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field of the | on relates generally to central processing units
(CPUs) . Nbﬁ’ed‘gés‘{}iucul arly the field invention rel ates t o JELPHH ng CPU

utilization. Still nmore particularly, the field of the invention relates
to an operati ng SQRERATING SYSTEMIINDERENDENEWIETION ANDEYSTEMEr M ni ng
utilization of a CPU within a data processing system BACKGROUND OF THE
| N\VENTI ON 10 I n nost npde QEDETERMININGORE G TIBIZATIONCessi ng or conput er
systens, various tasks or user applications contend for processing tine to
execute on a central processing unit (CPU) or simlar processing device.
Activity in even the nost highly nmulti-tasking environment tends to be
bursty, haviﬂgﬂﬂhﬂﬂﬁﬂﬂlﬁiﬂﬂihﬁgy or inactivity followed by periods of
i ntense processing activity. Accordingly, it is useful to analyze the
~utilization of CPUs 15 and other simlar data processing system devices for -
a varietysof readbndieldmstheoinentip relatesi agpergllyde sewet Pigesssipg Ritsd&PHEIr i ng
periods in which few or no user tasks are scheduled nmay _be an indicia of a
vi rus progr aMprpagicularntbe digldriaveptios) relatentn determining GPUswtigttioni Sl MUl ting in
thrashing or other inefficient system behavior. At present, several known
mechani sns  ReRicelarly, dhe figld ofrthg invaagjoraelates 19 an opgrptingsysipre pidapeadgbmethest ocessi ng
system 20 As one exanple, in_a conventional operating system (0OS), CPU
utilization 3 systgayol defermaningRiilization pta GY Wﬁh‘@%‘t? W@S¥qgﬁ§¥ﬂ’&r oss a sanpling

interval to determne the percentage of time the processor is inactive. To
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unit (CPU) or similar processing device. Activity in even the most highly muiti-tasking

environment tends to be bursty, having periods of latency or inactivity followed by periods

of intense processing activity. Accordingly, it is useful to analyze the utilization of CPUs

15 and other similar data processing system devices for a variety of reasons. For example,

high processor utilization during periods in which few or no user tasks are schedu{ed may

be an indicia of a virus program or of some correctable fault in task scheduling resuiting in

;} thrashing or other inefficient system behavior. At present, several known mechanisms
exist for determining CPU utilization within a data processing system.

7 20 As one example, in a conventional operating system (0S), CPU utilization is
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
!




processor performance state such as the C2 or C3 states defined by the well
known Advanced Configuration and Power Interface Specification,2Re0bSiHN05

2.0, July 2404299945 (ACPI). In the C2 state clock signal ved from
t he functi onalﬂ un?“t‘ts of the processor while its menory 536%@1{{8 remai ns

active and "snoopabl e" by other devices. In a C3 state, the clock signal

i s al so renopeessor Gnidtehi Aconginglyy a §FUtindepergtnt ttimer dhatead anglr he prosdssny isyst em and
a so-called "deep sleep” state is entered. Wen a new task is added to the
r eady- t o- r uneskdntially depsivptedyc @his ay accgmpliskbedduy Auning heaprpdesser &t apredafisedch as t he
CO ACPI t0O state) and the tinmer is read again. The difference between the
first and seRfessesor perfymansggtte uphupt thelG2eer B3 swise defined by shpwell kagwit hen
represents the CPU s idle time. The accunulation of this tinme across a
sanpl i ng i nt&dvaeged Configyepioy gaciPawst Her@pndnseifieasion.deyision 210 julx 2R hat
percentage of the CPU s time is spent idle). Unfortunately, neither this
measure of CAGPDutIn| the 42 ate sloek pinrelssargremqyed fme the dgnptionsl paits of dkac |ist is
avai | abl e outside of the OGS through a 15 supported application progranmm ng
interface (AmpoEssopwdifertspagiony whiyeRm epmapsectiyeng Kgagorrhle” py e devicsivention i s
illustrated by way of exanple and not limitation in the  figures of the
acconpanyi ng‘“d‘r%ﬁtﬁt&sfheic%?%% ipigufemoyed from Hit pepery pertiop N E5t9enal dat a
processi ng system useable wt ne present 20 invention, Figure |Db .
illustrates Pé°°ﬁﬁsl"5rsyséﬁmca"&ﬁéﬂf{]@é?‘l‘ﬁ@’?‘}?, %%‘Sﬂ%tfréd'p&BWﬁﬁkﬁféi&@m depi ct ed
in Figure la; Figure 2 i|llustrates a portion of the architecture depicted
in Figure | 8§ rEpduia-gin lisy thedirgeessor iy plagrs i gpysctivpsiais ApusB 29 8 (O iso1/ 43639
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of this time across a sampling interval is then used to determine the CPU utilization (what

percentage of the CPU’s time is spent idle). Unfortunately, neither this measure 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 (APT).
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 la illustrates a conventional data processing system useable with the present
20 invention;
Figure 1b illustrates a prior art architecture of the data processing system depicted
in Figure la;
Figure 2 illustrates a portion of the architecture depicted in Figure 1b in greater

detail;




5 Figure 5 illustrates a second enbodi nent of an application program

utilization sequence of the present invention;, Figure 6 illustrd7é96x2005
third enmbodiygEnlosaks an application programutilization f the
present invention; 4Fi gure 7 illustrates a high-1level | ogﬁ’?%ﬁ%ﬁ rt of one

enbodi mrent of the method to of the present invention. DETAILED DESCRI PTI ON
OF THE | NVENTI ON Figirp élfugiratesgpn yobitestival spitqre didgram dagicting dheaepdratignseferm of
determining utilization of a CPUw thin a data processing systemis

di scl osed. | fita pracepsng syHpmmepcerding fo thapreperydmvepticnon,  nunerous specific
details are set forth in order to provide a thorough understandi ng of the
15 present inventfigyie 4HdwiErvler a firgt epbodimsat gh pmappication nseganp futiigaiomary ski | |
in the art that these specific details need not be used to practice the
present i nvefsaneHse ofithe Rsesed inveitiblunst ances,  wel | - known st ruct ures,
materials, circuits, processes and interfaces have not been shown or
describedi n det 1897 f IBpiRis arwspond smbpdimertsef an; applicatipaotpasan alizshes ent

i nvention. Referri r}%fnow to Figure In, a conventional data processing
system 100 uSeEBI ST Ve HE pr esent invention is illustrated. Data

processi ng or copputer .system 1Q0 i conprised of a systemunit 102,
out put devi ces sgg'ﬂreaé "i‘?ggﬁ‘fsa’i‘/%ﬂr64e"§’ﬁ&‘"’6&p?é%‘} appjigation, pEperaTh BizaiRly i ces such
as keyboard 108 a?ﬁ1 m)usF. 106. Data processing system 100 receives data
for processiTHRs7 of H8 PR BUFEY on of i nput devices 108 and 106 or directly
from fixed or rgnov e nedia storage devjces. suc S dj 11 nd networ k
connection 3 27? BeF B‘é‘“ﬂt\m tygr %éﬂg‘%&f fg&‘f}'@fﬂﬁ '“Teﬁ‘[‘glsqeafﬁeéléo%( not
shown) . ta 'reocezl?i Q%n.s‘ystem 100 then processes data and presents
resul ting oufcg'utpmél‘3 YOS out put- devi ces such as display 104, printer 110,
fixed or renovable nedia storage devices like disk 112 or network
connecti on !Dﬁ'l%iﬁﬂ%m(ﬁ@i’?fdﬁﬁﬁ‘@-ﬁi’b 2t e 1b, there is depicted a

cO

hi gh-1 evel bBrock dragramrof the Tponents of a data processing system
100 such as that illustrated by Figure la. In a conventional conputer

system system Uk bpekididg ERRInUARBerder hiRtheS SAdNGstElR Vi Glerfidmp vfiBzation of

a CPU within a data processing system is disclosed. In the following detailed description,
numerous specific details are set forth in order to provide a thorough understanding of the
15 present inveﬁtion. However, it will be apparent to one of ordinary skill in the art that these
specific details need not be used to practice the present invention. In other circumstances,
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 convenf’ional 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 110, 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




central processing unit (CPU 120 connected to a level two (L2) 5?2%65((132&
over a processor systembus (PSB) 114. Processor system bus 114¢fs§%i Pa

coupl ed to @@ o2@¥ansi on bus such as |ocal bus 116 and A PERAIRD 438596 via a
north bridge circuit 124. to Local bus 116 may include a peri pheral
conponent interconnect (PCl), Video Electronics Standards Association
(VESA) bus orintenfagey {nRlashowplyhibaty prosessing dystem 109ctheny precssssodatd 28! pmsgntshe
processor system bus 114 to permt high-speed access to sel ect devices such
as di spl ay desyitiag oniput dab ¥i3r SutPEp glevigsy Suplt udispime d0f awinter (| ROMjxedired/ or
random accessréR% nErmry 15 devices such as a synchronous dynam ¢ random
access menor YPRBEEARFIIHtoragealeviees kg fidk U2 osnegrarkepnanstion interfices. |  as
instructions to tr)%fexecut ed bé/ CPU 120, Access to data and instructions
stored within nendf§TADeY © ks 1Ydbers isepicted adieh-levelhhipd) diagran plothe  shown)
Wi thin north bri d?n%"& recuit 124. L2 ca&he 122 is simlarly used, typically
in a hierar EAMRY rfndAfa procgssing systery 400, sush as thatsillystrated by Eigwedagin &ct access

by CPU 120. Di SQIa 20 device 128 may (nclude a cathode ray tube (CRT)

di spl ay such®d¥ ’H'ioé"dlcﬁﬂ?p"fﬁﬂ“ﬁe”i"qwt&" oty L0g Jpelugess g pEpsespipgdyVicepuch 28 i | ar

devi f di splaying. I [ f data t t . F

exanpl e, 1 et SPUY I Samertf i Alfvebfvinds) SEVprE et o the
di spl ' 28 t it 10 i t 100

i 50 reat ur ot S B Heg hiGeron iy buscfla  BSG R R | ndust ry

St andard 25 i SA) b d brid ' it 4 i

i ;3{‘06‘{ ocal EREMPEG R ot betby B Nipfh3y Shoivn s ot bt piopi R

fagilit t th | at i | i to th t

100 soutt AerrY A hoit y el ieRhint flhobueli Pl Vil i fes) porc

138 | ) ' i . devj h t k

ntertace caradyRietylehhns GRING T B RLeohi SR pRicEdRn Sl 0o si
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the systemylQQ. pga the expansion bus 118 as illustrated. A floppy disk

drive (FDD) 144
Memory 126 may include read-only (ROM) and/or random access (RAM) memory

15 devices such as a synchronous dynamic random access memory (SDRAM) module
capable of storing data as well as instructions to be executed by CPU 120. Access to data
and instructions stored within memory 126 is provided via a memory controller (not
shown) within north bridge circuit 124. 1.2 cache 122 is similarly used, typically in a

) hierarchical manner, to store data and instructions for direct access by CPU 120. Display

20  device 128 may include a cathode ray tube (CRT) display such as display 104, liquid
crystal display (LCD), or a similar device for displaying various kinds of data to a
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




provi di ng additi onal data storage capacity on renovabl e nedia stg
devi ces such as }} disk 112, and input devices such as a keyboar%ﬁggg/zgtﬂnoé

cursor contwelodeyisce 136 are to each coupled to expans'ge@m?&ﬁ L38 in this
manner to conmuni cate data, instructions, and/or conmrand se Ceions to

central processing unit 120. Cursor control device 136 may conprise a
convent i onal farilitaie the gashment mf weher, Teiatively dliwgudeidey toatht rsptdobad0., Santh any ot her
devi ce capabl e of conveying desired cursor manipulation. Simlarly,

expansi on bu8rifge gcui§ 136 ingindes mpnivansglisetialiup (4SH) od ) 3& onvelbdsl ogirer izt ng
standard serial and fpar allel port 15 functionality for connecting other

|/ O devi ces SUEFFISRs Ty Jepicesysudnay arngtworeinteyfare sl 170 e det stomge ddvicehmcipr esent
invention includes software, information processing hardware, and various
processi ng stehagngin bard sk drived 3%easd an pudip draice W0 sphle as @ spegheeor suatl  pr ocess
st eps of theﬁj@{esent i nvention may be enbodi ed i n machi ne or conputer
execut abl @ | ‘ructions enbodied within nmedia such as disk 112. The

instructions can pe 20.used 10 cause a general purpose or special purpose
processor such a%éﬁ"ﬁf)""t\ﬂ‘ﬂe"&ﬁ coupledyio Seiftth hidga 134 fmay bpeommepted-ladhs ons to

Feat ur os or tadobre onpoerus 116 ahibmeiny FompelRaire OBy Wpeci 1 c
or by any. CONBIR FSHORY 95 Blransuae DotsrenoE brietnse GHEFSCUgt Bm has duar o
g, oS R U SR B Ll 00 T
romory 196 BePoRL S piRBu e JJEFCRRChene s Grimnetn g RERERPS cont r ol | or
generat 0. by SotPAEnd ki) bl oSSR CReteael e Pvol phase
vol tage. 206 TeP ARt s Bt BBl Finle R e ian A piEnbodi men
Becesses t o e e SR RDURRIE o RhiFUoF . BiEne B ah PP rmt ol y 100
nmegahertz jnciudes an input/output (1/0) controller having standard serial and paralle! port
15 functionality for connecting other /O devices such as printef 110 to the system.
The system of the present invention includes software, information processing
hardware, and various processing steps, which will be described below. The features and
process steps of the present invention may be embodied in machine or computer
' ) executable instructions embodied within media such as disk 112. The instructions can be
20 used to cause a general purpose or special purpose processor such as CPU 120, which is
programmed with the instructions to perform the described methods of the present
invention. Alternatively, the features or steps of the present invention may be performed
by specific hardware components that contain hard-wired logic for performing the steps,

or by any combination of programmed computer components and custom hardware

25  components.




(MHz). The central processing unit 120 however, is capable of performn
tasks at much 10 greater speeds than this and accordingly, a bus2?é&Pbd 2005
mul tiplier i el ected using a clock control signal, and a

hi gher freqde%;(ﬁnczi??%%ntral processing unit clock signal ispcgigh@é%d '
utilizing PLL 218. So for exanple, if the systemor front side clock 216
has a frequency BéfertiGndwm Figud 2aa partionoof3iardfiteGurt depictedsindiduectbeid usi ng
the GH # signal 202, then the generated CPU clock will have a frequency of
appr oxi mat el yllGogedvpiereattbdetdil. direrasson/ @0y shawiinglommunigdtion plith eemory 124t i 0 212
of say 7 to | could be selected, yielding a CPU clock frequency of :
appr oxi mat el Ppvaobe MagessoT sesteye ey htdeilizioprrmedmony ootreldr 236 whiinorticbridgk  si gnall
is then applied to clock throttling |ogic 220 before being passed to
processor corcEcyioigsd. Rrpopmonisygen gogk, (Bkdk il ¢ isczendmted by atodktgenatre 288 ock i s
deasserted or "gated off' fromthe processor core to prevent 20 functional
units witHi napharpliel © ¥ ¢lepk wper! phasadock Tovp dPELi 21§ of 6§1c12020d tchweredrvr e act s
as a switch, actuated by a stop clock (Stp_C k) control signal 204,

bet ween t he PPHirodara2gnd cqre vpliagp @06, jsovmauashy applisd do S8Y. 128 injtheeillusralkd count er
224 is also included within the CPU 120 and increnented for each cycle
(someti mes c&mpetiment prvidge neessepoperatingipwerci(iile s BCnpipnah 216jigappliesh o d

t hrough"” or applied to the processor core as shown. Because time stanp
counter 25 28essesie pad ommetipRd7e mcurcﬁt&E@F%kggwwemf@sl%?ﬁ%azto t he
functional uni the 6 27/06/2 WO 02/ 054244 PCT/ USOL/ 43639
processor coﬁghéog{‘%ffﬁ?ﬁalféocl:ﬁg'ﬁF{‘f&?%%g}?wﬁ"éﬁ&féf’ le qf perfQrming 13561 #1MUshd i nt eger
execution units, etc

e O ol B Mg S R B SR SR 2 Lo 1
ndependent  ¥Pokepris ol ch? A adi o sre cay e et i elogk YeDC] at e
Syt € oo S oo} S LA, 20 P B £ €
nSepenent by RYSHARSE o BT SR L 00 L b el papgrey. o
then the generated CPU clock will have a frequency of approximately 500 MHz.
15  Alternatively, a higher multiplier or ratio 212 of say 7 to 1 could be selected, yielding a
CPU clock frequency of approximately 700 MHz.
The generated central processing unit clock signal is then applied to clock -
throttling logic 220 before being passed to processor core 2(;0 Throttling is a technique
,} by which the CPU clock is deasserted or “gated off” from the processor core to prevent
20 functional units within the core from operating. Throttling logic 220 therefore acts as a

\._,"'
switch, actuated by a stop clock (Stp_Clk) control signal 204, between the PLL 218 and
W ¢
the processor core 200, A time stamp counter 224 is also included within the CPU 120
and incremented for each cycle (sometimes called ticks or pulses) of the CPU clock which

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




obtai ned. In one enbodi nent, a WndowsTM hi gh performance counter,  exported
via the Wn32 Application Programring Interface (APlI) as the 27/067/2005

Quer yPer f or gnsgéesnt er () 10 function can be used as ind i mer 210.
In an alternative, Advanced Configuration and Power Int ?f%?glggl%ﬂ&l)

conpliant enbodi nent, a power managenent tiner may be wutilized. Al though
in the ill ustPegeesar @rbidiswbis instmgtigratecalers, floatingrpod éhdiimegiepieaitiofus, bei ng
integrated with clock generator circuit 208, in alternative enbodi nents the
tinmer 210 meffe Berqyidpemaxisemdlnacaurste prarcstnaticrenfitieectsl ot gaforicddy CPUCUI t . 15
Referring now to Figure 3, an architectural system diagram depicting the
operation of!28 @as 2ldsiopa ehipseheychitpesere nomoent dlusigptedin Figmeprietam%ﬁdemventi on
is illustrated. In the illustrated enbodinment, a plurality of application
prograns 302 WFER1%s Susemyindapendanti taver 24P phscintiépende@Q4of GPEriaGtandiitsh vari ous
pl at f orm har dwar e cﬂevi ces 308 including a CPU 120 via an operating system
300 such a5 tFECRFhYSRETRCEBES ansffrgred s Sprkik signal D¢ thostiding o2BCIEipar at i on,
one or nore gi%/'bce dri vgrs 306, and basic input/output system (Bl OS) code
310. The ill AUy Spdifissionss Usingdhernypber of ticks nf indapbndpitttimer 219plapsedt 0 t he
mul titasking bof t he vaa;l,i 0 squpl i cations 302 and conmmuni cati on between
appl i cat i ons "FYFAFRYs pIcitsBrdircayency aa peuntsancanpr ofithil magiage ofimeamg benbodi ment

of the preseggm.i?r}jvqnti on, g_n aﬁg&iﬁc tiTon‘ 302 request for a hardware
resource fromrhithOpt grbegimen & "3igh Retfarmagesseourier, @Hotadtvirtheipt . such
System rol .l nter t (SC r a System Managenent Interrupt 7
Rl A S IR TN A
interrupt, hapdl.er rqut i ta be responsively executed. Interaction between
operat i ng]_osyglﬂ éet'r%H eé’ﬁe(r:‘i]ﬁﬁl'"gf‘?%‘?em tﬁ‘gefaiggrl’éa'éﬂﬁrqa@’et Advinged Erafieuestiey by a
cont ai ns. 1 ritoue s (RCBY Spmy/Brtelfboigttce A e gaBets et By B  ous
fespoct to v Mol e bRl BofRER mtesplicn Hrasld S devrELR | ver 306
is typicall LIl articul ar.hardware device apnd is  usually
concer ned wy"t"ﬁ‘@tq lﬁ%ér%tgdaxr’]@? 2{0?'(053"8?%85 éfn %8?\/{5 éﬁer(}aé'r”? S’E}B"d?f%‘if‘fsctﬂe MHfhat s.

Refierring Noji hidy b Hidredin sl o @ QLMY cirdliy 2" 3PP! 1 cation program

15 Referring now to Figure 3, an architectural system diagram depicting the operation
of a data processing system according to the present invention is illustrated. In the
illustrated embodiment, a plurality of application programs 302 such as. CPU utilization

| application 304 interact with various platform hardware devices 308 including a CPU 120
,) _ 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 {(B10S) 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 |
hardwére 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




sequence of the present invention is illustrated. Various periods 2f vy)rk
and sleep are to depicted over a tinme interval 400 which corres%g 86/2008
appl i cati onwarozfeesmyval of a central processing unit cl oclﬁ,csll}l%@ﬁi %o t he
processor core 200 of a CPU 120. The illustrated work periods 38 may
therefore represent the CO processor performance state of an

ACPI - conpl i arfSMi)atoabep genemisd iand) as yisereupt haidier Irauting fo bé @eshdnksivaly rerdcerdd.” sl eep”
state 404 would correspond to the C2 and greater states in that such a
processor cl dekragion hetwetnsoptBtingshsane 300fand platfire Hprdeere S8dis tiea feili2B@ bor each
of these states. In the illustrated enbodinent of Figure 4, CPU
utilization dpvice dives30¢ endoBIOScH 0 Iptheiibairatad bybodiveot IO 31tgptadts or
application. Each time the applet is executed, a CPU utilization factor is
cal cul at ed bd¥feunatiposichlat ehysiead devidsaddressesrof dheotitsalavi¢es 308 ntonheddd thal t val ues

for the first execution). As illustrated, during a first execution 406 the
execut i ng SappriaProcessing sxsted H0apd atsefel withomspedtdo the rétoal marodssion o data.
previ ously descri bed herein. The performance counter will be read again

during a sec&dousast tevicgArine g0 tymirallngnstiBe tosmphrtichiar kdrdypsedevice anvbis bet ween
reads will be conputed as the difference between the counter values at the
second 408 aM¥ely qoageredavith disdransiatipn ofisiata befwasn varigys devideifraatst i mer ¢l ock
period. In addition .to the perforpmance counter, during each execution 406,
408 of the util i ZStGEE QP Egurs 444 firet emBodimentpf anspplicetion Prgramaititizatign | n t he
illustrated enbodi nent, the total nunber of ticks or 8 27/06/2005 WO
02/,054244 PCFAYGEEF pij1he Bryseal, fovepdionyfs iflysatedb Variays Rerigidg pfivork 1ed sliepvase been
applied to the, CPU core 2Q0 between the first execution 406 and the second
execut i orf® 40%Piged oxgf %Hwaﬂféﬁvagﬂo% Bich serresprRyd iy gherapplioation g reraovabefge
(TSCount O) from.the final .val ue obtained fromthe tine stanp counter 224,
(TSCount | ). @ﬁ%eor?cﬁgmﬁr‘@&ug?fgf@f" foniie PrasesRorssornal0 abhpIGPEdI0e &y 120 can

lied tick count is then

be varied as,5 previqusly described, the a

converted t o'“&sugﬁ‘?tw ° Pﬂf‘?;??e“%gy‘ay ?H.?Fef‘?’f) fepr eFFS'Pfhﬁ EOArQRSSRIRFHOMARTELRAY TSCount |
- TSCount Q t current. CPU cl.ock signal. period, ich is also the

cl ock lSeri 2)001%%‘[%fﬁr&?hﬁg@@r}tcﬁmﬁ@roﬁséfﬂ%”éfﬁﬂg3@?""’2’5&.[‘3 %mt@%eﬁ?eﬁd*’t‘i‘t‘é‘i%bt ai ned

in one enbodj t of t resent invention fromthe SM interrupt handl er
which is r egv[vaoglﬁg'f%rles of“g?o {?'F gﬁ%s‘ﬁ“% BEAThYHE Brigsudivt Ppegssor c9rk §1B%! fer f or mance

state tols 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




to anot her, and accordingly for transitioning CPU 120 cl ock sign fr
one value to another utilizing the GH4 and Stpd k control si gnﬁZOGP{%OE’
descri bed heweszmsazdhe CPU 120 utilization may then be expiaRifRsRsS a ratio
or percentage of tine during the sanpling interval (between reads of the
system i ndependent counter) during which the CPU 120 «clock signal is

appl i ed to theclprdchsCl clodk sgnaDifiat Havekbery appliedto ¢leenGild eara R000rtwean thatt | ons i n
the 15 applied clock signal frequency as shown. Referring now to Figure 5,
a second enbduitreaesutian 40qrand tsl se@ad exnutppn gt am calevlnted basibonctisedudhge of t he
present invention is illustrated. Various periods of work and sleep are
similarly depeles ead @VRGouptO} freme thenfinal valte dGinedifionthe time elopp welinten 22he
application or renmoval of a CPU clock signal to the processor core 200 of
a CPU 120 andT3¢ruaidhsuepgdhetitoguaney eflike aiok sigup! @pliehe GRER0 een tikGRtiedasocessor
performance states respectively. By contrast to the utilization sequence
shown in B gl!?Feé"OHSIhé‘ﬂ%V&dg therppphigd tigk| goyst: is ghendcaandsisd i tranenitodf Bhgdye 5, a
periodically executing interrupt handl er such as an SM handl er 506, 508
is utilized tlirlying thhickeqmysaue{dSeaumtyTSCountBllychs erewPomlock signali zat i on
wi t hout actually performng the conputation., Instead, the values are read,
25 stored, aReidyslighisalse 1hg closkreriabier the CRUEE stampicpunier 23h Thiseded is10 whi ch
determ nes the . 9 27/ 06%@8&5 V\? 02/ 054244 PCT/ USO /43639 actual percentage
of active CPEPEIFeIn W5 BOOLMent pf Shg Rreseainygiie fiomt thersMl inferigh hendles ¢ he

per formance Cﬂ.u ter is _F]ti lized .in this enbodinent to dFt erm ne the passage
of time. DuM ﬁg is, respongiple dor-Eansifigingf PEIFsSH kel fem sePsfopmAntieSiP%E P ead from

LR DT N o W T
O e e oA B 5 ok 55, AR DL RILBRLY 1, LRSI
G LFRUL SN SRS 3 B GBS B GRS oSk 0P o v
E:;\é\?gp gnMd IP gvralg&?{w(g%g%g st(;f%s%/gt?rﬁ’i{t -cﬁeg'nldgn' iccl;ll.%tetr)ht?uri\r/nga lw 1% tl;set(?lgl?qZé) y the SM

clock signal is applied to the processor core 200, taking into consideration variations in the
15  applied clock signal frequency as shown.

Referring now to Figure 5, a second embodiment of an application program
~ utilization sequence of the present invention is illustrated. Various periods of work and -

sleep are stmilarly depicted over a time interval 500 which correspond to the application

or removal of a CPU clock signal to the processor core 200 of a CPU 120 and
20 consequently to the CO and C2 and greater ACPI 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




Referring now to Figure 6, a third enbodi nrent of an application ra
utilization sequence of the present invention is illustrated. Vaf?zg§/3005
peri ods of wardesossred sleep are simlarly depicted over a waiRoi/fgsdti me
interval 600 which correspond to the application or renoval of a CPU cl ock
signal to the processor core 200 of a CPU 120 and 15 consequently to the CO
and C2 and grasttleperc@RE op active €8 timge MapgomernT powst miagagement imgraathérgleany. |1 n t he
illustrated enbodi nent a system managenent interrupt is generated by a
peri odi cal | y thxeesiomanep qomter iy uiilizedhingip kbodgad! toglgRmine the pessage nbtimie val ue

of each required tiner or counter. Accordingly, during a first execution
606 of a uti |Puiagadhstgpgsutian of siMISKNdlprsS0§ enapugtie tpad &0 o hhEmasSHE®i at ed SM
handl er routine to read values fromtinme 20 stanp counter 224 and froma
syst em i ndep&ft 22t (Faeountl) asd, dhe pawer eanprsment times(Bdiren?) ofi hedalds shown.
After the expiratjon of the sanmpling tinme interval, the applet 608 and SM
handl er ar%e FRSESPEHSiEBaiirirH? sEendexecuties 508 p{the pesiogie dandjey valugs agyeadyuat i ng
the wutilization of the CPU 120. Referring now to Figure 7, a high-Ievel

| ogi ¢ f1 owch&fin dfomoprth fifbrde e 81 nketh sevestheneiipingd Yajies Breedterad:

invention is jJlustrated. Fjgure 7 depicts a technique by which a the 10
27/ 06/ 2005 EPSEPFH 4252”%%198@?%%‘6%@‘6&%@% 0 apd g idleness BP0 Be

determ ned i ndependent|ly of a data processjng systenlis operating system
The® process FHRTAR St gr oo o ot REUAMENGE e fteramereh vt &
system i ndependent tiner as t he power na nt tiney or. WndowsTM
pgrf or mancepgﬂﬁﬁf 8&"“‘{5&0%588335@8 uHRg the Yalyes StP'égg? the gﬁ@?wd%%dﬁﬁ%@fe@% sanpl i ng
t-iwr}e i ntervaé?{?f.i s _defined using the independent tiner's clock period, as

vel | as clrr W8nd previously read systemindependent tiner val ues

bl ock 704). A s then. f ' t unt bl ock 706
i o i1 mor oo EororL IE PG, R Erbdier; SRR BE bl il cn

R e N P N PN O
L1y oL ! DU Ol B 55 S TR RS TRIHED B2 00t e
(bl'ock 708). ap-gnt%'iigr%rtrgﬂdvafg}% (EP(P)t c%ck%{é%f rt]c;[ the ]r)rocessor core 200 of a CPU 120 and
15 consequently to the CO0 and C2 and greater ACPI 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
atilization 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




"quantunt of tinme within the sanpling tinme interval during which U
clock signal was active within the CPU s processor core 200 CanZ%Q%&g;’Q,Qé
using the aeqummbaied nunber of CPU clock cycles and theGRld,phpgk
signal's period (block 710). CPU 15 utilization may then be expressed as a
ratio of this active CPU clock signal time to the sanpling tinme interval
(bl ock 712). usization of aiGPUdahye beideterthineld dbdepandéniie ofRUdatit prbdezsdrig ystem’s
application and analysis is to be termnated (block 714). If not, the
process is r epgaingdystimegTrnprogssatiusaatedelpt Figurg @ ibeginscié plock ). Bherkdfock 702. | f
so, the process is termnated (block 716). 20 Although the present

i nvention is sytaeindépeadehietisien spgtt s rhé eromvac andnagementp divief ioc WindewsI¥r ed
enbodi ment, nmany nodifications and variations therein will readily occur to
t hose with ormdifermence sunker disgusset berein is realcGlockd 702y Next,al samplingtimeamtéragli ons and
modi fications are included within the intended scope of the present

i nvent i on Sas igikdefingdcuging yhetipdepgndpnt imerigciock pgiiqdsas wellE condp a8l pramfrasly | s
clainmed is: 1. A central processing unit conprising: a processor core; and
a time stanp@dsysteayindepenpentdimenvatucs hlagk 7¢fnd aplugis. they edad o time slemp r al
processing unit clock signal that are applied to said processor core
during a sanpunkblgckd08) yhich jgincrensented fpyreadicyelp pr “sloele’ ef at@Uralasls sigenl
utilization of said central processing unit utilizing said total nunber of
cycles of s3fighdearnist thF}’Gd?Sg@ﬁsﬂfgC%s@o ef ersfealsprepsesing wiii B20pr¥¥Rsaor core
calculates a tine quantumw thin said sanpling tine interval during which
sai,d cent r al PRYigHSESeadine fantp coprerivalie gidde quyently read yalyg. thi tofalgumbter9f ocessor
co¥e utilizing said total nunber of cycles of said central processing unit
cl ock si gfflal CRH sk sigr3ldigkoer evales aprbishio de CRMoCRrawssol cormi200 dpdngithei gnal . 2.
The central %Oﬁessi ng unit as set forth in claim1l, wherein said processor
core to det er3PHeES Umednteryal mayahe ffained Lblack 08y dherprfish dliss fordy 2mavnt ofit i 1 i zi ng
said total nunber of cycles of said-central processing unit clock signal
conprises: a %?’E‘H’és%fd!‘%cw 3’8 seapling, fime dnterval dyring "ﬂ‘l“’hs‘g‘? §PY ieloek gensht um t o
said sanpli ng ti

as active \iw%ig rth\f/:aéPU’s processor core 200 can be derived using the accumulated
number of CPU clock cycles and the CPU clock signal’s period (block 710). CPU

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.

il




3. A data processing systemconprising: an independent timer to define a
sanpling time interval: a clock generator circuit to generate a 39£06mh2005

clock signal; a phase |ock loop to receive said systemclock signal and to
generate a central processing unit clock signal utilizing said system
clock signal; and a central processing unit conprising: a processor core;
and a tine stanp counter to neasure a total nunmber of cycles of said
central pMfatieslsimedisunit cl ock signal that are applied to said processor
core during said sanpling tinme interval, wherein said processor core

det er m nég SrEPrIcPSSitg WA cOPPisiRBd central processing unit utilizing said
total nunmber of cycles of said central processing unit clock signal, said
pr ocessof PEGFEYE ?/ec:ﬁ'l1 tes a time quantum wi t hi nksai d siempl ing tine | n':]_erval
during D stad BB cl.ock signal .is active wLhjn
sai d r o SRl P&ﬁ?ﬁiﬁgﬁ?ﬁiﬂﬁ%ﬁi’%@@g eoip) HRBerbdv sl Fa bl P,
processing unit clock signal and a pefiod of said central processing unit
cl ock si gpiprocefisor Tore deRErming DRBEBbNE sEM SR ocesShg bl diilkzidg saklltéiMuRber of cycles
wher ei n dfanid cprtat@esasing oniecidek siged @bidipiize@otiddre Edldlai@ tingf quaatlnd warinkkial

pr ocessi $agpiiTg timelittetvalzuriop whittdssidoteatral proodssing ahit dydkl sepalod actied whthesaid pRbcessor
processi $9e Wiiizing sdidfetel minthendf cydesn séid eentrakpronessimpgdclociosignal andeatedod aftseida
rati o ofCe8&a @rocesHEo YOKAPEHA 8. sai d sanpling tine interval. 12

2. The central processing unit as set forth in claim 1, wherein said processor core to determine a utilization of
said central processing unit ufilizing said total number of cycles of said central processing unit clock signal
comprises:

a processor core to calculate a ratio of said time quantum to said sampling time interval.
3. A data processing system comprising:

an independent timer to define a sampling time interval;

a clock generator circuit to generate a system clock signal;

a phase lock loop to receive said system clock signal and to generate a central processing unit clock signal
utilizing said system clock signal; and

a central processing unit comprising:
a procsessor core; and

a time stamp counter to measure a total number of cycles of said central processing unit clock signal that are
applied to said processor core during said sampling time interval, wherein said processor core determines a
utilization of said central processing unit utilizing said total number of cycles of said central processing unit
clock signal, said processor core calculates a time quantum within said sampling time interval during which
said central processing unit clock signal is active within said processor core utilizing said total number of
cycles of said central processing unit clock signal and a period of said central processing unit clock signal.

4. The data processing system as set forth in claim 3, wherein said processor core to determine a utilization
of said cenfral processing unit utilizing said total number of cycles of said central processing unit clock signal
comprises:

‘a processor core to calculate a ratio of said time quantum to said sampling time interval.




