SYSTEM AND METHOD FOR BUI LDI NG M XED MODE EXECUTI ON
ENVI RONVENT FOR COVPONENT APPLI CATI ONS [ 0001] The
WO pogessad2 i nvention rel ates generally to runtiBE/CA2005/000280
environments and specifically to runtinme environnents
capabl e of erating in both exec I
SYSTE DAL SHCRD GOk a*ﬁ%%ﬁh@n 0B AT G gy monmenT
from U S. ProvifSRRQMBPONENIAPBRIGHHISENS 60/ 548, 098,
filed February 27, 2004. BACKGROUND OF THE | NVENTI ON
[0001] Tloo @pgsemu grverfiarh gelpies | geperply itorustimg erviiesmentst sk Rpecifically to
. t t AVOR B | r . .
rontime (8T S b s EpBB MOt e T BORISCARIY RRRE 480 ibpRAS hode, This
applicatictl ejdimseprionitgr somalU.8i rbekioaslsiAppioaipn( Rfsher W60/548,098, filed
Wi rel ess communi cation capabilities, two-way pagers
February 24, ¢} | i ke. Concurrently with the increased
avai lability of wireless devices, software
BACK@ROUNIROFONSE TNVENTONY such devices have increased
their utility. For exanple, the wirel ess device nmay
. _ Ui catis » _
10002] DEERS B, 20 R S i Tes TR i e  SORELIRY ShEREEle mumber
of wirefess dgviocsem ew. toflhes €ltesd demces appide cavbitnteldphkaes, personal digital

.. advant.age .of the ability .to.transpit. data to a )
assistang (BDASE Wil NHFRIESF rFOBTRRNCAELF 0P HUCt| Pa-Y 2 RpsE etng) the lke.
Concur2&ily hfSthk Anétefed aval dbsiityl oF idslbdsl RRide§, 36@wase _a;%plications running

conmruni cati on. However, due to the nunber of different

on sucht §qyeses daveleveressed thehrentilityi Feul exarapleathe aviredess uewise nady include an

10 evices, and the ¢ lex]ty.of deliveri | ar ge
spptica il 815 At FRoRl  TELOPaBlef Biet §F wlifs £ o shop for
groceriedP [Mhesedolftvage apliBatiths dak@i ddl tbidd ofaREl abilifProGANSMITIAAE to a wireless
task. [0003] rrently, devices are configured to

networke hRTfer datriovide Hinyely 256 ruseld sservigasughusen exfieat inbedditdon to voice
commuxglg%gﬁnf R0l od’uquttﬁe\érglﬁ% :o'f %ﬁ{“érgr{l%}/pae?rep?\g?ﬁégs, la%vl?mlttehde available

age of ’being a e 10 ope
resourcedafssmpldatices, and i comiplexitg of deliedring Mirgdafbante f data to the devices,
devi ces, but, have a di sadvant age of requesting pages
developmgSof¥premligriqns semains pENisult anshimesongmingtaskce,
whi ch hinders the persistence of data contained in the

[0003] ?lg{rﬁ&@?ya defcdsUuirt@haigiready 2BiadRiQte RiBVHRD Kerdicds i (r:ohugh Internet

at the screens are rendered at runtine, wh
based buawsetreandég ative applicahensy eBroveesvieave thp pdvantige of deingradaptable to
owser s

operate S TEORALOMD B L e CARE BTG 5 Vet ML Pt & Oadvantage of
s oGP (RRH SORRILS {3 gl e ki i hindes e
persistegigef dfedagheonigined wsthe derebrse sA Haker diifafleansage ofdpawsars isi the fact that
the scregrpsdar]é (r)ern@eie%ca %rﬁimet, IQv%ich can be resource intensive. However, applications for
browsers are efficient tools for designing platform independent applications. Accordingly,
different runtime environments, regardless of the platform, execute the same application.
Unfortunately, since different wireless devices have different capabilities and form factors, the
application may not be executed or displayed as desired. Further, browser based application
often require significant transfer bandwidth to operate efficiently, which may be costly or even

unavailable for some wireless devices.



application may not be executed or displayed as
desired. Further, browser based application often
WO 10e8[0836@ si gni ficant transfer bandw dth to opErTat£2005/000280
efficiently, which may be costly or even unavai |l abl e
rel ess devices. [ 0004 e ot her hand,

[0004] {Qat%e"ng%v‘q‘?"éat%ﬁ% agplicaffg IaEpra f#‘&ﬂe afo b SpgHiLc wireless device
platfornyy rtﬁér@&ﬁ pleviaaR R atelfam bEhety E’;F;Ql‘éhﬁ’éx{‘ OprBgram for a runtime
relatively optimzed application programfor a runtine
environment nmnmwn thah plaﬁ@rrnn Howaevepl aptasiorm depovsieat appahcatlon introduces

at.f o nt. a catiaon troduces
several @F%Wﬁ%ﬁ( dne ﬁﬁ 318Vlﬁlé QE 3{7 %ap tn&ulhé]\? e\feasbo%?t[s Isgme application and
being ral@dvelPRsgedin iR 5By @RAL intethdrdTesdebel Off Mgk WEEtRE ¥&Mide. Further,
|arge in size, thereby taxing nmenpry resources of the
applicatigry dovelnpersended expignehavith progTammameg Jangneges Bishras Jaseand C++ to
ogrammi ng | anguages such as Java and
meuu%éga{hﬁgéﬁ'p&%@?géuch native applications. [0005] Thus
it can be seen that there is a need for application
[0005] ’Dlnusgt earsbd deah tlmmdn@1srajmedrfor:hppematmiem|ongth dag ba run on client
erat.in stens, _.as wel |l as _having

e varij et QP
devices e s gﬂﬁtpﬁq SROBHnG SRS, f5 8i5l 6 S Ving gy efkcAsPsumption of
device ﬂegodrc?esd@ﬁhﬁamo?e 6i0is AL BYEio el RicRE HeIERMERNGR 6! While limiting
while limting the conplexity for application program
the com@tﬁxeydqzrerpsha@lommdigram dewelopdrb @s muCl@Gpossibbor di ngly, it
IS an object of the present invention to obviate or

[0006] ,g{:cor%\/%ll){t g él %n qgmg% of t ar%%\éﬁlrnm teo(ad‘? tlgP1 te at least some of

the aborCEeAtkRRE disalitdhtaRs.aspect of t he present invention
there is provided a device runtinme environnment for

execution on a computing device, the device runtine
SUMMARN PBWINYENT;S@ iding an intelligent container for
an application at runtinme, the device runtine
[0007] I@mﬁp@réﬁla@nwﬂ& awgsnest plthy DptsgRtainy enfionfthergny pravidedrn device runtime
t I
env1ron§1§?f'\?&£ e’g&:il{r%gIF u?g’% Qr:nﬁgﬁg%?éa\h%;ﬁhaeg%?l rHﬁt%e %pronm n{ for providing
an mtellﬁ:gﬂmp omeaiher fof ai hgpleppdi satintime, the Hﬂdceﬂ@mﬂﬁfel qnuiraﬁmém comprising
persi stence in, a database of the data_co onent s;
a pluraldy §é SERHFeRh SgBMUnisAtion R Figh Kthesethe lirabiesl wrgses ingluding: a

data mzﬁﬁ bl Rt Wdﬁtg%ﬁ{rﬁgﬂ%ﬂ@%foﬂe palﬁghéa‘?londlhélﬂhg% f8niBulation and

een 0 e conputi evi ce; onmuni cat |
persisteBC@r wi @eddtalyass enfdihagdate seapesertty &xteenahanagso dorc emnagidg screen

recei nd. ma i ng nessa from ext er nal
compon g & e st LG, A LY PO ISHEN Al o SR g the computing
device; QIRMNEREFion 3BHi@ F sbRiin dg ﬁfe@sragéseioeéxtérﬁﬁl l‘éyJIﬁ‘E@sCzﬁildl r¥celvmg and
interpreting script enb in at | east one of

managlrtamsmnq:)emnﬁr@n @(cqreenree@nwnmnmorchn@b m@sageespondmg message

trrpo eangcsnp qerpreteryflor gynamlcally interpreting script embedded in at least one

componen
of the data components, screen components, and message components and relaying the

interpreted output to the corresponding component manager for implementation.

[0008] In accordance with another aspect of the invention there is provided a method for
executing an application on a computing device, the application comprising at least a screen

component, a data component, a message component and a workflow component, the method
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interpreted output to the correspondi ng conponent

manager for inplenmentation. [0008] In accordance with
WO 2080436862 aspect of the invention there i s pradmesloas/ 000280

nmet hod for executing an application on a conputing

.device, the application nprising at | east a scgreen
comprisigh HEALH o5 & R G BTCHERE APRISHLOR Jn Disstten fitinessage, and
workfloWPEdthpsHen&BP exiition bi@ soRkeh SHHABHY Usth MBarap&2hhd thedddge manager

executable formof the application fromthe screen,
respectigielyaforiptosmaieon Gaa awprtlopncanpaisnetat cowd nekbe pet istp executable
. . r d - anager :
form bl B &G BE ol B TERIon, SR B AR A AT RRAR SRRRE execution
of the aplftqacioe téing Aatriptantetpréret, abd duibuting oupresvinahé scrfpdierpreter to a
bef ore executing the application, dynamcally
correspoiihing $erean gnageie dptAMANASRTiaHA MASFASEFIAREYut | on of t he
application using a script interpreter; and

BRIEF HESCRIPHONOPHHBUR ARWAINGde sCript interpreter to a

correspondi ng screen nmanager, data manager and nessage

o) RSSGE RSET PSSEST A, T  BOA WS LOBE Bl o i

referenosdy theef fomaimpy) drawmigy invvhichr ef erence to the fol |l ow ng
draw ngs in which: Figure | is a block diagramof a

: comyni.cation infrastructure; Figure 2 is a block

Figure (s hlock Gperam gf o Buinieiop BASIEEEE 3 o a bl ock

: ijagramillustrating a conponent framework; Figure 4

Figure %d’§ ag’l?ﬁrpo REAMAS PRI TIPS (€YICSt i ng a component

: applicatj.on; Figure 5 is a blogk diagramof a sanple
Figure § g3 tiokk dipgramlitigrting #icaﬁlpe%e%%@@ew%gre sanpl e XM
. definitign of yarious conponents of an application;
Figure 4is@ Wﬁ&fﬁé&rarwﬂﬁsmﬂgg AceMPPRRk 2pR1igHANS i | | ustrating
) runtime flow for several _application scenarios.
Figure pEpAledkrsipgranml prpoRlearntipe epREmEmbD EVMBODI NENTS
i [0010] For convenience, like nunmerals in the
Figures §dg d piaps sa81ple My definitioncel wirious campenents afise appligatiagsand
_ Referring to Figure 1, a comunication infrastructure
Figuresild t¢ PB artbleckediagrame iliustrgting runtimerflow fog@evertiapplication scenarios.
communi cation infrastructure 100 conprises a plurality
DETAIBEDJdpsfRIPddONODF délH BREFERREDREMBORIMENTSon net wor k
104, a gateway 106, and a plurality of backend
[0010] Fmropheasenteglike 0aer}ls Tintheadneriptionatfeoto bk stomsurgOih the drawings.
Referrinlcggtfglpﬁ.ggrreaﬂya %{éﬁ%ﬁﬁéﬁic\)’g.{ﬁgﬁ!a?ts&élgr%\éégliqs%rlﬂ%gsgaépgllg yr(lltgﬁ?eral 100.
The corBmRBica@diainfiis@idtale ROSIoMRREs a PheraAliBSo RcBhBEKBRIIY ddvides 102, a
by Research in Mdtion for exanple, and the like. The
commuigeiprictserkdf4gegateway 102 and a plurality of backend services 108.

[0011] The communication devices 102 include any wired or wireless device such as a desktop
computer, a laptop or mobile computer, a smart phone, a personal digital assistant, such as a
Blackberry™ by Research in Motion for example, and the like. The communication devices 102
are in communication with the gateway 106 via the communication network 104. Accordingly,
the communication network 104 may include several components such as a wireless network

110, a relay 112, a corporate server 114 and/or a mobile data server (MDS) 116 for relaying



are in communi cation with the gateway 106 via the
comruni cati on network 104. Accordingly, the

WO mofroassizcat i on network 104 may i ncl ude sever alCT/CA2005/000280
conponents such as a wirel ess network 110, a relay

11 a corporate ver, 114 and/ or ile data . .
messaggh Biaftef Ry leTicgs AR i f agealaghs DBr EIHRRLOS is further in
commufiR¥ti &L ith A2plandity bEtheaaeNéty skBRrs T4 TR BMRY ol BickleRd servers 108

further in communication with a plurality of the

and thels gerespgndiag Jiaks wilbbe appaeent {ppepersin ofpeiiaaty skat ingthe art08
and their corresponding links will be apparent to a
i (il i h .0 rel ess . .
(0012] RIERA0. oAl Plebuiibencs e "o Hbvide fiehs Wr? 563 nteraction,
communisatiorl withr atherd oired Sorcwirelussi ailicationsi drfd dath exoruge &d ther context of
\gf‘irel SS apFI i cations and data storage in the context
usually Jkimjte AOMPUFING KEEYPIESS i AY SP%%UI?Q?’&, morgs stqraged as well as
intermiRQ¥onndVEIRY.Y  TIREOiRHitiBRs P vlidea%rehpz:}?iféhééseﬁ'i the development of
connectivity. These limtations provide great
real-wodHauseBrgpmlidationst he devel opment of real -world, useful
applications. [0013] A desirable approach for reducing
pplication devel opment compl.exity . is tqQ define thos
10013) RRExikablc atasch Bt ARG abRIaHGR dslogipt eniplitity o 19 define those
compor@fg| ladtind®idalize BragppiRatid 8UENIGRIRORERAY. | NE dAtfles of such
user_ interface, data and conmuni cati on nodels. The
componeBifpBAAE S1sal intpitasse Watadand, cammunicatipn geedels orkhei eamponents are
presentﬁ%h%rﬁglt%fgg%ﬁ g§flt%1ﬁ1te£ ;ép%ﬂe %thgggegéc%ﬁﬁ £ i/irgr?ngél{t? acl:st Sontracts and
the compiixegabberwioe tdrembn tkd irg @elegmod taihe éfitelligeS@oriner to solve.
[0014] The follow ng describes a system by which the
[ntelligent container offers a native i execution .
[0014] tbﬁ/?qllﬂvﬁ%td%&ewpwse%hyn&h&é‘f theeiataissnp gAutagrer offers a native
tidPERGRh AN fbr SppliditioRY dEARAUROES ans HGAELIRNG a¥d sEfifting | .
exect l'bur den t ﬁat éorfi’gtli tlut es t he%\}l’gr e?%ss env?r or?neﬁc'tlli]&mg anghiages
Accordipglypthexiurdeni thatsiointitates theowrtlass enpjybinenti complexityhe shifted from the
. intelli . contajner. Thus, the only conpl exity that o
appticatqlo®ats AREie R Fogleiet; TR ey by OB g Bat e abigangn wite i
left to s619€ iisl"t%_c?ea@l?r!feﬁﬁ@ﬁ cORFAEBEWEBE tRIPBpIiCAToh ARd AGintdMBrent container in
intelligent container in order to ensure the desiTed
order tofenpure therdesired functiomadis] Referring to Figure 2, the
comuni cation devices 102 (also referred to sinply as
' re il tat. LN areat det ai The .
f0015] §EYEET0 195ke 2 B oiRRAER oo F2-Elo 3 ed 1 gty os devices
102) ar¢ ihstrhtad én ZoAter aleeill eTh Bévasdsr QL ineRdE Anetadrdt idterface 200, a user
) conponent  framework 206. The network interface 200 '
interfacg, d0 2 cQBSInfragirycditre 294 1 andriseappagnt dramewgrk 2B6.n hewetkvork interface
0 conisE} s ARIES e iR EE Al ne QU e B iucht S couptng
the devi2® 002 antiemietedriksl Odi tHor ekanple s tht astvark ivterfkcelD desimighicates with
. el . [ |'s. Thjs f
the wire %gggé&o%? ﬁﬁﬂ uglrngpeﬁtggrr llcneotw%r Xr ;?ri)g;igtgr%/ ﬁc’rotocolls.S Th?sa %elilitru?e enables the
devices 102 to communicate wirelessly with each other as well as external systems, such as the
network server 106. The network 104 supports the transmission of data in the form request and

response messages between devices and the backend servers 108. Further, the network 104 may



devices 102 to comunicate wirelessly with each ot her
as well as external systens, such as the network

WO 28@v088362106. The network 104 supports the tr @oTiA2805000280
of data in the forn1request and response nessages

ween devi ¢ backend servers,108. E
supporP Ra8F SPBTIAiGHn 380 ieblabt ST RerS i Mg aiaes ol 5 e as devices
externd! & gphern@reablt.s bet ween the deV|ces 102 as well as
devi ces external to the network 104. [0016] The user

interface 202 conprises one or nore neans for | | ,
10016] Iheseri wiariang 207 CRMPRges sr o1 Bt BIRANIPT creymuaicatipg avith the user
).Uf f nel nput s .
ot 55 S R R Gl SRS e D Ao o5
keypadatrackwheeb plylhrsem‘oose apd mlmp@oﬂerfputecénvmg ihhet fusethandr and one or

one. of nore ut devi c such as a di splay and
more o, HeyiSp,such &St PR G PAKHoLOE WECSSRBHE OWpaL fothe user. IF the
dlsplaydissﬂéhéﬁ/ sérsith@U ehbnS @B SAisp 1IN cat r&% b @l §01aRYin nd@l&eo The user

be used as an input device. The user iInterface 202
mterfa@n@ﬂ%pe@mblyycdw by ubensafoft the dwidecH)21 @2 coardineter whijwest eand response
st. and. response ages of client application

messagﬁs %Pghent ipatl r%ﬁf?]amfnﬁ@?cor e infrastructure 204

|ncludes a conputer processor 208 and an associ at ed

[0017] Theoory iftbshuueturdl 204 ThbRdeLNPHRIteBrOERSFP082AE an associated memory
mani pul ates the operation of the network interface

moduleytyi. P The comester Arasessat 205 omninwpteh hecapepsioaral the network interface
2 v
200 YRFRBECCIRR s ANV OR 58 Bl o 1
by excautirgpeelated nigstysioasn ehithchicepioviied! by ainl 0perdfi®Y s366m and client
ﬁnot shown) stored in the nenory nodul e 210. Further,
applicafiqh PEOEFERYGioF SReMeres Ha thfclieriry RoAuls 1l Kirthongihis recognized
that therﬂ%)(llcfebiﬁfrgs@fuchﬁ@ b a8 HRARYLALAL Qﬁgﬁght@r Pdadhistd %toqugl M&ium 212
for providing instructions processor or
for provldtm mgwnonqo@athc ppcessoent loapmlgmalpdaxmgacrlmgt appichdort p@®grams to

I The co re dabl nedlun1 2
the me%?{/y '"%c‘ﬁ%d 5 1 ozbb CRTBRET %ﬁ%ﬁne ltualp 2 gpay @aqlwcilﬁ floppy disks,
magnet{ce@ple RplcdTBHeadHUE hedR wONBRESmPA ‘El?sc@‘ﬁﬁld Qiggt'af Hdey 'd%@? memory
di scs, nenory cards and the like. [0018] The conponent
cards arid thediker k 206 conprises a runtime environnent 216 that
i s capabl e of generating, hosting and executing client

' ' adat.a defi.nition .
100181 FRELAFREP BRI 2 IOt BibuPiaLs sy s capable of
generating} ihostigd iagdt excontingrRlieny apsIVAHeE ptdSrafrRr fiohe ntdtAd definitions.
cation prograns and acts as an Interface to the

|
Therefoggp I SRecuRonspET ARG oIk 26 PEAdpsdpeRaltversy eatyryniime gRvirananent 216 for
the clichPhfplt {15ﬁﬁgg$%yraﬁd 208 asThe 1&9@%@@“%1;&8% r%SZQI%d associated

“proVides t unt i e ‘envi ronme supptying a
operatirigegystent be thei curenumfrasaqeturee2®@ht Thé Qbm@omtﬁ‘&id\xﬁﬁk 206 provides the

runtime environment 216 by supplying at least the minimum requirements for a controlled,
secure and stable environment on the device 100, in which the component application programs
can be executed. The requirements for the runtime environment will be described throughout the

description.



secure and stable environnent on the device 100, in
whi ch the conponent application prograns can be

WO me®&esss@d. The requirenents for the runtine @UI/CARINTINN280
wi Il be described throughout the description. [0019]

ooro1 FhE i S SRS-RORE D Rt a PR bR Bt o vt

clients SEhY WeBSefRidY ipfRaddabyt the nBforR s&vereT06e Nt kd€eogdnlized Shat the runtime
recognlzed that the runtinme environnent 216 can al so

environggRe 2t heanj @lsocaakel the devicentl§2 @leatﬁwfoanbrecvthqemxene schema-defined

f f M C S ve

srvice SRR 15100 SHLBE 1M e SHER Sy IR A KR o sencrain

hosting land ek avgting cheeappiicdtiongpro gremap thth‘ﬁt spwlﬂlrﬁ)gcftﬁﬁi'é of the client runtime
Further, specific fupn éllons of the client runtine

environgient ABiidsH SupRRSt e ditlerprlr dangypecgi coperdination aplywaggeryy allocation,
networl&x?%ggég%gﬁle%}f&f fgﬁ&ﬁg{rﬁ ﬁgb : (ﬁ.g%t / Out)rbg)&'ﬁ??#é )r?:gordination of graphics

to an meutadévaces , andoprostidingg iaocesofto groap hubpet tavieatedoclagset and supporting
. devic and pr.ovi.di ng acces Q, core ob ect oriented
files/libEarisc S AlEs Bh GRORITIRyron BEichilbs Bnias. Samprus 20f can be based
include %vmﬁgm E%Egu%?é’RuHﬂh@ '@CLREb& WiikidaBe GRY 'erm%ﬁfn%e E&\ﬁr&ﬁ%nt (JRE)
based include Co anguage Runtinme (CLR)
bySunhm@msEmﬁnSand Java Runtinme Environnment (JRE) by Sun
M crosystenms. [0020] The runtinme environment 216
[0020] ’gﬁegiu%g g’]%' éﬁv\ﬁrgr?rglg oth§6 gfiehag)'l)! ?Ou";‘a"gﬁﬁ g-%r}‘% 18\§{‘xfg Retions for executable

version of gh@ FHentPagPlicattorC Progedthe afrovide conapatiitdtions f@pability for sending
sendi ng nessages to the web services of the network

messagescip\the Webgeryices of ieyneby ek segend PR or é& perathgegenead schema defined
serv1cestsﬁé\ﬁaeg ge:twéhgl{)ﬂeallg%t d%?{i g'\ épgrgma th}\gF‘ggltagh% gﬂ)lﬁ{ d£v18é1,1 provide data
presentthoas:erdllqiut @apabuhtwstfpmdlsplaﬁa@ldlatat toethe Ligar vid el Aipuidlevice; provide

ta to the user, VI t he tput .devi ce; provide data
data StO&gs EYECS &e eggain @0 g ugqtﬁ étﬁdn thermpipi module 21and provide a

t ink rfg;qp[rég(m ori Qvide a script
scripti ﬁ?grpretef for execut |ng crlpts when required.
[0021] Referring to Figure 3 the conponent framework

[0021] Referring to|Higrre Bathe ¢oinpogng ditaerewdek 306 is iMstratedhpogreater detail. The

application 302 conprises ¢ opents that ar .
compongRL G By PR il SOmPEREY FORREI o IRa! SrEker iRt tHethe runtime
environ@@i 2 TINERE ruhitibnCéfAloRMmenN2 BPBehteshh APpEQRbAICBR%ImP301 for each

for each conponent of the conponent application

componghtorfrtherc@pponeph applisplionc progtam ¢eht Ahe epplg:@nom eertainet)]1 loads the
compon%m(?@ﬁeg%pz)hggt%o% d@rf)g:%ﬁl \A%&a%ﬂcp GefiES g{et%n%iﬁ ?tﬁgat v?l%cfia' 1s executed

ecuta IS execu

by the froc&e&SI08. 2®Be ca'rhpommaﬂﬁ%rlf Qeﬁﬁm&%ré%vt(ﬁ@ itigf Bést application
provi des the host application containers 300 for

contameﬁ? 800 &rawpYigiopkns t@ﬁefwfmlwr@rpsf the cerpponestsde sEaHesthe gctual web client
spemﬁc%fe@ﬁ&l rtegk?ecﬁ% HQVIC%‘HI‘E&!I’{I&HIIC 204 of the communication devices 102. The

application container can provision the component application 302 as per the template-based

native execution and metadata-based execution models as described above.
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specific for each respective device infrastructure 204
of the communi cation devices 102. The application
WO 2@3n8E6ener can provi sion the conponent appl i earicaroo30@280
as per the tenpl ate-based native execution and
t adat a- based executi on el s .as_des
10022 506 o9 Dot Heew Dl BofsaHanprov e oy Korb s 304 to the
runtim@leAPirdHrRt 38 6f oA %m&ﬂfngsﬁﬁMEIﬁSﬁaWof thet d¥ngonhts B8 the component
environment 216 for facilitating inplenentation of the
applicationppregrans R t hEhec applination  pip@lac #02 ois pr @gnmnmzons with the
apphczi{]ﬁgx cggéln:ega | onhlgic;) ﬁ %rl%hnearegéahlsmlllv{}]qca%ﬁggggé {rllla &d amework services
304, a€ @ledsdl CThé ArSneMdrk Weivices B04f 6 fRWeIKpGRAY Iﬁ@ﬂfew%ﬁéQO@?coordmate
needed. The framework services 304 of the conponent
commyrigatigfpVid thoeonnsetion #d witk dradavicednfrafeiciurg 20he Accordingly, access
to the i ghjaﬁp.lcaﬁg ZM tJ&eI Hl‘?erﬁa%g g@f ah@ an@\%trﬁ WeEAHER 2%@)415 8rov1ded to the
ccording access to t evice Infrastructure 204,
client ageication @rdgranas 302 wynthenedmporent ritaerchacle 2260 [is addition, the client
provi ded tgQ the cllent Qﬂ&ﬁlcatlon .prograns. 302 by the

aPPhC"é‘BH}?H?%ﬁPS PPaREVRS Juitobly, Vius resititnt Bhce tipapRljcageR containers 300 can
controPAf VARLIOM RO &MRe é%lﬁﬁﬂ:a*?&sséjﬂ &@Qbﬁﬁgonent framework 206 to and
virus-resistant, since the application containers 300
from t}mileobmplmhtlcan}utogamscwﬂe Ihislrecogoizsd tiot atpogion of the operating system
tlons t he co nent framework 2 to and
of the §e¥ iRl RBR 20 i o ERE e pblir R cagiatnef 800,
recogni zed that a portion of the operating system of
[0023] Regerfiny | t6 EFighfer AShrbl6tk!deagsdtd STathel ERMSSRAL applReation program 302
application cont ai ner 300. [0023] Referring to Figure
compriges datp|comporiniy Hadn pesentatios sapwaBeits 40P Iand angssege components 404,
which parrg AR ﬁggd C@Wérﬁﬁ§ d%(&fgagne%%o 168 t l‘chré]ilg%l commun%catlons with the
ésentatl oh onent's nessage <torponent’s

apphcaﬁ@ﬂ contuigdr 300e (I‘thersﬂluﬁtatdﬂddﬁj&nm{ hfrgaugec oapoBants téd@dnstruct the
throug& comuni cations with the application container
compongts 44ty AlE i Rrcyrige Pl Metadats IICS\‘Pfdéra‘t},j]élcb SANHY fspumper of pre-

deﬁnecPQl@ gﬁ&(‘rt&?tre%tlgg @%ﬁ?@ @nﬁm& 0f4£)?ef§01ﬁllg§ S ﬁlatsgic'grq%erﬂént can have

ata recor consist o er o
one or dm’re neldee| Embnhstadap seweamnt typigalbypkas ddafmedicharadtatigzs efichaas but not
an have one aor nore,

resour.ce such. tha ach el enent
lmited, G Goltited AHIEL Q6 415t nfres, Bf GATH G1emeSh i napaning for each

elemen@haﬁ)@aﬁi{}ﬁé Infdid et ShethadSndiide E\R:th ad Ghd £l li'nﬁneda tcl 'Uﬁbilﬁcbore (DC),
nber of elenents, a name of each el enent,

Anglo- ﬁmmmcag G‘atalowa& Rubls éﬁéﬂRZ)E\iammeemtdnmaors LhemtsServwe (GILS),

Encode fc gve es%r ﬁ S%f}%& %gohgﬁc%f(mgc )a'nd Australian

Goverrnfiér® Hﬂ@itbPSeﬂvQ@QK@L 'E{lb@(ﬁné Skt allSe Qe @RktATa€b VRS components
Description (EAD), G oba Learnlng Consortium

400, 401, MOp, thbmpmg&smélbb/athe deviee nmﬁmgf@cfa 04 (Rerkigets 2), and encoding

schemégﬁ%@%i% HSFS v %g 8,{19 R g% ,ﬂﬁl%ﬂ q{) o be’ p roces S?Q’g% ?%SME(;E \I}IDCFé Machine

ReadableiCansdgincMIARC Qhd (Meleipinipgsy Bitethet MAIUERRASI6h(OIIME).

[0024] The data components 400 define data entities which are used by the component
application program 302. Examples of data entities include are orders, users, and financial

transactions. Data components 400 define what information is required to describe the data
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schenes include such as but not limted to XM., HTM,

XHTM., XSM., RDF, Machi ne Readabl e Cat al ogi ng ( MARC),
WO 20508350 t | pur pose I nternet Mail Extensions (IMIMEA2005/000280

[0024] The data conponents 400 define data entities

S N R T L —

may d&BRS & ordéion e DhnifiASAEdr FoSthe Baded wHPR TeiMaited @9 a number,
. define what information is required to describe the

a list ofdtemsnvhich gse faamattechasbiaings, dhartimetthe order ovaserdatad which has a date-

. re F | &,. dat onent 400 ma

time (GFAPH 8 S GESRAR, Frich 1€ (1 RReS B RIRRY 2 FBY whgeplaced he

order WhidRls Riinatted scchatimpio thed dafinition virfstherforlel stth®fath c6MPonents 400.

. which are formatted as strings, the tinme the order was
Since daaaelepentni ¥ ysHally tgaslerpddyr Bessage. theee & after nsrsistense of data

AEAS oW & ataBadeO" Ih
comp SN S Bl O L LS8R, S0 P ARt or deine
by the dpplication desigifer.anot her one of the data conponents 400.

Since data elenents are usually transferred by

00251355 A ot WP AR T RS o8yl G2 Tomponen
applicAhionaibgahl J0DeNebmhRMi@fe WahidiedndsybBRisaRBh a6 3hd QRb service. For
designer. [0025] The nessage conponénts 404 define the
exampiep ppef G mMessagggempases #)4 may dessmbo waeit asapis not Bunitedto a message
or 1B B R LS s o g SR order, and

notes HGMABERLIH Hhobrd@ry Mesagé bempoteit a64 @ufinifiohs Wwritieh 86l thedstructured
.a nmessage for placing an order which includes the
definitipn; language ean uniquelyfrepresene apd map, tot WSDE+ messggest andhean be generated

r 0 cjat ! . or der S
it OAOA SRR UM Bl 50hs, MBRERRe componcn
definitobab i for tliem dpphigatigemessages)iagd edsyodiaed daantonddid, Fop ttandard Web
. WBDL nessages,. and can be generated dynam cal ly at
Servicg figadaie in %ﬁ#wgﬂ 19?&%@%%9&%@@@%@@ Wb srviesantepace, such as for

exampg:OW[%ﬁLOindt BPECO W&J@H{/icg?frﬂeggagés%}é dreﬂ{ljedcxlvltﬁiﬂtthe context of operation

plication messages, and assdciated data content,
and thereoin defamredacatralétonSerorvesn thet adsdage i compoaentef404i fri te component

anplicd GRS RRSrUSE AR ERR eSS Befetned messae
paramédi®&s %W&Sth%l%h@@éérﬁ‘l%dvdﬂ(ﬂm RofBEn UM< bs Rirth@PEE el BBlow.
and there is defined correl ations between the nessage

conponents 404 in the conponent application program
[0026] Jihe paesentgtion epmpoments 43rdeding theappevanet 4nd htbadoursefithe component

applica\?\i{g))rﬁ S)?%%%%Ogeﬁsi?glgglgg{?gﬂ? glgr Sar?{rllge{éﬁgagp?.n h%%fecp _rtl%tn%omponents

W conponen

402 cahGpebly Gl spreens Biiditorrols; ifp ARaoisStodek2 exteliicd o hdhethe user interacts
) appearance and behavi our of the conponent application .
with thecopPeRers GPPhcation 397 Jisingthe ussy intsefages?2. For exdraple, the presentation

compoﬁé}ft‘s Qb??ﬁqyt @éﬂngrbc&gﬂgqm, Sdit boxes, buttons and menus, and actions to be

taken when the user types in an edit box or pushes a button. The majority of Web Service
consumers use a visual presentation of Web Service operation results, and therefore provide the

runtime environment on their devices 100 capable of displaying user interface screens.
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402 can specify GJ screens and controls, and actions
to be executed when the user interacts with the

WO 2@8/0gsReNt appl i cati on 302 using the user i nPET/AL@®S/000280
202. For exanple, the presentation conponents 402 may

efine screens, .|l abels, edit. boxes, buttons an nus
(002745 e Sreediie 5! i eabRte fiRerbEn AN L SPIPPES SR TSHeBdyperam 302
definitRX hB5tIRUMBES, tebptbicAthtion ROmIPBLENLS UY2 %ay%g%%ﬁéﬂd‘ﬁ% on the client
consuners use a visual presentation of Wb Service )
platforap endtanyironment| of theadevich di08f oFer pramplge in vomeypasesreWeb Service
enviyonnent .on_theiy devices Q capabl e of. di splayin
consurggy doPTRuRCe SERAL RESHIGTR, PP PRORIE Rpli ol Fmponents
400, 400 e40abave ofl @ dontppdertt! dpphtatiearfresamt 3020¢ni ahds@d in a Web Service
program 302 definitions hosting nodel,

t he
registry) i dgRetad3ta ACRASHRYN E 88 adpndigyof\platforgeparl dgtaot0; meessage 404,

I nt r : §r V)
worki1ly 481coRipBhE LR Sor B P Borml Bt cHrE il cbfRbonent 402
descriptaq or earmuy peadafingl drantuatines (1. Bpecfip torapdnenn frameworks 206 - see

X efinition of the conponents 400, 402,. 404, 406 of the
Figure 2gnWére e d&ffaVFrefa&ri%ﬂal&naa FeRHCSDe 54 T S HSCHIOR! GPe should be
: ' ' | tiad it QfF: a

iS5 LEPLSHEA sy S50 4 iy Qe rag, v
workflowr iétadata 406lecpariaging tcoohpsndrit Epplicatian tprograswt 302f for different client

| at.f orm specjific presentati.on co nent, 40 ..
platforlis G ARG . PRBFHRE BEEs FELECRebion A appligtion server 108,
for exdnpl€;: asePSIRIdld &f PIRANEE tral !’:&ﬂ?&ﬁé’hl‘ deftfifons #9RdRigHi®ferent sets of
2). Wien the discovery or installation request nessage

presenfagion sempanantred@la, 483b,t408e reprsa¢rdingdhe ddréntesupperted user interfaces

rt,_of this.reguest nessage. | rder _not ..to
202 offi e Aeee Yot i EReaBSE M o ufilirsbblanhl sompppent 402 can be
used i lerghtiBe SEUE@ViceamRl it a8t &H-PNcitlydapported3 érdbd providing at least a
different client platfornms of the devices 102,

reduced (551 i0€ Rresgrtatien ifeaturesd nsWae abeseh aaakesl aogiseqysry or download request

[ cati.o v for . | e, .aS.A1bund :
messa B R SALACARRFL Sps X0te, 58 L SRRy R e bt i
constndtdd§ for eletivaetts e webessndral(ooto therjeoiseritdl cl@Bahe AQRbrk 104. For

4 ti t he diff ted

those WipeSpkEscrBamsR thio gt BRdcatss: PGB d03ctould contain sclected
faB6R UohAR et 038 b3t AREAY thifl BRCBLELAR of {

e an behﬁgeggFﬁk%ﬁ%’event t he speg%?iéﬂggd?gggﬁ%% ﬁ@@%onmonaus

througindie erifioni tdmypaepisctObe therdblygretidingr omisthmiged tompasmt application
reduced set of presentation features. \Wen a user

302. rmkes a di scovery or downl oad request nessage, the

client runtinme type of the devices 102 is validated

[0028]aThe WO RAMORBMPBAEHI &06Sof WS lcbmpbRscht f iplididnY BFokritd 302 define
the web server 106 to the device 102 over the network

processing thatgrecuts oxleen/a agiaeryicto bopstfpenesd, suple ag|anegetion specified by a

[ ' I t ai Le d
preseni1Bh oGAbbis A03 S SEerBed sBSYL r AR MRRES §i B Piucdgpen messages
arrive. 4R@sedfutionessiRiew 404 ntsge pestkessiidire dgfinédiey werkdrkflgw components

conponents 406, thereby providing a custom zed .
406. Thg I’ﬁ?@lﬁ@’?ﬂ' C%Bprpe@gst 4Q§rare written as a series of instructions in either metadata or a
programming language or a scripting language, such as European Computer Manufacturers
Association (ECMA) Script, and can be compiled into native code and executed by the

application container 300, as described above. An example of the workflow components 406

-9.
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302. [0028] The workfl ow conponents 406 of the
conponent application program 302 defi ne processing
WO 2408@8356zcur s when an action is to be perf or nedy/Camsoeasso
an action specified by a presentati on conponent 402 as
descri bed above, .or an _aciion to be perfornmed when
may b GoigRs PTG e CORPHIAS AT SRR PF SRIAitE Firstdgo The workflow

compoRERCUBESUPEbrit £odiridtiog betveeh fiee MmBIskfdsind GeRaPPlisatbaGlow as a set
The wor kil ow conponents 406 are witten as a series of

of rulep fytopgratioanen the other wempeianisila4ed, 494pr ogr ammi ng
| anguage or a scripting | anguage, such as European

_ SO Serioot. _
00293 VARHIAFLALSERAR5RR 10 (0N SSEi i Afhscro, e
Tcl/Tkaphiec sdripoing Clanguigas r in3@éherAs arte fistrubihab hanpmagednthat are used to
. exanpl e of the workfl ow conponents 406may be to as%i%n_
manipyae, BSIATEIZe:ANd AUREA U 41U SR EXISHRE Syt Heh as the devices 102
i suclSFRBHS S, SREALAY, SORDE My, DGR 18 o e 202 o
Figure&pparidcthe isonptidgoangmge ise meolianmsuh & dxppsing dhrat furstisnaity to program

contro{%)f:]gnntﬁlfsg\ga{yogl?es e&?%tnltq?)gﬁg gdéﬁ g(g %ﬁolyfi{%ﬁa% Elg,%rzriﬂ’ltil%gﬁ\’/i?c}n?r?e%t of objects
and fad/B&&WRth cRpRES rtlﬁ@éaipalﬁﬂﬁes-r&f' thd ¥oripfig 18@uhgL | Ng
| anguages, in general, are instructional |anguages

that are used to mani pul ate, custom ze, and aut omate o
[0030]Referring agein & Fagurars, die Sompgnenis oy 482ich0hsdQéhef the application

o Y05 e oy BT, SRR el s 0 e

predefined geteoPframeaworkt Seevisesr 3Qat byithd applivaism tchtainére G0ONFIAE component
for e§£osing that functionality to programcontrol. In
framevfics 2Qry The hEageyPEe sT0ess | P4 aAngdudso g rcormicaten hessyice 306, a

reen {082 EERn PO E 10, AEGLSSL LT, Mk hioning e
314 ajd@3@jlitRefeevicé 3d6agalie ttomhiugivatos,setviee 60GPNaRARES communication
400, 402, 404, 406.of the appljication program 302 _
betweci B SHGIIER IO RSB GO0 | SR Eanaga . Thy @resentation
iccI308CMaREFRE U tePrdsBiRatiirt sttt REefpafint Appih
Sen”cservig§§&304 %@rtheaapplicatioﬁ %%%tg?ﬁgggﬁgg%gg?sggéasﬂwyzne

output oo ifpoeput devisnenthekusa0idterfihe 202 ésaevitguke er The persiB@ace service 310
i.nclude a co ni.-cati on seryice 306, .a.presentation

allows (i prggorktl SPRCAOTPGRlRE SL IQ/pOEe 448 1 S g module 210 (see

FigureSBrofi 4@ ddbive fiRétAithit QOUNITEE h¥deSE setditeaN2 Frowidel ithe/ component
service 316. The conmuni cation service 306 nanages

applicatiormpreitaas 802 sesseetn other softyaise Applieptionsc whichnare present on the
com@é?a\g}i{oge'ﬁ%%%g%Oﬁn Ei“hg ?ﬁff&%&#ﬁ%&%’%é gt i'moa-#ggqs%??ég)%s%ﬂiggnof software

nanage resen

applicationy on et corppliniCaionaizviee 102 amMppBERicdDrévisivnidk & an iidite requesting
on the output device of the user interface 202 (see

and regsjiyfpg gey) andripdatid: crapQisiieardicytiqe prpgams 302, configuring component

application programs 302 for access to services which are accessible via the network 104,
modifying the configuration of component application programs 302 and services, and removing
component application programs 302 and services. The utility service 316 is used to accomplish
a variety of common tasks, such as performing data manipulation in the conversion of strings to

different formats.

-10-



all ows the conmponent application prograns 302 to store
data in the nenory nodul e 210 (see Figure 2) of the

WO 20508821 nf rastructure 204. The access servi eeT&A2005/000280
provides t he conponent application prograns 302 access

0. ot her  sqftware applications [ are present on .
(0031 s TERMASACAR! Bf THBMOEK mwe%ﬁ‘é ?61% STBRUAALN deige 102 can
prov1d§%cfi@ﬁ‘ﬁ9ﬁ§> thb BoRpSHen® hyitichh roéﬁfﬂsvmewﬁﬁzlﬁl daf FtdIRRSthe services

on the communi cation device 1 Application
describpd @bom oAb ngresdh the wmwenemwaﬁmgpmgwmseé@ vambpveeagcess to the

functloegﬂy 0 gﬂ}alt Cre?gnﬁlgﬁ:g 10h ﬁevgg S b h§ aﬁéﬁﬂm%ﬁ%i@l%‘t fto . Unlike ordinary

applicafi6fLWherk AlISEFWNELCRGUIMY silkeBlic® ARL&SIS ak] ﬁogta?hrhélﬁby developers in the
net wor k 104, nDdlg%Eng the configuration of conponent

native gp¢d.i bat qompogp@tgd tigmp 460hd4¥er 4Cg@,d vegikflew dgscribe service
requests %&Bg { ynétléu?%%:(ie S%t%}l Bﬁglgar @ggchgegsc d?nzlﬁthélsegtg)? 1ns-ml§t1?ns such as

ECMASOHHO Thé XME ,préwdes zﬁﬁorppfoﬁaimlrt@ﬁdﬁio&h dfehe Ep;blﬁiatlﬁm s luBer interface
t he conversi on of strlnﬁs to. different formats, [OOS:A i
202, pergistest sioaggnnh gomprniqaHeny withethsr WebeServices Whtlg the ECMAScript

bt OfhE @Ml Q4

proviodd e AT SRR At O A O SHARHA QAR bt s

deﬁmﬂbﬂs&@ﬁéOthﬁMsmmwhcean@eahskhmﬁpmh@andﬁs.a result, the
conponent appl i cation prograns 302 can have access to

nct.ional it t he cormu cation deyice 102 .
100321 3¢ mticatiag cagetg: b FaREREFTel (g & SmBH diongs e for the client
applicafiBR| fr6@ahOn82 WART Raflde RBpIHsHIe TBOURAYANL MR GRtARla and for
call's are progranned by devel opers in"the native code,
updatingtthe raprgsontation aicthe metd-date imthe mepggy mgiglesld. wor kf | ow
406 describe service requests using the structured
fj I
[0033] ?‘ﬁstlthrg éﬂe?%hﬁsaggbé glgrslts E%@éw%ﬁ% Ee%lt’ﬁ%% 0{1/)1{ dlntell 6gent software
framewook)- gt @nesdidrafordgbiididg ©Betodf bds&: gppices &f hRage W&kPexecute typical
interface 202, persjstent storage. and conmunications
applicafipp pehpaoys bn@mhvg cdata \§Iorags, (pRSSAEONASEraCptnayigaipg ed display, as
cocedural conponent |inkage. The Cient runtine
deﬂmmgﬁgvggnnent interprets these definitions 400, 402, 404
into the native calls to supported services. [0032]
[0034] Biyén‘aqzrbicilrgathb om@phd)fdhta:ﬁ'rgeﬁﬂ@nﬁémrb’dtlr gfpdicatenhstdefiagl lay metadata,
mar t ainer for.the c appli.catian .
the burg?rb%]‘fita totg?esgli)ﬁngg]ﬁssoeéw}rg%swsqomp ex'at&gs gﬂﬁ?‘; g'pwgthe application to
the mtéll]?g%%ﬁgﬁltﬂﬁ&a%@rcﬂﬁg%/ftﬁé pHREA! édﬂlﬂ)lé)ﬁ%/ ERRS 88 ﬁgﬁlfﬂah&{‘ developer to
he neta-data in the nmenory nodul € 210.
solve i weclparrbs@eﬁneewmmdantebﬂtweqrh@e @pplication and |thﬁecqm|tamrde ordgn to insure
the des! %5{ 2 software framework, or container, for
B? éﬁf ‘set of basic services to manage and
execute typical application behaviour, including data

[0035] Theriagdigeie oARInY, ruas meaadatauéfirdi appliRatbrdi Sid ayain@ths its own
internal representation of these applications. As such, from the intelligent container’s
perspective the application is perceived in two formats: Application Definition and Application
Internal Representation. These two formats are described below, including details of the device

runtime responsibilities for providing efficient metadata based execution models.
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descri bed above. [0034] By introducing the concept of
intelligent container with applications defined by

WO 200808dét a, the burden that constitutes the WMIRCLH95/000280
envi r onment conplexity is shifted fromthe application

t he |nte nt cont ai.ner. Accordingly, .the
100361 Bhe Aawlicayon et miiprs tae sk by 1odRY LR peaicagougfgndly using a
well-defindd stdn@ad! fordief tHae i@ heshiy s@GdtuleBtaNBSFol#d8s clear instructions to the
appllcatlon and the container in order to insure the
intelligpag P@Iédmﬁruiﬁidp ihowathe tappliqatios 5pedsiie be srequrddgelite Application Definition
includg ol}edeﬁn i3Rs OF {h%q:%}n% ?r{té {h%gcc?l&%tl{/é:l? O’%E}ﬁ ?agrg a%plication. These
TS own es

al ns nte represen

deﬁmt@cﬂ@ are a:tebm%we%dsmfbxpfd’s@éﬂ irh@ weéll-@bfinedeRiructured language such as
contai ner's perspective the application is percejved
XML, for taxampler milereoygspin Oxdsrdn definencustosn eoaplap ppphgatiognlogic 1t is
e r
sometlgr%c{eﬁgire Ecglugg‘v es@flﬁﬁl?%:) é&lmﬁgg%z ?%rl zqsre %e A \?ﬁ}éeer embedded in the
metadata defimton es gpamtdly hitddhed tHeodto.pr ovi d| ng ef ficient
net adat a based execution nodel s. [ 0036] The Application

finition js th or . used_to .publish . .applications
1003715t iFiuRly disersdnt G igE R RO B FORP P Gr b Cpon, a screen
definitich, Hi Qﬁhs)ég@ tJeHATt8h & dAREKPOAY HERSHSH . € BHxahpis MCTheQN 8efinitions are
to the intelligent container as to how the application
provideé Sitther in the descaiptivr ovithThfsrenop ka Biguies §- Ve formllegteative purposes only.
i ncludes a set of definitions of the conponents that
1003818 AFplikHioh FRERA, REp ARer(n, ”eCouypl 8T g apptigtion inside e

intelligeéat bordgihen@duntsie UQﬁ ¢on@stisea BgRtagBleSmetadas thdvlis bfllwad hoc using the
exampl e, .Moreover, in order to define custom co

npl e
Apph%ﬁav iLdefiniting. | E@Pwtab(le inactadtpe eSS dhiiintemat enesahtation of all the

opic 35 RS LAISHRIR{ET P SSRUERERS S AEIECHES isn

contaitdre ExtautailO Giztadatdss pependent ohyhdimstligdne dontiiher implementation.
Application Definition conprises a data definition, a
efinition deflnlt on wor kf

screen e a
0039585 S50 o S oo e eSS hid AL SR ne evic
runtlmfe% Y&Eénéllﬂe tf&eblﬁ%“’ffgr FCIANmMOUER foRl Ble ﬁcétﬁ)n':dcﬂkﬂoﬁént s metadata
6, illustrative purposes only. [0038]
that CAmprlSQ: eth¢ ohppliseeomdhteRer Reweseatation. | sﬁopheinfgby,nﬂte dfsze runtime
I|c ion inside the intelligent co
constrjfp AR ¥, st FOROGeL IR 4 SR, PR el Sheg Hpptication from
meap@umh&fgﬂum@ﬁuu3|ng the Application Definition.
Execut abl e netadata conprises the internal

representation of all the application conponents,
[0040}; Referimenty Fraye 5t spmple devViemdwitiae eniispRAgNt fp8i e application is

111ustria§ge ﬁrﬁ%ljal g5t T}?eo%e%ﬁnmg)éﬁ&lﬁrﬁ?én? 56@ rﬁ ?a'd§tta manager 502,a

on the i I'i'gent cont ai ner enent
screen[rAQ¢r 5=, pasmmuhicatien savice 406, ebﬁbtl\ﬂmfatch eUBFsBi'\AlcEGSOSO Bnd a script
and jts |nteII|gent cont ai ner, the device .
mterpreter 510. The device runtime environment 500 1s also in communication with an
application store 512 and an external application 514. The application store 512 is a device
repository for storing application definitions and application data. The external application 514

is an application operating external to the device via a wired or wireless connection.
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runtime is responsible for building efficient nodels
fromthe application conponent's netadata that

WO 20080835625€ t he Application Internal RepresentEtT/082005/000280
Accordingly, the device runtinme constructs a data

de a scre nDde a ni.cati o .
0081 LB g B S ook B0 Y Rl ok s appicron
data ofh 840 oS R¥plichsort. © Figure 5, a sanple device runtine
enV|ronnent for an application is illustrated by
500. The device runtinme environment 500

[0042]| Thﬂ «afg@@oaieb abhinehisles ér- oIy senaplpies fomeashglate ggupongnt definition,
intelli %m%bﬁtggétgn o\ﬁ'eﬁte ré ?ons YSfl 1@&?@{333?11#1" ) \}Jermstence, and
ervice , and a scrip erpre er 0. e devi ce

referericento exterdal APDNieNiecd @0 bk otifiedof date ohmgai; Cc bt eunwplé,data may be
i cati

pplication sto 12 and an e
relatedssmﬁ ﬁ’ﬁé"’ ;ﬂqecV&P?%lﬁ cgl @Mﬁn@e‘i\ we%at?c{eﬁagm@%wly Further,
hqns and application
mﬁkﬁ%g§M§h%ﬁeagggggﬁg%ﬁggg ?gﬁé?%ﬁ&514 is an application
operating external to the device via a wired or _
[0043 |vil lree Hate smawapae SGOR ovmseﬁ 0be ﬁataThe)ddhtSQ3 nfen sapelic®a data manipulation,
503 he a i cation, as | as
includ AR g R i asfo T B s Blp e
The data nodel 503 includes in-nenory tenplates for
[0044]ea1me dtadedl rBQMEONS04 idefseRiidd A marakkigl 4 §EBEEnRABLE05. The screen
dat a conponent relationships and hierarchy as well as
model 9% j ig¢ladrse In-gigEor v ftemplatess faro cesht sersen qszmp@nttlﬁaﬂeﬁi@é@n and an

intelli %a?lcp ?rrdgl?:fe ggﬂsﬁﬂﬁﬂﬁﬁ d(.?’lt gX] ‘(r;ln%agsg Rl zﬁ,oﬁ%v? a%d %ﬂ&%{[ﬁ%(csreens built

ere one varia anges,

exclus%l@dfrbm bezlarpilat tioas tefireid inathe Yerebnl bbﬂﬁﬁbnendi fihersefden model 505
may require different |evels of persistence.

furthey @lsﬁié TefereaeRs 4O arRIGER messagss daatitHgsdATaaipialic sggen refresh and

refereric@¥ t@?&lp‘t ga#deﬁ&:sq?&@ 1M']'1[Whtaﬁ%ﬁﬂng 1,R& lcHilifOn 4 '6A%AION The screen

updat es, etion, as wel ta persistence and
model 6R5 mmagescaacweammwntagloﬁ)dﬂﬂf vitheh scligpdayedvmtigarse’504 i s
a service for managi ng a screen nodel 505. The screen

del 505 incl ud [ n- mory te ates .for each S¢
100451 Soreh misBfech: SRl Modrineapl CBRtehoarokofd Wous, and
contmllikﬂféfy ipthitds! th® ¥&8és ndeMs)d b@éd %ﬁ‘@vﬁﬁk’s e acrdif riﬁ’@UI R@rvice 508.
screens built exclusively from declarative actions

The scaren; manpgpih5@heses dhessicanonpdn SR to n@eg Srecappearanis of5bs application
screenf éﬁatblﬂglg sdrB&H ﬁl"[@?ﬁ%a{)g Egtilg oEé)s E’}ltn g nessages that

ger an res 4hd references to
scrlpt sequences used in UI Event handl i ng and
[0046]CirdiL deovied 5EOprovides the MismaBzatiea nf tedetech @éprasenagen irmthe native Ul
screen representation 509, which is displayed to the
framevjark o the 1°ewht11%é¥é@ﬁvl%ﬁ% ISOSTOAMAYHERIES VRS RYFR O the screen
managf s@zondi tional controls and layouts, and

[0047] The communication service 506 manages a communication model 507 of the application
and handles all application communication and message processing. Due to the nature of
wireless applications, the communication model 507 used in present embodiment is
asynchronous. The communication model 507 includes in-memory templates for each message

definition including message hierarchy.  The communication model 507 further includes
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conti nuously updates the screen nodel 505 based on
events received fromthe U service 508. The screen

WO 2008/083dexr 504 uses the screen nodel 505 to rerUBCAL008000280
appearance of the application screen, establish screen

navi gati on paths and process U events. [0 Ul
intellighas, Leardgusna1 367 HEEPINRGS 718 SAPPORTHN GAs FIGLLRrgass seourity and
rehabll'lﬁlp b ?Jf&"éﬁée@rio IsBrifthqitabs/ @athandl ABYRIE MEsshfl8. Accordingly, the

evi ce. servi ce 508 al so conmmuni cat es uSer

commguezmog m@deﬂ 567 descoibes wregtad eresSEds tl[a()t}wapptmeélon initiates or is capable
£ %cat|on servi ce 506 manages a comruni cati on
OIE“WQH%FH BPCoP Ehe appl i cation and handl es al

appl i cation conmuni cati on and nessage processing. Due

[0048]t The!t bémpahitago®fsemiceel506 susePrhé cahimngcationemodel 507 to enable an
comruni cation_ nodel 507 used in present enbodinent is
applicafiopricprromuisatiompeeds withnpthel ViplesroeeVirsd applifatioese vhether they are

for each nmessage definition
bcmed@npﬁggg%ekggggg%ﬁgierarchy. The communi cati on nodel
507 further includesintelligence regardi ng nessage
[0049]rfﬂmpis¢rg)ttmtaﬂpxtet£rci)1|ﬁp©mmutes sript gtoatidrisebfishe rapphicagion, for example

EeM AL e et The Rt bl OG0 <oAL3F aleRire th sereen

modeltm RO iR éfabi@dh R@dﬁth&&?eéﬁe%ﬁhhgﬁsﬁﬂ s8¢ dafa model 503 through
messages that the application initiates or is capable

mterac@bn rve&ethﬂ dnja arvdagarodds sidhihe ¢apomaiicatingn wodehi{i7cirdugh interaction
with 11285 ce15 % uses t conmuni cati on nodel 507 to enable
Qf 35%W1% 'O e ni cati on needs wth other
wireless or wired applications, whether they are
[0050] Tiabgdatish bhehdlauvice r@murﬁe(tlerde@ﬂdbyd geerd8) aBh®1186&] PThe device
interpreter 510 executes Scri portions of the

runtimg d, pregettedwiththe Applisgion Iﬁfm« when Sheaanphisatiqngis, upiagded onto the
dev1ceS c’i’rhe %EYIC? ee<t,o%'id gﬁi’rg:r @gﬁjﬁtﬁglstggt IpﬁpétLo'n el lﬂepresentatlon at that

e screen no erac
time owi&lkly ﬂﬁ&om&tmmnﬂt&mg&mg@&quédﬂ&) ﬂ@bme Ithmj:giphﬁﬁlﬁ)n Accordmgly, the

through interaction with the data manager 502, €. :
deviceqty, .Céaﬂrocih apsgelicagign lPhF%g%"W ehafcisi ‘6ﬂpl%iaf‘ﬂnt anition, or in

execﬁmhﬁﬁt {h@f‘ls Qﬁorﬁﬂ@m;{lﬁ%elﬁgﬁ’o&per ation of the

devi ce runti ne descri bed erally as follows. The
device runtinme |s presented with the Application
[0051]Bedcordinglpnit wirebe sdve thasphé demi¢commlimepradeitdmptatobasheé generic code
. evice. The device runtinme could. either . construct th
ouilt 1S el ified Ehfa SRebf SoBRPRNERER WS Serfie 58 of a pre.
compiléﬂhﬁtélésbbﬁplwaﬁéﬁt ion until receiving a request to
execute the application. Accordingly, the device

i me_can host an application in "raw' format, that )
[0052],1’§1r§&5¥3|tp@ Aevish MBRIMS| ¢angfKecye inpa mixed execution mode. In the mixed

execution mode, the device runtime provides the ability to switch between an execution mode

and an interpreted mode.

[0053] In the execution mode the device runtime provides an execution environment to run both
the Application Internal Representation and specific script instructions in the native code. As
described above, the Application Internal Representation, in the form of executable metadata, is

built ad-hoc from the Application Definition. Further, associated script instructions are
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"executable" format, that is Application Interna
Representation. [0051] Accordingly, it can be seen

WO 200kve8356%he devi ce runtinme executes tenpl at e ESRAA2005/000280
generic code built fromthe netadata definition of the

i S GRBERSRE S8 BB SL B GBSl AP Sy paony execution i
perfor@ed bEpretieitiddEotud ByB¥AIS Ul Be sélifR totheafdtiex ekidnaienfrode.

In the m xed execution node, the device runtine
provides the ability to switch between an execution

[0054]nfiyrthenibie deviphiusitipictasdishdo hopsapreisd mpde Bxeidat fopprecute more
comp1 P Ak P 186 f Mo MR RIeCLREs MR BRde to run scripts when
executRgpagsiratiad inodtadand is pec ichoughstor agitievendésingdt dommdexity. thigures 6-23,
Jative code, As descri bed apove, the l.ication . .
descrifig: Reioiu PRYICSSFTR P les f f%pqn&w@frﬁ%%&mda@% flow described
either BRIGHA Riholigh Bidtddhtadf Y QEriftt Om the Application
Definition. "Further, aSsoclated script instructions

areredirected fromthe script interpreter using global
[0055]sRefbming toi Bigarei @sa sTnple XML pediop efxaclata definigon of the Application

) f.or. f defi ned ql | g . . i pt.
perfGh 3Rl BB AP Rchad ™) B ruciEbles e oo

compdnéfik it tEeilppiidhiicinuded, ihbladingttREip persREEno® HRchdhigi.dBatd €omponents
execute nmore _conplex functionality. That is, the

may copiain pematiyer Belds o anashiedepiocptar Adfdeccompongs.shicptage also defined

: I I : o i t i [13 29
e O E XU 3500 Bk A0 ol SRR Race”an
requirdde pensistgpeavi ae séater@mpoxampiretudes seoembriedds of varying types and

definitions and Iogic fl ow described. either
complexity. | Y EKFNPIgo thifn Tt BAIME adeseripiorscisi pstringgydisyeas the field name
" [ i I s »ion of a data
horsel i et e ah Gt Ry R AR B FRR Do
illustrated generally by nuneral 600. The data
[0056]dé¢ femingi torFigesct, isbeenplh XME trerteonpbaeeresn dp@nitipheof the Application

i,ncl udi er Si ence

appl i.cation uses heij r : o
DefinifiR jrufi et Sl i Toly The sPr AT dseeribe al application
screen, Bk sYci ARY 1av8HE] mER) REME! col@bR HANRERANeAderiMpl Gbtadata. In this

_are also defined therein. In the exanple illustrated
particylar exagipiee the, nameeofdbg seresorpoopenent 3h darlagen’ rendghie titkise'Login”. The
d i | St w1106 dat ' d ,
sreen GO AR RRO 2 U2 AR NELREent

box. EaRFe compéndnt flcthdes o [a8els and pié edit boxesa string,
whereas the field nane "horses" acts as a reference to

anot her conponent naned "Fbrﬁﬁ:. 400561 Referring to .
[0057]F g st fabelyis damse ekRipypdiamelit” grd hassg fexé waler Piayer iame: 7. The

first 1aBE1 i AEsoORRd GRE k@k@é&'%&, Wy LSis! daliéd U BP R SERR" ahé ¥ 1
lmtz%y hunefal f%g. hé sc#een e +nF€#bns gesc ? e all as a value
associgp Withahe tmame” attribute of the parameter “Player”. This edit box allows the user to

input a player name.

[0058] Similarly, the second label is named “ebPlayerCodeNamelbl” and has a text value “Player
Code:” The second label is associated with the second edit box, which is named “ebPlayerCode”

and has a value associated with the “code” attribute of the parameter “Player”. This edit box
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screens, their associated |ayouts, nmenu itens,

controls and screen rendering netadata. In this
“K)ﬂmﬂmanular exanpl e, the name of the screen RCONQAR0851400280

is "scrLogin" and the title is Login The screen

onent. h as a data co nent a ar a r .
allow GG TRB P oL A, SRBY 2t g FUBPEBAmE Bodh of the edif
boxes %awmﬁaonlyr\cahmstot féRe | valkiGh 8116W0¢lthe\Weradliidpubax@s

[0057] The first Iabel i's named ebPIayerhbnerI and

has a text value "Player Nane: ". The first |abel is
[0059hEboeareanerpmgonsntt feher ipgludesdinreeypgnu ifging hTh% ﬁrﬁamu item is named
(3 I \:
regP],a ga}neaﬁlet %\';ﬂi %Jbgfliﬁ%ﬁl%@%a}kg e?%@qg& Fﬁé' n{elﬂﬁ dte%n allows the
user tO@gvighleodsa tsd‘reerUS@rnpdinEnt npied ‘a‘squagletl‘eerﬂHaye{rﬂQ’&Bieglstenng a new
Simlarly, the second | abel is naned
phym'ebPIayeerdehbnelbl and has a text value "Player
Code: " The second | abel is associated wth the second
[0060?@115 sONd midduGRot § RAARH“TosRPIAYLT fiadfas @@&T&B&(ﬁng label “Login”.
val ue associated with the code attribute of the
This mpemaitenallowp! thy esér, toTlhgis tediht apphcationvy adeessingea pblwck “2”. In the

I, npyt & & de, .qr .passwor assoc a
presen ghibod Bl gt plFe Bt fousele Sy arkirsneoss f i diribed cither
declarh®vel @b tretadBiaCor B 4cRip PR KUSL dedcRibedibdtw SiRIGw abdeRBdd with a user
The 'screen conponent further |ncludes t hree nenu
login.jtens. The first menu |ten1|s nanmed "regPl ayer” and
has a correspondi ng | abel "Register New Player". This
e N te - “ —
10061 R el Al B4, & S PO B8 o oor PR Rl T 0gour”. This
menu aem@ﬂ\lop}isal;(@ﬁser E@Q@Gilt diftke apslmadomdnucicssng hSpbhﬁll’é‘d” In the present
and has a corresponding |abel "Login".

|nPI Y
exampm 3 S?Séﬁb%ﬂ the werkfinw assesiated “n%lg} et 2Pl
appllcatlon by accessing a pblock "2". In the present

[00621‘3)5[? Qﬂi E@é’é%l% tefnPRER 8K 1aySunleAl SaR eedf?t' fiffie, Q/falue readOnly, action and
| ow" code tat is deScribed eithér deécl aratlvely

condltbyn mtlmdaltswoddrry i1 Isuotlmptenvra’bnmclkt angl' deuahdr piogsnirhigg need not be

oSS HaRITEAN St R b P hBERD). T

correspondi ng | abel "Logout". This nmenu item all ows

[0063) lhefettﬁgrtotmgllre 30 Htsalﬁf)let)hleﬂ_aiﬁmhbl@ of b @iesbipeareGaRDN the Application
"3". In the present exanple, pblock "3"

bl o
Deﬁm&eg éﬁrlﬂIB@EatQ%&EWIB(fHYGW%@@@paMS%% arezeitheeinbperber outbound and
comprfsg Sllggt @?nﬁﬂ{'\ré)& & x hgldgs él‘g;g %Pes@r?t éxt%}ﬁgﬂ‘et rélrl]lgﬁﬁgs the definition of

namne, re

an incomirtlj inessaganhemed dm’\aé\om@Rbg’ t Bach uitkdage iy deserib@nthe type of data
and detail ed programrm ng need not be provided by the

expectil GgrRaTher thenMGrder and By B elatndo ded] ggiication components, where

appliciB1BCFLPBRAIMSIY, the message will have a field name “requestor”. The data associated

with that field name is mapped to the field “name” in the component “Agent”.

[0064] Further, the application logic of the Application Definition may be expressed
declaratively through metadata exclusively. Application Logic includes data manipulation,

screen rendering for dynamic screens, Ul event processing and declarative message processing.
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[0063] Referring to Figure 8, a sanple XM. portion of

a nessage definition of the Application Definition is
WO 2005/b83sé2r at ed general ly by nunmeral 800. MessayE3CA20€5/000280

ei t her inbound or out bound and conprise a |ist of

[0065‘01161%{5%%; ' Con‘glé?)%(r}ﬁf {e?%ﬂglse Tcg'e a8 %%}elﬁrl]e?]éie g@ag&gﬂatlon including
mapp1H§H§tq to hxﬁé’fhgé’ﬂt nafRdtrols ﬁ%ﬁngﬁﬁﬁ%@?aﬁh@t&s EL58Ednb 88 sdrfp sequences

type of data expected as part of the nessage and maps
and mappanglaiessages togletdl  appl i cati on conponents, where
appl i cabl e. For exarrpl e, the nessage wl I have a field

[0066ﬂ§§rﬁgm t%%g& gr '%Qa foé%ﬁa}g; mf&aﬁg t%ﬁtghggﬂgﬁfe J'r;ﬁ%%ls is shown

general Ag®N hiimefaD 964 ] (B‘Ichbﬂ'tﬂﬂs atehl@o@rdpﬂhrdlghldwlakalgflecstzﬂéméﬁte to the data
l'icatjon Definition my be expressed decl arativel

App y
compqnﬁmg dloat thest Hg Sisplaying sIre éﬁsycwﬁepwlb atNhsh aﬁé{;?fwtrol s value changes
the ung n?ﬁ&aqﬁz{ HEﬁEé QP{/@E vORa. $fHHEEBx e gﬁé U6kr 19 resented with radio

ynant c scr event processing ‘an tive
buttonrthstsagempd 6dr§l§sfmts§j [Ithﬂsaﬂmd%ﬂquaéls WB#ou is llnhmﬂirtatae:osmmnent named

es of declarative data nma ulatlon cl.ud
Client g BERHE e gben 1hg bit Chintes Byl B Aatearapped i B iy afanees.
as paraneters to screens or script sequences and
[0067]"@%&&@ OEBISARETD, L Sahible b@?ﬁﬁlng%it@%%'ﬁ%@arﬁé@erg ItgbERens or script
an exanpl e of map ato intelligent U
sequer@@ﬁtSerbwnuggn@hléWny gemeﬁahgw Ay preyiews descoibed wish reference to Figure 7,
the da agcnotmg)o §nt?gff rrﬁlonen tpaLTS eﬁlc{? Q{P%Qc?gelélsz{esa% ar §t}({3? :] S{'}?Qrtaa}g é)assmg data as

paramé&@f0oi satcefls, Wb kéript\dbqendesbr t6 @t éﬂmp‘onﬁéﬁls Wieat GPaR@eMmatibly mapped
underlylng data nay change or. vice versa hi this

to message el ‘fqii'éﬂ’l%’érfoﬁ @C&r@y@ﬁ@aw\m th radio button that
i s named chCI|ents This particular radio button is

[0068]{%&9&91 rt8 Pq %rﬁlg nq?gﬁ% mes-gg Sgté El 1s¥¥ﬂ§®n generally by

numerah (60. Chémgths pE@@lﬁ?]exﬁiﬁpb[ rwhen tan Fmgnn'mgg lmessage has the name

exanple of. passi data as paraneters to scr

inProBERYIBIO s JciI ARG 12 e FEhAoHBRETAPey PrRAEY Lo §30 hopsa message

deﬁmtﬁlfrﬁ‘flhﬁ’é"cﬁrééﬁ?% HQS Qh%&hcé RinBHRM2S atp‘Ped%EQéH ﬁlst?uct;otﬁEihat upon receipt
data conponent "Player” is passed to the screen as a

of sughapamessage iCaipdaigh | or, cisaiss i datp datomasisalbhyr withowr sequiing additional
screens, to script sequences or to data conponents

Processyigt are automatically mapped to nmessages are al
contenders for declarative action. [0068] Referring to

[0069] R &Feirirg96 Figiie €X afBkEnpslt ofraEdAraGy R eeAGE R ki g dt Adyramic screen is
shown generally by nuneral 960. In the present
shownegengally, bxnAwneiah 109 o fonditiepalsepérolsa shasp arg geirols whose value and

oL PSSR .S TR U B TR e cxamp
“Canada’t ael |'YSAD adapaessitiitehalessi foe arwset.i Mepb@ting oprtkel afdrisedtiection, the
screenI ir;s yglgr%c!a ly rert;c?ere(iJ ?ooglspﬁg/eellﬁler Canada’s provinces or the United States of
America’s states as a subsequent choice for the user. Using conditional controls defined by
metadata, the appearance and behavior of the screen is deferred to runtime criteria managed by

the device runtime.
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of such a nessage it updates or creates data
automatically, w thout requiring additiona

WO 20pF/a83662si Nng. [ 0069] Referring to Figure 10 aaCTeesaupi/@0280
of declarative screen rendering for a dynam c screen

0070 LBsir o Hiaged ! ahexbunle 1 - HABSE W BE RgFene is shown generally

by nuﬂn@%@alrl@ﬁcemcﬁ{é ﬁ’é@&ﬁeexgﬂﬁ BRTGE Mav1?it§)n55’se§|x%é1ﬁfj of a user event is
declaratively. 1n the present exanpl' e Canada"” and

SpeCIﬁedJSl&tlaeafcwebosAsm esehof cegufitam gClisetr De@dpehdngg;ebnted, the screen

t he.user's selection 9 ynam . » s
managef S5 B e RGN b it TR Sithc as Cfientp”. Similary,
if meMDiteRd“Stigt oW otfboORE ¢ Galestes! HeCSrétn Mmabads fUBBtdevice runtime is

choice for the user. Using conditi onal controls

instrucjed WOﬁémde@yhmxae%rpm ‘saielisp ik apedbifarnubtsnniNew (dfent” is selected,

the scrteEn m%ﬁ ggf {rhé r#smg E{Iﬁ%ﬂ%? {g&jr?le regﬁch gerntdgxetéé ﬁa)ggsrcl%%? d‘sS’rNewChent”

exanpl e of declarative U event processing is shomn

[0071gieigercal 112g dmd mmﬂhmratﬂaldi@mplas dﬂkﬂaaclnrmnmemgmpkce:essmg In these
cre vigation as .a result of a user. event

exampiﬁeefﬁﬂ @%eéeagarpm%mg thakgresplfs da fafa Bpdafiag prdsifen refreshing are
shown. Client Details" being selected, the screen nanager of

the device runtine is instructed to render the next

screen, "scrCientlnfo". Simlarly, if nmenu item
[0072] Rtfewing todigiredies, ims examide véd dechmtive rd@@numhtﬁaigéﬂu&mfated generally

C ntine.is i.nstructed to r
by nuBRL I30. Fid i BT iR S s s et fireqil) ey toBfpmonding data
Whenlthe 96Vie€ r&@ivel RctS arBeRadi figasvied ninfitnedaub@eticallytipdetes the data
is instructed to render the next screen,

withouts ggquene jadattional] Gestrurtion. gudestheoareapr exmplel (§ta apessage titled
1nMy§@E%’ gssreggl\r/]%ggln s?,r&eés Vf?el(m?ﬁgc?‘gfgr(ﬂfe%?e%Sah{bgnatlcglll)z Q)gﬁﬁed to attribute

e Processing t

‘&mnmﬁafamumdﬁmbﬂ@na@dmacreen refreshing are shown. [0072]
Referring to Figure 12a, an exanple of a declarative
update is illustrated genera

dat y. by unera
100731FR%fa FEYig g BHauren2inp sgclardiyg geresh éef‘JrFab 5%& r?feetaeper@@v by numeral

1250. AR EFRYN i sat Be sdMBENsEfesHEY It Iregéi i YESmedg al‘herefore data
message, the device runtime autonmatically update

changeradffectridt tyote mesgages icag badetli¢atehtl the sen ulnt the presemt dnitmdxment the

N M AL AT TR e -

automatically mapped to attribute "nanme" of data

[0074 CPREP@RERAtivedahPM scredndUésdribB@aBove 418 at fewrdx@ihpfes Wlfere fhetadata can
decl arative screen refresh is illustrated generally by

play apumpegrntipboin descrihimgmppbieationepaiep| @ther wyargplesevillibs apparent to a
personr(%f Jrﬁﬁlgx%gsklljl‘? %‘theea?t?' &éco?émflyﬁ%% WBe rdml% In%' Be agl% t8 transform an

entire application to executable metadata for execution.

[0075] When application logic is more complex than the metadata can handle, the application
definition uses script sequences either embedded in the component metadata or defined
separately from the component metadata for reuse. The following are several examples of

implementing application logic by script.
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changes affected by the nmessages can be indicated to
the user. In the present enbodi nent, the screen is
WO 20080836&@hed upon recei pt of messages "i nProperdty€af005/000280
and "inPropertyStatusChange”. [0074] The decl arative
I i b f
[0076]?%%@@?@&‘3&33 1 :%‘? %Ifag}e})q%‘a g%i%& ?qrrgi‘z}?a IPSI;IIYQS -aﬁg;? Eseiflustrated generally
by nufiReg138H.1 gn@%h’gf:ﬁ{ itl{én?rle%it Cxarb RS mENa MRIaCH McbidaR& with passed
apparent to a person of ordinary skill in the art.
paramggec Ofpdopegtyinfot. he THevattdutasntproplDiny ‘stasusih| andt §price” of component

our PR LA 5 sFRRACPU e SrFRRSHLAT SIS o pose

paramRFPBYertyidfd”t he metadata can handl e, the application
definition uses script sequences either enbedded in
e conponent netadata or defined separately fromthe

th : . )

[0077Refguinene Teurgd: an eyample o scripthfer s&peroigndeyng s illustrated generally
o _ i : v : _

by 4P 1800, CTBERARE e BB AR SR LLABE o he screen in
accordaacé with fpassed phantepans rakball horsd’s and et r Hitee “ige’h parainkter is not null

by nuneral 1300. The script in the present exanple i
then apRROEISC GAERETHGF LS SERERE ér%vﬁef‘qifrifg%g%l “t?a“roé’i?éﬁ‘é}ré?ng properties of the
“bet” pRARRES! YT MO“berT Paraffeler iOULEStheR?, Hate rHes on AR

bet ppricg:'E of égégbn n?ﬁLougProderFyg?g?g%%%éﬁggg" a?% sereen are

renderagp daihg domesphndihg atobutespcheli‘rage’ adridr hbrst'@ parafmetehse

passed paraneter "propertyinfo". [0077] Referring to

Lgure 14, _.an le of, sgript for.screepn rendering. .
10078 R iR TS AR ARpeyy SRR PaviERIgb S B it is illustrated
generdlly B BuReRS ABD0. L XRANPE HreRAE ek snpleS fRr Riden e HeSineRides a button
the 'screen in accordance with passed paraneters
named: {‘jia@one” hoklfsdre, usencFlicketon, thig bukien “thetscripamamed efahBiatusChange”
. . t . at erti the screen are .
e T, O ARRERBGEF B BARGL 5 0yl 35 TBRIo S doscries

the scripein” FigaealBetefders Istrebf €ormpeicnt PSorPidpDetails’s using lthe 841€08f parameter
« %gpropriate properties on the screen are rendered
prop @H@-corresponding attri butes of the "race" and

"horse" paraneters. [0078] Referring to Figure 15, an

Py ; : 0
0SB 5, FRAET Y SEMLBEE SEUN HELABE i i by
script.eRaomptioaendenag sive smreenr ngenemd‘scrPedpRies1ss ab dedovibed albwa@, a message

bt nDone". .If _the user icks.on this button the
relatec, DRl U PP S GRERHHGES 1§ RPhet r ated 1 n Fiqure 13
is inplemented. In addition to data rendering, as

[0080]PR E¥rNgS toy FIAFE M 1) esh ekilﬁ%lg%ﬂ RiesdaBe FprBEdsSind 3by RBHHY & illustrated
screen conponent "scrPropDetails" using the data of _
generabiyrbyrrmaral 1608, &t theipagsent expopig Hatada ian inpenting mefage isgsanipulated

by theéﬁ%fig{g ?ned(]j'giB{/eldl HSh RE&RiA%N ﬁég%%%oggnt.n?ts 16 95taSis T)gésre]t% in the received

message, the script causes a message box to be displayed to the user.

[0081] The script sample screens described above are a few examples where script can play an
important role in describing application logic. Other examples will be apparent to a person of

ordinary skill in the art.
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script. Prior to rendering the screen conponent

"scrPropDetail s" as descri bed above, a nessage rel ated
WO 200808366gponent " out PropertySt at usChange” i s SEIm/CAJ009@0280

Referring to Figure 16, an exanple of nessage

t ] ust r.at ! Iy b
(00821 e ol AR Rurpl et VAN IS BataRng iked mode operation

in accérﬁ&&@ With fﬂ%?@&ﬁt éribdBRAERY I8 einB Yo FliRrs ¢ h%etﬁ&fjfor performing an
stored I n an associ ated data conponen If no data is

initial peregreloading is blowregaieradly hyewsegrel 1 100e Ig@tqpp]ﬁoaamgb@t]an screens are

extracf@l Tef e licetion itk 3P B B Dt Akt B hontfeafoit pefelta or XL, 1o

step 1P0PABEREN WIEHSE Rpfekdttatioh o k@¥erRMmolSIPSUS, @Nprod@ted. 1 TR step 1706 the
descri bing application logic. O her exanplesrmll

be
screengppdal SHP nreducep @ragigisnioscrenndiopeasgntation H09, ringlyding all field values and
I ver Y
settmgr‘gl lﬁlﬁﬁtir%@éﬂ 1< V\(gl ICH) %tétt%\r’gg‘t@?rr?gr? %8&&1581’?5 %1% peasgérs a{{jr&)ogllrlgl%{’rl service 508 for
visualiagt@é®@d. dance with the present enbodi nment. Referring to
Figure 17 a nethod for perform' ng an initial screen

100831535 B S S Pt Sprobemaes U piake et change that s

declarefH:'u%l}J Géﬁﬁe‘anlssﬁﬁﬁt?atéil%eﬁe?alﬁ_%peﬁun%rgl Pe@LStRdtep 1802, a UI change,

appl’i cat1 on netadata or In step 1704 a screen
triggeriedh b raneser clepgmgemt @liti @mfrobs sommenicated ¢d tffﬁ(}fsreelnsmodel 505. In step

108, B BRSPS TS P WoR RSB e

model 588 U&ondiiderftBL i StgS 1865 thé 84th RAANdeNS upddte® M thetsefeln Qé resentation
screen condi tions and passes it to the U service 50

509. IngtepJBeadhe date chinge [OPBIpteRet deapplication Fogub 2. 18 a
method for performng a U initiated data change that

[0084]I Rc‘efgr?% Q§ gﬁ%ff@ :l q’?r!th({@gﬁ fgrfbll'nbﬁg LIt ﬁgl %nc?ataacl:}la%gg Yhat is defined

nuner ab change rigg
by scriptuis etlusthaet gageraty egzlrﬁunmﬂt 1900. iIf therpresehC akaaplE, Om addition to
t.he screen nodel . 505. In step 1804, an underlying data
modifyipg st theepbatiated GhARE CEANETASS A I ERREMEFS3SS al Ue

changed in the data nodel 503. Concurrently, in step

[0085)18QRp 11008 24t &aﬁ%@ﬁ%ﬁeﬂeﬁ ngqﬁEle&ahFﬁlgﬁgat f C t‘?ol is commumcated to

representation 509. Tn st ange is
the scrpenr mOQtle‘iﬂSL nThdﬂErwpphd)dmrSDﬁ) wvalsdabeseth® hﬂture[ Of)&é]event over the internal

screen IR ee{t'ile({ r%gqtgtlcgh%{ﬁlg%e%ec%a%n)ﬁ ovglégf 8{1 éﬁor (rgn?lil gqls Péjected as a result

of thei Ul @&érﬁ %tyeGirtﬂg T iyl %n@i’adﬁﬁff@dhﬁrol ]rgﬁgonéhﬂ)st ﬁﬁcﬂfe@sﬁlﬂi‘ely through
exa in addition to nodif ugthe dat a,

applicatignt Mled Ig Iﬁtmgle?oéeﬁ‘@' soresn @nd@i eg@mgaarrel@sh@e:hm[l@o&a]mes script

procesLing aéalﬁpm\lz (s, 0 scnp F]ettél ?g@ flg %%ﬁ)quﬂé © Changl tgrpreter 510

modlﬁEQﬁre ddie nfdele soB ﬁ@ﬁ’@brcﬁﬂ@e Wathi tletieSrpkdied B&Hpir anGlept NI, the data
event over the internal

change is persisted the application store 512.

[0086] Since the script executed as a result of the UI change generates an outgoing message, in
step 1910, the script interpreter 510 generates an outbound message and communicates that
message to the communication model 509. The communication model 509 transmits the

message to an external application 514 as required.
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screen netadata representation and detects any driving

or dependent controls affected as a result of the U
WO 2009/@83560y virtue of any conditional control PCT/CA2005/000280

rel ati onshi ps specified entirely through application

XM.. In step 1904, the screen npdel detects that the . :
0087} )p siepafitfe- e qeTPlistRIeIc o | rercess tha SfEn mﬁéé@é Fsivgecified in the
script.S& hith, zitrl‘&éli)r P18t &e RFEn thdet prutdOEn uf)@zﬁeds &drbdt representation 509,

interpreter 510 nodifies the data nodel 503 in
which acpassatbtadle Wi Servidecs 08 mi etepl 81 @ fbr yosunlpzationn st ep 1908,

the data change is persisted the application store

0086]). Si.nge th el Pt cut s a.result o -

[0088 egfe@{ngctﬁgﬁéléregebh grrggtgé& g’{p elﬂfogogntég&g%egns%agéaﬁ?)ﬁ tfsl’%t el}% declaratively
defined 94 QllustlagdSgdnieillyi i anmert @008.10ngeee La0E usah ifefbidi ebsults in a

m_essa&s and comuni cates that nmessage to the
change ghthsriVk atremidingbier Bog entrisecosynvrieitehitq B sstsgaimatsh S05. In step

. o ) . c14 .
2004, gféeargég%x? ?ré&éﬁf 8%‘;%?51%% é? erg&fg){c}fé{églétagig%%t?a&th HWatrPths is a screen
navigatioh evpitedndrgebdrdtesvll fdresh tepeesatitemnohthd elewSddbeedasto be displayed. In
specified in the script. In turn, at step. 1914, the
step 2, rorr EPreseniatien s nansed o hedd! SEVieesOt oy MisugiaatieRon
509, which is passed to the U Service 508 in step
[008911R4i6rringr toVFighR! 228 hidthodl FP§RHoRRIBN dctdddl 1a®idatiBN tBat4Q defined by
a method for perform ng screen navigation that is
script athsiratad seaksallydfyimetbral 2100 s step 202, geerainterdoyiobyesults in a change

. ral_2000. hi st 2002, .user. interaction results

in the ?ﬁnz\cgﬂrgﬁbgiy,lanﬁt fyeng s co w%ﬁﬁcgoytﬂe gcraen g\?ﬁﬁltﬁﬁs In“step 2104, the

screenCABHR] Nietetin@tks ttRatt DE e St @€lBtebR6! @l scBPb calhand p@Re2 08Mtrol to the script
the screen nodel 505 detects by neans of executable

interprgier 38t dn steat210hi deissript igtarpreier AaQicyeautesrthe vernt, whigh instructs the
e, SCI e e, [HW,SCl ee
screentqg{)](gé(ie %Q? z% &)g(g/délgg ﬁ:?n%gvt %gger?d%g%%&éé%slﬁc (r)ﬁelestrtlgb ZH%, tHeCLFER model 505
produdee piesankatenreprSepasse s as fdgaired bg ecritdatefd&ef 610. In step 2110,
vi sual i zation. [0089] Referring.to Fitgur,e 21, .a net hod
the scrpgp repesseiatieheP %ie PawsRd iathe §HiSebrice bk for ¥isydlizatien by
script is illustrated generally by nuneral 2100. hi
(009070 B0y L 6 i EF 2> RUFIRA LIS St Ind ubARAG, T Sccordance
with agegeped messagde th5s dénlarstiegy 2dfiikd it Hrissated genardtieby numeral 2200. In

erm nes that.U event lates to a,scrjpt call_and
siep )08 SERPPOEAD S8 G eI (oot Es 0y Bbgincs TpsSige §9gpan extemal
applici0514 hih §iep RDO4,i the @bRAhRIRatiod Qe RIV6ERetdriBn&CthhtPthe message is
whi ch instructs the screen nodel 505 to produce a new

mappeddp deta sodppassesoatrobie the dgtagpargesi02; hhesdatamanagsed 802 updates the
oduces. new .scr.een representati 509 as
data mpR) B ERisk{ i REW ARG LBRESRENALSPE °0715° (e

screen representation 509 is passed to the U Service
(0091191 Gtdp@206] the @bmAainication k&ORO]S0RE i gdetd MOupdatd;iod sdreéeretfresh, for the

a nethod for m)dift)Q ng data and updating the U in .
screengpedst g&h ol step 2208, the sCreen model 505 produces a new screen representation 509.

In step 2210, the screen representation 509 is passed to the Ul service 508 for visualization.

[0092] Referring to Figure 23, a method for modifying data and updating the UI in accordance

with a received message that is defined by script is illustrated generally by numeral 2100. In step
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with a received nessage that is declaratively defined
is illustrated generally by nuneral 2200. hi step

WO 2082083562 he comruni cati on service 506 recei veECT0A2005/000280
i nbound message from an external application 514. In

SN W T S T T p—

514. mosrﬂé;f 2404, thel d¥pniiSatiANEEREe ST detctifinddahat tHRHRES be 20 be handled
updat es fhe data nodel 503 and persists the new data
by script sphtpagsed cadiol oo thet ssript Biapref@Fd0] whirhsexspute® 0@, scripkto process
rnessaconmmlcatlon service 506 triggers an update, or
8%¢reen refresh, for the screen nodel 505. hi step
2208, the screen nodel 505 produces a new screen

[0093) IRpEtep €2308] itloen s&ifd. inteirprstee updatko, thé hﬁt$ afoden 503 as requlred by the
representation 509 is passed to the servi ce 508

mterpvreé,lw&nptz%nd. REHSIStp dlsongw ﬁ@ﬁél? Fher@pllsatmng&tﬁré 33 Iy SWEtZﬁQ& the script
CGOr
inerpieft RS 18 defiRh TAlaf SUPUE DAy Ho SR CERLHBA0, the soreen
modell 5(]5ul$mdmIee(i s ecradtl yepbgsemtammr a09.2106tep #3181 thp A3fE2n representation
. the ¢o cati.on vice 506 recei ves an i nbound
509 is rﬁ’é%%é&é% &grﬁe’gﬁcee@@érf’h‘élﬁuaéﬁﬁﬁ“?‘b ation 514. In step
2304, the communi cation service 506 determ nes that
[0094] REHRBASIFIR ch bt Qeddehhxapteliathghe d6vic®tundithe WitR @3&%& responsibility

control fo the script interpreter 510, which executes
for exgauéing (tjrq gpplicasioprmet ek peEBESaRPlicpIOB3DP bp nwrgtemgn 2@M@onent format, as

descnl# glgll}lelfc’r il B t altsé St fltt%éer i at & dnade %)%?utg(%%agggrgfog? swg% an application

requlré!;ed&n(i&ﬂé)a furﬁtlbﬁwlt)’ﬂlﬂiﬁt |c§1@{olt (bB ashiev&l Sdlély Bynrumh &%@l&able metadata,
the script interpreter nodifies the screen no

the applicafiomcedn BEe BEFIN HOMPOPEIHS,. thup sg»tlf@blngstmntqrn@tesicm@éﬁ The script
|
e TR0 g 3R nALRHESSe UYL SELSER AERAREAS A Shedop Romponen
1noddﬂtm£ﬂdnnﬁﬁrV|ce 508 for V|suaI|zat|on. [ 0094]
Accordingly, it can be seen that providing the device

nsibility for executi
100951$&?%§t FeRTHOET AT reglsrohibe mygpiis Aefcohrst dsseived ereir, it will be
unders%ddtﬁ}ﬁtﬂoéékkﬂmﬁ Rt frat %faﬂoﬁ’ssmgf $Ehiag %JP&B &ithouf artmg from

also facilitates m xed node execution. Therefore,

the spigit ofifhlinveatipwar the genpeed thrapperdedfalaivisi onal ity t hat
cannot be achi eved sol ely by runni ng executabl e
net adata, the application can use script conponents,
thus switching to interpreted node. The script
interpreter then communi cates the resulting executable
net adata to the correspondi ng conmponent nodel for
execution. [0095] Although preferred enbodi nents of
the invention have been described herein, it will be
understood by those skilled in the art that variations
may be nmade thereto wi thout departing from
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the spirit of the invention or the scope of the
appended clains. What is clained is: 1. A device

WO 2008/0835622 envi ronnent for execution on a conRAT/€&2005/000280

wha: B3
1.

devi ce, the device runtinme environnent for providing
%@l[igent container for an application at

5t he device runtinme environnent conprising a
plurality of services i.n comuni cation with each . .
b sy Ice iTRg GRUFYRENG fOrSHEGH B0 #EPRRTHRE dTAge, Hegdvipe runtime
n@r%_%ﬁﬁleﬁtofor%aﬂiﬂkg aﬁjEiﬁt%llngHip@&ﬁﬂB& ffr &h@pplication at runtime, the
application includi'ng mani pul ati on and persistence in _
adeyatcatvameodnviraemett consrspn e plwalitybdf serecesemncommunication with

man r for [ screen conponents of the
aﬁﬁﬁggg“ﬁg%pgﬁgﬁg8ﬂ%%WFﬁHn§H8@§tput for display on a

screen of the conputing device; (c) a communi cation

S@) Vi c& dat nBRRgHr NBr MAtAGRS dha eothRimeals S sRlaFHIkatits including
recei ving and managi ng nessages _sent_ from externa

r esour Badippltion aut prAsiEENGs ing databpiesfdhrifade corapaneyts;
conponents; and (d) a script interpreter for

dynam [ ' P ' ast tioat:
0201 At IZBE Bt Wil borEth einint I LS Sbplication and
mes s agendaimpomentmut dordlispddyagn agcredreofithe esmpp@tnegdiesiceput

to the correspondi ng conponent manager for

i opl enentation. .2. The ngic runtinme envjronnment of

oK m AQTBRRCEHipoR R BY Sorifng maeasin Grismal jesources and receiving

managi 4 ¢RMARinG C AlekABed SENE Front N BRI résBliRed aGe adfldance with
at |l east one of the plurality of services. 3. A nethod

for exewiespongingrmegspgd cumposantspand conput i ng devi ce,
the application conprising at |east a screen

oL Ry A PRSP S TOBBSALea A s one o

creat i thg data xgout@b)| Rrderddhpbnéhs aaghéssade @mpfoneis and relaying
the screen, data, nmessage, and workfl ow conmponents for

execut h6n 1BGPICEd r QUPUmARgdRe  ETePaRding e compagent manager for
nessag; respectively;(b) for information from

a morgﬁﬂgaﬁggﬁ%ghent that could not be put into

execut abl e form before executing the application,

dieadéved Iryntime enyir@tmieny afhadaiimflocamaprisorg dussengnterface module for

execution of the.a Iicat%on usqu

ilﬂf‘%ﬂgﬁ}ge‘f%w,nu%lﬁﬁnon etween the user int

services.

fa%e %r% Iap feast one of the plurality of

A method for executing an application on a computing device, the application comprising
at least a screen component, a data component, a message component and a workflow

component, the method comprising:

(a) creating an executable form of the application from the screen, data, message, and
workflow components for execution by a screen manager, data manager, and

message manager respectively;
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(c) distributing output fromthe script interpreter to
a correspondi ng screen nmanager, data nanager and

WO 20088B3®ge manager. A conputer readabl e nenor pyCrara2005/000280
storing programmbl e instructions for execution in a

Ing. device to inpl nt the nethod of claim3.
co({;r})ut t&gmgorma%on from mo%(r}?ow component that could notabe put into executable
form before executing the application, dynamically interpreting the information

during execution of the application using a script interpreter; and

(c) distributing output from the script interpreter to a corresponding screen manager,

data manager and message manager.

4. A computer readable memory for storing programmable instructions for execution in a

computing device to implement the method of claim 3.
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