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cont i nui ng need fér ltietter ways to execute software in electronic 15

devi ces. TI ON OF THE DRAW NGS The subject matter regarded as
the invention i articul.arl |ntedot and distin clalnedlnthe
concl udi ng portf Yofapy gle tb‘é’&$$‘?"&‘éer§1 aﬁ'ﬁ%}n?lﬁvréﬁflfl(?%ﬁ %\ﬁk“{f’&somﬁ%rf’h as

to organi zghi ﬁi@luﬁ&dmgﬁﬁctﬁgﬂs &r cORSS18hE ﬂfé op%ﬂlﬁ@ﬁ Bethed 8&ViRR] aate, 20

features, and advantages thereof, may best be understood by reference to
the foll ovuns’(yuctnbas anelsemedessrﬂfqmmdm agkeftware o grinnb ot $adiverse progessgs, ny
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enbodi nent of t esent | ventl on.
performance of the computing device. An example of such an inefficient/nonproductive

10  process is a process which makes many accesses to an input/output (I/O) device. If the
process spends time idle while waiting for the I/O device to respond, then this may
adversely affect performance of the computing device in that the process is not efficiently
using the hardware resources of the device.

Thus, there is a continuing need for better ways to execute software in electronic

15  devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention,
however, both as to organization and method of operation, together with objects,

20 features, and advantages thereof, may best be understood by reference to the following
detailed description when read with the accompanying drawings in which:

FIG. 1 is a block diagram of a computing device in accordance with an
embodiment of the present invention; and

FIG. 2 is a flow chart of a method of monitoring a process in accordance with an

25  embodiment of the present invention.



1 WO 03/027819 PCT/ US02/ 30954 DETAI LED DESCRI PTION In the foll ow ng
detail ed description, nunmerous specific details are set forth in order to
provi de awDhowsgh under st andi ng of the invention. HowevePCTitusoxsds4 be
understood by those skilled in the art that the present invention nay be
practiced without 5 these specific details. In other instances, well-known
nmet hods, procedures, conponents and circuits have not been described in
detail so as not to obscure the present invention. Enbodinents of the
present invention may include an apparatus for performng the operations

herei n. Tt RRRG PR RIBYRSNSPeci al Iy constructed for the desired

purposes, “Or It ray conprise a general purpose conputing device selectively
activated or I HLEAMNIPUHEH B e rPHOR AMSsRIBECiFiO dbtaRs SeGBrth BUch a
program naybe stored on a storage imedium such as, but is not limted to,
any type obdatits providd attibroggh boggstaaiisg of theapiention. Howkeer, CRHIRDNS,

magneti c-opti cal _di sks, read-only les (ROVB), randpm access. . .menories
(RAVR) | © oBersited Py s SEER e e ST B b Piey G L S PRy e Withot

el ect r5caly o §ha3a0LG i@?%@ﬁfé&a FAMBR & ell938wARhthdRIBIocERIéSER fs
magnetic or ES optlca? cards, or any other type of nedia suitable for
storing elaadcironitschavaabdt beehidestsibed imddetaibpais ot of oleimreghe pugpéng thvientien. syst em
bus for a conputing.devic The net hods pres.ea’glgd herein are nat i.nherently

related to any Fﬂﬁl?qqi@ﬁméroﬁh@d%’iﬁﬁ?‘i lﬁﬁe‘H’é’Pin&@’ 3 "Eﬁ%?p@f)aﬁ‘ésr HETONERS ous
general PUhPOSEaRE e, Mhitis fpddHELmM bB spREAGBfBrlcfeader RodRif® W th the

t eachi ngs herein, or It nay prove convenient to 20 construct a nore

speci al i zeRr@ppg baitutayt ongeist agendrhlpuipssercethpnehhdelicedetectiedy nettvatesitaruct ur e
for a variety of these systens will| appear _fromthe descgégtion bel ow. In

addi t 18n, TewBEErTeERYS sPeEmsiyred Ebihe derisentidn BiograHbiay e storeded &y ¢ h

ref erence -nart.i ¢ ) s 3 3 ciated
that a varslkog?%’r%lf d1g@05¢c§$%a$%9§ ]F(gr%g%{ggggg’ y 'be uslsedlhgl\gdilnlgpf}%gﬁgﬁgktghe

t eachi ngs dpticilliskisn@PAR OV, Angatisarptibaldlitisr ehdronly memories (ROMs), random

access memories (RAMS), electrically programmable read-only memories (EPROMs),
electrically erasable and programmable read only memories (EEPROMs), magnetic or

15  optical cards, or any other type of media suitable for storing electronic instructions, and
capable of being coupled to a system bus for a computing device. |

The methods presented herein are not inherently related to any particular

computing device or other apparatus. Various general purpose systems may be used with
programs in accordance with the teachings herein, or it may prove convenient to

20  construct a more specialized apparatus to perform the desired method. The desired
structure for a variety of these systems will appear from the description below. In
addition, embodiments of the present invention are not described with reference to any
particular programming language. It will be appreciated that a variety of programming
languages may be used to implement the teachings of the invention as described herein.

25 In the following description and claims, the terms “coupled” and “connected,”
along with their derivatives, may be used. It should be understood that these terms are
not intended as synonyms for each other. Rather, in particular embodiments,
“connected” may be used to indicate that two or more elements are in direct physical or

electrical contact with each other. “Coupled” may mean that two or more elements are in
2



25 In the follow ng description and clains, the terns "coupl ed" and
"connected,” along with their derivatives, may be used. It should be
under st oowoOtoBMe78these terns are not intended as synonyns PCOrUSezst95Hot her .
Rat her, in particul ar enbodi nents, "connected" may be used to indicate
that two or nore elenents are in direct physical or electrical contact
with each other. "Coupled' nmay nean that two or nore elenents are in 2 WO
03/ 027819 PCT/ US02/ 30954 direct physical or electrical contact. However,
“coupl ed" may also nmean that two or nore elenments are not in direct
contact Wdﬁl%ctéﬁl?lﬁc@tog%f trRYE corlct. SHblvby& O RRFIa? fafhlsh Meah A twibt h each
other. Turnin o FI ET, an enpbodi nent 100 Tn accordance with the present
i nvent i on mdre eken@asciré bedn drsttedhiaetwiti egchrmlercloutiyet $idl @-omemgse vi méeradvi ce
50. Conputing device 50 naybe used in a variety of portable comrunication
systems st eashothst: exanple, a nobile communication device (e.g., cel
phone), a two- Vﬁl%m.ﬁggd ﬁéq”@%ﬁ&iiﬁfeﬁt ' %%ordﬁlcg RERY pRAGR imvedtib§O- Way
pager, a personal conmmunication system ( , a portable” conputer, a
persongl di géscabed Smhbédifment RDANay anmyirise alcokputidg tévaegFD. | Computigicise

poi nted 10 out that the scope_and_application of the invention is

in no way J0imex kepised in pageety e&mﬁﬂb&@omavme%mét?méﬁﬁéfazgﬁsFWE?IFO%S wher e
the pr esent%ﬂiﬁvc% tnlugagca%}{ d@ﬁ:ﬁfegg, gé;f;)eh Hg)gg!%%- lrEdiSlgSﬁlh{Maﬁon system,

applicatidﬂ suc rnocel T °s ions or video equipnment. I'n this
exanmpl e, GQIHRUAyshell iteB-vady paged, i @esoral pomaamidation systdm (RCS)oa pentadeit i ng  a
software program a nmenory 20 to store the pr,ogran}1 an i npuH out put (1/0)
devi ce 30 conputssrrimtoadl digitprastiaant RPAnen the bke. aphaughdhshogid bepainted 40
connegied t cessing unif 10 | .t i

conneﬁ)ed Otugt @85’%%1?% duaﬁptlc%lgngﬁgw}ggge%trlgl\g?lgg)nqgﬁopg#g?ﬁ%@g)o ? %ege or

r
source of Qp@LELI FEr KA, oftler Spisiftations Wikre €xaiTEeat infentidntragyehe dsabdeteed VDD.
A clock 70 is connected to processi ngmun_it 10 and may provide a cl ock

si gnal | abwh-orieblealackronigiirnkicatiops, 3ochi eoilwar tse staBonst B vidRg sqHiPmead,

pover In this example, computing device 50 includes a processing unit 10 for executing

a software program, a memory 20 to store the program, an input/output (I/O) device 30
15  connected to processing unit 10, and a monitoring unit 40 connected to processing unit
10. In addition, a power supply 60 is comnected to processing unit 10 and may provide
an operating voltage or source of operating potential such as, for example, a voltage
labeled Vpp. A clock 70 is connected to processing unit 10 and may provide a clock
signal label CLK. Although memory 20, /O device 30, monitoring unit 40, power
20  supply 60, and clock 70 are shown as directly connected to processing unit 10, the scope
of the present invention is not limited in this respect. For example, memory 20 may be
coupled to processing unit 10 via a memory controller (not shown).
The operating speed of processing unit 10 may be changed by altering the
frequency of signal CLK. Power consumption of processing unit 10 may be altered by
25  altering operating voltage Vpp or altering the frequency of signal CLK. For example, the
power consumption of processing unit 10 may be reduced by reducing voltage Vpp or
reducing the frequency of signal CLK.
Processing unit 10 may comprise, for example, a microprocessor, a digital signal

processor, a microcontroller, or the like. Processing unit 10 may be used to execute
3



20 supply 60, and clock 70 are shown as directly connected to processing
unit 10, the scope of the present inventionis not limted in this
respect. Worexsmpl e, nenory 20 may be coupled to proces®CREgSO2B®s40 via a
menory controller (not shown). The operating speed of processing unit 10
maybe changed by altering the frequency of signal CLK Power consunption
of processing unit 10 maybe altered by 25 altering operating voltage VDD
or altering the frequency of signal CLK For exanple, the power consunption
of processing unit 10 may be reduced by reduci ng voltage VDD or reducing
t he freque | anpl e,
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processing dat ayk t he
br osent | nvent | BeTGIogS b b lEhislPol BceRing Thit 74 kil g ol in e R 2D,
execut & bylthougk dfescoge ofithé pﬂe@eﬂt&twebﬁomsofoeﬁnnﬂedmmﬂm sesiddt. Memdryl20ugh t he
scope of the Bresent Invention is not |imted in this respect. Menpry 20
may be vol B@eY bevelatilsss noatvalatilemgmens ?lth‘&lgilﬁ%wp? ﬁét@@w@mdw%@n;w esent
I nvention n Q :
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exanpl e, drskinc
magnet i c- ogisks; aptichl &i@ﬁs G]B&IDMBImagiﬁﬁDbpﬁéal (REVEPad-orfilg REkdIBrRS QRG)Ms),ermrl es
(RAMs) such as dynam c "RAM V\éé or static RAM 10 (SRAM, electrically

pr ogr anmabfaademggcesh Mpmesies 2]?\%%4 anaicdtAM @R AYD opptaiaBAM and

progr b d,on m)rl p ards, or
by otir (AR B Ry hebeg ﬁ%&. RS R OMIMEERAET RS U
device 30 Biﬁyabhﬁaﬂd%ﬁ‘ﬁg&&&ndb%?@h& bl nikictids (BEPROMSS)| mBgnediaYr bptidss extdé,or

transmtting data to a user. UO device 30 nmay conprise, for exanple, a
keyboar d, er any other type of media suitable for storing electronic instructions.

I/O device 30 may be used for receiving data from a user or may be used for

transmitting data to a user. I/O device 30 may comprise, for example, a keyboard, a
15  display, or a printer, although the scope of the present invention is not limited in this
respect.

Monitoring unit 40 may be used to monitor the performance of a software process
running in processing unit 10. In this embodiment, monitoring unit 40 may be adapted to
monitor a software process operating in processing unit 10 while the process is being

20 executed. Specifically, monitoring unit 40 may be adapted to determine if the process is
operating at or below a predetermined threshold level of performance.

Processing unit 10 and monitoring unit 40 may be implemented within a
microprocessor rather than implemented as separate devices. For example, processing
unit 10 may be a processor core and monitoring unit 40 may be a performance

25  monitoring unit (PMU) within a microprocessor. Alternatively, the function of
monitoring unit 40 may be implemented using software rather than hardware.

Turning now to FIG. 2, a method in accordance with an embodiment of the
present invention is provided. This embodiment may begin with executing a software

process, block 200. This method may be implemented using computing device 50 of
4



15 display, or a printer, although the scope of the present invention is
not limted in this respect. Mnitoring unit 40 may be used to nonitor the
per f or marwe 00/02W1%50f t ware process running in processing RATUSED3I09540 this
enbodi ment, nonitoring unit 40 maybe adapted to nonitor a software process
operating in processing unit 10 while the process is being 20 executed.
Specifically, nmonitoring unit 40 maybe adapted to determne if the process
is operating at or below a predeterm ned threshold | evel of performance.
Processing unit 10 and nmonitoring unit 40 may be inplenmented within a
M CT Opr 0C &gl ﬁ@lﬁfg@ﬁwﬂg{}ode@h‘ﬁ BEeSuRR BRRYSLSsiAEUAE 26, whigh nfdyanp! e,
processing  unit may be a protessor core and nonitoring unit 40 may be a
g\l erfor rra_ncmlqﬂsy npiraﬁxilg‘lgfstmi for cOM1ling exvicntien of the splitware psagess.

ternatively, the function of . nonitoring unit 40 _nmay be inpl.enepted usin
sof twar e raitfraatiyeha profesang et 10 Wﬁ‘i‘rﬁﬁfiyn g thg s@\ﬁ“‘é‘?e Broﬁ%strsrp g’opﬁus‘mg )
accor dance_ W di ment of the present invention is provided. This
enbodi nentanvn%%glgisﬁﬁg\nﬁth executing a software process, bloock 200. This
net hod 5maybe i nphepBEss thaytengor toraliwvhidgextevtingtoaltafineil O 96¢e82i38 19
PCT/ US02/ 30954 FIG_ 1. The software process maybe execyted éi g
pr ocessi ngorgtingrdiicigniye klagky?10.e ByIveRy qﬁ"@fﬁ@ﬁa@%’@"%@%ﬁqgﬁ c{}rffl'f%]i’q i ng
execution of 0 . : ' . OfRST .t 10 ma
directly é%%%ﬁ?ﬁ“@ﬁégﬁgﬁ‘%%%Eﬁﬁgﬁ%égﬁhgfﬁﬂgﬁ# §¥%bﬂian opggg?#ﬁg systen¥ 5
The procesgerfinafcd 6N dofineek motése nexeeuletingd el dbtdrarinsdnia aidunileeopwaysess i s
operating efficiently, block 210. B}; way of exanple, nmonitoring unit 40
(FIG 1) nBgtsxamplied SeGWHISITOLSES MK 9%%@@8@%@%%@%1&%&%%8 P58 si ng

unit The .ef fi ci [ f :
et | ndl antfogiechieRas iaea R dp R el Bt R
process maychasdafeknagieaperfoipiahécobofiviard frecess anste miertred @i terms of the

power consumed by computing device 50 while executing the process. In another

example, if a process spends an excessive amount of time waiting for an I/O device or
memory to respond, this may be defined as an inefficient use of the computing device’s

15 resources since clock cycles are spent waiting, rather than executing another productive
instruction.

Performance of a software process may be determined by monitoring the number
of occurrences of a performance-related event. Examples of performance-related events
include memory-related processor stalls, cache misses (e.g., instruction and/or data),

20 stalls from heavy use of a coprocessor (e.g., floating point operations), the amount of
time the processor is idle while waiting for an I/O device or memory to respond, or the
like. It should be pointed out that this list of performance-related events is not
exhaustive, and that the present invention may be adapted to monitor any event or
combinations of events that are indicative of performance with respect to factors such as,

25  for example, time or energy.

By way of example, processing unit 10 may program monitoring unit 40 to look
for a defined performance-related event, and then notify processing unit 10 if the defined
event occurs. Monitoring unit 40 may be a PMU that is programmed to watch for

memory-related processor stalls. The PMU may include a counter for counting the
5



10 produce the effect intended or desired or is wasteful in terns of
factors like tinme, energy, etc. As an exanple, performance of a software
process &Y Be2easured in ternms of the power consunmed byCTarspsiIng devi ce
50 while executing the process. In another exanple, if a process spends an
excessive anount of tinme waiting for an 1/0 device or nenory to respond,
this may be defined as an inefficient use of the conputing device's 15
resources since clock cycles are spent waiting, rather than executing

anot her productive instruction. Performance of a software process naybe
det er m ned nh¥bLEYh&hbdelal PROVERRS: staflb. BEfow FBRRRS Rbcdds, processing unit 10
performance-rel ated evént. Exanples of perfornmance- relateé)events I ncl ude
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that this list of performance-rel ated events i's not exhaustive, and that
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of events that t|v of erfornarce with ect to factors such
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menory-rel ated processor alls. The PMU may_include a counter for counting
the 5 V\o @ewetmi@nﬁ@n R PUTDHIRE drsivEeiehy HSHESIPEPETIatRB Phces sor

stal |l s1g
e S e
menor y- r el #direshofit lmdaﬁaybesdmnles agf magmunh admblamoﬁIKD acerssp Monitbtiag unit

redetermined threshold |e of performanc fined event is 10, 000
b menory-r el 4P @@yﬁ}eg@ggrslé@ntlfy 1f the thres%old level has %een reac%ed by counting the number

of times I/O device 30 is accessed by a currently executing software process. If the

number of I/O accesses is greater than the predetermined number of I/O accesses, then

15  monitoring unit 40 may notify processing unit 10 by transmitting an interrupt to
processing unit 10. The interrupt may serve as an alert for notifying processing unit 10
that the defined event has occurred.

Monitoring unit 40 may be implemented to monitor a software process non-

intrusively. In other words, rather than suspending execution of the process, monitoring

20  unit 40 may be adapted to monitor the software process while the process is executing.
This is referred to as monitoring an active process. An active process is a process that is
currently running or executing. One way monitoring an active process may be
accomplished is monitoring the results of execution of the software process rather than
monitoring the process directly. For example, the number of times I/O device 30 is

25  accessed by the software may be obtained directly from I/O device 30 rather than by
directly monitoring the software or processing unit 10. In an alternate embodiment, this
information may be obtained by monitoring data on a data bus between processing unit
10 and I/O device 30, although the scope of the present invention is not limited in this

respect.



5 stalls. If nore than 30,000 cl ock cycles and 10,000 nenory-rel ated
processor stalls have occurred, then fromthis information, the operating
system wiwbiog/oprsecessi ng unit 10 nmay determ ne that the PCIASEZ31984 " nenory
bound.” In response, the operating systemnmay term nate or suspend the
process and enter a | ow power node of operation to reduce power
consunption of the conputing device, thereby increasing performnce of 10
conputing device 50. In an alternate enbodi nent, the performance-rel ated
event or threshold | evel may be defined as a maxi num nunber of VO

accesses. Mni tRLEAGM it 4R PBonHeE 86 koflatedRtdesé MinhingliR @rdcBEpshalid | evel

has been reached by counting the nunmber of times UO device 30 is accessed
by a curr el toydetarmimng iif Hyp ppodessaroperatiog efiently, bloek 22Qntiére wAWIG processses i s

greater than the rng%er ned nunber of |/O accesses, thﬁﬁP15 nitoring
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processing unit 10 “ that "the defined event has occurred. Mohitoring unit 40

may be 5 npécammriing devioe 50 mayde iacreastd.wHisboydd be asderstond thansincspreedsgingl n ot her
wor ds, rather than suspendin

execution of the process, nonitorin O unit
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process is a process that | curr y runnirng or executl ng.

nmoni t or i ngalthougle the\seore aftths presay eveniaczmpl lintited in thinwespdcori ng the resul ts

of execution of_ the software praocess rather than m)nitorigtg t he process
O

directly. For eWdhpremplaghonmieCof. mewiarng Wil fapas prEopIAngecessed by
t he SqfOt Weﬁt%%%eﬁgin?cﬁ'éﬁggﬁ ﬂaﬁjélé(?ﬁ%npré&ﬁg&é@s&?%{ﬁﬁ?i%%f%%ﬁn haR 48Y

directly noni war e or ocessi ng ['n an afternate
enbodi ment detéthiifies thatfibe softv 26 proeysshieopdrhtiigisdowy praietdrminedghdstiodd el dat a
bus between processing unit 10 and 1/0 device 30, although the scope of
the presen®f RORPERIIGENIOLIGIAS YA G Bay prsermpt the spwaredirocegs Currently running

in processing unit 10 by transmitting an interrupt signal (labeled Interrupt) to processing
unit 10.

15 If processing unit 10 employs an operating system, then the operating system may
terminate or suspend the process in response to the interrupt. The operating system may
execute a different process to make more efficient use of computing device 50, e.g., by
either increasing or decreasing the power consumption of computing device 50. In an
alternate embodiment, in response to the interrupt from monitoring unit 40, the frequency

20  of signal CLK may be decreased to reduce the power consumption of computing device
50. In yet another embodiment, the operating voltage (Vpp) of processing unit 10 may be
reduced in response to the interrupt from monitoring unit 40. In addition, any
combination of the above methods for altering power consumption may be employed in
response to the interrupt from monitoring unit 40. For example, both the operating

25  voltage (Vpp) and the frequency of signal CLK may be reduced in response to the
interrupt from monitoring unit 40. It should be noted that the scope of the present
invention is not limited to these methods for altering the power consumption of
computing device 50. Other methods for altering power consumption may be employed

in response to identification of an inefficient software process.
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WO 03/027819 PCT/ US02/ 30954 Monitoring unit 40 may nonitor the software
process running in processing unit 10 to determne if the process is

oper at i ngwefoBiozisent | y, bl ock 220. If the software processPCIrasans09sper ati ng
efficiently, the power consunption of processing unit 10 nmaybe altered,

bl ock 230. By altering the power consunption of processing unit 10, the
performance of 5 conputing device 50 nay be increased. It should be
understood that since processing unit 10 is a conponent of conputing
device 50, that altering the power consunption of processing unit 10 al so
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ey tenni RECESSHTE LACReUlH OnfavisF dei theihaitis T8 hter popHeARoRhE RS Tpvarde
operating $ysb&Ts ABYpro@XEEs inferfdcd ‘E&ﬁﬁ,ﬁhﬁrpﬁﬁfé‘é&%g R PONE cORNuBpRiohintdyent

use of conputing device 50, e.g., by either increasing or decreasing the
power cons begdesimhleofFor enpuplend ageadessis $8hibltmgawor pérfemeaces tiemidbelclosint , in

response to the.interrupt fromnmonitoring,unit 40, the frequency. 20 of
T anal - CLKTHA(T e S tAE s FHRL e S THE Homere b ABEO M SHRBUL | ng
devi ceq0 50 ghdifer YeouRNALRS. @%R&é@@ﬂgm tRex enerat b&gef/&h& idn'6fhe OF

processing unit 10 may be réduced in response to the interrupt from
noni t or i ng camputingkystem mdylb¢ irergasah yA frerexbeutangithaineffidide padvessetheet hods f or

altering power consunption may be enpl oyed i response to the interrupt
Tt om moni § SPPRE AP SRONARaH Lk RpREVerSURds ARBSBRBkat 1 ng. 25 vol t age. (VDD)
and the frequengyniff ceptaBRhtufds'Sr MYt ¥asbddh IBSPRANES A RsdrHRd herein,
many modifications, substitutions, changes, and equivalents will now occur to those
15  skilled in the art. It is, therefore, to be understood that the appended claims are intended

to cover all such modifications and changes as fall within the true spirit of the invention.



interrupt fromnonitoring unit 40. It should be noted that the scope of the
present inventionis not limted to these nethods for altering the power
consunpt WO 00/0278¢onput i ng devi ce 50. Ot her nethods for al PETIUSG2/POREr
consunption nmay be enployed in response to identification of an
inefficient software process. 7 WO 03/027819 PCT/US02/30954 1In portable
el ectronic applications, it nmay be desirable to reduce power consunption in
order to increase battery life. Therefore, if a software process is
adversely affecting power consunption, then the software process may be
suspended @pfl,s.del ayed until the portable comunication device is connected
to a stable power supply 5 (e.qg., plugged into the wall). This may be
desirabl e to save podvetetlxsbammiseg:with the processing that woul d
otherwi se drain _the battery. In. oth rqa H%cations, if the st

I

t
process is not PHRABPHE HHSTHPEMY an gty ProfEFEs OPHY 1?%é¥a°%gmr

consunpti %I‘K’?ﬁ réﬁ%ﬁﬁiﬁﬁ{eﬁq fof b&o ple, if a process is exhibiting poor
per f or mance, & the ¢l oc rate of the conputing system may be increased

to conplete the process in a relatively 10 shorter anount of tine. By

increasing the clock rate, the power consunption of the conput]jng system
may be increased. AfFhgmethed of P]ﬁﬁnﬂh@h?rﬁ@fﬂeep%ﬂ?wﬁ‘i’@(%‘é@?ﬁ I’rﬂlfth?:g% i ng
syst em nay. . operation. Wiile certain features of
the i nventlpgﬁaﬁiﬁger%@éﬁﬁpﬁ&%%eg;and descri bed herein, many
nodi fications, substitutions, changes, and equivalents will now occur to
those 15 skilled in the art. It is, thereforg, to be understood tgat t he
appended cl ai ms3-ar e The wathed of elgim dywhergi altejng PAwES ssUrPiITCiihgdeichges
as fall ngtggfgﬁes he true spirit of the invention. 8 WD 03/027819
PCT/ Ué(S)Z/ ‘Cainms: 1. A nethod conprising:
suspending operation of the active process; and
executing a second process.
4. The method of claim 1, wherein altering the power consumption of the
15  device includes reducing the power consumption of the device.
5. The method of claim 1, wherein altering the power consumption of the
device includes increasing the power consumption of the device.
20 6. The method of claim 1, wherein altering the power consumption includes
reducing an operating voltage of the device.
7. The method of claim 1, wherein altering the power consumption includes
reducing a clock speed of the device.
25
8. The method of claim 1, further including monitoring the active process to

determine if the active process is operating below the predetermined level of

performance.



altering power consunption of a device if an active process is operating at
or below a predeterm ned | evel of performance. 5 2. The nethod of claiml1,
wher ei n avoasiergipower consunption of the device include®Cprisenpwsfg the
active process. 3. The nethod of claim1, wherein altering power
consunption of the device 10 includes: suspending operation of the active
process; and executing a second process. 4. The nethod of claim1, wherein
altering the power consunption of the 15 device includes reducing the
power consunption of the device. 5. The nethod of claim1l, wherein altering

the power consugpPThe®metodiofelail @Y ivherein@bhiting thE A@BSIpAGeeckRCRAVEr
consunption of the device. 20 6. The nethod of claim 1, wherein altering

t he power ecowdinggivseber € pepyaences od adehgedperpporeceisipiedsivealge of t he
device. 7. The nethod of claim1l, wherein altering the power consunption
i ncludes reducing a clock speed of the device. 25 8. The nethod of claim

1, further includi ng THemhdiRSd S¥L14ieD, ekl cOUrRag $ife MiBnbdQF 86drRAcdsloft he
active grocess is operating below the predetermned | evel of perfornance.

9 WO 03% 02 fig1defimet peifoaiapoesalated evenh incirsies oelndihg elnaimbesof tishes @ n noni t ori ng
per  or mancANPLPGRBUIBDARIES 15 tted RuGiaf ProPitim o, wher ei n count  ng ¢ he
nunber of occurrences of
11.  The method of claim 9, wherein monitoring further includes determining
if the number of occurrences of the defined performance-related event is greater than a

10  predetermined number of occurrences.

12. A method, comprising:
monitoring a process while the process is executing to determine if a defined
event has occurred, wherein the defined event indicates efficiency of the process; and

15 reducing a voltage potential after occurrence of the defined event.

13.  The method of claim 12, wherein monitoring includes counting a number

of occurrences of a performance-related event.

20 14. The method of claim 13, wherein the defined event occurs when the
number of occurrences of the performance-related event is greater than a predetermined

maximum number of occurrences.

15.  The method of claim 13, wherein the performance-related event is a

25 memory access.

16.  The method of claim 12, further comprising generating an interrupt signal
upon the occurrence of the defined event, wherein the voltage potential is reduced after

generating the interrupt signal.
10



5 the defined performance-rel ated event includes counting a nunber of timnes
an input/output (1/0) device is accessed by the active process. 11. The
met hod ofwoloaioens®) wherein nonitoring further includes detP€mriso2/sys4if the
nunber of occurrences of the defined performance-rel ated event is greater
than a 10 predeterm ned nunber of occurrences. 12. A nethod, conpri sing:
nonitoring a process while the process is executing to determne if a
defined event has occurred, wherein the defined event indicates efficiency
of the process; and 15 reducing a voltage potential after occurrence of

the defined evept. é%arﬁl?f% E@ﬂg%;stdgbgéﬁbé%mwgeét&emwri ng incl udes

counting a nunber occurrences o erformance-tel ated event. 20 14.
The met hodngpfuctibrai thaf, vhentereaital bhecateputingchlakem, resolisinsalisheapewer nunber

of occurrences of the performance-rel ated event . reat t han .a
pr edet er mcﬁ@ﬂmpmi%rﬁmﬁﬁﬁ%qn %S'FlV%E@ﬁ?SrséﬁB]éesr?tl%bG%"ﬁé‘ Pﬁ%ﬁ#éﬁ‘“&?g leyel ofn 13,
wherein the f§er rmance-rel ated event is a 25 nenory access. 16. The

met hod of FEPRIMLS, furt her conprising generating an interrupt signal upon

t he ocgurrence of the defined event, wherein the voltage potential is
reduced after %ener ating the interrupt si gnal. 10 WO 03/ 027319. I
PCT/ US02/ 30954 1817. The axkele ef elaip hprviagreig alieng e powieh equsHREOR Hgdedr ed

t hereon instructions t% ; %@ :uted by a conmputing platform results
in alteri oSt OREEHEL %rr{())tlt? ngf(}}qggggzég“ ce if an active process is
operating bel ow a predeterm ned | evel of performance. 5

19. The article of claim 17, wherein altering the power consumption includes

10  reducing a clock speed of the device.

20.  An portable communication device, comprising:
a static random access memory;

a processing unit coupled to the static random access memory and adapted to

15  execute a process; and
a monitoring unit adapted to monitor the process while the process is executing
and adapted to notify the processing unit upon occurrence of a defined event indicative of
efficiency of the process, wherein the processing unit reduces the power consumption of

the portable communication device in response to the notification from the monitoring

20  umnit.

21.  The portable communication device of claim 20, wherein the processing

unit is a processor core.

25 22.  The portable communication device of claim 20, wherein the monitoring

unit is a performance monitoring unit (PMU).

23.  The portable communication device of claim 20, wherein the static

random access memory is adapted to store the process.
11



18. The article of claim17, wherein altering the power consunption

i ncludes reducing an operating voltage of the device. 19. The article of
cl ai m 17, wateazism al t eri ng t he power consunption incl udesPCIUSOE#984 Ng a
cl ock speed of the device. 20. An portable comunication device,
conprising: a static random access nenory; a processing unit coupled to
the static random access nenory and adapted to 15 execute a process; and a
nonitoring unit adapted to nonitor the process while the process is
executing and adapted to notify the processing unit upon occurrence of a
defined event igndi catfeuyri@ble Bfnnaii®men defict BEcIRI® 26 SErthatindledifg ke
processing unit reduces the power consunption of the portable

communi catinn/catprit (€0) devicesgoupled to thetpitecesging fnigat i on from t he nonitoring
20 unit. 21. The portabl e conmunication device of claim 20, wherein the
processing unit is a processor core. 25 22. The portabl e conmunication
device of claim 20, wherein the nonitoring unit is a performance
nonitoring unit (PMJ). 23. The portabl e conmunication device of claim 20,
wherein the static random access nenory is adapted to store the process.
11 WO 03/027819 PCT/ US02/ 30954 24. The portabl e comrunication device of
claim 20, further including an input/output (1/0) device coupled to the
processing unit. 12 .

12



