| NTELLI GENT DRI LL- DOAWN FOR GRAPHI CAL USER | NTERFACE Fi el d of the Invention
The present invention relates generally to graphical user interfaces for 5
conput eri zed devices, and nore particularly to an intelligent nethod and
interface for presenting context-specific drill-down information associ ated
wi th displayed data in a graphical user interface. Background of the

I nvention The increasing reliance upon conputer systens to collect,

process, 10 and analyze data has led to the continuous inprovenent of the
system assenbly prOEEGSSERMORASSDOWN EQRMGRAMAICALAIRER N TERTASE As har dwar e
continues to inprove in terns of size, speed, and efficiency, there has
been an increased focus on the ease of usability of conputerized products.
In particular, manufacturers of Mﬂﬂlﬂ_ﬂew ces that integrate a

di splay 15 int erfac I herdgVvifes are
increasingly inter ?g{?s %é&z‘gggﬁg Wt{’%ﬁmml’amsg;?acg to the

oper at or ofs t hecotwuterieed deSines, @damre@avrtlcuiswto|antlréelﬁ@ﬁﬂé§\em0é anded to di spl ay
data collected S Bt B AR iHrSHRAbS assRkiatBRt I i cs Of
interest. As us'hgﬁa e%s%ﬁggﬁt%b te |sfI a aract eristic of an item a
measurenent is with Peplaved §atednia geaphisal %ﬁﬂ'“?”ﬁ%ﬁt ric is a calculation based on
one or nore attributes and/or mgmn@dmnh§|nng|ohe coll ected data can be

di splayed in sinple_|ist or tabular for f the application
is to allow the opdP&atGieasips Eﬁ?'a()\? ‘Eﬂ‘?@lcg%‘?%tﬁ%sﬁfemﬁtbﬁg ec?glpfoézgfsed data, it
is often mue ugefamnalyzé datdhapledyo thbeosimubecitiposveofentiatttize systehe f or mat  of
sone sort of chart (e.qg., a 25 lin aph, a pareto chart ) whi ch

al l ows the oper%?ﬁ%’?‘gltytﬁ’gciﬁe%%qqsﬁﬁsﬂﬂgtgg[‘ar@WF@ﬂf@ sloﬁw?rﬁe rdv%%?ependl ng on

t he appl i cati ongontim@seo thiasesn tanys besizes usbééct;'ameméiemcycmam tetsdbeamal ysi s of
the data. However. in ny._insta : the first step
in a long anal y@'gcrﬁ?soeggg%{s olnﬁﬁ% aesgdfg%a%gy& ?’gH’tgg}&{)@?g%dg ulnto di spl ay
addi tional i nf oparénuiaprmarbdasturelsef cohpuerized deha«m that irgegrpieesdisnlay t i n ot her
visual ly usef u'ln{eﬁE gfggﬁ &195 "‘ﬁtErtFéEét mf&f”\ﬁ@dé\héés%é f?\grea;lhélyab' lity to

di spl ay additiona t1ron or gi ven view of a data obj ect is
referred to herl@iel‘iasé%jl in thejgapse éb%?ofﬂ‘&p%lsmqett?the@ﬂel’%‘?ftqu‘et%icé exi st

graphi cal user int e%%%?réﬁ?é&%rh@ﬁacﬁ&&'u@@d @‘H’leenyfaEB &s‘lleaéa fo - down
capability. In sone cts, when a particular view of a data object is
one or more attributes, measurements, or metrics of interest. As used

herein, an attribute is a characteristic of an item, a measurement is a

20 measured value, and a metric is a calculation based on one or more
attributes and/or measurements. While collected data can be displayed in
simple list or tabular form, if the object of the application is to allow the
operator to draw conclusions from the collected data, it is often more useful
to display the collection of data in the format of some sort of chart (e.g., a

25 line graph, a pareto chart, etc.) which allows the operator to visually detect
trends in the data. Depending on the application, these charts may be
sufficient for complete analysis of the data. However, in many instances,
detecting a trend is the first step in a long analysis process. Inthese cases,
it may be useful to display additional information about the collected data or

30 present it in other visually useful formats with or without data filtering.

The ability to display additional information for a given view of a data

object is referred to herein as “drill-down” capability. Currently there exist
graphical user interface methods that provide some form of drill-down

capability. In some products, when a particular view of a data object is
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Docket No. 10030300-1 1 displayed, the graphical user interface may all ow
the operator to enter filter information to display additional information
and/or charts. In other products, the graphical user interface provides a
|ist of possible drill-down filters that the operator may choose from 5
The prior art drill-down capability is problematic for several reasons.
First, in prior art graphical user interfaces that provide sone sort of
drill-down capability, the operator nust manually set up the filter and/or

determ filt

rns\asu;nerrgnf1 olrdﬁé‘%}"?dh%ter?é?pm'esaﬁ%gsfﬁﬁ% %Qgé%v‘}tﬂe E orér?%ltf er to obtain
a useful drill - chtowmatidrhie d[qptalyaudmorthﬂ)lnfmsatldnaméloachamndm@ih%rri?m%tsof how each
possible filter ap %}%h?csal s%r n'%ser'facﬁg ovnd?é Qﬁét% @stsubmﬂ-doﬁﬂ‘ﬁt&@"cha@' sadvant age

to the prior art oac a single filter can be
applied and di smeaqpechtcatmaym}nogsa/fmmtl nme. Thus the original view and the

filtered view CannOtTrQ?ng} ﬁb@@nﬁﬂa?’éﬂnﬂt@@%ﬂ%ﬁrﬂatk@or%b{/éﬁ\( réhsora!

conmparison. "In additio tered |1 own vije al so cannot
be si mul t aneous Fystdm@ppraarbgfapwl Hser iR tases thatprpyide sgrpe S‘?’b°fé’§l§¥}5 N conpar e
the results of ggya@ thfeldpbl%lio'? nilst @BRuAIY B8 up@hd fMeKaddiér detemameiangf ul trend.

It would therefaore bedS|raI e th bilit I

mul tiple data oBff&sdha n'tage%fqrggv Q/?@Lﬁl’a},eo%&ggﬁ't?&%a ?enlﬁ% %5’?&'%@1‘2& 2y| 't

}I\DU| d 20 al soI :isacuﬂeailyma_lmgan%vcedwwerdar towbtined dsediil drilt-dewrd therapesatorappr oach
or automatlca tainin | L | L t filt

et -up. It P uourtisEBnE e Raus SRS kAT fiBAHpliEp e SRR or Tt

automatical ly cmrdbiaynuatdﬁndaAdotgercnlq@dnhntagertemeipniglfm apmgashesisdhdtow t he

operator 1o Tor &l ellya sHOESig ARG LAsichaR! oEaMRRT 8hy Guayamgom or L1 end

observed by a | d further be
desirabl e to havéus thexeriginahview and thedittered Mlewapemqibgdlsplﬁy%t elligently

groupi ng the datg, 8,0 86% EI%WI%pyﬂparlgﬂ'?slﬁaacﬁﬁ'd?ndl%ultl ey dff- The

| nventi on The present 1nvention Is user interface with
i ntel i gent15dr i [down 3Bwaelee cenppibe F'mtdﬁanepﬁév diselpyadewhichymakes idifficplt c e

provi des cont exig éé‘é]?bémyﬁetHe'}fag.ﬂt%ts@erav\hteeéﬂatoheuﬁwa% porfoear ed embodi ment,
al  ows the operator t roubl eshoot process problens. On various views of

dat a obj ects i nmaagingful trend.
It would therefore be desirable to provide the capability for displaying

multiple data objects to allow visual comparison of the data objects. It would
20 also be desirable to have a more efficient and proven approach for
automatically obtaining drill-downs without requiring operator filter set-up. it
would be further desirable to have the drill-downs automatically configured
and grouped in meaningful ways to allow the operator to more quickly
understand the root causes of a symptom or trend observed by a live chart
25 or other monitoring object. It would further be desirable to have a tool that
assists the operator in intelligently grouping the data in order to discover
these trends.
Summary Of The Invention

The present invention is a graphical user interface with intelligent drill-
30 down capability. The graphical user interface provides context-sensitive
information which, in the preferred embodiment, allows the operator to
troubleshoot process problems. On various views of data objects in the
graphical user interface, a drill-down mechanism is provided. Data objects
may include lists, tables, charts, or graphics. When the drill-down
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graphical user interface, a drill-down nechanismis provided. Data objects
may include |ists, tables, charts, or graphics. Wen the drill-down Docket
No. 10030300-1 2 mechanismis activated, preferably via a one-step
activation nethod, nore child data objects containing detailed information
about the parent data object are automatically displayed. The data objects
di spl ayed are selected based on the context of the parent data object. In
a preferred enbodi nent, 5 data objects allow data point selection that

operate as fil trﬂéfr,aﬂlgnhb‘éctﬂ/%{éd' prefépgmy \ﬂ@’éan@bues%manaf gkfbalhyre t he
drill-down capabi é I's |1 nplenmente S as many

| evel s as makeschidqa qbﬁcisﬁ@"ﬁ@f’lgl"@ﬁﬁ"ﬁq |ngaﬁgp}l%qqoaf]thgﬁarenﬁgq%? ected data at
hand, and al so gljécure &ﬁ@ﬁ@cél@fﬁpﬁ%cﬂ Nohe cummmaas bisplaygeu aé sdlectethe tree to

anot her Thus, a data obj e th dri,l]l a sidered a
parent data Obj ased gp tﬂet%’" C\I’qﬂthedmtdiﬁiaa"%beﬁ %(p%fle}ré&'?jhéodl Qﬂd“ | I - down
data objectsis @éiélalbjdﬁﬁ atbwadatd poiit &fectuﬁrsthampenne dafilerot) thetdril- Pr ef er abl y,
each child data ?'é‘lh %i%tlf“a(i%Udes a drill-up button to allow the operator to

return to the p%ﬁ bject. In addition, each child data 15 object
may in turn be cons|Pda‘enadlyathpdriIEduwrdraapabimjiseimplementadsascame&:thaﬂ d data

obj ect () | 1 M00G 881 har AU A&k Bofld blidiptls apblichn dscr 1 pt 1 on O

The Draw ngs A nor reciation of I's 1nvention, and many of
the attendant edleeiad dg‘é@thaféfr @aﬁalswllows@eossé%ferenynaﬁﬁaroaﬁtbr% fhe sane

becormes 2@, bet {h%rtrelal@&'%o%éw@lh&yardﬁﬁ‘a&ibﬁ&t:@ntﬁd}mtdenfoabém By detail ed
description when considered in conjunction wt al? o] an ng draw ngs
o B0 AR

in which |ike F@Ts@ﬁ@ﬁ’@%%mas“ieﬁﬂ?fdtétd@" fpun conponent s,

wherein:  FIG dfN-dowridapd &S}edtisQWnQHerad‘é/lcﬁnhwﬂxtﬁfpal%ngdawbbjeal user interface
screen that offers drill-down capa

25 FIG 1 B is Bregrably.sreheiyid datagqba‘i?ﬁﬁ"e'ﬁ? @'9'9‘%1‘?“3‘35 g"c?\gf%’gﬁ’%gﬁ Isﬂ\é\?mn;éon
drill- dovvnddat ao@é?ht.@flfo&tetumﬁ Wpdréntdaﬁgmbfebt)ﬁh ladcmkrreaacmtaﬂadatb ject;. FIG 2A
A R R I
tree di agram i | bbistt(sqifimuoge dath & aviaijlabie tordgll-dowteshi ps for a 30 graphi cal
user interface with drill- dov‘@ri&facs’e%@i !tiiohbfﬁ'HQBiraWn A shared data
A more complete appreciation of this invention, and many of the
attendant advantages thereof, will be readily apparent as the same becomes
20 better understood by reference to the following detailed description when
considered in conjunction with the accompanying drawings in which like
reference symbols indicate the same or similar components, wherein:
FIG. 1A is a plan view of a window of a graphical user interface
screen that offers drill-down capability in accordance with the invention;
25 FIG. 1B is a plan view of a graphical user interface screen showing
drill-down data objects upon drill-down from a parent data object;-
FIG. 2A is a tree diagram illustrating data object relationships for a
graphical user interface that provides simple drill-down capability;
FIG. 2B is a tree diagram illustrating data object relationships for a
30 graphical user interface with drill-down capability showing a shared data
object where each of the parent data objects resides on the same tree level;
FIG. 2C is a tree diagram illustrating data object relationships for a
graphical user interface with drill-down capability showing a shared data
object where each of the parent data objects resides on a different tree level;
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obj ect where each of the parent data objects resides on the sane tree
level; FIG 2Cis atree diagramillustrating data object rel ationships for
a graphical user interface with drill-down capability showi ng a shared
data object where each of the parent data objects resides on a different
tree |l evel; Docket No. 10030300-1 3 FIG 3A is an operational flowchart

illustrating a high-level use nodel of a drill-down button of the
invention; FIG 3B is an operational flowchart illustrating a high-I|evel
use nodel of a netpE 3'%%%ﬁbb&rﬁtu&%ﬂdw%hér{hu@&%%é’élﬂﬁﬁ léMehh‘setrH@de'l nvention; 5
FIG 3Cis an operational flowhart 1llustrating a hAigh-level use nodel of

a drill-up butt¥@ SH-dows buRenefithefventit®s 4 is a bl ock diagram of an

automated tester eng, mahorerEﬁ&alMchmmﬁlst@mg@h@hmﬁ% odgew of a
gr aphi cal user interface mented |n accor dance with the invention for

the aut omated t¥&met ”ﬁée'%ﬁwra@fﬂ?é'ﬁ?“@f appewith thednveptian; | ustrat es four data
obj ects each with leld‘:bOi@‘éﬁop@r@ﬁkﬁfhl mdmhanmhﬁatnﬁﬁah@hmeea@rmé@ anmodal

dlaloglllustratln chi | cts displayed when a data point of a
parent data obj¥ °q'i”|‘1‘pI§I”g$“ gftAh? ‘Q"é’ﬁ'P@ct ed; FIG 5Cis an exanpl e anpdal

di al og il l ustrati ngF#6.chs bdlodtktiagen afcn auﬂdinadécﬁtpktayaﬂnrumﬂénta data poi nt of

a child object inF I E w of a

drill- dovvnJ screen ?‘n‘ %ﬁg%ﬁg?ﬁ;ﬁ&é&gen V'%&Pf at3€%}’§%¥ ugérqﬁ?esép%ayed FIG 6B
is a plan view igilemented ih ackprgance wile thewhventianfor e abtomdteariesiert a obj ects are
di spl ayed; 120 Rl{groffertsf IaIGOh%nchﬁl‘é{r%fes ﬁuﬂ(’idté bbjgawa&%lﬁ\edﬁ"%@ﬂ three

drill-down data objects are displaye Is a plan view of a
drill-down scre@RaW¥n n drill-down data objects are dlsplayed FIG 6E is

a plan view of a drilg. «s@qs«@né%r@ﬁ@a%mdtav@ nmstrétlng@ﬁmﬁ@a@}ec@ obj ects are
di spl ayed at a

e‘iﬁ ) a?} avi ng %‘ button to ‘Bﬁfg next
drill-down obj cttPiayef edeiaga pé’"BP pVP'éWaEﬁwéeCH&”lﬁ' \ﬁ/ﬁekeﬁt?@en when two
drill-down data obfFEzisE iaae egirfié amedal dlaloy ilustrBtingracthiduata@bjectnext button

to displ ay15t he cﬂgﬁ%yed when a data point of a child object in FIG. 5B is selected;

FIG. 6A is a plan view of a drill-down screen when one, drill-down
data object is displayed;

FIG. 6B is a plan view of a drill-down screen when two drill-down data
objects are displayed:; \

20 FIG. 6C is a plan view of a drill-down screen when three drill-down
data objects are displayed;

FIG. 6D is a plan view of a drill-down screen when n drill-down data
objects are displayed;

FIG. 6E is a plan view of a drill-down screen when two drill-down data

25 objects are displayed at a time and having a next button to display the next
drill-down object;

FIG. 6F is a plan view of a drill-down screen when two drill-down data
objects are displayed at a time and having a next button to display the next
drili-down object and a previous button to display the previously displayed

30 drill-down data objects;

FIG. 6G is a plan view of a drill-down screen when two drill-down data
objects are displayed at a time and having a previous button to display the
previously displayed drill-down objects; and
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drill-down object and a previous button to display the previously displayed

30 drill-down data objects; FIG 6Gis a plan view of a drill-down screen
when two drill-down data objects are displayed at a tinme and having a
previ ous button to display the previously displayed drill-down objects;

and Docket No. 10030300-1 4 FIG 7 is a data object tree diagramof an
illustrative enbodi ment of a graphical user interface inplenented in
accordance with the invention. Detail ed Descri pt ion 5 Turni ng now to the

drawi ngs, FIG 1A illusirat .Scree ra er

e face 2 that of faPsr A e fhif vEE Bt ¥n lrsBrnd e B " ¢ e

i nvention. As i gtapbicalassetintetfaee ispregwentedi ivacctrdance wille heamwention. nor e par ent
data objects 1Ca, ..., 1On each of which conprises a collection of data

associated wth one or nore parent attributes, neasurenents, and/or 10
metrics 14a, ..., 14f. In the prefRetailed Despiplioent, a data object 10a, ...,

1 Onis typgcally d'ﬁ%nﬁ%%toﬁhé&ﬁw’fr@é@l@f 1@|IIG§IP&Eéséﬁzrébnwélvhbf‘§ graph, a
pareto chart, etc |t It coul glua y be pl ayed in the form of

a list, a tabl egraphicaiamer intefface Hihakofieprdr stWE&éHa%‘!iY@rﬂcchﬁ%%Fedﬁﬁ ect 1 On,

.., 1 On has %feﬁ%naéredc\ymslﬁatea tﬁeéérbéﬁ vieRWindiRieB dRE 8MndRparent- . 16n. In
the preferred 15 enbodi 16n is

- down nechani sm 16 ,
i npl ement ed as &8t at?@tepﬁﬁ%aa n%QﬂF4°[‘é’WF'ﬁh 8°’H‘PFISFF a&B@ﬁ? gﬁgataa hyperlink, a
keyboar d StrOkeassd@ﬁ@dﬂﬁlthmbfbrEﬁl’éﬂﬁr&h|a&nl§i&ésan1eé$u1ément§rarﬂldﬂer conveni ent

activation _nechani S, 2Ppr opr to the particula raphical user

interface 2° V%ér?’?trfcﬁe4?irl ”O:R | H@gﬁ?&ﬂiegﬁ]%'f“e&g@i{?&’ﬁwﬂ)%} i@% “tata object is

20 activat ed, tHNensdymaatly dlsmayedhraﬂlgé@ntmf adiham(eag afiee gepmearparetbi | d dat a

objects 20a, 2 , 2t a object,

as shown at gparhe&) ai@%ﬁachl P ta o&&g@g ﬁ%@g}? 8% ﬁ'é? az%?hktomrl ses

i nformation 22a CAD, text, ZJmeblsscEmhemrmt d&talomecmﬁ)e or 1émhas dat a poi nts of

the parent data,g ‘f'éatwnﬂ1Q?a v@rrgér?bgﬂgﬁhsghe s il PFesEd €€N view 6
erre Ll|d

was activated. In the p I ment’,” " eac dat a obj ect 20a,
., 20m cdhpri @5@“!@&%%%&6%@ Egchanism e - or16ﬁtﬁ'€\PlﬁmqnéPd@é’t9a poi nts 24a,

., 24f rel at e@uiigh, bienuRamanh dﬂlﬁ@&vrﬂﬂérﬁﬂ E%perﬁ%lh'keyﬂo'aﬂi dfoked data
obj ects are alSOtélca”éptadls played in the form of chart, but may al so

be di spl ayed i n PR & merese Qle data omts or other convenient actlvatlon
mechanism appropriate to the particular graphical user interface 2.

When the drill-down mechanism of a given parent data object is

20 activated, the screen view changes to display one or more child data objects
203, 20b, ..., 20m associated with the given parent data object, as shown at
6in FIG. 1B. Each child data object 204, ..., 20m comprises information
223, ..., 22m associated with the one or more data points of the parent data
object 10a, 10n from which the drill-down screen view 6 was activated. In

25 the preferred embodiment, each child data object 20a, ..., 20m comprises
data associated with one or more child data points 24a, ..., 24f related to the
parent data point(s). Again, the child data objects are also typically
displayed in the form of a chart, but may also be displayed in the form of a
list, a table, a CAD drawing, text, or graphics. Each drill-down view

30 preferably includes some sort of drill-up mechanism 26a. In the preferred
embodiment, the parent data object 10a of the drill-down data objects 20a,

., 20m is displayed simultaneously with the drill-down data objects 20a, ...,

20m and the drill-up mechanism 26a is implemented as a drill-up button.
The drill-up mechanism 26, when activated, returns the screen view to the
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list, a table, a CAD drawing, text, or graphics. Each drill-down view 30
preferably includes sone sort of drill-up mechanism26a. In the preferred
enbodi ment, the parent data object 10a of the drill-down data objects 20a,

, 20mis displayed sinmultaneously with the drill-down data objects 20a,
... , 20mand the drill-up nechanism 26a is inplenented as a drill-up
button. The drill-up nechani sm 26, when activated, returns the screen view
to the Docket No. 10030300- 155 screen view 4 fromwhich the drill-down

screen 6 was inyoked . T i1 - mechani sm | ternatively be
I npl ement ed as égﬁgﬁ‘a“ﬂ? grr%gﬁ{‘ﬁk'gh %gidf'ﬁg\ﬁ@aﬂg%églgs g’g%egetr?ﬁ?ﬁﬁﬁ u_% keyboar d
stroke, or ot hemechaniasm2eénmaneltérvatively he implemeanted as apenojieman @dtilb t he

ticul ' Lader f ' ' dri |l -down
P apabi i 1y oy BoEmel Sl nypBiAE efodary Skt drbuh s Bhentaetfath | IO
exanpl e, a gi vefMeshlisne aprrerriaigtp t'P%Pﬂ]’tlcqlqr§éﬂpg'cﬁbiséb'me§’é§¢ #g additional data

related to ene or nofig peYidi&ltndedrit-eNnitaparilty May Bé ¥@Bndedidegoridid @ obj ect 20a,
, 20m If so,. t ' data o have associ at ed

he child bject 20a, ..., 20m may
withit its ownS'BQIFIpP[eGB&Wdﬁ%IEtI'P&ﬁ?'é'NF Fegxample, ag'vmae%'ﬁ?t'qmw%e%en
activat ed, chanpssf tb balestrigeRiditivha\dataeldiedd e SHiGord !‘c?ilwdaﬁa p@rﬁtg _bt@t OWI;0
associ ated chil d da opj.ect s n th.s se, t | a obj ec a,
..., 20m oper at g'ge%éﬁegfb’t? %’efﬁ?(#ad“d?tog" gﬁ % HE CF&‘] %’Ra 8%88%?‘-'% nmechani sm
whi ch returns tRemwiaykhaveassoeiatecivethrit itsiowwdniﬂ-desnpaTm‘rﬁm ded,a.obj ect &hOah
.., 1 On nd ' | ' | sm whi c
15 change)s 1?he gnggﬂaf/\lﬁgév{/‘ %%Léﬁ@\%h?%s'%% Qﬂvﬁé&v{%d@)s%%%g@?ﬁ{&?%ren)' The
hi erarchy of papiistowstasseciated shiidgataabjsstsndy thisoease the child data obissy | evel s as
appropriate L0 bhe aPfhi Gitkatedlas VR ARHRS dofa chieRIAHFLuAIANOhRRSH OPeral es
as a child data object, it always includes a“drill-up mechanismto allow
the operator tWhicefeivis the vievetodheseresroriewaf itstparant dats objeet \at ed. Li kewi se,
20 whenever a du@rglaaaslga%aréf\t@aaes;rectgwaamﬁ?@@w.ﬁ?cﬁghgmw%a object, it

always includes a drill-down nmechanismto al t he operator to viewits
associ at ed 5 chi FRfNgst Weskieee view)to shayethe sata abjects ofiits PhildERMNThechani sm on a

given data obj Rietar¢iy\of Parehiseild FefatioRsHigrhay ddnBhuebh addady 1I8RM afdri | | - down
data is avail abl e fJo Fl ree di agram 50

illustrating daf®P"oy aéecttPQ'?ete?p}m’agir‘c?t% S"TW ag?s%&éﬂa‘?ﬁt% ahiectOBFTaISHt er f ace t hat
provi des si npl easla ichild-datensbjecs Hodivayistinclud@s a drill-up mechanism to allow the
operator to return to the view from which it was activated. Likewise,

20 whenever a displayed data object operates as a parent data object, it always
includes a drill-down mechanism to allow the operator to view its associated
child data object(s). The lack of a drill-down mechanism on a given data
object may be used to indicate that no additional drill-down data is available
for that object.

25 FIG. 2A is a tree diagram 50 illustrating data object relationships for a
graphical user interface that provides simple drill-down capability. As
illustrated, a given data object 52 with drill-down capability at a given level in
the tree has one or more associated child data objects 54a, 54b, ..., 54n ata
next lower level in the tree. Each data object 54a, 54b, ..., 54n in the next

30 level of the tree may have one or more of its own associated child data
objects 56a, 56b, ..., 56¢; 56d, 56e, ..., 56f; and 56g, 56h, ..., 56i,
respectively, in a next lower level of the tree. Each data object 564, ..., 56i
in this next lower level of the tree may have one or more of its own
associated child data objects in a next lower level of the tree, and so on until
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il lustrated, a given data object 52 with drill-down capability at a given
level in the tree has one or nore associated child data objects 54a, 54b,
., 54n at a next lower level in the tree. Each data object 54a, 54b,
..., 54n in the next 30 level of the tree may have one or nore of its own
associated child data objects 56a, 56b, ..., 56c¢; 56d, 56e, ..., 56f; and
56g, 56h, ..., 56i, respectively, in a next lower |level of the tree. Each

data object 56a, ..., 56i in this next |ower level of the tree may have

one or nore of | ower | evel
of the tree, E soéb\éweﬂﬁ?é%%g{ EQO%EQTB{@%%%%“@\@ éftthgtrﬁel ggfﬁaeyed dat a

obj ect is posi t emhe@iment shewn inoTles 2A| eagla phigrdatapbigct Bas oniya BiRg® enmbodi ment

shown in FIG 28.reRfifdia %]éétdTQ@E%bQ@M@ﬁﬁallms@ﬁbleytra%kﬁg Btlh@ret@fﬁr ent data
object. This enbodi nent allows smg_’letrac of th H’g path for the
Faveeny 7%

drill-up nmechanPath %r.t%@r"'wyma%{xaa' bﬁ"@@tanlég?fa Biget BA arent |ink.
In sone i nsgancggrenum\kor mation in a part I cul ar dat a obj ect may be related
to information In ngrethan one i.s the gase, then in

the sinple tree di Paﬂﬁ“ﬁm@""%'“?‘t'ﬁ‘é?%tPﬁpém%{'Ff ‘Eﬁi‘? QOIBH M Py be
dupl i cated so t hadted to infasmdtion iredoreaharf drerdatsigect histhisds thepasethen FI GS. 2B 10

and 2C|Ilustrate re ctive da | r i ' di agr am nodel s
60" and 70 thar 05 ‘ﬁ%%"t“%?&g‘a a‘h&ﬂ%"e’%ﬁ"agﬁaﬁpﬂ’@g?%%?beFl G 2B
illustrates a deplicated sothat henay be eeagbedhinarn mpreathph aneparest. G1G3laBa obj ect s
62, 64a, 64p, 66y C‘ﬁ@@trat@ pecgﬁgdft@@ﬁpcﬁ@@t:(ﬁ@f]ms%@Eﬁg@nﬂﬁ&@él§6@ ar data

Obj ect 66d 1s disp fromone two possi bl e parent

dat a obj ects 64and ég\é"abﬁvol@hﬁt!fp@)&fdﬂ?@ﬁ@ﬁ duglication. | F{GEZRSllustiades ach of t he

parent data obj ggétonBfithe tr@éboﬂfavmganufdn@roedatdabjact@bzewa &fidee£si de on the
same tree | evel . However, lustrates a

tree model 70 h&6PrR§CHod) @ﬁeala"q 96f W?er?iétpamﬁtﬂ?réjéfas“?eft 6%1'3 dlsp@%ec! 76a, 76b,
76c, 76d, and 7Gmeraniied dolvh fr@fhrdh@tof miuaﬁoasnalbjpatanwaiaoﬁa@ls 84@ 6ab oa shar ed

cat a_ob] oot 40 R Ie W ST, BB R B et BBl 0 L
graphi cal user it shafeticiatadbfert 86direside od thersamedifeaneve tidwevar, thid a obj ect
o™ o PRAE BRI L R o D obs e Bhod Rl bt o1 . e
of data objects 72, 74a, 74b, 76a,76b, 76¢, 76d, and 76e where the parent
data objects 72 and 74a of a shared data object 74b reside on different tree
20 levels.
Turning now to the operation of the invention, FIG. 3A describes the
actions taken by a graphical user interface when a drill-down mechanism of
a data object (such as drill-down mechanism 16a in data object 10a of FIG.
1A) is activated. As illustrated, the method 80 monitors the activation of the
25 drill-down mechanism in step 81. As long as the drill-down mechanism is
not activated, the method 80 continues to monitor activation of the drill-down
mechanism. When the drill-down mechanism is activated (for example, in a
one-step-activation method such as a mouse point-and-click action on a
selectable data point or on the drill-down mechanism 16a of data object
30 10a), the method 80 determines in step 82 whether any child data objects
exist for the selected data object associated with the drill-down mechanism
(for example by performing a child data object look-up in a data object tree
such as those shown in FIGS. 2A-2C). If the selected data object does not
have any associated child data objects, the method 80 returns to monitoring
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25 drill-down nmechanismin step 81. As long as the drill-down nechanismis
not activated, the nmethod 80 continues to nonitor activation of the

drill-down nechanism Wen the drill-down nechanismis activated (for
exanple, in a one-step-activation nethod such as a nouse point-and-click
action on a selectable data point or on the drill-down nechani sm 16a of

data object 30 10a), the nethod 80 determnes in step 82 whether any child
data objects exist for the selected data object associated with the

drill-down maCh%@ﬁv%gbn éﬁctﬁ’é AR rﬁ%@%n@ﬁ\rwﬁ %Hbﬁlg(@eﬁrﬂbilfngéﬁlﬁd&m ect

| ook-up in a data object tree such as those shown in If the
sel ected data om@b@m@mé@a iscrrovidashin therppress yisw of asivepsiataPrhipst i thep; ect s, the

met hod 80 retUfgﬁlemaﬁ%jécpéde%om%%y&&oc.&@@%ﬂ@&t&o&e&@tamatlon of the

drill-down nechanismin st (] 6% nechani sm 16a
i s provided in tifse 9@r%%82\/mé30\}’%?k%996 Vdhe ?Céedoﬁt%etfje?tim??@avegl ven data
obj ect does snot ab@d&tﬁﬂ}hﬂﬁﬂﬁﬁ@bﬁé&ﬁdthémdtI@dM'[lﬂol@tmpe!@é child aath objdeter ef ore step

Chi 10 data oby od wep Bielnifk Rels s SelBlRf Hetttnfif et Mol ot i 1ot ep
83. In the pref aupmmitsdénddidiiaheatd poitreelegtiapthy thabperster. Inribiecasecthe supports

i ndi vi dual data i nt eI ecti ' ase, the

sel ection of an SE@&W aar“dy%%a' ‘g% él{]&ff@on%?%ee%tg{i %t%ggﬁéaat a obj ect

aut omati cal | y aautonwtiesly ehiivatbsithe drdledownmeedhanismiie pbtaiolselavant elildevant chil d
10 data objgcts (g do%ﬁalc sn&tﬂﬁ\g'atﬁuﬂaﬁdn ridHaficRPleBRc RARE bibGed Gathhe sel ect ed

data point. Accor er Interface supports data
poi nt  sel ect i onpolny Amfdﬂw éﬂhﬂgramwmﬁﬂfhﬁﬁf&%wm&é@ rRidt ep 84 for

determ ning whe Efé@lronaoyﬁﬁé %ée%{blafheqﬁétﬁod)éb NEluAERSa $6 %F&@ete}nfumﬁg data poi nt
is selected, the obtains the data associated with t sel ect ed

data point for t"ﬂ@thfsa@H”‘P'éiarcfﬁ’tt%l’qyﬁj"@ét%'eFﬁdsléﬂa@?%ﬂs thledn aghé t he parent
and child data ohdtesd 80 dblainsthe defa aB<ocidRyd wmmulsélectea datbepommpmecal user

R S W T A TN S W NN e
the parent and chitégisrasypdeiijiteitthe graphical sseepteface a&bsﬁioesup’wrtdescr i bes the
s e P38 Ao Ao, TR SHAEES e Do Bs B o 2, oL
nonitors the selohid data objbcta indsi¢@8Handdisplays shecgarérit and child data objects in
a step 87.
20 FIG. 3B describes the actions taken by the graphical user interface
which supports data point selection when a data point is selected. As
illustrated, the method 90 monitors the selection of a data point in step 91.
Selection of the data point may be implemented as a mouse point and click
on the data point shown on the screen, a button, a file menu item, a
25 keyboard stroke, or any other appropriate data point selection means. Ifa
non-selected data point is selected, the method 90 highlights the newly
selected data point on the display in step 92 and removes the highlight of the
previously selected data point (if it exists) on the display in step 93. The
method 90 then obtains the data associated with the newly selected data
30 point for the child data objects in step 94 and refreshes the child data objects
in a step 95.
FIG. 3C describes the actions taken by the graphical user interface
when a drill-up mechanism of a child data object (for example, driil-up
mechanism 26a in child data object 20a of FIG. 1B) is activated. As
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Sel ection of the data point may be inplenented as a nouse point and click
on the data point shown on the screen, a button, a file nenu item a 25
keyboard stroke, or any other appropriate data point selection neans. If a
non-sel ected data point is selected, the nethod 90 highlights the newy

sel ected data point on the display in step 92 and renoves the highlight of
the previously selected data point (if it exists) on the display in step
93. The nethod 90 then obtains the data associ at ed mﬁth the newly sel ected

dat a obj cots i flustalf meingF b maRkGELR Al TR o f e REURRRRTE, (R
graphi cal user istepd®7f &lpen avtivatioreofdhe drill-uppnenbeiismi tbermslhoa 9hemavegat a obj ect
< activared, advsi Boe RBECATIS e RBah utinlshe Birdy lefblect i 0T o6 & 1 P
monitors the aclsib{ﬂwsl(tﬁh toe parent dhta ohieaip chiscdaimobienth in sferpP.97. Upon

activation gf the drgdy umhltpatﬁgfﬂﬂeée%”%veid?ﬁnmw'@gpe%ﬁc %Sﬁﬂé!% offfee child data
object(s) in step 98 and displa arent data \& si bl i ngs

(i.e., the pareftveaiananypghste: @eehmPafa@a'F%! U§B), IREEReS) 'tr‘iq{"@f’}é’B 99. 5 For
illustrative purcwny fok€hatted Bata@va ﬁtatls'ucarpas‘defas SontrBldpphictib®forah t he

I nvention, namel t he qgraphj e ace vm h drill-down
capability for @ﬁ@ g"ﬂ“ﬁgfre?"ivﬁonén%f a(g? g’f‘ﬁwé‘é”ﬁ“ﬁ h’@?ge‘;cﬁﬁmm USPBh! i cati on
for an aut onat edtotratddaesten \perfernmeanibus @sts lon @evicesin bhesmmweed testing

I ndustry, uto tes erf S i In an

assenbl y I| g&i@?tY?{&Lg{%P?‘gﬁ@gW&% ?tgﬁg%tss??e 03 ?q E?’ﬁ&%éﬁ are collected
from each deV| deviemahdcerlaiatians andsstatisticssratmade availakle abom de @lledtédhbl e about

the collected i géwéé%‘{% sto? fh%§s% EﬂculﬁﬂﬁéEnfﬁét&ﬂé%@ﬁﬁ@trﬁ%%t&f ati stics

may be transl at 0 use cha areto charts
whi ch al | ow t he intogsafidlicharts suchias liag graphicandparete ehadts whichtaliew et r i but es and

neasurements. %ﬁ%ﬁ%‘?%l%ll?&bt&&%eﬁ&?h kieBttiBltes Sr%erﬁ@as%raﬁén?s may be

sufficient for rat or engi neers to determne if changes

need to be 'fade Dependi m@e@a@lcawtm@ha@ﬁm@s spicipatder th?—l@%@’éf |n many

i nstances, det eg} biier éhg’irfe@%% dét@m‘iﬁ@lf Ehén‘@&s ﬁée@iﬁo b8 m%dbﬂﬂﬁe ARRESO
process. In these cases, additional infornmation about the coll ect ed dat a

may be useful t@"RNER ChéﬂQﬁsd? make davevendn pany lgﬁtg@qfanie}qu@g Bte8dnted in
ot her visually ustaéfitst §i0p Mad BnygWiébugging BrocEsitin these cases, additional

information about the collected data may be useful to know, and/or the data

20 collected may be presented in other visually useful formats with or without
data filtering. For example, it may be useful, upon viewing a chart, to view
charts of attributes, measurements, and/or metrics collected from individual
test stations to determine whether the source of the problem is a single or
few test stations. It may also be useful to view charts illustrating the

25 attributes, measurements, and/or metrics of individual devices that were
tested. Furthermore, it may be useful to view charts that illustrate a single
attribute, measurement, and/or metric taken across the run of devices tested
to determine whether that attribute, measurement, and/or metric contributes
to the trend is the cause of the trend. There are many possibilities for

30 displaying useful information, and it should be understood that the format
and parameters for display will vary from application to application.

FIG. 4 is a high-level block diagram of an automated tester

environment 100. As illustrated, the automated tester environment 100
includes one or more test stations 102a, 102b, ..., 102i, which collect data
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data filtering. For exanple, it may be useful, upon viewing a chart, to
view charts of attributes, neasurenents, and/or netrics collected from

i ndi vidual test stations to determ ne whether the source of the problemis
a single or fewtest stations. It may al so be useful to view charts
illustrating the 25 attributes, neasurenents, and/or netrics of individual
devices that were tested. Furthernore, it nmay be useful to view charts
that illustrate a single attribute, neasurenent, and/or netric taken

across the run ofgadeiages , 1@FbRdeviéed Lﬁh@éﬁéiﬂ rﬁtﬂs%ﬁi hwstaﬂsﬁéau a:totcéssbute
measur enent, and/ or mg= él C CO%” but es d Y use of the
trend. There ar cOREPN %) NSk ffeé:§"’?%¥es (%nng L]Q ﬁformatl on,
and it shoul d beestistatiosd 102d, 10281 . theanbozu mates ntanmd rrmrlicavremﬁareném di spl ay
will vary from appli toa i jQn,. 4 i h-1eyel bl ock

di agram of an adﬁ@ ['33 ng%f?%qﬁs (H(Fﬁﬁgﬁﬁh?nti&? %Pﬁ Ee t he

aut omat ed t est erwithithe EBGrserver 101Cto retrieleudiesant fest data ndrx . te1$)t7] stations 102a,
102b, ..., 102i, whi é\fgg 0 103b,
..., 103i on deV| cesﬁ‘tr}rr]l%g e?estq% [’Bﬁﬁgﬁ% Cliet %érldapgjﬁrﬂ]g%%ss control
(SPC) server 104 sesgioh with thecSC skrivel 1063WhenBHSPC serveriP3iredaivemneive  t est

stations 102a, lfigb103a; 1oab102hoﬁ%mswse§tat.an 1d@aa1cffsrmr>rozmﬁesﬁ@e or nore
statistical process control (SPC) clients 106a comuni cate 5

with the SPC serSgafer 1%59("8513&913?%9%01"@%P\)%ﬁ'te”f%%sﬁma%tﬂ35103107'a11011t971 In the
pL ef g;) E: ed embodlluamwheaﬁéw&?&mh eodb, 10683 fﬂa@rﬁihehéﬂt&ﬂaﬁérﬁﬁ&a%@ffggl Onl\é\né; h
t he server en rver recej new data a

..., 103 from at Q& is@v a'iaib§n§§5§§% '%Sjy%le f@éﬁtﬁ AR MEPOING e ver 104
sends a nessage that pakieulSRestaldtionthengesd QQSertholiﬁeSPC servet 1040 to 10 indicate
t hat new data 10 t he t 102b, ...

| 102i is avail agf‘é“’e ﬁ%ﬁge@@a&f, g"ﬁﬁ‘%‘{'“ rﬂfB gw éaﬁaS) m%ad?ghat ?@aéorrmni toring
that particul ar Ltpeell!ngstsaﬁsptamedﬁa}a\lr‘s'enadsaorqgrepiycal osérfigerBRE 196aver 104 to
retrieve thg new gjata (if interested in the new data) 107a, 107b, ..., 107i
for updating |ts di spl ayed data in its session graphical user interface 11
Ca, 15 11 0j. FIG 5HGROwEows aeereemview 330 afzorephical yseriterdade 108ar interface
11 Ga, 11 Q rbﬂﬂgy'ﬂgmg‘o@a EI'iénF'ﬁ?ﬁa in tﬂr@%tOth&%t&%ﬁQ%‘&%&%@Ster

envi ronment 100 ted, the screen view conprises a
Wi ndow 122 wit h ®FIG. 4. As illustrated, the screen V|ew120 comprises a window 122 with a

title bar 124, a main menu bar 126, a toolbar 128, a view list 130, view

20 summary information 132, four pre-defined tabs (Pre-Repair Quality 141,
Post-Repair Quality 142, Throughput 143, and False Calls 144), and a status
bar 134.

The title bar 124 displays the application name and/or other useful
identifying information such as the name of the test stage.

25 In the illustrative embodiment, the main menu bar 126 displays drop-
down menus File 127a, Stage 127b, Views 127c, Tools 127d, and Help
127e. The File menu 127 includes menu items that allow the operator to
perform file operations (open, save, etc.). The Stage menu 127b allows the
operator to set the test stage (x-ray inspection, optical inspection, etc.). The

30 Views menu 127¢ includes menu items that allow the operator to invoke
dialogs to create a new view or edit a saved view. The Tools menu 127d is
for menu items such as displaying even logs and configuring the display
options. The Help menu 127e includes menu items for accessing the help
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title bar 124, a main nenu bar 126, a tool bar 128, a view list 130, view 20
summary information 132, four pre-defined tabs (Pre-Repair Quality 141,
Post-Repair Quality 142, Throughput 143, and False Calls 144), and a status
bar 134. The title bar 124 displays the application nanme and/or other

useful identifying information such as the name of the test stage. 25 In
the illustrative enbodi nent, the main nenu bar 126 displays drop- down
menus File 127a, Stage 127b, Views 127c, Tools 127d, and Help 127e. The

File menu 127 i pelovfiegrdBiiel ddeerfab@bnddibmyind ae epesmuesiohofthper form fil e
operations (open, save, etc.). The Stage nmenu 127b allows the operator to

set the test st@a@ehicusaintefaection, optical inspection, etc.). The 30
Views menu 127c i nclmwdasolsernas displags butahs for thewndsh eoropenigised menu nvoke

di al ogs to create a. new view or edi e | Tool s nenu 127d is
for nenu itens 5%?1'”39‘38'?°Bi§’l°ﬁ’9i"he@u§b%%’Iﬁ%bsq%cdqé\%dnﬁ?gemi ng the display
options. The Hel p nelhe viedviat il 3cis adiesp-dewrulist dfaosfiured vewsesfdatey t he hel p

Docket No. 10030300, 10,LILE, 0fc B Al DB iokcifked 8 LS 200

di spl ayi ng the VErsion aphical user interface. The
t ool bar 128 di sfotbas 128i0rt fronsthidiewstiroprdewn menumd2icy Theaigwiish1B0istens in the

dr op- down nenus , ! L i ' i 130 is a
dr op-down | i st 8%%%%?’:%‘%5&%&@%‘3 éja%rgléﬁfr "E&éﬁ%‘f‘%&%‘ te(\:Ir%e’ve{%gd using a
Create View W zaB@idéependiosdhepselactesl staden Eachyiewan thex@udist 130mMsEe Vi ews

drop-down nmpnu 124Gl E{fﬁY‘érﬁétéFs tHe? QefefminEPRKiEX Hatd @BjS L WitEappE®ani ng t hat
the particular views included in the viewljist 130 de%?cgjd n the sel ected
stage. Each vi el the viewangingy the data isdifend forgispiry inyeach dala DIect et of

paraneters that det erysvigassiutirnad irfiéiation ] SXdisplays/sumarpeiaformationt he vi ew and
how the data is filtered for display in each data L,ect.. e _Vview summary
i nf or mati on 1323[']‘?‘&9?%%'658’ 4iv Pﬂﬁﬁecﬁ‘f“u%tﬁgbﬁ@aﬁﬁgﬁt ly sel ected
view, and the sirdbroaatibafor hadpdicapbrayis tret ibustrativel enfoodimeent, die fiew t he
application, In_the il. i 48 ' o i B SHADES,

i nf or mat i on®132 Sng]aHdé@ﬁéét%ég\é?fn%@g%g?%lﬁue&nzbgtth\aé c\sa}%eelv?w’?nc u |ang a list
of the test st afistafitheftess stafibisciron whigh dstadotallectedandadeseripiondfthet i on of the

devi ce under tegbyicdfhet Bt ShAHESAN bat 344 isHiRysHE nhh6 o REBP&htot, e

operator, )
the date and time of the last screen refresh, the refresh interval, and the

current time.

20 In the illustrative embodiment, there are four pre-defined tabs: Pre-
Repair Quality 141, Post-Repair Quality 142, Throughput 143, and False
Calls 144. The Pre-Repair Quality tab 141 includes charts that illustrate the
pre-repair yield, the pre-repair DPMO, the pre-repair top failing defects, and
the pre-repair top-failing components. The Post-Repair Quality tab 142

25 includes charts that illustrate the post-repair yield, the post-repair DPMO, the
post-repair top failing defects, and the post-repair top-failing components. .
The Throughput tab 143 includes charts that illustrate the number of boards
tested, number of boards repaired, and number of boards completed The
False Calls tab 144includes charts that illustrate the ratio of false to total

30 calls, the false DPMO, the top false called algorithms, and the top false
components.

Each tab 141, 142, 143, 144 contains one or more data objects. In

the iflustrative embodiment, each tab includes up to four data objects 156a,
156b, 156¢, 156d due to screen size constraints. The data objects 156a,
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the date and tine of the | ast screen refresh, the refresh interval, and the
current time. 20 In the illustrative enbodi nent, there are four pre-defined
tabs: Pre- Repair Quality 141, Post-Repair Quality 142, Throughput 143, and
False Calls 144. The Pre-Repair Quality tab 141 includes charts that
illustrate the pre-repair yield, the pre-repair DPMO the pre-repair top
failing defects, and the pre-repair top-failing conponents. The
Post-Repair Quality tab 142 25 i ncludes charts that illustrate the

post-repair vyiel i ng
defects, and the%B%gt%g?g‘gg ?re 'gfb f%%mha&?%c?ﬁag%ﬁ&ﬁpe%\[?ﬂ{@ﬁ%tgdughput tab
143 i ncl udes chatatas anheachiis tisayedtiea reseestivebenarat paosif1882, 168t ed, nunber of
boar ds repaired, gEId| nber of boards conpleted The False Calls tab

144i ncl udes charts that illustrate the ratio of false to total 30 calls,
the fal se DPMO, the Thspsreaifie sharigithas felangen eadhriad argre@nienisengtverandse

conponents. sEaChhéra#arelAAvas’etwéé’rSsta 4|§met|@gmw@emb@alm@ﬁr thed@ita obj ects.
In the illustrative enbodi nent, eac ab incl udes data objects

D
156a, 156b, 156%9pat%ahtut?@ o '%sﬂoweﬁs§¢'2@te¢;oﬁ%tlv%tfatfdstheﬁt%%&atlé obj ect s
156a, Docket No.qusRR38300- .Acladtestéﬁlaanéé%sa ﬁaﬁdwscewefm biwn formof charts

generated fromrel evant colle each 1.s dIfS Iaﬂa%el n a
respective separdéﬁpgyﬁ’aﬁéqatal%%{;”ﬁ%ﬁsw 1%&501569538‘6 f?*ﬁ’é%%% Rharts that
bel ong on each tdak dbject 6583 €38b, $5m§ﬂ56d\4ﬁsa§§b0|diedd'tm¥d%fmroepmyy vary between

stages. In the ill st ativ, Repayj r Ity tab 141 is
shown as sel’ ect 'C% t|e| qr?fe'tr?cgb@goﬁ lf—’tnéo ?58%’3?? b&%ﬁ%ﬁ %y& dh 141 incl udes
four panels 155aj,omm5ﬁtbon 158ac158b5Hlc, mdhardilaatqnas;eelagtaaledMaapmmi}sect 1564,

156b, 156c¢, 156 r C t 156a, 156b,
156¢, 156d has g"é'{gg‘c% @ﬁgét%gﬂe?ﬁ%omﬁéatssgafsgg ?9%% gﬁhl n the preferred
enbodi nent, is |mq:fb£eedaemb®irbmthhersaeet]bane&ired\rqdlﬂfererdmmhdﬂatﬂnron 158a, 158b,
158c, 158d, and ta obj ect
156a, 156b, 1560a% &gggamﬁﬁﬂﬁé& H%fﬁ“pﬁétmosthe%é&b&e%n@%ggﬂnent t here
are therefotse tatien f38a #5fb, ﬂrﬁﬁchbiﬁﬁ Q‘férpan%tdﬁﬁaﬁéﬁﬁbtd%%ﬂﬁﬁd Me¥Aeaction. In
the i1t Mt NOdeddli 15 BAREEIdh Ao iahl rfifbSecbRa HeticRNla afiuarkah. 158¢.

158d of a panel 155a, 155b, 155c, may
point in the data object may be selected to actlvate drill-down. Selection

may be achieved by pointing to and clicking the button or data point, a file
menu item, a hyperlink, a keyboard stroke, or other commonly known user

20 input means. In the preferred embodiment, activation of the drill-down
mechanism is achieved in a one-step activation method such as a mouse
point-and-click action on a selectable drill-down button or selectable data
point. Once a drill-down mechanism has been activated, any drill-down (also
called “child”) data objects associated with the data object from which the

25 drill-down mechanism was invoked (also called “parent’ data object) are
displayed. In the preferred embodiment, the drill-down data objects are
displayed as an amodal dialog in a pop-up window. In alternative
embodiments, the drill-down data objects may be displayed within the
selected tab 141, 142, 143, 144, or may replace the displayed information in

30 the window of the parent data object screen view.

In the dialog that displays the drill-down data objects, the content of
the parent data object is preferably also displayed to allow for same-screen
comparison with its drill-down data objects. FIGS. 6A, 6B, 6C, 6D, 6E, 6F,
and 6G variously show the preferred layout of the data objects for drill-downs
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selected to activate drill-down, and in the second nethod, a particular
data point in the data object nmay be selected to activate drill-down.

Sel ection may be achieved by pointing to and clicking the button or data
point, a file menu item a hyperlink, a keyboard stroke, or other conmonly
known user 20 input neans. In the preferred enbodi nent, activation of the

drill-down nechanismis achieved in a one-step activation nethod such as a
nouse point-and-click action on a selectable drill-down button or

sel ectabl e data 0| nt n een activated, any
drill-down (al SW' q}%‘hlaf‘ﬁ'") gfﬁa‘fﬂét%aﬁfhé%%(3§ﬁ%lds§8t8. gecg \?\}gt h the data

9bj ect f rom whi g’_mvinhm eabh thybutlthedcontentrefthe parent datesolijent 482 @ preferablycal | ed
parent” data OE%@?%e)d e tog'hgm ?t%g QOp- gvﬁrﬁgwplraﬁg elghs i sBELRBY Qﬁé‘t the

drill-down data Ccts are s an anodal dialog in pop- up
wi ndow. | n al t etheahildren d&ta’gbjdctﬁéﬂ‘& 5186tﬁ5@ 190 are displavecibgiow. o‘b?é*&?c“@ may be

displayed w thip dag Bﬁ%begﬁoeﬁ%td%g té-ég'eenlﬁz')e cohdtPaintd HmaBfufBdf trépl ace the

di spl ayed information in 3 w ndow of the parent data ohject screen
view. In the di ehiggataepject %’BPE%F%’GQ’VIG'SH?YQ"I&*G&W? PANg SGI5BBc L, the content

of the parent gdgj&, @Nifsd apprediited PaARE khaﬂlhﬁﬁw ﬁurﬁ&ér@yamuum@uémw for

sanme-screen conparison with its drill-down data Oogl I A 613,

6C, 6D, 6E, 6F, dispiayedaid datp ghierty "?H&WHPMQU'BP%&%’PF iﬂ%‘&tgr iBhe dat a
ObJ( ects for ﬂrl héﬁdﬁéﬁ&eﬁlﬁﬁliﬁ@ﬁod\@bjebﬂ@ﬁ&a%néoﬂﬂe\MeW@r‘S)aml,ltytom three, and
n (greater than t e), chi a, obje h | out the
content of ®he ﬁ?ﬂ‘{? g'&?ﬂ'ﬁ‘é{ﬂbeo?o get"t'i%‘f ﬁgﬁ%?ﬁéjrd}ﬁ ecé% ﬁgflere} 'ﬁ% the top
hal f of the popthie otiilddety ob2dt, 1843086, 1883080 ark80de displayechen aiei | dren dat a

obj ects 184, 186 90 are dj.s | GS. 6A, 613,
and 6C, due to SE‘%&QWGB 5?‘8“’88}1% gé)%ggogﬁér@%% re?%}gwlrnglghgs | d data
obj ects are pretenibaryiodi(sitiealyaritontal & showe, arverindl) tocilew any n]imbamtlr se, it

Sl 0 Gar oPe e B el Biedd R HEUCEN. HTRE LrBlab i LaAN Gant, ) 5P 2V ed

child data obj e& e an ropri user
interface appli obuectornll B@bﬂmdatﬁmlmeﬂﬂwan@mawgwmlm Wat@tﬁaﬂl ty to 10

confortably vi e‘OfgW(;bestu(BQ&to?me a%llag)%céﬁll@fiatyas eEtQ'aE‘aeQﬂ'Fnﬂe@ gets. If nore

than three chil a objects 184 are to be displayed, in
one enbodi ment OEWGWﬁS‘FIQCtF’P@POSStDn of the %§6}H-béb1% HGHW e@abyea fiMPre nci udes a

ﬁﬁﬁgu ) 2? r 192 4inlthyBE chifkfdafPiYjctts P61, 386 WBS, 180 a¥efolteiplayk® idl | ow any

another embodiment shown in FIGS. 6E, 6F, and 6G, the pop-up window

20 180e (shown in FIG. 6E) displays a subset 184, 182 of the data objects and
preferably includes a Next button 194 which when selected causes at least
one 184 of the displayed child data objects to be removed from the display
and at least one additional child data object 186 to be displayed. If there
exist at least one additional child data object 190 that has not yet been

25 displayed, the pop-up window 180f (shown in FIG. 6F) which displays the at
least one additional child data object 188 includes a Next button 194 and a
Previous button 196. The Next button 194, when selected, causes at least
one 186 of the displayed child data objects to be removed from the display
and at least one more additional child data object 190 to be displayed. The

30 Prev button 196, when selected, causes the immediate previously displayed
child data objects 184, 186 to be displayed. When a pop-up window 180g
displays the last child data object 190, the window 180g (shown in FIG. 6G)
includes only a Prev button 196 to redisplay the immediate previously
displayed child data objects 186, 188.
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child data objects to be displayed. In this enbodinent, each child data 15
object will be of a predeterm ned size and at any given tinme an operator
can view a subset of the available child data objects as determ ned by the
operat or-sel ect abl e position of the scroll bar 192. In the alternative, if
nore than three child data objects 184, 186, 188, 190 are to be displ ayed,
I n another enbodi nent shown in FIGS. 6E, 6F, and 6G the pop-up w ndow 20
180e (shown in FIG 6E) displays a subset 184, 182 of the data objects and

preferably includes a Next b tt at | east
one 184 of the di spl%ﬁ’@'ﬂ'“&ﬁ?? a‘?a& Gﬂr\(\égé%g ngbo eﬁr%%’/qg%s@rom e di spl ay
and at | east onegpjaétditbénrabb, abed, dsetaafantedepmptecumsﬁtm@cmm(lgplﬂwed. If there

exi st at |east addi tj onal t t b

25 di spl ayed, ??6?88%9 m)d VTG SW Qélrégﬁt) %s‘%gﬁ#‘r&%yﬁﬁ%ﬁd%@@ﬁﬁckngl s%leaysete Ee
at |east one addntntwlamaaned:h5ﬂacﬂl$lxh6tyaa(ﬂa}mecl@awmmed@ré@f@ iRegraPhut t on 194

and a  Previ ous udig J&%Ttgglg@yl&ﬁ)é%tam%B@é}tlﬁ%‘tnuﬁ%@%f§<§J|é%‘§tuﬁger causes at

| east one data objects to be renmoved fromthe

di spl ay and at tqsé&i-ﬂ&bﬂ@t ms@némtetsnoﬁane'éﬁ?tr disrlaxs 4% Riect188P t o be
di splayed. The §IgslPaftiﬁ§ tHélHJn%r dferec nﬁlﬁdrﬁ@ﬁpedunnce@qlemd) (e itteredi at e

previ ously displayed data obj ects Iayed Wen a
pop- up W ndow 189’@bercﬂf§MT&}@attf%'é’eT %W”QHT% pd’&?' 1%351‘1@8'?3’ gg Bihe wi ndow
1809d(8{10Wn in Ebj@lctﬁ@banustmhgld@sau?mbzof?ed?ww lmatetrmpan‘b%wdcmspmyispl ay the
| mredi at e previ ous | ata o Docket No.
10030300- 1 93 RéthF%‘? %&%F‘ﬁ"ag"g tg%ﬂ‘r‘l“%%{r?g aqi‘g?é“p %@%g 155¢, 155d

di spl ays dat a @bnnecrtesnt fyp&.aAs illbitated] 8, pamSIGI¢$5a1f155ht1éﬁes‘|t55§pléplﬂYa' c to the

context (i. h o : figured by the
Adm ni strat or tu Sl 'éﬁ*[‘ a‘%f‘?'gg‘”@‘é%ﬁgﬁ ﬂ¥§5§o§8§ﬁ{p§;§ﬁ? %lgf‘?%g% ect 156a in
the formof a | |enmngeatph FEstlﬂaBsIBfle}dacthartQSGawle pane! d65pindicategs a| d obt ai ned

Dot Tegh " oe eBkadfy rEti5ask iR reph B3é: deGind AL agninf dbSL ¢ S51)

Panel 155b displ/ays a nber of defects
per milli omsoppmﬂ\aﬂnpunwsw(e@ﬁ’ﬂ@}) RM ard 4:3@ RM. Alsaripée '%ﬁtrEiUF§X?'ﬁa‘€ fail per

mllion DUTs). ?@?bMéﬁﬁnqSétplh%‘éﬁelasgﬁéﬁbws%hﬁfﬁméré@é’e in Héfé&"sr ating the

nunber of test Parent pane ta ect 156d
i | lustrating thdehpepdie Wq%UfsedTh@JﬁﬁbQ\%'ﬁtcga'b#&d'b%@ﬁiﬁﬁc 'ﬁﬂ%@t. S As
il lustrated, eaghatRRBRefailkeSare obBitfing P esullSfmidsif@tamsonent. The

Failed Components chart 156d in panel 155d illustrates that the failures are

20 distributed fairly evenly across the identified components most common
defect type is a missing component.

To obtain additional useful information from a given chart 156a, 156b,
156¢, 1564, the operator may click on the drill-down button 158a, 158b,
158¢, 158d of the chart’s associated panel 155a, 155b, 155¢, 165d, and

25 display within the tab will display additional useful information in one or more
child panels. In the alternative, the operator may click on a data point of the
chart 156a, 156b, 156¢, 156d to display child data objects associated with
the selected chart with data specific to the selected data point. In either
case, the child data objects are pre-configured and displayed automatically

30 upon activation of the drill-down button 158a, 158b, 158¢, 158d or data
point.

For example, with reference to the Test Calls chart 156c in panel
156¢ of FIG. 5A, there are two data points - the Components Missing bar
160a and the Component Polarity Reversed bar 160b. The operator may
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useful information in a visual manner. For exanple, in the illustrative
exanple, the First Pass Yield chart 156a in panel 155a indicates a
decreasing first pass yield trend over the last 4 hours with a significant
drop 15 in the hours between 2:30 PIVI and 4:30 PIVI. Also in the

il lustrative exanple, the DPMO chart 156b in panel 155b shows a sharp

I ncrease in defects between the sane hours. The Test Calls chart 156c¢ in

panel 155c illustrates that nost failures are occurring as a result of a
m ssing conpone &6t FOIRABE Bt HEAComb SRt Misshnadta 155
Il lustrates that%ttaﬁ1 Ja?'tm#%}lges a'tre di stri but eglﬂ3 fairl g@enl across the

i dentified conpeniehtéfankyselecingmbA- C‘tfé'ﬂ@@f‘ e Gempanept MissingRzr (8% bonent . To

obt ai n addi tionghe Hn%eédf“’ ured Qﬁlmta%ﬁct’s%@c@éd'ﬁm faa@dmpbbést, 156b, 156¢,
156d, the operator ?

0 utton 156a. 158b, 158c,
158d of the chaM‘Ssé" 6@9% é@n&?ﬁgﬁlgldﬁaamefggg C gy gilto g?%ly and 25 displ ay
within the gab \Msblayéh aﬁlsmwmdmmlma;bonmwdm oftfeComporemt Missipge or nor e
chil d panel s. In th ﬁ(gr natlv the operator may click on a data point of
the chart 156a, arf5 %8”6?% ‘to display child data objects associ ated
with the selected cHIGT shovisharceaampleitidbie tree 200tor thel RreRegaidat a point. I n

ei ther case, hi, | f | ayed
automatical ly SEJeLﬁE biéﬁf%&lgfgjﬁ 9\& %ﬁgﬁlﬁeﬁzgﬂﬁégﬁj?’g %@mspl%b 158¢c,
158d or data pehats td:bndlsptaqeplaepawabjectsbﬂfb?aeaﬁzb 202q, hed Z%'@tthmm s chart
156¢ in panel I r he Conponent
M ssi ng bar(3 16%%@%%%&?%(1%8%0%\&&& tﬁo?'ﬁfﬁéa@ﬂlﬁ%ﬁaf‘seg}sggéeae& . Th(rarp e
operator may Dodkese gharts m@@eadﬂﬁlqcﬁaﬂ%ﬁ@ PM@O(p?fe@ﬁeﬁ’erM@?’UI i nf or mati on

about the "00”P%B&uﬂ\ﬁe%%rw"zoéetﬂesp@m&t(Dééeﬁbwméyaér@ﬂtzong aoiae., clicking
on) the Conponent M ssing b pr e- conf |“(7:]ure child dat a obj ects

associ ated with Qeffﬁ,ﬁt@i)ﬁ'ﬁ@‘ﬁ@fﬂﬁm CMWHQAGSP“%%“&? Ispisedrtodpdieale Ps dat a
obj ect 156¢ are p@%@f@éﬁl@?ﬂlét%n&@béﬂéﬂtﬂé chatbfréh AMehittie &tdw 5B, upon

S o o orBS e o e o el LRcBiafilge o 11 o
FIG 5A. At the diogbenginatiyg@omad pdr chare® cneer inoee chiifi ghidrts inditatet s (to be
di splayed as dattr?e grt?lj—d%(\;}ns ath aoségdlatég) t%h egcQ\ZC%art %ﬂe %9@906 hﬁé infHtfated
by tree 200, each chart may operate as a parent chart, a child chart, or both.
For example, charts 202a, 202b each operate only as a parent chart, while
20 charts 204g, 204h, 206a, 206b, and 206¢ each operate only as a child chart.
In contrast, charts 202¢, 202d, 204a, 204b, 204c, 204d, 204e, and 204f each
operate as both a parent chart and a child chart.
FIG. 5B is an example drill-down amodal dialog 170 that is displayed
when the Components Missing bar 160a of data object 156c in parent panel
25 155¢ of FIG. 5A is selected. As illustrated, the amodal dialog 170 includes
the parent data object 156¢ and three child data objects 192a, 192b, 192c
respectively displayed in panels 190a, 190b, 190c according to the layout of
FIG. 6C. The drill-down tree 200 of FIG. 7 determines the content of the
child panels 190a, 190b, 190c. Accordingly, because parent data object
30 156¢ is a Test Calls chart 202c, then according to the drill-down tree 200, the
panel 190a includes as its data object 192a a Defect by Package Type chart
204e specific to the Components Missing data point 160a. Likewise, panel
190b includes as its data object 192b a Defect by Part Number chart 204f
specific to the Components Missing data point 160a, and panel 190c
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10 to be displayed in panels when the Pre-Repair tab 141 is first selected.
These charts include a Yield chart 202a, a DPMO (Defects Per MIIlion
Qpportunities) chart 202b, a Test Calls (Defect by Type) chart 202c, and a
Def ect By Conponent chart 202d. A connecting arrowis used to indicate a
parent-to-child rel ationship between the chart fromwhich the arrow 15
originates and the chart pointed to by the arrow Accordingly, the
connecting arrows originating froma parent chart to one or nore child

charts indicat e*gfﬁgg& %bbiect%wgﬁsgﬁ%ﬁa'r tsﬁg‘;}m‘t‘ﬁh‘?@m &{@afst in the tree

200. As illustr each erate as a parent chart,
a child chart, Mrsslmgtdlata pordri6escanpl e, charts 202a, 202b each operate only

as a parent chart, wiidgwgth ABASESatR el ;2RdIo03 M6, RABINciABAa 206¢ each
operate only as a child I'n contrast, charts 202c, 202d, 204a, 204b,

204c, 204d, 204dril- lammegmmwe?h In g dljusiralivg Preferres embadieat sk} ¢ and a chil d
chart. Fi G 5 5B Lificaan &mﬂfﬂiﬁkr@rrﬁh'dyblfthém citij&d;ﬂhtﬂélp&hél@ﬂﬂé} 100I8t190s di spl ayed

when t he Corrponents M ssi ng. bar bj arent panel
25 155¢c of FI G &Nt ‘%e%cé?eé‘q’ﬂ%m%grer# ‘ﬁ hF Eﬁe 5%%:9 filrgB o) og 170

I ncl udes t he pameohartknt a723|bjumplbmé5tédaamé ddse@attmrinflthbaimctal dibiogct s 192a,
192b, 192c res ct| | egaccording to
t he | ayout of lg&ly ﬂF gﬁﬁyfﬁ%graég%mnpﬁggbéﬁgﬁ?ntﬁ% ?ép%%t}er m nes the
content of the dnlhu;b blutipaireéachF@bel, 19080190b,190¢, .a filg wenuditergl ahyppridlkause par ent

Q00T O ectiy 32  A3ffpdafy Grol& ol et B8 enkEdon diendifibed] N9 Lo, Lhe

drill-down I nc es as Its ata obj ect 192a a
Def ect by Packagepropiate @Hb@ partiqular grapbisal ysetintefagthd Conponents M ssing data

poi nt 160a. Likew s S ité Swh bSscdated il sk 192b a Def ect
by Part Nunber char flfaég@;?lSyeg cé@??alt(é:lats%&% "3 \erponents M ssi ng data point

160a, and panel otigeis, iDyE Risp Pmldelfé@%@ﬂbdqw'l@ePW!%e':§"&X@BFP'%C"(S by

Conponent s char Eh&ﬂ'ﬂiﬂ F‘R@eﬁ'tﬁe'@efé&s Bﬁﬁa&ﬁg@ﬁmf&wﬁnzb&egﬁs%#%cﬁat@&l nt 160a.
As shown in FIG 513, each chil anel Oa, 190b, 190c includes a

drill-up mé&hanchikchad, qu?Ftth@"mPPﬂ%’tt? ‘é{‘taT‘\?@B?rré?Cé?F‘?"'éQﬁy et dPPRent shown, 5
since all drill whRs .ﬁduaes adits @dta bﬂ@ctd%téla @é}é&@bﬁPddRa@é’lByna&iherlt 904e90a, 190b,
190c return the scr VF to‘ta(gﬁ e (a r& %I'dnn 5A, the
drill-up nechaflsgffcsss pd ﬁw?’ﬁﬁ\ 8 P'@H‘ i Fﬁ% o ggﬂe" 3N 8F% e anpdal
di al og. 196b and data point selection (on the Shape bar 186a).
FIG. 5C illustrates an amodal dialog 190 that may be displayed when
20 the Shape bar data point 186a of the Defects by Package Type data object
182a of child panei 180a in modal dialog 170 is selected. The dialog 190
displays the parent data object 182a and its child data object 194 in a panel
192. Child data object 194 is a Defect by Component chart 204f according
to the data object tree 200 of FIG. 7. Because the Shape bar data point
25 186a of the Defects by Package Type data object 182a was selected, the
Defect by Component chart data object 194 is specific to the failed
components for component missing->shape. Since from the data object tree
200 there are no child charts associated with the Defects by Components
chart 2063, the data object 182a provides no drill-down capability. However,
30 since the dialog 190 was reached through another child data object 182a,
the child data object 182a displayed in dialog 190 includes a drill-up
mechanism in the form of a drill-up button 188. Selecting the drill-up button
188 removes the dialog 190 from the screen and returns the screen view to
the parent dialog 170 as shown in FIG. 5B.
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Alternatively, the drill-up nechanism may be inplenented as a separate
drill-up button in each panel 190a, 190b, 190c, a file nmenu item a
hyperlink, 10 a keyboard stroke, or any or other convenient activation
mechani sm appropriate to the particular graphical user interface 2. If a
di spl ayed child data object has its own associated child data objects, it
wll also provide its own drill-down nechanism For exanple, as shown in
FIG 7, the Defects by Package Type chart 204e has an associated 15 child
chart, Defect by Oo r y Oa, which
includes as its dat 'ﬂ) 'é@%o ﬁ'g’;gé 'g%%ﬁléucsﬁg e%‘lirqglle Ch"@%ﬁénh%e?t 204e also
i ncludes drill- d(smaysmcrhmm&mf leedlﬁ‘errfponemt@lby lbankng%ﬁmelfprlth@lom but t on

an aimodal i a1 ogoTsg B hefbiybel 3 SeRRProR s SRR nartafiatakot 1S/l es
poi nt 186a of t ke Cuwiraest Mysm@eta@eoqoypwtmépm@ﬂ?@?@ketib@ga ngmehi | d panel

180a in nodal di;ghge HpE “sh |R§E§Qsh6§h€cﬁh angl 1590 disglagh ast t he parent
dat a obj ect 1822 ang EYtBS ch |apcée dat a o ect f%f in.a aﬁe?ﬁp 192. Child data

obj ect 194 is a1Bet &dailed CoppnsaisRY R @ ﬂ?c%%’? NGREMIBYNY he dat a
obj ect tree 200 defecttygs. Iffis cBepfammustdmrtSBapmahaost@atha nuissimg 25 186a of the

Def ects by Package 82a, wa ¥ fect by
Conponent chart © g’g qYJJJaéE{d%TﬁbEJd%¥pg%8%q1??r 6§0§e¢ (ar\ﬁgpfﬁé1?8%cgenponents for
conponent m ssi digplaghaplkart H20oEFdiled Qotripenetds far tiejGarponedMis?@0 t here are no

ot B onart 1 35 BARLL 1AL b hed DR PREE RhPnD LofBIRARRRsho ERRI 2002, Ne

dat a obj ect 182a provi des no own capa ver 30 since the
di al og 190 was waﬂh@dtrlbwted)a@hngaﬁkﬁimyedhﬁmwr@atldemﬂﬁ?féct 182a, the child

data obj ect 182a di 13l : mechani smin
the formof a drill ?@hé%ﬁtgtsg%pgg% 1%ga ﬂ.'g@e Fé\féhﬁ%ﬁpoﬁ?rﬁi@%ga%?cﬁon 188

renoves the di alType arot 1828 in selpstedcthe shlddatp &é@%?'ﬂ%‘ 194dn e view to  the
parent dial og 1%!65519‘Bhlﬁiéﬂatb§‘th5ftﬁec5ﬁrpom Ksind@lefeb P8 30addidtriB@edRet ur ni ng

to FIG 5B, in theillustrative exanple,  child panel 180a displays a chart
182a of Faibed @HAPBALALRIaYRA ompRAKE dePtierS or the Conponent M ssing def ect
ij]'?e tlt is cl ea[ hf rmmitlﬂa&dcambfuﬁfemﬁat@hmbe addert@ihed frite tHeogmasgent M ssi ng
ef ects occur wi a iC packet type - n a type
MShaper . e al 5358 aaRD. 16ps thaR pieian e b Elicagndy dod. dad 66 n

particular, the Component Missing defect appears to be attributable to a

'

particular package type “Shape”, where the failing part numbers are likely

20 packaged according to the failing package type and most of the failing
components are embodied by one of the failing part numbers “0603-C".
Accordingly, the operator can quickly pinpoint or at least narrow the
possibilities of the root cause of the DUT or process defect(s) simply by
visually analyzing the displayed parent-child data objects. This analysis is

25 assisted in the preferred embodiment in which the selected parent and its
child data objects are simultaneously displayed. In addition, the selection of
child data objects to be displayed for a given parent data object are pre-
configured such that the displayed child data objects are those that make the
most sense given the contents of the parent data object, the selected data

30 point (if data point selection is implemented), the available data, and the real
debugging problem under consideration.

The above-described invention is advantageous over the prior art for

several reasons. First, the automatic pre-determined mapping of child data
objects to parent data objects removes the task of correlating meaningful
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182b of Failed Conponents by Part Nunber for the Conponent M ssing defect
type. It is clear fromthis chart 182b that nobst of the m ssing conponents
are identified by part nunber "0603-C'. Child panel 180c displays a chart
182c of Failed Conmponents for the Conponent M ssing 10 defect. This chart
182c indicates that the Conponent M ssing defect is evenly distributed
anong all displayed conponent identifiers. Wen the Shape bar 186a in the
Fai | ed Conponents by Package Type chart 182a is selected, the child data

M seing def ect PurBeanrsediet pppliels e lee bt E@e?a?g'@fri"g??ﬁgﬁgﬁf nen
i dentifiers. Asindividusitopatatat, The mappiog neeﬁbﬁmw only eage W-Jt e g@phicali ned from
UL Ilﬁzaébeéir?%%cFérgaﬁ %o?@%ﬂ%%@at’op t%f?? |ﬁtBra€€onﬁth@cﬂ§4ne| s 180a,

180b, 180c. si ng fect appears to be
attributabl e tOpmblepwndecan%MSISpﬁck@@etﬂ%ﬁ}!mu'tasﬁ%ﬂ%mp'%?é’afﬁé i 1ing part

nunbers are, "k W&ég@&e HyR$het @rripaf: JnadfhhﬁagFﬁﬂﬂ apmet ype and
nost of the fai dl)%%%%h nenglsoq%(rgggey%del eg{pbys one  of fg%:.‘?)l&l ing part

nunbers "0603- Qbreferwé@mbﬁﬂﬁ@nywm‘l‘l@%'@?rﬁ% BP“%atﬁp??ﬁ?‘@ﬂP"" int or at

| east narrow t hﬁowrp%éﬁéﬁiérﬂ ttﬁeeﬁraﬂ'ﬁcdl Uéérﬁrﬂ@fac@@ﬁ@v%tdbfzarﬁ beickBLBccess process
defect(s) sinply Vi sua anal yzin o) ed parent-child data
obj ects. This aﬁ&%ﬂ'r@“‘ﬁ“sdaﬁ“éé%‘?@{”@ﬁ‘ P"Ff“ %‘F% red enbodi ment in which
the sel ected parent A@ﬂﬁdugrttﬁus peéfeﬂréh éiﬁttc&hrﬁéljtetﬂhs peasentinventioraimascheshy

di splayed. In additio e ection be

di spl ayed fr adGF'%er‘l’r}ﬁ%'h‘éﬁta FRUPSHT: é@?seéﬁﬁééﬁe@g&@n@ Q@E%%%tetstﬁ%th that the
di spl ayed chi | dvakdus neddjfieatichs padaitibhoamd subatitutionk are prssiblepwithaiénse gi ven t he
contents of the ect. t (if data

dgg rF ﬁ;pfroq\%ﬁ% sg% ﬁd spirit {06 tﬁ? ‘r@ﬁﬁtﬁ)ﬂ ag%‘s%loggd H%é" |

poi nt sel ection enment he rea

debuggi ng probl camtamlmevln@olamadmsaaﬁmpssmﬁéh%tmb%tﬁ%'éﬁﬁ ofiention is
advant ageous ov @dtSimel-i rst, the automatic
pre-determ ned %rréﬁlﬁd@%l?@%%ﬁ%ﬂ%rgﬁg bag%rjﬁéeg‘tb%arr?g%par ent data obj ect s
removes t hest ask of correl ating nmeani ngful Docket No. 10030300-1 17 charts
and data filters applicable to the real problemunder analysis fromthe

i ndi vi dual operator. The mappi ng need be set up only once by the graphi cal
user interface designer or adm nistrator, taking into account the actual
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probl em under anal ysis. Second, the sinultaneous display of a parent data
5 object's child objects all ows side-by-side conparison of data. Finally,
in the preferred enbodi ment which inplenents a one-step-activation of its
drill- down nmechanism the graphical user interface operator can quickly
access any drill-down data in a neaningful format automatically. Although
this preferred enbodi mnent of the present invention has been 10 discl osed
for illustrative purposes, those skilled in the art will appreciate that

various nodific ns and substitutions are possible, wthout
departing fronr?&gﬂqgeﬂzﬁghhlgprrit of the invention as disclosed in the
acconpanyi ng cl ai ns. is al so possible that other benefits or uses of the

currently discl osed | %ﬂ?ﬁ‘}*}%“%’%uti'%%ﬁgmaa% cal ag‘é‘é{eeﬁ' me. 15 Docket No.

10030300-1 18 WHAT IS grap interface viewable on
a di splay sceeeegmpr@ingonprising: a first display screen view conprising: 4

a data object; adrrl ﬁ%ated wth said data object
which 6 upon acti Vatf{rséﬂi%@%y% '?@S auses a plurality of child data

obj ects asseci at ed wit ha deth@bjeek a Obj ect to be displayed in a second

di splay 8 screen view 2, dmrwwaﬂhé&ﬁh.shr%eéodrﬂé&m&m ddta B5jEGWHRIACE Wi th
claim1, wherein: 2 all of said plurality of dat a .obj ects

vi enabl e si nil t aneoRPRactixpian aytamatigaly caping aon“gﬁ'r%?f i daip °91ie‘ét§v ag A

graphi cal user i nt erzkgchatddwilitsaid gk 6lfjedtitd e Gibfay®dah a sbehedisplay2 sai d
second di splay screen view conprises a drill-up mechani smwhich when

activated refoves s&FECR¥EYnd di spl ay screen view and 4 refreshes said
di splay screen to displ ay said first display screen view. 4. A graphi cal

user interface in aggc nee with . claim i.11-down
mechani sm conpr i sessa%ﬁriai’ I3} S MEacs Q&P@% ?,ﬁ-,"g c'%@ls@(b:vﬂg%{ causes
activation ot said diliof J‘;amﬂphamlrtyte:f:t:hilrdrdsatanobg'gctsAan;gzwrevmltnlvzsurnLirt&rcﬁrouslmterface in
accordance wit hwﬁrl\ig'sgﬂi %eeo%%gsﬂap screen view.

3. A graphical user interface in accordance with claim 2, wherein:
2 said second display screen view comprises a drill-up mechanism
which when activated removes said second display screen view and
4 refreshes said display screen to display said first display screen view.

4. A graphical user interface in accordance with claim 2, wherein:
2 said drill-down mechanism comprises a drill-down button which when
selected causes activation of said drill-down mechanism.

5. A graphical user interface in accordance with claim 2, wherein:
2 said drill-down mechanism comprises one or more selectable data
points in said data object each of which when selected causes activation of
4 said drill-down mechanism, wherein said displayed plurality of child data
objects includes data specific only to said selected data point.

6. A graphical user interface in accordance with claim 1, wherein:
2 only a subset of said plurality of child data objects are viewable at a
given time within said second display screen view, and said second display
4 screen view comprises a scroll bar which when selected controls which of
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2 said drill-down nechani smconprises one or nore sel ectable data points in
sai d data object each of which when sel ected causes activation of 4 said
drill-down mechani sm wherein said displayed plurality of child data

obj ects includes data specific only to said selected data point. 6. A
graphi cal user interface in accordance with claim1, wherein: 2 only a
subset of said plurality of child data objects are viewable at a given tine
wi thin said second display screen view, and said second display 4 screen

view conprises g§ gty dPefiid Watadbjetiicdte sat@ty odwabiewithinsaldsecdndof Docket
No. 10030300-1 19 said plurality of child data objects are currently

vi ewabl e wi t i ndiSRIRYSERLONYY: 6 di splay screen view. 7. A graphical user
interface in accordance with claim®6, wherein: 2 said second display

screen view conpris a dri.ll-up. Al i ) Wuated renmoves

sai d second di spl aye’:&%@’ﬁh'?ﬁ' E#éng%%}%%%ﬁ)géh%s}m\é@ﬁ%ﬁyg}é%ﬁscr een to

di spl ay sai dafirst cailsesgndstispiayrscieenniewsomirisgseddiilicun meeh@nismt er f ace in
accordance with claj AR Al Ididniad QR A RAAMGS M conpri ses a
drill-down buttgﬁlcm%%%a%s@?veegf%gsg%éj‘gedéépaagt BRIV i d Gr i 11 - down
mechani sm 94 Arejresiysiseisl dispiayrscregn éo display said feicdisRipy fEELOMVIW- ¢l ai m 6,
wherein: 2 said drill-down nmechani sm conprises one or nore selectable data

points in said data object each of which when sel ect e_(rjméatg\%es activation of
4 said drill-down mékHagiPRRical WRRSIMIETFACE N BeardeprayENCAM S Ye®  of child dat a

obj ects incl ydes datsaigsdpig-eioivh ene@Rdriisrit Borfiprisds aakibabwnal bottanawhidi witen 10. A
gr aphi cal user

interface in accordance wth claim wherein: 2 only a
subset of said ﬁaﬁ?t%‘; F%lg?e%?chaﬂ'ﬁn(fqa%lﬁ3”'@”%?@&‘5%“5 /i ewabl e at a given time
wi thin said second display screen view, and said second display 4 screen
Vi ew conprises a ne uttan whic n. sel ; r.d display
screen view to be d;%pl{)%rﬁglac%rqsg &#%?é’b?%%??qéb egﬁﬁaglﬁ%w&%ré di splay 6
screen vi ew di spl ayisaig dril-dowa secbarésro torsprisgs pheipampreysetectableidath dat a obj ect s
that are not included.j i ' i ol e dat a
obj ects and 8 Cg%ﬁﬁg?ar%%gaé%h‘éﬁ%&g@Stﬁrﬁ%ho\ﬁﬁévﬁeg?w\ﬁhaégkgéséeﬁ\ﬁ@h ogauses said
third display saidddhdgwremechanise, whesineasid disniavediplralibegiichyd datd een and sai d
second display of2,8fHcRABs YAts YpdcHicRlydb Sl 8¢Bcted data point.

10. A graphical user interface in accordance with claim 1, wherein:
2 only a subset of said plurality of ghild data objects are viewable at a
given time within said second display screen view, and said second display
4 screen view comprises a next button which when selected causes a third
display screen view to be displayed on said display screen, said third display
6 screen view displaying at least one of said plurality of child data objects that
are not included in said subset of said plurality of child data objects and
8 comprising a previous button which when selected causes said third display
screen view to be removed from said display screen and said second display
10  screen view to be displayed.

11. A graphical user interface in accordance with claim 10, wherein:
2 said second display screen view comprises a drill-up mechanism
which when activated removes said second display screen view and
4 refreshes said display screen to display said first display screen view.
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11. A graphical user interface in accordance with claim 10, wherein: 2
sai d second display screen view conprises a drill-up nechani sm whi ch when
activated renoves said second display screen view and 4 refreshes said
di splay screen to display said first display screen view. Docket No.
10030300-1 20 12. A graphical user interface in accordance with claim 10,

wherein: 2 said drill-down nmechani smconprises a drill-down button which
when selected causes activation of said drill-down nechanism 13. A
graphi cal user Intenbag ré;ﬁ\ltgf:&s%;ﬂ?é?ﬁ@eWéc@orﬁ%l?derﬁlﬂﬂ(blalmgrﬁhé?em 2 said
drill-down rrechanlsm conpr1 ses one or nore sel ectabl e data. poi nts in said

data obj ect each of saiidglrdowemeskanism eqnrrises 8 Srihewr,/Bitiog whish Whgns 4 d
drill-down Mechgu el cabe fitiGatonioflsaki ail-eyechednanisini ty of child data
objects includes data specific only to said selected data point. 14. A
graphical user interface in accordance with claim1l1l, wherein: 2 said
second di splay screas, wgeapmdamarmaaedfadcbrdupcermmmmsmmreh when
activated renoves sai con screen vi e\é}% ngd é&aﬁl? Egshes said
di splay screén to dis8 |dg§dg\g?a1&r3 ﬁrg;msg?/og%?r & 828, gr aphi cal
user interface pdlntaﬂ'ﬁﬁ’didmsijw:ttehc)tbfamhinhilwhemfseleeied ca@ses activatien ¢fl - down
mechani sm conpri ses.a. dri auses
activation of s ‘Sﬁﬂﬁ‘i"mn ﬂ%ﬁbﬁ“&n@‘cﬂ’ﬁ%’%@%angw@ﬂ% cap‘ﬁrg?‘éracl nterface in
accordance W t holjécts imcludesnata spagific oply dasaid @H?qtq!d@ﬁi%\ﬁmh*echam sm conpri ses
one or nore selectable data points in said data object each of which when
sel ected causes activation of 4 said drill-down nmechanis wherein said
di spl ayed plurality 1f Acgiaphicaliuges intesfca in accpidancegith ¢aind. nb%’@l”fi c only to

sai d selected data &Qld@ecor{Wdlsp?ayQHcﬁiéh'vféwcoH'ﬁ>ﬂ§e§ fdraLdpectianiseccor dance wit h
claim1l1, wherein: 2 said data object js |smp§(d si mul tangousl y with said

plurality of chihighwhen actyg]egéqrgoveggaldgegqlg SCEERVIEM AL f ace in

accordance Wyt hrefleghd® shid Mﬂﬂﬁy@cfben t@dispihyfisdid first dighlaiHcmenvieween vi ew furt her
conprises: at |east one tional data object, said at |east one

additional 4 data object having an associated drill-down nechani sm which
upon activati on auti@ra graphitay userirtertaca ippaacpaibndeywithf claimi 1, wher@ina obj ect s
2 said drill-down mechanism comprises a drill-down button which when

selected causes activation of said drill-down mechanism.

16. A graphical user interface in accordance with claim 1, wherein:
2 said drill-down mechanism comprises one or more selectable data
points in said data object each of which when selected causes activation of
4 said drill-down mechanism, wherein said displayed plurality of child data
objects includes data specific only to said selected data point.

17. A graphical user interface in accordance with claim 1, wherein:
2 said data object is displayed simultaneously with said pIUraIity of child
data objects.

18. A graphical user interface in accordance with claim 1, wherein:
2 said first display screen view further comprises:
at least one additional data object, said at least one additional
4 data object having an associated drill-down mechanism which upon
activation automatically causes a plurality of child data objects
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Docket No. 10030300-1 21 6 associated with said at | east one additi onal
data object to be displayed in an associated additional display screen
view. 19. A nethod for displaying child data objects associated with parent
2 data objects in a graphical user interface, said nethod conprising the
steps of 4 displaying one or nore parent data objects in a first display
screen view on a display screen, each said one or nore parent data objects
having 6 a respective drill-down mechani sm nonitoring activation of each

of sard dril |- dovn MRChANLPUR: S8 EeckBiFailoha Rt Nbigh e Of s ¢

drill-down néchani st &1 AU neous ayin rality of child data
obj ects associ at ed \MlSpllays@llchr‘r@smw %@lttQBab&SrP@YtSCEP&f‘é{'%j ect associ ated
with said activated drill-down mechanismin a second display screen view.

20. A nethod in accordance with claim19, nmonitoring a
drill-up nmechani sm i s"amathg%@aﬁep'av'g%ﬂa'gi dé@@ﬁ?s\ﬂng'a?te%H%pi{sb gatl on of

said drill-up nmaglaaBjesdlin 4 gfaphiealiuder inifsces s6i0 Metibdpmpyisisg theatepsi ew; and
re-displaying sajd first display screen view. 21. A nethod in accordance

with claim19, @Qherein at least 2 one of said drill-down mechani sns
conpri ses ong or mr@sﬂ@ln@@n@bf MoredRirént patarvbjecisin afirstdisplay sdresh par ent dat a

obj ect, said nethod further noni tori ele f said one
or nore data poMfiVEMH '%%?VCFC'??'" é%hé? 38 ob@P'éerﬁar%ﬁgaégg]e&sth%O'nﬁd upon
sel ection of sona rﬁpesﬂedintbuewmmemmrﬁndat a points, displaying said a one or

more child data ob) q'ﬁ&ﬁto Qcﬁlbﬁfoﬁgf &Jh{}:f?;a% erlemvﬁ'{‘rtneg‘?atn%n%bhﬁd:t in said

second di splay screen VI Ic only to said selected
1o data poin®. 22. Nmétaﬁtd)@t'ﬁ’mOf&@@@f%@é' %wnn%qhanlﬁmzls'me'tﬁ%w ng: 2

ﬁgn' 28{)58%08 clir '512 shraliRg TPRAEHY ot Bhild batPbtje RE4RBE atdl With 8Xid sédpeetivevi ew, Docket
10 parent data object associated with said activated drill-down mechanismin a

second display screen view.

20. A method in accordance with claim 19, comprising:
2 monitoring a drill-up mechanism in said second display screen view;
upon activation of said drill-up mechanism:
4 removing said second display screen view; and
re-displaying said first display screen view.

21. A method in accordance with claim 19, wherein at least
2 one of said drill-down mechanisms comprises one or more selectable
data points in an associated parent data object, said method further
4 comprising:
monitoring selection of said one or more data points in said
6 associated parent data object; and
upon selection of one of said one or more data points, displaying said
8 one or more child data objects associated with said parent data object in
said second display screen view, including data specific only to said selected
10  data point.

22. A method in accordance with claim 21, comprising:
2 monitoring a drill-up mechanism in said second display screen view;
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upon activation of said drill-up mechanism renoving said second display
screen view, and re-displaying said first display screen view. 23. A
graphi cal user interface viewable on a display screen, 2 conprising: a
first display screen view conprising: 4 a data object; a
one-step-activation drill-down nmechani sm associated with 6 said data object
whi ch upon one-step-activation automatically causes a plurality of child
data objects associated with said data object to be 8 displayed in a

second di spl ay scregpoN h@Waticof sAiddilBp hfedharistfr i nterface in accordance
with claim?23, wherein: 2 said second display screen view conprises a

drill-up mechani sm whi chfefi¥ing aidiseeandisptayseeen yigwgartcond di spl ay screen

view and 4 refreshes sajethighifilgBaidrstanpiay@cdesleady said first display
screen view. 25. A graphical user interface in accordance with claim 23,

wherein: 2 said drill-down nechani smconprises a drill-down button which

when sel ected causes ac23.vAagtaphicalfusescintdrisie Vidwaby\oh agieplapsgeen, 26. A
gr aphi cal user inter .1n accordance with claim 23, wherein: 2 said
Z BBt

. . C . . .
drill-down néchani sm es one or nore selectable data points in said

dat a obj ect each of afinstclispialysoreseviestconipisingses activati on of 4 said
drill-down nmgpchani sm m@&&%%b}%@@d di spl ayed plurality of child data

obj ects includes data specific ohly to said selected data point. Docket No.
10030300-1 23 a one-step-activation drill-down mechanism associated with

6 said data object which upon one-step-activation automatically causes
a plurality of child data objects associated with said data object to be
8 displayed in a second display screen view.

24. A graphical user interface in accordance with claim 23, wherein:
2 said second display screen view comprises a drill-up mechanism
which when activated removes said second display screen view and
4 refreshes said display screen to display said first display screen view.

25. A graphical user interface in accordance with claim 23, wherein:
2 said drill-down mechanism comprises a drill-down button which when
selected causes activation of said drill-down mechanism.

26. A graphical user interface in accordance with claim 23, wherein:
2 said drill-down mechanism comprises one or more selectable data
points in said data object each of which when selected causes activation of
4 said drill-down mechanism, wherein said displayed piurality of child data
objects includes data specific only to said selected data point.

Docket No. 10030300-1 23



