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The gmmummm tion is generally related to graphical displays in a

gr aphi cal, gg?qr Interface and, nore particularly, is related to systens and

met hods fOF 1 i nki ng a gr aghieriMd SRIDPVIENE oIS FOR MERNKINGIA data structure
N a graphical user g ghlres HsPAKGRRBRNK. BIMENMENAE D R ent 1y, a
u

fof ectd in pluned cir oBNRUGAMIRE 134 (ERAPHICAl USERTSTRARACR) 0% 1) Dl

one or nore electrical conponents (e.g., conputer chips, capacitors, etc.)
15 soldéred to an integrated circuit (1C). For many years, the de facto
process for production of printed cTECHNIGARIIEId2enbl i es i ncl uded manual
visual inspection (M/I] after soldering, followed by an electrical test,

such as in-circuit Th@%i‘és@ﬂt iV &tlon i8 bertehglyeretht€d 1o iEplass Epdys R @ GeshidaP

i sol ate any defects that occurred during manufacturing. Typically, a final

I
operat 6q pr op bty B ofE bt b B8R b LA ft il B Hitin,

need for nore conplex printed circuit boards having nore conponents

i ncreased, auS@rBtcaldispiayand ppA-dgspuoral daESRECHEDIR agrapkgelisehistEiacEon
systens typically conprise a printed circuit board nodeling system an

i mgi ng0system and a control system Typically, the nodeling systemis
used to generate a conputer nodel 25 of a printed circuit board that is to

be mass-produced. The i nmagi NGARNSEROGRIPO FSEIENN VW RTgoANd/ or software for
capturing an inmage of the manufactured printed circuit board. Currantly

i mage systens enpl a variety of.inagin echnigues_(e.g.. .X-ra
optPoal . ultrasoni & oERmTaienEgey B Moot priteil B ed loraieSifoe a1
receives a file containi ng_@a conputer npdel of the particular printed
circuit boar dTRRBRCUHAE Sstrels iRgristed: cirenitbearly. Srintedeicyibonws tyrieadly, t he
control system may generate an inspection programto be inplenented by the
i magi ng syst eixchiflke@nt s pere elentrigabgprzponesty (bg., Sompettr chips,magecitors, efc.)
manuf actured printed cir.cuit board, which is based on the conputer
15 soldered to an integrated circuit (IC). For many years, the de facto process for
production of printed circuit board assemblies included manual visnal inspection
(MV]) after soldering, followed by an electrical test, such as in-circuit testing (ICT), at
the end of the assembly process to isolate any defects that occurred during
manufacturing. Typically, a final functional test was run to verify that the printed
20 circuit board operated properly before it was integrated into a final product.
As the need for more complex printed circuit boards having more components
increased, automated inspection systems became popular. Such inspection systems
typically comprise a printed circuit board modeling system, an imaging system, and a
control system. Typically, the modeling system is used to generate a computer model
25 of a printed circuit board that is to be mass-produced. The imaging system comprises
hardware and/or software for capturing an image of the manufactured printed circuit
board. Currently, image systems employ a variety of imaging techniques (e.g., x-ray,
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nmodel generated by the nodeling system After the inmaging system generates
the i mages of the manufactured printed circuit board, the inmges nay be
conpared to the conputer nodel to inspect for a variety of manufacturing
defects (e.g., open solder joints, shorts, m ssing conponents, m saligned
conmponents, i Bs&dafl I \ir8ddnicS BhedRial irRddet &rc.) 1TLEX6LSS syabiieipicalNieeiveey Blsed
capacitors, solder balls, solder voids, etc). Control systens inplenented

in current PCB_inspectio ' . | r :
ntort ace o RRURORE S CRBERPRR R FRURCHRIC! PR B MiShetstieea
by the imaging systemand for interfacing with the PCB nodeling system The
gr aphi cal usefysteirePregéeon theicemppier mpdel; dascontiod PYSIEHH MY ZERRIGE A MEPeEtion
graphi cal display conprising one or nore i mage objects which may conpri se,
for exanple, pheramdebe dhplehenedibytthelimaging bystdmaThe inkpectighapbgranl mugbe
interface, and a conputer program associated with the control systemthat

supportg the granhigabe yﬁ%ﬁd&t}&éé tfted WnifhSRd b@hi@{?ﬁﬁﬁﬂ&? gg ﬂﬁer;%cﬁﬁﬁﬂére a

user to select variouS I nage objects in the graphical disp

instance, in th raphi cal di spl ay. of no f a printed 20 circuit

boar .t he ontoge ameatCybeatiElip swlgho ds el haRinaRien rersibhent on
the PCB, a pin on a particular conponent, etc. For a nunber of reasons, it
may be advant bgggseof the manheiaesdiprmbsdneirquboark thei inages miy he chmpsrstlde thed

i mge objects in the graphical display in a manageable and user-friendly

manner Wi t hi ncdrhguter fplelaslingpser fot B ivariég o€ mahofietunigk @sfectsqigs,tdped sefer
systens do not provide a neans to do this. Thus, there is a need in the

i ndustry for 2. .S -t f i nki j - i .and an
n- di mensi onal j% gelatf ’as\@ g,@s%gg °?§’tp§9§?%i€§{5%l§dg gger P%ﬁ??@ggﬂlﬁnﬁ@ﬁ@% THE
| NVENTIL.ON 5 The present. j nventio rovi des tens d net hods for |inking
a graphfcal d‘f’@ﬁg%@fﬁgﬁdmé‘?’?’ﬁqvﬁfﬁ?aﬁgﬁ’at?ﬁ&fs’ 6‘&5?@?&?&?&8"1% ¢clr aphi cal user
interface. One enbodi ment of the present invention is a nmethod for |inking
a graphi cal di spl afoatd! systemsdmpiemsénterhin aareat BEB unipgeizon systemp tapisaldal user
interface supported by a conputer application. Briefly described, one such
met hod conpri agployteeprapldpd weér ihferfateto absidgincgegerating trl insieetion ptoprdratebe t he
graphi cal user interface conprising a first portion for providing a

graphi cal di sphaumeHER by By SfstelPhfd TFREERRERHE tRIPCB modeling

system. The graphical user interface typically includes a portion for providing a
15 graphical display comprising one or more image objects which may comprise, for
example, the model of the printed circuit board. The graphical user interface, and a
computer program associated with the control system that supports the graphical user
interface, may also be configured to enable a user to select various image objects in
the graphical display. For instance, in the graphical display of a model of a printed
20 circuit board, the one or more image objects may comprise a particular component on
the PCB, a pin on a particular component, etc.
For a number of reasons, it may be advantageous to organize information
associated with the selected image objects in the graphical display in a manageable
and user-friendly manner within the graphical user interface. Nonetheless, existing

25 systems do not provide a means to do this. Thus, there is a need in the industry for



second portion for providing an n-di nensional data structure associ ated
with the graphical display;, receiving a user selection of one of the imge
objects in the first portion of the graphical user interface; and
popul ati ng the n-di nmensional data structure 15 based on the sel ection of

the image obj @¢dteméa ARfhcRTEQAIIBNY a OfaphitQ] BisFRS Rhd b WeNhieAflohd dtCONMpuUt er
program enbodi ed in a conputer-readablle nmedi um for |inking a graphi cal

di splay and an, n_di nensi onal ;dat a ucture in a graphical user interface
supported by 5HB%HﬁUP@ﬁ¥§§BF$SEFHB%%ﬁﬁgiefly descri bed, one such conputer
program conprises logic 20 configured to: provide a graphical user
interface, the graphical user interface conprising a first portion for
provi ding a graplucal display conprising one or nore i mage objects and a
second portion for providing sSUMMARY OBPTHE INVENTIONt ure associ at ed
wi th the Gaphical display; receive a user selection of one of the inmge

bjectssin the fi | : : [ ' : | at
Cnen 28 0 mensi ona darer ey Pri o HER R s dREeb Pl el TR e o' ©

object. -, Anot her enbodi nent. of the present :nvgntion i system f or

J .. a
linking a grapiPay|andassrdgnensgnalfiaa SIBASE u%etrr”EfETf%‘fee in a
graphi cal user interface supported by a conputer application. Briefly
descri bed, one sucOmsyetedinentmiitbeprebenyinventiopincmstioddoribrkig agarthicplir ed
to inplenent the logic, and a display device configured to support the

graphi cal us eﬁis'prag%ﬁ ag@-diftesiondl datd Sneoit i b igephical ussr vedecesu@paét Byl
user interface, the graphical user interface conprising a first portion for

providing a g ' i . i3S ' L /Ct . a
second portio%%5§?83#8€¢§%ﬁgxa§%%§3F%%%EFQEQé%ﬁﬁgyé§¢.ctﬁfgggggﬁgﬁgggd
witht graphi cal. displ ay; .receive a user sel ection of one of the jnmage
obj ect QSi n t her lgsapgg?n?&l% U IRIREAq% Uy SARE |usafs1@rerfaﬁ? EPTREENE 2 {fst
popul ate the n-di nensional data structure based on the selection of the

i mage obj ect . p@tiverfosyviieg a gephivdbdispley comprising ode avwwne igegs abfethand a
present invention will be or becone apparent to one with skill in the art
upon exam nat s&@dn@hottite: foﬁbirdwviiﬂ%aﬂh&lﬂnﬂﬂﬁoﬂﬂ@aﬁ%@bf@ﬂaﬁ@ﬁi@feﬂﬂﬁﬂﬂ&e It is

i ntended that all such additional systens, 1 ~ nethods, features, and
advant ages be g} |0y BEQvinBiaSis8eSFéckiBh 0P Bre BEMMikENob;BEs in the first
portion of the graphical user interface; and populating the n-dimensional data structure
15 based on the selection of the image object.
Another embodiment of the present invention is a computer program
embodied in a computer-readable medium for linking a graphical display and an n-
dimensional data structure in a graphical user interface supported by a computer
application. Briefly described, one such computer program comprises logic
20 configured to: provide a graphical user interface, the graphical user interface
comprising a first portion for providing a graphical display comprising one or more
image objects and a second portion for providing an n-dimensional data structure
associated with the graphical display; receive a user selection ;af one of thé image

objects in the first portion of the graphical user interface; and populate the n-

25 dimensional data structure based on the selection of the image object.
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scope of the present invention, and be protected by the acconpanying

cl ai ns. BRI'EF DESCRI PTI ON OF THE DRAW NGS The i nvention can be better
understood with reference to the followi ng 20 drawi ngs. The conponents in
the drawi ngs are not necessarily to scale, enphasis instead being placed
upon clearly ill ustnathengmbbéiment ofthplpessent iny trgioarie 8 apstemarfoehtking a

Moreover, in the draw ngs, |ike reference nunerals designate correspondi ng
parts throug : : e Vi i ; i

Ebodi mont —of S s SUSERR mth Cfensortl adp s By B A kP ee

| i nki ng system of t resent invent.ion_nay he inplenented. 4 FIG. 2 is a
soreen shot . oRPBEnBY ACHBR oD PRI G apN PRy Gy DR B AU SR PITB Byt h
graphi cal display/data structure |linking systemof FIG 1. FIG 3 is a flow
chart il ust rlagicng provesang d¢viesceaniigurasde implesient thedpgic, andgredisplazidevige of t he
graphi cal display/data structure linking systemof FIGS. 1 and 2. 5 FIG 4
i |lustrates tdyafigredan sapysyrt Bk graghica? ubdt inveifade. tTie 198icds sériflinired ®: Bavidieen

popul ated in response to the selection of an inmage object in the graphical

di splay porti,o I i r . O AR t he
data struct uraeé} ﬁgﬂsﬁcge%s%r %llct)éprg‘]%é’ttgé Efaﬁ%ﬁ%%g%% glgtgﬁf%&ﬁ? g%fglesﬁgg ?%F\bé?l\égr@{]her

i mage object in the grapﬂj cal, c{i spl ay .10 portion. FIG g is a block diagram
of anot her erRiBBidiE? SEPhigakdisplayFomRPUHNE ANE PlEgredBInge abiegisapd ayseaendy
structure |inking systemof the present invention may be inplenmented. FIG

7 is a bl ock mhiragm &mprovidsigraatr-dignensionaihdatalstoiatoe iassobseddwith dhie graphiba 15

i nspected by the systemof FIG 6. FIG 8 is a block diagramillustrating a

printed circuijiplbpaeskivdahssiBdlebiton SRRGI B Magk RBjetisShene Bfst foidon®f thehi ch
has a manufacturing defect. FIG 9 is a screen shot of another enbodi nment

Ctractife | AL Gl AR LRSLALERE- SRt A AT BB I 1

the x-ray inspection _control systemof FIG 8. DETAILED DESCRI PTI ON
4 s%lection of ther}mage obj%ct.

Other systems, methods, features, and advantages of the present invention will
be or become apparent to one with skill in the art upon examination of the following
drawings and detailed description. It is intended that all such additional systems,

15 methods, features, and advantages be included within this description, be within the

scope of the present invention, and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention can be better understood with reference to the following
20 drawings. The components in the drawings are not necessarily to scale, emphasis
instead being placed upon clearly illustrating the principles of the present invention.
Moreover, in the drawings, like reference numerals designate corresponding parts
throughout the several views.
FIG. 1 is a block diagram of an embodiment of a system in which a graphical

25 display/data structure linking system of the present invention may be implemented.



FIG 1 is a block diagramof a system 100 in which an enbodi nent of a
graphi cal display/data stricture linking system 110 of the present
invention play be 25 inplenmented. |11 general, graphical display/data
stricture linking system 110 supports 5 a graphical user interface

configured for intgEgaetkQucbh bhdt 48R embDairhédt WSk IR4fcd] Risérlifgerfice 9T aphi cal
di splay/data structure |inking system 110 provides a graphical user

interface conpri si first.portion 202 fo .oviding a hi cal displ ay
of one or m;?én?fﬁ&g‘gﬂgbf g:apblc%g{sp@%/idg}% 511@’39%(‘15% ﬁnéré?'g[f:@r&rgjgin& e, a nodel
of a printed 5 circuit board. For _instance, in the graphical display of a
nmodel of a print edl& Béuk flogochart illusteatimgdhe prechise@uicnaprratdy). 8691208 nmay
conprise a particular conponent on the printed circuit board, a pin on a
particul ar coupaieality of tbokBehichDdiBblay/dbm. strt@phiisiihg dysahayFIGSal sid 2Cct ure
| i nki ng system 110 al so provides a second portion 204 for providing a data

St ruct e assci atiad Wil 08 (e 801 A B FR in (RS Oe QAHLARINEEL blerd

inthe art will appréciate t a structure may conprise any nu

of di nmensions, and therefore npy he referred to generally as. ap.. ‘

n- di mensi onamoag]@é(:dslflrrmpmeetoqﬁgSqq?thtﬁépé@agﬁo el mél,ﬂe EraTisal §ReY uct ur e
may conprise data fields for one or nore variables. Thus, in one

enbodi nent, tpediamta structure conprises a data table conprising one or
nore rows of data fields for one or nore variables. In alternative 15

enbodi ments, the dgGasshistatddiiBe SRYerCHIP6f BES.2 fnivwhich &k @itd Rruct@eMBEBESh 2
file, or any other schene for organi zing related pieces of information

related to t ' ' S; I L.cal di spl ' er
ot or  ace. my oPRARRR TEpERS< ol byl ey Bhll fect W BetraRiba T
wi th graphical display/data structure |inking system 110, 511Cl1 as by
nmovi nglot he c®PE¥™-206 and sel ecting the i mage objects 208 in the 20
graphi cal display 202. The graphical user interface may conprise additional
portions for proviRIGngisna hlockdiagodm of AeothapghbatmeninoSesysteoeim witish the
illustrated in FIG 2, the graphical user interface may al so conprise a

tool bar thatgrghitdadtizplag/datReich e Hhking élsteth QT thd PreSdrR i vehtiof @BV
commands, as well as drop-down nmenus for inplenmenting 6

implemented.

FIG. 7 is a block diagram illustrating a printed circuit board that may be
15 inspected by the system of FIG. 6.
FIG. 8 is a block diagram illustrating a printed circuit board that may be
inspected by the system of FIG. 6, which has a manufacturing defect.
FIG. 9 is a screen shot of another embodiment of a graphical user interface
generated by the graphical display/data structure linking system of FIGS. 1 and 3,

20 which may be implemented in the x-ray inspection control system of FIG. 8.

DETAILED DESCRIPTION
FIG. 1 is a block diagram of a system 100 in which an embodiment of a
graphical display/data structure linking system 110 of the present invention may be

25 implemented. In general, graphical display/data structure linking system 110 supports



functions | ocated under categories, such as "File," "Edit,' View "
"Insert," "Forndt," "Tools," etc. As described in nore detail below,
graphi cal display/data structure linking system 110 provides a |ink between
the i mage objects 208 in the graphical display and the n-di nensional data
structure. |n ﬂﬁﬂﬁéﬂ'useﬂﬁ&%b&é&nf@u%& Y éﬂi@x’a@tm’i{ %Hﬁtalifs& 'A@ﬂlu@@até& st g1, 110

enabl es a user to sel ect |mage obj"ects 208 in the graphical display. Based

on the sel ect,i on ts 208 .i.n th hi cal di spl.a raphlcal
i spl ay/ dat a 2sBagical ESPRHRRRGTLSure ke s 10 Pickites & SRRt a6 e

n-di mensi onal data structure with correspondi ng data associated wth the
sel ected i maguerigerommodng it apmoelaao%fp spnoa;dﬂm@ graphicakdisplay pf e ¢1g
system 110 may be inplenented in software, firmvare, hardware, or a

conbi nati on ke Gahge dbjedth 208 niigch FRyicoplivs tioné@ehple) arhédel bf apriardi cal

di splay/data structure |inking system 110 is inplenented in software, as an

execut abl e pgﬂ?,jlﬁ%arﬁh'}‘%pl AsPanBX & Wi 1ﬁd%?§ﬁcﬁ%]rﬂgd§%\rf;'a%?1&4&2cgc¥t system

Cenerally, in terns of har dwarg archriecture own i

100 conprises a pr.ocessing device 102, y 104, one .or, nore network
Interface debpadatieORe o8 MPTE TEAEH ObiES 20 Y C%H}"%eraBmlﬁ‘é}tﬂ IRy thes
114 interconnected via a local interface 120. System 100 nmay further

conpri se addptintedalircoi ipande retsn wota partfierddrrcatmepdnent, FsabderdoinReder Giaphicabai n
to FIG 1, the various conponents of system 100 will be 20 described. Local

interface 12@ispRy/daea sthRfureXiakids&yhiein NOtaldd protides 4 Secofl oRfonM4EPUSES OF
other wired or vm rel ess connections. The local interface 120 may have

addi 1 onal o} 8RAhE i GRALE LML LI 0 SRS biskiay S URl) A EARRA o7

buffers (cacne drivers, repeaters, and reéc
conmuni.cati ons Furt ernor .e, cal interface 120 may i ncl ude address,
i f Mﬁzeof

contreéP, andmbihedst wilkappresiate %%CQJTQ@%(F?BFE’&SF% nug i cations
anong the af orementi oned conmponents. Processing device 102 is a hardware
devi ce for esimensiong, auftherefare maydmrrefermetl 40 psnerdltassnordichansionelndata | 04.
Processi ng device 10? may be any custom nade or commercially-avail abl e

processor, ast@tidedl AdiNQseAed HOFI@ R tHe @Rl strusfir@isl cbmpMsdd R8s BERR forldHRNY
several processors associated with system 100, a sem conduct or based

M Cr opr 0Cessgf mbkdly 4181dsOfudfin %nQEHbB&J@:;&t e itk Qtrﬁcefﬁr)e’coﬁg:{}ggg PREQedbIe O -

or generally any device for €xecufin tWare I nstruct

comprising one or more rows of data fields for one or more variables. In alternative
15 embodiments, the data structure may comprise a list, an array, a record, a file, or any
other scheme for organizing related pieces of information related to the image objects
in the graphical display. The graphical user interface may further comprise a cursor
206, by which a user may interact with graphical display/data structure linking system
110, such as by moving the cursor 206 and selecting the image objects 208 in the
20 graphical display 202.
The graphical user interface may comprise additional portions for providing a
number of other application services. As illustrated in FIG. 2, the graphical user
interface may also comprise a tool bar that contains a number short-cuts for

implementing common commands, as well as drop-down menus for implementing



As illustrated in FIG 1, nenory 144 may conpri se an operating system 106,
one or nore applications 108, and graphical display/data structure |inking
system 110. The architecture, operation, and/or functionality of graphical
di splay/data structure 10 linking system 110 will be described in detai

bel ow. Menor ﬁmé{;*énsruayatedlﬁﬁded%a@aanému&fascml"ngdwnmfw v ohabh eFRRARIY

el enents (e.g., random access meénory (RAM such as DRAM’~ SRAM~ SDRAM
etc.)) and nep %glat |l e menory elenents (e.g., ROM hard drive, tape, CDROM
etc.). Menory Yy incorporate electronic, nmagnetic, optical, andl or

ot her types of storage nedia. Furthernore, nmenory 104 15 may have a

di stributed archi Asdeseridbed immarg éﬁaﬂ/bﬁliO(%lg@bﬁﬂ&bﬁ@ﬁhﬁ/@?ﬂeﬁtmﬁuﬁailwngem)t e
from one anot her, but can be accessed by processing device 102. The
software in @ Y10HbvItRY ailidklbetecadtie dhadisteGePO8 Bl the Rf GO @ EispR&GAd Of
whi ch conprises executable instructions for inplenmenting Ioglcal uncti ons.

i spl oy aat a3g Spsperi e ARoRl Wb Gl JRIRCH dirle) 04 MEESMIERRE ™
{hat cont 7 ol SPERUL BLEERIS gt kel TRARSTISE T E P Boal Aoy Bt ror e

applications 108 and graphical display/data structure I i nking system 110,
and provi desorsthieadigttionyof imagatobieatsAO8 10 diret graphicili display graphical dwphaysiatnt |
menory managenent, and connnuni cation control and related 25 sen~ices. 8

Graphi cal di gRichiré dakiag sdte@tiu0eutdndticaly pysitias fHeh-tRverRRPoral 82H k€ Scture
program executabl e pro~am (object code), script, or any other entity

COMPr i ST NG 2y RoRlebAEHE AL 08410 BEREL [ALIB mAER L EBhEToNt od a5 a

source progra rogran1nee V|a a conpil er,
assenbl er, interpret

like, not Qe included
wi thi 9 the menor yGIRp wa&@l ta&&é‘F‘é‘F“éi’\%lagé}’ﬁtéﬂ 1%"6%%@6@3??“9@? in
operating system | 06. FurthernDre graphi cal display/data structure |inking
system 110 neyfitvizee, dirmwaee, hagdwal, arm eobptesatiogrtheneo £ dinghe gmbediment | al | guage,
whi ch has cl asses of data and nethods, or (b) a procedure programm ng

| anguage, whila&trdieésin TG, il n&aphﬁmmlgmy/aaa stradtifediniingefstean$10 for  exanpl e
but not 10 limted to, C, C+ +, Pascal, Basic, Fortran, Cobol, Perl, Java,

and Ada. NetiyilL AL ek @66 ik G SkeckbbI b ghin AMicH RV:EEuRARL0UT ed to

facilitate

processing device 102. Generally, in terms of hardware architecture, as shown in FIG.
15 1, system 100 comprises a processing device 102, memory 104, one or more network
interface devices 112, and one or more input and/or output (I/O) devices 114
interconnected via a local interface 120. System 100 may further comprise additional
components not illustrated in FIG. 2.
Referring again to FIG. 1, the various components of system 100 will be
20 described. Local interface 120 may be, for example but not limited to, one or more
buses or other wired or wireless connections. The local interface 120 may have
additional elements, v;/hich are omitted for simplicity, such as controllers, buffers
(caches), drivers, repeaters, and receivers, to enable communicatioﬁs. Furthermore,
the local interface 120 may include address, control, and/or data connections to enable

25 appropriate communications among the aforementioned components.



communi cati on between system 100 and a conmmuni cati on network, such as a
public or private packet-sw tched or other data network including the
Internet, a circuit switched network, such as the public swi tched tel ephone
network, a wireless network, 15 an optical network, or any other desired

communi cations | ”fP!’ré’c%Ts§1H§ku51€e 100 RU ﬁaﬁHkQxlétdeQﬁ:‘é'fEteéxe?eﬁﬁnJ@ﬁv%}gFHa‘xﬁ&ﬂﬁW
device configured to comrunl cate with | ocal |nterface 120. One of ordinary

skill in the_,a that thecnfl ratlon of
syst em 100, 1%{)5‘9 (il‘f‘ﬂﬁ?rp TQ%S 3‘ Qgg]avﬁvwct‘ ?%9\]5 ng, or
ot her, devices: a keyboard nDuse dlsplay devi ce, such a 20 conput er

noni tor, a sécpmaterqg@ii/x-avaalabb@rmpmsorperc@ntradpmqeﬁﬁles unis ffeRWb a8, augiligrcr ophone,
etc. As illustrated in FIG 1, system 100 may i nclude a cursor mani pul ation

device 116 apgbcesset §1ﬁbﬁ%séi%yal(p€oéel§0rs Asosihrideritiabten 100,aeiednductor
di splay/data structure |linking system 110 may be configured to enable a

user te sele y

ar aphi 2al - us il FRERPRNEEElTintHE ot B BEARONGR or LhRRYa BAEARRos Y | on
device 116. Thus, one of ordl nar}g skill in.the al -t will appreciate 9

t hat di spl aygﬁ\?ﬁ yeanydevicg for hasHings BANSHEURY | owi ng (or ot her) t5-~es

of devices configured to support the graphical user interface: a conputer
moni tor, a |iqui dAsnlsstmteddndfiGay, hedbyy 1G4 phaysomphssavoptraiplgsysteem! 06,
LED based di splay, a touch-sensitive screen, such as those inplenented in

portabl e conpuw dofteippliefidne- 108, aril g@ﬁ}ﬁ@mﬁsp‘iaﬂwa Erahct@® SinkdmtysteffDAX) |
and any ot her known or future display device, regardless of the underlying

Qo 2y techoRt Sffingfilel OSARGS andbt A BROLY U BLbARIRME e Grlilthe | o

conprise any Tnpu evi te contrgured 1o coo

operatjng system 106, an /o phi.cal Ia dat structure linking
syst ehY 110 alrﬁ@“ﬁ&ﬁ}’s&}?‘atlg éé?nl?ﬁdsl%% 6%9‘%{(%% lude aPi’S For

exanpl e, cursor nanlpulation 10 devi ce 116 nay conprlse a nouse, a
trackbal |, aomeedr apintnnatiogeafi volatile penfory glemeatsr(e\g. .kaydm acoess mejnoy)stRMtd,
stick, to nane a few. During operation of system 100, the processing device

102 is configithed DRARK SRAM, EDRAOMS belpehdmdrVomitil e eiRPEI¥mEd (e £Q
communi cate data to and fromthe menory 104, and to generally control

operations Ok ohaFd 8ﬁ€ﬁt!r11p%od?}ﬁ(§}&ﬁ'}§c 1%2 13#?)45:933% WRbAporatt 3R %12!:

di spl ay/ data structure stem operati ng system
whole or i1 B PHb PG G L g S0 Bk P BLESE NS
15 may have a distributed architecture, in which various components are situated remote
from one another, but can be accessed by processing device 102.

The software in memory 104 may include one or more separate programs, each
of which comprises executable instructions for implementing logical functions. Inthe
example of FIG. 1, the software in memory 104 includes graphical display/data

20 structure linking system 110 according to the present invention. Memory 104 may
further comprise a suitable operating system 106 that controls the execution of other
computer programs, such as one or more applications 108 and graphical display/data
structure linking system 110, and provides scheduling, itaput-output control, file and

data management, memory management, and communication control and related

25 services.



perhaps buffered wthin the processing device 102, and then executed. In
enbodi ments where graphical display/data structure |inking system 110 is

i npl enented in software, as is shown in FIG |, graphical display/data
structure 20 linking system 110 nay be stored on any conputer-readable

medi un i for use IGraghicaldligdanes sonctidetlinkiiysyeRIPUIRMay 8k atsetrcs Y8 @amOr
nmethod. In the context of this docunent, a conputer-readabl e nmedium may be
an el ectroni %xec‘ﬁ?aﬂa'l'@b‘o%ran?rrgéﬂti&i"codegf sc?iﬁ%l?,%- aﬂg%ﬁieﬁ@ﬁﬁty%hﬁﬁisﬂ{g app that
may contain or store a“conmputer program’for Uuse by or Tn conffection with a
conmputer-rel ated system or th{ﬁ Grgrﬁhf cal display/data 25 structure
limng syst eMSTYOlORsIO BE PEHBBRT % dWihan QGWﬁﬁgtaé@-sPé%Fﬁé’éP%faWe Neaihs or 10
use by or in connection with an instruction execution system apparatus, or
devi ce, suchpmgranaeeaisud de-thmaslettdsyss eompiierpamsmbiercoterpretergy thy ikem or
other systemthat can fetch the instructions fromthe instruction execution

systems appakaidSmapPbr $8Y h6€bAREIuA¥E GAthe theendrAsH 108! §PiSto dp@raﬁ@?roﬁ@rﬂ')ri ext
of this docunent, a "conputer-readabl e nmediunt can be any neans that can

store, conmmunpjcate,..pr ate. or tr o} th rogramfar us or in
connection w't %O%P%glcf)nn‘gﬁﬁgﬁr?%%g g?é%"ﬁ??@nﬁ é?‘%?rg’r?fe’ 53?251%% gés?ﬁgr?dag%vi ce. The
conput er readabl e nedium can be, for exanple hut not limted to, an

el ectronic, Repratelmkingsysiert 110:may be SiHighas (D, a0 abjech pagnted progsmedriiuct or

system apparatus, 10 device, or propagation nedium More specific exanples
(a nonexhaustangeade] stjchdfas cheses afdataeind meahieds| er (b dipyocedord srognaimine t he
follow ng: an electrical connection (electronic) having one or nore wres,

a portable QL wﬂicﬁlhﬁ& tSutliEBANBEdubines, And/BR AR BRE F5:SexBRIPRE ?fut(ﬂ@?M

(el ectronic), read-only nmenmory (ROM (electronic), an erasable

(
pr ogr bl e,.read-o ry ,(EP EP Fl ash ry) 15
(el eciil oni c)%lmétﬁgé%ﬁ’gﬁn?’;?ﬁé?l’ %S%C’]i\é:o ?{”@’r\gﬁl’?eblohvgbﬂ%‘ggﬁ‘pact di sc
read-only nenory &eCDRCM (ofgti cal). Note that the conputer-readable nmedi um
coul d even be pap&letwrrkiptstines deviga(QI18 maycheapyulsyiseenEgured do Fcdiatem i s
printed, as the program can be electronically captured, via for instance
opti cal scancomuoicatidrebgiween systenn il He andre dommmunidation netwguk) sdh as apeblic et ed
or otherw se processed in a suitable manner if 20 necessary, and then
stored in a gOSPHEpackBORNYohell Br dttep B hktiforR HRAEHIHE MSInvdBstCa BiraiRi cal

di spl ay/data structure |inking
switched network, such as the public switched telephone network, a wireless network,
15 an optical network, or any other desired communications infrastructure.

Input/output devices 114 may comprise any device c'onﬁgured to communicate
with local interface 120. One of ordinary skill in the art will appreciate that,
depending on the configuration of system 100, input/output devices 120 may include
any of the following, or other, devices: a keyboard, a mouse, display device, such a

20 computer monitor, a serial port, a parallel port, a printer, speakers, a microphone, efc.

As illustrated in FIG. 1, system 100 may include a cursor manipulation device
116 and a display device 118. As stated above, graphical display/data structure
linking system 110 may be configured to enable a user to select image objects 20'8 ina

graphical display portion of a graphical user interface via display device 118 and

25 cursor manipulation device 116. Thus, one of ordinary skill in the art will appreciate



system 110 is inplenented in hardware, graphical display/data structure

l'i nking system'110 may be inplenented with any or a conbination of the
followi ng, or other, technol ogies: a discrete logic circuits) having | ogic
gates for inplenenting |logic 25 functions upon data signals, an application
specific int ,Ci LG & i i I
D vt oo, £af &%gﬂx%'e(ﬁ‘cg 1‘184&?‘8 e a§]9(oé e f)oﬁBw Ieo&églr%zgct?ﬁ@%d? %lé]%gsgte
array (FPGA) a flaw.chart | ustrati the arc ctur
functi onal i tg,on?%tmito S&&%?}e&t%hlc%sm&at ot COPPUFLBARES: & BPUEIaa: a
structure linking system 110. 5 G aphical display/ data structure |inking
system 110 béigplay (BCDD) oplesiBadaseerdigiagan 113 passd dsplay, stioudt-sameitivenki ng
System 110 may be initiated by a user via an 1/0O device 114. In certain

enbodi ment s, scgemD Bhdheds tﬁb@qh@y&rﬁ@d@d ﬁiﬁda‘t?db'}g@brh}btﬂhiu%v&)éﬂ@@ 4 pOrsORY Dbe
i npl enented as a functl on that may be called by operating system 106 and an

10" i <81 ay/ cptal PRt BORD R R0 ST Rer Q-5 UGBk, SeftiysL AET 0

W thin an aptgll ication 108. In _such enbodi nents, graphical  di spI ay /data
structure |i#Rupgerdymg éwplﬁweqhareiﬂﬂar divethemnat @FSOJ;SEWE'&W% %ﬁlceot 1§draB02.
Regardl ess of the manner in which it is initiated, at block 304, graphical
di spl ay/ dat acatiprisetamyenpitrlevicy copSguead ﬂol«ﬁbqplemtéd'éih aa apphtpﬂ’uiondlostwating
interface 15 conprising a first portion for providing a graphical display

and a secondseent | 68) shafk hicdl BYpRY/ dariiRASt Afiking §94témSh
associ at ed Wth% t!tlte S?lap%l%f:% di gﬁP % 1Xststat ed ab(%vggt thebggg#a?%pélllate

di spl ay conprises nog e i 208 ich may be selected by
o tber” Gonch bRy SSeRAGERS orBBY g#eb@% 9T EXATRIER OIS THPURHRECR aif spl 4y
portion of the graphical user interface that may be individually, or 20

ot heriff se, sdavice: Hé mavicorprisna mouse. Byraskbalb g sef ofnawigshipn keyss(egaarodhpr i se
text, shapes, pictures, etc. By way of exanple, graphical displayldata
structure Iikdy's);gnd;ysfdmﬁnkmcmuyndhsplfay. a nodel of a printed circuit

board, in which case the one or nore inmage objects nmay conprise a

parti cul ar CONMPONBRin® Bpérafo bf Hiskih T00,3ké brodedih devidd 1298 canfiidd foul ar
conmponent, a sol der joi nt etc. Furthernore, the data stricture 25 may

conprise anyauph §0gi gtogéc{l@ﬂﬁfn%é me%w 104, to communicate data to and from the

memory 104, and to generally control operations of the system 100 pursuant to the

15 software. Graphical display/data structure linking system 110 atxd operating system
106, in whole or in part, but typically the latter, are read by the processing device 102,
perhaps buffered within the processing device 102, and then executed. |

In embodiments where graphical display/data structure linking system 110 is

implemented in software, as is shown in FIG. 1, graphical display/data structure

20 linking system 110 may be stored on any computer-readable medium for use by or in
connection with any computer related system or method. In the context of this
document, a computer-readable medium may be an electronic, magnetic, optical, or
other physical device or means that may contain or store a computer program for use
by or in connection with a computer-related system or method. Graphical display/data

25 structure linking system 110 may be embodied in any computer-readable medium for

10



As stated above, graphical displayldata structure |inking system 110 nmay be
i npl emented seam essly within a conputer application. Accordingly, in such
enbodi ments, at decision block 306, graphical display/data structure

| i nki ng system 110 determ nes whet her the conputer application is

t ermi nat ed. sk biyhe ix oogmecton Srithpnl instatction ekscutien sysiah eahpaggpd)ioc device,

di spl ay/data structure |linking system 110 term nates at bl ock 308. If the

conput er applifat kb ﬁtert%sédesrygre %F‘dieé&? chitafifd ehr 8 oﬁ@@f@t&ﬁ@ﬁa‘% wher e
graphi cal displayldata structure Ki ng system fl is not Inp errent ed

within the co r, applicati .sion bl.o a

G spl ay/ dat SABRRSE o Egrrﬁr?rlﬁ%@meé 2% Eesh PR S To e, of Hevee

obj ect has 10 been sel ected by a user. If an i mge obj ect is selected by a
user, at bl cdK e3gcuic greaphirendionsi spl ay/ data structure |inking system 110
automatl cally popul ates the n dinensional data structure with data

correspondi ng to Inhie eaitetcFdhis dogemen] £tdompifieraBadabbg@edivpe'canibs angt
sel ected, decision blocks 306 andl or 310 may be repeat ed. Wth reference to

t he screen es r
interface, %H%&élritt?%ﬁ%%re o "'un§(fa(?é P?Dd:{ EQ‘Lr d%I)r{) Eﬁag{ ruc ﬂ&e

| i nking system| 10 w IMe descrl bed. FI G 4 illustrates the screen shot
of FIG 2 diRCABNISHER RithdHe FISTYCURM PResrtion Sisica AaRtaus: Piavifice THenki ng
system 110. As stated above, graphical displayJddata structure |inking
system 110 enatpués readablermedjumiaian dee, fon examplabuenetflimited iopagy eleotsprict s 208 in
t he graphical display 202 via cursor 206. After an 20 inmage object 208 is

sel ected, grmaghietial opfical) ERY{reAk@netic! MEhtbdeor dedibatilusios spsterh Lépparatusyyi sual |y
di stingui sh the sel ect ed image object to Indi cate that 1t has been

sel e d. F s i cal
di spffa(j;J dat ?eg{c?uét urgagi .El%g“g‘gg% mgg%lﬁéé I(lgq'h%l Ek}ﬁh%ufﬂlésetp éﬂggcol or
of the selected im t 208. r nor e, aphi cal di spl ay/ dat a
structure | iCRIIPHEE 3@%@%@& urra\yorgdﬂw:r vmaguﬁ%f:% ERIRSCIT uct ur e

w th data correspondl ng to the sel ected |mage obj ect 208. For exanple, as

i |l ustrat ed (BlactFordy) avingheneswi e arréspapertaild eanper dsketiedmagntiicoea t ypes of

data associated with it, each type corresponding to variable 1,
random access memory (RAM) (electronic), a read-only memory (ROM) (electronic),

an erasable programmable read-only memory (EPROM, EEPROM, or Flash memory)
15 (electronic), an optical fiber (optical), and a portable compact disc read-only memory
(CDROM) (optical). Note that the computer-readable medium could even be paper or
another suitable medium upon which the program is printed, as the program can be
electronically captured, via for instance optical scanning of the paper or other
medium, then compiled, interpreted or otherwise processed in a suitable manner if
20 necessary, and then stored in a computer memory.

In alternative embodiments where graphical display/data structure linking
system 110 is implemented in hardware, graphical display/data structure linking
system 110 may be implemented with any or a combination of the following, or other,
technologies: a discrete logic circuit(s) having logic gates for implementing logic

25 functions upon data signals, an application specific integrated circuit (ASIC) having

11



5 variable 2, and variable 3. The sel ected i mage object 208 nmay have the
foll ow ng- data-associated with each of the variables: variable 1 = Al;
variable 2 = 8; and variable 3 = 0.079. In this manner, when the inmage obj
ect is selected, graphical display/data structure linking system 110 nay

aut omat i cal | ¥ppepuhteicembhtiti®ahl @sRAAMNY pebatanshblecdaty raWld) TPEAY, a field
appropri ate val ues. FIG 5 illustrates the screen shot of FIG 4 in

10
whi ch the da r opyl ated in response to the sel ection of
anot her inagéﬁﬁg%ﬁggﬁgfgghﬁiggﬁﬁﬁ%g%?%ted in FIG S, the second inmage
obj ect 208 selected has the foll owi ng data associated with each of the
vari abl es: vari abFéG13 s aow\phart abpsirating the arghitpchie, fypstiomlity. and/an.  One of
ordinary skill in the art will appreciate that the data associated with
i mge obj ecbper2dén dbart érabodimens efigraphipaplispdd@ddth stroettice 1atkingcdyateen Y
conprise any data. By way of exanple, an inmage object 208 nay be identified

W th asspeci h'r%pﬂi&@ aisgg@/ﬁ(a%a Sruct@ RhkiRGFteAN mg@nslvat h@fcitionn d}g%mcar i d)

wi thin the graphical disSplay and/or a Cofrespondi ng | ocation In ext er nal
system The i e, .0bj ect 20 al Sopla associ ated.wth other | e. obj
cuts 208, SoflBPOY ETRE HuBR AP0 P el ot tn MRt 1 1y
the 20 associ ation between image obj ects 208. Furthennore, the inage obj
ect may havellAhrinsgstay embashmests, guapbicaldhemaydath syeturshiinddng systese | Hemey,

any of the data associated with the inmage object, or other data, my be

used to popubairgplemeniedras ashadtibntfatdaivbstalizsdibyoperdbngphiteml10dianglaay/ dat a
structure iinlcing system 110 may be inplenented in a 25 variety of other

system all dLgficanuRie! h MlerSR hoaRBl S8 hBRRondhFor Babficd bl ook 14

di agram of a I'nspecti ng nmanufacturing In printed
circuijr boargs,. in which gr i cal di ay/data structure |inkjng, system
T10°mib pe ! fiaeniatdiracagt ABng G en I RS e R B el B
nmodel i ng system 602, an x-rai: i nspection control system 604, an x-ray

i magi ng syst amligadon 0% Ia syeh smbgdBnaits, gtaphiqgbdisplag/iigta strchen bnking systan
nodel ing system 602 is a systemfor generating a conputer nodel of a

printed cir ciay ldumak the ddnipuradapliogticsys bink302. may be any | a~own or |ater
devel oped conputer-ai ded desi gn (CAD) system capabl e of nodeling any type

of printed circui RepRalets ofthEPanhePROwiBich itlis fifiAbLE, a‘i'bﬁﬁ:‘k‘@ﬁ,céﬂaﬁl’ﬁ%ﬁ] di agr ans
of a printed circuit board 610
display/data structure linking system 110 provides a graphical user interface
15 comprising a first portion for providing a graphical display and a second portion for
providing an n-dimensional data structure associated with the graphical display. As
stated above, the graphical display comprises one or more image objects 208, which
may be selected by a user. Generally, an image object may be any Iitem in the
graphical display portion of the graphical user interface that may be individually, or
20 otherwise, selected and manipulated by a user. Image objects may comprise text,
shapes, pictures, ezc. By way of example, graphical display/data structure linking
system 110 may display a model of a printed circuit board, in which case the one or
more image objects may comprise a particular component on the printed circuit board,

a pin on a particular component, a solder joint, ezc. Furthermore, the data structure

25 may comprise any number of dimensions.



10 that may be nodel ed using PCB nodeling system 602 and i nspected using
system 600. As ‘illustrated in FIG 7, printed circuit board 610 may
conprise a conponent 700 having one or nore pins 704. Conponent 700 rmay
conprise any type of electrical conponent for which it is desirable to

sol der to a PCB sulistdi@i &ofQ2eraphiBalsdififiiy/adte stfictutekictes st UGl Yeng
integrated circuit (1C that conprises a plurality 15 of term nation points

706, which . i 4 Lng t a i.ng
process. As THIEEeRaH SeEtsiy it BRpls ekt RCdiRRML "B HbCS
conponent 700 pay be electrically connected to the term nation points 706
on the PCB stiBRe¢imeatsyaixagisiomblesh 4@6.ignepineed display/datrostrusiuze Ligking)sysiemat es
printed circuit board 610 after the 20 sol dering process. By way of
exanpl e, dur i Hpdéterminesahethenthe egmpuiee egslicativiais tetryinatfedd &f the csmpaterr esul t .
For instance, in FIG 8, the left-nost pin 704 may have a sol dering def ect

(represent ed, y; H’E%Q]% : e 1R 5% L {1h the art
Wil a%)precia elc%ﬁ%rt?{sgﬂgﬁgéwt’h %F@?WSP% , (gérjg ot her,1 e#??%%{nn%{? occur
during the manufact urj rgc . _open, _sol der .j oi nt short m ssi ng
conponent s, ﬁﬂ@aﬁae@ﬁébf@%%gcﬁsﬁf}eﬁ%ﬁﬁﬂﬁ Wﬁd‘%’%}s teéB’I“E?é?ff"cBini‘lts, excess

sol der joints, reversed capacitors. soldéer balls, solder voids, etc. X-ray
i magi ng systadnEoyecoredinents whats grapieal divelay/datalstorctere flinkingesystem tisur i ng
an x-ray imge of a manufactured printed circuit board. One of ordinary 5
skil'l i n t hen@tiinpWndntaippitkici tht corpater SypticetiorOit deeiiozrlbeky3 B0)graphidal
variety of other types of imaging techniques (e.g., optical, ultrasonic,

t hermal ima o E o | OR it et with
PCE model | ng Syt Satk S5 AR IRE B 0 Ach e YERER B iR N Ly
i nspegtion control system 604 may receive.a file containin cQnput er
ool L o R EISFER B Pt B TEAE OBESI S PCBIED Srdedh Tig> oyst em
602. Based on the conputer nodel, x-ray inspection control system 604 may
gener at e an gragipeddtdispleyidae stawetons lbﬁiﬂgrquT@mMOeajlt@ya&cadla{)popuégﬂis e By st em
606. The inspection programmay be used to inmage a manufactured printed
circuit boardimenkibadl dag statale asithtdata errgpdlingiadae s¢gected ahegt dbjed?CH an
nodel i ng system 602. AS$er generating i mages of the manufactured printed

circuit boarghagt B_Bjeicf'i@%?séécté@ﬂe&@i_oﬁ%&@@6%8%?91(‘2%9%?@5@&@?' to
i nspect fox a vari'ety of manufacturing

With reference to the screen shots of FIGS. 4 and 5 of a representative

15 graphical user interface, a particular embodiment of graphical display/data structure
linking system 110 will be described. FIG. 4 illustrates the screen shot of FIG. 2
during operation of graphical display/data structure linking system 110. As stated
above, graphical display/data structure linking system 110 enables a user to select one
or more of the image objects 208 in the graphical display 202 via cursor 206. After an

20 image object 208 is selected, graphical display/data structure linking system 110 may
visually distinguish the selected image object to indicate that it has been selected. For
instance, in the embodiment illustrated in FIG. 4, graphical display/data structure
linking system 110 may highlight or change the color of the selected image object

208.

p—
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defects (e.g., open solder joints, shorts, m ssing conponents, m saligned
components, insufficient solder joints, excess solder joints, reversed
capacitors, solder balls, solder voids, etc). As illustrated in FIG 6,
X-ray inspection control system 604 may inplenment 20 graphical display/data

structure Iinking syl SabRicO H&flay/@arh IRhAUR: idlgnd BRRZEY I @Mhapr OCESS and

facilitate generation of thé inspection program provided to X-ray i nmaging
system 606. As, descrj bed aghove neral ly, .graphical digsplay/data structure
1 nki ng syst ShcTRyCalipomtate i fat Rricyirt et G carpspondiig i His el tedor
interaction with a user, in which a graphical display nay be |inked to an
n- di mensi onalimegs ebjsetr208t Fioe exarnples asd!lpgrasebindiliedt thelselested amege Phiesti28 6,
gz~aphi cal display/data structure |inking system 110 16 may be confi gured

to display anmmdenereaitypes 6f éla aésbeidtdd vhidaitdedch tifec@redpitidind todvasiabRryl,
portion. For instance, in the graphical display of a nodel of a printed

circuits boar ¢, e 2006 riaBRff.’{ ecgéli nﬁg&%ﬁ;&h@é’ﬂﬂ?!ﬁ% fheRBTbW Yl A
conponent on the printed circui oard, a pinon a particular conpofrient, a
solder joint, etc. In_ order 5 generate the ipspect] program used to
i mage a manufSOFRREVIR P‘?‘Ft‘?’e‘?nfl ¥ V&R esb?ﬂ%f?@aeﬁfﬁ%ﬁ \;aglab ﬁgb%"‘f}‘f’é‘%&&bfayed
conput er nodel, graphical display/data structure |inking system 110 enabl es

a user to sel0dFd. dméiomamnnerewhen thedniageghjectis eclestedf graplacqrdispiaddata r cui t
board. Based on the selection of a particular inmge obj ect (e.g. , one of

the pins), geRptiAlnkhSRsRW 088 Aaf bitdlaeay dg)c;ﬂﬂms 15/ SdrREp At S8 a

automatically 10 popul ate the n-di nensional ‘'data structure with data

correspondin j bject. FIG 9 is a screen shot 900 of
Sl R BleaEh b ARA!

anot her enbodi ment” o uséer interface generated by graphical

di spl ay/data stru re.linking system 110 _and whi ch _may be inpl enented in.
X- T ay ??Sns pection %&)ﬁgt ? Hlusgﬁ@ﬁ g?ﬁ %FF&P Sl?‘ﬁté’fd:ﬁgpﬁil% w%lq}"sn;gfs dataisEnetyEehasdieen 5

conprise a portion 902 for displaying the printed circuit board nodel. As
il lustrated popated i9respomsepo thetsetbctom ofianotheramdgeobiebt 28y Avilipsirated immage
objects 904 (e.g., a particular conponent on the printed circuit board, a

pin on a par FIG.\S8,dke sebROREIte object 208! 6d]edted Bis thef€llowink MB@AGssidifed &itH04
t hat have been selected are represented by nuneral 906. As descri bed above,

(0 9 a0, okt OhFAASCOTRY. 036,009 05, 0 MBALALS B i

ordinary skill in the art will appreciate that the data associated with image objects 208

15 that is used to populate the data structure may comprise any data. By way of example,
an image object 208 may be identified with a specific location (e.g., an x location and
a y location on a grid) within the graphical display and/or a corresponding location in
an external system. The image object 208 may also be associated with other image
objects 208. Some of the data used to populate the data structure may identify the

20 association between image objects 208. Furthermore, the image object may have
various attributes. Thus, when an image object is selected, any of the data associated
with the image object, or other data, may be used to populate the corresponding data
structure.

Graphical display/data structure linking system 110 may be implemented in a

25 variety of other systems and/or a variety of computer applications. FIG. 6 is a block

14



di spl ay/data structure |inking system may visually distinguish selected

i mage obj "ects 906 by col or coding themto the correspondi ng data structure
908 that it populates. In the enbodinent illustrated in FIG 9, the data
structures 908 conprise data tables corresponding to various Alignnment

G oups assocjated. W s isagi 25 Q6 ch data
structure 90gﬁﬁay }[)\4;1%‘: P)(#erﬁ {%ﬁg f&?ﬁ%‘%’\%ﬁnﬁﬁ n%ﬁ%a%\gaég}°adbelf%g€ﬁlgﬁb g%{/ﬁg%ﬁ?

vari able; a "Pads"" variable;, an "location" variable; a "Y|ocation"

vari abl e; anBo&ds,dpmiucheeraphical-gisniay/data sraetuirc g systan éhéin%aﬁé’ei nmage

obj ects 904 may be |inked as described above. It should be enphasi zed that
t he above- degupletnented nSystenesilscanipripespipriatdd dircdit bphalyhdddlmgstystent &02ean
linking system1 i 0O, particularly, any "described" enbodinents, are nerely

possi bl e exagphemspdeiolRbABM Sieg]?@@, aﬁ%r-l%meﬁgitrr]ngs%{gEﬂ d0B! ati £hRRked

under st andi ng of tﬁe princi pl the inventi ny variations and

nodi fi ¢cati ons._may., be e,to th ve-descri bed odi nent of the
"ovent Pon w RO CHEDATL T RLSTBR e PS04y TE POEI02 30 PO SFPeEPBRes of
the invention. Al such 10 nodifications and variations are intended to be
i ncl uded her edmpuie: medeliia proderbcisruit brasd. dPSBlmmedpliag ssiemréflanaehe By t he
followng clains. 18 CLAI M5 Therefore, having thus described the

invention, akndvaast latdrdebelbpedtorgpter-aitied d@tn (CAD) éystert bahbieost hbddiingg a
graphi cal display and an n-di nensi onal data structure 2 in a graphical user

interface su edr n@dgﬁgﬁyga?dapplication, t he met hod 3 conprising the
steps of: 4 providing a graphi user interface, the graphical user

interface conpri sj S fitst portion for providing a graphical, di y
conpri si ng one oriﬁﬂg$'27 ?‘H;a%ﬁ‘ﬁgjg@ﬁ%ssée%agdmﬁrg}t CiF gt ‘igmng
an n-di nensional data structure associated with the 7 graphical display; 8
recei ¥9ng a tretmay bk sdelnd uwingbfeB afodehing sysigrn 60Bjand inspeeted neingisygemporti on
of the 9 graphical user interface; and 10 popul ating the n-di nmensi onal data

structure basgyd Ailtdsgateelie®id.07) peintddnsrchit boaris ohpgedmpriseZa cofisori®at hod of
claim1l, wherein the step of receiving a user selection of one of 2 the

1737 The. mot R R B O B P P B B P 8L el
or more pi NS FEEARPRETD PR hE A R s 8 T SR A2 e O
substrate 702 includes an underlying integrated circuit (IC) that comprises a plurality
15 of termination points 706, which may be soldered to the pins 704 during the
manufacturing process.
As illustrated in FIG. 8, during the manufacturing process, component 700
may be electrically connected to the termination points 706 on the PCB substrate 702
via a soldering material 800. FIG. 8 illustrates printed circuit board 610 after the
20 soldering process. By way of example, during the manufacturing process a variety of
defects may result. For instance, in FIG. 8, the left-most pin 704 may have a soldering
defect (represented by reference numeral 802). One of ordinary skill in the art will
appreciate that any of the following, or other, defects may occur during the

manufacturing process: open solder joints, shorts, missing components, misaligned

15



19 1 4. The nethod of claim1, wherein the step of populating the

n- di mensi onal data 2 structure conprises popul ati ng the n-di nensi onal data
structure with information 3 corresponding to the |ocation of the inmge

obj ect selected. 1 5. The method of claim3, wherein at |east one of the

i mge obj ect goGBHINTHS HSsudfidieii sB1dRP | A8k eskcb R doltRr PiihiRt RYergd 6%5_abit&@?§cﬁ’der1 6.
The nethod of claim5, wherein the step of populating the n-dinensional
data 2 struc e i.5es_ popul ating the n-di mensional data structure with
i nformation églgséf‘glltgg;g{;cilgse’aetcgorrponent associated with the pin. 1 7. The

met hod of claim5, wherein the step of popul ating the n-dinensional data 2
structure conpri sé{sr%’dﬁlﬂg%ﬂ% wgenm@%mwa%lwg badyamg andlargeavara 9T a pin
nunber 3 associated with the pin. 20 1 8. A conputer program enbodied in
a conput er - r egdadiheammedaywimageroflaimiufartare? pointedhuicalt bdaslplGne afivddiaary

n- di mensi onal data structure in a graphical user interface 3 supported by a
conput er appliinah bt bAPas AR that GRAPLhSIHY dny B4 Gark frgyr ed
to: 5 ~ proviL'lge a grapﬁpcg}?ﬁuser%an?gér}%g?gp téﬁg ﬂlgéag%fdéa? use?tgsaﬁ%{ehrgjf_lace
conprising a_6 fixst portion for, provi.ding a grap icaah). di spl a rising
one or more PREYY BHERE SRR (4 2o QPHRY: DHALTIN OFhIBIEcariy: anreY

n-di nensional data structure associated with the 8 graphical display; 9
recei ve a ususpestiopcphigol systeonel0dintarfaces withy @ CBoimedelng gystele692 arstx-payr t i on
of the 1 p graphical user interface; and 11 popul ate the n-dinensional data

structure bapedhinfsystin 666.F61 iaftafde, kiigy in¥peRiohZzoalbESktemlo@ mij eceRRRUL er

program of claim8) wherein the logic is further configured to 2 receive a

user selectigp ﬁ%g)%aglgﬁ%gfco Qitdr 1 %& ﬁéﬁ}igulg%%ﬁ}‘éd EirEaif v ok tﬁjoﬁ{‘% B2 a

cursor 3 manipu y a use. uter programo aim 8,
wherein the graphi cal  di C rises a 2 nmodel of a pri.nted circuit
boar 1 flonpr | SPAETRESSS S0t o esE B e PR HOo S T MaPestiph oA Sfether e
to the printed circuit board. 21 11. The conputer program of claim8,
wher ei n t he $Qginey gendrateananspeetint progruth todAmpbgntnie@by kaanimagieg systeral
data structure with information corresponding to the 3 |ocation of the

i mage obj ect6Gk! Fied @epection proghitd neaditiriised tindgpeaimaiufedtateptteddifuéi N at
| east one of the inmage objects 2 conprises a pin soldered to the printed

it Dottt ey oY oS gt e Fab i St e 00 1
I nformation é(@ aﬁgr ée%ex%tigg i ggne%%tfthe manufactured printed circuit board, the images
15 may be compared to the computer model to inspect for a variety of manufacturing
defects (e.g., open solder joints, shorts, missing components, misaligned components,
insufficient solder joints, excess solder joints, reversed capacitors, solder balls, solder
voids, etc).
As illustrated in FIG. 6, x-ray inspection control system 604 may implement
20 graphical display/data structure linking system 110 in order to improve the inspection
process and facilitate generation of the inspection program provided to x-ray imaging
system 606. As described above generally, graphical display/data structure linking
system 110 supports a graphical user interface conﬁgurcd for interaction with a user,

in which a graphical display may be linked to an n-dimensional data structure . In the

25 embodiment illustrated in FIG. 6, graphical display/data structure linking system 110

16



3 associated with the pin. 1 14. The conputer programof claim 12, wherein
the logic is further configured to 2 popul ate the n-di nensional data
structure with a pin nunber associated with the pin. 22 1 15. A system
for linking a graphical display and an n-di nensional data structure in 2 a

gr aphi cal usﬁ{a}m‘étc%hhgﬁl%dwe&g_taé%wel%fgm ircRR dafPni 188 grdpfifafy St em
conprising: 3 a neans for providing a graphical user interface, the

graphi cal user jnterface-4 .c risi a first. pporti.on for providi.ng a.

r aphi cal d SiplY rRENEE ot BN Bt A sPeric BBt Aau ahh Panieaiieie
portion for providing an n-di nensional data structure 6 associated with the
gr aphi cal di §pirdythePng ormns itheage ohiews may gomprsen pedicalar comporendos thd t he

i mge objects in the first 8 portion of the graphical user interface; and 9

a means for pAptedainciigbbha, nrpth 6RAYeMAlarddhdonbitUs bolaer joafestcOm brder to
selection 10 of the inage object. 16. The system of claim 15, wherein the

graphi gal di §8{e‘?é(te‘ﬁ?éri%'e%%ngr%%'us8é tfinfa raiSrH S%cﬁié{ggg%ﬁltt%oﬁc%t%% | sing

one or nore Eonponents avi n e Oor nore n e prin ed

circuit board,.1 17. The system of claim 15, wherein, the ans for

popul ati ng tW@“%‘-‘éiZ’ﬁﬁﬁls‘i“cfgﬁld’sE%ﬁfl SOTPPGE mpdel 55’@3‘}“&1 é@p][awe A FUSRES| onal
data structure with information 3 corresponding to the |ocation of the

i mge obj ect liskingsysem 110kBablehe ussgrao eelectfonelcainmorg 6f theherage nbpttslofdlss one
of the imge objects conprises a 2 pin soldered to the printed circuit

board. 23  Aridfdd chBEit BysHEBAed GhahdteléstiontteaaRidulle iR Sbiell (eRORIHeRI NY
the n-dinensional 2 data structure popul ates the n-di nensi onal data

structure w i-nf\0 i .0N,: : t ciated with the

i 120, " BP0 EABNF AN POEE sl SRR SR L P B sBlsiatehy < ne
n-di mensi onal 2 data structure_ popul ates the n-dinmensiqgpal data structure
with a¥%pin nbeRidpte thepdimensionsl datp stripfare;pith datazprrespondinedmtheselestedii ng a
graphi cal display and an n-di nensi onal data structure in 2 a graphical user
i nterface suppagetabgeddy a conputer application) the systemconprising: 3

| ogic configured to: 4 pnvide a graphical user ‘interface, the graphical
user interface 5 PRHYY is teed shbt $00 PRnbiHeR efnBbdipiedy bflh BEhpRicAl Bdep itadface

di splay conprising one or 6 nore i nage objects and a second portion for
provi di ng an

di splay; 8 r%églg%é@?g%gﬁcge@g@? }7/8%&%#& %ﬁﬁéﬁﬁgg&%gé%i&]ec's Ig%?%iecal
first portion raphi cal. user interfa

of the - .and 10 .papul at e the
G renal onaRlsRgel Fy Srray spetiod conreSt Wik 1 BHF wro R e bt b ect
12 a ggocessi ng device confi ?ured to inplenent the logic; and 13 a displ ay

devi c&5 conf i eIRRIESe AP tpR 80T Tarkbspinans thearintefegirquiithoatdamedely As illustrated

in FIG. 9, the printed circuit board model may comprise image objects 904 (e.g., a

particular component on the printed circuit board, a pin on a particular component, a

solder joint, etc.). Image objects 904 that have been selected are represented by

numeral 906. As described above, the graphical user interface may comprise one or
20 more data structures 908. Where multiple data structures 908 are included, graphical

display/data structure linking system may visually distinguish selected image objects

906 by color coding them to the corresponding data structure 908 that it populates.

In the embodiment illustrated in FIG. 9, the data structures 908 comprise data
tables corresponding to various Alignment Groups associated with x-ray imaging

25 system 606. Furthermore, each data structure 908 may include the following

17



1 22. The system of claim 21) wherein the logic is further configured to
receive a 2 user selection of one of the inmage objects in the first portion
via a cursor mani pulated 3 by a nouse. 1 23. The system of claim2l,
wherein the graphical display conprises a nodel of a 2 printed circuit

board compri Za%;@ 19N &Hv {Br rlﬁﬁ’l'gpé’“ﬁ SvQﬁ%IQQaJP?@oQJnd’E"%nQMBS 3 sol dered

to the print circuit oar 1°24." The system o laim 21, wherein the

logic is further confl jo | ale t di mensi a.structure
with infor naL‘itlBHa T8 %P? & I"B’&%ﬁ? opaﬁswﬁ%lrﬁ%%&g%

selected. 1 25. The system of claim 23, wherein at |east one of the i mage
obj ect s corrmhlm9%mawbnlmbt@lesé@cnbedﬂmvgr| nted circuit board. 1 26_ The
system of claim25, wherein the logic is further configured to popul ate the

2 n-di nensi onal dpkiofl be @hiphsivéd that the AbEVE-ti@Rribed ahBetifend TRIRMIGN!
associated with 3 the pin. 27. The system of claim 25, wherein'the logic

is furgher c i gyr.ed, t al. tLycture wth a
i n nimbor A5G0t G EST IR ReteiSato ”Pa%‘fﬁﬁ’ B 08B0 et
.ABS. A5@. A @. A A@ ASr. AY@.. AYS . Al . AFSL
LAY, . AF, . A@Fe mevslnpepsitle examples AT ﬁnplAmeAtatlAns,merﬁlV set farth\fora plgass# y
zupke [\/] ca] ca] caV] ca] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]l ca\/] ca] caVv
] ca] ca] ca] caindedstaliire] afathe plinciplea Of theahvamgionV Many variations and modifications
K&t yi =V: {vqgl gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca]ca] ca]ca]c

a] ca] ca] ca] GRARY 1398 fheabewd-alaBts ahbadiaRhfd) & the invention without

&ws %<} xsni d “Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] cd] ca] ca] ca] ca] ca] ca] ca] ca] ca]

T T o SRR RSl e B s s iy AP i) caj cal

a] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca! MBE&E&&&G ' " A(
((((AP); ~ modifications and variations are intended to be included herein within the scope of
***A+++D, |, P,,,, R ---E N {vgl gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]
ca] ca] ca] ca]th:ia]ddm]usa]eca]d:;&]amaté]lmg]tbafcdk)]vdng chjma] ca]calcaljca!N. S...L/// Q000
, 12112n22363~33#4wW443$5) 556\W6664777, 8| wmhc”Y] ]] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aJ cal ca] calca]calca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]calcaV]cal, 88
888998979f 99: N. : : >; ;; : <<<<<: ===, >>>7p??

@@ upkfa\W]ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca!l WaaoNAAASBBB5C. CCC/ DDDDSEEE2FFF2GGG
.HZHHHG 11 >J| w mhc”~Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca]caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >JJI2KKK%A zLLL' Mz MMVBNNN, O~
OO PvPPQKQQ

R*RRR/ SSS&T} xsnid_Z]]]]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! &TTTTTTHUUUGVWV7WNK _XXYZYYY
RzzzzZM [[[["\ (\{vql fa\ W] ca] ca] caV] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]calca]calca! (\t\\]b]]*V*rrO_ G~
<aaa>bbbEccccc: ddd@ee: f}xsnid_z]]c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca!:faff

gagghl hhi mij kjjj krkxkkl fI 1 nmZmmmonno”oop}xsnid_Z]]c]ca] ca] ca]ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]c
al ppf ppggqgqrarrrs(s-susst;tBtftntsttuguu

v] vvvOmw xzupkf al\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]caV]ca]ca]ca
] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! xxZxx
ylyyzezkzz{e{{{{|el|}e}}}~] ~~If{vqgl fa\W]ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calcaV]cali U *tpb
FyP}xsni d_Z]]c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca!/hdci;
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%°V&} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! -1b; >ci;

%°V&} xsni d_Z]]c]ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]cal caOw. bC& S 10%&' ()- 109 ()-

1096& ()-!'FO S109%&: () -

S10%6&' () - S10%6&' () - . <dE310%:& () - &10%6:&' () - LL10Y%&' () -y

1096&" () -f 1096 () - &109%6& ()-41%&%

10968 ()-' YI096:&' () - % 0%& () - PIOVER () - & 109%& () -S!' 10%X () - sSSsdE37@
10%63& () -4$10%X ()-2 109%%' ()-0 10968 ()-F. 10%& (), 10968 ()-s#

bCo! 10(% Elef‘jjf?@m&mé ;’&’9%5‘3 JpEniign, atﬂéi@ ‘E@éﬁi\‘?@? i%féﬁ&ed(') - &Qe 0% () -
pgdELC@ 10% & ()-&10% & ()-& 10% & ()-&MO0%U & () - @10% & ()-&z 10% & ()- V
KAEbCSs$#10% & ()-3"10% & ()- 10% & ()- &z

10% & ()-ml0% & ()-f1310% & ()- QYdEDCL10% & () -, f/$10% & ()-9-10% & ()-*10
% & (}_ ( 1.10%15&m@ & fogdiplng 2 gryplgop}\ésg[wanigp n-dimensional data structure

10/ F=s10% & ()-:z#10% & ()- @10% & ()-610% & ()-310% & ()-=V: dEYNC

8z109%&' ( ina grapigal yser@rmfovaupppriaddnig computeriapplication, themethwd' () - : <9dEYNC 9

109& g) -910%& ()-9 10%& ()-yl S#10%&' ()-L, 10% ()- L 109& ()-9TdEYNC

8&9- 109& ¢9mmisingyie steps of 109&' () - &y109%&' () - $10%& ()-&3"M 10%&' () - B; dEYNC

, - 109%& () - BYyL10%&' ()-&6 109%& ()-&3 10%& ()-&110%& ()- @/ 9! 10%& () - &bC,
10%4| &' () - Y1 1100%ifisg & praphiGdatdeginterface] the pRphicd] nset 08eia¢e comptisiog®’ () - wsdEbCz
10%4| & ()-10%4| & ()-Z10%4| & ()- Y1094 & ()-

10%4| & ( firsk Agtien Rt prpvidideg d E»ORis BPWY @nfprising 0a9er niirg image diferts| &' () - 10%t| & () -
S10%| & () - F#10%}| & () - KGdEbC3310%t| & () -1

10%}| & ( pud@ see@Bipodion for-piodidiglin(nyditSisiusl| datasirudhgs aspeidiatedWiththe

7  graphical display;
8 receiving a user selection of one of the image objects in the first portion of the
9  graphical user interface; and

10 populating the n-dimensional data structure based on the selection of the

11 image object.

1 2. The method of claim 1, wherein the step of receiving a user selection of one of

2  the image objects in the first portion is via a cursor manipulated by a mouse.

1 3 The method of claim 1, wherein the graphical display comprises a model of a
2 printed circuit board comprising one or more components having one or more pins

3  soldered to the printed circuit board.
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S xnbC@o0%Z& ()- 104| 104|

104] | =10%4| & ()-Y: #10%4| & ()-8y10%| & ()-5@0%4| & ()-S

> 111 dEnbCLO% & () - 10%Z& ()-St$10%Z& ()-T

1092Z& ()-109%Z& ()-109%Z& ()-! @""" =#J#dEnbC

@O0%& ()-MLOW&' ()-109Z& ()-109%Z& ()- @ 10%Z& () - MLOYZ&' () - J###SKS$SSAENDCI-
F109Z& ()-*10%Z& ()- (10%Z& ()-&109%Z& ()-s$109Z& () - F' 10%Z& () - $8YVPRABEDIEL
F&IE: / 10Z

10z=" 109 () Theyneshgdeiclainsd  wheaein thy sten obpppniptingthe mdgnensionaldalg 10028 () - F&GE&
&G ' A(XY:/ 10Z9! 10%& é@ SS" 10%r&’ () - 10%r& () - 10%r& () - 10%r& ()-S

10%&' Y ) -StragiEa compxisys popuigting therdingygienal Jata goserewithgnfoomasien () - @

10%8' () - 10%1& () - @ 10%1&' ()-; ***A+++D, dE; / 10Zy+ 10%v& ()-( 10%m& ()- &
10%m8' X ) -cosesparghagso the-lgeation @ftetimbge objetOdegted.) - D, , , , R-- - dE: /

10Zf S810%r8. () - y&610%r&' () -y310%r&' ()-f110%m& ()-f/  10%& ()-9- 10%& ()----
--E.S...bC 10Z' 1 10%&' ()-f10%& ()-10%& ()- @ 10%& ()- 10m 10m

10mEs10%m&' () -. L/ // C0O00dEbC 10ZI #10%& ()- f@0%& ()-y 10%& ()-yg 10%& ()-y
10%' () - Y@ THOAREthYd 6F clairh B2wRReE biTeatOon &f the Rage pbjskddofffises h- SF' 9! 109& () - f
10%&' ()-f10%& ()-y@O0%&' ()-2363~33#4W4dEbC 10ZS3

109%& (2 - Fhssoldeféd(ty the brisddefeuit boar@- 109&' () - f * 109& () - S(

10%&' () - w44$5g5h5i 5] 556bC 10Z10%& () - St 10%&' ()- 10 10

10Y: ~ 109%& () - @58! 10%&' () - S6109%&' () - 6W6664777dEbC

10Z! 109%&' () - y10%&' ()-10%&' ()-S 109%& ()-Z109%&' ()-10%& ()-7, 8889f 99dELC

10Zf F'1LO% () The méMoBOAaid 5DMREréin tHe LRPSE fopuhhiRiRe H Hn@hGoMR daa 9: N: : : >; ; dEbC
10ZI f/ #109%& ()-f9->10%&' ()-f+! 10%&' ()- S(MLOY&' ()-f&L0%&' ()-s$$109%&' ()-;

) o <<<<K<<giacthre tOmpikes fipUating thy n Gk Eiokal dSSORRRNEE With B&AmatibA Y& () - S3f

10%&' () -S1S 109& () - <<: ===, >>>xY:/

10Y10% (petafed I on{phnehd dBodidted¥Atihé pin Y10%&' () - 10%& () - 10>?7p?? @\@QIE: /

1 7 The method of claim 5, wherein the step of populating the n-dimensional data
2 structure comprises populating the n-dimensional data structure with a pin number

3 associated with the pin.
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10g 10%& ()-ys10%& ()- F10%& ()- 10%& ()- 10%& ()- 10%& () - GANAAASBBAE: / 10y*z
1098 ()-y(@O0% ()-ff& 10%& ()-9% 10%& ()- " 10%& ()-10%& () - BB: CCC/ DDAE: /
10f 810%& () - f 5! 10%& () -y3MLOY%& ()- Sl 110%&' ()- @ $10%&' () - y- 10%& () - DDDDDDSEE
EbC 10109%&' ()-:!10%& ()-S 109%& ()- 10 10
101 =t 10%&' ()-1Y:t $10%& () - E2FFF2GEGIEbC 10yS109%& ()-y: ! 10%& () -y
1098 ()-y! 109& () -, f #109%&' () - &LO%& () - G HZHHHG | dEbC
10$$109%&' () - SY"109%&' ()-f 10%& ()-S109%& ()-f 109%& ()-#10%& ()-11>JJJ2KKAEbC
10S1169&3( ) - YA $ampRterProgmm gmbggiad)in gRogmytRR rqasiably npesijon for lipling a
10%. () - KK%.zLLLLLLAYNC 10 10 10 10s=10%&. ()-F:$109%& ()-,f8 10%& ()- @6y
109%&' %) - gaphjogl display anghapnadimeiporpldatagtraturg ooy sephjcalasgoipterficr- f 104 &' () - f
109% & ()-yF 109% & ()-y10% & ()- NN, O-OBPVPdEYNC 10 @
10% &3 () sSatShiy& COmpBEnPHiigtion, IS coDpyter prysrdn 0oEising 1@kl 094 &' () - vPPQkQQ
R'RIEYNC 10 , *10% & ()-, (10% & ()-,S& 1 10% & ()-1 &3t $10% & ()-@ 10% & ()- @
1094 &4( ) comfigRre@86TAEYNC 10 8Z10% & ()-5
10% & ()-310% & ()-Y1310% & ()-F,/10% & ()-,, 109% & ()- &TTTTTTTTHUC
10" 10%&' () - | 1feeidé ) grafliCabude) intette, 1O Eraphi¢al Woet GfbdrBicd Jomprising a
3: $10% & () - HUUUGVWV7WIEDC 10, 10%& () - 10%& ()-! 10%&' ()- |
1098 ) - FirsBpdrfibiRiof pro¥idiff a(grapRIAKNKEpIX Yot {Sinkdns SrifSe8 infidge objects
"109&' ()-f109%& ()- mLO%& ()-!10%& ()- Y$10%&' () - YZYYYRZZZdAEbC
10f 13 ¥0%&hd & seCorddRin (frprévididHRa-Qinehsic@Piita Srupt(r@adsoidted Wit/ hé:
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8  graphical display,

9 receive a user selection of one of the image objects in the first portion of the
10  graphical user interface; and

11 populate the n-dimensional data structure based on the selection of the image

12 object.

1 9 The computer program of claim 8, wherein the logic is further configured to
2 receive auser selection of one of the image objects in the first portion via a cursor

3  manipulated by a mouse.
1 10.  The computer program of claim 8, wherein the graphical display comprises a

2 model of a printed circuit board comprising one or more components having one or

3 more pins soldered to the printed circuit board.
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1 13.  The computer program of claim 12, wherein the logic is further configured to
2 populate the n-dimensional data structure with information related to a component

3 associated with the pin.

1 14,  The computer program of claim 12, wherein the logic is further configured to

2  populate the n-dimensional data structure with a pin number associated with the pin.
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5 image objects and a second portion for providing an n-dimensional data structure

6 associated with the graphical display;

7 a means for receiving a uscr selection of one of the image objects in the first

8 portion of the graphical user intcrface; and

9 a means for populating the n-dimensional data structure based on the selection

10 of the image object.

1 16.  The system of claim 15, wherein the graphical display comprises a model of a
2 printed circuit board comprising one or more components having one or more pins

3 soldered to the printed circuit board.

1 17.  The system of claim 15, wherein the means for populating the n-dimensional
2  data structure populates the n-dimensional data structure with information

3  corresponding to the location of the image object selected.

1 18.  The system of claim 16, wherein at least one of the image objects comprises a

2 pin soldered to the printed circuit board.
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2 data structure populates the n-dimensional data structure with information related to a

3 component associated with the pin.

1 20. The system of claim 16, wherein the means for populating the n-dimensional

2 data structure populates the n-dimensional data structure with a pin number associated

3  with the pin.

1 21. A system for linking a graphical display and an n-dimensional data structure in

2 agraphical user interface supported by 2 computer application, the system comprising:

3 logic configured to:
4 provide a graphical user interface, the graphical user interface
5 comprising a first portion for providing a graphical display comprising one or
6 more image objects and a second portion for providing an n-dimensional data
7 structure associated with the graphical display;
8 receive a user selection of one of the image objects in the first portion
9 of the graphical user interface; and
10 populate the n-dimensional data structure based on the selection of the
11 image object;
12 a processing device configured to implement the logic; and
13 a display device configured to support the graphical user interface
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1 23.  The system of claim 21, wherein the graphical display comprises a model of a
2 printed circuit board comprising one or more components having one or more pins

3 soldered to the printed circuit board.

1 24, The system of claim 21, wherein the logic is further configured to populate the
2 n-dimensional data structure with information corresponding (o the location of the

3 image object selected.

1 25.  The system of claim 23, wherein at least one of the image objects comprises a

2 pin soldered to the printed circuit board.

1 26. The system of claim 25, wherein the logic is further configured to populate the
2 n-dimensional data structure with information related to a component associated with

3 thepin.

1 27.  The system of claim 25, wherein the logic is further configured to populate the

2 n-dimensional data structure with a pin number associated with the pin.
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