WD 2005/ 083590 PCT/ G 82005/ 050026 -1- Apparatus and Method for Processing
Web Service Descriptions [0001] Enbodi ments of the invention relate
generally to web services, and nore specifically to the application of web
services to nobile devices. [0002] A web service can be generally defined
as one or nore agpllcatlon 5 functions that can be invoked over the

I nternet usihg2@/Btdtocol . One exanple of a protocol tH&VAEY YEsed in
this context is the Sinple bject Access Protocol (SOAP), which nay be
used by Internet-based application servers, also known as web servers, to
provi de web services. SOAP is a protocol that is often used in the exchange
of information in decentralized, distributed network environnents. 10

[0003] One goal of web sgrui£8SalaSMb@od &S Hrh&sdi m%&%%%& tiohie web to
provide information that s nachine-readable. radi ti1ona

client/server nodels such as a web server/web page systen1 web services do

not typically gooyijde th@mbbiiﬁﬁenw 6f%@mv<91'i1@@t’dkﬁ@ken'éﬁﬁ¥l td %@Eciﬁé‘c@ n@dhore but
i nst ead share busi ness 0g icC data, and gr ocesses roug a pr ograrmatl C

interface acro§@“%@ﬁ3¥ﬁﬁ??@mh§ﬂ§bﬂhﬁééﬁw ﬁ%wéF@lﬁgﬁéﬁ?e of 15 interfacing
wi th web services, devel opers may add web services to a GU (e.g. a web
page or execut pr ogr to affer ecifi ctionality to users
P0004] Fur ther dg0@Par P& ks B FembF Gt Bofties rar et or Bt BBty
conmuni cat e du titmegiasshthat fwarbevintdied ovexihe higeve Gihgt Dol NQne atichplel’ a
services are not I at d mnth a at| tem.or pr Qgping
| anguages. Thi & $7% °§?’8ﬁ‘f‘¥ msv%mﬁ% %%g?é hr's @:(“5%/‘5 5 Fbroftn (SOAEY,
business-po busﬂmﬁs&qa@pWﬁ@hﬁﬁ@ﬂ&wéS%dBmﬂmaSmm&wa&s@&ﬁﬂ@Wh@aheumﬂhﬂgmsing
model s (Wi th "‘t)p‘}&ucfe' Ol be RHAGERS) ?&&F&M ?1%{16} ohé’ REIEVEL 0&@}%35 QpOs]

However, despite an increase in popul services
attenpts to ada@bHWWQHnnﬂémﬂypéén%mdmkﬂw€W®ﬂ<@@emmwnmhe field of wireless

conmuni cat i{@ns rogdd by iy étogl é?‘%&éb%&%xc&%’?o R@%f}, 15@43@%&&{@'& thls'u%hftc?ﬁlow ven

t he various constraints tha ticu devices (e.qg.
limted menor y,mfPlr‘Pé:ﬁtlé‘ag@HlStiﬁﬁ%ﬂWﬂftaﬁa%s §hkv qudéw)lal oéihré@wﬂsm%@cﬁesé@ £02

enhance the St@ﬂﬂ%&ﬂm%@&:ﬁﬁk%@ﬁ@ﬁ Rak ad B8 HE nd: ABRRES plobAb DBt Gith a
accounts for these constraints while preservin F t he advant ages

assoc ated  wi EFPNEY S8 VIEE: ((UBOB]! eir: S8R WARES. oBs it PE Trecics

El ectrical and dbgmt £ @mgs:anﬁﬁb@t, NeEefse acdsd BchL\&Qk S A hpBicAREE ikl &pm@zﬁf es to
mgrate we serV| es to

t vmreesvveb an | trative c st ud
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page or executable programy) to offer specific functionality to nsers.

[0004] Furthermore, different applications from different sources can

communicate with each other without extensive custom coding, and web services are not

associated with any one operating system or programming languages. This flexibility
20  allows more sophisticated business-to-business applications as well as more sophisticated

browsing models (with more client-side processing of data) to be developed.

[0005] However, despite an increase in popularity of the web services model,

atternpts to adapt the model specifically for use in the field of wireless communications

and by mobile devices have been relatively limited. Given the various constraints that
25 may be partticular to mobile devices {e.g. limifed memory, increased bandwidth costs,

ete.), there is a need to enhance the standard web services paradigm in a manner that

better accounts for these constraints while preserving many of the advantages associated

with web services,

[0006] Harrison W ED — Institute of Electrical and Electronic Engineers: “Using
30  service specific proxies to migrate web services to the wireless web: an llustrative case

study of adaptive maintenance” Proceedings IEEE International Conference on Software



WO 2005/ 083590 PCT/ G82005/ 050026 -2 Muai ntenance. 3rd Cctober 2002, pages
300- 309, XP010624837 generally discloses the use of a "service specific
proxy" which serves as an internediary between a nobile client and a
specific service or application. The proxy is described as being
responsible for “adapting both the input to the service and the output
fromthe serV?é¥5Ehat it will 5 operate with the nobifi‘d/CHEAFI2 The
proxy may transform a web-based input into a w zard-type input process,
replace text input with selection lists, or re-format and renove
unnecessary content from web pages before adli splay on the client device.

[0007] Pilioura T et al - "Scenarios using web services in M comerce" ACM
Si gecom Exchang@siened. 3r30ctdBor 202 J;ﬁﬂééafmﬂ 33@%}?0106@1357 é@neﬁa@y %&closcs the
XP002290709 generally 10 di Iose§ %ﬁce use of a P i nt C]be Vi a
web service awdPeod 6?‘1‘5’6‘6[*1750 PIPxy Whiph Setws Bt iiaeiagd %Eett‘@‘?e&é‘ gor and

returns the resul taSsp&cmﬁoaseﬁm&u d;@pgmanexe Uhd px@xy\&bdesa'i‘b\idl caebmagmmmle for
protocols over .a. w.re eV| o not
need to suppor £OAREHE t%q?\sﬁ clgp’ftdﬁéjfﬁi %ch‘ﬁ? "l‘r@ @BX\S}\BWD:FO(%NQE SH e 'g% Hﬁfo t he
proxy to reld evc@cmdaemtmmblrﬂlcenldemm’e @he tproxe meuychr4pEfoce 8 Serb- lmmﬁsmpmtngtoweb
service rel at ed 1:%&?‘ t Be 111811’%)19 gll t%ﬁt 1}1/§u|:c wr[ggclgn t101'1 H%:g %ﬁ%@hf%knfp far?({ %‘6{1

over | ow or 4 cache
for the nobi I e miemessay ccﬁr@@mapml\mbtph@s bdbletdhﬁglappediedhwgd@m ref erences

teaches or Su\?\gg&s@rt hatPﬂE & PP “&Ena?@?@s@;}g@w@of se%&:@ APQ c@'ﬂe R Wd

version of a vi cé description resolvi ng erences in
the web descri ptgeorm Sxdngehapl. heo. éphnt#nt&%@h@%rﬁ%@ B@r?ﬁi@ﬁ?-}w%éw Zoepidt sed

by the nobijee iRk tl‘xerhs@oﬂ &%&?ﬁ%&xact@%@%ﬁ’smvﬁc@cé%e OB WBNS Ser@ife t he
invention relate generally to web services, and nore_specifically to the

appl i cati on of Dytker YEsgvicesriiemspi Tearrdls Badts (B rpobie Tvice §SiEH ¥ ehFEHEP

aspect of the ipYRAE h0Rcold BRI 8 WSl RW HR dmaniiRENAL: AbbilRPeS sk NG n@ed/veb
service description so that said web service description is adagﬁlgv%ﬂfl

use with nobi | d° gEPyLEed Seévé‘iecfu‘i’ﬁélﬁ‘“’%’é‘rf%%kllﬂ@s‘?@? PpPased R BIrpFIYith

plurality of V\/@ﬂibb11§aév\idec‘&' td@:safdl Rbdcyar ehRIBRAE Sveb Sailvite rfaath@@hsmrrmia mbhg the
steps of.. receiving a weh téVl ce descrigt' on rein ervi ce
3

descri pti ol “defPHEs™ah THHTEP HE M PEHORB 3l %s B ikt @P%%P.ﬂﬁlassa{m “efst one
accel erat or outspuigefbbbienaiitsaim sadhel fonetie lﬁc&)ﬁlﬂid@.@:edescrl ption, sal d creating

step conpri sl n% I]l easgﬂegﬂar O?HIFGI rr%c% 111§insot el%xencee e@ of gg t%ﬁc{ bvgy
descri ption iIs opt mze sal evi C er el n t one

accel er at or is capable of creating an opnmlzed version of a web service descmpuon by resolving
symbolic references in the web description such that the optimized description can be

20  parsed by the mobile client in a single pass,

Summary
[00089] Embodiments of the invention relate generally to web services, and more

specifically to the apphication of web services to mobile devices.

25 [0010] In one broad aspect of the invention, there is provided a method of
processing a web service description so that said web service description is adapted for
use with mobile devices, said web service description comprising a pluralify of web
service description elements, said method comprising the steps of: receiving a web
service description, wherein said web service description defines an interface to a web

30  service; creating at least one accelerator output file from said web service description,
said creating step comprising at least one optimizing step at which said web service
description is optimized for said mobile device, wherein said at least one accelerator

output file is an optimized web service description adapted for processing by a mobile



output file is an optim zed web service description adapted for processing
by a nobile WD 2005/ 083590 PCT/ GB2005/ 050026 -3 device; and transmtting
said at | east one accelerator output file to said nobile device, wherein
said at | east one accelerator output file facilitates invocations of said
web service X ai d nobi |l e device; wherein said at |east one optim zing
step conpri s ‘E"P/@S“‘éf{ ep of resolving synbolic referencedETiHBRETEMRD
service description such that said at | east one 5 accelerator output file
i s parseable by said nobile device in one pass. The at | east one

accel erator output file facilitates invocadions of the web service by the
nobi | e device. [0011l] The web services accelerator may reside on a
conputing devi c&vicenmdtielysmiy Rhiedt lasttdie sbRbtke EAeu 6 tbRaad MaiAEKee, Tasks

related to the processing of a we servic Ccription, b services
hocel orat or  aregingH {ERnE AL B GPFO B PSP SR P AE TG o

i nvocati ons of hyeimdsmbmieo@sipe o refie sabd nif 1eais|treﬁb ertintitigg ﬁtqrmdr@nsémmutep g
device in order_t rocessi.n 0012]
I'n anot her enbd SO??@ SYS’?DOIFWC% Vet |5‘3% 33%1 g?sc%l%mo S‘éc??e%?% Sal%r?t feﬁsé

servi ce desdy i predmatbisowgntfild io ptuia@blzté&b’l el mdihie slesiub®atne ipgsst Hithe it masmphe
armupt of inf &L ?&% £t81 ou %gf’ﬂe 5&%@: 319\?0%% %1? gﬁthpwebo%gv?c%‘%;%e ma)fﬂetd Web

service. |nforna nre Service,
| ocati on and ndf@bd, ar eT®tmb@@wms udwelem@b ngeresidces a campeﬂn@r@vm :en%ﬁijarret er

i nf or mat i on reccgb%q&ijtofﬁlé’rﬂoﬁaﬁe? afip ded ﬁl:%ﬁe FaSicsRBSS 'aécdf?ée‘s"s ?foan%% S

servi ces accel era reco the T nvocation in )
t echni que typiseaiccydesaiptierdytthe vml?osm‘tm%faomw@tpmﬁdﬁhqrrﬁmksl@ciﬁfénﬁjiﬂf)éd to

be transferqged e&ﬁh@@ Cndsk %tmt! rﬂ@m%&hlﬂ% D %@iw%gs [nQQ i.l:g’%)ct FRmENH A€ hemote
enbodi ment of the invention, the at |east one accelerator output file

represents execORABING JEHeRNPEEr opeiuapBP PceiEns bad omthe mebilreddShpr i ses

instructions fioo1bt ai %&Gom@rwﬁmmkﬁ, oftth’epinﬁéilhbﬁ( of JuBd% 8 &8P ttleh@eﬁmbl l e
device, which is then use i nvoke the web service. In this enbodi

client applicat’fdt§ ﬁ%@?%hﬁb&mféo psgice: WHiS SWSHl Sethg dBlITHh 3L Pbr meb
services are nGﬁfofn&ﬁum reqdne‘daﬁ d@&e@ith(t paﬁrarﬁaexts bEthewbb k@wcezanﬁ)@_ﬁatﬁﬁ reduged f .

Bri ef Descrspt%on of 5 1%0%14 &7% er fe tur%s of

enbodi ment s of ?Hé""]fen%r‘i‘ie 8?1‘""\2? P" & Trgrden a&%ﬁlﬁ 8 ta“’f?%fﬁ?f‘h Y6171 "6Wi iy
descri ption, watdsiaradre Penmetct ofdhaicaceeived iynnly dotdvidagss is p:{nse(ﬂﬁlcwmitbm

\II:V:"IIGChl I's a bl %IB SQ'Vl%(gsra%En IQMJSI and &elclcylﬁﬁméda WI%S the 111”89&1%81?}11 on%fatlon nf%?s tclzc,%m%qv' ce

typically reduces the amount of information that is reguired to be transferred to and from
the mobile device .

20  [0013] In another embodiment of the invention, the af least one accelerator ouiput
file represents executable code for the mobile device. The code comprises instructions
for obtaining input data, typically from a user of the mobile device, which is then used to
invoke the web service. In this embodiment, client applications programmed to process
web service descriptions for web services are not required for execution on the mobile

25  device itself.

Brief Description of the Drawings

10014} These and ofher features of embodiments of the invention will be made

apparent from the following description, with reference to the accompanying drawings, in
30  which:

FIG. 1 is a block diagram which illustrates components of a mobile device which

communicates within a wireless communication network;

FIG. 2 is a schematic diagram illastrating components of the mobile device of FIG. 1;



comuni cates within a wreless communi cation network; FIG 2 is a schematic
diagramillustrating conponents of the nobile device of FIG 1; WO

2005/ 083590 PCT/ GB2005/050026 -4 FIG 3 is a particular structure of a
system for comunication with the nobile device; FIG 4A is a schematic

di agram t hat |OI L‘u trates a nobile device connected to a web server over a
connection i N 8" MPEPess comuni cation network; FIG 4B PSI/GBUEHEHYE ¢

diagramillustrating a web services accel erator connected to the 5 web
server and the nobile device of FIG 4A; FIG 5 is a flowhart illustrating
a method of processing a web service descrdption in an enbodi nent of the
invention; FIG 6 is a flowhart illustrating a nmethod of processing a web

servi ce descri ml'c;o;nsiarpmuaﬁ@tAﬁ@étu@@b@@ism%r @hmﬁdi\e:aﬁdh\wiﬂiﬁa@momﬂ@mcﬁtﬁ 71is a

flowchart illu a essin service escrl tion in
another enbodi HEHL bf X RTHG Srea S ARG e c gy Sod QU a1 1 6 HEgr am
illustrating a eoceasscobn autrsi eanhyicggnaratding code in an enbodi nent
of the inventi .Details. [0015] .FIG. | is.,a block diagram of

communi cat i on g@%’t %‘?nlsl?')ﬁﬁ%em e a%“}%lﬁgla%asfmgﬁ Wﬁgbsﬁﬁvéceﬁ%???lg%%iﬁ?nfa ﬁ%’fflto the
comuni cat ed t hwabughcranmiteeldds dotrwiRiCC a8 on network 104. Mobil e device

102 pref er abl y ek udego fuh Sl 30N b frop A EXRABLH B0 8uecaily BELNADS

one or nore auxiliary user _ coupled to
a controller ZGHIbOQme@owﬁﬂmoMeemoan is also coupled to radio frequency (RF)

transceiver ci gl ELya l‘lg@cl‘?al'?tdﬂlu%U@E %ﬂ‘,%djn}% {gﬁ;l,(sd] w% gylﬁ@é h@ém gﬁnn;ol | er

106 is enbodied as a centr processing unit runs eratlng
syst em sof t war eénpthergmpedipest of Sispoisatia: ( not shovvn) Cont roI ler 106 will

nor mal | y coftr (}JIGO’Y & @'ﬂow@tﬁﬁrﬁbéuﬁaﬁn@ﬁ ¥Rk | 8 Ejd%}!ésﬁl@ a0 soMhes @@&11)%9 aal 25
processi ng oper ati ons associ ated with conmuni catl on functions are typically

performed in RREOPGTLASEENGROT BieiRGt9p: &¥8. Control ler 106 interfaces with

devi ce display fdg¢X ista lo @ﬂb@mag@&ﬂm{sﬁduﬂerﬁ \A;}%Mé?st QD sonSLN e dedethins BRHON,
user inputs, and t | i board 114, ich may be a tel ephone type
“s

keypad or full aﬁl“ﬁ ﬁ‘Bl"f@} §HErd, is nornally provided for entering
data for storage in nobile device 102, information for transm ssion 30 to
net wor k 10%5 al_}e(ailﬂgphone nunber to place a tel ephone call, comrands to be

execut ed -
[0015] FIG. 1 1is a block diagram of a communication system 100, which includes

a mobile device 102 that communicates through a wireless communication network 104.
Mobile device 102 preferably includes a visuwal display 112, a keyboard 114, and perhaps
one or more auxiliary user interfaces (UI) 116, each of which is coupled to a controller
20 106, Controller 106 is also coupled to radio frequency (R¥) transceiver circuitry 108 and
an antenna 110.
[0016] Typically, controller 106 is embodied as a central processing unit (CPU),
which runs operating system software in a memory component (not shown). Controller
106 will normally control overall operation of mobile device 102, whereas signal
25  processing operations associated with communication functions are typically performed
in RF transceiver circuitty 108, Controller 106 interfaces with device display 112 to
display received information, stored information, user inputs, and the like. Keyboard 114,
which may be a telephone type keypad or full alphanumeric keyboard, is normaily
provided for entering data for storage in mobile device 102, information for transmission
‘30 to network 104, a telephone number to place a telephone call, commands to be executed
on mobile device 102, and possibly other or different user inputs.
[0017] Mobile device 102 sends communication signals to and receives

communication signals from network 104 over a wireless link via antenna 110. RF



on nobil e device 102, and possibly other or different user inputs. [0017]
Mobi | e device 102 sends communi cation signals to and receives

comuni cation signals fromnetwrk 104 over a wireless link via antenna
110. RF WD 2005/ 083590 PC T/ GB2005/050026 -5 transceiver circuitry 1.08
perfornms functions such as nodul ati on/ denodul ati on and ossibly

encodi ng/ dec8t?HG&RY encryption/ decryption. It will be Bﬁ?@ﬁﬂ“ﬂ@“those
skilled in art that RF transceiver circuitry 108 will be adapted to
particular wireless network or networks in which nobile device 102 is
intended to operate. 5 [0018] Mbobile devieb-102 includes a battery
interface 134 for receiving one or nore rechargeable batteries 132.

Battery 1.32 premises: &igahyi 0Rl pPeWe! rhRuslselch i Galnod@itlotibhbdtidin BRI | €
devi ce 102, and ba}t)tery mt@ef ace 132 provides for a nechanical and

el ectrical conn@EPSFIFyingideedng and oncrypion/decivption- o rlt 3Ub e FPPHEL IR UHIRd t o

a regul ator 136skilleatih Gl tlh@tgHF atescipeVfoulg tolewitesd eRpte¥ e Paibbi Rirdayi ce
102 is fully oper smt RF transceiver circuitry

ona
108 is typlcaIIVmVE§88m%?m ﬁ@ﬂ;dﬁ38%&?“%H§§BIWWF§d“§EﬁﬁPng to a network,
and i s ot herw sf@otginned Bfobild @cvﬁ:@m@eﬁmdléeﬁ(buﬂtdi‘ﬁimmﬁbcmlkfafdryeceﬂmg%e or

recei ver of RF trans e|v i.[ cui er.i odi ¢ ned
of f to conserve ~power & 16 % ef’leﬁ iﬁ%e g‘ay 3185 i%’%ﬁﬂa@"é"% © e%? tion
(if at all) durdingtdés lmgahat éa:hctcllﬂé, anpéaam@ﬁimtcrfbﬁc Emﬂl@hdd\dtfbr b medmmlcﬂeaudOZ

0 or nsert eq Sreoiegbohethn tf B’ Vot PAHGT et 108 so B o SRR s One
type of a convewlitlorgilattsyraret todhy ¢evicas Bien mobithelevicd {02am fidlydpersiamalf gy RF

subscri ber) (®f . obile ofqﬁﬂtluﬁlgce;\@g%@cﬂﬂrgtl@? ‘Bset%é ?lkefe% & B ey o%ﬁ'ov%f}?eg‘?ﬁq?

other things. Wthout SIM 14 ermnal 1s
oper ati onal f orscedbpmigrinettoresnd isodegrisaiimed @@@ @OseEtTReRicest CAmilaly, M}%Eér ting

SI'M 140 into nopich®r deRiFGRnskOider c?:t@u%?qﬂg@@{ypﬁﬁ[} 5&%‘6@1&%@0@&%& oftQo @he,e0d al |

of his/her subscribed_ services. eneral’l’y includes a processor and
menory for st orﬂoﬁﬁl A 8 RSO0 Too e Bl infernpadon Gias PRLUBE SIMPRH BPS ace
142, it is uplied, t o controller 106 through comunication lines 144. In
order Lol deptiyihe  sybseriber SUn140 conlol s s gt pRCAISLEYS
of using SI M 14hidhsis t;dmtecta:md ousremcdaﬁ GrobiQd devmect@aazrsmwmbﬂmmy sany4@i ngl e
prystoal, mobi| g R oM A0 2B L B O D BRRSP L
and recent cal Imabiié geviat 1|0@ rzmd to pclsondhze the device, among other things. Without SIM 140,
the mobile device ferminal is not fully operational for communication through wireless
20 network 104. By inserting SIM 140 into mobile device 102, an end user can have access
to any and all of his/her subscribed services. SIM 140 generally includes a processor and
memory for storing information. Since SIM 140 is coupled to SIM interface 142, it is
coupled to controller 106 through communication lines 144, In order to identify the
subscriber, SIM 140 contains some user parameters such as an International Mobile
25  Subscriber Identity (IMSI). An advantage of using SIM 140 is that end users are not
necessarily bound by any single physical mobile device. SIM 140 may store additional
user information for the mobile device as well, including datebook (or calendar)
information and recent call information.
[0020] Mobile device 102 may copsist of a single unit, such as a data
30  communication device, a cellular telephone, a multiple-function comumunication device
with data and voice communication capabilities, a personal digital assistant (PDA)
enabled for wircless communication, or a computer incorporating an internal modem.

Alternatively, mobile device 102 may be a multiple-module unit comprising a plarality of



[ 0020] Mbbil e device 102 may consist of a single unit, such as a data 30
communi cation device, a cellular tel ephone, a multiple-function

comuni cation device wth data and voice comunication capabilities, a
per sonal digital assistant (PDA) enabled for wireless communi cation, or a

conmputer incQ I an internal nodem Alternatively, mpbile devi ce 102
may be a mul} ga}%hb&8|e unit conprising a plurality of WO7SBYSY8%890
PCT/GBZOOS/OSOOZG -6 separate conponents, including but in no way limted
to a conputer or other device connected to a wireless nodem 1In
particular, for exanple, in the nobile devfce block diagramof FIG 1, RF
transceiver circuitry 108 and antenna 110 may be inplenented as a radlo
modem unit that se[ii&glte kemprsek duting Gulinper tvapinied aph @Iﬁm@ﬁ@ipbkt &her deRick hi S

5 the | t I d
o more auxi || SFIRGES © 1 rareRiofaht POt BB SXbEs BuraEU RO SRR lEe o
CPU. It is al sodiggat eﬁﬁiﬁaﬂHﬂF trlvateieer cxr@mqq,ultﬁran@antatdaéﬁo &qub@hm&mamﬁ as
normal Iy Capablaemglo D‘Md&% ﬁiﬁ ﬁ%%{y%“é%?l‘-ied Mo [}611 oh & la](c):{uﬁp%(%g u%ﬁ\g r?pnec%ge -

and effectively assume co ranscei‘ver cir ant enna
110 of a si iyl ehehptop dewypuse veubhingsdeohmlagfl 12, H®$®anﬂ61§émnb@dmawmeﬂla@tlﬁh a

obi e, 10, devt cAci0d IRIDRKS uIRLE AL LLAHA P! SIEIALLORpRRgdaseT | bed

later inrelationto evi ce evi ce 102
communi cat es i rFoEREet Pir SRy IeaniPReniaws n@l@lﬂ’rﬂﬁ#i@hlﬁloénvmk@i orRuni@gon may bhe

enbodi nent of F s I f ﬁ%g,olr e
w th General Paag %é% I%gg\ﬁuoegéstgr%\ﬁ/? (Q:géc‘(ﬁ@é} %S)%%e LSOt mg?qng&édeg% ()%%E{fl e 15

(GSM t echnol ogiiane M@ ogp sglersitdpyise suefyas W@pﬁ@r@%e d¢sqshebabovat Push adebile ol | er

(BSC) 120 19 t hiedide 35067 8420 L1008 utshiat ingrenge&émaasl\&% 1ved fdrtie Rlipgn Gent er
1L 132, a Serving General Packet

(MBSC) 122, a Ho ocati g Regi ster (
Radi 0 Servi ce (@F%Ifk"éi?&}%ﬁ &I@de ( SGSN) 126 and a Gateway GPRS Support
Node (GGSN) 128§00MBC 122vbkile @mu@h@zicohmﬁ&ae&zpanamdoﬁ Wird @ edhinghiqgbyor K,

such as a Public Tel ephone 20 (PST.N) 1 SGSN 12
coupled to BSCHTW%E@J] ?Ib \Rﬁ'}%\m? Wirgless pigr ﬂégé‘%llseﬁ‘mtﬂémﬁgﬁ%bl ic
or private dat acMawMﬂiG&e(eﬂm&keaEadid&mm (@PRSD hnd d-ﬂiﬂbﬂl&'&stbxﬁs foedMuphied to
MBC 1. 22, N N ] on 118 is a fi ei ver
Station. and stGrPa IR VBB 50 aRdo TR st s IR0 2
the fixed transméw M@S@@h}tﬁdﬁmmstzamﬁhdw|@<Mdbrfaer &nmlg\@nter:wlséqa%rmﬁ@me

provides wrel %%éq,ti'aﬁfkl\é@'ét%- ﬁ-ﬁﬁﬁﬁ%ﬁe §é?(rmélG‘Bf?eﬁ&t'ﬁ&ﬂe@ka&&"é&vi%ggc;ﬁiﬁ@asu%ﬁmn' y
referred to as a "ce T he xed franscei ver equi pne smts
comuni cat i on NoGHAPGSN) 126, and a Gateway GPRS Support Node (GGSN) 128. MSC 122 is
coupled to BSC 120 and to a landline network, such as a Public Switched Telephone
20  Network (PSTN) 124. SGSN 126 is coupled to BSC 120 and to GGSN 128, which is in
turn coupled {0 a public or private dala network 130 (such as the Internet). HLR 132 is
coupled to MSC 122, SGSN 126, and GGSN 128.
[0022] Station 118 is a fixed transceiver station, and station 118 and BSC 120 are
together referred to herein as the fixed transceiver equipment. The fixed transcetver
26  equipment provides wireless network coverage for a particular coverage area commonly
referred to as a “cell”. The fixed transceiver equipment transmits communication signals
to and receives communication signals from mobile devices within its cell via station 118.
The fixed transceiver equipment normally performs such functions as modulation and
possibly encoding and/or encryption of signals to be transmitted to the mobile device in
30  accordance with particular, wsually predetermined, communication protocols and
parameters, under conirol of its controller. The fixed fransceiver equipment simitarly
demoduiates and possibly decodes and decrypts, if necessary, any communication signals

received from mobile device 102 within its cell. Communication protocols and



to and receives communi cation signals fromnobile devices within its cel
via station 118. The fixed transceiver equi pnment normally perforns such
functions as nodul ation and possibly encodi ng and/ or encryption of signals
to be transmtted to the nobile device in 30 accordance with particular,
usual ly pre communi cation protocols and paraneters,_ un

control of ﬁgégggh 3%1 | er. The fixed transceiver eqU|anﬁ?”%Pﬁ$W$?T®
denodul at es and possi bly decodes and decrypts, if necessary, any

comuni cation signals received fromnobile device 102 within its cell
Communi cati on protocols and WD 2005/ 083590/ PCT/ G82005/ 050026 -7 paraneters
may vary between different networks. For exanple, one network may enploy a
di f f erent nodulptdnerrsahenmey lmmﬁbeﬁ[ﬂfffa&tnen@mzm fﬁoee:&mplet bmu:emi: ey thgloy ot her
networks. [0023 ess nk 150 ents on

di fferent Channe%lf{ercﬁ modulag nlsche&:{e 31;1 %eiztue ?tac.i 6161]112 ilué(alelp Gics 1a61 )Ci 1 \gor%{r(]sel s, and
associ at ed prot[6828]s uséﬂleb;sm?xﬂem%m&qfé?[@sbcmeiemmke d;GonaldnffermmHame&ew ce
102. An RF cha | r cally
Qs to limitse gﬁéaug oy md%%je&{]%%ggxgﬁ ch}d%%‘fs ang‘éﬁstog?t%d oﬂ)%& Yi§ e‘é b}&&é@%

devi ce 102. SThosieelesk n¢tWexét 1i0A ag¢ mobiitd fevizpgPdcratRE dhhvat] & WmIeades@umetﬂwbr _k

| n actual practigepdBdel, YAsAUnde afual ;618 vEaG NS B/ Eduily Baihat | on
] 18 (or station sect orS pen ing u 3ES|red overal I 'expanse o

net work cover ag?@wew@flm@émdwwﬁml@h@i@ mam@ Wil ypprecigo ifbe vadesyreiviglt i pl e

switches and rQyLghs (a@@&: Iﬁel}q}’l\éﬁde HRMEEQIAER RY st A Pl 1 RRLMOTY station
controllers. [0024% E ile devices 102 registéred wth a network
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stored in HLR In case_of a _voice call to nobile 15 device 102, HLR 132

is queried to é@f@?ﬁ?%@iYﬂgcﬂﬁw}@ﬁt | ocation of robile device 102. A
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and store | dcal suchas npor-ar I cati ons. I ona t he
VLR of MSC 122 Pc&"mt@eL@ﬂtmnE@ttdrdNLRbpémﬂ 128 ie spowibsr M laalcmpmfdcbcaﬁﬁRS and

non- GPRS ser V'afe§§ aft! Qt()%ﬂ n[ﬁé éigtﬂat!,ﬂ &1){ e( follie 34%5' %at %&%}51{ cggi’ tm %YJVI n& ned

call's which can ormed more el ficient vi a
GPRS and non- GPRBISGEHY-i dhis inghdas pyts of the pmmanent mobile device data that thC been

fransmitted from HILR 132 to the VLR for faster access. However, the VLR of MSC 122

20  may also assign and store local data, such as tenﬁporary identifications. Optionally, the
VLR of MSC 122 can be enhanced for more efficient co-ordination of GPRS and non-
GPRS services and functionality (e.g. paging for circuit-switched calls which can be
performed more efficiently via SGSN 126, and combined GPRS and non-GPRS location
updates).

25 [0025] Serving GPRS Support Node (SGSIN) 126 is at the same hierarchical level
as MSC 122 and keeps track of the individual locations of mobile devices. SGSN 126
also performs security functions and access confrol. Gateway GPRS Support Node
(GGSN) 128 provides interworking with external packet-switched networks and is
connected with SGSNs (such as SGSN 126) via an IP-based GPRS backbone network.

30  SGSN 126 performs authentication and cipher setting procedures based on the same
algorithuns, keys, and criteria as in existing GSM. In conventional operation, cell
selection may be performed autonomously by mobile device 102 or by the fixed

transceiver equipment instructing mobile device 102 to select a particular cell. Mobile



25 [0025] Serving GPRS Support Node (SGSN) 126 is at the same hierarchical
| evel as MSC 122 and keeps track of the individual |ocations of nobile
devices. SGSN 126 also perforns security functions and access control.
Gat eway GPRS Support Node (GGSN) 128 provides interworking vvith ext er nal

packet - swi t ks and is connected with SGSNs (such as 126)
via an | P- bg\gggm@w{backbone network. 30 SGSN 126 perfo?%cﬁm’ﬁ{é’mzfeatl on

and cipher setting procedures based on the sanme al goriduns, keys, and

criteria as in existing GSM In conventi onal operation, cell selection may
be perfornmed autonomously by nobile devi ce102 or by the fixed transceiver
equi pnent instructing nobile device 102 to select a particular cell. Mbile
WO 2005/ 083590 mmbm&m@in@me% netvdbrkl €W elenlit B82:1dcafactd ol begessofensyor k
104 when it resgl e f})r&%hael(ga cell or group of cells, known as a routing
area. [0026] In or Céss GPRS services, nobile device 102 first
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voi ce and advanced data conmmuni cation ca Ilities, 1ncl
Although the network consists of many parts these parts all work together to result in

certain behaviours at the wireless link.,

20 [0028] FIG. 2 is a detailed block diagram of a mobile device 202 (e.g. mobile
device 102 of FIG. 1). Mobile device 202 is preferably a two-way communication device
having at least voice and advanced data communication capabilities, including the
capability to communicate with other computer systems. Depending on the functionality
provided by mobile device 202, it may be referred to as a data messaging device, a two-

25  way pager, a cellular telephone with data messaging capabilities, a wireless Internet
appliance, or a data communication device (with or without telephony capabilities).
Mobile device 202 may communicate with any one of a plurality of fixed transceiver
stations 200 within its geographic coverage area.

[0029] Mobile device 202 will normally incorporate a communication subsystem

30 211, which includes a receiver 212, a transmitter 214, and associated components, such as
one or more (preferably embedded or infernal) antenna elements 216 and 218, local
oscillators (LOs) 213, and a processing module such as a digital signal processor (DSP)

220. Communication subsystem 211 is analogous to RF transceiver circuitry 108 and



capability to comunicate with other conputer systens. Depending on the
functionality provided by nobile device 202, it may be referred to as a
data nessagi ng device, a two 25 way pager, a cellular tel ephone with data
nmessagi ng capabilities, a wireless Internet appliance, or a data

comuni cat i with or without tel ephony capabilities |l e

devi ce 202 ﬁﬁ?qﬁ‘ﬁﬁh fcate with any one of a plurality of¢¥f @HVTP%ﬁscelver
stations 200 within its geographic coverage area. [0029] Mbbil e device 202
will normally incorporate a comuni cation subsystem 30 211, which includes
a receiver 212, a transmitter 214, and ass®ci ated conponents, such as one
or nore (preferably enbedded or internal) antenna el enents 216 and 218,
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subscri ber or user r erefore no evi ce
202 requires algpibser¢deDdSPdeftity Module or "SIM

[0031] Network access is associated with a subscriber or user of mobile device
20 202, and therefore mobile device 202 requires a Subscriber Identity Module or “SIM”
card 262 to be inserted in a SIM interface 264 in order to operate in the network. SIM
262 includes those features desciibed in relation to FIG. 1. Mobile device 202 is a
battery-powercd device so it also includes a battery interface 254 for receiving one or
more rechargeable batteries 256, Such a battery 256 provides electrical power to most, if
25 not all electrical circuitry in mobile device 202, and batiery interface 254 provides for a
mechanical and electrical connection for it. The battery interface 254 is coupled to a
regulator (not shown), which provides power V+ to all of the circuitry.
[0032] Mobile device 202 includes a microprocessor 238 (which is one
implementation of controller 106 of FIG. 1), which controls overall operation of mobile
30  device 202. Communication funciions, including at least data and voice communications,
are performed through communication subsystem 211. Microprocessor 238 also interacts
with additional device subsystems such as a display 222, a flash memory 224, a random

access mermory (RAM) 226, auxiliary input/output (I/0) subsystems 228, a serial port



card 262 to be inserted in a SIMinterface 264 in order to operate in the
network. SIM 262 includes those features described in relation to FIG 1
Mobi |l e device 202 is a battery-powered device so it also includes a
battery interface 254 for receiving one or nore rechargeable batteries
256. Such a battery 256 provides electrical power to nost, if 25 not al

el ectrical ?68&F”¥§mfn mobi | e device 202, and battery i RtEFPHENI®EL

provi des for a nechanical and electrical connection for it. The battery
interface 254 is coupled to a regulator (not shown), which provides power
V+ to all of the circuitry. [0032] Mobil e idevice 202 includes a

m cr oprocessor 238 (which is one inplenentation of controller 106 of FIG
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a read-only neneid¢d hRAMolaklke D6re Shamial ARANMSI2Gr age el enent (not shown). Those
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will normally be in evice li’rln 1S and
preferred applapleia‘tlﬁlcmrﬂmiha%y bralpadsd dnpadeldlcoisvioc Adbirke bd@memeﬂa?@@mmymbe a

personal i nfor nakL AN vy application having the ability to organize and manage data items relating
20 touser such as, but not limited to, e-mail, calendar events, voice mails, appointments, and
task items. Naturally, one or more memory stores are available on mobile device 202 and

SIM 256 to facilitale storage of PIM data items and other information.
[0034] The PIM application preferably has the ability to send and reccive data
items via the wireless network. In a preferred embodiment, PIM data items are
25 seamlessly infegrated, synchronized, and updated via the wireless network, with the
mobile device user’s corresponding data items stored andfor associated with a host
computer system thereby creating a mirrored host computer on mobile device 202 with
respect to such items. This is especially advantageous where the host computer system is
the mobile device user’s office computer system. Additional applications may alsoe be
30  loaded onto mobile device 202 through the communications network, an auxiliary /O
subsysfem 228, serial port 230, short-range communications subsystern 240, or any other
suitable subsystem 242, and installed by a user in RAM 226 or preferably a non-volatile

store (not shown) for execution by microprocessor 238. Such flexibility in application



manager (PIM application having the ability to organize and nmanage data
items relating 20 to user such as, but not limted to, e-mail, cal endar
events, voice nails, appointnments, and task itens. Naturally, one or nore
menory stores are avail able on nobile device 202 and SIM 256 to facilitate
storage of PIMdata itens and other information. [0034] The PM application
preferably h38 HH&8E8t ity to send and receive data iteREVGEPHIVHE"M rel ess
network. In a preferred enbodinment, PIMdata itens are 25 seam essly

i ntegrated, synchronized, and updated via the wireless network, with the
mobi | e devi ce user's correspondi ng data i-tléms stored and/ or associated with
a host conputer systemthereby creating a mrrored host conputer on nobile
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preferably a conplete alphanuneric keyboard and/or  tel ephone-type keypad.
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accomplished primarily through speaker 234, display 222 may also be used to provide an
20  indication of the identity of a calling party, duration of a voice call, or other voice call
related information, as some examples.
10087] Serial port 230 in FIG. 2 is normally implemented in a personal digital
assistant (PDA)-type communication device for which synchronization with a user’s
desktop computer is a desirable, albeit optional, component. Serial port 230 enables a
25  user {o set preferences through an external device or software application and extends the
capabilities of mobile device 202 by providing for information or software downloads to
mobile device 202 other than through a wireless communication netwoik., The alternate
download path may, for example, be used to load an encryption key onto mobile device
202 through a direct and thus reliable and trusied connection to thereby provide secure
30  device communication.
[0038] Short-range communications subsystem 240 of FIG. 2 is an additional
optional component which provides for communication hetween mobile device 202 and

different systems or devices, which need not recessarily be similar devices. For example,



audi o I/ 0O subsystens, such as a voi ce nessage recordi ng subsystem nmay al so
be inplenented on nobile device 202. Al though voice or audio signal output
is preferably acconplished primarily through speaker 234, display 222 nmay
al so be used to provide an 20 indication of the identity of a calling
party, duration of a voice call, or other voice call related information,
as sone exarpPews0§e037] Serial port 230 in FIG 2 is notGiaBaeiiEplzenent ed
in a personal digital assistant (PDA)-type comuni cation device for which
synchroni zation with a user's desktop conputer is a desirable, albeit
optional, conponent. Serial port 230 enabligs a 25 user to set preferences

t hrough an external device or software application and extends the

capabilities Ofsugg@eelngggggag%gb@% ﬁﬁm@ﬁ Qu;dli 93539{]&{&&&1%@%3 Qb hneROf war e
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and trusted connection to thereby provide secure 30 device communication.
[ 0038] Short-rdfigge communi cations subsystem 240 of FIG 2 is an additional
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315 and one or nore network entry p ta packets are
transmitted?d frigmvgatcenimgucBiB, a whpehosgigorg &%mﬁc}%asmma’fqdn?ﬂé’r wallesiivieh e
transmtted to ok I1p QUi GReISQZnetl HkOUGRNET WDKK, 13 QRirBNesS et 't)gﬂ:allﬁ 18t
wirel ess network tunnel 325 from gateway 310 to nobile device a? or der
to create permanently assigned to a particular mobile device 302 but instead are dynamically
allocated on an as-needed basis. It is thus preferable for mobile device 302 to acquire a
network address and for gateway 310 to determine this address so as to establish wireless
20  tumnel 325.
[0040] Network entry point 320 is generally used to multiplex and demultiplex
amongst many gateways, corporate servers, and bulk connections such as the Internet, for
example. There are normally very few of these network entry points 320, since they are
also intended to centralize externally available wireless network services. Network enfry
25  points 320 offen use some form of an address resolution component 315 that assisis in
address assignment and lookup between gateways and mobile devices. In this exampie,
address resolution component 315 is shown as a dynamic host configuration protocol
(DHCP) as one method for providing an address resolution mechanism.
[0041] A central internal component of wireless data network 305 is a network
30  router 330. Normally, network routers 330 are proprietary to the particular network, but
they could alternatively be constructed from standard commercially available hardware.
The purpose of network routers 330 is to centralize thousands of fixed transceiver stations

335 pormally implemented in a relatively large network into a central location for a long-



15 this wireless tunnel 325, a unique network address is associated with
nobi |l e device 302. In an |IP-based wrel ess network, however, network
addresses are typically not permanently assigned to a particular nobile
device 302 but instead are dynamcally allocated on an as-needed basis. It
is thus preferable for nobile device 302 to acquire a network address and
for gateway %26'PE5H&t ermine this address so as to estabP§ERBWTEIBEs 20
tunnel 325. [0040] Network entry point 320 is generally used to nultiplex
and demul ti pl ex anongst nany gateways, corporate servers, and bul k
connections such as the Internet, for exdfple. There are normally very few
of these network entry points 320, since they are also intended to
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ireless tunnel 325 are opened across rel ess. netwprk 305 in
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To open i r ol dRECTELHREPTSB BV MaTtals PEdesSga I & thue it SRR
t echni que assogcicated0not kedundancy, or to access different gateways and services on the network.

Once the domain name is found, the tunnel is then extended to network entry point 320

20  and necessary resources are allocated at each of the nodes along the way. Neiwork enfry
point 320 then uses the address resolution component 315 to allecate an IP address for
mobile device 302. When an IP address has been allocated to mobile device 302 and
communicated to gateway 310, information can then be forwarded from gateway 310 io
mobile device 302.

25 [0043] Wireless tunnel 325 typically has a limited life, depending on mobile
device’s 302 coverage profile and activity. Wireless network 305 will tear down wireless
tunnel 325 after a certain period of inactivity or out-of-coverage period, in order to
recapture resources held by this wireless tunnel 325 for other users. The main reason for
this is to reclaim the IP address temporarily reserved for mobile device 302 when wireless

30  tunnel 325 was first opened. Once the IP address is lost and wireless tunnel 325 is torn
down, gateway 310 loses all ability to initiate IP data packets to mobile device 302,
whether over Transmission Contrel Protocel {TCP) or over User Datagram Protocol

(UDP).



wi rel ess network 305. The step of opening such a wireless tunnel 325 may
require nobile device 302 to indicate the donmain, or network entry point
320 with which it 15 wishes to open wireless tunnel 325. In this exanple,
the tunnel first reaches network router 330 which uses name server 340 to
determ ne which network entry point 320 matches the domai n provi ded

Ml tipl e wi rePé¥s ¥35Hhel s can be opened from one nobile mﬂéﬁgwgﬂBWE“for
redundancy, or to access different gateways and services on the network.
Once the domain nane is found, the tunnel is then extended to network entry
poi nt 320 20 and necessary resources are -dl-ocated at each of the nodes

al ong the way. Network entry point 320 then uses the address resolution
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be witten to
Web Services Description Language (WSDL).

[0047] SOAP is a protocol specification that defines a uniform way of passing
20  data as an XML message. SOAP can be synchronous (e.g. a rtemote procedure call) or
asynchronous (e.g. a message). In particular, SOAP is one example of a protocol that
may be used to encode the information in web service requests and response messages
before they are sent over a network.
[0048] UDDI is used for listing what web services are available, and provides a
25 mechanism for clients to dynamically find specific web services. It is a Web-based
distributed directory that enables web service publishers (who have information or
services to share) to register themselves, and for clients or web service consumers (who
want information or services) to search these registries. When an appropriate web service
has been found, a description of this service may be retrieved.
30  [0049] WSDL is a way (o describe a web service. More specifically, WSDL
provides a way for web service providers to describe the basic format of web service

requests over different protocols or encodings. WSDL is an XMI. description of a web



interactions between clients and services, or between conponents of a
conposite service. Wb server 405 will typically convert XM. nessages into
a mddl ewar'e request, and convert results back into XM.. [0046] This
basic platformis augnented with several other platformservices to 15
constitute re functional platform A fully-functional web services
platformf ur\vﬁg?n"’mﬁ‘ﬁﬁ%l sts of three additional el ements: PYHEBBOMHBYE b ect
Access Protocol (SCAP), the Universal Description, D scovery and
Integration. Service (UDDI) [not shown], and the Wb Services Description
Language (WSDL). [0047] SOAP is a protocoltspecification that defines a

uni formway of passing 20 data as an XM. nessage. SOAP can be synchronous

(e.g. a renote pdiﬂ@@dﬂifcﬁ deiibel whht hASYINERERRAN S0, (B it 1BsiIBSSAUSY 10 ihlboke
particular, SOAP is one exanple of a protocol that may be used to encode
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files include al| the informati on needed to use Service 5 iIncluding

the format of tHECHERRSHGRPIREILselRrerongists pratogy] p?@@ tdia‘fﬁrngIT%fﬁ apeHE RO ARl B of
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exchangi ng nessagedioglyna WM, dédumesthsts e folildefnerlidncon (8o referred to herein as
web service description elements):
s Types:
2 container for data type definitions using some type system (e.g. XML Schema
20 Definition or XSD);
s  Message:
an abstract, typed definition of the data being communicated;
*  Operation:
an abstract description of an action supported by the service;
25 e Port Type:
an abstract sct of operations supported by one or more endpoints;
e Binding:
a concrete protocol and data format specification for a particular port type;
s Port:
30 a single endpoint defined as a combination of a binding and a network address;
and
o Service:

a collection of related endpoints.



10 endpoints and nmessages is separated fromtheir concrete network

depl oynent or data format bindings. This allows the reuse of abstract
definitions of nmessages, which are abstract descriptions of the data being
exchanged, and port types whi ch are abstract collections of operations.
The concrete protocol and data format specifications for a particular port
type constit“Bémﬁmﬁﬁﬁéable bi nding. A port is defined by?@¥SBEPHITHY a 15
network address with a reusabl e binding, and a collection of ports defines
a service. Accordingly, a WSDL docunent uses the follow ng el ements (al so
referred to herein as web service descri-ptd-on el enents): Types: a
container for data type definitions using sone type system (e.g. XM. Schema
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adaptation to wre servic
may be used in accordance with. an embodnncnt of the invention,
[0054] Referring to FIG. 4B, a web services accelerator 415 is shown. Web

services accelerator 415 communicates with web server 405 and with mobile device 202,
In one embodiment of the invention, web services acceleratar 415 is provided on a server

15 which acts as a gateway (e.g. gateway 310 of TIG, 3) between web server 405 residing in
a network {e.g. wireless network 305 of FIG. 3) and mobile device 202. In variant
embodiments of the invention, web services accelerator 415 may reside on a different
computing device or elsewhere in the network, including web server 405 itself, for
example.

20  [0055] Web services accelerator 415 outputs one or more files to mobile device
202 for further processing. These files may then be used by mobile device 202 to invoke
one or more desired web services.

[0056] Referring to FIG. 5, a flowchart illustrating a method of processing a web
service description so that the web service description is adapted for use with mobile

25  device (e.g. mobile device 202 of FIG. 4B) in an embodiment of the invention is shown
generally as 500.

[0057] In this embodiment of the invention, a web services accelerator (e.g. web
services accelerator 415 of FIG. 4B) transforms standard web service protocols coming
from a web server (e.g. web server 405 of FIG. 4B) into a wireless friendly form, in

30 which the information that is required for a mobile device to consume a web service is
pinimized.

[0058] For example, a web service description in the form of a WSDL file may be

optimized for mobile devices by the web services accelerator, and transmitted to the



and nobile devices. As a result, web service descriptions, which may be in
the formof WSDL files for exanple, tend to be relatively verbose. In
order to preserve bandwi dth 10 and nore efficiently support web services on
nobi | e devi ces, a web services accelerator nmay be used in accordance with
an enbodi ment of the invention. [0054] Referring to FIG 4B, a web services
accel erat or WP3'PU8ERbun. Web  services accel erator 415 RGHABHPYEIES with
web server 405 and with nobile device 202. |In one enbodi nent of the

i nvention, web services accelerator 415 is provided on a server 15 which
acts as a gateway (e.g. gateway 310 of FI-G73) between web server 405
residing in a network (e.g. wreless network 305 of FIG 3) and nobile
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providers. direction to create an accelerator output file (i.e. an optimized WSDL file in this
example), such that all of these symbolic references may be subsequently processed or
parsed by the mobile device in a single pass. As standard WSDL has many symbolic

20 references that may require holding the entire WSDL file in a memory to parse it, the
creation of an optimized WSDL file that can be parsed in one pass requires less resources
and processing on the mobile device. Tor example, step 512 may be facilitated by
representing elements in the WSDL file as nodes in a graph, and reordering the nodes into
an-ary tree data structure, with the service element at its root.

25 [6061] At step 514, elements in the WSDL file asseciated with fransport protocols
not supported by the mobile device may also be optionally “deleted”, by not including
them in creating the optimized WSDI. file. For example, if the mobile device will invoke
web services only through SOAP calls, clements associated with other transport protocols
will be deleted in creating the optimized WSDL file. This may result in a more compact

30 accelerator output file that can be transmitted to the mobile device more quickly, and may
require Jess memory to store,

[0062] At step 516, one or more names associated with elements in the WSDL file

may optionally be modified in creating the optimized WSDL file. For example, elements



[ 0059] At step 510, a web service description file (i.e. a WoDL file in
this exanple) associated with a web service is received by the web
services accelerator, as my be required to support one or nore
applications to be executed on the nobile device, for exanple. The WSDL
file may be obtained froma location identified on the UDD 10 registry,
for exanpl e, WOEHE ¥ ¥yi stry net hods can al so be used to’ﬂHé%?@“Y%@”“
appropriate WSDL file including vendor specific registry protocols and
human readabl e web based systens. The web services accelerator is
preferably | ocated on a renote conputing - idevice coupled to the nobile
devi ce, thereby offloading the task of processing the received WSDL file

fromthe mobil epde¥t 6BamdPid 060 Me Bt SP nddL ac@@rs%}ﬁﬁiatogho&&ena af/ iphe is
commenced by the meb services _accel erator, mﬁere synbolic references in

the WeDL file arddr &6t gagally langes poagseel e%ﬁnwé‘étni‘%’nbetléplé?eééﬁl@ A Y E@PRr at or

output file (i.enisaRy @s@iﬂtmzeale\%%aétlab@euamtohqm flﬁ)%ﬁdf@h@ﬂe uzﬁislﬁhte& Ratheal |
of these synbolic {engeerences nay. subse uent y rocessed parsed b

y
the nobil e devi ©eblerfexics mpgy gWEY }é’sandﬂgays 13’H%§t°i‘f3an91t§191‘ﬁﬁllyl g 20
references thatvinmy eficguprschchel deing Whe Bmmwamwmtsm Bcdull Be BBHIBYH th O

parse it, the creation o gan be rsed in one
pass requires Ilégmc&h@é@ﬁ P£@§ glca%%?l‘dégg%sff‘?%“%w T‘Péze %‘Waéenase‘g?@@f&ﬁ%r
exanpl e, step 5D0@3]may bat it@@: 514, tlat @tiotined WS akesrtdtdtiginahep@tdssing m sdpe WSDL
file as nodes i p ngd reorderin dat a
structure, wt hﬁtzﬁ]él% %I’g\}l’é AR g?'ré At a5t A ¥ cgm‘r%%oﬁ%égfsﬁfo%‘if“ﬂtved% 5P esigf

el ements in them¥)EBRLvafilited. aEBosclilaatllmg amdtvlahctaltlamgqaﬁmleq)mahmcs@bsnsmmthat the

support ed b t hﬁ:uﬁ@z@i b%[ﬂdeﬁfccfﬁ o TR @IS ﬂlebﬁm%%{_gnou@ %ﬂs %SJ s s%&i P1 ep19éé]§s@? t

including them’n creating the optim zed
mobi | e devi ce wiY the jmpbgk alevigeeb Byeporlioneing dks wep Fwﬁmgha@@asweaﬂlthc Véldétﬁént S

associ ated wit mpgm%a vtrmn%@@fo thpﬁx%%ﬁé;géﬁcc wléllhat?alng%ﬂtv%ﬂdmn ﬁée%a&ok pg the

optimzed WSDL fi may result 1n a nore co accel erator
output file thaﬁmf@éﬁd@éﬁt@rna%lﬁﬁ@tl@dwb%e ttﬁ@ym@elpéff@lé’\?iié%efﬁﬁﬂé%U| ckly, and

may require | G{SSG@ITBTTDFVAIEé?nﬁR/QEz G;he {N@@@Zﬂlc AeeiSdeR seg 610 ﬁ%ﬁbMahHEé@be%@es
assomatedgth elenents_ in the may optionally be nodified in
h W

creating the optificies b@@mt@ml@ tq:%’l"ldé%l?fﬁ"r"égmgé%féﬁ@‘r’fﬁ%d b0/ 083590
PCT/ GB2005/ 05002665 - 18 nasysiye 576 ndveghintigedelhdvidhed ! fepmaebief wianespases,
such that shorter a(gfs ?}%bﬂe used. More Ig{:;enerally | onger nanes of

el ements may hd™ PEPRECEE U SRATT R IHEHEK Compeitignngy result in a nore
conpact accel er[@0&8] out pArtstdpi 522, thhabtieand WeSTILr AleSmidctiect bthk eobile device,

and processed by the mobile device by identifying the clements in the file that define
20  inputs to the web service, the destination server (e, web server) of the web service, and a
format for the inputs.
[0067] At step 524, the mobile device invokes the web service, by transmitting
inpul data to the web service in the specified format. This step may be facilitated by
receiving input data from a user of the mobile device through the user interface of an
25  application executing on the mobile device.
[0068] At step 526, the mobile device receives output data from the web service
in response to the invocation. The mobile device may then display the output data to a
user of the mobile device through the user interface of an application executing on the
mobile device.
30 [0089] To illustrate this embodiment of the invention by way of an example,
consider the following WSDL file:

<7xm] version="1.0" encoding="UTH-§"?>



nobi | e device nore quickly, and may require | ess nenory to store.
Alternatively, a 5 binary encodi ng schenme such as WAP Binary XM. (WBXM , )
could be enployed to reduce the size of the file. WBXML files are binary

t okeni zed equivalents of XM. files. [0063] At step 518, the optim zed WSDL
file created.jn the processing at steps 512 through 516 by the weh
services acg%béw'ng?abf the WoDL file received at step STE%GWQVmﬁguﬁ
val idated. Error handling and validation performed at this step ensure that
the 10 optimzed WBDL file is a valid XM. file, which can be subsequently
parsed or processed by the nobile device. 19y performng this step before
transm ssion of the validated optimzed WSDL file to the nobil e device,

error handling angnuelnidas eemnerth 86! s ropelkakiRe: okhsaphid e device

(where it may not or ned Eﬁ effic%ﬁptly). [0064] Alternatively, the

be, per f .
WSDL file receiVﬁlyéPﬁ%@%$m§§6m - y&% i dat ed before 15 parsing (e.g.
before step 512)mint:opasheedag="nap:/RMDGRSIE ARG QF soadY xnhyalcpt-"MENrokéd-€. [ 0065]
At step 520, the_optim . .validated, if applicahble) L file is
transmtted to ?ﬁbéﬁ%ﬁqégg’ﬁgagg‘éwso? = ‘elﬁ%f‘f%”e%é% é’glq‘%W% é‘éil”wﬁt st ep
522, the opt% m zelds:MBRincthite/icdemacatisoapl olgisodphacatntyl e devi ce, and

processed by thg :Q&#ghgﬁ%hﬁqngxm&dentif i.ng the elenents in the file that
0 T he vieb {

define 20 inpu¥§ CETVICe P YRe Gest i nati on server (i.e. web

server) of the xabs waliwpicehippidhanas katsogtorg/esdliisbap/T nputs. [ 0067] At step
524, the nobil [eY-A ! IV CE 4 Y mtting input data
to the web sersygg¥%ﬁ ?ﬁ@wgggﬁ?%P§§w§g¥§§€¥%ﬁﬁf§R§?%%&%§y be facilitated by
recei vi ng i nput <datkmdspagprpanarseidRequestiie nobi | e devi ce through the user

interface ofpan ¢o1naRRhisaFiQR,EX 84109 on the nobile device. [0068] At
FUPA :

step 526, the nobil e device receives output data fromthe web service in
response to the FAYO®aEP@H= 0 HEPSTOBIIE devi ce may then di splay the out put
data to a user pfyt:hesssmbi | e device through the user interface of an
application executing on the npbile device. 30 [0069] To illustrate this
enbodi ment of t AESUHTEHET B GyaddRePerCan exanpl e, consider the fol | owi ng
WBDL file: <?xm <wyv@phat om=laddReeht ggengsdiifs 8" 2> WO 2005/ 4) 83590

PCT/ CB2005/ Q5002 -19 <wsdl :definitions

t ar get Nanes aceE%WFP$@¥%¥5men-mebsphere:8030/axis/Add.jms"

xm ns="http:// sehedlipasTypensoep Add'y wsdl /"
<wsdl:operation name="add" parameterOrder="a b">
<wsdl:input message="impl:addRequest” name="addRequest"/>
<wsdl:output message="impl:addResponse” name="addResponse"/>
20 <fwsdl:operation>
<fwsdl:portType>
<wsdl:binding name="AddSoapBinding" type="impl: Add">
<wsdlsoap:binding style="rpc" transpori="hitp://schemas.xmlsoap.org/soap/hitp" />
<wsdl:operation name="add">
25 <wsdlsoapioperation soapAction=""/>
<wsdl:input name="addRequest">
<wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"
namespace="htip://rowen-websphere:8080/axis/Add jws" use="encoded"/>
<fwsdlinpui>
30 <wsdl:output name="addResponse”>
<wsdisoap:body encodingStyle="htip://schemas. xmlsoap.orgfsoap/cacoding/”
namespace="http://rowen-websphere: 8080/axis/Add.jws" use="encoded"/>

</wsdl:output>



xm ns: apachesoap="hti p://xn-d. apache. or g/ xm - soap"
xmns:inpl="http://rowen- websphere: 8080/ axi s/ Add. j ws" xm ns: i nt
"“http://rowen-websphere: 8080/ axi s/ Add. jws" 5

xmhi s: soapenc="http://schemas. xm soap. or g/ soap/ encodi ng/ "
xn-ilns:wsdl zghhttp.//scheinas, xrffl soap.org/wsdl/"

Xiiihis: mdl‘ggq%&}?)ﬁ{°é(§: [/ schemas. xni | soap. or g/ wsdl / soap/ RCTIG
xni | ns: xsd="http://ww. w3. or g/ 2001/ XM_.Sehema" ><wsdl| : t ypes/ > <wsdl : nessage
nane="addRequest "> 10 <wsdl : pari nane="a" type="xsd:int"/> <wsdl: part
nanme="b" type="xsd:int"/> </wsdl:nmessage>0<wsdl : nressage
nanme="addResponse"> <wsdl:part nane="addReturn" type="xsd:int"/> 15
dcvsdl : nessage> <wsdilopestiodype nane="Add"> <wsdl : operati on nane="add"
paraneter Order="g hy>. .<wsdl:input nessage="inpl:addRequest™

name=" addRequestgwgdl'bg\%ﬁF: out put message="i npl : addResponse”
nanme="addResponsetdikser2é: mamas Mdawpeicati on> </ wsdl : port Type> <wsdl : bi ndi ng
nane= " AddSoapBi n "otvpe="1npl : Add" > .<wscl | soap:.bj ndi ng style="rpc"
transport="http: /T Sct 8%1%'@)1(:1 Tlnrs;lgﬂa‘%. P@Bé%%%/ REPE ?‘g‘? “<wsdl : operati on
nanme="add" > 85 <wsdtdsapadies Btiten="0ppActch orBiphée: S0S0ME Addipet>
nanme="addRequest "gwsﬁﬁoq;)soap: body

encodi ngStyl e="htt p:/7schenas. xm soap. or g/ soap/ encodi ng/ "

B2005/050026

nanespace, =" i t tgvtd:pevies> webspher e: 8080/ axi s/ Add. j ws" use="encoded"/ >
</wscl | :input> 30 . gwselisout put name="addResponse"> <wsdl soap: body
encodi ngStyl e="littp://schemas. xm soap. or g/ soap/ encodi ng/"

nanespace. ="littp://rower-websphere: 8080/ axi s/ Add jws" use="encoded"/ >

</ wsdl : out pug > (6r&005/ 08RG PG ARIN2R cess&lne description in accordance

with an embodiment of the invention, the WSDL file may be converted into the following
optimized WSDL file, which may be transmitted to the mobile device for further
processing:
<Txml version="1.0" encoding="UTF-8"?>

15 <wsdk>

<tp xmlns="" xmins:soap="http://schemas.xmlsoap.org/wsdl/soap/ />

"

<s xmlns="" xmlns:soap="http:/schemas.xnilsoap.org/wsdl/soap/”
n="AddService" a="http:/frowen-websphere:8080/axis/Add jws" ns="htip://rowen-
websphere: 8080/

20  axis/Addjws" n="Add">

<op n="add" x="">

<i>
<p n="a" t="xsd:int"/>
<p n="b" t="xsd:int"/>

25 </i>

<>
<p n="addReturn" t="xsd:int"/>

<fo>

<fop>

30 </s>
<fwsdl>



e/ wsdl : operation> </wsdl : bi ndi ng> <wsdl : service nanme="AddSer vi ce" >
<wsdl : port bindi ng="i npl : AddSoapBi ndi ng" nane="Add"> 5 <wsdl soap: addr ess
| ocation="http://rowen-websphere: 8080/ axi s/ Add jws"/> </wsdl:port>
4Awsdl : service> 4wsdl:definitions> 10 [0070] After the web servi ces

accel erator e the description in accordance with an of
the inventi ogogﬁhi%@ll file may he converted into the fbrllf%W"Hﬁ""{"Bbtl m zed

WSDL file, which nay be transmitted to the nobile device for further
processi ng: <?xm version="1.0" encod ng="UTF-8"?> 15 <wsdl > <tp xm ns=""
Xm ns: soap:" http://schemas. xm soap. or g/ wsd1/-soap/"/> <s xm ns=""

Xxm ns: soap="http://schenmas. xni | soap. or g/ wsdl / soap/" n="AddSer vi ce"

a="http://r owenmeb]Spher Re@@ﬁ@&@mﬁpﬁﬂod&@t LI ﬂtrTaQnelLI{oﬁQ‘f\@z%cessmg a web

webspher e: 8080/ 20 a n="Add" > < =""> "<i> <p n="a"
t—"xgd int"/> ¥ é&%lptl?m“4<ﬁ%t fhppepsserviag ‘%F‘iﬂi’t‘@l)g qéﬁl’t?fo%d’a‘Ré”ﬁ*ﬁerﬂe

t="xsd:rint"/> ke (st opbile 384502 f REH]4B) WOLRERRINEIDH0NPRTEBL A0 INE0026
-21 [0071] Referrlﬂ)gas%(ao FIG 6, a flowhart illustrating a nethod of

processing a webh
5 [0072] In this embodiment of the invention, a web services accelerator (e.g. web

services accelerator 415 of FIG, 4B) transforms standard web service protocols coming
from a web server (e.g. web server 405 of FIG. 4B) into a wireless friendly form, in
which the information that is required for a mobile device to consume a web service is
minimized. In contrast to FIG, 5, invocation information is extracted from. a web service
10 description and retained by the web services accelerator. Information associated with a
subsequent invocation of the web service is sent from the mobile device to the web
services accelerator, and combined with the retained invocation information to be sent to
the web service as a valid web service invocation. Results from the web services are
returned to the web services accelerator, which produces a wireless-optimized message
15 representing the result of the web service invocation for transmission to the mobile
device,
[0073] Steps 610, 612, and 614 provide the same function as steps 510, 512, and
514 respectively in the description of FIG. 5.
[G074] At step 616, invocation information is extracted from the web service.
20 description 1eceived at step 610. Such invocation information includes information
required to invoke the web service, which may include the location of the web service and
the invocation method, for example. This invocation information is retained in the web
services accelerator, and is not included in the creation of the optimized WSDI file to be
sent to the mobile device.
25 [0075] Step 618, 620 and 622 provide the same function as steps 516, 518, and
520 respectively in the description of FIG. 5.
[0076] At step 624, the optimized WSDL file is received by the mobile device,
and processed by the mobile device by identifying the elements in the file that define
parameters required for a web service invocation, such as inputs to the web service, for
30 example.
[0077] At step 626, the mobile device gathers operation parameters required to

invoke the web service, as defined in the optimized WSDL file. This step may be



service description so that the web service description is adapted for use
with nobile device (e.g. nobile device 202 of FIG 4B) in an enbodi nent of
the invention is shown generally as 600. 5 [0072] In this enbodi nent of
the invention, a web services accelerator (e.g. web services accel erator

415 of FIG 4 g orns standard web service protocols conmng froma
web server (g%f’&:’\/f\}g%ﬂserver 405 of FIG 4B) int opa wirel Egy(’f}?{i(’gﬁﬁ?’;? form
in which the information that is required for a nobile device to consune a
web service is mnimzed. In contrast to FIG 5, invocation information is
extracted froma web service 10 descriptioffand retained by the web
services accelerator. Information associated with a subsequent invocation

of the web serviRBivitGl 5aRdeiideQmaiien MBhi bandavhikalelife MREED usc Blidt 668
accel erator, andn co iﬁned with the r?%télaidned i nvocation information to be
sent to the wep' FErARRCHEIDEPHMCIMEDE “€& i ce i nvocation. Results from

the web servicef0EBe r efausned2d, thelofatiipaBRlcwi CRE HAREHRIE HA TR Mob iEie
produces a W reloqﬁes-gbosti m zed Im,ers_age 15 representing the result of the web
service invocation or tTan& <€ %n to the nobile device. [0073] Steps
610, 612, and 6[0049%r ovi de¢ stdhetFans: bpmatonopuras:tst aps coilned5dah iandatichl4
respectively in the description of . FLG o5, [0074] At ste 6, Inyocation
information is @&‘?@g@%‘?‘gg{a}ﬁ%ﬁ {ﬂlﬁéﬁ’ e\?\es ) 'Ser %/clcélg.atm -GL ¥R Eb(ﬁijf%ﬁenreggce’iuvgd at
step 610. Such ##wbecareserviefiovoratdoon i ncl udes information required to

| nvoke the web eeyf e, whiseh dIBYuk NEhULRL0GLAERN ADOL slhEaeR seryi ce
and the invocation nethod, for ‘exanple. This i1 nvocation infornation ’'s
retai ned in thetr#Repitingdhs/fnpeglaigscdp sehsayice.and i s not included in the

creation of 4 heroppij m zegd 341 0 1O, ' ' 25
[0075] Step 618 620 and b3 p?%&?ﬁgk?ﬁg%é%%géiﬁ%% .*f%‘%"%?&”&“ﬁ&%gﬁ%éf%ls,
and 520 respecVfR/EFYicq it eHerywasdhs prpeHonpndrgsmss teouns] dae s thegnddla, t he

optim zed WEDL ddvice. iThe et \iedlcd¥at RS, r@@%@%}@%ﬂt&g&%ata @nduRf e esseshiky the
nobi | e device by jd r!tlf)a/}ﬁng the elements in the Tile that define

paranet ers requiTia trgieh e gt Wisrgiecd appRiicatiqngrecsne B8 MRPtdeico Thee web
service, for 3@yexaapleesivdiddavthe Aeb srage 8246be dphiRiZRDBirhe itde¥he® naatdees

operation paranet er zo lr_%%geed to . r}vpige tfge_‘we_b ser %%q(::;gﬁ_@ defjined in the
opti m zed VEDI. RS STRE Y B Sa0sF 835 50l5%r950026
[0082} Referring to FIG. 7, a flowchart illustrating a method of processing a web
service description so that the web service description is adapted for use with mobile
device (e.g. mobile device 202 of FIG. 4B) in another embodiment of the invention is

20  shown generafly as 700.

[0083] In this embodiment of the invention, a web services accelerator (e.g. web
services accelerator 415 of TIG. 4B) processes standard web service protocols coming
from a web server (e.g. web server 405 of FIG. 4B) by generating code in a native
language of the mobile device, thereby eliminating the need for an additional parser.

25 [0084] For example, a web service description in the form of a WSDL file may be
used to genérate an executable application in the form of Java code, which may then be
executed on a mobile device adapted to execute Java applications. Accordingly, the
mobile device need not be adapted to understand the standard web service protocols, and
web service descriptions need not be transmitted to or processed by the mobile device.

30  As the web services accelerator is adapted to handle standard web service protocols,
existing web services may be made compatible for use with mobile devices, and a
customized set of “wireless” web services necd not be separately offered by web service

providers.



facilitated by receiving data froma user of the nobile device through the
user interface of an application executing on the nobile device. [0078] At
step 628, the operation paraneters are transmtted by the nobile device to
the web services accelerator. 5 [0079] At step 630, the operation
paraneters af ﬁgﬂ%'@ed with invocation information retained in the web
servi ces accé {'8F*{e. g. at step 616) to generate i npufCTGEIESPHP20a web
service invocation. [0080] At step 632, the web services accel erator

i nvokes the web service, by transmtting the input data to the web
service. 10 [0081] At step 634, the web seZ31ices accel erator receives

out put data fromthe web service in response to the invocation and

transmits the omqm; dat #utierhhe, {ﬂ)bﬂduﬁig LeNdcEiBratod NRIPRId & BEVLES JrBY then
di splay the out put the nobi |l e device through the user

S LT e

interface of an appri ¢caPh 6A Ex ufﬁpﬁﬁm’f}’ﬁ FHelfbBf PRV FHeateo Ut
data recei ved fmtﬁnfcatmte b’ﬁlﬂﬁpﬁﬁﬁ'd\ﬂn@.ﬁc ﬂi&Mlebﬁw@@tTlm @QCIntl@ﬁi&ﬁﬁy'bTe ube%l t§ Ehtkint O

t he nobile 15 def\ aﬁaﬁe tt;lcuse @f go i nformation f

transmitted to the HObITe HEd eamgiTlﬁ ‘?T‘”?Q @W‘?%\ﬁ&tﬁl‘ﬁc@vo‘?ama Feskehar t
illustratingsa m‘twﬂ@c&c@immmmgssa Adpped We lranstedy Yite eecEiRST FibRtthORobit dhak t he
web service dest for, use wWith nobj evic nmobi | e
device 202 of FIG © Ilsl%nlfsr%ll hn?legit% Y mgo ?‘r%ndal%r’r%?ﬁ SBF % W@tocﬁ?/eg}l"it%lh%oé‘ ﬂl%@"eghom
general |y as 708rvifege83]solbn dﬁﬂa}s‘h%mrﬁmdsmﬂMwbﬁdMmta%at| on, a web

servi ces accel efoakey (e. g sé@%q 10, SLIYehC %1%/1@%05;&?(1, d)l{'l(}t %E) % O@Sgé%)grm ﬂéls

processes standard web servi pr ot oco s comn
web server 405 Wﬂwmssmfe%yl%éwabwwm 1&:mstawd”lb)athnamﬁbvmwdean@amgze)r(afs the

mobi | ¢ devigp, ddhanebyikldlnatins;d figrased for an additional parser. 25
[ 0084] For exa service description in the formof a WeDL file

web
may be used t gf%@%ﬂer at eMbiereiechiran o thpPISPEHilE reoimentnd by dhenwdf sednea

code, which ﬁayacbéﬂﬁﬁtoxbth@l@é@@lwreﬁﬂné)&ﬁﬁemI?l{el ffle Q@\ﬁ&t&‘?ﬂl&gapt ed to execute
Java applicati nobi | e devi ce need not be adapted to

o[gﬁ Accor i} t he

under st and t he SP&fdar d 56‘31’5 v e dapie ol Bt sidsothey fgrmagiing igfernqtion associated
descri ptions neeit ingits b éhctwedRsckd aeéhdta&hfﬁﬁ f&ﬁa%%&%ﬂorh:\étefnhﬁemgieb‘?lﬂev' ce.
30 As the wgb iﬁéé/ ces agc Ie\r;\;&]tD dapt ed to handl e standard web
service protoc exi sti W 0513? \}? ‘é’%au%ﬁn"ﬁ@“Waﬁé dedsiplitt Bize heorcise
wi th nobil e dewvkwes fo akch mpuuﬁutshsambz echt s/aén 1@tol\nigitr1£4va§§rvxc&@eiﬂ1d&ﬁ{ MhERSF need

not. be separat ehy aflclsted bulble $5 % §e & ice PLO ISl B00 R LEH Whice

description,
[0090] At step 718, in the form of an application to facilitate the invocation of a
20 web service, instructions in the Java programming langnage are generated based on the
information obtained at previous steps of method 700. For example, the application may
be programmed to display, in a user interface, entry fields to prompt a user for one or
more of the inputs required to invoke the web service. The application will receive input
data from a user of the mobile device, and checks the input data to confirm that they are
25 of a valid type, as defined by the web service description, The application may also be
programmed to obtain information refated to the state of the mobile device or the mobile
device environment, For example, information on the device’s location may be retrieved
and refurned to the web service. When all requisite inputs have been received, the
application may be programmed to automatically invoke the web service by transmitting
80 the input data to the destination web sexver in the specified format.
[0091] At step 720, instructions may also be generated in the Java programming

language to receive output data from fhe web service, in the format previously identified



-23 [0085] Furthermore, in creating an accelerator output file in the form
of an executable application, the application may al so be programed to
generate a user interface to be displayed on the nobile device. The user
interface may be used to obtain input data fromthe user of a nobile
device to facilitate a web service invocation. The web 5 services

accel erat or WRY"BE%5%apted to translate data received froV/EROIHEDIF e
device through the user interface into standard web service protocols.

Qut put fromthe web "service nay al so be displayed to the user through the
user interface. [0086] At step 710, a web Bervice description file (i.e. a
WEDL file in this exanple) associated with a web service is received by

t he web servi ceg,@Geekesat d WM t of
G e [O0B7] e e L R et P ne
web services altEEPrator, where all operations defined in the file are

determ ned. [OO0@Bb2/At st sttz;l‘hz Hﬁnm%ns b%@@ce@@gstéﬁshﬁg sh®THRIL tRGpited
i nfornati on associ at ed uts to th services are identified for

each operation &t & r?‘F??éaﬂa‘%ft O‘éL?‘Epﬁl?ll? the B“I[ (9@8@‘]3 Nte‘é)ﬁ“’eﬁ’yﬂéavao‘éwlm
i nformation 5 ncautliafigh dffke: @eshiyiatihegateing thishempeliosqeper) to which input

data is to be s when | nvoki n e web service, and the format of_ . the
anti ci pat ed ouﬁ@@%mby t he' V@ “%%WVQE%mmd#éﬁéF§8“P ?%W@H’?Pbﬁ#%ﬁ@mﬁﬁb

service descrigtie omy §e0fIBateAtdnstBp withByt requitilpett glemdrafonadt iappkii@dtanan to
facilitate the M) service, instructions in the Java

b
progranmm ng Ianguéﬁ%ﬁ%?%mm%%%vgpggiW%?@H)Sn the information obtained at
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for one or puts require FivoKke Tne me% ser
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or the nobile <JgMice® RWIRINEAbE, &al 1SQ%@H&E§aIy'f&f PhITRL AR, %ncx&a}ﬂ;ea 9&\“ ce's
| ocati on be retrieved and returned t he web service. \Wen al

requisite |1ynr’put1§m‘ﬁ%f\‘76396%‘gﬁ tp et SPlgRdes “teheselvai?pwﬂlelat% ST AR V) fﬁc‘?}@ﬁa‘&md to

automatical ly lxmysmklentech EAWBRIEBY, Wik GrfveRIon i3 MMtk kR GutoRBid Bferbiir cBa@ka to
the destination &ew server in the specified format. [0091] At step 720,

instructions m&§iaPSE HEFEHET St ed i n the Java programming | anguage to
recei ve out put [0@86 fronmkdthenyebriSeryihe,is siivwhelckREINdw PlagMinGUsdiMting a
Identified process of automatically generating code in an embodiment of the invention in which a
20  web services accelerator is adapted as a code generator (e.g. as described with reference
to FIG. 6). The diagram illustrates the flow of data between a browser 800 operated by a
user, a web service directory 802, a web service 804 (provided by a web service
provider), and a web services accelerator 806, in an example implementation of an
embodiment of the invention.
25 [0097] At 810, a user of a mobile device that is equipped with a browser 800 finds
one or more web services through a web service directory 802.
[0098] At 812, information on one or more web services is returned to the user
through browser 800.
[0089] At 814, the user may then select a specific web service 804 using
30  information received through browser 800.
[060100] At 816, a first request is made for the web service description of the

selected web service 804 in the form of a WSDL file from the web service provider,



WO 2005/ 083590 PC 1/ G52005/ 050026 -24 fromthe web service description,
and to display the output data to a user in a user interface. [0092] At
step 722, the instructions produced at steps 718 and 720 are conpiled into
an accel erator output file in the formof Java bytecode by a Java conpiler.

5 Validatio f ode may be integrated into this conpilation step
[0093] In vzgkf‘ﬁazﬂ‘iﬁ%gjﬁgodl nments of the invention, Java bypE%Hﬁéz”B?’”’B?%er

obj ect code may be generated directly, wi t hout requiring the generation of
instructions and subsequent conpilation of these instructions. [0094] At
step 724, the application associated with 2he web service in the form of

10 Java bytecode is transmtted to the nobile device, which may then be
"processed" by [oBxetjuti ng:tshe ammmkemwd[ Q9% HiRmithe peigPaative of

a user of the npbile device, [Vvic appli cati ons may be downl oaded
upon request Wllteﬁ ‘Efg @&ﬁ’egfﬂb‘cﬁsﬁéﬁee&t‘éég?om zed "wireless" version be
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to FIG 8, ther amillustrating a process of
automatically g %Re%Q?QQ\QQCM% e glntﬁ%%k’@%gg’ﬁ? ﬂfa%@i the invention in which a
20 web servi cedOatR4E! er aAb$241, the agtapicems te dawd adend enedcaitsile {le (Qg. i8sJava
described with xef.eL K T [ amillustrates the flow of
data between a browsgjraﬁGf((’)%’fg‘i(%ﬁp4 %%eggd 1;]8 geugg a web service directory
802, a web serJPeERB0o4 (Hi a@dcobgmaauwebs wedevior ée yprboseinder descriatich @ teb

servi ces acqel ahgt of 2 $285; tat nt of
the invention. 25 [02(1)9 7] LA{IEBO%gwe%éusAe?e% Jéi*grm 1‘?&1{1@{%&:}33 vce %?’gﬁegﬁl pped

with a browser BOKEP|HKHes GaeslasHoTHICe uepsise that é@swlh rsewvigh @Scwebors beivg ce

di rectory 802. cbmgadbetm&%b%mk@;%aaiaaopgmqpc&aﬁ or more web services is
returned to th @quﬁi t hr ou%h br owser 800 0099’{ At 814, the user may then
sel ect a speci fP b seff et@owsa%.ﬁ%@asma%w st fednstor Siechi et dugh

browser 800. [ Q&l@6] toAke Bdfsenicet idosibrafogpeest i s made for the web service
descripti OniSOf [6%7} At 830, an executable Java application is created by the web services
accelerator 806 (e.g. as described with reference to FIG. 7) and returned to the user
through browser 800. Confirmation of receipt of the application by the mobile device
may be displayed to the user when the download is complete.
[00108] In variant embodiments of the invention, support for web services may be
20  integrated inio a web browser of the mobile device. In these embodiments, the web
services accelerator may be adapted to produce a browser plug-in module for supporting a
particelar web service, rather than a separate stand-alone application,
[00109] While the accelerator output file is in the form of an executable Java
application in one example implementation of this embodiment of the invention, the
25 accelerator output file may be based on different languages or be of a different form in
other implementations of the invention. 7
[00110} Although the mobile device invokes the web service directly in the
cmbodiment of the invention described with reference to the examples of FIG. 5 and FIG.
7, in variant embodiments of the invention, the mobile device may instead invoke the web
30 service indirectly by transmitting information {e.g. operation parameters) and/or a request
to the web services accelerator to invoke the web service, as described with reference to
FIG. 6, for example. Where the web services accelerator is adapted to invoke the web

service on behalf of the mobile device, the accelerator output file created and transmitted



sel ected web service 804 in the formof a WoDL file fromthe web service
provi der. WD 2005/ 083590 PCT/ 682005/ 050026 -25 [00101] At 818, a WeDL file
associated with the selected web service 804 is returned to the web
services accel erator 806. [00102] At 820, the web services accel erator 806
returns a J \(g A{%F]sg(atlon Descriptor (.jad) file associated with the

sel ect ed web" SéMV"2 1 0 the browser 800. 5 [00103] At 82PCT/ERMIHEENS| s
pronpted to deci de whether to downl oad a Java application associated with
the sel ected web service 804. [00104] At 824, the user accepts the downl oad
and an executable file (e.g. in a Java Ardghive (jar) format) is requested
by browser 800. [00105] At 826, a second request is nade for the web
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integrated int ' rowser evi ce.
the web servi ceyicatesstlentr oy thirayeobe. addptreds trolpopukiives mapbowmesrtepling- i n

modul e for fUPRRIchidGoR “ﬂ%@i{”t b%éx'z!ti%ﬁs WE R, SRI YiGf, E&ha{aratctéﬁ&m‘? o%e&]?élé%&e

st and- al one application. Wii'l €t he accel at or frle s
the form of an "WEREEEH &5 eloif}’ab@dwlﬁlﬁpl ipterppiften qonﬂf@h‘éWéme@Iiomaldmmoa@l on

of this embodi W@aﬂ?fpﬁﬂ@e 'fﬁvﬁﬂﬁlhﬂevedt he e%rié}ﬁgelvﬁénaE&ﬁpa%&t fauzyntﬁlbr%ugay be
based on differe Cdt[lcﬂlé uages or a different formi

i npl enent at i ongP nﬁtsﬂ?ﬁl‘mf’wmlﬁ]aﬁﬁ}staﬁ’olhﬁﬁ’ YSHE %UP?@@@@WQ:@&Y
i nvokes the V\Bbtc&@d’ﬂ{j Relath da@Ghdryd Tobully e theQHM@'dB@&E wlfle t8 éhﬁez&atﬁloﬁﬂhe
descri bed V\f gser é’ﬁ?]}( tngeﬂ@%nfgli ti of FIG %\nd Fl sk [ n vari ant
enbodi nent s of PR vk X {18 Hgpie Wjéif/ e BaH ?W@Efé €2 web
30 servi ce i ndiarselgstidiptionyo tseansdesitdé.ng i nformati on (e.g. operation
paranet ers) anc[‘é(?lﬁ 2]31 re H%%Tiam embodiments of the invention, the web services accelerator may
also perform processing on files or messages related to other protocols. For example,
UDDI gueries (or queries made of other directory or registry systems) may be made by
20  the web services accelerator and information obtained from UDDI registiies (or other
directory or registry systems) may be processed by the web services accelerator before it
is transmitted to the mobile device.
[00113] In variant embodiments of the invention, instructions for performing the
steps of a method of processing a web service description in an embodiment of the
25  invention may be stored on computer-readable media, which may include physical or
transmission-type media, for example.
[00114] The invention has been described with regard to a number of
embodiments. However, it will be understood by persons skilled in the art that other
variants and modifications may be made without departing from the scope of the

30 invention as defined in the claims appended hereto.



to the web services accelerator to invoice the web service, as described
wth reference to FIG 6, for exanple. Were the web services accel erator
is adapted to invoke the web service on behalf of the nobile device, the
accelerator output file created and transmtted WO 2005/ 083590

PCT/ G(82005/ 050026 -26 by the web services accelerator to the nobile device
may be made even nore conpact, as the nopyle device wll require even | ess
information to initiate a web service invocation. [001111 Simlarly, in
vari ant enbedi:npents of the invention, output fromweb services my be
recei ved bygg%ggVeb services accelerator and retransmtted (with 5

nodi fications, if desired) to the nobile device, rather than the output

bei ng recei%ed irec%%z ?y t he nobil e device. Mreover, in variaég ,
enbodi ment s lof t he PHYShOF RHOCEHEZ futebs 89VicEedesaipiétesat et fRlY WP s8apiced
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accel er at or deseriphos comprigng asylnciito b web" putitd depeiptivn ehesnamtsy tiestepnuticed
into 10 asynchraonous "push" operatjons. Due to certain typical .

charact er; SPROARr e By o GoRE S ratenl GuipbaRReioS fivisen(1 P02
connecti vi t §92), %&ﬁ@h{@@ﬂ@@g@&@%b@é}s typically provide for an inproved
user experience, when conpared to synchronous applications. Wen

asynchr onous appldceinsonhsvelrerieedescuipérms vdferein spidi web shyvice desraiption defines
up-to-date data I I .t he nobil e device, while being shielded
fromthe 15 eff e(ﬁ:lﬁ g{t%facﬁg%‘%s 1E’i’tléeel’lcy and bandwidth limtations. This

feature may al socieetigd ftclesd 086 acadlcBatbs GlitbPt filefrdr skigeleh serficel@sictiption, said
[00112] In variant enbodi nents of the invention, the web services

accel erator rmay &R HEP (OMPHIECEIEIHh G PPIPIEsE stemits¥bigh saideVah servics
other protocols. dé:s%gt%ﬁqp' tSmiEQP'fggtéﬁfd %%%bgfa;s&ggéé' ERpRASa Rl SPUBRT one

directory or registry syste may made servi ces
accel erator and amklratat iootrpuobfilai sedn f opmidBDl welegiesticd @sscfiptiont nfapted for

directory or registry. systens), .be oces by the web services

accel erator bef &rgc?%ln&@%?’ﬁﬁ%ﬁ%ﬂ@o(l?éy% eiﬁg_gb?‘{% device. [00113] In

variant enmbodi mepkfniinkRid NYERE b acckREEEMUGHHRN e §Q5ai® HJoRE Metile, [Wierein

steps of a nethod of processing a web service description in an enbodi nent

of the 25 invensdidat lvast e ascderatbrontpd e failitatea datsicetionsdifasaidaviel lsenviog

i ncl ude physi calbosra(ijdt rO%Hsgi ssion-type nedia, for exanple. [00114] The
n~"de

i nvention has be O BEG Nt h regard to a nunber of enbodi nents.

However, itwhérkin Bgdundenst @adobyimpPeisend skhplhied the dthe ofiriesdibiag Sinfilic
references in said web service description such that said at least one accelerator output file
is parseable by said mobile device in one pass; and wherein said resolving step comprises

representing the plurality of web service description elements as nodes in a graph,
re-ordering the nodes into a tree data structure so that said symbolic references are
resolved in a forward direction, and

creating said at least one accelerator output file.

2. The method of claim 1, wherein each of a subset of said plurality of web service
description elements is associated with transport protocols not supported by said mobile
device (102, 202, 302), and wherein said at least one optimizing step further comprises
identifying said subset, and excluding said subset from said at least one accelerator output

file created at said creating step.



variants and nodifications may be nade w thout departing fromthe scope of
the 30 invention as defined in the clains appended hereto. -27- Cains: 1.
A nmet hod of processing a web service description so that said web service
description is adapted for use with nobile devices (102, 202, 302), said
web service description conprising a plurality of web service description
el enments, the steps of the nethod perforpgd at a conputer device renotely
coupled to the nobil e devices (102, 202, 302), said nmethod conprising the
steps of: T acel Virhg idlfPo ALK £ BBAED! RhURML sallBNELR oAl B Wh L fer
description defines an interface to a web service; creating at “l'east one
accel er at or comppsds riodifyifig om saindreveima esstctedesl eagt ofoone g andge webeaaticwg
step conpri s % at |least one optimzing step at which said web service
descri pti on FETIBEPR FCBRAISt or sai d nobi | e device, wherein said at |east one
accel erator output file is an optim zed web service description adapted for
processing by a nobile device (102, 202, 302); and transmtting said at

| east one aécel ehe oretingt gfianyfonk ef thiraai do Apforther @evirse)s whesseing saidai thast

| east one accel erator ou t..fi.le facilitates invocati.ons of sajd

servi ce by CUSrrar SUhRY e PhvideRine GG SabReedSen B lseRRniG et
conpri ses t hgpust BRadl welesl e, Od&Y AR, 6nd b FHRELTSCRId MpeRI fEbrMREd TPEiMIi LR
description such that said at | east one accelerator output file 1is

par seabl e by/eBa¢yicesisseotigavi ce i n one pass; and wherein said resol ving
step conprises representing the plurality of web service description

el ements as nodes in a graph, re-ordering the nodes into a tree data
structure sb. t haThsanethsy nbbdlclamr &f eughaesodpasing edobliad sdid awtlorssarick by
direction, and creating said at  |east one accelerator output file. 2. The

met hod of cl&ISHRIHING ARG apad destnation apsaiddomnatans wealingyousput it from

service deggd kb s8N RIiBTRAL S« S sAT SR ith transport protocols not
supported by sai dsm)i)i Ile gevsl ces?lolg‘?d 20@%%“02), and wherein said at |east

one optim zing step further conprises identifying said subset, and

excl uding said subset .from said at. | east one accelerator output .file
croated ot Gaid LPesienig Tug one 38 oS 1ig rafhtin S8 ef leh rciotistigpfsep
wherei n sai firbr b&@ptsRN&tQBEAGIRIB&IcH BfofbtfoRefrom said web service description,

and storing said invocation information.

7. The method of any one of claims 1 to 6, further comprising processing said at least
one accelerator output file by identifying web service description elements that define

inputs to said web service and obtaining operation parameters based on said inputs.

8. The method of claim 7 when dependent on claim 6, further comprising generating

input data by combining said operation parameters with said invocation information.

9. The method of claim 8, further comprising invoking said web service by
transmitting said input data to said web service and receiving output data from said web

service in response to said invoking step.

10.  The method of any one of claims 1 to 9, wherein said at least one accelerator
output file comprises code adapted for execution on said mobile device (102, 202, 302),
for obtaining input data used to invoke said web service, and for invoking said web

service using said input data.



conprises nodi fying one or nore nanes associated with each of one or nore
web service description elenents. 4. The nethod of any one of clains 1 to
3, further conprising processing said at |east one accelerator output file
by identifying web service description elenents that define inputs to said
web service, a destination, and a format for said inputs fromsaid
optimzed web service description. 5. Theggnethod of claim4, further
conprising invoking said web service by transmtting input data to said
destination jiyn sad t f ]

service in rlé's po?shg %%ﬁg?%aﬂ%oiﬁ%ﬁsﬁsgg? qg).’ %ﬂ%’iré:ﬂfjlrrgteﬂi(il Sgggijrlg gtt%é/g%ﬁrqlglt?soefg the
clainms 1 to f8llowhesebsteysai d at | east one optimzing step further conprises
extracting invocation.information fromsaid web servjce description, gnd
storing said ! o SRSHEHRE PP GPRAGS %?rlﬁ!omﬂ@nﬁ%fﬂﬁadeﬁn%wuﬁﬁ%%ﬂ baieREce
to 6, further Conpih §1if%BLOSARINiRLd at |east one accelerator output
file by identifying web service description elements that define inputs to
sai d web servi ce paovdicoigtfashinsiguatives &iri geneptingaesaristebseth pumpai dsdérrfpudis:

8. The met hod of Ogl aién% V\ggen Fﬁgengen% on.claim®6, further conprising
generating input” 52" CBRBIAY Ay S4°FOPEr ati on paraneters with said

i nvocation i nfor geddueihg s8conthi@simithas faf ottdiAing iBputfdatd £86cigRIRISIalPone or

i nvoki ng said web service by transmtting sard input data to said web
servi ce and recefAraYPetE put data fromsaid web service in response to

sai d i nvoki ng st : t ho Y. j - er gl

said at | east ong&la}gg}g?%wéﬁosg%ﬁ%ugﬁﬁip t’?ﬁeé&‘geg‘&%ﬁag!égﬁ@%ééeség%tg‘{“ea f"{(’){r&(‘m{]lat
execution on sai torrsail ihputdeyidé webQ2vicéDand 302), for obtaining input data
used to invoke saiO%gweb %_erv,i ce, and for invoking said web_  service usin
sai d input dat a. Prosgemg thirdrgstietingy for inyRlingrgihved| srvge Pytleansmitigasast n
sai d creating stgpuc@Rkd %&déﬁﬁati%ﬂrﬂs‘a}@ fgnsubsteps: identifying web
service description elenents that define inputs to said web service from
said web service description; producing first instructions for generating a
user interface t r onpt ser_ for. one .qr re of said inputs to said web
servi ce: pr Guci NBE SEUBHST TREY LboThsian safl copriassiong irhpo s hesthitiRied
with said ogg or nore inputs;

identifying web service description elements that define outputs from said web
service in response to invocations of said web service and a format for said outputs
from said web service description; and

producing fourth instructions for receiving output data in said format from said

web service.

13, The method of claim 12, wherein said creating step further comprises the substep
of:
producing fifth instructions for outputting output data received from said web

service to said user,

14, The method of claim 10 or any one of ¢laims 11 to 13 when dependent on ¢laim
10, wherein said creating step further comprises compiling instructions produced at said

creating step into said code.

15. The method of claim 10 or claim 14, further comprising processing said at least

one accelerator output file by executing said code.



identifying web service description elenents that define a destination and
a format for said inputs to said web service; and producing third
instructions for invoking said web service by transmtting said input data
to said destination in said format. 12. The nethod of claim 11, wherein
said creating step further conprises the substeps of: identifying web
service description elenents that define.ggtputs fromsaid web service in
response to invocations of said web service and a format for said outputs
fromsaid Seryl i Nt ian: i fourth . in t]

receiving ‘3’3? put gﬁetﬁﬁégf;ﬁ}éﬂ%& r?at?ggl}egéﬁﬂggfgf&ﬂg% ééé{ry\?irgggﬁo .Of%\g g%%t'hhod
of cl ai m 12 repabeensiascsacdelementtdfRgidstepseiwed daeripteompr i ses the substep of:
producing fifth instructions for outputting output data received fromsaid
web service to said user. 14. The nethod of claim 10 or any one of clains
L1 to 13 when depeedenticalGleidth: 4)s) WHehGhBaiRdidh &raBld RcISlRR LHadBr
conprises conpiling Instructions produced at sai creating step into said
code. 15. Theompuhog deficelimiamet@oudr (366 pimwhih daid téreputoemnbdiis sgeoppleddssi ng

said at |east,.,one ac r.at,o ut put .file by executing, said. code. -30- 16.
The et hod BoviRyReRe f b g D alieiih e SARERLAISRb0is HogansIcLe: g
graph repr ge@atib R $Qs\GemelheaRAtprécsSas @ WEDsPAEY UERrPRSE hé RlalREH inldhy A
web services accelerator (415), wherein said web services accel erator
resides on o8¢ eloHpimsiing evice in a network (305) in which said conputing
device is coupled to a nobile device (102, 202, 302), wherein said web
services accelerator is programmed to performthe steps of a nethod of
processi ng &8.webAs@ipia-deddld pediam amtahiap mad: dMso@iare CitBpd@fent|fai 0% wlebt 0
16. 18. A conputer-readabl e nediumcontaining a set of software conponents
for the webSCT¥igrs, RESieraler &f eflaittol 7 ofhee PoffWigre TComIRECRISf QOREHBNE GRPBITERRS for

vt Sero; REREHEL URTaohon « BRALALS Belih ) 606 A SRLARREL, BLRREPA 1O

any one of claims 1 to 16.



