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As devi ces e grown nore 0 too have the test processes
hardware. Generally, ATE apphes input signals to the terminals of the electronic devices,

measures the response at the output terminals, classifies the device, and stores the results.

To accommodate different types of devices, the ATE executes different test programs
designed for the particular type of device. The test program controls the signals, such as
magnitude and frequency, applied to the input terminals of the devices under test and the
measurements of the output response from the device. The test program may also control
other conditions, such as heat applied to the device for testing. A test program for a
particular device may apply hundreds of different tests to a particular device, each test
designed to verify the operability of the device.

Preparing a test process isa complex task requiring considerable experience. The test
process should fully test the device‘and determine whether the test results indicate proper
operation of the device. Consequently, the test process should apply a wide range of test
signals to the various inputs of the device, read a wide range of output signals from the output
terminals, and properly analyze the output signals to determine whether the response from the

device was acceptable. As devices have grown more complex, so too have the test processes
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the filtered test data. e recommendation system suitably recommends enhancements

according to the classification of the tests. The tests may be modified accordingly.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention may be derived by referring
to the detailed description and claims when considered in connection with the following
illustrative figures. In the following figures, like reference numbers refer to similar elements
and steps throughout the figures.

Figure 1 is a block diagram of a test system according to various aspects of the
present invention;

Figure 2 is a block diagram of a test method and apparatus according to various
aspects of the present invention;

Figure 3 is a general flow diagram of a test enhancement method and apparatus
according to various aspects of the present invention;

Figure 4 is a flow diagram of a characteristic value calculation process;

Figures 5A-B are flow diagrams of a filtering process;
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statistical engines, memory elements, signal elements, logic elements, look-up tables, and the

like, which may carry out a variety of functions under the control of one or more testers,
microprocessors, or other control devices. In addition, the present invention may be practiced
in conjunction with any number of statistical processes and analyses, and the system
described is merely one exemplary application for the invention. Further, the present
invention may employ any number of conventional techniques for data analysis, component
interfacing, data processing, and the like.

Referring to Figure 1, a test enhancement method and apparatus 100 according to
various aspects of the invention may be implemented in conjunction with a program
operating on a computer 102. The computer 102 communicates with a data source 104,
which provides a set of test data. The test enhancement method and apparatus 100 also
suitably include an output 106 for transmitting information, such as transmitting test
enhancement recommendations and/or corrections. The test enhancement method and
apparatus 100 are suitably configured to analyze test data from the data source 104 and

automatically provide recommendations and/or corrections for enhancing the test process.
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generation, or may be provided to the computer 102 at any later time, for example by storing

the test data and providing the test data to the computer 102 later. The computer 102 is
illustrated in Figure 1 as being coupled directly to the data source 104, but the computer 102
may be in a different room, different facility, or at any remote location. In addition, the
computer 102 may receive the test data according to any appropriate transmission medium
and technique, for example transfer via disk, remote transmission, download, and the like.
Further, the computer 102 may analyze the test data at any time, such as upon generation of
the test data by the tester 108A-C or offline while the tester 108A-C is shut down or
performing different operations. Any amount of test data may be provided to the computer
102. Larger amounts of data tend to provide greater accuracy in analysis, but smaller
amounts may be suitable for some situations, such as in operability verification or ramp-up

cases.
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corrections at the output 106 according to the automatic test process enhancement system.

The automatic test process enhancement system may be configured in any appropriate
manner to generate the test enhancement recommendations and/or corrections. For example,
the automatic test process enhancement system may be implemented as a single continuous
process, multiple modules or systems operating in stages, or multiple devices or programs
operating on one or more computers. Referring to Figure 2, in the present embodiment, an
automatic test process enhancement system 200 according to various aspects of the present
invention may be considered as having a data acquisition and preparation component 202, an
analysis component 204, and a reporting component 206. These components may not
represent actual divisions or modules of the automatic test process enhancement system, but
facilitate description of the present test enhancement computer process 200.

The data acquisition and preparation component 202 prepares the tester data for
analysis, for example by organizing the data for analysis and calculating supplementary

information for analysis. The analysis component 204 analyzes the data, including the data
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store the tester data 310. In the present embodiment, tester data is received in conventional
STDF format. The input engine 312 suitably generates an organized set of raw test data 318
for every device and test. For example, the input engine may organize tester data 310 into a
format to facilitate analysis. In the present embodiment, the input engine 312 organizes the
tester data 310 to facilitate analysis, such as in a table format having a device dedicated to
each row and a test for each column, a wafermark format, or any other format to facilitate
analysis. The resulting raw test data 318 may then be provided for use by other elements of
the system, such as the filter engine 314 and the statistical and correlation engine 316.

The filter engine 314 generates a filtered set of test data 322. The filter engine 314
may be configured to filter data having or lacking any selected characteristics from the raw
set of data. For example, the filter engine 314 may be configured to remove statistical

outliers, instances of missing data, and/or failures from the raw set of data. In addition, in



data w thout the anomalies. More particularly, the input engine 312 is
suitably configured to initially receive and store the tester data 310. In
t he presew0D 2emiwai7Taent, tester data i s received i n conveariusaels/02B¢DF
format. The input engi ne 312 suitably generates an organi zed set of raw
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aut omat i caleciedsddtecired te yendeiat e, atdordi owgliar othreskolds s eortinal dimgjs, or
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be used N@%/esﬁ)(gﬂ%s&gﬁgﬁtﬁg{frome%mgig? é{att'?f mul tiple predefined rule sets

adapt ed f pes of ésters, preferences, or other
conditions or C(Mthérethje@holdsr‘mi}h‘ﬁe @ﬂeeteératcoedrbg)d: mrw],talﬂhemfmdt pesysemgisyd 314

receives rules for the fi rocess. The rise
any appr oi)‘rﬁkegif‘%(?? Pess VaPes TR ‘7 %8&) d%?r{l S rowée%l 8¢t ec edgcﬁ n{a’ngfctggfn t he
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characterj sti CsS a ul ar, data far xarrpl e,
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and/or procedures may be applied, however, to identify data to be filtered.

Upon calculation or receipt of the relevant thresholds or other data, the filter engine

314 suitably analyzes each test result in the test data. In the present embodiment, the filter .

engine 314 compares the test result in the test data with the upper and lower outlier

thresholds, as well as one or more control limits used to determine whether the device passed,

failed, or was otherwise qualified by the test. The thresholds may comprise any appropriate’

thresholds, and may be calculated, retrieved, or otherwise acquired from any appropriate

source. In addition, if no data was provided for the particular test and device, the data set is

so designated to indicate the missing data.

The filter engine 314 also suitably generates the filtered data set 322. To generate the
filtered data set 322, the filter engine suitably filters the raw test data set 318 to remove

selected data, for example data that may obscure relevant information in the remaining data.



statistical algorithm In the present enbodi nent, the upper and | ower
outlier thresholds may be calculated by nultiplying a baseline factor,
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filter engion@edi filesengind 3 Bbleymiganennt @ulations thiterersqeiss divisien byzbe To
generate the fi I.terggl gata set 322, the filter engine suitably filters the
raw t est SHafHd defet928 3% renove selected data, for exanple data that may
obscur e rel evanhe Hath @ predentomditine dthelardeiveiatiomiy ndateao, the7filND epgiow 2 BOBEY 2

PCT/ US2003/ 020469 For. exanple, the filter, engi . 314 {a
cor r es porfbnrgterging yyhethst e %’55‘}%?’&55’({5 eﬂﬂgegé Y ggfl gg&so?r 0 %‘{é[l? atg Sélgﬁil' n the
pr gseﬂt q:*gpg)ggnpﬁé]g,deﬁgh_ﬁg&é inhjéb% eNgilaxal (312), sﬁluenm/lles&ubhmingtheirmdanf I. forthé ur es,
and the mssin ata in accordance, with the rules for t plteri engi ne
320. |In pesttdetaorihe tegriEm thegrav ‘Gstﬁa&m’ag‘ée g gvdime ir?st“g&yetlr‘%&isﬁgaag% for
each devi ge: esked Vit QMmadish) sormFaebr)t est  upon the device (512),
revi ews e%gﬁhgna@%%t Zkentry for,the) _S%rnésence) of val ig dat&ﬁ( %ard’fr%.d lhf no
valid data is Quiliesepnd failes g witally ddenfilledyy PYRRATRE B T4%5 tn‘g’ g data
(516). In A f B; SNk Rtkh agkholdb eregicaadar dhepbrbtian f or
each testde?g%f.egﬁ? ﬂ%eh%%g{)laﬂrll%lg%faj devi a"tci on iso_ zere(§)ﬁ,e thgl trﬁapf' | ter engi ne
314 t er ni misescipesy techkiquessandion prachdiresiagy beyplied hareYeS; tﬁrﬁlﬁyﬁieh;éta' andar d
deviation (52Q).. |f t t.a.l th @ eShoaisl astsdem)atimiraws not
zero, the® iqnfq%)ldmgr%ie%%‘g\?zf@sr%ﬁ%ta%ﬁyzgsmgg?g?% n.e(?vvnet_ her t_S(r:]te r)awng ?a
exceeds efekthiata enfre theo it misding prutpassss therreniseltlinyitss dopgmated yythe fﬁs@%&*&m e, a

f'ﬁ'et a figure may be calculalet (A2deraSifille 36 Bih SRt EACkD Bnthhdagadi an for
compared to the outlier threshold to identify spikes in the data (528). If the delta figure
exceeds the outlier threshold, then the filtered data entry is designated as an outlier (530). If

the raw data does not exceed the control limits and the delta figure does not exceed the outlier
threshold, the filtered data is the same as the raw data (532). The process suitably repeats for
each test performed on the device (534).

The filter engine 314 may also classify the device based on the filter process. For
example, if no fails and no spikes occurred for the device (536, 538), the device may be
classified as an acceptable device with no spikes (540). If no fails occurred but the tests
results included épikes, the devices may be designated as acceptable but with spikes in the
data (542). Likewise, if failures and spikes occurred, the device may be classified as having
failures and spikes (544), and if failures occurred with no spikes, the device may be so

designated (546). The process may be repeated for each device to be analyzed (548).



test data for the test fromthe raw test data value and dividing the result
by the standard deviation (Delta = (Raw Value - Median)/Si gmaFactor).
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candi dat e™ or sanpfin candi date tests for
For example, referring again to Flgure 3, the exemplary analysis component 204 of

the present embodiment comprises a statistical and correlation engine 316. The statistical and
correlation engine 316 calculates various statistics and figures to support recommendations
and actions for test process enhancement. The values calculated by the statistical and
correlation engine 316 may comprise any relevant values, such as figures based on the test
data. For example, the statistical and correlation engine 316 may calculate a raw set of
analysis results 326, such as a set of conventional statistical process control figures or other
summary statistics for each test, such as standard deviation, Cpk, process capability indices,
lower quartile, upper quartile, median, and inter-quartile range values based on the raw test
data for the corresponding test. The statistical and correlation engine 316 may also calculate,
for each test, a filtered set of analysis results 328 comprising “filtered” values of various

relevant statistics, such as Cpk, process capability indices, lower quartile, upper quartile,



corrective action. For exanple, the analysis conponent 204 may cl assify
tests into various categories and conpare various values and statistics to
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quartil e, 4ogpper gquartile, nedian, and inter-quartile range val ues based on

the raw test data for the corres din t. statistical and
correl ation e@#ﬁéh%lfﬁ‘eWUéﬁLéMeﬁgfg@P%\?@&E?B'rﬂﬁ“iéﬁmaest, a filtered set
of analysis regylt;S 3%fhe 48R0 BIMYMaki/Rugie@dd (MaHUHS)/Rifngsjar i ous  rel evant
statistics, such as Cpk, process capability indices, |ower quartile, upper
quartil e,whee WD 2004/ 003572 PCT/ US2003/ 020469 nmedi an, and inter-quartile
range val ues egu@gg: teihit| tered test data 322 for the corresponding
test. For exanple, e%erri_n‘g to Figure 4, the statistical and correlation
engi ne 316 of e logeetesidimibnbodi ment initially cal cul ates various
characteristi (‘Siélrg%y odfi adhgiohest data, such as the mininum nean,
maxi num range,-standard devi ation, nedian, and count, for each test
(410). The st aveat= thameamerlewelitkd ¢atd, on engi ne 316 may al so cal cul ate ot her
characteristi val.u . k and a process capability index
(PCl) for eacﬁMf1 _skh.e%%mﬁﬁgqgltﬁgﬂ%tg%&

Min = the minimum value of the data, and

Range = the range of the data.

The statistical and correlation engine 316 may then perform additional calculations for the
particular test, if desired, or perform any other appropriate tasks to facilitate
recommendations. The process may then repeat for each test (426).

The statistical and correlation engine 316 may also perform a correlation analysis to
identify relationships between the various tests performed by the test process. Any
appropriate analysis and algorithm may be used to determine whether tests are redundant or
may be otherwise related. The correlation analysis is suitably performed for both the raw
data set 318 and the filtered data set 322. The statistical and correlation engine 316 suitably
generates correlation values for each test relative to every other test. The correlation analysis
may support identification of linear and nonlinear correlations, and may be configured for

parametric test data and/or functional test data.
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devi ation equals zero, then the data is not suitable for a Cpk and PCl

anal ysis (412). Consequently, the Cpk and PCl val ues are designated as
bei ng unaweizoaioas’e414, 416). |f the standard devi ati oRCirasspaB/2@so, then
the statistical and correlation engine 316 determ nes the Opk and PCI

val ues according to a suitable algorithm_ For exanple, r.esent
embodi ment, tThe Gplelation PBresamay st eveTafdaacserddied i g1y c§u‘ct %F‘Bvﬁrng
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t hen perf (ﬂ{om addi tional calculations for the particular test, if desi red,
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322. The aﬁ&@Bﬂc&%ﬂgﬁ@e&stﬂé‘éoxﬁ@dﬂoﬁlvalheon engi ne 316 suitabl y gener at es

correl ation val ues for each 9 ve to very ﬁeq& Iﬁl

correl ati on aﬁ%}]%’ing €, FRaIt 193‘3%‘{1’6 daeﬁrls RS ?te(#l ne%r N ﬁ?ls | near

correl ati gﬂﬁst RO JTRY t&@ (T | /HkRE tdsDfs scleata et the compaisonl am) aamd/tbq:

functional” test data. 10 WD 2004/ 003 72 2003/ 020469, The.corr.el ati on
val ues mesjatisiécalanseeaarcladion CBERP HYy c‘il §6P‘F§ Yep &7 e 53w ‘ﬁsg%?t?t hmto

| dentify @ th Al GRS BeRa Rk V&%@‘an(gme F&Sihg raw rboﬁaeucm eden] trudtatmtal and est
PLgcgg\S/arqigngggrggEg;fe%ié gl@esrrrelzgards pa?r(s? rhra\enlng tnln(s)sqgg ?larug | g?nqlgrllgl,l feor tﬁlec %(l)ter:rceil ng to
correlation values, the statistical and correlation engine 316 may disregard pairs having
missing data, failures, or spikes. Another test is the selected for comparison to the first test,
and the process is repeated for every remaining test (718). Upon completion of the
correlation analysis for the first test, the process is repeated for every test (720), until every
test has been analyzed for correlation with every other test.
The statistical and correlation engine 316 may provide the resulting figures and values
in any appropriate form. In the present embodiment, the statistical and correlation engine 316
generates the raw set of analysis results 326, which suitably comprises the raw PCI, raw
correlation values, number of failures, number of spikes, and any other relevant information
based on the raw test data. The statistical and correlation engine 316 also suitably generates
the filtered set of analysis results 328, which suitably comprises the filtered PCI, the filtered
correlation values, and any other relevant information based on the filtered test data.
Referring again to Figures 2 and 3, the reporting component 206 receives data from
the analysis component 204 and provides recommendations and/or corrections relating to the
test process, which may then be acted upon by the user, implemented automatically, or
otherwise utilized. In the present embodiment, the reporting component 206 identifies the
portions of the test process that may benefit from corrective action, and may be configured to

suggest one or more corrective actions. For example, a user may wish identify and eliminate
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data for two particular tests and nodified by the standard devi ati ons for
the two sets of test data. Thus, in the present system correlation sets
may be geweratsm3ziecording to the follow ng equati ons: PCOIURNUZNG26469

Cov( RawX, Rawy) / ( RawSi gmaX* RawSi gmaY)  Cor DwoXY =

Cov( DwoX, DoY) / ( DmoSi gmaX* DwoSi gnaY) for each test X and each test Y, where
Dwo desi gedundant fests. fRurthers easeranay wish fo rerenfieyess? fpsbihalis Masgnalde B cov
desi gnat h & @RGEpNRhS6 RhPiEo HEREEBAbSRSatt REcT@eder itH@weat i on,
and Cor ?geéﬁ{'gﬁ}éetclg tlhg corr ekati on }\’ial ue. For eliez?rpl e,&gef erring to Figure
7, a fir gtportagttootngndrysismb.ect ed for correlation analysis against every
other test (740) theAgy%sQﬁr Hinleht, S Qhee Clep&ih O cdRoreXTPRIE SRBvillcsl 2he and
the statistical and correlation engine 316 calculates the correlation
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any ot heranabybie\datet 334afsuetnat dea fam sgobhatelss and |the likey pdbe IEFQF‘Q?GH%QP& ring
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rel ating to tHe tht estsepr oolaskmengihfherepapymendatiory engieg d&* wisriliesy eachietetfser |

i npl ted aut t ] el s :
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t est procEsscladsticatimymine he pérfored avaolingetot dnysuiials dxa ander prfgrid SUoasf i gur ed
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i denti fy %m?aélf)? ?ﬁﬂﬁ%lst € nf[fT er cﬁ' tesY?allﬁl%E %o?@l?e teﬁ,oﬁres%ﬁ@erm aBsenfe Msﬂeﬂssn[@ st

data, raw and filtered PCI statistics, and number of outliers. The tests may be classified

according to any suitable criteria to facilitate recommendations or corrective action.

For example, referring to Figure 6, the recommendation engine 324 of the present
embodiment accesses data for a first test and determines whether any devices failed the test
(610), i.e., any of the test data surpassed the control limits. If one or another selected number
of failures occurred, the recommendation engine 324 may determine the cause of the failure
according to any appropriate analysis. For example, the recommendation engine 324 may be
configured to compare the raw PCI value to a first raw PCI threshold (612), which may be
selected according to any suitable criteria, such as being provided as a default, by the user, or
from another source or calculation. The first raw PCI threshold may be relatively low, such
as 1.2, so that if the raw PCI value for the test surpasses the first raw PCI threshold, it

indicates that missing data is causing the failures. The test is then assigned a corresponding
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WO 2004/ 003572 PCT/ US2003/ 020469 redundant tests. Further, a user may w sh
to reconfigure a test that is marginal to inprove vyield. The reporting
conponentwPQ6o4mys7al so i ncl ude or operate in conjuncti oRCEUSR00302EG9
reporting tools and systens. In the present enbodi nent, the reporting
conponent ZOG&OW des the recomendations based onléﬁon the statistics

and ot herstajeakedesbasedvindthg dplisise seabapsy MISSING Aysh e AUEING S of?O-b non
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I ecomendatripafisof) e Rt Be%éltmy n&lr@malland: linctiele HaiBtresrthardhiledayad yeditvelgdow 334,

such as data, f Al in.t n

o oceos. TienblHEbUAY vETHCRETLRRS Vi [SE or il Fih RGN by

cl assi fi esreRacdly h@ﬁ&nargﬁqomlothvmthARawmw&ﬁsaml)y(ﬁm) results 326 and
the filtered set of angl ySi.s resu

|
per formed accdf HedpitiphdeiFppingtien “é‘tea a{%"é narfﬁlﬁ]”g?sc?f’?ﬁlisr ‘%Eis“l??g ﬁxcﬁgd B

correl at i gRvMAMERold ﬂﬂn m%mﬁgndaﬁ&i erfgdiel 321 6fayf chTerinh% wigsher apy gﬁlea’sce or
absence of m ssing test raw and filtered, PCl g%Jnstl GS, g nunber
of outli eyee dqtpee @élﬁ%d%ﬁﬁz%)e IE%Q@PF}}eéECO“H’&“cPS?%Hr‘?Qg‘PB vltg‘e}w%ﬂl es

criteria o técsf’"&dcl)fdﬁr%tt% th€ POIMRREALT HRSe®r Fﬁpé}{aﬁffﬂe' e Iéé'&inﬁéhdal'i_'&f ergkanpl e,
referring to Figure 6, the reconmendati on engi ne 324 of the present

embodi meni24apaseesswaredhe tv BEI walyq todhke fiskiawh(d thretholdiodds a%@tﬂrﬁefirsfarﬁv
devi ces fﬂlﬂ tﬁgsﬁoﬁkfls eﬁééedeci ﬁflaqgst is cla%s1f'1ecﬁ£%a91fng 5'?&?@@?1%@?&%&%@% t he

control one or anot her selected nunber of failures occurred,
t he recorrWéﬁH&lUHdEBﬁ@‘ilQOé) ®24). may determine the cause of the failure

according to gp ¥hea81‘3{ i’éi @s’ﬂ@fdyﬁ ot e;!: 95 eﬁxﬁl@}?lﬂf‘e ﬁﬂé} PEF QHE 'ﬁg@tﬂeon

engi ne 324 nmay cona&F ure to conpare e raw (?ue to a first raw
PCl thr esmmhmre(dGmZ)he \ﬁﬂtﬁl&ﬂ F@lth®h01§e(@§l edTlac test @H rﬂ@nt onitahly essignedlae

criteria, suc row ‘gr P 1d¥omphiLm

anot her s%‘lﬁe&%onglflgég attc? B ﬁ%%’fal%?ogﬁkg aw E’E Xrte {11? €5 H%%o ma;rémBe ’

rel ati vel theltestvresalic hre margmal and include outliers (MARGINAL WITH OUTLIERS (500))
(630), or critical with outliers (CRITICAL WITH OUTLIERS (600)) (632).

If the recommendation engine 324 determines that the test data does not include any

outliers, then the recommendation engine 324 may further analyze the test data for
classification. For example, in the present embodiment, the recommendation engine 324
compares the raw PCI value to a second, higher raw PCI threshold, which may be provided as
a default, by the user, or from another source or calculation (634). If the raw PCI value
exceeds the second raw PCI threshold, then the analysis component 204 assigns a state code
to the test indicating that the test has a very high PCI with no outliers (VERY HIGH PCI, NO
OUTLIERS (100)) (636).

If the raw PCI value does not exceed the second raw PCI threshold, the
recommendation engine 324 compares the raw PCI value to the first raw PCI threshold (638),

and assigns a state code to the test according to the comparison. If the filtered PCI value
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as 1.2, so that if the raw PCl value for the test surpasses the first raw
PCl threshold, it indicates that mssing data is causing the failures. The
test is tweroaw®sdiped a corresponding 12 WO 2004/ 00357 PCPTR20IS20@8% 020469
state code based on the analysis, such as M SSI NG DATA CAUSI NG FAI LS (900),
indicating that mssing data is causing the failures (614). If the raw PC
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whet her any spi kes. were.detected in the data 2). Lf _sq. t.he
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PCl val uasst pRkesshEhd @sitelation valexandl i, ustdia ang et maherond angidieg to38% may
conpare the raw PCl value to the first_ raw PC threshold 24 and i f the
first rawvitaly Crftﬁ?aeﬂfgll 4§t é‘%&%&é@f}@i} an/prregdundant;tests, | Eor §f(?m§8’ %@Hf%&? ng a
hi gh PCl miird 80t kbt réddnfaidnB4tion SMErhbl3EAHdIdcksRSHifsd ) (81()0a2A)a sebdndtthee fi r st
raw PCl threshold is nqgt exceeded, trer} tge filtered PC v[al.ue ma?{ lge
conpar ed @)t 1 ceppares S o corslRianEiug fergbgiwo tefdta L qogrefatiam thigsheldy)

assi gned @14)CR{d" BRPARGLD GoitiAd CARE 14 @ FindeL abRelhiie thraa6lr @iley et he
filtered PCI" threshol d con‘garl son, the test results are margi nal and

i ncl ude cwrrlatensthrasheids may beyelgqtediareordmesto ay gyifable gy to gpdicas the gxfpntyy ¢
outliers (R &%ﬁoﬂaﬁyn%bbﬁg@e&Wghéfaﬁlﬁg’rﬁﬁe, speiffel By HIRGABTBGIALRB engi ne
that 't ata d |'ud

324 det erm nes e tést oes not include any outliers, then the
r ecomendsiicnd. dnghnpresad analysis enmeaentathe kay eoreleiongdhieshpld and e filtered

classificatij i resent enbodi nent, the recommendati on
c%’ﬁlefgig()n E?Jshcﬁ? %fegpélgg% t(%%ch 321610

engi ne 32 npar es ue to a second, higher raw PCl
t hreshol d, whiThh testycopelapiposy pdeshitaldy clesgfédataording to tkee aemparisgis ¢ th

anot her SQHefafor \r/all(feasltg %ea(}o%r%ﬁtiénes %f'e)sholhg. B Exdnfié, R ot #leYSw and the filtered

correlation values exceed the corresponding thresholds, then the correlation between the two

tests is assigned a correlation state indicating that the tests correlate (818). If neither the raw
nor the filtered correlation value exceeds the corresponding threshold, then the correlation
between the two tests is assigned a correlation state indicating that the tests do not correlate
(820).

If the raw correlation value exceeds the raw correlation threshold, but the filtered
correlation value does not exceed the filtered correlation threshold, the outliers may be
causing the appearance of a correlation that is not an actual correlation. Accordingly, the
correlation between the two tests is assigned a correlation state indicating that the tests do not
actually correlate, but the apparent correlation is caused by the outliers (822). Conversely, if
the raw correlation value does not exceed the raw correlation threshold but the filtered

correlation value does exceed the filtered correlation threshold, then the tests may correlate,
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exceeds the second raw PCl threshold, then the anal ysis conmponent 204
assigns a state code to the test indicating that the test has a very high
PCl wi t h wo 20adodses (VERY H GH PCl, NO OUTLI ERS (100) pCra38)o3/okd462 he raw
PCl val ue does not exceed the second raw PCl threshold, the reconmrendation
engi ne 324 conpares the raw PCl value to the first raw PCl threshold (638),
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filtered Pel M3l 34 DALDA32 (4PCT/ US2003/ 020469  exceeds the
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classifies,.the t. or di L,$§l Ng data, presence
of fail u?‘%séo cgarsggz%lggc’%q&ggﬁe&%reé?acgﬁégt8@%3%8?)@}6? ]ileS{(;qS%?he process according
to the raw an®Refeitdinge ngain RCFigradsu sind Phdasdaws ilfei dassifioationayf theetegisrthor nmed,
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correl at iigprovalgue tédrprodess. The irepost 338singy reehnptisevenyt euitable infdrestine®rs to
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I n the prisswmendpiigng dasedonripesithen eachiteis corgglptesoioraapther o5 Fior exmplcd bassdl t he
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correlations are sul classitied according to the conparisons of the
correl at i bat aymiticelr test hersriooneddbmali davices limitad fcossmpHeg fos favapthen allpf et h t he
raw and the.filtere ol el ati val.u e orr ndj,NYy
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cor r el at i eoomsthatdetionsdihe adst pgedsh atay thh énprstdstogeduce figtave ad 18} fimefingredseher t he
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For example, referring to Figure 9, the present recommendation engine 324
recommends that all tests having certain state codes be performed on every device (910). In
particular, the recommendation engine 324 may recommend that each test having a binary
result (i.e., YES/NO, ON/OFF, PASS/FAIL, etc.), which may correspond to state code 1000,
and every test exhibiting a relatively high likelihood of failure and/or variation (i.e., critically
low PCI or missing data causing fails) should be applied to every device. In the present
embodiment, the recommendation engine 324 recommends for full testing every test having
the state codes CRITICAL WITH OUTLIERS (600), CRITICAL WITH LARGE
FAILURES (800), and MISSING DATA CAUSING FAILS (900).
Similarly, the present recommendation engine 324 recommends corrective action for
tests having a low process capability index. In the present embodiment, for tests having state

codes LOW PCI, NO OUTLIERS (300), MARGINAL WITH OUTLIERS (500), and
MARGINAL WITH FAILURES (700), the recommendation engine 324 recommends
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between the two tests is assigned a correlation state indicating that the
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Accordingly, as the test appears to exhibit sufficient capability and acceptably low failure

rates, the test may be a candidate for sampling.

The recommendation engine 324 of the present embodiment generates
recommendations according to the classification of the tests based on the statistics and the
correlation values. The recommendations may be created, however, according to any
appropriate criteria and using any suitable data. Referring to Figure 10, in the present
embodiment, the recommendation engine 324 may further analyze the initial
recommendation in view of a series of historical recommendations. As each initial
recommendation (1008) is initiated for each test (1010), the initial recommendation is stored
in the historical recommendations data.

The recommendation engine 324 also checks the historical data to identify the
recommendations previously made for the particular test (1012). The recommendation

engine 324 may then modify the recommendation based on the historical data using any
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For exanple, referring to Figure 9, the present recommendati on engi ne 324
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(900). Simlarly, the present recomrendati on engi ne r econmend
correct i vE&SHRE UhPIER corTEiiye §CtFP&\haﬁQe"&f bmr?ﬂoaméed:alpabs lcgseyfor mdtamum n the

(300) . MAT AL Vi PE URT PRI 2% B Sop R e ey DU PAGE) e

r ecomrendaQCP@ﬁleéfit’@Pﬂé/asﬁnr?@ﬁ’@h«?féh@Blmng WD 2004/ 003572 PCT/ US2003/ 020469
corrective actQind Q4 at EHelfX r t ®Auired to
change the test r ocesslf1 to e}%p@éﬁ%eﬁatg%ﬁg%%ffeghﬁf?ér:pottﬁl eﬁﬁ% % syuch as
using a | elsgbe condigureditoreechmmendie particgaratiest to cotain diloind 4 mOﬁcorreﬂanédetnﬁmﬂiang

ot her correc C tion.en |ne 4 na e .configured
Co i denti i ol Ao e e R AR BRP ) B i 7 6

r ecommendagléated @Q@tdmgyo a;h}s gppropiiiaeaties pﬁ&sni dithﬁ‘ otiteriae (o ¥eangild, itdenstehtion

sel ection th er at.or For te av state codes.VERY H GH PCl,
NO ouUTLI ERS*TES )’“’"%‘fﬁl HrEsos ey be Rféf %jtl}ﬁ Vq %6‘6 e, e pts S L A b,
engi ne 324elebaiba,rdrram§esthmpﬂopnatéhEthbest correl ates to another test (920).

If so, the test,. is a can ate for 922 correl ation
val ue i ndi cat eS% HEFOPR %Itag%nt ?ngmlee f‘udél t"h | PIESERE, eH@E&B?B"go‘FaX h&alfi gh PCl
and abs ememﬁfendht[bhs ROF Sest tehRtibeSid defovidllabdRlivg tPa B8 of AchRcheR¥atidh Yules
conponent may be recommrended for sanpling instead

ccord t he test
of 100% t é‘é‘f P rfat? ‘P}/lc a; Rgqypengationg;  Thestecormmendaions engine dHmayigticlbc) W TH

QUTLI ERS £4&9)a, teéth@ivingef @ORBRAIHAS %o@ﬁhr}@w% 484 %d&l‘rﬂ?eﬁdvi@%\t}@ of ttllfée test
correlates to another test (914) so, the fest is a can |date or

renoval ( PHgyning festsodf the H@tst %%’Bavﬁé@ﬂ wener iz AvAsn e deasting epapon¢nt quitablst ead of
100% t ESt kdRBmmefdstiBRoP1 88 8 br SERELEINEN tests i afeet%ﬁ’im Qgt?c{}l&a?{% gﬁ%gﬁﬁ ftl he324

indicates that the test is a candidate for sanpling w cation
that the teshaving the lowest PCI. Recommmendations may be made according to any appropriate

criteria, however, such as the shortest execution time or any other appropriate characteristics
or criteria.

The reporting component 206 may provide the recommendations and any other output
in any appropriate format or form. For example, the reporting component 206 may generate
an electronic report 330 identifying the various tests and the recommendations for removal,
full testing, corrective action, and the like. In addition, the reporting component 206 may
provide supporting data, such as pass/fail information, correlation charts, pareto charts, trend
charts, plots, comparative box plots, histograms, raw test data for the test, summary statistics
relating to the test, or any other appropriate information.

The reporting component 206 may also provide additional suggestions or corrections.
For example, the reporting component 206 may provide an improved test sequence according
to the characteristics of the tests, such as relative failure rates and test interdependencies. In
the present embodiment, the reporting component 206 identifies tests that are more likely to

be failed or tests that may indicate a failure later in the test process and may recommend
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exhibits outliers (918). In certain cases, the user may wi sh, due to the
presence of the outliers, to test every device wth such a test to ensure
qual ity. Wp 2004m®8572nst ances, the outliers nmay not be sipgmitS2aantosenough
for the user to spend the tine testing each and every conponent with the

test, especially in viewof the high c bility rati of the test.
Accor di ngP@?en%;gty i i G e SepRcet 3 huse i P%F‘Fﬁygleéﬁ%c‘ééﬁ%lﬂ)‘ﬁl intthe ¥ty
accept abl yrotdvarddaniyia6ilitcdtBoviatddfetias thu¥aydubRg av&amesdahe for sanpling.
The reconmendati on engi ne 324 of the present enbodi nent generates

p .
recommendat i onSCACEBPdIeY o rcRBmendaion ngiae i35h B #ifie bF d8PdIaBedfhen t he
stati sti CsonfReedthsr the QYdidth &rl oBtidr YAbMESo redpdRsds 880 MFBNSAMPR) theBMerREnar €at ed,
however, according to any appropriate criteria and using any suitable
data. Ref Bfflpgomponentufos aptpmafipallynievisingsBttest qwesses rerpeving figsts that are
r ecomendadhioQf EREIAR é?aﬂgiﬁgﬂl_efsa?\fe{?&" of el et Gmb Meii@!  recomendati on
in viewof a series of historical recommendations. As each initial
r ecommendat i onfheeoBplar smplamentationg shoyyn adcdesqribed atetifusptiva pfethe friventign
reconmendat{ QR .l I ' I Cak [ . The
r ecorrrrend%%dl lgﬁeéet?l%?%tﬁgh%%g ﬂgfgl%ggﬁgg %glgwg@lﬁfl{si ?%%%I%qggtpg&?rgq?& gtrllctn} y the
r ecomrendati wiys Ipdeedi foy sheysaka debievty, conyepzangl sigrahprocessing,(de0y iplysishand

nistort car ol A5es e T ol a0ed shiks SR AL TN O shs R e Cp)

criteri a. cdmedting lipessshewn ie tHeodiiomsrfiguréshes intodaine nefatsenrexemplianefuB@ibnsle| ect s

the reco ndat i on.for, maxi mum.rel.i abili based, on t he historical
 ooomendBTana s ghajoh gV AL POUBling ey, el yatRF Grompls "Rty B R o 1y
i ndi cat e hiditicralpAmtiicnal aglatioastips biaphypicel camsctioas alay sespilasene in acgaaeaided
removal of the test 90 tines, sanpling 20 tinmes, and 100% testing just
once; cor P& ve action has never been recomended. In this case, for

maxi mum  rel i ap%el bﬁﬁyen_ttih@nﬁle@ QivEsReatdefibed gbsie afaa ﬂé&YenE:eCcle mmieril&?%
testing, even. if t initia reco n ion was for renoval or sanpling.
For the t&8blimeply HIpYPmy hapgss a%nmaf{cawsom&rbet dagde fon dhe @pdFTIng
conponent ¢ ABKIIABY witloSP d&Rrti@Nkd Wi stop® of BeOTBRAIndeRA! | THebAknd 6%ér t O
retain froma set of correlated tests that are candi dates for renoval

(926). ThehangBodarRddicrtinms Ferinterdednto; b inshuded rthin theaycope of st guesent

accor di ngjrniRAYasRRPEORE irfthe fdidlvES B48s.0r other criteria. For exanple, the
retention or renoval recommendations nmay be selected to inprove test tine,

ensure reliability, manual selection, or any other appropriate mnethod.

18



The recommendati on engi ne 324 of the present enbodi nent may nake
recomendations for test retention and renoval according to a set of

r ecomendai2eet/osd7es and a set of historical recomend&Cirars2003/hhee69
recommendati on engine 324 may initially select a test having a favorable
state COd@L{AFNI retention, and recommend renoval of the renmaining tests. If
the tests a }%ave the sanme state code, the reporting conponent suitably
reconmmends e wnaithadf ofadnhamdiing & éest procak dbrethpledfdnfing altipld Rsts OATY ddvice

candi dates ex enty fnor thet teg havi ng.the | onest PClI. Reconmmendati ons may
be made accor dithg F8 By i éﬁi‘?’ﬁ?@p ™&teria, however, such as the

short est eXﬁC ulldssifyyitg thie tats @byrdiag ekt ledépbmﬁaaﬂlgraﬁgﬁdti@%ﬁ'é ia%hig@d with g
criteria.,The orting conponent 206 ma ovi de the recommendati ons an
any ot herthSﬁetsb{?%pa“idr? Cag@lasﬁ?%%?%t §a§tgy<¥r§ﬁ{1%}est§;&nﬂ1 For exanple, the
reporting COWpﬁ@lﬁ@ing&ﬁ@teﬁt‘@!o@@lﬁb&{jﬁmﬁ&mwﬁh%tcldaﬁfy@ng]r R tkst$30 i dentifying
the various tests and the recommendations for renoval, full testing,
corrective action, and the like. In addition, the reporting conponent 206

may provide. sAIpRakdd B efldhding SURE PRCREDREdd@ihg th HAALTRL iper GELRIALT ON
charts, pareto_charts, trend charts, plots, c r}par ative box plots,

0
hi st ogr ans, r diferiagtheaay setoblestdsta tp fam 2 lipsedesetofdesadatat i cs relating to the
test, or any other appropriate informati on. The reporting conmponent 206 nay
al so provide additional suggestions or corrections. For exanple, the
reporting cénpbietodpfenhsagingp dest procesn a¢oepting/odtlain wheginefiteing deordi ng  to
t he characterisgttdfqgst@gtagﬁgpr;sgss.ts, such as relative failure rates and test
i nterdependencies. In the present enbodinent, the reporting conponent 206
i dentifies tegdentifyie atdeast magr ef 4nj dudliey anda nissingalalued inothe e b of et datmy
i ndi cate %failure | ater in the test process and may recomrend 17 WO
2004/ 0035 PCT/ US2003/ 020469 pl acenent earlier in the test sequence.
Thus, failing rpaetisg thayt lbestdet eltthe duthearani e rmissihddatire Slom the oRess oftes may
facili tatgataabbr evi ated testing, thus reducing overall test tinme. The
results fromthe recomendati on engi ne 324 may al so be provided to other
conponents of the system for other automatic responses 336. For exanple,
the system nay, ipclude. conponents for autonatically revising the test
process, re%‘g\ﬁﬁlﬁ&f’ggg?hﬁcégaa‘iﬁgprchm‘éqr&l%%‘ilﬂ@t%gﬂher@’r’i’éngi ng the sequence
of the test prowe&aBsng todestheonprises iddiEyigat dotdlafén bstSNRNEAL HANSE gRown and
described are illustrative of the invention and its best node and are not
i nt ended € S’é’f}%]merwi se limt the scope of the present invention in any way.
| ndeed, for theodside@ td teb @¥édsy incRIABY @Mtin@Naleast O AF uR' QELH&INEkts faha

anal ysi s, and
the test process.

5. A method of enhancing a test process according to claim 4, wherein identifying a
correlation between at least two of the tests comprises:
analyzing the raw set of test data for a correlation between at least two of the tests;

and

analyzing the filtered set of test data for a correlation between at least two of the tests.

6. A method of enhancing a test process according to claim 1, further comprising:
generating a raw characteristic value based on the raw set of test data; and
generating a filtered characteristic value based on the filtered set of test data, wherein
classifying the tests includes classifying the tests according to at least one of the raw

characteristic value and the filtered characteristic value.
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ot her functional aspects of the system may not be described in detail.
Furthernore, the connecting lines shown in the various figures are

i nt ended WO 20eprazent exenpl ary functional rel ationshi peTarsdéosn2qhysi cal
coupl i ngs between the various elenents. Many alternative or additional
functional relationships or physical connections nmay be present in a
practical system The present invention has been descri bed above with

reference to a eﬁlfogrgfeglhaﬁgpg)gintg%gki;mcekp\ﬁé‘c}éﬁiing t1eRARSI, F0HhTniprigiai ons

may be nade to the preferred ment W thout departing fromthe scope
of the presenmmakingemcommenditione Wndediendre ©pakfge ProresHEFITES tdn&ear e

intended to be, Lk Lfhj.n the scope of the present invention, as
expressed in ?ﬁgﬂﬁ%ﬁg§§fﬁ%&%kains. 18 WD 2004/ 003572 PCT/ US2003/ 020469

CLAIMS 1. A nethod of enhancing a test process for inplenmenting nultiple
tests on a gevice e R ] sl AGaciehassi fyin
the tests abodt g PhodpRiy bAYAR RLokfRlo AFHEL, RIS IF dlonaeides o4
with the testvallatenmisds apooess edmbilignintet ween at | east two of the tests;
and nodifying the test process in conjunction with the classifying of the
tests. 2. A nmethod of enhancing a test process according to claima1,
further conprissiechodfdfl énbncigy & hest pawesedccaflinggstclaimt & wieréiorthe ardeedst er ed

set of test data,.3..A nethod, of hanci ng a test pr j to
claim 2, mheréﬂﬁmﬂﬂYPﬁ#?ﬁb&Fﬁ%o?ﬁﬁﬁaié?e8€aP5%Fm3%3§9§%%%?§§§§&g% gﬁtifying
at | east one Ghiredldoditl lairgihinduig tedt datas@iluagelaiieuon imeshbld. r aw set of test data;

and renoving the at | east one of the outlier and the m ssing datumfromthe
raw set of test data. 4. A nmethod of enhancing a test process according to

claimi, whesel fetoliasehhistcing ot 198 pr@BsSaccQUPEits eRim denhekin dgsidyiagtirel at i on
between at least two of the tests; and gpdifxin% tﬁe t?st ?{oceS@.%ncludes
del eting at | desicogmaises clasidying e desty acporfme a2 pet Hffulesislepisd frop BRERE 5 A
met hod of enhapgipg; & test process according to claim4, wherein
identifying a
11. A method of enhancing a test process for implementing multiple tests on a device
based on a raw set of test data, comprising:
filtering the raw set of test data to form a filtered set of test data;
generating a characteristic value based on at least one of the raw set of test data and
the filtered set of test data;
identifying a correlation between at least two of the tests based on at least one of the
raw set of test data and the filtered set of test data;
classifying the tests according to the characteristic value and the correlation between
at least two of the tests; and

recommending enhancements to the test process according to the classification of the

tests.

12. A method of enhancing a test process according to claim 11, wherein filtering the raw

set of test data comprises:

identifying at least one of an outlier and a missing datum in the raw set of test data;

and

removing the at least one of the outlier and the missing datum from the raw set of test

data.
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correlation between at |east two of the tests conprises: analyzing the raw
set of test data for a correlation between at |east two of the tests; and
anal yzi ngwolheosioBi7er ed set of test data for a correl ati eocThSeesem4a? | east
two of the tests. 6. A nethod of enhancing a test process according to
claim11, further conprising: generating a raw characteristic value based
on the raw set of test data; and generating a filtered characteristic val ue
based on the; T4 %&eﬁ{oadofs%agéiné §Sibst JR8Rss MIGHIRINo QhidS 1\ Bukthe EagporisRgt S

i ncludes classifying the tests according to at | east one of the raw

charact eri st i cleletihgas leagtionetes tifeichrrelpied) test omcthe fepistPEsyal ue. 19 WO

2004/ 003572 PCT/ US2003/ 020469 7. A nethod of enhancing a test process
according to claim1, further conprising making reconmendations_for

enhanci ng t e A esthoprofcebacigaotes mecesvaceprdingdp bt lile e Wentifiias gest s.

8. A nethod of_ enhancin .hg to claim1l, wherein the
characteristi&ongg(Hb‘%%%%P%%%%hggg@gigggggg%g%glity i ndex. 9. A nethod of
enhanci ng a t estlyfing desawaetof @strigtat for elcairehat®n hetreseniah leapictweral dlesstssts;
capabilit¥ index is based on at |east one of a maxi numtest data val ue

rel ative a threshold and a mnimumtest data value relative to a

t hreshol d. 10.anllysirg thedilefedeatidnst daa for b estelgiivobeveematdenstiiwepfthe tedtai m 1,
wherein classifying the tests conprises classifying the tests according to
a set of rules selected fromnultiple sets of rules. 11. A nethod of
enhanci ng a 1568 nefHo@©eSshahi€ifig b feed [R6aRE dcogrdiny kd ¢lpiel I, edbwiron a devi ce  based
on a raw set of test data, conprising: .filtering the raw set of test data
to forma fil tengating: clyfactegsiic e&?%ﬁﬁﬁﬁTating a characteristic val ue
based on at |east QpgAingd8wlcBNa&ieistiONalh€bdsediat te advelset bhestidatal aded set  of
test data; identifying a correl ation between at eag%aﬁmo of %Qe tests
based on at |east @aeeTaingmilterpdghagasterisiic yadis baget op teird 5% oL e¥ dffiset of
test datay,glassifying the tests according to the characteristic value and

na’ .
t he correFatlon between at least two of the tests; and recome gln
Frihe 2% he

enhancement s tdassifgng thettessy ipelades assibying e tasts acrRIding 4284 1p3st 919

characteristic value and the filtered characteristic value.

16. A method of enhancing a test process according to claim 11, wherein the

characteristic value comprises a process capability index.

17. A method of enhancing a test process according to claim 16, wherein the process
capability index is based on at least one of a maximum test data value relative to a

threshold and a minimum test data value relative to a threshold.

18. A method of enhancing a test process for implementing multiple tests on a device,
comprising:
receiving a raw set of test data from a data source;
generating a raw characteristic value derived from the raw set of data;
identifying at least one of an outlier, a failure, and a missing datum in the raw set of
test data;
removing the at least one of the outlier, the failure, and the missing datum from the

raw set of test data to form a filtered set of test data;

generating a filtered characteristic value derived from the filtered set of test data;
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tests. 12. A nethod of enhancing a test process according to claim 11,
wherein filtering the raw set of test data conprises: identifying at |east
one of arwound#/m®ss7and a m ssing datumin the raw set of PCedaiS2aatoa0469 and
renoving the at |east one of the outlier and the m ssing datumfromthe raw
set of test data. 20 WD 2004/ 003572 PCT/ US2003/ 020469 d13. A et had of
enhanci ng a tiéstifyinoe fiss caudaiodivalye bewerhatdeasy o 55tF Rased o M5 PSRy

del eti ng,_ at %_east one of the correlated tests fromthe test process. 14. A
met hod oftS'éh

ancing a test process according to claim %1, whﬁrE L d
i denti fyi ng adertidyingh atdond coretlationryalue bptgen atlgast Bto e basad pL ?H%Fei ses:
anal yzing the raw set of test data for a correlation between at |east two
of the t&&p t,eStdéﬁd analyzing the filtered set of test data for_a

correl ati on hgiswEging alie tes@stcedriing 06 at frastt enst of, the 78w cRAREEHEI uee fifanci ng a

test process accgording to clai 1 B Batd MRS R Tird) GhA fifsh ddratdtRn) Sti C
val ue coﬁ‘&?‘i’rs&e:t%&é‘?ﬁie%éfaicﬁgs%f ‘?%%’%egﬁlgéﬁe% stic val ue based on the raw set
of test dalme sebrdcgrngioating a filtered characteristic value based on the

filtered set of fest data, . and el asshiyngu el Gkssd Nelondife @ amsifying

the tests accHAEPAGICEIGFD 0 e raw characteristic value and

the filtefednGhak aehetkSidna val ue. 16. A method of enhancing a test process

according to claim1l, wherein . the. charagteristi : conprises a
process capabmofifying thgdsst prpgess W&“ﬁgﬁ)nﬂl&éﬁ%}gﬁééﬁaﬁ/%h%ét process

according to claim 16, wherein the process capability index is based on at
| east one of a maxi mumtest data value relative to . : -&qﬂ a

M ni mum t est9. damethod pfrnhprging 7 (st Rracess 195PEERJP ﬁl.amié.g’ ‘Xﬁ%g %%841%% enhanci ng
a test pr oces§esis%mipg%lserrenti ng nultiple tests 'on a device, conprising:
receiving a raw set ' o

test data froma data squrce; generating a raw
charact eri st i compdring tetetaimcaragtedtic (vaEe F"aﬁvfuéte‘{“g?oli‘ﬁat a;
comparing the filtered characteristic value to a second threshold;
comparing the first correlation value to a raw correlation threshold; and

comparing the second correlation value to a filtered correlation threshold.

20. A method of enhancing a test process according to claim 18, wherein modifying the
test process comprises removing a first test if at least one of the first correlation value

and the second correlation value compares favorably to a correlation threshold.

21. A method of enhancing a test process according to claim 18, wherein making
recommendations includes recommending sampling for the test if at least one of the
raw characteristic value compares favorably to the raw threshold and the filtered

characteristic value compares favorably to the filtered threshold.

72 An enhancement system for enhancing a test process having multiple tests based on a

raw set of test data, comprising:

a calculation component configured to calculate a characteristic value based on the

raw set of test data;

a correlation component configured to identify a correlation between at least two tests

of the test process; and
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identifying at | east one of an outlier, a failure, and a mssing datumin
the raw set of test data; renpving the at | east one of the outlier, the
failure, woadoedm®3smessi ng datumfromthe raw set of testPcdatsaoBo2d469 m a
filtered set of test data; generating a filtered characteristic val ue
derived fromthe filtered set of test data; 21 WO 2004/003572

PCT/ US2003/ 020 @8ssifyitg roinpyient cenfigired tto elopsifd| aitl¢aghongaofibe pestsimesil et 21 east

two tests, based.an. U @it fhuOh dedholabd: [ dentifying a second

correl ati 67> va wo tests based on the filtered set of
test dat a; cIaSS|fy| ng the tests accordi ng to at | east one of the raw

C.har ?‘Ct eris %CA%/ ﬂ‘ EH?%F‘PFP sy% e%_rlxle Ia?eclbrdlt h?o cia rfxe{ze dfuﬁﬁeqr c,ao ln%t é Gepts Oﬁ/ gl]lﬁﬁe

m ssi ng dat °rst° correl aton, esec
correl ation; rmhtpbgenteonﬂ'gﬁmaldatréqmsndndra rmrdnﬁmtmmgf thheeSt gsx:eqsram@sg to
according to t

cl Sifl t e and nodi fying the test
process in con t]lﬂﬁﬁléfsi‘fi%a 3%?9%1&%?@6&? Sons. 19. A nethod of enhancing
a test process according to cI aim 18, wherein classifying the tests
conpri ses: aring the raw char ri lue to a.fir t hr eshol d;
conpari ng tr?é’fng R ) %C}Gf’@i 30 \9]; gz’t FICT CURRHNG ?\fg%rrﬂgfl@g,ured
conmparing the tfolfﬂﬁ‘r' atCledst Bhadf AbuRE URl 4 Misding AumOioe kiRtrh@set dites hah ¢ and
conparing the second carrel ati n value to a filtered correlation threshol d.
20. A method ofPrBAHliFEIdtE o et process according to claim 18, wherein
nodi fying the test process conprises renoving a first test if at |east one

of the first correlation value and the second correl agl on val ue conpares
favorably t@5aArGRiaBPERGIGAYSIHR RRSATINS, to slptm A4, wherady thgrealsHiatpi ponppogentds ¢

process accor déd?ﬁﬁﬁt‘éd o %&uﬁt@a MRS ka SYBYK1E Galub BERATHRANAR Fil 688 sétrwkéedes
recommendi ng sanpling for the test if at |east one of the raw

characteristicdaml ue conpares favorably to the raw threshold and the
filtered characteristic value conpares favorably to the filtered
threshol d. 22. An enhancenent system for enhancing a test process having
mul tipl e test6sAbasgkuicemend systamacsetdingf torckén 28avkereis dreprassifying component is

configured to classify the at least one of the tests based on the raw characteristic

value, the filtered characteristic value, and the correlation.

27. An enhancement system according to claim 24, wherein the filter identifies the outlier

by comparing the outlier to a dynamic outlier threshold.

28. An enhancement system according to claim 22, wherein the classifying component is
configured to:
compare the characteristic value to a threshold; and

classify the test according to the comparison.

29. An enhancement system according to claim 22, wherein the characteristic value

comprises at least one of a Cpk, a PCI, and a preselected value.

30. An enhancement system for enhancing a test process having multiple tests,
comprising:
an analysis component configured to identify a correlation between at least two of the

tests based on a raw set of test data; and

23



a cal cul ati on conponent configured to cal culate a characteristic val ue
based on the raw set of test data; a correlation conponent configured to

i denti fy wocoswmBEmi on between at |east two tests of tReTES3e03pe@6eess; and
22 WD 2004/ 003572 PCT/ US2003/ 020469 a cl assifying conponent configured to
classify at |east one of the tests based on at |east one of the

characteri sti e repdring eompdnket eofigebdts cyompend Medifjsptensdaeh tosl BIOETH
according to.cl ai further conprising a reporting conponent configured
to recon%é%oﬁdlggﬁ’otg%golzr{‘:eéatnté{&h of the test process according to the
classification of the at |east one of the tests. 24. An enhancenent system
according t | aim 22, further DL SI fd I ilter at
| east one o?l'gr? %’g]?‘ LRI (Sjt “a aﬁlg(gng%éé %ﬂ%@%%o’f&r]%eﬁn‘g% ﬁﬁeéofrég{)/vﬁgée? &3?611?36;1% dat a
to forma filbsfigacbdsat rafoninest dkdtian fSat Kasteorrant dherests pehiesh tac®er di ng
to claim24, wherein the cal cul ation conponent is configured to cal cul ate
a filtered ch&PBEt™¥ stic value based on the filtered set of test data.

26. An enhancenent system according to claim25, wherein the classifying

conponent is configured to classif. he at ,}east one of .th e . hased on
the raw chafadilepihepqement, SySiF agqeH 1’%/3 h g’?’é’bl 3 h’h@‘?té%rt TR a\?la%cuﬁ%ﬁg’ﬁd t he
correl ation. 28mpéMnEEthERGeaR tensiithemagedstidivilge based bah mv2dkt oftegrdeian t he
filter identifies the outlier % coqparing the outlier to a dynam c
outlier threstsndatedn coppmelmrtEhe e QFEem according to claim 22, wherein
the classifying conmponent is configured to: conpare the characteristic

value to a threshold; and classify the test accordi ng,to he canpar,i son.
29. An enhadZedeenhenspmieaisysie R HgS f%CI%‘Fh%WLEEIFrW 18 & T & Feristic

val ue conpri sggaimd £3Sdet ONEst Bhta & foRK o fteldChet 0B RE: At €Sel ected val ue. 30.
An enhancenent system for enhancing a test process having multiple tests,

conprising: an anal ysis conponent configured to identify a correlation

between at Leagt kWO Ofnl JGemaEithdin BXEAMAD, Fndr&W 1RGP s doBfIursAba; and

identify an outlier in the raw set of test data; and

remove the outlier from the raw set of test data to form a filtered set of data.

35. An enhancement system according to claim 34, wherein the analysis component is
configured to:
analyze the raw set of test data for a correlation between at least two of the tests; and

analyze the filtered set of test data for a correlation between at least two of the tests.

36. An enhancement system according to claim 34, wherein the analysis component is
configured to:
generate a raw characteristic value based on the raw set of test data;
generate filtered characteristic value based on the filtered set of test data; and
classify the tests according to at least one of the raw characteristic value and the

»  filtered characteristic value.
37. An enhancement system according to claim 30, wherein the analysis component is

configured to operate in conjunction with a set of rules, wherein the set of rules is

selected from a library having multiple sets of predefined rules.
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23 WD 2004/ 003572 PCT/ US2003/ 020469 a reporting conponent configured to
recomrend nodifications to the test process according to the correlation.
31. An erwearnoewmsi’2syst em according to claim 30, wherei RCTHES2003p0469 ng
conponent is configured to recomend deletion of at |east one of the tests
subject to the correlation. 32. An enhancenent system according to claim
30, furt her 3gQupsiig systemrfoatesting devicasmsing enpahanied (b BIOPEFacOTPEIH g ener ate a
characteristic val ue hased. o raw. [

conj uncti on vviattﬁ&%“ém?g‘érf’gﬁ? %&%&%ﬁ%%gtuﬂﬁge% r%%?n%ﬁatnd%%?gﬁtaggvgg?td?fng to
cl ai m 30, teftdataheid conprising a filter configured to filter the raw set of
test data to forma filtered set of .test data. 34. An enhancenent system
according to & CO PRI FRBPY % er is configured to: identify an
outlier in the rawagehagkis tempordat esnfigmedd e idsutfyt Hheorlittioneretfecp rat ddset r aw

set of test data to fogma filgef{]teq set f data. 35. An enhancenent system
accor di ngMtaRidheiess Bared oka Ay 55t PHES SRS i s conponent is  configured to:

anal yze the raw sety gho#iagtcom@bient aénfpuedr teleedmaendebiigienticat td dastest wo of
the tests; and analyze the filtered set of test data for a correl ation
bet ween aProresadscordigg forthg gperelalied s,  36. An enhancement system according to
claim 34, wherein the analysis conponent is configured to: generate a raw
characteristic value based on the ra\éxf?,set of test data; generate fﬁ' .t ered

char act er i st®cAvigsting Bysan 5Ferdne o Flpgt S STt (e IPPTHRE COBRME Assify

the tests aCCOédiiJﬁg&e& QodlechBASHd QBRI of N AW Bbasfaetdst sbjevakdehand t he
filtered characteristic value. 37. An enhancenent system according to claim

30, wherein theoregtedibysi s conponent is configured to operate in conjunction
with a set of rules, wherein the set of rules is selected froma library
having nultiple sets of predefined rules. 24 WO 2004/ 003572,

PCT/ US2003/ 0®0AB8sting 8ystein pesstdingytojaim Sfh fusthertcoBpripige g o¢REssiopLomgoReat

enhanced test Q?rngic erzea to geoﬂgpalié Y jzl?lgécte?isﬁce@ath?erbagéfargrj SHbed: boeliRhlh dhRatdevi ces

using nmultiple generate a raw set
in conjunction with the test process wherein the acquisition component.

41. A testing system according to claim 38, further comprising a filter configured to filter

the raw set of test data to form a filtered set of test data.

42. A testing system according to claim 41, wherein the filter is configured to:
identify an outlier in the raw set of test data; and

remove the outlier from the raw set of test data to form a filtered set of data.

43. A testing system according to claim 41, wherein the analysis component is configured
to:
analyze the raw set of test data for a correlation between at least two of the tests; and

analyze the filtered set of test data for a correlation between at least two of the tests.

44. A testing system according to claim 41, wherein the analysis component is configured

to:
generate a raw characteristic value based on the raw set of test data;

generate filtered characteristic value based on the filtered set of test data; and
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test data; and a test enhancenent system conprising: an anal ysis conponent
configured to identify a correlation between at |least tw of the tests
based on woraw/®ai72of test data; and a reporting conpon@ct/useemBiogused t o
recommend nodifications to the test process according to the correlation.
39. Atesting systemaccording to claim38, wherein the reportin onponent
is confi gur edlatsifyrtbe oesmeadodaigetbi aprieast ongt of ‘é‘asfﬁwcﬂl?éfaétﬁﬂ%tﬁe"aﬂ"@sﬁrg rgﬁbj ect
tothe cgrrelation. 40.. Atesting systemaccording to claim 38, further
conpri si nfgteé cgﬁrﬁff?%ﬁt V8 conponent  configured to generate a
characteristic value based on a raw set of test data generated in
conjunction wWith the test praocess,wherej . LiShid Fgite 41. A
testing sysfam SEOSSEHY af%’r‘g?% Orﬁlaélﬁl,%gf hir? r%lg?heia%%%%l? g(:sr{rll%&g&?%er 4

confi gured t ot idehtefy the Joreladivn Beatd af the et sa af testtdetafand mrelefwherain Bg relat  of
test data. 42. A testing ste%ﬂccordi ng to claim4l, wherein the filter

i s configured it $lected digit 3 '5&%? tier in the raw set of test data; and
renove the outlier fromthe raw set of test data to forma filtered set of

data. 43. A testing system accor di to claim4l [ ei / lysi s
conponent i 46-cYhegpERent tséﬁsfterﬁnfrﬁT fglganflﬁlg % g?xfngreot‘:éscs)f at%én tﬁl‘afél?% %gt? %ftlﬁ
correl ation be%e}q@%gagm{v@,&&iﬁésmmfcomb@iﬁgests; and analyze the filtered
set of test data for a correlatiaon hetween

fa aé. I g?ast t)f/]\o of tclﬁgmgt%%tl%. 44.
A testing systeaifitrsmennsdor Jessifdnpiha fesiacaqrding 1 fdeashane iacb@geistitn: s
confi gur eg,;,d RsocBeREHE Be st BY HBABEEBdnHetviceN al gt basefthomsts;hadr aw set  of
test data; generate filtered characteristic value based. tzqe. i t(g[red set
of test data; medfyimaneans fyoudifyms the TF@?F%@EO@S?%%H%’@W“&E&&C S’f’lb'“l‘gn tests
accordi NGt Qucfit | east one of the raw characteristic value and the filtered
characterrstic value. 45. A testing systemaccording to claim 38, wherein
the anal ysis conponent is configured to identify the correlation based on

the raw set of \test dald: AR abddkfing QLI B, th8nd: WbipridiSy HRbAGERM b oM a

l'i brary of rul'es.
filtering the raw set of test data to form a filtered set of test data.

48. An enhancement system according to claim 47, wherein the classifying means is

configured to:

analyze the raw set of test data for a correlation between the at least two of the tests;

and
analyze the filtered set of test data for the correlation between the at least two of the

tests.

49. An enhancement system according to claim 47, wherein the classifying means
comprises:
raw calculating means for generating a raw characteristic value based on the raw set

of test data; and

generating a filtered characteristic value based on the filtered set of test data, wherein
classifying the tests includes classifying the tests according to at least one of the raw

characteristic value and the filtered characteristic value.

50. An enhancement system according to claim 46, wherein the filter means comprises:
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46. An enhancenent system for enhancing a test process having nmultiple
tests and generating a raw set of test data, conprising: classifying neans
for cl asswbyoeuposite tests according to at | east one of @&CThBREG046St | C
val ue associated with the test data and a correl ation between at |east two
of the tests; and nodifying means for nodifying the test process in

conj uncti on wi identifiyimgaherss fofr ydentlyirg at dqqet 05199%[@1. ouflfer apg a anipranecdaiEnin By st em
accordi ng | aj . rther conmprising filter neans for filtering the
raw set ofra‘?gésitoﬂ?g%@dt’ glfm?orm afiltered set of test data. 48. An
enhancenent sy stevirgcweandifergremovink ghanatdFast gpreplcthy opthier endaids infigsinggdafans i s
configured.to: raw set of test data for a correlation between
t he at Ie%é%ﬁﬁhew%é(t%ﬁtggt{hg?ts; and analyze the filtered set of test data
for the correlation between the at least two of the tests. 49. An
enhancenent tem accordin I e [ the classifying neans
conprises: r %/\/%t%sﬁéﬁcg ﬁg@%ﬁ@%@@%?ﬁ&l}ﬁ@ﬁ@%@-raW characteristic val ue
based on the raw cksbifyind meas indiskacormiioy ereusdor idgntfyihg b cemeation between
characteri Ei o valgt?l ?a%_ed on the filtered set of test data, wherein

cl assi fyi r?g PHeVP 85108 B Jdes cl assifying the tests according to at |east
one of the rawthechedifgigemeskiic cordigued andeléthat feadttore efl theharralated tesss framval ue.
50. An enhancenent system according to claim46, wherein the filter neans
conpr i ses:he BEARSEFO04/ 003572 PCT/ US2003/ 020469 i denti fying means for
identifying at |east one of an outlier and a mssing datumin the raw set
of test data; and renoving nmeans fQr rerrgyi Qg@é}hﬁ at | east one of .the
outlier and Phe\minbaRGRRCHEAYEIRT ACFUMIEHR © TiRgr GORpFisig Fepomepndaiign
enhancement sys{&m asCaLdhd SecbRnfeh@tiohd & enMaBELInB: tedt HRodebRB&bidyigN® MBANS
includes correlation means for identifying a correlation between at |east
two of the testclpssifigigior REthedrgisf yi ng neans is configured to delete at |east
one of the correlated tests from

53. An enhancement system according to claim 46, further comprising recommendation
means for making recommendations to reduce a test time of the test process according

to the classification of the tests.

54. A method of enhancing a test process, comprising:
automatically analyzing a plurality of test results to generate a test analysis result; and

adjusting the test process in accordance with the test analysis result.

55. A method of enhancing a test process according to claim 54, wherein automatically
analyzing the plurality of test results comprises:
classifying a plurality of tests according to at least one of a characteristic value
associated with the test results and a correlation between at least two of the tests; and

modifying the test process in conjunction with the classifying of the tests.

56. A method of enhancing a test process according to claim 55, wherein the

characteristic value comprises a process capability index.
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the test process. 52. An enhancenent system according to claim46, further
conprising recommendation neans for naking recommendati ons to enhance the
test procweoawses’di ng to the classification of the te®CIUSBB3/020369
enhancenment system according to claim46, further conprising recomrendation
means for making recommendations to reduce a test tinme of the test process
according tV- £heelrd o8 enhauging Gntegl Progees pesgtdine Bclaim o HsEEB theePRSTTe i ng a

test process, eQRBiiySIA&k isBALQNSH hiCigdst ¥nPod WakiRBinAeR! dbtaldibd/refhive &5h
results to generate a test analysis result; and h%d#gstl ng the test process
S.

in accordance W#iresholdgad ¢ edpimypyesidpta velug frlgtive fpm t fhod of enhancing a
test process according to claimb54, wherein automatically analyzing the
plurality of test results conprises: classifying a gl urality of tests

accor di ng toSSaAm@b@tof@nbammgait@%ama%sﬁé@qoadmgctovgmé , Velesiei ated with the

test results apdsanG rtﬁeeke@l{sicgﬂlghsé_svy@e%ﬁg%g b €83¢1atfolCoehednN 1&@%@ oftatﬁg

nodi fying the test "process in conjunction with the classifying o
tests. 56.tests; st hod of enhancing a test process according to clai m55,

W0 2004/ 003572 B DEIBo05) SRR BITRIRER Rl BRERRUE DA A RO oo

accor di ng thedtestlpaicess56, wherein the process capability index is based on at
| east one of a maxi numtest data value relative to a threshold and a

m nimum test data value relative to a threshold. 58. A nethod of enhancing
a test process Aanethodohenhbuacing atest frbcessvrepeling: to claira SBf whergintchmsifyagst the
conprises identifying.a correlation between at |east . t of .the tests; and
a1 Tyi ng the tesroppeRscls iRt be bR ar ey i oof e St FOREUERE of at ed
tests from theett €&tuilepr ocess. 59. A nmethod of enhancing a test process
according to claim58, wherein classifying the tests conprises classifying
the tests according to a set of rules selected fromnultiple sets of

rules. 60. Asorat heglo®bf eraacias Aged piR8ds 264618 %o ARERSE] WHerbia 184S S,
wherein identifyi ng(_ a. correlation between at | east two of the tests
conpri ses: correlation between at least two of the tests comprises:
analyzing the raw set of test data for a correlation between at least two of the tests;
and

analyzing the filtered set of test data for a correlation between at least two of the tests.

61. A method of enhancing a test process according to claim 54, further comprising

filtering the test resulis to form a filtered set of test data.

62. A method of enhancing a test process according to claim 61, wherein filtering the raw
set of test data comprises:
identifying at least one of an outlier and a missing datum in the raw set of test data;
and
removing the at least one of the outlier and the missing datum from the raw set of test

data.

63. A method of enhancing a test process according to claim 61, further comprising:

generating a raw characteristic value based on the test results; and
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anal yzing the raw set of test data for a correlation between at |east two
of the tests; and analyzing the filtered set of test data for a

correl atiwo 2oetosen at | east two of the tests. 61. A nmeChhasb2aB/oeeeanci ng a
test process according to claimb54, further conprising filtering the test
results to forma filtered set of test data. 62. A nethod of enhancjng a
test process apoonrtigwfitteedtharastosistic vahusrbapad onjthe Slieradsat pEteptAata, ¥BErel ¢ est
data conpr.ses. identifyi f j d t g8l Ag datum
inther aﬁ\llasé;ﬁm%ftg é%sks é‘gﬁg?sahgénsg@gntgg?ﬁg ?tm%gr dg{tét I{degtg%eagn%&o?? l?ﬂﬁe outlier
and the nilgsicrgistitatalie dnd dhm filiveedrchavagietistiofalbest  data. 63. A net hod of
enhanci ng a test process according to claim61, further conprising:
generating a raw characteristic value based on the test results; and 28 WO
2004/ 003572 cRCA/thISRAD 3f 6RRAGIAg agestepratdsngecarding teecletn SHafuther coBPLsEI/ al ue

based on the filtered set of .test. dat er.el I LIyl : e
i ncl udes cl aés‘i"‘?%)’i’g]gref?'}’émf’%ia?%nsacf%rore |%n§}9@olﬁget qfsgagfb%%%g a&(}f%ré.m e t%a\?\l} &

charact eri sti cclygifiegticard thetestd.i | t ered characteristic value. 64. A nethod of
enhancing a test process according to claimb54, further conprising nmaking
recommendati ons for enhancing the test process according to the

cl assi fi cat iggna@dst édandeashssysteh. forenh@singartba preesdongyisingm f or enhanci ng a
test process, conprising: an an si.s caonponept caonfigured tqg .autonatically
anal yze a pl ur & #@{ysiscopipgpent 8@%4%‘5‘1 f autgﬁﬁté%ﬁ?( 8“63 ea%@flg?g s((’)frt%Sls%ﬁ?S’fq;E “and a
reporti ngt&égﬁgﬁféeaﬂtanﬂ9§i§{egﬁlf;@ﬂdto report the analysis result. 66. A test
enhancenent " system according to_claim65, wherein the analysis conponent is
configured to i EepinEyomPensRtonERYehiogerofidhHriatysS &8l t wo tests based on

the test results. 67. A test enhancenent system according to claim 66,

wherein the reporting conponent is configured to recommend nodifications to
the test profeddesenlmngiment systaheccodpigte plaim 6%, Wherein Herapalysis AHEAPREHEH

system accor di L& 84 . E}Jfé@ ﬁtqpé%fﬁ&iontg tEIRPHEE tejsﬁresults.
configured to ?cglcf:-1 n%‘?gﬁﬁidg}éﬁ?ic}gﬁ ot?dnate Ierést one ofsthe tests subject to

t he

67. A test enhancement system according to claim 66, wherein the reporting component is
configured to recommend modifications to the test process according to the

correlation.

68. A test enhancement system according to claim 67, wherein the reporting component is
configured to recommend deletion of at least one of the tests subject to the

correlation.

69. A test enhancement system according to claim 65, further comprising an acquisition

component configured to generate a characteristic value based on the test results.

70. A test enhancement system according to claim 65, further comprising a filter

configured to filter the test results to form a filtered set of test data.
71. A test enhancement system according to claim 70, wherein the filter is configured to:

identify an outlier in the raw set of test data; and

remove the outlier from the raw set of test data to form a filtered set of data.
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correlation. 69. A test enhancenment system according to claim®65, further
conprising an acquisition conponent configured to generate a

char act erwet2et/00ai’ae based on the test results. 70. A t@stu/uspéanceaent
system according to claim65, further conprising a filter configured to
filter the test results to forma filtered set of test data. 71. A test
enhancement 73y tesinanhersomditrsystern aedozding tpElaipyydy whereiniike gnalysisicomponeghii gur ed
t o: identifycﬁﬁlﬁ %dtjo_er in the raw set of test data; and renove the
outlier fromthe Taw set of test data to forma filtered set of data. 29
WO 2004/ 00357 2n8EH LSRS0S (ot 8Forrdiationbetwesn adladshivicingisitandy st em accor di ng
to claim7i, Ve\{ha %ael e Iﬁﬂgr & ne%loy t%%)tsdta&cfg';pao ?r@fatibr?betxggéﬁfa't &Hgt%o Bf‘)t;l}e aal yze the
test reul sts fOf & cCorreration between a east two tests; and anal yze the
filtered set of test data for a correlation between at |east two of the
tests. 73. sf _enhancenent system accar din . I , tn the
anal ysi s coﬁﬁd&geﬁi eq?‘%nceglgﬁfsy %ﬁl}lea cotr%lg g)ecgael{ngitoég’?@%\%&%h@é@f@%ﬁ@iﬂzﬁvaI ue
based on the twsfigyrébilts; generate filtered characteristic value based on
the filtered set of test, data; .an | assi f e tests according to at |east
one of the ravgeE‘F’fétreécfi“@H’%?‘iteéisg‘éf’ﬂ'éecba?ﬁ%is‘?ﬁée %e?tlrﬁugtg’ed characteristic val ue.
74. A test enhap&e®EiNered\Eireierac 05l Biged ¢n thé Altered St ofidestrdatanartdhe anal ysi s
conponent is confiqured to operate jn conjunction with a.set, of J}fﬁes’
wherein the setasgfy gl‘?l feels pecordpg - e aSItrOB%(’gt 5 BPafRMATISCHG THET A set s
of predef fRgeh EHatREristROvalue.

74. A test enhancement system according to claim 65, wherein the analysis component is
configured to operate in conjunction with a set of rules, wherein the set of rules is

selected from a library having multiple sets of predefined rules.
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