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I A MIX BUS UNNT FIELD OF | NVENTION 5 The invention
broadly relates to a bus unit for connection to a nux
bus and to a nethod of executing debuggi ng,
instrunmentation, testing and verification functions,
on-a bus unit for conpeXEUEURITUX bus. 10
BACKGROUND A nmux bus is a network where a plurality
of units on the bus are interconnected and are able
to communi cate with each other. The units may then
collectively be able to perform cohesive controlling,

FIBEPRE INMEMIONDni toring 15 functions. An exanpl e of
a mux bus standard used in avionics is ML-STD 1553,

which 1is a conputer and control system i nterconnect

st arideriavengien briadly relakes toenbles wnibliet conneatian torpgmux bus and to
= Bt = o YR oh e IR oS M T Ly inctions
on(zBw)s, unitfgpeenneetion ted WUXREF. or nonitors. These bus

units can take on one or nore functions across one- or

nore buses at any tinme. A Line Replaceable Unit (LRU)
BAGKRROUND: 0 a nux bus can conprise one or nore bus

units; one or nore processing elenents (e.g. General

Pur pose Processor); 25 and one or nore |nput/Qutput

(1/ @ mwentust ¢s (. netwarkdwbelsodr ddurality defo ubigsarcs the bus are
mtaclaﬁﬁ&%cli %ﬂ& ta?e aﬁfer foaéorﬂﬁ’ﬁ[lﬁlalte \Ei'trg Bééh %tﬁfhlﬂ%t ﬁl’:?rfserﬁay then

an exanpl e a prior art nmux bus setup 0 that
colientipely sbe abieu@u@eﬁmrmﬁﬁmtwtm@g,uraptugtion and monitoring
fuﬂt%%ﬁéo"'a d/ 110 and an external bus 30 unit 108 on

mux bus. Bus unit 102 has been configured as a

BC. The BCinitiates and controls comruni cations

traf :
| comrpgdn %\ﬁggs@uf ?%Sh% Réé}akgggﬁ %gﬁﬁs E)ﬁgg ca;l]%?" which
is §e¢nﬂmwlé©remds corital sysief tareannect Haadard erly upjts liker sensors and

u t fi)

cogﬂliﬁlﬂvi §b§ I%\Egvcgbﬁe&é’(? tb %gﬁ@ caﬁ%éée ggtkﬁls typically
fumtloaray eﬂthﬂ@buwf@ﬁﬁfﬁ {BGh aem% tgmniagls YR Blcerdnepdtors. 3bese bus

B

in control. In other words, only one bus can initiate
and r ' I
oS U RTUUAN ol 1L § 25988 ) phoeone o

merrikius UDfgzone af ragre REeEsEina edneYs (#18., Gengreal Rvandsad racessor);
andP&id ot %@r@d[h§§§out & ﬁ/diaﬁleﬁ{etn't"@ fe. gevél% L{?dalrc?st‘?gﬁf&fc boards,

ower or noto con rrenote units or
Ethernet ports, Serial ports).

Figure 1 illustrates an example of a prior art mux bus setup 100 that

comprises various interconnected bus units 102 / 104a — d / 110 and an external bus

“unit 108 on the mux bus. Bus unit 102 has been configured as a BC. The BC initiates

and controls communications traffic between all the other bus units by means of
commands addressed to them. Additionally, BCs can send/receive data to/from RTs.
There may be more than one bus unit that is configured as a BC in a single mux bus,
however, only one BC can be active at any time. The additional BC usually acts as a
backup BC. The backup BCs can either be configured as a RT or monitor, or
disabled while the main BCs are in control. In other words, only one bus can inifiate

and control communications traffic between all the other bus units at any one time.
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traffic fromsaid actual sensor, power or notor
control renpote units. Addithonally, RTs can provide
responses to commands fromthe BC and send/receive
data to/froma 5 BC. There are typically one or nore
T@&h&%us%‘fﬁs Rb%a %e%hﬁg&é@ ab RTS Oé‘édh%vﬁ% a"@pecﬂ” ic address.
nmonitor and is able to passively nonitor
Rty grayiaithenbe I@é’fq@h§9n9@ragpo‘“(ﬁﬁrqrr{§°t°frﬁ?fi“r’f%rﬁ%’ﬁ@@ Wi"ts or simulate
trff (,Oldfltg‘h QaiRRAk Q&soﬁaﬁﬂvéﬂ‘&( oMt coRffoIGEMBRY uliBY Rddlifionally, RTs
noni tor or any nber of nmonitors. These nonitoring
cafleRPYee re&mpseﬁoto @Q@ﬁéﬂq’% fremdba s apd spnd/Freeivgaga to/from a
B@ Ufherd RS ﬂyp.t%@ & o b RFs p& Mh&sOVBL@% it B1Oq5 @om&med as
raffic, interfering wth 10 the operation ™o
a mv@Itgcganrs Foie | t0 PRERYe \IMasiier ot bufdaaff‘?s ofdted busr e.g- dU“ng
mgﬁféﬂtaﬁé@&cﬁoutﬁ@gﬂéd%iﬁé Eééﬂ?n@ﬁ%giaﬂ%ither have no monitor or any
Instrumentation, testin d verification of the mux
nuseher phmoniters. Eagse 'ﬁP@Fcﬁﬁaﬁ’@é'&@P nay et trapsmi gnepsgges eer the
é b(i® "Fhfeﬁ-"i g‘ik%lf’ﬁd@lsr’cg nfhitb &nd @bﬂtﬁﬁqm %ﬁh&ut‘%ﬁeﬁ@rmg with

e render e bus units in the nux US setup 1

tharaperdtion eof oo ke et Rlisa Exginal dwsamatpma is yemsh far m@letfnance
se}écéé :tkmesab%ﬁgt mmnsgntﬁ%huw.@and v@ftﬂemf%é Prﬂ:x bus 100.

testin ification Of mux bus | nvol ves
It c@ﬁng&@mb@ng@ﬁwafwﬁm FuR lﬁQtBTeog mepiert éepmimmm the
mQ.Hﬁe«na aﬁe§§\é‘c@>ﬁs eeNahddids. Wﬂé bgs Uil mathbYnieBlsiSetup @0 are

ext erna conmput er such as a not ebook or

 inteseansected wia macbuscaupterstYbagt 8064 he ext ernal bus unit

repl aces an existing BC on the bus. Low |evel
testing and verification can be performed by sending

I r e &ipidah gethadack debuggingninstrwaenigiion dgsting and verification of a
mhf‘Bﬁ’g g%@ohH&:tlHﬁ loF Sxtéin@l @uscﬁlﬁﬁ Ri £absls ﬁ{e mux bus. These

nter ext ernal host™ conput er.
extroel hHSw@It%WCéHsFS@‘&? ip@n sistesna) dgstieompeienidielh Be A ngiebook or
&ﬁ ¥hected response is produced; such as a change in
e user interface display of the: system activation
of an actuator, or electronic function. Transmtting
SYStfthe BRToRCihe SRSAEMER I rePRESSSH ol BEUn 8 bus. Low
BC, 1n response to the activation of a system
Eemi ﬁ@&ting rand3@tifieation caprTber Rrormed &Y srnding 4ireeriyng dpa to / from

the8RHBGS H é@r@orﬁ?@c%d B Bﬁltémlatﬁ‘%rlaldﬁcal%é} Inféi%cQQGUI) on the

exchanged between the external bus unit and the

exdernal hest sconmaitasi Reggivingneysianam AN ths Absasyed me@awheﬁleer an
efr%ateﬁ%éﬂ&n%@% P18 licdBEGR 2t cﬁéhg%hﬁtk%@:ée? iRerfddd otlé'b@ay of the

. nitor externa bus uUnit |istens to al
syste factvasin oh an lBgiatascor lgctignisdiagtion; Tragamitling ﬂster@s can be

oﬂéaﬁ,e%ﬁ&a}?éct BQ{%t sé}fer{weeec irerebhottbeaBdny %E’mfdt%ﬁtdf Asystem

can be  perforned by actlvatl ng a particular system
fupeiifet i onal ity and observing the expected data on the
aJ. 3

In the RT role, the external bus unit replaces an existing RT on the bus. Data
can be exchanged between the external bus unit and the BC or other RTs. Receiving

and transmitting systems can be tested in the same manner as in the BC role.

In the monitor role, the external bus unit listens fo all traffic on the bus and
displays it on the GUI of the external host computer. Testing and verification can be
performed by activating a particular system functionality and observing the expected
data on the GUI.
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However, the limtations of this approach of
debuggi ng, instrunmentation,gtesting and verification
i ncl ude having a need for an additional external bus
unit. These bus units are typically expensive
~proprietary devices running dedicated 5 software and
consune nux bus coupler resource as they require a

di r Hewerinribe tlinykatipns £ niie BERMOBEL Bf ¢leblggipg hiwsimentation,

tesﬁn?’%ﬁﬂ Jesitisaanl Bicki8e tr%%? ¥ ekl Yor Qﬁ@daltlaﬁzﬂ eﬂ@ﬁhlt Qlfs unit.
eractions not transac on the actual nux bus.

Theee dus highist are tlé@&‘?%'ﬂse’fﬁ?”ﬁ'ﬂﬁvﬁ"'&@”e&a'b’uge‘(]‘iﬁst ryryng dEd'Cated
sofﬁ@eﬂ@ QbicBRsiiRe fuRbusRieBpRAfbsodféesTRéRAuAd a8 UohRLtion
debuggi ng, instrumentation, testing and verification
to pUREK| SCOLtHh?Tt Remtbersnaini 8 Ys6F it dRARettPolgst orefifre debiwg and
mdAHSr ihdAdctisReKSt tFéhsﬁé{QH 8AhahcthAdwix gRe of the
abovenentioned problems. SUWARY 15 According to a
first aspect of the present invention, there is
Pr oW fled thetbte e¥iistto fRbvideA)! Bﬁ§hhl9fbf%@h!¢bcﬂb5¥tobé'§1ux bus and
conprising a nmux bus transceiver, bus driver wth
a ragthpdh ok greaubing SRBYQgIRt dnsirugsntation f@ﬁi'ﬁﬂo?'i!d ¥ification functions
on GBES Lihif forHonRELBNNB Ithe FHIRLHU% rthét%éeh@ to Bidresht least one of
wherein the integrated shell is capable of respondi ng
the; gpoyemaatirnedgrekle®@8. 20 vi a the ext ernal conputer
connected directly to the bus unit via the connection
rt for executing debugging, instrunentation,
Lﬁ‘é@ RYg and verification functions. The connection
port nmay conprise a network (Ethernet) connection
port or a serial port. 25 The integrated shell may

conperweing teenfishaspret 96 the Bresettiayantian, thgre iggrovided a bus
uni¢ WEBHH@CU@HE@Q %)M’Bl% EBBpaait d§£\ Al KRR TRHE&Live? E bliS driver with

confi gure bei ng i nvoke t he ext ernal
an dyage 9élr311§5§|3ﬁ§ aacoré!eﬁfe:tn Rybfor @amnqschng 30 exigrngl cempaleeto the
bu§ GPP%HE?&IH $he Hf@grétaa QHERIsChpahe!dr r&%nénﬁg fP R rhigHh&lentered

['i sten on he connecti on port and to accept an
viaj th@ Giael d-‘@ﬁlﬁ’é‘tqﬁf@ﬁn?fé‘a% gisectlyrig e Rus unit wierthe connection port

for €RBRHIE ‘debldfing GRYER Matioh nt%&f ﬁﬂ% wrifi®ion¥&®tibhg and

verification functions may 5 conprise one or nore
of a group consisting of perform ng nenory dunps,

r eafhdgdiMeklid Por®im m%e%aﬁé}woﬂ@@hé?ﬁét%bﬁde@%rpﬁod ora

internal state of the bus driver,
sefi@dfaitng/ witing of bus unit har dvvare reg| sters and
menory. 4 In other enbodi nents, the debuggi ng,
instrumentation, testing and verification functions
may! o ffiegratedoshellomaggionpsiee 2 §PBNRNE RPYt fondnterpreting the
cofRfAnbY bRGrdd\Ga i6d 8R4l computer and is configured for being invoked by

the external computer using a Telnet application.

In alternate embodiments, the integrated shell may be configured to listen on
the connection port and to accept an incoming connection request from the external

computer.

The debugging, instrumentation, testing and verification functions may
comprise one or more of a group consisting of performing memory dumps,
reading/writing of message data, reading/writing of internal state of the bus driver,

and reading/writing of bus unit hardware registers and memory.
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of the bus driver with the integrated shell,

i ndependent of an applicatign layer; 5 nodifying

data transactions to or fromthe bus driver with the

integrated shell; injecting data into the application

| ayer of other systens; identifying sources of

i ncorrect behaviour or data on the nux_bus; the o

abi |Inwjher gmbediments the debuogingr iNFlEwmMeniatipn, draiing and aerification
fuh&toRS Ry c%hﬁ‘)ﬁ@e l@_ﬁe B foRd of@{;l%uF 'éénsﬂétln\é% %J&%’lh& 9’14 hhaviour

i ntegrat ed veri

ofj ﬁh@tbwﬂ‘fera\ﬁlﬁl d@%u&e@fﬁm S%%Jb,ti@q*@eaﬁer& %ﬁn tﬁp@hca){lon layer,

mbﬂfgir{ggda%otrémcm& & 'ovefrorﬁv'tﬁ@ adaedﬂ.\r& %frﬂh%d .rﬁ&ﬁb{ed shell;
Mmux conprise a - st andar’d

injsetingr dataginto ﬂae spplnation dpuart OfoPthf-*héyﬁ?%erlﬂentlfymg sources of

intdheRPbbiflio éﬁ' B?B&ta‘ ¢h PEMIIBGL: 3he ABuitFRS R Wiy, ms(tjrument and

, executlng gl ng, |nstrunentat|on testln

depupithe !fﬁﬁm@'rﬁt@tﬁmftqn@ﬁ% neere t&lswye@m&VIﬁgoﬁhEd@tﬁaf@m giell, and
thé %bﬁ'itynﬂéxte?tuw?enf hlﬁsﬂ{ﬁﬁ&ﬁdan‘aodﬁyubsdt%} dy8Rni &P rﬁux bus having
provi‘di ng driver wwth an i ntegrated shel
th@ﬁésﬁﬂﬁﬂuﬁmﬂheE@ﬂﬁ@@ﬂﬁh@'an ext ernal conput er to the
bus unit via a connection port of the bus unit and
entering commands via the external conputer, wherein
t he Thanmayrusstaseenprisesd MBpabPe 558 siaélﬁa@hdu ng to the
20 conmands for executing the debuggi ng,
dinstrunentation, testing and verification functions.

25 Bmcﬂdtngss@?wqm@\amecm&tmwmsn%wpl there is provided a
sfﬁg&% gggembg (5! gMRBLMBALaNbA |te§fﬁg%¥:lt\%ﬁfc afon functions on

er st 0o apparent’ to one of I nary
a bk unit fon cemnection tar g thé Hﬁ@lm@mdwgownqlmgawe steps of provndlng
a HES GiveP With 3n n}ﬂ)ﬁ%raY%V l‘% | OPXREBLE uﬂ{”c}ﬂnné&‘iﬁg 'aH externa[ computer
conj unction Wt e draw ngs, Figure 1
todhohgs 4N vikcnaennectomaphal B BUs léattaaﬂﬂ @t@'ﬂngacwm@nds via the
@ halMtmpiter, \le%?gigg{hﬁgmtég?étéﬂ %ﬁtlgtdaﬁﬁbletﬁGHsB&W to the

verification setup. Figure 2 shows schematic
cafpragidsg fasf exgcuting Hl%dgléiﬂgﬂb"%rm%iﬂwfmjaﬂ% teglingsans verification
.mhﬁkﬁgtlon 35 Figure 3 shows a flow chart
ustrating a nethod of executing debuggi ng,
instrunmentation, testing and verification functions
on a bus unit for connection to a nux bus enbodyi ng
the present invention. 5 Figure 4 is a schematic
diagramillustrating a systemarchitecture enbodying

BRI BE%’iﬁileld&‘MQﬂf TR DRAGWINGS Shows an exanpl e

screen capture show ng franme and nessage
instrunmentation froma bus unit configured as a BC,

enmboglyl e B oRMGSREbF the ihviHEBh WiNbe better understood and readily

apparent to one of ordinary skill in the art from the following written description, by

way of example only, and in conjunction with the drawings, in which:

Figure 1 shows a schematic drawing of an example of a prior art mux bus
debugging, instrumentation, testing and verification setup.

Figure 2 shows a schematic drawing of a mux bus setup embodying the
present invention. _

Figure 3 shows a flow chart illustrating a method of executing debugging,
instrumentation, testing and verification functions on a bus unit for connection to a

mux bus embodying the present invention.
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Figure 6 shows an exanpl e shell pronpt enbodying the

present invention. Figure & shows an exanple screen

capture when readi ng nessage data from a bus unit

configured as a BC, enbodying the present invention.

Fi gUF@ur% @E%cf%’ha@%%r&nﬁlﬁfsﬁ@fhgcé‘%éiérﬁ é’f‘&ﬁt@cture embodymg

performng a nmenory dunp 10 operation froma b
thapreseebve®iePed as a BC, enbodying the present

! nvelﬂi%hl%nS shgbvgua{r? eRarhplbUsthédH eSpthifaCshdhitd HakieO8nd |n§é’¥sage '

_in a bus unit having a bus driver with an integrated
ingtReanentatign dem @ Gper uiit FgNiGHrest avo de BCerasakpaAviRg thee present
inBiepnt invention. DETAILED DESCRI PTION 15 Figure 2
Il'Tustrates a nmux bus setup 200 enbodyi ng the present
i nveniguerd Sh%rﬁﬂ eéEnple shellgpupesmbodyingdhe pEesed invention.
di ' Siblit 7 s SPbxclfhce 3c/BUX AMBrEARNEH BEding Sre¥B8ige hta from
the blUs units . I nterconnected bus
a bws vt cdigicd 35@4%0 erﬂb%ﬁy@g tbe £ERSADL iYentipR nux bus,
I n tiﬁbﬁre%(é\msearﬁe)!\ﬁrﬂplecg&eé§ég’ptﬂié)ﬂ:vr@hsperi’oﬂnﬁ@'asmgrgmav dump
enbodi ment, bus unit has been configured as a
opesafiandTane g busanit camigupd g2 BCragbediing the @reaent yentios)
Commﬂbr%aé I08Pats chef hgtr@&bﬂﬁl‘%ﬂ/ ifld bﬁéqﬁlpﬁé]/ﬁ{g Q%ﬁs driver with

units"by nmeans of conmands dr essed
afbmmatbfdl shelh whichi9aperating 'ér'i@ E@ﬁlm Qjﬂﬁ?@d'ngé%e m?n@@‘(ﬂﬂtlon
havi ng a specific address. RTs nay either be actual
sensor, power or notor control renbte units or
DETAILER BESGRIATION: om sai d actual sensor, power or
nmotor 25 control renote units. RTs can provide
[ CSPAREES? liReGARTRN RN R @&wzﬁ@eﬁa&dy.ﬁ%@% Efé"s@htvr?wennon
data To/froma B bus units in us set
capayisiigea compuetdttheannesateddirentliy I.urpt ¥igubMek U Gadpler, to one
T i C L
of 515 s ite SRR U Smbhe of RS EONREILR bkl i@ 0ZARERIEI 1 are
PrasetoPk (et MuX nds) iBr thireexample] A MAi-STErIGOAi Went £ bus, In this
erhBifiafh, Bls uhif9es RAY @éém&ragur%&ta@rms &Hﬁou&am%%e BC 202

I's connected directl are

MRy ditiate Bpdt @ntral:mmmﬂ@atmw@‘ﬂ% getwegntallufve rmtagn s, units by
mb&H 41D d‘éeJddf'és%@& 'td)ﬂ‘leﬁ'f ThE Rehefbis AME Z?EQIQ’— the configured

sane 1S per ornmed using the conput er 214 t I-S
aSCBEHﬁe%acématvmg 3 pRecHc, adgisegsy RUE Inavpeithgp be @éﬁuat eeNspPy pgwer or

mB&k 6ot |Férl1$t@q|n'|tg of Qiﬁnﬂ‘e{té tr%h@tfro«m 8 gaaal%hxorc ss\tvépér motor

one bus” at her words, only one
caniiot f%ﬂ@eaﬁﬂscaﬂ_ﬁrc@n @'OV@@rfﬁﬂ?ﬁ”@ﬁ% it® §emmages |fr@m the BC and

sé’ﬁ?r@@eﬁ% Yata 'icbﬁ'or?;\t Resc btl"ﬁe Wist ni@Nint e Mk Bis séﬁl{)aﬁbb are

one her ef or e, can only be connected
lntﬁﬁ@nmaszteéu@ raex b'ﬁ\%/c%m%efﬁ Qﬁ%’i 2p6¢.t her, within each

mux bus, a bus uniit may be connected to bot h Channel

A and
The computer 214 is connected via a connection 212 to the BC 202. The

connection is preferably network (Ethernet) or serial. In this embodiment, instead of
incorporating an external bus unit 108 that is connected directly to the mux bus
(compare Figure 1) to facilitate debugging, instrumentation, testing and verification of
the mux bus 200, the same is performed using the computer 214 that is connected to
the BC.

It will be appreciated by a persbn skilled in the art that a BC can only conirol

one bus at a time. In other words, only one BC can initiate and control
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Channel B. If a Line Replaceable Unit (LRU) needs to
control nultiple nux buses,Git 5 wll need to have
mul tiple bus units, which are configured to operate
in BC node. Figure 3 shows a flow chart 300

cohdrhiddiighd Befie HERlEad aFPftheEBﬁl%thé‘%nﬁseQHgﬂé Mlx bys at any one

Instrunentation, testing a verification functions

- tingn Ehewrfgreud BCr egn @ahrne%tcpameqt%ﬂ & opeMpudus sy erg time.

Fdrher %ﬁﬁﬁ@écw rwfe %g 0@ buéhnﬁmm @&n@c@u&o%w @:‘haM\‘nél A\ and

an 10 egrated shell s provided on the bus unit
Chpmael Fﬁt fég ﬂmeeae@ﬁ@ablm’dylt BR W hiesgls 4o @lntrqﬂ riﬁldtlmlﬁ@tmtwses it
wit hb&Plo fve TRt Bud! Dhits, ﬁzhfcﬁr&ré BbnfRLRRAS HpBEh éym BC mdde.

step 304, an externa conmputer i s connected to the

bus unit via a connection port of the bus unit. At

ste

O S SRy SRR R pquhG S b el getyoaing
m@nmantat@nc@@hm endfveriteaiion duniions of tiebiew Mt fiefscanpection to a
mX B! Liodyta SRPIRE inlehfbA UAPRIGY 568, of B Idi%eWin an
function

verificatl gure ustrates one
integtatril phaltis provides @lyéheehww@hﬁf@dﬂi@g@te@éh@k Ay e integrated
intoQRE 'bgé‘ Hﬁ&’er the&hEE BRRS c@Hﬁ’% p?éce‘é&ﬂ% Ai“&ep fe.%& e external
I nvent1 on. is system architectur O can
compylasrie ﬁ@!mctaql ta the feis ROB| vige 8 Soheeatipn o[t Rite bhaum‘c At step
0 :
30% ﬁﬁlﬁiﬁpgégiP;egérgasfqgﬁﬁg%é)gxtbﬁa@camislé%g%mege.pgﬁe BLE WRler with
ans mtegvated 8ozl imdapablepet aesnegdisgstoeihela®mroandst &raexecuting
The bus
de‘ghpé) $hﬁsé§%%¥\%[?ﬁete§ gﬁge%dcﬁét}gc uncft:I ﬁ%fﬁgssuch as the
initiation and shutting down of the bus unit;
enabgj []lga ﬁr\ﬁhsﬂ‘aﬁ%bbhé‘ miBoainfidH Qg 'the "égg'eWbe%tecture generally
nessa resum ng rane an /or exeéecuti on comm
coaﬁ@ureﬁeaa era@re?@ezsumdalmmm aY tog pressiigibyentiphe This system
arbiieRQra08 Shebs . @?‘?&' téc]5 :ri'jl aPi 1§5& I-'\%fpla%%@%dﬁt YIEF@U) that is

provi des an 1 nter user, 1S W't hi

- detSHi%d frrscopnestion taral mmybtwe /‘ablll&‘e driven vétheiptegeated sbell 6% allows

p}ﬁ&ﬁmﬂ%oﬁﬂ%l 4(5’2935@5 %PE%F@ s?stél?sm ifRrk with8nd AXtdware

rame; enabling an
408neft the ke tusiti She tzélﬁamveh@adrhﬁ ablgdblaxa@tﬁégrsf&lges such as the
r I | S
e A Dol SR I8 LOF i eia, gRA; 868inp, megepoing
meglifyingeesngpes desuneiag tg/fr%m@@n@/@h exgdutipr gommanpieanst the readmg
h 0 o} 150
rﬁiq%ﬁtg#g.gf nhetgon %hgﬁhi{aolﬁté\%‘ﬁ'%tﬁ& @ﬁg@g\g@b@?} > 20 leéé’ tf"%ﬁ\%are that
providesyamindeifacg e @ usgery lwmbftdﬁ@dowwathler@ssweéﬁmwfmy be able
tot&gcﬁa%uﬁ’drﬁbﬁs Q%Yh be e?]gﬂlﬁrlr%;glll‘l(e%t&ﬁatf&r%@&r‘ngﬂorﬁéf e x%}?frame
or nore a nonitor on one or nore
enging astéﬁlsabhng:p@ frieenes instrempgiation anabing end disabling: neessage
f r e
R SRy o LA £ g iy SRP RS Ptind Bing
thesbelscei vers 418. 7 One or nore connection ports,
for exanple, a serial interface 410 and Ethernet

network interface 412 are al so provided as hardware
conplivéthbe agprecigted by a person skilled in the art that under the control of

the application software 402 and in conjunction with the bus driver with integrated
shell 404 and the operating system 406, the bus unit may be configured to function
as one or more of a BC, a RT, and a monitor on one or more.mux buses. in Figure 4,
functional units 414 to 416 represent such different configurations, connected to one

or more mux buses via one or more mux bus transceivers 418.
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system architecture 400. The serial interface 410 and

Et hernet network interface 412 5 al l ow an external

conputer (not shown) with a suitable serial or

Et hernet port to be connected to the bus unit so that

the user may execute debuggi ng, instrunentation,

testing and verification functions. The external

conmp@nerompnprehgoaeaniieat kaitst don REampiecgr ariell fABRce K0 and
Ethé%bp gﬁm’b& Inirdc8! PR alCllss PRiviadal A REIRAE oSIBERIHS of the

ort an accept 1nc 8 connectli on

sys@que@h@ectmeﬂ@ianﬁhe wm}untqrfe@edﬂ ead ibtherestoedwekoseriage 412

: aIIBhlo%ﬂ Qﬁeﬂag&lrﬂﬁ}telsg‘fg\”sﬁﬁmﬁ)r R ‘é@l'ﬁﬂ%é&%l opﬁﬂgrﬁét%rt to be

nvok renote rom e connect ed
coprededn io thed’awpmteao et the L&errmaM@@(e@ﬁQ Idebugdingh instmimentation,

e integrated shell has been
teghgggag\aﬁ)gﬂg%':g l-f1gort(§ternal conput er, the user my
i nvoke various functions by entering commands into a
Comﬂgogéﬁrﬁzﬁzofﬁ ufep%éé{; %&ﬂ‘fe%ﬂ-}dstgeihé mt%@%te‘aomz}g/ having

ar ser I nt egr at al | ows comran
the integraiedtsbebligergn §osne|¢érp netveorld eeit ped aﬁ@ﬁmm@ﬁgnmnection

s BB SO Bt Mo s o

wfe;ch éhre armgfahedssheﬁtma! e lsh@qeld negorly ﬁr@frmthﬂarswwgted external
t nodes of operations, e.g. BC
co%ﬁ%ﬁ&%ﬁ%?&ﬁ%ﬁ%gﬁ'&dtlo RT Mode. Exanpl es of commands
that the user may enter and their corresponding
desc(w,l e tﬂ{neto théﬁrﬁgﬁ %ﬂ%d-gﬂglll ﬁa%b Qélf'abh-ghgég the external
commands 1 ner ude ifat1on operatlo%
copxmutert ithey users mayniaMoket iverpusufwrciianssbw edtanndi ¢qmmgndsw1to a .

AEhaN ME Ol tﬁ@?nted? dYRbA ThEaRkEndnd intbPR%d shell
Ci:ﬁscr &V%@ gq ect Speci glgl:gﬂ? evi C g?&

ailoWevihe>CCBm$amls: rho stpre dnieipeeted esp (dtatttbe BEs(redisfunctions may be

e>§,g 0%{3 t%gd@om ::;)ga??é}/' SMgheC R%gr%féof sﬁgn d@?{élﬁgers can

intepandively @dtede:orrwrtde imY theshelt @ n@formn@rtyumwatms across all

@és%ff&pgg.t@g d/§ HRE o @q&%rmeu;w ,@%c' fied

eV| ce scription Operation
e <Msgl d> <State> Enabl e specified nessage id if

St at b %@'BE n'?a%?g'tﬁéte% “E?s? eﬂte'r anat fef " Qrspondi
@)f ﬁigsk 1%t splay Transacted ssag eg ng
d@cd@mnbyare Bistedtin eabteo irhshaw. \/'Ehe@e commands include the 1n|t|ation of
operations, executing instrumentation functions and modifying the behaviour of the

bus unit.
Table1
Commands in any mode Description
<Devld> Select specified device
<Devld> B Switch specified device to BC (Bus Controller} Mode
<Devid> M Switch specified device to MT (Monitor) Mode
<Devid> R <RTAddr= | Switch specified device to RT (Remote Terminal) Mode
at specified RT Address
<Devid>z Shutdown specified device
BC Mode Commands Description
h Halt Operation
e <Msgld> <State> Enable specified message id if State=1
Disable specified message id if State=0
s <DisplayMask> Bit 17-16: Display Transacted Messages order by
Bus then Command Word
Bit 15: Display Bevice Memory Information
Bit 14: Sort display by handle if 0
Sort display by memory location if 1




Bit 15: D spl

ay Device Menory Information Bit 14:

Sort display by handle if 0gSort display by nenory

| ocation if |
>0, else Dis

8 Bit 13-8:

play all frames Bit 7:

W thim Frames
Franes Bit 5

BBI I8 Brepl ifdy | W T hi
Disp!afl &ymdsnst r uct i ons’ (Asynchr onous)

i spl ay specified frane if
Di spl ay Messages

Bit 4: Displ ayBithist D@@@MMﬁﬁ@gawﬁhBFmDﬁ%pl ay Message
Bit 2 Display g‘ Ep;aYE%'i‘Eli”’?r"”S[‘(‘X Nvo ta Block [Bit
0: Display l\/b'rg % cfulsc resune of
next frame r g B.s Sadgsi D|spl ay specified
nessage, if i JIBr1>zO DisgReyeMessegel Di spl ay al | nessages|,
if id=-1w <M;gjiia> ieplan RetpdPocky j t e and Di spl ay dat|a
_ for opar\i £ ed Té'%r%a 1§PI$YA\A9m?§IB|0£hX% ﬂ%‘l t-0-32-Words
message. <Ret Ryxi andDizplaye sssgaV\Rfaj—Mhsk Bit 7 Modi fy
w NegBapeathes r y | Wikskd Bsmay@ata idp ehictified Messegege Ughannel
~dEiR31Ej t 5- amﬁwomamSML@d Bit 4. . Mdify CM. SA
Tﬁp ><CE>§SK wbjMPW'WCWmWR Blt 2 l\/bdlfy oV RT
<C : IVJHIIaé t‘?" é —Modi-fy-EWe\WC
etry: Retr|e>N|g lse .j,cffy oss tohénaa d| sabled if O
Ch: BUS A if OMaES5: Bvocify GWCAL: M | - St d- 1553 BC
Conmand Word 1 MaskBit4: Modify CW1 SA
Mask Bit 3  Modify CW1 WC
Mask Bit2: Modify CW2 RT
Mask Bit 1: - Modify CW2 SA
Mask Bit 0:  Modify CW2 WG
Retry: Retries enabled if 1
Retries disabled if O
Ch: BUS_AIfO
BUS_Bif 1
CW1: Mil-Std-1553 BC Command Word 1
CW2: Mil-Std-1553 BC Command Word 2

1

Enable Free Running Frame and Message
Instrumentation

0

Disable Free Running Frame and Message
Monitoring Instrumentation

X <Frameld>

Execute specified frame

X Resume execution
Monitor Mode Description
Commands
r <CW1> <CWw2>

Read and Display Message specified by a pair of
Command Words i

1

Enable free running message instrumentation

Disable free running message instrumentation

S

Show message summary of all messages that that
were processed

RT Mode Commands

Description

r<T> <SA> Read and Display Message specified by direction and
sub address
w <T> <SA> [<data00> Write and Display Message specified by direction and
.. <data31>] sub address. Up to 32 words may be specified B
1 Enable free running message instrumentation
0 - Disable free running message instrumentation
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CW2: M1 -Std-1553 BC Conmand Word 2 1 Enable Free
Running Frane and Message |gstrunentation 0 Disable
Free Running Frame and Message Monitoring :
Instrunmentation x <Franel d> Execute specified frane
X REfUBeRNBEY Ethple MUYt MadantbRerbhEnaBlks a user with an
Conmands r <CWL> <CW2> Read and Di spl ay " Message

extyaeli cPEAUS) SOMRIITINGfa HiARENaeNgbr ofs EtherRghInert rtae execute

ddbiBGhg 9 ifEResReRLIbAS IdHAE Mt LerficaforPireRBbs fVi®8he integrated
runni hg nessage I nstrumentation s Show nessage

shell mwger/intsffage. Insieadefgsng: angxterRalbus wait soppesied todhe papx bus.
Mbde Commands Description r <T> <SA> Read and Di spl ay-
Message specified by direction and sub address w <T>
<SASBY erfgting aspropiiate cammandspioae fewlialyaresfed fn tablgy. into

thdcbfang F‘é%?pf fﬁ@%t%g%?ed%m",aeﬁg{@éﬁna}@e bBleds: Words |
may. be specitied 1 Ehable free running nessage

'ba
e
i (Dt V%rﬁweﬁrtealorr@ﬁtne@s o) ygisiriver eresationh Ariegs b §sige of operation
| NSty g%rﬁn?: s;i/b@ciﬂc bJ@&ri@?%ﬁfcti&%qﬁtfd%rﬁaﬁﬂm&?At@%ﬂ{tax

advant a enabl es a user with an external

c OnpYeréy thecaonpeingpmel an amlicationaiastae d commandie vigst

POT tyradsfhitfEsth RomdROUPSIcASon | NStrument ation, testing
and verification functions via the integrated ]

sKk@I Yerdy peresctiass &f pieesystenss Wadhet epmmandie usw seqeied data
bus g bnGepREGLSD to the mux bus. 5 By entering
appropriate conmands, sonme of which are listed in

T&bI éerify corrragnessiné ap gpplicationda dhe "o fcommeandrip apdify egreived

shel bi5 BG d!ﬁ(% g@{%e able to: (a) Verify the

correctness o BUs dri ver operati ons across all nodes

ofe)oyrsifneereretngsy of pihgp eystengs ¥ipde MW copmangtoyeedify

fun?t?ér%ﬁﬂ'té&d’até‘%ﬁ‘ﬂar@ébﬂ [oppriate syntax 10 (b)
ity 0

Ver e correctness an application via the

c émigertprndRegistey / Memory Dump via “s”™ command
(¢) Enable / Disable free running Frame / Message Instrumentation

r

Figure 5 shows an example screen capture 500 illustrating frame and
message instrumentation from a bus unit configured as a BC. Screen capture 500
shows information such as Frame Boundaries; Frame Number; Message Interrupts;
Interrupt Status Register Values and Interrupt Queue Indices that is not transacted
on the mux bus and ¢an not be picked up by existing external bus units for testing,

verifying, instrumenting and debugging.

‘ The integrated shell advantageously converts raw binary data from the mux
bus traffic into a raw hexadecimal format for the user, which is displayed on a
computer screen through the integrated shel’s user inierface. The shell's user
interface may comprise a shell prompt 600 as seen in Figure 6. The integrated shell’s
prompt 600 may contain information about various registers and driver state
information. The shell prompt 600 shows information regarding the Device Id 602,
Mode of Operation 604, Time since start of system & Time-tag Register 606, BC
Frame Active Flag & BC Running Flag 608, Frame Number 610, Instruction Pointer
612, Frame Time Elapsed 614, Hardware Exception Counter 616, IRQ Queue Length
& Queue Metrics 618, Number of interrupts servicéd 620, Number of Frame
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transmtted data fromthe application (c) Verify
correctness of other systenpzvia the "r" command to
view received data froman application (d) Verify
correctness of an application via the "w' conmmand to

m{@ﬁ@b{s\/ sbRRBHVESh she Hahdef IPMVBsNRE We?h%f@s séﬁ,)ced 624. The

Verify correctness of other systens via th
intoFRAEHY abeverddi figplayediianft €@ eda?%elme%wgafprmat Further, the

mﬁﬁﬁéﬂl&ﬁk'ﬁyﬂ tr@hgacﬁ’é‘é bAMHE RREH RisCind cAYER@IBE BHkE Vb By eX|st|ng
"s" comman Enabl e/ Di sable free running Frane

ewgglatg@ qwtgfqrgﬁséwgaw@mg Ftrmantied end AeRUOSEE- ex arrpl e
screen capture 500 illustrating frame and nessage
instrunmentation froma bus unit configured as a BC.-

Scr edguigapshaves I exaspipRerSCACePHES ¥ 8% Woae feadingngpgade data
frd#? grﬁéérunﬁ%onfq@@@aé\lwﬁ@nn abB iSO r8hdaRidSon the bus, intemal

Interrupt Status Regi ster Values and Interrupt eue
buSn@rl\t%snfpﬁa@thnssu@t ag Tins dra et Message: dlemal - optiel Wieeds and
t%ﬁ@ WBkdsPerapkskRR, G’cﬁlnl%f's exdiigtd O8uRXisCRBAY C%Hﬁtel@éﬁosinterrupt

or testln veri fying, |nstrunent|n and u
Qj}&p 0 and

Cayqgersibatds apfefaarﬁaé’qerﬂ oathe muadRisUS |590% m/%(i’f?%“ ¢

CJP\' Mt yb@aéla(écdr AP e eliing Riiderhiiabis Cuhifdt Gord tés'ﬁ% verlfylng
hexadeci mal forrmat "for the user, which i1s displayed

ingruraentivg apgdsbuegdingcr een t hrough the i nt egr at ed
shell"s user interface. The shell's user interface
may conprise a shell pronpt 600 as seen in Figure 6.
The Pteegramelg @i}@éﬂ*flm§ 'anBG@f\ﬁ’ﬂyﬁtlﬂSrﬁfaﬁfhmtema' state of

thb qu TPRE, ﬁ@rf‘lb&%lﬁor{ S ﬁéﬁﬁgsmﬂﬁﬁi!aﬁéﬁ V’@édlﬁé 8he writing

ormat i on. pronpt 600 shows | nf'or mat1 on
ofrbelg andihagivwaie rwe@@nﬁdn@ogy amﬂba@f%mlrgdeerapwmmmgure 8

shmnséﬁﬁﬁ)eé%%tb%s g&gﬁgﬁ%ﬁa&ﬁ?&n%nﬁ%ﬁgﬁ fr@prfsa bus unit

cafigwer @16, B¢ nihe eemerny Cibtﬁnmtoéﬁraf'@lzihow descr ??ﬂe Capture 800
d.%mes%é de\"ﬁihgr‘{@érﬁj FARERRDhOM tEQB@bse,he%@ IRQ

eue Length Queue Metrics 618, Nunb
interrupts serV| ced 620, Nunber of Frame 10

| nt %I?Hﬁt§llﬁ§{r¥tb§% ﬁ%@u&f(‘)ﬂ fMWW irP4 blYe SRR B&ving a bus driver

interfupts serviced i nformati on above™i s
wigh &pl Iﬁ&eﬁwte% Sﬁ%o‘ﬁk‘é‘@l '%r‘?@???é'@@ﬂﬁgB@ oRofs; enpdying the present

inbdifion] BSOS TRE 2R doﬁﬂgﬁlﬁ&d LsanBaciRIBe M Be FHMrdIdE té"ﬂ)@rform
can not be picked exi sting external bus unit

oesatiane suich @s refélevrnguaﬁg%r trAssacting masagoesnaNdensiateg Hgnsactlon
stétugégg'@bﬁ th §H&W§n3é3<aﬁ?b¢émbr?er§§{eeeﬂ i@éﬂﬁﬂé%ea YrQQsé’&lSﬁ‘ with an

readi ng messag data froma bus unit configured as a
infgup ﬁaoé‘@ﬁtl RGhflag aminteriuph seBiceg@uiie {1RB) sukiggered 906. The

1SRN{s€4 Raliback subroutine in the bus driver whose execution is triggered by the
recéption of the IRQ. The ISR may then determine the type of IRQ and process the
interrupt. If the user enables frame and/or message instrumentation through the
shell’'s user interface, frame and/or message instrumentation will be generated and
displayed. Within the integrated shell, when a Telnet session is initiated by the user,
the integrated shell preferably accepts the Telnet session and may then read and
parse commands such as enabling and disabling messages to be modified; ehabling
the next frame to bhe automatically resuméd; enabling and disabling of frame
instrumentation; enabling and disabling'message instruméntation; displaying frames

or messages; halting any operations; and exiting the shell 904.
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bus driver information such as Tine tag of .Message;
Internal Control Wrds and t at us Words; Transaction
Counters, Failure Counters, Retry Counters and
Interrupt 10 Counters that is not transacted on the _
NUX BHBodimefEVMIhd Pre3eheRlerftRRlAh Qd(8Ragadiily EIENV ftuser to
be picked up by existing external bus units fo

exesylei Jeyuogieg.i insinppentatons tesine and ygrifiaagion élb"l&?@@”%@[a a serial or

Et@enﬁf nERBRPESHINBRRIASH QMsus! MR é’@'%a‘f el daaﬂae@alsus%.ts are

an 1nternal state of 15 bus driver, including
nqtn@qrxwﬁe hen; earferrdngl dislgy '”Wﬁtﬁﬁ’f*&ﬂ? oMux; Bl GRYPlaR dresources

othedlideN@quirdg lf?}r'%oHﬁ‘éétloh%‘(ﬂH@EeS?teFrﬁag Hé&u@aﬁtéd am@ UFRIRIRY freed up.
and perform ng nenor Figure 8 shows an

F@j{@ﬁppr@, adsee mayahn aglé tgdgstf yerify, irgtRpgNtANgpdebug the internal
SI8BEHALRbr! f1BF8 BUBLRIKR havifgthé AHEBFP shefiCin AP mode of

menory dunp operation shown 0On_screen capture

onﬁr%tmnayg Reddedre Mrvitoh ModenanchiRg Masis: imet#mm thehuwénay be
otedE Rr/@ﬁ mg@JrﬁélﬁLHr% &b‘ubld‘lﬁatrr &t@%std?ﬁa 'nﬁ&tﬂdéqdvﬁﬁ a bus
ow 900 us unit having a driver an

vt Wik an erae@ﬁtaw shellfThnuses reapesion b golero B@Chfﬁdlée behaviour of

th@'ﬁ&@%ﬁ’v&gwﬁmﬁweoh?eé‘?med shQIYE?ﬁﬁép‘éHderEfo an é}ib'ﬁcé’tmntlayer' modify

confi gur ed may be controll ed
daje irposastionspler oroihe %&ﬁlvgrswlﬂbftheuI@@grﬁgedafrwlolﬂdependent of the
g
aﬁsp{ ng%’:ﬁ;ggéﬂreﬁ‘ mj.éEtSﬁ&gﬁ@tﬁacg% aé@ﬁ!%%b@%y%éﬂ&tﬁet é%%rﬁé and identify
squieastqf fnceged behaviswcaridgin ot the WK busnt er rupt request
(I'RQ) flag, an interrupt. service routine (ISR) is
triggered 906. The ISR is a callback subroutine in
t he Ibudl br pRRreCcialessy @ peesen Hilerdn the gddhaldnupyerewse variations
ar{c?&rem fdi:l’lec';\t‘hflﬂ(nst nl%r\;l R mdde tJ) HRe n@rléséﬁefﬁvgﬁﬁo%r 51“ hdwhCin the
rocess the 1nterrupt t he user
m@BtSfWIHwt gepAring ARess agapirit R tScRe of éh‘? dwvenhierbagrbroadly
dééaﬁbe%o THREUHOIMBERE Bl FRldhS, 1J bATENARSESin HT84MRLs to be
I nstrunmentation wl generated and displ ayed
mWﬁ%ﬂVﬁamm@mﬂﬁﬁéﬁhﬁted sheII when a Tel net session is
initiated by the user, the integrated shel
preferably accepts the Tel net session and nmay then
read and parse commands such as enabling and
di sabl i ng nessages to be nodified; enabling the next
frane to be automatically resunmed; enabling and
di sabling of frame 35 instrunmentation; enabling and
di sabl i ng nessage instrunentation; displaying franes
or nmessages; halting any operations; and exiting the
shell 904. 11 Enbodi nents of the present invention
can advant ageously allow the user to execute
debuggi ng, instrunentation, testing and verification
functions via a serial or Ethernet network
connection on a bus unit, so that external dedicated
bus units are not required when performng field
I nvestigations. Mix bus coupler resources 5 otherw se
required for connection of the external dedicated bus
units are freed up.
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Furthernore, a user may be able to teét, verify,
i nstrunent and debug the i rnal state of one or
nore bus drivers having the’integrated shell, in any
node of operation. e.g. BC Mdde, Mnitor Mde, and
ciiMéde. In addition, the user nay be able to test,
verity, instrument and debug other systenms on a nux
bus having a bus 10 driver with an integrated shel
The,u I behavi our f
1UR S AR & nu® bR didiprisii: behavi our o
t he busD%pﬁ¥g$Caﬁmﬁﬁo he ?ntegrated ghgﬁl I ndependent
of @ meppvs tandceivel,ayer; nodify data transactlons to
[ 1 rOpd dd}f%ep\‘f&?h Qﬁ inté& ra%@dts'ﬂeﬁ hgi ntegrated shell,
i ndependent o pplicatiion |ayer; inject data
i nt & ecneeetisl postfior eenrieatjng arbext@mﬁbeonwéeréﬁwe Bysnit;
ide 0 f Edible HERRYLRIG B c8Atandd entered
t neShc oM R HEFReA b R EAEE S DERSBaRia & Bt entore
was tiel éxgernalincantruter conneated miresiholesthe dup anitoiss theagangetion port
SRgort Rétlohgn as
o R R eor, el e B et s
spirit or scope of the invention as broadly
desgry fr #NehertNShEEMH Reid? i
congl dlpéeg%lg gﬂ?g EH;@%IS t'o beer glg ?rl{ugtlra (?‘Sgorg%n s a
neheerk cegnadtion poré.orazsen@mrtlvs 1. A bus unit for
connection to a nux bus, conprising: a nux bus
transceiver; 5 a bus driver with an integrated shell
and3aTedhueotit ea cipined inoglaigoAnearéinghanetorie perhcomprises an

-Etﬁ%ﬁFﬁg to the bus unit; wherein the integrated

I'$ capabl e of responding to commands entered

via the external conputer connected directly to the
bus u r

b0 el SeRREE) R oS tae PeGhRG Lipltd, wheroin the

lntegmed ghedl comrpriges merrmwdmreeré@fd@temre@wgttbe @pmmﬂnms entered

r ection port conprises a network
co%ﬁ%%%?%zsg%ﬂgﬂor a serial port. 3. The bus unit as
clainmed in claim2, wherein the network port

congr gﬁg%ugrhmtléc&ﬁ'cnﬁ%?@taﬁ?%% 0f4 y’&emh@ Héﬂﬂs wherein the

according to any one e prece I"arnms, wherein

- intepeated alnejbtsaecmlgyteeﬂ for @@mrlns@@dabstB\enaﬁarnge@éputebnsmg a

| 1g the commands entered via the external
Téér‘é&%h?fc%ﬁb@o 5. The bus unit according to any one of
the preceding clains, wherein the

6. The bus unit according to any one of claims 1 to 4, wherein the integrated
shell is configured to listen on the connection port and to accept an incoming

connection request from the external computer.

7. The bus unit according to any one of the preceding claims, wherein the
debugging, instrumentation, testing and verification functions comprise one or more
of a group consisting of performing memory dumps, reading/writing of message data,
reading/writing of internal state of the bus driver, and reading/writing of bus unit
hardware registers and memory.

8. The bus unit according to any one of the preceding claims, wherein the
debugging, instrumentation, testing and verification functions comprise one or more

of a group consisting of modifying the behaviour of the bus driver with the integrated
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integrated shell is configured for being invoked by

t he external conputer u3|ng:9 Tel net application. 25
6. The bus unit according to any one of clainms 1 to
4, wherein the integrated shell is configured to

sﬂénslhsgpéﬁeeﬁm ArOSMREdtioANaRe hoéi%gt &bté%ﬁ@éct@ﬂs to or from the

connectl on request fromthe external

bt@oqlfp’@f @M*Th the infemralsdsshelli iniegincheatr igottae anplicgiien dyer Rbother
sylstehnf® %eﬂ%ﬁ?%bﬂﬁ;es‘ﬂh%&@h&ttb@ﬁawﬁg o @BUAH RE mux bus; the ability

i nstrune Ion, testing and verification functions

toct@ﬁtpwﬁréfﬁ ipRleUBeNtnancedelyio heghigninl sbe ios onagergnore bus drivers
fRE W EN; éHHFdH@ piigASi B8 V&rird, |iRdn R rﬂ%ﬁé%@ﬁ th
h gtﬂé rtg%r grg?]wrltln a lFyﬁt?’ernal”iallteroe ugo e
syétamﬁemn a gwe bue aawng/tm blﬁ diyeowitihthe !uﬁegtatemﬂveﬂmr e
regi sters and nenory. 35 8. The bus unit according to
any one of the preceding clains, wherein the

deb®gghebys inibacogrdng ﬁwb'rpnettéélte prgcediag olein, whérq!@the mux
bJsUc!b% regéam[ﬂmﬁ% afiarg0r e of a group consisting

Ing the be V|our of the bus driver with the

| nt egr at ed 13 shell, independent of an application
i L2y ti Qfism
qgrﬁ\%ﬁﬁéfhaﬁgm@nt 2 d ity ér?ﬂafl?c?]n fé%é?lﬁ%tahg verification

funﬁmspn@ Ryspinitder ¢Qmectay~etp adﬂwsbtufe the @%pére@mprlsmg the steps
# dentifying sources of incorrect behaviour or data on
the mux bus; the ability to test, verify, instrunent
and Rievidige ethusidiiver with ar indeasatef! sbelkortherhsamus
driv, HbREF R RE pRE &kl visPASoh
abi Itﬁ{née%gaﬁéﬁs%we@gffé IBl?tlgns t runment f faeﬁug&é“’ ort Of the
buspgiteard on a mux bus haV| ng the bus drlver Wi th the
| nt %ﬂl@e%ﬁ@or%ﬂ%‘nhgv% thd Eﬁehﬁé‘? %ﬂb&ta@ccord' hg to any

one 0 rece eln the nux bus

comwhem trae rmgrgtms!@ﬁss @ﬁamlgr@ reg@nding ta thetdesumaids for
LG hod iR fibHTBR IR d-Ave i &Roh AthcRBtk.
eri |cat|o unctions on a unit for connection

to a nux bus, the nethod conprising the steps of:

pr OV d*l'l@n@tl’l%%g%l‘d‘f to\Uidif W‘WhBFe‘Frgfh%t&ﬂnéa%Hpo?crbompnses
he bus unit connecti ng an external conputer

ane@om@mnctton\noatqmﬁmémrt on port of the bus unlt

. and entering conmands via the external conputer;

wherein the integrated shell is capable of responding
t o tIBeThomethedactoidingeteadaini g WhRingies gyt port comprises an

E ntation, testing and verification functions.
Hgg'%fgbl&?he nmet hod according to claim 10, wherein the

connection port conprises
13. The method according to any one of claims 10 to 12, further comprising

using a command parser of the integrated shell for interpreting the commands

entered via the exiernal computer.

14. The method according to any one of claims 10 to 13, further comprising
using a Telnet application to invoke the integrated shell by the external computer.

15. The method according to any one of claims 10 to 13, further comprising
the integrated shell listening on the connection port and to accept an incoming

connection request from the external computer.
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a network connection port or a serial port. 12. The

met hod according to claim1y, wherein the network

port conprises an 25 Ethernet port. 13. The net hod

according to any one of clainms 10 to 12, further

Conpel $h@gmeﬂﬁdngc&r&ﬁwn§13p%héedf éléuﬁsh%'t@:t egr %Sﬂzm the

shell for |nter@;et|n the commands entered via the
debupginaainsiEgnpRiedm. teying andMeelication dundiees FamAbSe enuAy more
of_?ftfi'oﬁﬁ csﬁs@é,ﬂﬁg ot Bef@miy mteH{oW@fm;ssp rf@;d.@/\nstmgt@fl rﬁ&s@ge data,

net application to 1nvo he |ntegrated

repEo Bt P IGUHaE of 155 PP eTivER - RadbBmTigaL e Bus uni

7 hp@War@R8giorLhid Membf. to 13, further conprising 35

the integrated shell” listening on the connection port
and to accept an incom ng connection request from
the ??“"ﬁ*\“é”%etﬁ&ﬁ%%@rﬁmglﬂ) allr)g -on&N&r BRIOY 126C 96 dwWhErein the
to any one of clains wherei n the debuggi ng,
debyggingnapiEneyation desting ganﬂﬁ@”b%ﬂ*'ioﬂ ifenatiPBh CPMRAEES BfRs Or more
of%ogffﬁﬁb eEnHtRgF n‘i@:ﬁf?lng Ffhe BelRHVRIP OF%SBL%tdrﬁ}gr Wfh the integrated
per f orm ng msrmry unps, reading/witing of nessage
shglit independapf Qfg?YW\?i?R"P@i@“dﬁyqrnméﬁ g datafr@nsactions tpersfrom the
budl drkeF witR ke frﬁ@gﬁbf&@l é’f‘fe!]t |'njéﬁtu$§‘ dg’tﬁslnﬂdqhé applida8b I RER of other
regi sters and rrermr;f/ hod according to any
sysieesp fdeptifyinggounces @ morrﬂﬁé’le@ﬁ‘ﬁoqrﬁ’é datgepLigginmey bus; the ability
tol B8t L&HFe NihatriAant érﬁﬁﬁélﬂﬂg ﬂ{édlnfé?ﬁél fstpator %efdﬂ%éﬂe%lﬁs drivers

conprlse one Oor nore group conS|st|ng

hayisgi thg intgarated %@Ha@ﬁ%‘iﬁ‘? a?fhtst Wefegu%ertiy i IpE UGt ﬁmti lebug other

syslen R Rl TGl thd BUCARRAR 1R inRBraRpLidiat  on

l'ayer; Ifying data transactions romthe
bus drlver with the integrated shell; injecting data
I Nt qgt e ﬁ‘h%mdd‘%ﬁ:tcbn‘%lrhd BYRY ohb O@Elﬁﬁ‘is 1{33%5479 Wherein the mux bus
identify sources Of incorrect behaviour or data on
lesﬁ%ﬁWh%TQ -haShsendarg. to test, verify, instrunent
and debug the internal state of one or nore bus
drivers having the integrated shell; and the ability
to test, verify, instrunent and debug other 15
systens on a nmux bus having the bus driver with the
integrated shell. 18. The nmethod according to any one
of clainms 10 to 17, wherein the nmux bus conprises a
M L- STD- 1553 standard. 20



