| NTELLI GENT DRI LL- DOAWN FOR GRAPHI CAL USER | NTERFACE Field of the Invention
The present invention relates generally to graphical user interfaces for s
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
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capability. In sone prmegaphmmteammfacemé ased/oaisply datadal!!act@bioect is
one or more attributes, measurements, or metrics of interest. As used
herein, an attribute is a characteristic of an item, a measurementis 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 fo 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. In these 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
grapﬁica[ user interface methods that provide some form of drill-down
capability. In some products, when a particular view of a data object is



1 diéplayed, t he graphical user interface may allow the operator to enter
filter information to display additional information and/or charts. In
ot her products, the graphical user interface provides a list of possible

drill-down filters that the operator nmay choose from s 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
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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 drili-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 fo discover
these frends.
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 embaodiment, allows the operator to
troubleshoot process problems. On varicus 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



graphi cal user interface, a drill-down nmechanismis provided. Data objects
may include |ists, tables, charts, or graphics. Wen the drill-down 2
mechanismis activated, preferably via a one-step activation nethod, nore
child data objects containing detailed informati on about the parent data
object are automatically displayed. The data objects displayed are sel ected
based on the context of the parent data object. In a preferred enbodi nent,
5 data objects allow data point selection that operate as filters on the
drili- down data objects. Prefer the drill-down capability is
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Brief Description Of The Drawings

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;



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 level; 3 FIG 3A is an operational flowchart illustrating a high-Ievel
use nodel of a drill-down button of the invention; FIG 3B is an
operational flowchart illustrating a high-level use nodel of a netric

sel ection action in accordance with the invention; 5 FIG 3Cis an
operational flowchart FIG.3stis atoperatonai fipwchartillsitatieg abigellevebdseamattal | | - up

button of the inv%?égﬂpdoﬁh@uttéhéﬁhé?inmn%ﬁ di agram of an automated tester
environnment; FIG I'e screen view of a graphical user

interface inplenentedFiGh3Bdean aaefa@najﬂwchwéﬂluwém # bighieyvel wseanedsl omat ed
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data object in Fl G318 bg%rﬁgfttﬁgimverﬁb@ 5C is an exanpl e anodal di al og
illustrating a child data object 15 di spl ayed when a data point of a child

object in FIG 5Bis sE'IC'éét‘%ﬂ blogk éagf@m ¢f@nulomated PEigr evirgnraent] | - down

screen when one, drillFdneAis dﬁbﬁn@ﬁh&ﬁéedﬁeﬂbﬁ@@@ﬁﬁ@hl uEdrGnie@Rei S a pl an
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drill-down data ebyieginenboerId 8 phayddstrdiésGoutddta shiectpbash withalnllabwa
drill-down screen V\heqq n drill-down data objects are displayed; FIG 6E is
a plan view of a GPPTY ™own screen when two drill-down data 25 objects are
di spl ayed at a tine aanh&Busngp axampke arbodd dialogdludirambayllddma olgjdts
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to display the next FIG. 5C is an example amodal dlaiog illustrating a child data object
15 displayed 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 drili-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 buiton to display the next
drifl-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



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 4 FIG 7 is a data object tree diagramof an illustrative enbodi nent of
a graphical user interface inplenented in accordance with the invention.
Detail ed Description s Turning nowto the drawings, FIG 1A illustrates a
screen view 4 of a graphical user interface 2 that offers drill-down

capability in accor danmswi i&bdafarmécw@mb@ﬁm o*%niliﬂulsmﬁré%hﬁddm'tehﬁof%cr een
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attributes, neasurenents, and/or 10 netrics 14a, ..., 14f. In the preferred
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inadrill-down e lf}ecﬂé’ﬁ’@él | Mon e%cﬁ@%ﬂﬁ%&n?&r@%?colleﬁ% rdafEDre

sel ect abl e data poin ot'hér conveni ent actlvation nechan
appropriate to theasp@mate@mtapngﬁrazpme@aremgmbumﬂ BeagEments, \mé‘fﬁ)ft he

drill-down mﬁhan'rﬁéﬂ.ég1@a gl an :ﬁa{ee;n&fe&aa emaml%ht h%a@%bﬁz‘éﬂdﬁat ed, the
screen vi ew changes to nmore child data. objects 20a, 20b,

..., 20m associ at e@“v\i" WH‘CP'BI@ é'ﬁ)’éﬂ “pta‘? B0 i acharb s %CEE Fline RhEEER 6 in
FIG 1 B. Each chidhdridstitraleiougs it cdldequally be a@m\a?@ﬂﬁ ltnmﬁm bfd Wt eptablen  22a,

.., 22massociated wth the o arent data
obj ect 10a, 10n fr%%gh‘ieﬁtlﬁortq{@amﬁ IﬁarTBBﬂﬁ"Eg}%g 9\7 8’ V\Sg’s“ ctivated. In
25 the preferred eaﬁb@aataam&th it@atih-down hdchiatiam oba, ect1eﬁoanthe preferZéHﬂ conpri ses
data associ at ed W|t r r.e.child. data I nt related to
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one or more selectable data points, or other convenient activation
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
20a, 20b, ..., 20m associated with the given parent data object, as shown at
6in FIG. 1B. Each child data object 204, ..., 20m comprises information
22a, ..., 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 204, ..., 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 drili-down data objects 20a, ...,

20m and the drifl-up mechanism 26a is implemented as a drill-up button.
The drill-up mechanism 28, when activated, returns the screen view to the



list, a table, a CAD drawing, text, or graphics. Each drill-down view so
preferably I ncl udes sone sort of dr|II-up mechani sm 26a. In the preferred
enbodi nent, the parent data object 1 Ca of the drill-down data objects 20a,
- 20mis di spl ayed sinul taneously with the drill-down data objects 20a,
..., 20mand the drill-up nmechanism26a is inplenmented as a drill-up
button. The drill-up nechani sm 26, when activated, returns the screen view
to the 5 screen view 4 fromwhich the drill-down screen 6 was invoked. The
drill-up nechanism 26a nmay alternatively be inplenented as a nmenu itemin
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as a child data object, it always includes 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 fo 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
ilustrated, 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 {ree. 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 564a, ..., 56i
in this next lower level of the free may have one or more of its own
associated child data objects in a next lower level of the tree, and so on until



illustrated, 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

éésociated 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 |lower |evel of the tree nay have

one or nore of its owmn associated child data objects in a next |ower |evel
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66c, 66d, 66e, ancdupdtatedprethet ibmpube re@m@rfrmmraibﬁreeme et Eicéﬁisa@ ayed

when drilled gown ér{dqn malﬁra@a‘ reEﬁ&ta@&a?é taﬁjectpasm&ms@&@e &]Qd{;r@&tlﬁocﬁe‘ﬂ@ﬁo 64b on

15 a next higher |evel. par ent ects 64a,

64b of the shar e@@a@hmvélétthlﬁyﬁe Pé‘iﬂf%i@bl@‘ﬁ dPPi'@a%%e:'@r%%*"P%R?éﬂs a However,

this need not be éé&ﬁoﬁ@ﬁﬁetréﬂé@h%gldélmﬁt?afﬁa ijécft§62 rmdemb?@edwaw ng a
plurality of data_ogbjects 72 74a, 74b, 76d 76e where

C
the parent data diiPeB8S 659 E8RANAASS ynete %P%{'P%Eardaftaef’b '53!&8’3?%%. de on
different tree 2Q~H.eei~/cfriuéd dowi mmgn@ewmb@ogéme pmemaiata)ob;é&ts 641c simgent i on,

LG, Sh descrbes L hee itk QIR ST kel AR RGBT 0 2,
dat a obj ect 10a ofth&kkared Mt)a objecEaSdirgsidecsh thAsame ltras tavall Mwewrethimt hod 80
moni tors the acti vat 'd%gt t?ef the ré:ase FIG. 2C illustrates a tree model 70 having a plurality
of data objects 72, 74a, 74b, 76a,76b, 76¢c, 76d, and 76e where the parent
data objects 72 and 74a of a shared data object 74b reside on different tree
20 jevels.
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 iliustrated, the method 80 monitors the activation of the
25 drili-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). [f the selected data object does not

have any associated child data objects, the method 80 returns to monitoring



25 dfill-down nechanismin 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 so 10a), the nethod 80 determnes in step 82 whether any child
data objects exist for the selected data object associated with the
drill-down mechanism (for exanple by performng a child data object

| ook-up in a data ghivesdn dftREdrliSHeWR nfschbMahen SBOBN. (PefeldBR, ndbriRown | T the

sel ected data object does not, have an% associ ated child data objects, the
G

met hod 80 returns TECHANTM %8 RProvided & in¢ SE7e8R VK of A™MEPidRIR QRIRG I e hani sm
in step 81. (fPr ef egiadi Na(;caﬂ@je&[)dobh n@hmfme a@@@ﬂh&@g&ﬁﬁdétﬁpﬂé&y,gﬁﬂd in tﬂe
screen view of a gjven data ect if the,.given ohj ect does not have
any associ ated chi ﬁharegcé?zﬁ%e&ﬁ%éjﬁys?e sé(m&)eg)( Hé}?eeﬁegercéedzc{ag%o@é&ﬁﬁ? B&¥eski pped) .
| f the sel ect ed dasssocbjedchildidais objacte, the amtindisatiads wpithedchdd idataadbjeetst s, t he
nmet hod 80 | ooks up, .t [ | LN, St I.n.th referred
enbodi nent, the gr%‘uosﬂal%c%T| Ih%ggﬁ%f%frgé)%@g@mgttp%%rgfgs)oh%%{j'fsve?brllﬁj% cgata poi nt
sel ection by the op@pat®individoaltdatspadselectidndy thebparatonnn diis aasei thei vi dual

data point fromt - ' t ' livates the
drill-down machanr%ﬁcﬁéﬁgtﬁpg]%g?@g{aaﬁﬁnéﬁlg’llﬁc}f?{g&%%@ab%%?’stgkts detailing
addi ti onal i nf or neautomatinaicadtivates thetchi-dowh estchahistaobtpioirelevaniefildr di ngl y,
i f the graphi cal TN iRo SHPRMNGL L Qi | t he
oper at or, the%anet E%%é 8%%‘%@%%@@%% st ebﬁfggﬁ%%rn E’ggg%écrt%ﬁﬁ% ﬁéééét%%%{%er a
particul ar data porait Wgsordisplci @ graphical usat inteplaresunperts datappisti, t he

met hod 80 obtai ns dpatigbiiRopemtc! B mbtHda s‘ohﬁd@c@s%@t@ﬁbﬂﬁme@mﬁiﬁt&gfor the

15 child data objects in step, 85 and di sgl aﬁgs t he parent and chi dat a
objects in a stepViEinergPafigulandata point WaR Se)Rcishi IEaralgdeint selsctedcBe does not
3Upp0][t iﬂdi vi ﬂyﬁhemaa eoag@anrs t@@a&@h&s&ﬂiagdghﬁthgﬁ% se)@hlt&ﬂdéta BinPfe kNS tge
ata for the child. dat cts, in_step. a i spl ays .t he, parent an
child data obj%ct s® ”ﬂ%aé Qg’!éé% ‘%?tep%éaﬁﬁéwgﬂs @8?@@%@@@1‘?@ dﬁ@tq%!fﬁ@ T aken by
the graphical usera itapevf Bgaefauiiifthe GraphiodluserdattHagadort neEdupgbrit on when a
data pornt s S el et a pok 43Eh e o B B RR H r hE°

sel ection of a dat
child data objects in step 85 and displays the parent and child data objects in

a step 87.

20 FIG. 3B describes the actions faken 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 80 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 S0 then obtains the data associated with the newly selected data

30 peint for the child data objects in step 84 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, drill-up
mechanism 26a in child data object 20a of FIG. 1B) is activated. As



Sel ection of the data point may be inplenmented 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 nmeans. 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 associated with the newy sel ected
data 30 point for the child data objects in step 94 and refreshes the child

data objects in atll@étt%fédgﬁte nFét@sd e?anQﬁt%st :h@%étnfah& Gthd é’rm%ghrﬁ%&@gat i ObJ ect

graphi cal user interface IO mechani sm of
(for exanple, dril$teRf H’é‘?!h%ﬁﬁ'i"%ﬂ?ﬂ%ﬁ‘eldﬁ l-gpimegherisra, teprethod 864eppves| G 1B)

is activated. As &hé'cht‘@&d’t@&lﬂébt( gmestéﬁﬂédm &sﬁnléyﬁméﬁeﬁtt%@ ekt é/rﬁi“on of

the drill-up nmechanjsmin 0 drill

t t
mechani sm the netHeH9sé- ervé%’?/%%"’t d@ﬁél%lﬁ? ?a(E}’ llﬂ\égﬁ; ‘g’?ﬂcg@t (rge)teq 2. st epp98 and

di spl ays the parent datFar pjteale ;@J’liﬁbseslvhﬂiuﬂﬂﬁovflo aes,pecutubepmtaét@ﬂtofdﬁta
object's child dat '

a ohj ect For .illustr e pur poses, we
turn now to a specf'“l"‘:f"g{3 hepatpe grf ?.)ff %W@ph’?zﬁ\?@ﬂtmtﬁ?ﬁce ﬁé"'y PHR use of the
graphi cal user mtmﬁbﬂt@famehmwddtd m(khmlsticapaiceéos doptrbicippidatisd faelaglata in a
statistical process contr l.i cat| f.or aut orra
envi ronment . krgrnge it BishRbRE ARbr Al A ORISR biien (esters
perform vari ous t esitsmaiad tstarepsfarm varousdssisrbh ;le\haasen éﬁ)a&etrtblmge Vari ous
measur enent s nd I.b ; devjce an
cal cul ati ons 2 gt[nlgs't'ﬂlfla géusg{r:]gasgrjgédnhe&g %%t{g:ﬁ@ﬁ%%[hollecﬁeed tg%"l" E%%l ed group
of devices test ed deﬁweﬁed@albnlutlcaﬁlaodlstaastmsstea'niam avaiahiegbdubthercalesiteat ed

into useful chart R3ichi S1el 2002 ANNBRHELD EhRd U rlledw € he

operator to visual detect tren utes surements. 15
Dependi ng on the dpﬁ@lqséf@ttq:hﬁﬁs su¢feasdinglgsanhs ap@panste chafts whick aiow e t he

operator or ot heropet%ﬂeersﬁalryeeeeteén@tnﬁhefatt@stﬁét%e Rbrehfknie made in the
process and what changes to mak However, 1 n many instances, detecting a

trend is thelsfirsPerendipg op the qqph@t'a@attw@qhaﬂwat%guﬁ qit fo dagsoresalels

addi tional i nfor ngHot{en eAdiRetrs tottetéimtdeepérﬁﬂgétateed e .laadélmﬁéltm&@ssknow

and/ or the data 20 col |l ected I?—I resented in other vjsually useful
formats with or wid dlmatchangesto make owever, sn many instances, detecting a trend

is the first step in a long debugging process. In 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 filiering. 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



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 of devices tested to determ ne whether that attribute,
measur enent , and/ o G3getl 03k ..c.o1¥Br drodevises under tdse(riot shrivri) s Atsketistumlipreceds t he

trend, There are TR PRI R et ressté’st‘aht%plgéé"f&busetlb%r ok ! on.

and it should be unders ar anet érs spl ay
will vary from applestgeiions 1022, 4B i-catd2band siores ltm 3 giegnony H5. |@needr bl ock

di agram of an aut O%F@Qaﬁsﬁﬁlﬁfoceﬁ‘é’dnfreﬂgpﬂs clitff: 10@5 il leti%é Hﬁrﬂcafehe

automat ed tester environnent 100 i ncludes one or |ons 102a,
102b, ..., 1024, whitehe G sesyerdqd fp regiem@ﬁvamt;ggdata107a103310an devi ces

under test (not shown) rnfhe a’érrarérﬁ@dmrﬁérq%%ﬁs@arEﬁpioesSPCho% ﬂe%,r 104
recei ves test data 103a, romthe test stati Gc'

102b, ..., 1021 and %%S@Pé@‘ Fﬁﬁcée%m‘y BB IPG e SEW e Al
process control (SR 1034, d03ts 1003 from ateét&&jtioﬁoozwl’lbzﬁte fDZWitl’ﬁé”lSF’d)e SPC

server 104 to retrjeyv | evant est 7 preferred

enbodi nent, each S%%V3§'I1pgﬁ$n°% ,Ssagegoat&?)éijgcﬁ?‘?tsﬁ?%gns gloéess i‘ﬂ i th the

SPC server 104 Wiedicath¢haBREv setavi@Ba,1108b,r.ec €03V Bsmieatestdithn @348, 10203b, . . .,

103i froma test sta 0 C serve 104 sends a
1041% d3fidhe. SHe"Src arent$ 063, ' To g et atar

message to the SPC ¢l e Sessions 't hat new
data 103a, 103b, that,partaialartasbstaﬁdnéhemdstcareryautﬁb(msér@érb‘loz;to , 102i is

avai l abl e. The SPG.Gl{eMa(Rly d]a%(? tnterestedrlnot En{aﬂ%gtggﬁ.ﬁ’/anqaft or 'Q)g{ f8t hat

particular test station then sen serv

retrieve the new d&édatng is Q'E’rﬂﬂ%’ﬁégﬂ@dh itquweng@nhuam)ermeﬁape 10/,..,. .., 107i
for updatinggits Apllrofpl ayed data in its session graphical user interface 11
Ca, ..., 15 110j. FIG_ 5A shows a screen view 120 of a graphical user
interface | | Ca, 110f!G-@Arfihays afcrger View 20 pha araphigsljusenintarecatittarat ed

tester environment11bPRinning on a client 106a, 106j in the automated tester environment 100
of FIG. 4. As illustrated, the screen view 120 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 applicdtion 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 127¢, 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 ailows the
operator to set the fest 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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of FIG 4. As illustrated, the screen view 120 conprises a w ndow 122 with
a title bar 124, a main menu bar 126, a tool bar 128, a view |list 130, view
20 sunmary 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 nane of the test stage. 25 In
the illustrative enbodiment, the main nmenu bar 126 di spl ays drop- down
menus File 127a, Stage 127b, Views 127c, Tools 127d, and Help 127e. The
File menu 127 i nclfiglefshergraphical eiser intasacearidgispldyingdhreeuitest varsion ptthéorm fil e

oper ati ons (open, e‘ﬁ al 8l interfable Stage menu 127b allows the operator to
set the test stag %i -ray Inspection, optical inspection, etc.). The so

Vi ews menu 127c¢ incl udéke mmrﬂ%wlméyﬂwa fguihe mosbersmraerly Uses' Meikok e

dialogs to create ;t@n-BQHVth\é'cﬁH}S %wﬁﬂbﬁusﬁﬁﬁV%bV'!m 1e1d@ol s menu 127d is
for menu itens such as_di splayi even 1 ogs and configuring the display

options. The Bel p nenuTll‘?V‘éwlhﬁc"l dFe%drr?Erﬂ?“ﬁ”t"étrFﬁccP’éﬂQUéRS’cVé%’%ﬁ %f§atthe help 10

file of the graphigzh vighas createRisMg @r@dtedhé@b‘ﬁﬂdr@ﬂwbl@i dHthé fidin ver sion of
the graphical user interface. The tool bar 128 dis ¥s buttons for the

nost commonly usedootgad 28iof kerp the Views AERPCHPASOR hovigw lisbiagis 127¢,
127d, 127e. 5 The gghw ddnsmvel&%ahmg%aﬂtnerpacﬁwmr Wiewb mfuda@rmfth@u:éﬁqist\n ews of

data. Each view crea eat ew W n the main
t ool bar 128 or frc;?}ptdﬁger\ﬂe@{,\}geai?lgﬁeﬁg ITE?I% e t E\'H‘Ewdfte\%%?\a&anmo is
context sensi4ive asﬁma‘temgeﬂolﬂﬁirambtermatdamrhmfeswlﬁmsjatmﬁdjemmmalppédne Vi ew
list 130 depend on the sel ecte |st 130 has
an 10 associ ated J2{e3fevhA tg? %ﬂ%ﬁlteﬁ@ ﬁlﬁ&&!n\%ﬁ%@ﬁa%gﬁgcobj ects will
appear in the view anﬁhehmwvtshmnuhat|aformaifqn|1t32rd@gila§s)surrﬁman;ylnaf9rrma1|oeach dat a
obj ect. The view SY f I : i W% tion
about the currentl y”{f{f.g rpen(ﬂ\{/g%%vé,tg&a\ﬁéﬁtz%e tﬁ‘?ls@(é b%'u éA@Hi‘}gsp t;r!;s st at us
information for t hafompglion fertheoapplicationhin the [liustiative embodinmpaldthestew  t he view

1s summary i mfsor ”%hpﬂhhr}%?orhqﬁﬁérpfﬁ%ﬁn&déé%Qfe'sl%ﬁﬁngﬁ‘ ofhe U@ iR, ﬁxc}(ldﬁl@’,a
including a test stations fromwh data 1s collected and a
descri ption of t hdist of the test stations from which data is collected and a description of the
device under test, and the status bar 134 displays the name of the 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 charis 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 DPMQ, the top false called algorithms, and the top false
components.
Each tab 141, 142, 143, 144 contains one or more data objects. In
the illustrative 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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devi ce under test, and the status bar 134 displays the nane of the
operator, the date and tine of the |last screen refresh, the refresh
interval, and the current time. 20 In the illustrative enbodinent, 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

I ncl udes charts that illustrate the pre-repair yield, the pre-repair DPM)
the pre-repair top failing defects, and the pre-repair top-failing
conmponents. The Post-Repair Quality tab 142 25 includes charts that

illustrate the postsgLnséd, 156@ér€,m thBeorROSFcharetinerddVidm FdMvanbesiibetéepal r
top failing defect

and th pair to farlr [of0) The
Thr oughput tab. 14308 ACTEREEH i ATRef o Feepeale SERREAte RV LB SOH. boar do
tested, nunber of bo&g d85d.epaired, and nunber of boards conpleted The
Fal se Calls tab 144i nclydes_ chart h L llustr t he rati o af falseto
total so calls, the fal's€® ' ’cr}aﬁgh}ag%el?rg%eaccﬁttfb gegp@tg;tls[eﬂ €3y t he
top fal se corrsaonethiesaforEamﬁv vagibetwiden stat2s. hiBe |Ilﬂr§trfhtrwemabdﬁmeﬁlnme(ﬂre-ﬂ0re
dat a objects. her f.r odi ch tab ipcludes up to four
data obj ects 156a e’l%% ”aLfiVSt @%‘K@@ﬁ"\gugs? Cé%q’ég%'wgsﬁrf%dc@ﬁﬁ?‘ CRE'S. The
dat a obj ects 156a, Qudlity thbGd] inthdes follbpahesr €¥55a,mM 85he1 550y 165df eadhar t s gener at ed
fromrel evant coll .S ctive
separ at e panel 155@&5@@%935@%%@&15% %el?hes%sp‘g%sgﬁ@egﬂar? ‘ﬁ%ﬁ ES%W ong on
each tab are cont esata objrsl 1569.c158001568, 156d ha$ assgcinted dv!&rdywbeamé?dw stages. In
the illustratiye e ottﬁi%s ghown as
sel ected. As :1[?/ us%’gﬁg‘gﬁg[wefér&raee-%b%glﬁp% Ihﬁ%@nkédy% 1 ﬁ u es four
panel s 155a, 155b, dovgrkuttong5da, 16815 ¢§§%ﬂnﬁ@lsaaaz§?|&cebljeéieta Pos8%, 156b,
156¢c, 156d in the mwb@éh@at&mééns@@qbsb Gléé@‘i@@dl efd thk2hA, in}jbb, 156¢, 156d

has associ ated drill-down capabi | t he preferred enbodr ment ,
i s inplemented bot rre%reaerr@ﬁerﬂem trlerear&é‘%ﬁﬁ“ﬂ(ﬁ’tt‘!"ﬁﬁ'ﬁf%ﬁmeﬂ'@%hfl%c 158d,

and al so as sel ECté’étrbﬁtlr@ainﬂ-dBﬂh Abfon. W thB iRt fRGdARE ?eéb@bt%tdnﬂ—aﬁﬁn 156b,
e T Senes e ioallhE o ) B ol DL, s herefore
met hod, the respecédiatteditiativatioivil-down, and in the second method, a particular data
point in the data object may be selected to activate drill-down. Selection
may be achieved by pointing to and clicking the button or data point, a file
menu itern, a hyperlink, a keyboard stroke, or other commontly 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 drili-down data objects may be displayed within the
selected tab 141, 142, 143, 144, or may repiace 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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is button 158a, 158b, 158c, 158d of a panel 155a, 155b, 155c, 155d may be
selected to activate drill-down, and in the second nethod, a particular
data point in the data object may be selected to activate drill-down.

Sel ection may be achieved by pointing to and clicking the button or data
point, afile menu item a hyperlink, a keyboard stroke, or other commonly
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
mouse point-and-click action on a selectable drill-down button or

sel ectabl e data e tivated, any
drill-down (also I"Ir}fned ﬁr%dg g%rgﬂmhect S ss[omcpgtt%é}gﬁ\%gt %%t he data

obj ect from which Eihﬁém a8 eagh 'F’YQL@gWFOH’@B PesPATRRE S ataRRiReE d82 iglpseferably| ed

;palr |6an " daéI at obj g:ﬁ‘édatyaa en tdi tsphay@m!ne bdb- w@mawﬁew a@o@rméh 188Akng t he

rill-down data objects are anodal dialog in a pop- up

wi ndow. In alter néb?%‘ eé‘rf’@&i‘i’l?#‘?iﬁi ?4 t1ﬁ€ 331 190338 fisPlavebeioy- o8 ghaway b
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i spl ayed information in e W arent data object screen

T one 1nCthe di o G Hele oheet B oD ATIRS AR 138 BBECEs. Of he. cont ent

of the parent dato’@u&bj iewll btﬁ%ppﬁee‘gfydlélllﬁtyhahsgmdhﬁ'ﬂlnﬂjéedf §:mgwdg§ew¢ or 3

sane- screen conp n I own dat.a objects. .

Se oD, oe or. " dlnpees SiltaiA s oay PRERGA B ABHOR I i MR PG ot o

objects for drill -uslewmterfadéZamhtduoolaebjectt\imumztdwwtpf tamdiewe{gamdigy r t han

three) child data C t f the

parent data O1bj ect® 8%@'&5@\/@? 8?‘?1@% Ofg aye éﬁg{ah&ebk%%ts qﬂ%ﬁé hgh t he

pop-up w ndow 180dhreg guilg, dalﬁoimectimwfﬁ\cﬂ%t‘rﬂ@ aréitd méapldmdamampect s 184,

REia) ey SO ﬁﬂfﬂ@ﬁ?%&ﬁllﬁ‘ﬁG% g@%ﬁ @W.Hd@%feﬁ%inééées PG RC TS

to screen size con ralnts a mhmaxi num opj ects are
preferably di spl apewlidar $92 (eiteer hnrizontal 88 slayyn, oOferticahie aggw @ny nimber bfe

appreci at ed that (dhfy dgiy oBE: RHIDGEpISfeasHIS ISR, calh SRl chil d data

obj ects may be any er ‘approprirate to user I nterface
appl i cation s'@bj e@PJePbW‘llibPrP @Pieéﬁ@”ﬁ'ﬂeq piee 9n%aténv§lvabmmetay1 qpgraiq can

confortably view tg £8iHseids 1 avaaddle %Idtdéﬁh Mdt@a@@été’mﬁk&o%ttﬁe I'f nore

than three child data objects 184, 18 are to be displayed, in
one enbodi ment sKBRRIIEE F@b'e@Bs't'?m@ct%iFrﬂbb%ﬁaoW the éF%'F%HYPy‘f'i“HEﬂ udes a

than three child data objects 184, 186, 188, 190 are to be displayed, in
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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scroll-bar 192 (either horizontal as shown, or vertical) to allow any
nunmber of child data objects to be displayed. In this enbodi nent, each
child data 15 object will be of a predeterm ned size and at any given tine
an operator can view a subset of the available child data objects as
determ ned by the operator-selectable position of the scroll bar 192. In
the alternative, if nore than three child data objects 184, 186, 188, 190
are to be displayed, in another enbodi ment shown in FIGS. 6E, 6F, and 6G
t he pop-up w ndow 20 180e (shown in FIG 6E) displays a subset 184, 182 of

t he dat bj ect d Wi

seFec?eg galuggssa?nl ea ri?ﬁé%l%ﬁ dfeaﬁﬂégn&?g%)atﬁ%?g%%?&&@adg?%%gpgg]gnt 0 be
removed fromthe dimmkeaweaafﬁﬁbawﬂceaﬁﬂd af iderestépediiprialthectnntakt Glat theobj ect 186
to be displayed. tE?ttsE%eeanggégﬁé uitler ega%gﬁg uRR tthé)ﬂ Qhinfshialet! gata obj ect

190 that has not é shown in
FIG 6F) which di sqﬂrw@rtnaaeiaﬁaﬂ@a ¥s @ﬁ@taaa@p 15@ﬁmthérfﬁ’rrrbpf@amagtﬁ9pect 188

includes a Next bqﬁdsﬂgturﬂggtﬂe%@péhsyfércﬁéfﬁtﬁh@i &Hﬁ'ﬁﬂ@ (ﬂ&@oerﬁh@evﬁﬂ%hn@l‘“on 194,
when sel ected, causes at |east one of the dis chil d data objects

to be renoved frorPstiEUdFpRtpzss amﬁrsatfestv &ﬁﬁ'&?@%ﬂ@sa&a’mmﬂﬁ% | d data

obj ect 190 to be djERbiede niMBerd dEle pbﬁhm@noia &un%@?ﬁﬂb?gbeﬂwe causes
the i medi ate preV| ously dl%g@ﬁyfié chil d _data Oﬂ% 84, 1386 to be

di spl ayed. Wen a pEPenps My By milips P45k Pe 1p5e fisklays 4938t a obj ect
190, the wi ndow 1&@gkct $$ﬁwm1zstranrlglt& n@ﬁ)erdft%@{ mgespmhvpaaePrm dizgtayon 196 to

redi splay the i med| ate hil.d data ects 186, 188.
13 Returning Po FI&$A %ob@géﬁ%ﬁ%@ﬁtqg% T'é’g fcfi‘l?gé:omfgg?f ?j{“épl ays dat a

obj ects 156a, 156kombbhient tybebdsdfustratee east pamdactﬁ&a ¢55t) 155 188 isptays(i . e. ,
the test stage and t f m ni strat or.
In particular, Sﬂlﬁ @ﬁa{gé}’gpﬁafggla&' d@tza ch e&%ﬁlggglﬁ N 1&1‘5%?%&% ormof a
line graph 5 i | usaxamplentyetﬁwet Pass el elwt 1,56@|udpamt thoadnticalerati me (nunber
of devi ces under RN R di spl ays
a data object 156D eg%lta?'g%?%‘aésfe{'#? n‘g'gtp Ecl)"{S?I‘1 h{:ﬁé%thges?dﬁﬂc?rﬂt?ig
opportuniti ests( DPMDhE(houes hetwdan 2: WJFM@M 30V sAlsh it the Hiustradive exdriié,on

DUTs) . Panel 155c i M@@SS d B%qa‘ﬁ@lﬁ% sﬁé@éﬁ%érﬁ%@a&bﬂ%féﬁﬁ nunber of

test calls. Par ent pa ect ustrating
the nunber of fai |beiveesiporrme goqﬁ The Test Calls chart158c; in panel 155¢ illustrates

that most failures are occurring as a result of a missing component. The
Failed Components chart 156d in panel 15&d illustrates that the failures are

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

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

25 display within the tab will dispiay 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 156¢ 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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conponent type. As illustrated, each panel 155a, 155b, 155c, 155d di spl ays
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 is in the hours between 2:30 PMand 4:30 PM Also in the illustrative
exanple, the DPMO chart 156b in panel 155b shows a sharp increase 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 mssing
conponent. The Fadhizd aiitgpahesefly inddrenationl &gt the “Campbneb Blibsingl detér at es t hat
the failures are | I d
e A nyres are Zhdiishd yubety {g’ﬂdé Ao BNE BN SELARI LR Ends BT hodd
addi ti onal useful Thﬁmemmﬂg@’fﬁdfqhmaagbﬁ@tﬁaéWﬁtEdl\Bl@afhemonemSGC 156d,
the operator may Clisikg 88 1608 oﬁfhblﬂesp@mgdaut&b%t %reég’@ﬁlau%aw& 158d of
the chart's associ ated panel 155 , 155d d 25 diSplay within
the tab will o sp|%\§9'%e4 35 HewD w%‘@r éB HH?P@Flr?ﬁfﬂqrmfth%C@méof@PfMﬁP'ég child
panels. In the altgéasiavs ihd SpedpPpat or may click on a data point of the
chart 156a, 156b, 156c¢, 156d to di s;%&ggchl data objects associated with

the selected chart wt E%a’t%%éeer v EeeetigT Hhatse-FEP#E . 1n eit her
case, the child da@@aluqhh@¢4ﬁom@ meAﬂﬁ@ﬁugw@de%r%@&éd%rammwmtlcal Iy

so upon activation of but t on 158b, 158c¢c, 158d or data
poi nt. For exarrpl echaftp Etﬂ bg QF@'F%?‘Fg%S {ada plhigctsy a(%qusz%a?rtd 2(i2d dhat A®panel
156c of FIG BA tibeeedisplaged Wpadat aheoihetFre-Rebhietabonpanfet selditeysi ng bar

LoD A e oDl e kA TR R 2D o180 R R P
poi nt 160a by sel emhportgm(tes) ehart mzbckTag Callg (Ddfect G9 Type)ehtrt BOXS amja bar  160a.
e Co ! Sor e Pkt (LohR IR Seh 22 SOPABbaRe A DECRTRARE |,
di spl ayed, as showparenitd-th@d raa;rorvatnpthe’s\ebedﬁa ahartdiomt wisiciCthezomoent M ssi ng :
T hoCh o e, SHaRRR Bl i o, 3R AT Al IR 200,
tree are the def awnows originating from a parent chart to one or more ¢child charts indicate
the drill-down path associated with each chart in the tree 200. As illustrated
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, 204h, 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 156¢ in parent panel
25 155¢c of FIG. 5A is selected. As illusirated, the amodal dialog 170 includes
the parent data object 156¢ and three child data objects 192a, 192b, 192¢
respectively displayed in paneis 180a, 190b, 180c according to the layout of
FiG. 6C. The drill-down tree 200 of FIG. 7 determines the content of the
child panels 180a, 190b, 180c. Accordingly, because parent data object
30 156c¢ is a Test Calls chart 202¢, then according to the drill-down tree 200, the
panel 180a includes as its data object 192a a Defect by Package Type chart
204¢e 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 pane! 180c
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chartfs (to be displayed as data objects) 202a, 202b, 202c, and 202d t hat
are 10 to be displayed in panels when the Pre-Repair tab 141 is first

sel ected. These charts include a Yield chart 202a, a DPMO (Defects Per
MIlion Opportunities) chart 202b, a Test Calls (Defect by Type) chart
202c, and a Defect By Conponent chart 202d. A connecting arrow is used to
i ndicate a parent-to-child relationship between the chart from which 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 indicate thg,dddd betﬁ@c‘ﬁg db?ﬁd%n@ﬁé@ﬁér@i% spebific ﬁ)atﬁé‘cﬁﬁnﬁéﬁen'té“ the tree

200. As illustrated by tree each chart nmay operate as a parent chart,
a child chart, or ’ﬁ'éﬁ*ﬁgdatﬁd’t‘“"éi%l e, charts 202a, 202b each operate only

as a parent chart, whilag sROWE &S5 @4eh c@ﬂ”d&nel%@@a 1908 6moc fafig@98C each
operate only as aqciﬂl | d chart s 202c, 202d, 204a, 204b,

;
204c, 204d, 204e dlpz'@?ﬂ“‘a@a@ﬁ720Hb@ﬁﬂ'@s%'vsaf%eféﬁwwm%ﬁa‘FQthnd a child
chart. FIG 5B is a’tﬁbe@ﬂaifmhps fiorh lainy 8bie daaiidctsdh #eqaindiéQobd acow,s1o0d spl ayed

R Yy B

i ncl udes the par ermedhanamotyj2es imfébentechak thacese bhitdndbfdies amandzf gialbg. 192a,
the | ayout of - Fi el Ee e bR BNt o SR8 s the
content of the chirildiphatient i eboldpanel 190 19A 080c, Aditcomenuniigry, a ypedilse par ent
data object 3Q 15 to the
drill-down trge Zgagkéyﬁ?lﬁd-gﬁ& &é@’}r%pﬁﬁ @gé‘érétséaﬂfz{hoﬁﬁfégﬁ%h ect 192a a

Def ect by Package erppmrlaﬂedﬂhe radicglas graphital giseignterfaceGnponent s M ssi ng dat a
point 160a. Likew se, R%Qﬁéplayé@%ld‘d&% 6{?&?h§§1t§ bien SR8 Qlcﬁﬂ\otdaég% a Defect

by Part Nunber chart 204f “specif onents SSI ng data point

160a, and panel 19@@@%“%'@'%@"*6& E?e?‘@‘&:'é“’"b@p"@dﬁﬁ‘éfﬁéﬁﬂ's Fongxamp®4§ specific

to the Conponents ghiys#i ne, ﬁahaoewc&tby#fa@ﬁageﬁﬁjp%ﬁamm el Gn aééo%aat@oach
child panel 190a, 190b, 190c¢ includes’a drill-up mechanism1/72. In the

i |l ustrative 18r ef shideNashBseHycoapiRAts Bk PHRa %gcprdmg,m Panghd8da om any of
the data objects thl'llmc[@dié%@s&sb%&&)bbéh?@@a d BP%ct Byatdekdhel WPe SRaEEILeVi €W t O

the Pre-Repair t aglslodfnclué]es dril do‘gé\ metc aenlsdrgsI {n the E)rm of both a drill-down button
196b and data point selection (on the Shape bar 186a).
FIG. 5C illustrates an amodal dialog 180 that may be displayed when
20 the Shape bar data point 186a of the Defects by Package Type data object
182a of child pane! 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 206a, 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 remaves 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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mechani sm 172 is inplenented as the close button of the anodal dial og.
Alternatively, the drill-up nmechanismnay 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
will 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 CO”DOFP'\_%'Mrﬁmglf@FIG 39QF}{heﬁmﬁﬁéﬂ}e@bMpleﬁ?_éﬁﬂ@'paﬁ@lOI%Da whi ch

I ncl udes as its data object fect art 204e also
nol udes dri | | - dovRISPHBXBImANaS$27 A Faled COmpPRANtHBY Rackegs TYReTd0hA but t on

196b and data poi ngof rféfi\iwﬁ%@mg‘a@f h?peghf’ll@%!eﬁﬁﬁorﬁ%ﬁ@bharﬁh&alrﬁ&t'ah lmustrat es
an anodal dialog 190 that ma bar data

poi nt 186a of the PELOBIPONERL ﬁ‘éeef‘il?)@uﬁ‘éﬂ”ha 85‘“6‘8%" pafge‘téyp@f- némeld panel
180a i n nodal i al gkdgddtyps "SkapeCt Aslalsd bigovi, arhlmgaaiaeﬂaodld&plawscﬁé)ﬁ par ent

data object 182a a bj anel 2. Child data
object 194 is a De ttf§§$e€|o¢ﬁ55??@ﬁF sgﬁgﬁﬁ% E’éﬁl?r(ngne{'é‘%ﬁﬂ%g dat a

obj ect tree 200 ofddidbiypé. tBedeardmnt this cBhap82ibthat dedtaf theinmssidb 186a of t he
Def ects by Package S ¥e) ect by
Conmponent chart dat &@e%tta?elg%tﬁééts"‘%g%rl??lly}ﬁéetroﬁé{oﬁe%f%hluéggn%gﬁé)onents for
conponent m ssi ng- distii@pea ch@rtriG2c bf faited Bempanentsofbf hetCompeaentMssingher e are no
childocharts gssOCIALROTHL bt M GRS ORBIRN freshiBelecfO0R Lhe

dat a obj ect 182a provides no vvn capa So since the
di,al og 190 was r eagMesl dnavrhb%@mmtaﬂ@rsptamd @Dmmnanfdd?rélﬁemlBZa the child

data obj ect 182a d'splw% thé'SHa B%\Qﬂ@é)in'tﬁ!é:#éﬂg@@oﬁlp%éﬂté» bfPackdBgnan smin

the formof a drill-up button 188 [ectin 188
renoves the dial ogTVPQGh?’it 6?\35’('%9@@?%@?? el d?@tQ!Pﬁ%‘:ﬁﬁ!ﬁtégéd@ didrdarew to  t he

parent dial og 170 eﬁaoﬂwmwmééltﬁattmorﬁﬁorlaﬁfws@h@aefe@n?b@n tritfled he

illustrative exarrpl e, g_l{l}dés anel 180a, dléglFays a chart 18Za of Failed
Conponent s by '*Pac g Playpd eeraPones M ssing defect type. It is

clear fromthis chart lz\bamstadw@%tiotaifinf@fnat[@rr@n%ras@emﬁed\&@ﬁiﬁa@hd@ ects
occur with a parti %iga{az'ga?é‘zc dis Y ed in the tmraeeychlld panels 180a, 180b, 180c. In
particuiar, 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 probiem 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 1o parent data objects removes the task of correlating meaningful
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5 package type "Shape". As also shown, child panel 1 BOb displays a chart
182b of Fail ed Conponents by Part Nunber for the Conponent M ssing defect
type. It is clear fromthis chart 182b that npbst of the missing 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 Mssing 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

obj ect chart 194 léhdﬂt‘s'ah& ddﬁ‘@’ters@pﬁﬁdﬁﬁiel@@‘ne‘ rleéllp‘?ém@;h@ﬁdér%ﬁ!yﬁn@ﬁomonent
M ssing defect is eve{apé di s ted ano
t

a t
ot P e T PRk ey Ths MEpPPaEshER 5% P Oy et BL KB ASHAREL f r om
the charts 182a, ﬂ&?tnterﬂa%@deﬁgwloaymﬁlmlstratoh&aittrh‘g =15 abbbdrdtrﬁéa’d:ﬁlas 180a,

180b, 180c. In art cuI ar one e to be
attributable to g P18 FF‘i%Fﬁ?"a@éﬁkg%éoqc{;h@5'@1‘\'&5‘%‘””5 qwg?yegfpp r‘?r;id?t?ng part
nunbers are |ikel yotiiébtpamlcagﬁttsaﬂbwsdidlegaytsuiddmﬁaasdm ofgiapa ey ih thee and

nost of the failin n die n failing part
nunbers "0603-C". & %ﬁf%?%ﬁ‘%@ ﬁﬁ§°%§§’? er}sgﬁﬁg %PcﬁEF‘ila“g? ﬁ%kﬁdﬁ‘ﬂq" or at
lje?st ?a;royv tlhe q!ma"smmhmtsrremecgl‘ramhml umﬁntezéa;:geopelfatarhen mﬂkipﬁgc:}ags)gess
efect(s) sinply < arent - chi ata
obj ects. This anal é(nglc}fﬂI?iU@:ngtaSSI sn%%hmgﬁﬁ{b 4@%?glapenbodl ment in which
the sel ected parent andlitheugh tmnprederm@mm}wt@f@a@r@ewme@h@mh@t;een

di spl ayed. In,addi t i t

di spl ayed for Dg gﬁ%ﬁgbﬁg?ﬁ'@%ﬁ ﬂuﬁfbsg% ﬂ?’;ldrélg Sk@%qjﬁ’g@:ﬁ?k %@grégﬁéﬁ?ﬁ?hat t he
di spl ayed child dataioshedifieatigns aldﬁ'(tj@*%;ﬁ QWa&Ubﬁfﬁk@nﬁﬁée P%é@te wihpsé gi ven the
contents of the pajaking@bm tﬁ@h&ﬁﬁe:anﬁ@ﬁw@@f’tﬁéh@gnt%ta% dREloB&Y Rithd | T data

point selection is inplénente e avail able data, and the real
8

debuggi ng probl em 31« Pa’éydﬂ%‘f'?ié'ﬁdf B0 pPﬁ%'b‘ﬁﬁlEﬁ;é’trﬁé?%’ﬁfﬁéﬂ useRiitS on i s
advant ageous over dunenty distlosettinvetion Wik Besorhe dspasetsverfiiest , the automatic
pre-determ ned mapping of child data objects to parent data objects
renoves the t%sk of correl ati ng neani ngful 17 charts and data filters
applicable to the real problemunder analysis fromthe individual
operator. The mappi ng need be set up only once by the graphical
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user interface designer or adm nistrator, taking into account the actual
probl em under anal ysis. Second, the sinmultaneous display of a parent data 5
object's child objects allows side-by-side conparison of data. Finally, in
the preferred enbodi nent 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 nent of the present invention has been 10 disclosed
for illustrati f sebhese skilled in the art will appreciate that
vari ous nndifiég ?zég?i%@%F@ﬂ%hs and substitutions are possible, wthout
departing fromthe scope and spirit of the invention as disclosed in the
acconpanyi ng cl ai ms.q ht. kiSa i ble that other benefits or uses of the
currently disclosedqfhfgﬁgpbhﬁﬁflji%epone apparent over tine. 15 18 WHAT IS
CLAIMED IS: 1. A systisapt asripstistatiag whigh coliepds teghdata e ad{egst ¢1¢ whi ch
col l ects test daiRefh@dPiadt | east one device under test; a menory which
stores the collected test data; a graphical user interface which executes
on a conputer, the a'BapOVerhidestongs diseqodetied test dddei ve user input and to

retrieve specified tggfhphigitserfiftemadd\mniceaRickicBahatopiputdiangser input, and
the graphical user interface being gr)vgerab,l e to display the retrieved

. pl >
speci fi ed test QEPHEHRERT oppréRiedy reeadiser IRPYARd e religye specifiesisdt one test
d?tﬁ OEJ' ect cotrjaaltai ﬁ&rggné)rlﬂ@mﬁfy ba¥ed en $%) L%é}'mlphﬁah@ﬁrie galairﬁcana'senlts aszloci at ed
W t the test at obJ ect I el acC, of, . the one_o0 r sel ectabl e test
fat 8 point s conFregibeiiamerti b duliiha ferevineared ki Ateor

attributes, neatdplsrgerdes i0the fomt of atdeast ohd@sdatd epistt conprisiey baeounder test,
and upon activation of sel ectabl.e test data point .the graphical user
i nterface autoﬁ%@?éﬁ@FV%md?gﬁ? ‘?mgﬁﬁﬁpﬁﬁﬁgﬂﬁk$§tﬁ%?ﬂmfﬁ%mﬁggF“ﬂéta obj ect
associated with the act ieaet efdths ehe ot mbiecselestablal@biadgbopoitts comerises nor e

chi 1d test data  oblieshaCapieh Uiy a0LL B3 ol RRSLIEReRRIY to the

activated selectabl'é& test
metrics of the at least one device under test, and upon activation of a

selectable test data point the graphical user interface automatically
displays, simultaneously with the test data object associated with the
activated selectable test data point, one or more child test data
objects comprising additional data specific only to the activated
selectable test data point.

2. A system in accordance with claim 1, wherein:
all of said one or more child test data objects are viewable

simultaneously on the display screen.

3. A system in accordance with claim 2, wherein
the graphical user interface comprises a drill-up mechanism which

when activated removes the child test data objects from said display screen.

4. A system in accordance with claim 1, wherein:
the graphical user interface comprises a scroll bar which when
selected controls which of said child test data objects are currently viewable

on the display screen.
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2. A systemin accordance with claim1l, wherein: all of said one or nore
child test data objects are viewable simnmultaneously on the display screen.
3. A systemin accordance with claim 2, wherein the graphical user
interface conprises a drill-up nmechani smwhich when activated renoves the
child test data objects fromsaid display screen. 4. A systemin
accordance with claim1l, wherein: the graphical user interface conprises a
scrol |l bar which when selected controls which of said child test data

objects are currentl Afy@%ﬁpllneaccgr?ﬁﬁc@ % az?/“%gpe%n 19 5. A systemin
ica

accordance wth cl a| m user interface conprises a
drill-up nmechani sm Wmgl‘hphlwwaerat;terfwMmsﬁﬁ)adsll-uhme@hamﬁnmémh dat a

obj ect s 11 om gl L ARG HEUESHE onf b BHFLORL RoRSLA] BNSpecthér ol aim 1

wherein the graphic I'nter S a next button i ch when
sel ected displays at |least one of the child test data objects that are not

currently displ ayedg gniﬁ, %gptngj‘\sé%&génég%t) iy %GW&e?éFgfégygséreSt ores

previously displaye ata objects on said screen. 7. A
system i n accoligliree amprses %F%’f@‘itt%‘éh*é whem gelgeteghdiselays aideastpig er f ace

conprises a drigk lreUWpiidREh@ith SBjeuRitsdl aré"ﬂ&'&u#@ﬁtlyvcﬁ’épﬁ’ﬂ/eﬂedﬂwes the child test
data objects fromsaid displ ay screen. system’in_accordance with

claim 1, wherein th@ RS EPN whish V‘ihﬁﬂéﬁlﬁﬁf@é r‘%‘:%?fﬁ? peaviougly displayed;p

nmechani sm whi clihilgMaeind=A% bbj¥atk 0F shirmpRy schenchi | d test data objects from
said display screen. 9. A systemin accordance with claim11, wherein: at

| east one of the child test data objects conprises respective one or nore

associ at ed sel ect ablze pck%&rrpmia&b&dmeahtm@m @athewat i on aut omatical ly
cause the graphical ,user interface to dis

sjmul t apneously. with said
espect i ve child t el Rttt peirtdcisiedy 2 Bl mitPE s Rt o oy ect s
conpri si ng dat ashepeciivated renloyed theshilditeatdata abjects SrehmesHichdiibgaylsdreepoi nt  of
said respective child test data object. 10. A nethod conpri sing:
8. A system in accordance with claim 1, wherein
the graphical user interface comprises a drill-up mechanism which

when activated removes the child test data objects from said display screen.

9. A system in accordance with claim 1, wherein:

at least one of the child test data objects comprises respective one or
more associated selectable data points which upon activation automatically
cause the graphical user interface to display, simultaneously with said
respective child test data object, one or more sub-child test data objects
comprising data specific only to said activated selectable data point of said

respective child test data object.

10. A method comprising:

testing, by at least one test station, at least one device under test to
generate test data;

storing the test data in a memory;

receiving user input by a computer,;

determining, by the computer, specified test data based on the user

input;
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testing, by at |east one test station, at |east one device under test to
generate test data; storing the test data in a nenory; receiving user

i nput by a computer; determ ning, by the conputer, specified test data
based on the user input; 20 retrieving, by the conputer, the specified
test data fromthe nenory; and displaying, by a graphical user interface
executing on the conputer, the retrieved specified test data on a displ ay
screen in the formof at |east one test data object conprising one or nore

sel ect abl e test dat q?tgg\;%ég%c& ?éFptrhle%bQ&ﬂéthEEt ?atﬁ%@%g{&}eea wth at

| east one of attrib sure metrics o t one
devi ce under tewtd; responding, by the graphl cal user interface on the

conputer, to  sel eCtd\sgfégﬂéh@yégaﬁﬁiEé\ S8 RFhcdBkauAnl il rBkomplamet i cally

di spl aying at | east test data object conp r|S|ng i t'ional data
speci fic only tte felieved epecifieddest €ata afea dispiay prred] imie orv 60a115ashPb% t he t est

data obj ect ass@gigaiaShjectbdhpidity Gl FTE sbiesthnidada dR@I goints &dch
comprising test data associated with at least one of attributes, measuremenis
or metrics of the at least one device under test;
responding, by the graphical user interface on the computer, to
selection of a selectable test data point by automatically displaying at least
one child test data object comprising additional data specific only to the
selected test data point simultaneously with the test data object associated

with the selected test data point.
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