SYSTEM | NDEPENDENT METHOD AND SYSTEM OF DETERM NI NG CPU UTI LI ZATI ON FI ELD
OF THE | \NeMNT0BR¥4 5 The field of the invention rel ates g@ediEloly3ad
central processing units (CPUs). Mre particularly the field invention

relates to det eoppRagnei M ABEPENDENT WeTRIOD AND SEUTRM Y, the field

of the inventi ates tOU am Oper atT g SyStL et T Tuepen hod and
system of determ ning utjlizati i1 fy ata processing system
BACKGROUND COF THE INVEN'IQE’@lt ! iNé balie '{lrﬁ)ﬁjr amred data processing
or conputer systens, various tasks or user applications contend for
processing tine to execute on a central processing uniﬁ 1%““&1“‘“‘“ m | ar
“processi ng Igl | ce. 1'“/,' MI. { even the nost highly mu N“H I
envi r onmer , having periods of latency Qihmactivity
foll owed by periods of intense processing activity. Accordingly, it is
‘useful to analyze the utiljzation of CPUs t5 and qther siml.ar
processi ng sysﬁ@ﬁ]g&&f’gg? Pyggntign ﬁﬁ?‘?%ﬁ?‘eﬁlfyr@a@}‘ﬁ PrEcssiRg 4G @ﬁ‘?ﬁgh
processor utilization during per.i Odej in which few. or n@ user $ sks are
schedul ed Merg negticalrly {bs Eeld 1gyentior, relaies 19 dstrraiping CBY Wibpiopo  FELPasl e faul t
in task scheduling resulting in thrashing or other inefficient system
behavi or . patticglaslzethe fickdeafdhainvamionmelates o epseating pysten-gydepratent methady cpu
utilization within a data processing system 20 As one exanple, in a
convent i oreatl syyan af deteyméning 'et'rﬁzetm)qfa@% withipja daleipersessingdEsiePni ned by
accunulating CPU idle tine across a sanpling interval to determne the
percentage of tine the processor is inactive. To acconplish this, a list of
M EKGROLE — T OS which are ready-to-run, i.e., not
wai ting for sone event to resune execution. Wen this ready-to-run list is
enpty, Ino t askgn avost edery neteprogmthmeadddatsprogessing Yy @mpugr (sYSems, vagous
PCT/ USOL/ - 43(39 processor is idle. Accordingly, a CPUindependent tiner is
read and tthsks pf aseapplicalisnsamsend falproceshimpctime it @dcutT i 9 destral peasapsiigshed by
putting the processor in a predefined processor performance state such as
the C2 or Gk ©Pahes sidfar pededsingtdeeicere Aktikityomrevéidthameesd higbhyf ngitirtaskingn  and
Power Interface Specification, Revision 2.0, July 27, 2000 5 (ACPlI). In the

C2 state CdnQRrbnrdnd BEREStoDeDUFETANERL feriods biflatedayae inactivty fultdwel byfpetibids
processor while its nenory subsystem remains active and "snoopabl e" by

ot her devi g8 endebrételsieSdcality. AdBrdingdgkt i8 ugTalto bsalpledBe it@FANRCOICRUB t hi s
menory portion of the data processing systemand a so-called "deep sl eep”

state s epyehRd sin(ifa@ PIeWsdimsSlsieh RIRRd (dra \Iahetf)]'rcff&éhéoﬁso'lrdﬂ Rxhhplk, the

processor I's placed in an active state (such as the CO ACPl to state) and
e e i, P2 AR bl hARAEHEPPIARN i bkl adsaomid 11 e

o det er mi BT RS BBLR ey prbst o b Topdvongfatie PR (i chIERY Reulig kB0 usee
State of e plads HGE IFERDAATbha, JRTHCR Sovell fotb MBS M ougn
o ot Sk R P B LA TR kB GBBR S, B T R PTIOY
not 1i %tati on Asn ogeh%xample, in a conventional operating system (OS), CPU utilization is

; e3el El @N$BLCDEDTET @V O 112/ 05~2~~ ~3 PCT/ USO 1 /31i 39 OPERATI NG

determined by accumulating CPU idle time across a sampling interval to determine the
percentage of time the processor is inactive. To accomplish this, a list of tasks or threads
is maintained by the OS which are ready-to-run, i.e., not waiting for some event to resume

execution. When this ready-to-run list is empty, no tasks are being executed and the
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figures of the acconpanying drawi ngs, in which Figure | a illustrates a
conventional data processing systemuseable with the present zo invention;
Fi gure 1bwolokmasesates a prior art architecture of the dat PqIVissed¥idng
systemdepicted in Figure 1 a; Figure 2 illustrates a portion of the

hi t ect depi.cted in Fi 10, . detailg, t2~-4
T/ UsoL) 08t 48 it Aot e G R BREe mdh kg o e DSHEL I

depicting the operati.on of a data processin st.em accordi ng. t

pr esent || rpBRURBA ARG, T0 1 age ety PO TR BrirhiF
application programutilization sequence of .the present ipnventiopn: 5 Figure
5 i |1 ust r aP"QEessOT RECIGHPASHIES Attt 3% egcﬁz 8h5ti %ﬁ?ﬁpgﬁ‘s'}sp Py Fn"{f{" ??di‘éﬂi on
-sequence of the present invention; Fi tgure 6. illustrates a thi rd7 gg&ﬁ)di ment
of an appl AewanrehCprigyrasion apd PPy st inGhfest goreHicatios Rereiopreldiy 4/ i on;
Figure 7 illustrates a high-level logic flowhart of one enbodi nent of the
‘met hod 40 GXCRIhe Iprthe &3t statavadoski BenalsDre Apmersdpieagnrthe-funckionyt vnite of NRAENTI ON
An operating systemindependent nethod and system of determ ning.

utilizati oproodsser viplg itsi memery subystemperoeias aglivg asd Syepnable” by siepdeNices| n t he
follow ng detailed description, nunmerous specific details are set forth in
order to phowiGlestatet thorcbastsignatér sl rediaved difont Hés mempryepastien phiherdation,
However, it will be apparent to one of ordinary skill in the art that these
speci fi ¢ dptoadskiag syseth Mt a dvecallsktiictpsipapdictatecie entbred phsranew fask mddded | n

ot her circunstances, well-known structures, materials, circuits, processes
and i nterfgc@s ryRo-AnLt liddeMa pedeeswor Rrplabed ¢ abeactivierstate(sait ad the @0d&€Phot to
unnecessarily obscure the present invention. Referring nowto Figure 1 a, a

conventj onghiefAdAnPHRACES $é40gHN S traefifeRfcd B@@kdnah? rsvaridiet dad tigfee scati
invention is illustrated. Data processing or conputer system 100 is

I
conmpri sed Rump@g&}qu HRkLs O2d) Midh PipresEiRY IR &PIBY e Ao dTEPARYMARGoRN
printer | 10, and I'nput devices such as keyboard 108, and nouse 106. Data

processi ngoﬁ‘ﬁsttg\g@ Jcpc%s L RGRHVRSn@ARRIs Y (REPGRRHABe e CME uiilaiioii{vaat on of
i nput devices 108 and 106 or directly from. fixed or renovable nedia
storage de}éér%&?ag%%?tﬁwaéf’@"s%ﬁneji}%pé?\'?%l&?tmw&n%&ﬂ@?@ﬁﬂep thisSmeasure of CPU

utilization nor the state of the ready-to-run task list is available outside of the OS through a

15  supported application programming interface (API).

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation in the

figures of the accompanying drawings, in which

Figure 1a illustrates a conventional data processing system useable with the present

20  invention,

Figure b illustrates a prior art architecture of the data processing system depicted
in Figure 1a;
Figure 2 illustrates a portion of the architecture depicted in Figure 1b in greater

detail;



WD 02/05.~2~.1 PCT/I1SI11/~3G39 interfaces (not shown). Data processing
system 1 00 then processes data and presents resulting output data via

out put dewoeessguch as display 104, printer 110, fixed or RAWESAABEEI Medi a
storage devices tike disk I 12 or network connection interfaces. Referring

now to Figure 1. b, there is depicted hi gh-l evel bl ock di ofr the 5
conponent's of i: "é‘gfé 'ﬁf’%@éegsai" C*%&‘;‘%‘t”éﬁfyfb’%’ gﬁgrﬁmage%fcﬁg t?‘i ?‘%&?ﬂ’ato&f by
Figure 1 a, In a conventional, conputer system systemunit 102 includes a
processi ngdaé@el?}‘p%f‘éﬂg%,&)ﬁteg’sac{f%fﬂ{n,gé%ﬂ’&éggé]"ﬁ@“ hit (CPU) 120 connected to a
| evel two {L2) cache 122 over rocessor system Pu : SPSB 114.1. Pr ocessor
syst em bus 114 §igurg t']l]}fSHa‘E%GpﬁggeT@O‘iﬁ‘eB&BgﬁgiQﬂ{?'?ﬁi’g SULEPL MBI bus 116

and a nenory 126 via a north bridge circuit 124. to Local bus 116 nay

i ncl ude a jsanensn et Be PESTHYBNEHION nt er connect (PClI), Video El ectronics

St andar ds Associ ation (VESA) bus or the like, tightly coupled to the
processdr 120 drigure Heillystieatesss spcond smbadipigat afian application ProgiepnutdFaEQ! access
to sel ect devices such as display device 128. Menory 126 may incl ude
read-only fcR@vice ahtit preserdfryortionccess (RAM) nenory t5 devices such as a
synchronous dynam ¢ random access nenory (SDRAM nodul e capabl e of storing
data as wel | asFigurst§ uldisiratas at hird ecnabodimene @f by @plicatizg . pragre@sytilizatiotat a and
instructions stored within nenory 126 is provided via a nenory controller
(not shownjequerichiofithapresént imvent@e; ci rcuit 124. L2 cache 122 is simlarly
used, typically in a hierarchical manner, to store data and instructions
for direct acceBguby iRtak2@. hidh-lepd] dygi2Bowehaitad oh@ Bmhedimemalf thtenetheht hode
ray tube (CRT) display such as display 104, liquid crystal display (LCD),
or a sipi | gf thelprékeneinventiodi spl ayi ng various kinds of data to a conputer
user. For exanple, inmage, graphical, or textual information may be
presented to the user on display device 128. Systemunit 102 of data
processi ngpEAANIEFDIHESERIPTICNON EHEANVENTION on or “conpatibility" bus 118
such as theé Tndusiry Standard zs Architecture (I SA) bus, and a south bridge
circuit 134 coupling it to local bus 116 to 4 WO 0211t5-t2-L-t

PCT/ USU1/ ~3G39 Aaepératil §stthendptazhnmehodindatybrein, of deteatininglugilizitionvef
devices to the system 100. South bridge circuit 134 includes a universal
serial bus,CpBBitRAaldaladRossingebtedss BENesed din e folbampattdibhdest dptiaievi ces
such as a network interface card 130, a data storage device, such as a

magneti ¢ _hggdedisipeditit Mbtails3Re st sk odded kOprdeidt & ehotdEhamadrsasding sfipaker or
sound . 5 card. O her devices not directly coupled to south bridge |34 may

be con r\glcts Egéén‘? iﬁv@n?tlizo%y B0 wiil Be Mbﬁregtét_ﬁ JNSbOGHdRRG skiliGn @fe drlthaisicsat ed. A

fl oppy rrve DD) 144 providing additional dafa storage capacity on

Ty pon TP S0 A 8 Y2 o s, =uch o
well-known structures, materials, circuits, processes and interfaces have not been shown
or described in detail in order not to unnecessarily obscure the present invention,
Referring now to Figure la, a conventional data processing system 100 useable
20  with the present invention is illustrated. Data processing or computer system 100 is
comprised of a system unit 102, output devices such as display 104 and printer {10, and
input devices such as keyboard 108, and mouse 106. Data processing system 100 receives

data for processing by the manipulation of input devices 108 and 106 or directly from

fixed or removable media storage devices such as disk 112 and network connection

3



to each coupled to expansion bus 118 in this manner to comruni cate dat a,

i nstructions, and/or comrand sel ections to central processing unit 120.

Cur sor comMOaPs@élvi ce 136 may conprise a conventional nOUPRETIN43S nouse
106 of Figure la, a trackball, or any other device capable of conveying
desired cutsor. mani pul ati.o Siml arl exp Lon bus 118 includes an
put | out pARSTEFO PR ShEvY | R e el R A 8P i Rshe ity PEEERST, — 5
functionalit or conngcting ot he

f r 1/ 0O devi ces fuc as.rinlt r 1%f¥)tothe
system  ThEssUlog ouaK dae v Br 2RM: SSRGS SToAs SrpI ALY, PEPIchal: FH OF mat i on
rocessi ng hardware, . and vayious, processing steps, which will be descri bed
Bel owW. Thgr?“éoéia\é\@@%edé‘rféorbﬁ"d{fé@%s lé“t%éib‘g ‘Z? of gFéW?f?EQ%'}‘FF"‘?'HW@ £5%n may be

-enbodi ed in machi ne or conputer executable instructions enbodied within
medi a such as dReferringymew emiispigskds ters Brfspicksd phighdevelsiack diagramsef the gener al
pur pose or special purpose processor such as CPU |20, which is programmed
‘with thé i sempeenisciia dap presesaingnsystian 4k sychise dhatddysiseted by Figvee bt elent
invention. Alternatively, the features or steps of the present invention
may be per tonventibrisy ceppaer systemarstistem eindotiBoimeltdes @ eacessongt daviee el ag r ed
logic for performng the steps, or by any conbination of programed

conput er coemphenicsssingd uciti $SERIN) H120 dusneeted @5 boeiptye (itd) . cashe 128D0RG/ ©S. ~2~~
PCT/ US01/ - 3G39 Referring now to Figure 2, a portion of the architecture
depi ct ed i prdeegor gysfenb bus (RSB) uddr aPreckssan systeratters lddtiaiin turRroog@eds or ad20 i s
shown in comunication with nenory 126 over the processor system bus 114
utilizing axpanson Ybus euthrasllbal b2 616indno remobr 1 g eia i noethi Hridg? ircuit t23MMON
system cl ock, (BClk) 216 is generated by a clock generator 208 5 and

appl i edot 0 @c4llbaski&pay ielude pr‘éﬁ?ﬂem sothpsaRnt(iMetdon2dcB(Paf), CREL0l FA€:t@Rlds t O
menory controller 226. A core voltage 206 is simlarly applied to CPU 120

in the ill gahaatedsRERAGH (VEHYA) bBE BMhé IR tINRGADEHEY tAREFBERY |POURT the Wi | €
the Bk signal 216 is applied, accesses to and from nmenory 126 occur at

its fr equegwﬁeﬁt)r %BQRPE&MMQL)ypeJTQQ h@%ﬁg&réc&s@ Wrizdiect HRGCSERLE 84 dEf)lQ?eSSi ng
unit 120 however, “is capabl e of performng tasks at nmuch to greater” speeds
than this %F‘qc‘?%ordi ngly, a bus ratio or nultiplier 212 is sel ected using
a clock control signal, GH # 202 and a hi gher frequency central processing

unit clock sign i S er Lz ! r if the
aystem or 1 ront Mgty FFORR b tead by ROk sndior mhigriopd A Moy 15
of 5to. 1 ids sel ec#}ed usi nqg the | # .sin%n(gl 202 Stherg) tgg ﬁ?‘ r%tgtﬂeCPU
cl ock virl| 9RYEE $° raeqqﬁesiéfﬁ‘g’r%\ou% PAINE RPN, 3EGES RENOTY 51 natively, a
hi gher nultiplier or. ratio 212 of say 7 to 1 coul ected, vyielding a
G ok bl etprige i s el anbat FliofoResx<eoird byduf Bt A Sa e e
processing unit clock signal js then |ied to, clock throttli | ogi ¢ 220
bef ore bei #fd [5'%1%@@6?"?(?‘%?‘8(‘9’@%‘0?’3@8’% . ProYife 13 fgemery CP'EEOE]%T gL by
whi ch the CPU clock is deasserted or "g)gt eg of%'_ fromthe processor core to
prevent 20 SRt YidHamohbrides,fifqitnl 2fh - eache £ o Spdrt Psed: DRIsRDY {1 f ng
| ogic 220 therefore acts as a switch, actuated by a stop_ cl ock é_Stp d k)
control si diesarclicel masaerwestore Heta ppd insirgstignglor disech perg sy drPe 42k Bisplay A ti ne
stanp counter 224 is also included within the CPU 120 and increnented for
each cywl e dewiorrd28 meg inelbdecal cathedesrayrtueu(CReD) display sush @pdisplayclifdnhiawié i s
"gated through” or applied to the processor core as shown. Because tine
stanp counteeysta?slispRd LGk or ahemilambeviceofor alispldyingi edkivup Kingy cif edataaphi ed to
the functional units of the 6

computer user. For example, image, graphical, or textual information may be presented to

the user on display device 128. System unit 102 of data processing system 100 also
features an expansion or “compatibility” bus 118 such as the Industry Standard

25 Architecture (ISA) bus, and a south bridge circuit 134 coupling it to local bus 116 to
4



WO 112/ 115~2~-t PCT/USO | .| 3G39 processor core 200 such as instruction
decoders, floating point and integer execution units, etc. it provides an
ext renel yweaozoiate representati on of the actual work perf ®COTEBODY3EPU 120.
One additional chipset architecture conponent illustrated in Figure 2 is

i ndependent_ tiner, 21 0. System jndependent tinmer. 210 runs in endent |y of
CPU 120 anifCI"P@C the %%?ﬁt%&‘@i&sfﬁ V‘giy osifié”eﬁ vicgs,ior the Sy dgm S@ sr%’”(qj k
signal 204 throttljing or BClk sjgnal 216 freqguency nodifications. Using the
nunber of Pi¢gECitgpit i'g‘aé}s&?&%mtmtVFrﬁ%rS%'dwé|('A§Ebep%é%wewe'# anptberdiesct ¢ s
fixed frequency, an accurate neasure of the passage of tinme may be

obt ai ned. FANNEHIONE M5 SEYiREHtUCh 8s petetsimterfags Gard s p daigesknsage dsvige skich
-exported via the Wn32 Application Programming Interface (APl) as the

Quer yPer f ofh@maeiGriaet disk dyve (e endan aedio Bevieps B aish ah asprakereertsopndrer 21 0.
In an alternative, Advanced Configuration and Power Interface (ACPI)
‘conpl i aft earbodi ment, a power managenent tinmer may be utilized. Although in
the illustrated enbodi ment i ndependent tiner 210 is depicted as being

i nt egrat ed w t hOthenddkviggemet direstly coupded to 0@, bridge dB4 aragaiei coeneetedaditieent s t he
timer 210 may be generated in a separate device or integrated circuit. t5
Ref erring sewn 60Fvauhe eSpanaion s il 8 actiliusahtedy 3t Aopwi digt drive i} 149y t he
operation of a data processing systemaccording to the present invention is
i |1 ustrat eprovidingt fitiohhluddts stoeade eagacieht o Mémovablplmigdid stbiag® e agd| sueiahd on
prograns 302 such as CPU utilization application 304 interact with various

pl at f or m hajsklwaz, eandeivjue @sviddGutngd 4IRkdyBGard 108hd 2 QuisbracltoPRSTRL 138GrSY St em
300 such as the WndowsT"' operating systemfrom M crosoft 2o Corporation,

one or (For gcHeshpiRd 45 ie¥SinSiod Ms 128Gn AAS infanh Pt ofihl PitlareS¥ats, SRLBLGR) code
310. The illustrated systemis interrupt-driven both with respect to the
mul titaski f 1 i J 3 i I en
applicatioﬁgmgéghE%QX%?%?@§$ﬁﬁgﬁggg&gggﬁégge]%gg%%§|ngﬁkﬁ%%ﬁagHgﬁg odi nent
of the pre N\ i i I est . I

Pres rmkghcﬁﬁ\?e'aﬁgw ﬁ{&u?eﬁsl?.kﬁ GEhbE dg@%fﬁf‘gg}é 1) airQ&\b%légb?iaﬁgg"g{hgh ot

resource fro orm har dwar e can °causé an

w0 021 05 1 eeperrth & RPIRE AR pyrsiryhmibuion) SRR ARERTB R T

handl er routjne to be re nsixely executed. |nteraction het n operating
ayot em 300515 4, PaPFRER Gl tohuBFS Rt SRR, el angy PUSRLPEE 1 | ver
306 and Blﬁ§ 310r gn the illu trﬁégd.enbo i ment FICS 310 contai ns

i nf or mdf i ofPnEliRliydorgapageting ofher fQ deviges suchas pripfer {hddo the syt devi ces 308
attached to the 5 data processing system 100 and is useful with respect to
the actual tranbif £8iesh ogfhedarteéﬁm Byyeptinn; inglydles liwarse infermation Juercessing
typically specific to a particular hardware device and is usually concerned
with the thadwprgs andryagipusqupesstieg siensnwhish ol e desibed belownalhe featariand ng now
to Figure 4, a first enbodi ment of an application programutilization
sequence ofrocese fienssefnthei preeant jipyentien imdyube reatbedied \iar maghdneper icomputerf wor k
and sleep are to depicted over a tine interval 400 which correspond to the
appl i cat i oexegntableimstragtiops embediest wishin predmesvei asgdiskni 2. dlhe distryétipnakcan be t he
processor core 200 of a CPU 120. The illustrated work periods 402 may

t heref ape nepresast atgeecrdPuopae es speciabpirpoe pencesossuah es 6PUarlz0A€Rck ¢conpl i ant
data processing system Simlarly, the illustrated "sl eep” state 404 would
cor r espondpiogratintedCRitante gheakdens stapeformntht hiescribad hmathqeis oefeths opresshock
signal is t 5 renoved fromthe processor core 200 for each of these states.
In the ill ystdthed\ierddinaht fafurdsioyuteps 4f thEptdsant iidveatinini ay egrfoeraéd on
conprises a periodically executing applet or application. Each tine the

appl et is pxegddtfRthardvatdsbripdnkts dfat BshidiRGh@lwited l@%ib%ﬂ iR aRdsteaon dat a
fromthe prior execution (or fromdefault values for the first execution).

As illustrgt gy,an?uedrmna@oﬁidfslsrogasﬁmeai&mpﬂ@ﬁ_cmsomgcm BEht AP Mafdwaret I | eves
a 20 value fromf{he performance counter previously described herein. The
-per formancg, gojieter will be read again during a second execution 408 of the

appl eet and the el apsed s



time between reads will be conputed as the difference between the counter
val ues at the second 408 and first 406 reads nmultiplied by a predefined
timer clokQopesized. In addition to the perfornmance count erPCTAIROIIAZp3Rach
execution 406, 408 of the utilization applet a tine 25 stanp counter 224 is
read. In the il}ustrated odiment . the total .nunber of ticks or, s WO
(15 6-a- 1~ PCTREBOTE- B30 Y% Pt rarapied BotieuliE forfiied nHEIEHETe been
appl i ed to.lgge CEU core ‘fé')ol bigt ween %Qe s}-i rst execution 406 and t? second
executi on HOSTYFL NP dfally HI0CCII0RL ¢ A AYD fMEPTHPYUation WHE memasy 144500t
0) fromthe final value obtaine rgmthe time stanp, c ter 224, (TSCount
1). Since PH¥ e SIRFEREY SB¥e ﬁ@sgi%eteﬁ%v%;ﬁdre'awqog‘g‘ﬁl%%%g@?maﬁiéﬂgﬁe
-varied as ' S previously described, tile agplied tick count is then
converted €6 A tA GPMOREYHYM AMFE (BOK) g0 theenerated byqusidck ganerator #8ount |
- TSCount O by the current CPU clock signal period, which is also the clock
‘peri od for apharrtiogd) 1@ jardock: opfsolRbasR IBFk i@@.(P'FE] 31%af CBU 128 wattaineaPry n one
enbodi ment of the present invention fromthe SM interrupt handler which is
r esponsi bl eoiteller 2éhsiA Poraiveljass IN60e syridrly apligd tnCBHel 20einfthe ilstatedt ate to
to another, and accordingly for transitioning CPU 120 clock signals from
one val ue embadioenteproyiding nepesgary pperdisigporad BhikOhk B€dinsigedl 246 iragpléed,

descri bed herein. The CPU 120 utilization may then be expressed as a ratio
or per cent acpesef td anidrah miengrit  canpit ite frequeheyr ofadpposetage 00 magehent t he
system i ndependent counter) during which the CPU 120 cl ock signal is

appl i ed t o (Mhk).pTiceaagalrpro@seng@ii, 120ddomager] istcapablend ipddoratingtasksar math ons i n
the is applied clock signal frequency as shown. Referring now to Figure 5,
a second emghat spuets tbn &is aqipdccardinglyNa PuOia B wultlplizal 12018 ssleqetngsy #f the
present invention is illustrated. Various periods of work and sleep are

simlarly drpkesmidl Ay, GHIH IR ahdh Bighe fraqléhcWbrifil FOELSIRP anitlclbék ikl
application or renmoval of a CPU clock signhal to the processor core 200 of a

CPU 120 angk 20.GRASAAHREPLY 219 $'@r CRAnid ifRe ARAMI: TRNELAGHI N6AGESSOT

performance States respectively. By contrast to the utilization sequence

shown in Fi re 4 i bl wst.rat i Fi , a
or 1 odi Cal Mtiic of UENELz abdls 1S, 315 e b3 EitceqROGTIRe AU IO R B0 | o
tilized tg. re I r [ i idal i.on

\l/Jvi It hloﬁt ac?n Ul ﬁ'g %%?ﬁ‘ager%méﬁg ?ﬁ%eg%ﬁp%%/ é?dl gﬁﬁleﬁwst% téla ,grogﬁncka{t%)g: éggéﬁ@rzé read,
25 stored,

nd subhseqguent | vi d til] Lon. . whi ch

dot or i es ATREIBYER A BB sl BB b Ble PTRRE B LS hAF b PR Rl ¢
active CPU tine. reover . a _power ment tinmer rather than the
per f or rrancgtpyoﬁﬂ"tkl\e{?eqi“%"cﬁtof?‘?pi‘g’ﬂmi‘tﬁly@ﬁgﬂgﬂbodi ment to deternine the passage
of time. During first execution of. SM. handler 506 value is read from
both the tinme s?gﬁﬁcﬁﬁﬁ‘ﬁsér‘"%ﬁr?%ﬁ‘fmoﬁ ocg‘nﬁ'g? e'sptﬁﬁ%rapﬁléeﬁag’eﬁ@ﬁ timer
(PMIimer O of the data S processing system Durjn second execution 508
of the perityatting.lagig2ep bgg)rm@ngapaése%ég@rogggprncoma 'bﬁ}lrﬁtﬂdﬁg 't Ad&EMPSer s and
in both cases the obtained values are stored. Subsequently, a CPU
utilizati oY aypshethe i@ gleek isedsasserted0id'eatee offg frapeilie pecesspi Foroty prevent
calculated as a ratio or percentage of active CPU tine over the interval
bet weert0 SMfuristingill anitewihinttho pere 5U8) opsoRings Theptling 1agig 280sthefefreacthys #he SM
handl er and the periods of to both tinmers. Referring nowto Figure 6, a
t hird enbodwitetacwatedhy appdpi dedki (Stp_pHo goetm! sisnhli 204t basweesetye8hbe 18fand he
present invention is illustrated. Various periods of work and sleep are
sinmlarly depprotesbreoeer20f. s miple stagnpt ¢aupter A24eisvaddo i6A0dednwvitiin ¢herCRddaddd t o
the application or renoval of a CPU clock signal to the processor core 200
of a CPU 12fd aretmentzd ¢araetgeyetd (sgmdtimes healled@cknat piBesrod thgr@dt dockAghkkh
.processor performance states,

is “gated through” or applied to the processor core as shown. Because time stamp counter

25 224 tracks the number of clock ticks or cycles applied to the functional units of the
6



respectively. In the illustrated enbodi nent a system nanagenent i nterrupt
is generated by a periodically executing utilization applet 606, 608 to
det er m navOhosaddue of each required tinmer or counter. Ac®EmdiSogH3o3y duri ng
a first execution 606 of a utilization applet an SM is generated causing
the associated SM h | er routine to read, values fromtinme 20 stanp
Counter 9Pt FOREll b e R B TLETE T PO M e epHiongoMr
managenent tinmer as shown. After the expiration of the sanpling tine
interval , toe ' DpPIEs 28GRI WerrafrdRAFBAtatienoidheaqitad sodgrariormed BHERYN t he
val ues necessary for evaluating the utilization of the CPU 120. Referring
now to Fi guré- ﬁ’?'/]eadwpgw Fleipsst anchigfckire sampongst illustratgh in Bigiedi iminslepastlenthe 25
-method of the present invention is illustrated. Figure 7 depicts a

t echni que Bymeidi®h &ystere independgntimep /21 Quns indgpendamtiyScil CPBICER wnd lifszat i on
of a CPU may be determ ned i ndependently of a data processing systens
oper ati g syscated systemplask @46, urlaffeged by 8gp_6ik Figrgliz@t thrdyeigiz s B&llk bigoalk 700.
Thereafter, a systemindependent tinmer such as the power managenent ti ner
or W ndows NG ffreqdcoryraiedidicatamnnt Esingtlecumbercbfhiek edfrindeperideaitimdr 2l 0 elapsed?2) .
Next, a sanmpling tine interval 5 is defined using the independent tiner's
cl ock peri ddtweas raads hndeiss fined fienidnyy,an dequiay ineakateyofiiaashssigs befime Rdgpendent
timer values (block 704). A value is then read froma tine stanp counter
(bl ock 706}obwdiviedN Ih Sné aﬁb@ﬁfﬁm,eﬂ“fiﬁﬁow%mhigﬁ)ﬁﬁﬂf@mﬁhcé'@duﬁ&lﬂ"ex?lfrtea WidPiecl ock
signal which is applied to the processor core 200 of central processing

unit 120. WeindY Apic@inOP®ldanindag ThicfBeeStANP a§ QHAT LR BRECE AR
currently read val ue, the fh:ot al %unber o$ to CPU c g’(;))lf%sj?gnal ti ckg()or

cycles appligdioh arf BieustPM iRddPERLBEEAE 00! fn #0MeHli{ A dl iR S EDRduRBiohi Me
interval may be obtained (block 708). Thereafter, the total anount or
"quant unt | kLR I J i [N I | i CPU
cl ock si gngﬁd mg&a%%r@gp\(/é (?ﬁ? E&Fﬁhedng%ﬂf&gmg?déb&egés%‘? n&%lrdgérg%b\q@gﬁ pqtz)ig%geri ved
using the ag I . C .th U cl.ock signal's
period (bl ?gﬁ%ﬁojﬁﬁﬁ%gﬁqugﬁeugﬁt{aza ?rgl%oca?rrrﬁ%/n?%{'ﬁdgﬁabdg&cei‘;(nﬁerrgzslgga dgg'cgcgraét io of
this active CPU clo si,gnal, tine to.th ling tinme interyal (bl ock

72 “Rext Pee mERGES TUPRB bt hE 2BE0F PR el bR and
anal ysi s i ;tlbo bg termn tedﬁggl ogk.714z. If%pot ,.the process is repeated
begi nni ng HRY SREFRFTPE! AL SEEPH T LSy "HIESEE F8 1 f so, the process is
term nated (bl ogk 71 6) . zoFAI t hough the present jnvention is described
herein With ref BFEHIE R0y 19 Figuse P rana@rghiitesturpl rafew inginp deRicting s operation

nodi fications and variations therein will readily occur to those with

ordi nary siif1a d3th Prosessiie: Systeiic acarding e, thy) aresspic ivention ais i ibwsratgdg In the

modi fications are included within the intended scope of the present

i nventi on addusiaed sebodipnentha plusality\wif applicptégmpyogramp\d0? spohoss, €RLLugligtiap VS What
is claimed is: PCT/USOL/-1313'I 1. A nethod conprising: neasuring a tine
quant um wi tapplicatiors3Hipinteragt witvwariays glatfamm bardwarg dﬂmQSh”SOg insdudingsd CBUJRBCcessi ng
unit clock signal is active within a processor core of a central processing
uni t; and via an operating system 300 such as the Windows™ operating system from Microsoft

20 Corporation, one or more device drivers 306, and basic input/output system (BIOS) code
310. The illustrated system is interrupt-driven both with respect to the multitasking of the
various applications 302 and communication between applications 302 and platform
hardware 308. Accordingly, in one embodiment of the present invention, an application
302 request for a hardware resource from within platform hardware 308 can cause an

25  interrupt, such as a System Control Interrupt (SCI) or a System Management Interrupt
7



determning a utilization of said central processing unit during said
sanpling tine interval utilizing said tinme quantum 2. The nethod as set
forth i n wbaknosdss Wwherein nmeasuring a tinme quantum wit hi n PCTYES0$/A83P i ng
time interval during which a central processing unit clock signal is active
w thin a processor core of a central processing unit conprises accumul ating
all tine qESMibatonbe Igemeraied dnd anphierrgptt hardler mewingadp beurespRYSIAIY caxee s
central processing unit clock signal is applied to said processor core. 3.
The met hod letsrastixin Heowdeh operagigasystein, 30 jaed plavfortehasdwidre 3 Ofgis shantfrdilitpgd byn of
said central 15 processing unit during said sanpling tine interval
utilizing sadetictidnizeqdnindBaspla. sbsthe dllestiagd iendpodiment, iBAOS3 18 giodtains ne
-quantumto said sanpling tinme interval. 4. The nmethod as set forth in claim
1, wher ei n infeasdsioh Rgchaast physica] Weice addressési of the saivpb dexgeesi308 aitavthed taathe dur i ng
which a central processing unit clock signal is active within a processor
core of sa GaftpradesMOSBRET MW andiit usipritts@Spect-© the ML) 2/a@BniBsién-of data.

PCT/ US(I 1/ ~3139 determ ning a total nunber of cycles of said central
processi ng B{nédntradt Oddvice idgived 306Natypaaly spepificad atpartzaladhiriwaesisdce aar i@ of
said central processing unit during said sanpling tine interval; and

cal cul ati ng,sgak@ohdeMRIWAh& A4 atibh 8 dAth bedln vaicls dBHEDRIMAS. cycles and a
period of ' S gal d central processing unit clock signal. 5. The nethod as

set forth in ¢l feflrhg dow flifturd QP SAAInRAL oMb Alchilor BB b udlzdtion

utilization application, whefein sard sanpling tine interval conprises a

bt oPp o . . eIt e pri s q
;' S”gcgﬂfje;%g%; & JFRg p?esgﬂgrlﬁ{ﬁnﬁ&??s“ﬁlh%te‘a vHMs %&r{lddié#h{o% %ﬂde)é’lh%fﬁ%' on an

f
fon of "sal I'zation applicati d as

set forth '@ch'gﬁ'ﬁ%f a ﬁfg}%&fnge?\:ral aﬁm&/rhiic%i crg)gr.:e(si'pogg irtri‘;?l;leﬁ%lp!i atiof oF %%Mf grgystem

rranagen‘é)nt erein sal Ine | nterva COITpI’i Ses
atinme interval between a first . execution of said t e
i nterrupt HSAEA! RrOGEHNG VB L4 Ség{}ggtcﬁ‘? itﬂzfnpré)fesg%{i %Pr%?éﬁec’%rgnanaggmﬁt he
interrupt handler. 15 7. The nethod as set forth.in claimb5, wherein
det er mi ni ngllastitsd ayork artids 45? “E?‘)’c‘ﬁgg%l?ﬁ represeyt {:@ncfdr BPCSSPY PSERIMAICUNAE ¢l ock
signal that are applied to said processor core of said central processing
unit duri n@f%i@fgéﬁﬂ‘lpl'% data PEOCRIHNG Y SFM ¢ SHPHA e the 'ﬁ%ﬁ?@&sﬂﬁpné‘%ﬁ 404
ti me-stanp counter for each cycle of said central processing unit c|ock
si gnal t hatwould appéspenl tooths £i2dansk gredersBi#tes iy Balishich AgPregasspr 1574R8' i me
interval from20 an initial value to a final val ue; ]
15 removed from the processor core 200 for each of these states. In the illustrated
embodiment of Figure 4, CPU utilization application comprises a periodically executing
applet or application. Each time the applet is executed, a CPU utilization factor is
calculated based upon data from the prior execution (or from default values for the first
execution). As illustrated, during a first execution 406 the executing applet retrieves a
20 value from the performance counter previously described herein. The performance
counter will be read again during a second execution 408 of the applet and the elapsed
time between reads will be computed as the difference between the counter values at the
second 408 and first 406 reads multiplied by a predefined timer clock period. In addition

to the performance counter, during each execution 406, 408 of the utilization applet a time

25  stamp counter 224 is read. In the illustrated embodiment, the total number of ticks or
8



subtracting said initial value of said tine-stanp counter fromsaid final
val ue of said tinme-stanp counter to determne a total nunber of cycles of
sai d centwalo2/pfqacessi ng 13 WO 02/1)5-t2-4-t PCT/ USOL/ - t PLIWMHI632| ock
signal that are applied to said processor core of said central processing
unit during said sanpling tinme interval. 8. The nethod as_set forth in
claim7, fuaydiéseof thoEBideokgignabial hye dagndanphied fodhe GEPLOIOROGEYeIN ] st anp
counter in response to said first s execution of said utilization

appl i cat i offirstaretutiemd0 gnds thiecbedand aexeaptipu d0® presegiaylatqdnley. stbHAGINESHEEE i n
response to said second execution of said utilization application. 9. A

dat a pr ocessiuagessy@SEnumeabiab|tee fealivaime dtdineg feonplther e sigmpfcopriet 226t i ons
-executabl e by a data processing system enbodi ed therein, wherein said

i nstructi opES@AMN)! Sinex €elitegdercus the shick sigailapplicdae SEUNG0sys beraried:asmeasur e
atime quantumwi thin a sanpling tinme interval during which a central
'processisng pVidusly! @lriteidgnal applie@aick vW@uk tshihn @ofveseé s or ugioé tofic dycent r al
processing unit; and determne a utilization of said central processing

uni t duri ng@aifing aelckRGurtivaRe IBSCduharvabCounkd)ibgitirgeus@itdCRU pieckjsigmtium  10.
The data processing systemreadabl e mediumas set forth in claim9, wherein
sai d i nstryekbORhidaY fls theTRich periiPfoPTHo PR 51 staip kewntér@2AE @bis periad isi me
guantumwi thin a sanpling tinme interval during which a central processing

i ¢ canss o e R o e Sccumal a6 ol | LI M quanta
ni 01 ock YARENR B IEIoL Gl 4 120 R o B ST oz
Forth 11D ciohtis iiserained s HRAEFaR ERRY P ERAR Tt Tl 8F
47 Sanpl g W B A o e STl R R BEORERR: (B oD 0811 2
el ng ¢ e a0 B eaperht ofarfigprigecies Ty YEA PRy um as

set forth in claim9, wherein said ipstructions caysin ald d

processi ng igipevabhetweepagads of the tysism Hdersd tﬁPTrﬁ?rﬂgﬁr"g\’Fﬁ\chg@e ?Fﬁelzlont erval
during which a central processing unit clock signal js active.w thin a
processor caeek signabis erited i thp prosessaicrs 109 ‘tak‘('?&tfg‘éc‘g‘éidﬂmﬂ%\'f wrigligsde dich g
systemto: determne a total nunber of cycles of said central processing
unit cl ock apiphetaslockiségnabirequensyiap 8itwho sai d processor core of said central
processing unit during said sanpling tinme interval; and calculate said tine
quant um uti | i zi Refaengl nowt &l FigurebBr a kcang cerebpdirt Hf 7ar aRpYCBIENSRIPEa®ent r al
processing unit clock signal. t5 13. The data processing systemreadabl e
medi um as setlizhtiont eqience bhthmpi@entfinventien isciingiratedi Nariquppericds pf yroek and
instructions which when executed cause said data processing systemto:

peri odi cal | glespe bitrladly dépitted ater aninapiplared DO mwhichiverreipands i e apptishiiaty ti ne
interval conprises atinme interval between a first execution of said
utilizati ongrappidveRbf @ncaudclaci?Qigagic mneheep@cestorocorof208acfda UERU i 28t arsh
application. is

20 consequently to the CO and C2 and greater ACPl processor performance states
respectively. By contrast to the utilization sequence shown in Figure 4 however, in the
illustrated embodiment of Figure 5, a periodically executing interrupt handler such as an
SMI handler 506, 508 is utilized to read the values necessary for calculating CPU
utilization without actually performing the computation. Instead, the values are read,

25 stored, and subsequently provided to a CPU utilization applet 510 which determines the
9



WO 112/ (1S.12. 1~ PCT/ US111/-L3139 14. The data processi ng systemreadabl e
medi um as set forth in claim12, further conprising a plurality of

i nstruct ivwas2nfizeh when execut ed cause said data processi RETHHU/GINSP 0:
periodically execute a system managenent interrupt handler, wherein said 5
sanpling time interval conprises a tinme interval between a first execution
of said systteahperemstgenaractivnCRBY timst  Mensayesra REYFr aPagesieat 'é‘?%‘crﬁ@% Mf said
system managenent interrupt handler. 15. The data processing )

syst em r eadaipeefoneatice noaserge ttilized irhthisenebodingnt & defpraving the gassaeeiafdiMeuct i ons
causing said data processing systemto determne a total nunber of cycles
of to sai dDueing raafirspexeceimi ofgSNMhhandisr G0k asvayeais readafrora hethathp|timeds#BP sai d
-processor core of said central processing unit during said sanpling tine

i nterval cavsersaid (TBCq@nM) andské pgwsy stagagement timer éPdiimer0) pinthes dafap
counter for each cycle of said central processing unit clock signal that is
-appl i ed st 0 psREiY 9AEHS WuriaPh Cecdnd exegutimi W8 thelperigdit haralldr valaeswat rdadom an
is initial value to a final value; and subtract said initial value of said
time-stanp ,cAHN6h BoitPBr SBésd firhdtaland ahusotfeaseai tile tobrnedt euiqes coeintaed.t o
determne atotal nunber of cycles of said central processing unit clock

si gnal t hatg,gre, apR! h ePU Grilpalich HpREeSeRcueO5E0 aid Hiidicarnif @PUPIaICiessi ng
unit during sala sanpling time interval. 20 16. The data processing

systemr ea%?BLEte%qiaUMia%raﬁ}ceﬁthé B hdtive l@UMike, ovkr EehiglervaB@tivesr BN
plurality of Tnstructions I ch when executed cause said data processing

system 00 \30ier MOHAL bk 968 dude RETAILE:Sikdd dy hSARA HRAY 8a kil peftbdg ! val ue

of said tine-stanp coun In response to sai'd first execution of said
utilizahﬁoqug |ication; and read said final value of said tine-stanp
counter i n @%ﬁée to said second execution of said utilization

lication. 5 17. A dat [ t I 8¢ NQ: :
o bcesal g uni t R Aeds B3R o % AL FEbGARP 31 P8 ePGEPh Rogrem,

rocessing unit includin rocessor . .core: : :
P J utilization sequence gf t%e Ff)resentsmventlon is illustrated. Various periods of work and

sleep are similarly depicted over a sampling time interval 600 which correspond to the

application or removal of a CPU clock signal to the processor core 200 of a CPU 120 and

15 consequently to the CO and C2 and greater ACPl processor performance states,

respectively. In the illustrated embodiment a system management interrupt is generated

by a periodically executing utilization applet 606, 608 to determine the value of each

required timer or counter. Accordingly, during a first execution 606 of a utilization applet

an SMI is generated causing the associated SMI handler routine to read values from time

20 stamp counter 224 and from a system independent timer 210 such as the power

management timer as shown. After the expiration of the sampling time interval, the applet

608 and SMI handler are executed again to obtain the values necessary for evaluating the
utilization of the CPU 120.

Referring now to Figure 7, a high-level logic flowchart of one embodiment of the

25 method of the present invention is illustrated. Figure 7 depicts a technique by which a the
10



a clock generator to generate a central processing unit clock signal and to
define a sanpling tine interval; to a nenory to store a plurality of

i nstruct ivR82/0d2&h when executed by said central processi R§TUHN1/A¥dse sai d
data processing systemto: neasure a tinme quantumw thin said sanpling tinme
interval during which said central processing unit ¢l ock si gnal | S,active
within sai dilipatioeof erCRrreayobe detpenineshindependendy i< Aya (Ageess 'b%n%!s{eg‘ s
determine a utilization of said central processing unit during said

sanpl i ng t bpesatingtsesteml The iprdczssntjustrated by iFigureyd Peginhat bieck 7Phe T&S‘F%ﬁeﬁr%cessi ng
systemas set forth in claim 17, wherein said instructions causing_said

dat a procesgiengislysimeentt Gmeetseehi ase the WOWET ZB¥TageNeSt WEeTd o e Mipdaws™
‘processing unit during said sanpling time interval utilizing said time
quant um cagagorsanct @ah@r @ecussed hessi in gead ybtoskn702). ekt alsampling ting NS sai d
time quantumto said sanpling time interval. 19. The data processing system
‘as set for thddfined Ldhgnht Tadepbreiest times aictbck ipetiod) ot e as cartetingnd priediodsly a
processing systemto neasure a tine quantumwi thin said sanpling tinme t~
WO 02/ 05- 42eal-s¢stEf-Thdebdddnt. ik vaBes (Bloek 7@d). duvalurds ki clad $rainch enstarap
processing unit clock signal is active wthin said processor core of said
central progass! (BBckinod) whddhss irkpinttnalfer QALIOCRSSHTglosl SéfanCRWelodesignali ne a
total nunber of cycles of said central processing unit clock signal that

are appl i ed, g, Eﬁ&ﬁn@d 96 FRSHocErecddd 26@iol eI MAbceic BSEI1DY Wikg dur i ng
said sanmpling ti Sinterval; and calculate said time quantumutilizing

sai d total Pcuvfi{glg(y rg{get?%é;%tgrﬁ%@&%e? VREGE bRFne Eut @iy r&ANRIua! thP[oed AERbEDFUNI t

cl ock si gné’ rocessing systemas’'set forth in claim 19,
further conpyisjng a time stanmp.C r FBEE d&ve! @eof said
central "pr g@&%i"ﬁg S{EAf trrc‘j(rs OCK?E F%ﬁ@‘}m?ﬁ%ﬁﬁﬁ gp?sseggghltsls(gg&tregggd;i d l%y’lr 0cessor
core during said samling ti i nterval  f N nitd al i nal
val ue, V\he%@f‘ﬁll:'“gsﬁina 'l"ﬁ‘s\% %Wgn%a%%egsébhoﬁkgggg (Tg gg%e?bglégét:dﬁa%gglrgt%m to
determ ne a total nunber  of cles. of. said central br b L4l ock
si gnal that“qé?r\é“"épﬁﬁ"@ﬁ Wt“g‘ @gaa%ﬁwéég‘?owg%a‘f@“% %@F@@Z‘?\W g'loglglrSl I(]:Egssi ng
unit during said sanpling tine interval se said.data 1 [ Wals)
systemto sYAStacHY§ Wgtglnd‘hF GiPL S Progessfecost S@@F*H’ E‘? prglvgsélﬁﬁgggeﬂﬁct%gﬁﬁﬁegm sai d
final I f [ i me- ' I

C;,Q?esvgf ugm?td)egglﬁt%{}éi Qﬁcftcgggs gr(\)du?l;[eeél’lg Oclgcit seifr;na ’Q%eﬁoé ?tglgck gﬂﬂ.be&})lgf

15 utilization may then be expressed as a ratio of this active CPU clock signal time to the
sampling time interval (block 712). Next, it is determined whether the CPU utilization
application and analysis is to be terminated (block 714). If not, the process is repeated
beginning at an entry point depicted by block 702. If so, the process is terminated (block
716).

20 Although the present invention is described herein with reference to a specific
preferred embodiment, many modifications and variations therein will readily occur to
those with ordinary skill in the art. Accordingly, all such variations and modifications are

included within the intended scope of the present invention as defined by the following

claims.



processing unit clock signal that are applied to said processor core of
said central processing unit during said sanpling tine interval. Zo 18
)AZY. N_é@vm)&hsm,e. A% Al &L. Au% A; & A(. A A(. A A A & A(. Al (BCTAISOMNIBB#R6Jde
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3, The method as set forth in claim 1, wherein determining a utilization of said central
15  processing unit during said sampling time interval utilizing said time quantum comprises

calculating a ratio of said time quantum to said sampling time interval.

4. The method as set forth in claim 1, wherein measuring a time quantum within a
sampling time interval during which a central processing unit clock signal is active within

a processor core of a central processing unit comprises:



=G aB~_ @T 10%& ()-3'3 @109 ()- Yg 10%& ()-1 @10%& ()- YS 10%& ()- YS
10‘3/«&' () - G JIdE~ @*-10%&' ()-3 F(10%&' ()- F%WO0%& ()-yF"109%& () - (S) 109& () -
fm 10%.& (WOE?dEﬂ_J@ 69109& ()-Y 410%&R' ()- 210%& ()-Y sOLlOY®CIUSOY/AIQYR' () - F
S, 10%&' () - 8bCY10%&' ()- ylO0% ()- "&10%& ()-910%& ()- 10 10
10y8!\/|].0%& ()-6aBbd ' 109%& ()- 10%& ()- 110%& ()-!< , &LO0%& q)- | 109& () -
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calculating said time quantum utilizing said total number of cycles and a period of

5 said central processing unit clock signal.

5. The method as set forth in claim 4, further comprising:
periodically executing a utilization application, wherein said sampling time
interval comprises a time interval between a first execution of said utilization application

and a second execution of said utilization application.

10 6. The method as set forth in claim 4, further comprising:
periodically executing a system management interrupt handler, wherein said
sampling time interval comprises a time interval between a first execution of said system
management interrupt handler and a second execution of said system management

interrupt handler.

15 7 The method as set forth in claim 5, wherein determining a total number of cycles
of said central processing unit clock signal that are applied to said processor core of said
central processing unit during said sampling time interval comprises:

incrementing a time-stamp counter for each cycle of said central processing unit
clock signal that is applied to said processor core during said sampling time interval from

20  an initial value to a final value;

subtracting said initial value of said time-stamp counter from said final value of

said time-stamp counter to determine a total number of cycles of said central processing

13
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execution of said utilization application.

9. A data processing system-readable medium having a plurality of instructions
executable by a data processing system embodied therein, wherein said instructions when
executed cause said data processing system to:

measure a time quantum within a sampling time interval during which a central
processing unit clock signal is active within a processor core of a central processing unit;
and

determine a utilization of said central processing unit during said sampling time

interval utilizing said time quantum.

10.  The data processing system-readable medium as set forth in claim 9, wherein said
instructions causing said data processing system to measure a time quantum within a
sampling time interval during which a central processing unit clock signal is active within
a processor core of a central processing unit cause said data processing system to
accumulate all time quanta within said sampling time interval during which said central

processing unit clock signal is applied to said processor core.

" H(4(6(7(8(9(dYNC 10 10 10@L10%& () -
109& ()-4, 109%& ()-2, 109 ()-0, 109 ()-9(GV(()T))dEYNC @ 109%& ()_(@3

@

10 10 106y&10%& ()-4@ 10%& ()-2@ 10%& ()-3L10%& () - MD-



10! @ 10% ()- @ 10% ()- @ 10% ()- @ 109%& ()- 3"&LO%& ()-910%& () -

ot
; <OK<dEYNC 10! 9F"10%&' ()- 3@10%& ()- | 10%& ()- 109%& ()- @109%& () -

y&10%&' ()WO42BH3P: GARIEYNC 10! 0@ 10%& ()-. @ 10%& ()- , Z" PSR 3@%

109& ()-3"G' 109 ()- @ 109 ()- F@AAAAAAABUVT 13" 109& () - 109& ()-

10! F"6&10%&' ()-4S 109 ()- 2@ 109& () - Bl CCEUEFFdEUV7 13""10%&' () -

109%&' () -3, Z" 109%& ( *S 109%& &
|1 Bl;] ﬁ] EJ Q" 3pJyg Kl]'wgai PrOERERINE j”g%@ Té% "‘?3@ é"}‘fgfig%'wﬁ% w“%']eg" $id)-
&109& MVVR YR 0/
-y &10%&' () - pgt(ré@gK%sKeKe)Lutﬁms silg%(éogﬁé@%ﬁ 10 /“%‘?&Z a lltlileatIOl’l (o)f sg d central

10

15

20

processing unit during said sampling time interval utilizing said time quantum cause said
data processing system to calculate a ratio of said time quantum to said sampling time

interval.

12.  The data processing system-readable medium as set forth in claim 9, wherein said
instructions causing said data processing system to measure a time quantum within a
sampling time interval during which a central processing unit clock signal is active within
a processor core of a central processing unit cause said data processing system to:

determine a total number of cycles of said central processing unit clock signal that
are applied to said processor core of said central processing unit during said sampling time
interval; and

calculate said time quantum utilizing said total number of cycles and a period of

said central processing unit clock signal.

13.  The data processing system-readable medium as set forth in claim 12, further
comprising a plurality of instructions which when executed cause said data processing
system to:

periodically execute a utilization application, wherein said sampling time interval
comprises a time interval between a first execution of said utilization application and a

second execution of said utilization application.
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sampling time interval comprises a time interval bétween a first execution oef\ sald's@tem

management interrupt handler and a second execution of said system management

interrupt handler.

15.  The data processing system-readable medium as set forth in claim 13, wherein said
instructions causing said data processing system to determine a total number of cycles of
10 said central processing unit clock signal that are applied to said processor core of said
central processing unit during said sampling time interval cause said data processing
system to:
increment a time-stamp counter for each cycle of said central processing unit clock
signal that is applied to said processor core during said sampling time interval from an
15 initial value to a final value; and
subtract said initial value of said time-stamp counter from said final value of said
time-stamp counter to determine a total number of cycles of said central processing unit
clock signal that are applied to said processor core of said central processing unit during

said sampling time interval.

20 16.  The data processing system-readable medium as set forth in claim 15, further
comprising a plurality of instructions which when executed cause said data processing

system to:
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5 17. A data processing system comprising:
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a central processing unit to process data and execute instructions, said central

processing unit including a processor core;

a clock generator to generate a central processing unit clock signal and to define a

sampling time interval;

10 a memory to store a plurality of instructions which when executed by said central

processing unit cause said data processing system to:

measure a time quantum within said sampling time interval during which

said central processing unit clock signal is active within said processor core of said central

processing unit; and

15 determine a utilization of said central processing unit during said sampling

time interval utilizing said time quantum.

18.  The data processing system as set forth in claim 17, wherein said instructions

causing said data processing system to determine a utilization of said central processing

unit during said sampling time interval utilizing said time quantum cause said data

20  processing system to calculate a ratio of said time quantum to said sampling time interval.

19.  The data processing system as set forth in claim 17, wherein said instructions

causing said data processing system to measure a time quantum within said sampling time

17
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20.  The data processing system as set forth in claim 19, further comprising a time-

stamp counter to increment for each cycle of said central processing unit clock signal that

10 s applied to said processor core during said sampling time interval from an initial value to
a final value, wherein:

said instructions causing said data processing system to determine a total nhumber

of cycles of said central processing unit clock signal that are applied to said processor core

of said central processing unit during said sampling time interval cause said data

15  processing system to subtract said initial value of said time-stamp counter from said final

value of said time-stamp counter to determine a total number of cycles of said central

processing unit clock signal that are applied to said processor core of said central

processing unit during said sampling time interval.
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