1 7 MAY 2004 -1 FAULT TOLERANT VI RTUAL VMEbus BACKPLANE DESI GN 5 BASE qD
OF THE I NVENTI ON The invention relates to Versa Mddul e Eurocards (VI §;EM 004
backpl anes and nore particularly to connecting two i ndependent VNME

backpl anes together electrically but providing isolation in the event of a
failure. 10 Recent shifts in the mlitary market has driven system
architectures from point-designs to comrerci al based technol ogy desi gns.
The mlitary market has particularly focused its attention on VME-based
technol ogy for future system designs. VME—bhekpl ane technol ogy has

problens in certain mlitary applications, in particular fault tolerant

designs for avi oni ¢GAUST FRIERANTONRT e VNS [RBRDIKIANE YESKSRUSCcepti bl e
to single point failures. Currently avail able nmethods to provide fault

tol erant designs using VME technology significantly degrade or conprom se
overal |l system performance. Sone of the approaches in the past are: A

Tovel & WWE - { BRI e THRIVKERIGRE Gata tr anst or betveen fwo VM
systems. The probl gRevhidhtidh @iaeEeARsh SMRABICENARIards (/ME)Yba dPHRSS
ot her system nodul es. Additionally, this system does not provide a
and more particularly to "connecting "two independent VME backplanes
together electrically but providing isolation in the event of a failure.

10 Recent shifts in the military market has driven system architectures
from point-designs to commercial based technology designs. The military
market has particularly focused its attention on VME-based technology for
future system designs. VME backplane technology has problems in certain
military applications, in particutar fault tolerant designs for avionics

15  applications. The VME backplane is very susceptible to single point failures.
Currently available methods to provide fault tolerant designs using VME
technology significantly degrade or compromise overall system performance.

Some of the approaches in the past are:
A device manufactured by CES, http://www.ces.ch/index html, including

20  a 10MB/s VME-to-VMEbus bridge that provides data transfer between two
VME systems. The problem with this approach is one cannot directly
address other system modules. Additionally, this system does not provide a
direct connected system with fault-tolerant capability. Both sides must be

capable of acting as independent systems as well as one virtual system.




direct connected systemw th fault-tolerant capabilit Bot h si

capabl e of acting as independent systens as meFI as o%e virtualdg)sls'[mSt o8
1 7 MAY 2004 -2 Another is a device manufactured by General Standar dETMEYSZUO[’
http: |/ wwmv general st andards. conm vi ew product s. php?pr oduct =vne6- hpdi ’
including a high speed DVA card - bridge between two VME systemns. This 5
systemis deficient because it cannot directly address other system nodul es
and does not provide a direct connected systemw th fault-tolerant
capability. Again, both sides nust be abl e of acting as independent

systens as wel | S e virtual |
ST ot ol L oSSR Sk T
P/ WW. S B$nG NdaKakimRbus easivienTRodd 7detdact=8Rre6dpdt, |
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to a second VMEbus.chassis,, Both c | t |

by the syt erVEBIt i PRETeThoERRUSs  can) SRR FdtRes Bhet e Rl an

operate as a gPdskehonsrovithl 8irect conactadbystequivitt fabi-tolecrd ramepility.

chassis. The secondary chassi s does not have a X
Consequent |y AGain canlnidop BN BaFaNTIR Of RS Pl Hangedt Sy igfiges well

as one virtual system.
Yet another system is manufactured by SBS Bit3 called the MODEL

10 418 & 418-50, hup://www.sbs com/index.cfm?fuseaction=products.detail&Product_[D=276.
SBS Bit 3's Model 418 and 418-50 are high-performance repeaters for
VMEbus systems. A SBS Bit 3 repeater extends a VMEbus backplane from
one chassis to a second VMEbus chassis. Both chassis operate as one unit,
controlled by the system controller in the primary chassis. The primary

15 chassis can operate as a stand-alone system; it does not require the
secondary chassis. The secondary chassis does not have a system
controller; consequently, it cannot operate without the primary chassis. This
system is unacceptable because it does not provide a direct connected
system with fault-tolerant capability. Again, both sides must be capable of

20 acting as independent systems as well as one virtual system.



systemis unacceptabl e because it does not provide a direct connected
systemwith fault-tol erant capability. Again, both sides nust be capdbWay 168
20 acting as independent systenms as well as one virtual system 1 7 MAY
2001 - 2.1 Finally, an avail able product is nmanufactured by VM C,
http://ww. vm c. com comnm net. htm . The product is called Miultimster which
allows nmultiple VMEbus masters in all chassis software. In the transparent
5 node the system all ows direct conmunication fromprimry chassis to
secondary chassis with no software overhddd— unidirectional |ink control
with bidirectionagl ta transfe Ll t nopt r nogde, §} e
cycl e or burst aj:ld@g] 'ac?BssaYﬂLas[%l?nkpriogﬂgtel gé;t e@gagﬁicg@{te\(;varg? YL,

progr am cont %@tg!/%wmﬁi%rcbﬂpé&nmhh&mual.l The eacdudcthiasalied Mdtivaster2ligeh3- t o
interrupt the Other chassis. The system supports u -foot cabl es .an

) to 2 d
al | ows expansillowstrouitiple MM EbyaERAey St AhEhassia seitwa e oM tRIIANSEA™MY  has
swtch-coptrolled isolatiaon f I ngi: Sof r --mr
| sol ation? 5 r‘F?g‘? sthﬁeﬁB§R7"braA@gV(:s{r?HJé%§%ﬁgﬁﬁyﬁggte@?a%% Egcess (\?mr!‘él%gsw._toAny
address Wi ndewohfaBNenahasaith reasofheaneppetesd (amigiredtiarailink congrobwitlr

chassis (e.g., extended supervisory to short nonpriyvil %%eds). W nd wg'j zes
are bidirectional data transfers). ~In the nontransparent mode, single’ cycle

burst access across the link is selected by software program-controtled

interrupts which allow each chassis




junper selected from 256 byte to 16 Myte (power of two sizes, i.e., 256,
512, 1 K, 2 K, etc.). The product is conpliant to VMEbus Rev. d %
supports 8-, 16-, and 32-bit Transfers (bidirectional), supports 12@ Mé ﬁ%
and 32-bit addressing (bidirectional), has two boards and two cables (|n a
variety of cable lengths), forma VME-to-VME |ink with autonatic detection
of remote chassis power up and supports multiple links to the same
chassis. The systemrepeats DOto D31, Al to A23, LWORD*, AS*, DSO*, DS 1
*  AMO 15 to AVB, DTACK*, and BERR*. The Problens with this device are it

d
and both 51 GearurhUiS BpkBREar ol e T rbsiBri i 2eefhaBe R | 'L,

one virt Ua' %S e aHsRsreiPReitigh NAgEL US Sy gamd inad smtmirm uwlomdapmdent
VME systens 20 togept her current% exi st |Sr/1 the VME art Ngne

fﬁ ; ; :2& dez |t gmtcgtmécmttczilbﬂes?lﬁbm\fgr mapienanes gnduwwrewemﬂe‘éié%?'%on
ns_ are
soa‘ar bl RIS AT B IOSBOO leySh e
OMEbuS backpl éﬂgw\//\mo déhﬁlggggéz@gfa@t Be vappetito WhEbwisdolr indie ofrer athessiss one
(e.g., extended supervisory to short nonprivileged). Window sizes are
jumper selected from 256 byte to 16 Mbyte (power of two sizes, i.e., 256,
512. 1 K, 2 K, etc.). The product is compliant to VMEbus Rev. C.1 and
10  supports 8-, 16-, and 32-bit Transfers (bidirectional), supporis 16-, 24-, and
32-bit addressing (bidirectional), has two boards and two cables (in a variety
of cable lengths), form a VME-to-VME link with automatic detection of
remote chassis power up and supports multiple links to the same chassis.
The system repeats DO to D31, A1 to A23, LWORD*, AS*, DS0O*, DS1*, AMO
15 to AM5, DTACK*, and BERR*. The problems with this device are it does not
provide a direct connected system with fault-tolerant capability and both
sides are not capable of acting as independent systems as well as one
virtual system.
Therefore, bridge designs that couple two independent VME systems
20 together currently exist in the VME art. None of the current designs
available, however, provide a virtual VMEbus design. Instead, both systems

are treated as independent systems with a common data area for passing

information



4-. -4- 17 1 7 NAY 2004 PCTTUSOO 31465 SUMVARY OF THE | NVENTI ON The
follow ng summary of the invention is provided to facilitate an
under st andi ng of sonme of the innovative features unique to the present MAY 2%
invention, and is not intended to be a full description. A ful

appreciation of S the various aspects of the invention can be gai ned by
taking the entire specification, clains, drawi ngs, and abstract as a

whole. A preferred fault tolerant virtual VMeEbus backpl ane for conputer
systems conprise at |east two VMEbus bacRplanes, each VMEbus backpl ane

conprising a, power supply and a fauljf. i t ast
two badge rm@l??‘%@?n éé(gf?%?'i 33“@ %géf‘{e'”gghﬁ‘?'ﬁ é"ﬁ @g&gﬂg&? idgﬁd ? g?h a?lc\(ljl\ﬁ%gg? ing
and di sconnegtijge SaGhtedf ad Bre \WHBbSs backpbaaes. A preferred at |east two
VMEbus backpl anés conprise a nonolithic structure. A preferred fault
detection apparatus conprises a fail discrete in each bridge nodule. The
fault detection apparatus can also conprise fail discretes in 15
presel ect ed nodul es connected to each VMEbus backpl ane. The fault
detection apparatus preferably conprises a fault detection apparatus in



each VMEbus backpl ane and a transmtter for transmtting the fault signsy

to a next VMEbus backpl ane. The faults conprise nodul e faiPI TﬂLﬁﬁfEﬁ[’fs an
VMEbus bag@pbaTié2 conmruni cati on tests. The preferred VMEbus 548 p

comuni cation tests conprise a data treahsfer bus test, an arbitration bus
test, and a priority interrupt bus test.

conprise a structure to connect the VMEbus backpl anes to appear as a

si ngl e VMEbus backpl ane. The structure to connect the VMeEbus backpl anes to
appear as glphniglRY \WEAHE BACENTAON conpri ses direct WO 01T31102
PCT/ US00/ 31405 -5- connections between the at |east two VMEbus backpl anes.

The preferred appatgid pétgdr@ﬁ{a' QIPHESRSehlich!cs Wrevitied nionfadiltetedan a
elays be

transm ssion | atency

The preferred trycture to mnimze dat r . SSi e
bet wgen thé”ﬁ?rﬂs"%% 'ngo wo L@%M|a§}ﬁéﬁ§§ﬁ%$is%@§“%a‘§ B phecents

between the at |east two VMeEbus backpl anes. The prefefred net P?g.d off
i nt er conneatviemioandndi is Twinetenided tetbe @il desgaPiehpdt B RRESAICN P 1 st
conput er system conprising a first VMEbus

i rect

syst em £oMpid Sidibud BEpbciYMBbtise liavérstidrplcanebe @gined dy tatdngtispsenire
detecting a fault status in the first and the next conputer system

transm tti ng the GaH! biofhaldiswithd Mhcsbaiac a8RbRble.

10

15

20

A preferred fault tolerant virtual VMEbus backplane for computer
systems comprise at least two VMEbus backplanes, each VMEbus
backplane comprising a power supply and a fault detection apparatus and at
least two bridge modules, each bridge module comprising a switch for
connecting and disconnecting each of the VMEbus backplanes. A prefetred
at least two VMEbus backplanes comprise a monolithic structure. A
preferred fault detection apparatus comprises a fail discrete in each bridge
module. The fault detection apparatus can also comprise fail discretes in
preselected modules connected to each VMEbus backplane. The fault
detection apparatus preferably comprises a fauit detection apparatus in
each VMEbus backplane and a transmitter for ransmitting the fault signal to
a next VMEbus backplane. The faults comprise moduie fail discretes and
VMEDbus backplane communication tests. The preferred VMEbus backplane
communication tests comprise a data transfer bus test, an arbitration bus
test, and a prionity interrupt bus test. The bridge modules preferably
comprise a structure to connect the VMEbus backplanes to appear as 2
single VMEbus backplane. | The structure fo connect the VMEbus

backplanes to appear as a single VMEbus backplane comprises direct

ane 20

The bridge nodul es preferably

en the at | east two VMEbus backpl anes.

backpl ane and a next conputer

gﬂ{la‘f

connecti on



system connecting the first VMEbus backpl ane to the next VMEbus bacﬁp} RE9004
If no faults are detected, disconnecting the first VMEbus Ftb'siqﬁﬁ,lugp@sfroh1A '

t he next Wl%ﬂ@gl?}ackpl ane if a fault is_detected, operating Is In primry
mode if the fault is detected in the et VMEbus backpl ane, and operating

in fail safe node if the fault is detected in the first VMEbus backpl ane.
The steps of transmtting fault status to the other conputer system and

connecting the first VMEbus backpl ane to the neg VMEbuUs ggcggl ége i f no
faul ts are ahnrestionsceripeesdhecat leagt fup I VMELERE dackPianese 50 FEPIES by

the other conputer system before connecting the first VMBbus backplane to
the next Vi abge kptesreconTives sxesthorufeutet mnimconpetasransmirsion gtergdy
+ mnimzing data transm ssion |atency del ays between the first conputer

system and e r 7 53710 -referred
PCT/ US00/ 31%%%3@1?&%%3%% al'ﬁgéé'nﬁm% \é?gﬁlé rlljf% g)%g)r(ﬁggti ng a fi?gter(?NEbus

» backpl ane and a second. VMED ackpl.ane iin a co te e L the
first VMEDURVEHIK éwe'm’geéf?iﬁgﬁ‘é&@%?“al&ﬁPFw r#’%@%esegwngﬁet elregggond
VMEbus backpl ane is connected to a secondary bridge conprises the steps of

testingss tiven MMEbuybEbkglapas kpmatiseamidirem cosegrbovbebyReD sk pl 'gR&! f or
faults,

two VMEbus backplanes.

The preferred method of interconnecting and disconnecting at least
two computer systems, a first computer system comprising a first VMEbus
backplane and a next computer system comprising a next VMEDus

10 backplane comprises the steps of detecting a fault status in the first and the
next computer system, transmitting the fauk status to the other computer
system, connecting the first VMEbus backplane to the next VMEbus
backplane if no faults are detected, disconnecting the first VMEbus
backplane from the next VMEbus backplane if a fault is detected, operating

15 in primary mode if the fault is detected in the next VMEbus ba.ckplane, and
operating in fail safe mode if the fault is detected in the first VMEbus
backplane. The steps of transmitting fault status 1o the other cﬁmpufmer
system and connecling the first VMEbus backplane to the next VMEbus
backplane if no faults are detected comprise setting fail discretes to be

20 detected by the other computer system before connecting the first VMBbus
backplane to the next VMEbus backplane. The method further comprises
the step of minimizing data transmission latency delays between the first

computer system and the next computer system.




transmtting a fault/ready signal fromthe primary bridge and the secq;d@rqu.
bridge, if the primary and secondary bridge both transmt pgdgusemIyssi na'lq, s
connect i N&)?W 4 rst VMEbus backpl ane %o t he secondary VMEbus backpl ane

and operating in a normal node, if tRé“fault signal is transmitted fromthe
lo primary bridge and the secondary bridge, isolating the first VMEbus

backpl ane fromthe secondary VMEbus backpl ane and operating in a degraded
node, and repeating the aforenentione

st eps. tep t] he
first VEbus badkygl amehaddot w@ew&gwﬂsbyﬁE?’Hﬁebg%p‘gﬁgu?ﬁ‘gé
conprises initiating self tests upon power-up. The step of _te tig% the i5
first VMEbgscheskmBbes dadkslbaedecoompMERyster khern s firdMlisbus
conprises testing in the primary bridge and the secondary bridge. The step

of connect | fi WEtuds 1hag KphmBey thvidgee asec tmslasecondEbUdEDbbackpl ane
further coh%gllqsslgget ksre%g)tn}e‘p of cgnfiguri ﬁ”g the first VMEbus backplane as a -

system control ler and confiquring the _se Preipgem
control | er ba?h%‘agﬁéﬁ%fm@gl’?ﬁgetq %qu?éﬂ%f F’ﬁgge g@d@%ggg%ﬂe to tRe
secondary VMEbus backpl ane conpri ses connectjnp he first, V ckpl ane
to the sectimeldirst VMBS backiierdand the %‘?@'Tdo}/%" &S E’EB%R‘@@P%E??”&%e
preferred step connecting the first VMEbus backplane to the secondary
VMEbus bac kginznsittinigt 4 Tanieréaly sigeat frometh primacy bPADS eandthe 5868M8a%05 1 7

MAY 2004 WO 01/37102
bridge, if the primary and secondary bridge both transmit the ready signal,
connecting the first VMEbus backplane to the secondary VMEbus backplane
and operating in a normal mode, if the fault signal is transmitted from the
10 primary bridge and the secondary bridge, isolating the first VMEbus
backplane from the secondary VMEbus backplane and operating in a
degraded mode, and repeating the aforementioned steps. The step of
testing the first VMEbus backplane and the second VMEbus backplane for
faults comprises initiating self 1ests upon power-up. The step of testing the
35 first VMEbus backplane and the second VMEbus backplane for faults
comprises testing in the primary bridge and the secondary bridge. The slep
of connecting the first VMEbus backplane to the secondary VMEbus
backplane further comprises the step of configuring the first VMEbus
backplane as a system controller and configuring the second VMEDbus as a
20 non-system controller. The step of connecting the first VMEbus backplane
to the secondary VMEbus backplane comprises connecting the first VMEbus
backplane to the secondary VMEbus backplane with one-for-one

connections. The preferred step connecting the first VMEbus backplane 1o

the secondary VMEbus backplane with one-for-one connections comprises




-7-.. connecting the first VMEbus backplane to the secondary VMEbus

backpl ane so they appear as a single VMEbus backpl ane. Thetpsfeiswed gt"é@* 2004
of isol NQBPEAMe first VMEbus backpl ane fromthe secondary VMEbus

backpl ane and operating in a degradéd 'node further conprises making the
second VMEbus backpl ane the systemcontroller if the fault signal is
transmtted by the primary bridge. The steps of connecting the first

VMEbus backpl ane to the secondary VMEbus backpl ane j I e first
VMEbus backphaeeing mamhym@aae@imm%mﬂa@@ﬁ% @%&%ﬁé; on
making logic resident in the primary bridge and the secondary bridge. 10

An obj ect g;j Héi BEEEERtad BYEMgloVMEBbLS faakplate. a Treulprefesesr 1P ©
capability Tor VME backpl ane.” Anot her object of the present invention is

to provi deisaél%%(tii%é Haaelhgrt’sé,%@H?gﬂgeg&%%ﬁk%ﬁbdﬁ& Black pbakpsne Yet

anot her obj i'nvention is to provide a fault 15 tol erant
. VME bridge design that does not, degrade, or co j_s.e khe sE¥SHEM
per f or mancendORBEERIEN e ge088Ta0RE BEBECHY o T b ToThat 11 s
transparent to the wuser and operates like a single. V buir bacIﬂ‘QI@B?
Anot her ;s aduanEage fckplemeptteseystemeanitalien if betfaER sIgnay B FRRRE oW 20
| at ency hi gh bandw dth data transfers.
the primary bridge. The steps of connecting the first VMEbus backplane to
the secondary VMEbus backplane and isolating the first VMEbus backplane
from the secondary VMEbus backplane comprise decision making logic
resident in the primary bridge and the secondary bridge.
10 An object of the present invention is 1o provide a fault tolerant
capability for 8 VME backplane. |
Another object of the present invention is to provide a virtual bridge
connection between two VME backplanes.
Yet ancther object of the present invention is to provide a fault
s tolerant VME bridge design that does not degrade or compromise overall
system performance.
One advantage of the present invention is that it is transparent to the
user and operates like a single VMEDbus backplane.
Another advantage of the present invention is that it provides low
20  latency high bandwidth data transfers.
Another advantage of the present invention is its versatility in that the
system can be configured in a variety of ways.

The nove! features of the present invention will become apparent to

those of skill in the art upon examination of the following detailed description




Anot her advantage of the present invention is its versatility in that the
system can be configured in a variety of ways. The novel features of1bpg ,
present invention will becone apparent to those of skill in the art 'up Ar 202
exam nation of the follow ng detailed description -8- of the invention or
can be |l earned by practice of the present invention. It should be

under st ood, however, that the detailed description of the invention and the
specific exanples presented, while indicating certain enbodi nents of the

present invention, are 5 provided for illustration purposes only because
various changes and nodifications within t+eseope of the invention will
becone apparent to those of skill in the art fromthe detailed description

of the inventighthenidvehtiorar chatbef iebined. byBRtEckic OEBARE MFe LNt Ghventibn DRABhDIGE be
10 The acconpanyi ng draw ngs, which are incorporated into and forma part

of the specifjg@drs@Bd, howWesky ahst grveealied Heaai RN &f e tRNDESSMR the specific
I nvention and, together with the description, serve to explain the

principl es of é%¢|g§§gédéée}ﬁeﬁ%§tmneq§a\3%tn@scéfﬁ BHbbdirhHt fofmeoweee@gngéénﬁon, are

illustrating a pre I men ‘t"he 1 nvention and are not

conctrued, a5 L BdeROrk A RURE baReedf i SHERNA 0l s B A tns
e b SRkt Bk S oo 00e SR TRE R e

detailed description of the invention and claims that follow.

BRIEF DESCRIPTION CF THE DRAWINGS

The accompanying drawings, which are incorporated into and forrn a part of the
specification, lllustrate several embodiments of the present invention and, together with
the description, serve to egplain the principles of the invention. The drawings are only
for the purpose of illustrating a preferred embodiment of the invention and are not to be
construed as limiting the invention. In the drawings:

Fig.. 1 is a block diagram of the top level of the fault-tolerant backplane in
accordance with the present invention;

Fig. 2 is a drawing of the top backplane board outline in accordance with the
present invention;

'Fig. 3 is a drawing of the bottom backplane board outline in accordance with the
present invention;r |

Fig. 4 is a block diagram of the bridge module in accordance with the present

invention;




Fig. 3 is a drawing of the bottom backpl ane board outline in accordapgevay 29,

with the 20 present Invention; Fig. 4 is a block diagram gfrARgHudsdge
nodul e | W@egdtldance with the present _invention; WO 01/37102 with 117

MAY
2U PCT/ US00/ 31405 -9--- Fig. 5 (5A—5€)93Te fl ow charts showi ng the bridge
switch control logic Fig. 5A showing the initialization and power up test
I n accordance with the present invention; Fig. 5B show ng the backpl ane
i nterconnect logic in accordance with the present  invent 'bon; tarl]g ||: g. 5C
showi ng the faulFig 5 (s narel fiovacheridshowing e PREGE SISO &SR on;

Fig. 6 is a diagramof the data transfer bus interconnect in 10 accordance

with the Py, ﬁent I nvention; Fig. 7 is a diagramof the arbitration bus
i nterconnect in accordance wth the present invention; and Fig. 8 is a

diagram of the prior iFtié. | ELRERInP YR Mif5IE20BARCEAEN power up test in
accordance with the present invention;
5 Fig. 5B showing the backplane interconnect logic in
accordance with the present invention; and
Fig. 5C showing the fault processing in accordance with the
present invention;
Fig. 6 is a diagram of the data transfer bus interconnect in
10 accordance with the present invention;
Fig. 7 is a diagram of the arbitration bus interconnect in accordance
with the present invention; and
Fig. 8 is a diagram of the priority interrupt bus interconnect in

accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 1, the fault-tolerant VMEbus backplane includes two
or more independent backplanes that are electrically connected by bridge
module(s) between each backplane. In Fig. 1, the system includes two

20 independent VMEbus backplanes 10 and 14. The primary VMEbus
backplane 10 is represented on the bottom of the diagram while the
secondary VMEbus backplane 14 is on the top of the diagram. Each
backplane contains a bridge module for interconnecting the VMEbus

backplanes. Primary backplane 10 contains primary bridge module 12.




accordance with the present invention. ]a DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Referring to Fig. 1, the fault-tol erant VMEbus backpl ane i ncl udes ,
two or mweoistependent backpl anes that are electrically cBﬁ’E(E&“@d“Q?yT MAY 2004
bri dge nodul e(s) between each backplandl-+n Fig. 1, the systemi ncl udes

two 20 independent VMEbus backpl anes 10 and 14. The primary VMEbus

backpl ane 10 is represented on the bottomof the diagramwhile the

secondary VMEbus backpl ane 14 is on the top of the diagram Each backpl ane

contains a Efrai BRI Bhddale hRGSPROSIBERY BRQ diberidAsbeonnemted b arieary
Primary backplané 10 ‘contains primary bridge nodule 12. WO 01/ 37102

PCT/ US00/ 31406, 17 20 O; ally
and el ectri PQFt(El?' E'Snigt:t géc?gd%r}; %55}5 g@% %Icgﬂgﬁqg%dg"rg%ﬁang Ig‘l%a:%:ﬁid[)alcpane 14
contains a functional i dentical secondary  bridge no condary
bri dge nodulseceBdary tpﬂ@@a Eaue 3Bid SeSOBRaRY bide "%l?ﬁ%'\"eggéﬁl pﬁgsnggﬁyoﬂag

backpl ane 14. The two bridge nodules (primary brldge nodul e 12 and

secondary bgiglagesmdobendddd a6 @edbnésty yackptmmedded ha bvo bridge anodges bus
(1B) 18. Interconnect bus 18 can be directly coupled to |ocal VMEbus

backpl anes ign r%‘bﬁi‘(j'lg%l modie AR %Hﬁtﬁgﬁ.’g\dg B, ®nd ezl%oﬁﬁleg'lsﬂ)are directly

transcel\/er nterconnect ne ni snNe not sh own

connected via interconnect bus (1B) 18. Interconnect bus 18 can be directly

coupled to local VMEbus backplanes 10 or 14 via a set of switches 20 and

22 (Fig. 4), transceivers, or other interconnect mechanisms (not shown).

The bridge modules 12 and 16 for each VMEbus backplane reside in siot 1

10 of their respective VMEbus backplanes 10 or 14, and are the system

controller for their VMEbus backplane per the VMEbus backplane
specification (American National Standard for VMEG4 ANSIVITA 1-1984),

The physical design for the fault-tolerant virtual bus backplane can be

either 2 monolithic design in which both VMEbusses as well as the

15 interconnect bus are located on one PWB substrate or can be physically

separate backplanes with an interconnect harness between them (not

s'hown.). For the purpose of this discussion only the monolithic backplane

design will be discussed. Fig. 2 shows the top view and Fig. 3 shows the

bottom of a 14-slot monolithic backplane design. The maximum number of

20 allowable slots is limited to 21-slots per the QME standard. These slots can

be split arhong two or more backplanes with a bridge module taking up one

slot per backplane.




The bridge nodul es 12 and 16 for each VMEbus backplane reside in slot{J¥ Mg 00

of their r&@g_&qé%ve VMEbus backpl anes 10 or 14, and are heCIy@soomdos
control | & r eir VMEbus backpl ane per the VMEbus backpl ane
specification (Anerican National Standard for VME64 ANSI/VITA 1-1994), The
physi cal design for the fault-tolerant virtual bus backpl ane can be either

a nonolithic design in which both VMEbusses as well as the 15 interconnect
bus are | ocated O.Hgone PWB s

t n_b i
backpl anes wi t hBERSFN &} %g %@éﬁ1es;p@g{(]ﬁegnn@pﬁéﬂr%c%hg%brsEBﬁfrélt ot

shown). For the
purpose of this discussion only the nonolithic backplape design.will be
di scussed. d&tegniring htawt tdeaditimsy cewieasl YMigbus Qﬁo% T’he"mﬁBf ?‘Eﬂ#\n a

+ 14-sl ot nonolithic backpl ane design. The maxi num nunber of 20 all owabl e

slots is |{akernket Dlsshet s peafetbings Yidoks tiamptarmd of Thesprefersed lrgoe be
split among two or nore backplanes wth a bridge nodul e taking up one slot

Br 1 dgo moctioEva 21 Bt o BT 1 g 'GRg drMeS, iRy g SROMETA0S

s includes. three busses; local VMEbus backplanes 10 and 14, local bridge

bus 30 and 32, and bridge interconnect bus 18. For the purpose of this

discussion only, local VMEbus 10 and 14 and bridge interconnect bus 18

are of relevance. Local bridge busses 30 and 32 pro\/ide a means of

installing, processing, memory, and/or 1/O 34 on bridge module 12 and 16

w0 itself. The decision-making logic for connecting the busses and/or fault

detection does not need‘to be resident on the bridge module itself (not

shown). Other intelligent modules on local VMEbus 10 and 14 could and

can accomplish this task as well. For the purpose of this discussion it will be

assumed that each bridge .module 12 and 16 contain all the necessary

1s  decision-making logic for interconnecting two backplanes 10 and 14. Initial

handshaking is provided between two bridge modules 12 and 16 in the form

of a Fail and Ready discretes 26. The fail/ready discretes 26 also provide 3
means to communicate fault conditions in event of a bus failure.

The flow diagrams shown in Figs. 5A, 5B, and 5C, illustrate the logic

>0 used for initialization, test, and backplane interconnect. On power-up, the

bridge module is responsible for directing system initialization 36 at a

backplane level (individual modules are responsible for their own

initialization). These responsibilities include power-up self-test 38 of the




determning fault conditions on focal VMEbus 10 or 14 and/or bridge

i nterconnect bus 18. A detailed bl ock di agram of the pref erardstonidge 17 MAY 209
nmodul e (Y¥ 8®{{1%4) is shown in Fig. 4.,fFach bridge nodule 12 and 16 5 |

i ncl udes-three busses; |ocal VMEbus backpl anes 10 and 14, local bridge bus
30 and 32, and bridge interconnect bus 18. For the purpose of this
di scussion only, local VMEbus 10 and 14 and bridge interconnect bus 18 are

of relevance. Local bridge busses 30Q,and 32, provi focti Bt al i ng,
processi ngsystemoincluaing/ aCMGﬂ%JeéHf"H:']‘Pdg%‘ﬁo‘ﬁ%l gﬁigaﬂagﬁgé@’é'p U2t The
deci si on-nmaki ng | ogic for connecting the busses and/or fault detection
does not npestrig Beitretonenits ovd, tnd discrete TabtrAte 46 sATtET CRBIPIEWHbEh) .

QO her intelligent nodules on | ocal VMEbus 10 and 14 could and can

acconpl i sh thi k hdvei FEUIf-tRes PaldPoBEIdgE 1RianditScudbkiseh theirwi || be
assuned th3¥gé§ctﬁ%§rl géj\r@rmdvu e 12 and 16 contain all the necessary is

deci sion-nmaking loqgi ¢ for interconnect] LABR8ad fnadgielfils | ni ti al
handshaki n@eﬁ%ecﬁ%%‘@@d‘db’ e%s?%eso?‘?gag‘gt%daf%?nu and_ 16 in the form
of a Fail and Ready discretes 26. The fail/read i scretes 26 0, RF OVi de
a neans tpoeemupnselitestt3fithepoif fﬁ'@ﬁsbﬁ'qﬂf’e\r/'é%“q‘afw'g a5t %aﬁ)%égwme

fl ow diagrans shown in Figs. 5A, 5B, and 5C, illustrate the |ogi 0 used

| C
for initialféfil;;ﬁbi—é&bssi@?outﬁt@1iDa,Ck/pbsmmé mm@m@de.waqsd@ér&?p?" he
u

bridge nodule i's responsible for directing systeminitialization 36 at a
backpl ane ln%}/%acgs} Wé‘ﬂiéjcll‘é‘{esfmd“' es are responsible for their own

The bridge in backplane 12 is capable of re—conﬁguring from system

controlier (normally reserved for slot 1) to a non-sysiem controller 98 located

10 in slot n (n being the slot number of the last module in backplane 1 plus one)

prior to interconnecting of the backplanes 27. Before backplanes can be

connected, both bridges monitor each others fail 94 and ready 96 discrete

signals. If both primary and secondary bridges pass self-test 38 and signal

with ready discrete 92, then, secondary bridge 100 will reconfigure as 2 non-

15 system controller 98. Secondary bridge 16 will then connect VMEDbus 14 to

interconnect bus 18. Primary bridge 12 will remain system controlier 100

and will connect VMEbus 10 to interconnect bus 18. If either bridge signals

a fail 112 or a response timeout occurs waiting for a valid ready/fail status

from the other bridge module 114, then the primary and secondary

20 VMEbusses remain isolated and the system enters a degraded mode of
operation 108.

After both bridges 12 and 16 have connected the VMEbusses

together 10



initialization). These responsibilities include power-up self-test 38 of
the WO 01137102 PCT/ US00/.31405 17 MAY 2004 -17-- systen1in?lwahﬁ@5um51 7 MAY 200
backpl ane WOPAMUIt e tests 40, bus arbitration test 42, in & o

arbitration tests 44, and discrete fart ¥ests 46. After conpletion of
system and nodul e | evel self-tests, each bridge 12 and 16 will set their
respective fail and ready discretes 26 and 92. if either bridge nodul e
fails power-up self-test 39, then, the failed bridge nodule will enter a
power-up fard 1@gr szedserapnneat boe 18.0addiions! MEEPes PR ABRIWETAIMEd set
fail 112 and not ready 116 discretes. The bridge in backplane 12 is

capabl e of natGRRHL SEE4EE 1bRORNAYS teaYe qe8t patd an4( tmtid wytkseramersf or
slot 1) to a non-systemcontroller 98 located 10 in slot n (n being the

sl ot nunmber of the |ast | e, ackpl : I ) '

i nter connect’]%ﬁ"%foﬁq{@{'ﬁ'ﬁgﬁr alfd e%'&%é%&ﬁgéggmﬁgggg eggtﬁkeﬁe%’otnhﬁgct ed,
both bridges nonitor each others fail 94 and ready 96 discrete signals. If
bot h pri mar \eithed cxgcombethbrisidedgegulsask? aaplé eiseomedndVsryasss 1AW r eady
di screte 92, then, secondary bridge 100 will reconfigure as a non- system

control | er 98 fRenonteicynhedtdges 1B Vsdibtindeprirnennéoim \Adeonsatyl \MEbus.
I nterconnect bus 18, Primary bridge 12 will remain systemcontroller 100

el 112 o L IR e B B I Ta remayl rar
status The VMEbus includes three different busses, as shown in Fig, 4; data
transfer bus 48, arbitration bus 50, and priority interrupt bus 52. Bridge
modules 12 and 16 are respongiblé Jor ‘interconnecting each one of these
10 busses per the VME®4 specifications. Fig. 6 shows how the data transfer
bus is interconnected. The interconnect mechanism for the data transfer
bus is a direct one-for-one connection between primary backplane 10 local
VMEbus and interconnect bus 18 to the other VMEbus on secondary
backplane 14. All address 80 and 86, data 82 and 88, and data transfer bus
15 control signals 84 and 80 are directly coupled between the two (or more)
backplanes via interconnect bus 18 located on bridge modules 12 and 16,
In the event of a fault, either one or both of bridge modules 12 and 16 can
disconnect the backplanes via the data transfer bus>switches. The two
backplanes can operate independently or as one virtual backplane
20 depending on the configuration of the bridge modules by the end-user.
Fig. 7 is a diagram of the arbitration bus interconnect. The VME.

arbitration bus is @ combination daisy-chained §3 and bussed signals bus

54, 56,



from t he ot Refo,bri dge nmodul e 114, then the primary and sEETAEIPG DD
VMEbusses remain isolated and the sysiementers a degraded node of 17 MAY 20%
operation 108. After both bridges 12 and 16 have connected the Vl\/EbussééQ e
t ogether 10 WD 01/37102 PCT/ US00/ 31405 17 MAY 2004 --- 13 and 14 via

I nterconnect bus 18, additional VMEbus tests are perforned between bridges

102" 1 LhessuleqhiBaRy S04 £ De0ckitefal BIERYE o tontl obperat on

ri-dge test fails 104, then either one or
both bridge nmodul es 12 and 15 di s¢aonnect buss
i nt er conrata ttARsi@BbUSdPYS MRFIBIS r'?afwm\ﬁeem rr%ﬁ%ﬂ?ﬁs?jéﬁ é(?mary
bridge 12 enters degraded node of operation 108. The VNEb%% ié\]‘fl udes three
di ff er entyBUYRASE4 aspedifinations. FTge drbitciiom bus aegpest (BR02E) hbPYY ati on

bus 50, and priority interrupt bus 52. Bridge nodules 12 and 16 are
responsi bl e- b R, Cit, | B, thesessad bighets thpgrarehe  VIVES4
B BCLR T g RSP REegT LS

Spec! ficat . he data transfer bu; s i nt er connect ed.
one 1 1 o Gomect sRebeRaberit iR bR T oa et T IRELS,
e Connii?ércglrj\ieg btig 1t8r,]gn?itsheecron\c/ig/lrzybggcl?prllar?ee ‘:194'\‘?{?}1%%113 The arbitration
bus daisy-chained signals 53, bus grant in 0-3 (BGOIN*-BG3IN") 60 and bus
grant out 0-3 (BGOOUT;’-BGSOUT*) 62, require that the daisy-chained
output signals (BGOOUT™-BG30OUT") from the last module in primary
yo  backplane 10 be wrapped around and routed over to the bridge module 16
in secondary béckplane 14, Bridge module 16 iocated in secondary
backplane 14 (or #n) are in a non-system controller mode when the
backplanes are interconnected. In this mode, bridge module 16 in
secondary backplane 14 will take the wrapped bus grant output signals 64
15 from bridge module in primary backpiane 10 (signals 54, 58, 58, and 64) as
bus grant inputs to itself to be daisy-chained to following modules on
secondary backplane 14.
‘Fig. 8 shows a diagram of how the priority interrupt bus is
interconnected in this fault-tolerant backplane design. The priority interrupt
20 bus is also a daisy-chained/bussed signal bus 66, similar to the arbitration
bﬁs- The output,

IACK OUT 68, must be wrapped around from the last module in primary

backplane 10 and routed fo the IACK_IN 70 of slot 1 of secondary



backpl ane 14. Al address 80 and 86, data 82 and 88, and data transfer bus

t control WOPHEFY284 and 90 are directly coupl ed between t hBCTRSYW DA% or e)
backpl anes via interconnect bus 18 | oecatiéd—on bridge nodules 12 and 16. In
the event of a fault, either one or both of bridge nodules 12 and 16 &tdnvaY 20
di sconnect the backpl anes via the data transfer bus switches. The two

backpl anes can operate independently or as one virtual backplane 20

dependi ng omzchelarent s gutartoaneof nidtbahismiger (edprieatybintehepebdsusene Fig.
7 is a diagramof the arbitration bus interconnect. The VME arbitration

bus is a corpi.napi ESVE l.ned ”-Rli’}‘is | WO
01737108 POTROREl SIE PSR ST IR, RIS TE A G fIRe Bl Boiiodge VO
responsible for arbjtrating the_control of the data transfer bus (bus

mar or shi p) (AEIS T BT pieRreiORyRt SRNASCIRG: beber P AR bAgtlane 10
«specifications. The arbitration bus request (BRO-3') 54, bus clear (BCLR¥)
55, and bus \HMEpuEBBEXEPNEECt buw dntssmnprdiagnbdckidre 148VIEDEBs di r ect
one-for-one connection between prinmary backpl ane 10 VMEbus, i nterconnect

e i neac B GBS S R BEF R P e
apparent to those of 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 and are cited
merely to illustrate a particular embodiment of the present invention and are
not intended to limit the scope of the invention. It is contemplated that the
use of the present invention can involve components having different

' characteristics as long as the principle, the presentation of a Fault Tolerant
Virtual VMEbus Backplane Design, is followed. It is intended that the scope
of the present invention be defined by the claims appended hereto.

Although the invention has been described in detail with particular
reference to these embodiments, other embodiments can achieve the same
results. Variations and medifications of the present invention will be obvious
to those skilled in the art and it is intended to cover in the appended claims

all such modifications and equivalents.



grant out 0-3 (BGOQUT*-BG3OUT ) 62, require that the daisy-chained output
signhal s (BAOOUT*-BG&OUT') fromthe last nodule in primary 10 backpl.a qflq :
be wrapped around and routed over to the bridge nodule 16 in seconHZ %*0%
backpl ane 14. Bridge nodule 16 |ocated in secondary backplane 14 (or #n)
are in a non-systemcontroller node when the backplanes are

i nterconnected. In this node, bridge nodule 16 in secondary backpl ane 14
wi f. take the wapped bus grant output si?nals 64 15 from bridge nodule in
pri mary backpl ane 10 (signals 54, 56, 58, 'and 64) as bus grant inputs to
itself to be daisy-chained to foll ow ng nodul es on secondary backpl ane 14.
Fig. 8 shows a diagramof how the priority interrupt bus is interconnected
inthis fault-tolerant backpl ane design:LKﬂﬂSpriority interrupt 20 bus is

al so a dai sy-chai ned/ bussed si gnal bus 66, LE\HEL hg t he ar?l tration bus.
The out put, LACK odT 68 A niast @'eﬁﬁrﬁpﬁéﬁ"%{r % o RREHRIANG s O D RITRUIET

0 T30 SRR B AR EqbEiBadt v Shucelcaspariesy VO
mechani sm for (tthe pr,i @4, t 28) neech ugbmpsingThe pousseduppbnalte epperatupt s
1-7 (I RQL*- leﬁ;ann.?e%db{; nterrupt acknow edge

each of the at least two VMEbus backplanes (10, 14, 24, 28)
comprising a fault detection apparatus (26); and

at least two bridge modules (12, 16), each bridge module comprising

a switch (20, 22) for connecting and disconnecting each of the VMEbus
backplanes (10,14, 24 28) to each other.

2. The apparatus of Claim 1 wherein said at least two VMEbus

backplanes (10, 14, 24, 28) comprise a monolithic structure.

3. The apparatus of Claim 1 wherein said fault detection
apparatus comprises a fail discrete (26, 94, 96) in said each bridge module
(12, 16).

4, The apparatus of Claim 1 wherein said fault detection
apparatus comprises fail discretes (46) in preselected modules connected to
said each VMEbus backplane (10,12, 24, 28).




(LACK) 74 are direct one-for-one connection between primary backpl ane 14
.VMEbus, interconnect bus, and secondary backpl ane 14 VMEbus. 10 15 Of fjemay (%
variations and nodifications of the present invention will be apparent to
those of skill in the art, and it is the intent of the appended clains
‘that such variations and nodifications be covered. The particular values
and configurations di scussed above can be varied and are cited nerely to
illustrate a particular enbodi mrent of the present invention and are not
intended to limt the scope of the invenflfdm— 1t is contenplated that the
use of the present invention can involve conponents having different
characteristics as long as the principle, the presentation of a Fault

Tol erant Virtual YVEbushBagipplapmesDesi @hini S1f elHcosied.sdid fauli ndefedtdnt hat
the scope of the present invention be defined by the clains pend ?.
hereto. Al thoagparahe coveriseam meansdeseled@tileast ¢ne EPé{"aHO'\ﬂ%t?r‘i*“pé%[ iQul ar
reference to these %qQ@Q%EPntS, ot her enbodi nents can achi eve the sane
results. VariSRP&EHN ifications of the present invention will be
obvious to those skilled in the art and it is intended to cover in the
appended clains all such nodifications and equivalents. 1 7 MAY 2 -16-



CLAIMS 1. Afault tolerant virtual VMEbus backpl ane for conmputer 5
.systens, the conputer system conprising at |east two VMEbus backplan‘e.?V 1
(10, 14, 24, 28) each conprising a power supply, the apparatus 7 MAY 109
characterized by: each of the at |east two VMEbus backpl anes (10, 14, 24,
'28) conprising a fault detection apparatus (26); and 10 at |east two
bridge nodules (12, 16), each bridge nodule conprising a switch (20, 22)
for connecting and di sconnecti ng each of the VMEbus backpl anes (10,14, 24
28) to each other. 2. The apparatus of ©® 1 wherein said at |east two
VMEbus 15 backpl anes (10, 14, 24, 28) conprise a nonolithic structure. 3.
The apparatus of Claiml wherein said fault detection apparatus conprises
a fail discrepgcipiBne 40, 98) 24n 283ighdeacttarizniittge forottahemitid@,a f8)lt s@mad.
The apparatus of Claiml wherein said fault detection apparatus conprises

fail discrete@6 462, 118pteasext VMEMIbREPABhnect ed to said each VMEbus
backpl ane 5(10, 12, 24, 28). 1 7 MAY 2!a - 16.1

6. The apparatus of Claim 5 wherein said at least one fault
compr‘ises module fail discretes (46) and VMEbus backplane communication

tests (40, 42, 44).

10 7. The apparatus of Claim 6 wherein said VMEbus backplane
communication tests (40, 42, 44) comprise a data transfer bus test (80, 82,
84, 86, 88, 90), an arbitration bus test (54, 5, 58, 64), and a priority interrupt
bus test (70, 72, 74).

15 8. The apparatus of Claim 1 wherein said at least two bridge
modules (12, 16) comprise a means to connect said VMEbus backplanes

(10, 14, 24, 28) to appear as a single VMEbus backplane (18, 20, 22).

9. The apparatus of Claim 8 wherein said means to connect said
20 VMEbus backplanes (10, 14, 24, 28) to appear as a single VMEbus
backplane comprises direct connections (20, 22) between said at least two

VMEDbus backplanes (10, 14, 24, 28).



(5:6rrgh'e appar at us of Cldai m 1l wherein said fault detection apparatus

rises a means to detect at |east one fault (40, 42, 44, 46) in . L Gen:
each VMEbus 1 7 MAY 2004 -17 backpl ane (10, 12, (24, 28). and a %ransnll'SZ%@)&%g"
for transmtting a fault signal (26, 112, 118) to a next VMEbus backpl ane.
5 6. The apparatus of Claim5 wherein said at |east one fault conprises
nodul e fail discretes (46) and VMEbus backpl ane communi cation tests (40

42, 44). 10 7. The apparatus of Claim6 wherein said VMEbus backpl ane ’
comuni cation tests (40, 42, 44) conprisé/d Tata transfer bus test (80, 82
84, 86, 88, 90), an arbitration bus test (54, 5, 58, 64), and a prioriiy ’
interrupt bus test (70, 72, 74). 15 8. The apparatus of Claim1 wherein
said at least two lppi dga mendd ssinfet2ondditingamt disecrneaings(20o0 22pphigastsai d

N e A
backpl ane coﬂf) Igni%#e&(f@?ﬁi C%ngngclﬁ‘?%ﬁéméﬁér g%téﬁgég\@gﬁg?g %lﬂgzt(&kl F/el\)ggtﬁb?\?\o
backplane (14, 28), the method characterized by the steps of:
detecting a fault status (26, 46) in the first and the next computer
system;
transmitting the fault status (26, 110, 112, 116) to the other computer
10 system;
connecting the first VMEbus backplane (10, 24) to the next VMEDbus
backplane (14, 28) if no faults are detected (27);
disconnecting the first VMEbus backplane (10, 24) from the next
VMEbus backplane (14, 28) if a fault is detected (102, 104);
15 operating in primary mode (108) if the fault is detected (114) in the
next VMEbus backplane; and
operating in fail safe mode if the fault is detected (110) in the first

VMEbus backplane.

20 11 The method of Claim 10 wherein the steps of transmitting fault
status (26, 110, 112, 116) to the other computer system and connecting the
first VMEbus backplane (10, 24) to the next VMEbus



VMEbus backpl anes (10, 14, 24, 28). 1 7 MAY 2004 10. A nethod of

i nterconnecting and di sconnecting (20, 22) at |least two conputer systens,
a first conputer systemconprising a first VMeEbus 5 backpl ane (10, 2,4%‘ a{aﬁl
a next conputer system conprising a next VMEbus backpl ane (14, 28), el
met hod characterized by the steps of: detecting a fault status (26, 46) in
the first and the next conputer system transmtting the fault status (26,
110, 112, 116) to the other conputer 10 ﬁ%stem connecting the first
VMEbus backpl ane (10, 24) to the next VVEBUS backplane (14, 28) if no
faults are detected (27); disconnecting the first VMEbus backpl ane (10, 24)
fromthe next VMEbus backplane (14, 28) if a fault is detected (102, 104);
15 operati ng bhackplamear(i4mads i hosfaults atee detacted i(84.96) Wls(elﬁﬁ§t'rl%f@'he
next VMEbus backpl ane; and operating,in fail safe, npde | It .4l

det ected (110¥iseretené2®, | 4. 11@/%59? qﬂ@ﬁtﬁaﬂe&'eﬁh?LELFOLFR&térF&%’ﬁE%Hot#ef%:feai m
10 wherein t Ofihd I it anst et0us24RGo D, nebd 2MBR)s t 0
t he ot her%cohngour?{eéﬂ@%tt%% ﬁflrglgmé%ntner?ggt Fﬁgkélhe i rst )\Z/I\/Ebus backpl ane (10,
24) to the netacRiVahe$14, 28).

12.  The method of Claim 10 further comprising the step of
minimizing data transmission latency delays (18, 20, 22) between the first

10 computer system and the next computer system.

13.  The method of Claim 10 wherein the step of transmitting the

fault status (112, 116) comprises transmitting a fault/ready signal (26) from a
primary bridge (12) connected to the first VMEbus backplane (10, 24) and a

15 faultready signal (26) from a secondary bridge (16) connected to the next

VVMEbus backplane (14, 28).




1 7 MAY 2'] .-18 backplane (14, 28) if no faults are detected (94, 96)

conprise setting fail discretes (26, 112, 116) to be detected by the, Hpgnm.
conput er 'system before 5 connecting the first VMEbus backpl ane (10, 2u) ‘g <™
t he next VMEbus backplane (14, 28). 12. The method of Caim 10 further
‘conprising the step of nmininmizing data transmi ssion |atency delays (18,

20, 22) between the first 10 conputer system and the next conputer system
13. The method of Caim 10 wherein the step of transmtting the fault

status (112, 116) conprises transnitting‘b fault/ready signal (26) froma
primary bridge (12) connected to the first VMEbus backpl ane (10, 24) and a
15 fault/ready signal (26) froma secondary bridge (16) connected to the

next VMEbus backphane [hé, ma®od &7 Chdid 2004herketh 17 stepeofrdetedingf a deaitm 13

wherein the stgf of detecting a fault status in the first Eqnﬁ%ﬂth n
conput er syst ¥Rt i destiangd theynegucoggutersyBie GAMRIRES By@ﬁri ge

Compr i 51 ng' £ hb ok B P PEaPaTideb 1) ang, i ReR R I T M 10, 24 from
t he next VMEbus backpl ane (14,
15.  The method of Claim 10 further comprising the step of isolating
the first VMEbus backplane (10, 24) from the next VMEbus backplane (14,
28) and operating in the fail safe mode (108) if the fault is transmitted in said

“transmitting step.

16. The method of Claims 13 and 15 wherein the steps of
connecting the first VMEbus backplane (10, 24) to the next VMEbus
backplane (14, 28) and the step of isolating the first VMEbus backplane (10,
24) from the next VMEbus backplane (14, 28) comprise decision making
logic (34) resident in the primary bridge (12) and the secondary bridge (16).




28) and operating in the fail safe node (108) if the fault is transmtted
in said 10 transmtting step. 16. The nethod of Cains 13 and 15 wherein
the steps of connecting the first VMEbus backpl ane (10, 24) to the1np¥mqu4
VMEbus backpl ane (14, 28) and the step of isolating the first VMEbus )
backpl ane (10, 15 24) fromthe next VMEbus backpl ane (14, 28) conprise
decision making logic (34) resident in the primary bridge (12) and the
secondary bridge (16). 1 7 MAY 2't] -20 17, The nethod of C aim 15 wherein
the step of isolating the first VNEbus‘b%QKﬁlane (10, 24) fromthe next
VMEbus backpl ane (14, 28) and 5 operating in the fail safe node (108)
further conprises nmaking the next VMEbus backpl ane (14, 28) the system
controller if the fault THegmethdd of Olains Mbtwieereby thehstapr dhisolating tgefirst 2) .

18. The method of Caim 10 wherein the step of ting the fir 0 bus
backpl ane ( 10VMibusahackplangdip. @ﬁ/t&f@g' H%%B%%‘ta“&‘%?%@, gﬁ%ﬁp?qrb% (‘F#’a%él)tgyaﬂz

' I nit.j.atl lf  test i . s gkt of
G am 10 vher PRI B the SRR S BABAR MER) HBhe cotpicet ekl e fl_o,"
24) to the nextVEbEduUsadiptirs dhé, (2B3, thegpystsnt wontiellec dithe Sayltt pignat dp of

configuring the first VMEbus backpl ane 0, 24) as a systemcontroller
(100) and confregsmitied PKd %Qfama\m%ﬁ'agedi%km ane

18. The method of Claim 10 wherein the step of testing the first
10 VMEbus backplane (10, 24) and the next VMEbus backplane (14, 28) for

faults comprises initiating self tests upon power-up (38, 46).

19. The method of Claim 10 wherein the step of connecting the

first VMEbus backplane (10, 24) to the next VMEbus backplane (14, 28)

15 further comprises the step of configuring the first VMEbus backplane (10, 24)
as a system controlier (100) and configuring the next VMEbus backplane

(14, 28) as a non-system controlier (98).

20. The method of Claim 10 wherein the step of connecting the
20 first VMEbus backplane (10, 24) to the next VMEbus backplane (14, 28)
comprises connecting the first VMEbus backplane (10, 24) to the next

VMEbus backplane (14, 28) with one-for-one connections (18, 20, 22).



(14, 28) as a non-systemcontroller (98). 20. The nethod of C aim 10
wherein the step of connecting the 20 first VMEbus backpl ane (10, ﬁéh“@ﬁqm}
t he next VMEbus backpl ane (14, 28) conprises connecting the first V G
backpl ane (10, 24) to the next VMEbus backpl ane (14, 28) with one-for-one
connections (18, 20, 22). 7 MAC 2 21. The method of C aim 20 wherein the
step connecting the first VMEbus backpl ane (10, 24) to the next VMEbus
backpl ane (14, 28) with one-for-one congiitions conpri ses connecting the
first VMeEbus backplane (10, 24) to the nexi” VMEbus backpl ane (14, 28) so

t hey appear as a single VMEbus backplane (18, 20, 22).

21. The method of Claim 20 wherein the step connecting the first
VMEbus backplane (10, 24) to the next VMEbus backplane (14, 28) with
one-for-one connections comprises connecting the first VMEbus backplane
(10, 24) to the next VMEbus backplane (14, 28) so they appear as a single
VMEbus backplane (18, 20, 22).



