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20  these line replaceable units may also commonly be treated as aircraft parts in the airline
industry. In particular, a software application for use in a line replaceable unit on an
aircraft may be tracked separately and referred to as a loadable software aircraft part
(LSAP) or a software aircraft part.

These different systems on the aircraft are part of an aircraft network.

25 Maintenance for components within an aircraft network is performed at an airport or
other suitable maintenance facility. This maintenance may include, for example,
performing diagnostics, sending software aircraft parts to the aircraft, and downloading
downlink data. This maintenance also may include, for example, updating or reloading
software for the line replaceable units.

30 Currently, airlines manage the handling and maintenance of software on aircraft
in a manner that is cumbersome and time consuming. Software aircraft parts are stored

on physical media, such as diskettes, compact discs, flash memories, or digital versatile
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operations wth a virtual™ aircraft network. A data processing system
wi th t hétegretiomprablersgaft network is connected to a ground network.
The gperations are performed with the virtual aircraft network
connected to the ground network. |In another advantageous enbodi nent,
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connected to the ground network.
In another advantageous embodiment, a method is used for simulating a mobile

20 platform. A plurality of components for a virfual network for the mobile platform is
identified to form a plurality of identified components. A set of virtual versions of
components are designed for at least a portion of the plurality of identified components.
The set of virtual versions of components are placed on a data processing system. A
set of physical network connections on the data processing system are configured.

25 In yet another advantageous embodiment, an apparatus comprises a virtual
aircraft network and a data processing system. The virtual aircraft network is capable of
simulating operations executed by a physical aircraft network. The data processing
system is capable of communicating with a ground network, wherein the virtual aircraft
network is located on the data processing system.

30 The features, functions, and advantages can be achieved independently in
various embodiments of the present disclosure or may be combined in yet other
embodiments in which further details can be seen with reference to the following

description and drawings.
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Figure 5 is a diagram illustrating an example of a test environment in accordance
with an advantageous embodiment;
20 Figure 6 is a diagram illustrating components used to simulate a network in
accordance with an advantageous embodiment;
Figure 7 is a flowchart of a process for testing a ground network with a virtual
aircraft network in accordance with an advantageous embodiment; and
Figure 8 is a flowchart of a process for creating a virtual aircraft network in

25 accordance with an advantageous embodiment.

DETAILED DESCRIPTION

30 With reference now to the figures and in particular with reference to Figure 1, an
exemplary diagram of a data processing environment is provided in which
advantageous embodiments may be implemented. As used herein, the term exemplary

indicates an example and not necessarily an ideal. It should be appreciated that Figure
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The different advantageous embodiments recognize that the current systems for
performing maintenance operations on an aircraft containing a network of line
replaceable units and other data processing systems is cumbersome and time
30  consuming.
The different advantageous embodiments may implement a ground network that

communicates with the aircraft network in which software aircraft parts may be stored
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of the samendnipgtions between processor unit 204, memory 206, persistent storage 208,
communications unit 210, input/output (I/O) unit 212, and display 214.

Processor unit 204 serves to execute instructions for software that may be
loaded into memory 206. Processor unit 204 may be a set of one or more processors
or may be a multi-processor core, depending on the particular implementation. Further,

30  processor unit 204 may be implemented using one or more heterogeneous processor
systems in which a main processor is present with secondary processors on a single chip.
As another illustrative example, processor unit 204 may be a symmetric multi-processor

system containing multiple processors of the same type.
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program code, computer usable program code, or computer readable program code
that may be read and executed by a processor in processor unit 204. The program

25  code in the different embodiments may be embodied on different physical or tangible
computer readable media, such as memory 206 or persistent storage 208.
Program code 216 is located in a functional form on computer readable media
218 and may be loaded onto or transferred to data processing system 200 for execution
by processor unit 204. Program code 216 and computer readable media 218 form
30 computer program product 220 in these examples. Computer program product may be
selectively removabie or may be permanently instailed.
In one example, computer readable media 218 may be in a tangible form, such

as, for example, an optical or magnetic disc that is inserted or placed into a drive or
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system Additionally, a comrunications unit may include one or nore
devi ces bgEged drom Hisshstrative sxaveiessh@Wia, such as a nodem or a

(LN 25epHEng S 2 SoTERGNGE s R BTIEY TP 7
t hat mayasbvgieeppatatisthed maymiteratdaims Meatnry 208 0ersistent storage 208 and
computer readable media 218 are examples of storage devices in a tangible form.
[n another example, a bus system may be used to implement communications
fabric 202 and may be comprised of ocne or more buses, such as a system bus or an
25  input/output bus. Of course, the bus system may be implemented using any suitable
type of architecture that provides for a transfer of data between different components or
devices attached to the bus system. Additionally, a communications unit may include
one or more devices used to transmit and receive data, such as a modem or a network
adapter. Further, a memory may be, for example, memory 206 or a cache such as
30  found in an interface and memory controller hub that may be present in communications
fabric 202.
With the use of ground networks, maintenance operations may be performed in a

number of different ways. For example, a user may fravel to the aircraft with a portable
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Wth the use of ground networks, maintenance operations nay be
performed in a nunber of different ways. For exanple, a user may
travel towmzoghsstsaft with a portable WO PCT/US2008/081259
2009/ 058703PCT/ US2008/ 081259 data processi ng system and performthe
differe { r
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properlgamaﬂrbfaﬁt:tﬁwarlqcraft network for the new aircraft. Al so, a

cus or.der. ltiple aircraft of.a particular type, 15Further,
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20 one @faytvdenmwliiale rcspi of 8 padigular &pbe o perform the different

opqutl ONS.  Further tH%smﬁn Tﬁﬁﬁ‘llrér 4 irGHal afdd 53‘? FO\’I(?&M lf&%s% II’I%G
ik Aet el e i

revenue generati oh oOpefa tTons ew aircrart i1s unable
t o ef f egtaunel networkitorpecfatre varivbs mag'rtemmd:enmermdns uses siftveary ofient he

ot her new a r raft of the sa unti | ,adj ust ment
ona moarad b bsPloet Kt T ARG Wil g fuRRIcols 0 lest Pl EREFR RIS
now t o Hegslog véno@s @QM@?doHpﬂéth@bIlaﬁg TREFDHPBE Of pardséas fay ber m
operations with an aircra network is depicted in accordance with an

advant a§evaENhBRT he ircrafthasihesndelivees. T@%ﬂrﬁa O BIGLE PR IS3enstiy Rgcause
virpgal oﬁbb@f@ﬁeﬂﬁk&%ﬁ‘ﬁs ?&ﬁur@ﬂ%ﬁéﬁéﬁmhe difeiendopsbnerk 300 may be,

for exanple, a ground network | ocated at an airport or other _
mei nt enance Aaeirepely thisneunaraelt womevatebledy reeeB® ganasatiicneeparatianse

o 0" € EABhUOIkRe ARG JTRY P oW b DES AR iR R LA Rltwork,

system gure rtua al rcra
exanpl euse of ang dhikatthermew aumnrelﬁi Iof tife samatyperrady badelsysd untluadjusisieatse

found on gl rcc!ﬁ tt 116 in Fl g\o%&058703PCT1USZOO81081259
Vi rt ual 287 MEGHIG 'RB?%WE'% engrpHg e | es, may have one or nore
net pork i nt epfimoeferbhas n@M@Frgilrbxa QR ER ;mﬁstmr:g@ump@ﬂmm@att@ ons
systens to allow virtual aircraft network 302 to communicate wth

ground REEABY RPEEHORHWHI @R ArcEdhieiworals Qﬂﬁ’éct‘f’q' RKACCIBNCRIY IR Ar e a
set of eAUEMBLEATY &RBodilake- IR S@mIE, ground network 300 and virtual aircraft

network 302 are present. Ground network 300 may be, for example, a ground network
located at an airport or other maintenance facility. Ground network 300 may be

30 comprised of one or more networks and may be found within network data processing
system 100 in Figure 1. Virtual aircraft network 302, in this example, is a simulation or
mode! of an aircraft network, such as one found on aircraft 116 in Figure 1.
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net wor k devi t |
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parts, aohnilirigitione MHRNSOL, Swiitiabra @ ¥elist d@hﬁ-ﬁ@ﬂbatrdmsamectmebe%r craft
network for an ajrcraft, These ot her conponents may include, for

exanpl e CORMUEICRIONS dplpisiane Aot AtyRHBIERtIANFd NS at ey take iarious forms,
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de, f 20 li nks 304. !
D! o B BPG bl e8GR IR catfone 11 nks 304, these

si mul at i ons Md@wafr@eﬁmwekmzmeraf@md/mye&écaé%ﬁ&emh\w& |aéé>90|e
can properly exchange information with virtual aircraft networ

This extRERGOTMES ﬁr@rﬁﬁﬁ@ﬂena%eﬂheaeemp%@ntemﬁw bes ere@ea@n@@rﬁﬁmms
SOf t War giBlaiChehbriPF bs arrér%rl Ot RSE ok Q@ohe tslifla nfcm@' fo%%géﬁrﬁreafat

network 302. Additionally, the trans err orrra I on may
i ncl ude sekefgiafvatksdad(te ﬁnnma‘l%rdlﬁemhmerem@am Wrots a‘ndomthen dada

grg:ﬁgrggfgdé% Emht@%-e%g%g{r) Pb%ﬁ) ggédﬁf“f er en El"fcﬁéeﬁ ﬁ%ﬁ@{eabﬁgt 3n| ts.

Thi's downl i nln ithés manhen userg d grodnalnetwarkBd may lpegfooh vereuy waanbr@atba
froma fI der. 30Th st tus j.nfor t|on mag \ncl
Beend ful

h
ot e Setdiind BRGNS Fanntt v e el ol b Seabariul Y Betisinedaiin

Furt her virtiseaipcraft neRRSrA30RS Thiess afenchttahiNatikns3 RRY FRYVIOE ifdhRitbA t@ai n
famliari t‘K’ with tools used to perform various opérations wth

vi rtual SHPWMsgrs: tofagkfr@ugmEntsiosgroung ngtwops as needed to provide for proper
200@005%3%@&%39%@)%@59 type of environnent also allows users to

test processes before actually receiving a first aircraft containing

virtual air chagddiie inordingeble to establish pemmenjcationglinksi 30, fMasermyulations

put allow for users to determine whether ground network 300 can properly exchange
information with virtual aircraft network 302. This exchange of information includes, for
example, sending commands, software aircraft parts, and other information to virtual

25  aircraft network 302.

Additionally, the transferred information may also include receiving downlink data
and status information from line replaceable units. The downlink data may be, for
example, data generated during the operation of different line replaceable units. This
downlink data also may be, for example, a log of events and data from a flight recorder.

30 The status information may include the status of software aircraft parts to virtual aircraft
network 302.
Further, users or operators of ground network 300 may be able to gain familiarity

with tools used to perform various operations with virtual aircraft network 302. Also, this
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into use iMmediately rather than being tied up in testing to

determ ne whether the aircraft is able to properly comunicate with

t he groundvomzaoweiske3 SEach airport at each different | oBGET/U8RM0§HKRI2Shave
different configurations for their ground networks. Consequently, an

ai rcraf E}/ﬁ%%f%(/iﬁ)fﬁlﬂéntaalgt?g\ﬂ&bg Gt bo RY ng%ge una%ﬁ%ecéﬁgﬂ?écl@ r%@éﬁlngiate fitst

one gro network at one alrport but nmuni ¢
proper | ;alronafttcoatm|h@mr@1|abalrmfh@etmrk 362. émtt‘tmmanaer, poraw aiperaftineay. beAput

2 e e e 6 e B2 A bl VR B Rl e e e
| ocat i oacratt ;@Ieblertmplmeﬂyeidnammbat@gmﬁz ibe grojinubhetsotls are needed in
t he gonf [ gurgt ions of the gr

a

et wor ks t hese different. .
| oeasons " BatT Bpart abdier i Rerant BeptiSy réy Beve Aterptticonteafions for e
airline ftrun@tﬁt@wmgsmméq@aﬂyeéh atrb@ﬁaiétwmffbr Qabw.ﬂ@safamaqlbfefaaﬁ@fﬁ
Iocatlons prior to actual | recei vin the aircraft. I n one exanp e,

vi rt ual camnyiugate M@ﬁ\%ﬁl@rg@@ RefvopleahenrsaiiPaxk B awbe 4AaBle taobi | e

15commu ai rt
oot ogoy e PReH ik ot Rrbing hoWRHES: Moetibriti fontAse
| ocat i onesuilti, ehet @ meyceirariafids '@trsdvtt@:blay aiing og othed castomeatypically tests the

et A k A AT FLAB e faRalEe gpR AR aR: Bhalet blBbiiegs 3
| ndft P! S nesdee in, thg caﬁﬂglmatmwofﬁhe gscﬂmdn’aatwbﬂgsem lteedecdiffetent Ibf:artlonr?
nmodi ficationg and c terrupting operations at the
ground net vvoﬁ- € UBGr %fa@ajta rﬁf{fl?tgr %?‘@t%‘g’?"‘[@ %DQ'PI"W%{ 18" QiFiqeer fo test
virtual éﬁé@ﬁhe&%rﬂ@ékdﬁ@?&ntH&@ﬁ@n§br"6’r'té}%b%ﬁ PEGIARY theesircdatt.| Rtbne
devel opnent g;ases or new aircraft and newdground networ ks. An

addi t i osapMpieaviiugl pireselt aetvasl 30Renay be bpusrd wWitvia Bt @GR UBORISodi nent s
'S 3525CARMAI; dfait%né Qn té%@%aﬁﬁé'sﬁﬂ?@& RAYPf chfPérhaGr‘rf oﬂ%éé%%@ i Brder fo

Vi rtual alrcra net wor erent a vanta eous enpodi men

al | ow f@metdm 12352 \c&ﬂidat@nst cartifyrttle dirpodt dxsatiphpsockl redevingessuitabty

vi rtual ly g@ ﬁonstandard device is a device that is not all owed
to be c&ﬂﬂé%l{r a{rgra h aircraft network because of a rule or

regul ati on. Uesarseugmndrnet\@@ﬂlmimﬂm)bems@tedoas divfrf@l griund
entltles

Gover nalREVaTiih BORITGS ko b Py RS HTIGR PR A g1 TRt e S diarier-&
ﬁgg :ZP.ye cDsRYEr&f USBYmBG BRIt 1aBstifR AtiftateNs 66d thakdtd WigbuE térfupting
operatlons at the ground network. By simulating ground network 300 in addition to
virtual aircraft network 302, these simulations may be used during development phases
for new aircraft and new ground networks.
An additional feature provided by the different advantageous embodiments is a
25 capability to add test equipment and/or other devices to virtual aircraft network 302.
The different advantageous embodiments allow for the use of nonstandard devices,
physical devices, and virtual devices. A nonstandard device is a device that is not
allowed to be connected to an aircraft network because of a rule or regulation. These
rules or regulations may be set by different entities, such as, for example, an aircraft
30 manufacturer, a government entity, a safety organization, or some other suitable entity.
A device may become a nonstandard device if the device is modified.
The different advantageous embodiments recognize that with an actual aircraft

network, limitations may be present as to what devices can be connected to the aircraft
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The different advantageous enbodi nents recogni ze that with an act ual
aircraft network, limtations my be present as to what devices can
be connectwed 2q00/08818 ai rcraft WO 2009/ 058703PCT/ US2008 0B 121893/081259
network. These limtations may be set by governnent regulations, such

as thos%eﬂrgcﬂg“:‘rﬂ@&fﬁmﬁ%ﬁ[érﬁemgfggrs@ lgf\gb\?ér %@nﬁ%gpﬁ-%ﬁoné ”éu?:h Jhose
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302 and/or efhstd g itaRingd e @onBiesbet WisliiFtuaairofafy héfwerk 302" pEaffesult,
networ k 302 for simul ati on purposes in the different advantageous

enbodi mOMEE deTices 1aydeR @ﬁt%ﬁh@dﬁgy'rﬁ@' @Wﬁﬁ@ﬁ%&f.@@@ndéqs@msagg Jardware
vi rtual neR pIkRGifRY ih Vit@al QFH@)‘%%@M&R Qﬁ?tfor élﬂu%&iﬁﬁ@u@jﬁ%@hﬁﬁ]’e dlﬁé’r%ﬁt
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min the

of the ite onI one of, .each it

B neoqeln SEr B, fiebaddudi aded pil b ot Eashone ¢ orilysh Bxige g
C rray iphosivdlaievice! axasgd Iﬁerew tHé%Hra&é retiddst @Re oft @ReAused with@Mishof
and 15 item B. This exanple also may include |temA itemB, and item

C, or i ﬂtngB”WHS|trﬂ%l¢|lff§rentrpoﬁﬂm‘éﬁt‘@§&'?ﬁlQ-‘Eéno"eé%f”l‘%&%'f‘sm?é/ st usaggnthe,
for exapple, né"bfté%,‘%Htlte#ﬂ fﬁ‘thétllbﬂﬂay bueealied t ?5?' (gxrgr%ﬂ@a%ft iéatsﬁghgof @é?ﬁllﬁ .

ten of item C, four Item B and seven of nd ot er suita
conbi nafitednB. anchiter &’ trhey Palude2®r example; whawtrimtmenclt&mm or item A and

I )
dobiBor nemBonbie ST aRB sTALEEMEB s bRy R E e BPE. LB Benshiem
whi | e i C.i s abemaagdes, datlhestrmtevmf‘r‘ Masyﬁ; omnexdinpte wltglomshrpntaamndmm of

f t t hat he t n trou
i cr opr SERUAGT BT By SOEHE OfF halP e 48 e 1 AR RO 508.Gs GH pther
r enoved sfitae cbmbapas er and replaced with an enulator. This feature

allows for collection of infaormation from i nternal 25rq | sters,
i nternal buf Morke e #hea CcRefied #iralane SOEPUH Ry Stans/ iU pFriatipn

aanbamd%wc@Q';ﬁ'obé‘fcgfdéaéh@ﬁtff‘e@ﬂgeu% ?FQ Sc%\.?lﬁ br%g:gﬁné&éﬁéﬁ'%lfﬁjnéfé%rérgf?

dynanics of a network System a uce t _
requi r edetwork398bwbitdh t ig cennegiaddmthenetvare Bystemc eThesw lo@s Prajidee 4, a

e A Pl el Pk kb dor o
systems. In many cases, the microprocessor is removed from the computer and
replaced with an emulator. This feature allows for collection of information from internal

25 registers, internal buffers and internal data busses that are not normally available. This
information can provide significant insight into the dynamics of a network system and
significantly reduce the time required to froubleshoot a system.

With reference now to Figure 4, a diagram illustrating a virtual aircraft network is
depicted in accordance with an advantageous embodiment. In this example, virtual

30 aircraft network 400 may be simulated or executed on a data processing system, such
as data processing system 200 in Figure 2. Virtual aircraft network 400 is an example
of virtual aircraft network 302 in Figure 3.
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30 aircraft network 400 may be sinmulated or executed on a data
processi ng system such as data processing system 200 in Figure 2.
Vi rtual aWwerwpossast work 400 is an exanple of virtual BCTUSMH/081259
network 302 in Figure 3. WD 2009/ 058703PCT/ US2008/ 081259
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units. 15Control user interface 410 is a user interface that all ows a

user t osE€ ARG ORWORK aRd ParaLI SaMPYERMS o Virtusk netwark 40P 51V be.Jor t ual

ai r cr af xARbMeoEK Hifted Iayéhé&%rmﬁa\tm&rlfabws%%@m@ né%rﬁrgipr%%%%hy for
network interface 416, in these exanpl es, provide a point at which

conmuni #XeMehdatRiniRCasipaRY stasesIsUrR B dinairetlacarbltunitc onponent , suc h

as asground g Hf‘@r%féﬁg% éc%ahd@ta éf'nﬂt@f‘f #ef ?\%‘?aﬁg‘rﬁs 2de PV Galious

net wor k |nter ace rOVI a sinulation of conmunicatl ons
| i nks, Qacarmatsrmcbd:dnmodathe snmlabmnmm vieluekairdrafin ketwatrk 40@r E’hysicaiarteiwodk

Al t hough e nepts_i.n raft ne

i it a¢ USRS 4% BT TSR Wit B 4f el Fahite e pni ot
nmay be wsith 4 ooRAMNIALONS kNNl el elfswcﬂbhéd nGth afnbthee tomplendMO sudtpss a
exanple, |ine regl aceable unit 420 be 25connect ed to virtual

ai r cr af Q" HECRSROL I EIGSLERMLTE db"t"l FKLPhysiel BeiwarK indgréase 416
bet pgen nrawrbolab an@h‘ﬁ%%n'd‘ﬂbéﬂwﬂﬁ%a‘@léﬁs ﬁﬂ&, \s‘,béﬁ Eébat%!lﬁéﬁrﬂistor%Féfé’ésk

400, and physical network interface 422 and |ine replaceable unit
420. inks afq Q@Uﬂémeaf&@‘éibl e unit 420, in this exanple, is used when

a simulati O”f«ﬁﬁodﬁg\eﬁ aﬁfe?&lt cBH'[E)%bbR%Sn 9h ra?tfﬁéfﬁibrkcﬁg‘?%@?%ylia%dﬁm

possi bl e or feasi respec conpl exi tinme,’an
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conponent.,,. .t hi SI dere art f vi
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connect %d to the vi [tual ajrcraft net
etween pnysical network interface 412 and virtual aircraft network 400, and physical
network interface 422 and line replaceable unit 420.
Line replaceable unit 420, in this example, is used when a simulation or when the
real functions of an actual component is not possible or feasible with respect to
30 complexity, time, and/or expense. Although line replaceable unit 420 is not a virtual
component, this component is considered part of virtual aircraft network 400, in these
examples. At least one of a physical nonstandard device 424 and a virtual nonstandard

device 426 may be connected to the virtual aircraft network.
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as dat a epREeks ¥irkg! egrapdsr 409 may singlatea Zrewjieiration;sysiear Managavert

50245i nsﬁ/&bfﬂ_exarrpl e, includes virtual conputer 503, virtual conputer
505, virtual network 506, virtual network 508, control user interface
510, 25physi dainingoow itk Figurerd, ackadgam illpdiradingain exarmpde R & testefraicanment

e o BAYOLET aBSIBNS LS CRGE B8 bt HO TS 1,
522, vi rehuidnmenttv@dokinSiddes victnbi aitcrafs aetwionk 802 ane vbG) grouyidineébork 504.
PO VLA I M N e TN AR A S S
5322phi gimtagdntixtin e orpRAMONKrtual aircraft network 502 and virtual ground network
504 may each be simulated in a data processing system, such as data processing
system 200 in Figure 2.
Virtual aircraft network 502, in this example, includes virtual computer 503, virtual
computer 505, virtual network 506, virtual network 508, control user interface 510,
25 physical network interface 512, physical network interface 514, and physical network
interface 516. Virtual ground network 504 includes virtual computer 518, virtual
computer 520, virfual network 522, virtual network 524, control user interface 526,
physical network interface 528, and physical network interface 530. Additionally, test
environment 500 also includes portable computer 532 which has physical network
30 interface 534.
Physical network interface 512 is connected to physical network interface 528,
and physical network interface §14 connects to physical network interface 530. These
connections are configured to be connections that are present between an actual
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30i nterface 534. Physi cal network interface 512 is connected
to physical network interface 528, and physical network interface 514
connects ™D pl99/8ista network interface 530. These connBCI/I$A083/0%1259
configured to be connections that are present between an actual WO
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virtual ground network 504. By using virtual networ vi rtual
conput emdichathisi vigya d&vwﬁlm@anm ebcaompnicatingrwith istugbgiecrat netyist 502 B3
sever al [ t f r

stch as "5 B o lEoer AL CRARAENIRAR (ol WRRe LR sBu” Hyfidng YRGa
ver si ongewfork eméwa:tuadjccbmputerﬁ aasumgje airting lgpton canpiensiag bch:ile\t;p sipporta

Boej 47 0, a BO 777 2 a n 7- 800
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system 785 swbll as t@p@tent&r—.ﬂ@é supmthecitiple Yarsiong bosebraelitterekt gifcram
in these_exanpl es, all ow

ai rport, The physi net nt erf aces

he | niHPSE: SHFRAS & BBRNI Falh ABORTGEH 00, % BARIR 220 R nH e Ba o
physi calzagapg processi ng syst ens. The different configurations
illustrated in Figures 4 and 5 for the virtual aircraft networks and
the virtual UyBismxamaedesieryirenpeatelfl pwvides apsimplaties aan entire system,

| 5" Bk SRS RARARL PRt SDSaR LR P4 BRG L n OOk P i

i npl emeitterfiaceBoin toesapkamples; alioal thaisiroulation néé particulk®0etworkitgur e 4

i B A BT S kG g et or s, 406 and

used, dependTrhgdmrém@opﬁgammﬁsﬁmustm&adﬂn‘BFigat'es)manE@foeme@al aircraft

Conpt ePeMaiS o0 WA VRIS B aTe, e oG Pusies of Ylsefng one

virpgal oARHFBRETS THBSe MStritidHstRt NBeMMaNhKto limit the manner in which different
networks may be designed or implemented. For example, virtual aircraft network 408 in
Figure 4 illustrates two virtual computers and two virtual networks 406 and 408. Other
numbers of virtual computers and virtual networks may be used, depending on the
particular implementation. For example, virtual aircraft network 400 in Figure 4 may

25  employ ten virtual computers and two virtual networks, or in other examples, seven

virtual computers and one virtual network.

Turning now to Figure 6, a diagram illustrating components used to simulate a
network is depicted in accordance with an advantageous embodiment. In this example,
virtual environment 600 depicts components that may be used to simulate a network,

30  such as, for example, virtual aircraft network 502 and virtual ground network 504 in
Figure 5.

Virtual environment 600, in this example, includes base operating system 602,

virtual machine server 604, control base 6086, virtual network 608, virtual machine 610,
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Turning nowto Figure 6, a diagramillustrating conponents used to
sinmulate a network is depicted in accordance with an advant ageous

enbodi mentWO PHOFHTE exanpl e, virtual environment 600 dBEI/EEH08/081259
conponents that nmay be used to sinmulate a network, 30 such as, for

exanpl ewt«uar Frid@hindigl v‘ér %Hhalnrﬁémﬁ@ 65@2@%‘6’0%‘({ %H@c%]ﬂc%%‘”ﬁh SFH’é%rK 504

in Figure 5 I rtual environnent , i s exanple, 1ncludes
base opépapPngNtsSywtanyigoal environmgnt ARE Mayexeeutean Bd4ata proersstilg systam,
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as d ta ch&gggglslg{ategg,s ?SEY%%YP "BB'@F}ﬁnit U8B 602

i s an opeaMbidepenEhgBYtematrs e&arrtptee admr@o&sﬁro@@@mgrsgs@wtnm.nﬁa@e
operating syst em 602 maikebe i mpl enent ed, usi ng any availabl e operating

syst em 0P8 '@Qéh’ﬁqe@ may r&tﬁ@ﬁs(ﬁf yVi @ﬁ%\‘satf?ﬂ?éatﬂ'k%ﬁyé?ﬁ% may g %9‘([991 from
oner At | WSS KBTIk o CorrtiBlarBLIAGRERIIDY SyStem may e
om one ce

sel ecte Croso rporation of Palo Alto,
CA, USA v i r Virkal mechineseseanidd isa4proesss thatos assd tchbostivirtuss eompotehs s t

i I . 6

adai' b} oRBETHE ViR B THES 6L AR S IO FURE ol e Fros R B ey o
Vi Ir t uaI alu;iavltmmtcs tﬁ@&ost&ﬁ%?lmﬂtuamemm &38{ \X&ﬁuﬁ@ﬂﬂac&]ﬁd@?ﬁv?’ ekkslions a u?er
sel ect and_confi i ren nts, wt vi rtual environnmen
500- i 12 seleShandsdionts G Rb aSRETIES BT LR S HeT g A oV kel
types om&pinessvers04 mé?'ﬂj@l@;p[e\’ﬁéflﬂé@ u&ﬂ@‘dﬁferéﬁ%yﬁ@s SERAveAFELEexample,
server i s a product available from VMiare 5Virtual machi ne

610, vi M\RrerRgEvETiBashe Usd MMywre SREM e preduchavrilable frem \idwagss knc.
6084gre CO”p‘Wﬁ.[éq ﬁ‘natchf?*lfg 6408 v AL 1692, ViRBaRRALHiISS 6, éf'lor\FlHG’a]
trol base mu

netvvork Con 06 s a user Interface for the si ation and
pr ovi desietwork ®08rafra cempeonenis dkatera sinllaigsidor ihnetnarhim Vil oetverkt r ol

user in o) ol. 6 i.n. iren
my be SELPTERS B AL Rstoar OIS I P Ry el e Re TRBR G
si mul at iagrcoagoeddr irerfsad $10 oveorit@liaserdnterfaue 526¢nE|gLEar5t r(ecﬁntrottbate oI
base 60%9 | so rraé/ | l.ow @ user to tore or the sinu |on

2 or or BB rBodent riAre b3eLERHe Bpdhaliel Bldws 4 %8 85 aRdslon
spegof i & Sidblation abWidll XSt EariBl O¥bEIRRIrA&IJASEIFUHRBE chARS Bdaleotaisde
part of a control user interface, such as control user interface 510

or cont MAY gy a |Uﬁ?"eti0fr§§*@@QBweftﬁhfFﬁW%t'%‘ tocopriar state 96 @ctualy enter

provi deg UsBE hr‘Hn’?étfaﬁces for a particular configuration. This
interfac 8 may vary ependi ng on the particular sinulation, such as

an aircraft RoniorxeasificHi§; puthis erammwe korovides a user interface that may be part
of a control user interface, such as control user interface 510 or control user interface
25 526 in Figure 5. Control specific 616 provides user interfaces for a particular
configuration. This interface may vary, depending on the particular simulation, such as
an aircraft network or a ground network.
The different components illustrated in Figure 6 are provided for purposes of
depicting one manner in which a virtual network may be implemented. Of course, the
30 depiction of the different components is not meant to limit the manner in which other
advantageous embodiments may be implemented.
Turning now to Figure 7, a flowchart of a process for testing a ground network
with a virtual aircraft network is depicted in accordance with an advantageous
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The different conmponents illustrated in Figure 6 are provided for
pur poses of depicting one manner in which a virtual network may be

i npl enent &¥0 200p/033Fr se, the 30 depiction of the differ BAFUSIRIERSAL S
is not neant to |limt the manner in which other advantageous
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flowhart of_a process for testing a ground network with a virtual
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net wor K ¢ ggehsd néﬂvdrk'?o;ﬁr@l‘tﬁ?ﬂ?d}ﬂt Woeke bBBRKBAS Ry iRdlde, FHESBMple,

operations may include, for exanpl'e, various processes to assess
whet her Vtamungr@gﬁ@saséomswwhetbebw@rgr9u@danemwlcaaiaepmevaﬁmmcate

ai 1 ¢ ar {,iRghuag r&aﬂﬂ&t&:ﬁ&f Fn}rfﬁ%?eth "?%S@Sf ey bBHePB rﬁ&ﬁ B?%SQ% gsers

to becorne fam he opéra |on 0 re on € groun
net wor k basedetfamitier wih theopperatiorontsaftiviare bhehagrauraf netwetkvusekl. to Patfarm s

collected from t erat rfornmed (operation 706). The
col l ect & G%PQS Wéﬁéﬁgﬁﬂf?@ rtez\ﬁg’%ati on 708). Changes are inplenented

as needed (opetsisiconedtbd bA) the Uesatichd BegEMER Yordralidrro6)f Theohstke,
addi ng or reconfi gurl ng various conponents within the ground network

to providdl BENaZEREPLBREC AP t@hq}ﬁg?ﬁ QQ@@?W@PWHWWHI@P‘W‘BO”
prOQSSSTt'IGI Wﬁ@ée%én@@é fytlﬁf:lude for exafhbiB, &&JiSs 8PFRoRRWIrkY JariBuse 8,

a flowchart of proCess for creating a virtual aircraft network is
depi ct e@omoa@@@mmwmrpun@newlam g isedoepiopar aperabilifreiperaicss
begi ns p]%h&%gn%g_yﬂlg&sgqgmﬂgﬁg§hér85ﬁ virtual aircraft network
(operation 0 conponent's  I'nclude, for exanple, different
data pr ocessI\N@ r@t@'emnowm@ﬁlwe@oaﬁlamehsrt@ma grocessrfeptreetiabh eirtal t s
on the aircraft e co ents al so i e . the variou et wor

deed 't o AT RS CPRER e BaCe B Ry eBfh Pl BMRal Fid e
uni e. Bm&%smgmmaéntatnag compbreetstibiea piy:al SifdraAsMIc?K forddr&HRNB00)N

the aircraft 25 network t rovide for conmuni cation with a ground

net wor k.These COMPRAGALS iRqhdde, f c@@@%ﬁ'@‘ﬁ@nwmﬁ PEPCEPEING; YRS, sy%as
i denti f 'c%ﬂwp%&%’%ﬂé ”ihé régﬂﬁ@éa%tlé QR ts&%)he élfbré’l‘PeTﬁé t&fp ng@ntS bR an(r:]lude the

deS|gn|ng may 1 nclude created code programto sinul ate
i nput a8rous pem@rkmedd@dmermnﬂﬁ@t thaéﬁﬁent@@wtﬁf@@edﬂme Feplaceable

units. These components also include the physical adapters present in the aircraft
25 network that provide for communication with a ground network.
Next, the process designs virtual versions of the identified components
(operation 802). In operation 802, the designing may include created code for a
program to simulate the input and outputs that occur in the identified component. For
example, a virtual network may be, for example, program code that simulates the
30 routing of data from one component to another component attached to the virtual
network.
In some cases, an actual line replaceable unit or physical device may be used

instead of a virtual component. This type of selection may depend on factors, such as
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exanple, a virtual network may be, for exanple, program code that
sinmul ates the 30 routing of data from one conponent to anot her

conponent V4@ 2¥WEHEIX 0 t he virtual network. | n sBREVEHIRE1258n
actual line replaceable unit or physical device may be used instead
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testing validation of ground to aircraft interfaces. Further, testing
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e L i B e

di f f er esoftenatsn dimeninsludaes btibikerat hmitéd tarfoois asuabmey farexample, firmware,
resident software, and microcode.

20 In this manner different components in an environment, such as an aircraft
network and/or a ground network can be simulated. These virtual components can be
connected to physical components to perform various operations, such as, for example,
testing and tfraining for one or more users.

Furthermore, the different embodiments can take the form of a computer

25 program product accessible from a computer-usable or computer-readable medium
providing program code for use by or in connection with a computer or any device or
system that executes instructions. For the purposes of this disclosure, a computer-
usable or computer readable medium can generally be any tangible apparatus that can
contain, store, communicate, propagate, or transport the program for use by or in

30  connection with the instruction execution system, apparatus, or device.

The computer usable or computer readable medium can be, for example, without
limitation an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor

system, or a propagation medium. Non limiting examples of a computer-readable
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conput er - r eadabl e nmedi um provi di ng program code for use by or in
connect i oV QZPROEonput er or any device or system t haPCEXEWI# 4259

i nstructions. For the purposes of this disclosure, a conputer-usable
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sem on% or system or a propagation nedium Non |imting exanples
of a comput'er-readable WO 2009/ 058703PCT/ US2008/ 081259 nedi um
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Stong a it of ga%i@% % Rcol8dPLea EB&%M&BH?ItﬁR‘CJﬁhlyﬁﬁhrWﬂﬁ@?tfoﬂg
reada g ? er,

conput er | e or e program code Is executed on
t he exediok imay use a Miediugw thadise forrexadatd mtboutdmtatlenmm@rcaholcwm@esauses

t he conput er ,f he dable or usable

program code ‘%‘é# 59&%%%#&8%9@%{‘] %ﬂ%%'?ﬁﬁg{Wégénﬁ ﬁ?%’fglpl c&%pqt? nk may

use a meekhdabld batomsutef mamaamyranmﬁb(wn iclutietarid @moreitetesordEoupled

Wi rel ess oces ){st emsuitable for storin and/ or
t

execut i ﬁﬁeEWdPQ'Fe&é‘éﬂ '"%‘“Bre SHIOUER 2T GRS BRI, RRFD as a

i nchgde s?él@rr%usfm‘t'i% RleATRY 8RNfer®® Hitlyarcldlé Rebl MeRfory BRbIcyel ldirih§ actual
menory el enments through a comuni cations fabric, such as’'a 15 s&l‘gtem

bus. Th@xm%mp dne pEgrameRge; bidk gisage an Geehe Meresrssoyiieh atmv
act ual mﬁ&%ﬁ@toﬁ\gé&%t%&%@%@ﬂe% ut%@&ﬁl?%f‘%m aed ugﬁﬁgﬁ)ﬁ?ﬂram
I CH pro er

menori es de tenpor ary st sone
r eadabl €ode t¢ rﬁtblueéme nlsrabeeof;im@ emdecmag beoeiriesed fFrotrhieulk atvbage difiring

times ¢ rleved from bul k storage during execution of the
code. %%%%ﬂ@ﬁou%%é?é I 1/ O devices can be coupled to the system

ei tBor di r eciiput/output or IfO devices can be coupled to the system either directly or
through intervening I/O controllers. These devices may include, for example, without
limitation to keyboards, touch screen displays, and pointing devices. Different
communications adapters may also be coupled to the system to enable the data
processing system to become coupled to other data processing systems or remote
25 printers or storage devices through intervening private or public networks. Non-limiting
examples are modems and network adapters are just a few of the currently available
types of communications adapters.
The description of the different advantageous embodiments has been presented
for purposes of illustration and description, and is not intended fo be exhaustive or
30 limited to the embodiments in the form disclosed. Many modifications and variations will
be apparent to those of ordinary skill in the art. For example, the different embodiments
are any mobile platform with networked systems onboard and any large scale control
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t hrough intervening 1/O controllers. These devices nmay include, for
exanple, without limtation to keyboards, touch screen displays, and
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t hose of ordAsangtrekiekbmpte, tiferenttmaif@napsadpyiess albe nehiyf beesienmilated as
enbodi nent,s .are any npbile_platformwth petworked systens onboard
and any P2 ColidngBitr oT e mauRinss A6 e MAeH omisbreg creth
W th netwauhkarks eb QBROWEh SHGEcASt RetReriesr &5fdin@madgérkochem cal
supervisory control and data acquisition systens. As sone additional

non- | i mi ti ngAdsERpRleambadi@enisimay BaClamod 36 3gWES enbodi ments may be
apphhed a0 i I rkd

Sorroraft’? an ool (o iR dfufong Wi a 3 BRC A nenlcH g cometter
and a mirsplemented methodscaamising: exanpl e, different nmai nt enance

devi ces al so i of . round n rk. These

i nt enance. d0iieciio Aty B GsdRg B ienthuf vt JHPA AR Sl Bl eround
wi t h annetwarkadnd network or a ground network. Additional enbodi nents
may be clained. as follows: 10 Al A rret.hﬁ% for perform ng operations
Wb e vi rt UBPTTIES e Reralnsanits 1 i) gt o SHfere B IRk Adke
COMmEi Sighslind networkconnecting a data processing systemw th the
virtual aircraft network to a ground network; and

A2, The method of claim A1 further comprising:
collecting data from performing the operations to form collected data;
analyzing the collected data; and
20 selectively making changes to the ground network.

A3. The method of claim A2 further comprising:
identifying a plurality of components for the virtual aircraft network to form a
plurality of identified components; and
25 designing a set of virtual versions of components to at least a portion of the
plurality of identified components.

A4.  The method of claim A3, wherein a component within the plurality of components

is a line replaceable unit and wherein the designing step comprises:
30 designing a virtual machine for the line replaceable unit.
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to the 15 ground network. A2. The nethod of claimAl further
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conponent s; gRAhESARRtEtidaGafta @éw?émﬁbﬁﬁﬂ@ﬁsH%P?k@m§ee&bﬁﬁﬁ880&ﬂ5§?s
to at least a portion of the plfurality of i1dentified conponents. 4.
The net ReFoBTPAEEHIRIAGT adipsizgasus epdigsisnents. ineranmbadimepl errexhibadiments
conpgne i | uni i .desi gni step
comp? ssgreig dreichBed S BEEAER i e B Lol BRI T S RETPEBLER, &
unit. \AOIRCIDBAES SNHeIPATBLONSIcatdr, 39d3o Ehableaitherd of brdihany mkill,in the art to

wherein of t e aircraft part is executed t he virtual machine.
Fur t ner RePRHAVEhE SR DAtous BaBPRBi S wll irces wetlitridign are
advant ageked® emaicibri@eonedm@gieant ageous enbodi nents. The

enbodi mrent or enbodi ments 5 selected are chosen and described in
order to best explain the principles of the enbodi nents, the
practical application, and to enable others of ordinary skill in the
art to understand the disclosure for various enbodi nents with various
nodi fications as are suited to the particular use contenpl at ed.

CLAI Ms:
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1. Anethod for sinulating a virtual aircraft netwrk (302, 502) for
a nobile platform the nethod conprising: 5identifying (800) a
plurality of components for the virtual aircraft network to forma

plurality of identified conponents; designing (802) a set of
virtual versions of conponents for at |east a portion of the
plurality Ef @ entified conponents; pl aci ng the set of
vi rtual v% éq § of conponents on a data processing 10 system (200);

configuring (804) a set of physical network connections on the data
processing system connecting (702) the set of physical network

connect i ohs t oAdngfhedfer simulatingea visturl aiswieft rsduyrk (#Rer 802) fore rekitasal
aircraft &gﬁ%ﬁ,ﬁhg%gﬂgae&m&ﬁ'ﬁ;:t he 15 ground network;
ope

perform ng Fatrons ‘W the virtual aircraft network and the

ground net wor kidentifylrec(800y a (pl@a)itydstednigarmnpefdrdhervingial becraftatetivodni®
to formcoll ected data;. and 200han%i n%_(710) the ground network in
response ©LFMEBIUERLY et tdeatitied SOMPONERE: et hod of claim 1, wherein the

performng st e@iﬁgﬁrjﬁéi(ﬁgﬂ a BE Sl dePOEhE b EORpYhsMtstBEat/bhbls

aircraft networ ground network to train a set of users on
how t o pepdrtiomaf kiee pluealday pbientifiéd 8ompheentst hod of claim 1 further

O 0 e AeB B S SR o B B Bl o
is aiqlg nesfseé,ﬁqbgggabl e unit (420).
configuring (804) a set of physical network connections on the data
processing system;
connecting (702) the set of physical network connections to a ground
network (300, 504), wherein the virtual aircraft network is connected to the
15  ground network;
performing (704) operations with the virtual aircraft network and the
ground network;
collecting (706) data from performing the operations to form collected data;
and

20 changing (710) the ground network in response to the collected data.

2. The method of claim 1, wherein the performing step comprises:
performing operations with the virtual aircraft network and the ground
network to train a set of users on how fo perform the operations.
25
3. The method of claim 1 further comprising:

utilizing a physical component of ocne of the plurality of components.

4. The method of claim 3, wherein the physical component is a line

30 replaceable unit (420).
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5. The method of claim1, wherein the ground network is a physi cal
ground network (300). 6. The nethod of claim1, wherein the ground
network is a virtual ground 5network (502). 7. The nethod of claim
1, wherein a selected conponent in the plurality of identified
conponents is a sinulated software aircraft part (402, 404) in a line
repl aceabd e unfe (AAHd ofldafts 1 RRerEH lﬂ‘P@?Rfu | dtibrle is"ﬁ("gfigéi(gaii%?@nd
desi gning step conprises: designing a virtual nachine - or
the |ine nadpbdcEd)e unit (420) to execute the software aircraft
part. 1s9.The nethod of claim8, wherein the designing a virtual
machine for the line replaceable unit conprises creating a software
conponents.capathenathasd sLtiaim AgwhBRI he§budidt itk B 4 BiRuPglolRbe

aircraft part.
5 network (502).

7. The method of claim 1, wherein a selected component in the plurality of
identified components is a simulated software aircraft part (402, 404) in a line

replaceable unit (420).

10
8. The method of claim 7, wherein the designing step comprises:
designing a virtual machine (610-614) for the line replaceable unit (420) to
execute the software aircraft part.
15 9. The method of claim 8, wherein the designing a virtual machine for the line

replaceable unit comprises creating a software component capable of simulating

inputs and outputs to the software aircraft part.
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