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30 action may result in several types of data being examined and modified. Many web
services are designed to perform small tasks or units of work; this modularity permits

aggregation with other web services in the development of applications.
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device, the computing device being programmed to perform the steps of: receiving at
least one web service description, wherein said at least one web service description
comprises a plurality of web service description elements that define a web service
interface to each of a plurality of web services; processing said at least one web service
30  description to identify at least one first web service requiring one or more inputs
obtainable by invoking a second web service of said plurality of web services; and
generating a user interface for said computing device adapted to perform the following

substeps upon initiation of an invocation of said at least one first web service; invoking
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Brief Description of the Drawings

30 [0016] These and other features of embodiments of the invention will be made

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



which:- A- [001 7] FIG 1 is a block diagram which
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[0025] Typically, controller 106 is embodied as a central processing unit (CPU),
which runs operating system software in a memory component (not shown). Controller

25 106 will normally control overall operation of mobile device 102, whereas signal
processing operations associated with communication functions are typically performed
in RF transceiver circuitry 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 normally

30 provided for entering data for storage in mobile device 102, information for transmission
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.
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user information for the mobile device as well, including datebook (or calendar)

30 information and recent call information.
[0029] Mobile device 102 may consist of a single unit, such as a data
communication device, a cellular telephone, a multiple-function communication device

with data and voice communication capabilities, a personal digital assistant (PDA)



informati on and recent call information. [0029] Mobile
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equipment prov1des 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
accordance with particular, usually predetermined, communication protocols and

parameters, under control of its controller. The fixed transceiver equipment similarly



referred to as a "cell". The fixed transceiver
equi pnent transmts conmunication signals to and
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provided by mobile device 202, it may be referred to as a data messaging device, a two-

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

30  stations 200 within its geographic coverage area.
[0038] Mobile device 202 will normally incorporate a communication subsystem
211, which includes a receiver 212, a transmitter 214, and associated components, such as

one or more (preferably embedded or internal) antenna elements 216 and 218, local
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30 [0041] Mobile device 202 includes a microprocessor 238 (which is one
implementation of controller 106 of FIG. 1), which controls overall operation of mobile
device 202. Communication functions, including at least data and voice communications,

are performed through communication subsystem 211. Microprocessor 238 also interacts
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30 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 also be
loaded onto mobile device 202 through the communications network, an auxiliary I/O

subsystem 228, serial port 230, short-range communications subsystem 240, or any other
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30 download path may, for example, be used to load an encryption key onto mobile device
202 through a direct and thus reliable and trusted connection to thereby provide secure

device communication.
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devi ces. Bl uet oot i i i f
a1 1t S5 ERRR 32 s GO B 105 Bfiuld AIRIBOE B order o create
S ythisewireléss timinelr 325§ ouniquenaetwork atdrag ismssdriaedwith hebile device 302.
devi c In particular |G 3 sho si c _copponent
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C HIRGHPE 8 BE ARy (4788 PR taele 1 el betorao et a
angLeBik AAhRS £ FERAN9 390 tCQRFHNARTk hidesdish Bs B establish wireless
W rel ess voice network (not shown). As shown in FIG

3, wangydeaway 310 may be coupled to an internal or
ﬁﬁ@“ﬁ@{ 209§ SriclcRR P btiht 910 i€ QERLMG Mbeddd PudifleORf Rultiplex

work entry points 320. Data packets are
25 t r smengist may gatewvay sy o@aEC STETS, Aid Btk fennectips push ap the Internet, for

it E{:x%%ﬁet. ine 5%3??(9%8%{123@1215%\% I‘casﬁtéé%pdggpdri( gntgﬁﬁciiﬁ\tg 33’(52 %ince they are
also intended to centralize externally available wireless network services. Network entry
points 320 often use some form of an address resolution component 315 that assists in
address assignment and lookup between gateways and mobile devices. In this example,
30  address resolution component 315 is shown as a dynamic host configuration protocol
(DHCP) as one method for providing an address resolution mechanism.
[0050] A central internal component of wireless data network 305 is a network

router 330. Normally, network routers 330 are proprietary to the particular network, but



wirel ess network tunnel 325 from gateway 310 to nobile
device 302. In order to create this wireless tunne
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nobi |l e device 302. In an | P-based wi rel ess network,
however, network addresses are typically not
pernanently assigned to a part1§ular nobi | e devi ce 302
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aseé
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o eatre B 8 S tpdtticys Ghto Aeress abtrol afress PISG IS 0 the network.
Pr OMéciBe WhihAh aeSe 1sifolR, tHe niR] s ehel R¥icB @S t6 H§tbvoﬂ§ent1y point 320
mobi | e devi ce 302. 0051 5 Wrel ess network tunne

sugid lﬁﬁesaarmsemé@sar@ Ylnsated ateach piethe pedes glong fsseay- Network entry
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y, routing, address resources to deliver IP
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contexts a session
mobile device 302.
[0052] 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
30 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

tunnel 325 was first opened. Once the IP address is lost and wireless tunnel 325 is tormn



wirel ess tunnel 325, nobile device 302 nust use a

specific techni que associated with wireless network
w@®5/083983 st ep of opening such a wrel ess t unneCT/8B2005/050025

may require nobile device 302 to indicate the donain,

or network entry point 320 with which it wishes to

open wireless tunnel 325. In j‘%§ exanpl e, the tunnel

first reaches network router 3 whi ch uses nane

server 340 to deterpi whi.ch n rk entr oint 32
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redundancy, or to access different gateways an
sefUfRes on the network. Once the dommin name is
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life, depending on nobile device' s 302 coverage
10 el seevighand Hveks e \Wr el ess network 305 will tear

dopgnsy] I el esSbistiel seAA& Pt ifbaxed bRihe Hx&nkiBR Mirkup Language
inactivity or out-of-coverage period, in order to

r ecab-Lind theByper dest Frarsderiyjotoral ST Pl 20U reiigrs|a mpstlanguage in
{ g&é?igila Eﬁckaﬂ%&fﬁngalggé% R 1R WA le{ﬂ?éss‘b!?ﬂnﬁlek $ntdrBctions between

e I'P addresstenporarily reserved for nobil )
desliepts 280 servilses, onbatwecagomporanes of 3ZEmpasiteserviae. BYrbrseyer 405 will

15 Loy isecor i AU S e R RS, dURiRidng frokcineo

daXMiIpackets to nobil e device 302, whether over

kB3P Lo pr PR S sy SR St Bform pervices

t he@metitu®e asheremurgtisndd phiefoine. Alifalty-functdnat wed sendtasplatform further

nmobi | e deyi ce 202 connecte 0 b server_405 over

oS ob e itond tiealse e Shufls Ul S RiofRo 1B, me
20 W Ugivess stimiok, Bidbovefy dnll Gate@htion/$divis€(VBDI)4A6 shewid, and the

provi der of web services. (enerally, web services are

seVeb osrvices Resrripien Fanguags WnlNg- modul ar appl i cati ons

t hlosepn be gteb R¥EH0tbéol SpecithtibSigitefinésQCBEiREm w%?]‘ df passing
i nvoked across the Wrld %Vde Wb (the "Web"). Oher
apita eseani oM, mespreey §0AY ot he PYnRBIONQEY (§igcimogegpyocedure call) or

ii gﬁ%%noqg B2 %%sé&%. ZL??X&iEﬁﬁr, 3o P ig X%Sialﬁr@%f alpPASA that

SIC web servic . ormis base
25 Exineybé tded tverckdmpthe anfopumzagion (IND seaviek ne@ieestsippé resiuge messages

i-rgge?glfe%ey%rrgée%P&ler (HIdRk. XM provides a netal anguage
[0057] UDD1 is used for listing what web services are available, and provides a

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

30 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.



whi ch speci alized | anguages nmay be witten to express

conpl ex interactions between clients and services, or
wheddegdsronponents of a conposite service. WRCHEBI®S/050025

405 will typically convert XM. nessages into a

m ddl eware request, and convert results back into XM.

[ 0055] This basic pIatfornris_g*gnented W th severa

other platfornrservices to constitute a nore

nal tforn1 A fully-functional b ser
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t he Universal Description, Discove and I ntegration
Serognasts queishffyrenirsetogdls AMGucodAgs- t‘ﬁ%ﬁ ‘geéelpﬂon of a web
Descecf‘ﬁlf'é) WhRih de?&%g@ggat%% serdi@taR o EHEe | it§e£d£ 0l 86@'to invoke
specification at defines a uniformway of passing

5daita as an XML nessage. SOAP can be synchronous (e.g.

a (ﬁ%@te Pr GG %gt!fl rgbocﬁ'mer)t o@%&%ﬁéﬂﬁ&{ g%ﬂsselfv ce%e?c?lguon is embodied

message). In par one exanp
pr mtaoWSDLtfilat WHDL. files irskde albﬂennfodmﬁoheleedeﬂm ngeta voeb service

web rvice. requ s _and response ssages. bef t he
BB o of BephRiee PG B ST S gty gpEocatoh of web
| i sdrvdn 905\0RE n¥¥eiarls Shivthe®sord MESIB ﬁﬂds&blh Be canertdd) iy cd@sSwhich

a nechanismfor ¢clients to dynamcally find specific
10 e Wiy Qkedaked $£1Vifes a Web- based distributed directory

t h eenabl eswepb ®RAAMI seEiRYR doBb&iohs bitRwHR\Bmmunication
ormation or services to_share) to nglste

t h@mi@emrﬁég PoriherPRle of exchanginggnesitgss-sBr YpPE- theabtigt definition of

( V"Qfﬁl WRARLank BIeQé'ag&[ is Q%afhrtedsi?d'rﬂ 8 dndrle 2ENBOIP NS 2Rt or data
re tries. ropri ate web service has "been

at tandiegse Tihstallows dfe rplh;ia of ghstregt defimtignstyd messages, which are
15 r eﬁﬁshg&%gwggéﬁ]of Wé%ta q%rn% %k&, gr?ds]gr{eﬂs gfgesawﬂﬁ are abstract

servi ce e SpeCIfI ca provi or we
S ecollectmnp pbopead@rons.t Thalmacretelpzotbénd abddite fdlmamtaﬁtam:bfor a

S ob %h?ﬁ %3%%7_0%11 qﬁ&b a%‘\}{fgbg [ gmamgr QL O l ﬁeﬁ{ed by associating a

S eﬁatwcﬁ, ad\zlhsmithi e msaﬂb@‘&ndhg,tantl laeomtlon; efpdrtseleﬁms adexvice.

wher e res and VO Lt. [0059] n on .
il 15 S R T R R L o s YA e A

20|s“@nh@db@&mmmxmnWﬁBkn&yle WEDL files include all the

i nformati on needed to use a web service including the

form®t BfPthe nessage web server 405 is expecting, and

the | OC@Eén‘i’ﬁn&ffof"@Qa %%E‘(Eﬁmﬁgl% WihPsddRe YPE Kystem (e.g. XML Schema

Furt her nor e, I"és can be converted into COJ%

whi ch wptﬁmeﬂﬂﬁQ@H@ web service. [0060] WBDL defines

servrc%ﬁegﬁgcollectlons of network comuni cation

25 an abstract, typed definition of the data being communicated;
e Operation:
an abstract description of an action supported by the service;
e Port Type:
an abstract set of operations supported by one or more endpoints;
30 e Binding:

a concrete protocol and data format specification for a particular port type;



endpoi nts or ports capable of exchangi ng nessages. In
WEDL, the abstract definition of endpoints and

wore®sagpes3 i s separated fromtheir concrete netmr/&B2005/050025
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depl oynent or data format bindings. This allows the
reuse of abstract definitions of nessages, which are
abstract descriptions of the data being exchanged, and
port types, which are abstract collections of
operations. The concrete protocol and data format
spec?fif@dtions for a particular port type constitute a

reusab laesi% cpglild;)g' t RefRdt asl ScRfihdtied op¥ ‘tﬁﬁﬁﬂ% 'mg& b RGtwdTk address;

network address wth a reusabl e binding, an

col | ectahdn of ports defines a service. Accordingly, a
WEDL_dqQcunent uses the follow ng elenments (al so
refe?rgﬁngg'herein as web service description

el ementazpllectiby pelatal endpdiaisner for data type

definitions using sone type system (e.g. XM Schena
Definition or XSD); Message: an abstract, typed

d qugﬂt 1 on Wdhi[e@)ﬂa.frﬁy B@}lﬂt@ a6 EHERNC @ﬁn@ﬁétoo(ﬂ}g@{) chin@ihications
an abstract description of an action supported by the

s ey eca mobpg, fiquf‘y’»’é@: ang el SV D> Yaer rplocnieandmenaze Normats

S URROAIERSE dR¥d RNBniMuniBaicSwBNEIRED Birdice (8. PFATPIGEHPOST,
concrete protocol and data format specification for a

pa¥ivitipwpare Iptsenet Mpgdixtangiops orMBYIRY| e endpoi nt def i ned

aﬁ 8@6%0 i n @_iﬂb%}irﬁ%ﬁs%f mm&go@%té &%Ia“g k&K wRS eSS, and more
a ervice: a collection o relat%d endpol nt s.

[ opedificalipitd meoprthatfpcibatabecoralinativn o pgavegatipn af web services, but
pr.ot. ' ' -he {J '

o R TR PR EMEFDER Ty SRR o

f cantitwtiBnemayf the syetonys eebr indertoeniul icgenerated tahtoaatiedhly from a web

S oo TP T A RS LS pscrtion's

| nedito dmbinelvedbasegioesr al |y to web services, and nore

2 ORBRac  onAsERagrag 1o oF 5P e lee o Frebaivagy inthis case, e
aggregation is driven by the consumption of individual web services by a user. In one
embodiment of the invention, output data from web services being displayed to a user
through a user interface and input data entered by a user through the user interface are
monitored. In this embodiment, relationships between web services can be inferred from
patterns in the monitored data. These relationships may suggest which web services may
be combined. In another embodiment of the invention, relationships between web
services may be inferred from the actions of a user manipulating a user interface while
consuming a web service. Specific user actions (e.g. when a user copies output data from
an invoked web service, to an input field used to provide input data to another web
service) can be detected in determining which web services can be combined.
[0064] Aggregation of web services may also be performed by a user, where the
user explicitly specifies how web services should be combined. In one embodiment of
the invention, the user combines web services through a menu-driven interface in which
web services available for aggregation are displayed.
[0065] In embodiments of the invention described above, the aggregation of web

services is automated, so that the intervention of a human programmer to write



whi ch do not require programmers to wite custom zed
code, hi accordance with one enbodi nent of the

WO pwsensiven, a user interface (U) is generat edPCT/GB2005/050025
automatically froma web services description. In this
enbodi nent, information in the web services
descrlptlon s used to conbine b services. [0063]
Aggregation of web services may al so be user drlven

In this ca e, the aggregation is
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rela |onsh uggest which web services nmay be
f‘ dgenF aﬁ%n %,%OZr enbodi nent of the invention,
r eﬂO@BVp nshi ps step SR ene wemosewab scesscatbycrhmonsrﬁre raceided by the

romthe actions of ser a, use
| et A6 @ 2Bl eREe 2T B nE T w0 swagort one
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Aggregatl on of web services al so performed by a
usteclenfns beforqibisgecsived op Fhed?}l‘?hﬂ;/‘? d§b‘é‘é|aﬁ ﬁ@%ﬂbﬁmn\a,@a -pending

S e£ 'hs&ﬁm%p@gé R Snve S AGfed AR QB8 1REPOYIATED 'Ml?lfH(t)ﬁ &OR

ntlon user conbi nes web services through

rrePRQGESS@IG WHESERVECE RERRREFIIGONS, Swcoiterts ofwhich a@l e
fo i

15 | e RTLAN AL AL St ACRRL L Do RRe L i
weldestifiediog dlee UBDAtsgtmt forlexapple. HAthert thgistrnmethedstan @lso bE used to
gpﬂé?ﬁ{{% &e %éﬁx%{)ﬁ rpgﬁ&;o%ﬂlf fé%flntrclgéﬁll gg%ﬂeo% g%,cﬁ{c rg%gtry protocols and human
ageadbid wehbaséd siyeuamfs efat exaepleof these embodi ments of
the ipventi now b descrlbd reater detail

it 9EBE o o e Seiod Beberiphy Bedvettal i v S htumisy Yaiots web
20 Re§e€*héd dgcrigliol blemebts, dadhagwwelpasdesset mlﬁkblﬁhﬁda@v1ﬁ1 thie eh®6diment

of aggregating web services_in generating a_use
i nofdhe myention ithe web descuptign alemagy gse‘i?BB‘ﬁH‘i‘?@?‘Fts ofyveh Fpéwces and inputs

| N&MLI LR/ides ﬂfahmereg@ Rfcabldmiasd RRBng EQREHon tThE h@Ring
510, one or nore web service descriptions are received

bycqu@nt@a rfmlttatﬁ@dqy@wr@@me%ofg’vheﬁ@b R BIPHIQ oBR Wolp Seryjpe may be
taiftdd byPst @eﬂ{e{em §80cd Opi URAREL waefn&e%mmg %nxaepﬂon may

app |cat|ons to executed on the nobil'e device.
25 exgimphiafs cmhwaaslemwdve@nd@mmmlatgn may be in the form

O ReYPL T iHofins WG, SedrllGGOHRY bE HerHAH itk SerforiRRE L YvsDL

file. WSDL files can describe several logical services and are themselves a form of

aggregation. Information in the WSDL may be used to combine web services if the

author of the WSDL file used some specific naming convention to provide hints on how
30 individual web services should be combined. The naming convention may be a

standardized convention or one that is applied only to a specific set of one or more web

services.



devi ce, optionally, the web services description my
be optim zed by a web services accel erator before it

w0 200508383 ed by the nobil e device, as descri beRPCT/GB2005/050025
co- pendi ng application by the sane inventors entitled
AN APPARATUS AND METHOD FOR PROCESSI NG WEB SERVI CE
DESCRI PTI ONS, the contents of_ which are incorporated
herei n by reference. The WEDL f1le nmay be obtai ned

fr | ocatjon id fied on the UDDI .stry,. fo

o BB ° G iepSerha kg e ehpaticg siPRess b N, Bl getcgibes te
quﬁgﬁn&hﬁﬁ@gggggﬁkage WEDL file, including vendor

speci fiC registr rotocol s and, human readabl e web

Yy
based syst ed®), S%Irgg X Fhdakes gings Tigggnd Apippres input and returns an
descriptions reggibyed at this step conprise various
web service descripfion elenments, and nmay be processed
5in accordand® vgerRricehivéidrtnkssiarinegesfSANes inpntand fegnns 4 floating-

the web descrip nggfs contai n nanes of web
servi ces and ih%%@gl ogme services that adhere to a
pr edet er m ndécd) newdem gwhid’rmleastajndmtege‘ﬂﬂ%BMaaﬁinplg and mtmms a sm'mg

%@| tate termnatlo]ﬂbo Vgﬁ \ ut .t

we FW& TPERSEYAFHEd B PR ?‘iﬁ‘& aa\‘ﬁ ‘r?é?c it name
S _E‘gé»z‘{\fha@abll%’bl mlafmirhh awmastyartaib&mwmch GarcthBy Beided Iras fpyts to other
glve ints ow var i servi ces interrelate.
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t hys&didtetividh ere@lamd IYEIPLWhid ESBNIBRLe df s liSneRbrdR St #8ne or
several |ogical services and are thensel ves a_form of

agl@ra@g)ahqr ieb serpicet (vet BERriFAndEdans RN Ifipneseca e dpade that the
&lg@ﬁ%f @@Psm%w 6ESsel fis Bp@YS BREe Sherl Wi WRRlesf 11 €
some specific namng c onventlon to provide hints
0 n[OlQBN i ndi v%tdsmlSlaetbe euvpting deWerogralving theorebisaevépe drseeiptions
15N a.{{l sﬁg 598 %9 e C}HmQ %nggsoeiaéﬁ %Q&%tg#f %a&ﬂé@ﬁ ng%renerated,
one i's”app only to a specific set o one
nowhichebeaslg rre:ﬂecesan [aggeg&}loﬁ:oﬁas@teated Web mwb@vm@ step may be

te)é}? orme §ug 180%%3812@\/\?%% we'bI ?g%%%g%ﬂ#ﬁﬁns E%%Q%#e?%%gated web
Ti §e|rﬁc@ridﬂ¢1tdhmeda§1 vanjant emimdlm&mtsmfnh;e iamentioh ghedeterftination made
t Pr.ice: K | SBN d
PR S5 i S PP B P e e BSTAPYARE PRbfor Slch e eer
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In_t exanpl nven n used s ecifijes
t hEQto @ﬁtﬁpéé‘*ﬁéw ﬁ@Oﬁgﬁé?F@uS@% ce;pas@atpeep Prextaysly
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to ot her
desired, the web service descriptions are processed by parsing the web service

descriptions to determine inputs and outputs to associated web services, and to identify
25 any instances where the input to a web service might be obtained by invoking another
web service (i.e. either by invoking a different web service, or through another invocation
of the same web service) as suggested by the names of the web services and inputs to the
web services described in the web service descriptions.
[0073] At step 516, a user interface is generated from the web service
30  descriptions, which may aggregate a number of web services (and/or instances where a
web service is invoked) based on determinations made during the processing of the web
service descriptions at step 514. In this embodiment of the invention, the user interface is

generated by the computing device, although in variant embodiments of the invention,
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Of usléf‘ %m%@ghma: R5m PYARE ﬁwo&ﬂﬁné@@&dﬂ Rieks %ﬁlgqﬁﬁﬁt taken

gener rodu0|ng code, which can be executed
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inputs as noted above) if appropriate, as determined at step 514. The latter web service
30 need not necessarily be a different web service, but may alternatively be a subsequent
invocation of the former web service. The user interface may then use the output data

from the latter web service in a similar manner (e.g. as input data to automatically invoke



application, or be in the formof source code to be

subsequently conpiled into an executable format, for
We@x@s08383 The code may be in the form of data P¢EHGBEZ@E/050025

be used by other applications or interfaces (e.g. web

browsers) to provide the user interface to users.
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from a location identified on the UDDI registry, for example. Other registry methods can

30 also be used to locate the appropriate WSDL file, including vendor specific registry
protocols and human readable web based systems, for example.
[0081] At step 612, the computing device receiving the web service descriptions

at step 610 may determine if an associated user interface has been previously generated,
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[0085] At step 624, input data received as input by users to invoke web services,

and output data output by invoked web services and displayed to users through one or

more user interfaces are monitored. Patterns in the input data input by users and output
30 data displayed to users that suggest that an input to one web service may be obtained by

invoking another web service are identified. In this manner, aggregation of web services

may be performed as inferred from user interactions.



interface will be generated (e.g. by a web services
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interface is retrieved at step 614 (froma renote

device if necessary), and provided to the user at step
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[0088] In another vanant embodlment of the invention, a user interface for

customizing web services is generated at step 620 that permits users to explicitly associate
web services with each other by identifying which inputs of a specific web service may be
30 obtained by invoking another web service (or by another invocation of the same web
service). This is accomplished through as series of customization actions as performed by
the user, in which associations between various web services are made, using menu-based

selections, drag-and-drop techniques, or other techniques known in the art. Web services
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I noowaed dur iThg mi\;;smﬁmamdapwd o proapsa user fdriisput data and
€ nltg‘,gedllfenln;l?)ﬁt data where required to invoke one or more web services. It will generally
be necessary to obtain input data from the user when the data required to invoke a web
30 service cannot be obtained by invoking other available web services either directly or
indirectly using input data already received. The user interface is further adapted to
invoke at least one web service to obtain output data (e.g. using input obtained from the

user, using input obtained from previous invocations of web services, using input taken



of the invention. In this enbodi nent, the user
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n mommang d¢viees for egarple Usey mtemathairham blesn geverpfed and stored may
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oren Servic RerciAvocations of the
S a[lmgﬂ}s b se mhle oeer m-‘temfmsi gemgfaj;t;d anktohseo28 agd 6%111151;; bc generated using

nterf t b s
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25 ot thetrcan basediblyeothos Bppiisptidng esingirfaprsr(c.gi welthroysep) to provide the
|n data al ready received. The user
%@é?@%%%ﬁHi ?ﬁgggégapted to
[0094] Referrmg to FIG. 7, a schematic diagram depicting a series of example

screens displayed to a user in an example implementation of an embodiment of the
invention is provided.

30 [0095] In this example, screens 700 to 712 depict displays of pages from an
example user interface that permits a user to explicitly associate a number of web services
through a menu-driven user interface for customizing web services, as described with

reference to FIG. 6 in respect of a variant embodiment of the invention, for example.



i nvoke at | east one web service to obtain output data
(e.g. using input obtained fromthe user, using input

W DRi0aiosso83 f r om previ ous i nvocati ons of web serRCT/E82005/050025
using input takenfromthe state of the device such as
t he avail abl e nenory, using input taken fromthe
devi ce environment such as |ocgtion, using any other
parameter available to the devicCe as input, or using

no_i nput is. n uir he web seryvi

nSFTES 21 RDiceRiEt ST i Sheale (e TEHAA b U Wi services
t hitve BdRibred@bed RSvill B HAdkHEIdByDefBRCsIRIRASH BleYartQhitete

i nputs as noted above) if appropriate, as determ ned

at mEEptigpIECesHiY tp gencrtte (e sxaBnly e s Ege Hovhich web services have

n J ,
o PR P e B A MR B ol b impnts of he
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ou dat a f i |
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anintdnface isebllesedy iACEseT 1sq:m$bmied mth 2 lhslwfmhab saviopsiin sﬂmbm 700 After

fromthe |atter .web ser.vice in a.desi r ou t fornmat
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one or nore WBDL files with_a user interfac asknomn
i nligtefsingh mﬁﬁy The usersplesie ge6YPN frofa the menyiy which prings yppd, form
berﬁgﬁ’é‘sﬂh GRUPIE S SBN Web SRVRL] MPwH Y ich&n 706. m&@steﬁéompletes
te fro the computi ng device, for exanple.
i nthe réquet os shean ih acreensKISn Tye sed S\ welnseavies 16 ﬁ@@kﬁfhﬁﬂd the output
t hengal
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rvi ces r irnterfaces generate
st B¢ld, B20ovanih BR6n AHY Te ggdiree atcbdenyise iginvekedofndputput from this
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c acitheethe )geﬂSBMdr gamm vaibadem&fs ey be subissquenthylused o oader the book

c ey ot a Sy spabfr by Sty RSt Bisol B not
20 rTEﬂIbeM] f Diie Guislogeation hetiue destiityd. abdVeemgyotien bastoled in a memory or

roducea%én the form of an executabl e application, or
be“P?B? %orm of source code to be subsequently

coolZpd i Nt s@EnFabebiabliderih®miRace & GhovkAAUE WHdAGhe user
code may be in the formof data that can be used by

ot $réctssHfiricead fosmshewn jnfcesen a&%@t?@atggalbo@sorma@mﬂ@}nput fields

to I t I,
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the inventicon i's
services is invisible to the user when using this interface. The result of the getPrice call is

displayed in screen 720.

[0098] Embodiments of the invention relate generally to web services, and more
30 particularly to a method of aggregating web services in the generation of user interfaces

for computing devices. While embodiments of the invention may be implemented for use

with wireless or mobile devices as described above, by way of example, with reference to

FIG. 1 through FIG. 3, it will be understood by persons skilled in the art that



[0095] In this exanple, screens 700 to 712 depi ct
di spl ays of pages from an exanpl e user interface that

WEesis»sa user to explicitly associate a nunbRCT/GB2008/050025
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services through a nenu-driven user interface for

custom zing web services, as described wth reference

to FIG 6 in respect of a varignt enbodi nent of the

i nvention, for exanple.Screens 714 to 720 depi ct

di spl ays from an exanpl e user_interface in which web )

s éfmhodimeentspf dhejarsntign giog §s taplemepted far usewith ey compyling devices,
bywinek 808K Wirdeks! Bnfbb&inRhts df BRlintdaGoh HEP ngﬁcaue@ to both
necessary to generate the exanple user inter ein
whvietiespend wiapknecegsumpiion bewab sayyicesgat ed nay be

0 pewed by i 1] ' t f
CHOBO M enc ) hRiABEER Bk ordhe B Aion RIS Sa o sesresate
aggriegave) ssehices erayibe e®rddmsandbpddia ordeeh segvicendeserfpgion files The
cal l.ected. ;Auser.is presented with.a |ist of. web
e S G P B i eV Siectticrkrem Gt plhediesrogated, and how
g&h@r/bb: ﬁ!:gviaesnﬂa/y lfe(ngg?reg%ﬂeclB I[ D méts dsa bﬁﬁﬁto?ﬁa%ﬂl&ﬁ ag t(f) various

i splayed. Instead of. filling.in the input fje or
SRR B R P Sy PG Rl YR ouiBls of which Spectfic wet
I isgiice§ hédallonBe dispTiyéaed a hibalwitibisiveb QIr{iess iMRIZaS&Hs Wis €6 made
as shown in screen 704. A filter has been applied so

t ISgpartaly dtom oiers gpd thy erdesinviieh sneeitigiveb spryicenmupidg invpked to

t hgniewd HEE i ' i e -

e i A RO B 38 S e T pon.
brvigfsweipseavigesmpayrbe duneked agomainalls withoutieaplipitusgBnemetion. One

S i o .
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| ghionglokesr itatfackie out put of this web service is shown
0080 4 B 5 0, O 5Bl ptring e
gestePs pLemathbd sEprocassing 8 wieh sakied desaripti@Lih pnemboditehtif she

b i i i d j. J12. 1.f .
o veREt EP e o R s BR e el bR B v B BT s Pysice) or
B o | SEN monber Letny & he
a&gﬁ‘y | e weBe LEeRHopbag ‘%ﬁ‘iﬁgéﬁﬂ}gﬁ{ wilh gegard ipa n’%wla%%af.

Thenbodisieart] ZRbie®d, BGll BEend BRI G rsBRONKEIARY tHeRRM AR Sther
stored in a nenory or storage device. [0097] A screen

ofvaBHk s eedifisaionspet bemede withgyb dgparing from thoyseape of the

t BigkAgn SRRl Sin YR dHilnS Bppddd PdRtshown in screen 716
automatically incorporating the input fields of the
get | SBN services is provided. The user conpletes the
formas shown in screen 718, and submts the request.
The request to getPrice actually nmakes two web service
calls: one to getl SBN and one to getPrice. However,

t he aggregation of these web services is invisible to
the user when using this interface. The result of the
getPrice call is




di spl ayed in screen 720. [0098] Enbodi nents of the

invention relate generally to web services, and nore
w@2005i08398arly to a nmet hod of aggregati ng web SPCWGB2®S/050025

in the generation of user interfaces for conputing

devi ces. Wil e enbodi nents of the invention may be

i npl emented for use with wirelgss or nobile devices as

descri bed above, by way of exafiple, with reference to

FIG .1 through FIG 3, it will be understood by

peelidBE skilled in the art thatenmbodinents of the

| nyent i QR o@%utbﬂiﬁt'.i,&ﬂﬁ B} SE AL Wb %CMCE&F%%H&Qﬁng a user interface

iC el ess.

conputing devices, wh need not be wr

End9b d icompitingalevich 6l 02 na@nithoepmmaying devdgrmbeinerprogramoteth to perform
Wi el nd wireline consunption of web services.
[d%gg?ﬁf%?variant enbodi nents of the invention,

i nformati on needed to aggregate vari ous web services

may be stored.as ta data in.a weh service. .

descr i gbi QR yiRe TREP iR serdics JESIP R JibEtein wididgiime web
V\hhi ch gpecsé:fvﬁca dﬁﬁﬁpﬁﬁ{) Sngei esﬁ'cﬁpluﬁgty&ﬁ@fébgaﬁvﬁﬁ éieﬁﬁgﬁdilﬁétléments
the web services may be aggregated. The neta data can
provide h i%ﬂtge% % ‘6&1/33 |1?§’88te§g‘gert8 Gath ‘%ﬁ‘ BBl of el services;

i ncl udiy)g prédessipayaidl £ lea¥ihding Web dérPick deRfiptidH 16 hdcnBBCHt idast one
web services need not be displayed to a user, which

web servi ¢B¥ TRVERHCTEREINARIE opBIOFAENS efjainable by ivpling 2

ot hers andedodg wabd&%ick Br Wl SiltraBiREH vidbGeMidis: SRRV CES

must be invoked to achi eve aggrégation, which specific

web serd)i @eBeratEwgf ysesinissiprei for saidiensmputing devies ddepted torperform the
whi ch web ' P c)VA [ -

o thout oo e oY arhf o EURASH oY BERIoh B st one fir

t hese aggmeshaeiving; properties may alternatively be
explicitly defj S through a.user interfa

[001 00] In di\'/ a’#‘?‘gﬁ’%&) dneidn MO secQldyet sel lfeﬁs%ﬂ?tfu&?, b8 dita from

i nstructions fsaid grerof oromd segortdhectssefisespinda et hod of
processi ng a web .servi description in. an enbodi ment )
of the invefti lgﬁowabdgﬁéetaﬁtroéla ¥ V¢ m{c&qsp@é)&%”gata from said
medi a, whi ch na or iokdideondnysh seBliced hs inpay e 1o Shid At le¥4dBne first

media, for exanple. .[001.0.1] The invention has been
descri bed wit h‘g&eﬁjﬁ’ﬂ%’ fooPbipim B, dagss fr i i tgast que first web
However, it wdelvidde understood by persons skilled in
the art that other variants and nodifications may be
made wi thout departing fromthe scope of the invention

ag, def imhgehdiitbaldrelath 3l WRer&RRAAIS iEERE thﬁéﬂ.ﬁﬁépt-édn toRlisplay

nmet hod of autonatlcal1y aggregating web services
g eTvénus datp frog saideat 19agfoae fisst wveb servige toatpeast g udesvi ce
(102; 202), the conputing device being programed to
performthe steps of:

3. "The method of claim 1 or claim 2, wherein said generating step comprises

generating code for said user interface, and wherein said method further comprises storing

said code in a storage device.

4, 'The method of claim 3, further comprising the step of transmitting said code from

said storage device to said computing device.

5. The method of claim 3 or claim 4, further comprising executing said code on said

computing device.



a) receiving at |east one web service description,

wherein said at | east one web service description
weowps»exs a plurality of web service descri ptPONGB2005/050025

el ements that define a web service interface to each

of a plurality of web services; b) processing said at

| east one web service description to identify at | east

one first web service requirih%gbne or nore inputs

obt ai nabl e by i nvoking a second web service of said

plurality of web services; and c) generating a user

| ng er f apg fGhodSdH afly 6RIBUAL AGcABN c@ﬁm@%ﬁ%&g shif uRe il QFT

the foll ow ng subs¥e S uponh initiation

i nmelatqd@hstm c)staﬁmﬂlax adaefaé to praept atdeast enslnsedorinpet;data,and

| Tl G PG W BRI L PGB YRR §ET Vi Ces Lo obtain

output” data“from sard one of nore second web services;

and ii. invoking said at |east one first web serV|ce

usj ng tput, dat aid one or

s e? Vi c gléh Aot ?Jf%laggt R R (R figgéstusgﬁé’ ]PY?I?tat vy one

Seﬁ%@ﬁbwdi@n@@ﬁﬁp&d@ﬂﬁmyﬁmdﬁpﬁ fromsaid at |east one

first web service. 2. The nethod of claim1, wherein

said user interface is further adapted to display

oug.put TRingthddPagbsk @m@l%@&mn@wm{ng Fiterdie Bai® QY k& fice

to at | east one user. e met hod of claim1 or

c | desFRpsion Gleaierts GoRtam dagenesseaiftelWEh éae epfheyere gecond web services

g eﬂiﬁrnaﬁnw&sé‘&&@d i?vi%ﬁ irpsGo SREht 1L43 Gilel Sy 1?% £t%hﬁkre toa

said method further Conprises storing sa

s typdgtreminedingingronvrngompthietain sfid n,armnm@aveﬁmmts a

c oﬂiﬂnﬂaﬁgn Bﬂgheﬁe‘? Qn u{ {o@gﬁ% feﬁét '3e ﬁ?slt qreﬁ 9@9’910% {sooqg.amable by

sal d storage device S sal utrng devi ne

meithekdngof Smblélcdme&om welb seryicelgt saldrptmssmgxmx i sing

executing said code on said conputing device.6. The

nmet hod of any one of the preceding clains, wherein

s&l.d udke nethicerdf acg ogesfelicyirectdaiy chiimp wherdis stépb)t Joatprises:

adapted to pronpt at |east one user for input data and

receive said input data fromsaid at | east one user.

7. Theneimingode of moleatbdont usepr@érgicss tdugh whdh inpl@ldataliSobtainable
used .to i nvoke at | ?ast one second web service in

per f SPM 3 a%ﬁ?di‘gt“é%‘ of welseryiges 3pd OHpYt Gita ’ér%spl?ﬁébl‘%fo it least
preceﬁuﬁgh;ﬂ ai ns, wherein said web service description

el enents contain nanes associated with said one or

nore second web services

invoking at least a subset of said plurality of web services using input data obtained

from said at least one user through said one or more second user interfaces, and
displaying output data through said one or more second user interfaces from said at

least a subset of said plurality of web services to said at least one user; and

identifying said first and second web services, from input data obtained from said at
least one user and output data displayed to said at least one user through said one or

more second user interfaces.

10. The method of claim 9, wherein said first and second web services are identified

by monitoring instances where said input data obtained from said at least one user



and nanmes associated with inputs to said at | east one

first web service that adhere to a predeterm ned
wmasvsngposdnvent i on, wherein said nanm ng convent@CDGB2005/050025

permts a determ nation of whether an input to said at

| east one first web service is obtainable by invoking

a specified second web servi Ce Al sai d processing

step. 9. The nethod of any one of the preceding

RSB R 8107 HeaR LT LIS AR A AR e i a Tt

| SoreRb&itReRiEsald AR R indr@asbndiARrd&Rr Of web services
and output data is displayable to said at | east one

user; invoking at |east a subset of said plurality of
Wepy Serpl GRS it @EWﬁergﬁtsﬁd eh&ahd&ofd QBB SRifksdte identified
| east one user throu sald one or nore second user
i riyedeteztesinstanats i wblbhyalﬁ gt loast pus usershag cemiedspietasialat from output
on se t
o G | SRERIE S Y B ERR oAt focBha s toan
I elaﬁllt fiskbonusakirgnean dlorajmandfmterfgces,an avhidhrdata iangid spoofield is used
V|ce§ frominput data obtained fromsaid at
8§?W’ BB MG8 &Y VShd out put data displayed to said at
Ieast one user through said one or nore second user
interfaces. 10. The nethod of ¢ m 9, wherein
1St oS el B B e ddpe A Wb g contprises:
noni toring instances where said input data obtalned

fromsaid at | east one userthrough sald one. or
second SCAPRITENS ST IFCIEQNIgISETterTaces SoTeEPiItiRgA lqast one user of

sai d atwébese&ﬁcee RpiaHRAY s ERYEHY Skl WiscRlicdIBy QispRIAB dames of
interfaces. 11. net hod of claim9, whereinh sa

first o lﬁa%t@csﬁbﬁ?t vfeﬂ@ldslévr\ﬂl'ﬁéi W&P eryigesinispid@ge pymore Second user
det ect Htg Jé§ taﬂﬁ?&%w’i&%ﬂ%&t Bta FnPsafd até@a@tscyn W& M@J&m§ which

has cople sel e rom out put data |sp aye
sai d atsetomdstebopmiags ef saidﬂt@algtm sibset| obvaid Pluralityrd websemviges has

Nt er { ARES 080 bR FEELdn QD BB S SRS 0L OB Ber,

second aces 'n’ sard rnpu
is used to i nvoke a meb service. 12. The nethod of any

fﬁprl s ¢ églré‘?%e‘?%é ?‘ﬁdgoﬁiéer%lp %S@g éfg{}%rtﬁggqygé user interfaces are

|n&@mf@@&§ for permtting at | east one user of web
services to identify said first and second web
services by displaying nanes of at |east a subset of

saifl pltHeahdthol SHanyWBPths BfeébdiBSclhithsSwhélei@Eis GhiplBMeERed on a mobile
second user interfaces, and receiving input data from

s a¢anping éeydce (b0 203kr i ndi cating which second web

services of said at |east a subset of said plurality

of web services has been associated with said first )
welS. s erAi appatajusqupgtammed toperfopn e meghad of automatically aggregating web

services in generating a user interface for a computing device (102; 202), comprising:

means for receiving (211) at least one web service description, wherein said at
least one web service description comprises a plurality of web service description
elements that define a web service interface to each of a plurality of web services;
means for processing (238) said at least one web service description to identify at
least one first web service requiring one or more inputs obtainable by invoking a

second web service of said plurality of web services; and



13. The nmethod of claim 12, wherein'said one or nore

second user interfaces are nmenu-driven. 14. The net hod
w@hooang398d t he preceding clains, wherein it i SPCT/GB2005/050025

i npl enented on a nobile conmputing device (102; 202).

15. An apparatus programred to performa nethod of

automati cal | y aggregati ng meb_gg[vices in generating a

user interface for a conputing~device (102; 202),

conprising: neans for receiving (211) at |east qne web

ser vi ceDERds ETigERGTHIE (RRRAGISE BGACeAer pubermas detice (102; 202

Ser Vi Cedahied td pkfofif tHeGBREWRE %F@n itlakigh bit 3 i80S of said at least

service description elenents that define a web service

i nt er f aane firgy weAGkIvise; a plurality of web services;

means for pr [ i t .

service d eg c ﬁ?g‘?ﬁéé’ ﬁg £ é)&lgl?esﬁ tclﬁlfls,v egtsel{vgcggo %ﬁn pﬁ?%ttda\t/\ae om said

servi ce requiaotcpgmoreseoondmeteseivigeat adobt ai nabl e by

i nvoki ng a second b, servic f sai L uraljt f b .

ser vi ces; "andieokrsfias Bk buf BrfivgS Raeb g ouptc fla H6:R said one

i nterface fororsairelseconputh segvidesds depul dD210 sAAX) Icackagnt Eigkt web

to performthe fol]ow ng upon initiation of an, .

| nvocat i on of SRR QUPTiE P Spid sk @ik firgiqweb service.
i nvoke one or nore second web services to obtain

out put data from said one_or npre second web_services;
antf-i nvEeePRaRys gf claignk, wWhereiny the appayaips 18 8 mebile devics (A 202).
out put data fromsaid one or nore second web services

as input data to said at |east one_firstweb service,

t o1'Bbt af sowpHtpiueadshicanediem(Z4) apen Whiglas setoh goffware eonpagents is
se .
%t&leﬁ,ethe %@M%@%@?P@J@&&ﬁaggﬁl% %}lgg'!]éﬂféggor \é‘%@!ﬁﬁb&{‘oﬂ Qﬁl‘ocessor

apparatus 1s e devi

c o238} efithe eompwiting devaati (192 202491 clgimm 1ivbit I the isstuctadns for

SO ' tor .

c bt Pbe R RERTEE i oty 3k NS B IBEE by of
( 288)msdftotlde conputi ng devi ce (102; 202) of clainms 15

or 16, the instructions for performng the steps in

the nmethod of automatically aggregati ng web services

of any of clains 1 to 14.




