WD 2011/ 140233PCT/ US2011/ 035212 1 SYSTEM FOR CONCURRENT TEST OF

SEM CONDUCTOR DEVI CES BACKGROUND 1. Field of the Inventiagn {}901 Thi s

i nventi onwpengflégméeneral ly to the manufacture of sem c SHGISEHERANE ces and
nore specifically to devel opi ng test ﬂ)r ogranms for sem conductor devices.
2.Rel ated Art [2] Sem conductor devices are generally tested at |east once
during their manufacture. Such tests are perforned by an autonated test
systemthat can generate |arge nunbers of stinulus signals and neasure

| arge nunbers of response signals. The test systemb |l tipl e jnstruments
t hat can geneﬁXthE%%%&lgoi‘ﬁé%RENTsT P Swfé%Pﬁﬁ%‘m a device
under test as it operates. Simlarly, the instrunents can neasure the
various types of signals that nay be generated by the device. [3] For
exanpl e, many sem conduct or devi cBACKG@ROBND cated today as a "systemon a

chip" (SoC) or_a .'systemin a package" (Si P) that contain sub-circuits,
somet i mes!-cal I.%lﬁld'(iféﬁ% VeRilon: £ nct i onal bl ocks," that collectively perform

nul tiple foppes of opwsavefiort ﬁ%te%eﬁﬂg@@fﬁe%ﬂﬁﬂao@%e@@ s@hRehdRRIrC devi ce.
As a specific exanple, a chip that nay be used in cellular tel ephone may

have cor edevidearnd meee snedificalbetodevelaping tbstorpasany (qRPpicondwadsdev@eher cor es

may contrpl t ircuitry and yet another core may act as a general
pur pose pér)‘ocets]}g%l?%%g%‘arf can be programmed to run applications. To fully test

such an SoG2pr Si P g@wicemluctoridesicesats igenaralty teb@ll at leAgonbd @iy théiat generate
and neasure RF signals and instrunments that generate and neasure digital
si gnal s starfaguieaySusb testhaepeefarmed by an auiematsd tosbpysten thahean ganeEés sor

core. Atg rrﬁ%?&gﬁsﬁf‘@tihiul@sl Sthalla rhﬂag%{eﬁéﬁggtnﬁmﬁogﬁtafgﬁs??ﬁ%%?%ﬁ}s? R

nmeasur e ot he s of the types t occur wt perati ng
sem conduettaystemuias eulisple msaameotstthay eam gehetate vemdusIy g alf signblstiee nigype t hat

may be applied. by a, power supply.during devi.ce operation, or signal that
may be refg%fwf Vishiha S omaSRE s i T on ) [MECETVBIPIHB RYEF esour ces
for perf%Q‘VQIQOJSQ?ﬁe%-ofs{gﬂ]ils/fﬁat%‘&'%%%n%&% Waht govigore conpl ex, the

conplexity of test” systens required to test "the devices has increased.
Addi ti ondl0P§] nor e Forresainple; mgoy sediconduste aericeest fghrantddodhytas aper f orm t he

A R e N T S A
t est procRsReites Sall@StcoRs06£ SR DBl ot etha O LRI pdrfrmPmBRIpld §PEAT
devi ce byofto(;)g;e:tigg that may be performed by an electronic device. As a specific example, a
chip that may be used in cellular telephone may have cores that send and receive radio
frequency (RF) signals. Other cores may control the RF circuitry and yet another core
may act as a general purpose processor that can be programmed to run applications. To
fully test such an SoC or SiP device, a test system may have instruments that generate
and measure RF signals and instruments that generate and measure digital signals such as
may be processed within the control core and processor core. A test system will also
have instruments that can generate and measure other signals of the types that may occur
within an operating semiconductor device, such as voltage and current signals of the type
that may be applied by a power supply during device operation, or signal that may be
read from a sensor. These instruments collectively provide resources for performing
tests.
[004] As devices have gotten more complex, the complexity of test systems
required to test the devices has increased. Additionally, more time is required to create
test plans and to perform the tests, creating a concern for device manufacturers over the
cost of test. One way in which this concern is addressed is through the use of concurrent

test processes. A test process may be made concurrent for a particular device by testing



WO 2011/ 140233PCT/ US2011/ 035212 2 nmultiple cores, or other regions of the
device, in parallel. Separate tests or groups of tests, which are sonetines
cal l ed t ¥P2BPGERE3 may be devel oped Eor each of these Pg6ﬂ§ﬁ@?mﬁ8ﬂzsuch
testing to be effective, execution of “one test block should not affect
operation of any other part of a device that is being concurrently tested
by anot her test block. Accordingly, a difficulty in nmaking a concurrent
test plan is identifying an appropriate test "flow' in which all test

bl ocks are eventual |y executed, but that includes appropriate test bl ocks
bei ng exeultiple ¢@gsbh6thet Rgioay of therdevicesih pataliel. Sdpilatdtebtdot B@upslof ficul ty

in making a current test plan_is ensuring that the test systemto conduct
the test s whishgr seastmes salladjes binckamaanbrideyslopgd forgpeh gfthesse signal s

required Ifegirongl Fol €n t&ahH Ebohéqéﬁ;ecﬁ()&%%&ﬁi% oY oH@j(e@gblUél? uff nd abESt - Each
£ WA C gna applied o

| ocati on of a device a a test si Is to be I r neasured is
somet i mesopeadtioadbfany piher parOnta depecthatf bamigicogeiarendp ¢estaddnt anptlen tdss

ensuring that the test sysiem has enough instruments to. pr.qvide the
Fequi rod MEdouneutizlvea BTEHY FauRivBaCR IS PIot s GHBHONDE & not r ument s

are sol d gppsirakeley oM ih SHicSNPEOModMGR RBtuallPexdR8dd, BYithaThAadsbe
configured for testing a specific device by installing instrunents to

provi de rapguiprett tesidoonks dsingAxeontedstogetber tolsoekmomrtestttast.ed concurrently,
nor e i nst nts ma r ired, In.makin concur.rent test .plan, a
radeof t U be. s RSB itinmmER SshisRuEl it bR Bl § ana
t he nunbejysein tonhdwdTei 8stihas bhkugh@sdousass teRretiid htlimadiduedall of i Anot her
consideration in establishing a concurrent test plan is ensuring that

si gnal s fs&mlt wauiressior gl testinedityeoncuerentlis being ysedrfpng test dircdogaionopi n. I n
L ost s - t . ; e g
many test, &é(f?éeea{ﬁvhu%}m ?es{bsggrgdé &%B}%E)a\%ﬁﬁvﬁ @Jhrﬂgrag@% i E&Mtﬁlgﬁ%ﬁ% g ;glﬁ.r orme

with a device I nterface e spec igned for
each typeOnd aspesti adfendkingecdrestrent. pléh iseasurigsharthdiast senesfchogth nunber of
access points, each of, which nmay be referred to, as,a channel. Each channel

may act aSSEHNPHPIRPIOYAC SaTSaIGhessrerspbeachmin dvghar 1p 8 feshrirepvrntlyunent .
The DI B riﬁkﬁ‘lﬁﬁ&ﬁ@&l@ sﬁﬂ%gﬁjatei)pfr&nF?Qét @%Sté{l? W Ghatlthe et S?Lﬂeﬂlrl% pyi th a

mechani smto nmake a connection to a specific test point on the device under
test. [ onfignedtfostgstingmn spryificalerich by dnstadEngmstrivnesta halprovidecbqrired| s,

dependi ng_on t he nnunber instr nfs installed in the test system A
devi ce u%&%(}ur‘feésfA‘Srfﬁ?/reﬁ%s\?élchWF%%%ﬁfscoPﬁ%eq eP’QreaWétrﬁrﬂﬁlﬁﬁg}aé’%Fn a test
system Agg@rdd. N8lnyakid 4 SstcuRERAESE H1ANBY trad S RBy BRERAIS BBGHER S ndibek €St i NY
multiple devices in parallel. In this case, rrul% ple "sites" may be

defi ned, afitderkssestedsioneurpanilyianil tlap wonbes of insiroments dm thegést syedevi ces under
test. V\Qoﬁgé&l[agi&QZ%PCT/ US2011/ 035212 3 The sane test program nmay be run
in parall®e neach of the sites, effectively duplicating the pins of the

devi ce ur{0e6] t est iAn&Bettohsidtratibi th eswiblibhiag @@bh@BRANMNWaklisRnkGald on of
required test resources. [0081lFor this concurrency to work, the DB nust be

desi gned 1 sEbeEem dieinpiapmenty inside the tealssysigarare Fautedhto aRigy Jn BeBptedlri ng a
test flo I: ' : c . 23C it enerate
or - measur 5 e BRAPUL B3k SHIRRY ink AR Sk i A e el T

t est fl ovkoaris(RIBg, whikbheraydfe specisllyadidignke forumable typefof dyyies todde tsstghahs t hat
need to bhe generated and.nmeasured has increased he.ti me and _conpl exity of
desi gni ndeso’l%ﬁqﬁn §a§f%6ﬁp?f€‘?‘€%}§e_éd’?aﬁq‘?%%n@o‘??éhﬂ%&ﬁé" & beasfsredite to aid
in this pERCBEsnel e Hanhdlnglesd 8ad fpdt bh buSans: SRR dn¥ sB¥aProl 634

engi neer figuring out how to assign test system channels to pins. In

addi t i on ingrunhent.c dbe DB rowtes &icB chawmicho, a pdint & odticloit ivkdigayd fvith at he devi ce
manuf acturer, _can .al s se dey Iggmant f a test

be significant, .becau
cont i gur SUTORTRRO AuRa ) SePbTor GA ko Gaey o8 (R ARAE Under 1
[007] A test system may have hundreds or thousands of channels, depending on
the number of instruments installed in the test system. A device under test may have
fewer pins than there are channels in a test system. Accordingly, a test process may also

be made concurrent by testing multiple devices in parallel. In this case, multiple “sites”

may be defined, with each site providing connections to one of the devices under test.



SUMVARY [9] The present disclosure relates to an automated tool for use in
formng a_concurrent test plan. [10] In one aspect, the invention relates
to a mgt h‘88281‘1/]dg%‘78rati ng !anormation3for a concurrent tl)gérstﬁ?léﬁ35r26‘? a
device having a plurality of pins and”to be perfornmed by a test system
having a plurality of resources. The nethod conprises identifying a
plurality of groups of pins and a set of resource requirenents during a
concurrent test flow for each of the groups; identifying a plurality of
sets of test systemresources, the plurality of sets conprising one or nore
sets of tHstsamesteprogeanuiayds tham paalidl onadatle of the sitys, affedtively dl@ﬁuatirgﬂent;
and matchjng. sets of the plurality of sets to respectjve groups of the
plurali tﬁ%%m@ro%aﬁéevwfffﬁe%s%ﬁn sgquaae,aﬂyl b EorEsReR R VRl Al off east one
Pr 0Cessor.afird cQTshideg device. Though, aspects of the invention may be
enbodi ed as a system a nethod, a conputer readable nediumor a method of
manuf act 0P8y seni doordhis concudentye swork| th2 [DIBrmastfbedesigneditopentset t he

invention,relates.to a nmethod of operatin C uting device to generate
|t or rmat 1SRt s 5% BEEsiyeRenies st DA e S iR GBo e deach o
the at | g3gbuePtodBY b&BSiItBAY béitrate Bt teadukd ¥ sighalRbdifirednchIL }18s in@th &I ng VO
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at that step in the test flow. As the number of pins and the number of types of signals

that need to be generated and measured has increased, the time and complexity of

designing a DIB has also increased. Though some tools are available to aid in this

process, much of the design is still done manually by a test engineer figuring out how to

assign test system channels to pins. In addition to the cost of the DIB design, the cost of

delay for the device manufacturer can also be significant, because development of a test

configuration can delay production of a device.

SUMMARY
[009] The present disclosure relates to an automated tool for use in forming a
concurrent test plan.
[010] In one aspect, the invention relates to a method of generating information

for a concurrent test plan for a device having a plurality of pins and to be performed by a
test system having a plurality of resources. The method comprises identifying a plurality
of groups of pins and a set of resource requirements during a concurrent test flow for
each of the groups; identifying a plurality of sets of test system resources, the plurality of
sets comprising one or more sets of test system resources that each collectively meets a
requirement; and matching sets of the plurality of sets to respective groups of the
plurality of groups.

[011] Such a method may be executed with at least one processor of a
computing device. Though, aspects of the invention may be embodied as a system, a
method, a computer readable medium or a method of manufacturing semiconductor
devices.

[012] In a further aspect, the invention relates to a method of operating a
computing device to generate information for a plan for concurrent test of at least one

device, each of the at least one devices having a plurality of pins, and the test being



performed by a test systemhaving a plurality of resources connectable to

t he pIuralltﬁE?f |ns the concurrent test conprising a Elurall g of

bl ocks 3i ncl udes iteratively perforning procg g‘ﬁ%“?@?%“%ncludes
identifying a candidate flow in accordance with a heuristic, the candidate
fl ow scheduling blocks to avoid previously identified confllcts bet ween

bl ocks. For each candidate flow, an attenpt is made to all ocate resources
of the plurality of resources to pins of the plurality of pins to execute
the concurrent test according to the candidate flow. Wen the attenpt to

al | ocat e perfothics by tést sygerahating agiliratigtdfeesoafces e@ﬁmﬁb& to tiepltesity ¢fi me f or
executing the concurrent test using the candidate flow is conmputed. Wen an
2l | ocat | ORBHhG ERGHHERIdest SOMBHSISE ALK IO hinckers Ehomefodandlndt bet ween
test bloc t recorded so

t hat candi tl&é?f?%ﬁés}wl%é:ghogggg Hatq?@g?égqp%ﬂhgyléga Camlla%% I%Sgimt he conflict.

[ 013] | n ya&tcomlaher whikn hasgeict thetchmdld:m élotv whedwdingtbdoscks to atoid presiousiye

Comput or - BRBLIERREIS, SR GET POHE (7R FAh e el BUY.GA Hythat SIwasio one

pr ocessor a1doatelresafies af iR Pluh By &@&%ﬁ@éeg Etgpﬂngl B%%Mrgmyfo%uﬁ, 10 eRtbyfor
concurrent test of at | east oné devi ce, each he at "l east one 3eVI ces

havi ng a thegeadurtent igft gocordingsndhe tradidetet fldyei ﬁ@epehef gtamgd thylleateessulsy st em

concurr arih & wetestil RlaceREULAGRray e Sk et b Shenfehl Wbt abl o

i nstruct i @i thekendifate fIolwUE abinbitcf Wﬂéﬂlah%ﬂocd@ioﬁrodﬂrésbmc% is"HA thR8ssful
conprising at least two nodul es, which may be two or nore nodules. A first

possi bl e bﬁsauﬁe@fwnﬂlchb¢t@@mr¢§bblp@<s» thesenBissbefvaen pentlictingrtest bleskhis que,
i dentify é&oﬂd@@ 12 d Ygifl&{/s 6L 1ptt1 egeﬁ%ﬁ Bg sy gttljl NSnfidy di date
f|OWS atte ? Pf‘an ate resourcesqog h P{' I’eeSOlr.lll’C S to p|ns

of t he pl [uma] I ty ofInpiens flirthed ¥gwot, ehdllﬁeerﬁm(rbllhfeeltﬂ aﬁleé?st oBECAanlitlg t 0 each
ted candidate fl ows; proyi de an output_ indicating a

of the enuner

pluralit yfee)r? %%Oréa%}?@fim@fe%a%ap ra }%@écqraputw@ﬁuﬁahlé ipgtrustions thet, of
resource t

Cruner at oSO UFAEREY ] cBRORR pLRSASE R & SR R g:aisuht TRpislich o
desi gnat i splan f@momdrmmhoﬁpjée;ast Qimxtavfoy:; eeghaf theeemsk&asmre delvwas haoving a

conc rrent t te i ntil a first t na on
condiut i orP P ? (gbclﬁlésld (55616 ﬁsﬁz?ﬁng 'I%fﬂ%i @%ﬁ%éyﬁegb\ge{v%g ¢ B !
gener at i N@souirées@BEkctdbRs t@tth@ﬁlurzﬂltfi an hﬁléth@céﬂcgﬂleﬁth@zit cbﬁ‘x%rﬁlﬂg%%rﬁﬁ stics

i ndi cat ed b){ a heuristic to execute the concurrent test 'in a tine Shorter
than a t edtbleckse The pomapyes-erxecutahlsi laawtlpnwk@nmmpbmalauuofm@dalepu| or

iteratio hie i econd each generat ed
candi dat 'rsb IHEB\{/X &qf(?ddlés cro?{ dJ r%f}{goazta et PRsaody (;Ychtrﬁgy Bt ﬁ’Y Wi PY%f  wo
2011/ 140283R(139. uszi@stqabﬁbwahaadﬁlermapuﬁ e@pom t@iﬂp‘&t @és@rﬁﬁn@blﬂrﬁ'tc’:d}lﬁgﬁaé pi ns

to executg Et}wgconcurr nt test according to each of the enunerate
candi dat d9¢tHY&t legsiong B’n@r RofYITENtast bycaymgetiag cardigate lowa; atemphtp at

| east on of

{ caour cocRkatt AoBRAFE AHE R AN of A Bulek MR MO B AR BE 01 g &
t hird t echeicopcerremetystiademtlingyto aschl efakd emm&ritbabmarfd@dat@ﬂﬁ@sgrahd@iroxh@@&n by
iterativel ratin til second ondltlon IS reached, a
plurality’ ‘%‘?‘Ré’é‘ﬁ%ﬁ“&& g’hl’rlag fﬁ@ﬂ ‘iP %’F’l ‘?rt"éh‘“él? thsrllogatioandi dat e
flow t hatorhaurRaisaabassifal | hiiPa fé@ﬂéc@l% %gui?a&e@te@%e drithe bRmGRGEYt € the

concurrent test in a tine longer than a test tine tor a prior candi date
flow conman@da@lﬂq“thaeqmnd(mOduﬂeamay,llomeSpEth to riprud devghatiag meycaldso, for each

generate ndl d low ocat ouyrces .of the plurality of
r esour cege‘ﬁln |hs tfffy t&f&ﬁﬁ tﬁ%}” g‘?r BPHE gteéﬁtéycﬁ‘fréu‘f e senshtine, Wit 6} t est
accor di ng firgt ®asafdn édidittliBRiRhal] apAREl A Rakdi@NE oM bPWhnddniyhe third
nodul e may indicate at | east one of the génerated candidate flows for which

the al | oE8hftgtingfin pacdidieration, p sandidate Hewhat hag ehraqterisfiss indidatadtyer aspect ,
the i nve%hﬂgflm%xfcﬁlt@ﬁq@ fct)ﬁmﬂ‘;enk &35 906 gl‘gﬁ%y{h%n ST &, fsztﬁg{)fa g€ nEdI um

conprising a plura er- EXECU Instructions

execut ed clalydldate Ifbmonm\mecbdmng&smor itergdloamEof eathtltwdtwhpﬂlege&tﬁlﬁ&ﬁdd%%

i nformation for | an r copcurrent test of at | east one device, each of
the at | &% f¥ r?églag %‘f tand oW alterpt {9 allgeatsirasources of theelpraliy dei ng
performed by a test systemhaving a plurality of resources connectable to
the plurality of pins, the concurrent test conprising a plurality of

bl ocks. The conputer-executable instructions may receive input specifying a
test system configuration; receive input specifying a candidate flow, and
deternlne mhether resources of t he plurallty of resources can be

Y Y 1 T 1 Y . o v - o M




WO 2011/ 140233PCT/ US2011/ 035212 6 figures is represented by a |like nuneral.
For purpases of clarity, not every conponent nmay be | abeled in ever

drawi ng. W PHE 4w ngs: [17] FIG is a schematic i F’FEE/&{SF%“.“ER%I%f a
test systemthat nmay be used in the nuf acture of sem -conductor devices
using a concurrent test plan devel oped using a tool according to sone
enbodi nents of the invention; [18] FIG 2 is a high level flow chart of a
nmet hod of operation of a tool for developing a concurrent test plan
according to sonme enbodi nents of the invention; [19] FIG 3 is a schematic

i 11 ustratregureds to Piﬁ@bﬁﬂﬁﬁﬂu@lﬂymﬂp'instt@ efedu@dihe B RIutent RsARYEIdOTY 0Gach
concurrent test plan according to sone enbodi nents of the invention; [20]

FI G 4A iof the enmessgied eandidaisilows.i Bhe sscond medplecraydueyide 2aeVPEE with t est
bl ocks f qr. swhi , ding t
oo e andfi e deSOMEMT R berefla ALGELATARRGHAAGe ARGABEGPT I N9 1O

i |1 ust r atreguras iesusosssfid.i Arthid noglste, fi eswonkoto inhet desighatimyadthirdor devi ce of
FIG 4A 22] FIG Eff i.??b% schematic illustration of a.nagpiﬁr)j?g bet ween a
resour ce EHBHHE: PaYHPEREHICHbPIS %‘i”&fpw&?u%“s”é%F@f%FaEY BERAAH&yr oup of
associ at gfhfi §38conY HrBMARARDRABA N IR 8 ?lﬁ?a@i‘t'f ScaaidaReowd B3] FIG 6 is

a flowchart of a process of assigning test systemchannels to pins by
mat chi ng gessmating.én eandi itesaticsg aicamhidaie Sowahatdwe chavectengichosticatdddja FIG 7 is

[ on chark oLi g Rl Reest oy RSB Rt S Yo deriable
of the proggdsteFowrddmpted dirdfy a frideiteBation. ahe GRieIMblGleinhdyiéd, &ricabh of sets
of resource requirenents identified for groups of associated pins;

generated candidate flow, attempt to allocate resources of the plurality of resources to

pins of the plurality of pins to execute the concurrent test according to each of the

enumerated candidate flows. Output of the third module may indicate at least one of the

generated candidate flows for which the allocation of resources is successful.

[014] In yet a further aspect, the invention may relate to at least one computer-

readable storage medium comprising a plurality of computer-executable instructions that,

when executed by at least one processor, implement a tool for generating information for

a plan for concurrent test of at least one device, each of the at least one devices having a

plurality of pins, and the test being performed by a test system having a plurality of

resources connectable to the plurality of pins, the concurrent test comprising a plurality

of blocks. The computer-executable instructions may receive input specifying a test

system configuration; receive input specifying a candidate flow; and determine whether

resources of the plurality of resources can be successfully allocated to pins of the

plurality of pins to execute the concurrent test according to the input candidate flow with

the specified test system configuration.

[015] The foregoing is a non-limiting summary of the invention, which is

defined by the attached claims.

BRIEF DESCRIPTION OF DRAWINGS
[016] The accompanying drawings are not intended to be drawn to scale. In the

drawings, each identical or nearly identical component that is illustrated in various



[26] FIG 9 is a schematic illustration of an inplenentation in a conputer
systemof _a tool according to sone enbodi nents of the invention; £27] FI G
10 is a s¥EH3P234n exenpl ary graphi gal user interfacePf:mUéaﬂﬂloe\ﬁ%:h a
user may provide values of paraneters used in establishing a concurrent
test plan according to some enbodi nents of the invention; WO

2011/ 140233PCT/ US2011/ 035212 7 [28] FIG 11 is a sketch of an exenplary
graphi cal user interface through which a user may input context sensitive
speci al requirenments according to sone enbodi nents of the invention; [29]
FIG 12 ifggniesk dpibschied 39 Qi@ Mhdril. Foaplpesds ofskfity, Abesveaceompuretigh whi ch
a user may receive outputs froma tool used in formng a concurrent test

pl an acconai brylabeled emevesnBoniitg Nighodrapieesi nvention; [30] FIG 13 is a
sketch of an exenplary graphical user interface through which a user nmay
receive output of a tool according to sone enbodi nents of the invention;
and [ 31][oF1Gs. 14ATand iddBhematis Kedsahtien of a festrsybtem thatanit be ysedsethe
interfaces through which a user may input information used by a.tool :
accor di ngnBHagE o SEBUFIRINEIST BFVIEdS IS ALIPFHRENT FSTRIRD éﬁv%ﬁé’éﬁlspﬂ ON [ 32]
The i nventorshan he6ReRhbeMinAtE HRRE fRkAISE that an autonated tool for
mappi ng tester channels to pins can speed devel opnent of a concurrent test
pl an and [0%8§] yi el d FGr8riea bightleed flowt shag of emetthodoft opeegionpif arioolBgr havi ng a

tool that i ckl k ffici. i t, val f mul tipl
par amet ordSv PP CBHETTY G PEBSrofian e e anbar msa o8 Eaar e dFor & pl an
that makeggigppropri HGF 3ti§ adaRhfasic PAIWEESh bEBputk hhB odpdtstte&todt GudMN@Nt

costs. Use of the tool may lead to identification of a test system
conf i gur adevelepingestontiussnt Zstipleh aereeding 46 penerembedimgats ob thpvinyentigndesi r ed

tradeof f ween ti d.cq for . i.n ri] [ I.Ce. 3] Such
a tool rm@iglddr ess lf:iﬁ}a? e ﬁaégﬁe saglgébg%@& Ol\?\nofﬁ Qf}%léén({%lﬂ\b@?rng&}é%en‘gﬁ}rl Fégﬁt flows
t hat can Meclaabi wiRrH afconcurivit iesupraprahemby by dsudsirdiaosordifigeo ok, for
exanple, may aid a user in _identifying device-enabled flows by identifying
bl ocks t Hagbogimenty pf (heiipgapendent from each other or, conversely,

conflicti | ocks : : GHIE N 1 pendent "
inmplies t[plgybbl ocksﬁg%hﬁgtgggﬂggpgﬁﬁﬁﬁlz&%goﬁg?er naﬁ?&iden)sloglﬁ%gﬂgw&ﬂggnati vel y
or addi t isemaicbyductortdevice vh¥IGidh;a user in identifying tester-enabled flows.
A flow rrg% ﬁ: testeé-egabl e&@v\hen. t est system.contains sufficient
resour cedV2hht are ¥IH Pys # AdpEHastafien RLAMAPRINE BAVEFR ARFOYTE FRRE hat

][ leg \(/)Vur CeSeq@ferit 83 H0850f RsSREYpHs And o)y AU KLY BAGHSEANGEnMS h the

forming a resource engine;
[023] FIG. 6 is a flow-chart of a process of assigning test system channels to

pins by matching resource engine requirements to resource engines;

[024] FIG. 7 is flow chart of a sub-process for attempting to identify a workable
assignment for a candidate flow that may be iteratively performed as part of the process
of FIG. 6,

[025] FIG. 8 is a schematic illustration of sets of resource requirements

identified for groups of associated pins;

[026] FIG. 9 is a schematic illustration of an implementation in a computer
system of a tool according to some embodiments of the invention;

[027] FIG. 10 is a sketch of an exemplary graphical user interface through
which a user may provide values of parameters used in establishing a concurrent test plan

according to some embodiments of the invention;



WO 2011/ 140233PCT/ US2011/ 035212 8 [34] In operation of the tool, the

val ues of the paranmeters of the concurrent test plan may be varied

iterati veW9.20%g7€3i terations nmay be perfor med aut omat i %gﬂ@zwlogﬁéz t ool .
Though, in sonme enbodi nents, the tool "can identify an appropriate

assi gnnent between test system channels and test pins quickly enough that
it may be used iteratively by a test engineer. Accordingly, the tool may

i nclude a user interface through which a test engi neer nmay input paraneter
val ues and receive informati on on concurrent test plans that allow the test
engi neer [p28]sel ect FGCON&Y slefth dfasex@hplary giapladdivsérontekfacethomighi ng a test
engi neer with informati on on performance of a concurrent test plan when an
appr opr i SYRECkaPERTMRRYDBPYCORICKhsRAENS SpasiAl BRqudrements da¢RIdIng O $9BS t ool  cannot

i denti fye%oﬁﬂﬁérﬁ?%ftﬂ%%%ﬁﬁ@ﬂ'ng’ the tool may provide the test engineer

with information about parangters of the concurrent test plan that could be
vari ed t q029icr ease Hitve 12 isketkichvhad ah ka¢mplarsagpplngalcaer inerfacuthdoughor exanpl e,
t he tool y. i ndi cate additional. instrunments that could be added to a test
system | IEHHBNSISTaERF VR OURUA SR oL BeP B SPFHBE B FOPRYTRt GVARIE  eedback
on the NupB&GHIRlokESE cfibb@SndiAf lhefmvBRickPPOrted for concurrent testing
based on a specific test systemconfiguration. In this way, the test

engi neer [A38] use t HIGt ddls 4 sketphi dflah gxemdplaty gpphicd owenintesface theeughpl an t hat

reflects a.desired tradeoff Dbet n test time and equi.pnent st. [35] An
aspect of“%gglﬁﬁuﬁerﬂ%%’l ref?v%ﬂutgbtpc\{%iw} FEPdis eRPye ieH%ﬂEﬁP e;ﬁsn%ﬁg?‘u appropri ate
mappi ng hgvdeeR; sfdannel s and pins or, if a mapping is not possible, quickly
i dentifyi ng that fact. Such gquick execution may allow iterative use of the

t ol unddP3lhi ch a USer 14mgndi AR prgisketches afurthéripremplarbpses interfagenict er i st i cs
f ch ' . " Do et St
’5 dr ssath Sph i 4 OEF il SRR ARSI SE o) ol SRRLANERLA0S, | T OB oS

speci fy anthodimemndf thesdveanon.i gurati on and determine the effect on test
characteristics. [36] A tool may nake a mappi ng between pins and channel s
by applying rules and associations to identify requirenents for groups of
pins. The groups of pins and Eﬁ?ﬁ@ﬁ@BQ3E§é§$PT%9Nﬁrenents may be regarded as
defining "resource engine requirements.” The tool may also identify sets of
test resources that can fulfill possible requirenents. The sets of test

systemr rces he regarded as defining "re ce engines. " The tool

may sear dMSlor a woRIEABY ot PR PR GRIHI ALRS RS thelgn Atk PehiBht s and

resour ce Rk ste@AhLEs ROpihoE &1 881N 6 CERBAVAIGEst PG M may

requlirenents an resource engl nes nma
q 1ts" and WD 2011/140233PCT/ US2011/ 035212 9 " ( g " may

be conputyalil emadre gostsilectaver qonramnt tashplase Byduaving aftee! thetrcenignigkbanakeen

i ndi vi dual_ pins_.a resquy Ges. / l . r i hni ques

Lo | nor eaesThHEn e AR Wi mul e LTS 1T sHRGH R B

i denti fi egrieffés searchrtpt £plapakds initlkes iHbdpridtowaddviy beeveehdest eithckmadeskt on a

projected test tine that woul d be achieved if the flow can be inpl enented.
The t ool eqBipmeascoskhdyseef the toghmay jesd to idestiligation o a4y AYRS™® for flows in

order of . ) . J O, LONsS is
dent i 11 SQETERANpl et HBHARch NP iRl o HTHAE o AL AR F bRIcER O
exanpl e, tinheandalst foryestingleparteshudedcengi ne requi renents based on a

frequency occurrence of resource ines to.fulfill ,such the
requi rer‘rﬂﬂ?& or ot fé&‘giaﬁﬂ‘?léﬁ?yo? 35S &ﬁfgﬁf‘g?sc?fls‘{’%’/at?‘i&uwfé‘ﬁ%‘? 182 FESHIREE t hat

sati sfi eqd@nhE€aHibe aFRBYed fgpﬁaﬁlgﬁlhr TR LRRA{J4C ThERRAI ﬂ89§x4_?1¥p1_e, may
preferentially assigning resource engines to fulfill nore difficult

r equi r emeund g user[id8lentyihg deviidel-enabled thhogvsary identifying ipbovks that aieifolly some

enbodi ments of .the inventi.on may operate. .Fl.G jllustrates a test system
700t hat TRSPOBIL FaBt S 8 pereh contreRbckbAtaRe Bedee of Ta
tool as Qea&irtdd@y. PRAG) Mdepdhdbhie RPN BMBRGIKsidonds§Hadd Fidls bhinkdrkal 1, test
system 100 is adapted for testing a wafer 130, which may be a wafer of
known t ypesourgseliegutingly o agditipnrlng tqoa)rr_@ywlﬁ uges iRlideniotying tegeof which die
132 1S nupheredoukr QURDHN bedbdierOhab 8 lleh (00 uURlEHME I ilpye the same
desi gn suc at nunerous dies may be nmade on a Single wafer as common _
processi nesostepshaanre fly imlepadiedtandrgn ram odreatratey ofchwadt e¢soli®ds can be

assigned to execute a test program in accordance with the flow.



[39] The exanple of FIG 1 illustrates a test scenario in which the test
systemis_run at a stage of a manufacturing operation sgonetinmes called
"probe, " VR 28 he devices are tes%ed while still paPFTG{‘SZQW/&SrZé"r.

Sem conductor devices may be tested at ot her stages of the manufacturing
operation, including as part of a final test once devices are packages.
Accordingly, it should be appreciated that the techni ques described herein
are not limted by the stage of manufacture at which they are appli ed.

[ 40] Test system 100 i-ncludes multiple instrunents that can generate and
measur e t@34] si gnal $n opdistigpefthé tool,ithpeduafofithsparametetssofithetandademi t hi n

test system 100 m% depend on the _nature of the sem -conductor, dl?p\é{)ces f or
whi ch t estestdyjan Bay bpyaned gesaivedr Biese getetigns mpype psriorgied automaticalisby ument s

may geneVR@E Sdll T UErFso%egé,ht dithERE, it A2k m@ﬁtiﬁ_aﬁtapgﬁoﬁga%sg%gﬁé&t e and

measur e si gnal s.” However, e specific type of “ins nts talled
Wit hi n t elsttwegstestrsy$0@ dhanmeds arclrtestipiresl quiakly breovigh vieat it roay be WWed iteratively

2011/ 140233PCT/ US2011/ 035212 10.[41], In FIG, 1, a.coldection, of .instrunents
102 is iﬁmt%%n@awa% ?%&@s%]#gt ?4%%4@%%9%?85% lrets&fjaiﬁ%@aghéﬁw Bf whi ch
may be Ust%gl eifrzl g@&‘fﬁéﬂr@u%ar%@t%mrﬁu@ dn@StcetV SRR rmatsh 88 cénduBiSht tedtn the

exanple, o , physical resources 104A, 104B and 104C are illustrated.
These phyBlaresthatraloviihe ésst eiginees xasaldce 2 conguricaptesiqdsn. nrpdditiomseprovidipgbl e of

generating, or neasuri n_anal og siagnal . Sinlarl hyisi cal resources
R T TR R b CR S R LRt e

| NSt r unendpprépiate Lappioe bERER cinnBR aAd bihs 4 Buhd) if tIRIbolVagidligentifpsn exanpl e.
[42] It shoul d be recognized that FIG 1 provides a sinplistic illustration
of a testarpyenrisis maARPipH ke ipphipayprevidaihn tast snginges Wt infosmationewubmy be
provi ded i r & Ry : e
Fecogni 2zt PRSI ATR o i Blfl F ShuSR Ak Hmelch e Mol Rl

ar chi t ectamapping bart bafouhtie Foredaetplgthd tosk mayrmali atenmiditimal instreasesl that

decr eased b}/ gfg{)({ogri atel%/ confi gr'dri n% the test system Here, FIG 1

i |1 ust r at¥€81q Pagdded &q 2 S5Esiim BoTFdP GeRISY SIS Al RaPRIBE PLMERer

Instru m?géx%vifd@ FRIIBYIKAS AE R beNGH tedt RELS BTN De lsBprRY E ALY et %éstiﬁgs ources
108A, 108B and 108C. According to some enbodi nent's of the invention, one
aspect ofbaded en asprcifac @stesystenrqoafiguiatien. lnl this way, the tdstcegimeerenay wheshe ed

Il ecti foi . t i d i red I j hysi.cal
- esour ceaopbloaulRh YERE R ofeRE o ninr e G RaesFaL kg bebidap 16
Regar dl estﬁn@fmdg@i@ﬁém%stof instrunments within test system 100, for testing

sem - conduct or devices, test signals nust be coupled between the physical
resour cesl03%d t he sAPpspeshefieeib tapdis acappressh foreguckly Heptbingampl e

il lustrat t | int. - i Jul t1.ple
cont act - (PR mATAERCA LGRE aRy BhsoB'iPE hBBR I M M Gy,
channel s ifldfifyingahatdict! Baclcaick exeeutizry mhg atiow pleedive asdofhy siot ahderesour ce

104A... 104C or 106A... 1Q6C. 44] Sonme or all of the channels 110 may be
assi gned YHChamesrdnay datermpag afosetimp i Sther gharpelexisticsoffest grecutigleyndes under

test. The BRRLRYRREINESRABIARDAL slﬁmsepiégvris%a@s%ﬁa%a{ tglgsev@}fagagﬁ?%ﬁégga'

resources, and test points-on a device un test may be est
t hr ough usdesvexaution|thassed emyrspbet)y hdifferent Gscernfigustionppd deeinsine iteabl i shed,

it may be jnplenmented through an interface structure, illustrated as device
interfaceef%gg?‘b{g?t[ﬁ%éﬁacklﬂw%l B 112 may include an upper surface adapted to

make cont@gé] W t h tAeodlhaRNBhi& alhBppify baWREN pitk hAG BhfnelIb ppRidgEl&EoNt ai n
probe needl es 122 or other structures adapted to make el eCtrical connection
to a deviand assegistionstotidentifprapirementy fospompugaonst / Beszegpsiof pins and the

associated requirements may be regarded as defining “resource engine requirements.”
The tool may also identify sets of test resources that can fulfill possible requirements.
The sets of test system resources may be regarded as defining “resource engines.” The
tool may search for a workable mapping between resource engine requirements and

resource engines. Searching for mappings between “resource engine requirements” and



[ 45] Each of the probe needles 122 nmay be positioned to contact a device
under test at a test point associated with a test "pin." The mappin

bet ween t‘ggtm]s]{/]é{”é’r’h resources and the9pi ns may be i npl eﬁﬁﬁf“&&“’dﬁ’gﬁ%ﬂﬁ D B
112 by el ectrical connections between’the probe needles 122 and channel s
110. A tool as described herein may be used to aid a test engineer or other
user identify an appropriate mappi ng such that DIB 112 can be designed to
support testing according to a test plan. [46] A test plan nmay specify
concurrent testing of wafer 130. Concurrent testing may be performed on

mul tipl e degtir@engiks mdp0e chiapedesnallly meord éffiednt Bantsesichip@ifod BateRihgdi € and
the nunber of dies per wafer frequently nmakes it inpractical to
concurrenl?qt‘yeijb‘ﬁé#"éﬁﬁ@lﬁlﬁﬂa%%ﬁlﬂréesalI of the test signals that would be
required est al L g . , test
system 10 gZLy be ct%ﬂoatggﬁq%eg&td g@%é,\%&g{}%%eg? © gﬁ%gée{hgiqgéseﬁ%c}n% 2#1 130
concur r endfligienCassignment it gaicklygdap#iedt iFonexammle\tiosdblenedt flovs medyrtat ed in FI G
1) for handli fer 130 y nove fer 0 to syccessjvely position
groups of©~ P@a%ﬁ?’? fael?rolfﬁ%%ft?ﬁ “H@ﬁﬁiﬂ}r"}‘%‘%g‘i %“shﬂ?"r‘?é lﬁfg‘et%l@& ca@\hei em 100. Each
di e conneglitnéed. "Ehd 88K may RERhGRAGHESEH ywb&aﬁferugﬁgm&gtf@f fyehie
multiple test pins that are sonetines collectively reféerred to as a "site."
[47] The ordedfasiést & slewetth&ince adesiredawniber pewotkpbleeptiens dédrmtifisd,ahe
multiple factors..Iln a. lik hion, the nuynber of tes | ocks,that may be
execut ed t88ﬁ‘83¥ PR Vlab'éﬁeﬁ&%‘%@ﬁ fﬁﬁ”fst i %‘O#ﬁﬁfwle’fﬁ%%ﬁ’gm?'@rﬁ t he device
under t esfesqficd/gineasqlilendiiysdséd@bn é@i%@tﬂérféﬁ%f@c‘!@irﬂeﬁ@é 8 bdéderlgaRk t¢yst em
100 may i nmpact the amount of concurrency that may be achieved.

Addi t i onaliutfjll suchdhereppicsraenty obethetradisaiepphaydisbewlvan fimding ampppies that ces

W thin test: d I Nt Vi nder .t est. nay al so
Mpact. t nareEoihE Rl B ThET0olBR BBt WP IEY b Bt bR GeRE S T2 s

a rel ati wesourdeemigingp &s fudfill piors diffitult Rgoiesass. such as physical resources
104A...10 ? and ph)a/lFﬁi cal_resource 106A...106C, a test systemfor testing

sophi sti d4t8kd soc - Sikugsiss AR SRS & WhirBsems cmhodunests oldbour ces.
Ther ef or gvddiiohSn OERt 9 [ fo ther, a
successf uInV rralg())pi neglq; Sef;ag%i at eg I\I/%nﬁﬁt{?égaagtﬁét? Z%t%rgpli@rqttgatr e o%ﬁ%géﬂ’a@ed?gn

gener at e wriompasuewrenhests\ppes! @f ussiofaadd at Hederibedbertim. e tigemeirahmentor

d.at .that. test. pi i .t full t devi d
Toot "+ adbsiitin TIO hlb s lemaiOds dReiedior Gouns 4 1ok S0l Bt rocour ces
may be copgbi SALRANRPH WasRUSe ntly dohgid RALABIOEHIonhictbEBts SHwiEMtie

resources and the possibility that sone test systemresources nmay satisfy
di f f er ent132ypaambergsl. 2Biegpantby? 3id ptihe d82en1y Waspwill haveghe sampiasigresutls. | f

mul tiple test system,resources be used to satisfy the

requi remath%&g1 %o e?%ussaﬁ%cr{x?gge Pads OBt R g[%h%%?ge/assocl? FUROIL RS S?eé’g #hat pin my
i mpact t herfeviaed dlridg dynuFhcthRIf vaf&t180 resour ces to satisfy requirenments
for other test pins. Accordi&g{é, choices as to which test systemresource
will be MpPed to sPecxampleddtiGpl piusalps pitgsheeenerie inwhichithe fasfspeiemof t est
pins thatis (a1 A28 30G kM PBREBR SALEMLEIU SBRbe LT ThIA L anni ng a
concurrent test process, an Inabifity to assign a teSt Systemresource to a
test pin devicenarsit¢seednivigitt sthiepadeal 4 wakict. RSdayichnddiordericel mbebeRistedappi ng

bet ween rzﬁou ces tagd ot héé t est %ins such_that resources are provided for
al | of t Y S@ECTLfac manpiacturigg op é%?n’ﬁ%judg@g atpart pf & g desh Be depises

exanpl e, akd pddhBadse HecSMBILM il shotRMd %Jg‘f&gat&i bt Be SthhiqhlEMsc Feif)f
resources, capable of operating independently, to assign to each pin that
requi r es aze sotdimitedihy the siagelebmanidacthse oy evhivhatheylawrappbekur ed. Al ternatively
or additi Iy, t nunber . test systemresources may be increased, such
as by add{%r}g nor e irﬁ?gttsryﬁ 1@‘6‘81“5%%‘%‘}1@2"[18%@?“ ﬁ?t%anr%ﬁ“?fﬁ@ranﬂossi bility,
t he nunbefcagirett@s bighalp.s ThOEpetttictipdsaFlinsthaitatSindMaéd RRhEABE Wh&RY by
generated or neasured may be reduced. Adding nore test system resources
entails ipRyrdeRsnen thepiatuse of Bstsempeendagior degvieesrfouwhishdest sptered80ishe rate at
whi ch deyj ' 1 0di t ' ts. caost of. test.

Ther of or SoRfigrET 8. $EFb St OB ISR ity LIRBEE SR uvielfdbunm

resour cesigaatd widktotimirn ma paherawepnd hicaswre RIFsicwild. THawE egthé §peelficabpe
concurren(f:}él durin .te%i.ei 3}9 to efficiently using test systemresources.

[ 050) FI GO sPmGets ingialled withip destystsm Y isngheridrahie tbe iivenden. mappi ng

bet ween test systemresources and test pins to support concurrent testing.
Whet her a mapping is feasible for a device and test may depend on a fl ow
bei ng used and/or a test system configuration, such as nunber of sites
being tested concurrently, or other paraneters. Accordingly, instead of or
in addition to identifying a resource mapping, output of the tool may

I




[ 051] More generally, the tool may operate to determ ne whether, for a set
of paraneters, a mapping can be identified. The tool may, .9 erate to receive
as input§N9§PU@§m?8r sonme of these paraneters. The tool ﬁﬁﬁmfﬂ%ﬁ3§%%rch for
val ues of the other WD 2011/140233Pé@/U82011/035212 13 paraneters that

all ow a resource mapping to be achieved. This searching nmay be subject to
one or nore constraints, sonme or all of which nay be provided as inputs to
the tool. [52] The process illustrated in FIG 2 nay be inplenented as a
tool executing on a conputer system Such a tool may be inplenented to be
interactipogl1] al | ow RGI&. 1 £5EolRREONEEsENGRN T RTs6llidhfatdBipk®ndingt h t he tool
that is useful during the design of a current test process. Though, in sone
enbodi nenm§ltlpﬂW§alrfﬁ§p%%€So%Cgi0ﬁ adnghrmambeused i eerer@ge os BwRsUERIR §1%ht ed

fashi on ' o ¢ t QEess,
R S L T e S R B AR kil e

t he tool arayllwtuptedr Thestlphyplks rogperas) fogetamtds,. mdyorepexartphstruniehes t ool may
support rece'vi?g as jnputs val ues of para t§fs such as_avail abl e

r esour cesCARANIC AT ENSFAIr RRASWING YLaralqgoviEnabadBylagly. PRl JepliES, the t ool
may | dent ideh dobBShd fibEWarANsFALL CARADRHGHLLRM I fecBRNRIABncrk{ WAy &l | Ove 2

specified test for a specified device to be perforimed with the test system
I n this seargenémate or meeasure pligitabfest ignals ddr exapplee t he resource nmappi ng and an

i ndicatio at a test w_coul.d f . Al.ternatiyvely. or additionally,
an esti rra@ggr t est t]?‘gléouﬁr‘%l E‘FlfGCB%n%?fftglﬂttﬁﬁ?ﬂ_p%‘g & BOPIRG :uﬁtﬁatlr‘?Bo 8sour ce
nMappi Ng cestlselstt an@ Wi manfen e it siNBhy sicaficSairEestiat b&1B@Rldey Byl esul t al ong
with other information that may be useful to a test _engl neer, " such as

r esour cesingtrpentp I wihindest oy femdbedt shouldiadsothegecagpized that tesbsystsm 1@ fi nd a

_ _ _ ccaspiES il fesbrdm
candi dat ARely fspyped i ARRREERARLART Lo AR RbOR Rt i

fl ow. Thebetiaoleadedyr Hb@easdébe approgridbBt Joafigaringhe tse Systenit Heg, ERRm be found
for that candidate flow If so, the tool may output information, such as
the resou llz‘@raﬁﬁﬁéﬁ‘tﬁ@t system AP aerludss slos tegecsive fyrtheardngrunsgieio nsayideret ers. As

anot her e8! RbrdReRPRS O@Bi/i'ag 3 48 rdsBErck O Phs AT BURAGDEC. According
t resou offe or

"reverse-checking" a se ce assignnents to pins agains
mor e conduspmrtmbedimentsonfghe Foentlore vee specthedkiengiding heonchaentatstehaly has a

devi i nt .b d.(DI B d ch I d. t Af
Concor r et 1 19uEs & O Icahe g M T msRRas RlpIde ] dnire@rafecon ol 1t 1 at es
an enbodiggsial BsoMicS i tdbesysRal 1065t R ABrh Qohd@Rhi ¥, f| OW and resour ce

mappi ng for a specified test systemconfiguration. I'nm this exanple, the
process d8#3lor med HRegardessobthemumbise gf mswumpits wlthi1@st sisteinl MOKfR@10, i nput s

b i " j t. b ived f t i neer or other
Lot of | haintdEmi el R BEl el B PG R b BT bR MRS e
recei ved resouades abd ieaeil-conduiedidevic¥\bh@d tdst. 1ADRSE 3R4T p 1SR rA(cA 3R &1 2

system 100 includes an interface in which multiple contact points are exposed. In this

example, the contact points form channels 110. Each of the channels may be coupled to
a physical resource 104A...104C or 106A....106C.

[044] Some or all of the channels 110 may be assigned to generate and receive
signals at test points on a device under test. The mapping between channels, which are
associated with physical resources, and test points on a device under test may be
established through use of a tool as described below. Once this mapping is established, it
may be implemented through an interface structure, illustrated as device interface board
(DIB) 112. DIB 112 may include an upper surface adapted to make contact with the
channels 110. A lower surface of DIB 112 may contain probe needles 122 or other

structures adapted to make electrical connection to a device under test.



14 automated fashion from other conputerized tools used in designing a

sem - conductor device and generating a test programto test it. %56] These
i nputs na‘(}loizﬂwlég?é a configuration olf a test system on PSRV 032d1 may be
executed. This configuration may corréspond to physical hardware, already
in place to performa test, or may describe theoretical hardware to

determ ne needs or benefits of acquiring additional instrunments or other
conponents for a test system [57] FIG 3 illustrates a collection of
inputs 310 that are representative of the types of inputs that may be

provi ded foasp schedudchng tiastoBs fidcd¥EID naagqie poeflioped fodotitaefa tégcdr ocess of
FIG 2. Inputs 310 may provide the tool 350 with information about the

devi ce unésler tesisat a tesh poinbagsocipted avith ptepleipioT Mhemeanping besweaissisystpa t est
e e ; g 0. ; ) ¢
it pl o TSR ATE Bleih O bE InGRAEHIISAN, DIn 38 bl SlechRapctbdB) 09,

devi ce unistewednetht prbe aicédisd 132 adrchanmaly'1 ke Akt hsldebefibed kersinmgdyebedi €, such
as die 132, or other device to be tegte, at a site. Accordingly, input 312,
r epr esent $556 ia2idiadet €NgIReRF oF ePIcEUEAIdeNHEY Ht ARIEPTHHC MaRPIAGPEISEH IS t 0 be
tested, sye I @RH I i to which resources may
ul ti mteli;lnggﬁ%gggéﬂfg@ogp rat%egtn%o@%{%io ﬂ??rSélg.egpF%S] | nput 314 may identify
t est bl ocj0d6j n a t eAtespplagmaay spheify basubtresrestingaf ecfdrdd0a Cdewircmt t o be
tested. Each of the test bl ocks.defines a separable portion of the test

or oor i thsHhedy ep<ERad PR F e A an Tosfr B TR e Rnforef iRt | Lot

pl an. Toohoi?Per @Y aki$ thelntitber Sidicd ferSFdTRIK ReRNERUkesaNiMbratii@l foest bl ocks
such that sone test blocks are executed concurrently. [59] Input 316 may

provi de acopicwrenlytdenerkterangphesgure plli of thevesirsignalsshatriwgold deraguirgd htieetellof  t he
pins, as iped in kN 312 e uring e ution of.eac f .the
Pest bi octant 38 gh fakd3h ooicmneis HAGE, WL HRREARE Y B2 BhafiRE 0t "Fy

be associagubdetwilttt ditd ¢ Wher 1 8¢ torktufekidy. Dinenes aktng bm&to@&ae‘fmgo@lent ify
mul tiple test blocks for each pin. However, the specific format of input
314, or afysteted mdlG: hitor hagglling veafer 130smapmore wafes PO fosuchessivelvent i on.

[60] Inp 3 eQV re [xﬁ@?ii : am |In
this exa%ﬂsgﬁ%i%s%%ésﬁﬁe{ dg%}e@ffg# @%I%c otft&'ltﬁﬁg%? gésstt ggﬁ%%%ﬁgb'aﬁa"gg%?nat e of
t he execuonaectéd twehofest dystetresinchirantly. is Thnreecied fiwonglt & arultifly tdsepins €dat by t ool
350 to estimate. over ion ting of a test according to a concurrent

Il t ,
test pl arﬁreé‘t’}eﬂ“’f"l"f&oﬂﬁ?f”’e fli%g‘fr&‘?tt? BBn&ffrrent test plan may be gener at ed.
WO 2011/ 114@733PCT/ USROG i3 82 dites Hat chpbd ci&@#%n&ést_@@deéﬁ%%ﬂﬁﬁl%ﬁl@m

conflicts that may preclude finding a workable rappi ng between test system
r esour cesfaetats. gh adike dashipay theinuntbes of febidecks that ssiydrerexntwedéoncagenthces t o

pi ns. Mor eneral |V or re.in s /my be.used to chajacter.i ze

andi dat SepromonyBulipiedaaRydPeaiuty BHbE R Fier TGPt e REMEGh oo,
exanmpl e, regikides A24ildbBy/withianédt kystéth Q08 ayhalpaghpdibonflof dPRRAenGOMaUr rent |y
in the candidate flow. This input may be specified based on the device

under t eshapbaahievedhAddisionally [t eificicaeupt e mapning bebvasa phiigiaal or out put
concurre . Vi [ ti v it I this
concer ekt iy BRI BP0l kL S8 skl (1o,
i f two blthatkesncat bbwhicwedncypesyiblee nore resources than available in a test
system f| gws that fest those. bl ocks current]ly may not be considered by the
t ool . [048] Though FIG. 1 illustrates a relatively few typés of physical resources,

such as physical resources 104A...104C and physical resource 106A...106C, a test

system for testing sophisticated SOC and SIP devices may have numerous types of

resources. Therefore, it is not adequate to map a test pin to any resource. Rather, a

successful mapping associates with each test pin a resource that can generate or measure

the types of signals that need to be generated or measured at that test pin in order to

successfully test the device under test. Identifying a mapping that efficiently utilizes test

system resources may be complicated both because of the large number of test system

resources and the possibility that some test system resources may satisfy different types



[62] Input 324, or any other suitable input, may be used by tool 350 to
control the order in which candidate test flows are considered or_candi date
resource ‘XQSZPW?S to pins are consj dered. These inputl)gTWOIB@3§}§“’ed to
control the size of the problemthat tthe tool attenpts to solve. For
exanple, in sone enbodi nents, based on an input, the tool nmay attenpt to
generate every possible unique conbination of test blocks. In this
scenario, the tool may attenpt to determ ne whether a resource nmapping can
be identified for a test flow having every bl ock executed currently in a
single f|&‘%cgﬁl%ﬂlenfgh%ﬁlﬁﬁiplé’f@ﬁeﬁéﬁ@st%%'ét@rﬁﬁésohﬁbeﬁiﬁia@rUéidﬁ&i whatikeiha resource
mappi ng can be identified for a test flow having every bl ock executed
sequent i abquirenantsofapbeific sgst pinpthegesoyrcesglegiedfer thafepip ayampagt theest bl ocks.

et 11 GHEPRRD e dish i oty B Elend FRRI E8 SR 03 ToT

conbi nat i Aeroefing1¢séhoides ak to whick ashsystednresbape itildbe yappetbtoaspedificuat t est

flow. [63] Though, other input values nmay specify other ogperating nodes in
whi ch di Ay BAY Impach fieqyesllapembss ahitesiige Y%@p@e&sw@i\mﬁ BRYEPTIHF

candi dat qegdnug . Flows may be generated according to a heuristic that
provides a high |ikelihood that flows, which will execute quickly and for
whi ch a r[e49jur ce ndpplanpirgpancdneufrentiiekt prackss, einablidity iof dseign iariesh systemt ed

time. Such heuristics, for examle, erate candidate flows in an
or der {1 GRG0 GURE AT BhE 578 AUk e ERb AT B BIGe Soe AP 1 o | cast
concur r efYerwdntBEdMades U84 YiheP st fifé ﬁIch\{Eat%HéhR:%l@ BrePRYviB&] #63QH off fheWBdtCh

on

candi date flows are generated randomy, but y considered if nore
concur r erpips. afdest bregindep may|seleel thistappfoash.dpr exampie, af the itest systamlisdat e f1 ow f or

whi ch a sucgessful..resour.ce mappi ng was identified. Regardless

2011/ 14059 3R OAIBIRCHHETARERE PPielBie L Rl treiB T8 MeRERsrt e nai dat e
test fl owssightPetch pitthat teiifred gl idBE indepdhdbntlyegddlerfanstifiedsaretiest 1 ows
generated. [64] Input 326 may contain information identifying resources
requi r ed Alitetnafiyely ereiditionally themenbeitof dest pesienpEcsayses mpw Be msFeassl sudh t abl e
el ement i d F‘mgﬁ) , [RGB al: e SR y be
speci fi ec?gfbg:l‘%gﬁ%i%tr’lmgru%glgl??egtsﬁgé%P ocC .b(?'n?g?natl ghglgsh%ﬁ%{e}% I'n iﬁgﬁt 326
may i denttestypinsfor afghaegabignale snust becarsagentiyogenemedd qrimeasmredacdy Heest bl ock.
Sone pins, for ex%rrpl e, may require different tgges of, resources connected
for a tedfdynedcdddmg moreiest SYSien ESeaRisRR CRig AR CEHCest ReHERYNg 5

| eakage da)! { ; of the
toot o dErRRmedRuef BERAKEPENEH ARl mar W LRSS TBRD Ot et
pi n may reeguifitestr dbenaforest mhpbe Betitablpendindtamappingybatakersiesfrsabtemnd can

measure current. 65]. Though, ath requi r emqent al so be specified as
bart ot ihsuressaad tebping Bzt Aftsu S 5 TERE of SenegrEngr SuBor pi ne
that opergitmgtto 8eidfly RRG tbAYRéEMAREOTHEE. be supplied with resources that
al so operate together, may be 1nput. As a specific exanple, a collection of

pi ns may [P80Im a busFlGhatillusiigtas agreceseek developing apeeficigativaerping beteedtormon

timng. i A f] h LStic [ red. test

ol an' gendPaeedthdShy e i ipinf iyBBaf BAAGE R LEne SRt SBRMRE 02 e
nunber offessile $ortddvicetapd &l g Mepdndesii 4 flow beilg u3bdanHiyr disst sybtem | nput to
determ ne the taotal nunber of pins for which resource assignnents are to be

made. [ GPPgHgHEn. 3REN HeRmbes Af pifSs baingdetiet cAHIERIL 8T PORT PBRMGRTSCh t he
concurr enAccto?cﬁ}rgr%lgl iglgtggc?ifﬁ({)rqﬂﬁgdﬁigﬁ ?cﬂﬂl@nttiﬁ/?{r% 2r20rSe i@ g ,%éﬁ%”%?ﬂle Thi s

configuration Cl anong ot her t gs, the nu types of
r esour cesoolmahdtdrestivebystadditionaldy in8hide manydensificatipputt 082 0r moré Oews thay
resources avail all e ta. be (Eratche tofgins. .
may be used for testing a device and/or information about a test system configuration or
other parameters.
[051] More generally, the tool may operate to determine whether, for a set of
parameters, a mapping can be identified. The tool may operate to receive as inputs

values for some of these parameters. The tool may then search for values of the other



[68] It should be appreciated that FIG 3 is illustrative of the types of

i nputs that nmay be provided to tool, and that in sone enbodi

ment s
di f f er ent V82 H4dP PP onal | nputs nay be13provi ded. Regardl &SI Olt“r%széf)eci fic

i nputs received at block 210 (FIG 2), these inputs may be used in a
process in which candidate test plans are generated until one or nore

candi date test plans for which valid resource nmappi ngs can be made are
identified. In accordance with some enbodi nents, candi date concurrent test
pl ans are generated and checked for a valid resource assignnment in an order
that qui %Mnéteﬁdﬁattaﬂow%egdlﬁéecﬁamﬁ%\%fbeaacvxféveai Tﬁ%@éﬁr@lﬁn%&&y%%ﬁ betor, i f
no valid ‘assignnent is possible, a 2011/ 140233PCT/ US2011/ 035212 17

rapi d i detatont ot groroepnsraints, someier alkeiowhich gray detpeevidedhasi lopute tadasenir ent test

pl ans may, teste 69 turni.n I 2 h r [ nerating
Cand: dat J908s °pi antsrions SRELAB APEIE Tstnf impPEefibd 86800t BiesMERE ol oo
FIG 2, toda ephpadSsystes. i Suchsttodtres beinthléhentspabd ihrapive,alosdlectesd
depends on user inputs. A first Qgti on, invol vi n? generating a conplete set
of candi cRRgEeeT Wgsnprate information withileiophthatis asefll Gilngrho design off apgprent 2
possi bl e e r : I : i.Jl e test
flows rray&%}tr%ggrg]%ﬁ%@&ﬁﬁﬁgggﬁgg{@gﬁ%‘%’ 2} i EI @%gg?%@%& ﬁlg‘lilld %129%?35 O\ﬁ/nen t he
nunber ofseanbionaitédfashibs aad surphts neaydegippied tof cntral £conputrent tésd pracassge. )

FI Gs. 4A :imd. 4B i | Iuséc[jate enuner a%{'ztogﬁof candidate test flows. As is known
in the ard!SC13 agcpioueateq e sequ-ayfomaietiagonhaye nul tipl e sections that nay be

tested UsigBgl Separ oo MnBdkiRfils. thdtobliap Wil ShiifpRARERLiRy BlodEl. G _4A

test blocks ‘A, B, Cand Dare illustrated.” Each of the test bl ocks may be
associ at gébrwikampls, thertedl amyofuppent reveiviigas iGpute vallesof pazarheterestuchbock i s

generated tg . test a portion of die 132 that perf.or a.recogni zabl e
Poinot ; on Ve Efeo e REAd L8 s Cinieant Rt P B dResd S P B50BRe  at el
i's not cridédtffk tése floheahd¥@dshSling feéfircd MAppHias! thid Mieks apphevifietetekofor t he
possibility of concurrent testing of multiple portions of die 132. Wen

separ at e PportifisAdevre i ke peaormgs Wb thetskeyseandathis seanpriosihe RBPE dper at i ons
per for ”EC{E% Fbo? E%g@'egﬁo eﬁ(mr% {ngﬁéxlﬁg#% 512 g%?%éi% RS (RERLQ IR Berf{)ﬁrg}f t her

test bl oc cks po executed concurren provi ded
that a vaAldnadelyonziditicnhlly esestidetddantibe mighnbd ditpat. Toscuppesih such
concurrent, execution. A "flow' for_ a gﬂ%urrent test indicates which of the

test bl ocKECh PR reseRicH PPNl Renforyd: Abto AR ndicaledbefmsgatiedesit i al | y.
L7111 F1 G al8 With Uitlef BiSimmARA A LS e QU Ielesl BN i, aRIALAbA:LagRg on the

test blocks1n FIG 4A FLOW1 illustrates sequentl execution of test
bl ocks A w@id GaveatodbeRddéditoctbatesbsistenFin@M& to [find sitrestiues roapping.r ent executi on

of test ks A a B, follqwed b equent.i al. . executi.on of test blocks C,
Chen'D. APEAL3 1 yiBeotarameR ittt b Mefa 4 i CoNeubt ent
execut i OnoSfmiEsdcep BGk Snpht Adndidatt edst AR THYE t6QAREA th@NHeterhER vhOReLf t est
bl ocks C and D. Though not illustrated in FIG 4B, other flows are possible

and coul d 1seougeswenting garbe fovndiforghatichrdidatadlogy. difipe. tagstoot mepaBPLt ent t est
bl ocks a iffe rs.of test block xecut ed concurrently. 72
LS By RSy o Boba Lo RO G L, (L7

The cand e enuner any suitable
way. . Kn@garani@elnAguasthEoExagesBdn sigradghod tensolghaydsupboit tfvergeber of

V0 2011/ :Lcillggk?}gg%TéeltJﬁig Peéglﬁrgg gszs%gznn%e%ts to pins against one or more concurrent test
flows. For “reverse-checking,” the user already has a device interface board (DIB) and
channelmap and wants to see if any concurrent flows are enabled by this channelmap.
[055] FIG. 2 illustrates an embodiment in which the tool is used to identify a
flow and resource mapping for a specified test system configuration. In this example, the
process performed by the tool may begin at block 210. At block 210, inputs may be

received. Such inputs may be received from a test engineer or other user of the tool.

Alternatively or additionally, such inputs may be received in an automated or semi-



el ements may be used in enunerating candidate flows. Once enunerated, the
candidate_flows nay be recorded in conputer nenory for further use in the
process o O /14923 [ 73] Once the canqi date flows are eRbferdtdd>>4he
process may continue to block 214 whef'e the candidate flows are filtered to
remove fromthe set of candidate flows generated at bl ock 212 those
candidate flows that can be determned not to lead to a valid assignnent of
test systemresources to pins that would be required to performa test
according to the candidate flow. [74] Candidate flows nmay be sel ected for
removal fHemaensisEioh #HonPothst cdhMtkizRd4oNae8d iRdeasiing Histrabtendutiot eri a. A
candidate flow may be elim nated from consideration if the candi date flow
speci f i eqle¥isaand gerrratingscigst ypgem tovgst ttest bl ocks that cannot accurately be

per forne get her. o] C i ' dif

t hey reqﬁf)%@ concurTr@?l &@ﬁg@ﬁ%gﬁgf ag‘g’% ggltr?go%*) P%@%&Bﬁ%ﬂdh%% a}%Sgst t hat
wi || i nt ehdyebeewictited e@bR cohfiguratidismay speespbnd toeptasiphkhardwat) aigadpar ati on of
an RFtransmitter core may interfere \Nith'tige;ri ng of an RF-receiver core.
Accor di ngigee tg berfesm  fosty of ey desrrihgdbeoretisatbpriwRie tedetermingmesdts ¥est bl ocks
associ at i s A0S ' FESPRGLd el may be
elimnate n¥‘f’&ts %%&ﬁ%ﬁ% %C{:ts mgﬁggmgggﬁﬁglgggﬁﬁb%@gr&mgn ovgélygpg%/ng pi n
usage. Fdf5gxanpl e, FIB. Gillustraidslaustlecionftifmis 3 sthatrre cdprSentativesofthpor t i on
of die 132 that includes pins that ar | so involved in t bl ocks B and
D It niEPepedrniE iRy Pe Prvdiia B duRRa it Bolbinerlioe B B ot t est
bl ock C whé %/o\}%béshﬂ"FIG?@.t TPURCH 0Bad prividB YhdX8oE3 500 i ifF8kmdtidntabeute¥anpl e of
FIG 4B, FLON3 may be elim nated at block 214 for this reason. As another
exanpl e, deiiss vaderdestothe bsbeyeten tpsrfosm thotest ergtbonighe tesbitsedlc tihon of

i ndependent,| v,. oper ating, resources. that exceeds. the resour . Of t est
systom  CROEBPEE RN Ay CEREERT R e CHSEERT 1900 MBS IhulE: 1 Movs
that requhp@s edaiprtd patanfXas tak 0efirefa ddvagamdboekisor wayst Peogdrathn@dye® out . Any

other suitable criteria may be used at block 214 to filter out candi date
f1ows thdroyidsd e ajsinglg die; Bigh as disdd2) etheiglevise do B tariediaba sidoncur rent test

pl an. For t Ldent L-fyin E e applied
Bt bi ook STARIERS; APy, Rpfeschtfl bhubehal RANADRL phRhEo L LRHGRE TEG ¢ hat
t he functdeoitead bbiestell, Qith andied 33otinhe 3il Aplagrdefine ginaso svhivhpaseares stagp from
enuner at iLﬁ conbi nat i on) of flows, me scenarios, for exanple, rules

I
for form'hg e PEHRRRRS Y&Pefaé‘QPOBFQ?EQS ‘may be applied to preclude
| mperm Sgbﬁge f1 ongy ﬁt@rmt?ﬁéz}nﬁeﬁﬁg%sﬁaﬁﬂkﬁfn PleOGtoZrhdr that¥ds been created
2011/ 140233PCT/ US2011/ 035212 19 1075] Regar dl ess "of "t he nmanner in which
candi dat gof 4 dewcatodeftedteder Bathaithe tesidblgake defisesrmesgpaablewodianofithotskt 216

the. canaiBagant Pen 57 aclegtleR o S eGufias v R saP PRAUAR Lok ahBGR e 11 bwe

are used rhay @detiﬂgﬁkm@lm@o §chellilB @xécuvish bfthR 364t BIITRH buchfithdt®sine 3368 bRIkY AeoUr ces
to pins. At block 216, the candidate flows nmay be sorted to order the flows
from f astexeeutedeqneire®ilt est tinme to slowest. The estimated test time of

each flo y be c t i Aput . Ot - S| i.nformation
from whi \évﬂg?]he tes;BI @ggﬁtﬁ%ﬁn& tg ?’@g afpr(l}g %eb;lgﬁg%xg}gémgl ggsnirfgbrh %iejd néjejlfl}gr m ned.
The executé¢mify whih dfakhe piagusieiiadd i irpaduRj ag ubddoahksmgraaycution i bt 0
produce an overall estimte of the execution tjnme for a flow, As an

exanpl e, the of blockinasdelwad Ry 1aput & ¢t ey Sog1e SERAE198) DHNGE PIL@AY BE ocks A, B, C
and t hen [ ' ?‘%’ : : i e

i ndi vi duaﬁgsogge{t%?drrgﬁ g?ﬁ@@%&?ﬂ&%%@re?ﬁgg? or ggcl: g teéu?gebt%%cks A B,
C and D. Hauksdamzichl aine Helw@wW 12 thierspedific ortres vf impoickl 4Bor snyexfebelvikdr nplitsowed by
execut i 025 8f. te t.b({?fcki Cand D, the test execution tine may be conputed
by sumi rg Ot KEOF R BURP SPHMt es for test execution tinme for each of
test bl oqbéoéB, C andpk-32BegausBvide Firtter Akt ReSUhEhe %ﬂg@g\faﬁﬂtwhw th
test block B, portions of the execution tinme of test bloc are not

i ncl uded axpmpleeinpytl ) includes fos gedhuafitomtest ecksgn eptimpe 2! thy g@tutRagine| ess of
t he nunber. of Ldate fl.ows.. 1 he quer ecution ti . be
comput eq & RGeS righ M PeTisalby oS b s Il i B 11 om
fastest tiimsbwestact@dingas@ishtdrent tedeplard,Buch tiadet &ffigicin obair@apicstr ed i n
any suitable way. In sone enbodi nents, ordering may entail re-arranging

i nf or mat iRAR BBYOE sesEHeDf the candidate flows such that it is physically
stored in conputer nenory in the defined order. Though, in other

enbodi nents, ordering may entail storing information defining the order

wi thout altering the manner in which the information is stored in conputer
menory. [77] Once the candidate flows are ordered, the process proceeds to
bl ock 218 (FIG 2). Wen execution follows this path, candidate flows from

. N T g,




WO 2011/ 140233PCT/ US2011/ 035212 20 The flow iterator may be created by

configuri ng software to generate candi date fl ows accordiPE]j t0 o/ng Qp rmore
heuri sti c¥O HEYFEr at or can generate flows iteratively, e?ﬁ?lﬂﬁ Phat, as

processing on one flowis conpleted,igrocessing to generate another flow
may be perforned. [079] Here a heuristic may be inplenmented by a programto
capture logic identified by a human. That | ogic may be captured in |ines of
source code, by rules executed by a rules engine or in any other suitable
way. The heuristics here capture logic as to characteristics of a candi date

fl ow t hat [06¢] at es tpth4 imkeldehefkdohat cohfiRtcindhgppRchldoWnWinkla execut e
qui ckly and/or that a successful mapping of resources can be identified for

that f1 owvorkgbleymapprechetyveendgslmystamagpsonrqes gng pins éor csripingestiflon®erwi t h f ewer
il t ' .ast ith. e . Oh
ow s epéss%ahglehfg%gkégo O é%gs?l SHord %@gragygeg%townme ufs &ng\év% g§e§géw o her

heuri stics ased on t 0 a resource be
successf udhardearize xamjidlae floivensbd batsideredl oieot@ofididased tbgphsvidoh F@st bl ocks

that collectiyely h pins canstitutin | arge percentage of the channels
of the te%"taE’rp_Yeaﬂ‘é’“It gz‘gma?/ l@ql‘gtz‘%f OF]éSa'Eiatt Ogl_dﬂ?%@%eé\‘ TNCHBERRG han f1ows in
whi ch thecaﬁ’iﬁ?ﬁ'af@ﬂﬂxﬁ!um‘é"in%‘:t nfdy b sgléﬁéﬂéd’%e& Bn BRAIR VI AAS 8 YeSme BLRI | €7

percentage of the nunber ann . Simlar heuristics may be defined
based on tesisblackereguigeinpetsentbs input ot deputoronterdndlytonahe same devicsges.t ai ned

before an,atter to ke ping between .pi and resources. These
heuri sti C‘AS‘R?%?&%@ Wsaégﬁéoélﬁg}{’a §I191_° rm"iy&fespﬁgﬁ.egﬁ?seﬁ%&het SEeVHEm,  any

sui t abl e owakightatibg Pér Xahle, iRGRIHISKS cHRNCtRElYUSQHrd BokIERIAGs HH
heuristics. [81] Here, two types of flowitérators may be supported, and

user i npudvapeBle ies fegharsem, Hawsdhas test those bloekeerurtestly sy not he conssleexdanpl e,
one type t'ﬂ% ddierator may inplement a "smart-iterative” approach to
candi dat e fow generation. A second type of iterator may inplenent a

"smart -r fdpt  apprinpetB24Thearsnmhdr-suiteblaiipue nyBeQReH biNbyol 850 & tonsloir ti NQ
wi th nost_concurre and, in successive iterations, nove to |ess

t. fl oy > ¢
concur r erf® PIA5HA W{%’ﬁg °§I(F)ij\é\1$%t@ Feéfw_ﬂ%‘f‘ﬁ B sPBHEHCH Y candidald TepRteROMSIZNEEREr at | ng
flows, bub pche BolsRRA CrhUPRBLAMNASd AN i) BRI SHHbABtS dhow only

subsequent candi dat e ows are “expected to execute ' in er time
ar e supplthethol afig@pts anscdppritmeiamplegmrsenet dortgpdim ensybasddeorsat inpit, thendi dat e

il | t] ly.lead to identificati f the fast ible test
i e, HowRUdRY RSt RO rHIE Py PRIYPIE RRIIRS ROMBBRIGR Of S DItk SIS her o ar e
pot ent i alde¥natiol fHedSol MkIbAtenth 16 adeintlAL RhehQ LR ARBPRETAVBRLMiARP212 21

for a test flow having every block executed currently in a single flow step. The tool may
also attempt to determine whether a resource mapping can be identified for a test flow
having every block. executed sequentially, in a number of flow steps equal to the number
of test blocks. The tool may also attempt to determine whether a resource mapping can
be identified for intermediate numbers of flow steps, with every possible combination of
test blocks at each flow step that yields a unique test flow.

[063] Though, other input values may specify other operating modes in which
different techniques are used to generate a smaller number of candidate flows. Flows
may be generated according to a heuristic that provides a high likelihood that flows,
which will execute quickly and for which a resource mapping can be found, will be
identified in a limited time. Such heuristics, for example, may generate candidate flows
in an order from most concurrent, and therefore likely to be fastest, to least concurrent.
Alternatively, an iterative approach may be used in which candidate flows are generated
randomly, but only considered if more concurrent, and therefore likely to faster, than a

prior candidate flow for which a successful resource mapping was identified. Regardless



flows. For the tool to generate all such candidate flows, and perform
conputation to determ ne whether a resource mapping is possible for each
candi dat eWPI28W14P@§7 require nore proce6ssi ng tinme than i a8 13(0212
particularly if the tool is to be opelrated in an interactive way. The
"smart-iterative" approach nay execute faster and, nonethel ess, have a good
| i keli hood of identifying a flow that executes as fast, or nearly as fast,
as the fastest possible flow. Accordingly, "smart-iterative" my be

sel ected by a user when processing of a conplete set is inpractical. The
"smart - r asfdREtechEifudiisRu it6l GerRyR8 chralid £¢ teeXBOM, irputd magElitniahe hiv@ber or
"smart-iterative" approach, and may be selected for tests with an even

| ar ger nuibEE obfa ¢ tpidiqens geneptdd. | n sone enbodi nents, a tool may contain

nodul es t per for t i i £ : r,
options f@?&]gener atllﬂhg%n %éﬁngﬁﬁ%ﬁﬁﬁﬁ%m}@%{dﬁfﬁgg%@ﬁc&%@%ﬁgﬁ%ﬁ h a
col | ect i anstofThividfdrmatianshagp be updcifeed fopduyt snitabletelansaeiinvehe tess erocessputs t hat

i ndi cates which function is.to be exgcut ed, That m)de e ma% sei% ectively

i nvoke ot eFXabfiP SSOBYEE deaureRbmap be spsceiad fgha Py arApr a tgsgpck.n sone
embodi MeNhform2A0E iRIRIEE BB Inpdt TRYmREideRiROHe B%gr 1&rdsH@te 9 eFH daR pinFOr
exanple, a filtering step Conparable to block 214 may be pérforned, even if
a fl ow i tiercathotest odko ripmeuping domexabyiphe; nay requifthdifferent eypengf msourdes appl i ed

after candi date £l ows e, generated. Alternatively or additiaonally, steps
fhat achi U8 isr iRy Blogk SR3a PeSRe Rirblh fingap? 58P aDp b Bagtnr eos

t he generqidedNmay b€ araddat & 4 piRWburihp a@UbREIHR Biep of thebitChdiganidigat e fl ows
are generated iteratively, attenpting to make resource assignnents to

candi dat engy baarrdisd iy same pije ndecrdiagly: that pinmayrregyire iwpouwcesehatbetnodi f i ed
dynam cage}gera{%oa[d@ﬁg‘rgp%%l ﬂf{aﬂrrﬂgats{x%r&uﬁ@ﬁyt conflicting bl ocks generated in
one iterdtion nay |rrpant HI e e et a used i n generating a |l ater

candi dat g065jow. [ 8HJough| BH¢r rRpgantinesSaapilshbswpecifeddis patt@f idppni26& obt ai ned

- whet her_ by selection froma previously generated set or generated

i terat i vei9y eXampls, infqraagpn Q&yﬂgﬂr&w BEOURQd 8Ins dhat qesretertpsetheteansd theistore

assi gnmenhud @k shilftic e A&hcds!tRt-alsblopel i ificto find
one or m)rlé valsilgﬁlreesource acsssi gn&gﬁtoggfagf%gﬁééég&g%retel%t {gﬁsté%ggéﬁ Vdat e

fl ows. Thexamptd, aweNectisr of pine mraytfoom adine tiat,tdueing adest,iingp lof clb¢ladsyitioa
preferenti al Igﬁear ch for valid assignnents associated with faster flows.
Or deri ng TRIBFHATT SN may be obtained WO 2011/140233PCT/ US2011/ 035212 22 by
sorting 3%61! ock 216ther inpiR mL e ChGaQEGRIcs bha Which (&R pRhdRh&aflioys are

generated by a flow iterator. Regardless of how such an order is defined,
by sear chiyrigok 0. Japutd18ster gramie.onandatinies dssided numbes of sités tardy testadp
searchin i i S1.0N¢ esir.ed..n r of valid resource
assi gnne%to éalirée\ﬁ?%"eﬁto ?}fs?% . g%g%:aﬂl}gelflg qtﬁo g ?ltgmél%Bh(ﬁl{ggﬁfwfl{"frlf?tpr“gtféﬁ, further
sear chi ngvhith tesomtce hebiinenys @e (EbOmade assi gnment that supports a faster
concurrent test plan, making it unlikely that a nore efficient test plan

will be il8&ftifi ed. [Inmgcdgmay identtia tesiersantigweton for pvhigh the conguaeat tst
' i f - i il h
boon pr oA EERALRINERN RGBS Wb bxdelied his Sifaai AR SR D00 0

until sormndngrothenghings theomaitier and types efveb@dcesThilie tearsyitamt iTool P3O mby f or
exanple, may b e .passage of an unt of ti or. the execution of a
nunber ofus?_%/né’rug?é(g??s‘.ge 1%1' ‘_?SHH‘ECF%%Y‘”@?B}Q orbe maé"hgg%@i“%t ed with test
execut i oroé§|me or  qt HRkIdCHd dgphdclatdPihaPEICISaE iﬁtﬁtr?%%efé%ﬂ%ﬁé@@f‘inﬁu@m ficient

nunber of candi date flows have been eval uated. ' nner 1 n which a
val i d redbaimeay beswpyidediettopk apdithat inf Sopa dnsbodésents, séffferent qyradditionaldet ai | i n

conjuncti.on Wi.th.Fl Gs. .58 bel ow. ardl.ess of the nner i i t he

val | d " as SRHERY £E R moRbredet o R BE e thup TRt abek IR BIE A 215 1o
220. At hhaeknplddmay Beudedah apRycely Rviiieh aldibiSiest e sUé PehepdtbdPi
identifying concurrent test process parameters in scenarios in which the
search f &R¢@aMOEe ?@émredéstaémsg‘ﬁwmcg valid piseerke ppgpingeean g medeare or nore
valid re ags) . Iy N E rch at block 218
does not %? elfrfl-lt%fii‘ ;é %‘%9@5%?‘8‘4’g%‘ggrg@‘g’&é‘ggefﬁgsh%@%‘% %(%gurgglﬁﬁigﬁ[ P Iga Sgeock 220
may i dentgefigratetiand nioecked fot arvelid uesoarca sissigmn@n tiss anverder thdeqiickly ¢ehdand nmay
include i.nformation. identifying why a valid resource assjgnnent coul d not
be i dent if5REgcatn r?‘@iar‘?fﬂo TCeARUSHRIEH Y 1510 BRifC pesiEpmenhisRatiblecenar i o may
i nclude an indication of a required resource for which there was no
resource avail able for assignnent. [89] FIG 3 illustrates outputs 370
that may be provided by the tool 350 executing the process of FIG 2. These
out puts may be provided sinmultaneously to a user. Alternatively, the
various outputs may be provided as requested by a user, such as by

o o e o S M. Y




[90] The illustrative outputs in FIG 3 include outputs 372 identifying
conflicts hetween pins and/or test blocks such that a flow requirin
concur rent OB 3n of the conflicti g test bl ocks or Fﬁ@“@%@&@#?é t
operation of a test pin could not lead to a valid WD

2011/ 140233PCT/ US2011/ 035212 23 resource assignnent. In iterative

enbodi nents, in addition to outputting this information, the tool itself
may use such information, generated in earlier iterations, in |ater
iterations to influence generation of further candidate flows. [91] Qutput
374 may igptidéntifichgorcamntisdadieuél dusothbiadaniib® dod@itdnt tegbiplahdmsPpe

enbodi nents, a single candidate flow may be identified. Qutput 374 may

i ncl ude dfstedf the flows identified at bl ock 212 or those considered after
filterin bl ock . t i i . ich valid
resour ceg[ggg gnm::ntlgét\élrenrmeéll%ﬁielgjfol2 Ttﬁghmgéfz' ?sbfgg%?(de%@% C%Xndlg%trgre\f\@% é%l}lm nts, a

t ool nmay mutdedtin ansofnglkipkaways. e seusxampissi JGMe ndwosaptions h@tilludtrataly St op
processi ng once a valid resource assignnment is i&%}nti fied. J n ot her

enbodi merfiné, the,spesiic option selgcted derends, opsar iugs: 7Y BiRF Sptano HYOVHRE h executi on

tine, re ' ' f ter
! ggéah&%tﬁﬁgx%& <EOM bg%ﬂﬁda@ﬂ&&hs a1 MES1 bﬁé{;ﬁgfeg] RYRADNEN At

associ at W those options, such that a user ect aflowwth

desi red dilaclaZtZpassibledsst flow&3re Quinparated 3MBsomeeyermbslimeias el possaltle eesof t he
test tine,associated with t candi date. fl ows jidentified jn outputs 376.
Qurput | Seowaey BeReneryed i ok partsde d0fiscPhag) GRRLR eSS wheh BF ABHOSK b ock
218. |f seabaibiR@iohdls aalalibno8SIosk ¢& @&ﬁﬁﬁi%f&&hﬁnﬁ%e.ﬁm& 4Alghddipl not
identify any valid resource asSignnents, out gut 382 may identify the

conf | i ct sillustrate swumeration efsipdidatetesb flagws. As it inghearf,ad dayicgsvtlyamrent  of
resour ces,.t || pins_or.provi.de other infor lon ge ated by .t ool 350
o Coordit TP o lg S5 B iy bR SRR RE B EAE R RIS 1haf

Regar dl eSs‘imeisttJ‘&am@Idb’f@IGf AAhestBlbakts Brovdbdrafllubkaek PR dffidGest?) , a
user of tool 350 may review the outputs and _then input other values of the

i nput's 3odisana beaassegiated with akeytieefrdeniceds2y Seperallpsach kst Bleek nnent s
based on I I I 4 i i C lid
resource g%églﬁgerﬁi %ﬁ%@@%@ﬁf@@f&%ﬁ&ﬁ ﬁfg Seé?%p g’?‘%?”gee?ﬂ‘ sclﬂlgllé'sﬂgg’gg%f ied in
i nput 318he tpeeificsmanmenin whighasst blookd ar8 gondrated i watptitital tadieiiaventianyval i d

resource i gnment__f or hi gher . nu r of target sites. .95] _Conversely,
anout putl0382° ray iﬂ&ﬁ%%{??éo%gmqw@t@? @w neptib AP Poac t‘“ﬁLE%}’ﬁded a
successf %ul‘ﬁ?%&rﬁ&lsrﬂiﬁw 2. T WheRsdpBAE SHibnd dQie 932 EdnOiSiestbd) embodi nent s

in which a flowiterator is activated, this information may be generated in
one it er aonourrently, withehtioperatioudpastpmend in ows Botlomtarisring Witheopeeatipaser at i on of

can SaL b i AR 0 BN B L BB, O
assi gnmergrovided fHavu# dalidaseip@imeBYf redbanee chil Bélideddified © suppbi€suchhe nunber of
target t ecsotncgrlrén? 2>'(ecution. A “flow” for a concurrent test indicates which of the test blocks

are executed concurrently and which are executed sequentially.

[071] FIG. 4B illustrates candidate flows that may be generated based on the

test blocks in FIG. 4A. FLOW 1 illustrates sequential execution of test blocks A, B, C,

and D. In contrast, FLOW 2 illustrates concurrent execution of test blocks A and B,

followed by sequential execution of test blocks C, then D. FLOW 3 is yet another

candidate flow, illustrating concurrent execution of test blocks A and B, followed by

concurrent execution of test blocks C and D. Though not illustrated in FIG. 4B, other

flows are possible and could be generated by forming different groupings of concurrent

test blocks and different numbers of test blocks executed concurrently.

[072] The candidate flows may be enumerated at block 212 (FIG. 2) in any

suitable way.. Known techniques for generating combinations of a finite number of



WO 2011/ 140233PCT/ US2011/ 035212 24 [96] Alternatively or additionally, a
user may alter input 320 specifying a different target tester

confi gura‘yp&ﬂl AR exanpl e, a user ]gpay specify additi SRAUSPUE s in
the test system when output 382 indicates a |ack of a specific type of
resource precluded finding a valid assignnent. Simlarly, a user may
specify a target test systemconfiguration at input 320 with additi onal
resources if output 378 provides a test tine estimate that is |onger than
desired. Conversely, a user may decrease the anmount of resources in a
target tegbmemshRreséd Blinatleing REkdiIf4te Hodk. OMRE Endrétatell, thbBardiidapdit S 376
and 378 indicate a valid resource assignnent that | eads to execution of a
test fl ovfl§wismey be resardedquicomputer mematysiopdyrthes usssiartherpipcesswif flfad-e t he

i nputs an serve i cKl rameters of
a concur r@z?f)t est Héeptg %%%n p(?act)é%l ‘ggalgel% égnie?ae%{ fle) X@ésgﬁ%geg é%lg% t?est

syst em r eildotk zmwaad theesindidatelowd £¢ :ﬁltéﬁ:dsdﬂ mverﬁdﬂl the 2t off ga@djdaeCcess nmay
| oop back to block 210 iteratjvely until_ the user_ indicates at decision

bl ock 222 nge@r%atmk@daémwﬁ@d%% ﬂomSélﬁat ican b%ﬁi*et?r&@l@%ﬁ nqtio {g3rdo
scenari o, %%zh{% ééélgﬁfigﬁt d}“%%st g&sé?egﬂfééoﬁ&e?{ ﬂghs #hfwodtl bRl ea %? gertf&ﬁ’hé’m puts

of tool eene Inin concurrent t
resource tastsacgwrdmgttoﬂmmahdmlatelfkwgenerat ed at out put 380 may be used to

ecify t construtlo a DB ch DIBl to con ect urce
oPeri o WEAEOnos ! e BoPe Biey e SHERed RartremayAl distro p SR Ll eErtionat POk evi ce
under t esjjqiistEod A% é?ﬁ’taﬁl@rch?éi‘f-a t@@éndlﬂa@é"ﬂb\% e tliBifinatéd BhoCk 226, this

concurrent test plan may then be applied in thé manufacture of the

sem - condcmsdcraden ifobe cegmlndaée(ﬁﬂwlseemﬁessv@mum gxesution detvicclestridenks daatur er
may confl re rrult acordln oth urrent, test pl an
and, SaCelybloPy s neiPirmi TR A5 Bh¢ LRl oPTURBTEMRGTRS P

conc ur r erkﬂuﬁlastted ot they reaice e@&uﬁaﬁtsdxagutdﬁe)ftp@ﬁtone@ytH@QieWé uhedr tet @sessed and
shi pped to_custoners. Devices that do not pass the testin ma be

di scar deawilkiatgstereewith sehaother. desr weeific srampleiesiingoneraion - [98]
Efficient ! g:RF en

identifi cté Tfégl(rfl&% Iﬁg%ﬁl?%gegig@gﬁ%ggé OFman I%gc 'gc pdlﬁgl 9 % a valid
resour ce fesilgin tmhtdes Sorl'mt'reﬁwﬁ?zleblﬂhin&),f tesaplodks @bemlatéd oathi tbaRﬁttratnbmittefr act. In

sone enbodi a tool i dl d ether a_valj

assi gnmerd .Elp be&geﬁblr%spe%{w& a%gﬁi ﬁﬁa@ 3nfﬁh S&iaé’tp&‘ﬁﬂmg@goci at ed
pi ns and g denti BxYérl!@ HEPAESEe rﬁ iaE{ISTé“WGfAPA BRI Rt HIDASE tests

reqw renents may be expresse rm of resource engl ne requl renents.

Addi t i onad portion hedier132 Ithmrmcﬂlslewtﬂsltlnattarﬂeals(emob’yé iretestridycks B areldedent ed as

VO 20117 LA RO cxiafle Mo did

at en%agl concurrent execution of test block C with either
test block B or D may be eliminated. In the example of FIG. 4B, FLOW 3 may be
eliminated at block 214 for this reason. As another example, when a set of blocks
requires for testing a collection of independently operating resources that exceeds the
resources of the test system, those blocks may be identified as conflicting and candidate
flows that require concurrent execution of those blocks may be filtered out. Any other
suitable criteria may be used at block 214 to filter out candidate flows that may be
identified as not leading to a workable, concurrent test plan. For example, input 324,
identifying known conflicts, may be applied at block 214 to also filter out flows. Also, it
should be appreciated that the function of block 214 need not be implemented as a
separate step from enumerating combinations of flows. In some scenarios, for example,
rules for forming combinations of test blocks may be applied to preclude impermissible

flows from being generated at block 212.



resource engines, wth each resource engine consisting of a set of

i ndi vidual resources that collectively performa comon function. [099]An
exanpl e ot 02Y Pﬁ3ﬁg bet ween resource,r equi renments and PE%@F%‘&"’%?%@% nes is
provided by FIG 5. In the exanple of 'FIG 5, three instrunents are
illustrated, digital instrunents 510A, 510B and 510C. Each of the digital
instrunments includes a collection of I/O pins, each of which is connected
to a test system channel 110. Each of these input/output (1/0O channels nmay
be regarded as a test systemresource. Each such resource nay be capabl e of

generati ng7gyr neasUtdgagiss 8 tietmannet BN@hich bAEQkI Nlowg bre Hiteked Sutj theust r at es
that the tester channels 110 are not conpletely interchangeabl e, because

sone of tpnecessimpyprocetd Wi kjpekal16 whare theasmeimnmmndsleaHlawiars fothetan perform

functions_that .can,na erforned S 3 S. Resource
engi nes rpé?/ceﬁﬁeddg? |bpi)§t§ zig’ tﬁ%ﬁ@@ﬁ%ﬂg‘%&%%g 8%?& @h%gﬁé?é%%gmﬁg@% on the

f unct i ongahdidhte TRvshee pRAfivaf@aptng tofnd anailidussigimet ofi sciystnt wsolrose
channel s. [0101] The sinplified exanple of FIG 5 illustrat e% mJILti | e ways

i n whi ch te Rnse febiraks 18sths cradidate fows maydiersarted RarfleriBn e O 28888 and
510C may : t . 53€1 i be
treated aeigﬁrgg{eglﬂ%?g}s}%ﬁcgggwgﬁ%?[ﬁ%é%tggggspgﬁn%t%? for%%&a %gr@ﬁfﬁna s 110
i Nt o r esdasakoreingiite 822 waytheesdiablei informetici fromBaubh tie teshexebugpn me for

instrunments 510A, 510B. and 510C, i ncl udes.an.associ ate atter ner at or
512, St Rehkd Hagdcney bepeerTpaty TheSaraist HE aeai o fe A AT RE SoRioA
512B and,é&@% SRYMBLI Y0 RTRA efafl LRRLRLSE thdbxReHRRAIAS fortal IRy, AREBA N.
Though, in“the enmbodinent illustrated, sone of the pattern generators, such

as patt erexagphe FROSY 4, Bhizh eatadls Sapentiahgyedysion ph et backset B.fchnd thgp D he

channel s associated wth different qnes of .the digital,inst , 510A,
5108 and B350 fagssparns may e CREPLEET Rihoibe e Il YRR o s For
the sane gleditionl tichd ok eaiEdTtest BIRRE ADB, ComtT| F@tahdidepELOW 1 in whitl er ent
ti me donmai ns. Accordi ngld\:@lt he set 520A of channel s associated w th digital

i nst r unmerestbiek hrisexgafchiollawed by grewtien gf vt Hpeei @prdDsihgiest X5chteR conmon
time domajn L i 52 . I I eS: i
et ng_a b mgy SE S PueS B sAlli RS i d0HIRKGRARS St MR BrpERRE G onol ne
funct i onseadh of fest blockisB) iemidsD mBecalsé taseblothArexcageconeueagiynesh tekor

examl e, L4 koSt TEnL S S10 20d SI0C ac e sach, sopt g ed w0 a soan
e o7 ks papgeat o, an escoctaef e o (e Chaels 110,28 2
[076] Regardless of the number of candidate flows, the overall test execution
time may be computed for each candidate flow and used to order the candidate flows
from fastest to slowest test execution time. This ordering may be captured in any
suitable way. In some embodiments, ordering may entail re-arranging information about
each of the candidate flows such that it is physically stored in computer memory in the
defined order. Though, in other embodiments, ordering may entail storing information
defining the order without altering the manner in which the information is stored in
computer memory.
[077] Once the candidate flows are ordered, the process proceeds to block 218
(FIG. 2). When execution follows this path, candidate flows from the full set are
considered in order provided to determine whether a successful resource assignment can
be identified. In embodiments in which a flow iterator is used, candidate flows may
similarly be considered in turn.

[078] A second option for generating candidate flows is illustrated by

processing at block 215. In block 215 processing to create a flow iterator is performed.



be used in a scan test. Accordingly, the channels associated with scan
controllers 514A and 514C may each be regarded as a further resource

engi ne. AX?&PW%&%& FIG 5 show resoyrce engi ne 522A t RST/USAIYEEL? t he set
of channels 110 that can be coupled t©0 scan controller 514A. Simlarly,
resource engi ne 522C includes the channels that can be coupled to scan
controller 514C. Each of resource engi ne 522A and 522C may be treated as a
resource engine that operates either as a digital pin or a scan controller.
[ 0103] As anot her exanple of a resource engine, FIG 5 illustrates that
digital iTgtfdiasiator bR R Getedby ssiguiing Bsftwadts stdeedte bdfiRatdasweoNnt rol | er
516B nmay be operated during a test to cause a collection of channels to
oper at e i ascexdingip on¢ ermpEnheEisBesdi Ty lteeter gsngeperatedlasys iteagtshamsgnpe FIG 5
shows a I t , oper at e
as o rosois & wElANELS phé oSORLRRIAD, BBeSRI G Fehdhie el AR bR oD et
of di git glerfoffed:hannel s that can al so operate as a bus. Though four types
of resource engines are illustrated, ir] FI G g any nunber an(rj#%gﬁ%/pe of
resour ce @AY nes ndyers@ heukstitanaybe eplgRertad by APEELap 19 RRRMNG s within a
test syst;gMiifd b@‘fddq{&%a% Tt I3RSRay 58 Q4PGEd FIGAARST shitdisddedbefus FIG S,
resource engl nes"nmay be associ at eayvmt tester channels, whether separately
or in assoecuwtd bynawilehenginresr ih@sy ethechntahlel way. t Hrthepdstiqgydwrer aparologreasur e

any desired type of sigpal. | es, of .suc e ,ce i,nes i ncl ude
digital Aah ﬁ@%cvfrl"%‘tcs ggﬁc%%?gﬁ%wgl?a? Faey, Oetilf)@géi'}b)ﬁgﬁgg ﬂé%%ﬁnggx@hannel s
that can MRNKIRERcHled kY Ad/SPBEt 4 duecdssRUHRAPHING Bf r@buRkBAtDbeGhGIRHS t hat
can generate signals with wave forns of arbitrary shapes. [0104]1t should
be recogrierthat flenst t he signals processed by resource engines are ultimately
generate measur by 1 n ts.i I i £ hi 00.
ovever . RY Yesourse i MRLTTEL Rl BRb AR UB A& IR B ot s on
of the capabifoiteifeseraharaflbas 9éth rh@s tflosys¢mGhadediingstntaycbecivéd guthat i on
such as may_ be specified by input 320 (FIG_ 3). Accordingly, resource

engi nes rlﬁ‘;‘?llb‘éochfgﬁ‘i Hiseopse aBping 3Gl bp sugegssdiy; FopeeanyRls, fl atdaclgde &t or i ng
i nformati I I A : . J I nts are
ot i ed ot Sp S o p  A e B S &t 1
conj unct itbeickannbls iofi fhertesi¢rn e leabp bkely phlead tad sucessful cagingrthan flawgmt t est

system The resource engi ne requirenents ca i kewi se be represented.in any
St abl e Wigh TRmEra RGOSR RERY BN D FaR 1M ShmA SRl REESNAEOTDs] Fi G
5 al so i lthelakmBéRT BardlRRANWimiAr MdurichicsARs) BNIRTHeE baded JRdQUR&RL Ween test pins
and test system channels based on resource engine requirenents associated
W th WO requinemeng @ IUCT g2 thitGas be 2seRtaiged beforexn atiegtpt o mekamd r esour ce
engi nes deg;i ne E;‘toreé_%giou%sédsrof testz.%%steem .clannelé. FI.G Sat i |l ustrates
three t edPRHREEHETNNE s ?eokll R EH s ‘?'ésﬁﬂéﬁ?% &€ t o be nmde.
Such a capfdtiil af iRl tdgettee Hng $aNiE WeRphtihg ar StheNREhMqud mbelisddnput 318
(FIG 3) indicates a target site count of three sites. Though, the nunber
of sites QOWIW%hﬁ&Q%lP@nnents are made concurrently is not critical to the
inventio 0106] E t i / j ltiple

pi ns, LodgstPtoP] Eakdte vt eﬁ?&%@?av pitns maAF B ADPaneE nG YUAAR nfly

assi gnnenlesigaate deat baeot thé ioddr isheed. Bbthisexymplee bad ®pbyf itehatrinfayi ng gr oups of
associ at ed ﬁest pi.ns in each of th sit%gqanﬂ then identifying a resource
engi ne r dERISTRHEAL STHF-EREVEr HUEoachIe srdidalq o wLengrihen: nayewadityrs i i ed
based on jiRput ﬁa%i]rlc}plefn@ﬁtl Al Digr- RhAgH® aéﬁgachwh%@maﬁ%raﬁde%; fdé?ﬁhla ns of
signals that nmaybe applied to or sensed at various test pi g of a device
under t eshiailRtating Sthmegst appuyrensBors ad, onsucedssiae itaratinhs, aiovedy ldse

preprogranmmed into to 350 or potherw se avail apl e, for appli.catjion by the
ool R e Oy oths SRfrRindBi S o el wfa Rl SRPFENPRE of pi'vs
that showudoR& LicfdiREImhSSiRE NedemiTibdifhr HEMdRBOMoW] dily BERE Rt ¢haRRte
characteristics are identifred, they may be grouped for purposes of

i dent i fyiflegvsrthaicue expeetedito exqcatgun edagentyne are supplied.
[082] An approach of generating a complete set of candidate flows may

ultimately lead to identification of the fastest possible test time. However, for even a

relatively small number of test blocks, there are potentially a large number of candidate



[ 0107] For exanple, information about the tinme domain with which each pinis
associ ated may allow tool 350 to identify groups of pins that are

associ at 845558458 ti me domai n. Suck%}:n associ ation naycﬁ@sa%léfr“éﬁﬂ’r n
identifying a resource engi ne requirenent, nanely that the associated pins
in the group be mapped to a resource engine that provides signals in the
sane tinme domain. [0108] As anot her exanple, information indicating that a
group of pins provides access to the signal lines on a bus may be used to
forma group of associated pins. Such information may al so al |l ow

i denti fi c@dw@NFRfihPtobPOHYLHERIENNIR chRTidHE 8RB ant Perfbhrto@p@dion kel y t hat
the pins of the group be mapped to a resource engine that can generate or

nmeasur e rdstermént whegher asresapecmapniag isposyibletfpecash gardidate Haw, may reéigr on a

bus. [0109] As .a_{. . | ' [ | [ h
alrJZ cgupl%éretpég‘?%tgsslg%é %&eglégéa%@e’iaﬁicﬂ P@&gﬁ{h? 3‘?"‘3%?6 rbaevépt%ﬁ%tghdl\% a@:a\r/]iscte 3tnder

test to hbatepasioe waledhe Faharsitehtiac Dappudachimassecutatatr pndsionathelespur ce
engi ne requi renent._ may he defined indicating that the group of pins should

be associhkivea arpe fikelHined of denifing g flawithatsepeesasdrsiedriicerly ehisk apsi 1ty
to stimul i atl.al :si | i

2011/ 140 %E%fﬁ@gﬂfgséﬁdfhg’g’?o%% &‘?392? mRyhe ?ﬂ%‘}r{%%%f%,‘”hgnpi n rmay
be i dent ifroedsiag obeicompleouset esdnipracticalerlihal ‘shesrarglont”. m#oprosigdeleven gr oup,
even if the group.contains only a single pin, a resource engine requirenent
oy | | keviSiEn RS CHHAm R e 5 T LB BT gt S T FEent

i ndi cat esy{hah cfenlbitePhuhb& JFi@uBloskoul d be assigned to a channel
associated wth a digital source and/or capture functionality of an

i nst runeni®88hat cannpeogiegbodinedn adoeltmay cangee tiodnles fled pagfomefunoidnsr and

type of associ.ate rqu of pi may.. depend on..t he desi and ration of
Y Bovt o BRane) SLh g, Bt ey B R b S SR o R B %! Loah
FIG 5 i lihepbé ahismemad weRGcolledtidnSofassditdsaingd Mithdt st le thabiedEh€s Usesour ce
engine requirement, the inventionis not limted in that way. For some

devi ces URBethatdrdicates whighifengsion inigyberexoeuted. r Biplimoduiernay slectivelyi pl e
resource iﬁ{)&ien(ﬁﬁer cﬁl(??s ﬂa&eds&{)hﬁlteg §ﬁéaarl}1%'eci ated that FIG 5 illustrates
sta

resource assignments at” one In intime. Resource engine requirenents
depend onf08#e function being performed by a pin at the tine. Accordingly,

di fferent_ resource ppi n y be specified for different tinmes during a
test flov9%h some Igaﬁsglaiq%@ﬁggﬂ?e%isggﬁPwewa%ﬁ%eomnﬁgmé?i Bted by

assi gni ngyR Jg%ﬁ.UF&eeﬁH@ilé)% f1Rrifig RieP ceﬁ@g\ﬁb}af%*bfockmm V{c/'r}{e%rfo Lq,group are

being used to performa first function. At a later tineg, n those pins
are bei ngvas éh flow plerat@risrcenstiueted aeblock 2lfct Thenfiltaringgeay esapplicé sfteray be

rel eased. Those tel eased resources nmay be allocated t t her pins, and
other resatrias Iy BEeeraid: AlePeie oprRa Rl Sons elpee i .

al I ocat i agpnpRBabldamoBARS FiRErifd!Madl BE appIA 16 kubrédsaMé SdrRfutioROF cadi@xecut i on
of atest, for exanple, the test system may allocate resources at the start

of a fl ovilevephembodimentnindhicks thgowehisgsaergted ilsmsivelyestteamptingdoend of
L T e I G
coar ser anaf bégbdifieddyaarhicaly. SF&fexample, information about conflicting blocks

generated in one iteration may impact filter criteria used in generating a later candidate

flow.

[086]

[087] Regardless of how a candidate flow is obtained — whether by selection

from a previously generated set or generated iteratively -- an attempt may then be made

to identify a resource assignment for the candidate flow. At block 218, the tool attempts

to find one or more valid resource assignments for one or more of the candidate flows.

The tool may use information about the ordering of flows to preferentially search for

valid assignments associated with faster flows. Ordering information may be obtained



[0112] Regardl ess of the nunber and type of groups of associated pins
identified for a device under test, the identification of qgroups and

associ at 402854 P% engi ne requirenenis allows a sear ch'F& S&Hﬂ@&%ﬂ%ate

mappi ngs between pins and channels witThout the necessity of considering
every possi bl e mappi ng between pins and channels. To find such mappi ngs,
tool 350 attenpts to match a resource engine to each resource engine
requirenent in such a way that any rules or other criteria for operation of
a physical resource, such as an instrument, providing the functionality of

the resouwse@rtiNiHek/ b2 33BEId bi5ER bld 35 3h&h2Anidstie TR vASEE GEHERME] By € et .

These requirenents may be provided as rules or associations or _in any other

sui t abl e & Bevnitefayarl Remardless afipow sudnaeordergs definisbnsesfchasg feivatiéd pi ns has

sui t abl ¢ & Bowilefas Papstnses ,
var o ey R 1 BRE W BatR e AR R S Bl Bk 20,5 07 °

channel s &siethahbd ofivhiid fesb @S8O dssiEnngy 18 édentifitd, ieedise tih¢hg @sludimentengi ne
requirenent. In this exanple, such a resource engine includes a bus

cont r ol | dHustrated, farther searehing withnet igentify eresgurce gesignment shat SUpRAsts s5asterar e
qui ckly I 1 C L i § Lpe 524
based onq%%?gkﬁﬁﬁgFﬁ%%ggﬁgﬁ%%?%%%%?3%?§§&%ESE?%3¥%%£Rk§§Qﬁ§ﬁg¢%@?%%roups
550B and Bx@gh, iBsosw sebblandnts btteypts domebke i rggon@t iassigofierf in@y U8 moalet ai ns

only one r ur engi ne.with a bus controller, tgol 350,could i ckly
Cdent 1y U ehe G sfftenaiidyh dofs TeSpEThrocesae Tn R PPRUGRS: e be
mapped t ogdhewaBnakmtf urtl SGHE E@meREibR RoRdflon RUEALHRd MRRRIBhiRonDe a
val i d assi gnnent, depending on the capabilities of the physical instrunent

i npl ementiovy, fasssunple, maybatheqrasage pf anyhmeunsé infei asdhé executgrueict i on wi t h

instrunment 510 indigcate at _.resource.engine 524.has a xi mum fan out of

| oos ¢ naremigel Melafifisn e SRH riE RS Ol S B R e ERE B e
connect ecriterid MaeBe RiddSo deREMiInd YheMBYsufidi€dt Inymbeest dahilidbfadiovas hadb beenmappi ng
bet ween pins and channels is not possible in a concurrent test plan of

three sit®éwded on the test systemconfiguration illustrated in FIG 5.

In this rio, t . i.ndi I . .assi gnnment
failed b?@ggge therﬁ%&?éggg?E%Pﬁgéggkd?%?B??ﬁé%%kﬁgﬁhggéwh%glgus controller
r esour cesdes@ihedan gedater dethiltih eorgtranioalva thloF 1 Gse S-@uyelev .eRggardless2ef than fan out
to three or nore pipnps, pi ngs fromthe pjns. groups 550A, 550B and 550C
may be quPERI! %@ﬂ?l}; Yave H MRENS a’@flg?rgg’é’ar@g P@?ﬁﬁsrféa%E@?e%fﬁlﬁ nments for
ot her pi ngodEY1 818200 DAL 6RIRRI296! B tod] g;a??ra_\lﬂge &E’cgﬁ@?ﬁbluﬁfn 'd%@ﬂﬁé fying
resource engi nes and groups of pins w assocl at ed resource engi ne

r equi r emdfedifying conamrenticsryoensp pimystebaimederanios i whichftior seatdhdior vadid be

extened LRSStk N bl TEEBEARRL IR (B Ssehs8S
scenarios in which the search at block 218 does not identify any valid resource
assignments, the output at block 220 may identify that no valid resource assignments
were identified and may include information identifying why a valid resource assignment
could not be identified. As an example, the output at block 220 in that scenario may
include an indication of a required resource for which there was no resource available for
assignment.
[089] FIG. 3 illustrates outputs 370 that may be provided by the tool 350
executing the process of FIG. 2. These outputs may be provided simultaneously to a
user. Alternatively, the various outputs may be provided as requested by a user, such as
by accessing controls presented in a graphical user interface.
[090] The illustrative outputs in FIG. 3 include outputs 372 identifying conflicts
between pins and/or test blocks such that a flow requiring concurrent execution of the

conflicting test blocks or the concurrent operation of a test pin could not lead to a valid



[0116]FIG 6 illustrates a process that may be used to search for valid
resource assignnents as in block 218 (FIG 2). This process nay be

i mpl ement‘&?zﬁgmt 8P 350 or in any ot %%r sui t abl e way. Wl US201 03312

2011/ 140233PCT/ US2011/ 035212 30 [0117]The process of FIG 6 nmay begin a

| oop at bl ock 600. At bl ock 600, a candidate flow is selected. Such a

sel ection may be based on the ordering determ ned at block 216. Though, in
enbodi ments in which a flowiterator is used, the candidate flow my be

sel ected by obtaining a candidate flow fromthe flowiterator. As a further

possi bi | iIeyourcemssngaﬂﬁhﬂahetefdt@%ﬁwdﬂmnm tvadd@tbnas ougRittingdalst . Such i nput
may be proyided, for exa in a scenario in which the process of FIG 6
will be daEumeRon|theigohbitse asf eseoseﬁlpmfowtmdgeesltaﬁe&ﬁncﬁr %é@%&?n&am

successt Yhyf éx%H&%etoqr?ﬁdeﬁl CBHer ﬁ’: Cadfifiatt AGwgandi date flow
ca ate 0

[0118] Regar di ess of how t n wis selected, in the |oop, .an
assi gnmenf09bif reso@nipstiiﬂ ady feh&pm@dhc Jahmhchmsﬂgwmm welteodhmﬁcdl i, nust

al | ow executi o t he selecte an |datefl e | 00 arting at bl ock
800 oy BOTETAC B e SRR TS eIl QUPGEATA LIRS one
candi dat &;)f 4fane Abws idnBRSEaEIRAN 1@%}&%&&&&&5&%&%& af bicaindi4lat e

flows. [0119] Based on the sel ected candi date flow, the process proceeds to

bl ock 61d0ﬂ2]t h an i@enet ¥760nay wenipy ﬂce@tfosyvmcemahésmumeassagmnﬂéswamce

engi nes. S I ck 610 to.identify resource engines,nmy be based
o’ nput SUPREERIL ARG o1 o Betabir iRty d o PERRUES ek Y KR ng e
test systmsiga@eiitsgeh aiammayﬂﬁq) prdedtkinkionad 4 oMidREdREMREighineht RCk 610 may be
performed in any _suitable way. However, as_ one S|ngle exanpl e, processing

8

at bl ock 1@91!31ﬁf?§y Ip athsberabodimesisor el 3 wayidoansfy mekipl fow gpflcmemtbnal
capabi | i téx%éutﬁ’)fn dnﬁ‘é tr&fhg%& fsgstérﬂ %bHﬁ’gtgaMh 6&%11&@ rog )8({51%{3 §a§£m§t§gst &8ciate

configuration. vance cerattal n nodel s
of di git akith th@‘sef optmm’s,ss,uch tiziha aserdhayi deidct & Astvrwitke ddsired ORaractedskRE;, contai n

scan controllers. Based the .n er of di |taI instrunents of this type
in targetl g@ster c ?PG&SQ?F‘W‘H grbigateso F%*Sﬂrt@ee neeined Withals di ng” scan

control mMa¥JiRgeIRWRIHERd 1ﬁ-b5tgms%96 @ﬁl’iﬁtﬁ‘@ @O ?eille?ltl?}fr Flh@'\ﬁha ?)ésolu%ét rument,

such as digital instrunent 51 be ‘confi gufe Uus control | er.
The nunbessighmenis fdentifed atrbdortks2 Iifayif dafqhm@ for valibesowte asipurents atblyickes t hat
of . the instrunents

rovi de nt.r. funct i lity. Qher c stic

Pn ;“he t?ﬂééﬁ&)fl%tslﬁeé}t %Wl%lﬁﬁfq%ﬁe ??ﬁ&gnﬁlgfl{]n%u B?tﬁé DRSIERHE Behgi nes, and
it shoul GoliftictesraeddiuRe 1dchitg ifflofdler B EsmPIBlels vAld @XaAGRhént OF rdsbercBuher and
type of resource engines that may exist based on a target tester

conf i gur RN Pro0deothreigiaiation sererathd bniashs0 thaticeulp indicate wbpavelkd engi nes
that exi sa%s@%lerﬂ was not identified.

[094] Regardless of the nature of the outputs provided at block 222 (FIG. 2), a
user of tool 350 may review the outputs and then input other values of the inputs 310
such that the tool may search for valid resource assignments based on other parameters.
For example, in scenarios in which a valid resource assignment is achieved for a number
of target sites specified in input 318, the user may request tool 350 to attempt to achieve
a valid resource assignment for a higher number of target sites.

[095] Conversely, an output 382 may indicate conflicts or limitations that
precluded a successful resource mapping for a candidate flow or flows. In embodiments
in which a flow iterator is activated, this information may be generated in one iteration
and used in a subsequent iteration to influence generation of candidate flows. This
information alternatively or additionally may be provided to a user. For example, when
output 382 indicates that no valid assignment was found, a user may change input 318 to

reduce the number of target test sites.



target test system configuration, once the resource engines are identified,
pr ocessi n\% ma{v11 WD 2011/ 140233PCT/ US2011/ 035212 31 proceed to bl ock 612. At
bl ock 612YO3 H/ Y Bdps may be identified. The pin groups PREPSPEIRET i fied
based on associ ations that have been %r eviously defined, with each
association indicating criteria for grouping pins. Each association may
specify a relationship between one or nore pins that, if such a
relationship exists for a group of pins in a device under test, the pins
shoul d be associated as part of a group. The associations nmay be

pr epr ogr d as part_of.the taql. or,.my be added.or e ased on user
input. T SsocCi at“f‘l %at’r?@i}' %rea%ﬁg@gﬁl ed °H I@%‘%@?rérpurtrégg%ecgfgc % hat t hey
my be ackFsshtalt feber EFigutdtion dsahie@impRsa 168 didyapedify sddiguiabr menory,

t he associ ations may have any suitable form including "if-then" rules or a
listing aesoxkess aittheriess system o¥hep ontput Bidd indicaten adaski o masgecifioypeofhe specific
associ at i vaj . : f evi ce
inder t edfoufbgTi ATl €00 RN, DD e S B

pi ns t hatsystperahéigliraget dnputrs20 vatticaldittmabfes@ecdsaf outpgt 38 mpeded a st For
exanpl e, pins that either input, aor output signals such as appear. on a
bus may 5@“%%%’6&%@@@.5 I(Pig‘?galaﬁélffs‘f%péonﬁ?rsﬁléft puter P F@?@Sﬁgaﬁnog’i‘t al may
al so be ?Es%%de@ti@gtearﬁ 1068 bysforh EoA IRk atfNAFRLified Qt'igﬁut';ﬁ@tif {hBRYfpufy 378Ut put

signal s at may puts’ or outputs to a scan port on a device under test
may si m laadl3y8 helices avalit wdourky assignhent thatleadnipleaecution of giest owifastem a

ingle tiyre donai . also b iated. Jt.shoul i t hough,
That ¢ he BHBGERTSndRay s S0t Lo SR Hag Bete PP dnd 385G PRt Sapleze 1o
not critigeddkly Richid valisMod itamdtrl 22k lcbn&i@idRt RBIYASH tRanbdvidese dedtted may be

associated with a single group. Though, it should be appreciated that in
ot her entitaderadhbeiveen testsypram rosousees gad taskdm@i t h rul ti pl e groups. Though, in

yet furt enbodi i i {};ﬂl i f [.oN

r equi rengﬁ?g duri ng% Srt]%%nz)wéélsrrlns%dtq’'eés’{1 R%P{)gggﬁtrrr% égp gl‘euplﬁté@l‘%%‘ ejéegfsekagwgiryoup of

t hat si ngingl ferusasisdichtas ediesisidn Wbdk D2 thixer dedired camratrenitacdtipiarient s
collectively. These requirenents also may be djfferent for different tines

during t reenerated. 4 this scepana the preesss My draees & black 22t opbblgckdsh ot ai n as
few as a §j j J r 2 Sflkat i

embod: morTb G FLEOE oM He R BRRRE T, Rlololt @ ol TheloBRE0. i th
a resour assigsmegnstehtas dogeacmedaat putpuby8(h immydrsised tadpatifpthesonsucben used t o

represent _pi t hat e different functions. in differ test b] ocks such
ot ¢ heytRAD: sidras Ol | PLocGhEst rturruEEe g Y ERo b B PhSone or
nore pi N g4t QeRScobletidiafi 18 BldelicERAderAE Wile I donchientt&® blaABY exdldRAr t
defining a resource napping that includes allocating and rel easing

r esour cestfdecks2dhthig eanepirery test plapmaypthpmbe apphied in the manufacture of the

2011/'140 25%%?%2%&&%%9 %161‘/&86::)’. 512 (}rzexample, a semi-conductor device manufacturer may

configure multiple test systems according to the concurrent test plan and, as devices are
being fabricated, test devices according to the concurrent test plan. Devices passing the
test may be further processed and shipped to customers. Devices that do not pass the
testing may be discarded, reworked, sold as degraded or otherwise disposed of.

[098] Efficient execution of the process of FIG. 2 may depend on rapid
identification of valid resource assignments at block 218 or, if a valid resource
assignment is not available, rapid identification of that fact. In some embodiments, a
tool 350 may rapidly identify whether a valid assignment is possible, and if so the
assignment, by grouping associated pins and identifying resource requirements for each
group. Those requireménts may be expressed in the form of resource engine

requirements. Additionally, the instruments within the test system may be represented as



32 tinmes. Though, it should be appreciated that the nunber of pins in a
group and_the |length of an interval during a test flow in which

assi gnnen‘yo&fmflég drces to that group,l asts is not critipgyUStzQ)llfO?FQm

i nvention. Accordingly, it should be 2gppr eciated that "flat" pins may be
processed along with pin groups in meking assignnments of resources to pins.
[0124] I n enbodinents in which nultiple sites are tested during a flow,
groups may be formed to represent the instances of the pins in each of the
sites. Though, because correspondi ng devices in each of the sites have

cor r espongiduscd dABfiek OMigh edtRrERUARRALING RN ofialskt eihdilvidual esabicasf t he
sites. [O125]FIG 8 illustrates formation of pin groups based on
associ at itbtisollqtively peglormsy qomyn@BBINCI@BIB and 832C are illustrated in FIG

8. Howev because N j ] i rrespond
to the gﬁ[c))?ﬁds i dent’i Fsgaﬁ'%?ggf)?reﬂgpp%g? ét@g&iéso?%%@g@#%#@%ﬁ ;/1%%%0 gﬁcgs Wi Ito hi n
E) est si tQn@ﬁﬁé\is@ib%id@d@;FI(Ej.L&Ethah@d(anipl’he bi@aEItGlfiGﬂE%eBi.iilﬂfum;aﬁs?ci ations
etween pins are jdentified. e e i usfrates that pins
may be palustfedydieaa IREFITBFRLS §£%ﬁ§gya§ﬁ__5&€c§?ﬁ? ﬂ%ﬁa"ﬁ fl_lgclﬁLmé?‘é‘BB’r%}s arg
formed SHﬁauﬁ&aatﬁo@lL:étidﬁ' J19/6 BAs, Bk oRVBRGI i8bEtheBkd thh i §sidicie@n® group. As
a specific exanple, each group nay be forned to contain the snall est

possi bl e IHOnikach of thpsenisputhatpuw 4103 thansels menydre regariled aswatestesastimgr oup

cont ai ns ever her pin with which a in in.the group is .asspci ated.
[0126] Any e%"gﬁ‘f%a?ﬁaéﬁ é‘b‘ﬁﬁﬁ AT ORAY i’? 8@’?&%&% §eﬂg§u%georur§eé%§u$%g g gﬁ?&fl%naglj'r oups
of pins gale@fyi ng ’ﬁidﬁgh,GFIGr. StiRidtdtes thht thaeg¥adiaheel o1 1 FirenoBeor@siseBi at i ons
840, 842, 844, 850, 852, 854 and 856 are illustrated. These associ ations

may def i rintezaipngaableabtcausesions dfrikhowpwie ridigitabinsisumenie il s 0Bapdt i onshi p
ho HE Sl e ot : BRI
Cor e of TR Srb B PR but i Anho? BP buRitlsd b UBIdE sidfort ERALLONS T PP 1

Eihl? pi Ns Rdsoti@s enghéemBBBAdéfitetak iobwligy gropps of chanmds 1 Theaskd bsthegr oup i s
efined by the pins related by association 840. In this case the pins
rel at ed %ﬂ%%éh%@%%p@g@@maﬁay@wmamm gonngHed fhBassFeRRHS-GROUP 1.

GROUP 2 i[rﬁleﬂj“ ned ﬁ%sﬁlﬂgnﬂé&&a@l@&ﬁq 0¥ iASHREs 38R SR i REIR (& | ncl udes

t he pins ted by assotiation 842 and the additional prns related to
t hose pi nhaimelassodated wdthsligitd imstiuBitts S10AL b1 6B wad/3 106amhy bé gtdwps bassdps

contal he B g aheBbo il ehd Spataer L ated IR AL Least anc otper bin i
gr oupi NgShapirhdterd@PEMubRy chaedElLl 10thR RidiRke ér%%{es $rheh 2R andai@32C,  t hough
not expressly illustrated in FIG 8. WD 2011/140233PCT/US2011/ 035212 33

[ 0127] RetHachiof ghetdigitdl anspruosatsss 104, 1@ agl SYKcmcludes gt angpeiatad pattarent i fi ed at
bl ock generator 512A, 512B and 512C, respectively. Each of the pattern generators 512A,
512B and 512C may be programmed to operate in a separate time domain. Though, in
the embodiment illustrated, some of the pattern generators, such as pattern generators
512A and 512C, may be synchronized such that the channels associated with different
ones of the digital instruments, 510A, 510B and 510C may operate in the same time
domain, the individual I/O’s for the same digital instrument cannot be controlled to
operate in different time domains. Accordingly, the set 520A of channels associated
with digital instrument 510A may define a resource engine providing signals in a
common time domain. Likewise, set 520B and 520C may each define a resource engine
having a set of inputs/éutputs in a common time domain.

[0102] Other functions of the instruments may define other resource engines. For
example, digital instruments 510A and 510C are each configured with a scan controller,

514A and 514C respectively. Scan controllers 514A and 514C may be controlled to

operate on an associated one of the channels 110 as a serial I/O pin of the type that may



612, resource engine requirenents may be identified for each of the groups.
Each group may contain nmultiple resource engi ne requirenents based on the
nunber aﬁ§°€9 4gp3pins contai ned within the group. FI GFCA/USPIL824E es
schematically resource engine requiremrents 870, 872 and 874 associated with
GROUP 1, GROUP 2 and GROUP 3, respectively. The resource engine

requi rements may be fornmed by operation of tool 350 and tenporarily stored
in conputer nmenory for use in subsequent operations perfornmed by the tool.
The specific format used to store resource engine requirenments is not
critical Beusbén 4 048 %st. OAccartighgBNheSohhhedN S&s6@REE S&thtsadn eontidtyrsise4sed.

[ 0128] The resource eng}:bne requi renents may be identified based on the

funct i onsndsdBtimaernchivs reassded 6 R fpRkerpriearasienaing. Acqprdngly, iifegeshow
requi remgpt s, al %%ir{é%m ethbﬂﬁ&hﬂés'&ﬁ?sé?%?%n&@ls'lqglt'ﬁa? chfbaldihikdg stfe device
under test, such”as T nformation defining e structure an unction of each
of the teashtrpilerssidA. iSifadariptresnrdeainginer’@2Candpdasahe dmnoéls ghat et bgor ogr am or

RS R Ry TN iy S b
into tooly3ad as’%%e%u%d%%@fﬂeﬁhﬁ’&?@ﬂ&i& eith@ as @R bin SHE5QUA E6ntRIRENE

requirenents 870 have been identified to indicate that all of the pins
wi thi n GROUB]1 nustAs swdierexamplralf 8 résooreciengine Unten tsllegiatestthatdigital a si ngl e

time domali i d ified.a i domain, 1..J rder far | id,assi gnment
o oxt or nrmetahars ABS iiSudes s FRiahe 5165, R4S SRk et hE°L o o
in a specdp%fa@eddumgcaqeait@ca@e@@bﬂe&i@nsifgﬂﬁinalsttb@ge@feqn@M&iﬁatmht h a
particular timng source, which may be (groghrarma |l e. By providing multiple

time domefcherdingtp pdus protprohs Asegrdingbn Hle. wphowvsc set ef hahnelp i hepupkaddot hat
timng negd BGtoIRY s%éﬁmﬁ% 2 né;geqate LQ%?&Q@%@!&%B{Q%&AYIII e, fesofi! T €5
1 C t nmeet additl ona

twel ve digital pins, overlay reéquirenments" of
t hr ee beidngine 24 praiddestanet bbdigitald/@ chitinhélentlencamblspaperand adne. DPhéuph a scan

pin. Though, it should be apprecjated that these specific exapples are
11 st r attPWLBES QiHESOae gt aied deiiated ighgPne wwpﬁswrwp% PHCSOHIGE exi st

for a gr %gineégﬁ%rtbg%ﬁﬁédc BREEOE t&@ah?%?&lﬁ#?@en&@v%ﬁh‘ih%%&P%g&lﬁ‘ f£qui rements

may exist ftor ferent groups an ent types o evi ces under
t est. Al sddition tgHmst tbsherce engiges illesiratdvhin, FIGh bughourtreenpéms mayebeengi ne

requi renents.of, a.pin arge shown, by assi ng .a Single resourc ngine to
that pi n STl VR I ShRPe Brithe et e pa BN O BRI EER M BPthEeSR a si ngl e
I esour ce.chlnreds el 6 SRREAAE 0N BESuFLIB Hesii@YtyRE oNBENY EM%]EE’ bescgsource WO

2011/ 140233PCT/ US20117 035212 34 engines, which may be part of the sane
physi cal resoymerengines mabi isgdudadipitalichannsh thatman gayerhie odimsasurp X (eslgrals.os s

mul tiple i urces. Suc | t.i pl &~ rgsource engines ,nay b ssi gned
To the. pen by il iRenr aine il et ateRefid FERLAER SR IfE ePRtr R ng t ne
flow. [ O0k3NpRegat spnriRtwtBwavd fotthe af &bithey slepedir ce engi ne requirements that
nmust be net by assignrrent of test sgstem,channel S to pins wwthin GROUP 2 in
order forl0W04lalid dEshogkhlswreceanizedthat the sighals Brosssppprrespwee ergiBerae® engi ne
requi r engft S .1 Jar Wo [ ! i ! dormain 1 or
time domaln %é%eeégﬁtgge&er%%%rg&lPga%sﬁugéﬁga%% \?lﬁl}glngéaytt Se}’slt&}?g? dWf’he pins in
GROUP 3 dbtivweet,itheteyouregengigesriraercaticd by &dol B5Mas & repaesentagodofthen 2.
[ 0131] Though,....t shoul d be appreciated that the resouyce engine |,
r equi remfﬁgag’_ﬂétéei‘? ‘%@ t"i‘r RSt S¥§$’P£ﬁ?‘¥d’ﬁ’8rt?na§ﬂ 1gYLaHQN $pg af)@_aéi%ﬁ spriiit  of
resour ce wNEhRe20 ¢t B¢ MRRES dindly, PdsBtite Bhdine@maf be AbfikeAHY thEIMBLA affRy be
defined that captures requirenerits for each pin in each site, including how
each pi n sodgblowap.aunibas bnstering infoindtiontin epmpitasmeomoiyn glikewisewesonines e

[ t .def i h i st f ired hi bited .
;ggrbaﬁgﬁggﬁ]@ gélqrﬁérggﬁln%%ﬁg g%{%g%ﬁrtlg@bléﬁ%aged ornepqgclzersglng (i)r{pu S eﬁ)olup e%ewce

and test in conjunction with information about physical resources in a target test system.

The resource engine requirements can likewise be represented in any suitable way,
including in memory structures in computer memory.
[0105] FIG. 5 also illustrates a manner in which assignments are made between

test pins and test system channels based on resource engine requirements associated with



[0132] Regardl ess of the nunber and type of resource engine requi rerrents
identified for multi-pin groups and single pins that are not _associ ate

with ot hef© ﬁP]nlél P73a group, once the Jesource engi ne re&GFfUéﬁ%lﬁfogszé‘?e
identified, processing may proceed td "ol ock 616. At bl ock 616, the sets of
resource engine requirenents for each of the single or multi-pin groups may

be scored. In the enbodinent illustrated, the score indicates a degree of
difficulty in matching resource engines to the resource engine requirenents
of a group. In the enbodinent illustrated, the score is assigned based on

vei ght ed diBuips ttést pindAEd FRSOIE @ﬁgneé/@dﬂneblféﬂ drifups 0788 Bystéih 6RanRel8C PIG. By be
assigned 1n any suitable wa a_ value may be assigned to

each resouribustigiegihres feaiciies %ﬁ%{ S 32Ramd; @Qrf@bwhmh@ﬁagm@@tﬁ w6 to herBwde.of
il
resour ce gl ISh ekl OPi AL 08k 53 b BUSHAIL SPORIANEAL AR knt fAfLaful 1]

based on 4 faggensith@unDd1 thre@isirss. hEhUulgg, the nembwafeltemw}mmmgmats iage met by
the sane type of resource enginhe. In this way, a value assigned to each
r esour ce TBA SPRCYIEGREY e A ATIUGAL 0/ InNeRIon n rel ation to the scarcity of the

resour ce |BRggne, ¢ YReA iRl S 59 0 PR diARoL Qb ARIAR ! cddir esour ce

engi ne type that neets the resource engine requirenent
20 1 1/ 140288PCWilUBR 8bppaBH 21 12st85cHafdS ]l Fuff 4 vedid, asslgament\xah besdemtifiehe wei ght ed

whi oh 1 esii 880 FRPRRE ot BR LY e R Al SRy T AP D ERIEONES B, the |
order in aditkdh TEHAVIES @mmme@h&n%nt EIRhE S oBAN AR YRS d t%ﬁ pins
Accordingly, such a weight may be used in an iterative &nocess of sear chi ng

for a vallhey h%ﬁegm’hasgi op Epdtsde, @ﬁbhdmmwtr?’égwhl@bl gﬁcﬂefun@tmnsr enment s,

with the natur assi nts

at t ot ot SRR B g bR o PR R st e P’ ok BeheO G SRR nat i ver y
or addi t iTwaBbY nag applplasﬁﬁlau@n@am; wn@han@dwlﬁeplb@ﬁﬁﬁilémﬂfd)@bl 3d0eorval ues
to use in conputing a score nay be determ ned in any suitable way. In sone

enbodi rrerﬁﬂ%,erwﬂﬂ}?é“’% blgsfor #ﬁlyll%(’%éwﬁtﬁtéﬂl ashef theiassocipiivagrissiatn®y aggr egat e

of the regoyp e aggregate
of all 1 oRaPee ER e A AR e A6 B U A DY Phe
val ue rraynd:mmgrthnsemmmadnamd ast idetfiadnthep mptytbergrowpadrfyr froposesef i n
conj uncti th tool 350 based on historical data of test system

conf i gura‘g?rﬁ ing fePOHICE CBEINE LFAFSIEMSndi cat i ng resource engi ne requirenent s

for testipgont her deytieg@sple] At3RhReSabS aRStiAE dbMSin SRR ivhich ABDRANs I N Whi ch
val ues are associated with resource engine requirenents, the va ues for the

r equi r emexsosiated may hllow thiéSQKmmlpnmﬁxgr@eﬁsmd whisrikat am)asyocedltdd basedwer al | score

for the ro exanp t he uirenents associated with

each grog ?nglm%lg gBﬁbiﬂhﬁsﬁ %ﬁ'fﬁw ﬁ%u?e%@ lflﬁ%af’\}?ygﬁ%f‘ IFPEMGE§ % ough, ot her

appr oachesqiif¥imengHadiynBatiat Uesciafed pRRSSItI Gous ¥e Hm@?e(pﬁb o REdTr&erizinei ght ed
average or selecting the maxi num value as the score for the group.

[ 0136] Redb#dreddessignalrdndhrewans tmadopaieh used to conpute a score for each

group, cores | ock .618. At
Bl ook 180 Rflc ser < ofiRaRiiabl: ThHrRlia fRReslBY uBk OSREP rRig WFS
may be oradessetb ihe srgahblﬁne@@ntadoLis Inmyrbenssqbaﬁﬂorma GOy eBassédisted ping. Stctdl ock

618 may i.dentify gro ; &‘&% I|d resource requirenment woul d nost
li kel y nd’E1 OfBatJERHf OF‘IOWé IE%%O é”ﬁ’i;qué‘i?aftnéﬂletr@q‘ﬁrwnf fordhatandom

or der .. &gpame@%atnﬁ %§%fﬂ)9 L@%@&Qjﬁaeun&a%ro RETRbindindback 618 may be

used t o construct “candi t e resd assignnment s by asSigning resources to
t he nost geherhteamgiaagurgrelated signals Irepresentatlve of the signals that may occur on a bus.

[0109] As yet a further example, information may allow two pins that are

coupled to respective legs of a differential pair within a device under test to be

associated. For such a group of associated pins, a resource engine requirement may be

defined indicating that the group of pins should be associated with channels forming a

resource engine with the capability to stimulate or measure a differential signal pair.



[0137] Factors in addition to the scores may be used at block 618. As one
exanpl e, carrespondi ng groups associated with nultiple sites nay be ordered
so as to P2 2BELPdti ve. Such an apprﬁ%‘ach may facilitat SCHLS1ANERMT ai n
assignnent heuristics that lead to sifilar treatnent of corresponding
groups in every test site. WD 2011/140233PCT/ US2011/035212 36 [0138] Once
the groups are ordered at block 618, processing may proceed to sub- process
630 where tool 350 attenpts to assign resource engines to neet the resource
engi ne requi renents. The processing performed in sub-process 630 is

descri bedjg1mof urt heas 9@ttaaﬂuhhéxne:&mgm@tpﬁ@ma bt idehtiffed 4s Beh©voupld 8l ¥,

t hough, processing in subprocess 630 entails an iterative process of making
candi dat eseaighiegiiosi tEor spch @g9up ceven ighe g upsopials gnbiea BRgle hn, BdeiovFeEment s

such that_physi I e I N 3 ' can be
mapped to nesﬂegﬁteéﬁwggﬁ%ﬁ@ea@%aa e%’ vﬁa% §§€%§?lggg%¥ég§esengi ne

requi r enmerelysirenide idicuitsdthiten pia oif grenpoissionk] edaeighed forechannid asdoniavdd ch t he
resource engi ne requirenents are ordered at_ bl ock 618. As each resource
engi ne r Yt pERERT squiceHKSITFaPE TunptionatipRf ANCRSTBIRAN, Ehafedt PiRyide Recan

requi renentlobiakadbd abl e, a candi date assignnent is made. If nultiple
resource engines could be assigned to neet a requirenent, heuristics are
applied t@®13t] ect ahmwgpnibe apd sgickif @ssoesrdrgreumndipiessnay depeadidi det e

Subpr oceotEOMd e T ot 8 dseeutier e abdRgERE e PEdbbet cREPRES (o
resource &BGgH‘FIG.QQHhit&'@%&eaMﬁ]?ﬁhs ARYciPRd Wil a dRkldRschrdBRRIRY bet ween
pins and the channels of the test system associated wth individual

r esour cesteqgudherdsthe ppendemispoblimated inthet way.| Faesbmiselsticehander fest,a val i d

resource Lgnnent . exists. . it n qui ckly 1dentified..

[6396] Accapak BB pFtSHelnirirhart 30 AR Bl B 5 el B8kt showld 88 gt
processi ngppa@yated HaerId. iSritlustehesi redoarcesSgHmBrto at ehelihaiatt ifi BcheRekGurt@sul t's
are output. The results output at_ block 650 may be in any suitable form

i ncl udi ngengans IRAERmRLS depgng e the fayctipadeimeneaforned by 2 ponatdhe fimehe

Thodi o _ \ . _ Ui . b
o at t enpra i, Sfn SUBLRE AGARRD IRy 12 L Bl s o e
speci fi ¢ testdivi.nbp sofmerenswdiments ks tiener dependennemhg be Aleatedhgcisipaingxanpl e,

two or three attenpts may be d 0 /ratch resource engine requirenments to
resour ce EnYIegyited pé%g%i)“?gg'ﬂﬁftb%p@%‘éﬁah%mﬁ? ks H}ge‘ésﬁglt‘bﬁg he

requi r enefisSrunBeGAr M £heer find DA HREPinehreAdi 8 to plrf QP 8§§Hﬁ9 at

sub-process 630 does not identify an assignnment that” successfully maps
resour ce Rnefiare thosetespenenmgy beralessedir Bleose mejeased résnuichemian bg ellodagesittosy st em
confi gurattho sub%grocess 630 assignnent. In

this scenar ?rgj,insp o s WEOHES %%%%ﬁp(}%?%ﬂ]tt% u}pé.li%o H%&Ee}% %];"élﬁélnfegt deci si on
bl ock 64lalloc&idhlnfily Klathde foRtHel MEdioddE a fovE GBS DeFAE btu@bn bhetenyirger  of
attenpts éxce)lmfpller,] ?heqtest system may allocate resources at the start of a flow step and make a
corresponding release of resources at the end of the flow step. Though, it should be
appreciated that the interval for which resource assignments are made can be of any
suitable duration and may be coarser or finer than a flow step.
[0112] Regardless of the number and type of groups of associated pins identified
for a device under test, the identification of groups and associated resource engine
requirements allows a search for appropriate mappings between pins and channels
without the necessity of considering every possible mapping between pins and channels.
To find such mappings, tool 350 attempts to match a resource engine to each resource

engine requirement in such a way that any rules or other criteria for operation of a

physical resource, such as an instrument, providing the functionality of the resource



valid mapping for a candidate flow is nade. As described above, resource
engi ne WO 2011/ 140233PCT/ US2011/ 035212 37 requirenents are ordered at bl ock
618 in amfo}lﬁ]t“g%?aed to lead to a rapid identification of/ B2 U%P¥% esour ce
mapping, if one exists. In some enbodinents, if a valid resource mapping
cannot be found for a first ordering, an attenpt nmay be nade to nmake a

val i d assi gnnment based on a different order. Though, the nunber of attenpts
may be limted, because, if a valid assignnent cannot be found with the
first few preferred orderings, the likelihood of finding a valid mapping
decreas esengﬁ&%@ii%ﬂ:ﬂg{ware REQCERSE RYuBtmERS hily®e phbviddd H4dles bt aisbsiations

determ ning whether a further ordering of resource engine requirenments
shoul d beortip prothpostiableffos®, processi ng may | oop back to bl ock 616 where a
di fferent jghtin f u engi I [ rderin

of resourlggﬁelngi negf;ogc?ﬁfrllfgél(r%éér;lrfcgal%%%g%d%gf%ééﬁ%gﬁpwgggé%%ﬁaﬁ g%telgng, fo?
e>r<] anpl e, agﬁ;ahremuiedemgtr{&eeqlﬁfemdnv defiveidfbit tha gsoupf a valtd mepping eéll érfideeant ypes
that are both relatively, scarce, In this way, at .each iteration a,djfferent
per nut at i aspigamerfyod dheRing BsyarR e Uh i W?}ﬁééoﬁéﬁfd%ﬁ{%@awr%i%‘]‘?ﬁﬁ ersely,

it is feher 08t Alendfie rsdudRnRhR ol i Lxdhifik, ffh hyedhRk AbMR AdMHRT
resource engine requireffents is to be tried, such as becausé the nunber of
at t enpt s aseedsolidre It theeshpledxamhle qfFdG eB shenpips bf gnooh S60A decquitldn bl ock
642. [0144] At deci sion, bl ock 642 he.process ma in branch, dependi ng
on whet het® qcﬁﬁt?‘ﬁ%{ftﬁ%ﬁaaﬁ‘ﬁﬁas@ﬂ%h% F?‘Puf%ere%ﬁ}éa%g‘ee}’%?(g% ti’ i gnment. The
nunber ofinfdr@WBod. Or Whi ch assignnents are attenpted may depend on the

speci fic approach sel ected by an operator of the tool or other input.
[0145] | n [@1%4enar i Similapiappings ¢4ndve made far srounssSHeand 21 &atBeraugartBeessi ng

may | oop ,back .to bl eck 600 Wy C . er of
candi dat ete%lsgﬁgmggﬂgglggtr%rh?fqﬁ%‘;gtc?ﬁtg %gl}{/\%n%cr}ésotuz% t{hgglfé &ﬁlg}ga E{é’l%ﬁ iterating
or the nwrhaebllanodssEeildbickiyidaitife dnadindaies dfl gpowpsf560Bwhi s50@ woamld d f 1 ow

was identified. . ,
likewise need to be mapped to the channels of resource engine 524. Such a mapping

may be a valid assignment, depending on the capabilities of the physical instrument
implementing resource engine 524. If rules specified in conjunction with instrument 510
indicate that resource engine 524 has a maximum fan out of less than three, meaning that
each channel cannot simultaneously be connected to three pins, tool 350 may quickly
identify that a valid mapping between pins and channels is not possible in a concurrent
test plan of three sites based on the test system configuration illustrated in FIG. 5. In this
scenario, tool 350 may output an indication that the assignment failed because the test
system has an insufficient number of bus controller resources. Conversely, if the
channels of resource engine 524 can fan out to three or more pins, mappings from the
pins groups 550A, 550B and 550C may be quickly made to the channels of resource
engine 524. Assignments for other pins may then be considered.

[0115] The approach of identifying resource engines and groups of pins with
associated resource engine requirements and then making mappings based on this
information may be extended to quickly identify mappings for other pins of a device
under test. FIG. 6 illustrates a process in which this approach may be used.

[0116] FIG. 6 illustrates a process that may be used to search for valid resource
assignments as in block 218 (FIG. 2). This process may be implemented by tool 350 or

in any other suitable way.



[0146] I n sonme enbodinents, if a valid assignnent cannot be made for a
first, fastest flow, assignnents nmay be attenpted based on a next flow As
descri bed¥2G8VEH 3 connection with FI3(3 2, the candi dat ECHU&\?\%H%VI%e
ordered fromfasted to slowest, which will generally create an ordering
fromnore parallelismto less parallelismin the test process. As the
degree of parallelismdecreases, the nunber of groups and the associ ated
requi renents of the groups may decrease. For exanple, when the pins of
GROUPS 1 and 2 as illustrated in FIG 8 are tested concurrently, there is a
requi rengpiifjhat t heheQirbSest 6f ROy Betik 8 Udpedl bioek 00 e SbBI6Ek 60Tghne
operating in a different tinme WO 2011/ 140233PCT/ US2011/ 035212 38 domai n

t han t he ceadidatedloveis gelaeted o Spsheaisalestionanayi hedaped arbeprderingdetermmgdiaf enent

may limt t £, T [ ' QV Sl to the
ins 1 Gkt 0 By df S SRARAAtyt L ALY SR E e SBhaSLETRE, 17
and GROUR&, B¢ sldcesitischingiaingri daadidyte fldvefromché flowdriatborAy £fiothece engi nes
operating in separate tinme_domains no | onger applies.. The reql# rements for
GROUP 1 awamlahwﬁl%cmégﬁaﬁeﬂ%manbarpr@se%wBQSél,%wpwes%lﬁb EWUERYY REs t hat part

of the smigwif&aéxa@%, wg@%aﬁﬂ ﬂf‘v?rhigi_ﬂhé;?rb@é%& bPBIG Wiif & &Rl t(lf higw, and

repeatin processing inc ng sub-process 630, a successful assignnment
may be i detobdl toi cathut po indiidation of dihnihkya sypcess8 sésogreamysigroogmt bac ke fnaden

deci si on fbI &gk G(ﬁé t% bl ock 600 until a successful assignnment is nmade or no
further fIPHWS PRABIRIOMF no further candidate flows remain, or a tineout or

ot her tegﬁlmti on q@é%q}cnés@rafhgwrtﬁa@iaﬁmatdom&fsgss%lda&dmh@[@@c&from deci si on
bl ock 642 to bl ock 0. At decision block 650, outputs, such as outputs 370

(FIG 3) assignipentpfaesotiess isradinmptad, ThieessiprroodsieihegalidaphesllpWeake w0 based

on the br h _from deci,si bl.aock, 642, i ndi eat | t hat, no successt ul

aasi gnmert o e Prpioa ot L 0B Sertibci Pk % maSsdep LRI

bl ock 65Gub@gsfungbsigabRnt iiigentified forfoRk caxdomt Sowt PUbmeIBdodberts)di cate t he
conflicts or |imtations in systemresources that led to a resource engine

requi r emedepiretbrumplesr 9§ candidaaifloye148] Turning to FIG 7, further details of
sub- pr chﬁf%ﬁ?’o ar ez b Hﬂ}{eastef'etgtedt%h%idzte 'ﬂ'okx“ﬁ%eﬁﬁ&@e%s gfo%é?ﬁ% BRck B3y may be

per f or me maki Nng assi gnnents to neet resource engi ne requirenents
i denti fi exlith e identsfietioh iof tesneystzin teheurpassmidrtsoufde@ngineslePdocéssimg anblook ock

214. [0149]In.the_processing of FIG 7, the pins are C j urn.
Accor di ngq%b,toﬂ‘#é‘u IGEREEe ag%r-qS@aYﬁes'?aa?q engkpﬁﬁ|rs@kve¢1%5f°ﬁ§§§§g%@i2ﬁrg the
begi nni NGnQlidie AR IMWAerind PRAAY Sl QnrigGH0R! The idBniLigh Bhitdnidae | 0op

that starts at bl oc , the pins are processed in the ordered established
at bl ock a6 bBck[600 56lyeqeriotroekinzhy suddde wiapnHowser, Fdne sinpleaexainply, br anches

Ul 1 - pi 1OReaRE Feochs P8R bs B8 Amaheed Blorinefial f SEbER Mdien Pt °
pr ocessi n@piRe&ad ndRnth@GKcldded inAhe Bk &4 kes? ddtenf @nfizuRitiinb @i Mgy Beocessed,
a set of candidate resources is identified to neet the set requirenents for

the pin d@awstinedvasendor example, dha seitain sepdglsadgigitahinshemenB o randigital
1 ust ratiﬁéaimn?en%io&%r s Al dat.f scl B ddifers, BN 5 HRduihd §e@klLyi ng one or

nore avai e résource ergines he resource engi né-requirenents
of the sdhstAimguitast thismypelinSarget tester configuration, a number of resource engines

providing scan control may be determined. Likewise, certain models of digital
instrument, such as digital instrument 510B, may be configured with the bus controller.
The number of such instruments may define a number of resource engines that provide
bus control functionality. Other characteristics of the instruments in the target tester
coﬁﬁguration may define other resource engines, and it should be recognized that FIG. 5
is only an example of the number and type of resource engines that may exist based on a
target tester configuration.

[0120] Regardless of the number and type of resource engines that exist for a

target test system configuration, once the resource engines are identified, processing may



WO 2011/ 140233PCT/ US2011/ 035212 39 context, a resource engine is considered
available_ if it has not been included as part of a candidate assignnment. In
some scenyPiZ88/14%2% esour ce engi ne naxnhave a capacity t SCHESANOGHEY t o
satisfy nore than one resource engine requirenent. In this scenario, a
resource engine may also be available if it has not been assigned to neet
resource engine requirenents equal to its capacity. As a specific exanple,
a resource engine may have a fan out capacity to drive multiple pins. If

t he resource engi ne has not yet been assigned to drive, during a test flow

step, theré@keako PlBIDET2. 0At Blobls 612)3in bloupsmanpaietifiéd. dThe/pingrodpsendyesour ce
engi ne may be considered avail abl e such that it could be selected for

assi gnnerte identified based an assecigiions that baveckser REFVIRSEteiine G MBER adhr i ng t hat
test fl tep.. [ ] , j i i ilable, it
es Ogsgoc?afelop[éC@g%ﬂnggﬁ&qgcfﬁpg@pgng sfhl SR8H LGB0 iy spedityal | Al e, i

will onl e se it can satisty equi renments of
t he set atlatienphip Bnwadrsorzairmgorp pasabaei sudim teleioastappkistsifor avgioop o0& r esour ce

engine is avail abl e because_ it ha been, assi gned .t o t he gunber of pins
t o whi ch RIS g %é(t?&b‘lnger&fﬂf%‘ﬁﬁirﬁjﬁ%ﬂafbetaﬁsé’c}a@&ﬁ%@’é °éﬁ§f91“é" n'ﬂx? nonet hel ess
not be sel et RlnDREFHE PriproGRRRRY aTB8 0PIR 1951 ¥R YeBfldbd @ﬂé’@ﬁﬁfe_d‘ﬁaséd"e set

of requirenents. As”one exanple, the resource engine may be ‘assigned to a
pi n t hat omouskdinpet) Ufheasideiatioss may be renoydaddn icomppier semornsughdhdtfleayent ti ni ng

group than uld be. . pecessary to et ,requirenents of the set, of

requir enéﬂ?ym%e‘imﬁﬁssﬁq B% : st8§1 ’étoPBIiagng%_ N5 Ofckﬁtl?\ F%mg%tgliﬁl?’in&y’ i\her esour ce

engi ne MaysReutidhs g hhld 86 Astable Fomdiifdt@ng CFICeURE OF ABsthf @Cted at bl ock
712. [0152] 1 n sone scenarios, there may be nore than one avail abl e resource

engi ne t Ivheragisasiécsaf pisdhateee essegiedr equi rement of the set being processed.

In this zﬁﬁﬁlﬂri o, O@}%I s%%c&(;l?g%s%?igg&gsaév%ﬂgﬁg 9%08F3§i}géygiaseg§¥mleﬁe Ea%r@Ct ed at

bl ock 71 e sele source engli ne na on one Or nore
heuri sti of tiy defideamder testerThaughah gémeeall ihe akwchutivhsmagidehtify gvoupsadfipins
assignment for all sets of requirenents. For exanple, if t types of
resour ce tBH@PREEe ogrthernitag sousserdgstipaRing ﬁaiOﬁ@raF%uF?re%Wrgalr\S&%ur ce

engi ne of; L nq%y g8 & S¥@MPILe 1k anot her
heuri sti cef&l?ﬁngﬁ{(gr?%ﬁﬁt %Tlgﬁ%lgls%éﬁ&ﬁl C a@s%lﬁﬁ{c%ng?yngia%&el Egi nél slse%]ft ected

f or concunpwnt otipst & diffecdntialisigngd heaysiltods:, assasgaied. cAs getgi fosbemmympte, sel ect ed
such that .the sanme resource engine, if.possibl be mapped . to cporrespondi ng
i ns i n_ GAEnTErp YT SRRUL Sl Hhal gy e P s ore 5P B2 9P 2R ne can
sour ce siygdal ©stansoan@hey b¥hisbeiae it thitekeaduphdd tBaignals vatHin h BmgRet of
requi rements being processed requires a resource engine to source one

di f f er enttina¢ dgyagin mayradsorkesaseeciaied nlyisheuld batecoarizedh thavghs theidhe gimber ent i al
pairs miyan? 2 %]}‘ Gls50h {igﬂsl tXatScﬁél?fStO%qn%l r\é\g) egzn%ell/s %P %ﬁ %Igﬁg/ty%g%&l{o%.35.2 12 40.
such t hat sane resource engine y assi gne 0 a correspondi ng pair

of pins i[o1Egch of IhRemekh®doditndnGs each i g HeaRsiciiged @itk b Sinigh: @pwp.i es for
sel ecti ngg{esources for correspondi ng requirenments associated wi th groups

in ot her Kiough, it sheyldheappreciaied dabindker smbodBndds apabmap be vssgeidied assi gned
t : . . 30 o bl
that 1 osorTLauHiphoe@hat PridheRlBCBL! Snbitineft d g TR IR0 B O oP et ne

of r esoumdtiplediineioneloequissmsmitsdurmgtbs sdmotesiddockaapyp beltapeesgntodipsa of pins in

O o it T IS or e ok Lates, spelipation of such
?:atqﬁls ; Z%I{égé.‘%qgﬁérﬁ&xtk Als8 a9 GRSt chiSS PHTcfer RN BEriA L 8SP UGS engi ne

[0123] In some scenarios, a pin group may contain as few as a single pin, which

may be regarded as a “flat” pin. In some embodiments, flat pins may be processed

differently than a pin group, with a resource assignment done on a pin-by-pin basis. Flat

pins may be used to represent pins that have different functions in different test blocks

such that they have different resource requirements, or participate in one or more pin

groups at different times. Accordingly, the tool may support defining a resource

mapping that includes allocating and releasing resources for such flat pins at appropriate



[0153] O her heuristics or other criteria may be used in selecting from
anong nultiple available resource engines that nmeet the resource en?

r equi renen? 281494 ect ed set of requj,renents. As a furtpﬁngS%%/r?fﬁzé the

smal | est resource engine that neets tMfe requirenent may be selected. As an
exanple of this heuristic, a resource engine requirenent my be for a
single digital pin. If a first avail able resource includes one unassi gned
digital pin and a second includes eight unassigned digital pins, the
selection as block 712 will favor the resource engine that has one

unassi gnetiined. gTHoalgh At shoul DBodprécigtbdthatithbeuaider ethiag ch froap antpmb ilcﬁ@tﬂ on of
certain CI’I teria may lead to conflicting selections. For exanp
heuri st i coftas iBlrad fhﬂil%a tobilowdn Whish s deuRgitRd r%ﬁyr%wthatcﬁmw ltaﬁﬂs as

heur! sti cnd BAERY 18 FRAEH! A0clindly. SSMEAD AR Wi may

requi rements of correspondi ng grou sites. According
or ot her lmerpxbeassmizﬂmygi&ﬁhqmegfonps idenai«img msigameantsddresofircps &cgdence for ot her

sel ectio teria. Regar dI of .the criterig used to select a
resourcen@iéfhne at B¢ a%%%% S Fov RShmtiRlA st es st trsicd AUBRE BEGEK SPERS ¢ he
process ngyy bg m@d%re@%bﬁltﬁ&n@{aa@és of He PAsS 8kaCR oMIRLIE!. Phoughection was
possi bl e at bl ock 712. a selection was possible, the process may branch

to bl ock bﬁzwmﬂesmeémgsipsmemmre@slmgftbeglt@sslme catresponding furtséions| ect ed

resource en |n0e rbe ass ﬁ%sgd to of ) cl)f the group associated with the
set of requi ls%r?éi B%l? fp 0 é%%aé‘a ebﬁ %8k 722 this assi gnment may be

recorded [@s2§jart ofFi&. @eu@t@mmgn@aai@ellcﬁgheg@ﬁﬁs BREEOH aRbciheSRUIMHeS The
assignment may be recorded in any suitaple vva§ For exanple, information
d

i dent i fyieY sitre8idsiSgAkwRe 8424 apsalllpdrsediad 10n 3 d Bosvexes; b@qauseathp BIUPRPUL er
menory. [tgs"t%ﬁg %géﬁf'ﬁgﬁt of&’ﬁﬁe 8 ne?ltto %e %6 %S‘T?l e ed%ltr %Etes%e%QZQe ' ne a

final assignnmen ul renen & Serdare”
sat i sfi eckimplecityt, igm‘u@ls withinvdest site 8PN 20114 IDRBARAT IUBROE/338212 41 t he

process of FILG i s bein erforped, the recar informati on may al so be
used to tarséQﬂkatWéPFté{‘ﬁF%P §getﬂtd fgﬁg %§XaW’BlreéB$i$' éﬁi\’%’f‘tﬁﬁhﬁbﬂnﬁrﬁb’ed at
bl ock 722,dvmyt dMedkd Beandhe (?gﬁizia}ut)hcgtcb&lal @g&&@hﬁggoc Hrsﬁ&ﬁhmﬁt wer e

not sel ected. As described below in conn ctl on w 732, 1t a point
i n the prooethet drs asseaiateddireviwethin thosmsgmmpeAemgipn@ﬁcamrmdefaauh]grwp satisfy

o oo RN TR B, TETE MR S LT gkl Leat et et
\égl;: gi gﬁ&giﬁ(r)ygﬁmgﬂb géﬁtﬁrﬁre%@%d?@lmﬁh ANHch A83HRA iH@e ighdus Rise6ikted22 from

[0126 Any suitable computational technique may be used to identify groups of
pins satisfying such a criteria. In the example of FIG. 8, associations 840, 842, 844, 850,
852, 854 and 856 are illustrated. These associations may define any suitable relationship
between pins, such as a relationship between required timing of signals applied to the
pins or relationships in terms of functions performed by the pins. The associations
identified for the pins in test site 832A form three groups of pins. The first group is
defined by the pins related by association 840. In this case the pins related by
associations 850 and 852 are only contained within GROUP 1. GROUP 2 is defined by
the pins related by association 854. GROUP 3 includes the pins related by association
842 and the additional pins related to those pins by associations 854 ad 856. In this way,
each of the groups contains pins, each of which is associated with at least one other pin
in the group and none is associated with a pin outside the group. Similar groupings will
apply for each of the other test sites 832B and 832C, though not expressly illustrated in
FIG. 8.



passi ng through block 713. This branch may be taken when a pin selected for
processiqg is part of a group for which assignnents have ﬁreviousI¥ been
made as p P@OHVMgpﬁcessing anot her pipy in the group. | n PERTS2EERRT o,
processing at block 713 results in the selected pin being assigned to the
next avail abl e channel for that pin group. However, additional resources
are not assigned in the enbodi nent illustrated. [0158] From bl ock 722
processi ng nmay proceed to decision block 724. At decision block 724, the
process may branch based on whether all of the sets of requirenents have
been net.[0127)nor e sRétamdig foalY bFoRBRME FIG E6TWINDe tHeRolfsReE RISt bigkk from
decision 724 to block 710 where the next set of requirements is selected
and pr oceXlPeEFsPYyCe gging reuirements may dsddensidiedder qaply of hetereups. Epch group

requir .e”%ﬂayﬁ con H\fl’ﬁfltgﬁg¥%souce%h%in§ & ir%fneﬁﬁ%‘d%e{g}edﬁetﬂ% ﬁultﬂ%greanla%gﬁe défg%h? fied
by assignnent of candi date resotirce engil nes, e process may

t er m nat i contgimdnvitiiia 4he dgroupr Be Ssillngratesaschasaticallyirdsatiicoengiae nt 724,

sub- process 630 (F ' end,, i ndi. ' successful. assignment has
been i derfteﬂ‘Flfeé’&‘?nQT %7%5@%@%@5%%& Wétﬁg*@glﬂ)ﬁo rqﬂ%@ﬁi @s%‘é&%é@%&i’ nes to
meet a sek v @AUITH bSoi ' aTol may
branch at Cas ity (B REREs LigiRolgRRERURL Bed e TR Hrshyut B TARER38, Tho,
t Ihte pro f%@ temporaghi s’u?rbf ancimplspeneinogy f_onusd"ietslhmfludam OEETAROTES pgzvfgrt?abl e
alternatiyves to,any o €. resour ngi nes sel ected as a candi date

resour ce By F%oeo Ly ﬁﬁ? SRESUE ﬁ?BPaWS‘gﬁ)oﬁg‘%ﬁeSS&“ﬁ SOV PN SR nRLECAat &
resour ce @hAmeEROREMd ABYsubebiBiéReRhRHoRaR9beBed el ection of one of the
alternative resource engines in place of the sel ected resource engine.
Accor di ndP¥28]i n t hiBhesegmueq enginsrregwsesnands may boidgntified basad dedliesi on bl ock
730 to bl : I 7 0, Si nts recorded at bl ock
722 may b@ﬁéﬁb@éﬁisog%ﬁg \ﬁ?%acggyg%%r}g?sf%ﬁﬁﬁoa érgﬁéc??%ﬁ o ulrteﬁngméa? qit%t e
resour ce teridgemiietl basatdhincibpats relhtigy toahd devicahiet e sich dsqnfoenitest ed. WO
2011/ 140233PCT/ US2011/ 035212 42 [Q160] The sel ected candi date resource to be
repl aced %&n% the stapctiure ppe funghan pheacaob the teH @A iriormaiign eldting&o process i s
to be rol ] } I S U] : g

embodi mert e e e bRt SRR Rk EL e APoRalT

untri ed ahtebamnpned to spaificeseunrge eresnencisiremants b apmping defdrmaAidner nat i vel y,

the first _sel ected candi.date resour.ce engi ng f ich untried alternatives
exi st mfr%%ra@gfegé?@go&r? r &P BPEEHIC PR :E’éﬁ\?{%@?tlafﬂs%urf%@%’ilﬁue may be

used to irdQitdnients870aRE BadEideMERUIS trdiCitdtal APHAGE PildMvitiin BiRGUPAL i Ve
sel ection. For exanple, the selection of a candidaté resource engine to be

r epl aced Mys) reseivesiemglsdrprainsimishisiopgrating ies single dinemndpmais, identifled asi ne of

the repl . Thou ther,.heuristi na e used to select .a.resource
engi ne tgﬁrgée@(?};elaplflgtled‘g Hi“—rot‘rgr %%glﬁ%?sg{gngﬁgft%gﬁﬁ.di{%e ﬁ%@%? &g KRyt e pe
repl aced aneandbeaysiatizafeatiathBs pidls 0Na §RQiITRaIME ddrhhin RPEMRES §ipTMIHhGEar8NYI NES

and the pins in a group to which they are assigned. Assignnents that retain

r esour ce SSRgEHSkIth f particylar (imirgsourdse Whishunayebrprogragimabley r Byprovidingiout

addi tiongl; j - ' erentially.retained

ver  aser guipiaEh; dorkiing WRBLrk ke PhR e QBN M Eatiubfien

requi r emmaednatfbytdyeclgomiupd.or for whi ch an assi gned resource engi ne has
simlar criteria may be

appi | ed TS gur o By Sak i el vy LieBeimu e rmRgrvel muets t he
SO eanon SSEASoSRALNG.P T S5ERS D 5, MR i g,
and one being a scan pin. Though, it should be appreciated that these specific examples
are illustrative of the nature of resource engine requirements that may exist for a group,
and that different or additional resource engine requirements may exist for different
groups and for different types of devices under test. Also, it should be recognized that,
though the resource engine requirements of a pin are shown by assigning a single
resource engine to that pin, there is no requirement that each requirement be met by a

single resource. A resource engine requirement may be met by multiple resource



identified, the state of the assignment record as created at block 722 at
the time prior to assignnment of that candi date resource _nay be recreated.
Any suité@?éOP@%ﬁﬁ?que for tracking gﬂe state of the asEF& ﬁ¥@3ﬁ%§ be
enpl oyed at bl ock 722 and the specifi’c processing used at block 732 to rol
back the state of the assignnment record nmay depend on the specific format
in which the assignnent records are stored. As a sinple exanple,

i nformation recorded at block 722 may be recorded in franes, with each
frame defining process state information, such as assignnents already nade,
avai | abl eerggse kil nybedattesTiiad dan@Sphykicgidesdnede, bunh ddaakndtmyneat)odnlay
deleting franes until an appropriate frame is found. Though, in other
enbodi menk&digirippied garors FElDbePhySinabIFEoHIess- FIICh Jullile SRSRUKEE CASIPETHA on.

[0162] Reg@é%%@ﬁéd Rfihd Efn IR RS urd dn YRk te@ ARIEH R ShY inmél%gﬁg hES@syce 1

identifi repl acenent, once appropriate processing con ions are

est abl i sh@d30]pr oc esRéquiremeytsR78 dedichte thetresomrceangor rpqiiremensgAhatmastnbe
termnation point 734, W) 2011/ 140233PCT/ US2Q11/ 0 2 43, pr.ocessi ng may

| i backAELEHOERIPAL N e R GEABEIE Py e (R Ba2an CBir SEieetiion of an
al t er nat i %8ishRRAUDLERisENGN tAR k@mplel ﬁﬁﬁ&sohfbefeﬁgﬁﬁb%ﬁ%ﬁieﬁﬁ@@trec?ﬁrerf@éxoUr ce
engi nes to resource requirenents. [0163] Conversely, if no further

al t er nat i digitad2H tHattaze netsiodimeedamajin d @ tie domaieR| Kesousee engingr mi nat i on
diti h th i se. b hed i . b h fr. i Si
con 1o LU AL JRS SIS CRRGESEARE, M B amst NG o

engi ne r egui tie&Bethaih@® whi ch no selection of a candi date resource engi ne

was possible. This information nmay be used as part of outputs 370, such as
i n out put 91382 i ndi Erughgit shatld be primeciged thebthegespurceraaginerequiemestsr at i on

or oced 1S R fabAERnd 4R R BEoRTRGpo IS ARBECES ThY coss

proceed to term na t he process of
FIG 7 maygqendnentesAd blockg612) asuinipeqieaentGIfaebad¢fmed nha chptidesr e condi ti on.

In this scenario, the prqcess of . FI.G. 6 y branch at deci sion bl ock 640
al ong t heCHIIREIEs 195 £9¢ l?inéfé‘échisgﬁ IB?IBS‘PE%QY,%%BW&P% CHOL B ackayith epeat

with a didhars g gidnIThE réqml%ﬁf‘eh&i Aan dgﬁﬁé&ﬁékg%wiswfe@megm?ed%ocesS may

repeat with a different possible ow or other suit e processi ng.

Pr ocessi merohihited assigatmenisrfot eAch pimsidaohsitmt i | a successful assi gnment of
resource engines to resource engine requirenent is identified or
assignnents are attenpted for each possible flow and no valid assi gnnent

coul d be fodszyti fi edRedaffiéRR]oFARUAMMbAr tind PE lodl rdaBurcs eRgINE ZR[MirkRBAs Ot her
term nation conditions may be
identified for multi-pin groups and single pins that are not associated with other pins in a

group, once the resource engine requirements are identified, processing may proceed to
block 616. At block 616, the sets of resource engine requirements for each of the single
or multi-pin groups may be scored. In the embodiment illustrated, the score indicates a
degree of difficulty in matching resource engines to the resource engine requirements of
a group. In the embodiment illustrated, the score is assigned based on weighted
heuristics and resources availability. Though, such a score may be assigned in any
suitable way. As an example, a value may be assigned to each resource engine
requirement thaf is proportional to the number of resource engines in the target test
system configuration that can fulfill that requirement. The values may alternatively or
additionally be scaled based on the number of groups having a resource requirement that
is met by the same type of resource engine. In this way, a value assigned to each
resource engine requirement may increase in relation to the scarcity of the resource
engine type and also in proportion to the demand for the resource engine type that meets

the resource engine requirement.



possi bl e. For exanple, the processing of conbined FIGS. 6 and 7 nmay be
termnated after a preset period of tine. Likew se, any portion of the
processin A3 6 and 7 may be te;sm' nated after a pPEEQ{Sé?HHOFﬁSé&Z peri od
of time. As an exanple, processing at™“decision block 730 may branch to

bl ock 740 even if untried avail able resource engi nes neet requirenents of
the set after a predeterm ned nunber of attenpts to try alternatives or a
predet er mi ned anmount of processing tinme. [0166] [0167] Turning to FIG 9, a
conput er systeminplenenting a tool according to sonme enbodi nents of the

i nvent i on[oi83]schemetirgt, lthese Valigt riay &d welflReCRu¥pd bR FestyiRt enginaplpestent i ng
the tool may contain hardware conpgonents as are known in the art. For
exanpl e, aoweighfing mpy bdlsBsesangider ip yhiohoissqiiee eignawats i atlkaniebyi ded as
part of ] / 2 A

Addi ti onawngr%%/rr%é?%%%? o’rtggé%%}ég‘?‘gﬁr%r%eségr°%%ﬁ%@%@%?ﬁ%@*ggﬁﬁ ©

pr ocessesvapied g Aresrdingtly, bycl heeighomay b6 16&R] ihnantitemtieniposieseritscarching ot ed,

t ool 900 r‘r?%/‘ be irT?I elitent ed as conputer executabl e instruchi ns prepared in
any sui t afid S RYTEEOL FESRYIFE GREPRHI TRAM SIS CEABF YR SoNE N SPe WEIEAUS t he
Pr 0CeSSOri5in I NiRRECOMME B MatRs Bf ARisBnmeRSkttiapiean Weigmﬁiggﬁa RitARPPI Ng
conponent 91% that i1dentifies whether a nmapping can be éestablished between
t est pi nschangesghelendecmay adematiesdy omaddittdnalin & sppifeddn cempuisngsa s9ore. hat

supports ncurrept test plan.. Vappi ng ¢ onent 910 il enent

pr gcr:) essesﬁég@h as d&g%r??rﬁ%tﬁ Q’ﬁ@S@@ ‘fsg%2:B%H%@{}%oansc\%etIﬁaﬁPg‘)ﬁ{elgﬁgﬁﬁln?an?o bot h
det er m nesuiaBIeRRYy. an Yéthé EmBBIIRICAE, 8%ivales nARte compERd dyfariRbRY Bisee ohhat
mappi ng. 11510169] Operation of mappi ng conponent 910 maéé e based on inputs

provi ded thhpsgigeatant haresorpeengpapetimentzomprtedf hloek ébdpathtist 912 may
recei ve 'a[%% tef d’f%mrg%%rc%ren e‘s:’ 1(?68{1{'18(? Et l‘ﬁg&[éﬁy IR %tﬂeggllnﬁgﬁ eﬁg, ﬁl%
S uts froma user o

a
gr aphi cal I'nterrace forF receiving inp a’ conput er
syst em onvaiid @by boplecSfiPutied ark storediin gompliteemaiorw Bir yisoin @dflinctiomaithy,
interface conponent 912 de one or re.appli %ati on. progranmm ng

By | ncl
i nt er f acel§o % kage @%ﬁog%k%gq%féeﬁ YO SERIGEG5 ARG fSesifRbiHar
conmput er i gaflafifPleSotteEhditt AGHHGRMIR Bk 6ficPlei&S! PrOCesS.

[0135] Regardless of the specific manner in which values are associated with

resource engine requirements, the values for the requirements in each of the group may
be combined to yield an overall score for the group. As one example, the values for
requirements associated with each group may be combined by summing the individual
values. Though, other approaches for combining values are possible, such as by forming
a weighted average or selecting the maximum value as the score for the group.

[0136] Regardless of the specific approach used to compute a score for each
group, once scores are computed, the process may proceed to block 618. At block 618,
the sets of requirements for the groups, including flat pins, may be ordered in relation to
their respective scores. Ordering at block 618 may identify groups for which a valid
resource requirement would most likely not be possible if resources are allocated to pins
in a random order. In subsequent processing, the ordering performed at block 618 may
be used to construct candidate resource assignments by assigning resources to the most
challenging groups first.

[0137] Factors in addition to the scores may be used at block 618. As one
example, corresponding groups associated with multiple sites may be ordered so as to be
consecutive. Such an approach may facilitate use of certain assignment heuristics that

lead to similar treatment of corresponding groups in every test site.



[0170] FIG 9 provides exanples of the types of data that m ght be input

t hrough interface conponent 912. For exanple, a device pinout nay be
provided‘FBZQH@%P¥V the pins of a dey%ce. The pi nout na%CE@B@Wﬂ@¥gﬂ2
manual |y by a user through a graphicdl user interface. Though, in sone
enbodi nents, the pinout may be input by providing a file or identifier of a
file through an application programm ng interface. In this exanple, the
devi ce pinout nay be encoded in a file entitled "Pinmap.txt."

[0171] Information relating to a configuration of a target tester may

sim | arl yjobsg]pr ovi desketthe gtoaPs are@id@drbd steblodksElrs, prvkessirmpaaapproagedapglb-cat i on
programming interface. In this exanple, the target tester_configuration may
be encodedosass 834 wherederli3S0atfempisite asMgtoiepouscy sigines tp Fiset tha jisPYCeuch as

i nputs 3 I . i.m : i : i onent 912.
Thgse vaﬁeg%é}ég%ﬁlf%}eﬁ%yn@frﬂéé&gﬁ{%ngd t ?tcl)rtljé 'g‘le’g%ép???g% &E@%@Qﬁﬁt erface or
an APl . [foitH&]derdileinfcangectompathdiit. 9 bélopr. dvtictys tlamgbutrpedssimg @hsub-sm f or t ool
900. Any suita data nmy be output .t hrough j.nterface conponent 914,

nci udi ng A B0 PR T e o PR e ST RGN TR e out put
thr ough griRphl R8burtsGloildYeRifaRts iR AP SADZARETL HRABHUASRARL2 45

such as by displaying the information on a conputer screen or printout on a
devi ce comsmirtesahgings cirebemappadde pins inkadhiestcik ag0Ciatedewith e resalitcer nat i vel y

or additignal l .the informati. may be out put thrqugh,an_application

pr ogr amm e erETedtalst e Ry da Y aTors Rt SR T BRSOt ner
sui t abl e @afuscesdniptifetroifrehttats dF@¥rdefedas GREE VI SO sRhllLfes6@BPEHEd zed Syst ens
or may be passed directly to another conputerized tool through an API

Wit hin i reefeeat sowpedend, ibazesopre gpgiag aestieg B reqiismeat isewaidas ad t hr ough
an APl , F] G,. I . r.af. i i t, my be
used in céraé%zliltd ?tﬁégﬁg\?%é ?%arr?%?e?olrg %8% lﬁ?%?sgﬁggteﬁ%lge%%g\ﬁ d({:gésgsgi;én? ﬁgo l&i‘lg%i %es are
bei ng manefusimimeheadstivs dideppliod ansclate ambig the possila reseniceteaginep! n. Thi s

i nformation_, be recorded in ormat _used by a test devel opnent

envi r onné}‘ﬁlﬁhgg%éﬁﬁl%n?maﬁﬂ?eﬂ@%& ffe&e‘épgmﬁﬁw@cmng%ﬁ%qwmmeﬁwt -exanpl e of
FIG 9, fy 1S afd . s o :

" Channel r%%%i?w%aﬁsggh%%g%tﬁg I m%&%g?esgl?ﬁzﬁﬁéﬁgﬁgﬁ%ﬁﬁcgﬁg gae t hat
may be accassmabnby whichesay bevseld dpdefivie emappiog betmtcen pinls and Gb7Bhidteds ofesul t s

of the exgcution of the tool . may be captured_n a docunent i.n a hujan
Feadab! o i bUREROT B TR eGS0 St it SR URG R YioegLen

i 11 ust r atjg@lihdodthé, if% validirSsouRRUssighBYNtCR M2 it RaRBY qhidkBrig&itifRA. gener at ed by
tool 900, such as flows that were attenpted, resources that were not

avai | abl d01¥lconpl dAworlinglppif ep-pwcess 38enitwith e sa¢aspsiulmssigamertd t est

creou oy Tt BRRGFIAAT Ml g YLl R SORAITR RS oo
The results output at block 650 may be in any suitable form, including as in output 370
(FIG. 3) described above.
[0140] In the embodiment illustrated, sub-process 630 is structured to limit the
number of attempts that are made to find a valid resource assignment based on a specific
ordering of resource engine requirements. As a specific example, two or three attempts
may be made to match resource engine requirements to resource engines based ona
specific ordering of the resource engine requirements. Regardless of the number of
attempts, if processing at sub-process 630 does not identify an assignment that
successfully maps resource engine requirements to resource engines in the target test
system configuration, sub-process 630 may end without a successful assignment. In this
scenario, processing may branch from decision block 640 to decision block 641.

[0141] At decision block 641, a consideration of the number of attempts to find a

valid mapping for a candidate flow is made. As described above, resource engine



[0174] I n the exanple of FIG 9, interface conponent 914 may al so out put
information through a graphical user interface to be reviewed by a_user,

i nst ead ot O H"%ddition to storing:%he i nformation i nPoNdSOMINGRE2 files
for |ater access either by the user or other conputer inplenented tools.
The output of tool 900, for exanple, may include information describing the
best result found by tool 900 or selected by the user froma set of
candidate flows with successful resource assignnent. The best result nay be
descri bed based on the flow and resource assignnent that was identified to

achi eve trbgdirdnheds ark Ordeedd atbidck @ 8§\ b valyhietehdsltto fidadvio atrgsill i@AfiGEONPr OVi de
the estinmated test tinme for the identified flow,  [0175]Simlar information
may be owfutalifl gesonros arapping, iftong gkistsndn serae crhgdigenisg e 3rvaif &2p08KRer t han

t he best gg}ll-lll i i i 43N whi ch
tool 900 r& e %aglgg%efggﬁﬁgir%sﬁc g%ﬁl?%gﬁ gtrteg{éﬁe{\é}sl%ﬁge #F?i%ﬁ?%{eeagéihg FIG 6,
af ter a fassighmemtdabdd orsa didiferdnit brdeel. THheghf thestumbesof dttempys oy beliatitedwi t h t he

best resylt found. WO 2011/ 140233PCT/ US2011/ 035212 46 cont | nui

processi #&cwed? Pé{ﬁ@( agsiEImESheqnngt ookt Wét%ﬁgﬁ‘oémg@ PBIETBAREACTIESES ot her
resul ts naeligb&Poftmdistevalld Iﬁg%piﬁé’&e?ééﬁés@ A&oRdiRfly! otk hededidiod @
conputer system on which tool 900" executes may contain one or nore data
stores, Hidaied dntdilsrdeeronngiwbethéna Brthgeorderngof osoureoingd@Oeqeranents

execut es. Delt% ﬁt.o es 930, 932, 934 and 936 are illustrated. In this

exanpl e, H3YY P6rhs 030 and 932 may store data generated by the tool as it

oper at es.jobg]a St orfeso, Ppadeeddifl 3H 1d6pYbaSk @ BlotlPL vhéR al iffelefONeighttig
exanpl e, data store 930 nmay store resource engine requirements such as may

be i dent idfiresQuisgsaging tynss dcarptiphgnd thaprdeties eimgsqes Gene ERMieRMETiS 932 may

725 o 7ASCIEL @A AR IR R oo R AR REUKE SRR e DI ockS
i nf or mat iten reslusdeiengint oypes diey hecbatin ekdativieBsdcarck e $i théy whyg i edchtiesdtigaraogr am

Data storg_ 934 may store_rul es and associations used in various stage of
oper at i offiffgrep ygon photdersd dpoutps£nSG AYRSE 443 &8 Ushdy store rul es for
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oper at i orsdaing afgesexsengion rafuitelnentsaoto. be tried, such as because the number of
attempts exceeds the threshold, the process may branch to decision block 642.
[0144] At decision block 642, the process may again branch, depending on
whether further candidate flows remain for an attempted assignment. The number of
flows for which assignments are attempted may depend on the specific approach selected
by an operator of the tool or other input.
[0145] In a scenario in which a flow iterator has been created, processing may
loop back to block 600 based on conditions, such as the number of candidate flows
considered, the time for which the tool has been iterating or the number and/or suitability
of candidate flows for which a valid flow was identified.
[0146] In some embodiments, if a valid assignment cannot be made for a first,
fastest flow, assignments may be attempted based on a next flow. As described above in
connection with FIG. 2, the candidate flows may be ordered from fasted to slowest,
which will generally create an ordering from more parallelism to less parallelism in the
test process. As the degree of parallelism decreases, the number of groups and the
associated requirements of the groups may decrease. For example, when the pins of
GROUPS 1 and 2 as illustrated in FIG. 8 are tested concurrently, there is a requirement

that the pins in GROUP 1 be coupled to a resource engine operating in a different time



[0178] Turning now to FIG 10, an exanple of a graphical user interface that
may be | Ienented on a conputer display by interface elenents 912 and 914
i's prOV|§§ caI user interface, 1010 i ncl udes nuIPFEI@n@ﬂ@§P§§ ar eas,
sone of mhlch nay be adapted for receil’ving user inputs and sone of which
may be adapted for providing outputs. Information may be input or out put

t hrough graphical user interface 1010 using control elenents of the type
known in the art for inplenenting graphical user interfaces. These control
el ements may include columms, tables, drop-down |ists, check boxes, sliders

or displ aibn@@maalth@&s&ﬁ&@excgﬁnmp&wt@ aldl nd MERODPI3 th@ réghﬁeﬁ&ﬁrlﬁé}e of
FI G 10, graphical user interface 1010 is generally divid to an input

area 10201k hedyppok resguaee apses thay ﬁ@n provisls tash signatsjo fsdingde GROYPHI e
sub- ar eas d%ﬁecﬁﬁlgé‘ﬁq %ﬁ%tﬁf ?aﬁ%%g «Jﬁggs WHERBUP Pgﬁ %F‘efteétgém mation
n

about teép on drsplaye sub-area 2 may be
i nput by saqmauy,m@wgmremantsfoms@nb@mgmsto@eratmgmmmamlmbdumameab bl ocks

Comput er fi'eéép"’r‘la'g%le)%? e VTR QPR GRL hay DL Sy . Qugsands: 1022

f h i . 12 47
[ 8r18})] idgﬁﬁ ona clyéf:g%ﬁgsp tgglql&?e;?lggd?%%y%g%?ﬁi%g%'ﬁ gl?%gt hr ough

whi ch t helifferent ﬂmy asqbefcpﬁatyngqheprdcamnmclubingcshb praecesn@I 0y d sudcassfie
concurrent .test pl anlP cl %P‘i exanpl e, for each test block identified, a
check bo®¥BPRENIRR: Poidentiqd | uded to allow a user to specify whether the

test bloggi4n to beAéd@?leQ?%ﬂoBestsﬁl% n6ANdbs Bhck ko \WecibioRBloMRIcAD tablercuUr I ent
test plan is to be constructed 81] Sub-area 1022 may al so include fields

provi di ngpGOrmdit nﬁ@chwf@lmmgn@aﬁhs wpde hfen(t asthepflowkremanheKaoffpghats, for
? )(;?rTlhg tcgggld%ﬁ%ms rem 1n 8? & Jm[ﬁa (gl?tdortoﬁl r'nnl?atlg{le%g%ily 81? 1s ac%%@ par anmet ers

n séone scenari oS, itabl e

controls Iﬁu@dssmgaiayuﬁmchrfﬁxn dedisiasBiotk 6m2 toblecless MoAL mlﬁmaocmmge t he
data, thereby chang |n guts to_tool 900 (FIG. 9). [0182] 1 nput area 1020
may furt R SHEItS it 2 G DAy he mimvedsd Hicsteiak 1M processing

reaches block 650 based on the branch from decision block 642, indicating that no
successful assignment was identified for any possible flow, the results output at block
650 may indicate this fact. For example, outputs 382 may indicate the conflicts or
limitations in system resources that led to a resource engine requirement not being filled.
[0148] Turning to FIG. 7, further details of sub-process 630 are illustrated.

FIG. 7 illustrates processing that may be performed for making assignments to meet
resource engine requirements identified for a specific one of the possible flows identified
at block 214.

[0149] In the processing of FIG. 7, the pins are processed in turn. Accordingly,
the process of FIG. 7 starts at block 710, representing the beginning of a loop that is
repeated for each pin. In performing the loop that starts at block 710, the pins are
processed in the ordered established at block 618. |

[0150] From block 710, decision block 711. Processing branches at decision
block 711, depending on whether the selected pin is part of a multi-pin group for which
an assignment has already been made. If not, processing proceeds to block 712. At
block 712, for a pin being processed, a set of candidate resources is identified to meet the
set requirements for the pin and other pins in its associated group. In the embodiment
illustrated, a set of candidate resources is selected by identifying one or more available

resource engines that meet the resource engine requirements of the set of pins. In this



about pins may be entered. For each pin associated with the device under
test, resources used to generate or nmeasure test signals at that pin during
a test na‘(}lot%g Yid@lified. In this ex | e, sub-area 1035CF/5USF‘H15 ﬁé“ﬁt ed as
a grid, with each pin being representeéd as a line in the grid. Across each
line, information about one or nore types of resource that nmay be necessary
to test the pin may be entered. As with sub-area 1022, the data in subarea
1030 may be entirely entered by a user or nay be obtained from anot her
conputeri zed tool used in developing a test program These values may then
be edit edcodyexd aussturcd éhbi]idconsiddpar availiblaifiahdsdad beayinbledéel sqdaatysth as part
of graphlcal user interface 1010. In this exanple, sub-area 1034 provides

i nf or mat | GRJBGPESiENmERty R STBS FENAIIR A IRFAHISE iCBBINE MAYY R §aACHY RS  of
sites. t yed in
sub-area fggh&iﬁ%&g E%&g‘g&aﬁ%éﬁ) ng?%r%&%\%% P?%Qg?duc%g{eg{ta I:“gﬁ%%}"?‘g}d?t able form
gener at edrelyuranatgher mayoapebe availabletido hasusadeem asﬂt@neﬂ opinkef rasduetenginegr am

This information e dis edtoth user and, at the .user opti on,
modi fi ed. reﬂ‘r‘}r"tni‘ﬁnés %ﬁ’ﬁﬁﬁ?ﬂ aB Pt é%stae%e&lg"ﬁfei"@ﬁPgt 7 Biyoyge 81“%}3‘13 5’5%3‘&‘1’ 2t he
user as aph3 Qpadity 8 cﬁ%hnﬁlﬁfﬂe'p’fhst hetht 38o8rde @haink s ﬁ& }@f‘béeﬂ%fsé'lgﬁ'f@?int that

may be present ’n a target test system configuration. hi's exanp a
finite nuetseivecturingsttesifiont step, Phewtainymber efand thbl 1e18f0@pahl¢19f diiting, |thm in a

test system The tion nst ru nt t refl din adrop
down |i st™1V%%, e%ﬂgehm@ﬁé‘? C%Psﬁfgﬁe #%%Lﬁ%qﬁatg@loé@fbec%?iefc%&ﬁﬁt i on options.
Each row gbighinenttaBhesfia Yurfthﬂ%'fr&@ﬁrcb raﬁgluel \Agmrfef'nehtohlﬁ GhdtRestIbGytep, Nuber  of

i nstrunents of t he deS| gnat ed ty 2011/ 140233PCT/ US2011/ 035212 48
be i ndi cadf&3l] By mahiqyghegvcanl aalreswee mgarpﬁ igavpilables it widmnlobe sab@eedat entry

of val ue system
confi gur th {)%kn. 2([313%3:31]{ @%@F ﬁlglr%g‘gjlremtsbogq%!r %%Pdeghpgma%t%]g&ggémc? %SEQII ew or
modi fy vaheesangfle anwhivhraassivese dngaic isayailablebgethsa st l@@nbﬂjwh abygriedad 900.
Sub- ar ea 040Er%yallow ser tol_geflne for exanp conflicts. In this
exanpl e, BeBUBPEP! PG éb‘ttés aRphie of Herineraptibe ’EﬂSB‘éIR%e@gﬂ\%t M@4nnot be
tested t qQeLMeless Jcﬁ'b% sk1RERE BBt MR oP RiclS&HE BX¥ndr L u%gglenﬁ ldg Fheas%t éf)
filter candidate flows as di scussed above In connectl

(FIG 2) reg@n@&]ntsnffm ma:tﬂxampkbdlﬁremﬁd éngire maybadssignbdton pindittebuld t he
user. In th tﬁar’g'% GE out a %1?% 1050 |nc]fll udes & sub-area 1060
that pr Ovrle%ge o) QBWFE%IH? HPRESUR L APy Toyng progpdhaniweuifi b e heen

i dent i fi efcestit§ 16 ikt leghiverdans 6f @d sétrbf%tgn@ﬁf%ﬁt B&@% HRYssBEatis&d7 100 t he
user inputs entered through sub-area 1040 and/or 5 conflicts |dent| fied
by oper atlpdhis s¢engne) a Gemires erigirampy bedisquelified apa eandidai resbiree vrgine Though,
when sub- s@fe@f@d;‘ap@lgc]'f gi:i udes conflicts identified by nmultiple sources, the
conflicts may be col or'coded or otherw se presented in a way that vi suaIIy
i ndi cat es[()l;hx] sour de soie tsthafiog) fthdre inaly e @idTe thadrbne kOl BB Bee lighier ent

col ors co ing may be used to identify conflicts identified by a user which
resul t ed P I%frﬁitsn% Ie8PYTER CRFinG iwadireraen of therset baing pracessed clo thisscermria o and
conflict %flﬂsee&,;c]m‘dh{% QP& 0 may have
been identifie igég?ﬁél on els g%yg%gg%gﬂleéa%p@)oc%\ﬁﬁEgﬁeo%leer%g?ﬂg{;lgof t ool
900. Suc heiomfayrenugmemmynm/bdsed ois efieibdr rhmrehxehpstmg oaothes triterigthae éicilltatent i f y
ion or a test programthat may

h t t te t
ead o dgre AP Repiop s SHREER Nl kel iRagaTe. For exaBbler it o types

of resource engines can satisfy a resource engine requirement, a resource engine of the

more available type may be selected. As an example of another heuristic, in an
embodiment in which resource engines are being selected for concurrent testing of
multiple sites, resource engines may be selected such that the same resource engine, if
possible, be mapped to corresponding pins in each of the sites. As a specific example, if
a resource engine can source signals associated with three differential pairs, but the set of
requirements being processed requires a resource engine to source one differential pair,

the resource engine that can source three differential pairs may be preferentially selected



[ 0186] Sub-area 1070 may be used to output results of attenpts to fi nd vaI id
resource assi gnments for the candidate test flows. In this exanp

i nf or mat i8R % /16P7€§ent ed in a mtrix., Each rowin the nﬁFFWZ%H?Sﬂ%S

i nformation about one candidate test I ow and the results of an attenpt to
find a valid resource assignnent for that flow Though the information on
candidate test flows may be presented in any suitable way, in this exanple,
the candidate test flows are defined in a series of colums 1072. Each of
the columms in the series 1072 provides information about test bl ocks

i ncl uded &wh tmmledﬂaﬁenés@m@:&igi@nnﬁwb@@@ignsdmwrretsmldﬁﬂgnpmr ofOsisshEach of
the rows, assqciated with a flow, ma)ﬁ ndicate results of an attenpt to
find a vafdch of isqihe sites sh gAFRPONGISE ?WéSUFIaBR}leSIfﬁT SARGHAR TRPQUICRS i ch a f1 ow

fail ed be r pe | to neet
2" esour et S PeRIndRs B BB YRER R Rt s PaRdidiFh Vg B T8
type may éamgineritisbatreprevidinylyasdigtedsta |atcatrle@ondifngrgmm1p mmnathemltet bt shllosz and
resource SSI nts nmade or attenpted f flo al t atively or
addi ti ona wvgléa'ﬁﬁ @@ﬁ%&hatmg@r@aﬁﬁweﬂ%ea srentaliyrselseieds OrETRGHF el ude
ot her CO”%OQbssoﬁleid%Y‘éerEngﬁle%&ﬁlrén%n@B 6)%&1% %oﬁ’é’stpén&ﬁé %qu%t:. %ﬁlé)ﬂ’{'s & oper ation

of tool For exanple, control 1080 is a project menu con
oper at i ngdifierent sltesrcmcu‘ravelmmthﬁa;der fq@dttaE©MI¢dBOmaﬁwphgeurt&BC$ ol to save

data mani pul at ed For exanpl he f.il e . control
(060 may BB ESTeediP ddkoHe P IrRa G aR & ok Boetdei i or  ont
st ore 936alldcBd@iekddree drkimtdsQY kétBarc8BngRE AdqeRem¥ntew of graphi cal user
interface 1030, in an alternative operating state in which a user is

interacti WdSH th t hethepbeuristpaprother criferiy mnbepsedde salegmgrfsgm Baonged to
define r eﬁ“ﬂtir ?%Elgbl% Qé’sogllf%%Bgﬁleg{hggﬁéetgﬂ%ﬁ%g&ﬁ& a]ia%%ie 1% u1§em%rﬁetfhl s exanpl e,

gr aphi cal ace Hor Hatr't 8das a

mat ri X. E@d:duerdcw aff retplieennaity. | Xs & SuréRs e;eamﬂe,dhmmﬂlat Risouro¢ ergigehaof pi ns.

I nformati on across .the row nmay specify reqU|re nts at.a pin or pin group
that may laeeéaﬁledmwlwe@éwtbséﬁleﬁrﬂ@cﬁs ap GXAPIE Of LHHTBISUE. e R has

o oup. of S e B R B o TR L TR it led 0%

associ at echeninabsignedrdagin] pin pidresseconid inbluides elght unassigned digital pfns, the
selection as block 712 will favor the resource engine that has one unassigned digital pin.
[0154] It should be appreciated that application of certain criteria may lead to
conflicting selections. For example, a heuristic to select the smallest resource engine
may conflict with a heuristic indicating selection of a resource engine to meet the
requirements of corresponding groups in multiple sites. Accordingly, rules or other
criteria may be used to determine an order of precedence for other selection criteria.
[0155] Regardless of the criteria used to select a resource engine at block 712,
following the execution of block 712, the process may branch at decision block 714
based on whether a selection was possible at block 712. If a selection was possible, the
process may branch to block 720 where test system resources associated with the
selected resource engine may be assigned to pins of the group associated with the set of
requirements being processed. A block 722 this assignment may be recorded as part of a
developing candidate assignment of resources. The assignment may be recorded in any
suitable way. For example, information identifying the assignment may be recorded in
data structure in computer memory.
[0156] Information recorded at block 722 may be used to define a final

assignment if all of the requirements of all of the sets are satisfied. Additionally, while



identified by a nane, "ctrlRF<0:2>." Specifically in this exanple, the user

has selected a field in row 1110 associated with a test block, identified
as "RF." YHS'HAH 28t ered in the sel e4clt ed field 1112 i dgﬁﬂqsg@gmszu

requirements, by instrunent type, for the identified group of pins during
the identified test block. In this exanple, the data in field 1112

I ndi cates that the user has specified two types of resources as being
required. [0191]Additionally, FIG 11 illustrates that a user has accessed
a series of drop down lists, 1114A, 1114B and 1114C. These lists specify

addi ti onahe pRGENsIETRO! B isHrindserfoesedtherdcedet iorndtnsn@calio Beluded td i el d
1112. As a specific exanple, drop down |ist 1114A allows a user tqQ add a
further rieaskaveiebigresqiscy sngines1 Moregyer;igfosmaton storedaaf flogk /23 maydndpdey

resource liﬁ&ﬁﬂ%aﬁ(@?@%}?g%{lé ?&fsé?ll%%ss {h.gf\lvgrﬁ nloP sél&itésd. Cﬁ?&escﬁ@&l BEGY irhas

sel ected to specl e resource requirenment identified
as UP800_dong&ttion wWithliadk 732, iifst pdlidtlid Bhe proeess sereacheyl vdpte thoraseuroy engife

desi gnation of the resqurce as required or may specify special qverlay
" equi r R e RN iR ZFUS B SEORES TRieeat dishTaresEd TR Dg SBlied Backr dSt ad

wi th optienshdrQ GReehf %1RAEH 8f 136urbRARSliRin {HRGrolest §Baueesu1MPa valid
2011/ 140233PCT/ US2011/ 035212 50 resource. Specifically in this exanple, the

user has aseigemtwd t hrough list 1114B to include as part of the requirenents
in field B that,the resource operate.in.a.shpecial concurrent age
mode. [ 0485 e ougrP BTGRP aARY T1sbRT o e BT n R BE M GR1 Her

char act ergagdih€ thr@ight 16ckSPIEC I Eiis Braftmay Saekeighen @Tiﬂ bede tkeBiof pRicedting
resource. These drop down |ists 1114A, 1114B and 1114C nay be popul at ed

wi t h i nf o6 pert pba gewpdergwhich aatignmenty kavgpaeviensty bgengnaderas pge of prosessingst em
oot 2Ur A pilh S SRl BloCSRRUN RS Y SLLANLE Aodubaler ot on

about the i I nes ources an

par anet ergin bbiap bssidiemts frtneat sadiabloriiampeor flyat plihgrogh, Heveterdadipiayms may be
created in any suitable way. [0194]FI G 12 shows an enl arged vi ew of
sub- ar ea TgEPPELes preqot pssigned ja fiegrahodiment illustrated.

[0158] From block 722 processing may proceed to decision block 724. At
decision block 724, the process may branch based on whether all of the sets of
requirements have been met. If more sets of requirements remain, the process loops back
from decision 724 to block 710 where the next set of requirements is selected and
processed to identify resource engines meeting that set of requirements. Conversely, if
all sets of requirements have been satisfied by assignment of candidate resource engines,
the process may end at termination point 724. If processing reaches termination point
724, sub-process 630 (FIG. 6) will end, indicating a successful assignment has been
identified.

[0159] Conversely, if a selection of resource engines to meet a set of
requirements is not possible at block 712, the process may branch at decision block 714
to decision block 730. At decision block 730, the process may again branch depending
on whether there were available alternatives to any of the resource engines selected as a
candidate resource engine that have not previously been selected as the candidate
resource an assignment may be attempted based on selection of one of the alternative
resource engines in place of the selected resource engine. Accordingly, in this scenario,
processing may branch from decision block 730 to block 732. At block 732, the state of
assignments recorded at block 722 may be rolled back to a state prior to selection of the

candidate resource engine for which an alternative selection is to be tested.



message 1210 that appears for a flowillustrated in sub-area 1070. In this
exanpl e, the nmessage 1210 provi des feedback to a user faor._why a valid
resource ‘XQSZPW? could not be foung for a flow. ACCOP&FHE¥V,1/O?§%12&1ddi tion
to indicating that an attenpted assighnment failed, nmessage 1210 provides a
reason why the attenpted assignnent failed. In this case, the attenpted
assi gnnent failed because of a resource alignnent. Furthernore, tool 900
may be progranmed to suggest counter neasures that may avoid failure of a
specific flow In this case, the tool has provided a suggestion to add an

i nstrumenfo16@int ai ni Tige $RtddydaadidhterresOiteas bt kaflacsd by anatambked, andlur i ng an

attenpted resource assignnent for the flow.  Accordi ng}ley, FIG 12 provides
an exanpl @ersfore degoartto phugh tha progessos iabexdled pack, may heidgterpingd an 9n¥ he t ool |
in each i i il LS j kSt 1.CS: fd.ci ent
coneur rer T e 2R G e B e Bl AR e an

i nproved which untredtalttmativpteasurts erggiidsexest maly Ot 9&jlédeG Al@rnativelyt thatfes a

gr aphi cal user inéigrface t hr ou ich a us may .i nput conmands to cause

h whi r
tool 900 &Sl AIg AGOUTCR BERE R 1 lg}ln@ﬁﬁﬁl%@@aﬁwwé}stm%ﬁﬁ g°d310
| ncl udes ghddeBodioWhoERUng QAL tedhfiqhiay 60 il 6 lachribp Sbaiigeel ect and

output format. Miltiple output format options may presented to the user.
As one ex@Eppires todbeusplacadey ayalciayiva selegomt Foutxyanplé.chersdlection ofesponse to

such a sel ection, tool 900 create a.repori 132Q...l.n this exanple,
eport 155001eR g sB TR 4O BY R Geilte oty e aneliBets TR co

provi di NQerigifeg it itk @hﬂweplda@m_@&nqufongmtotﬁee%mﬁlﬂﬁ@@ma&rbetubécsto%&@m e, the
generated report 1320 describes in tabular and pictorial formtest blocks

that can Iseowemenginedabieyeniseedy For exavaple.tibe eandidete ieaniree engirajotbet hat t hey

can o1 g0 A01L LIDESHRETI AL APTEIA o SIR SR YRSt T

conf | i ctiagroaprdivhizhitysarobssigrt. Blssighments khis tataihecbobyce ehgidiesithat fullg mat ri x.
Though, it shoul d be appreciated that a, report in any suitable format nmay
be gener aPEd Ry TeABBIMYBHOL § grPYB] AW PEdiEPRA) CaRACHY LSRR hREr HIB% A04Ync udes

ot her outpui.f ALl s retﬁQf'duM Qség%ﬁrﬁélrﬁh%‘%ﬁcﬁ’ Hﬁepfé%%JrQ% Eﬁzgﬁl]né c?oe|§ n%g%{ﬂﬂg; sz'

A channel p 1330 1s strat IS exanp anne
r ecor ded msctdhspreacsémees! thagraptdrigr whichan essagried medoatoeeapinddws aeuspd ns and

test systemchannels..Ip a nmylti-site concurrent test plan a mapping for a
devi ce picr"ilp?%g" g@fﬁ{ngme@_ Q@gﬁﬁlé’n 36\??‘1’1‘&.“1%5%@1 l.’er@é’hi@%reﬁ%‘ifc g“gé‘g"eci fied
ina for %Ei%ﬁﬁ_eh@ KA ol rBsdui@ @gine thEQUER réfirefidhis R 6 PoRBh gﬁ’}y be used.
[0197]FIG I4 illustrates a further graphical user interface 1% 0 that

al t er nat i srevps ipelladdheasinal |y may be used to supply inputs to a tool 350.
In this le, u i f.ace 1400.i nel udes |tiple display areas
\?\ml & Sﬁé arcﬁés% Of ?he m&nner m Wﬁlgg aé)Bfé 1 ?.tle Oglfceteﬁgmle Sol -

;
t hr ough a user y specify a desir

[0198] Di sigémificd] $ia stcldX thé haygndentferbord 43 dréided atpadcRITBD E theltihad peaitbr ol t he
node of operation of the tool. As described above, the tool may be used to

att enpt, Pyenmenrtnfthaticandidase resource aydisdeqrealed. 4By swifablmierhyidus foon,

identify f f4 cl.ent : Waﬁpl;i operati ng
nodes al stgamr(rglﬁt %ktgﬂéﬁggée%gg,gﬁéﬁc a gnééq?léyré%na{tgﬁ)tckggalg g(gfhevs Fﬂgﬁét es A
whet her groessing asedraa pjrick §32 amrdikbaclielnd sthte efl tHeassignmsgrecud playeldpaaindi dat e

](c)lpg\rNét Il (r;ﬁ)%t the g}%e%g 1cdfotrnqgttc%g %\Hng{ t?xg la@fgn%rrlgn% ré:%%c?s a?? Bs/to}egl(.j IACsaa;[ gm&apeeexggi%lee, of
information recorded at block 722 may be recorded in frames, with each frame defining
process state information, such as assignments already made, available resources and
alternatives tried. Rolling back may entail deleting frames until an appropriate frame is
found. Though, in other embodiments a rollback may be implemented using a stack with
recursion.

[0162] Regardless of the manner in which a previously assigned resource is

identified for replacement, once appropriate processing conditions are established,

processing may proceed to termination point 734. From termination point 734,



[0199] I n this exanple, the user has supplied input indicating that the tool
Is to operate in a node in which it attenpts to find a flow for which a

val i d resv(‘fgrngmég??gnnent can be made,, I n this case, thECFGTéFOHQ;’ﬁZB’e

configured to use one of nultiple app*”'oaches for generating candi date
flows. As described above, these may include a conplete set algorithm
corresponding to processing in block 212 (FIG 2). Alternatively, a user
may sel ect to have candidate flows generated by a flowiterator. In this
case, the user may specify a type of iterator. Such options are illustrated

i n di spl gyoadssiag hhyGumpibhék SrEsdk 1126ewkdre pRooeind day rsiihobagdar ati on shown
sel ected. [0200] D spl ay area 1410 al so i ncludes other input cgnd I nformati on

that may sskectierefl anpliestive IsOwEGe CABINE Hoftteni fo Erms assigampRr o Feto8fcenay be
specifie ol will execute before it reverts to

Smart - Ragegg%e%rgod%?g%: és)%ggfsrgﬁﬁtgst rated, the WO

2011/ 1402886371/ US2 Adnve3bR/] & ribXuttherl altempatiiverpasiadate tesorirte engindséo bynber of

bl ocks for which a conplete search wil|] be att ted. That limt is shown
215" n RIS BB ARH(ondHo QIR ise B BeSlekIOpa Y Hetber o

bl ocks, %ﬂﬁu@asima&m%%@sﬁcpfm@.ughb@ck 7.t rebStd RRdy 1R th&fUifigsent of the
invention. [0201] Display area 1420 includes other input areas through which
a user camsqun@unguel regsreiomt fravdret ee sclediian of o gandidateeaotirgagngine wasol i s

likely to execute. .These .paraneters, may specif ' ut .perio or
overal | é%?é%ﬁfer g[‘r:f;ns thg%maggp _uﬁwsd%gs‘g%&#p‘%spgrogfe?%ﬁs’ B‘étﬁugg’ggow | ong
the tool jwhichtiRXeaHAtRNEOF BeQa@Btiester conFi@aratibn titit prechdbd on h@SHUEHE from
assignment for a candidate flow Alternatively or additionally, values of

par anet erbgingyaadd. npact operating time or output produced may al so be

S N T R e ST

for a usejoidty4achepsocksy dﬂﬁG. 3 @idyi edd Sresulting in sub-process 630 ending in a failure
condition. In this scenario, the process of FIG. 6 may branch at decision block 640 along
the failure path to decision block 641, where the process may repeat with a different
weighting, or to decision block 642, where the process may repeat with a different
possible flow or other suitable processing. Processing may iterate in this fashion until a
successful assignment of resource engines to resource engine requirement is identified or
assignments are attempted for each possible flow and no valid assignment could be
identified.
[0165] Though, it should be recognized that other termination conditions may be
possible. For example, the processing of combined FIGS. 6 and 7 may be terminated
after a preset period of time. Likewise, any portion of the processing of FIGS. 6 and 7
may be terminated after a predetermined period of time. As an example, processing at
decision block 730 may branch to block 740 even if untried available resource engines
meet requirements of the set after a predetermined number of attempts to try alternatives
or a predetermined amount of processing time.
[0166]
[0167] Turning to FIG. 9, a computer system implementing a tool according to
some embodiments of the invention is schematically illustrated. The computer system
implementing the tool may contain hardware components as are known in the art. For

example, one or more processors and input/output devices may be provided as part of



Di spl ay area 1410 provides a nmechanismfor a user to activate controls that
apply the setti ngs,or I nvoke ot her functions, such as havi r{% t he t ool
suggest s‘gptzpﬂé]é.BfOZOS] FIG 14B illlé1s4trat es a further GSEVSPHEEPFATe. 1n
this exanple, the user interface of G 14B provides a nechanismfor a
user to specify a test systemconfiguration. This interface nmay be used

I nstead of user interface 1034 (FIG 10). Though, the interface of FIG 14B
i ncl udes a nechani sm by which a user may specify a test slot into which
each of the installed instrunments is installed. A mapper that creates a map

as descr i fueH aabmypeatemBysteael adtitionsily, dompiisr storage wicdid map pepiovided po serdased
on the position of the instrunents within a test system Accordingly, this
i nf or mat i 4R Preyesses FgsaeRied iheegh the user interface of FIG 14B.

[0204] Havjoiggt hus dRSEL LRBGBRKATRLASDRE] 900 tnloeliERRnARE SURGLEENT Of

this invention, it 1s to be appreciated that various alterations,

nmodi f i catéxeastablamtiungioms\peeprnddsinany suitadacdypwerdanguage thaosey dbkickéamtktdi n t he
art. [0205] For exanple]},? FIG 1 illustrates test@g}.of dﬁvi ces ash%rt of a
waf er. THE PR5IT RIS Of FseiohsRAFe haRPeIs8mRLIEE YO EABP AP Y A B ent
test planmgsaas ddldpshedl 910 @af iaélgif&fs wtﬂa&le%ym@gmgrsaﬁ e bQSBlishbd bSATB

enbodi ment,” ‘packaged parts may be tested and in other enbodi nents,

mul ti chi pestopdnd fos a deyichundes sasband ¢hennadx ahpiest syFient thaigsugpertitscaeonicurreitf f er ent
fornms may, require di.fferent nical .structures to . 2Nt i nNgs

et ween 16Uy Htaibe ST eBbE AL Bpr kR e ARSI FREU 2 4 oo
envi si oneghnaéddioaBYttPEIGERE @ndd 936 béthelctdnni¢dhhdiig ausitid Mappirgeeistaandlgscri bed
her ei n. [OZ&SAAI sQ, an interval during a test flow during which a resource

engi ne i sSOalpatqieipiies WAYMPRPIBEf act or in making a resource engine assignnent.

TR AL e gy s PRA SN Bty i 0e8 Lo
through an interface component 912. Interface component 912 may receive inputs from
one or more sources and may be implemented as a graphical user interface for receiving
inputs from a user of a computer system on which tool 900 is executing. Alternatively or
additionally, interface component 912 may include one or more application
programming interfaces (APIs) to allow tool 900 to receive inputs from other
computerized tools used in designing a device or test process.
[0170] FIG. 9 provides examples of the types of data that might be input through
interface component 912. For example, a device pinout may be provided to specify the
pins of a device. The pinout may be entered manually by a user through a graphical user
interface. Though, in some embodiments, the pinout may be input by providing a file or
identifier of a file through an application programming interface. In this example, the
device pinout may be encoded in a file entitled “Pinmap.txt.”
[0171] Information relating to a configuration of a target tester may similarly be
provided through a graphical user interface or an application programming interface. In
this example, the target tester configuration may be encoded in a file entitled
“CurrentConfig.txt.” Other inputs such as inputs 310 (FIG. 3) may similarly be input
through interface component 912. These values similarly may be entered through a
graphical user interface or an APL
[0172] Interface component 914 provides an output mechanism for tool 900.
Any suitable data may be output through interface component 914, including any of the
outputs 370 (FIG. 3). This information may be output through a graphical user interface,



be assigned to satisfy different requirenents at different times during a
flow Such a change of assignnents during a flown nay be %ossible if the
DI B or oﬂﬁ88038%9£%ns of the test syg&en1include swi t che§ ﬂ§5pl@§ﬁl%hange
physi cal connections between channel sTand pins. Alternatively, such a
change of assignnments may be possible with instrunments in which the
functionality of certain I/0Os can be change. As a specific exanple, an

i nstrunment having I/ 0s connected to nultiple channels may support one
serial port, but at any one tine that serial port functionality may be
provi ded duch anpy aiplagingnheinfértnanibh oh alch/pufts kéredest priBot @upl REliceA resource
engi ne representing this serial Eort functionality can be assigned,

at
di f f er entcoppepied torthe gempweier Whichdoql S0P raeruiss. diltermatizgly of ydditenalyadgoci at ed
with the i if e ni-ns: i ial port
funct i onanoralF Ry b8 uls PSRN dobftefon AR BRASIASEL I BB B 1
t enpor al recnd lthecinformagioexi & file ahyotizmisgitabdsdayn sewmttere isat nipy Heaccassdédlst bl ock
or ot her stlji tabl e tenporal interval of a.flqw. Mul tiple assi gcfmaﬂts of the
same r esRUPTSOBRYIHESh NSRS By Ropastidliseetly (R gnailer sORPHETEFY 1Ph vi ol ati on

of rul es @RRGHBYIATY Willn HIERRE OhpshdiibI ANROYS LARNE G PN RBhPaldkgd for a
resource engine during any such interval. [0207] Such al terati ons,

nodi f i catthrugh andd’Li Fisr. Q\sbowa thst nod 9D mey ¢enkerate npdtiplafilesghatithaysbatised| osur e,
and are i.ntcenPled #é) be .withig t he .sgi ri.t angles%ovpe of l;he i nvent i og.

Accor di ngPy e 2F5F ERATORG AL ISSHPE drVIEHS s Hadaviss ats Bk MRy gy anpl e
onl'y. [02Q84rdhg; tohaaveertigied coirerepNbadldre Niss BifotiioR heSaRtreé W& i ON can be

i npl enented in ang of numerous ways. For exanple, the enbodi nents may be
i mpl enentieEmaigisebnaiesheeelopsent oryirongient sedns IRaXILON tashdavslsomephen |

| ol ement gl i 8 (¥RICxaliBf SYIEMOT QMR SABPALLXCGH Lo ANy SUi tabl e
processor orf collection of “processors, et'her "provi de h a single
conput er ‘Pinrdapstxt’] dndt‘€thaanaimgp il inaglbe gendrptati e XMISOE bthpr ag@blor s nay be

i npl enented as integrated circuits, with one or nore processors in an

i nt egrat éa{l&ﬂag%ma% meﬁgﬁéﬁ“é’ﬁ%e.d er?rtSﬂgﬁYelaplﬁF’H@@é(%?mﬁﬁﬁO%e i npl ement ed usi ng
Cl rcui trypgysjany SurﬁquglﬁtsfO@EH@éXGCI[t%Q&h?HOBh&% bk Ezgﬁﬁ&%ﬂ 'iﬁjaBSaﬁll?eﬁﬁﬁP' at ed
that a conputer may be enbodied in any of a nunber of forns, such as a

r ack- nourit lsunanowadabéer andzediteblk fomat,cuplutethe dackragitdpepodr(piotBrillusiratal inabl et
conput er . Addi ti onal | a conputer. be enbedded in devi ce not

general | v I@eéa&h@&%@@%S%%%ﬁ%%@? %ﬁ??ﬁagetﬁel@' 0P s SYehgs E98%hi 1 ti es,
i n_clt ug: Ngha vf’&% la@é}albteg! @s%@dels&ﬁf m&&@mtgoa_%le toae\?%fmét& a RPPRgT6r 2Ny Ot her
suitabl e portable or fixed electronic device. _ . .

2011/ 140228Rukr (oo proiedebest exacytppione assnciaed with dloas fomyhichweppings or  nor e
i nput an t i ) evi ces, can be used, anong other things, to
pr esent %Oﬁfsaeﬁ%ﬁﬁﬁqga&g%gOﬂg}z‘?r%rxg%uo&tﬁ%tu ?)Yu}fe %eél\7fa§%ds that can be used to
provi de d0usgr i nt dafilkcexanipid SIRIQO] Mt@fage 06mPbisdak ay4 fay eRBSufpat Vi sual
presentati on of output and speakers or other sound generating devices for
audi bl e ﬂP@é‘@ﬁtﬂ%& ﬁ!‘(ﬂ?gﬁ?fa Haphieal usenintgifncedo be revipied eg nesssingtgad okirinpe used
for a useldidhds @ARe iGhRIRHGY ROHIR mAOHIAGWILIL A AGYLfRP by BLGRAS ™ CO.
touch pads, an digl%izing tablets. another exanpfe, a con%u er may
recei ve iomnpther corhputerimplemertedtoghs. Siieentput f tgh D00, dor examipte, aidyancladi bl e

format. [.0211] Such c ut.ers nay .be interc cted by. one or npre networks
in any [m Ormlltlon escr?bnlBg the best reSult found Ly tool 900 or Selectéd by t%e user from a set

of candidate flows with successful resource assignment. The best result may be
described based on the flow and resource assignment that was identified to achieve that
flow. In conjunction with the best flow, tool 900 may provide the estimated test time for
the identified flow.

[0175] Similar information may be output for other result options that may be
identified other than the best result found. Such outputs may be provided in scenarios in
which tool 900 repeats processing, such as the processing illustrated in FIG. 6, after a

first result is identified. The first result may correlate with the best result found. By



suitable form including as a |ocal area network or a wi de area network,
such as an enterprise network or the Internet. Such netwyrks may_ be based
on any sy P2BPEHE e hnol ogy and may opgerate accordi ng topgﬁﬁpsg‘{ﬁl%{%%ll?e
protocol and may include wireless netWorks, wired networks or fiber optic
networks. [0212] Al so, the various nethods or processes outlined herein my
be coded as software that is executable on one or nore processors that
enpl oy any one of a variety of operating systens or platforns.

Addi tionally, such software nay be witten using any of a nunber of

sui t abl e @nPELRETHr6@sdifBUARRHt BNAEREFy WRRARETHaPAings for GtcpHbRg, th&l s, and
al so may be conpil ed as executabl e nmachi ne | anguage code or internedi ate
code t hatrepéisapacalsebe Wenéfigd- anewor k or virtual machine. [0213]1n this
respect, @li%' nvent £eN gy, iﬂﬁg?ﬂ%qgéteadco%u?er%g’%@@to rwﬁﬁl?ﬂ)%? b@O g?e%hfégn (or
mul tiple on‘Juter readabl'e nedia) (e.g., ‘a conputer nenory, Oné Or nore

fl oppy dimagcontainpac br toscdats Goyes, lmﬂﬁihlg&ﬂlfod?stitﬁm usdd beﬁgene'raiaf)l()jyd'tcﬁ)ks (DVD),
magneti c es, flash nenories, circuit configurations in Fie

Pr ogr ammeHIIESCLEEONET ah8a51ores 3k 956 5P GRAASE B iLByrARES In 31s Braere

non- tr ansiOkihres 6309 PHE HRATRIEEHats bHALEI BF HeBd £ICAREHM Hdla Of3Fs0r MOr e
prograns that, when executed on one or nore conputers ‘or other processors,
per f or m nErand<30maty storplieprnto théeol.aF omaxemeid) daliastone 93 dMmay kerd reseunté on

di scussed above. .The conputer readabl. diym or nedia n be

L1 ans por {HBHE UHISRPRLICE AS BV 66 Bed Brtsd o oSt P Hnde &R 28dn be

| oaded ong12. qha StordIB2emaY §tbRY IBRFrmEOEPst 8indlidiie AhHRAgDEQRHOIT4yShd O

i npl enent various aspects of the present invention as discussed above. As

used her eiepordedhat tleckn 722 onptd end alecaerhdsibdocktBRage medi umt enconpasses only a

arirol o PV aornrey s I50 il oRg-F BT R D R R S obdor S5

[ 0214] Thesybenne: téQhepran)’ Doka SieRfiBwais stere eules 86t Des@htibns isél MeAEbIE sense
to refer to ar%y tyge of conputer code or set of computer-executable

i nst ruct i B38 Al RREra %OB@OE%‘@@H stoie P derexrmpleo MY tsEre BHesofoher processor
to inple : i v nt..:i i t SC bove.
Addi £} o P e el A A e R AN 0 P
enbodi nmengips, omekingy otherselectopuirgerfproing any otheabparhtonseleag exgtufien bHhe

met hods of the present invention need not reside on a single conputer or

processort,o0 ut may be distributed in a nodul ar fashi on anongst a nunber of

di f f er entjogygpput er sngfzﬁfg]r&c\fet%qqcs 1@,%&%@1@9&% gf%ﬂi@ﬂﬁsé%@ﬁa&gﬁatm&

present invention. Conput er - execut abl e i nstructions may be in many
forms, sueHmpe eme eapitensdisplxeby inset fasg elemeenty 9 12mnd 93 dnpproeidsdor ot her

devi ces. rally, . pregr dul.es include routines, prograns, objects,
conpone nt(gcifjéB %gj?laussli i ge(r: ag? Zgi (mé)]fféld “t 1Y Ipiee‘ﬂﬂ?}%?fﬁa% £P108 Iogl?‘fﬂicg‘s‘}lgy ger _
i mpl enentadpped feruteviviap stdragputdaiBsoneSvhidly Ria§ 3k la¥agtberdr prssdigpal ity of
t he program nodul es may be conbined or distributed as desired in various
enbodi merftuéputs. Information may be input or output through graphical user interface 1010 using

control elements of the type known in the art for implementing graphical user interfaces.

These control elements may include columns, tables, drop-down lists, check boxes,

sliders or display control objects of any suitable type.

[0179] In the example of FIG. 10, graphical user interface 1010 is generally

divided to an input area 1020 and output area 1050. Input area 1020 may include

multiple sub-areas, such as sub-area 1022 through which a user may enter information

about test blocks. All of the information displayed in sub-area 1022 may be input by a

user. Though, in some embodiments, information about test blocks may be initially

obtained from a test generation program or other computerized resource. That

information may be displayed in sub-area 1022 for the user to view and modify.



10216] Al so, data structures nmay be stored in conputer-readable nedia in any
suitable form For sinplicity of illustration, data structures be shown
to have fY&HYHHEY are rel ated throu%h location in the? ﬁnge?Z%]t”rﬂﬁ%tlﬁre.
Such rel ationships may |i kew se be achi eved by assigning storage for the
fields wth locations in a conputer-readabl e medi umthat conveys

rel ati onship between the fields. However, any suitable nmechani sm may be
used to establish a relationship between information in fields of a data
structure, including through the use of pointers, tags or other nmechani sns
that estqoigeh rel adddinstully, dieplwp eub-akak a0z ma?m&ude[dbaﬂdl]s‘ﬂ%h@lusm&ﬁpects of
the present invention_ may be used al one, in conbination, in avariety of
ar r angeneh YsHSray Speifr sp@alﬁwesa plockstognclpde tnﬁbe éwam:wetﬁ%tsvl%sla thiped in the
for 290! Pt forkal RLONE AL b bdbol SRR Windgl Pt Budet al |
and arrangenent  of nponents set forth in t ore ol hg description or

i 11 ustratusdr torspedify \dheimmgestesﬂ:bjoclevsaorbé mclmisﬁm:ths cdmdidate bled sifronowhich

enbodi ment may be conpi ned .in an ner with aspects described in other
enbodi merft CRCIERN §55hPLB IS tOrRe GoR nadgn may be enbodied as a nethod, of

whi ch an gxgypl e h%b%@éﬂl@%hp@l@@ 1n-EhﬁleEH\e'ic§ ﬂ?@vﬁiﬁ’ﬂ'gqﬁfénﬁ%(ﬁﬁiﬁou@éachhe

met hod may be ordered 1n any suitab way. Accordingly, enbodinents nay be
const r uctaddhg testtipaks. dbess faalds, ﬁvr&ampbdmam idemtiGy aieqzstlmatefdetp&mtmet ¢ran

iIIustrate ich may includ sone _act

20117 140995560 DS SRS B e R AT SRR PR s THORR s
sequent i alditasle SomtPols sudhShdtakérmBay iR 8eHiIBN{oSvieWiigahS @88 hufgeekaambe, FIG 6
shows that bl ocks 610, 612 and 614, 616 and 618 occur within a | oop that

begi ns atthepbrshaseme inputs inieokdMEIGeNt s, processing at sorme or al | of

bl ocks 6 12 an . A. i.fic
oandi dat a0l T dpphreBoRUY RidllTRULRE, MICERERISIn ShicR ilBERAIoRC )
616 and GabSutrpnys 1lnay peeiiterede &ob eidhrmn hdsocikte@Gdth thoddAtdsedeptesqirebonmks t er ns
such as "first,"” "second," "third," etc. CSerthe cl ai tg@ dlfﬁfa cla| m
el ement dted iongsnerse ?ftrg%qsweés%ﬁﬁtgﬁlélsaw‘abpm ipg a tost gy tif

one cl ai r@xﬁllngféeg\}b £}¥§ﬁ%ﬁf‘i@tnlﬁgfen% (ffdré@ at ﬂp%tﬁlea e}ﬂﬁrbein% J}éﬁ'egéﬁt s of a

met hod are perforne ut are use y as sto |st|ngwsh one
cl ai m el dirent theggridngA@ossematlaline, naﬁmﬂnatlcamb@uml‘reem nedre gres ofieasbwge thasane nane

(but for usebeorflectesggryotg clasl‘?%ﬂe I}ig m be en eredt ng rs]ulg Qreeaqb% %a aeterlr?nnéu

area 1030 may be entirely entered by a user or may be obtained from another

computerized tool used in developing a test program. These values may then be edited by
a user.

[0183] A further sub-area 1034 may be displayed as part of graphical user
interface 1010. In this example, sub-area 1034 provides information about a target tester
configuration and a target number of sites. As with sub-areas 1022 and 1030, the
information displayed in sub-area 1034 may be obtained from a file or output in any
suitable form generated by another computerized tool used in developing a test program.
This information may be displayed to the user and, at the user’s option, modified. In this
example, the tester configuration is displayed to the user as a table, with each row in the
table relating to an instrument that may be present in a target test system configuration.
In this example, a finite number of instruments types may be available for installation in
a test system. The options for instrument type may be reflected in a drop down list 1036,
such that a user may readily select configuration options. Each row of the table may

further include a field 1038 in which a number of instruments of the designated type may



[ 0220] Al so, the phraseol ogy and term nol ogy used herein is for the purpose
of description and should not be regarded as limting. The use of

"i ncl udi n‘gf"““@é}’ﬁ?r"i sing," or "havi ng, " "containing," " ?ﬁ@&se‘?lﬁ/g??m%nd
variations thereof herein, is neant t0 enconpass the itens |isted
thereafter and equivalents thereof as well as additional itenms. WO

2011/ 140233PCT/ US2011/ 035212 57 CLAIMS What is clained is: 1. A method of
operating a conputing device to generate information for a concurrent test
plan for a device having a plurality of pins and to be perforned by a test

syst em hapd ingdicatefd] Byahddipulghor EabeldepIlowni 18t bRitNd0BOSENLS dTd/alusk irh at
| east one_processor: a) i1dentifying a plurality of fgroups of pins and a set
t

of r e_sou_rfé‘édf‘r EQAS; P AR 1gadiliigodity a dargetdest sysbem epnftgvEatipnoups; b)
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requi r enepdrametadthat may be used as an input by tool 900. Sub-area 1040 may allow a user to
define, for example, conflicts. In this example, sub-area 1040 accepts input identifying
blocks that cannot be tested together. This information may be used by tool 900, such as
to filter candidate flows as discussed above in connection with block 214 (FIG. 2).
[0185] Information about conflicts may also be presented to the user. In the
example of FIG. 10, output area 1050 includes a sub-area 1060 fhat provides a graphical
representation of conflicts that have been identified. The conflicts depicted in sub-area
1060 may be based on the user inputs entered through sub-area 1040 and/or 1024,
conflicts identified by operation of tool 900 or identified in any other suitable way.
Though, when sub-area 1060 includes conflicts identified by multiple sources, the
conflicts may be color coded or otherwise presented in a way that visually indicates the
source of the conflict information. For example, different colors coding may be used to
identify conflicts identified by a user which resulted in elimination of candidate test
flows at block 214 (FIG. 2) and conflicts identified by operation of tool 900, which for
example, may have been identified at decision block 640 (FIG. 6) during operation of
tool 900. Such information may be useful in helping a test engineer identify changes to a
target test system configuration or a test program that may lead to a more effective
concurrent test program.
[0186] Sub-area 1070 may be used to output results of attempts to find valid
resource assignments for the candidate test flows. In this example, the information is
presented in a matrix. Each row in the matrix contains information about one candidate
test flow and the results of an attempt to find a valid resource assignment for that flow.
Though the information on candidate test flows may be presented in any suitable way, in
this example, the candidate test flows are defined in a series of columns 1072. Each of
the columns in the series 1072 provides information about test blocks included for
concurrent execution in each step of the flow.
[0187] Each of the rows, associated with a flow, may indicate results of an
attempt to find a valid resource assignment for the flow. In scenarios in which a flow

failed because there was no available resource of a particular type to meet a resource



c) matching sets of the plurality of sets to respective groups of t he
pIurallty of g%ﬁqp 2. The method of claim 1, wherein: the sets t he
pIurallty OBLZRave an order; and49 t he natchlngP€3ﬂﬁﬁp§@§né§5|gnlng
a group of the plurality of groups to each of the sets in the order until a
group is assigned to each of the plurality of sets. 3. The nethod of claim
2, further conprising: d) assigning a score to each of the plurality of
sets, the score indicating a degree of difficulty of matching resources to
requi renents of the set; and e) establishing the order of the plurality of

sets bas eﬁ] BRnidNE thel @¢se8rcasppeangbd mdidagedp IA.ﬂyaithér)Suimibls gtfsrmationhboutet hod of
claim1l, erein: the nethod further conprises: lﬁ pon matchl ng g, group of
the pl ur 4he flgwyandjesensse assieameats pgde;qi@tiempted for il SPURaY plisnaveletrs

aSS|gn|ngmB§§) Efgi debbntdde set to pins in the group; the sets of the
plurality o Bve an order; and

[0188] Graphical user interface 1010 may include other controls allowing a user
to manipulate data associated with operation of tool 900. For example, control 1080 is a
project menu control. By operating control 1080, a user may input commands causing
the tool to save data manipﬁlated by the user. For example, operation of the file control
1080 may cause the tool to store information in data store 934 and/or data store 936.
[0189] FIG. 11 provides an enlarged view of graphical user interface 1030, in an
alternative operating state in which a user is interacting with the tool. Graphical user
interface 1100 may be used to define requirements for pins or groups of associated pins.
In this example, graphical user interface 1100 includes a display area formatted as a
matrix. Each row of the matrix is associated with a pin or group of pins. Information
across the row may specify requirements at a pin or pin group that may occur during
each test block. In this example, the user has selected row 1110 such that the user may
edit the requirements for the group of pins identified in row 1110.

[0190] In this example, row 1110 is associated with a group of pins, which is
identified by a name, “ctrIRF<0:2>.” Specifically in this example, the user has selected a
field in row 1110 associated with a test block, identified as “RF.” The data entered in the
selected field 1112 identifies requirements, by instrument type, for the identified group
of pins during the identified test block. In this example, the data in field 1112 indicates
that the user has specified two types of resources as being required.

[0191] Additionally, FIG. 11 illustrates that a user has accessed a series of drop
down lists, 1114A, 1114B and 1114C. These lists specify additional requirements on the
resource requirements specified in field 1112. As a specific example, drop down list
1114A allows a user to add a further resource in the field 1112 or to specify
characteristics of a resource already specified in that field. In this case, the user has
selected to specify characteristics of the resource requirement identified as
UP800_DigSrec.

[0192] In list 1114B, the user may opt to remove the designation of the resource
as required or may specify special overlay requirements for that resource. In this

scenario, the user is presented with options to specify operating modes of the designated
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concurrent usage mode.

[0193] Through drop down list 1114C, the user may specify further
characteristics of the special common usage mode of the designated resource. These
drop down lists 1114A, 1114B and 1114C may be populated with information stored in
data store 934, defining a target test system configuration, which defines the set of
resources available and information about the instruments, which defines the nature of
the resources and parameters about them that a user may specify. Though, such displays
may be created in any suitable way.

[0194] FIG. 12 shows an enlarged view of sub-area 1070. FIG. 12 illustrates a
message 1210 that appears for a flow illustrated in sub-area 1070. In this example, the
message 1210 provides feedback to a user for why a valid resource assignment could not
be found for a flow. Accordingly, in addition to indicating that an attempted assignment
failed, message 1210 provides a reason why the attempted assignment failed. In this
case, the attempted assignment failed because of a resource alignment. Furthermore, tool
900 may be programmed to suggest counter measures that may avoid failure of a specific
flow. In this case, the tool has provided a suggestion to add an instrument containing the
type of resource that was unavailable during an attempted resource assignment for the
flow. Accordingly, FIG. 12 provides an example of feedback that may allow a user to
iteratively apply the tool, in each iteration gaining insights into characteristics of an
efficient concurrent test plan, modifying inputs to the tool and testing whether an
improved concurrent test plan is achieved.

[0195] FIG. 13 illustrates a graphical user interface through which a user may
input commands to cause tool 900 to produce one or more outputs. Graphical user
interface 1310 includes a drop down menu control 314 through which a user may select
and output format. Multiple output format options may be presented to the user. As one
example, a user may specify a report output format. In response to such a selection, tool
900 may create a report 1320. In this example, report 1320 is formatted as a word
document with embedded graphics providing information about the concurrent test plan.
In this example, the generated report 1320 describes in tabular and pictorial form test

blocks that can be concurrently executed and those that conflict such that they can not be
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Though, it should be appreciated that a report in any suitable format may be generated by

tool 900.

[0196] Additionally, drop down menu 1314 includes other output formats. One

such alternative output format is a channel map. A channel map 1330 is illustrated. In

this example, a channel map may be recorded as a spreadsheet indicating a correlation

between device pins and test system channels. In a multi-site concurrent test plan a

mapping for a device pin for each site may be provided. Channel map 1330 may be

specified in a format as is known in the art, though any suitable format may be used.

[0197] FIG. 14 illustrates a further graphical user interface 1400 that alternatively

or additionally may be used to supply inputs to a tool 350. In this example, user

interface 1400 includes multiple display areas through which a user may specify a

desired operation of the tool.

[0198] Display area 1410 allows a user to input parameters that control the mode

of operation of the tool. As described above, the tool may be used to attempt, for a

specific device, test and test system configuration, identify an efficient flow for

conducting the test. Though, other operating modes also may be supported, such as one

in which the tool validates whether a resource mapping can be identified for a user

supplied candidate flow. Input entered through display area 1410 may indicate the mode

of operation.

[0199] In this example, the user has supplied input indicating that the tool is to

operate in a mode in which it attempts to find a flow for which a valid resource

assignment can be made. In this case, the tool may be configured to use one of multiple

approaches for generating candidate flows. As described above, these may include a

complete set algorithm, corresponding to processing in block 212 (FIG. 2).

Alternatively, a user may select to have candidate flows generated by a flow iterator. In

this case, the user may specify a type of iterator. Such options are illustrated in display

area 1410, with Smart-Iterative candidate flow generation shown selected.

[0200] Display area 1410 also includes other input and information that may be

used in configuring the tool. For example, a parameter may be specified as to how long

the tool will execute before it reverts to Smart-Random mode. Also as illustrated, the
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specity time out perlolzps %)% bve\%]ﬁerxgéurt]ign of the tool or any phase of operation, such as how
long the tool will execute before ending a search for a valid resource assignment for a candidate
flow. Alternatively or additionally, values of parameters that impact operating time or output
produced may also be specified. For example, these values may specify the number of valid
assignments that are saved.

[0202] Display area 1420 provides a mechanism for a user to access further settings.
Display area 1410 provides a mechanism for a user to activate controls that apply the settings or
invoke other functions, such as having the tool suggest settings.

[0203] FIG. 14B illustrates a further user interface. In this example, the user interface
of FIG, 14B provides a mechanism for a user to specify a test system configuration. This
interface may be used instead of user interface 1034 (FIG. 10). Though, the interface of FIG,
14B includes a mechanism by which a user may specify a test slot into which each of the
installed instruments is installed. A mapper that creates a map as described above may select
instruments to route to specific pins based on the position of the instruments within a test system.

Accordingly, this information may be supplied through the user interface of FIG. 14B.

[0204] Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated that various alterations, modifications, and
improvements will readily occur to those skilled in the art.

[0205] For example, FIG. 1 illustrates testing of devices as part of a wafer. The
tool described above may be used in establishing a concurrent test plan regardless of the
form of the device under test. In some embodiment, packaged parts may be tested and in
other embodiments, multichip modules may be tested, for example. Testing devices in
different forms may require different mechanical structures to implement mappings
between test system resources and test pins, but such alternatives are also envisioned and
may be made possible through the use of a tool as described herein.

[0206] Also, an interval during a test flow during which a resource engine is
available may be a factor in making a resource engine assignment. In scenarios in which

an assignment may change dynamically during a test flow, the same resource engine may
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can be assigned, at different times, to different pins coupled to different channels
associated with the instrument, so long as no two of those pins require serial port
functionality at the same time during a flow. For determining whether temporal conflicts
may exist, dynamic assignments may be for a test block or other suitable temporal
interval of a flow. Multiple assignments of the same resource engine may be made so
long as they do not result in violation of rules specifying the number of simultaneous
connections permitted for a resource engine during any such interval.
[0207] Such alterations, modifications, and improvements are intended to be part
of this disclosure, and are intended to be within the spirit and scope of the invention.

- Accordingly, the foregoing description and drawings are by way of example only.

[0208] The above-described embodiments of the present invention can be
implemented in any of numerous ways. For example, the embodiments may be
implemented using hardware, software or a combination thereof. When implemented in
software, the software code can be executed on any suitable processor or collection of
processors, whether provided in a single computer or distributed among multiple
computers. Such processors may be implemented as integrated circuits, with one or
more processors in an integrated circuit component. Through, a processor may be
implemented using circuitry in any suitable format.
[0209] Further, it should be appreciated that a computer may be embodied in any
of a number of forms, such as a rack-mounted computer, a desktop computer, a laptop
computer, or a tablet. computer. Additionally, a computer may be embedded in a device
not generally regarded as a computer but with suitable processing capabilities, including
a Personal Digital Assistant (PDA), a smart phone or any other suitable portable or fixed

electronic device.
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[0211] Such computers may be interconnected by one or more networks in any
suitable form, including as a local area network or a wide area network, such as an
enterprise network or the Internet. Such networks may be based on any suitable
technology and may operate according to any suitable protocol and may include wireless
networks, wired networks or fiber optic networks.
[0212] Also, the various methods or processes outlined herein may be coded as
software that is executable on one or more processors that employ any one of a variety of
operating systems or platforms. Additionally, such software may be written using any of
a number of suitable programming languages and/or programming or scripting tools, and
also may be compiled as executable machine language code or intermediate code that is
executed on a framework or virtual machine.
[0213] In this respect, the invention may be embodied as a computer readable
medium (or multiple computer readable media) (e.g., a computer memory, one or more
floppy discs, compact discs (CD), optical discs, digital video disks (DVD), magnetic
tapes, flash memories, circuit configurations in Field Programmable Gate Arrays or other
semiconductor devices, or other non-transitory, tangible computer storage medium)
encoded with one or more programs that, when executed on one or more computers or
other processors, perform methods that implement the various embodiments of the
invention discussed above. The computer readable medium or media can be
transportable, such that the program or programs stored thereon can be loaded onto one
or more different computers or other processors to implement various aspects of the
present invention as discussed above. As used herein, the term “computer-readable
storage medium" encompasses only a computer-readable medium that can be considered

to be a manufacture (i.e., article of manufacture) or a machine.
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executed perform methods of the present invention need not reside on a single computer
or processor, but may be distributed in a modular fashion amongst a number of different
computers or processors to implement various aspects of the present invention.
[0215] Computer-executable instructions may be in many forms, such as program
modules, executed by one or more computers or other devices. Generally, program
modules include routines, programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract data types. Typically the
functionality of the program modules may be combined or distributed as desired in
various embodiments.
[0216] Also, data structures may be stored in computer-readable media in any
suitable form. For simplicity of illustration, data structures may be shown to have fields
that are related through location in the data structure. Such relationships may likewise be
achieved by assigning storage for the fields with locations in a computer-readable
medium that conveys relationship between the fields. However, any suitable mechanism
may be used to establish a relationship between information in fields of a data structure,
including through the use of pointers, tags or other mechanisms that establish
relationship between data elements.
[0217] Various aépects of the present invention may be used alone, in
combination, or in a variety of arrangements not specifically discussed in the
embodiments described in the foregoing and is therefore not limited in its application to
the details and arrangement of components set forth in the foregoing description or
illustrated in the drawings. For example, aspects described in one embodiment may be
combined in any manner with aspects described in other embodiments.
[0218] Also, the invention may be embodied as a method, of which an example
has been provided. The acts performed as part of the method may be ordered in any
suitable way. Accordingly, embodiments may be constructed in which acts are

performed in an order different than illustrated, which may include performing some acts
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performed, but are used merely as labels to distinguish one claim element having a
certain name from another element having a same name (but for use of the ordinal term)
to distinguish the claim elements.

[0220] Also, the phraseology and terminology used herein is for the purpose of

description and should not be regarded as limiting. The use of "including,"

"comprising," or "having," “containing,” “involving,” and variations thereof herein, is

meant to encompass the items listed thereafter and equivalents thereof as well as

additional items.
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CLAIMS

What isclaimed is:

1.

A method of operating a computing device to generate information for a

concurrent test plan for a device having a plurality of pins and to be performed by a test

system having a plurality of resources, the method comprising:

with at least one processor:

a)

b)

2.

for each group of a plurality of groups of pins, identifying a set of
resource requirements, wherein the set of resource requirements
comprises resources required for performing a test of the group of the
plurality of groups,

identifying a plurality of sets of test system resources, each of the
plurality of sets comprising one or more test system resources that
collectively meet a requirement; and

matching sets of the plurality of sets of test system resources to respective
groups of the plurality of groups.

The method of claim 1, wherein:

the sets of the plurality of sets have an order; and

the matching comprises assigning a group of the plurality of groups to each of the

sets in the order until agroup is assigned to each of the plurality of sets.

d)

4.

The method of claim 2, further comprising:

assigning a score to each of the plurality of sets, the score indicating a
degree of difficulty of matching resourcesto requirements of the set; and
establishing the order of the plurality of sets based on the scores assigned
to the plurality of sets.

The method of claim 1, wherein:

the method further comprises:

d) upon matching a group of the plurality of groups to a set of the

plurality of sets, assigning resources in the set to pins in the group;
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the sets of the plurality of sets have an order; and
the matching comprises assigning a group of the plurality of groups to each of the
sets in the order until a next set in the order is reached for which there is no unassigned

resource meeting arequirement for the next set.

5. The method of claim 4, further comprising:

€) when there is no unassigned resource meeting a requirement for the next
Set, repeating act ¢), matching at least one different group of the plurality
of groupsto a set that the precedes the next set in the order.

6. The method of claim 5, further comprising:

f) repeating act €) until a group is assigned to each of the plurality of sets;
and

0) generating a mapping between pins and tester resources based on the
assignments of tester resources to pins in the act d).

7. The method of claim 6, wherein:

the test comprises a plurality of blocks; and

the set of resource requirements associated with each group of pins comprises
collective resource requirements for pins in the group during all blocks of the test.

8. The method of claim 6, wherein:

the test comprises a plurality of blocks; and

the set of resource requirements associated with each group of pins comprises
collective resource requirements for pins in the group during a portion of the blocks of
the test.

9. The method of claim 1, wherein:
the method further comprises:
d) identifying a plurality of possible test flows; and
€) ordering the possible test flows based on projected test execution

time;
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the act a) is performed for afirst test flow;

when test system resources cannot be assigned to all of the plurality of pins to
meet the sets of requirements for all of the plurality of groups, repesting at least the act
a) and c) for second test flow, the second test flow following the first test flow in the
order.

10. A method of manufacturing a semiconductor device, the method
comprising:

generating atest plan according to the method of claim 1,

testing devices as part of a manufacturing operation according to the generated
test plan; and

selecting at least one process step during the process of manufacturing the tested
devices based at least in part on results of the tests.

11. At least one non-transitory computer storage medium comprising
computer-executable instructions that, when executed by at least one computing device,
implement a method of interacting with a user, the method comprising:

a) for each group of a plurality of groups of pins, identifying a set of
resource requirements, wherein the set of resource requirements
comprises resources required for performing a test of the group of the
plurality of groups,

b) identifying a plurality of sets of test system resources, each of the
plurality of sets comprising one or more test system resources that
collectively meet arequirement; and

C) matching sets of the plurality of sets of test system resources to respective
groups of the plurality of groups.

12.  Theat least one computer storage medium of claim 11, wherein:
identifying the plurality of groups of pins comprises identifying groups
associated with blocks concurrently executing within a flow step of a candidate

flow;
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the method further comprises, when the plurality of sets are inadequate to
match every group of the plurality of groups to a set, indicating that the candidate
flow has failed.

13. The at least one computer storage medium of claim 12, wherein: the

method further comprises receiving user input specifying the candidate flow.

14.  Theat least one computer storage medium of claim 13, wherein:
the method comprises iteratively repeating the acts a), b) and c) for each of a
plurality of flow steps in the candidate flow until the candidate flow fails or each of the

plurality of groupsis matched to arespective set of the plurality of sets.

15. A method of operating a computing device to generate information for a
plan for concurrent test of at least one device, each of the at least one devices having a
plurality of pins, and the test being performed by a test system having a plurality of
resources connectable to the plurality of pins, the concurrent test comprising a plurality
of blocks, the method comprising:
with at least one processor, iteratively performing processing comprising:
identifying a candidate flow in accordance with a heuristic, the candidate
flow scheduling blocks to avoid previously identified conflicts between blocks;
for the candidate flow:
attempting to allocate resources of the plurality of resources to
pins of the plurality of pinsto execute the concurrent test according to the
candidate flow;
when the attempting to allocate results in a successful allocation of
resources, computing the test time for executing the concurrent test using
the candidate flow;
when an allocation of resources is not successful because of a
conflict between test blocks, recording the conflict between conflicting
test blocks so that candidate flows in subsequent iterations do not include

the conflict.
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16.  The method of claim 15, wherein:

in a second iteration, identifying a candidate flow in accordance with the heuristic
comprises randomly generating a candidate flow that has characteristics indicated by the
heuristic to execute the concurrent test in atime shorter than a test time computed during

aprior iteration for a prior candidate flow.

17.  The method of claim 15, wherein:
identifying a candidate flow in accordance with the heuristic in each of a plurality
of iterations comprises generating candidate flows in an order, predicted by the heuristic,

to execute in successively longer times.

18.  The method of claim 15, further comprising:
providing as an output an indication of a candidate flow for which an allocation

of resources is successful.

19.  The method of claim 18, further comprising:

selecting the output candidate flow from among a plurality of candidate flows for
which an allocation of resources is successful, the output candidate flow being selected
based on computed test times for the plurality of candidate flows.

20.  The method of claim 15, wherein:

the method further comprises receiving input providing an execution time
estimate for each of the plurality of test blocks; and

computing the test time for a candidate flow comprises computing the test time

based on the execution time estimates.

21.  The method of claim 15, wherein the conflict comprises a requirement for
resources to concurrently test the conflicting test blocks that exceeds the resources of the

test system.

22.  The method of claim 15, wherein the conflict comprises a requirement for
apin of the device under test to operate in at least two of the conflicting test blocks.
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23. The method of claim 15, further comprising:

receiving user input defining a new configuration of the test system; and

repeating the act of iteratively performing processing based on the new
configuration.

24.  The method of claim 23, wherein:
receiving the user input and repeating the act of iteratively performing processing

occursinreal time.

25.  The method of claim 24, wherein:
receiving user input defining a new configuration of the test system comprises

receiving user input defining a number of sites for which the test system is configured.

26.  The method of claim 15, further comprising:

prior to the act of iteratively performing processing, receiving input specifying
conflicting test blocks, the input identifying blocks to which a same pin has been
assigned.

27.  The method of claim 15, further comprising:
receiving input specifying a termination condition for the act of iteratively
performing processing.

28. The method of claim 27, wherein the termination condition is expressed
as a time to iteratively perform processing, a maximum number of iterations in the
iteratively performing processing or a target computed test time for executing a
candidate flow.

29. At least one non-transitory computer-readable storage medium
comprising a plurality of computer-executable instructions that, when executed by at
least one processor, implement atool for generating information for a plan for concurrent
test of at least one device, each of the at least one devices having a plurality of pins, and
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the test being performed by atest system having a plurality of resources connectable to
the plurality of pins, the concurrent test comprising a plurality of blocks, the computer-
executable instructions comprising:
a plurality of modules, the plurality of modules comprising at least two modules
selected from a group consisting of:
a first module for, in response to input designating a first technique,
identifying at least one flow for concurrent test by:
enumerating candidate flows;
attempting to allocate resources of the plurality of resources to
pins of the plurality of pins to execute the concurrent test according to
each of the enumerated candidate flows; and
providing an output indicating a plurality of the enumerated
candidate flows for which the allocation of resources is successful and a
respective estimated test time for the enumerated candidate flow;
a second module for, in response to input designating a second technique,
identifying at least one flow for concurrent test by:
iteratively generating, until a first termination condition is
reached, a plurality of candidate flows by randomly generating, in each
iteration, a candidate flow that has characteristics indicated by a heuristic
to execute the concurrent test in a time shorter than a test time for a prior
candidate flow computed during a prior iteration;
for each generated candidate flow, attempting to allocate resources
of the plurality of resources to pins of the plurality of pinsto execute the
concurrent test according to each of the enumerated candidate flows,
providing an output indicating at least one of the generated
candidate flows for which the allocation of resources is successful; and
a third module for, in response to input designating a third technique,
identifying at least one flow for concurrent test by:
iteratively generating, until a second termination condition is
reached, a plurality of candidate flows by generating, in each iteration, a
candidate flow that has characteristics indicated by a heuristic to execute



64

the concurrent test in a time longer than a test time for a prior candidate
flow computed during a prior iteration;
for each generated candidate flow, attempting to allocate resources
of the plurality of resources to pins of the plurality of pinsto execute the
concurrent test according to each of the enumerated candidate flows;
providing an output indicating at least one of the generated
candidate flows for which the allocation of resources is successful.

30. Theat least one computer-readable storage medium of claim 29, wherein
the computer-executable instructions comprise:

computer-executable instructions for receiving input specifying a candidate flow
and determining whether resources of the plurality of resources can be successfully
allocated to pins of the plurality of pins to execute the concurrent test according to the

input candidate flow.

31l. Theat least one computer-readable storage medium of claim 29, wherein
the computer-executable instructions comprise:
computer-executable instructions for receiving an input specifying the first

termination condition or the second termination condition.

32.  Theat least one computer-readable storage medium of claim 29, wherein:

the computer-executable instructions comprise computer-executable instructions
for receiving input specifying a maximum number of concurrent test blocks in each of
the plurality of candidate flows generated by the second module or the third module.

33. The at least one computer-readable storage medium of claim 29, wherein:
the computer-executable instructions comprise computer-executable instructions
for receiving input specifying a minimum number of flow steps in each of the plurality of

candidate flows generated by the second module or the third module.

34.  Theat least one computer-readable storage medium of claim 29, wherein:
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the computer-executable instructions comprise computer-executable instructions
for receiving input specifying a pattern of test blocks to apply in the plurality of
candidate flows generated by the second module or the third module.

35. Theat least one computer-readable storage medium of claim 34, wherein:
the pattern of test blocks comprises test blocks for concurrent execution.

36. Theat least one computer-readable storage medium of claim 34, wherein:

the pattern of test blocks comprises test blocks for sequential execution.

37.  Theat least one computer-readable storage medium of claim 34, wherein:
enumerating candidate flows comprises generating all possible unique test flows.

38. At least one non-transitory computer-readable storage medium
comprising a plurality of computer-executable instructions that, when executed by at
least one processor, implement a tool for generating information for a plan for a
concurrent test of at least one device, each of the at least one devices having a plurality
of pins, and the test being performed by a test system having a plurality of resources
connectable to the plurality of pins, the concurrent test comprising a plurality of blocks,
the computer-executable instructions for:

receiving input specifying atest system configuration;

receiving input specifying a candidate flow; and

determining whether resources of the plurality of resources can be successfully
allocated to pins of the plurality of pins to execute the concurrent test according to the

input candidate flow with the specified test system configuration.
39. Theat least one computer-readable storage medium of claim 38, wherein:
receiving input specifying a test system configuration comprises receiving input

specifying a number to test Sitesthat the test system is configured to test.

40. Theat least one computer-readable storage medium of claim 38, wherein:
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receiving input specifying a test system configuration comprises receiving input

specifying a quantity of aresource in the test system.



