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COVMUNI CATI ON SYSTEM AND METHOD S' FI ELD OF THE | NVENTI ON s The present

i nvention relates generally to a conputer software control and 09 MAR 2004
comuni cati on system for conputer systenms communicating via a

communi cations bus. BACKGROUND OF THE | NVENTI ON 10 Communi cati on buses
allow for the tvhdfiagx of data anong various processing and BEEEKI28age
medi unms. Typi cal comuni cation buses, such as for exanple, the Versa
Modul e Eurocard 64 (VME64) bus, allow a plurality of hardware circuitry
cards to be attached to a conputer control4 &bl e backplane in order to
all ow comuni cation to flow anong the various hardware circuitry cards and
the conputer. These circuitry 158CMNMPUTSEROEDNWARE CONIRQL rcuit boards

cont ai ni ng el ectroni ¢ means, §Qr, ' r ' ions or a
predet erm ned software progﬁ%%céﬁ@ﬁ'@?&qﬁﬁemgﬂbgggw cl ock

frequency, data transfer, data storage and executing test functions.

Communi cati on buses are frequently b ed By 6 %Iﬁd systens. An 20
enbedded system can.t ak n.many f | wn hose of
ki1 TReart 1Be PA%?eﬁnaé"r“%né%fé%i ?ﬁ“gﬁﬁéﬁgﬁaél §t°a§%! 050%%}?%@%%&%& Mo the

system yet theomsenicaiitresystemt foricomputer sygEmesmoasnunicdtingiviga theamusigatidnsa
conmput er. Thi s,gan occur, for exanple, in a television set having one or
nore conput er p?dcessors, yet the person wusing the television set does not
realize the set includes such conputers. An 25 enbedded system al so

I ncl udes a speci al purpose CONPHLE 0 &)HJHECI'N" 5 built into a
v, [ J0)

device which is pr ! - UL LUSE o b Lncl ude
what are kn@wn as "er{ﬁ'ggﬁlg%&%{%cessg S © e%atcrgé)é’% fs%ﬁs rléé;gss.sﬁg
Sone and data storage mediums. Typical communication buses, such as for example, the

Versa Module Eurocard 64 (VMEG4) bus, allow a plurality of hardware circuitry cards to
be attached to a computer controliabie backpiane in order to allow communication to
e fiow among the various hardware circuitry cards and the computer. These circuitry:
15 cards are conventional circuit boards containing electronic means for executing
predetermined functions or a predetermined software program, such as for example,

setting clock frequency, data transfer, data storage and executing test functions.

Communication buses.are frequently employed by embedded systems. An

20 embedded system can take on many forms, but is generally known by those of skill in

the art to include a system in which a computer is built into the system, yet the user
; does not view the system as including the use of a computer. This can occur, for

example, in a television set having one or more computer processors, yet the person
using mé'iéieﬁsion set does not realize the set includes such computers. An

235 embedded éysiem also includes a special purpose computer and control circuitry built
into a device which is programmed for a particular purpose. Such systems include
what are known as "embedded processors” or "embedded microcontrollers.” Some
examples of embedded systems include flight management systems, weapons
systems, aircraft control systems, and avionics systems for the aerospace industry,

30 manufacturing automation systems, manufacturing robots, chemicai processing plants
and refineries for the process control industry; car management systems for the



exanpl es of enbedded systens ‘i ncl ude flight nmanagenent systens, weapons
systens, aircraft control systens, and avionics systens for the aerospace

i ndustry; 3o nmanufacturing autonmation systems, manufacturing rob[p? SIAR 2004
chem cal processing plants and refineries for the process contro

i ndustry; catutpRavemensting ped ewdciesrrottees ang B0 s 200 theaddnSiBtiéans

I ndustry; and,switches, routers and PBX systens for the comruni cations

i ndustry. VWEH“W@W or revised circuit cards are added to an existing system
having a conmuni | af Fen t] itis difficult to communi cate
with the card. So‘r%rg{e%]%eggl Ohlgé‘{lﬂe:asérg@%rﬁ?%aet%dg%ostcﬂ ¥ 5% gqutgmgia\gngg
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Due to this deficiency in the prior a a need exists for a ¢

conput er sofrepvgenuoed tootonzmishicoenwithitbandvoor seyRedairotiti AR, athi® peoRssIk kiR Y
sof tware neans to commni@gte V\ith nfw or revised circuit cards as needed.
Such a syst SHERSEE REASETIDY CHTRPLERRY pt s shitemig eptlydind ugially desulid ircexpending
design thne gpgef 8 r tynical.ly used when new or revjsed
circuit cards are %ftfp gg&?%g&ﬁ?% ]gﬁesml%ged%ﬁéﬁcﬁdn grﬁfs[{r@hanﬁgeeﬂr%‘és& OT3r i or

art ref er encemnian ddmputerantimtard toneidl uehcodiburlicabon Badt&h bwhor alloBss 484imQ and
U S. Patent Ng 5,995,513. U S. Patent No. 5,764,505 to Mxon et al.,”is a
P

| aser cont r SPITEER TBRANGItP KOMMURICAteavithamy e fexsetgraitaants avmreted. Grechacomon
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not disclose the use of any software communi cation structures.
15  existing system.

The closest prior art references to the present invention are U.S. Patent No.
5,764,505 and U.S. Patent No. 5,995,513,
U.S. Patent No. 5,764,505 to Mixon et al,, is a laser control system with multiple
CPU’s having shared memory on a common bus (STD) to provide high performance,
20 relatively low cost, laser control. This patent discloses an electrical connection to a
standard bus mndependent of software structure and software control. This patent does

not disclose the use of any software communication structures.

BRIEF SUMMARY OF THE INVENTION

25 The following summary of the invention is provided to facilitate an understanding

of some of the innovative features unique to the present invention, and is not intended to
be a full description. A full appreciation of the various aspects of the invention can be

gained by taking the entire specification, claims, drawings, and abstract as a whole.



BRI EF SUMVARY OF THE | NVENTI ON 25 The follow ng summary of the invention is
provided to facilitate an understanding of sone of the innovative features
unique to the present invention, and is_net_intended to be a ful {3 MAR 2004
description. A full appreciation of the various aspects of the invention
can be gained by taking the entire specification, clains, draw ngs, and
abstract as a whole. - 2a.- 0.9 MAR 20B The present invention relates to a
conmput er system ahBe PREBFT dNVEBHOR Felates lt)é'tqoﬁ{jmtﬁf Sysm aed m@ﬁwld foofacilitdtmatti-on
bet ween a pr r and at | east one secondary
sof t war e rreadr{g%{l?‘%%g&g' or?%aaﬂgigﬂa‘”%g?ag{'wg Sto &ﬁFﬁne%Sé’"é LSRR gt dast 5
bus. Both t henepsebdriayy Mﬁéﬁ@hﬁaﬁ@%ﬁe@@ﬂawﬁ pSRFARGA daércﬁ% 4 B FmFR Ao
have predefined register storagé space for storlng ta
particul ar, busr Bath)therrglmmyaoﬂwalean&mgamwthsymoﬁ&argmd&\ﬁvmlxheasﬂs &btlshavanmong
provi des a sjnpl e, yet flexible system

ot her thing resent inventio

and met hod f%?Je?’@egé?ﬁﬁFﬁ %%WBBFP%E? taying dsta, ﬁ%@ﬂ?ﬁéﬁ@@és of gtorsaristaand

secondary pry i via a conmuni cati ons bus.

The present inve n t1nds R -3- applications in systens having
rBGEES L %,sfagﬁs}ga falltsoflel 5@%&@%&%

hardwar e boxes (or "cages") that support dynam c reconfiguration of

functionality every tine the systemis rebooted. In this fashion, upon
each reboot of thElesBIﬁeé‘mnVFW@ﬂ%ﬂYlﬁm%SlmknsetffbmbhtlSlvsicmmmg methodifrect and

conmuni cat e i.n._the system and ad e functionality of
each caﬁ acc(:)},\cgﬁrnlid'h e %%nb G acnég%aéji: o RdrEny %#%?r&g%p@?ﬁsé%@?qné
communi cat i @ﬂﬁcﬁﬁsﬁsﬁéﬁda&%EE oAt Al b fMbueF TREFrLERANIGR Tﬂ?dsaCCOWPa”y' ng
figures, in which like reference nunerals refer to identical
functionally-sim|lar elenents throughout the separate views and whi ch are
incorporated in 1o and formpart of the specification, further illustrate
the present invention and, together with the detail ed description of the
invention, serve to explain the principles of the present invention.



FIG 1 is a graphical representation of the present invention; 15 FIG 2 is
a graphical representation of the header register of the present ljgnﬂﬁmﬂ'[]lpn;
FIG 3 is a graphical representation of -£he-conmuni cati ons header Tegi ster
of the present invention; and 20 FIG 4 is a graphical representation of

the run-ti nEPBPEARNs Bnsystemshavipg dawsintare boxge fari "oagest) thatMaRy @O AfnaMi: 01113249

PCT/ US00/ 22 - T Al D SCRI PTI ON O THE | NVENTI As seen in FIG 1,
the present q'lzc:,({/nef%f) ggrllo-nfgﬁfnsc ‘SH@R&T%W%OBI“*S?&%‘%BT Eﬂ’é’f’%ld Ip g faghiosyimog
conmuni cat i Gach feblodk Bf Bk 3¢Rerk Sh¥eSHw R infiBA | ffware and at 5
| east one sec(c;)ndary (or ngfﬁ‘E di rect ora;%soft%%’rgg[r%&rucl)léﬁ:%}r]n(aF%?F%%Shcog]mumcate

conmuni cat i ovith erhaardinghbsystensard afusofhefundionalhgatieschrag sdc8fdngy gred in
menory. The prinmary programis responsible for the control of the overall
syst em i Acl Gﬂ???é‘?ry\ﬂﬁ)?ll‘f'é Y RIPYIE AsyRsngistia eymmynicatiopgiessteni. oper at i on, and
system fault status reporting and | oggi ng. The secondary software program
refers to all other nodules in the systemthat are capable of being to
control l ed by the prinary. BEEHDESCRIPPIN ©F TEEFsieswaNegader for system
level contra. and status reporting. In particular, the present invention
10 i ncludes at | edwtaceprapdnymstiigueesniy Wioch liker refresst ngmeatsarefet td ientical or
comuni catign wth,(e.qg.,  electrically, optically, frequency 15

t ransmi ssi oﬁJsrfcwgP%!y)'s"Qg%foeflrﬂﬁ?"g? {hé%%ﬂ?a&h‘&% FPRGTAE VieWs pugrRibicd aremesiporatadindat a
17 ther e®n, an@forhfat ofthe YFQNTALYN, TERRLS i " | ‘ ere n
equal s the nunber %?{ rreaﬁs forﬁ%?’ocessi]ﬁndgggrat:%r}f?%gérr%nﬂ?lcvg |(<?;nn£1\]/\dn’ P%(Eﬁq&
conput er ci rathithe detadedidescriptionhaitbe mversipnadesve oexplaimde paficiples dﬁ'bhe?@é/sieﬂﬂ a
secondary neans.for storing data 39" (where n equals the nunber o
secondary A%y storing) and in comunication with the

FIG. 1 is a graphical representation of the present invention;

15
FIG. 21s a graphical representation of the header register of the present invention;
FIG. 3 1s a graphical representation of the communications header register of the
present invention; and
20

FIG. 4 is a graphical representation of the run-time operation of the present

invention.



20 conputer 9 by an arbitrary asynchronous or synchronous conmuni cations
bus 51, software neans for directing 13 stored on and executed upon the
first neans for processing data 11 and software nmeans for connuniW@HAmgm4
data 33 stored on and executed upon the secondary nmeans for processing
data 31,,. 25 ASuEﬁﬁan FIG 2, the software neans for directing 13
further includes a header register 12 which is stored on the BGIFSP NS
for processing 11 and is optionally at least a thirty two bit by four word
data register, and is preferably a thirty two bit by seven word data
register. In sone instances, the header regr§FEr I's a required conponent
where control of the non-director nodules by the primry program (director)
is desired 30 as will becone apparent to those skilled in the art. The

first four words of the datapregiseDESCRIPAIN OFEBHSIRVEAF IR e Used to
store and transmt data relating to the status 1nfornation of the first

means for processi nd**BeFR MR it niberiesat inventie 483 @ comguigr systerGod nygthod for

01/ 13249 PCT/ USQiwiPoomnminid#48Atd tdkediddbetaban pARbh\®F BirdQdh ShARad @ at
physical or |ogjcal slot data, operational data, functional "interface

data, etc.) andepONeSErAYBN-RENSR-dreFPLSOBWats Pragian thspugh ; gomeuaieptions data

faults (or, errgisdy sleéslbednigye h@@dé‘riré%heﬁ?ﬂﬁﬁedfiﬁh&ﬁ@&?%bﬂﬂinﬂa}y p%@?am is
comon header |nterttﬁ|\$§{can i ncl ude a header and address pointers for a

command |inked f&SEeny fhecontral ofithe guerpll srgam nduding withoyt imitatien, startup,

functional i nt embaesof dparation eiracHsERtauttistdths rdpoRFRMind I_B%@H%.i PRe sb&hdaRMON
header is used by, the software programto provide top |evel nodule

pri mar f [
mode control antPEe BRgramyiafers e al plher modylesdn thensystesnthat areseanabienfpeing
sof tware progr acormikd Bsthe maagorﬂ-'ﬁdh SIRAGREIUIDinCRIGEE @SheallBF fof % feveRbodtRe
VME base address for. all secondary software program nodules. The common
header structur®@ HPYSIEROMNGi n FIGS. 2 and 3. If additional functionality
is required, the header register 12 requires additional nenory storage

nd four thir i r nd preferably incl hir [
_beyo d four t ty tlr%ar%c&lar%edpsrésee}\t9m}23nte|one 18 E‘ncudescat e%gts or% irst mEa nst %g(r) bi t

]

processing data 11 in communication with (e.g., electrically, optically, frequency

15 transmissions, etc.) a computer 9 and having a first means for storing data 17 thereon,
at least a secondary means for processing data 31, (where n equals the number of
means for processing) in communication with a computer circuit card 41, (where n
equals the number of cards) having a secondary means for storing data 39, (where n
equals the number of secondary means for storing) and in communication with the

20 computer 9 by an arbitrary asynchronous or synchronous communications bus 51,
software means for directing 13 stored on and executed upon the first means for
processing data 11 and software means for communicating data 33 stored on and
executeq upon the secondary means for processing data 31,,.

25 As seen in FIG. 2, the software means for directing 13 further includes a header
register 12 which is stored on the first means for processing 11 and is optionally at least
a thirty two bit by four word data register, and is preferably a thirty two bit by seven
word data register. In some instances, the header register is a required component
where control of the non-director modules by the primary program (director) is desired

30  as will become apparent to those skilled in the art. The first four words of the data
register of header register 12 are used to store and transmit data relating to the status
information of the first means for processing data 11 (including, for exampie,



I's by seven word data register. Thus, in the additional three thirty two
bit word registers, at least one prinmary software neans for linking 19 is
stored. Primary software neans for linking 19 is a dynam c varlg@l@ 0

poi nter neans (or, linked list) which points to any record, data"s BUC[{UI‘E
or ‘menory regi ster where data can be stored, whether on the first neans
for processing 1¥08F13aMy ot her processing neans (such as, for PEXHMILET any
of 20 the secondary nmeans for processing data 31") in comrunication with
the comunications bus 51. In a preferred enbodi ment of the present
invention 10, the linked list 19 will store%nformation relating to
extended functionality status, extended functionality information and
conmand or acti @festificatieredats, sdftware sevisiondetaophysicapoi Ingieal sldtialata, mpeiatinnalsiata,
wel | . Means for n 0 | cON

25 register, butfdrllc "ﬂ ﬂt&%ﬁ%%@%h{eg ﬁQrZH {r?ﬁg}otr%grﬁ %%gﬁs 52‘345 e%tg%&a@&%ﬁﬁ&
(or, boot up) faudts (oreenss)dateaied bgttthmgrsmleam; for|pmqesahg ¢ fihe chemheader

register 12 andﬂﬂ@ﬂf#}; 2 ear{éfb%@ eﬁ%a:d A nd a%:lﬁre% bintes for mand futﬂ&ﬁlefls htGerface,

skill in the art vvare poi nters Iovvs
software to rseplsmnmkexblmbiréqumeognamfun@ogalrluterfaﬁ@s while pernmitting
flexibility in software design, and can, for exanple, utilize nenory
efficiently (e.g., as 30 desired, nenory storage can be created for the

poi nter as the soft warae embmdiméndiof thid presentrigvengorxtbe gemmhoarieadanishsed bethet o

store conpl ex S%EE%S'[%F%IQ%F{ E IIa'!TPR)S vld%tgp MR rOffte M’BdP EoAtsiHAd to read fault

PCT/ USOQ 22073 - In the art now comne
realize that th@ta;@fimﬁnaiqmémthef &ﬂcoodarycaoftwgrq Rrogragymafles st mréomrﬁem@r

whi ch can be, st of &4l apd &g Htaﬂq%us E BQé’%a&Hreémr Qli%ﬁﬁénl}%oﬁﬁ?l‘bspro%ram

connected to ¢t h& commini cath ons Is I's especlally” use

the first neans masilesr dbesemmmyendegen straciines gre é’)%'ﬂeﬁﬁ@@ 2A8eSirable 5
errors (such as, for exanple, if the first neans for processing data 11 is
damaged). In th| s case, the software neans for directing 13 can then
dypami cal Iy transf erf pediianal fusctignalibois iequitgdothehepder aistes 12 equiregadditighal

exanpl e, any of fe.s e on® &l thifl two bit words, and preferably includes a thirty two bit
15 by seven word data register. Thus, in the additional three thirty two bit word registers,
at least one primary software means for linking 19 is stored. Primary software means
for linking 19 is a dynamic variable pointer means (or, linked list} which points to any
record, data structure or memory register where data can be stored, whether on the first
means for processing 11 or any other processing means (such as, for example, any of
20 the secondary means for processing data 31,) in communication with the
| communications bus 51. In a preferred embodiment of the present invention 10, the
linked list 19 will store information relating to extended functionality status, extended
functionality information and command or actions requests, but can store other pointer
information as well. Means for linking 19 is not required to contain a pointer to another
25 register, but rather, can contain a null value. Upon system start up (or, boot up), the
means for directing 13 will initialize the header register 12 and maintain knowledge of
its contents. Thus, as those of skill in the art will realize, the use of software pointers
allows the software to represent complex programming structures while permitting
fiexibility in software design, and can, for example, utilize memory efficiently (e.g., as
30  desired, memory storage can be created for the pointer as the software means for

directing is executed and can be used to store complex software instructions).



processing data 11) on comruni cations bus 51 and continue to communi cate

with all software nmeans for comrunicating data 33. Thus, the term"first"
in the first neans for 10 processing data 11 is not a termof i 'tr@hizﬁfuto
only one processing nedium As seen in FIG 3, the software neans-f

comuni cating data 33 further includes a communications header register 35
which is stored ¥ %H&48econdary nmeans for processing 31" andCi4st0:22073
optionally at |east a secondary thirty two bit by four word data 15
register, and is preferably a secondary thirty two bit by seven word data
regi ster although nost registers can be adapfed for use with the present
invention as will be_ apparent to those skilled in the art. In sone ’

i nst ances, the commurtirtheritbase ptslden the ag it raw gBMe $o eeatizethatrtbel softwaremeedns
wher e cont r ol Ofo bREHARAE aSHnBid L idlaks WhICALaRBe! ' i
beconme appar ent 0tro t?\ose ;Eji%lnl eél Int re aratsz‘im. e. ,33{98 %nggahézggﬁc?%qd\l%e%%b@ny
the primary sof eifheoresasginarpeansmensestedis bermemmuriieations pecti. nthidB especially
conmmuni cat es pr i, g&Gi dn6uld th firdl SndTTI ' gﬁ% - | VL us
51. In this fashion, the el ectroni cs or%@éeégc ca{%?ﬁﬁ" Jcrgr%dé‘%ﬁée g'gdneslirgbg
comruni cat e W t BTONSdSURT adereexamni &f the first meass faigracessingl dats Bl gy damaged). In
necessary wi t hoyfis tdie, #Rf SMRIRe WRARS tdr Wrectlly BELIMAerd ' d
the functionali tyS o%%éach car de41 n?f%%rgﬁw%% nI oﬁgéﬁﬁgﬂgé{?ﬁs@w{%ﬁ%%%y
card 41" cont ai AHerPEEEsTIanMEafs isushiasr fop pwaraplsi any afdhesondarhandang far

secondary ”eansprfo‘éésé“ifgg’agﬂégl 1‘?%%031?%4&%0“@6%‘5?%@6“&% L P GAGGE with all

register 35 is store can comunicate W tn conmuni catl ons bus
sof twar e means peffwargimeansifagcammeaipating.daia 33b T hus thmterm dfirst” rethatfirst gneams for

each card' s ;fungtq | Vi ' Safk i ' .
different t Hgn g@;gﬁ%y@aﬁdg?ﬁt éAfe@?léermFﬁ rggcgq gbéoun;ly %%E%%‘ngﬁdﬁ%m'

secondary data regi ster of comuni cations header register 12 are used to

store and transmt gatded &l BAnb Sofkfre ThelniSol RhaRLNG a8l 33 frther

correspondi ng secondary neans for processing 31 n and for storage and
transm ssi on of NGRIIES BAOAMURYCLONE Hpadeliegiated 3D WSk isigredan the sa@pdary means
PCT/ US00/ 22073 for _Brode@&ing%ﬁf 8h& s shibRAA 1kt h R8corbRARRY b Bigby REPWERS Yata
nmeans for processing 31.n. If . ) .

15 registér, and is preferably a secondary thirty two bit by seven word data register
although most registers can be adapted for use with the present invention as will be
apparent to those skilled in the art. In some instances, the communications header
register 35 is a required component where control of the modules by the primary
program is desired as will become apparent to those skilled in the art (i.e., to be

20 controlled by the primary software program). The software means for directing 13
communicates primarily with the communications header register 35 via bus 51. In this
fashion, the electronics on each circuit card 41, can communicate with the software
means for directing 13 and debugged if necessary without the software means for
directing 13 having to understand the functionality of each card 41,. As such, as long

25 as each circuit card 41, contains a secondary means for processing data 31, having a
secondary means for storing data 39, (in which communications header register 35 is
stored) and can communicate with communications bus 51, software means for
directing 13 can always obtain any data relating to each card’s functionality, even if
each card 41, is functionally different than any other card 41,. The first four words of

30 the secondary data register of communications header register 12 are used to store
and transmit data refating to the status information of its corresponding secondary

means for processing 31, and for storage and transmission of data relating to any faults



additional functionality is required, the communicati ons header register 35
requires additional nenory storage beyond four words, and preferably is a
secondary thirty two bit by seven word data register. In the adgﬁﬂttﬂmfﬁlﬂ&
three word registers, a secondary 5 software nmeans for |inking 3

stored. Each secondary software neans for linking 37 is a dynamc variable
poi nter nmeans whjygh,pgignts to any record, data structure or pggARbdz2073

regi ster where data can be stored, whether on the first nmeans for
processing 11 or any other processing neans (such as, for exanple, any of
the secondary neans for processing data 31,)7in comunication with the
communi cations bus 51. In a io preferred enbodi nent of the present

i nvention 10, enged
Functi onal ity sto GorsEaehl oy e bt Epohdihg ARGy maafk R SbsBng iEr e
actions request @ddlbqrnalémttgfnaimsmemerredpmempmunwammaadﬁr rgoistas|35. reqgitass
for linking 37 =ToINT} | t

but rather, can ag@ﬁ@%l n a rk%ﬁrég%at?ﬁi%ﬁféh %e nggﬁgregé?a&p%r%%mﬁeg?%ﬁy two
detects a nul | pdibytseven whid dataregisterr I hrediddiionalires svomd rqglsftetf@o@nﬁemdanat
the correspondi . ggfg%

capabiliti esIg Pgﬂ&%f]’gq”ééngqﬁ{@rk% Bﬂggggﬁ)d‘s%@ erElrS}ans Qgglr'lgﬁr hﬂﬂiﬂb 3&
t he means for dnsedymmcyariahldz pona@nm@nsam@pom b@mmﬁ@m @@émtﬂwtlo’ﬁ Or
address in ' e filky me
apparent to thos é{m&tf r&‘ﬁﬁﬁs&ﬁ éi%éé?hgﬁ&é@éto% V\g’r @ea@?at gftj)cé%%ﬁ\f&

l i nked |ists) péﬁmrtasybtr@xpmcesaugg neagoHisuaas fmxamlegnny afﬁheéawndﬁm means
exanpl e, utiliz f | A%R e SnfthaslEatoRd bhS 51Cieat ed
for the point er?a'rsﬁg% 0 fda\tl\a;f?ﬁ?ﬁweéé:n(rﬁ?r%au& rectlen I S execut e§§ way of
exanpl e and ot Db%fetfethﬁmpﬁilmm eftthe praseatinyaption pe. %F"'@ﬁ@ﬁkﬁ?&ﬁ?f&@a 05331'0"
used in the presghfiy ﬂaVeT;faﬂdgafunEh&nah ﬁétu%dﬁ@hn@ﬂ&%@%fﬁ%%@an@ (and
t he 25 secondary nea processi n ata coul d be any m croprocessor
or mecr ocontrolcpévﬂé('@d-‘rhﬁéﬁmsdleqléﬁﬁi) @@@t@rﬁﬁherwmraﬁom@n as well. Means

.M Croprocessors (hHRpRingWhis n&%@&unl‘é’@tb'eonlpﬁm béh'%} ﬂo' anotheP Fogidhér Eﬁq'ath@P Ceah -
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First means fr dibefing™s \@ﬂtré’co%lﬁlzémm@&)r&% dirclie a4t 4fPBo6H ABti dagtal?
data 39) includes volatile RA

such as EDO, SRAM  non-volatjile ra
extended functional capabilities. If a data pointer is detected by the means f(gr dlrecMg

13, the means for directing 13 will appropriately follow the location or address in
memory of the storage register pointed to. Thus, as will become apparent to those of
skill in the art, the use of software pointers (or, linked lists) permits flexibility in software

20 design, and can, for example, utilize memory efficiently (e.g., memory storage can be
created for the pointer as the software means for directing is executed).

By way of example and not by limitation, the following types of equipment can be

used in the present invention. The first means for processing data 11 (and the

25 secondary means for processing data 31) could be any microprocessor or
microcontroller (commercial or proprietary), such as Intel microprocessors (Pentium,
Pentium I, Pentium Ill, Xeon, Merced, etc.), Motorola PowerPC microprocessors (603,
604, G3, G4, etc.), MIPS microprocessors, Sun SPARC microprocessor, IBM RS/6000
processors, etc. First means for storing data 17 (and the secondary means for storing

30 data 39) includes volatile RAM such as EDO, SRAM; non-volatile ram (NVRAM);
programmable flash memory; or even disk-based memory. Computer 9 can be a

conventional computer or even a circuit card with computing functions or any other



programuabl e fl ash nenory; or even di sk-based nenory. Conputer 9 can be a
conventional conputer or even a circuit card with conputing functions or
any other 0 9 MAR 2004 WD 01/13249 PCTI US00122073 -8 conponent havi ng
conputing capabilities. CGenerally, a conputer is defined by its @BmFQm?nts
e.g., the processing neans and data storage neans. Software neans

directing 13 andyg@fimare neans for comunicating data 33 Canp@ﬁq&ﬁﬂ&; re
prograns that inplenents the primary and secondary software progra
(director and non 5 director) functlonallty for the common header
architecture as described herein or can bnplenented I n hardware or a
conbi nati on of both. Sinilarly header regls and communi cati ons

head I d
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accessi bl e CP'% goéin@[’r%'oggmy%%e%r%’ﬂﬂn ?ﬁ?@ﬁ?‘-@’a@?@ﬁ%crﬂi’@ﬂl hefinREERR
it |ds a physi caid mpinn'mmn iacharaeetirel oY Qrt:ornmfalyﬁraaf Stﬁhusﬁdnla’;}ﬁ; h@é&r@églétl@ﬁ‘lzbl
cards can commupjcate w.th ea or mpl e, random accessi bl e
menory addre?:égsdcegﬂmm?aé'gf' ﬁ‘?&g%f)[?sg'%‘ir%a W%F?ﬁ@reﬁ%rﬁ@ﬁdlﬁ/&?@ be

i nt gr connecéhonmblabTédealbI'Me ﬁmmmbnaﬁdrﬁtﬁf Bth. d?bﬂwbﬂirﬁ@@dﬂs for lifdnd 19 and
cards via addressable tec es, .such a or exa a Versa
Eurocard 20 I\/bc?u W/E%H‘%rgaﬁﬁa%&'g&'"%ﬁz '%Weﬁ(lfﬂ?rﬂﬂls&a&\dngjn@abﬁéﬁécaw@e
scope of the moﬁwarﬁdatamtammremefee'edwasjsenm lataommtﬁaﬂdmlahwofmlch
i's not necessarjd

i ntended to cover T%o;g EM% 2@? ld?"(%ff’ré’le emphq??'g‘b%m 2;': eI Za'?lasgy any
means (such as transm ssion by frequency neans):
“ Communication bus 51 can be any conventional interconnection data bus. More

particularly, any bus that is compatible with a random accessible memory scheme can

15 be used. Any communications medium whether it is a physically connected medium or
not can be used as long as the cards can communicate with each other via, for
example, random accessible memory addresses. Communications bus 51 can include
any hardware interconnection bus that allows communication of data between circuit
cards via addressable memory techniques, such as, for example, a Versa Eurocard

20 Module (VME64), CompactPCl and PCI communications buses. The scope of the
present invention is for use on a communications bus, which is not necessarily hard-
wired among electrical circuitry, but is also intended to cover those communications
buses whtch communicate data by any means (such as transmission by frequency
means)

25

The functionality of each circuit card 41, is application dependent and can vary

depending on the overall system requirements. Without limitation, some examples of
circuit card functions can include graphic processing cards, mathematical processing
cards, data storage cards, input/output cards and general purpose processing cards.

30 Typically, each circuit card is housed within a box 43 (also conventionally referred to as
"card cages" or simply "cages”), each box 43 connectable to the communications bus

51. Thus, some circuit cards 41, can be removable depending upon the appiication.



25 The functionality of each circuit card 41" is application dependent and
can vary depending on the overall systemrequirenents. Wthout limtation,
sonme exanples of «circuit card functions can include graphic processing
cards, mathematical processing cards, data storage cards, inp0f/MARZEMt
cards and general purpose processing cards. 30 Typically, each circuit card
I S housed wi t hi nyg@gin@xe 43 (al so conventionally referred to ascriwsermocages”
or sinply "cages"), each box 43 connectable to the comuni cations bus 51.
Thus, sone circuit cards 41" can be renovabl e dependi ng upon the
application. 0 9 MAR- 2004 WO 01/13249 PCT/UgQ0J22073 -9 Because of the

nat ure of conmuni cati ons buses, each card 41, is able to communi cate (and

thus, transfer gatfuke\ting nafiive 81 &ﬁ'ﬁmﬁﬁfcﬂtﬂ'ﬂs’ buse§) é4chi dar® 31 ds 4ble to cBmunicate
basi ¢ | evel , can include processor(s) nennr%é and a bus 5 on which t hey

conmuni cate. GefRsEdhysy trapshendatavathanotBeigsddits on the cards such as one
or two ot her busses connecting different nenories, or input/output devices,
and hardware to control power distribution at di f f er ent vol t ages and
currents. Special prifcgbserddiinp athasic 19wl GrmiNGUde BIPSeSINNE.iTBIECY aRtd Agus

from providing gh %rcﬁ tﬁé} Rtirflate. ”@Eh@r’éﬁ% 'tﬁ@r‘e'dr@ﬁi&?'ccﬁiﬁﬂﬁéd@@% thdcards such

connecting two er ent usses he to foregoing are comercially
avai | abl e ci rcup$ O%Pﬂyoéﬂﬂwfbh@sﬁsrﬁﬁln@ﬁ@meﬁ'ﬁ%ﬁmdf‘e@gﬁ?ﬁ W InPutgidpulfnyiceat ando

those skilled 'ﬂaﬁdmsreatbtcoTtF& gowéralkér.uﬁﬁérast%ﬁérem J&Bgédméﬁ%@ém@pédﬂa’l t he
pr esent invention to faci communi cat 1 ons bet ween a first processor

11 in communi caPH@ASHENiRS thalratisrmerrieyrifuactions RegiS amsIEYAREtPSsY ncwresit
31" in communi Cﬁ{a't%%a‘%élrbg?ca?hfn% s toofndcking WY ditdrerbaslsl neshyedresd roni c
i

circuitry neans an n electrical comunication with the first processor
11 by a dat al0cofffegringare spmmeiriallyavajiahie circuit casds apet bedpaigaentation of such wil

communi cati ng d%&%péé‘eﬂqgtr%sgrsﬁi inngd aptof tware routine nust be | oaded on
each secondary processor the neans for communi cating data including

a
FIG. 4 illustrates the run-time sequence for the present invention to facilitate

communications between a first processor 11 in communication with a computer and at

15 least a secondary processar 31, in communication with a circuit card 41, having
predefined electronic circuitry means and in electrical communication with the first
processor 11 by a data communications bus 51. First, a software means for
communicating data 33 and a predefined software routine must be loaded on each
secondary processor 31, , the means for communicating data including a

20 communications header register 35. Then, software means for directing 13 is loaded
on and executed in the first processor 11, the means for directing 13 including a
director header data register 12. Then, by communication between the means for
directingig; 3 and the means for communicating data 33, the electronic circuitry means
on each circuit card 41, is initialized. During this initialization, each circuit card is

25  queried by the means for directing 13 to determine whether the card is completely

initialized and to determine whether each card 41, encountered any emors.

Each means for communicating data 33 maintains a ready state to receive
further communication from the means for directing 13. As necessary, the means for
30 directing 13 is thereafter allowed to transfer data with each means for communicating
data 33 by polling each communications header register 35. In this regard, the means

for directing 13 is allowed to command each circuit card 41, to commence execution of



20 communi cations header register 35. Then, software neans for directing 13
is loaded on and executed in the first processor 11, the neans for
directing 13 including a director headgr”?a_ta register 12. Then(q ByR 2004
comuni cation between the means for directing 13 and the nmeans for
communi cat i ngy geddefidé sdffvearer@nine 0Mhe nfebALhdr HirYctiBanSs a]%e%?t%@ec?ﬁtfaﬁ? Eém
card 41" is initialized. During this initialization, each circuit card Is
25 queried B9dchptrokihnslettsenidiciranry myansdon anedeteoneipneefihet disuittdagdscar difi s
conpletely initjalized and,to .determ ne whether each card 41" encountered
any errors. nﬁﬁieﬁ' ﬁ@a’ﬂwgr %ﬁﬁﬂ%ﬁiéﬁ P RECIStTmIngd time, FNLPTARTA apdgentrdlteacte t o
recei ve furiRer &AWV Lon i om the means for directing 13. As
necessary, tr{e m%ans Forﬁg‘g [gqbr\%Cti ng 13 is thereafter allowed to transfer
data with each neans for conmunicating data 33 by polling each

comuni cations header register 35. In this regard, the neans for directing
13 is al l owed toleontambiodiment ef the preserd amvgniddr, each codoenoduleyerfotmon of -

10 0 9 MAR 2004 an re%efi ed, software routine...The neans faor directing 13
is all owed %nlgagﬁ%{r‘)? Sl Oﬂr‘{ltélglﬁ'_m'éeﬁ&f 2l STAFF YR topyREifeprecy ishapakilitiesyilptey neans
on one or MR EHeHiN@EL ﬁér!f&’rﬂdeH t6 ¥stlfndHackd betaséﬂﬁg%ulgﬁﬁgg@ﬁgz%{: YME

directing 13, at a predetermned tine, can prepare an

ci rcuit car Hackiplaner PoavesuldogufanitStatus io nepoetet) adiheepinnein Hebéer prieG et primary
invention, each card or nodule perfornms a mnimal set of on-board
bui | t-i Ht eSRIEVAE PEPSIAMGHSTIEY Tk prjary salvwiieqiograpabin sontrekof synelsenizingdul e
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program. The secondary software programs return state status to the primary software

program for control and synchronization.



15 maj or synchroni zation points where it waits for commands fromthe
primary software program The secondary software prograns return state
status to the primary software programfqgr control and synchroni z 88i MR 2004
-11 CLAIMS | claim 0 9 MAR 2004 | A conputer software control and ’
comuni cation systemfor a plurality of CLaImyul es (41) in a conputer (10)
, the plurality OI dul es (41) connected to a bus (5 1) for electrical
configuration of hlurality of nodules (41), the conputer software
control and comruni cati on system characterized in that the system
conprises: a comon software interface (13, 33) for directing and
controlling system fuRcddniut& e i of dul es
(41) by a director nodul en??llé)}.soﬁgﬁéﬁo%ﬁgt i@s%og{n?%rpﬁgpg%%%"g%aﬁﬂgﬁmﬁ d
in that the modyat €l)svd compater (1) ethegheality 3f ndAhlef (1) REAinceRARG ia (81)

di rector heg_der regia@{ er, (12) S%%Ed on the director nodule (11) tor
storage of af! P& onfigdrafion gF thepiusality imodules (41)ftbe oempater suftivdracbies]
conprises a j I« | st-er 5) stored .on each of the
nmodul es (41)a91§or 1%@%@23%4%%?%%“{%%%@ lgt@igﬁfgﬁﬁe@l MRS i nfor mati on and
at | east a secondacomian sbfiwhrefigerade (8. 33 forle i
characterized in that the software i n(t er f?écgr @%ﬁﬁy%%@;ac@?rﬁgngﬁghégnt rolling
syst em f uncfPRAiosrorstae eomen of die flualig3)f neshjes ($Pdynmtieer hevdele A9),
functional nodes, nodule status, and nodule states (37). 4. The system of
Claiml characterized in that the comuni cations bus is selected fromthe
group consi sting of a per Nosiutis: : ications bus, a
Conpact PCT _conmmuni cat i on?&t?us a#glngpéﬁéﬁg(g%]nécfgﬁhgf@%%ﬁ% S@%@arﬁAR 2004
-12 interface (13, 33) further comprises a director header register (12) stored on the director

module (17) for storage of at least status information and fault information and further
comprises a communications header register (35) stored on each of the modules (41) for

15 storage of at least a secondary status information and at least a secondary fault

information.

3. The system of Claim 1 characterized in that the software interface for
directing and controlling system function or state control (13,33) comprises module level

20 functional modes, module status, and module states (37).

4. The system of Claim 1 characterized in that the communications bus is
selected from the group consisting of a Versa Module Eurocard (VME) communications

bus, a Compact PCI communications bus and a PCI communications bus.



5. A nmethod of controlling and communicating with a plurality of nodul es
(41) in a conputer system (10), the plurality of nodules (41) connectRiﬂ to
a bus (51) for electrical configuration of the plurality of m)duIUeBsW( 94
the nmethod conprising the step of: 5 directing and controlling system
function or state control of the pluraliipy—of nodules (41) by a director
modul e (11) with_a common interface software program (31). 6. The method
of O aimb5 wherefn thd naetbpd of cantreling apd saEnuunieativgl witlya ploallysf em

transi 1 ons EHOI SIS e BRI e AR o0 Yo Y 8 R "
O ai m 5 whefeed But 181 Sius bRIAACANEbhTHUraiorsfthe phaBality Q) mcfdwmc'zﬁz, thgst

capabi lities, and/or downl oadi ng program nenory, and/or nodul 15 power
down, and/ omethgchedmpssiogtheatepdf: The net hod of Caim5 wherein the step of

directing and conptrollin each. nodul e (41). further includes the step of
quer yi ngSg each no 'ﬁ?‘g‘”@ﬂ’%’ ?%‘%m@&ge?yﬁ#%(f\ﬂf)é'?ﬁé’( Spﬁ'é Cﬁﬁﬁﬂﬁg tf‘ﬂ urplly of

conpl etely jilicdl (42§ 8y alrdcordRb QNI NH) with whehiten Inéamsttivaacount er ed
any errors. 9. The rret%od of Claimb5 wherein the conmuni cations bus (51) is
sel ect ed frpmogram (§ibup consisting of a Versa Mddul e Eurocard (VME)

communi cati ons bus, a Conpact PClI communications bus and a PO 25
conmuni cat i ons bus.

6. The method of Claim 5 wherein the step of directing and controlling
10 system function or state control comprises performing system functions or

system transitions in a standardized and synchronized manner.

7. The method of Claim 5 wherein the system function or state control
comprise test capabilities, and/or downloading program memory, and/or module

15 power down, and/or normal execution.

8. The method of Claim 5 wherein the step of directing and controlling
each module {41) further includes the step of querying each module (41} to
determine whether the module (41} is completely initialized and to determine

20 whether the module encountered any errors.

9. The method of Claim 5 wherein the communications bus (51) is
selected from the group consisting of a Versa Module Eurocard (VME)
communications bus, a Compact PCl communications bus and a PC!

25 communications bus,



