SYSTEM AND METHCOD FOR BUI LDI NG M XED MODE EXECUTI ON ENVI RONMENT  FOR
COVPONENT APPLI CATI ONS [ 0001] The present invention relates generally to
runtime environnents and specifically to runtinme environnents capabl e of
operating in both executable node and interpreted node. This application
clainms priority fromU.S. Provisional Application Nunber 60/548,098, filed
February 27, 2004. BACKGROUND OF THE | NVENTI ON [ 0002] Due to the

prol i f er ab YOFEMAND METEOD ReRBBAKBING FEXEDAIEODE BT HON ENVIRENEENT ng
number of wirel ess devi ce§W@MBOWyAPPM6é€IQ¥‘éSM ces include nobile

tel ephon«ﬁ Pﬁsonal digital assistance (PDAs) with wirel ess conmunication
capabi | i t Q011 The, Bregey, nyapansrelates sgerally e runtish enpirownentsy ayd specifisally or eased

avai | abi Irirtinednvitbrn®h€ $8pBRWI & atingTh bY@ eRecBRBle itk | 'a.&f‘ﬁtefﬂ-l'agﬂ fA8de. CfhisSuch
devi ces have increased their utjilit For exanple, the wirel ess device may

i ncl ude ZRPUCAN IR BHOTHatomel S @‘é‘s‘an%e‘ét‘m’éﬁt‘qﬂeb%@eff 60/548.998 thilesk
desired Gebru@y20r20841 ows a user to shop for groceries. These software
applications take advantage of the ability to transmt data to a wirel ess

netyvo_rk 'BFA(B{ U&BC&[%E?@FNEEAM and useful services to users, often in

additionfo vorce conmu However, due to the nunber of different
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execut ed r ed application often

require g%ﬁ?#nlﬁggfﬁ%’ﬁg? ﬁc{gﬁﬁg e&gl g{f{]}&? oam(i) géj(rg l%h ?’\%ﬁ%sge ntly, which nmay be

costly or

083] ({:lun"ently, devices are configured to communicate with Web Services through Internet
based browsers and/or native applications. Browsers have the advantage of being adaptable to
operate on a cross-platform basis for a variety of different devices, but have a disadvantage of
requesting pages (screen definitions in HTML) from the Web Service, which hinders the
persistence of data contained in the screens. A further disadvantage of browéers is the fact that
the screens are rendered at runtime, which 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.



unavail abl e for sone wirel ess devices. -1 [0004] On the other hand, native
applications are devel oped for a specific wreless device platform
thereby providing a relatively optim zed application programfor a runtine
envi ronment running on that platform However, a platform dependent
application introduces several drawbacks, including having to devel op
mul tiple versions of the sanme appljication and being relatively large in
si ze, thdPA Onalhe repdatsh yrativs applistiony fare fevelapede fos s segific cwirel¢sy rderies |
appl i cat iguifoday GhES Sroviiftl X PaktvenC Spiithizii %?@aﬁmﬂg%%@?ﬂ)‘ﬂag%nﬂgh as

i ons.

Java and C++ to construct such native applica ] Thus 1t can be
seen t hatenyiFament qnging @ dhat glatfam| Hewevesn plaidyyradapendsait apphigatipe intoducon

client dewrdleRawtAMisNfcRdit $8viH@kd 8dvEIoR mBRRE ALkiBsk SYEL SB- Nzgﬁsﬁcaﬁ%h lndS
having a reduced consunption of  device resources. Furthernore, it Is
desi r abl &eng relaticlilaree fesizs dreathy ipingrieemers sepurcestnfithe wirgless idenice. tHvether,

conpl exi taypl@fiorP@Rbiof @ hQd RPGBHAWREYRLARRiS: Al & \uds aPRSS bl 4+ kHO06]
Accordingly, it is an ob¥eqt of the preSent inventron to obviate or

i ti gat e SQRstMEISuth nafKangticatiohe above- nenti oned di sadvant ages. SUMVARY OF
THE | NVENTI ON [ 0007] I n accordance wth an aspect of the present invention

there i s [g00SYThiedt @nGe¥éenehat tRtd i§8 nedil AP NEARIGH pfoRfanBXHRE Yin KuP Bn Slient
conputing devi.ce, thqidevicefruntine environnment for providing an

i ntel | i g@RYCEIRYEE A&Pder Griety of apsratng Syt at Welli#k hamoe arpicefspneuanntion of ne
envi r onneEsticesukdes.i R@thed@ndd, iiabidsiryblofo SEEW e SFolemeRIHBA RENAhiRNinttiAd) each
ot her, tﬁgﬁplu alih¥ oy services incjJuding: a data manager for managi ng
data conPBFERPEXEY I ARPhsaiorPrasramy fevelorets ay Y e RPSSMeat i on and  per si st ence

in a database of the data conponents; a screen nmanager for managi ng screen
conponent@06f Atdoalingbylitiis at otgect afitle preswieinvengion o abuiapidr nfitgatelit Sqabtaymobf a

screen ofy the computing. . deyi.ce; a conmunication service for sending
nmessages to external resource€s and receiving and managi ng nessages sent

fromexternal resources in accordance with correspondi ng nessage
conmponenSYMMARYOETHEINVENTEQNr et er for dynanically interpreting script
enbedded in_at |east one of the data conponents, screen conponents, and
message é‘h’_ﬁﬁb‘ﬁéﬁ%@a&ﬁ%‘”% PAIPRY of e PreshrtdpysnEensiiers it pravideda deréce runtime
COr r espoBgliRGmERITHCREAkIoNBAASRhp AL dbigy, BRRBHA hufine LRAORherk for BRfATLANCE
wi th anot her asgect of the inyention there is provided a nethod for
an intelligent container for an application at runtime, the device runtime environment comprising
a plurality of services in communication with each other, the plurality of services including: a
data manager for managing data components of the application including manipulation and
persistence in a database of the data components; a screen manager for managing screen
components of the application and rendering an output for display on a screen of the computing
device; a communication service for sending messages to external resources and receiving and
managing messages sent from external resources in accordance with corresponding message
components; and a script interpreter for dynamically interpreting script embedded in at least one

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

-2



executing an application on a conputing device, the application conprising
at least a screen component, a data conponent, a nessage conponent and a
wor kf | ow conponent, the nethod -2 conprising creating an executable form
of the application fromthe screen, data, nessage, and workflow conponents
for execution by a screen nanager, data nanager, and nessage nanager
respectively; for information froma workfl ow conponent that could not be
put i nt ocexesingaiiadng froexvcinetlo farmeofaliutripticptioh droapthk iscredni, daty, risssegrd adl |y
script 1 piReh dBupRl B Sl B Ao AT it e ol PSR BlhalE 07 T,
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PﬁA now
be descr #qug%re é}!@c Welgéﬁpcl[a&%b fna maﬁ ﬂp'?e% eﬂﬁégen ﬁ% ‘3‘? nr%ﬁ Hé 0\?\»u drl(:%
dr ?vvl ngsof the aytpihcetuon Esq;gja gcript msermetbi, aml@slnlagmgnutpﬁt famcthmml i mﬂpd reter to é .
infrastructure: I8 BadrS wirel ess device; Figure
is a bl otk °é‘8‘r“ Scr&i%l us eétqaﬁag"?%ggegha%doﬁgg’s%@f"? anﬁ%\f\o k; Figure 4 is a block
dlagranhékgﬁséé§$$§ a co nent 6{Slcatlon Figure 5 is a bl ock diagram
of a sa res 6 to 16 are sanple XML definition
of various conponents of an a Ilcatlon and ures 17 to 23 are bl ock
di agr ams[00P91 {5t prabqdirgent 9f fherfﬁvqﬂpewﬂb PO é’eéﬁ%frlbﬁgw ey ef iy Ve,
DETAI LED-cRfespletlothé folotng HwikdsirwRidizD EVMBODI MENTS [ 00101 For conveni ence,
| i ke nunerals in the descrlptlon refer to like structures in the draw ngs.

Referring to . Fi muni cati.on. i.nfrastructure is illustrated
general | lﬁﬂgglf’éi%i%ﬁnogﬁ'ﬁ%m&mﬂ?wgﬁt%’ﬁmf hfrastructure 100 conprises a

I lit t t k 104,
gat eway ?‘v&%f c ERTUN SRR {RRHERTME, Co/ Vices 100, (00111 The

comuni CRk,AR 19@81b8@c§aér% 11!d§&£dﬁ§%c%}!or}%tr%e9&ﬂé’"‘ rel ess device such as a
desktop conputer, a laptop or nobile conputer, a snart phone, a personal

di gital pighdetiadblocisdisdtaa sildtratBackBpsneytbivbiatibigsear ch in Mtion for _
exanple, and the |like. The comuni cation devices 102 are in conmmunication
W t h t heFigek dviay bldO6divgran bhesaphmuninatnvoonmet;wor k 104. Accordingly, the

comuni cati on network 104 may incl ude several conponents such as a wrel ess
net wor k Figures 6 to 16 are sample XML definition of various components of an application; and

Figures 17 to 23 are block diagrams illustrating runtime flow for several application scenarios.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] For convenience, like numerals in the description refer to like structures in the drawings.
Referring to Figure 1, a communication infrastructure is illustrated generally by numeral 100.
i The communication infrastructure 100 comprises a plurality of communication devices 102, a

communication network 104, a gateway 106, 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
BlackberryTM 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



110, a relay 112, a corporate server 114 and/or a nobile data server (NDS)
116 for relaying -3 nessages between the devices 102 and the gateway 106.
The gateway 106 is further in communication with a plurality of the
backend servers 108. The types of backend servers 108 and their
corresponding links will be apparent to a person of ordinary skill in the
art. [0012] Wreless application technol ogies need to provide neans for
user i nt gegpegdsdhetween dherdeviesat i08nandi thh getelvay 1@p.r etheogatswayel 08sis fapipdriicat i ons
and dat ac&hahaGfioh With REIGANY S the HackeH® y&béryws'. rﬂﬁe%?peg QF UL ERAYE CES
such as speed, power, nenory, storage as well as ntermttent

connect i 9id their quaksspendipgrinkstwit he appersyl tde peiserpef ocdivdry diljothé ot t he

devel opnment of real-world, useful applications. [0013] A desirable

appr oach[doez] waelski BsplidRRhi eRtnddhide NedORTERbyIAO MRESXT Y Lser t RredRfibdie t hose
conponents that individualize an application in a declarative way. Exanples
of such CUHRYBIREAR it pthey uredsr wirgless applicationg angd datacsteragenianihe &entet ofodel s.

The conpeaemy Sinife8 coRpBGRNtRGUER aRhi Rt §lebd, r, BBl &forags Ushwa$ ot he
device runtinme environnent, as contracts an t he conpl ex but ot herw se

conmon t HigERItisptocamRicEysy o dhess linHEtions: MpYidg et chaHengpnir thedeyelopment 0§014]
The fol | puingdesal bpfatdnsy St em by which the intelligent container offers
a native execution environnment for applications defined by neans of

met adat a ripting |anqguages. Accordingly, the burden that constitutes

The i r ol BLH AP e B B Rine phATES R P TP bR BipRrisshdn o t he

i ntel li gemtpoaand ahaneindivilialize dnheppdivhtionC MRl @ociakative hady. t NExagpRE i dFTatucpN

witer is left to aol ve is to %I early define.a coatract bet ween t he

appl i cat YERCAE MSRIF AP ricgfash darandi gpapmuniratisy gepels-o The<OPBorRE Hesi r ed

E ulnct i onprkesehtgd td ﬁhﬁ)ihfﬁdlligl‘aeﬁ &thfa'fjn&g_stxal &si tgg g@i&, ruﬁt_hlﬁelz aﬁlﬁfﬁhtﬂétg,ae{sic@ﬁtrad@\éh@ es 102
also referred to s .y as devices are illustrated in greater

det ai | . EFF.&"?P@?}? %“ég%hi%é%ﬁﬂ‘é’maéas S%%?‘?iiﬁai?dit‘h 8F\‘%’(’%nt2‘??ﬁfa‘“§rtﬂ§g’P’c' interface

202, a core infrastructure 204, and a conponent franmework 206. The network

i nt er f aci90141Jbe dolinyring descabasi 7 eystens by rvandc thievietelligent aconiained offert \aoiidkive

interfac 4 [ . i eV 102 to the network 104.
For - exangitartof saFnARER Tbr fbfio SRUPAIBE v} BRadt o i acala Rotnfe MRk G o

net wor k Agrdirgly; ghechurdgn thak eamasituigs the Morstese¢rairgnimeno tagoé:sty isTdhifed fieat the e

enabl es : j j ca ir j th_each. ot her .as wel |
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suppor t sleft kesolveantorplegdy defingfa cdritagt hetwaeh ¢hef appinatiegadshe iatetligent container in

order to ensure the desired functionality.

[0015] Referring to Figure 2, the communication devices 102 (also referred to simply as devices
102) are illustrated in greater detail. The devices 102 include a network interface 200, a user
interface 202, a core infrastructure 204, and a component framework 206. The network interface
200 comprises a wireless transceiver or a wired network interface card or modem, for coupling
the device 102 to the network 104. For example, the network interface 200 communicates with
the wireless network 104 using either known or proprietary protocols. This feature 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



response nessages between devices and the backend servers 108. Further, the
network 104 may -4 support voice conmunication for tel ephone calls between
the devices 102 as well as devices external to the network 104. [00161 The
user interface 202 conprises one or nore neans for conmunicating with the

user (not shown). For exanple, the user interface 202 includes one or nore
i nput devi ces such as a. keyPad, trackwheel , stylus, nouse, and m crophone
for recei VPAY! FAPUEOTRBHRAtTE Ion Sdephapricabln debieen s rdsvieest I9dtas dreolli asefevisesch as a
di spl ay agxgerspeakererlétk 10, esenting output to the user. If the display is

touch sensitive, then the display can al so be used as an input device. The
user int g{(ﬁcﬁe %S(%giritesrfagér%zoged bé/ t he user of the device 102 to coordinate
request a e pONS 8RS & X W REFCS G R (ML BERTE 40T AT rsging it the us¢ro0171

The core (notfshawt) ot exagpR)theiuse |intei€se 20Z QivRidéseine PE BGRSIENT d8Q&s 3G A7
rocessor 208 mani pul ates the

associ at [ dule 210. The .conputer

oper at i oﬁgg?na%t %&Wg %&Lusi THPUsF-2Rd micropjigne ?oﬁ éé‘)’ﬂéf'é‘g Pyt Eomp heeisar§od graprt he
conponentmére axpwoddvic2) Such fas tahdisptaynandripedkiei @ peavitiag ohibbt tobie QXLCUT tRY
ol i cat S S bR SenstleReE B 6 150 b ety PO £ 200¢ R ¢ hor
it is redogriiceed? it haploydicbydtwivser dfnthe ?sﬁwmzu@?aﬁﬂa_afmyqdewa?nheréspbﬁ‘se| Ede a
conput er - - ium or providing instructions to the

pr ocessorlﬁ‘%?a%%&ég?%%9‘%’?@%1652&%&9“8??)&nt application prograns to the nenory

modul e 210. The conputer readabl e nedium 212 may include floppy disks,
magnet i ¢ [PHFEThegorg ipfiastryctyre 26k inckudessdionpytacirocessoc 20fmd tn dissdstedanematiy gi t al
vi deo di sfiuleBOPIMYe cGRpiilsG RO j : The nent. framewor k
206 conpri slels? a r,ume:: icrreﬁenvi r o%stﬁ‘g%(t)é }Zn%gp ltﬂ%tgsgel%sg%rgtboraab(ff(eigeo eqw%rgﬁ'étfgﬁcfng,
hosting A% tesaseiinierarecO0? and the pesnponentifemeppis06 o the commmetaidatievice 116

definitiegs e rrehed Gnsttubons 0 oyi des the.native
client rugt?xr?cﬁu 1e‘%vi ronn%srtlt ng ?g?ﬂe%?%gi%@gw g%éﬁ?‘ég{% ojﬁseﬂlr Sré‘ir]zﬂ’r??and
acts as &PPUCAHOBATOEANS GOt theWp) Hered ivthe apgopnaodids ). afuedier, Bpereatdnivgd syst em

of the CeHaetheMEViaSraeeti® 209 %ay Fagher %E@@@@sm%&'}&\a%g stofe REQYL g5 the

runtinme environment 216 by supplying at |east the m ninumrequirenents for
a cont r of' "PRVIIREEEHISIARAC te PHIcaSsevi lpasingitupdating éentl enplication @®grams tavhi ch

the conparemtmepphodus 2N AHO GbAPHer Feadhbl%emeaﬁﬁﬁ%19%ayT&§1uE§%L£FHE1&E s for

the runtine nyir onrrenlt wi || be described throughout 7t
magnetic tape, optically readable media such as compact discs and digital video discs, memory

cards and the like.

[0018] The component framework 206 comprises a runtime environment 216 that is capable of
generating, hosting and executing client application programs from metadata definitions.
Therefore, the component framework 206 provides the native client runtime environment 216 for
the client application programs and acts as an interface to the processor 208 and associated
operating system of the core infrastructure 204. The component framework 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.



description. -5 [0019] The runtine environnment 216 can be configured so
that the devices 102 operate as web <clients of the web services provided
by the network server 106. It is recognized that the runtinme environnent
216 can al so make the devices 102 clients of any other generic
schema-defined services supplied by the server 108. The runtinme

envi ronnent 216 is capable of generating, hosting and executing the

appl i cat lQﬂwatwgnatime erfvirprinhat 21@mdiefcionﬁgﬁwd(ﬁoi tbmsheodevicbeelozl dperte dswebi Me
envi ron rt f.o fferent anguk coor di,n on of rrem)ry
al | ocat rglgetntsl Oggtt‘ %S%WP"% rowde({b dtl‘h q}"or&as ra‘{erolurl Sfeﬁ%%"t‘?g }{E&‘f’

oper at i opsvirogmentd 1A ahn @ho m’iakgrtlwprtﬂvmss Ichlwntsmftantotldegemec s&i&dla{ﬂéﬁhﬂddl ng
access t | cl and Supp | i braries.
Exanpl esgeor?géesnsvu?@%)egcb tﬁ 3 ee%Oér\%(r%;lgch t%nlrntlfn e en\tntzlr]glgS caﬁf‘bleﬁ 8 e based
i ncl ude Bty And cragiag theRppitcativen (rGrivps. Djurthbr spEsidit furatichs ditha cRet hintime

Envi ron ) o) 020] The.runtinme environnent 216
pr ef er agF ‘ghrs‘?(&%‘ggr {HCIIB?%g S %\%\A d?}%f%%ﬁ% %és fC]S‘r)rd’enﬁtéoélu at eg‘orX/elr“g(fan% of the
client apphpkatg manqgmgna;ﬁéata punmg ldwtmomuu@i())a)bemnimS Capalbiation yf graphicsendi ng
nessages, t seryi the n twork ver 8. or to a at her
generic sc ena&)cllly\?gneed and ‘r?%/‘?(gl Nia émrﬁe “TB%pClﬁst \7\']“%3? ff8ut from
t he user files/hibiahes. |Ezqampledeﬁ/dnmqnnmntsmndﬁﬁd%arunprre&antoatnemn 206 canlbiebaged
capabi li ] t use out put. devi.ce:_ provi de
data st o%ngﬁge églﬁl\xﬁgl& zggﬁ%%)!ée%ﬁ?ﬁ e?(r:lf“a%%y rraCﬁ?SO a‘? ?ava ?\uﬁt"fl?\grtwﬁr@%n&gﬁ?)mdul e
210; andbx)ﬁdeﬁeosasters&;rl pt interpreter for executing scripts when required.
[0021] Referring to Figure 3 the conponent framework 206 is illustrated in
greater fRk@ithe rﬂ-rm?ne &91%?%@@163&%@8@%&}%9E&%Mn%&n&%ﬁ?f&r%ﬁéu&ﬂm)o”e”t S
t hat are executed the runtime environnent unti1 me environnment
216 cr eaf%@or&nota&\sm ienft applicatiom PEdsFmS: POVideogonuaticationsnqapsbdlity fof sandimg
conponent,.ARRL its ik vRB sBVREN G1theRéwork 16rvaPIRIsIof & &g%&?@&&h@@éhe@?%emﬁds the
conmponents of the application program 302 and creates executa net adat a,
whi ch i sSe¥igss iete npjrotkn4palismedasa inppiofisom Theeusetoyip thednput Hieviees provide 206

theref or ﬁe&'ﬁﬁﬁbﬁj&so&[ﬂ@ Cilﬁ&iltl&%‘ 4issthyitdats QNhaLOELS tﬁ@&lt&g 'Elex%eo }éfo%ldgm ng

t he defi n| tions of th onents to create the actual specific
for eachdde¥past ?%ﬂeaéfwe 2jnrnd agpipylste dae ip e raemark eodwarif |a§épli°®1ﬁeéew ces

102. Thescripfiptelgraéd OexeQith@isits WA rBfuéd si on the conponent application 302
as per the tenpl ate-based

[0021] Referring to Figure 3 the component framework 206 is illustrated in greater detail. The
component application program 302 comprises components that are executed by the runtime
environment 216. The runtime environment 216 creates an application container 301 for each
component of the component application program 302. The application container 301 loads the
components of the application program 302 and creates executable metadata, which is executed
by the processor 208. The component framework 206 therefore provides the host application
containers 300 for provisioning the definitions of the components to create the actual web client
specific for each respective device infrastructure 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.



native execution and netadat a- based execution nodels as descri bed above. -6
[ 0022] Further, the conponent franmework 206 can al so provide framework
services 304 to the runtinme environnent 216 for facilitating

i npl ementati on of the conmponents of the conponent application program 302.
The application program 302 is in conmunications with the application
contai ner 300, which coordi nates communi cations 216 with the framework
servi ces (0924 Fugkertbe deathondtidrafeviors\R06 karsalso/provide famevwrrk sireicesGip omthat

f ramewor k i pat L0 j j: i j t he
devi ce. i rrags FaabihaRzg G ATINA ARG, S\, EARREC, gkl 1

i nf rast r udAPlieation 0AosruR e302i nille faprlicatP@? PregdN 8PZAF Kn | cameufigeionY O0thi ghe

provi ded f@tdign cGltdifRBoGRMMidHCRbIARP ERRL AR GRS 18%vithRe HHRINEMrvifdsamewor k
206. In addition, the cli'ent application prograns 302 can be suitably

Vi r us- r es?® anneedsq. ndie fimenpns| serviees 0 b Hicasoweren femewerk 206 reprdinatgnd

val i dat € JdmBEeESR vRf thd BRn&ARIRIY igtt tihQ@@vi&finﬁﬁﬁu&&g@@tﬂe&écoxfdfxfég?m&% 206 to
and fromthe client applicati onng;ograms 2. It is recognized that a

li € . 302. It :
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Cat al ogi ng gl\/ARC), and Multipurpose I'nternet Mail Extensions (M l\/ESx

limited to; a limited number of elements, a name of each element, and a meaning for each

element. Example metadata schemas include such as but not limited to Dublin Core (DC),
Anglo-American Cataloging Rules (AACR2), Government Information Locator Service (GILS),
Encoded Archives Description (EAD), IMS Global Learning Consortium (IMS), and Australian
Government Locator Service (AGLS). Encoding syntax allows the metadata of the components
400, 402, 404 to be processed by the device infrastructure 204 (see Figure 2), and encoding
schemes include such as but not limited to XML, HTML, XHTML, XSML, RDF, Machine
Readable Cataloging (MARC), and Multipurpose Internet Mail Extensions (MIME).

[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



[ 0024] The data conponents 400 define data entities which are used by the
conponent application program 302. Exanples of data entities include are
orders, users, and financial transactions. Data conponents 400 define what
information is required to describe the data -7 entities, and in what
format the information is expressed. For exanple, the data conmponent 400
may define an order conprising a unique identifier for the order which is
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parameters and/or through separate workflow components 406, as further defined below.

[0026] The presentation components 402 define the appearance and behaviour of the component
application program 302 as it displayed by the user interface 202. The presentation components
402 can specify GUI screens and controls, and actions to be executed when the user interacts
with the component application 302 using the user interface 202. For example, the presentation
components 402 may define screens, labels, edit 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.



conponents 402 may define screens, |abels, edit boxes, buttons and nenus,
and actions to be taken when the user types in an edit box or pushes a
button. The majority of Wb Service consuners use a visual presentation of
Wb Service operation results, and therefore provide the runtine
environment on their devices 100 capabl e of displaying user interface
screens. -8 [0027] It is recognized that in the above described client
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of the cothpem¥®b 3gpyitd eensiroers.pthe phiemh @plcatierf ipragrams 302 could contain selected

presentation components 403a,b,c linked with the data 400 and message 404 components
through the workflow components 406, thereby providing a customized component application
302.

[0028] The workflow components 406 of the component application program 302 define
processing that occurs when an action is to be performed, such as an action specified by a
presentation component 402 as described above, or an action to be performed when messages
arrive. Presentation workflow and message processing are defined by the workflow components
406. The workflow components 406 are 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
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processing that occurs when an action is to be perfornmed, such as an action
specified by a presentation conponent 402 as descri bed above, or an action
to be perfornmed when nessages arrive. Presentation workflow and nessage
processi ng are defined by the workfl ow conponents 406. The workfl ow
conponents 406 are witten as a series of instructions in either netadata
or a progranm ng | anguage or a scripting |anguage, such as European
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allows the component application programs 302 to store data in the memory module 210 (see
Figure 2) of the device infrastructure 204. The access service 312 provides the component
application programs 302 access to other software applications which are present on the
communication device 102. The provisioning service 314 manages the provisioning of software
applications on the communication device 102. Application provisioning can include requesting
and receiving new and updated component application programs 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.
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application prograns 302 access to other software applications which are
present on the comunication device 102. The provisioning service 314
manages the provisioning of software applications on the comrunication
devi ce 102. Application provisioning can include requesting and receivVving
new and updated conponent application prograns 302, configuring conponent
application prograns 302 for access to services which are accessible via
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[0034] By introducing the concept of intelligent container with applications defined by metadata,
the burden that constitutes the wireless environment complexity is shifted from the application to
the intelligent container. Accordingly, the primary complexity left to an application developer to
solve is to clearly define a contract between the application and the container in order to insure

the desired functionality.

[0035] The intelligent container runs metadata-defined applications and maintains 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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the burden that constitutes the wireless environnment conplexity is shifted
fromthe application to the intelligent container. Accordingly, the
primary conplexity left to an application developer to solve is to clearly
define a contract between the application and the container in order to
insure the desired functionality. [0035] The intelligent container runs
nmet adat a- def i ned applications and maintains its own _internal
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constructs a data model, a screen model, and a communication model for each application from

the application’s metadata.

[0040] Referring to Figure S5, a sample device runtime environment for an application is
illustrated by numeral 500. The device runtime environment 500 includes a data manager 502, a
screen manager 504, a communication service 506, a user interface (UI) service 508, and a script
interpreter 510. The device runtime environment 500 is 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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constructs a data nodel, a screen nodel, and a communication nodel for each
application from the application's netadata. [0040) Referring to Figure 5,
a sanple device runtine environment for an application is illustrated by
numer al 500. The device runtine environnment 500 includes a data nanager
502, a screen manager 504, a conmunication service 506, a user interface
(U) service 508, and a script interpreter 510. The device runtine

envi r onmerPO8bbhs datagnangeer A0 HrRwEeH acdtai easleln 08 |9f ta apniipsion eavelbss applispéons512 and

an ext er najatadpBbialidt tleApfitdionThe application store 512 is a device
repository for storing application definitions and application data. The

ext er nal ication 514_.js an application operating external ,to.the

devi ce vi jﬂgzhf%e%%o?o il %% &g élde(?olﬁ'%’éeg‘tofyotﬁmp -atcggor OO PrEeteat deiniitiger 502
manages a idelfigenmpdbdut 308 aimpphant agpidnstapsi ol bisrawiy |as agellappbérsistéricenanddat a on
behal f of | i i 4 he ta.nodel 503_i ncl udes, i n- menory
Conpl at os TEE AL bRl R8s i édtoo R R B R Grang P CSHORE s Ve
conponent relatedsich tehivhen amdatidbly dandsy, cisrsvebd tods ypeatsi ateumtiesllyafdrther,

reference iﬁe?e“?&fﬁéﬂeﬂﬁg'dﬁ%&ﬂWﬂﬁﬁﬂgﬁs& e notified of data changes. For

exanpl e, data may ated suc en one vari abl e changes, others
need to be updated automatically. Further different data may require

di f ferent (PWYbhe daia mapages 50 vess thegag madek S0htfor Prpfieasier dBBomanimdatione dat a

model 503 ifonidirfepatiehlipdatds, daleBorTB /gt Ahth Ptsistehod Ghd tkdnth §1£aLLQN, updat es,
deletion, as well as data persistence and external data access. [0044] The

screen nma | servige for ma ing a screen l..505. The screen
nodel 505%‘%&1 u@‘gécrf%- %Iaanr’aflﬁerryg01(:2l enpl’ar 6€ %Pargélgﬁ assﬁ?eg’eﬂlrggegﬁﬁgngﬁ? Sg&ti ni ti on
and an i modtll 5@femsdidan deinethary teanpbites Nfr Whche vaeens casponait | dedsitioi@\ah@adki Nng and
renderi ng:SgGf: jp | C tvely fr declarative acti.ons defined in
the scree rl{ﬁ %g%ggez'é‘?é#‘ f h%a%%sﬂg'llgggtng%ﬁ%eﬁs ‘gegPSas RS ™ nrgﬁl&ﬁa%% S?%ef’%k’gﬁc es to
i ncomi ng Rrdwighsiranh declarativg getions defingd dmthieiscregceoagnanef Ths krr@nadnodelefosr ences

Lo SCri Pt AR@ARRGRS ekfect b irdbmink HikeaDANH PO ORI QDAL eAEN O S
The screen nodel 505 nmanages a sCreen repres ati1on 595, Which 18
di spl ayedrHfeencabtossdnt sequomes set e US Evens handting gk coBdiiotha airels. ffbeledréeng of

condi ti oN@lodQ G0} mehagest \WrebtdPidlchtatiB b, ¥RBE s AU, HRdat es the screen
nmodel 505 based on events received fromthe U  service 8. The screen

manager 5 s the screen el 505 repder. t he appearance of the

appl igcat i gﬁ?})"gisﬁle screén manager 55‘? ﬂandles modteﬁng op conditional coggols and layouts, and
continuously updates the screen model 505 based on events received from the UI service 508.
The screen manager 504 uses the screen model 505 to render the appearance of the application

screen, establish screen navigation paths and process Ul events.

[0046] The Ul service 508 provides the visualization of the screen representation in the native Ul
framework of the device. The UI service 508 also communicates user events to the screen

manager 504.

[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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screen, establish screen navigation paths and process U events. [0046] The

U service 508 provides the visualization of the screen representation in

the native U framework of the device. The U service 508 al so

comuni cat es user. events to the screen nanager 504. [0047] The

comuni cati on service 506 manages a conmuni cati on nodel 507 of the

application and handles all application conmunication and nessage

pr ocessi ngntelbgence regtiiing messagemarpingip dasd exspoapitd drdateifiolds, mastage scovmtmancat i on

nodel 507 ' [ j e i ion
rHl%a%ﬁ ¥ AndPfefr&idls tﬁgii}%bg 'rsregiﬁéhtceé tﬁ?t hﬁ&d@%@*ﬁgg Hssaddd Q?QJI nifﬁl EtHél%ﬁﬁ‘é

it
model 507 inc lu_dejs In-nmenory t ates for ea sage d )
i ncl udi ng eEsEigationinadsl 3OR fescibrs asehmimebsesasitlon thewpicatB inifigies dréy capaidd udes

- 13 i nt el |JraRRCR: LORALME. MeSsage mapping to data conponents or data
fields, nessage Security and reliability, and references to script

sequences andl e i.ncom ng. nessages., Accordi.ngly, the__conmunjcation

model 507 [h‘g@i?&oé‘é‘m&“@@f‘o’bﬁe&ﬁ% éige o5 It CQ%“%%B?‘%/E&’FFloﬁmi i ERRtce® or s
capabl e  abplicatien’y/édtgmandtiq weassitether WIEASd orTRReCpplitaibeaivh@her IRfy\dre e 506
uses the go ni ¢cation nodel 507 to enable an application's conmmunication
needs wit ocgﬁg?ﬁ\ﬁdf‘gfee%?‘%‘?’a ‘red applications, whether they are |ocated

on the device or externally. [00491 The script interpreter 510 executes
scri pt porl#94§hEheoferiphenterpyster df i axpcutels oscriptx porpéns  of EGRBplGapen, afnd exdmepld | ke.

The SO 1 Dtk 66t e (A0 TADSA:BAch AR 30 bid s 1) oS @b R 0 Bt e

model 505 thr ou& Interaction W e screen nanage ata nodel
503 t hr oudtrdel A% thaeush datenaption Witk thtascacenanangesr 3982 theagatp madel cAThobglat i on

nmodel 507 jfbh e Ryith the G aE tlaBiker Y02 And BE CAIMHRMGALHRR SPNRLYESN {a&%miwowl

The operation of the device runtinme is described generally as tollows. The
devi ce r uYithithromenusication ipaBageiPeh t he Application Definition when the
application is uploaded onto the device. The device runtinme could either
construct [00%6] Bppbpetstibn @A thent@fideatuntRep iaQaitat i eferally ishllowd.i Me @eviee! ay
this operation.until receiyi are t.to execute.the application
Accor di nglF{PUTeH Pregatre %ﬁrtﬁ%?‘?w&atboéﬁyeﬁ%&onﬂeﬁ Iaip@é"ﬁ‘?fhls i“ﬁlloa‘%g\f?fmf%"r mat ,
t hat i s Aplptice dthe deviddafmtind dool, either construct eheerppliedibe Intdroal Represehtaddn at that
Applicatiaqn. | L on. 0511 Accordi ngl it, can he seen
thet the il s PRI ARl o bR g BT E Bclion, st Hinil,

device runtime can host an application in “raw” format, that is Application Definition, or in

“executable” format, that is Application Internal Representation.

[0051] Accordingly, it can be seen that the device runtime executes template based generic code
built from the metadata definition of the components rather than executable code of a pre--

compiled wireless application.

[0052] Further, the device runtime can execute in a 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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built fromthe netadata definition of the conponents rather than executable
code of a pre-, conpiled wireless application. [00521 Further, the device
runtime can execute in a mxed execution node. In the m xed execution
node, the device runtine provides the ability to switch between an
execution node and an interpreted node. [00531 In the execution node the
device runtine provides an execution environnent to run both the

Appl i cat i mdlrbmdeﬁrmrhcﬁétmt adespretst nsing sieha! spwelsiibrriee (That isi MO FETFOhE in t he
native co Eifor eSefidebARIMEols IR AR GBhARE chvibahaRl Representation,
inthe fo cutabl e netadata, is U|It ad- hocfromthe Appllcatlon
Definiti on. Furt her ssoci at ed scrtg{{)' i Ffﬂ)d t| ns ar d g. (EII rect ed
from the $USfMfurtgs @Fg?‘@‘feeﬁ"‘mﬁg‘??‘?ﬂsmt Q1thg f&t | erlzr:l"r o7, 10 g 8" proxy
execut i on chifiplep eintivnamg Thatsabiefuntire sgimiaato &;erﬁmécSmbate tohen scmptsmhmo t he
native environnment Fur.ther, the devi unLi e t he

i nt er pr et &FHFEAPHe ?‘aél?elﬁd%taéié‘g LF ou%bgoeac cegﬁp ese1§<edfcl?n o’ﬁsly\%utré:s 6%% i's
the runti descabddtteloes ptovide Bererad exnepdes wb dempanentulefigitonisping lwrseﬂow ému‘aﬁﬁl ng
applicatio s .not. enough 19, achi eve desired conplexity. Figures
6- 23, Sg‘?efﬁ’gg‘sﬁ’gﬁ v(\)/ug}i)rrng)t\a}‘:ﬁt % J&P4 exanpl es of conponent definitions

and | ogl c flow descri bed either excl usi vely though netadata or by script.
[ 00551 Refl@056] Raferting (i Kigvre 6% 2 samplanpYle priiongdra #%dfefml%nd)étt%[: denlicaiani on of

the Appli ¢RkhifAth 1pﬁfu§tﬂitéd' é@ﬁex‘aﬁy Ib%'lﬂﬁﬁlt?{aﬁtﬁ@@i O8R dafl definkiibn MHeEBRbA theQRa The
data definition describ

n@gnent s that the application uses,

i ncl udi ng cempgnents pkthe P@’r‘fé"é‘oﬁé‘?ﬁ%’dﬁ‘#%‘i‘ f BETEERRTE ﬁ&ﬁ%ﬂglsmn&%twmpaws

gr:c m t Idve 1’1%1 e&oﬁltﬁln(}{rmﬂﬁ% 1&dLér ﬁi@l Rihas otdt date QB@@C&@:&E szwhme htlsard%ﬁﬁédso
efine t héerein nth

xa |Ilu(? aedlnFl th“lg d
conponent tsFdtnlnthe ‘“ﬁ‘é’ﬁﬁ’d iblygirat "“eﬂ’ﬁ‘re ‘Eﬁ.f#afae“s?mﬁ%’?eg gﬂése" CETR-S
conponent riqibsug@sisteReer ahe ekl &%lp@ﬁenvaﬁdlld&g skyepet Sfiddyd of GfmmnlgeoypésyandFor
exarrpl e, the fi.eld_nane "de%crtjgptl on" a. | el d nane

'C

st,r.i ng
"horses” SPPRIEHY- JFreamplf RN 5088%10 neft gtrh%rré’v&emﬁo'?‘% g‘c 146561
Ref er ri ng “hésdsT Gt 8 a Teferencs agotherddmppitent nanted GHome'scr een definition of the

Application Definition is illustrated generally by nuneral 700. The screen
def | “' t ﬁ@&s@?ﬁ&%ﬁgm lgurér%pl; ISl R SEEPOS s&&ﬁla@ﬁ%&p&ﬂ B AgpilcayAut s,
menu cont screen rendering netadata. In this particular

ex arrpl e Deénitiomis ilbfstratpregenerpliey rewed i {Thp gcwegéﬁﬁs@qlﬁdesam fliperlicptiqne | s

“Login”. -Eglf@ens, their associated layouts, menu items, controls and screen rendering metadata. In this
particular example, the name of the screen component is “scrLogin” and the title is “Login”. The
screen component has a data component “Player” as a parameter and does not represent a dialog

box. The screen component includes two labels and two edit boxes.

[0057] The first label is named “ebPlayerNamelbl” and has a text value “Player Name: ”. The
first label is associated with the first edit box, which is named “ebPlayerName” and has a value
associated with the “name” 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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screen conmponent has a data conponent "Player" as a paraneter and does not
represent a dialog box. The screen conponent includes tw |abels and two
edit boxes. [00571 The first | abel is named "ebPl ayer Nanel bl " and has a
text value "Player Nane: ". The first |abel is associated with the first
edit box, which is naned "ebPl ayer Nane" and has a value associated with
the "name" attribute of the paraneter "Player". This edit box allows the
user to iNews the “ﬁ?ré‘}/é‘f’“trf’di?ée of poSgrd.gsecialgd Mith theplayeeransd Botibed|thg eithamed

" ebPl ayer GrgleNNaved RhdondndinRas: ¢ false Xhishalib®s thPLRy Rlinput@ge: " The second | abel
is associated with the second edrt box, which |s narred "ebPl ayer Code" and

has a val cr ated with t d attribu aranet.er " Player”
This edit u@"%? h A5TAT FOWE Fhe Y S‘é‘r“gl ‘gslthr‘{%e A ‘ce%’ t“’e f "Stp’g 5P dS "4&oci at ed
with the rﬂr%?@ryemambhasaotohespbmm’fmlamﬂfRegtdmm H’iwné’ aﬂnmei@lte;n allalvsigheset t o

false, whi fs lrlagl tttbg s&ge%rco oﬁerr]tp ega t‘}R 4189 ﬁg\]vPl ye? ?o? "& ?spencg an%Qvent
uaes % r% 8

further i nc fee menu
"regPl ayerplayand has a correspondr ng I abel " Regi ster New PI ayer". This nenu
itemallows the wuser to navigate to a screen conponent naned

"scr Regi stigodup MRl s¥eHd ménitehed ingh&d *m%nmayamnd gy esnest&eﬁglabah%gﬁcond
menu itemis naned "Il ogi nPlayer” and has a_caqrrespondi ng bel "Lo
g@r ng a

Thi's nmenu TSR ’I“‘(’i‘t/\élkt“ﬁéh‘h%sé"r toy l9eindgithe ppliqaHen amrcree&adwlosrf “4ed
pbl ock " 2"preskit &ﬂbﬁdxm@ﬁt@&eﬁmocﬁﬂ@@@ém ;Sieceaoproﬂt@leP Sodd thiSld YaRlidiege of

"wor kf | oW' code t is described dec. tiv by netadata, or by
script. PHeHaR ‘“‘“‘i“’abydeeé‘iflra A DY SHPL %L’ﬁ ¥ Dwesse ??é ea‘t’@g}l% fsFociptedduth 2 usggi n.

[ 0061] Theogecond menu itemis named "l ogout” and has a correspondi ng | abel
"Logout”. This nenu itemallows the user to |ogout of the appl i cation by

accessi ng ﬁodCiP*rﬁ’&é&on Lﬂex&thgn 8> ggut” ?gﬁgg]a%xs&@gn%ﬁtgl l“ [ I’llﬂgs the

wor kf | ow assocr at ed wr a user [ogout seen er ns such
as | ayout ,menpptgm allawethe ussrfotlogayhefethe application by ariesing 2 phlotk Gf. It presemidi t i on

are underse&aﬁ% &, BBIobINES [HLRfib B SR TN IR R ate@ Witn A Gl dgEe. Pr Ogr amm ng need not
be provided by the programmer in order to achi eve the desired

functi onal 0063] Referrin o Figure | e, XML portion of a
message déW“ﬁi f\F %eepﬁmwhrgaégﬂ'?%ﬁgenﬁelﬁ%e&t SHME-2jup: |TE?§BP1é(t BHoy@der al |y
by nuner alcoflon dvk ssdvganddyahe nintige ehvibamact M detatikiopBghad@inthg need not be

provided by the programmer in order to achieve the desired functionality.

[0063] Referring to Figure 8, a sample XML portion of a message definition of the Application
Definition is illustrated generally by numeral 800. Messages are either inbound or outbound and
comprise a list of primitive or complex fields. The present example illustrates the definition of
an incoming message named “inViewingReq”. Each message field describes the type of data
expected as part of the message and maps the data to local application components, where
applicable. For example, 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, UI event processing and declarative message processing.
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conprise a list of primtive or conplex fields. The present exanple
illustrates the definition of an incom ng nessage naned "i nVi ew ngReq".
Each nmessage field describes the type of data expected as part of the
nmessage and maps the data to | ocal application conponents, where

appl i cabl e. For exanpl e the nessage will have a field nanme "requestor".
The data ?@ﬁ%ﬂpatedg 1 that field arm|s mat? ed to the field "name" in
t he conpo RYERt™2C | g SRRt teﬁ%‘flp °5 RE 5513RVE afath manipyiatony finglyding
Applicati anaﬂamfgldmato orligey Ueosopy pasiegldatdaphamales\@icyechddratiiph sdipémekat a

excl usi veI 18 cgstéonod %l C | ncI udes data mani pul ati on, screen
renderi ng n%l??‘l SRS event processing and decl arative nessage

pr ocessi ng 16 [ 00651 Figures 9a c illustrate sonme exanpl es of declarative
data mani p[GPQﬂ rring fhe Figdicr9g, amexpppiaf dapring detd ot infelligee Ml colitrobsoim shawins

passi Ng dgfeReAf, Wﬁlﬁﬁ@&l@O@ 9 RHEAED b%ﬁn«?&&dugﬁ dSEAMRAGERmAR Y, TRPRINY

messages to dat’a.” [00661 Referring to Figure Ya, an exanple of napping data
to intelligeReneQYs “E?bﬁlﬂ’ aeSlisplayigp euic aggesiaedavitly Whenn Whroatrol3oelue changsnt r ol s

are bound tdiedindfl REALHaNE o'itv&te QBN S thi® e)FaHff)led e Aser Q%Qxﬂg(f&/ﬁh ffRt they
\Y

are displ ay| ng or are associated with. \Wen a control anges
t he under |5ftorthatds samedy chllispige Biis w*&elav@fi@abuﬁwsmp@dé%mmnem nemedser s

present ed gUehd) Thadfote, wheH th®iket dhdfigek the HPUEhe &Hgab&mt§the mﬂﬂ'cﬁm@@é’ ticular
radio button is mapped to a conmponent naned Cient. Therefore, when the

user chan data mapped to the in hanges 00671
Ref erri ngqﬁo gur egg%ﬁgurﬁe%’x gﬁﬁ?aénpg%) ‘g%“%%‘?%ﬂ?%&% garﬁge FRICHEERY ¥ CBPscr eens
or script segetgeiscksvi gnghibviry gexat 2100 Ashyevivusadsaibed 34h raﬁ&emé &»\/ngwm

descri bed attla éoﬁ; Ghenl 8ta 10’ 1E g%%l{dQO zlie éexleQneasldﬁata%n?e errrp ener%lgt %as%lzgeéab L3 et er s

passed to the screen as , passing
t 0 screengaramgtersdp sqyeens de) smnt gequanpestop taldgtacopopatsahdt siret dotimatically mapped

aut omati cg} Wssﬁ% Q@%lc&r@em@ﬁﬁg%arﬁfvga&ioh contenders for declarative
action. [0068] Referri ng to Figure 9c, an exanpl e of mappi ng nessages to

data is SR@@@ ener al I% numeral 960. |n the present exanple, when an
i nconi ng ]a%"eferﬁ‘ﬁ% top FRUIF, Qfrn exarppe be‘é‘i’ltpgﬂgrﬁ‘ﬁ“ageﬁ fo datg mﬁwécse%aﬂa byat a

conponent nomed 950 opﬁrthyl peéht é&hﬁﬁleawﬁ&ssﬁg%coﬁﬁﬂfgl Rebda @ HABNRe dabRCt1Y tO
data, the.dev as, a efined instruction that upon receipt of

such a nes oger?%hr’ypd%&ségapﬁd E?rdg%taeg‘mé}’a?f‘%{“ AtPeheteregy g W 'Eeﬁcﬁﬁﬁ“e%s%&ﬁw ring

addi t i onaldefirptianoedps dinggtly to data, the device runtime has a predefined instruction that upon receipt
of such a message it updates or creates data automatically, without requiring additional

processing.

[0069] Referring to Figure 10 an example of declarative screen rendering for a dynamic screen is
shown generally by numeral 1000. Conditional controls, those are controls whose value and
appearance can change dynamically, are specified declaratively. In the present example,
“Canada” and “USA” are possible choices for a user. Depending on the user’s selection, the
screen is dynamically rendered to display either 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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[ 00691 Referring to Figure 10 an exanple of declarative screen rendering
for a dynam c screen is shown generally by nunmeral 1000. Conditi onal
controls, those are controls whose value and appearance can change

dynami cally, are specified declaratively. In the present exanpl e, " Canada"
and "USA" are possible choices for a user. Depending on the user's
selection, the screen_is dynamcally rendered to display either Canada's
provi nces 8970 Referyag foufizue éi/é%e’&?l"’l’lemﬁé?‘il%f%i“’é W eyanprrogessing is giosadggeanilychoi ce

for the uSBfaunkdsdl Ngo® omdittel &B@ht SQRblkcfeed @i BY o eRlagtal dser ERG! is
appear ance_an creen i.s deferred to runtine criteria

b
managed byP e"t"ﬂeél g‘\?ﬁafi?)f‘uﬁ‘f F‘rfcésu?t of anp dtory] “Ghentstails g beige pslggisrethe soremm
exanpl e ofmdﬁgdrafmé dM&eldhntﬂlé&ﬂhstﬁchﬁ&ﬁ{éhd&gthb Siex8 B, ‘gefuefrainko?f styilanyier al
1100. In t e esent Gr.e at| on as a result of a user event
is specifl érf:f Y dEPar ‘tef’taglgg(%o‘i% s nglé‘g%l TR TP RS ) ?"ﬂéﬂ e BRtmg fss
bei ng sel aodtmcked tohmdsnhemt sar@nAg@Cliaft Withe aci ineu iteuntNeWEClicat”lii&lettdgt ed t o
render th een chI ientl.nfo ) CI i ent
or kbook~ ety BEREE b i1e 3B A R rop R ngp st
instructed to render the next screen, "schI ient Wbk" and if menu item " New
Cient” i J0%d] Bigwrey 122 mdel 2bciflusimgterpxpmpley ofbdectaraivelmpbsege progrstinge Insthese
i nstruct edbxfufplEL mgﬁndtrh&sd%@)ﬁoc%ﬁ@%t resI& NG dp8dtng -and bQGA Madshigyh@s 12a

and 12b illustrate exanpl €s of deélarative nessage processing. |n-these
exanpl es, shobund nmessage processing that results in data updating and
screen refreshi ng are shown. [0072] Referring to Figure 12a, an exanpl e of
a decl ar at[peme] Habxﬁngmadﬁgﬂe i18a, iah Iemﬁma&teddegamﬁvahdwupdagé inUnRnLed gdely Fiel ds
in an mcq)mnu V\hen t he

g pped.directly to co ondi n
devi ce recei veseras %ﬁ gFlef}r%ssméméRw s HEVIeE &S TRRPF 8 ?1%8’3{1%198 fdat es
t he data Wmhbmﬂewceqmerwemglcachdmt:ssagaame idogtea metime autoﬂwnchlheummes etiatdagxanpl e,
if a ness i s regei field titled
"ford i en?g ﬁmgt gétgg ddﬁwllldl Mtﬂgncﬁ tofnalﬁ}% %4%9 ¢ exarﬁparfe%eafm%%?gg éé%aﬂponent
"dient". “rOOESSngds eeeeivedga tn@sngegfwidetlﬂrQ Bfor(anedesd Biteativalysepedro atefonesh i s

i I1ustrat O PReEA do¥npBYenPiRE@  1250. In the present exanple, the screen
is refreshed upon recei pt of a nessage. Therefore data changes affected

by the ne can be_.indicated to the user. In . the present enbodi nent,
t Ke scr eiﬁua’gﬁﬁ?f%f’?%?ﬁ%&"ﬁ poh ardselariite %fee%ﬁg‘ééllusffﬁ?"r gpertly bnpgnergng

"1 nPr oper tigSHL dh e @hasgexample, the screen is refreshed upon receipt of a message. Therefore, data
changes affected by the messages can be indicated to the user. In the present embodiment, the

screen is refreshed upon receipt of messages “inPropertyInfo” and “inPropertyStatusChange”.

[0074] The declarative sample screens described above are a few examples where metadata can
play an important role in describing application logic. Other examples will be apparent to a
person of ordinary skill in the art. Accordingly, the device runtime may be able to 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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[ 00741 The decl arative sanple screens descri bed above are a few exanpl es
where netadata can play an inportant role in describing application |ogic.
Q her exanples will be apparent to a person of ordinary skill in the art.
Accordingly, the device runtine may be able to transforman entire
application to executable netadata for execution. [0075] \Wen application
logic is nore conplex than the netadata can handl e, the application

def i ni ti o0& Befring pt Figee U2 o esangild dfescrie fiveldd ehinipnlatidnels dbstpowicgateratbt adat a
O Ot nedhy AERAIILE] Ypld QA % HIRAPEAL AL Ay QacL EURE: wil Fusldl | OV MO
are several® exanples o I npl ementing appfication logic Oby script. -18

[ 0076] Refraranictey ‘Propfityinfe’e 1Bre aftribasearnipraplldl, ‘strusptanofpridelt af rampqnghtat i on
is illustre By .30 1Pt ol h e

exanpl e arrg’%l%gc’pgait a lf"‘qggh%aglgecor %{g;\{cﬁg&;@é t‘ﬁ&pgxs? sge_(g'%s%gélg atttgir;lutésp‘ﬁ%%r ? %F@r?f o".
The attri bRatamster pregsitpnfo™ st at us”, and "price" of conponent

"out PropertyStatusChange"" are updated with the corresponding attributes of
t he passedqoompRai®ingto Fipiro P& dnyexathle of §PBH} sdneh @éndedi it Qlubttddr@nckald, an

exanpl e of scri r.screen rendering is illustrated general] by. nuner al
7300 The yarimpl 14051 B I aCiaits st ant e FIHS SRR dBAteet B (e

SCreen i n acaedmtawiticeissst pirapass Etcgardret, and “bet’adfthe “belQratmeter Mt nulllet " . | f
the "bet" tgaramatert is not null then %@ r&?Fr.i a&e é)rgﬁ)rgea.ti es o tfél screen
are render’®d WRPRYT HRPESF PRIKFKEThTCH g‘ TSP B BIOPHE A St er . I £
the "bet" ‘pei aarmneter. | K tieutbet” fatvaretea xpmadlp thea tagprpprapeprbpettics @n thheress aeen ar e

render ed usij correspondi.n ttributes of the "gpace" and "horse"

oot or dEdIRAG0E RRBGRR MBI SRR i Rored BeBma BRI NOISE i on
effected bg script is illustrated generally by nuneral 1500. In the
present eX8¢i8l Beferring tos@ipwe 45+ arfampla §f prieqnungeigation isifeqtesinby sseptesd illuptraydone” .

I f the useln&hiiyChSmibrdl Nisfo. Dt HRMDrELR SGmbie! megae& eea&'ﬁh%mﬁl@&aygﬁfeqn

illustrated in Figure 13 is inplenented. *)n addition to data rendering, as

previ ous| yepes chinbers  Hhge disgr gicks gn phigugon he sige named rdetusehenent

" scr Pr opDefiairhisd inusgng 13 RamgRingnted. R2ddaieh & data’ &ﬁ&ﬂﬁg,tay%f&i@iisly BR6H3G,
Addi tional]y, Fi g .esﬁ)hS and 13 illustrate an exaEpI e ol nmessage sendi ng
ef fected By SC8RY! %{lgur ERAFOCFEh GUFRRERt FETSRPERY B8R BdAfe of parameter
"scr PropDepmptrs/infes descri bed above, a nessage related to conponent
"out PropertySt atusChange” is sent.

[0079] Additionally, Figures 15 and 13 illustrate an example of message sending effected by
script. Prior to rendering the screen component “scrPropDetails” as described above, a message

related to component “outPropertyStatusChange™ is sent.

[0080] Referring to Figure 16, an example of message processing by script is illustrated
generally by numeral 1600. In the present example, data in an incoming message is manipulated -
by the script and stored in an associated data component. If no data is present 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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[0080] Referring to Figure 16, an exanple of message processing by script
is illustrated generally by nuneral 1600. In the present exanple, data in
an incomng nessage is manipulated by the script and stored in an

associ ated data conponent. If no data is present in the received nessage,
the script causes a nessage box to be displ ayed to the user. f0081] The
script sa e scr ens descri bed abqve are a few npl es. where scri pt can
pl ay an nlﬁﬁ%?'r] f 5?1 ollpying desqribes severah Argeeapime At Tsd uatra'gfrgdmxei mege PRLHY es
will be appat@riandeQvith tREFrERA ddfbodiaetl. MRaferritgth Ithutdn'itahﬁetEJdtfor peBmhiQP821 The
foll ow ng d slcrl beﬁ)aieveraﬁ devi ce runti me %é? \gs t| n m xed node
oper at i on UAL SEEE PAART S S A R eREeal & Ao Tt ¥ gur e
17 a net hoaitrﬁmd mffmmpﬂlmgloarstora F12tak aﬂthespxreeﬁg&stb@aﬁhwon ﬁleﬁhuwwr Xdpenal |y by
numeral 17 ste t| on_scree ed f he

appl i cat i osnep S 7@?3 BT lgtgmtzel reﬁ'gsr ?51 ai E;ceeeflé??%glp% Pi g chi E‘R)%]df’

In step 1sé@dn modd 56 prddﬂtteelartairent spr@sepksxhiaton 5&9!; irsmdiag nll rmmeirahﬁ@“’md i s

pr oduced. I model raduce current r

repr esent at &ggsttgﬁége?tnd&% g eﬁé‘&at‘f? Yierd nd§ oﬂsegnd ana f?t%atp #gerf'lﬁ f& fe‘f | ect

t he curr enisuglizatien. of screen condl tions and passes it to the U service 508
for visualization. [00831 Referring to Figure 18 a nmethod for performng a

U initi at[ﬂ@hﬂﬁ&ﬁnﬁ?&@@@g&é‘@ﬁ d &eth&ﬁ@draﬁe@fohﬂlﬁé)ﬁ dﬁﬁmﬁm aasa Ichéngéttﬁa@tl@d

general ly by nuner In step 1802, a U  change, gered by a user
changi ng é‘ﬁdérdf“fdyc S?ﬂ“F‘b s ‘lliugtmt‘;edn%?ﬂ?ﬁléhf’ed‘“‘[n@a‘( 2005 c?’e%‘ﬁ’ ef Wothangen st ep
1804, an ungerddybyndisétahahgi@iR QB BntidR RP&khntiRiche telle ber&efMdael 508asn its val ue

h d d del 503. Co tly, t 805, the data change
o ndat ed 3P i Ao BB fuBPRL RBBR oh B sbioniT 16t Bpvelisbinseh (g4 change

i's persi stosdlici 503t [GanaupphtlyG & §t€pn1 885, ahedm&miﬁgaﬂdatfeﬁ ﬁfersbxg&f k@regehﬁgérﬁ 19 a
methodfor ef l a U nltjated e that |s define y script
is illustra %1 g8 rpéélgfhlega% aﬁﬁ?'r'ép%lrls‘s‘f‘g Eipﬁfi‘faﬁ%" ﬁ?rgtssejnt exanple, in
addition to nodifying the data, the Ul initiated change generates an

out goi ng reSdhRefering wafEigure K9 Etleﬁhoqgﬂme@rmmg@ﬂéﬂng@aw g ehangt that inddfiset
changi ng ay s%g%tt 1sqglmr5t9d gb&ra@l?WﬁUn?@&le@Obo In{ R pRSdnf SRanfRIGh ad&Hon F’Jﬁe

screen nodel 505 validates thé nature of the event over thé iInterna

screen netafiyias fedrtadbntbinitigigd dwangee%awommﬁswge or dependent
controls affected as a result of the U event by virtue of any conditional
control r¢bess] nrsshilp® SPbshaddeadggered iby @luyer ichdn@lagan edit control is communicated to

the screen model 505. The screen model 505 validates the nature of the event over the internal

screen metadata representation and detects any driving or dependent controls affected as a result
of the UI event by virtue of any conditional control relationships specified entirely through
application XML. In step 1904, the screen model detects that the UI change requires script
processing and invokes the script interpreter 510. In step 1906, the script interpreter 510
modifies the data model 503 in accordance with the interpreted script. In step 1908, the data

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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application XM.. In step 1904, the screen nodel detects that the U change
requires script processing and invokes the script interpreter 510. In step
1906, the script interpreter 510 nodifies the data nodel 503 in accordance
with the interpreted script. In step 1908, the data change is persisted
the application store 512. [00861 Since the script executed as a result of
the Ul chaqﬁg %Fnerates an _out goi ng nessgg in steaﬂ%QlO hF scr

i nt er pr et dPUSEL B YrRrd hthescut WEPEEIAL edisdhe sten aAThIA? APy b
message t cscﬂ#h.e € erfanitgat 9 1aNtheededn :&lﬂﬁl prulnees:ﬂfrﬁmaﬂe@ adrtdﬂﬁem‘wﬁhtmg%920
transmts the . nessa an. externa I catlon 514 as require -

[ 00871 In "%ht“g‘ds ‘i@i“é,‘gtﬁ‘ﬁb%??‘lc%{&&’ﬂft@? b‘f\gg ' H528di fi es the screen nodel
505 as specified in the script. In turn, at step 1914, the screen nodel
produces d9088pBefemids scFigem Zﬂe@m@eﬁfcatpietfmr@(mscreemm“@aﬁms thebis sledareiovetyhe Ul
Service S08nhdd i8R Genbily ¥y SHALIF 36000 JBOHRY, BEI -l feguxlé gure 20,

a method for performng screen navigation th I's declarative deflned IS
i |1 ust r at ebange trethg ULy AggordingheraPl 2G00is copmmyniegsedXo @ik, scrs:sremOMtS@f ab dtem

resul ts inog, tﬁé‘@&&% xh&‘det *365 Ul:mﬁ%?%élhé‘g} ¥xeclﬁath€ nﬁ&@aﬂ& ﬂ&a’% dtﬁ?'i@*h'@&ﬁ%t ed to
t he screen nodel 505. In step 4, the screen etects by neans
of execut aIBYléatWéte&@aﬁl&‘ generatey %§ch6§1 rgpresepiatgn OfHE\‘i/Mja%"Ff‘Gﬁ tce%ﬁfple/ﬂ@

gener at es szepeo@cp [ SBednQBr &SRRl PBse@fo thOEI &%esﬁ)gﬁﬁ@lsﬁﬁlzgﬁmd' splayed. In
step 2006 he screen represent at| on is passed to the U service 508 for

Ser oo nadbd ReRbad RSl Pty o bfraie se® Fagren B Babr by

nunmer al  256ht id iflusraied gehbARy byl ﬁmﬁeralrmeﬂ alﬁtstep 2102 asek hmeracnoxareehﬁmgechahgh t he

u . Accordl I v IS .conmuni cat 0 the s [e

step 2104, P’% ot & 8?@6‘%@%@ hev tt'secrornﬁnhue‘sf’atteﬁgotthf)fcreené“ngi l gept%gp%scr i pt
call and peassesodddéterolines @hat B esart irgites ford xipr @lleand piBes ¢o|ntrslttephe2ébﬂﬁg t he
script int 0 t n Green
nodel 505E§%B%%%§&%§$§ ﬁgﬁﬁééﬁ%ﬁéﬁh%é é%%ﬁ?ogﬂ%&gs%e%&qNQ%ﬁﬁbﬂﬁn% e screen
nmodel 505 scrpemomiedse 80% theredaee scfrveeqnememresstemoat |Imnt615@9)8a§wrseq¢n med$l B scri pt
| nt er Pr et Gragaddd sl bwSbiefh AbkOmiaibfS0SRERTe GPLFRPRIARLS180% L, pgssed to
the U ?J1ce Sfb for g}séé%mfg ?on 981&g(?@rrFﬂ%tto Flgu# 226

met hod f ortherﬁsmxf §ppisgpn@tieneS 02rupasisd i thal $¢1’ecu710| for vapelisetiehce with a

recei ved nessage that is declaratively defined is illustrated generally by
numer al  2326000] Réferring RFign022, 4 H@hGORIHOHiEAL] Qita SRAMYHARg WEOUT @ GedoYdRiceaN

I nbound mast% qgce}cv%é) trrrl]esaszrl]geet a;[t ?srdgalaratively defined is illustrated generally by numeral 2200. In

step 2202, the communication service 506 receives an inbound message from an external
application 514. In step 2204, the communication service 506 determines that the message is
mapped to data so it passes control to the data manager 502. The data manager 502 updates the

data model 503 and persists the new data in the application store 512.

[0091] In step 2206, the communication service 506 triggers an update, or screen refresh, for the
screen model 505. In 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 Ul in accordance

with a received message that is defined by script is illustrated generally by numeral 2100. In step
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application 514. In step 2204, the comruni cation service 506 determ nes
that the nessage is mapped to data so it passes control to the data
manager 502. The data nanager 502 updates the data nodel. 503 and persists
the new data in the application store 512. [00911 In step 2206, the

communi cation service 506 triggers an update, or screen refresh, for the
screen nodel 505. In step 2208, the. scree del roduce a_.new screen
repr esent d690 H‘e%Qm“mFart‘og ﬁeﬁce%ecet%a‘ye?%?ﬁ ”teésﬁgeefg‘?é’ﬁ?’é?’it %@&Ct ¥hpassed
to the U sser wsfee 25@6 tlfeanﬁHuﬁidﬂioh%&bﬂc@ﬁKm c[eeaaaas ﬂ?ﬁftlai‘rhés@ege'iﬂo bt gwd&:d23 a
met hod for rmdlf dat| C

ecei ved agyed (S SRHRNP R TY ORISR ST T SERAT O BERIeP A5 by
nunmer al 2hf¥sagé.n step -21 2302, the comrunication service 506 receives an
i nbound nessage from an exter nal application 514. In step 2304, the
conmuni ca Syl SR (ARbCHURAS btk e 3RACs(3%x Rof gled by
scri pt sot[?th]pass%ls cont ro{é %onggﬁﬂe} scri ptsl nt er preter (0] \%lm cﬂxecut es
the scri ptinterorefsd Gerips and peesisitheney dayD®|the sppheagipn S8B6 2t Wé@@ﬁf)gpt(hel SpRr pr et er

updat es t he. dat ynged th@Q@fe@ﬁm&&ﬂ 569 RpBYfiddy thé Q&ﬁot pﬁxeété?)dzﬁ@ fth@&cr&ﬂd
persists the new data in the application store . In step 230

script i modelpt0atperdupss @i Hepvessroph ESPECSINEREAD AR eln 83@5235%, tb?)éfé‘?eﬂ |ret§eswattone

script. | RBosis@Rssedthe UIREVRE 5EE0r visRAAL05 produces a new screen
representation 509. In step 2312, the screen representatlon 509 i s passed

to the Ul rvice 508 for visualizati 094] Accordin an be seen
at o oviABAIA R, ot Yo R e i b AR R ek regponiiy
executing fdrhaeecmpqtg the:aipitcnmmo‘bt oalylpgrngissrapplicsticap pl becaditieo iscompoimat frrhdtian i n

conponent df Or erem bufi E’acl%?ageshelg(ee n?lbdebg)}ec 301810 ’lfhgrefol | tvxi ter? ?ue m )ilcglon
execut i on. ere or e, &n an ap Fequi res conplex °t & ctlonallty

t hat cannodqubes @mlplce\fednmhw that bymupubmachgv@k@dﬂtt abtuaning exedatblds metatiaa,
applicati cri.pt. .co i t chi er. dee
The sori prit SRMSE (BE MePleaSOTRRORES b WhCTHE L e ol P LR (et o
to the conrrte'sqstynt!tisrngmemmp@tqethp respitinipxefutableaneiedataito the C{’mw}hn&mﬂmgh

pref erred gabogigntis, of the invention have been described herein, it wll
be understood by those skilled in the art that vari ati ons may be made

thereto with depart spi.rit t he invention or . the scope of
the app enélg)aglc{\lého ! prg%zrzrgd embogljments of the mventlon have geen descg ed here?n it will be P
understood by those skilled in the art that variations may be made thereto without departing from

the spirit of the invention or the scope of the appended claims.
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What is clainmed is: 1. A conputing device having a processor configured to
execute a device runtine environnment for providing an intelligent
container to a conponent application at runtime, the conponent application
capabl e of execution at least partly in each of a natively conpiled node
and an interpreted node, the conponent application further conprising a
plurality of conmponents conprising: at |east one of a data conponent
described in data conmponent definitions expressed in a structured

definiti Whétqgg:‘l‘ﬂﬁf'ed itshe data conponents defining data entities used by

t he conmponent application, a nmessage conponent having correspondi ng
conponent definitions in a structured definition |anguage, the nessage
conponentls Alebmpiuting fdevioet Baihg anprxages cydigusd thexecutpandavicagphiimet i on;

and a screen ¢ nent havin r.r ndi_n 0 nent definjtions.in

T uat ur ed SBIRERE R Ry, SR UREAERAE s iAo Contishefl RhSftauoR &
appear ance rapimbethaviamisorgnt tapplicioposipableapbéxavation at leastpaltfyl inveacargfonent
conprising a series of instructions provirgj[egg a correlation between the

messages arfd"abYeh&oMpIEHi made and pBNigsP magie. the,comRagenbaBPYAAtIGRs on
the dat a, qgﬁﬁ@%mi@:g,%ﬁntagl?glgaﬁ,@bﬁen&%m&;sﬁ{d:| gent contai ner

conprising an application'in presentation of the conponent
application, conprising executable nmetadata, the application internal
represent at i ot [a@st ongyok Redatavearapengitti drscahed rip ndatat canpenent Hiefinitions
application c -def L.ni &1 QRS . 0 [, ShLOK t nm% 1.si ng
t enpl at es for&ﬁgwa{nggc%wﬁg%%ﬁtd%@qﬂi‘e%ég%%gtgﬁ?d éaj[%p‘:?ol catl (Slrtg%gﬁﬁ"na
intelligence datawdntities asedbptmecdmpehertiappticatim, and hierarchy as well as
persi stence, and references to external APIs that need to be notified of

data changes; _-23 a screen nodel, conprising tenpl ates for. eagh..screen
component Jof @ esSadiy SHEROTRRE, haARE sietsstionfitt) EpGRangh SRR Fgau
events, structured definition language, the message components defining formats of

messages used by the component application; and

a screen component having corresponding component definitions in a
structured definition language, the screen components defining the

appearance and behaviour of the component application,

a workflow component comprising a series of instructions providing a
correlation between the messages and defines application flow as a set of

rules for operations on the data, message and screen components,

the intelligent container comprising an application internal representation of the
component application, comprising executable metadata, the application
internal representation built by the device runtime environment using the

application component definitions and comprising:

a data model comprising templates for each data component of the
component application, intelligence about data component relationships
and hierarchy as well as persistence, and references to external APIs

that need to be notified of data changes;
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navi gati ng and renderi ng screens; and a conmuni cati on nodel conprising
tenpl ates for each nessage, intelligence for nessage mapping to one or
nore of the application conponents or data conponents, and references to
script sequences that handl e incom ng nessages; the computing device
conprising a conputer nenory in conmunication with the processor to
execute to execute the device runtine environnment conprising a plurality
of services in comrunication with each other to manage and execute the

application behavi our.. t h &)Ilucro | i I¥nLlenss \éiscf - SQIP 'rg' %bmapoﬂ heofmaager
for managi ng the dACY SROdBP Dt g e& pplicatron, a‘'screen nanager
for rendering the egmpéaieniceappficdtivn canpointalligenzpplfocahamediingsi Wiy evehts,een
nodel for display on_a screen of the congpti g device; a conmuni cation
service for sendi nRAvigalingand fendeling sgrgen e%'?fgr ces and receiving and

managi ng nessages sent fromexternal resources in accordance wth the

communi cation nmodej ; caifhunicatibh Pinddel eédmnSiising femmates utdrn@aslk ebsagy,t i ons
of the conponent application witten in a workflow conponent of the
conponent  appl i caintedigenge fpRdnessAge: MAPPIG, f¢ ©nsf ot Imers af the epelication

comprising a user Q{I&Fﬁéfﬁf o’FtH%Hé%obﬁfoneﬁ?s”%d”ﬁbf&%é%it&Zs‘ci(r:@gg@&&é/ﬂ%%g a

user interface an east one of € services. uter
i npl ement ed met hodthahhandie incesting nodssagesinput i ng device for executing a
conponent application the conputing device conprising: a data nmanager, a

screen managey, ni I | C i i.nt ef ..

component - appiecarT ML BT HgiTialia 8 ttel fenny i sEhBhBhEator Wiy |

a screen conpgeergrosdsoni td aekecute to execute the device runtime environment
comprising a plurality of services in communication with each other to manage

and execute the application behaviour, the plurality of service comprising:

a data manager for managing the data model of the component

application;

a screen manager for rendering the appearance of the component
application using a screen model for display on a screen of the

computing device;

a communication service for sending messages to external resources
and receiving and managing messages sent from external resources in

accordance with the communication model; and

a script interpreter for executing script portions of the component
application written in a workflow component of the component

application.

2. The computing device of claim 1 further comprising a user interface module for
managing communication between a user interface and at least one of the

services.
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expressed in a structured definition |anguage, the screen conponent
defining the appearance and behavi our of the conponent application, a data
conponent described in a data conponent definition expressed in the
structured definition |anguage, the data conponent defining data entities
used by the conmponent application; a nessage conmponent in a nessage
conponent definitions expressed in the structured definition |anguage the
nmessage component defining fornats of nmessages used by the conponent

appl i cat Lon;, and wor k ent . CQpri Si r cti.ons
provi di né }{ ‘i%‘?‘? t"f’B{? {P‘r‘? %sasniééééesgﬁr a°ée$| énogﬁp& ;54 ?%g c|goIFldrf | ow
as a set ofexetutirkp o @bm@l@ﬂéﬁt iapphcationt ke dairputingséadee a:mlnmsmgana data
conponents; the nethod conprising: creating an apgl ication i [}t ern

r epr esent atMIAGST. 2 RETEEHITPBRRGRT 2 £OPIMYER andgyseriptdn ?Eﬁfﬁé' MBadat a
of the SCreg onent and nessage conponent, the
R ERE fflcation ZbMprSmg! data m

application n conprising a data nodel, a screen
nodel and a conmuni cation nodel ; executing the conponent appl i cation using
the data, scraefeashdd SSHRRMIFOMNRONGAt MSSEIIRED N {3 SCHRRYN icomnanent edpfian

representati OE*pHFE?‘%J% a%‘?rwc l(ljtéhhl ca?&Yo‘#]Ja%%rw s&R ard&hn@em %‘éflmgagl ng

t he data node e corrponen I n
renderi ng thethepreasaroe afd béimwmrmﬂrﬂwtomppherueapphaatimsed on the screen
nodel using a screen manager; and sending nessages to external resources

and receiving_a mana ssages s e

ccor dance v e FEMEBARILICR BN Mougne (LAY R Asilish SRR Pine. .

dynami cal | y i gfrqdtinedt dafhitiotelanglifgeTehé @atal somponentedefirgdata éritities used
by the component application;

a message component in a message component definitions expressed in the
structured definition language the message component defining formats of

messages used by the component application; and

a workflow component comprising a series of instructions providing a
correlation between the messages and defines application flow as a set of

rules for operations on the data, message and screen components;
the method comprising:

creating an application internal representation of the component
application comprising executable metadata of the screen component,
data component and message component, the application internal
representation comprising a data model, a screen model and a

communication model;

executing the component application using the data, screen and
communication models of the application internal representation, in the

device runtime environment comprising:
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application using the script interpreter for information fromthe workfl ow
conponent that could not be put into executable nmetadata of the
application internal representation; and distributing output fromthe
script interpreter to the screen manager, data nmanager and communication
service. -26

managing the data model of the component application using a

data manager,

rendering the appearance of the component application based on

the screen model using a screen manager; and

sending messages to external resources and receiving and
managing messages sent from external resources in accordance
with the communication model, using a communication service;

dynamically interpreting the information during execution of the
application using the script interpreter for information from the workflow
component that could not be put into executable metadata of the

application internal representation; and

distributing output from the script interpreter to the screen manager,

data manager and communication service.
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