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PERFORMANCE OF A PROCESS BACKGROUND Today, many el ectronic devid®s03£4dP6
as conputers and cell phones, use software 5 that includes instructions for
control |'i BOHL™Peration of these devices. These instPEEIPBAY, e
sonetines referred to as software prograns or software processes, or

sinply prograns or processes. Sone processes operating within a conputing
devi ce may adversely affect performance of the conputing device. An
exanpl e of such an inefficient/nonproductive 10 process is a process which

makes many accesses to an input/out put I/O%Jgglevi ce. |If the process spends
time idle while MTH@AUDKHBARA@%I&WS@@O QBWWEQI%Amy

adversely affect perfornmance of thePﬁB&EBéi ng device in that the process is
not efficiently wusing the hardware resources of the device. Thus, there is
a continuing need for better ways to execute software in electronic 15
devi ces. BBAEKGIEHRIRDPTI ON OF THE DRAW NGS The subject matter regarded as
the invention is particularly pointed out and distinctly claimed in the
concl udi ng por t Taslay,afianyelscispniedevicss sidves campuiprs gedeslahoneshusgsoldyare hot h as

to organi zatj.o nd t.hod..of katd ' L.ects, 20 '
featurtaa% %@B%msﬁghsonfﬁog@@%&%@gﬁi&#ﬂggf@%&dﬁ&%%é by reference to
t he fol | owinBguctioel=pé opsbiiehes ffdrpilito fs softerarepedarnd drisofiivarepeacesspRny i ng
drawings in which: FIG | is a block diagramof a conputing device in

accor danceSTPIProgRms IpESEIHRNt of the present invention; and FIG 2 is a
f1pw chart of %to@tpmsseé Rk ithidh oy ice AR AR th an 25

“enbodi ment of e presen? Invention. 1728/03/2006° WD 03/°027819
PCT/ US02/ 3geformAaed #f thEarpriaRisviceOMn example of such an inefficient/nonproductive

10  process is a process which makes many accesses to an input/output (I/0) device, Ifthe
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.




In the follow ng detail ed description, numerous specific detail set
forth in order to provide a thorough understanding of the inve}t?}ﬁ3/92006
However, understood by those skilled in the_art that the

pr esent |h\5’8%’*’%ﬂgmy be practiced without 5 these spec??T’Esod@PgaT“l s. In

ot her instances, well-known nethods, procedures,. conponents and circuits
have not been described in detail so as not to obscure the present

i nvention. Enbodinents of the present invention may include an apparatus
for performng the operations herein. This apparatus nay be specially
constructed for the de5|red pur poses, or it may conprise a general purpose

conmput i ng &ex 2 RIFEON activated or 10 reconfigured by a program
stored in the devic Suc r.am ma be stored qn. st e medi um
such as, but i g[“ﬁltﬁf%u? gﬁfa#‘% gﬁﬁ‘? Yéﬁ?ﬁ%@ﬁw b‘by di sks,
opti cal di glishtoples &ﬁheﬁibé:tﬁ%n. HS@QVePﬁt\VﬂI%WD“eS (ROW)
random access mem)rl es electrically programebl e read-only

menori es (Eﬁmﬁ by %semmmew@aﬁmmeuwmwnmc@emh@m y

menor i 0 car Q pe of
Tearn & \peetRe SRl ﬁl&tﬁtréeta%%‘?ellﬁ%mt.%dﬁspm oelfies,g %g?ﬂ&e‘%of bei ng
coupl ed t cund chitisiks BEVENLE bécd deseribedRletallGo dENdt ERobsEie fivpidiadd snventiaent ed
herein are not |nherently related to any particular conputing,device or

ot her appar at u¥mbogdimestsor &@mamt%we%eaw@e@mﬂmﬁes@geefw progr ans
in accordacﬁtec(ry?o Bﬁkﬁeﬁ’&nt?ﬁg%&ﬂﬁﬁmﬁ s%f’o ?ﬂéﬂ&e‘ﬁf&gﬁgﬁﬁﬁ enient to 20

cohst ruct re specializ appar at'u ormt nmet hod. The
desired ;mrposﬁsmret fhay coanprize agegerabﬁmpmMymigilmcmémuadpmaﬁdom t he

ot odBcr PREBEGRRRY SrraBam Ll e bh ST BB D TR AORY Fdnguage. |1

wi |l be aratafa%e Emtas,aou‘ﬁkrdoﬁﬁﬁlt&ftopén?@ip‘ém inchABQYRGSSdigEy be used to
i npl enent the teachln the invention as described herein. 25 In the
f ol | owi ng oBféeat @Ma Bpgiiie opticaldisks, wad-only memeties (ROM) Tandeat t ed, *

Thase Weﬁés“i*%fﬂé S L e S Lo S

parti cul aelembdﬁlmmlsandmgxmbledéadwukbnem(EEPROMs)cmagletlheJt two or

nor e ements. are in difec h el PC'[I‘I cont.ac each
ot her% o&?rh??’e%“d% ﬁ‘r‘f‘%}'ﬂgﬁ;’y‘?ﬁtﬁ it i slori f‘?t% 5%32@;&03/ 2006 WO
03/ 027819¢apable of being coupled to a system bus for a computmg devme.

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 ferrs 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




PCT/ US02/ 30954 direct physical or electrical contact. However, ;&gy&be%‘
may al so nean that two or nore elenents are not in direct cont '{ 006
each ot her et still co-operate or interact wth each other. Turning
to FIG 1‘W9 diment 100 in accordance with the prePEHUSERIBAtion 5 is
descri bed. Enbodi mnent 100 rmay conprise a conputing device 50. Computing
device 50 maybe used in a variety of portable comunication systens such
as, for exanple, a nobile comunication device (e.g., cell phone), a
two-way radi o communi cati on system a one-way pager, a two- may pager, a
personal comuni cation system (PCS), a portable conputer per sona

di gi tal asdirest pinysicelRbDajectrioal contect| ‘EGVCAI“PPF%W ﬁBl?P’chBUWBd’Fnt ed 10 out
that the scope,and. appl i
limited toRPHedERe Esxageg%‘tt &Eeggﬁogiéﬁé%ﬁt&rcﬁﬁﬁﬁié ht?é cat g%geloql ere the

present i nygRtidAdthERY be used are non portabl e el ectrom C appl | cations,
such as in cellular base stationg or vigeo e prrent In t ng arrpl e,

conput i ng devi cermipg tofdlCybiea embogimeridlO0 myacsprdpnceFviiadhe presen a software
prograrg g@{@ﬂfaéﬁ %ﬂo&ﬁ&?f@ﬁmoﬂfpﬁ%%ﬁ% ARk U CRHpufidd @vicdevi ce 30

15 connected t0O processing unit 10, "and a oring unit 40 connected to
processi ngsmybemdinra\adetybfpmtabkcpmmcgnmmem@wcb%M@ﬂ »& 0

oper at ?'nggra&t%ﬁw%n%u%@%w“%ﬁe A S i

70 i's connggleSehytpa &N erﬁo@aﬁd&dmﬂﬁ}/caﬁé@swﬂﬁ(BCS) apbriablé gnal | abel
66}< Al t hough rrem)ry devi ce 30, monitori ng un|t power 20 supply
" and clf@mufmaapﬁoﬂwwlﬂﬁm@*ﬂf%@ﬁ%ﬁé@@gh bipaintethi ¢ 10, the

SCope , QOf o%p&aﬂﬁg%%ﬁaaﬂdg%ﬁﬂaﬁgﬂ]?f tg fi’%en‘: ineAiof id i nb Wa? likRef &Fthese 0"

exanpl Menor y couple processing unit 10 via a nenory
contr ol | erexgmpies. @twwxa)npla' lothengppliedtiongwhqre mﬁsemm@ammyhmmdm maybe
changed by alteri t he. frequenc f Si CLK. Power .cons on of
processi né‘%‘ﬁp’i@%‘g Bis agplic, gtl gﬁlﬁgﬂaﬁe@%ﬁ AR 'g'lg?‘%e VDD or
altering the f Itﬁﬂié%ﬂﬁipl@fcoﬁxbﬂlﬁﬁlde%gwE@Iud@s}(ﬂﬁﬂabﬁsmﬁhﬁt Immﬁéxeemmptlon of
processing unit 10 may be reduced by reducing voltage VDD& E?’f@dum ng the
frequency%@%ﬁgﬂ&%ﬂmw&@lsme@ﬁﬁog{%ﬂ r?ﬁynR!‘H wtdlO) dggiced¥anpl e, a
M Cr Opg OoC " n L8 BdcdshiBmitor the
e, Py o 60 bbbl v 187ld 0 MERERDE Bl 4G ook AR dcliluni

10. In addluon, a power supply 60 is connected 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, IO device 30, monitoring wnit 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
conpled 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 6perating 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 umit 10 may comprise, for example, a microprocessor, a digital signal
processor, a microconiroller, or the like. Processing unit 10 may be used to execute '
3




28/ 03/ 2006 WO 03/027819 PCT/ US02/ 30954 software for controlling t
operation of conputing device 50. In addition, processing unit 214?%%@(—906

used to e program for processing data received % evi ce

al t hough ?ﬁé“@@%@@ of the present invention is not Iim é@%ghsﬁﬁrs respect
Instructions to be executed by processing unit 10 nmaybe stored in nenory
20, 5 although the scope of the present inventionis not limted in this
respect. Menory 20 naybe volatile or non-volatile nenory, although the
scope of the present invention is not limted in this respect. Menory 20

may conprise, for exanple di sk |nclud|n roppy drsks optical disks,
CD- ROMs, neghwee frsputrolling the epesation of P8 Aeiesrle eﬁtﬂ@@;wocqsaﬁaom access

rer}arertg{ Ir ?ial( %p%yggﬁgltg%%gga%n@%es %MJ)VW ectri caI I y

er asabl e a6, githogghahesbpeofitisayresent vanmtsrmShr@EﬁiﬂmyespamBgnet [ c or opti cal
cards, or any pther, t of nmedja suitable or.i n el ectr

i nstructions. %@F‘H’@Gﬁ‘%‘g?’g t?gb)épts’&%*amsarl & {?‘T’ﬁ&w in mempry, a user or
nmay be Esedltﬁdﬁl’ghtﬂers@di)%%rthteb%erﬂﬂv%nﬁdh ifnbt3Rfited i Misdeypeae MBmbBPoCONDri Se,
for exanple, a“keyboard, a 15 display, or a printer, although the scope of

t he presentayhewolstiloar Bog-vedatild mnnorarmlthnughthrssc@mﬁjbepresmwmonmg unit 40

ot dcossi nauthteen g et MERBHATRRT o thpreafh BB, RO HERRg WA, 2, 0o

to noni t odisks, stichMiidke, wmg n@pastRtdptgal iditks) Qs Memetbs (ROMsyhi. | e t he
p cess is being 20 execute pecrflcally nrtorrng unlt 40 maybe
adapt ed toraa 1R AGEESS SnemOTIER, glyas dynargis RAM(RB AN o5 ptatie RAM o

detgy 10 and
prede El@étﬁ&hl?g &g)‘ﬁﬁxpﬂfle RE&-LA Fies @W ety an

rronrtorr ng unit~ 40 may enent ed wr In a processor rat her than
i npl enent e@amhlesabmgmmbbrrw@mwmm@ﬁmondsbwgmhmr opitsial catdd, maybe a

processor core no rin t 40 e a. formance 25 nonitoring
it P 19 oARE bl e et pbong RecHin dBERERIICCT 020 o of

moni toring uni ttlofl&viisa\sobﬁybepteamnm@bm@ﬂmﬁsﬁfatwoenragtaheﬁedtf&an har dwar e.
Turning now to, FIG 2, a nethod in_accordance with an epbodi nent of the

present i ftAesmitEg deta 102 YoarqdQ devige 30 way eRmpFSA forERpmpley ? KeXRPEY: xecut i ng a
sof tvg @Wpﬂt&%&%@ thelsdbge Mmeﬁm@&ubmn%mmteﬂm%ng conputing .

devrce 50
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

J 20 executed. Specifically, monitoring unit 40 may be adapted to determine if the process is

........... . - operating at or below a predetermined threshold level of performauce.

Processing unit 10 and monitoring unit 40 may be implemented withina
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 _




4 28/ 03/ 2006 WO 03/027819 PCT/ US02/ 30954 FIG 1. The software proc/e g rrargybg
executed using processing unit 10, which may enploy an operati r?tf s@ { &0
for contr%hi {;}?)‘,@éecution of the software process. Alternatively,

processi ng"un may directly execute the software pr8EESI%W®Phout using
an operating system 5 The process may be nonitored while executing to
determne if the process is operating efficiently, block 210. By way of
exanple, nmonitoring unit 40 (FIG 1) maybe wused to nonitor the process
operating within processing unit 10. The efficiency or performance of a
software process may be defined and determ ned in a nunber of ways. For
exanpl e, a HGfk vitesofswae prpsess iy be gEsopisd usingpiperssing whibH), whichf® nr ocess
does not 1 ' : ik SShvre 1 steful in terns
of fact ors%i?gqﬁﬁﬁgéﬁgrﬁ%ﬁ?&cg C. g&gﬁﬁggg%%, pe??%rcérgrgnce of a

sof t war e prAdiemstivelyn prooessimg anifi 1 @ ehay directly execofe thehwe fiwprmprocesowithonethingy
conputing device, 50 whil e executing the process. In another exanple, if a
process spéﬂﬁ%‘c"‘%ﬁ‘gmm ve anount of time waiting for an I/0O device or
menory §0 r esPoﬂﬁpr&d%s%niﬁélﬁé‘nﬂ?éd'vﬂﬁﬂeﬁ&u&igtb'&%feﬁhﬁb%ef%@esﬂé_ the
conputing device's 15 resources since clock cycles are spent waiting,

rat her t hanpastiog efficientinbbeck 310.0Bp say of exempiemenitoring unit 4PEAGoDmayde of a

software p S e _det erm ne A Ltori h f occurrences
of a perfo{;s(r)% c@‘?’ﬁ@? Q%%é’a‘“’ eol?g}.aﬁﬁﬁgﬁ%'ﬁgg&g%ﬁﬁw 5pnglr11€e re cgtogd events
i ncl ude nepafoyminct af LsHAMARGREGRE maf 6d definedCad ietefthiné®th d Muntber oflwigt.r uct i on
anyl/ or data), 20 stalls from heavvheys of a coprocessor (e.g., floating
[

poi nt operBArieHHEe, asARWERBIESSHRAY ﬁginﬁﬁg@gg@eprgcepmogs Wil e waiting
for ang/ ﬁ@éfﬁﬁeﬁﬁ?'ﬁ%eﬂof@esﬁ%ﬁq?%%ﬁliﬁ%bfﬁ@wmlﬁkeﬁi.)@%}’éﬂérg&},e poi nt ed

out that this I1st of performance-rel at events iIs not exhaustive, and
that the potestssan examplespesiormangd of astdiwatabroasssmay beonecaswed envtems of the

conbi nations of events that.are indicative o rformance with respect to
Factors s obeniiSls coRfhuf foriol S 5 HeefinelEs bl ol [ OPE

pr ocessi Ngxhiple, it Hprobass Biends Aexeesive @mbitd oftimt wafling Jorl @O ddvive ot def i ned

performance-rel ated eyent, and :then notjify processing unit 10 if the
defined memory torespond, 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 sofiware 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),

J 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. Moniforing 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




event occurs. Mnitoring unit 40 may be a PMJ that is progranmmed t tch
for menory-rel ated processor stalls. The PMJ may i nclude a coun?&fqg?zoos
counting t‘g{; 330225/ 03/ 2006 WD 031027819 PCT/ US02/ 30954 nunber of

menory-r el & dcessor stalls. Before runni ng a proceggT’U%W‘B@éﬁsi ng unit
10 may programnonitoring unit 40 to transmt an interrupt when nore than
10,000 nenory-rel ated processor stalls are counted. In this exanple, the
predeterm ned threshold |evel of perfornmance or defined event is 10,000
menory rel ated processor 5 stalls. If nore than 30,000 clock cycles and

10, 000 nenory-rel ated prqcessor stal)] s _have occurred, then fromithis

i nf or mat i orﬂ'&lbﬁ%"fgﬁb@%&‘lr‘%ﬁei%?"éw iBPIOTE SmIng aR5ocsss Proegrsipg it Hbt er mi ne

that the priagasSernd moniBiRY Whitd@4Ys Fansmithn'i %ﬁlenhiaf‘etﬁaffc??dobng system may
nodé o

term nate or "suspend the process and enter a’l ow power f operation to
reduce poweemarpieiatedprocessayistalhare compedt Imipischareniople, the predeiénninedcr easi ng

f f ting device 50. | t t di nent, th
Per f or manc d e Hafe bR fefoativantla o0t i b ROESE ' rovet rmum
nunber &f Ista(ls. 3F aReSHEn 30O dekichdestii 10,000 meRYryiRlaRAlpradbssbitkeMs hhbve i f the

threshol d | evel has been reached by counting the numbér of times I/0
devi ce 30 iogcuzred dhanclipry {hisinfogmation; the opsretingtsyviem sothinprecessingmitsld mayf t he

nunber of e 5 ) f 1/0
otocses. PREmRIERRRRSpoSestls® Hefion/Hah U B GEE B dlchle WRar ) |
transm tti tgmaateionsispendthe procespiamicantes i tow power nidde o ierdtioh & redyze nmay serve
asyan alert for noti[i?vfihnftqhgrocessig ,un%t l}p(f) that the defined event has
SCtur red. - ROV COFRRGGH 1o oma B ovite) BrreRX B P aRFOREoS o of tviar 0
pr 0Cesf) NOFompulihg #vidkB0Y Tn hialRHARS end¥abiEnt, HRlRRbmhAeErPHERRBHIRT execution

of the process, nonitorin 20 unit 40 may be adapted to nonitor the
sof t war e pthierskalé lexpli may heriefipgdns e suaximeune wepbarof HO aFeassesi Monisdringnit t o as

moni tori NgzAN.. ¥ & i éﬁg{gﬁmegtﬁ%g&fmyﬁhg Y ?&%cﬁeﬁbg r?gﬁé:%ﬁ ??Ze n%n%ér 'S

currently runm ng or e Way  noni tor I ng rocess may be
acconpl i shefdines I/Godtvice B0 hopctdssedbyathirantiylexecntng softwaroprotdae I tiet war e process

(i mos. 1/ 0 HEREE Usgsieestos sblec Lanie prodre i Mt AP BEoBBt BRed di rect | y
DT Ceas) G e r g G 10 A n o L EY by IRAMIRS At 501 L var e of
. 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 sofiware 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 resulis 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.




I nformati on may be obtained by nonitoring data on a data bus between
processing unit 10 and 1/0 device 30, although the scope of th@%ﬁh@é@@OG
invention _is not limted in this espect. 6 28/ 03/2006 WO 03/ 027819

PcT/ US02/ 98X MRi t oring unit 40 may nonitor the sof t WBYEURBYE4s runni ng
In processing unit 10 to determne if the process is operating
efficiently, block 220. If the software process 1is not operating
efficiently, the power consunption of processing unit 10 rmaybe altered,

bl ock 230. By altering the power consunption of processing unit 10, the
performance of 5 conputing device 50 maybe increased. |t should he

under st ood t hat MepHeringdmé A8 suay meniterthe softyara pracesHiBBIAS it projesyiegigut | ng

devi ce 50, HeAgy : ' ' it 10 al so
may attor ¢ peteidon®ih A0 phioRs RANBARARUERY, e, REGECHRAPRNERE e ccope
of the presant operatinpteffictently, thayjower conbaption dfipreeessingait 10 map bé hiterady anpl e

shown in F| G ni.taring unit 40 eval uates perfornmance 10 rel ated event
ot ROk 3306 TR S DAY PR AL OGS e L0y e PEHEBGE Y uni t 40

det er mges c&:ﬁjﬁ{ﬁné H&ri%):‘fdﬂﬁ‘%f 1R iRGQE&E It dduldRRkdrRGodiBAI QM pldE&ERE € M ned
threshold I evel “of performance, nonitoring unit 40 nay preenpt the

sof t war e prwtlkis acompenent of compuiinggevic5G; ot albaring ghepoiver cobsusgption@fisi t ti ng
an interrupt si.gnal. bel ed.lnterrupt) t r OCeSS| it 10. 15 If

pr ocessi nggrﬁﬁ?s%ﬂgﬁng%ﬁ%wyaﬂ%%gP%W’Tq‘r?énsgg?ﬁg%gf ?oﬁk’gﬁ?%‘ge%ﬁgg,’at i ng system
may term dmbepkihe SdopO6MNHe po@nDINOGAISS id ot ILNPOMIRIs kdpéche interrupt. The
85}rati ng system my execute a different process to make nore efficient
use of conput i AYthesFample shpwndn HIG. lymonifqringmtidf cydualss pgriomadesr easi ng t he
power n i | ' - aht N igrent, in
Fesporse tif’o R Rt B GO 1SSl Brock i i 30 ?Lemﬁﬂﬁ &'*%ﬁmn%‘*?o of

si gnal CLKeteaypinbethdishe sefivat processid opsratigebefoonepredesersaineg thresholklewabnput i ng
device 50, | et another e i ment ., t operating voltage (VDD) of

br ocessi nd AR R ghRTina iR A0 b Pieembl s REETA prprket iR ritoe) o1

MoNi t or i NGn prdkcéssiAB unik 10 BeldisnGiug @ BiterraprEXinaBlldbeled Diterinde) ta pro¢essiigt hods f or

altering power consunption may be enployed in response to the interrupt
from noni t"B’ftilﬂg unit 40. For exanple, both the operating 25 voltage (VDD)

and thg frequeggyodaisiny R0 ofdployiRY offattnE WSS théd thEGREBRRE sfstent RSy

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. Inan

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 signﬁl 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 sofiware process.
7




interrupt fromnonitoring unit 40. It should be noted that the sgo £t
present inventionis not limted to these nethods for alteri ngit%ré&%z\?«gr&]f’e

consunpti nputi ng device 50. Ot her nethods for i ower
consunpti 8‘208(&?;7%2 enployed in response to identificat ?éi(ﬁ%@}gyﬁ?
inefficient software process. 7 28/ 03/2006 WO 03/027819 PCT/US02130954 In
portable electronic 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 maybe syspe d.and . del.ayed until. the. porfabl e communication
device is connelct?g%&g %WE’P%IBP@ > 1 %P@Ee@‘l"?’g‘?ﬁ.f?&“ﬁff‘ﬁ%@d into the

wal ). Thi scoffinplin Hesitiéra® iRrebst HRaMe 110V herdfofD FadbRfadipfdiedshe processing
that woul d otherwi se drain the battery. In other applications, if the

sof tware pilseeyaffostingpowst eensumniions then thecsaBware prasesstmaythssnspendsdaadi ng t he
power cons I . I.ra . 6X I i r [

exhi bi ti ng%&%ﬁé?@%&%& [ enéaﬁﬂ%ﬁ%?@ﬁggﬂrﬁg&edégfas?%gep%g%%%ipbﬁg system
mfaly be i Bcr e(ag.eﬁluggedmﬁﬂieﬁ;traﬂ).lt 'hﬁsﬁfa?béﬂébh‘ﬁlﬂe@o $afb pédr&t%h@ci&ﬁdsﬁth}’theapl anount
of time. By increasing the clock rate, the _power cgonsunption of the
conput i ng mms%w@dimggamﬁﬁm;@e@ﬁwhﬁwﬁ .?f‘lﬁ“@Fﬁ process,
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certain fe es of “the i'nvention have been i ated and "descrf bed
herein, mhnyesirakle.f Faaxinpls, if s piosess isaxhibiting pohegreylosnamea dhaxtbe dagkent s wi | |
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9 28.3.06 1. A nethod conprising: mpnitoring an active software process to
det er ni ne FYMBUHAE System paysks ipgraased. A Berexecutiag Hiednefficienf prcewy thsel ow a

predeterm 3:':13}&3@’ fm%%fté?%'i@v? Sw e rBnd Rt Oring the active software
process includes countirig a nunber o occu?rences of a defined
per f or mance- r el Whidakeguiafeaturencf the ingeritiog hpeedeen Jnstsaieridalesapibedhatein, ce i f

the active SOl t Mok e uBL.OGE i SnsCRRRE! 8 Ghivalnd ShPM Bt B/ ESIS" o7 M ned
15  skilled in the art. It is, therefore, to be understood that the appended claims are infended

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




2. The nethod of claim1l1l, wherein alte® ng power consunption of the device
I ncl udes preenpting the active software process. 3. The nethod of claim1,
wherein altering power consunption of the device includes: <839€nding
operatggn RI the active software process; and executing another active

pr oceds” MEMOGRAMRLSINEOd of claim 1, wherein altering the power consunption

of th ﬁy% n% Fé&ges reducin% t he power. co uq?tion of the device. 5_
Th ONIto. 1% are proc ¢ Iﬁ e ﬁtge %&E&V [E{B(f?gil ?ra g(ﬂt or, %g)wcPe
' no ﬁ%ﬁﬁfﬁéﬁbﬁ%@%@%%%E%ﬁ%ﬁ%5&1%?& (R g e

claim1l1, wherein altering the power consunption includes reducing an

oper atitehigg y@idr agRumpiontoh délgeiifls aclive sORGardRFdReEk i©bpratRb Bl ok belbhi &eei N

al t er predettindnepdavelof pafwsanzki on i ncl udes reducing a cl ock speed of the
device. 8. The nethod of claim 1, wherein counting the nunber of

occur 2emearethet of ¢laimdewhereit altesing powar sersumetiantof the deviemninclides bredmptingohavctivey a
nunbefOf¥PAAPRESS-an i nput/out put (1/O) device is accessed by the active
sof t HE Hg%oﬁﬁfﬂ” 9. The nethod of claim 1, wherein nonitoring further

i ncl uttdd® JEtBR AT RN g hereinalisingBrer sensymetanobive devigsrinclydes def i ned

perf o, - 1 i re r than a predeterm ned nunber of
occur%e‘cegggﬁ%§§ﬁ3¢g¥%ahgﬁ %rf%é%gﬁ%éwgconsunption further includes

al t eréxeeutin@vRithe @Bt PREARQN of a device if the nunber of occurrences of the
defined performance-rel ated event is greater than the predeterm ned nunber
of  otdbe methoesf clal 1, whena HiRelng 1©:6 PPwdr Sbi@impliodf tHeldelige iAcisdek rataEiRg PEOCESS

whi | epoaeccnedriptian ef the desviees i s executing to determne if a defined event has
occurred, wherein the defined event indicates efficiency of the process and
wher &i- hhepaihedefickin f Heheradt alipeinathe pevrt sensumbiidnef thadedes ingledes insreegiesibe | s

ex ec POVAGFINPHMRYARS! {dmicPng a nunber of occurrences of a

per f nce-rel.ated, event: and reducing a voltage potential after

bocur ML hod ghtaimy ey A5 the fovver SensUmBioR RS ePUEnG SDoPSRIEliFFet he

defined event occurs when the nunber of occurrences of the
per f of FRNGENSEI TR 1, BRI disrird tRéb&er EOIRImBlioRiRABLELTHARD QM RELQF the
occurgegeces. 12. The net hod ngé?gln110, ereln tﬁe ﬁgﬁfornange-re at ed
event is a nmenory access. 10
8. The method of claim 1, wherein counting the number of occurrences of the defined performance-related
event includes counting a number of times an input/output (O) device is accessed by the active software
process.

‘9. The method of claim 1, wherein monitoring further includes determining if the number of occurrences of
the defined performance-related event is greater than a predetermined number of occurrences and wherein
altering power consumption further includes altering power consumption of a device if the number of
occurrences of the defined performance-related event is greater than the predetermined number of
oceurrences.

10. A method, comprising:
monitoring a software process while the software process is executing to determine if a defined event has
occurred, wherein the defined event indicates efficiency of the process and wherein monitoring the software
process while the software process is executing includes counting a number of occurrences of a
performance-related event; and

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

11. The method of claim 10, wherein the defined event occurs when the number of occurrences of the
performance-related event is greater than a predetermined number of occurrences.

12. The method of claim 10, wherein the performance-related event is a memory access.




28.3.06 13. The nethod of claim 10, fur'fher conpri sing generating an
interrupt signal upon the occurrence of the defined event, in the
vol tage potential is reduced after generatlng t he |nterrupt srg 14. An

articlg ﬁgmtﬁo'alomaa Bt RRAY S0 i ore t ereop | nstr uct
that , deiB cRrRGHERM thY vohagd 'ﬁgtgj%t ﬁe% orbih5 tedhiby SR €8P ear
active software process to eterm ne e act Ve 'Software process |s
oper atiénn aticletonpatioys starags REeGLR Ihg\hrlibeﬁoré@tﬁ@eor@ﬁst%ﬁgn@ ltH&iton e‘ﬁ@@nfe@ 'b? a
noni t eempiging hletfamt ieswts 80f t war e process i ncl udes counting a nunber of
occurrences of a defined performance-rel ated event; and altering power
consuMSPIBIAY & adiiveleafivare rrdcesshio datetriinesl itibé aatime qumamcpemss is opgeatingtat srgpelaiv or
bel ow?PrRdeteringide et ofippdeImperseevhesein pienitasingrtie eetive $&ftwaTheroeass incluéesaburgihga m 14,
wher eHMRE" CECHERNERRPT B Ried pefimaRneirelated Avintided reduci ng an operati ng

of claim 14, wherein altering the

|
bover Heringoly ‘3"“@9“% Gt o foveadndth etk nal o aggvcie. 170 A

' system conpri sing processr ng unit adapted to execute a software process;

and a1870RE bbb BLoiAkAil, \@r@?émétfémﬁglhg%tbér%nshm&roﬁ%iu\é@é iR tpeitl v%rtértia

sof t wafitiee gEvizeess 1 S execut | ng to determ ne ficiency o Soft

process by counting a nunber of occurrences of a perfornance rel ated event

and atfaphesrticlgofinizin fl4, vihemimatiedresise paven porisuh tioa lifcRitePeudingeaiak Bdet oNthef t he

syst e#fiVict- t he nunber of occurrences of the performance-rel ated event is

great r than a predeterm ned nunber of occurrences. 18. The system of claim
ef\éVsﬁe't'ﬁ‘e"E&ﬂsBSessr ng unit is a processor core. 19. The system of

clar ori i s a per formance monitoring unit
(PI\/U)na &éﬁs%%"%saegqtgﬁogf@%# il ?ﬂr&% W‘ff?f%@‘? conprising a static random

ac C e S5m R unit Qbbksdo I nrw?ﬁte%'e%ﬁ d%r‘o@&;s WAl dhe g&gva\p@ﬁ'crx%sn tE T EI ¢ random
ac C e fatfRinG Elficibricy 3B 5&RvatPoradQk By ﬁtr %frtu\% Cof 5; ERces ofd perf i f%? of

cl ai revént.and sddpt@rto hatie) th@brﬂ&s@rﬁg hrﬁ]ﬂHTa té?%B\Pértco ‘l’i‘le%?s@lﬂlrm €

pr oc esairregeasif the pei?marideaelsies badit Rigreatenthah & predéleBhifédhuniber Bt Asde8g UNi t
reduces the power consunption of the systemin response to the

not i fIBCHE systerh obeieimHE, wisngin theiprogessitigtunit B3 pradesscsyereem of cl aim 17, wherein

t he sgst emis portable comunication device. 24. The system of clai m 17,
~wher dPnThersestery of i<, heealn the mipsitasing ost Isarrnerfcwsmcerm@itorc‘tgammm) wherein t he

syst rtaple r{;ﬁ)ter 26. A nmethod, conprisin
y E{Jn 'Ilhe s?s(t)em o clarmgi9 M’ter comprising a static random access memory goupled to the processing
unit and wherein the static random access memory is adapted to store the software process.

. 21. The system of claim 17, further including an input/output (I/0) device coupled to the processing unit.

22. The system of claim 17, wherein the processing unit reduces the power consurnption of the system in
response to the notification from the monitoring unit.

23. The system of claim 17, wherein the system is portable communication device.
24, The system of claim 17, wherein the system is a cell phone.

25. The system of claim 17, wherein the system is portable computer.

26. A method, comprising:

. monitoring a software process while the software process is executing to determine efficiency of the
software process by counting a number of occurrences of a performance-related event; and

altering power consumption of a device if the number of occurrences of the performance-related event is
greater than a predetermined number of occurrences.




nonitoring a software process while t hdTsof t war e process is executing to
determ ne efficiency of the software process by counting a %Jgiagr of
occurrences of a perfornance-rel ated event and altering powér~consunption

of a QQﬁhgenétild Wabe n of th rfornance-rel ated event
is  gLeBLELSth @i’i,i%a@r ede%eeéiénalgegﬁél{heﬁ% oruget i "FZ 8%%3 e DLPEEHE 27, The
nmet hod of claim 26, wherein altering the power consunption includes

r educefhametos bedI&iR@s, WtrdiRgerifd the b&véﬂ%b’r‘lsﬁ%ptzc%anclu-ﬁa@reﬂﬁﬁﬂb‘%pcl&fﬁ sfdediofing 6.
wher edevial t eri ng t he power consunption includes reducing a clock speed of
the device. 29. The nethod of claim 26, wherein altering power consunption
of t hé9-dégimethofl gtdlaini @6 Whewsﬁenutlwrgveogmslatlptonotthethemqumre process; and
executin not her software process. 30. The nethod of claim 26, wherein
noni tB‘fSipg\'bda g CPERfioNY’ hesfivare Brogpssl @dt he sof t ware process is executing

i ncl ug%%utgg%étﬁér' %1 %onunber of times an I/ O device is accessed by the

sof tware &et hod of claim 26, wherein counting the nunber

of oCgYIhERERSd B cidit 96 qme+moangoigag§; ggﬂcsés%%g th%vssmaré %Le%g x&&y&@' ng

_a_nunpaidedfmdnitdipg tahuBBUS RS BUTO & £ b P AGH e ac

sof tware process. 32. The nethod of claim 26, i"urther corrprl 5| ng generating

an i n¥emheipbthed ofreidim 26, vie@inndonimg tRfnumBelLT bedufiesces 6f thé Bdlined performance-
per f oeltedcrent élcatietoantingta numbgrat e art inattostpy (kCieieeiters Aeassedth &e afive
occurfroéfW@fés’fOCﬂﬁer ein the power consunption is reduced in response to the

i nterru;lgt Si ChJ
he method of claim 26, further comprising generating an interrupt signal if the number of occurrences
of the performance-related event is greater than a predetermined number of occurrences, wherein the
power consumption is reduced in response to the interrupt signal.




