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conput er systens comruni cating via a comruni cati ons bus. BACKGROUND OF THE

| NVENTI ON i o Communi cation buses allow for the transfer of data anong )
various processing and data storage-Aedi uns. Typical conmunication buses,
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01115324 i e\ SeP0dRiRMEB circuit boards containing electronic means for executing '
predetermined functions or a predetermined software program, such as for example,

setling 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 info the system, yet the user
does not view the systefn 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 the television set does not reslize the set includes such computers. An

25  embedded system 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, chemical processing plants

and refineries for the process control industry; car management systems for the
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BRIEF SUMMARY OF THE INVENTION
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
20 to be a full description. A full appreciation of the varicus aspects of the invention can
be gained by taking the entire specification, claims, drawings, and abstract as a whole.

The present invention relates to a computer system and method for facilitating
bi-directional communication between a primary software means on a computer and at
25  least one secondary software means, loaded on a computer circuit card, via a
communications bus. Both the primary software means and the secondary software
means both have predefined register storage space for storing data, and in particutar,
for storing data relating to system and fault status, among other things.

30 The present invention provides a simple, yet flexible system and method for
communication between a primary processing means and secondary processing
means which transfer data via a communications bus. The present invention finds



means which transfer data via a comuni cations bus. The present invention
finds WD 01/13249 PCT/ USOQ 22073 -3 applications in syst
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description of the invention and claims that follow.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, in which like reference numerals refer to identical or

functionally-similar elements throughout the separate views and which are incorporated
in and form part of the specification, further illustrate the present invention and, together
20 with the detailed description of the invention, serve to explain the principles of the

present invention.

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

25 FIG. 2 is a graphical representation of the header register of the present
invention;

FIG. 3 is a graphical representation of the communications header register of the
present invention; and
30
FIG. 4 is a graphical representation of the run-time operation of the present

invention.



FIG 4 is a graphical representation of the run-tinme operation of the
present invention. WO 01/13249 PCTJUS00122073 -4 DETAI LED DES%CRI Pﬁd\l OF
THE | NVENTI RCAY1¥4%n in FIG 1, the present invention 10 i" UMM er
system and nethod for allow ng conmunication to take place between prinmary
(or director) software and at 5 | east one secondary (or non-director)

sof tware program through a communi cati ons4data bus by a series of unique
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for processi %adata 11 and software neans for comuni cating data 33 stored
on and exe"t‘flf{ USIBRCHRS secondary neans for processing data 31 n. 25 As
seen in FIG 2, the software nmeans for directing 13 further includes a
header register 12 which is stored on the first means for processing 11
and i s optional I!f patticuiaadhe present W?n¥%1%Im'lﬁﬁsﬁélﬂasmﬁﬁﬁgmaﬂé@rst er,
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15 transmissions, eic.) 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 8 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

executed 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 o 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 example,



where control of the non-director nodules by the primary program (director)
is desired 30 as will become apparent to those skilled in the art. The
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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
flexibility 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 {o store complex software instructions).



means for directing 13 will initialize the header register 12 and maintain
know edge of its contents. Thus, as those of skill in the art wl|
realize, th®Q@ed3s® software pointers allows the softwar ePEHUFHBPES ent
conpl ex progranm ng structures while permtting flexibility in software
design, and can, for exanple, utilize nmenory efficiently (e.g., as 30
desired, nenory storage can be created o8 —-the pointer as the software
means for directing is executed and can be used to store conpl ex software
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register, and is preferably a secondary thirty two bit by seven word data

register altho ' éﬁ"ﬁ' .t resent
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communi cat pphidht I Wo8OEkMNEd M 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., o 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 fransmit data relating to the status information of its corresponding secondary
means for processing 31, and for storage and transmission of data relating to any faults



means for directing 13 and debugged if necessary w thout the software neans
for directing 13 having to understand the functionality of each card 41,,
As such, ¥©a834925 as each circuit card 41n contains a SEXHTFI3eans for
processi ng data 31n having a secondary neans for storing data 39, (in

whi ch communi cations header register 35 is stored) and can comruni cate
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addr ess i18, the means for directing 13 will appropriately follow the locatlon 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 HI, Pentium 1, 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



menory of the storage register pointed to. Thus, as wll| becone apparent to
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m croprocessor, TBM RS/ 6000 processors, etc. First means for storing data

17 (and t hethgbisemeraentsipa pgmeny ard spqangdanoseftnaie poograms (disaonandaign-e RAM
such as : - [ ; : ; or
even di s%ﬁgmunnogﬁﬁé{@o%me:?éwéh%géw aarcggé]cggr?]at [ onaCﬁg%(#rglé]{éseé@g?A’%ven
a circuit che tinpletmenizdrip hardvepré onatdoarsnationanfypobt. n@imilady dieatiap Adister 12

PCT1US00/ 2207 -8 conponent having ¢ utin apabilities. Cenerally, a
computer. | SMHLFOTRHETERTNedhraRt 2 6o b SeERfr BBl R o MRS and dat a
st orage neafiplerhohtedat RarR@Rs of 8 combirztieh iohBothd Suftvae hiasmsdoneriy f®and
comuni cating data 33 can be softwarecfrograrrs t hat Sgl enents the primary

[
and secondafSFORERYSRIarR B§RRRIOT(BKINGCY JF 2Rl Hvsstandarditbalis typirally énal i ty
for the,co | I ' i
1Dl erTony oo o oAt o B8 o Rel Vs ey Sl SorRBor .
regi st er 12infosmatien samwodees wak daperiing pethearnlicaorsan be soft ware prograns
or can be inplenented in hardware or a conbination of both. Software neans
for linking 19 and secondary software neans for linking 37 is a well-known
standard that | Cempucebtign bud 51 seh tbeany cdaventmnelictancenneefiar datd bus. ddore

ke, 1 St ohaB o8 BEE oSN o ol AR S5 N BR
I nt er comechd gsedl apgy SaramuliRBBongmetiivaivBeihgr it &y physicdli@onhecte® mfitrh loe
with ar andr?or{]caagcbeesussie%la% Igr?ggg ¥hesgahrgge carg %gmmunicate 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 (VMESB4), CompactPCl and PCl communications buses. The scope of the
present invention is for use on a communications bus, which is not necessarilty hard-
wired among electrical circuitry, but is also intended to cover those communications
buses which 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 {o 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 application.



15 be used. Any communi cations nediumwhether it is a physically connected

medi um prwopghzggan be used as long as the cards can comwp&,g%ﬁzd%;h each
ot her vi a, r~"exanpl e, random accessi bl e nenory addr esses. nmruni cati ons

bus 51 can include any hardware interconnection bus that allows

comuni cation of data between circuit gards vi a addressabl e nenory

t echni ques, such as, for exanple, a Ver8a Eurocard 20 Mdul e (VME6G4),
Conpact P and P communi_cati ons huses. The scope,qQf th resent .
Cvent i oReraIp! the DABHTE Y CamMHERHONS HusEReacRah s 5 RHe HoEoRThiaae
hard- Wi (£é thi®Negarfecddtaralth 6hy ethdricard p4f. s al so intended to cover those
communi cations buses which comuni cate data by any neans (such as

transm ssion by frequency neans). 25 The functionality of each circuit

card 41" is hie Ak d i t al |
system requi ?gﬁgwfgéw%‘lt"hﬁﬂ | %!i%\%tﬂ ?gﬁ%%ﬁ”gﬁ%@* @%%’r%ﬁq %K@%r d

f unct 5 ononmdich thelywosruricatec Genarallys theje ase tanyrcanpanentscan the cards sucty

p?gngs? : \ { | . eEACh Cl cuir 1188 TRMHS SET LMWox 43
o bcoss By ood A aAS 3R Hises PEHecHG Bitferl BNt A MRl RBRrs onl

(al so cohariwdre tatontral poerer dibtritution at tifferentoaitagés and sunphts. 'Spegias” ), each
box 43 connecta letbght hg conmuni gations bus SOne circuit cards

1. Thus, |
41" can BUTHOSREIES i Vet Res spiding BPm provind e egpecia

PCT/ USO0 yRdriaticallIdgicet fisfttiohs td€onticihg twb diFfefeéntbueséd Opfanhesese each card
41,"' is able to communicate (and thus, transfer data) with an{ ot her card

41g. @i r &regoipg age gammeseially ayajiable @truit capdsand e japlementatien e sych winor v,
and a bu%e%g%ﬁr%it&{hésg%ﬁll%m &ete. Generally, there are many conponents
suc

on the car as one or two other busses connecting different
menories, or input/output devices, and hardware to control power

di stributi on gio o SSEAALNOLF RS B 6P SARGA Tyioh Y5 PAAEAE" oo

t hat perform various I'ons rangl om pr ners to ci al
mat hemat icommurigatioas betwedr a fisst peocessorett innpnimonidafidrewithita domsmder. arldoaty  of
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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 inciuding a
director header data register 12. Then, by communication between the means for
directing 13 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 errors.

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



be apparent to those skilled in the art. FIG 4 illustrates the run-tinme
sequence for the present invention to facilitate conmmunications between a
first proces¥@py/iBa%in communication with a conputer and at PCTSPUREE a
secondary processor 31" in comunication with a circuit card 41" having
predefined electronic circuitry nmeans and in electrical comrunication with
the first processor 11 by a data commumitati ons bus 51. First, a software
means for conmunicating data 33 and a predefined software routine nust be

| oaded on fbrem%'w/a?é mmorrh&m@ans foh girs@ings ¥ iefaliewsdtmeleatricay dat a
i ncluding a conmuni cat i ons header gl ster 35. Then, software means for

directing f8s am me&theﬁﬁegmw&méa RS PRONEIGF FROTE NHRASSIDER CTguIt saygs
neans for diq e¢tid@ad3nkbiabarl ﬂ&gdﬁ‘ectﬁ‘)br‘%cfa% PRERASIMiIASY BrkC8A S bRIpateland NEN,

by communi caf'i on between the neans fof directing 13 and t he neans for
communi cat|Q¢@trdh¢@h33fcutﬂ¢€f€b4bdpmmecd@Wﬂcwtry means on each circuit card
41n is initialized. During this initialization, each circuit card is 25

queried by the nmeans for directing 13 to det erm ne whet her the card is
conpl etely i ni tnahe zabodinentmf det p:resiamkanvﬁrﬁbheeaaéacmdmm:d&!s perforamunt er ed

oteive | UPERER SEANOmPRREs ST ISR AL Vol BP e e PRy, e -

necessary, rhb@ulEeas afcdthen dRridtmestd et zh?erfaﬁ;eé Ib@fv@eﬁri Rbdaks QMxﬁg)thbWEf er
data with each nmeans_for communicating data 33 pol | i ng each

communi cat i RAFK Pised ehe Teguiing fa@@taﬁuﬁ ig m%@ég&?f& quﬁ'@" gader wieh the ect i ng
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1 contains several major synchromzat:cn points where it waits for commands from the

o

primary software program. The secondary software programs return state status to the
primary software program for control and synchronization.

Other variations and modifications of the present invention will be apparent to

20 those of ordinary skill in the art, and it is the intent of the appended claims that such
variations and modifications be covered. The particular values and configurations
discussed above can be varied, are cited to illustrate particular embodiments of the
present invention 10 and are not intended to limit the scope of the invention. itis
contemplated that the use of the present invention 10 can involve components having

25 different characteristics as long as the principle, the presentation of a computer system
and method for aliowing communication to take place between primary (or director)
software and at least one secondary (or non-director) software routine through a
communications data bus, is followed.



nodul e tests are then perfornmed to test interfaces between nodul es

i ncludin back plane. The resulting fault statupct/gsdoBppsted in
t he comgvﬁb&g/é%gﬂf which the 1o primary software program queries. The

primary software programis in control of synchronizing all nodul es during
t he vari ous nodes of the computer system operation. The primary software
programis al so responsible for maintai hing a systemstatus table
indicating the health of the particul ar uter and fault |ogging. The
secondary software program provides t MR el nodul e control. The secondary

sof twar e progrp8lembodimehididiansavaitioh iRt Sy BLAGSVE pRIpeRt) PAGREE Where it
waits for commands fromthe primary software program The secondary

sof t war e Claimpgd e detined as fallaws: st atus to the primary software program for
control and synchroni zation. Qther variations and nodifications of the
present invention will be apparent to 20 those of ordinary skill in the
art, and it i 4.t heAicommiercsofiwase appleoidnd eoiminpvicaticn syster forvacomputers and

i scuss ol BBSeE R aithup tafioR B £ rlulBalibic B8 PRSP Cul ar
enbodi ments of t heat Ipastsefiist means forqprodéssimyidatadn sommunicaidadvithathei m t t he
scope of the invention. | ated that the use of the present

It 1S conte
i nventi oﬁom“&{r?qdrnﬂﬂ'%a%mﬁ&gr UNS§a% different characteristics as

long as the princi gl |Bast18edimiaRnahh® fordfrocessMGUELE in SothirfiMcaBBd wittf10d
for allow ng conmuni cation to take place between primar or director)

! L A Y |
sof t idr e Cpt eard| asdhavinga seeendasy Je@ss fororoing deteethe @@ﬁ%twar%mr outine
t hr ough ﬁgﬁfﬁﬁﬁﬂ’g} A ' Wath 1/ 13249 PCf/US00/ 22073
-11- CLAI% e e%‘%‘?@eﬂﬁtéyﬁ tgmtrﬁ\?zcr?{nﬁhkmi n vuﬁ/@]s?an excl usive property
or right is clainseftware riednsiod diuectingl stonest: onsthe firgt rneans fioe stosingtdata end
control | | f A uter, the conputer in
comuni c%Sggﬁgwwéﬁt%%ﬁ%?éfp}gﬁgg%ﬁ%ﬂé?{:agnpri sing: at least a first neans
for processing dat softwareoneans foatommunsiddting liata oo theutiecuitaoadd teamndiffom fir st

means, _for, storin dde}

fa.. A
15° ~ thé means Yor directing, the means for communicating stored on each secondary

means for storing data and executed on each secondary means for processing.

2. The system of Claim 1 wherein the software means for directing further
comprises a director header register stored on the first means for processing for
20  storage of at least status information and fault information, and wherein the software
means for communicating data further comprises a communications header register
stored on each of the secondary means for processing for storage of at least a
secondary status information and at least a secondary fault information.

25 3. The system of Claim 2 wherein the header register and the
communications header register both comprise at least a thirty two bit by four word data

register.

4. The system of Claim 3 wherein the header register comprises a first thirty
30  two bit by seven word data register, the first thirty two bit by seven word data register
storing a first software means for linking.

R



at | east a secondary neans for processing data in communication with a io0
circuit card and having a secondary neans for storing data, the circuit
card in cormaipi/gadsi on with the conputer by the comruni cat PORRSENR3HT3
software nmeans for directing stored on the first neans for storing data and
executed on the first means for processing; and software neans for

comuni cating data on the circuit card tojand from 15 the neans for
directing, the nmeans for conmuni cating stored on each secondary neans for
storing data ang exe im 4R ; | : The
system of d ai m%l mgﬁ%%ﬂﬁtg ﬁ‘e@? P\?\gre n@g@&g@@ﬁq P?%‘é‘?‘:”ﬁé%ﬁ%ﬁ %IF for

conpri ses aotprises arscoondiy thidyitwo bit bytseven word déia régister, eashirgscbodary thirty

processing faor,. .20 storage.af, a ) | ng i faul t. .

I nformat i oﬁ“,“’oa?r\té) AP Bivﬁ)r? ﬁgtas%]g[s&%rsgor?@%ﬁécc#ngjra%%@&ummaﬁlg é’g%?‘ﬁ gfgglg'%kéngr urt her
conprises a conmuni cati ons header register stored on each of the secondary
nmeans for processing_for stor of _at |ea a second st at us L

i nf or mat3 on and Bat | 3&%135’%?9@9%%?’65??W’!ﬁﬁ?‘ﬂ%?\?ﬁ?@?gﬁyﬁ?%e@?eaﬂﬁé%wr&n of
G ai m 2 Whag gidinbRf: SFRERE pbRlrIdfitaBRG0TRG méRoRBISRE Ons header regi st er
both conprise at least a thirty two bit by four word data register. 4. The
systemof Claim3 wherein the header register conprises a first thirty 30

o 1 by sever, o drgdRlBoh e bR o bRalt LA B AR BRI

data register storing a war e nmeans
Frere et e it S W 01/13244 PCTIUSQINn2073  -12 5. The system of

Cl aim4_wherein_the mmuni catd Qns beader. register .c rises a,secondary
Chirty o bit By setlh HPE G4car CaTETER trebunmLBleBnans O RHISed b ¢
by seven wahd getipecdre@tiag ef a Mepid MadalesRrooskar(yME) iconmmenications bleral i nki ng.
5 6. The systemof Caim5 wherejn tgfésﬁecgondary _soft\é\%re rre(gns or |inking

i's a dynam €OrSBRGtRES EOBBIURICEEORDPYS & COMMBRIRRTOPS Py§; @i pombinations
thereof.
15 9. A data processing system for embedded systems having a data

communications bus, comprising:
a first computer processing means having a first data storage means
within the embedded system;
a plurality of secondary computer processing means in electrical
20 communication with the first computer processing means by a communications bus,
each secondary computer processing means having a secondary data storage means;
software means, stored on the first data storage means and executed on
the first computer processing means, for directing; and
software means, stored on the secondary data storage means and
25  executed on each secondary computer processing means, for transferring data from
each secondary computer processing means to the first computer processing means.

10.  The data processing system of Claim 8 wherein the software means for
directing further comprises a director header means for the storage of director software,
36 and the software means for transferring data further comprises a communications
header means for the storage of communications software.

LT



7. The systemof Claim6 wherein the software pointer contains a null

value. 10 8. The systemof Caim7 wherein the conmunications bus is

sel ect ed WPOMI32¢he group consisting of a Versa Mdul e EuFEVRPYRURE)

comuni cations bus, a ConpactPCt conmuni cations bus and a PCl

communi cations bus, and conbi nations thereof. 15 9. A data processing
system for enbedded systens having a ddi3a comuni cations bus, conpri sing:
a first conputer processing neans having a first data storage neans wthin
t he enbedded $iist efhe datplprocdssing syistere o Gikimy1 C whprdirethedicentrdigagienreans i n
electrical 20 c nication with the first,c ut er pr.qocessi ans, by a
communi c iR e due SoBRurihh depdorntt bifRmetHdsiR A Ehniva L &
secondar o dord h@rregRtéreans; software neans, stored on the first data
storage neans and executed on the first conputer processing neans, for
directing; and software neans, stored on the secondary data storage neans
and 25 executfsl OnmRAEhaIREOAMHAYSRRM bt BlaiRl PEAREIIIMERdR o Rader
transterring data from each secondary conputer processing neans to the
first comeaneangdithecemmupications header means bathacomprisesa thirdy tyasbithy sevett ai m 9
wherein twarg nmeans for directing further conprises a director
header n&@ﬁdsaé{orrg@%ger'storage of director software, 30 and the software
means for transferring data further conprises a comuni cations header

nmeans for the,storgge,of connuni cat'&ons 11111 I F

ftware, | L)L LIILIL ©L]
VS V0 01/ 13588 PSRRI itel of CHRimUA Wherein e JTRSIE RHRf of G ai m
10 wher enibanb furthereohiprisbs attiifectdreaénsXod linikisg aAGTMEEERMUARALIBRRASSddIBans
both conprise at least a thirty two bit b four, word data register. 5 12.

X 0 [ y . W
The dat ans3pe drdhergomprisesagtontmnunigations neaes ferdinking; rect or header

14. The data processing system of Claim 13 wherein the director means for
linking and the communications means for linking are dynamic software pointers
15 pointable o any memory register.

15. The data processing system of Claim 14 wherein the communications bus
is selected from the group consisting of a Versa Module Eurocard (VME)
communications bus, a CompactPCl communications bus and a PCl communications

20 bus, and combinations thereof.

O



means and the comruni cati ons header neans both conprise a thirty two bit by
seven word data register. 13. The data processing systemof Claiml12
wher ei n t he Wid pIS24r header io neans further conprises a dPFEEEW22¢8ans for
| i nki ng and the comuni cati ons headers neans further conprises a

communi cations neans for |inking. 14. The data processing systemof Caim
13 wherein the director neans for |inki-nggand the communi cati ons neans for
| i nki ng are dynam ¢ software pointers 15 pointable to any nenory register.

15. The data promessingiefis Busihg &l cmpuldr toaditar ddrmonRRBINSCRStvess abus
Is selected fromthe group consisting of a Versa Mdul e Eurocard (VME)

communi cat | HRPBEESSO4 C i33he0 WG EPIMEWET 8RS ablseshR geePrisigry processor in
communi cat i R itR R | | feRefi tebtrddi i i
COTTIN o | gt i B A AT LRI AP ol BN elpbtari bralitd et hd in
conput er t celeetptalicomraunicatiamwiintheditst iyecensonby a data sempruwicedions bus,
conmmuni cat i 4 1 r and at | east a secondary processor in
comuni c%t .%‘éﬁ’ﬂ? @eﬁsﬁ%{:’f card having predefined electronic circuitry
means and in el ectripeedoadingasofoedreaneans for tdrermunicating dateearsba pledefindat a
conmuni cati o bus, .5 conpri.sin he steps of: pre-loading a .software nmeans
f or commnii‘gﬁ'f g "oRting lhepeh S&Cga ?Wr?é‘&cg%%lt%&@ap%?ﬁri Q%BH”‘E%FW Rondary
processor, hBedimgasorhRunaitahaetel Repista,a 1 ncl uding a comuni cati ons
header register; | oadiarﬁgqa software neans for_ directi ng in the first

B

processor, the means loading @ sotvareoneans fondiredinggn dheifivsbprosessrsdbermerisa
and. The e R o B e ot ¢ <t roui try means on
each circuit card i ninitaizingnby admownidation bebvesprthe meansi fondirdntisg and the
means for communicating data, the electronic circuitry means on each circuit card in
communication with the communications bus;
for each means for communicating data, maintaining a ready state to
15 receive further communication from the means for directing;
allowing the means for directing fo transfer data with each means for
communicating data by polling each communications header register; and
allowing the means for directing to test and control the electronic circuitry

means on one or more predefined circuit cards.

20
17.  The method of Claim 186, further including the step of having the means
for directing, at a predetermined time, prepare and control each circuit card to power
down.
25 18.  The method of Claim 17 wherein the communications header register and

the director header data register both comprise at least a thirty two bit by four word data
register for storage of at least status information and fault information.

g



for each neans for conmuni cating data, maintaining a ready state to 15
receive further conmunication fromthe neans for di rec“fpl;/uﬁ)lo)sz% ng the
means forvQPVER] ng to transfer data with each nmeans for ~‘comiunicati ng
data by polling each conmuni cati ons header register; and allow ng the neans
for directing to test and control the el ectronic circuitry means on one or
nore predefined circuit cards. 20 17. ~T®emet hod of O aim 16, further
including the step of having the neans for directing, at a predeterm ned
time, prepart.and themethodiGlaien A8 yyhereintie cempyinigations igaderyegistergnd

met hod o 2 | d i | ) | t he

i oot or el Healera Aoty HITLEEAL AWy RAS Bty RBh Hodita %,

f our wor wegitierfor stagaga ef safvare meangdoolinking, (the means dondirgctingr mat i on and

55 10, "ERLIRn0 bithdhe ey G kind e chrhbncile el drip lalindadthe o

and % heeldtirenit circhieqpderandaineamegi theaircbiv tards @tlached teathetdonimutiostidnst by
seven word data register for storage of software nmeans for |inking, the
means foPY¥irecting communicating with the neans for linking to

communi cate additional data relating to the 5 electronic circuitry neans on
any of the circuit_cards attached to the communications bus. 20. The

nmet hod of O a#%n 19TWh@ethad efif{daim B witereinithe slapAfipjtializingthe ele@ianic
circuitry I e i i [ : : erying
cach o r SrGREY ofs 83 CRch Gl baAnttiRbREEs U R gl ind el

i ni tilalicard taseterminewbethenthetandlie completely initiplized and te determine whetbes. 21.

The net h% ‘93'99"%%§%8§}§’%§}ﬁt he step of allow ng the neans for

directing t0 trans “each means for comunicating data further
includes the 15 step of having the neans for directing conmmandi ng each

circuit card ZEP comge%%ﬁ_‘od of Claim 20 wherein the step of allowing the means for
directing to transfer data with each means for communicating data further includes the
15 step of having the means for directing commanding each circuit card to commence
execution of the predefined software routine.

22. The method of Claim 21 wherein the communications bus is selected

from the group consisting of a Versa Module Eurocard (VME) communications bus, a
20 CompactPCl communications bus and a PC| communications bus.
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execution of the predefined software routine. 22. The nethod of Caim 21
wherein the comuni cations bus is selected fromthe group consisting of a
Ver sa Modul WORMHeard (VVE) communi cations bus, a 20 Conp&dilse$22073

comuni cations bus and a PCI comunications bus. TLITTEL TEEEED Tidi!t 11111
1 1111 C WD 01/13249 PCTNS00/ 22073 -16 23. A nethod for software
controlling and communi cating within an-dgbedded system the enbedded
system having a primary processing nmeans for controlling conmunicating

wi th the enbedggd SY§hﬁmaﬂﬁ>r@bft\lv§@Séon@mﬂmgtdn@|do@%@niétﬂfgﬂﬁiﬂiiﬂgn difsdtfled
connected to a circuit rd, the controllable processing neans having a

sof tware 5SKEgNs thegmp rYEHT A8VIHE A:LTHRRIY roRessingi meansser eorirdling ogr am
| oaded t hepg@wyridding WARLROLhdRLBe® %%éﬁﬁéﬁ&atﬁ?é&%}é&ﬂoﬂ&%i@%r@cessin

comuni cati ons headefr register, the Circuit aving predefine
el ect roni c MREARSONDRCIRH Bre Sikbuiycard: iearatrplinbie prcesging meammiavingtd softwireh

the prigar R A ' | h.SJ e,.steps
of . 50 PoadieiySTERiiiiuTEat dite Ba RALAR S0t BroorffTRAdS Bttt g
rrealns . f or commiable: ﬁumgessihdganpah%rm::}udm' esmmw;om'ans hﬁaﬂer]gegitsm,l the Ii’t{;tc:uiﬂgc

I ncl uding a controller eader. data register; for eac of tware neans for
commni cut CAG TR PrEdSHEd SIseHpTic meats forarasessiy e anq n el

conmuni cat emnifurfBibh withahé bﬁﬁﬁrﬁﬁ%@ésé‘iﬁ@g re@Rk b9ld dddemuhitatichatiual | 1 ng, by
the software neans for controlling, the transfer of data wth each
sof t war e nEBME$iBY thas#dhPtat i ng data by pol ling each communications header

regi st qp; and allowzagdiﬁ@gs% %@h%aﬁ??d}%oﬁ%ig%am@%ldgﬁ%g&éegﬁﬁg%%ns

control the electronic neans processi ng one“circuit
card. 20 2fpr cpniroliieg,Koel pumadt pionessdng means éor dontrbllidg ingluding 8 cepiraller havi ng

the neans hgg(gerq{%@é Feg{i,\ééér?g prepare and control each el ectronic neans for
processing data 1o p §

for each software means for communicating data, maintaining a ready
state to receive further communication from the software means for controlling;

15 controlling, by the software means for controlling, the transfer of data with
each software means for communicating data by polling each communications header
register; and

allowing the software means for controliing to test and control the
electronic means for processing data on at least one circuit card.

20 24.  The method of Claim 23, further including the step of having the means
for controlling prepare and control each electronic means for processing data to power
down.

25.  The method of Claim 24 wherein the communications header register and

25  the controller header data register both comprise at least a thirty two bit by four word
data register for storage of at least status information and fault information.
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and contr trom C nmeans processi ng udes
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for proce§(§’|nﬁtﬂ| dﬁ?& comence execution of the predefined software
program o 9% U3f O aim 27 wherein the communications bus is
selected fromthe group consisting of a Versa Mddul e Eurocard (VME)
conmmuni cati ons g is Conmpact PGl communi cations bus and a PCl

communi cat i ons2bus, T%@e adeifelaing 46 whergindbe stap ofjaliowing theisoftware means] | | |
for controlling to test and control the electronic means for processing data further

10 includes the step of having the means for controlling command each electronic means

for processing data to commence execution of the predefined software program.

28  The method of Claim 27 wherein the communications bus is selected
from the group consisting of a Versa Module Eurocard (VME) communications bus, a
15 CompactPCl communications bus and a PClI communications bus, and combinations
thereof.
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