conprising neans for determ ning an
~average power consunption for the hardware configuration and storing the
_average pwog/nemssunption in the system power table. 11. pci/ososapysdr at us
*of claim9, further conprising m'aan% for determ ning a mninmum power
consunption for the hardware /6 AVENDED SHEET
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conf i guration and storing the m ni nrum power consunpti onogg/u& -§ténl ,63\%8 9

t abl e. 12. The apparatus of claim9, further conprisi fol? JANd,g]
determ ning a maxi num power consunption for the hardware confi guratTdn
storing the maxi num power consunption in the system power table. 13. The
appaﬁ'“ﬂ"" ﬁ”mrmm urther conpri sing: means for determning a

sof t ﬂ! i of the conputer system and whether a data set for

the softwate ‘coflfi urhtion is stored in the system power table; means
for updating an indication of system powergonsunption for the software
configuration in the data set if the software configuration is stored;
means for cregdi new data set in the system power table for the

sof tware conf%on that includes the indication of system power
consunpti on fwr}é,hg E@,ﬁ.‘w@ée configuration if the software configuration is
not stored. 14. ? e apparatus of claim 13, further conprising neans for
determ ni ng an average power consunption for the software configuration and
storing the average power consunption for the software configuration in the

syst em power f§abl eA method for power consumption tracking and reporting in a

computer system, comprising the steps of:

in a background task, determining a hardware configuration of
the computer system by detecting the devices installed and whether a
data set for the hardware configuration is stored in a system power
table; |

if the data' set is stored, then the background task updates an
indication of system power consumption for the hardware configuration
in the data set;

if the data set is not stored, then the background task creates a
new data set in the system power table that includes the indication of

system power consumption for the hardware configuration.

2. The method of claim 1, further comprising the steps of
determining an average poWer consumption for the hardware
 configuration and storing the average power consumption in the system

power table.

3. The method of claim 1, further comprising the steps of
détermining a minimum power consumption for the hardware
configuration and storing the minimum power consumption in the

system power table.

AMENDED SHEET
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.appar at us
power con
power con

)

16. The apparatus of claim 13, further conprising neans for determ
maxi mum power consunption for the software configuration and storlng t he
maxi num power consunption for the 24-

4, The method of claim 1, further comprising the steps of

‘determining a maximum power consumption for the hardware

configuration and storing the maximum power consumption in the

system power table.

5. The method of claim 1, further comprising the steps of:

determining a software configuration of the computer system and
whether a data set for the software configuration is stored in the system
power table;

if the software configuration is stored, then updating an indication
of system power consumption for the software configuration in the data
set;

if the software configuration is not stored, then creating a new
data set in the system power table for the software configuration that
includes the indication of system power consumption for the software

configuration.

6. The method of claim 5, further comprising the steps of
determining an average power consumption for the software
configuration and storing the average power consumption for the

software configuration in the system power table.

7. - The method of claim 5, further comprising the steps of
determining a minimum power consumption for the software
configuration and storing the minimum power consumption for the

software configuration in the system power table.

AMENDED SHEET
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software configuration in_the system power table. 17. BCJJuSta'5s/§sl 611989
-having a ardware including a persistent storage an wgs a*rgeiju 97
t.ask tha ﬁw ’ her a data set for a configuration o |
I's store *| Ne r table in the persistent storage and that

updat es an i ndi catlon of system power consunption for the configuration in

the data set if the data set is stored and that creates a new data set in

the system power table that includes the indication of system power

consunption for the configuration if the da set is not stored. 18. The
conputer systemof claim1l7, wherein the task determ nes an average power

consunption for the confi gurat i on and stores the average power consunption
in the system povver t abl e. The conputer systemof claim 17, wherein

t he task det er flguratlon and
stores the mn SB@%\/@&@%?EW (\flﬁlﬂﬁ&@@§éﬁleﬁﬁ%%§gp ngl e.
PCT/ US95/ 16989determlmng a maximum power consumption for the software

configuration and storing the maximum power consumption for the

software configuration in the system power table.

9. An apparatus for power consumption tracking and reporting in a
computer system, comprising:

means for determining a hardware configuratio_n of the computer
system duri'ng a background task and during the background task
determining whether a data set for the hardware configuration is stored
in a system power table;

means for updating an indication of system power consumption
for the hardware configuration in the data set if the data set is stored;

means for creating a new data set in the system power table that
includes the indication of system power consumption for the hardware

configuration if -the data set is not stored.

10. The apparatus of claim 9, further comprising means for
determining an average power consumption for the hardware
configuration and storing the avérage power consumption in the system

power table.

11.  The apparatus of claim 9, further comprising means for

determining a minimum powér consumption for the hardware

AMENDED SHEET



- 28- 20. The .conputer systemof claim 17, wherein the%%a f;l' %,g?
mexi-mHr-pewer—consunption for the conflguratlon and st or N

power co he system power table. The conputer system of '
cl ai m @iﬂg!m mi m ask determ nes a software conflguratlon of the
corrput ether a data set for the software configuration is
stored in the system power table and that then updates an indication of
syst em power consunption for the software configuration in the data set if
the data set for the software COI’lfIgUI’atIOQ?IS stored and that creates a

new data set in the system power table for“the software configuration that
i ncl udes the indjcation of sgsterp'é)owe_r consunption for, the ﬁoftware

confi gur ati onCPH 'gqf@t'%ta&dsﬁ nRg the Unigysm reonsUBRtRN BANe s not stored.
22. The corrput S f claim?21l, wherein the task determ nes an

aver age power )S ﬁ‘b g‘_?ﬁ%r the software configuration and stores the
aver age power consunption for the software configuration in the system
power tabl e.

12.  The apparatus of claim 9, further comprising means for
determining a maximum power consumption for the hardware
configuration and storing the maximum power consumption in the

system power table.

13. The apparatus of claim 9, further comprising:

means for determining a software configuration of the computer
system and whether a data set for the software configuration is stored in
the system power table; | |

means for updating an indication of system power' consumption
for the software configurétion in the data set if the software configuration
is stored,;

means for creating a new data set in the system power table for
the software configuration that includes the indication of system power
cbnsumption for the software configuration if the software configuration

is not stored.

14.. The apparatus of claim 13, further comprising means for
determining an average power consumption for the software
configuration and storing the average power consumption for the

software configuration in the system power table.

AMENDED SHEET
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‘23.  The conputer system of claim21, wherein the task CT/US 95/3:&”,@9

d
_ power—egnsurrpti on-h—}r—t—he software configuration and st m il

consu e software configuration in the system power table.
s . o e e

corrputer system of cl'aim 21, wherein the task determ nes a nmaxi mum power
consunption for the software configuration and stores the maxi mum power
consunption for the software configurationgyn the system power table.

15. The apparatus of claim 13, further comprising means for
determining a minimum power consumption for the software
configuration and storing the minimum power consumption for the

software configuration in the system power table.

16. The apparatus of claim 13, further comprising means for
determining a maximum power consumption for the software
configuration and storing the maximum power consumption for the

software configuration in the system power table.

17. A computer system having a set of hardware including a

persistent storage and that executes a task that determines whether a

data set for a configuration of the hardware is stored in a system power

table in the persistent storage and that updates an indication of system

'power consumption for the configuration in the data set if the data set is

stored and that creates a new data set in the system power table that
- includes the indication of system power consumption for the

configuration if the data set is not stored.

18. The computer system of claim 17, wherein the task determines an
average power consumption for the configuration and stores the

average power consumption in the system powér table;
19. The computer system of claim 17, wherein the task determines a

minimum power consumption for the configuration and stores the

minimum power consumption in the system power table.

AMENDED SHEET



*25.  The conputer system of claim 17, wherein power mana / B
the conputer systemuses information fromthe system powe !
1deter or a battery subsystem of the conputer system
The of claim 17, wherein power nanagenent software for
the con’pl;.mmamﬂﬁg mformation fromthe system power table to render
a power on for the conputer system 27. The conputer .
system of claim 26, vvherel n the power managenent decision is whether to
spin down a disk drive in the conputer sysjgem 28. The conputer system

of claim 26, wherein the power managenent decision is whether to dima
display in the conputer system

20. The computer system of claim 17, wherein the task determines a
maximum power consumption for the configuration and stores the

maximum power consumption in the system power table.

21. The computer system of claim 17, wherein the task determines a
software configuration of the computer system and whether a data set
for the software configuration is stored in the system power table and
_ that then updates an indication of system power consumption for the
software configuration in the data set if the data set for the software
configuration is stored and that creates a new data set in the system
power table for the software configuration that includes the indication of
system power consumption for the software configuration if the data set

for the software configuration is not stored.

22. The computer system of claim 21, wherein the task determines an
average power consumption for the software configuration and stores
the average power consumption for the software configuration in the

system power table.

23. The computer system of claim 21, wherein the task determines a
minimum power consumption for the software configuration and stores
the minimum power consumption for the software configuration in the

system power table.

AMENDED SHEET
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24. The computer system of claim 21, wherein the task determines a
maximum power consumption for the software configuration and stores
the maximum power consumption for the software configuration in the

system power table.

25. The computer system of claim 17, wherein power management
software for the computer system uses information from the system
power table to determine a battery life for a battery subsystem of the

computer system.

26. The computer system of claim 17, wherein power management
- software for the computer system uses information from the system
power table to render a power management decision for the computer

system.

27. The computer system of claim 26, wherein the power
management decision is whether to spin down a disk drive in the

computer system.

28. The computer system of claim 26, wherein the power
management decision is whether to dim a display in the computer

system.
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