1 COVPUTER- | MPLEMENTED DATA PRESENTATI ON TECHNI QUES
FOR A PLASMA PROCESSI NG SYSTEM Descri pti on BACKGROUND
OF THE | NVENTI ON The present invention relates in
general to substrate manufacturing technologies and in
particular to conputer-inplenmented data presentation
techni ques for a plasm proFessing system

Sem conductor fabrication facilities often cost
billions of dollars to design and operate. Optim zing
t hroughput and decreasing costs are therefore critica
for profitability. Capital equi pnent processing
systens wWithin these facilities, however. often
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signify a neta-state somewhere in between a "go" and
Plemg procassing equipdért depimnsonysedanfigured with some type of discrete visual
notification or alarm device that notifies the operator as to whether the system is ready
for operation. A basic, although common, type of notification system comprises a series
of lights coupled to the processing system and corresponding to a machine readiness
state. Green may signify a "go" state. Red may signify a "no go" state. And yellow may
signify a meta-state somewhere in between a "go" and "no go" state, although a yellow
and red state are often both treated as a "no go" state.



and red state are often both treated as a "no go"
state. 2 Referring nowto FIG 1, a sinplified
diagramof a light tower as is commonly used wth
pl asma processing systens is shown. Light tower status
can generally be determ ned by a process
nodel --usually an "OR' on sqof tware and/or hardware
alarm thresholds. The light” tower itself nmay be
conpri sed of three discrete color displays, and hence
can display three states. Ared state 102, generally
inplies a "no go" nmachine readiness state, such as a
when the plasma process is_ out of spec. In sone
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operational inpact on the process is negligible, its
expected value is small. In this situation, the
manuf act uri ng process shoul d probably be continued.
Likewise, if a failure is not very probable, but its
operational inpact on the process is very high, a | ow
expected val ue may again suggest allow ng the process
to continue. In contrast, a higher expected failure
state may suggest inmmediately shutting down the
machi ne. For exanple, a vacuum|eak in the plasm
chanber. 3 0 However, a continuum of expected failure
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present inner state of a conplex nultidinensional
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further includes conputing a first normalized expected
failure state value in accordance wth a first

wei ght; correlating the first normalized expected
failure state value to a first color; and displaying
the first color in a cell of an n-di nensional matri X,
wherein n is a nunber greater than 1. These and ot her
features of the present i nvéht®on will be described in
nore detail below in the detailed description of the
invention and in conjunction wth the foll ow ng

figures. BRI EF DESCRI PTI ON OF THE DRAW NGS 4 0 The
present invention is illustrated by way of exanple, .
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siddipibn bf acbveliali pEgrggatef columie agertingo brg ¢rohadimant eftheigvention;
of FIG 2, with the addition of an additional .
dilGes shown atsiwalified Hisplay ofan atpeyidpilusé state snatik ofdde] 3 vdth the
raddieibs of avhiddhiopa riireension dhat allews the digplay obmested misdels pbmedels
ofhi¢then ievales) hécondingsin dnd-¢rihodinenh ofithe mveritiop! 4di ed

conmput er-i npl enented data presentation techni que for
[H16s Snitiony & simepllified computet-mpldnzntedr dats presentation technique for
Pratiingraden bl ekpected failurct satereoft systemmgated constrpéts pertaining to a
plama priceging ¥ gdenmaceveding i ang embodiment ofithe divertirn. of t he

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED

ENBRCDL EBNTES CRIETION O TTHE PREFHERRED EMBODIDENGES

described in detail with reference to a few preferred
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In a pon-obvious way, a set of plasma processing measurements can be modeled as a set
of substantially continuous expected failure states, each of which can be mapped to a
color that is displayed to the operator. That is, faults and alarms generated by modules
or systems within a plasma processing system may be detected and subsequently
displayed in the form of a color. An expected failure state is the
numerical probability of a particular failure state multiplied by a numerical



processi ng system process that information based on a
pre-defined set of algorithns, and subsequently

di splay the processed infornmation in a readily
conprehensi bl e graphical display. In a non-obvious
way, a set of plasma processing neasurenents can be
nodel ed as a set of subst agtidal |y continuous expected
failure states, each of which can be napped to a

color that is displayed to the operator. That is,
faults and al arns generated by nodul es or systens

Wi thin a plasma processing system may be detected and
subsequently displayed in the formof a color, An
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pset todraltshe plaswiapoaresspr esent ati on of data than a
conputer. Since nuch of the plasma processing data may
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map sesequenily bncredteds Jiv bnederntodigent,j desingtructblg spi-methad by sub-
methnd bk aised 00 dedyxi dachnexipyateds failvem stateemodgle Ad stbempthod is a
Mitiemitival trivafomhationf apmmdel of awsshnfimeasutements thaé is created from a
systeni-tebingihéqustrichy, or fratoudther Submaeghods,uangr t5 vigd 1o reelprAiAg an
expectodfailyretstate. dat a but the interpretation as well.

For exanple, whether a piece of data or a set of data
IegHierab S $ystethsrelatetl @otistrutt i esep bfiswasupsd tisibutes pelates] tgrsome
p@rtied ofithe plangipparessingnaystemj siichnamat sub-gomporient dy sygisarcrelated
Ecmistrutt @naytaidocheval esternal retyibute tisa G afifiicteq Uyethe pirame @rocessing
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hisitled atributdy-indtidedsipédance, tempeiatng volegt, pressure.fety: mat i on

or nodel of a set of neasurenents that is created from
The TG BBh6E| @ésentiallg Nkt r fitwil , subsmdthiodin ro43h eletermine  the qverall
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Rbefaf fSérAer to determine a correlation to a desired process state. Process data can
also include the results of still other sub-methods. The result of each sub-method can be
transformed into an expected failure state, which in turn can be mapped to a color and
displayed to the operator for action.




system such as operational cost. Exanples of

sub- conponents include an electrostatic chuck, a

mat chi ng network, a gas distribution system an RF
generator, etc. Exanples of neasured attributes

i ncl ude i npedance, tenperature, voltage, pressure,

etc. The root nethod (essentialdy the final

sub- net hod) nmay determni ne t Be overal | oper at i onal

readi ness state of the plasma processing system

Sub- met hods may directly determ ne the operational

readi ness state of a particular aspect of the plasma
processi ng  system such as the chuck, which in turn
darong eenbodisrepb r avttwer-dimangionah cmateis  capebe displagsdp for b rlasma
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dotepsially eldmaging tekpectsi Hfoilie statsc issedonging yintermiftenilyy &t would be
binsficialrto waeditain aw ayewp iredystate ferdhe plasmp Prosgssiag systamy glthough
themasreteoticaloulition did nobhegessary waprant dkared seftingef i ned event
(such as the start, mddle, end of a sub-step of a

Pl another emhodivews thexxpented feilunestatp valuel ahd henge digplay caler, can be
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a expetted figjlurd stater hatoissh weryahighliktldwod (df -impaat radibe plasara
proenss, didthemforellilady ® beobmelatedtotapo gpbstate.or . Thi s

process may be continued in order to achieve a col or
Gemplligythe actusletire af the faflt e bp repsevented by @ swinagcal pstrisrte
whick canbo Hetermlineddisy digarousi stdistidad agalysisadrl by brapinigal engineering
pad@ss i Fuy cxympleahesd subméthod forodetarminingn Eults inzaly heoin the
pledess of beingt thstedofop efféctiderfess, hnd kens¢ stovldder iggmedbypthe iopetator.
Sbséquently, ffonormakizgal vesiglit fvalae mag e 1seti talzkrp, ologreey fg all results.
Oxqeeathé eab-nathbd e validated, its narmalizedi wejghttabrendant kensubsequéntly
poportioralty inoragilite beétler tepresmi the actnalantucofitlad fault.ed st at e
Altiough @ortinasusBeddore (e g Sipegrab yeloainmayl behosedhin coloe nmps;tother
dolsz€ Bhoi€ad| hayt Bé ueedl. @olbr Madps rvaa desded invaonjamtion ivathr 2 three-
digkisiongl plot to represent a relationship between four variables. In general, color
perception may be described by three descriptors: hue, saturation and brightness. Hue is
used to distinguish between colors such as red, green, efc. Saturation



I n anot her enbodi nent, the expected failure state
val ue, and hence di splay color, can be adjusted based
on actual nature of the fault. For exanple, the color
green can represent the greatest amount of "optim sni
in an expected failure state. That is, a very |ow
I'i keli hood of inpact on the _plasma process, and
therefore likely to be corrdlated to a "go" state.
Li kewi se, the color red can represent the greatest
amount of "pessimsn in an expected failure state.
That is, a very high likelihood of inpact on the
pl asma process, and therefore likely to be correl ated
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memérical drémager womssnghiasdslaiomparisons can be agcomplished.i veness,
and hence shoul d be ignhored by the operator.
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ideteengin@expentedfaihen stafeor all results. Once the
sub-nmethod is validated, its normalized weight value
Gaandier smbelimersnan sxpeqiedofine istateadah pe iadivsted s @thepnormalized
fneightsy sucke v iepaat to dpeeatiandl godt oneffeatan aykralllyéeld- aul t .
Al t hough continuous colors (e.g. spectral colors) may
e antsieed einbodimbnty corsplsated bheimplifie) systoms hgthcrsducpdpr nereased
el .of Gidrasechynmp becaeatdle Thatds, modifiatipaseft anyrievel ohray of the
infatrixeean Hé resvakulated | withl the gdabof aptimézing thatdevels| catrélatiopyith some
belepedent fmltrdescetionahétds (e.4./maye expeasive o do;tayeqoﬁpld@pta}i)! ese
pazylchiatiche sicayi todutete nimbe dfaews with arop:zetouwsight sgachr bierasiy
anidl verifighéameksion It thei isdepasient fadlt dieici asguél s lnetongab rates of
E4deO pitivd CAnd afalse extgatiyecalapmse which Seifluemmbleoenginegring staff and
dpaatoishie sruh hgstans ioptimizbd tab elesicidofe,g., vasi ¢ast leffeagivelyieos shigh a
airb@lp@as pdssiblehr omat i ¢ notion of intensity. In
general, users discern the variations in hue nore
Rafeiring dovan FiG 2y ardiaplified displaybefi aph¢xpected Gailure state matrix is
Slfwal adcbrdihg td Bn@anbdigment obihd invention. In thisaikample| thedisplayfis a
hidsh@siotd mapvechdiang awelumnodimsistonctfixgia row dimdnsigh oby, and a
pRBOEmRANGATS] Wherbia Xadualofpesqualo 6and arqteds 1. That is, there are 5
3616879 b reMeshd 1 planot her enbodi nent, nultiple sources
and multiple types of data nay be used to determ ne
BxNaove04d @bl expectsd Allare stafe matcix DOV canriyrekientendef ofsub-method
eReRs Githrbcebd bdIsSdsprevicusly deribell. Badhadlunar 21d4 paray represent
B QafRlilaZ @fdtan¥eé of i, inS whith afe iseDGIC subtmethiar aft foemel0da e is
eAshated (ief &RGY seondy &t addition, edvil 202 Cancwepiebeat a root method that
156 fHe suls-REiHoll GRhRAts Withtil Apriidulae dolayns! Eias isne hérmalized
hERpaksh 6ifthd iRGRRBIES pedi@VRilGe Sthteflofrowt 204, Undike the light tower
6f B, 8 Jeacll BRplay Sleni®RC i ihe @kpeoRed filfurasiyte ngxred 200r can display a
¥a&1§¢ of BBlokd thatG@fedet d Rneifubldfakgitedifiitird tstesgoal  of
Imzing that levels correlation with sone
RPERREREIRS FIRY! § sisfplified diShaydtiahiefpdcRd Failurd @it matrix of FIG.
XD GitR R SEliGORCsE M S¥cthlbatppoghte UORG® 314, according to one
embodiment of the invention. In this example, the display is a n-dimensional matrix



recal cul ati ons nmay reduce the nunber of rows with
non-zero wei ght each hierarchy wth verified
correlation to the independent fault nmetric as well as
historical rates of false positive and fal se negative
alarms which will enable engineering staff and
operators to run systens optjnjzed as desired (e.g.,
as cost effectively or high & t hr oughput as
possible). Referring nowto FIG 2, a sinplified
di splay of an expected failure state matrix is shown,
according to one enbodi nent of the invention. In this
exanple, the display is a n-dinensional matrix .
inelbding nplame Gimemsionlpfrb ispwrtlignsien ofyagd, AIHE FERHOB piz,
ywhesshlx aquals| G equils (i and Deauels 17 Thahisethere ra eiisso Fpws, and
ebplades 6, and z equals 1. That is, there are 5
colums, 6 rows, and 1 plane. Each row 204a e of |
eRqfaribenbv @i HIGr 4 asiraplifietrdisplay oD@Gexpested faipire el mafix QL FIG.
o is shdwnywith ¢ additiemefansdditionnl dimeasion Batallew she display of nested
nnedelsai siogels edichi cae dvol eaatsordinig oranoemabedimen of the ivertion In
athis @kdnpite; itheer dispheeytis m oalingnsionafamdtyix inpluding @ elugwdirggnsion of x,
Silowrthhésive obf, andaplde daneasips of  #hergingy eayalp b, wequals fegnd 2
segaal6l)That i, tesiclare benlumns \§ 100, ashbpleRssr esent a r oot
nmet hod that incorporates the sub-nethod el enents
VA4 pievioasty dedciibed, an ageregatn subFmathod san he gemprged 2f pther sub-
apghaigdt may bobereficial to dllaw theperatoptogtasigate 7 Aull dows 4¢4-Along
ahe phins Ednsiooninitk dhe kempanghts afothe raggisgate|seb-methods, iy one
chinsboliimente lorpeetutl, failwre tstate evafric isewtalible |beyendsthiecdimgrsions. In
206thera renttiodinteny  @xistimn gapbitationd cand toresedyresyr @@ e fplloyr  this
gastbéobuum of expected failure states. Referring now to
FIG 3, asinplified display of an expected failure
ReWreingradwi ts KIG. Bl @, confputes-iraplomentednflats prasenteiion; teshpigue for
Ghesentinizal det afjgipeged Eilor states isystemadaedi pongiruds pepamng fo a
mi provessingf sysfem isrshews,i asnording to lohe emkedippt, oftthe invention.
hitiplig ¥ sbtsofdndieid iseceived pattaining td x fist systemelﬁmdmggﬁmct of the
LerATRelatedrestsings, af sten 502. Newt, thi aveondinonwish aPﬁr, stgletmgthod and
fsivh toERSIecaiving the firstwktarfandiciz, adiystadxpected fpilwre slatesvalye is
aRGpte€ GUakS S04, ATfiat ndnnalizd exmectead Gilgrectitevalds is Gicp gopputed
3R decofdafdearith a fief wdiglityuy step 506. Thé-fit notmalized iexpsiied failyre state
diafi| ig Yheaf conplamdpecd 6kt fcaliot, Lat estept WB e Andtfimally, dhe [irsg; colop is
i GspRyedMi. a SMILOR ah helimetdionblonatds, veirreiniuliis 4 integer greatentbanoh at
tsiptsial | ow the display of nested nodels of nodels
whi ch can evol ve, according to one enbodi ment of the
IR hisORvertion hhd bSenedeattibed in ttdrms of spleea) prefersed embod1ment§,
hédb BRNHeAAES, fatinuiakons) aldietjuivgleats cdiichnfall dithimthie seepgfof this
YnvenBor. OMbrd xixple, OfliRbghy thepesantpinaexgiodi hasn bean degeribed in
aEdeRlidh XviftlUdind Keseatcle (Plashi Grocessiigz systamsal(sg5. ExpleatTM.,
| Exelah T8A. SR BxfarCINIUARE, 2800 TMS , Versyd THL. Stam ets’,), Aher plasma
HrSokispigsd mﬂ%&aﬂ tatted. AhispYErrion ery uilso-teatsad withambsrates of
GRAHBYS! &iﬁget&% (©EHeo siih)-3008khpLEDs/ étc.)rdy stvmldasebé odtad that
t¢Rer@hre Miny BRerRRBIRE ¥af¥ ofti@pRAI1ER (R méthalisiof theghoment dD4ntion.
al Rkages of the invention include methods and apparatus for data visualization for a
plasma processing system. Additional advantages include the ability to obtain
quantitative assessments of proposed model performance; the use of nested models that



t he pl ane dinension into the conponents of the
aggregat e sub-nethods. hi one enbodi nent, expected
failure state matrix i s scal abl e beyond three

di mensions. In another enbodi nent, existing
appl i cations and procedures can follow this protocol.
Referring nowto FIG 5, a conputer-inplenmented data
presentation techni que for S’presenting a set of
expected failure states of systemrelated constructs
pertaining to a plasma processing systemis shown,
accordi ng to one enbodi nent of the invention.
Initially, a set of indiciais received pertaining to .
acah ievalte; aydthense of sinpld detrfert omplexdfehing ghe scenes vendor agnostic
sanalysisn r el at ed constructs, at step 502. Next, in
accordance with a first sub-nethod and responsive to
t Bivirtge distlosed gextinplafyi embodimentsfand rihé dest, mede; jmagfications and
evarietivine dndyabd tade 3 steediscidsad embodimentp iwhild rempinigg gyjthin the
SfiljectAnd $pirdttof fherimeentiared defiged by gt fHlawing elaigisat e val ue
is then conputed in accordance with a first weight,

at step 506. The first normalized expected failure .
state value is then correlated to a first color, at
step 508. And finally, the first color is displayed
in a cell of an n-dinensional matrix, wherein nis a

i nteger greater than 1, at step 510. Wile this

i nvention has been described in terns of severa
preferred enbodi nents, there are alterations,
permut ati ons, and equivalents which fall within the
scope of this invention. For exanple, although the
present invention has been described in connection

wi th Lam Research plasma processing systens (e.g.,

Exel an. TM, Exelan.TM HP, Exelan.TM HPT, 2300.TM,
Versys. TM Star, etc.), other plasma processing
systens may be used. This invention nmay al so be used
with substrates of various dianeters (e.g., 200 mm
300 mMm LCDs, etc.). It should al so be noted that
there are many alternative ways of inplenmenting the
met hods of the present invention. Advantages of the

i nvention include nethods and apparatus for data
visualization for a . plasm processing system
Addi ti onal advantages include the ability to obtain
gquantitative assessnents of proposed node

performance; the use of nested nodels that 9 0 can
evol ve; and the use of sinple data for conpl ex behind
t he scenes vendor agnostic analysis. Having disclosed
exenpl ary enbodi nents and the best node, nodifications
and variations nmay be nade to the disclosed

enbodi nents while remaining wiwthin the subject and
spirit of the invention as defined by the follow ng
clainms. 10



Clainms Wiat is clainmed is: 1. A conputer-inplenented
data presentation nethod for presenting a set of
expected failure states of systemrelated constructs
pertaining to a plasnma processing system receiving a
set of indicia pertaining to a first systemrel ated
construct of said system rfdnaged constructs;

computing, in accordance w a first sub-nethod and
responsive to said receiving said first set of

indicia, a first expected failure state val ue;

conputing a first normalized expected failure state
val ue in accordance with a first weight; correlating
Klaimsf i rst nornmal i zed expected failure state value to

a first color; displaying said first color in a cell
¥hatis chimgdignsi onal matrix, wherein n is an integer
greater than 1; wherein said n-di mensional matrix

il 4l couhputersimplimented dataaesersptions msthodofor prgsentinga et of frrsFted
Yailusmstates pf systemeliclated stopsirugts pertaipia (i@ janPlasmaspraeessing o
greeiaingra sehoffindiciaypeitaining fo p irs gustengralaiedponpluch ofsaidygten-
rejatechednsttustypcongpuing.dn acderdancs wiha fipsk pubrmetied gpdfesponsive to
shidreevsiving ahid st isebofi inditiach firgt expediedofatiure stats vausy FompRyfing)
fiost anosmalized! empected| failune strisevalesd in faggordpnes Syith a frg) weight
eorcelating lsaid dirst obmmalicest expretedolilure statervialuedo Adirshgplos digplaying
saih 6icst endorfim i loelt of angt-dimensierial matrigjwehessin ndpanjintoger ggeater than
iy wiedeinz sk edimensichal aialrix inchdes @ cplinye dimengiepaf oy 2 Tow
flincemsios of ¥ ahd 2 planedimrensipy ofiz, ashotsingeig 2p anteger greatepthan 0, yis
walintegea pkateaitiiins@ canddz riv prantpges gresiep dhane@ and gyheggin said n-
dinmensionshinaix iRludiga soondisoler comrlitedte asesend aergalized expected
fuiloscetatavalos andatbigd ofloréagickrtet to wrbird normalized guppcied failure
stae oaluk,swigoeim s4ié thitsarenalined sxpeoted ifailyrmstetn yalug jscderiyedsrom
adid Fiesh sormatized ckpartdd feilure State, value apd saith seserds neraaliged exprgted
foilsmtsttestalien val ue. 3. The conputer-inpl emented data
presentation method of claim1, wherein said first

8y Flieccsompelepingdenantst darcpresshtation thethod o€ plaing [Lawherein said first
calosisrcumpated basedionsa ¢ontiouvin et includes @ degsbarmel »hussyglyg, 2
brightiness yahecaxisisagratipsvalne. 4. The conput er -i npl enent ed
data presentation nethod of claim3, wherein said

$.i Tiset compuer-inapiementett datzs prasentatior methed af cleing huwhereis saig Hisst
SeRkicRied] cqabteve nif edidl aystenprolmein tettsirasts pertdind ik - fish svh-
Sompohedt ef sxidplasthafprocessingssyltemonponent is a mat chi ng
network. 6. The conputer-inplenmented data presentation
setheadmphtet ingilematedidutr presentationl mithod of cloimp 3cwhesein said first
fub-conpasentlis ah eletitdstatioclayckt em 7. The

comput er-i npl enented data presentati on nmethod of claim
8, Thehhpher-Biilendntddsdata predentationmethnd of slabn RFwherein said first
SB0RmpbkEnt is & Indlching network.

6. The computer-implemented data presentation method of claim 3, wherein said first
sub-component is a gas distribution system.

7. The computer-implemented data presentation method of claim 3, wherein said first
sub-component is a RF generator.



8. The conputer-inplenented data presentati on net hod

of claiml1l, wherein said set of indicia conprises a
nmeasur enent of a sub-conponent. 9. The

conmput er-i npl enented data presentati on nethod of claim
8, wherein said neasurenent is an inpedance
nmeasurenent. 10. The conputer-inpl enented data
presentati on nethod of cl ai M 8° wherein said

nmeasurenent is a tenperature neasurenent. 11. The
conmput er-i npl enented data presentati on nethod of claim
8, wherein said neasurenent is a voltage neasurenent.
12. The conputer-inplenmented data presentati on nmethod
of. Thé compuBr-implemerited datd presentationmethedhof qlajmgl, Ftherein faid set of
rnedisia cenmists a Ssurgmentof apuht-ecompopgiitement ed dat a
presentation nethod of claim1, wherein said set of
i dihei @mpotepindesentad date megstwation wetbed of claim B, pwhasen said
pnaswesénh§ a8 yrspedance upasiuféraent.onput er - i npl enent ed dat a
presentation nethod of claim1, wherein said set of
i 10d Thé zonputprimplemented | detaspresentation methed rofedlqimed, wherein said
anqaectmaont fsaittopesatete atceswyahapd and a neasurenent of a
subconmponent. 15. The conputer-inpl enented data L
Arl e §be campuer-imptehmoated fdatal priesentatiomimethed rofsehiinr 8.cwhesein said
inrdswengent Bryoltagesneasurémentt a second normal i zed

expected failure state value and a third normalized
d2p@h¢ ecnfuértimplenshtad aatapresentation nipthed of claim 8, wherein said
aoeapuEnsnt is Aprasneainegsurtateat. pr esent at i on net hod of claim
1, wherein each colum of said n-di nensional matrix
napresenpseminplinented data prasentdtion nk#wd of claim 1, wherein said set of
Gatigialtoaprisesph epenationd! ahat f spid pbeme processingresstedd of cl ai m
1, wherein each colum of said n-dinmensional matri X
nepriesempserinpimentti date prasentation arethod wéclaitg, Wiligeein said set of
Gatiqial camprisep lat heastt @ dsechatl anopmelized teapécted failurh gtpte fvalyp Andna
Ieastinenient of assabdompondntinn of said n -di nensional matrix
represents a predefined event. 19. The )

18, THetcomputepimpieaaiehted data peesptaivemetitodoficlam hotherin saidsehof
Ifliciavbodipeises @ déast a cantbhirmetized\eapactad Saibme state valugtand @ third
aueRlizedexpéctyd failienstate @ath@cal nmaxi ma event, and a | ocal
mnima event. 12 ¢ 20. The conputer-inpl enmented data
N6.CTRNEciputsr-iniplemetted idatal mresenthtionvmethed rof ki ¥, owherein each
dblamn sf @il ©limeaSionat matixfrepredents alpoint indingl. spl ayed on a
first row, said second color is played on a second

1 PWTheEdinputdriinplemestbd data Sprefestptia@y exthod off cldimr t wiergin each
2dlumd BesathiPiieasiondplagixasrestntd atpariqliesdntativh tmeret hod

of claiml1, further including a fourth color

69/ TI®) @ngfhtdrmpleiemed Matai presdntatigre miethdd fofliclaimel, sylayein each
YEllie of $AUEK-@indensionall mattix/rEpresents a predefined event.

19. The computer-implemented data presentation method of claim 18, wherein said
predefined event is one of a start event, a stop event, a local maxima event, and a local
minima event.



normal i zed expected failure state value is derived
fromsaid first normalized expected failure state

val ue, said second nornmalized expected failure state
val ue, and also said fourth normalized expected
failure state value. 22. The conputer-inpl enmented data
presentation nethod of claim1, wherein said row

di mension of 'y-4, said first“c8lor is displayed on a
first row, said second color is played on a second
row, said third color is displayed on a third row, and
said fourth color is displayed on a fourth row 23. A
conputer-inplemented data presentation nethod for .
e terimplementeddatapresspfatiqnamethipdofglaip ls wherein said row
Slimension £V &déﬁhgqlvruﬁwlg@ﬁpaﬁm P 2 SR flor is played
PnEceesd rry, 8942 Wird colpris disp Yf‘q{oaast@f B¥-indicia . . ..

2 r Thei qemapfer-nplenyanted data pesseriatioa method of glawn {, eé.f“"k’é*"é a
Jourthegelor parelated foudhng expegte fpilurrptals yaluge W jga;%ﬁ@ third
wioppalized: expegteds fyijunestateovplus g derved drpm §Ald fit narmatjzed expected
failuss stpta alye saidt sepand nosmaliged expected ailuge §tpie Jalug,and alsg faid
ffeurth nosnalized expecded fatlure ghgtsyelvRg a first normal i zed
expected failure state value in accordance with a .
22+ Ehe epepater-implemagnged| data AR mpthad of fdgimel, W";‘@qm said row
diprosion af Y4 saif} firseolards Jisplayed op a first Fqvs said sgegpd color is played
@P@fﬂmﬁ@”, sgig third cplex ischisplayed An g thigd yowyand;spid fourth color is
isgla jadpth1e®t ri x, wherein n is an integer greater
than 1; wherein said n-dinmensional matrix includes a
231 Ayspmpiiterdmplepanted data presengation gethed dorgpesghting a sshef expected
failree stetesrehsyistsm-rslated coppfaicts pertpining tg2 plag EWOC?;FIQ&@WW
résaiving a spt pfindigie nerteinigarto grfissitsystom elafod congiippt oI said gystem-
irelatedyeqnsttictsa camputingrin @oeordangthwite p firsg sptympthodandereenoas kg to
maid rgoriving shid dirst getaofdndieinde Bt expoeted Failiuesiate Yue, coBpYRg 2
fixt neorlizdd eoxpeséade dpiluten steter salug dr cacoqrdapee Vit 2afifsh; yeight
coraating saifl dirsi mewnaligedsexpistecfailvrersiptq value te g flisticalpr; displaying
faifl figpt eolorgin ateel] ofdn redimensional matix; wherpinmgs A fageY greajer than
dx pdbereid sfidin-dimensionat enafriy includss @epqlyay dipepionsef 8, a Tow
flimensiomof yymhd 2 pline divesnsion| of zivherein % isandniggar gecateh thag §; yis
gedutegtr govaten |thane@, andpeds el integer| sreatersthen @ apd| wheren said n-
vinemsiomel satrig ifdluding asscond dolor corglatedi atsgenad nenalized expected
Gailnte stateimlod and aithied oelescatelatesatota tivd nomalized exppetpd, failure
statorvialyht wiesen vaid third nomalived gxpacted ifejlure sthig value dnderiyad fom
gdid fitst syrmmbized respertadfaiburn stateuatue gihd said gecond nermalizgd-axperted
failnst staie valugewherdin saidofirgt cdlor ist comphted dagrdnena contimymdthat
pichidesnatpleast emei 0fga dys t'aine, 24brightmsss yalpeit and- 3 spfueation valye,
aat swic fisst eysteat-febatedrenitodt of saifl systen®Bslatoh eensirprts; pertping-to a
fitstmibsiompanentafispidpldsomn ploeessingsystem.ng a fourth

normal i zed expected failure state value, said third
parThelcompuatercipienicattd fdatal presentaticut methiad oftclaim 2 whereth said n-
diziengonal magixdiuttharindladisga dourthi nosmalized expected daibxgp stete oglue,
fa0d thirdeoRhalized wedetied &riliresstate valee dndbrived nsihg, Aw dddition to said
fivsp @oinedizedf aipected failumé atateavalae asdisald fsocondmommalized i experted
BiprGtaet/afug) Jaid foursh adrmalized eepectd failibe staférealue.

comput er-i npl enented data presentati on nmethod of claim
23, wherein said set



of indicia conprises a neasurenent of a sub-conponent.
26. The conputer-inpl enented data presentati on nethod
of claim 23, wherein said set of indicia conprises at

| east a second nornmalized expected failure state val ue
and a neasurenent of a subconponent. 27. The

conmput er-i npl enented data presgntati on nethod of claim
23, wherein said row dinmentfon of y=3, said first

color is displayed on a first row, said second col or

is played on a second row, and a third color is

di spl ayed on a third row 28. A conputer-inplenented
data presentation nethod for presenting a set of = |
@6pEint @thpuferinplenentidatataspresentatjon methodedfzplainy 23oWherpin stid set
f idiiindonprises aanepvasmat of pwbsompepeslyst em  recei ving a
96t Thef compdiesinaplgaentedi dajarpesentationf methed efiolaim A3y wherein gaid set
o risdiciaicomprises afi dass psseeond noghalized expsated (fajlures state value and a
axdapurérhent) of 4 subaomgonetdnce with a first sub-net hod and
responsive to said receiving said first set of =

21 0Tl computef-implemensed dota @reséntitionmesthod Hf elaipn 23 avherein said row
dlixhgusioh fjy=8, sdid fist coharindisplayed or 2 Siest ravyl sfid s¢agp@caerss played
\oflatsecond rowg and aithird eolo is isplayédropta thied gt ;.  correl ating
said first normalized expected failure state value to
28f Arcsmpwtetimplenthted daty pregentation anettiod Sor presenfingj aseholcapected
dfiluen stated biveysteimreldtednaunstructs penteingigrtorn plesnasm pioagssigs system:
geceivingra dehahinditia perteiningrio sdfirst systommelated oonstrugieof said system-
irdlatbdl cpstractss odroputingi imacrdancowitl a fisst sewmetiipdansicsnonsiye to
¥aid awdivingphidrfirstaienefrisdicia, ofirs expetted Billnrexstdte valve; icompgig a
@i afiozmaliZed rexPected ifailurea statenydge rin cacecrdance twithh a0 first ripight;
cSrrelatingshid fizst nomeatizedt extphcted Hilareditaihealus ta aj firsteglos djsplaying
o4id firgo dblor ia a@kll sfarch-dincbnsiens ol whertininds e integersgreaterithan
I £ atieroin S#id andimendioml inmtik dngheies edcoliran | dimensgmaefe x, a row
dizhéa€ion 8Ny andiaghlant dineensionefs,i vheredf x &5 ansinigga greater taa N, y is
4o it gfehtesthat 0] @id Ciannlistegatigeqateatted Oomdawvierains if saigyget of
ki bf &id h-dBlienpibsad eandx eamptises alileashs sawad nomtatized expented
Bai ACeBAbElvalge) il saitlqlane ldirherdioh of 2 ixigreatee tran d, saist fins dokas dan be
axplagddast o farst rowend bak dirst plane of suid dingtnsiphad yettix, el sercond
tblbSdorfeedad chidsecondswemnlirep enpeeted failur sthtevaluawan de displayed
BRbdid Krst % and BE acesspdiplatie ofispidendimtesibndlanatripr esent at i on
met hod of claim 28, wherein said set of indicia

00 NTHei cdRPutdr-MphanthRdwata ppésemtationtmethotbafivdaim. 283 Fherdinesaid set
60RBidiaRbmbAh @ RMuRRneltsfa sab@smpomehi. on met hod of claim
28, wherein said set of indicia conprises at |east a
56 CIOR Gompiitemiint R4 e tRebeftalidnunehel oft taimeA8, wherain said set
BE AlibiLE0RIrised atdedit! B GeciRa tRRhalized expbbied failure state value and a
RERHRNt dfIRUBIERPbAGt.dat a presentation nethod of claim
28, wherein said row dinmension of y=3, said first
S8k chipHérSnipRReted Qatd pfdsértition Avéthod i dlafie & Whesail gxid row
biSneRliayY §65=30i PHBEOMI% di§played Bf aFirst Fow, daid @bcdhd belor is played
6 3 BdcBYERwORhdh thidd ESlor'i9Wisplayed on a third row.



