;e3e{*>{../]2"3~ =6=T*>r 1 8 SEP 2002 WD 99/ 44112 PC f/US99/ 04244 Séﬁ?gﬁ?
. AND Nﬁ;@%ﬁ@ EXTRACTI NG AND FORECASTI NG COVPUTI NG REJLR(E DATA S 2002
CPU CON TI'ON USI NG AL1TOREGRESSI VE METHOD The present 1 nvéention rel ates
to a conputer platform and in particular, to a systemand nethod to
forecast the performance of conputing resources. The corrput““wmllmwm‘”ms of
a large business 5 represent a significant financial invest ! he
busi ness grows, resource nmanagers nust ensure that new resourcessase added
as processing reqst;]ifrerrents i ncrease. The fact that the growth and evol ution
of a conputing B AND METHQD, FQRi BXTRALTING FQ Q&ﬁf?m‘éat es
managenent ef f oFPYPUFENG RESQURCE DATH SULH U bENSHYPEESN or ms  common
to banki ng instituti ons> aAtt-Eh e . Atmaize s, for exanple,
whose conputing platforns typically include hundreds of geographically

di stributed conputer sg\}geg Ijsruel% fi%qénvte.xl&h %a%lteest ty% vaasctongﬁg ces of a

conmputing platform an y "any requests for acquisition of new
resources, g negdl aot uratt tel dudragtadics ofswsdreputant meEthddrie r esour ce

per f or mance.¢ HJonevar W@@/&géﬁm{cé‘ %@‘&?@%ﬂ?ﬂ&goqle%_d@bé&t be adequate

for use on conputl ng’tp attorns. For exanpl conventi onal sal es performance
forecasting tools, ' whihh et resQirees o anhdakde REEingse

reggessi on tmhalere fadfyn COeEN ¥ fragicaral nrskEtaitsal wissh abhes as the
effect of hqgliday demand, advertising canpai gns, 25 price changes, etc)
Simlarly, $1ftSh ?Qﬂ“é%’as?‘??&}“f%lq%ari%réglnl‘ftc W GhRt g?ﬁ?‘%al ef f ect
of vari ati onssdduntged fare pedded res pAsocaaaingu e itdeasm ool s t o forecast
conmputing pl, es € Y I;ﬁggq;' .caus araneters
general ly arlg{%%%%'fi gltﬁ% ”f%g%s ﬁa)% B{s and aﬂr}gazltf]r#r)gﬁ i a%ﬁ"elf;:ﬁ'p 6#1 SEP 200Z
WD 99/ 441 2 FRONPINSIDY (Bt TXTheks (ivaThtyaiidl st dead W@t ool s nay be
linqpted by thgnAuHE e PTmaled Jerhdtey SPILIIPCEIhi S Os RHEY 1 HPE

forecasting tools may not adequat el urge ol der. or. nqn-essenti al data.
O her forecdstihigf &F (TIMRY R r&a rT AR, t'i%aﬂ‘g%’r‘%ﬂe new data as it

becomes avaiimdd cutiond axidefel or@maaiicyt i compariss haker t he conputi ng

power to perform.ccal cul ations on lar Qf data... The Jimtations of

est abl i shed F67¢¢ast i My 10 ?%W%tﬂ%%gla%?%%ﬁ?*c?ao@tﬂ elg})cnlléuén en

forecasti ng mesiredesol ngeogpaphicalilatdis sl hutead aampxparsli ng or are

al ngady re-engineer ed.TJhggegQ%mqﬁﬁg@é f%(émvargeteq dorEsasgEng system
e

and nethod that deal appropri at Ci/ h new data as wel| as_unneeded dat a.
15 mreover,cqm@%wﬁﬂtg@rw%ﬂ Ok rs) Wlekf 2 3T SIRAHS RS shR¥ em and net hod
that augnentacaussd  Dasesls F RERCASE b d DO ifar £ dF H\H & HEEN P4 €e aNd
reliable forecasts. Presented herein is_a system and nethod to forecast

conput i ng plRFLTHF F2sBhir CRMPRE 17 L QTR T SRPURRS PR E®mitati ons
associ at ed viidveveny endnvemat i dnd kchset edgs £ 00d Stodis ambpdiaerbe appl i es an

aut gregressiyv del electronically. enpi ri cal 0 produce
accﬁr ate an C?%W%%? e&gﬁn‘b%?i%[g p?@‘f%%'gfr s%f%remsp'erf%orclfraen’g%%s%%écasts) An
25 enbodi nercomven hitopa bseat e nwenfoumands o sretastingl tgobel ['dpses | arge
amounts of dald.; elifl nalesesonsededs dal L ISAMTSLYElds PLOCEgSes new

data. The forecasts are conpar eﬁﬁto act ugff% perfornmance” data, which may be
_graphical | y #3pabrzg b pPPRTeRlY ABorepelh fsuch yqrusAL jianiaklast
inportant foisttige PEEEEOE HAVESLiQEy @EfAdOSRIwE]Sthd edsaaghs )i | |
uni} rstand that a w de vari et%/ of atﬁ nﬁ%/ be ]Lcjléﬁd. in e é)resent

i nveéntion. POt EXaNPFRICE he®hr eset™HRehY 1 P LBt e H1ERCARY B4t a t hat
may be col | etdels arvpB3&alkyi ¢orsliderrthe neauddiesef xtta ofhcl ude, for

exanpl e, I nternely (&L &1 | N9 A2E A4 ¢ "BEEELIAY. data Qi N SHES S e e

tools to forecast computing platform resources may be

iz

problematical because causal parameters generally are
30 difficult to establish and are unreliable.
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Il b ~tt' LUU~ CVO 99/44112 PGTI US99/ 047,44 or failure of product offeri %

tel ep@@(r}gmmgge patterns, cash flow anal yses, financi ai,c%gygmﬁﬁst onet 8 SEP 7001
survey ta on product reliabil i ty, customer survey data on product
preference, etc. 5 The system and net hod operate within a conputing

platform In one enb&RNAINICOTVARtAGRAK i FREPFEE bR hegleemaynbetipl e

virtual storageddWe RMRduiE I@@tcféliamtﬂé‘{aé‘&ﬁhﬁfo@@é’@d' npgt, the
conmputing platformmy be a UN X computing atform _1U I n other

enbodi nent £Xampd ofRe FPLACRStENEG brﬁﬂﬂ--‘-bé“%ﬁ( Kb prieTrAEeLYst em ( DOS)
conputi ng rﬁu&tgfé)rdmsderTmsemikléds@imlralt hea 104 1 V@theﬁpﬂéﬁédzaﬁe:xﬁ@at a

t f t tf t | t
et} on. (OO FEBO Rk (AP PR AAREROHCE ST SREar BSob ce whose

per f or manc ®dconfey enasiiladle onesrxamhocbumm forecasring i tgops amdpr m r esour ce

may be a centr rqcessin ni Ccp her e t

conputi ng féll'ba\"}roﬁ Otgéoﬁoggbu#\ﬁ‘goémw% ﬁ‘gf%?g e %gﬁigﬁ%mr Io1Sot her

Snb(lzdidmant s'l,am{es ag\mmms][tgf aataf.orm resource may be a printer, a di si< ;)r a
is rive uni s [ u i mportan

for the present i nveﬁltqlféon ﬁnl %%sé;%%? % %S?ahﬁt?%g g‘rg?ebéfp%g

uhBer st and-tafdts @mmtmmr“c@@iﬁw behesefioracankingesent

i nventi on. r@é‘cﬁhf@é&%r?ecdn&ﬂtﬂq{%s tadf‘é’ﬁﬁs Oﬁn@aésé’ﬁétexﬂ"&ﬁdﬁﬁeesi may be a
perfor mance net r| c e]{)é)erfor mance netric be resourgﬂ'ﬁgtl lization.

"Utilizati GFeidl FEREREsEEYer eTlhe%% PRPREARE R BE"fhat a
parti cuI ar mﬂ)mm@mﬁaﬁﬁmqns"mm cend sn&€epdbd busyt &kali zation is often

termed "CONSMBALON o1 P A1 NET, SROH BNy | e PELT SLABACRAPRLY L C TRy be

resource ef B Cy oOr Tesource redundanc crency" s defined
gdheral | y Heorsoves, tteeseasanm ioing mlmsécbmsmeedon bbrenastanal work
performed by, em J?x%d %@t@&@%)}’%% 9%1&!:“4&&@ E&Hﬁyf'9859éa4éoifvaeﬁ§€§95rCe

Redundanc I's defi ned genera ereln as e nmeasure o e InCrease in
t he wor kI oa‘ép%*s at?JaPW‘éJcﬂ%\raq“"ééﬁﬁ%ean‘b‘r%bh@}éée faveeaskflled in the art

wi |l appreciate that ﬂr@@éﬁté‘&h@ér@mfpé r@”§§s§eﬂehfxacmé§hﬂat tbequi red by
the present_invention. Inste

er erformance netrics. nmay be
used’ | n o RHEBH P UEHES dHARATTD BrarREre PREFOGBEDES: Eahr cu
m2bager. Theversomueseth@nbiettaoldectsspeciatadnvétdatantredmibhalassoci at ed
resource. r d I | at performance netric.
In one enbodog-gg?ge{'éug ?a;tg:g%'r czélﬁn%%@f@%#ﬁeggg%érgf %Irlmanc.e dat a
representi n@ugommsasimanmml peo f ot @ahrenkeatly. g¥herasedur ce manager
col | ects t enper | or Iasea 100 43t dakde ' £08LBAL ENBARY 2bgiablcone_embodi ment

regul ar interval s include_ one-second intervals, for exanple. That is, in
this enbodi AERPULiRg PE%B@‘PE’& FRFREFe cCBRF 60T BapELf 6PKEREEGat aromits

asgoci at ed @@B@améﬁi e¥etle Spﬁ@@élnt Thﬁveﬁtebnahlsbzetamlwrml@bla@
per f or manc ais c | | ected

termndb ar ul.ar use for
Phe oot or rEEbaRase | LT gR ool 8 oo e CAER auPL e PR R PERESEET Comut | v
pl atform e@ataThendorputtrspvelatpoooeakes nhewl ddes.a Z‘!Bepl ural i ty of

stati sti cal ¢6oLLagse" axLhamal bkt oAbl hagobbaRae e P Ak mance data

into a series ries
_ representi n‘ghhcbemﬁ?zirhﬁn@éanb%W%:lYAdlﬁpﬁéY@é‘r Pé’spfﬂélt@éfl néd general |l y

heyei n as aﬁﬁfe@i@%eéyﬁéqaﬁnéﬁtéﬁ13%895%1166&:'1:&&% fE&cf&h@bwe\s@tdcon
represents a Iven OI nt _1i hus.t er ned POl nt"

Accor di ngl y:PRepREAR se??@sgpﬂﬁ?uﬁ]ééflz?al &hsthEn B TE; ﬁ’élﬂm erlﬁtlainrdst
statistical thakl apstdegeaeiatesofi Qatéi malyy bemasedr ias thepperesentng a

per f or mance; FBLELGOAS T POHOM.LAS1 855 hbabedRRL! ALTRAGE fat @ had been
contemplates any data that may be collected and
35 verified over time. These data include, for example,
Internet metering data, marketing data on the success

2



4 ~ 8 SEP 200? WD 99/44112 PCT/ US99/ U4244 collected at a first intkepwak.[ji;
The fidedsifze series includes a first set of tine poi n

enbodi ment, the first statistical collapses generates g£?ﬁﬁ%“%§?fes
representing a performance netric as though 5 its associated perfornmance
data had been fallexeedf iproduceent feninesi ntelephoneAusegei ngly, the tine
series inclydeselon Lafk PAbY!sndPys8achzifthcikl BHRLNCE gERALTeNT. the
first statistical collapses generates a tinme series representing a

per f or manceSHEYRY cdaka t P ugFrdwct t 5ehiabél dt¥d PUFLOMRENSHIYEYa had been

col l ected h@ilfd Yon ASESHEENGbYetrdP@ntdTeeggli es i ncl udes one tine point for
each hour. It wll e _underst ood Qgggersons skilled in the rel evant art

that the present invelR$ o SHEBbnPRLSRetRPd: PREFREP WotPAPsers that generate
tinme 15 ser¢@fpuei@seld thgrver f D nawme cempbdinenas theugbmpheihgassoci at ed
per formance ﬂaéf had bqu collegéed at an% o; a varietypgg sui tabl e
interval s. Bna-TMerTaY 2742 T %E&?egbﬁ Ll gsﬁﬁﬁﬁgﬁ é ?ne poi nts
gener at ed bgompeting splatiorst i chh awbtheseembagibendet €hei ned by 20 the
par-titular t roan t By t Lcu urce, the
particul ar %%ﬁ%%%f%% %f%.#éﬁé;ﬁgkgsqueﬁggﬁpgﬁ?ﬁgE%bgt%géﬁFgﬁgé i ncl udes a
ddlabase thit ctheesemkedimeniohe h®odpmputinghplasfaamgbmey beores the
time Ser'eSdi@@r6§F¥%tiﬁbt$§%$§ﬁf@66§P089ﬁ§&5iﬁgQﬁlEQQBQBsLt5Tﬁ%§%@'ated
performance data had been collected at fifteen-mnute intervals. The
conput i ng pFhtibRh SR sbRe RTtdeslh ¥RPLeekRFactBRtt® ¥REAREY B&ta fromthe
dat abase. Acsmpdt gy 301 4 Of OfRs aidPdbaetedt B faplepvhrtagher extracts from
t he dat abas r%ggngiggvé§£i§§ representing the performance netric as though
its associ aled perfornmance data had been collected at fifteen mnute

i ntSer val s. The conputThg ¢ptmpdoing aptatfacmuiinsludescetnd188sst aniest i cal
col | apses. JhgogpeONghSs@tbetfSAhatiOt! 2pSesrabakisti §gl byecol | apses the
first tine 5 [~ ~EP 2~~T WO 99/ 44112 PCT/US99/04244 series, producing a
second ti neeBhpAiBen iy etRR PP Y BRI sBERESOTHCFBERYTEesBAYNASs8t of tine
poi nts. |In gagtegbogioeBssihdeuseeonNdprl ati shi aabrhel! appedigkati,cal |y

col | apses tgg fifteeg.ninu#e éine series 5 into, a one-week series. That is,
the second 5P&t FRPPREFNE PTAPERENGEREPUTEE B3Yi RE 2cPPESTYeFFOLETE ng a
pe(f or manceunktri cIanothengémbodimesvsj atbd pempartmgcpldatarimad been

col | ected C Logly i .es_i.ngl xi mtely 10
four tine Egggégr?é}ﬁgggkgn%n ﬁ%nﬁﬁ%éggtﬁg%kéngngHQ%E% ?%gbgecond
statistical UBbEt apBeSPgehbiat @QMBUELRE BeALESrMeprESEALIENG SanPér f or mance
netric as thapghthh® Ass0chat gfebEREOLARBAR AL aaRad LheRR &RiihaEsed daily.
The correspondlﬂg tinme siiles 15 |ncludgs agprox mately thirty tinme points
for each noAPhtRE GFFI Whe! uRREFEELERb RREr 8oRUMDRE| PEd TEFOMMESSel evant art
tt the semapdbetabedtinatheobrepens dmyegedenate tinme series representing
a performance netric h h. it erfor.manc ata _had been col |l ected at
20" any of " var ety ofashi raarat P, SRbARETRAER  18ER ey BhenBEReh 1

ref erence tBhehespecstmayabessi patfovinhapsemetrhie.i nffeval size and
correspondi f Ll Lhts.g : nd statistical

col | apses nggrEg?@§?$§n?%%ggﬁgﬁéﬂeﬁﬁa?ggégFgg-ﬁééﬁggﬁ%gggfhe per f or mance
_netric, the"Bhilidarapnf eddudeéinefedpBrtrddlabesgdpuisngh®l atform etc.
Thay conput | pgrpkathgentBhs0ai parudesiart coRpaings paRdlfyzar to determ ne
whet her the_second tine segigs is s gthstigally.stationar . The tine series
3U anal yzer THERETGeptir AFPFyPBFY Xz P Rt 1285aP8) 1PeSEL Sy hi s

det er mi nat i 6AonFheptian”seri es anal yzer al so eval uates autocorrel ation

statistics and autocoyar i t abhSlyl | f enkl (XS yzer
determ nes that the t?ﬁehéggﬁgg ?@béggﬁégffcgPFyp%%%?fﬁ%ﬁgﬁapeﬁgé%?mhich is
li kely the ®aEebet RefcLheet fRE1SEPNEY ARaFpSEHTIESNFEAUSdEREYSt ati stical |y

nadfst ati onargftiobefeyt €sst @efined generally herein as the measure
of the useful portion of the total work performed by

3



6 ~~~ LvU WD 991A4112 PCf/US99/ 04244 a statistically stationary ti TEB SEP 2007
serie of erencing each time point in the tine seri

Stati gvtﬁp%a'{1 {/ stationary tine series now represents the%’?%;gfoéﬁéed val ues
of performance data. 5 The conputing platform al so includes a tinme point
converter. e thesouneeser '‘Bedugdancyddy ss Gefiigiedc glene raddtyi c’mecre,amr after
the tine s cQRv S enhes el

stationari f.%/é e‘?h%qﬁ{a%éﬁfe 8? g%%vé?ltggresggeﬁ tlh% Yé é(titg%}ds?ll ca data set to
the tinme sgdmsicweasl resharcehe PEngoyssees th@pﬁes&o,tldetdhenp@rﬁeor mance
metric as taﬂ%’% } §88h9£‘édtﬂ‘§"tf ar E‘E‘icﬁ%’i‘ %@%f%?ﬁﬁn%%l lected from

t he conputing pla regul ar |nte e tine series

i nél udes 13etFbe rrh’él @ﬁtl ﬁ@ﬁéé??ﬁgbb’héhﬁl PESERAL GRY¥SPEALHrmance data was

col lected. ds08&aeMRogdhRBAL, otfhbérEBfrﬁéHEE' &@t‘r’i@%d&%yab‘éah%/etd me stanp.
That is, each data point int eries includes a Sr /time stanp. The

statistical data set €Bn9BRft §m§8&1ﬁm2{9tdaf' £t CREPYLARE Priat 8 I e series
into a val L@dﬂmeseat régoardecmanhgaunbemhequtemheab mankgerdate/ ti me

stanmp. One f ur ? ﬁglresengi :S g tpl on |s an r?gressi ve nodel i ng
tool, whict9 %ng?.%ar BTP'REC S5 “B5Rvar PR FnSSEQFFS 0 'FEPEEEST a

pdt)ti cul ar Espeperbbdrmapceodptti ng pbabf:cnardelwethuaopeg'rfesmiamermdel i ng
tool s chqgsen by calgul, g&' E@b%ﬁ&ﬂ%ﬁ?;regﬁ% %so’u&%%r ﬁﬁpﬁgaeco”e' ation, and
partial autocorTrélation func se functions to

t heor et i cal c@ll et &eparfonmanaet ahs §ﬁp§§$@mun§uao€@@r essive constructs.

In parti cul@gllpggtgggogbggggmgﬂglel gecdikirst order m xed autoregressive
construct, such as an_autoregressive noving average ﬁ_‘ARI\/A construct, to

the differenced time SBEj é@soﬂﬁ&ﬁh@ﬁnéﬁﬁEdFﬁéﬁﬁ%ﬁpF &s Pgrfgzmance
autsor egr essdaga i mhegégheelrrrwlt&@‘va\ler agen( AneMambodifientct riegulllae

d|fferencedﬁéaggﬁgfrlﬁﬁcgha t%% ﬁgcéné §§n§r%%9% Vo %9@&%%%

PCT/ US99/ U4 nce " metric Sur ce
utilizatiorfamd ihe nas(ohnseemboahmleut t hber gesioureg Hamageyr essi ve

model i ng toe&us&gebb&rffe&aaa%fes agl) ¢eBRUTRE ARawkliRradni nety- five per cent
accuracy, 5 provides an u ninety-five percent confidence |evel, and
provi des a ¢Qmé‘1f1tﬁrr‘é1) erﬁ\Fé’ secead: cThei daseaviedy Siizecd iiconal syst ens

ang net hOdSpéP@érh&h}éeOGak'aHQ%r cbqq@ese%aomayr H@'d@t‘é%ﬁdl%@de be@rRsSi on
t echni ques %/Fbarr a lower confidence level. LU Anoth feature of the

present inventFoRULET: HER FOTudde Q%#PFE‘&F‘%F‘&"'—&'&CI m to the
aut or egr esspaet ledehirngesoarcefsithe apitriicudla rdabmpuatiber plkasteaysal
vari abl es prgw des nore accurate forecasts. In the enbodi ment where the
performance S metric is resource utilization and the resource is a central
processing unit, the &g moomvlutdatqanlatéamalalmcstimdlm%p@rformance dat a,

| udi ng | Ughgt il i nfg" I
Lt zat or e e Sl S T A o et e
recursive fOPLLaBSS Wher PISY LATMaICe Galide 1P Gr r?@fé@sdat an ém‘%d back into

the aut or egegsslYfeRdelng dedllest aslbedzata @ cautddy egr essi've m)del ing
Iatform includes a results 25 processar, whic

tool. The conputin
oot at oo SPeBEEEaRtlng: BonRrEOrORCe MEIa o Aot A s s gl { o
. processor adiebigedeyanhesallfohmidion alsomnys@rnderdd (degyuanzeordss t hat

dogient tNBuLERYLLI AL | NBaLAY REANLAGROSRSE ol PRl and textual

répresent at T ONS . demonstrat e reater ac uracy And ility the
present i nvePiRbnipr ddimgeangydss mwer\iﬁrm & drtdows maigitdyst ens and

met hods. | npeRsrafhediTenl tikke Jeigst I nRNRIS At TRM e GhdtARM cal
di splay unit,, such as a conputer display 35 screen. In another enbodi nent,

t he resultsp%?BEessor may be a textual display unit, such as a printer. In
8 A first statistical collapser generates a

35 first time series representing a performance metric as
though its associated performance data had been

4



SEl Zu WD 99/ 44112 PCT/ US99/ 041 44 t he enbodi nent where the performance X
met ri gud Sordagfource utilization and the resource is a cg,&trf‘ﬁbwwzgpesa ng’ 5 SEP 2007
unit, the results processor produces reports and graphical Trepresentations

of conparisons of actual CPU 5 utilization with CPU utilization forecasts.

Furt her featagldseaped aalvant bpest ointetval escPhei fijest i bimasseriesas t he

structure and, ONei&s | N PF s/ agsOUSE ebDRE i pBIN s axerdesgedi bed in detail
bel ow. U The present invention is best understood by reference to the

figures, wheHRIQAFRERY entRe [H¥FL | FRRtIEHERhPHADIPE JFRPERERS i Yent i ca

or functi onaline Sééﬂ'ié‘é ﬁéﬁﬁ@@éﬁtlﬁ@ @dpéﬁf@fm.euw@ hetiidoss chandgls refer
%he figure in § ref erence fl% t ﬁgears in the acconpanyi ng

f| gires in vﬂ'ﬁ%kﬁs%‘?ﬁlaﬁe &Y ES (}E"’k‘i SRR TR OFE ROt er

pl atform suififhd et atinsee i tneareabodi m&omlmmprﬂs@nﬁmavmi@@; Fig. 2

is a nore detaile dgglct on of_the 20_bl ock d|a uter

pl at f or m of llffcbhf &F U5 'I:Jsm% %+Iét%e§%{l%%clae}b fl ogf% al??’u%h %t ock di agram
of the compuimgsogimedor ntloé Fipst %tﬂgstmahmlhapémermtea a

forecasting @ﬁ{eéérgé'ét Peé tir’:?d;g égigé’f‘gcz{%’ﬁ’ég%‘éuoict \E’%ﬁ?se”t

i nventi on; graphi ca conpari sons o
util0i zat i on wﬁqra&xmp;mte zD@Iﬁﬁﬁm%@@%aQQ%avﬁﬁ@ﬁbﬁﬁw @Qﬂ%ﬁ%@@%ed by one

enbodi nent q{oﬁ{@( pr e&@@éram&{]y Ofhe 3Pire cm'égru@éﬁsa@é Nbn&ngi hée

parti cul ar, em and nmethod for forec bﬂ? conput er. pl atform resource
perfornanceeH%1@%5€?¥b%ﬂc%eyﬁ?ﬁ | Rt t et} AT HeRd | Y |EﬁFsﬁﬁﬂerous

ggeCl fi Cf detﬁtiﬁiaaus? aﬁesiaépe-frmt Z&ﬁtl s&atcaihéyﬁia@éénﬁnﬂnvﬁaimns hld ps,
specitlcC net hods o an Z ceSS|ng C ut er I'TOr neance ata
oo oo R ths R e e A L SRR B L R R RIS o5
prdﬁide a fuserimserspresenying pacipresent maVencsoms theugk|thedr|n t he
rel evant art, howeyerq %%l—kofﬁéﬂbéyd£€§Oﬂﬁaézﬁeéﬂf%oibéceééséatahyvent' on

can be practlced W t one or nore o det al | or-with 5
ot her net hodaf étﬁarlﬁtﬁtﬁérSPhE@%h@eéntﬂéV¢1%nomﬁh%t%%E?EY%% ®EZ®perat i ons

are not shovaancsefésbohalﬁédﬁﬁmﬁeraael €iROSEEihPE ééﬁeﬁé@é&%yl nvention.
For |IIustrat|veggu oses iiaof t he rese i nvent on are

sonet i mes deSeRi HaFé§BéE? 160 BS&Y P Qﬁd BEEFBLREArOY or ecast i ng
corput er pl atherparesoulae peefﬁoﬂaﬂhe pétfehmmhdebneunﬂerstn@d t hat the

Mnventi on contaprirel kayolkba: ke HEDEASUREY) SRRbEe shE hERCEoHT 0 Cuer
time. These GQ@a may i ncl ude, for exanple | nt er net neterlng dat a,

marketing data on the eHecesh QElB@'?ﬁﬁ@f@fmpé?QHCEnEiﬁSéEﬂQS tel ephone
usage patterns%ﬁcas OM/ana Ses I nanci al data, custoner survey data on

product reli@dFpbeye éBéFoﬁﬁPrEB datdey 4BtANBNCHPEALRENbrefBRence, etc. |
Bsanpl e Eaytapapenttbrés thestambl gbrh@yeirepkeglsndmgranhof a conputing

blatforn1100 suhtable for i Ienentb En 25 enbodi nen % r esent
i nvention. IRSFhPEMBRGEGAPREARLS Bfiet Bﬁﬁ t LFS pPEPPELATE OPFE PEPpl e
vi rtual storaQEa(hHB)bpbatto&maavadlablélfteenkmiﬁunetmnnatvsmSLness

Machi nes (1 BV, or equkﬁﬁeggkﬁgkghégh?hggﬁkkagigofEgg&@ﬁggpg gggaHltach

Data 3U systens. In an0 e conmputin orm I0O0 may be a
. UNI X conput i e§tpratpaor P pHtoensr dafBodraenthe ﬂhéabéﬁﬁutlhgcﬁréﬁﬂgrn1100

mayzgbe a d'SKooéﬁéaEmBEd§MéhQ”‘EEESBaQE éx@?éé@ﬂ@'eﬁ@ﬂﬁdtgrfﬂbﬁktﬁﬁeratlng
system (PC % g ngu%b Iatfornl Those 35 Igg in the art wll
appreci at e tﬁ ahag pe series represen 1ng e performance
metric as though its associated performance data had
been collected at fifteen minute intervals.
The computing platform also includes a second
35 statistical collapser. The second statistical

collapser statistically collapses the first time

5



10 WO 99/ 44112 PCT/ US99/ U4244 conputing platfornms may be used to 1y SEP
i npl e present invention. The conputing platfor |ncludes a
conpu?ﬁﬁg %2 wor k 102. Typically, the conputing 5 netmd?é%%ﬁ be a
manuf acturing facility, a telecomunications network, a nultlnatlonal

cor poration, s@riéﬁﬁnﬁfdﬁubﬂﬁ@i&UééO@ndOtlmeUQéﬁﬁésltYTth@eeb@ﬁp|e, t hat
operates in a client; serverle$V| 0 Qen %ﬂaﬁ knstanceh the c ut er
network 10 109%eSeFbRRetPCEREEne" iﬁg?gnie ?h “sBPyEPL §§ste o that

t he server syis¢eembodymertf otheasecopdtatabvhsticali evélapselre, or search a
database for I [ e q client
system |s€%g?££ifg 861f$%£¥?hghél?gﬁgésygﬁlﬂuﬁg Egaéugﬁgéggntly
traﬁslateiﬂﬁnt@spoﬂse Veek sériesr vefhaysieam theosacepdnat that a human

can under st tIQti&AyS&éfispséypegﬁ@rw@é 4 hejrenpEtigg network 102
supports a ban bank has custoner financial records, including

per sonal banReﬁkéﬁﬁﬁFlQQJ?n?%?%%fmﬁﬂc%t%ﬁﬁﬁl?na%.F%PBE dat8base. The

per sonal b§ﬂ¥s§6§Q§ﬂédd§éﬁb@§ﬁaﬂ@éSd@ﬁaah§@rwéén &bElbaﬂbdah&@kﬂ@QVideS
onal account, dat abase ain client S ens. For

access to its $e a ¥ C é

exanpl e. ondTFPERTNEL¥t ehP el iTRcPEERES %?ﬁ% ﬁﬁnBBPr8¥lBS Yof -sal e cash
25 I0egi st er st otr gasmpuppiheskfocnrdackadentsh. AsIm anostheer with a bank
account at téﬁ@@&?ke EtGQR% s& QR r&@&éfsEfégfaEQ%fS Bérggang§' Rggher bank
card, the poin €’'cash regrster or E reader accesses
t he custonerastbmﬁksacceanrepnéaenh;n@nasP©¥ rmtnca me&rdst alsase. The

poi nt - of - Sa'@h@@éﬁ EEQ'§E§6c9£t9éspQPﬂ8rQ§ﬂ5eCé&@arﬁéﬁebe@ﬁt'ng as a client
systemrequests_a determ nation fromthe ersonal account database of

whet her the €o%tBRERIhE_I{¥ndsTRS EBEE?S?ﬂ%dbﬁgcﬁé§@ BPFE&S The dat abase

r esjgonds achndlﬂgéy appdofbmébelputnbase timei pbeéntauthbaeriezeth or refused.
A2 S ED RO, —raSEr 622u NP2t ddd s, EALAGRE! B4 Ranty Glar type
of client-sefvaFPenvir Bhnentci SPRSE =528 8nPY &PCT 8 Re présent HFhvelition. It
will be apparebeveotthoSetbiil kb sacohd atatiﬂaicaheceiénpbamynenbodlnent
TRy be I D SAERLEGCLD: ShBeLorl EnkepPENEn: g pERFBRIBNCR RS AT
airline flight reservation system aci i { etc. In one
enmbodi ment, @fBetBeHpbt LA Réfﬁ@fNaEGQ dﬁé@ubé@ hegnuralilegted @tnmputers

1060 as repr&ﬁ?ﬂbedab»awgeytSEssw@abiQGQntEQ{rafase als eBleanadeon, 10
however, the vari qus i mrents gene are descrihed with respect to

only one conﬁﬁ?@? Yééh H628598Fe Ptﬁ%ﬁgﬁxﬁﬁteﬁEBHFﬁﬁﬁFals somet i mes
descri bed i ncbhgagestrexthefl iatkargd soppl endotodrespohdiad mmwﬁxers t he

pr esent |nven nis not limted 5 enmbadi.ment nple t he
conputers 10% n§§mﬁepgﬁﬁﬁﬁggﬁn?ﬁagepo§ té?egeﬁgP%oﬁﬁafﬂi icz nflguratlon
in a buildi ngodiapsea gagupeoﬁebaIMdnagsbmnthenpartQWUﬁﬁHeysﬁ feach ot her.
N nativel t S y e t wor k

2U confPEuPSFroannEEo et e Lhe bRges Bp? B el SR Mar but
geographlcalP9r§éG&ﬂéFeG°Byu§#éatP&a§€§ﬁ@eset¢he conputers 106 may al so be

stand-al one devi ces noiphaeeegpakihy g@aﬁﬁmnhﬁéb' eRhidaseach sqfder . The
conputer 106 in _one enbodinment is a mai nfrane conput er available from

| BM or equi vEPEAESHAPALYZRE &SnﬂGFéFmAQSlWBBFEeFrGHPAﬁﬁQQHQaﬁ&"Hitachl Dat a
. Systens. Al tgélﬁablsvelsy,stltaiﬂe:swafamugr sﬂ;ﬁﬁlﬁﬁar?elgThIeghtﬂW fs@iice |

WOr tation t Y._.S bt e r na
coﬁ%ﬁter 30 ﬁhgsggﬁpu % %hp%é%%gﬁoégrgc|ﬁ§% § S?%%Ettgﬁgsrggource. I n
one enbodi nemeket h@l@oﬁlsaermgnpltaph@r rrﬂ'hesbmmeesmelse apademeralajgwcessi ng

unit (CPU). bLgaanatler a@%@@k%matlbheseamg&eg Rhat GAIHHJRQUGedBY be a

menory storage unit. In other 35 enbodi nents, the conputing platform
resource rmay ésfécs If the time series analyzer determines

200,

that the time series is statistically nonstationary,
35 which is likely the case, then the time series analyzer
converts the statistically nonstationary time series to

6



| iJ ULI L~JL WD 99/4411Z PCT/ US99/ U4244 printer, a disk, or a disk dri\ﬁeBnéEPm,
t I

unit. Wwibbderfe specific conputing pI atformresource is Hra Rhdagnt f or
present invention, those skilled in the art wll understandﬂghaz% any nunber

of resources can be 5 used in the present invention. Each resource includes

at |east oné sfpristimal bspatiniane WiRrseriemdey ndifferenainge

enbodi nent  thasrper fri 'EEiGe: NEY rife NBdind G BISEBI COTHA | étaeiseﬁcavi?/l I zation

is the neasure of the 10, perc entage that a particular copputing platform
resource is et PARY @&étq%srﬁle?%?%n%%p@?ggerﬁﬁcﬁﬁot her

Sn?_odi (rjrent, \{]ﬂqlégrdprﬁarmf ﬁ;{micre ]Eaarwl be resource effici ency, \i\lgl ch :cs 4
efined as the nmeasure_of t euseu i 0 t t per f or me
by $esource. I n anot hZI} ft%?‘fcﬁ%r% ‘ﬁﬁ‘f&?% 1B resource
redundancy, paircth dm\ﬁhafumed axt tﬁhae rnaamajrseenﬁes hies |a£mreaep in the workl oad
of a particular, reso [ t e wi ||

appreci ate t%taﬁt %’a‘%lﬁgﬁl S'; Oli}asr&nan%gas%% ‘He %’r’%e ri;f‘é uired by the
present invemtalyger nstreeakte @@rmtsamthmmmtisahny of a nunber
of perfor mnge, (Eddd Loy Fihe Zdnfe pmIte difhvildd Bigoks dhagram of the

uting platform 100 according to one enbodi nent illustrated, each
ngt er | 06 Gafel Sdal Galsbiele tRaidifert U Senkes r esBEFREL nBRABer 202

golt lects perdyy neﬂﬁ@ ftftaﬁﬁpeé rfh;ﬁﬂééar%&ﬂi@tgﬁi‘ﬂ@ﬁmﬁ@@ mé’hfl@eaéor mance
ata is assogia Wi a performnce nmetric 0 one

enbodi nent , 3}%-“5?35’0%&&8 'h%fga efprmance r%tcﬁjcle %ﬁ Benent facility
(RVF1 avai | ahd L et éd theonm e prempi i pIttoffiaege { tWigguaparati ng system
that is run n e | fr ove or an

equi val ent %a%?‘érr%gco Iﬂt\fltéerfél{I E}F; brlcq{?r omJIO\rmIa:ﬁ'})‘E %glp—« tachi Data 35
Sydbens. Accioripyuation hindigmvdiaeite tire ridviuritee 1Berforganpe202 WO

90/ 44117 POYLS9H,04 2441 Twce! 207 S I S Sa Tl of | et per formance data
froma processor respurce/%%qetens mana}ger (PR/ (not shown) of the

conput er 106-RHPFR2 QR b} e d5RAC iPre€8Fbks the cPU
utilization duighipsobneqin vithent ine wi@s ni&msmcm@éeau dgtdatamébt ai ned by
real -time nonitors. hus e CP I for ncoIIected by the
resource nana%aelp 202 %?es%i&lr%# cHtl(’)%laé’réecor01{]""?"?1 onPal n CPU activity
medfur enent sda t ¢ Tiee r esamnp cin nﬁmgtermézwems em&otdneVpeuEOr mance data
fromthe cow%g&ﬁ@? 1% Legil gt i rﬁm@}s ?91:60[:?}9 exenpl ary

enmbodi nent regulfar-intervals are one- s con erva That is,
accordi ng tdhh@/exlém’aalypenbodl ment, the resource 15 manager collects CPU

wor kl oad performance dgia Pé!&&)/rée&f)“@hé r;@f@&&@@umoe%@onﬂ BstBhS way, the
resource manager 202 gr ovi des er cent for each n‘eut er 106 each

second in tidetOTREre ?%—:-Y%df‘o‘%?lzh“ ntPr chwrbje¥ o+‘f’raﬁ€@1€i§fi PstB8I | ect ed
mayzsbe deter@&mdrbddtbﬁnaLb@ﬁM ctib afotiecasf & hpapeitarawnaepsetric, the

particul ar reso the artl [_CO tin | at f or etc. ause the
Corputers. 108t bhecaPPaisFat afat SonEa Bihs Lo RhePRPbLSe nedBisHAL of
data 25 coIIEQOEdlasuhngnlByqualeulatgng &mmseqneelay;onhe1daEaseust be
edueed L0 CnUROAGERRY €1 SO ana SLALISH ! £5Lo¥o LY BTRAT LR GRG0 0N
records generate € T eSource” nanager urpose

. conputi ng pI%@@obﬁ1QQ@P@HB&GaFB%S$némﬁﬂeeogﬁléppthﬁarﬁt9cé statlstlca

coljpapsers t@é&réié&iéﬁ'E@héh&@é|@Ps§e~béﬁapeéu@6ﬁééﬁésgibé into tine
series representi per f or mance tric. series s defined herein

n
Conoral |y neo SRSt ERAEs by LR GHRRELCRTA by CoRe LA nERE  SBBLSEESR o

represents 365imsgi sedeponikednattoregnessisvée hosnserued, asuthmaspant ”
autoregressive moving average (ARMA) construct, to the
differenced time series. Another embodiment applies an
35 autoregressive integrated moving average (ARIMA)
construct to the differenced time series. In the

2



14 CVO 99144112 PCT/US99/U4244 ~ ~c r ~ ~ "~L A statistical coll apsfagﬁEﬁ"“BZ
avera ies of time points and generates a tine i resent Ly
Wanay, Fepfsshath

‘perfo ce netric as though its associ ated perfornmanc been
collected at a particular interval. The 5 resulting tinme series contains a
set of tineepbbdinensmwieser athe parfamanreap mesariatiseresdhrcei on

i nterval. I . .s{%ﬂ i I 0 includes
a statisti égﬁgggkﬁgﬁé§$3§§4%?%§? slicaét rlgst %garqwuiy' L‘%??a%éelgiﬁae@perfor mance
dat a col | eceBtobgIrResiveomode liidtadee 232l iakd va ferrRca:Es &PU The

statistical CBHEhﬁB%Q%nZ%t%e'&errﬁtrfé‘t&ﬂftii\i@ deis TRRAESRNF | ng per formance
data as though it had been collected at fifteen-mnute intervals.

Accdr di ngl yPTP¥1ARE BRNEPREL SRR ¢ IVifc REFETHuc i sRFat YR + each

hour. In anghheprefhadsmantiowdie didetly Sidtd PeraRintC WdraPisden@enerates a

time series regresenti ng a gllerformance metyic .as thoygh its associated

per f or mancel8%B4 - hGANBERL 108 le SY&F §T5L ARG "ﬁf"giﬂ‘{ﬁ rfg%f‘ %e’ t9e 20 series

woul d incl ugéneae tegeepsiidn foar meAci vaxdablEhusegridssisdmt i stical col | apses

204 statistically collapses _the CPY utili zatfi.od1 recards .generated every
hehalg b £,

second by t HPEe RN SGErF Y202 IMT G I FRADE

on records
reft esenting fifteen-Anotrher2s dattusre fifs .thd myrgaemd ddivenigyioml iCPU

Cr%%z.l/ B 6 Phks Mups] =900) are
apse

utilization ok ds 6
th8€0L ¢S uEekb@ .
averaged to produce one C(r)rﬁi time point.. The statistical collapses 204

cal cul at es ?Héoﬁﬁﬁﬁeﬁéﬂvélf‘%]éﬂ%gt‘?@cor s iy |mRigh AL t4RE3 esour ce
manager 202raBfeas tHescCicahedll vayieaileds qaicdilddieimyre Hecwiate st i cal

col | apses 2Q4 _t hen deter__Lm' nes Eﬁk}% di arl:[f r eacrir}gnean tat fifteen-mnute
interval s. TRESERRESser it&s g’(,?n I © M T8 iR TR es 204 t hus
cobhSi st s of meawd cdatsa resiontrsse art it] i tgomtag)d pare hoesourps eb2nd i ng t he 35
mean CPU util.l O | i / t%ﬂgﬁ /44112 } 8
cC.~~ ~n,~2 ﬁ&#%%ééQ%ﬁ?f%@t}ﬁg}%lo%svﬁs}% I%?@dlliltl(n{gtie rel é%%n?élgrl%?t hat the
present i nvaistesicadomsddssmanqs dataalinliudierkogiral deérate tine
series representizadiRer iVFEHGR i rdS wasl Wy, disansepgi at ed

per f or mance datle had been 5 collected at any of a .vari eté/ of suitable
intervals. PhétReEHPR lﬁ%%%’rres’{%‘?ﬁ# NS LM @ 90i nt s

geper at ed bwet-hesds igainieataitea | r exnl it sHipse 1 £ oscdme: dettssreedadfudhe particul ar
use of the r.f.orn tric e particul esour the particular 10
conputing p&gjtt;“g—reg?%%?g% nscieoc%aﬁ i % pfreodétaéh;gs?}{ sltﬂ:%f; atgn? he .time series

r epr esent i ngutthe egereserivencdeting ot Hougtaliibrapees fthemnce data had been

col l ected atauftiofrte%‘i%'s@i% ‘?nddgle.'{ﬁ’@' SooTBY be represented by Z(w, t). As
Vs

used i5 herein, a. stochastic process 1s generally a famly of time indexed
random vari abl es, Z(wiDe SARRWEIRDRHHYEOTD G ® 3pEREUBRE t bel ongs

to2e tine i pdecesdor, TRALidlS gdidratdd Xpehpii®al  reiredent s dohandpm
vari abl e. For ar%l ven w, Z(w,t), as a functjon of 2U tinme, . t, is called a

a t
sanpl e funcfi §FLGCHERGE |G C ThuEhe LT HEE S HTRIEFLCT ‘?‘%%‘Pi'zati on or
sanpl e funcigenerfaten dnfeyrined it ofdrisise i ocesssted ypepatty, thavever, the

variable w i re d) emﬁt e process | it r The
process is t gﬁ%ﬁ ﬁ’eéa % %J]v%fut%gle pﬁ%%ée%%g%%%‘gngééé%sgésﬁn%% only real
. val ues. The dreefilealy ard textial srepresenta sibnaienyrstrate Bhg given
regh- val ued gH-QGRSS dotiiady ‘addOreTiabiPity thé a%anc f yReEhOoR! the
process is |ver)db%;| ut :e(thrL, whj ch gﬂfl be used by the statistical 3U
col | apser 2&F%g QY&H ETHEHePPR or EQHACFREERT Y T BT dRPCol | ect ed by
t he resour caetdger 202. The conputing platformal so includes a database
206 that stores data. .l n Qe &@&ﬂm é}pee ld(g%lg:p@ge g&éeééc%%ﬁa he tine
series representing aIf?S performance netric as ougl"Pl §-assocl at ed
perf or mancebeGa graphical display unit, such as a computer display

35 screen. In another embodiment, the results processor

may be a textual display unit, such as a printer. In

8



~ ~ SE' ~~~2 WD 99/44112 PCf/US99/ 04244 data had been coll ected at 8 SEP 10
flfteew osiye intervals. That is, after the resource g{s)? coIIects ?
t he per?ormance data fromthe conputers 106 and after the S at| i cal

col | apses 204 generates the tine series 5 representing performnce data

col | ect ed athki Embediinente whetrer \iles perifo niwnen see 0B sitsarmcblhecei me

series. The 0 n R N o-TeF 1) 4 ng at | east
sixty gi gabyggt%%%?%?é’% gntdo?’rtrlt%ngee% tglegﬁ' car?seprocess&c?éef one record

per second. unert.e%alﬁplrésutlﬁ@ DICKLESOT2 P& CRUGIaSS Remié'%ﬁtcﬁéld)f mai nf r ame

comput &1 peyLapRaRGE %@%@%@@h@ﬁ%%lfpb%ea%%@% GRiid] iggjion data.

Al t hough theé dat abase icted as Si ngl e database, 15 according to
t he® exenpl aluttiléﬁ‘ﬁé‘&llﬁ’é‘nt”ltphgpgat-lal&éééaﬁé@nnéfr@ézaagﬁﬂ ural ity of databases.

A dat abase suitable fg-ﬁlritmlrermat-_lumgst afddaldavkanagdld 95 thdVl CS dat abase
avai |l abl e from Conput er Associ_at es catgﬁln Sant.a d ar California, or
an SAS I T S@lr\?lsgélt\/lﬁvﬁﬂtl&&t é‘ﬁa?&léoaﬁv LSt F YT HSASY nstitute | ocat ed
in Cary, NObpler@iarl@lm nd. valre casmemboddmenatsi§ @re alesrribEdides a dat a
extractor %‘8 éq exthact dat a fromthe dat abase 206. According to an
exenplary e 5‘ rlr'e the data ''S extractor 208 extracts fromthe database
2060t he tine series ré]hﬁepemseng anpyentdomarice best iunderstaag by ts

associ at ed [ IR d n | e t nt erval s.
Because t heQ%t at?{ Sti C§|°| @h% rﬁguseg g?igr%%st}oér%teedféﬂné&’egu&%{]gb%sée 206

repr esent i ng eHeFENGEn eé'lsl @F‘ﬁlélca@aul@ﬁqtllfétli S rldntdonally may be

unwi el dy, i tsifay afle éledtm@ 101 Beke tTwngJeady qéﬂ/ﬂtostﬂmq:ﬁmutl ng
pl at f orm 100 thus in

a_second, st t| tical. colla I n general,
the second 3&i&at5 (\tll't,eal R cloin aﬁ?e%’hif%‘ |setf1%ra?’??£ci§’1 ses the 17 1
6 55~ 2~~1 ADpeRrEllinl tRET/adsedbahZdmd ifrigturntdameirseshiagy: pr odu0| ng a second
time series. The second timggseni gy | nqﬁ l%vs&p%é@tdlcg “rire?§0| nts. In

one enbodi nent, the second statistica apser 210 statis
col | apses t e OMRUEET A LabEomm ﬁéust@hl@s fsm M alHran vﬁé@echwtseru es.

That is, thessegnhsddntstiingintG@d;apser 210 averages the fifteen mnute
tinme series and generates tinme series, repres er nce nmetric
as though its associ ated" pgrfltf’r ﬁaﬂ@éedajte}%dgeciﬁpb%‘ﬂcg"t %ﬁ ﬁ%kl y.

Aceor di ngl y bitdek tdisyddm o it iondiputtes emmtm@mt@t yF:tg)url;tl me points for
each nonth. I n another em§d| ment, th

e tistic col l,apser 210
averages the fifteen At € timé &a eeggegtr?cf‘ eige RS 6& i rr€ %‘é% es
representi nglitduk tdlgeerdrorafande rosinpudeas nm&;;:brmtsf aBsmci at ed per f or mance

data had been col |l ect %dlﬁgallll yshdegsccg@ éhaxté‘eof 'ﬁféﬁéﬁ?tiﬂ&' udes

approximately thirty oints for eac under st ood by
persons ski IRERFSSF tﬂtb‘-"faé'flélérﬂr arge tiatan m@l%t%@ i'sR¢cal 20

cobkapser 2&%@&[}@;@}{@_611 marfderl es representl ng perfornmance data as

t hough it had been col I ect Pgl:}r ag,il variety of suitaple intervals.
It nust be noted that 5¥9a g R TS t 0o f RIS POF n?S, the
time seri es aEudOtCAS thﬁtlrmtﬁaﬂntvatturve:mf uﬂ:tel.‘paatiomjlﬁmrdaahtsmder

anal ysi s, n 1o I t rketing
data on the sulccge "ga%r 5 di udrdeceo sﬂod‘uct %ﬁnﬁg 8‘ epg% néelsﬁérgge

. patterns, c_a!shf_'efr_lmwranal yses, financi al data custoner survey data and 3U
praguct rel iabl [Tty, USRI SUIYEY. ditd, %cprpaugaretatfaencs etc. For

exanple, if the time series In bove exanpl e enbodi nent _contai ns too
few tinme poifisten mnd imeEheq ik nfeﬂ/rerﬁﬁs"b’e“? e%‘?‘&%‘éﬁ?’ét?%tg‘?r‘&ct ual
resour ce perfegdmnee. pdintdrmacepeiak desageioddrh&bespl keby thay not be

detected if Eé¥i£§?%éi&E%é%&ﬂgf%ﬂy%%&H%rous specific details, such

as specific statistical symbols and relationships,
35 specific methods of analyzing and processing computer
performance data, etc., are set forth in order to

9



0 WD 99144112 PCT/ US99/ 04244 ,taken. Therefore, sanpling intervals mhi?% A
excl udgogsgdiipeaks nmay i naccurately represent the resouiggpluyggi,dd&ati on] 8 SEP 2002
Thus, the nunmber of tine points in the tine series may be determned by the
particular use of 5 the performance netric, the particular resource, the
particul ar SFyided piet} gingerstanding| plisthar BreseppodBvanhaoner k

manager thappeS JKESIPREST Ph etROT r&PEVARE | &8t | NBohehay| owiandrehfiesli veness
of the computing platfaorm 100 resources, nonitors the erformance and

) | U
activities FSCOTACHER OMAE cFRQ 0BT PRt sYRYRRT HeR WoRR HﬁngﬁéFt%Fﬁéks t he
conputing plw%tt{nauf“a IdHe r@f}%f@%peﬁﬁ@r@p@?%iﬁydleaahgtﬂ _ngr:ﬁ@tappr OltO_ri ate
erformance a from each conponent or network el ement_in the conputin
Bla%forn110@ﬁ (ﬂﬁéﬁ?%&d,eﬁgPpef?o?ﬁ%ﬁfelﬂ%???ﬁistowﬁéihBH?YBregpinclgde,
but are not dtiridtartkrd®, o CRpernsSLoms | De PEd € eslicwe, 1di dstdilvenusage
per cent age, | eragﬁ traf i%b users Iq@ged on to the Igternet, net wor k
connunicati&ﬁ%%ﬁi YRS | PSR RE PR | REGREC bt R BeR 18Pt i cul ar server

conputer, for 20 exanfer Hipeseafivé hpurpbdses i hembodpmenty oft bhek 102

typically inglades eir}ﬁ%ﬁ@foéu Do aéo:ﬁeéﬂﬂ'é% %ééé%?ﬂe&%i‘?ﬁ”?&%n&é@m and a

n
per f or mance “managene eam e confrguration nanagenent teantwoul d plan
t héOconput i v 25 g stemrand ovethed ofeh Epverddeiny zaemButenccor di ngly,

weekly dat a Qi dESrivord soec@dsareb endREet Nese srEMPEKLE! ARQLRELBERPOSES.
Dai ly data points may be nnre,apggggrlate for use, b he Eerfornance

byt
management tiR IRFRERSeRY; E0Y eRuse PPk pePibRAahCethBRSgement 3U
team vv]cc)ul d Wmﬂ. \X Iﬂﬁsmﬁlt athe Rﬁréhe?ﬁoﬂiwléhﬂgoﬁl atform 100" s '
error-free perfor ce. Accordi e rfor ce nagenent team wou
be concer nedHboutP %5%5u§%§e€aggr¥§%%k%§§ePﬁ ?gggﬁFgggcaﬁgunption of the
conputi ng phetficired 0OOvedbnimer i NThepekdstanmaP indl8A8EAf02~OT WO 99/ 44112
PCT/ US99/ 04 co I p, I u kLt | gad aring,
for exanple%éégﬁgg?ingH?%%ﬁga.hggég%g§eg 8 fn%%figgi#hea%ﬁgsgﬁtt?ﬁvention
gener at es actifReses GO firilvrat PonPEodusEr PHEBESNTR . t RE1EBRPBRI ng nanner.
The resour ce,dEf@0eat €82nE0r chbR E0AWUARALYOEsCOE REheihheaReaf or mance data
301 and provides it in the ;arn1of one-éecgnd Eetgtgng recorgs 302 to the
statistical THYUPREsSYBYCY THR 8t QRi RFPEUF cHPH4PRES 1584 FBSEPREFstically
colRbapses t hmumney seavadoneppodac80@refiepehcél eebem nute data, which is

stored in a file of perfornmance data 304 of the database 206. The data
extractor 208 extracts the performance data 304 fromthe database 206 and

provides it to the stafisti ExamplecBhirdpopmeft®. The statistical collapses
210 statistically collggggsltgg B higRP1BLRY B1dRkaghE Qagﬂéfm@ek data. As
2 [ or P

descri bed above, the records 302 are neterlng records for SM conput ers.
Accor di ngl y,cempubing epdpg§o3m210Rcpudsabdehiarpémpdpinggs inggdBal processor

bugy vari abl grdEREREUoef EAB BrBBERM LROBrEQBEI. JuRal ikpRgfile from the
conputer 106, as well as a percentage CPU busy variable "CPU PCBSY" from

t he conput erempgd Haethar Dt FPNPEERENPERLERER PPy isi Remultipdiech vari abl es

are vel | - knopn- 6 £0EHbREgkO (A08) ephadicBRAL avai138b1ef re@ar week ' records 306
represents (_[4 records/ho g Oﬁns/da 5 days/week] =200 ) two

ur] . X h yl X [
hundred recot®fcerFRELIPBAL PB%&P& Spipc 6HPSvé&P§BPe°Feﬁﬁ@§¥ﬁ9§nFour tine
_points. The peathormsapeaildbye3froar pmdbhlr apdeHeRghd Daitae ten hour

varlabl o e AEntE o P AECOBEreRRE ARt rogker serERY el ARE o ot or m
100. In ot het0womay, behe BNEéXweekputtivgyplatéovmds 3IM6 oahereach a col | apse
of two hundréﬁgggiments, the computing platform 100 may be a disk
operating system (DOS) or a personal computer disk
operating system (PC-DOS) computing platform. Those

35 skilled in the art will appreciate that a variety of

10



5'1U WD 99/ 44112 PCT/ US99/ 04244 fifteen-m nute interval records stor ed,& %QEPZY‘{D
the fi f the database 206. Recall that a tinme segl gous SLI Ly
W6 0594119 :ﬁ#ﬁ%@@?%

the one-week I nterval data resulted fromcollapsing th nut e
interval data. According to the constraints of one enbodinent, this tine
peri od nust kemthatirst ipkdtfomtatnandrey . usedt &b i FhpTehdyt stla¢i onary tine

series is geng@é%r%ﬁ@&&s a tinme series which as a stochastic

process, as defined above, Ts unchanged by a uniformincrenent in the tine
par anet er defini ng the Therecoupuebng IplatwSormel bt Aucludes faw ti me series

are statistically stationar The, co J | at f-orm 10D t hus includes a
time series gﬁg}pﬁlztelrna&zlﬁ%é’%tg&m n%%@%éfyt h%h?i R gener at ed by
the $tatisti aatwnti dEam#Ed be sa statufdctoatiyg statihitgry.a According to one
enbodi ment, the t] er | es. I 2 I ility values for a
plurality of %ée(ccﬁ%‘gqjlaéag')sl%g%t%% ooﬁr}akegi}ﬁlk%&éﬁ?%&n?%gti on. "Chi-square
tests" as usesrpomE tigena o inaneid helpenetut 1omt i@nsa amdi weashty ons of a

test for signifi i ff . i i.al . tion and a

pol ynom al pgﬁtﬁ'%#%hggﬁeée%%%%%&rga%%% a I?nto one of
several classewismnngnich fIn ntivhlesins vumpyr i ton corpifreeretfoBanpl es
ratpgr than jgst pas do 5@1‘?&?@; e%&gﬁ%:ﬁé“wfﬂ’ﬂai;eﬁ?éé's éﬁscéséigf a test

of , residuals, test's of hypotheses, signi ficance, test
honogenei ty, SCesibatftRe SIRTERT oY S bRIVH MR RAT QXM t23AMPWERLioRs is known

in the rel evaidt@irdve |4 £ enbOd sAch Vi ed£L dhbs & O8OHIL pd St LOIPat er 106
and the performance, netric utilizati C}QY the tjne series analyzer 212
Y gm?i‘ija’rﬁn

CPU
dot er i nos. WRBLGIS HhcresPRnse Q3 FTUNeY CTYLES 1 on bot ween
a particul ar PUItndt 2atcammomnl fer atite tdiei et usydoesm GRY utilization for

t he;previous {j i b I ewm ~Q ' ~~P ~~~2 WD

oot A1 s pe AERTERAEY LrdEyLat N Focbonde Dedt che detvery 1702 10,

list chi-squaystemubstdor Eormat that rashuan scanrundersodpdit er s

106a- 106d, respectivel ypq T?fllgg;_y&rpe ! %ﬁpﬁ%é’r?hé@ the dsfpgesne! freedom
t um * DF"

of variation anpbng a set of scores. in particular, €O refers to
the degrees TeFWREEHoMIHfSURPPRESF oh Rdlag aTRetb¥Ipk AR r¢wyteRedrds for CPU

utilization. fhihddd 18] rBéCor&SPPOSELENEAS pErSossl 9init HcSERLES.
St aél sti call%/Htggm deﬁ{ees of fcrieedomg%ven (5% DF=n-1, en"n i s the nunber
of $Bores. THRELOTPIRI AN sBECHRtvh 2RSS ¢RERRASRUI AR PETRCRRYr ees of
:‘NLefadot n. In tﬁrﬂe;:acccgme aaeltaba)éeSﬁ@neSaar@ sereei 0 VEHy ISdnlkisiscally

ile one set_is fixed | - i S e_Val ue e
Aut ocorrel at ipoﬁovlaeés?s O§c€%%$dﬁ§| %tgég’f%%%n%%%é n‘io%%?%’%g%n%%ﬂ -
Squnr eDFPr ob. 6122 07 Oc Dileft 0519t M- 0. PGB U2R&Bp De 02d0e 34011 6. $3406m0850. 11
20. 0120. 008U.

0160, 1 50U, 143100 BEHA8° BAAPT9R YIRS 035 RO4RE°T 352 e 05335, 15220. 0370,

3U98°0910. 07 2RIt ©r302Dn. 923 FaBP L3Nk ¢card SHeaderyal udS & ofushemer

Aut ocorr el at ivone Hegt bQhk RestetRt Sat Othé heakRMBEE &pEH680 puchakagChi -
8qunreOFPr o. | | uto )

correl nti ons @ EERPAETS. BHEE2HILE HRP188F 08B, 3954 0. 821994 939 00. 290-0. 2
060. U46- 0. 007a4lL d 488sR4B6g Vs 851 845 . A4 68ur IPafilb50a B BPeddED. 08UO, UOUD. 1482

- 421.22220. S07Q, 0200 946n0- 039t Onl{ 7Y 643K Yedottht information stored
30 in the database. The point-of-sale cash register or
gas pump bank card reader acting as a client system
requests a determination from the bank personal account
database of whether the customer has funds to cover the
purchase price. The database responds accordingly, and
35 the purchase is either authorized or refused. A

1



Cl' iRCTtTI 1TC eut=>=T IRl Il ~ ~~1 1 8 SEP 2~~1 WD 99144112 18 SEP I
PGTI US%&) ooidadre Tabl e 3 Chi Square Val ues for the Aut ocoptglugsbe/odrgdest of ‘
Residuals for the Conputer 146¢c. Te Lagcni  SqunreDPFrob. AUTO

CORRELATI ON62. 5190. 6920. D860. 0070. 0A00. 1320. 091- 0. 059125. 15100. 8A10. 0290. 14

10. 015- 0. 110P8Y bEOV1 5 SE¥Re0SE 661 9SREDSPERET 06RY 1 5OBDERE2LS. OJ0. 051 2419. 05

22[ 0.9000. 0830:0¢9aD. 086€né730e8440. @hbenabba.4 €hi wbauabe Val UeS for the

Aut ocorrel ati on Test of Residuals Eor t he Cbnguter 106d, Ta Le
Squar eDFPr ob2RRA¥PNE tO those skilled in the art that the exem ary

CCRRELATICN68mBBéQm55&0mQ$4Be1ﬁﬁﬁ1@ﬂénﬁe688n006ﬁér0cm89ﬁ26s&&%@&-7810 116-0
0. 0350. 1] 30, 1250. 0 8187u6316g.959 iogggelggio 14-0.0@3 0370 0082910. 6
622 .979-0. 037Y HF 6ABeR B 208168365141 - 6 HE5H GRECFPBEGVEDSPE few tinme

series are ssubtemicalingidtardenafpciddtyrdehgly, the tine serles anal yzer

212 confirnms that the &hggnge%?ggéaﬁg segﬁéngogg tEB hb?ﬂ glgone- week

intervals are |ikew se™n |ca atro the tinme
series analyznclﬁdéscanpnunalnhgtofheompuSeasslaGLsascaépypsemgnmi|cant

correl ati on between pae v |I|z Li nd.th ue of CPU
utilization g r CPHRY ﬁFﬁv?hgg ?Bﬁgp Sdea cﬁgc P%%E?Féﬁhls undesi rabl e
acclér di ng tohbhevennsthelna$1oﬁsoambedhmdnuengaberaﬂ%g alme tinme series thus

cpntains_sta&?%ékcg%g %EBa§% géErgge §yt8n5h808§é eRb%sented by the

tinme series [Fati mnth herefore shoul d be
br oken. Thi sMoseaUeurrplaitshedgbyadl fembpémmeng thesoingbim@s desgribed " WO

99/ 44l 12 PCTL JSPRE UdgAd saRalyzgr 1%4:%eCEB}ﬁ$'.‘L%§ Beedag%lsﬁrcbas to a

statistically statlonaré tinme sefies by differencing each tine point in the
time series. PMBUEPKE sEPPeRTEARNFzPVERSigheligBRtt AéMmdtreerohdddSanong

theigime 5 peipbaimBdtt heposUbikhaplie, thﬁeawemQQE§rErmoseaab-tmne poi nt .
Thus, rather than deling_t he_ CPU utlllzatg QB%N$ t hi s enbodi nment
ti

model s the dPFFBRER eanv3I&8§a&fa€§8 BEFHPE rSﬁPSﬁguﬁéﬁHﬂPt%Pthe
next. A d|fferBn¢&dgngebmodnnusbrbapdeﬁebuumadngbawltﬁlprad&@ms t he nost
accurate forecast on oféﬁglnts sel cte as _wel | lB% nunber

. _The
of points semézﬁgd rSﬁFg 8ETGhaNS fogPSnEPWBW&ﬁﬁﬁrﬁnes how
robust the rmayl bengocanetr dat ai wideakalres He8wbrrkt (Wadkly data poi nts

Selﬁfted us'ngnglguratlon wherein the computers 106 are llnked
together but geographically separated by great_
distances. The computers 106 may also be stand-alone
devices not necessarily in communication with each
other. The computer 106 in one embodiment is a

25 mainframe computer available from IBM or equivalent
mainframe computer available from Amdahl and Hitachi
Data Systems. Alternatively, the computer 106 may be
a high-performance workstation. Alternatively still,
the computer 106 may be a personal computer.

30 The computing platform 100 includes at least
one resource. In one embodiment, the computing
platform resource may be a central processing unit
(CPU). In another embodiment, the computing platform
resource may be a memory storage unit. In other

35 embodiments, the computing platform resource may be a

12



15 enbodi nent to represent CPU utilization for the conputers 106a-106d, ! v dti cew

respeGyhyekaiiz in the "mean CPU busy" colum. Table 5 29&%@9/0%gk - Mean
‘CPU HusyFor ecast Lower 95% Confi dence Level Upper 95% Confi dence Level 11 APR

9698. 91-19 APR 9698. 929B. 51B2. 82114. 225 APR 9696. 0898. 2982. 60114. 003 MAY
0696. 3896. IFBUNLQT 12258HSKkNnY0D636 48 edrEEe BRI sWhiggYa

9697. 4996. S48 8H1d 2c3rpu birig 9p 92t BIHR . ¥dSbubde 12s SRt Miportant
9683. 0694. 3978. 701 10. 106 JUN 9699, 2B90. 0474.%‘:21%5%14 Jgg
9692. 3396. 864 . 4% 1BTBSB" 5 UK BBB71 M 93t Bose i hbedran; oRe art

9695. 7091. A}irb1 52486r 904nd Uth8683nP Idmibdy SoP4dd dodrdéds c¥hf be~~2 | U 15 2U
25 30 WD 99| 44112 PCT/ US99/ 04244 09 JUL 9683.0994. 6378, 9411 0. 312 JUL

9687. 2188. 955F 2%&0%%1%1’35%% %‘é‘?%@b&hgm. 80106. 226 JUL

9687. 649 . 3875. 69| 07. E&¢h AtEs 6657e 65961 23T . H4 1082 8090ABGaspect .

0681 5453, 150 5B HIBY AV BCBST STHIARES (hEEhES 4omn shpe
969l . 4092. camsodinent 7vélée w%@nqgmﬁqvm grayebe gceseurce
352 Soo7 SR BHECATS SR HEBNGERE G HEMR e el
96183, 3589. BEFUCentagesbRabry DRBLIGUBET BEHIPVBLIRY . BH3LROYMO6

- 74.6286. 24400824011 91RePMHIEPH . 48811 & 165mdEPed O rieN
96B6. 1789. 9274. 23105, 605 lfgc 9695. 4185, 270.%2%:0 . 713 DEC 9693. 3389. 77

~74.08- 105. SARSHEPL 8B 11BgaBAYBEH58MA0 9oP8EERTEINESS3106. 6. 10
JAN 9775. 1548t #563md ¥9Be8bdbolAbk OO 6B&cPHoMh BER51i853é6£1heN A5

0794, 2189, 3305, BOT0AT 014" FERCo89E Lse0ha YAt 700 05 ve EOERY WoTk
97157. 1286. 4880f@gmed. py7reEBuEEe2. 7319, sBeRheroembediment7 ghgFi' 2~~2 10
15 performance metric may be resource redundancy, which is
defined as the measure of the increase in the workload
of a particular resource. Of course, those skilled in
the art will appreciate that a particular performance
20 metric is not required by the present invention:
Instead, the present invention supports any of a number
of performance metrics. )
Fig. 2 is a more detailed block diagram of
the computing platform 100-.according to one embodiment.
25 As illustrated, each computer 106 includes a resource
manager 202. Each resource manager 202 collects
performance data from its associated resource. The
performance data is associated with a performance
metric. According to one embodiment, the resource
30 manager 202 is a resource management facility (RMF)
available with the multiple virtual storage (MVS)
operating system that is running on the IBM mainframe
computer as noted above or an equivalent mainframe
computer available from Amdahl and Hitachi Data

35 Systems. According to this embodiment, the resource

13



2U 25 WU 99/ 44112 TCT/ US99/ U4244 07 MAR 9785. 37B1. 7866. 0997. 4713 MAR 18 cEp
9788. 49839/451§7 . 0198. 3915 MAR 9785. 7983. 8368. 1399. 5223 /US99/04244 SEP 1007
9773. 48B2. 4366. 7498. 1206 APR 9770. 2576. 866l . 1792. 5512 Al

9784. 317S. 2259. 5390. 9218 APR 9782. 0081. 116s. 4296. 8026 APR

9782. 8879. Ba&GNaA®DS5. 202 exiwaoys3hgsgordgsd. pegfoypancrpngata from a

9778, 5080. 2364, 5295 900do M- 975 72+ LRSInGRR4 2192 BB 9TngP- 85593093 9807

JUN 97.76.1 3.6015 JUN 97.75. 7757, 959 592. 7929
JUN 97. 74. 9757 . 59 coupst ey 10§. 74Th¥s7hisgerdgad gompgrer

07 72 0755, ST FOID RC BT F5onreRea i, the PN el 940, 288,43, 0% 6

97. P1. 7754. FFipiyalent tq_Eﬁ%ﬁﬂrﬂeﬂEevEﬁégrﬂﬂg1§aP@WNB§9}B$§4HYTsb|e 6 10

15 20 25 3LJN&@Kh@aﬂeﬁﬁ&hfkﬁy§bre@nﬁgLomné bt ceniidancenlevel Upper 95%
Confi dence Level 11 APR 9663, 95. %R 9666. 2464. 1145. 168 625 APR
9675. 12 ~64. TRRreRRoBseRl ARGt e§ /Ry sERE H539UEE8/MaRageRnls are

9665. 9371. 0052y o8B Pod i M YrS6drdd /6Ratt 9E0n848R. CAB3abBivity
9667. 7971. 4552. 5090. 4031 MAY 9668. 4371. 8452. 8990. 7906 JUN

0681. 5370. 13233 9EBYMYBYT- JUN 9682. 9073. 3854. 4392. 3220 JUN
96570. 807B. 1759. 2297. 12PBe JtBES676e 2MiRagd85428292302284tdUkhe
9660. 447 . 0352, (B89, 9812, JUL 675.;369 1750, 22- g?.%§18 JUL

305 8 Apguliar

0663. 3469. 4728 52HE 95361 538, Y8BoComBY 538401 38
0664. 2362. 6048t &5vaBA. 54&@cdtﬂhﬁ@7600360&Rémmligy E8bBELMEAUG the

9690, 0574, 8055 KEDS. TH08" CEE° oR0s. 4051° 30030321 00: 113 °agpriat Le:
9687. 7286. 4087253 HBI 409 HSrp o%eMP¥3BY. 665991MEDY oEBeSEPsource

9688. 2485. 08Rén é94c89ﬂeégg @ﬁﬁowéiﬁﬁoﬁéﬁﬁegﬁﬁgﬁaﬁég @eta every

9683. 8683. 6164. 66&0% 618 ~16 61 =83. %9 ~69.24 |1102.1 27 1 8 ~~h
Zu~2 | U 15 Ssecon rom computer 6. In this way, the resource

manager 202 provides the percent busy for each computer
106 each second in time. The interval size in which
performance data is collected may be determing§ by the

20 particdlar use of the performance metric, the
particular resource, the particular computing platform,
etc. .

Because the computers 106 typically are

maintained by large entities, the amount of data

25 collected usually is quite large. Consequently, the
data must be reduced to a manageable level. .
Statistically collapsing the one-second records
generated by the resource manager 202 serves this
purpose. The computing platform 100 thus also includes

30 a plurality of statistical collapsers that
statistically collapse the performance data into time
series representing a performance metric. A “time
series” is defined herein generally as any ordered
sequence of observations. Each observation represents

35 a given point in time and is thus termed a “time pont”.
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9779. 1289. 5FRFHEHTY S0 ARIEHYSY ‘i%%aéﬁ%?a3%%65°§151'R‘F>R°°1nt5

9784. 9585, 2QfifurR -4t wAREh 0166 . FOBBed866a TBE64cdPheAPRon

9770. 2579. 9%% 9310 MAY 9776. 1S74. 3555. 4093. 3016 MAY

9772.9774. 2 1524 MAY 97.74.3254.5394. 1001 JUN 97. 74. 5354. 9896. 0807
JUN 97(74' . 6751. 7297. @1 din®7t740885embodinese] Jh ogmput8ng9. 37100. 629

JUL o7 75 3047 SHE0% MG u9eYst Bt 5B o610 AP BST OB ah 57105, 027
JUU097.7§.TF&ﬁuﬁﬂImCQImy/EﬂiIHPSSSQQHS perberrancaudnby. ¢gldeaped9109. 416
CPU Busy For deastlou BB, BanT T anec2 el Uppar "B, thot Flnca Tovel 11 APR.
9674. 48. ,,1%@@@@%@@@1?@931@@429259W8635t5m¢65§03356688 5403 MAY

0679, 3575 716T TR TE03 MY CRVRos 448 2 cpidngl ¢ ga been

0666. 0676. 4564 TRBEO N6 JHRF98B3NFDR5e3EBReTYARS 3314CFRRALNILY,
9683. 9477. 530% 0988 98201 JENVGETS. 632Tudd6502890im&2Podis for each

9675. 3177. 7265. 2890. 1604 L 9 577.6465, 1990. 0812, JUL . .
0673 25y SRR Enaols AR ST oRBRod 1A g etne 16T 85 8t brstical
9677. 9479. 28661 BA¥de 7 IPDdndkiir 6669 . BdmME. 8&6bed28epB8ésanbiiBy a
?6Z9v6f7§- 4456, POAR: B34 1néths 2642 MLdgR19¢s0424020a2dd pérBothdnse™ -J L
data had been collected hourly. Accordingly, the time
20 series would include one time point for each hour.
Thus, the statistical collapser 204
statistically collapses the CPU utilization reébrds
generated every second by the resource manage£—202 into
CPU utilization records representing fifteen-minute
25 intervals. Nine hundred original CPU utilization
records ([60 seconds/minutes]x[15 minutes]=900) are
averaged to produce one collapsed time point. Thé
statistical collapser 204 calculates the mean for all
metering records collected by the resource manager 202,
30 as described in greater detail below. The statistical
collapser 204 then determines the median for each mean
at fifteen-minute intervals. The time series generated
by the statistical collapser 204 thus consists of four
data points (or time points) per hour representing the
35 mean CPU utilization percentage. It will be understood
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15 herein, a stochastlc process is generally a family of

time indexed random variables, Z{(w,t), where o belongs
to a sample space and t belongs to a time index set.
That is, for a fixed time t, Z(w,t) is a random
variable. For a given w, Zl{w,t), as a function of

20 timeg, t, is called a sample function or realizZation.
Thus,  a time series is a realization or sample function
from a certain stochastic process. Typically[“however,
the variable o is suppressed, and the process is
written Z(t) or Z,. The process is then called a real-

25 valued process because it assumes only real values.
The imaginary value, w, is not treated. Moreover, for
any given real-valued process {Z2(w, t): t=0, 1. '

.}, the mean function of the process is given by

n.=e(Z,), which may be used by the statistical

30 collapser 204 to calculate the mean for all metering
records collected by the resource manager 202.

The computing platform also includes a

database 206 that stores data. In one embodiment, the
database 206 stores the time series representing a

35 performance metric as though its associated performance
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97.98.8091.13106.5 10 As described above, the statistically stationary tine
series generated by thdR§ MOWR5EY AN AT 2159 dRUUIRS HEFG nance

data that i|iSextractor 208 to extract data from the database 206.

According to an exemplary embodiment, the data

75 extractor 208 extracts from the database 206 the time
series representing a performance metric as though its
associated performance data had been collected at

fifteen minute intervals.
Because the statistically collapsed data

30 stored in the database 206 representing nine hundred
original CPU utilization records still may be unwieldy,
it may be reduced to a more manageable level. The
computing platform 100 thus includes a second
statistical collapser 210. 1In general, the second

35 statistical collapser 210 statistically collapses the

17



15 collected fromthe conputer platform 100 at regular intervals. As suchgir 16

the tiwe®agiies i ncludes information indicating the tingctlhgdoded
performance data was collected fromthe conputers 106. In one enbodi nent,

each data paj nt the tine series_includes 20 a_dajel tinp stanp. Note
that Tabl es HESY TR SF 187 of BT AAICHRANA | FECIRA LRk Sehi afn. The
date/tine stmqmmi avinmedsénkes inéodes tmaéeazcmd)rmetermbdtmmpbsnaﬁt as

conpatible wth the stem and thod as:desired an fore be
converted t nac?ﬂﬁee@%%}“éef%‘r ?Wd?%“c%uo??gl ”Hih
corrputi ng plsadafumrsrnﬂmmcdcbmteapgeslm p&nme@zonwmd@é AT s\ersésutl l'i zes
ta set and converts trk/ ne series da,)gh iyme st.anp to a.nunber of
Py

sec nds equi @t IR a‘fﬂger%%rrle%seht tHe gé?e???%dstanp under
the data setstaistitsdin collapsenb2 i faareramésmﬁré |ﬂwf¢ém1tmimupei nt

t 214 I bl e. f S | Nord Ca whi ch t
et of ot am VI SRR AT b ElE SO Th o BRI B hod s
an 35 autorquﬁmm@mdeétmgﬂmltlid;ﬁ;hIm@mmﬂmmmerﬂdrmance S~~ a~2
CVO 99/ 441125 R /rgf@%@é%%ifsc@éwee@{ffs'w@cm §i | 0o 2ot abpli ed

0

tothe statistic stationary tithe series represe performance
metlPi c as t HRRKHES tasn%pd%? nEPREogHRat e Bewh tdre eRQJel@JW uf eeearh
interval s tagydyecast the 5 performance of the conputing pI atform 100. The

aut oregressive nodeling tool 216 is selected by calcul atin
aut ocorrel ation) invers® 2RPERST r%‘?‘%‘?‘?wﬁnﬁnd"—%rﬁ%ﬂ’n%ﬁ%H?E%ﬁ??—on

functions, assh xOs@er i 200 tHesLadoaCthONsit PedhapiRit St 11FOr §€F2EEON
functions IU £ pected fromvarious autore gﬁr}esm ve, constructs. For exanple)

in a procesPq fIPEFTALEEF | fi EHPRURDET DI TSRTESRREINS thRn- zero, i . a . |
, =45, , iiiTezformgncarmetrjcaas’ thowfh fos &ssoqjatédrpehfopmaness is

general Iy cq L0% 58 BRULOIPOERS A IPISl 0lopifigs P, WLCB kS 1

denoted as A n autoregressive no grven ;o =~~~
.+~~~ P S€Eles inglpiesaapPPufsima eby B?}I*%ltki]#Bne qu@ts BP}’ Thus,

the 2U aut Or%l‘?%ﬁéf{@hmdﬂ'ﬁglioﬁé @ﬂ@ef@i‘@édtlw ééﬁ?@n§e§,kf§leét and
regresses the value of Z at tine on its own past val ues plus a random

shock val ue, 1} the, r?leY?Iitrr‘?"z’tZ'f-hitr the segon %Eﬁu'f'%%ﬁ-%ﬂ? n (B) Z~=at

whexe 25 ~~8colllapser 2@0 mapngehetate. tEl:[ltre“Q@rlé'@er f@@@ﬂtﬁh@ti on
function becone re ePg 1. The inverse

, aut OCOI’I’G|%?JF€W%E?I Eﬂt%eéﬁnﬁgo?s%}t‘]pl% J?adibﬁ\?ll CG f‘?ﬁzt n2F. 280¥u) e' Ad~
U U and the pairthal vatiecprogl aﬁwabielnmhterrvbesones P. ==mk =1 4,

2 an by SoTPARGLEORESRR Lo TPAEL 18 LoplpdSaghpady Do 2 11t
L~tJL contains too few time points, the tlme series may not
25 be representative of the particular data under
analysis, including, but not limited to Internet
metering data, marketing data on the success or failure
of product offerings, telephone usage patterns, cash
flow analyses, financial data, customer survey data and
30 product reliability, customer survey data on product
preference, etc. For example, if the time series in
the above example embodiment contains too few time
points, the time series may not be representative of
actual resource performance. That is, peak usages (or
35 spikes) may not be detected if too few time points are
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wo 9914a i i 2 PCTIUS99/ 04744 construct. In particular, the autoregressjg&rpzm7
nodel i {p §oRR112216 that the systemand method apply to t i es may S cdt
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values for a_ "T" test of valjdi t or r{ic statjstic. For exanple,
the T Ratio ?%%?%ﬁfeamﬂ%Fﬁgyk"Ta ?ﬁeghge é%gb §§§45e£§5I to a 2U
given | evel méntbatidenthe HEhae1©ermd|efiﬂaﬁ1t§m§35Emﬁatbe Esti mati on of
the Tine Ser|j f h e 0 Est i mat eRandom
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PCT/ US99/ 042 b tl~e 'Tine
Series for t%g E%ﬂ Lgtagfﬁg@ghébga?gﬁ% erEst| é%@ﬁgf%ﬁ%?ﬁéég??Qﬁ

Rat i oLag h1UOl065665bﬁf8e20p2760rmanceslh35@aﬂhaﬁﬁﬁq4twelaﬁbroprlate

10. 715030. 215823?%@‘&;1!:8 Bar&PRbRNLaER! 0RbEnERD- B LOGdrk 8RRkt

Condi ti onal Léas uares stlnat i on eri es or t
Conput er 106&n the computlng platform 100. As described,

15 performance metrics to be monitored include, but are
not limited to, CPU consumption percentage, disk drive
usage percentage, Internet traffic, users logged on to

the Internet, network communication packet traffic, and
users logged on to a particular server computer, for

20 examblé. )

) Suppose further that the computing network

102 typically includes entities such as a configuration
management team and a performance management team. The
configuration management team would plan the computing

25 platform 100's growth and modernization. Accordingly,
weekly data points would be adequate for these netyork
planning purposes. Dailly data points may be more
appropriate for use by the performance management team,
however. This is because the performance management

30 team Qould be concerned with maintaining the computing
platform 100's error-free performance. Accordingly,
the performance management team would be concerned
about peak usages (or spikes) in resource consumption
of the computing platform 100. Monitoring spikes in
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conventional systens and nethods that rely on linear regression or

mul ti vari abl €GPS dV4t-ecAtitgFeRt WAHidr P Ikansen 4%%er confi dence

leveh. An ARIMA t(hclchl 19001 NUsde tRe HEDSRABHY dexdiecPes sinde | evel
of CPU utilization. "this represents,that the AR MA construct_has one (1)

aut or egr essi Ve ft@aR - Mdpditer Fatdns MG iFEH A i e 1) 1 agged
forecast err@erfdridahdd Sditel 308 FfualHedMatalldse -206. The data

~=~t+Z(t-1)+~r~~Z(~-1)-2Z(r-2)~-9~e(t-1)) re 61 is_a noylpg._average

par anet er an@xi:,rai(cg:ogi] é’%‘t @P%ﬁraé?sﬁ N Hhanc, Aagg l\ﬁkd‘{]lf 7o )
construct: fahd @=ecasiden@ashaneywowfadPU witid itzad itatselgdyal ent to an
ARMA_(1, 1) construct, ile forecasts 25 |:he ch&; e iﬂ%l Uutilization.
'fhd> ARMA corfid Sqfad e The SRRt R4 e 1) nonseasonal

di fference, atthtzderd ddl)ly aggaddsweadst firftosen inindise pdath cihom equati on,
(1-~1B) zt =( 1- t e 61 is a noving average paranmeter, ~1 is an
autoregressi&%%gﬁﬁ%%}ggﬁé'er, B is a baclcshift operator, and a~ is a zero
mean white noi se proceds descoridientylabotdie the orecprdsiI@2tavei ng aver age

For the Somuide 0P b HAe W dRydl & A0 80028 L0191 98Re B /
(1-0.73434 B) at: e aut oregressi ve novi ng aver age or € conput er
106B0i s gi verranonds B0B8nclude both a percentage logical processor
busy variable “LPCPCSSU” from a PR/SM LPAR -
configuration file from the computer 106, as well as a
percentage CPU busy variable “CPU PCBSY” from the
computer 106 hardware utilization CPU activiﬁy file,
75 which variables are well-known. According to one
embodiment, a set of one-week records 306 represerts
({4 records/hour]lx[10 hours/daylx[5 days/week]=200) two
hundred records. The four records per hour variable
represents four time points. The ten hours per day
30 variable represents a prime ten hour operating shift
for the computing platform 100. The five days per week
variable represents a prime operating work week for the
computing platform 100. In other words, the one-week

interval records 306 are each a collapse of two hundred
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wites the ti eries to the tine point converter on the other
e S hett i e dhe Ak el e Rt RS B er s Seantsthal 61

converts 5 thsokltaiset i 280 | is norasiatloably $twf-,'1cs:mnes tdceosdthgstical ly
stationary tine seri b di fferenci each_tinme xpl ai ned above.
After task 41 goerheereé&% PPt al %t?g'ﬁ I?/e?(%?l%‘ggjr %jfﬁ% gerl es, task 410
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iiTe Doint CONVELISN gLy Sidee ! bE SAReLLLNT, St AP, asagpl abgdapin each

data poi nt Ne Series to an €équi va a poi nt Sui e for use
in the aut or etp s vaasm@d|h@reb@|gerlerahleeﬁpfawe@Ieramblz%mnsk 412

appl i es the aliiorooessi s | 05t 02br 24854,0¢ 1 Bgnd | GPr PEFERSeLO generat e

forecasts of e conputl ng at(:%%orm 100 resources, Task 412 al so generates
recursive for%@'ﬁ%nvm&wn%@e {RPPY Lz Eien paRf oR nRPRemiali s fed back into

t he autoregr e;s@pmeﬂompdﬂhémlﬁoeécﬂlsbéereau@ﬁam@ytfl@l:«sys;hem aﬂé net hod.
Task 414 conpl etes the ocess L cess, proyi des a_turnk

ot on Co Rl SRy TSL iR EPe cane - EhobEE R Rt Y CeReAr tOBaCT |y by
any system neanum& severel .samsSl &sf eatheg bhek justzllgetﬂeenhtawoorrputl ng

platform 100 nBy s%n%%l udg, &, rggyl%@u%gcggggg iLlQél uddesr e %HUB processor 104

generates repre tions of rmance data ex ract &d-From he conputing
pl at f or m 100. rasidyaks| t%eqat@c@ésbrquhegeneraee§s| of ophaRi bhcance,

tests of homogeneity, tests of association, goodness of
fit tests, etc., as is known in the relevant art. 1In
the embodiment where the resource is computer 106 and
the performance metric is CPU utilization, the time
series analyzer 212 determines whether there is a
statistically significant correlation between a
particular CPU utilization value and the value for CPU
utilization for the previous time period by reviewing
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42 C.""c,~~ WD 99/44112 PCT/ US99/ U4244 the present invention can be 8 SEP 1907
applied not only to a single performance netric of a co i p atforﬁ1 o
-such a¥ Ai1ization, but also to a plurality of per q%ﬁ@@ trics,

such as disk drive usage 5 percentage, Internet traffic, users |logged on to
the Internet, network connunicat&ggi pgcket traffic, and users | ogged onto

a particular server, for exanple: g ystem and net hod nay al so be

utilizedit soharectsiueshéor il Asttheprpekdtoomfeet neft rResd dfisks confi gurati on

| U managenent or performaee pFREIMHRIerPYIOsEs. These and ot her changes

can be made to the invention in light of the above-detail ed description. In
gener gls—i-h—t-herfoltowhg—cl-aie—the—t Hed to

|'i mi t| Lhe dhirvent Pon t ¢ Prdte L5 speci AUTC @ORABEARIONI scl osed in the
specifh@aﬂkvﬁeaﬁd clailms, but should be construed to include all conputer
pl at flor g theat pper at @ ounadel -d.bed cl ai NB-otw@ pf anbede | an.53sSt|emoand ssedshof f or

COmf)ub{nzn LES0U[ CE Torggﬂ?t Nngde NItz 1[9919},\45.:,@3;1 19 TN b7 [EG01-00 it

V\A‘ | | norocd hi ~d + | L.E\mlrsjg o

o raanzant i
rJ'rJI A AV} LA™ I v | AT leUu’Ul' ~J Ul T T 'O CTTUUTTT O TIvV O LA~ LI A ARE I On

have p¥en decr|bed herfei’h [ ot-'PBurposesocdh?i| 1Y% at9-ofF. [vArCEDus °-952
nodi f| satfinns nhy: be dadeow thewut devilabidsg [ romst heo.spi 1]i b.oand scepe| of
the inveniton. 25 Accordingly, the rnvention 1S not Timted except as by

t he appended clains. 43 18 S~~'" i~~~ CLAIM5S 1. In a conputing platform
having a plurality of resources,Talatk desource includes at |east one

aspect o3 GRLAOG o1, J:0kBEaRHd NGB Leasl. Qe -agpost Ak kg, plurality of
resour ces produce conputing p ACTOF M Tesource perf%rnance forecasts, the
net hod conprising the ste§§rogh%c99%Rﬂﬁeﬁg1%ﬁdintervals per f or nance dat a
associated with a performance netric froma conputing platformresource;

statisticadky cpbtapsiing.st he col | ectagtPidraETRGNat a associated wifh a
per f of tegncaudret i c at |l east|once to produce a tine series and storing|the

time SErTes’ o, del eym nimg. WETREY, The TIE Ge[TER, 1T SOAL S0 1tA || %08

ety PN

st at | pratry—econyertag—the—t+re—sert+es—teo—a—ptat+steat St-atHerary— | e
seri eg’uhlert-heltf ne d&ri%s| i% et er nind@d?hot T-85he -GEHL | sPites| |l \P-078

statijomarjy;?-8ypassi ng |tohsss cprueast i ng @mot hp-a.mae | sepises -p93det ecavenpd t o

be staf, sitical Iy statijonaty] .agdi ng a [datgel t] (@31 anPod:0 [T PG L TMR . RET| es,

i ncl udrmmg—TonvertTg—tie tT e SserTtes dat et e —stanptoa - Trumber—of—seconds
equi valent to the value represented by the date/tine stanp;

As described above, few time series are

statistically stationary. Accordingly, the time series
analyzer 212 confirms that the time series representing
CPU consumption at one~weék intervals are likewise not
statistically stationary. That is, the time series
analyzer 212 confirms that there is a statistically
significant correlation between one value of CPU
utilization and the value of CPU utilization for the
previous time period.

Such correlation is undesirable according to
the constraints of one embodiment because the time
series thus contains statistical artifacts extraneous
to the data represented by the time series. The

5 correlation within the time series therefore should be
broken. This is accomplished by differencing the time
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appl yi.ng an autoregressive nodeling tool to the tine series to produce 'Y vk v
conputing platformresource perfornmance forecasts; and outputting the
-resour W@ 99E4#K13r mance forecasts in a format such that coRelUMPR44at f or m
resources can be nodified based on the data. 2. The nethod of claim 1,
further coapeilyzegy R2d2dicogvactsaltheutime serfiesnaece data into the
aut or egr essi . |i I nerate - rsive 4 ts.. 3. The nethod
of clain11?té§éggﬂ%aéﬁg %?gfﬁ?gﬁggll§ %oﬁfggéﬁnEXEﬁ%gggﬁﬁggﬁggzperfornance
dat a assockatrbd tiimeh PR1ipér fior kiecsimet secigs.| edbe drice cepieses: _
statisti Pakhélgr‘}'éra&%?r‘ﬁv%?%g%%' LGt 8d rRer-bREERN o@%‘ e n%{uPed“C? a first
time series, Storing the rirst tine series in a databasé, exiracting the
fi¥st tinepeénitss andomhene subtabase, thedavezagesi daiony esell dpgieng the first
LLTe Serl ehokAthr 04GR araehendchfPrdfElSAy 2R VAR Yl 1lifa dRker M i ng
whether the tine series 1s statistically stationary conprises: determning
whet her t hPege&6nd thilge cBbpidaens mpgdells: thgl fjffezences yalnes 1 a SEa

M-? 4. Theorethedy@fi 16LakAbh, £¥BR" 8he bBeidat ebmRkngesist her the tine
series is statistically stationary conprises usjng at |east one chi-square
e

Yo
test. 5. A system to?f BréESEEREEPEOPRARLE BRSEt DR A8t egRd neShFRa thy

pl@t f orm r ggeodiuees ¢hEPhbstN@ccaraeeoibeecaBBagerheon ozaltlies! igly
performance data associated wth ? ger%grn&nc metric f,roma conputing
¢t 881 08 PUPRE

pl at f or m r BEGTHFEe SCASFEFSy &Falf L PEBRHAES i nput from the
resour ce naedgerted [Heoh the stiake serdaks whehagiéfecencams ng t he data

recei ved fr. res C g i LS i nes, a second
statisticaéggg 36?%53%?h§°§§%gn§5§tg%?&?FéQP %8#F§§E§§'é§r|apsing the data
recei ved f famnleise 5 3isst aeekiycdrtéoPrapses spaestedacdmy Nt series; a

tige seri egndRalinedlt ¢RURERE clsentheppecend ishalost ired! & | apses and
configured to: determne ether the second tinme series is statistically

st at i onar y corgmrers 106asd08dd Fiespessivedvioin hat i"Mga®a(dRY stati onary
time seriepualRen dlamsecond tine series is determned not to be
statistically stationary, and

Table 5
20 Week "I Mean CPU Forecast Lower 95% Up'per 95%
Busy Confidence Confidence
Level Level
11 APR 96 98.91 -
19 APR 96 . 98.92 98.51 B2.82 114.2
25 APR 96 96.08 98.29 82.60 114.0
03 MAY 96 96.38 96.83 81.14 112.5
25 09 MAY 96 96.45 96.73 81.04 112.4°
17 MAY 96 97.48 96.54 80.85 112.2
23 MAY 96 92.54 96.77 81.07 112.5
31 MAY 96 " 83.06 94.39 78.70 110.1
06 JUN 96 99.28 90.04 74.35 105.7
30 14 JUN 96 92.33 96.86 81.17 112.6
20 JUN 86 87.31 93.62 77.93 109.3
28 JUN 96 95.70 91.21 75.52 106.9
04 JUL 96 83.08 94.63 78.94 110.3
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bypass-the converting when the second tine series is determned to be

statistically stationary; a tinme point converter coupled to the tine se

18.SEP 10

anal yze¥O 994813 i ne poi nt converter being operable to ad8CRUSSYed244 ne st anp

to the_second tine series_and wherein the tine point converter converts the
tinme segd eﬁJLdgtgeH | g3 ségfmp tlo agupder sePRYs equi ﬁT h;engjne(i\éﬁ:orgd
I epr esiept-ed—by—t-he—dat-eltire-rstaips
to the 12 n@I-séﬁl e abBal3ier, theaausbregre55|'7\8e2wodel ing taok.eroduciing
conput a r ce pert (lmre STS, and ¢ Tesur—procgssor
coupl A9 ETG;NI E H{:QI_\IE?—Jm D) £ 1 . 8%he systentB®cdrding|to
cl ai m|526 me_I ber fonpried ng & dapabsse cqupl ed 69 the flrsipptatistical
col | apsEs: “The SYSTUET acTyT o ot 16, “Fortirer oPt1St+1Hg u{ata
ext’r acit O P&’@uBP t 5T +RS dat dbas@0-45 {4 s JR-58~-2 8. TheO%y%tem
accordl(gggpp& ggal M S5q4 vn}*gerel thg,pgy forqancg npiric represents one qg -
r edundetfey—e+—et-Hecienrey—of -ee-npu-t-k-ng_pl_a.t-i_e%we_ . e
systemh Bed®GdPAg o €2 d2m 5, |wheB&ilB t he |per f6@8r.amNnce nefri 099.eEp7r esentfs
utiliz apd the pUtT NQ Pl gkt o SOUT e conpris cenTat
proce iiléngt\%ﬁnlgg 10 E]?g;l Q\II@F\m g&}‘jédl n Jﬁ m b yﬂhere?th!he fifst
stati dtacaluccokl apsegq canpri ses aefgg‘teen m mgt §gt| nme seri p@zglpner:a:t (Er 11.
Tg Sy[SrENMT acTora g to-THarmS—wherermjtire—secotd—stap+st+eat—eer-apser
c ﬁlpri P8kl i tThef%eriés g@he®tor.| 12767RE system ak@brHing to claim
5, whegrei I’BE‘.thGII e §§r12es ahal y§§r5porrpr| 86574a8§I e sefiegpdidferenger.
13. The—syst T aCro! oag—t-o—¢Hat-m-5; YR Re—atH-6+e I ng
t ool clofpriEfe8ban| auldr res*tl ved#pd ng ver d§e2kodel i ng td¥1.6 14. The
system gto 5, I ;v t he [aut gr.egy essi ve| nD | T o0
cgnprﬂa‘if%g?dggte eggée?:%mw - “é?eﬁed—n@ L, pdol T ng—toal 146
A AF. |04 ocT 96 82.94 87.58 71.89 103.3
Al A8I(Y, A . Ay. N ( AL CAIY. A N A AC AFH] AR Ayl
Qﬁ A iﬁoo @yzﬁ(: \:%A ~ALl vgg ﬁgq Ad W/,;\lz_g AY Akl A ,é\ A AN+, | TU*
7G }wql gblogrcafpca caq:czqscaU] ¢al] ea] 8a] cal|ca] val ¢2] ca] cal cadsal c: a] c@] ca] ca
Jca] e IICTR o6 85.14 85.66 69.96 101.3
09 NOV 96 "} -74.62 86.21 70.52 101.9
15 NOV 96 94.73 81.41 65.72 97.10
20 21 NOV 96 86.17 89.92 74.23 105.6
05 DEC 96 95.41 85.98 70.29 101.7
13 DEC 96 93.33 89.77 74.08 105.5
19 DEC 96 99.11 88.64 72.95 104.3
27 DEC 96 72.55 90.92 75.23 106. 6
25 10 JAN 97 75.15 79.16 63.47 94.85
16 JAN 97 79.68 80.06 64.37 95.75
24 JAN 97 86.72 81.81 66.12 97.50
30 JAN 97 98.05 84.64 68.95 100.3
07 FEB 97 94.21 89.33 73.64 105.0
30 13 FEB 97 92.53 87.44 71.75 103.1
21 FEB 97 77.12 86.48 70.79 102.2
27 FEB 97 82.73 79.56 63.87 85.25
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'U]'c"a Ul cral] ca] ca] cTaU] ca] cal] c .
a' By, a"" c##b&g&t &&d*e*** | W X----zupkfa\W ca] ca] ca] ca] ca] ca] ca] ca] ca]’c%]sg? 2007
a] ca] caMlealaphcal ca] cal ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cptemkovalqea] ca!l - - - -

-+, 1 11#1$1k11 11122F2G22233&3" 3A3B333
~yt 01 vicalcalcal ca cajcaj cafca ca Tagajcaycarcarcargarcatcaicateal caj
a] ca] ca)Tafe 1@2 cla] BAf3davi ¢ caI 66.09 57.47

44/ 42434BA 4444445 555@[45\ 79#9*9+Q;_Z_9;[0999J' 67.01 98.3
<1 <H<YoH~efmrrhe S catcatcat ratcatcateat-dateatoat ca}sﬂéa—]—eai-eaﬁ-eaq-e]i] cal
a] caU] qa>c¥PBad ta] ca]Q:5Ja]7@a] cal ca]®a]83a] cal|ca! (68CiB<@D ABBBBBB¥. 52

A lmlIjlKK .IPPF RgRzuof d_Ypng X] UUjfca] a] cagl ¢aJc&arcarcar¢al cal
Ca] Ca]C callca 'Iséij%gg r\a]r\ lca L%a] r\:ﬂc:ﬂ r‘% %r‘n] r‘:ﬂfﬂ] r‘gﬁ }ﬁaﬂ cAa

gRRRRRqESESﬂ’ET?TTT UU=NA v pkf a[ Tcsjld 1Yrrhc" C aiJ]s:s a] c

a)jcal cq cqcC Tca rcm agcalcqg] carcaprcarcavfcarcadftarcat)] cal c

al] ca] ﬁﬁl S%g all raJaE VWAKAAA 7% lﬂz*cﬂ: cddé@egéemqq n&hp? 8199 akekfwr | gb

U/qVﬂcJ]CA 18 APR_97 82.00 » 81.11 65.42 96,80 Lo cal
C caf cau] carcaticatceth \.,a[\.,‘aj cattcathcetcatecatleetecateateatreaial ca

ca] ca] da2|5c Bk chica) cfac&8] cal ca 79-88 64.19 95.57

ekkkkl CJ | §ymm) nBymgan1q2ar r si2 6t R ntfjuwwggyght al Wine

UV] ] ca] 10 b9 o meA: }ca}ca} = cajj:?g] cal-d-a ca]ﬁch cal-call-cal M‘l-ﬁ calcalcalc

a] dAU| qallec ¥8% c& caU] -68U] call ca 80.21 64.52 95.90

WX X4X5X xgxxylyyzz{{ { B{{{f{c] TFFXgni a_Zogrcajcajcal caj carcajcal cajc
aJ caj Cdmwﬁﬂ caldalll ;Sﬁl U calcalca 'aﬁlcaLca ca] ca
] ca! | QAL RUS 7% [* 6Ex|.zt ni c/Yi d_7&Uekca] ch] cal5l]gca]50aU] caJ] ca«_]:ceg]eca] ca] cal ca
]Og?] (;?]c 5937[ Gl caj caygrcalcayeal cArcarcar a] caUJ cau; TACH T T
Jf 12SVlxsniodnZé9 d_|ZUU] ca] ca] ca] ca7]5c,a]7ca] ca] ca]sqa];gaU] ca] ta] ca/]-ea] cal cal] ca

3 calcatt aotcatcatfcatrcattea
g]AI P.I\?\ﬁlg‘?‘xg]rh 1WLJJIWZlU] nguUI lrjlscé]’caJULc al c§]7JJ- 8]&] ca] cal) cal+a9 ca] caU] ca]
c%y] ]:?J] czapU]Jgg] g;aU] ca] caU] ca] CaU]LnC-ﬁ]]'@QU] callca] ga] gg] ca] ca caLgé:.as"leZ:Bppst ~X
q | Zord—Zdthetateate c&
U] craU d@] dH} 3] Jca] c]\a] calja{:a] (‘:Ja"lél-éa] calllca] 8@ULEa] ca] cp] cadd 88| ca] ch] cal)]
ca] ca] dalcaly] cab8IMNPTU -
vl ghle %I,'c, otclateateatoatbalcardd cardalcalr 48y cay cal cad b alg chy ca] ¢

a] caj ch]J(Sa]JtJa] @h] dra] ca] c™a] cla] c’%].¢a] cMal{ca 56.35 .91.19
O[ifcaJcagfcaJca au T cau carcarcartarcarcarcatreca] cal ¢
e a Ly g o g g eyl ca

] alcalcalcal ] cal
<BPSVY\ iog mqsng'd " \Tid Z] caU] c ] cay]zcahca] Ccl] calg];cg_u] caU] cay C90.39
a] ca] cq] cau cagcaicaicaicaitaita cathgattcatcatcatcarcatcavheattte] a
Yo <~yit ]J lcal-calca cal%ﬁéal calicaUPéaléau] caul ca] #ad%a] cal ca] ca
Ul cal] g a]scab@aévta] ca] ca] cal] ca] | cajcalcal cal cayl 63 89 .59
x}djru b SHeatcafecatheateattcateateceeatteattcareateateadeat-tal ca
Ul ca] c4]dtaPEa] Th] dalc aUc a U\[[ cdlal’da] callcaUpdaBal] ca 89.19
| <25(+. 147CS{upj e [ Vid] c] ca] ca] ca] cal] ca] caU] ¢

a] ca] ca] ca] c*a] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca]
_ca]ca]ca

1' =1 | vgkf "[ Vi d] c]ca] cal] ca] cal] ca] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cha] ca] ca] caV] ca] caV] ca] cal] ca] ca] ca] ca] caU] ca

PSVYb) 34>| w mhc” Xi d] c] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] cal] ca]
cal] ca] cal] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca]ca )KU

4SVt chl yZns~yt oi d_YTi d] ] caU] ca] ca] cal] ca] ca] ca] cal] ca] caU] ca] cal] ca] cal] ca]
cal] cal] ca] ca] ca] ca] ca] ca] c*a] cal] ca] cal] ca] ca] ca] ca]ca ) +. ~W PT,;

?zuoj d_YTid_YTid]]caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] caU] ca] cal] c
aJ cal] ca] ca] ca] ca]c™a U] c”a] ca] calUca W] cal] ca]ca]ca7;

-<dt!,).Elwgl fa[Vid_YTid]]]caUl ca] cal] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] c
a] ca] ca] cal] ca] cal] cal] ca] ca] ca] caU] ca] cal] ca] cal] ca] caU] caEl _k!<G M O |
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b v>s P
~xsnid_ZUi d]]]ca] ca] ca] ca] ca]ca]ca]c”a]cal] ca] ca] cal]ca]ca]ca]ca]ca]l caU]Pba] Ly

c al] c VP 8P Ba] ca] cal] ca] cal] ca] caU] ca]calca $ V

PCT/US99/04244

g3i ] PVbS" & ] } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] &abta]&a] ca] ca! 0>IXTzl]=x{]}xsnid_Z]]ca]c
a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] caj ca] ca] ca] ca] c(a] ca]

'Ci]ooc/ | &WERk #1004 | [& M9an ApH* 104 | Fp&ecas©10%t &Lé\)eDJS(SPsV\UB Sper 95%
Mb109et, & ()-2)!1 R %}& ()-2z)!1" & M10pFepfisienrce;)| @Riidence
MB1Oda HEHR' () -Z) 1V A Q1 MBIQOAIN| & ()-2z)! “&IIMOYRL & ()} z)level7!y
" BYA Q%R @):R@g i B F‘V&@j’/@%&' ()- @' dFYg0%x& () @' $(10% () -3 104] 104
104| y#3=109%&— e
wU3{‘ A ﬁ%o%x&' () - 68124F 94 0% () 6€p1l Fod0%uu& (45-@!  FUH0%8HKHE ()} @' h
AT 4 PPATE [ @50 T 30 {25 TR RyTOU & -
( 04“Mi§ 96 71.55 68.45 49.50 87.40
09 MAY 96 65.93 71.00 52.05 89.95
10 17 MAY 96 77.47 69.79 50.84 88.74
23 MAY 96 67.79 71.45 52.50 90.40
31 MAY 96 68.43 71.84 52.89 90.79
06 JUN 96 81.53 70.13 51.18 89.08
14 JUN 96 82.90 73.38 54,43 92.32
15 |20 Jun 96 57.80 78.17 59,22 97.12
28 JUN 96 76.27 73.27 54.32 92.22
04 JUL 96 60.44 71.03 52.08 89.98
12 JUL 96 75.79 69.17 50.22 - B88.12
18 JUL 96 63.34 69.47 50.52 88.42
20 26 JUL 96 50.79 69.18 50.23 "88.13
01 AUG 96 64.23 62.60 43.65 " 81.54
09 AUG 96 76.07 60.74 41.79 79.69
15 AUG 96 72.50 66.28 47.33 B5.23
23 AUG 96 82.89 70.44 51.49 89.;9
25 29 AUG 96 90.05 74.80 55.85 93.75
06 SEP 96 91.40 81.30 62.35 100.3
12 SEP 96 87.72 86.40 67.45 105.4
20 SEP 96 77.73 88.06 69,11 107.0
26 SEP 96 86.24 85.08 66.13 104.0
30 04 OCT 96 80.41 84.04 65.09 103.0
10 OCT 96 83.86 83.61 64.66 102.6
18 OCT 96 74 .61 83.19 64.24 102.1
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5$10%+&' 5$10%& ()-{ 5%10%& ()-{Q 1Z 3$_?34- 53$10%& ()-
5$10%& ()-{ 5%$10%& ()-{ 5%$10%& ()-{ 5%$10%& ()-{ 5%$10%& ()-{ |\<?34-
5$10%& ()-{ 5%$10%& ()-{ Table 8
Week Mean CPU Forecast Lower 95% Upper 95%
Busy Confidence | Confidence
Level Level
5 11 APR 96 93.60
19 APR 96 97.86 93.68 86.00 101.4
25 APR 96 94.98 ' 93.77 86.09 101.4
03 MAY 96 94.77 93.83 86.16 101.5
09 MAY 96 95.67 93.91 86.24 101.6
10 17 MAY 96 99.23 93.99 86.31 101.7
23 MAY 96 94.32 94.07 86.40 101.7
31 MAY 96 85.44 94.14 86.46 101.8
06 JUN 96 95.34 94.19 86.52 101.9
14 JUN 96 96.71 94.29 86.62 102.0
15 20 JUN 96 92,43 94.37 86.70 102.0
28 JUN 96 98.80 94.44 86.76 102.1
04 JUL 96 88.92 94.53 86.86 102.2
12 JUL 96 4 .96.01 94.58 86.91 102.3
18 JUL 96 © 96.69 94.68 87.00 102.4
20 |26 JUL 96 94.49 94.75 87.08 102.4
01 AUG 96 96.60 94.82 87.15 102.5
09 AUG 96 98.36 94.91 87.23 102.6
15 AUG 96 93.94 94,99 87.31 102.7
23 AUG 96 98.03 95.05 87.38 102.7
25 29 AUG 96 98.24 95.14 87.47 102.8
06 SEP 96 92.10 95.22 87.54 102.9
12 SEP 96 - 94,35 95,28 87.60 102.9
20 SEP 96 98.32 95.36 87.68 103.0
26 SEP 96 98.61 95.45 87.77 103.1
30 04 OCT 96 98.67 95.52 87.85 103.2
10 OCT 96 99.89 95.60 87.92 103.3
18 OCT 96 98.23 95.68 88.00 103.4
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5$10%& ()-{ 5%$10%& ()-{ 5%$10%& ()-{ 5%$10%& ()-{125: =C|\<?34-
5$10% &WQ 9%445R10%-& () -{ 5%$10%-& ()-{ 5%$10%& ()-{F 1ZpadTsRriei ?34-
5$10%& ()-{ 5$10%}&'()-{ 5$10%& ()-{ 5%$10%& ()-{ 5$10%}&'() {
T A TTEN  TRH GEE R O S TR
Nov 98.58 5.83 88.15 103.5
15 NOV 96 99.04 95.90 88.23 103.6
21 NOV 96 98.47 95.98 88.31 103.7
5 05 DEC 96 96.49 96.06 88.38 103.7
13 DEC 96 93.85 96.13 88.45 103.8
19 DEC 96 98.21 96.20 88.52 103.9
27 DEC 96 78.54 96.28 88.61 104.0
10 JAN 97 95.92 96.31 88.63 104.0
10 16 JAN 97 91.43 96.43 88.76 104.1
24 JAN 97 97.56 96.49 88.82 104.2
30 JAN 97 97.89 96.59 88.91 104.3
07 FEB 97 95.20 96.66 88.99 104.3
13 FEB 97 100.0 96.73 89.06 104.4
15 21 FEB 97 99.01 96.82 89.15 104.5
27 FEB 97 95.94 96.90 89.22 104.6
07 MAR 97 95.01 96.96 89.29 104.6
13 MAR 97 -99.24 97.04 89.36 104.7
15 MAR 97 90.65 97.13 89.45 104.8
20 23 MAR 97 97.45 97.18 89.51 104.9
06 APR 97 98.57 97.27 89.60 104.9
12 APR 97 98.83 97.35 89.68 105.0
18 APR 97 99.37 97.43 89.76 105.1
26 APR 97 97.03 97.51 89.83 105.2 ,
25 10 MAY 97 97.79 97.58 89.90 105.3
16 MAY 97 94.33 97.66 89.98 105.3
24 MAY 97 97.81 90.13 105.5
01 JUN 97 97.89 90.21 105.6
07 JUN 97 97.96 90.29 105.6
30 15 JUN 97 98.04 90.36 105.7
21 JUN 97 98.11 90.44 105.8
29 JUN 97 98.19 90.52 105.9
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1 {y $b$10% b () -0810%Db, & ()-US10% & () -U$10% b
05 JUL 97 . 98.27 90.59 105.9
13 JuL 97 . 58.34 90.67 106.0
19 JUL 97 ] 98.42 90.75 106.1
27 JUL 97 . 98.50 90.82 106.2
5 02 Aug 97 . 98.57 90.90 106.2
10 AUG 97 . 98.65 90.98 106.3
16 AUG 97 . ' 98.73 91.05 106.4
24 AUG 97 . 98.80 91.13 106.5
10
As described above, the statistically
stationary time series generated by the time series
analyzer 212 represents performance data that is
15 collected from the computer platform 100 at regular

intervals. As such, the time series includes
information indicating the time that the performance
data was collected from the computers 106. In one
embodiment, each data point in the time series includes
20 a date/time stamp. Note that Tables 5-8 include a
date/time stamp in the “week” column. The date/time
stamp provided takes a form that in one embodiment is
not as compatible with the system and method as "desired
and therefore must be converted to a more usable form.
25 According to one embodiment, the computing platform 100
includes a time point converter 214, which utilizes a
data set and converts the time series date/time stamp
to a number of seconds equivalent to the wvalue
represented by the date/time stamp under the data set.
30 A data get suitable for implementing the time point
converter 214 is available from SAS in Cary, North
Carolina, which converts a date/stamp to a decimal
number.
One feature of the system and method is an
35 autoregressive modeling tool 216. In one embodiment,

34



& ()-UBL0%b, & ()-UBB=?ELR ?34G[ 1_{y $10%b, & ()-USL0%b, & ()- U$10(§yrb o
& () - 1”8%9"8 12& ()-U310% b, & ()-U$10% b, & ()- URXfm17’>%gI§é 1 {y $%160p 200!
b, & (N, & (100 b, & ()- UB10%D, & ()- navy 1_$10% b

15

20

25

30

35

the autoregressive modeling tool 216 is applied to the
statistically stationary time series representing a
performance metric as though its performance data had
been collected in weekly intervals to forecast the
performance of the computing platform 100. The
autoregressive modeling tool 216 is selected by
calculating autocorrelation, inverse autocorrelation,
and partial autocorrelation functions, and comparing
these functions to theoretical correlation functions
expected from various autoregressive constructs.

For example, in a process, if only a finite
number of 11 rates are non-zero, i.e., 11,=¢,,11,=¢,  1,=0,
and ‘11,=0, for k > p, then the process is generally
considered an autoregressive model of order p, which is
denoted as AR(p). An autoregressive model of order p

is given by

Zr= B v, B, +a, or $,(B)2 = a,,

where ¢, (B)=(1-¢,B-...1-¢,B"). Thus, the
autoreéreésive modeling tool 216 takes the times
series, Zt, and regresses the value of Z at time t on
its own past values plus a random shock value, i.e.,
Z,=m,+n, 2,.,+...+qa, or equlvalently, n({B)Z,=a, where

n(B) = 1- Z/_.,n/B’, and |+ ‘_".er]@o.

The autocorrelation function becomes
¢1pPk-1="1%, where k>1, and where P_=1. The inverse

autocorrelation function becomes

Y 1
‘pk(/) "7__
Yoth Tyt

and the partial autocorrelation function becomes

" _{p.=¢., k=1
*7 0, fork=22.
The resulting autoregressive modeling tool
216 may be a first order mixed autoregressive

nw”uuwum
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construct. In particular, the autoregressive modeling
tool 216 that the system and method apply to the time
series may be an autoregressive integrated moving
average (ARIMA) model to forecast the level of mean CPU
utilization for each computer 106 over time. 1In
another embodiment, the resultant autoregressive
modeling tool 216 may be an autoregressive moving
average (ARMA) model. These constructs predict a
moving average parameter estimate divided by a
coefficient of the lagged autoregressive value of CPU
utilization for each computer 106 and its estimated
value. These constructs also predict a random error.
Table 9-12 list the regression estimates for the moving
average parameters (MA) and the autoregressive
parameters (AR) of the mean CPU utilization (MU) for
the computers 106a-1064, respectively. The column “T
Ratio” indicates values for a “T" test of validity for
a particular statistic. For example, the T Ratio
indicate whether “t” values are less than or equal to a
givéh level of confidence.

Table 9

Conditional Least Squares Estimation of the Time
Series for the Computer 106a.

Parameter Estimate Random T Ratio Lag
Error
MU 0.89907 0.17365 2.30 "o
MAl, 1 0.51935 0.05436 18.40 1
AR1l, 1 0.73434 0.04533 4.99 1

Constant Estimate = 0.2757353
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Table 10

Fclrusdadis P

Conditional Least Squares Estimation of the Time

Series for the Computer 106b.

Parameter Estimate Random T Ratio Lag
Error
MU 0.75565 0.57312 0.27 0
MAL, 1 0.48501 0.18567 4.48 1
AR1, 1 0.71503 0.21807 7.99 1
Constant Estimate = 0.18911627
'able 11
Conditional Least Sguares Estimation of the Time
Series for the Computer 106c.
Parameter Estimate Random T Ratio Lag
Error )
MU 0.87759 0.09295 2.99 0
MALl, 1 0.99100 0.08170 12.24 1~
ARl, 1 0.77904 0.15489 5.51 1-
Constant Estimate = 0.25564741- -
Table 12
Conditional Least Squares Estimation of the Tife
Series for the Computer 1064.
Parameter - Estimate Random T Ratio Lag
Error
MU 0.77650 0.04372 1.75 0
MAL, 1 0.99240 0.06205 16.12 1
AR1l, 1 0.83932 0.11828 6.02 1
Constant Estimate = 0.07628922
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systems and methods.

Referring back to Fig. 1, in one embodiment,
the results processor 104 is external to the computing

network 102, as represented by the results processor
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users logged onto a pa ticular se vér, for example.

The system and method may also be utilized to forecast
these and other performance metrics for configuration

10 management or performance management purposes.

These and other changes can be made to the
invention in light of the above-detailed description.
In general, in the following claims, the terms used
should not be construed to limit the invention to the

15 specific embodiments disclosed in the specification and
claims, but should be construed to include all computer
platforms that operate under the claims to provide a
system and method for computing resource forecasting
unitization.

20 - From the foregoing it will be appreciated
that, although specific embodiments of the invention
have been described herein for purposes of )
illustration, various mocdifications may be made without
deviating from the spirit and scope of the invention.

25 Accordingly, the invention is not limited except as by
the appended claims.
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converting the time series to a statistically stationary time series when the time series
is determined not to be statistically stationary;
bypassing the converting when the time series is determined to be statistically
stationary;
adding a date/time stamp to the time series, including converting the time series
date/time stamp to a number of seconds equivalent to the value represented by the date/time
stamp; )
applying an autoregressive modeling tool to the time series to produce computing
platform resource performance forecasts; and
outputting the resource performance forecasts in a format such that computing

platform resources can be modified based on the data.

2, The method of claim 1, further comprising feeding actual future performance data

into the autoregressive modeling tool to generate recursive forecasts.

3. The method of claim 1, wherein the statistically collapsing the collected performance
data associated with a performance metric at least once comprises:

statistically collapsing the collected performance data to produce a first time series,

storing the first time series in a database,

extracting the first time series from the database, and

statistically collapsing the first time series to produce a second time series; and
wherein the determining whether the time series is statistically stationary comprises:

determining whether the second time series is statistically stationary.
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bypass the converting when the second time series is determined to be statistically
stationary;

a time point converter coupled to the time series analyzer, the time point converter
being operable to add a date/time stamp to the second time series and wherein the time point
converter converts the time series date/time stamp to a number of seconds equivalent to the
value represented by the date/time stamp;

an autoregressive modeling tool coupled to the time series analyzer, the
autoregressive modeling tool producing computing platform resource performance forecasts;
and

a result processor coupled to the autoregressive modeling tool.

6. The system according to claim 5, further comprising a database coupled to the first

statistical collapser.

7. The system according to claim 6, further comprising a data extractor coupled to the

database.
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8. The system according to claim 5, wherein the performance metric represents one of

redundancy or efficiency of at least one computing platform service.

9. The system according to claim 5, wherein the performance metric represents

utilization and the computing platform resource comprises a central processing unit.

10.  The system according to claim 5, wherein the first statistical collapser comprises a

fifteen minute time series generator.

11.  The system according to claim 5, wherein the second statistical collapser comprises a

weekly time series generator.

12.  The system according to claim 5, wherein the time series analyzer comprises a time

series differencer.

13.  The system according to claim 5, wherein the autoregressive modeling tool comprises

an autoregressive moving average modeling tool.

14.  The system according to claim 5, wherein the autoregressive modeling tool comprises

an autoregressive integrated moving average modeling tool.
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