1 METHOD AND SYSTEM FOR DYNAMIC INVOCATION OF SERVICES IN A SERVICE-ORIENTED
ARCHITECTURE ENVIRONMENT FIELD OF INVENTION 5 The invention generally relates to
service-oriented architecture (SOA) environment in a computer network system, and more
particularly, to dynamic invocation of services in a SOA environment. BACKGROUND 10 In a typical
Service-Oriented Architecture (SOA) environment in a computer network system, the use of
third-party serviges i§@BSaRIS SRR ASPERICHN SPARITRS INSARE R R U SRR H gD
services, where a third-party Service Is an et
already existing, and a wiids g fudimbils i Qobih]A A RE ik g G S BLIONS|

that can be 15 described, published and invoked over the network (typically the Internet) using open
standards. The SOA environment enables software applications to be assembled using third-party or
existing serviéd&: e PERNEFE ¥B¥olutely necessary, to be built. This promotes reuse of the
existing applicationsrauhadaradiam. ANl IS WAGSAMERIRLASENNEY QI the SOA
environment infrastructure, application désign and development requires less effor ; which leads to
less expensiVEEBRIVEFSIEPHicaioHT Sshtke HitgMatsd betulltrhewarientalfysaohcthat the software
application may,8e:4syeloRsdias and (epRewsgLyices are required. Software may be rolled out
with a much shorter lead- time, leading to more responsiveness to customers' needs. Additionally,
applications 25 may be customised with relatively little programming effort to an end user's needs. The
end user maygergaerganisgiion. The SOA environment provides a suite of services that can be
aggregated or assembled, which in turn may require dependent services. The dependent services are

usually pPe-defined Hha BBtERtiEM fis cteradre-lte 4ot ds CodeurirmyBatmplensptions, as
shown in Figuigorkigyek, shewsea PIRkY-diagramata sQAERionshRQASIRNIS IS AQ With a

calling service 12 with a pre-identified
g use of the SOA environment for web services, where a third-party service is any

functionality offered, such as an application or software already existing, and a web
service is a software component representing a set of specific functions that can be

15 described, published and invoked over the network (tyﬁicaﬂy the Internet) using open
standards. The SOA environment enables software applications to be assembled using
third-party or existing services, and only where absolutely necessary, to be built. This
promotes reuse of the existing applications, and a paradigm shift in the way software is
developed. .

20 With the SOA environment infrastructure, application design and development
requires less effort, which leads to less expensive software/applications. Software may
also be built incrementally such that the software application may be developed as and
when new services are required. Software may be relled out with a much shorter lead-
time, leading to more responsiveness to customers’ needs. Additionally, applications

25 may be customised with relatively little programming effort to an end user’s needs. The
end user may be an organisation.

The SOA environment provides a suite of services that can be aggregated or
assembled, which in turn may require dependent services. The dependent services are
usually pre-defined and potentially pre-coded into the source code during

30  implementations, as shown in Figure 1. Figure 1 shows a block diagram of a
conventional SOA arrangement 10 with a calling service 12 with a pre-identified
dependency invocation 14 in communication with depehdent services 16. With this

conventional configuration the mapping and binding information are programmed and



dependency invocation 14 in communication with dependent services 16. With this conventional
configuration the mapping and binding information are programmed and 2 fixed during the design or
implementation of the application. Amongst the elements that are fixed, for example: I. Messaging
protocol to be used, for example application programming interface (API) - based, Remote Method
Interface (RMI), Simple Object 5 Access Protocol (SOAP), JAVA Messaging Service (JMS), or the

like; 2. Dependent service name or package that is to be used; 3, Operation or APl name of the
service to be HS&HA 51%’3%1‘ ﬂ’?é‘%‘f:}gg‘é%ﬁtfﬂﬁf)ﬁ%?i@ﬂ%hﬁﬁt’l?ged‘}%ﬁ%ﬁ@ee%ﬁglﬁ@é ut and

expected retusnetkparfneigiapsnd 10 5. Data types expected between calling and invoked services.

There is a subtle difference petween operatipn signatyre and data type . dependencies. Signature
pertains to the declalration%feéﬁfn%ﬁfeﬂpﬂ%fﬂgtﬂr%&ﬁfa' o S HRRbe TR ARG, RGNS Stc) and

output. Data type is about ihegimm @&Barameéar&aef@mem ha@ iﬁfer@iﬂ'élfQR 7] EE}%I&H?OB% c@xqmple,
in Java, there is a difference between 1 nt, The concept of assembly of services in a
SOA en\};?ronment requires‘%ﬁ%esﬁeﬁﬁw&gﬂgﬁ%%eﬁwéé Vifene st MG WRE i RdERed. As
such, if the dependent seriieg{siidfi sitoive iarddgi pacRig 0N rvadlable or are down, then the
service in context i§ also tav?ilable%Zis brinégés bout thefr%%em of flexibility and reliability 20 of
the service in question. In OtREPHBIGE ‘thé LERGOS 1850 E FRIRSHISHS the least reliable service(s)
that it is dependent dipon. Aligpaifithe Sthieporedprosddchar AR wigRaluisciatiexaRRiecchanges in a
dependent service 16, the service in context oy calling service 12 needs to be changed as well.

LR SR R TS 416

Furthermore, in a SOA architeCiie, 8@5% & &% rvice with another service that is

providintsimilar funktionaliby 26 et exjiberat betngdiedatiaveruby theokudeepiecat.fixed elements
specified and listed above is crﬁﬁieaét the c%nce t of reuse and mix-match pased on end user

requirements. Recent atempts have bEsh Hade (o ad8Eet il FaEe ARd t5hErBRse the

dependencies. Signature pertains to the declaration of expected inputs (including the

number of inputs, sequence, etc) and output. Data type is about the type of parameters,

for example, int, String, and the like. For example, in Java, there is a difference between
15 Integer and int.

The concept of assembly of services in a SOA environment requires the
dependent services to be available and running when needed. As such, if the dependent
service(s) 16 shown in Figure 1 are no longer available or are down, then the service in
context is also not available. This brings about the problem of flexibility and reliability

20 ofthe service in question. In other words, the service is only as reliable as the least.
reliable service(s) that it is dependent upon. Also, if the supported protocol or API
signature, for example, changes in a dependent service 16, the service in context or
calling service 12 needs to be changed as well. Furthermore, in a SOA architecture, the
ability to replace a service with another service that is providing similar functionality,

25  but without being tied down by the example of fixed elements specified and listed above
1s crucial to the concept of reuse and mix-match based on end user requirements.

Recent attempts have been made fo address this issue, and to increase the
flexibility and robustness of services. United States Patent Application Publication No.
2003/0,070,006 A1 published on 10 April 2003 in the name of Nadler et al describes a

30  development system providing extensible remoting architecture, and United States Patent
Application Publication No. 2001/0,037,417 Al published on 1 November 2001 in the
name of Meyer describes a method and system for dynamically dispatching function

calls from a first execution environment to a second execution environment. However,



flexibility and robustness of services. United States Patent Application Publication No. .2003/0,070,006
Al published on 10 April 2003 in the name of Nadler et al describes a 30 development system
providing extensible remoting architecture, and United States Patent Application Publication No.
2001/0,037,417 Al published on 1 November 2001 in the name of Meyer describes a method and
system for dynamically dispatching function calls from a first execution environment to a second

execution enyi . However both,of these tems not adequately addre oblems
related to ha\‘%é%pggﬁgésde P g?sr,%sg?r%gng?oat%%%}atﬁg‘f i (l%é?jpf?. ?’Bgtré% : %)%’ligé‘ﬁ‘&g E”g%lg ation No.
2003/0,070,008swiethtopacited sithisspradaietd, b taas:thipphlution BibisedoaNgenerating code during
runtime, the Baly S r st be,predefined. U.S. Patent 5 Application Publication No.
2003/0,070,0%%}é faeé t %@%ﬁ%%otéf%éfﬁésﬁe@%% e 3 13 %"é%%r%t%é%‘? sOpSSHEAULES. Patent
Application PésslicdtiongNen 2001100874 47 ot snyplemantatierptedt i spetifi: ®untr environment

only; hence, thj Ei I olf=% col support issue.as discussed.in Item | at all.
U.S. Pat%cnt %gp% |§§t§%%1%9§kﬁiaﬁ?§rﬂ§o%§%%§%?83 ,%Sctg’r? F\qéﬂrell}?]?nlfglc:na% reer%vl?r%ﬁ%té’ﬁc S 10 Both of
these publishud-pedioet applicalionpraitsdo HdtrRestha prbbieiondfublbfatiog Noizoal ine3aeerat
design time ind [ (nee service at runtime. However, there is no solution to the
problem of p?g\%%%iséeﬁ%@éﬁ e{%%%{rsl eec?nﬁlgé%&a?%Fr%%%gﬁénf a ?ﬁmim%nﬁ\eét%ésdsg? Iéllng tied-in
during desigrilegsimiplendé matibipl¢-Sotasd suppns sontexdiScustinh ! eeansit QcclrfinBandaile a
program is bajpgRXREH By MR WIS SoMPHierSeL.EoMf(EsquicreIdictionand).  Qccurting while a
program is executing. For example, a runtime’error is an error that oceurs 3ur|ng program execution
and a riRtime librarPesheo b eitsranplashredtinies tthipplireibos fie liotohel prag immiobileg @xfecution. In

o comaEIlie I(Els IR aMEa e ancn AP AT AP 1SRG SO Cervice o

(http://www.webopedia.com/TERM/r/runtim ere Is a need for a lon to the pro tIem of
providing a systEMahat enables a

However, there is no solution to the problem of providing services that can be
mixed-and-matched at runtime instead of being tied-in during design or implementation
15 phases. In this context, “runtime’ means:
¢ Occurring while a program is being executed,
(http://www.computeruser.com/resources/dictionary/)
¢ Occurring while a program is executing. For example, a runtime error is
an error that occurs during program execution and a runtime library is a
20 library of routines that are bound to the program during execution. Tn
contrast, compile-time refers to events that occur while a program is being
compiled (http://www.webopedia.conyTERM/t/runtime. html).
There is a need for a solution to the problem of providing a system that enables a
calling service to be implementation agnostic as well as insulated from changes of

25  dependent services, preferably in an SOA environment.

SUMMARY
In accordance with an aspect of the invention, there is provided a method for
dynantic invocation of at least one service in a service-oriented architecture. The method
30 comprises invoking at least one target service in the system dependent upon a calling
service; identifying the target service; mapping one or more parameters of the target
service with one or more parameters of the calling service if parameters of the target

service and of the calling service differ; and invoking the target service.



calling service to be implementation agnostic as well as insulated from changes of 25 dependent
services, preferably in an SOA environment. SUMMARY In accordance with an aspect of the
invention, there is provided a method for dynamic invocétion of at least one service in a
service-oriented ar hitecture. The m%thod rf30 co LIorises invq{kiﬂ at least one target sel'vic in the
system dependent o BRI B EF RERing He S HT S ARES XS TP B 1 ol
parameters ofsfzedangigt tsemvigppivighrane wset breapakbihétesediities eadling. service if parameters of

the target service ad of fne caling:seryice difers #ng inuoling thedarget service, 4, Jhe mageing
may be performed using a context mappe\f an mapp|¥1g rules, {5t instance with The mapping rules
used by an Xhfetrde dheulos mriginenaph d e fuitaidoattiontlite requateskbiceh éoctiéingresivieditynay be
storgd, and I%Eeﬂ‘ﬁ:r?bog {}péac@ﬂgﬁ:ggv%%ps the functio_nality of the target ser\{ice to t_he functio_nality
required by the calling service. ihvoking a target service may use a context invocation descriptor, for

instance having ankingcheargdh saserdcstrondyiresd neaconieid iceosdtivaristeivkspdot ofstasaavention,
there is proyj %1 S‘ ée(%ﬁ‘s&%%‘%@%i@&%%ﬂg” of at least one service in a service-oriented

architecture. The~“system comprises: a component for invocation of at least one target service in the
system dependent Uipaecardalitsy withvitwiaiceanashieikine dnerysioso tipterl ifonreyigatingswdienice for

identifying the (gl SENAGEANBRRAIPACRS " SHATEPARMSIE S NE JALARL SHRAREND. O Or more
parameters of thé calling service If parameters of the target service and of the calling service differ,
and invoking¥sterargeneapfise aTERIMBANGH fRayTYREREPRoPhFAiseasnappitRjasfespaifisninctigpled to
the context BARAYREILBRRIEY MEANA SIR REE EHAV-EAMBRY iﬂa&a&%&g&m?@w alithdnapping
rules, for instance with the mapping mechanism utilising the rules in an XML based rules engine. The
system may FaFtieer feb Bty B HIR foieeh ERIEcRaCBAPREGPNRINIENETE RRrRsaRiEsheltigédrdstvice is
invoked. Preferably i@ ipteriace,sterps aseis & URSMMEY service if parameters of the target
service and of the calling service differ, and invoking the target service.
The system may further comprise a mapping mechanism coupled to the context
manager, the mapping mechanism preferably comprising a context mapper and
mapping rules, for instance with the mapping mechanism utilising the rules in an XML
based rules engine.
The system may further comprise a component interface through which the at
least one target service is invoked. Preferably the interface stores a service functionality
reguired by the component. The mapping may map the functionality of the target service
to the functionality required by the component.
The component for invocation preferably comprises a context invocation
descriptor, usefully with an XML schema based structure.
The component interface may be a dependency interface.
in either above aspect, the target service may be identified during calling service
runtime.
In either above aspect, the at ieast one target service may comprise a plurality of
target services.
In accordance with another aspect of the invention, there is provided a system for
dynamic invocation of at least one service in a service oriented architecture, comprising:
means for invoking at least one target service in the system dependent upon a calling
service; means for identifying the target service; means for mapping one or more
parameters of the target service with one or more parameters of the calling service if

parameters of the target service and of the calling service differ; and means for invoking

the target service.



required by the component. The mapping may map the functionality of the target service to the
functionality required by the component. The component for invocation preferably comprises a context
invocation descriptor, usefully with an XML schema based structure. The component interface may be
a dependency interface. In either above aspect, the target service may be identified during calling
service runtime. In either above aspect, the at least one target service may comprise a plurality of
target services, In ace ' other ct of the invention, there is provided a system for
dyr?amic Invo g%i hF %@@ﬁ? i?#?i 'ﬁ%%%@gﬁ%ﬁ]ted architecture, comprising: means for
invoking at least onellargetreesthes feathresysticradependent: upan AeabirBnsatvisetimeans for
identifying the target service; means for mapping one or more parameters of.the target service with
one or more b%‘fggn?g{é‘r%xé%ﬁwléegs{l |‘r\‘§§§f\9{£££ﬁ’ %eﬁqﬁ%@g%?ﬁ)ﬁ@tﬁ?ﬁé’t% §’éf{ﬁ1 @@aa@%ﬁmfé‘ﬁling
service differ;famd threfinik faninvokieg dbedatget, sendapikBRIGH RRSGRIPTHAN@F THE
DRAWII\%GS These and other fe&tuq(ea, oﬁb{%?gts nd advantages of. embodiments of the i%/ention will
be better’understood &nd reddily SpAreRt o Shé 8?%‘?%8&&%?%?%%15’%8 SHAHESTIR MG ritten
description, ir@opjuactovinmitindiawings, in which: 5 Figure 1 is a block diagram of a conventional
service-oriented architecture (S computer environment; Figure 2 is a black diagram of a SOA
computer environ meEr%g?1 rﬁea{)ééso?c?aﬁ?\%:% %ﬁ#a?nogﬁ\gc{?dgn?gﬂ}p@ﬁ%5%\78%&? ﬁﬁﬁ?@%ﬁcﬁnwé%mplary
descriptor foraa pavtistilacscenadonaadidf; Figure 4 is an illustration of an exemplary scenario applied
to the environment (%fiﬁl':é%ujre 2. DETAIII_EDngESCRIPTION The embodimenéﬁ(?f the invention are

particularly effective a U3etuin SRIAry deseriptor for @ particular scenario; _
10 Figure 4 is an illustration of an exemplary scenario applied to the environment of
Figure 2.
DETAILED DESCRIPTION

The embodiments of the invention are particularly effective and useful in SOA
156 environments as software applications are no longer built as huge monolithic systems.
Instead, software applications can now by extensively reused (where this technique is
extremely powertul) and built only when necessary. Furthermore, in a SOA
environment, the services come in many forms and shapes, and the implementation
platforms and protocols used can be different. Hence, the applicability of this technique
20  according to the embodiments of the invention.

In an exemplary embodiment, a service-oriented architecture environment in a
computer network system enables a web service to be designed and implemented
independently, regardless of the suppbrted protocol and signature requirements of
dependent or target services. Data type transformation is supported through a context

25  mapping mechanism. The system is configurable during deployment or just before
actual invocation of the dependent service(s). The configuration capability is enabled
through an XML-based descriptor, and services are invoked based on a given context
dynamically during runtime. |

Figure 2 shows a block diagram of a SOA computer environment 20 in

30  accordance with an embodiment of the invention. A calling service or component 12 is
deployed together with a dependency interface 22. A dynamic context manager 26 is in
communication with the calling service interface 22 for dynamic binding 30 and actual

invocation of target services or applications 16. A context invocation descriptor 24



15 environments as software applications are no longer built as huge monolithic systems. Instead,
software applications can now by extensively reused (where this technique is extremely powerful) and
built only when necessary. Furthermore, in a SOA environment, the services come in many forms and
shapes, and the implementation platforms and protocgls used can be different. Hence, the
applicability of this technique 20 according to the embodiments of the invention. In an exemplary
embodiment, a sergice-%riented architecture environment in a computer network system enables a

web service t8B8 HESIIHET A FHBIATEREY iR FSpErtRc HEgaraI2 L b & Y836 8Bt FFotocol and

signature requirergsntsof Mdepabdantppdargeimeiviopm DR e taRsiormaian issupparied
through a contthexEIZS maéo§i$# mechanisn;GThe system is configurable during deployment or just
before actual ifVoCatioN of é‘ﬁrélﬁg?‘l%eém service(s). The configuration capability is enabled through

an XML-based descriptehoand héyvinesdirenvakaegrbased Omagivan cortexd: dypamigally during
runtime. gigure.%sh WS ahblock diag?r%fé SOA computer environment 20 in 30 accordance with an
{ Servi

embodiment of tha'invertions AE4fh ¢ SR R oheREmdo dhh STRresTEiRe L with e
dependency idtpeiate2? irfedinaticeontexidpiaragar RarisoiftheQanication 1iththegaling service
interface 22 for dynamic binding, 30, and actual invocation of target services or applications 16. A

R S T e iR g rOCHoAS o S b B A @ace 22 to

context invocaﬁgn
the dynamic clavtdapmeanafjir 261l satext mappae 28ad dappingieles 29 praMids MAPRIRD

the part to be KA MO VA SERTLE L 5 RS e BTEAF® Saling service.
12. Thel@epentiefacy dtesfaein2? masyihe: deptoydd agpachoiise CallingBayieedcanddefines a
e L S R B e s cevelonmen
developed together Wiikhttiescdiinipseneiceet nAsisieh thisatOdbsariaee 2245 deficeshasad on the
needs/ requ"%?}?&tt%é) tot h@)lg &saelg %%ggé\%:g e%c%c%@gn or runtime of this calling service 12.
Later, during, or after the deployment of the application, when the user finds a
15 service that can provide the functionality that the method in the dependency interface 22
expects, the user can configure the binding information in the descriptor 24. The rules-
of-thumb or heuristics rules 29 are stored and upgraded (added to and refined)
continuously. Through these rules, the mapping capabilities of this technique can be
expanded and can grow over time.
20 The dependency interface 22 is part of the calling service 12. In effect, the
calling service 12 and the dependency interface 22 are one component and the context
manager 26 and the context mapper 28 are another component.
The context invocation descriptor 24 may be an XML schema based structure
that may be configured after the design and development of any calling services, based
25 on the needs of the dependency interface 22 that have been pre-defined. The descriptor
22 defines the service information such as the protocol of the service, service location,
method name and parameters mapping information.
The context mapper 28 utilises a set of mapping rules 29 that has been built in
(and continuously updated and improved) to provide the capability to be a ‘matchmaker’
30  between differing signatures and data types of calling versus invoked services.
When a calling service 12 invokes a method in the dependency interface 22, the

following overall steps occur:



stores information as to the functionality of services required by the calling service. With this, the
designer need not know or care about the actual services that are expected to be used during the
execution or runtime of this calling service 12. Later, during, or after the deployment of the application,
when the user finds a 15 service that can provide theéunctionality that the method in the dependency
interface 22 expects, the user can configure the binding information in the descriptor 24. The rules-
of-thumb or heuristics rules 29 are stored and upgraded (added to and refined) continuously. Through

these rules, the maphing cap i bIPRaSEChAIR CRF 5Be S3P ARt A R 2BAGH AR time. 20

The dependency interface 224spait Rfsbaaaling Senias, 12 pinaliest thedeallingserdes,12 and the
dependency interface 22 are one component and the context manager 26 and the context mapper 28

are another component. THeRbftExt invocation descriptor 24 may be an XML schema based structure

that may be configured afteTibesireigmanskeeye emRie v RrMAV GRAN heerias $argers25ian the
needs ofréhe dependency i %egface 22 that g\ave been pre-defined. The descriptor 22 defines the

service information such asthe’pTBtSRIeE e Soprris dirdidenerdeienesh fomdite and

parameters mapping informrtienpibhe conestmanner 28.utlises a set of mapping rules 29 that has
been built in (and c%ntinuo updated and i@groved) to irovide the capability to be a "'matchmaker’

30 between differing’signattFES AR BT BFES BPREHRS Vot 08 inidkaassetr e somEita calling

service 12 invokes a methaddppiéie depenbencinivientars 234the fellawibgRyeIaiBona0et: 7 1.
The context manager 26 in rcgpts the call (or inyocation) and extracts important information such as

0
input parameters, method A e%?ﬁﬁ%“%‘%pgt@ L O IR AR B BRI LRRSASN on the

actual tameted service 5 (e Phmyrsesvierthat is needed or a dependent service) from the descriptor
24 and locates His S ICe g T T constronbn o th At ame R e ey e
manager 26 invokes the called service and gets the resuit.
5. Again the returned result is passed to the context mapper 28. The context
mapper 28 converts the result to the expected corresponding result of the
15 calling service 12, based on the information as to the service functionality
required by the calling service, as stored by the dependency interface 22,
again with the aid of defined mapping rules.
The dynamic context manager 26 performs tasks if an invocation is made through
the dependency interface 22 based on the information described in the context invocation
20 descriptor 24. This information relates to how to locate a service. In a local
environment, this information may be the path of the local service and method name. In
a web service environment, this information may be the WSDL (Web Services
Description Language) location, service name, and operation name. In an EJB
{(Enterprise JavaBean) environment, this information may be location information, home
25  class name, and method name. Examples of the type of tasks that are performed may
include:
(1) Identify the relevant dependent service(s) that are needed and available,
(2) Map the required parameters from the calling service (if necessary) using
the context manager 26 (this is actually done by the context manager 26),

30 (3) Invoke the actual service in context,

(4) Receive returned parameters or values from invoked services, and



mapper 28. With the information and the heuristics provided by the rules 29, the context mapper 28
constructs the actual parameters to be passed to 10 the 3rd party service. 4. After the parameter
reconstruction by the context mapper 28, the context manager 26 invokes the called service and gets
the result. 5. Again the returned result is passed to the context mapper 28. The context mapper 28
converts the result to the expected corresponding res@it of the 15 calling service 12, based on the
information as to the service functionality required by the calling service, as stored by the dependency
interface 22, again With the"4i8 BraBfiaRapIsHG usPeTivd snahTerapsiesa forthagelza performs

tasks if an invocation is mawgugmeqbﬁeq§9%%%@@&@%5%&%&%%@4@ dimAtn

described in the context invocation 20 descriptor 24. This information relates to how to locate a
service. In a local environm&RiEHi@ TR AN may be the path of the local service and method

name. In a web servigg @eﬁﬁgafy@&,m&@fwﬁlﬁﬁ@ptm@ﬁﬁhﬁtwas%{é@%Qa%;a%\g)gieﬁae%?&“P“O”

Language) location, service name, and operation name. In an EJB (Enterprise Bean)

environment, R BERSHO PRV E RiediRsiniesmatanss i epactiabbinding taibramsied name.
Examples of the:type0f tepkedhatiarecpritermaed mavb dnsliigenibhidentb these sy a dependent

service(s) that are needed and available, (2) Map the required parameters from the calling service (if

necessary) uSFY 4l SRRIGRISalfer P8 T RIa RS Béﬁéeﬁ?%é@ﬁf’é&rﬁﬁ%ﬁ@é@ ), 30 (3)
Invoke the aciyahseiviaedeonixhd MaBsisevepainedpaamaiass: ofuessiramyvoked services,

and 8 (5) Map received parameter into expected return parameters for the calling service (if required)

via the conte RRBRIH RIS Ts AGia 4Ty qgHRSY theb e sRts AiamagRrmEN thrivebafigaration allows
flexibilitygo beebvitteinigasrpvice GegRAPEANSIASBA S SRlaNSHBS RS IGRIdRIIRGInG:
infqrmation ang(\a/gllllt%% %%fuixgc!n%ré%itngf ltJ}?f;[ iééyvqéierqg'context or calling service.
The mapping rules are default mapping rules or rules that may be derived through
experience. Examples include casting of data type “long” to “double”, an “int” to
“String” or “Integer”. Others may include conversion of complex data types, for
15 example value objects. All these rules are defined by the user and stored in the rule
engine’s database. The mapping rules also contain generib heuristic knowledge about
combining or breaking parameters between Calling Services and Target Services.
The descriptor 24 provides specifics for the particular instance of invocation, for
example, mapping of Parameter-1 from a Calling Service to Parameter-2 of a Target
20  Service, or even combining/breaking parameters from a Calling Service to a Target
Service and vice-versa. These two sets of information enable the context mapper 26 to
provide the mapping capabilities needed to enable the 3™ party or target services to be
invoked seamlessly by the Calling Service.
As the binding is delayed until runtime, the actual service name being invoked
25  need not be known until runtime. As such, the service name can be configured during
deployment or just before invocation, allowing a service to be developed without
dependency on pre-identified services or protocols. In a similar approach to service
names, operations or APIs also need not be pre-determined until runtime. Typically, any
invocation to a given service requires prior knowledge of the expected input parameters
30  and understanding of the expected return values. The user may define/configure several
suitable target services, at runtime the context manager 26 decides which to invoke,
according to the runtime context, such as whether the local or a more efficient service is

available, versus a remote or less efficient service, for example. Furthermore, as any



The calling service 12 has context that may be independent of the context of the target services or
applications 16. For example, an embodiment may have service protocol independence through the
mapping capabilities of the context mapper 28 and the mapping rules 29. This embodiment is able
provide a mechanism to invoke a target 10 service, regardless of the protocol required, as long as the
protocol is supported by the execution environment of'the service in context or calling service. The
mapping rules are default mapping rules or rules that may be derived through experience. Examples
include castintfOReRataFPEMERGY 19 A BROSTamMRStHNSaE5y they ntedel foosheysraahainclude

conversion of caynlex daiaibes, i besrampleatsainRiscissAlingss JulesIg defineddy the

user and stored in the rule engine's database. The mapping rules also contain generic heuristic

knowledge abBik itHHbIRIRED PHreHR R PPt ity B tRIEA CHRhE Semviies and ergerServices.
The descript%%ea{ex\é@%@@@eiﬂ@ia{eﬂa%p@ﬂ@e@eﬁaémst%%@%@%%ﬁ«f&f SXRWRIR mapping of

Parameter-1 from a Calling Service to Parameter-2 of a Target 20 Service, or even
combining/bréAkEIEHEIERS B ACHIiR §IERAE SRR TG B ISksit dhEniehidetversa. These two

sets of informﬁugﬁlgﬂﬁm@@therﬁe%@ﬁbm%epgaz%ﬁl%@r@/{%@u&%&amﬂ&%&a@i%&%%%ﬁ‘@@gf%? to

enable the 3d party ar target services to be invoked seamlessly by the Calling Service. e binding
is delayed unth R#HRE MABGU SBRR ETMPBER GIAVOKE P BT HESH Aot B RFRREURTY UNtime.

As such, the sgi/igthBPHAE-GAB {g,eogg@lfliﬁggﬁ%)during deployment or just before invocation, allowing a
service to be deveIoEed without dependency on pre-identified services or protocols. In a similar

approach to service BRI Srikie aryisedbostBatp RperetemmRamastiaufthe.
Typicallypany-figyecaiente: sheiven SeRiee s quies R}ﬁ@fiﬂf'ﬂﬁ’é"(ﬁ%@’&@g@éﬁﬁc@%@@%ﬁg"i.”HléhE’é}rameters

30 and understanding.of the expected return values. The user may define/configure several suitable

target service® SR YEISHIRd tREEERERE TahBgRR G hfoBRBERgHIts 18T obled© BESEASiNG 1 the runtime

context, suchsashadietber Khetacabiorainaie sHiaiantFaNice dsayalablg tMarsHSwh '&Inalsifk ess
efficient service, for example. Furthermore, as any 9 service is implemented using a programming

language, thi %élﬁﬁl}&t@ﬁéﬁtﬁjméfzan be any type that is supported within the runtime
environment. Where the runtime environments of the Calling Service and the Target

15 Service support different data types, the context mapper 28 provides mapping
capabilities. It is expected, for extreme cases, that some information, such as numbers or
decimals, might be lost. In such cases, the mapping rules can be defined specifically to
cater for such instances.

Constraints are defined into the mapping rules. For example,” the length of the

20 new constructed parameter should be less than 10” is a constraint rule. This rule is
applied during a parameter reconstruction phase: if the length of the new parameter is

greater than or equal to 10, an error is raised before the actual cail to the service.

Example
25 An example is given hereinafter to provide a more full understanding of the
embodiment of the invention.

A moneychanger develops a money exchange service (Calling Service). In his
service, the moneychanger needs to know the current currency exchange rates of various
countries. The moneychanger does not have services that can provide this information

30  directly, so he intends to use some 3® party services {Target Services)., The
moneychanger has several 3 party services providers, such as banks, stock exchanges,
or some other organisations. The moneychanger has not made his mind up (does not

need to) as to which service provider he will actually use. Howsver, he knows he can



errors or.exceptions do not occur. This embodiment has a mapping mechanism 28, 29 that is able to
map expected inputs from given inputs of calling services and vice-versa, for returned values or
parameters. The expected data types between the calling and 5 invoked services match, otherwise
errors or exceptions will occur through data incompatibility. The mapping of parameters or values
need not be one to one mapping; it may, for instance! e one to two mapping or two to one mapping,
or some other type (e. g. other non-one to one mapping). Using an example set forth hereinafter, the
getRate operatioridetdmreamoalvictod d0mfves atghexivattheettoal expboted ratibatypeniththe Calling
Service is "longy, Henge. a conversion is needed, and this is what the mapping rules are able to
provide. This embodiment has the ability to cast or map differing data types, within known constraints.
Theoretically, the dafdeypescahivgarmpnfditivat ieseppodeditficethehisntmzeemlirdnelt. Where
the runtime eRyUoRIBIIERAHING PAll0Y BRRisR aRdde] wactd Seenvics suppardilieren data
types, the context mapper 28 provides mapping capabilities. 1t i$ expecte(f or extreme é\ées, that
some inférmagienbsaetnasdiumbers or decimals, might be lost. In such cases, the mapping rules can
be defined specifically to cater for such instances. Constraints are defined into the mapping rules. For
example,” the length of the 20 new constructed parameter should be less than 10" is a constraint rule.
This rule is applied during a parameter reconstrudtisBIghase: if the length of the new parameter is
greater than orequatto-t0;amrerroris raised-before-the-actuat-calt-to-the-service: ample An
example is given hereinafter to provide a more full understanding of the embodiment of the invention.
A moneychangerigemdtopeca MyhbnexEhahgreseriice (Calling Service). In his service, the

moneycr@ngerﬁ}?q%%ge#}pwgﬁ GUrEent currenc exchange.rates of various countries. The
moneychanger does ot a&ecer\g}lce{s ?ﬁgt%negrmc/?égl ﬁ#s Wﬁ?gfmation 30 directly, so he intends to

use some 3'd party services (Target Services). The moneychanger has several 3rd party services
providers, such as banks, stock exchanges, or some other organisations. The moneychanger has not
made his mind up (does not

where the CountryBean is a value bean class, with the following structure shown in

15  Table 2.

TABLE 2
Class CountryBean {
20 String baseCountryName;
String targetCountryName;
3
25 The expected result of the moneychanger’s request is how much One-Unit of the

currency of “baseCountryName” can be exchanged for, in the currency of
“targetCountryName”. For example if one US dollar can exchanged for 1.70 Singapore
dollar, the returned result should be 1.70 and “baseCountryName” is “US” and
“targetCountryName” is “Singapore”.

30 After the development is completed, the moneychanger can configure his
preferred service provider’s information into the descriptor. For example, ABC bank’s
“getRate” service is selected. The ABC bank’s service has the following signature:

long getRate(String desCountryName, String srcCountryName).



need to) as to which service provider he will actually use. However, he knows he can 10 provide the
names of two countries and expects a returned exchange rate between the two countries. The
moneychanger can define a dependency interface in his service, which looks like the following in
Table 1 (here Java notation is used, for C++ and other language, this 5 can be changed): TABLE |
public interface MyMoneyExchanger { 10 float getCurtdncyRate(CountryBean countrylnfo); } where
the CountryBean is a value bean class, with the following structure shown in 15 Table 2. TABLE 2
Class CountryBean {pomstrinigHasdcsantiyiiahey Sy l@gktibusntryhasmeenc2®he expected
result of the MAaeYGARSIEhseaue oI BNAMIII AN EY BILALINE PUHRRAALRATES Uy Name”
ple it bne 0

can be exchanged for, in the currency of "targetCountryName". For exam ar can

exchanged fottizaf Stiglapsia yiiame, ik Fstuaed restnuroriape 1iy Sargipbese CoumtpyNadne” is
"US" and "targgifrountyNAmR tsi SHI08RYS a3 ATEE Q&%&%\%%@PAP?% !§i8§é&§§l§t§&§g‘?

moneychanger can configure his preferred service provider's information into escriptor. For
example >ABC bank's® THeRE86"04hgiADS seleeRateT EernBS hanrenserhingtranubiciicl daling

signaire: long QIR RIE A58 GOUBNER SHINGSHEOYNBATE he g maaning of the

service is how much 100 dollars, in the currency of "srcCountryName", can be exchanged for of the
currency of "disSesBlipkipNABYEe 3Ags shown in Table 3:

TABLE 3
10
<service-location>http://abe.com/rateservice?WSDL</service-location>
<port-type>RatelF</port-type>
<service-method-name>getRate</service-method-name>.
15

The moneychanger also needs to define the following service mapping
information in the descriptor. When calling to the method “getCurrencyRate” in the
calling service, the calling is mapped to the method “getRate” in the called service. The
value of the first parameter of the called service is extracted from the value of the

20 attribute “baseCountryName” in the calling method’s parameter. The value of the
second parameter of the called service is extracted from the value of the attribute value
“targetCountryName” in the calling method’s parameter. The result obtained from the
called method 1s divided by 100. A sample of a complete DESCRIPTOR for this
scenario is listed in Fig. 3.

25 Knowledge as to the way to convert/map differing data types, such as converting
a “long” type to a “float” type, how to extract the attributes from a Bean, etc. is defined
as RULES, as shown in Table 4.

TABLE 4

30
/specific rules
; extract attribute value from bean rule

if the command is extraction of attribute



such, if "srcCountryName" is "US" and "desCountryName" is "Singapore”, the expected result of 170
means that 100 US dollars can be exchanged for 170 Singapore dollars. 5 To make use of the ABC's
"getRate" service, the moneychanger must first define the service information in the descriptor, for
example (segment from the complete descriptor in Figure 3) as shown in Table 3: TABLE 3 10
<service-locationhttp://abe. com/rateservice? W SDL Aervice-location>
<port-type>RatelF</port-type> <service-method-name>getRate</service-method-narne>. 15 The
moneychangé#&lso needs to define the following service mapping information in the descriptor. When
calling to the metho%ggml@gy ate" in the calling service, the calling is mapped to the method
"getRate" in the called service. Thé value of the first parameter of the called service is extracted from
the value of the 20 afiliigettaseaBeRryName” in the calling method's parameter. The value of the

second parameter of {he. @Q@g{éggﬂggﬂ&%@p&%g@gﬂé%mglue of the attribute value

"targetCountryName" in the calling method's parameter. The result obtained from the called method is
divided by 100. A sample of a complete DESCRIPTOR for this scenario is listed in Fig. 3. 25
Knowledge as lothewayip.eonvert/map differing data types, such as converting a "long" type to a
"float" type, how to extract the attributes from a Bean, etc. is defined as RULES, as shown in Table 4.
TABLE 4 30 Yféb‘ééﬁi@ﬁ@@%l,ﬁéﬁ%%&tﬁttribute value from bean rule if the command is extraction of
attribute 12 then

get the formula
10 get each object on right hand part of the formula

execute the calculation

// constraint rule
if the length of first reconstructed parameter of getRate >10
15 then

raise error

if the first reconstructed parameter of getRate is not a country
then

20 raise error
] //generic rules

if source is a vector and target is an array
25  then

convert the vector into an array

if source is long and target is float then
execute new Long(source).floatValue()
30
if source 18 string and target is int then

execute new Integer(source).intValue()



get the value object get the attribute name introspect the bean object and extract the value 5
calculate formula rule if the command is calculate then get the formula 10 get each object on right
hand part of the formula execute the calculation // constraint rule if the length of first reconstructed
parameter of getRate >10 15 then raise error if the first reconstructed parameter of getRate is not a
country then 20 raise error //generic rules if source id 3 vector and target is an array 25 then convert
the vector into an array if source is long and target is float then execute new
Long(source). roatVaIue() 30 if source IS string and target is int then execute new
Integer(source):ir ‘ e-method-"¢ reyRate”
in the dependency interface, overall steps 1.-5. (mentloned earlier) are applled At a later 5 time, if
the money exchangetfindéanotimnchaewnlsgviveipeavidethhectiwd “getCurrencyRate” in the

dependency interface, overall steps 1. — 5. (mentioned earlier) are applied. At a later

5  time, if the money exchanger finds another or new service provider, he can
define/configure new mapping information in the descriptor, without re-coding or
changing his service.

Figure 4 provides a detailed illustration of the technique of Figure 2 in terms of
thig above example.
10 In the foregoing manner, a method and system are disclosed. Only one main
embodiment, with some potential variations is described. However, it will be apparent to
one skilled in the art in view of this disclosure that numerous changes and/or

modifications may be made without departing from the scope of the invention.



define/configure new mapping information in the descriptor, without re-coding or changing his service.
Figure 4 provides a detailed illustration of the technique of Figure 2 in terms of this above example. 10
In the foregoing manner, a method and system are disclosed. Only one main embodiment, with some
potential variations is described. However, it will be apparent to one skilled in the art in view of this
disclosure that numerous changes and/or modificatiohs may be made without departing from the
scope of the invention. 14 CLAIMS 1. A method for dynamic invocation of at least one service in a
service oriented architecture, comprising: 5 invo@é%st one target service in the system
dependent upon a calling service; identifying the target service; mapping one or more parameters of
the target service with one or more parameters of the calling service if parameters of the target
service and ofthe 10 Bl SerdERa AV AG 36T iarg seuarditR 3 eI iRfeRRSa ¢ cording to
claim 1, wherein theamgggm&@%@ggﬂgg using a context mapper and mapping rules. 15 3. A
method according to claim 2, wherein the mapping rules are used by an XML based rules engine. 4. A
method &ccording to any oY B3 IEREAIRE BREFhECTHIGRER EnipTisRglependating enseralliag
functionality requireddpyiige calling service. 5. A method according to any one of the preceding claims,

wherein the mapping maps the functionality of the target service to the functionality required by the
calling service. 25 identifying the target service;

mapping one or more parameters of the target service with one or more
parameters of the calling service if parameters of the target service and of the
10 calling service differ; and

invoking the target service.

b

A method according to claim 1, wherein the mapping is performed using a
context mapper and mapping rules.
15

A method according to claim 2, wherein the mapping rules are used by an XML

2

based rules engine.

4. A method according to any one of the preceding claims, further comprising

20 storing a service functionality required by the calling service.

3. A method according to any one of the preceding claims, wherein the mapping
maps the functionality of the target service to the functionality required by the
calling service.

25
6. A method according to any one of the preceding claims, wherein invoking a

target service uses a context invocation descriptor.

7. A method according to any one of the preceding claims, wherein the mapping is

30 one {0 one mapping, one to two mapping or two to one mapping.

8. A method according to any one of the preceding claims, wherein at least one

target service comprises a plurality of target services,



6. A method according to any one of the preceding claims, wherein invoking a target service uses a
context invocation descriptor. 7. A method according to any one of the preceding claims, wherein the
mapping is 30 one to one mapping, one to two mapping or two to one mapping. 8. A method
according to any one of the preceding claims, wherein at least one target service comprises a plurality
of target services. 15 9. A method according to any ore of the preceding claims, wherein the target
service is identified during calling service runtime. 5 10. A system for dynamic invocation of at least
one service in a service oriented architecture, comprising: a component for invocation of at least one

target service)in the 2SI IRRSRARYAAN AERHAR SeLesn 8 GRS MaNAogL soupled (o the

calling service for identifying the target 10 Service, mapping oné or more parameters of the target
service with one or HiBrecarawmitEes ghrhee calling serviee feparsmeters of the target service and of
the calling service differ, and invoking the target service. 11. A system according to claim 10, further
comprising a mapping mechanism 15 coupled to the context manager. 12. A system according to
claim 115whéfein thé& Bysispirigirdsenaiisay eertipisdiblcapmertsarapmsan ardmiappimentedes. 20 13. A
system according toa?&ﬁﬁ%&&e‘,’v&‘?ﬁﬁl@sm .context mapper utilises an XML based rules engine. 14. A
system according to any one of claims 10 to 13, further comprising a component interface through
which the at least one targétcssmisens favakeation 18 anleysitens suestdiryies didim Sstwherein the
interface stores a Sec[é’f)%%dgﬁ%%ﬁ@i%fﬁ%uéé‘?@w the component. 16. A system according to any one
of claims 10 to 15, wherein the'mapping maps the 30 functionality of the target service to the
functionality required by thé edFdAedager coupled to the calling service for identifying the target

10 service, mapping one or more parameters of the target service with one or more
j parameters of the calling service if parameters of the target service and of the

calling service differ, and invoking the target service.

11. A system according to claim 10, further comprising a mapping mechanism
15 coupled to the context manager.
12 A system according to claim 11, wherein the mapping mechanism comprises a

context mapper and mapping rules.

20 13. A system according to claim 12, wherein the context mapper utilises an XML

based rules engine.

14, A system according to any one of claims 10 to 13, further comprising a

component interface through which the at least one target service is invoked.

25
I5. A system according to claim 14, wherein the interface stores a service
functionality required by the component.
16. A system according to any one of claims 10 to 15, wherein the mapping maps the
30 functionality of the target service to the functionality required by the component.

17. A system according to any one of claims 10 to 16, wherein the component for

invocation comprises a context invocation descriptor.



17. A system according to any one of claims 10 to 16, wherein the component for invocation
comprises a context invocation descriptor. 16 18. A system according to any one of claims 10 to 17,
wherein mapping by the context manager is one to one mapping, one to two mapping or two to one
mapping. 5 19. A system according to any one of clajgs 10 to 18, wherein the at least one target
service comprises a plurality of target services. 20. A system according to any one of claims 10 to 19,
wherein the target service is 10 identified during component runtime. 21. A system according to any
one of claims 10 to 20, wherein the component interface is a dependency interface. 15 22. A system
for dynamic ivocatiofivefeat ksastding isetvicenia ol siivivel Brierdfadvirshitestprengedbmprising: means for
Ivoking al least ong RLPhERAIGE Vs sy dsRaNdae eenagaling pes eans for
identifying the target service; 20°means for mapping one or more parameters of the ?arget service with
one or more param@edepsisf the calling service if parameters of the target service and of the calling
service giffer; and means for invoking the target service.

19. A system according to any one of claims 10 to 18, wherein the at least one target

service comprises a plurality of target services.

20, A system according to any one of claims 10 to 19, wherein the target service is
10 identified during component runtime.
21, A system according to any one of claims 10 to 20, wherein the component

interface is a dependency interface.

15 22 A system for dynamic invocation of at least one service in a service oriented
architecture, comprising:
means for invoking at least one target service in the system dependent
upon a calling service;
means for identifying the target service;
20 _ means for mapping one or more parameters of the target service with one
or more parameters of the calling service if parameters of the target service and of
the calling service differ; and

means for invoking the target service,



