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PCTI 1 E9Q9/ 00089 -1 "A data processing system and devel opnent qgﬁﬂ@ﬁgpgg
rver

dat o pr ocessi ng Systems and 1ot hetr Ay MUMRMATIIAG P or At B scusst on

Such systens haweoidsadi tionally been difficuli..to construct prgieexsens ve
to maintain, particularly for large applications such as social security
data processing. For exanple, business |ogig. encoded in client applications
has | ed to expensive 15 maintenance. Al so) user interface (U ) construction
has tended to rely on platfornspecific frameworks and so has caused
portability problens. A soA danaypraregdisewace apd dekettpmept wwihdétl rel ati vel y

| ow-l evel APIs to devel opers, necessitating a | arge extent of manual coding
to "bolt" the user interface unto client/server interfaces. 20 Objects of
the I nvention | INTRGDUAHJ@dE of the Invention to provide for highly
automated client/server system devel opnent to shorten devel opnent |ead tine
and to inprove quality. 25 SUMVARY OF THE | NVENTI ON According to the

i nvention, tReridlgopihevhwatdom nethod for generating a client/server 30
data processing system conprising the steps of R 14 FEB 2003 WD 00114629
I CTI 1 E99100089 devel oping a neta nodel of objects defining required
processi ng | ogi ghedjfveftin GEARE abotlichitservet | faed Ipyoaegmfswtéwgmhheo RER
nodel into an S appllcatlon nodel of objects required for the data

processi ng syst§ﬁ$3%”@%ﬂe generator automatically transform ng the
application nodel to a server by generating code fox the application nodel
objects; 10 an interface definition generator automatically generating an
interface; défi RorAstIiseusHony epresentation, and a client interface
generator automatically transform ng said representation into code for
client interfaces to server functions; 1 S conpleting a client by

devel opi ng cl i eﬁvcmgléﬁemslh@éﬂrW%@O@Bﬂéeeﬂedﬁﬂcﬂllb@cﬁongrwhemt@fmvmvean(mamlltﬂlent
code onto a har L e it ce ng
system 20 In o éﬁéﬁgg%?héﬁ?ﬁlﬁﬁmﬁﬁﬁBk &EHaT é%%gf%éggyggacgégfng e%af

obj ects developeﬁnnmaabéagésdﬁ@ﬁr@ﬁﬁéﬁt1n|ﬂ£0h@p@mb0dmmémtledhe pxrgesive
generator execu [

Todel “domai . SETYATRRL AR Wk RRR D KGR 8 RAPh REkLER.

rel ati onshi p besmetic fdorestionks and s¢ hes qrusd mltdblltyandﬂtrhmsﬁlso,nnmyana#dtﬂwawt i on

model . In anot hSrodﬁE@ B%vfg%ﬁtrélatrlﬂﬁr ISQ'HHCP%ESQO dIR opers n%srs&tgt‘leng a l‘glroge extent

of manual coding to “bolt” the user interface onto client/server interfaces.

20  Objects of the Invention

It is an object of the mvention to provide for highly automated client/server system

development to shorten development lead time and to improve quality.

25 SUMMARY OF THE INVENTION

According to the invention, there is provided a method for generating a client/server

30 data processing system comprising the steps of:-

I

*G00002*




14 EEB 2003 WD 00134629 -3 an interface | ayer of objects; a business object
| ayer of objects; and 5 a data access | ayer of objects. PCTIIg?%%&?g&@ I n
one enbodi nent, a separate code generator transfornms each | ay 3
application nodel. ! O In one enbodi nent, each code generator perfornms a
semanti c anal ysig, (9h499] €cts in the associ ated application noge},dgyedy and
uses code tenplates to generate code, Preferably) the code tenplates °
include facilities for data inserts, data upgates, singleton, and
cursor-based reads, and optimstic |ocking. 15 In one enbodi nent, the
client interface generator generates nmapping objects and CORBA stubs. In
one enbodi nent, the mapping objects map user interface widgets to the CORBA
20 stubs. In a further enbodi nent, %E ps are operable to capture data
froma user interfaced8¥ineis 2 Baam i?%’eﬁs d{fﬁ’émﬂrﬂ?ﬁé‘”é‘il ROGHEFZINBE t o
performdata validation. In one enbodi nent, the maps are operable to
perform data conversion fromuser interface text to Java |I DL nmappings. 30

In one enbodi ment, tha Wapd &eTadiepusmaticallyygansgpeg e nepst aneds! deideds
the server. ¢ 14 FEB,20A3Jh Qo845 fe&uiP&be}tlﬁ@%ﬁH%Q&%sshgs%@rg; o
rface definition

enbodi nent, the client interface genérator parses the'inte
representation to determ ne services offered by the server to the client. 5

I'n another enbodi ment rc]g %ﬁﬁtaﬁf?‘luﬁa%‘&%&l@%n%%@g oftd a;ﬂ%@aﬁ[o?%&&l foll &fvef OF

the server interface a sl ness obj ect | ayers usi r amewor
conprising a high | evby ggceasing cede fedibe applidaiiethmati¢lohiscts; user to devel op
rules in a rule | anguage, and a generator which generates source code from
the rul e lIanguage. 10 In one enbodi ment, the executabl e section conprises
mat hemat i cal ¥0unct i onsgn amterfaceaclefigitibnnggricoiter lairokiatigallyatgenaatinguies aafact o

h! gh-level rule def' Nhid Q8o aiehpx% ﬁgénttﬁf n Qrﬂfja Elhet%t ?niér?a% g%?ﬁéxa gu%ém?t cally
di splay of rule evidence, reasoni Rg and A resul . TACCOF & ng to ano Iér
aspect, the inventi ontprsbuindes sadclepestntamnyerko dada f@r oloms shtegfadeS ts ysvem
whenever generated byﬁpcag&hod as defined above. According to a further
aspect, the invention 6rOV|des a conputer program product directly | oadable
into the nmenory of a digital conputer and conprising the server

15 completing a client by developing client user interface code; and

loading the server and client code onto a hardware platform to complete a

client/server data processing system.

20  In one embodiment, the meta model comprises process and entity objects developed

in a case environment.

In one embodiment, the model generator executes mappings between meta model
domains and application model domains.

25
In one embodiment, the mappings have a one-to-many relationship between

domains in the meta model and those in the application model.

In another embodiment, the application model comprises:-



and clieéent code generated by the nethod defined above. zo DETAI LED

DESCRI PTI ON OF THE DRAW NGS Bri ef Description of the Draw ngs 25 The
invention will be nmore clearly understood fromthe fol |l owi ng HEEB #0%n of
sonme enbodi nents thereof given by way of exanple only with reference to the
acconpanyi ng dr.aw in which: 30 Fig. 1 is a block diagram

processi ng syst‘gm]dmaﬁ FEB 2003 WO 001 14629 -5 PCTI TE99I 000@311.&?96}53%2 and
3 are a flow diagram showi ng a nmethod for generating the data processing
system 5 Fig. 4 is a diagramof a rules framework for generating rul ess;
and Figs. Sto 7 are diagrans illustrating functions of the system

Descri ption of the Enbodi %@ﬁt@rfé‘c@l@%mﬁ{bﬁe@g to Fig. | ) a data processing
system 1 i npl enents social Security applications. Routing of data is
indicated by the arrows in the diagram The system deals with case
registration 2, eligibiliity. title t.4. and paynent and
reconciliation 5 applicat iagﬁgges’fﬁ)g’sﬂéﬂa e ch(b eé:ltjst & with use of profiles and
metrics 6) 15 rule bases 7, a general |edger 8, and a mai ntenance function
9. These funcéi ons are in ?%erver str chlére conprising server interface,
busi ness obj ect and data ACREACPSIIFTOIANGTS client which interfaces with
the server interface |layer. The system al so conprises a rules franework for
simpl e devel oprment of the rules. This allows the rules_to be nodified
frequently, whicH %8¢ FRAYERE o FCRIERR (BIUBNGPEF HANSHRTTF 2Rk 1oYFr sYfsthem 1
because of frequeplicedangéglt o transactions and conputations. The system|
is generated by a nethod 20 illustrated in Figs. 2 and 3. The nethod 20
starts with use of a neta nodel 21 having use cases 22 and a data nodel 23.

The use casesg 22 LendrhisRlimLS] ARESold BGRESrqRIBAhSa §ifhdiRandRif o BH@Ys in
conprises 25 business entity ohjects. A process object ma%/ be a process

! y;. 00] J
such as a soci al he@ggrited 2plifeRPn BI9deldiveemid ysgs eicdanplagy lagengalsifefihess
orgarusation or an individual. These objects are generated in a Unified
Model I'i ng Language in an object oriented case environnment. The case
envi ronnent may g@f%?%i WedCasls eRwlagsolgiude rfagilitios ofpr adptRarseERh afatRopETtes, .

The case environggphti geRQlakebaed RAN, ahLoslagiiEREKNSI ch 30 provides a
nodel struct lljsre generated by a case view application. 'f 4 FEB 2003 .

In one embodiment, the client interface generator generates mapping objects and
CORBA stubs.

In one embodiment, the mapping objects map user interface widgets to the CORBA
20  stubs.

In a further embodiment, the maps are operable to capture data from a user interface

screen.

25  Preferably, the maps are operable to perform data validation.

In one embodiment, the maps are operable to perform data conversion from user

interface text to Java IDL mappings.

30 In one embodiment, the maps are operable to use converted data to access the server.



w0 40/ Z4629 -6 PCT/fE99100089 The nmeta nodel 21 has |inks which allow a
nodel generator 24 to bring the devel opment process to a next st These
| i nks conprise design patterns which create a class nodel mheﬂédaggﬁgpé are
rel ati onshi ps between neta nodel objects and 5 objects in an application
model 25 genera&@gvﬁ %24 he nodel generator 24. The nodel generg@ﬁﬁm%(m89
execut es mappi ngs Ich translate attributes between the objects of the
model s. The mappings are nore particul arly tktween domains in the objects,
and there is a set of mappings for each domai n. For exanple, one domain 10
may be a floating point data type) and another a string data type. An

i nportant aspect is that a domain in the neta nodel nmay be mapped by

di fferent mappi nds dne anfiddémentt tlthoohenhsntenfact @nerpmlripaestei; oire oetéce 2bfiniFor

I ad d b d f
Che bppl i cat on AOREFREBB S0 R ¥ o1t Piee P Befi R it anguage)

CORBA string in another. This is because the application m)del corrprl ses

t hree sections amel y an erfac a busi nes ect a

and a data acéesrslnla%é‘x“ é@"m%*ﬁbe&é tﬁ%}?ﬁ Odr%qni‘@ff’fs f‘tféepa‘? c$ﬁ“€ &‘P%F'éle% Orttﬁ"e
server side of tReveriapeRedatdbirRtLebjcy fyeby 2Qind aSfritgdwork RERPHSRES algdr 29
operates for each | ayer. .of the aglgll ation nodel 25 to transformit to

execut abl e code. &g ap}BFPé edpiereviich el ot Ly Iy drrsionirales i & WG bnepaeettdtt e
| ayer 35) anot hergegensf #hRE gandyfeyRirdUsid®ss eukainduayer 36, and anot her
generates a data access | ayer 37. 25 The interface Iayer 35 presents a
CORBA- conpl i ant interface to business functions which can be used by a

client program i ofkSmbbAnRmACthS edddubibleebdbP@rprish 9@&%&&1%@%@%@ to
ensure security, consistency, ‘and at oni city of the transactions that

execute i n busin&aging @H@PP%%“%@%%E‘PW@§%deﬁjh%1t1€1’eéy‘é¢ defiptieminihe editar, of
the server's bushhgas eﬁHHxC%eh@x@?els'atdYsFla}-Q?rlﬁéJ@ufb%éé rEAbhihY, ARIaGEdR. M epr esent
t he basic 30 business entities node by the server an(jlt he "busi ness
process objects inplenent 14 ~' EB 2003 WO 00l 14529 PCTI 1 E99100089 t he
busi ness |ogic. g, ARba %99@,%15 @¥%CHheddvenBol sl y

interacrtions with %r % e I\/g ee ‘cfac Odgfdg sgqjél?/%tt%l}n%é%%ﬁ Is° zsiséngc

| ayer ed strudfur éystesn Wéﬁ%ﬁvélfﬁeééltﬂiﬁﬁéwfﬂdﬁetm ricfisel above.system and it is
generated automatically by the steps of the method 20. 5 The steps of
transformation fromthe neta nodel 21 to the application nodel 25 with the
above | ayered st Agcarding tbs funtber asgedt, the dremgngon hrovivesa avngheter poegeds prdvect
busi ness process ties e functi core.of t
final system Ex 'Z%CEL (C)i?é Hg ﬁ’sth%gg%’ﬁ%}gso? aatﬁngltatl Q%mp%pf e?reﬁ?mar 3 gllgssimpr
and cl ear manner aﬂnyclibﬁtemlidlgngeratem/b}"ﬂmahﬂtmﬂsddﬁnetéxbcs'hl ng nmeta nodel Ob] ects
or by sub-claﬁsing exi sting

DETAILED DESCRIPTION OF THE DRAWINGS

Brief Description of the Drawings

25
The invention will be more clearly understood from the following description of
some embodiments thereof given by way of example only with reference to the

accompanying drawings in which:-

30 Fig. 1 is a block diagram of a data processing system;



obj ects, Sub-classing can be used to avoid breaking the existing interface
to an object and the devel oper can choose whi ch business objects are
"front-ended" by interface objects in the final system Data A4k RrAA3 e
functions are inplenented as nmai nt enance operati ons on business entity
objects. 15 The enerators 29 performa semantic anal ysi jects
in the applicatW§ﬁ8§% el 25 and they use code tenplates to ge‘gﬁggngﬁde to
i npl enent objects mthe layers 35, 36, and 37. The tenplates include
facilities for functions such as data inserts, data updates, singleton and
cursor-based reads, optimstic |ocking, security 20 checking, auditing, and
transaction control. The nmethod 20 generates the systemclient side by
operation of an |IDL ggner ratJ i t he
ol ent functions. The PBL arsia oroqc and sffyings bEREITE ALLAR, 4 alp |2
equi val ent s accor di ngproeessihgsyoOB.-speci fi ed 25 Java | anguage bi ndi ngs for

| DL. For exanple, IDL nodules, interfaces and net hods appear as Java
packages, interfaces and nethods respectively. IDL primtive datatypes
passed as "in% argunefigst @ dimgrdrodsa arles frmpredk fop gedeeateguikest emt Java
primtive types. Datatypes passed as "input" or "out" argunents to nethods
require the use of "holder" datatypes which allow Java to sinulate the
requi red pass-by 30 rEpgesendarsdagats dRisodtingfaseions glihesstehy pes. 14 FEB
2003 w0 00/14629 PCT/1E99100089 _g_ The following is an exanple |IDL
definition, and equivalent IDL conpiler-generated Java: $ //IDL: interface
Al t I dProcess voi DeRemadh bf e Bntbodirkdts : Al t | dKey key, out

..CM5:: AltldDetails details 10 ); void UpdateAltid( in .:CMS: :AltldKey key,
in .:CMs: :AltFdDetails details ): 15 void DeleteAltid( in .:CM: :AltldKey
key void ReadMiRefeidgl & Fig. .1, QVRlatAlgrd@dRite wystens ey, imdfler@éiits social security
.CMS:AltlctList |jst ): //.Javp' 25Aﬁ¥blic interface Al tldProcess extends
or g. ony. CORSA. CofRRiicatinis) Rougng af 4 Apqieaid aviBe ArpyaRetpe digram.  The system
CVB. Al 't | dDet ai | sHdidefitdeisi tegisaBtion 2, elizbiliiyB3 20R%1cNen0an) ARAPayHentpalil i C

voi d Updat eAl t 1 d( CNBﬂAItIdKey key, CVS. AltldDetails details ,
reconciliation 5 applications. These are executed with use of profiles and metrics 6,

15 rule bases 7, a general ledger 8, and a maintenance function 9. These functions are
in a server structure comprising server interface, business object and data access
layers and a client which interfaces with the server interface layer. The system also
comprises a rules framework for simple development of the rules. This allows the
rules to be modified frequently, which is important for day-to-day operation of the

20 system 1 because of frequent changes to transactions and computations.

The system 1 is generated by a method 20 illustrated in Figs. 2 and 3. The method
20 starts with use of a meta model 21 having use cases 22 and a data model 23. The
use cases 22 comprise business process objects and the data model comprises
25  Dbusiness entity objects. A process object may be a process such as a social security
claim, and an entity object may be a business organisation or an individual. These
objects are generated in a Unified Modelling Language in an object oriented case
environment. The case environment may be provided by the product marketed as
Rational Rose™. The case environment generates a template document which

30 provides a model structure generated by a case view application.



):'5 public void DeleteAltld( CVB.AltldKey key ); public void

ReadMul ti Alt1d( CMS, Altl dRrKey rnkey, 10 CWMVS. AltldLi st Hol der | ||%%ho
PCT/ 1 E99/ 00089 The use of hol der datatypes for argunents ot héf R P%put
argunments will be noted. 15 In this exanple the argunents are IDL structs.
The | DL gener afyglho/fddzo0ener at es separate Java cl asses to reprasembydobse
structs and their holder varieties Regarding the infrastructure functions)
these are primarily in the interface layer., The following are the main
aspects: 20 Primrive datatypes are not required, Conposite datatypes are
not required) Hol der datatypes are not required, There is automatic data
val i dati on and conversion, 25 There is automatic instantiation and pooling

of CORBA proxy asses. | re detail,.the infrastructure functians
provide a vari et edf’etf‘a.‘BP(i?eiltr%ieEast ﬁmﬁaw@c n"ﬁ]é’P"’aEt’i“B lvﬁePFfa@OR’ﬂ;\“? AP8s it es
easier for the appldgadnt @roceevelDpet staghie Thadenidke abtpase ddsiznagatfels| vanei
14 FEB 2003 WD 00/ 14629 PCT/I"S%Q%OOQSQ -10, {a) Primtive dat at%pes are not
required - the JEPEIGHRSE MoLEsHierely EpREgACitde B RF GRS medd opieriyand
whi ch are easi elghies Rt pRliEdiRMmodés e gdnblaliltR Gt HeNE LORIRBE 2per specti ve.
Strings are converted internally to the 5 datatypes required before making
a method call. (b) Conposite datatypes are not required - where a nethod
argument is a caipPQsddef gdntRRor SE ecASs aPpiPC ivhich NEnSBeNBdibutds AlehfRs thd he
datatype out into its constjtuent primtive conponents. The devel oper can
set these 10 prichicets 9&8e gRodstsy  Tgsmanpingg sempisapriiqylarlyeepresaetpintgns in the
paragraph. (c) Hsjle@l?,rangqﬁ@}&yspﬁec%maeﬁﬁxg{%quaah%maiﬁ.h%oﬁga%ﬂﬁe,%@ dBaf & N
a cache of data itens containing the argunments required for ‘a given CORBA
met hod cal | 10Whary®a afivatnspmpdiiatg grhend appthergutringrdgimepe. to a net hod, the
requi red hol der datatype in automatically constructed. (d) Autonmatic data
val i dation and conversion - when string values are used as nethod argunents
(as described i An(impprtantiaepest is shadin demagniatthe metaanddet may be mapsed bindiffoshue i s
20 appropriate fxﬁ%@ ﬁg{'i’oeai 2R H1OmEHE if ?&Uﬁi ﬁ&tﬁp'rﬂ%&él ‘é?. %@&aéx)ﬁ?@e, fledt hen
performs the conv PSPon. nversions can & pertormed tor primtive
dat at ypes, and demaipenay e mappefl &¢ a sisaple dasé fanmdt idanatpyyp ef therapatieadionimddell DL
"typedef' statements r i %J i,nds .t 0. a Lm tive.
dat atype. (3 Adtomat B KBeddfe behalbiRSRnsgh COMBA @it PP cHiEE
t he CORBA proxy bedapecths applipatio dndsef coreprises dnaesectimish ogimelgrnbmtafakd bgerar e
ﬁ;ﬁ gfaﬁ 'ecg{)' y 525&‘%} Bty S50R Mrer 39 % £ afth QEQS 1afereP OPhes®ayRE28h&S afO"
architecture of the server side of the proposed completed system.

20 A single code generator 29 operates for each layer of the application model 25 to
transform it to executable code. Thus, one code generator 29 generates a server
interface layer 35, another generates a server business object layer 36, and another

generates a data access layer 37.

25  The interface layer 35 presents a CORBA-compliant interface to business functions
which can be used by a client program. It also interacts with third-party middleware
components to ensure security, consistency, and atomicity of the transactions that
execute in business functions. The business object layer implements all of the
server's business functionality. The business entity objects represent the basic

30  business entities modelled by the server and the business process objects implement



‘14 FEB 2003 WO 00/ 1d629 PCTI | E99/ OD089 -11 Al of the above facilities
taken together nean that the client devel oper does not have 49 F"EB Bo3ny
CORBA-specific client code morder to effect client/server interactions.

The rel ationship of the Helpers layer to the Infrastructure |ayer is

anal ogous to tk&dgeh@si onship of the CORBA Proxies to the ORBcmimdbmswmre.
The lower-1level |ayer contains fundanental inftastructure facilities) while
the upper |ayer contains generated glue codg). specific to particular
client/server interfaces. 10 Li ke the COABA proxies, Helpers are generated
by processing of the IDL-defined interfaces for a given CORBA application.
In the case of CRkBAsipemiogs) Thhidgta~mcgpeidyor &edh da;pomkibleGRBali/ﬁmdamosmpmhi ed

| DL conpiler. ner.at ed b processor .,

For each et hou Brecend e ASAEALEY oMnRe ST Shis A itvRs B PSR ey

whi ch: (a) cont akffeclveiae lienofserdat Fstenearsl inkigeferfrahaltemasedly & tiey gepyentie t o
the specific IDL ng}aﬁg (b) capture attributes of nethod argunents, such as
their datatype, Hf ther they are in) out) or inout 20 argunents. This
information is used to deci de how and when data validation and conversion
shoul d be perforned for the specific met ho |1, (c).provide a_Java
BeansTM i nt er f acéh ?EWFH%“?%%p IHB&OHMﬁLPE"HEPaﬁﬁ? @E%ﬁ&ﬁ%nﬁ}@ogﬂﬁﬁé§@nted
as BeanT~t 25 prgpebbidayer@dnichee fmﬁaF&darﬁ@kdausettﬁ@Hetd Bodd PGSR MhElismessa
met hod feature of the BeanT"i.. (d) allow sinple wiring of user interface

conponents to t hBIOg&Hsr ﬁ%deéng%e\?aa%éh%sﬁ“l\ﬂrﬁn tﬂ’ﬁl fingtiomal BWICVPE Gha fingle sysgm.
JavaTM I DE. 30 pxdfkidiEBo 2083 YR RO k¢ 6@ ImplkieRed/if ERRANPQARY cRaf iafifdr byt he

interface generator 42 uses the IDL representation to generate part of
client 45, nafrel §dding Baiv fHRRLOPs 4Q €314 &rsta BlodelupRieqtoAE bwubdaﬁ%ﬁﬂ exjgg

interface (U's) gfedy eSu%%%ﬁﬁéé‘dane@lﬁE‘&f@év%Qi Bra; gf\ﬁé Mg il eV LB N in
conjunction with users. 5 The section 46 of the client conprises

stubs (1 ow | evel afdgide deyalepsr FfmrCmﬂhwhtb@ﬁlﬂ@@éph@ytsaﬁd“&mppndfg”@bp@tetf@ce The

mappi ng obj ects gBRUin WhAGHES sﬁs%ncmmtasmhﬁe&aqcmﬁc%ﬁ@ t.he uk{ﬂle}nemloas

functions: - colléction of data froma U screen; - data validation

dat a conversi on MABANBRCEQBRIALIORS %bﬁémemnﬁﬁmhmgs and use of converted

data to call ;gerver via COR BA stubs and a reverse path. 15 The napping

obj ects are created automatically by loading IDL into a CORBA interface

repository) parsThgcedeegepeiataah peffornhe jemanié analysiepbsehjeasy yn thenapplication

coll ecting data y

interface defini &Bgﬁgsgﬁg%%@ggfgg‘gﬁ@ﬁtﬁ t? %S%CZH? CSlgélee g‘%’eﬁ’?"zgﬁ C%tgglsthe

of fered by the skyaueBSt 6, tand 35l | End tenzalat&'hmchxdeqﬂoaiited f@yﬁrhen’mmcsuph pséstat he

server sections 35, 3 h h th . he

three | ayers, an]cjfs%tastr ata gat? Sﬁg?%ugl?dné\%gsmg j ec étlmﬁg'ﬁ Se’cml“y

subsequent | y2@ugetenkiegl abgnungllaaé tdefacnomepmuei.f or mance of transactl ons and 25

conput ati ons. These are generated by a rules framework which is illustrated

in Fig. 4. The rules framework conprises a rule editor 50 which is used by

a devel oper to gEmemathed 20geamrats the bysgim kinebide Thepeatidnedt andDEsgeaermtdrdla

rul e I anguage whi ch rted t ++ b enerator 51t rovid

conpi | ed runt i med egxrgh{ﬁ ?Iéﬁ ?rgseggaalg (X"é%‘ ghen E:unctlons the ?DE genera%r 40
maps IDL constructs onto their Java equivalents according to the OMG-specified

25  Java language bindings for IDL. For example, IDL modules, interfaces and methods
appear as Java packages, interfaces and methods respectively. IDL primitive
datatypes passed as “in” arguments to methods are mapped to the equivalent Java
primitive types. Datatypes passed as “inout” or “out” arguments to methods require
the use of “holder” datatypes which allow Java to simulate the required pass-by-

30 reference semantics of these argument types.



' ~4 DEB 2003 WD 00/ 14629 -13 PCTI | E99100089 In nore detail, the editor
generates rules in a rule tree or hierarchy having in tumfr ca
product which defines a business entity to which the rule trglienFirE(sgjz6l&¥vn
applicable; 5 one or nore rate conponents, one for each el enent of the
product; a grompowtusph fornms assenblies of rules; and 10 rul rEI/IBN00§R
operate as a logical condition which determ.nes the decision status of its
parent conponent. The editor 50 allows a user to input a high level rule
such as: | 5 | FTotal Contri buti ons>=39 ANDCurrent Contri buti ons>=39
ANDCurrent Paid Contributions__>13 A group may be edited by inputting a nane
such as: 20 di Il s Hi f re. provige i {or
50 to allow a u?@% %q%)wéﬁo%ls EE%Q:%@%ZI’D%O&%E ﬁlgbﬁ’lrh% gaetqrﬁlé’gl egtnll gorﬁlé}'P%S%é% o]
the library of tilma:runtinme executable conponent - 25 --52. For selection of
an elenment froma data nodel of shared busi ness conponents, the editor 50
executes a Wzard which "wal ks" the user through the follow ng sequence of
steps: 30 14 FEB 2003 WO 00V17m29 -14 PCTI | E99/ 00089 1. Select "Read from
dat abase” or "Local Variable". "Local [ ".selectipn allows a nane to
be entered and it then conpl etes slgﬁeeé ?Sﬁé}?i%é%éof?%?n @at abase" leads to
step 2 below. 5 2. Select itens fromoadt Bbhanlarid (group theminto such
things as "Cient details", "Address details.,.. "Correspondence
details". 3. Select fields of the sel eéped'%sn'l'g’qg%a% s]'i‘e H themto

vari abl es such as: 10 internedi ate val oet re3Md:t:Avalapetaind cedeilabl e
value. If "ipternedi ate value" is cnqsen) the Wzard nay proceed to allow
use of the Jl. val ues to access furthér tables. The editor stores a tree
view and |inks between tree nodes anwdidabpdaicdsddfior i medi ate and cl ear
user viewing. 20 As illustrated in the.draw.ng,. . th di tor 50 converts the
edited rules into a rule | anguage and (ljﬁt bmmt'ﬁ‘ét?ﬂ %ylkéer(guage to arule
generator S 1. This in turn automaticalhy: t¢MhslrategdDetrel Isukdethahguage i nto
C++) in turn conpiled into runtine executable code. This code provides the
data access routines defined using the Wzard. It also provides a rule

engi ne whi chSstores and executes theogeneebttedliclibés.

in ::CMS::AltIdKey key
)i
void ReadMultinltlId(
in ::CMS::AltIdRmKey rmkey,
20 out ::CMS::AltIdList 1list
)i
}i

// Java:
25 public interface AltIdProcess extends
7 - Abrg.omg.CORBA.Object {
public void ReadAltId(
CMS.AltIdKey key,
CMS.AltIdDetailsHolder details
30 )i



25 The executable section 52 also conprises a runtime library of

mat hemati cal functions. An inportant conponent of the executégkﬁﬁégﬁﬁé(an 52
is a logging or tracing conmponent which is linked to the rul rul e
trees defined at a high level in the editor SO. This allows for
transparency awalogiygbi fication of rule outputs. Mre parti cebantogiooosd
allows the editor 50 to display justification in the formof rule 30 °

evi dence, reasoning, and a result. This isginportant as it helps a user to
under st and 14 FEB 2003 VWO 00l 14629 -15 PCT/1E99/ 00089 how the results
were determ ned. For exanple, a social security offical can easily explain
to a beneficiary the manner ipulwhicclvoddcopguteatlicad (f or social wel fare
benefit has been calculated. 5 The editor is programred to generate screens
to allow a user to input the tes?ﬁﬁ%ggg9?deé%?ne arule, and verify. The
test execution involves parsing tdvs.altedbetes landeeyalauati ng each node in
turn down the hierarchy. The process determ nes the value of any formula
contained in any node. 10 The éxecut abl e section 52 includes APl interfaces
to all ow hooks to the server putdnewebkd Odliexzeallkows i ntegration into
applications. Finally, the executahl ion 52 conprises proprietar
ngatypes. 15 In theyend-product S S?%ﬁfg%ﬂ%qférverngonstitgteg t he Y

m ddl e-tier of a three-tier cli)ent/server application. At the front end,

the server presents a CORBA inter.face, clj . cations. At the back
end, the server interacts vwt@?%;%CRB%NEq?ﬁm%ﬁ@%?ggPL%ﬁational data storage.

The server architecture is ill usttMat et edrRukelyi ghkégvel in sections 35, 36,

3, and 45 of,Figs. 2 and 3. The i i.;nterface Jayer presents a 20
CORBA cIienI interface to busineggﬁfggg ?%ﬁ%?EPﬁg?fc%h‘be used by a client

program It also interacts with; ;third-parry m ddl eware conponents to ensure
consi stency and atomcity of the transactions that execute in business
functions. The business objec& | ayer inplenents all of the business
functionality. The business process objects inplenment the business |ogic

and are responsible f ni pul ati.ng business entity -25 -- objects in a
busi ness- spgci F1R€ ‘f?ﬁr?gé?l%‘l%gal%paef Igor E%ug%eléltsl Q&s‘grtﬂi‘rlémﬁts%%%?'ﬁf ghf%ernoé%‘:{?
i nt ti onss wi Inhthishexabatek thendt gitbBivS areTIDE strayter The ADChicheaionrs® embacks
;Eee;ggrgggh g@ s%é%?giiq "presentafﬁgn",s" ?ﬁge siy pﬁ%:gndr =
"persi st ence". *ﬁ@'ﬁﬂfﬁ%igﬁﬁﬁﬁﬁﬁﬁﬁmmﬁ %ﬁﬁFVaggﬂgﬁﬁgﬂ‘gﬁ? ®4re used to

i npl ement the problem 30 domai n objects. A factory finder nechanismis used
to |locate these facfory objects 14 FEB 2003 WO 00114629 -16

PCT/ | E99100089 %?ﬁafd(%éeﬂl&{%aé%‘é‘é@ R Mhaas A% Rnemilbe ity the intgriace liyen g a
dat a mai nt enanagidwinghieQhe mhli Spdcks: 1 npl enented as a read, insert, nodify,
or renove fynction on an object. In the data access layer, this translates
into the coﬁ%esponding si ngl eton operation on the back end dat abase. 5

Primitive datatypes are not required,

Composite datatypes are not required,

Holder datatypes are not required,

There is automatic data validation and conversion,

25 There is automatic instantiation and pooling of CORBA proxy classes.

In more detail, the infrastructure functions provide a variety of facilities to make
interaction with CORBA interfaces easier for the application developer. The main

features are as follows:



Data iterator functions operate on a set of entities. In a relational

dat abase, this corresponds to iterating across a set of records _identified
by a non-unique or partial key. Data iterator functions are "cdyﬁﬁga?qq;; used
by busi ness processes which return a summary list of entity descriptions to
a client. A sepygnGeel S shown in Fig. 6. This 10 di agram i nty-@fpeRssst data
iterator object class. This object iterates across a sel ection of business
entity objects based on selection criteriggencoded within the data iterator
object itself. Each business entity object selected Is passed to optional
filters which may apply further selection criteria, and passes the

resul ting business entity obj(ert s Primiiywt daagbesoper adt pqsuedl5 Gongeveisper

busi ness functions inplenmented by busi ocess .0bjects may .use an

conbi nati on of other business profd¥E ﬂﬁ?@gﬁ%"\ a}?ﬁwﬂwg HRY Entiiess ngcéct s.
The business process objects are ardbiasienrtd hyndt® rphex ugndndyfadehRivélopaénir e
can not be algorithmcally generated. Howeyer, these tyr%es of functions

i nclude the same type 20 of busi n8FEPECHYer PHESS |45 OB e 8T AYALO ot Rer

types and this may be partly genenahe@ed¥qiil@ beisé SAKnEE mAskddGhiure. A
diagramis shown in Fig. 7. It will be appreciated that the invention

provi ded structured and hi ghif® aul-SRRPEH A trRes RENT Grauyedh s mitergymgthod

client/server system It allows tRhgukiési NedScondsfe tpePSud satednrndmal so
nodifid in a sinple and effective manner by nodification of the meta nodel.

This logic is then propagated by tK&odetllagenst gheda@iyae ut Hro sqonstédenser ver
and client systemfunctionality. JheiRdSEEShehQTiTe! ﬁe\%{ég%m%ﬁﬁ CA} liHese
[ ob

encoded on tile server side and so avoids the prior prc ms related to
encodi ng i nl%lient 30 applicati onBUMIES cisi BHpgsstasuéesaritedoin URMMAeceding

m ddl eware bel ow user interface pl4,EHB 2003 WO 00! 14G&29 PCT/ 1E99100089
_I'7_ devel opnment in a sinple manner avoids the need for devel opers to work
in lowerl evel Java or CORBA [(®L dHpkleydamtypecruset tdqeired i-ethe mpfedtcanar e

generated in an integral manner %faf?xftéhtﬂﬁcacg{ecfﬁatgl?éeﬁﬁtcéntaiﬁl Mifte L%m%ents

"seanm ess" and "transparent” nethod for t client to Instantiat€ renote
obj ects and perform operations onteawesd @ Figeren V@RBAomethodnedl. (Widnt enl t o

W thin the Soope of the ol aims, 1BtqEiosibe'd SROCHRIRHED Fldghdhe o
|. A nethod for generating a cli ergpisarhodder datagypp ironesmanglly yetsancted.
conprising the steps of; (d)  Automatic data validation and conversion ~ when string
values are used as method arguments (as described in
(a)), there is an automatic check that the string value is
20 appropriate for conversion to the required primitive
datatype, and then performs the conversion.
Conversions can be performed for primitive datatypes,
and can be written for user-defined datatypes created
with IDL “typedef” statements, where the IDL typedef
25 7 unwinds to a primitive datatype. -
(e) Automatic instantiation and pooling of CORBA proxy
classes ~ the CORBA proxy objects required before a
server method can be called are automatically created on
demand, and are stored in a pool of proxies for later re-

30 use.



5'devel oping a nmesa nodel of objects defining required processing logic; a
nodel generator automatically transform ng the neta nodel i

application nodel of objects required for the data processi é"é‘?f@t@l@? 10 a
code generator automatically transform ng the application nodel to a server
by gener ati ngweQdgitor the application nodel objects; an i nperizageoss
definition generator automatically generating an interface 15 definition
client representation) and a client interfigce generator automatically
transform ng said representation into code for client interfaces to server
function conpleting a client by devel oping c;ient user interface code; and
iY | oading the server acrd client code onto a hardware pl atformto corrpl ete
a client !serve h dln iml,
therein the moal HENEPPSS AR RSN Bkl Sen AP e Sl B Tha0ufBed 1 1
a case environmaantwride ary GORBAGspadfic tlannedeciimocikaioraffedt cbentzsemm&nmamohhe
nodel generator executes mappi ngs between, neta nodel domai ns and

appl i cation nodel donains. "14 FEB 2403 -19 A nmethod as clainmed in claim
3, wherein tshe Tmppiafigﬁshhaufetha Hefyerd laydrao Yha Bifakinensbilpeb et amej‘go@lmﬁ&has in

- any. pr ecedi AGRETITR CVRBCSIEE S REoEoi A cHE mitiktince DR erce e diyer

interface | ayercom‘augbﬁemtamcmm mﬁitttﬁttﬁ&8$acﬂhjeﬁcﬁwh|ﬂ@ymfé Qf) @bja9&t %omalmgl a
data access Layer of gﬁ} é 6.. A net had :ixs cl ai ne ﬁ]al m5, wherein a
separate code gﬁ’éﬁ%‘f‘"ﬁ? e £8d¢ spgeHics? pEtigURS IF’éR/éfim’éF“tF%e%lppl i cation nodel .
7. Anethod as claimed in claim®6, wherein each code generator performs a
semantic analysis of o cts in the associ ated application nodel |ayer and

uses code t®&hpl bikedhe & PEIEs cigfaers 2¢s %ener/&‘el‘?ﬁyhl?fél“é%m% chtheel®Li-¢efRFhi m 7)

wherein the codgtetgieplmat @@wbxﬁ\@OPUEAfa@ﬁh'dahb@SInf t‘HE ARt &F CORBNAL ProxBat dis 1s
updat es, singleton, and cursor-based reads optim stic |ocking

25
9, A method as Peifaimgsby the RB yerdosaynplied Flahﬁprrwﬁérr eklplpemp areganerated it &r face

generat or genergies. wadd Y. fBk&asds and CKBA stubs, 1Q A nethod as
claimed in claim9, wherein the mapping objects map user interface w dgets
to the CaRBA stubs. 30 14 FEB 2043 - ZO1l. A nethod as clainmed in claim

10, wherei nyst h@vo&r@&@hﬁan@&)b%@L%?erﬁE@a@pé ﬁe%&e%@cmélse,dags@esfmm a user
interface Screen. 12. A nethod a5 clained in ¢lains or wherein the

mappi ng obj ects are 5 operabk® t ocqéAit @r FachRtoA datl iterat ivdvich @) bA wied hbd as
clainmed in any of clains 10 to 12, gﬂmé{@b%é%ﬁmﬁ@ﬁ)ﬁa% JH ects are operabl e
e

to performdata conversion from us I nter tent to ava | DL mappi ngs.
()] capture attributes of method arguments, such as their

datatype, and whether they are in, out, or inout
20 arguments. This information is used to decide how and
when data validation and conversion should be
performed for the specific IDL method call.
(c) provide a Java Beans™ interface to the IDL method,
where method arguments are represented as Bean™
25 - properties, and the method call itself is represented as a
method feature of the Bean™,
(d) allow simple wiring of user interface components to the
generated Java Beans™ within the IBM Visual Age for
Java™ ]DE.
30



|0 14)° A nethod as clainmed in any of clainms 10 to 13, wherein the mapping
obj ects are operable to use converted data to access the server. 1 S. A
met hod as clainmed in any preceding claim wherein the cli ent14 REBr4003: 15
generator parses the interface definition client representation to
determ ne servweRgs@bfered by the server to the client I(, Actridbhomdsas
claimed in any preceding claimfurther conprising the step of generating
roles for the server interface and businesg object |ayers by using a 20
framewor k conprising a high-Level graphical editor which allows a user to
develop rules in a rule | anguage) and a generator which generates source
code fromthe raldichainguige genkratorMAretehdee B3 cépmesmmdtiom ta panieratd farva€thei n

t he execut abl e sectj.on conpr.ises t hemat.i cal funct.i ons an r aci
et o o B AL e BETRE RS Rl B RETR ek 44 Fel BERieR M BB

editor, and the4kdttanurgangeatrasd mtaasiptiapy dévetapes igvorgantien wikasasi ng) and
aresult 18 Aclient/server data processing System conprising: 30 14 FEB
208 -2 a server conprising: a business object layer conprising entity

ogj ects representd d&gtéd)‘t)@d SFRBS clédt i:dﬂq]ﬁ'ise§QC)Rr1]3@Ssrﬁlﬁb (VO RNEIFRNRE fRTDRBACESS
obj ect representing 5 business processes, the prqocess objects co ng
means for mani plﬂfeénglﬁé) Wsrf‘?@é’%é)‘é%“i“t ;ﬁlfd}l@?ﬂ objecss %&%Bﬁé@%ﬂ&ﬁ@%#ﬁ/&
manner, an int edfitRee pkdorel thefolpbjigcfuiictonevi ding a m ddl eware client
interface to the process objects of the business object |ayer, and far
interacting with 10 external m ddl eware conponents) and a data access | ayer
of objects for persi.stentoireGass dafh ffh atU1QAREN dat abase systens | S wherein

rules of the server arc structured in hierarchies, each hierarchy relating
to a busines® entity, anf2tdvelidaia®; conprising 20 client interfaces to

server functions sai.d i nghtaeRrs@NMRih STkt b Hh EMRTRapPingPSingand Mappi ng
obj ects far mapping user interface wi dgets to m ddl eware stubs, and client

interfaces, 2~ 19, A conpft @rcopregtdadatd Foeriicierves msr CORF sabsand afevessti ent
software code far providhng a. systemas clainmed in claim19 when |oaded in
digital. conmputers. .Aa ~.A9 .Al .AQA@A{ .A .A A AF. A Ah. AU. A3. AUR. Ayal
AL AYR Aafy. A LAY yL<@HKA( a

15 The mapping objects are created automatically by loading IDL into a CORBA
interface repository, parsing the contents of the interface repository, and collecting
data about data type domains. The generator 42 parses the interface definitions and

operation definitions to determine services offered by the server to the client.

20  The completed system comprises the server sections 35, 36, and 37 together with the

client 45.

However, the three layers, and particularly the business object layer 36, are
subsequently augmented by rules defining performance of transactions and

25 computations. These are generated by a rules frameworkr which is illustrated in Fig.
4. The rules framework comprises a rule editor 50 which is used by a developer to
generate rules at a high level. The edited rules are in a rule language which is
converted to C++ by a generator 51 to provide compiled runtime executable rule
code 52.
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A group may be edited by inputting a name such as:

20
ClientDetails
High level functions are provided by the editor 50 to allow a user to add new nodes
to the rule tree and to add items to the library of the runtime executable component
T 25 52,

For selection of an element from a data model of shared business components, the
editor 50 executes a Wizard which “walks” the user through the following sequence
of steps:-

30
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@O%& ()-!,! 1QMRokdezz @O%& ()- 10%& ()- , 10%& () - K% MIEmbChérrsenooss
(109 ()- SS&10%& ()- $@O0%& ()- SHI0%E ():-14.10%& ()-yS10%& ()-Mor/i| KdE: /
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selection allows a name to be entered and it then completes selection.

“Read from database” leads to step 2 below.

5 2. Select items from a table and group them into such things as “Client

details”, “Address details”, and “Correspondence details”.
3. Select fields of the selected table and assign them to variables such as:-

10 intermediate value,
result value, and

code table value.,

If “intermediate value” is chosen, the Wizard may proceed to allow use of the

15 values to access further tables.

The editor stores a tree view and links between tree nodes and data access for

immediate and clear user viewing,

20 As illustrated in the drawing, the editor 50 converts the edited rules into a rule
language and outputs the rule language to a rule generator 51. This in turn
automatically translates the rule language into C++, in turn compiled into runtime
executable code. This code provides the data access routines defined using the
Wizard. It also provides a rule engine which stores and executes the generated rules.

_ . . . _.25 _The executable section 52 also comprises a runtime library of mathematical
functions. An important component of the executable section 52 is a logging or
tracing component which is linked to the rules in the rule trees defined at a high level
in the editor 50. This allows for transparency and justification of rule outputs. More
particularly, it allows the editor 50 to display justification in the form of rule

30  evidence, reasoning, and a result, This is important as it helps a user to understand
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(Y. "1 10%0& ()hozu\/( th]éores s(»s)ere/?{g/tee/gz/%&égﬁ Ft@ elxgmple, a social security official can easily

explain to a beneficiary the manner in which a computation for social welfare benefit

has been calculated.

The editor is programmed to generate screens to allow a user to input the test data, to

(9]

define a rule, and verify. The test execution involves parsing the rule tree and
evaluating each node in turn down the hierarchy. The process determines the value

of any formula contained in any node.

10 The executable section 52 includes API interfaces to allow hooks to the server

framework. This allows integration into applications.
Finally, the executable section 52 comprises proprietary datatypes.

15 In the end-product system, the server constitutes the middle-tier of a three-tier
client/server application. At the front end, the server presents a CORBA interface to
client applications. At the back end, the server interacts with an RDBMS to provide
relational data storage. The server architecture is illustrated at a high level in
sections 35, 36, 3, and 45 of Figs. 2 and 3. The business interface layer presents a

20 CORBA client interface to business functions that can be used by a client program.
It also interacts with third-party middleware components to ensure consistency and
atomicity of the transactions that execute in business functions. The business object
layer implements all of the business functionality. The business process objects
implement the business logic and are responsible for manipulating business entity

- 25 objects in a business-specific manner. The data access layer is responsible for all
interactions with the back-end RDBMS. This layered architecture embodies the

approach of separating “presentation”, “processing”, and “persistence”.

The objects include “factory objects” which are used to implement the problem

30 domain objects. A factory finder mechanism is used to locate these factory objects
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object. In the data access layer, this translates into the corresponding singleton

operation on the back end database.

Data iterator functions operate on a set of entittes. In a relational database, this
corresponds to iterating across a set of records identified by a non-unique or partial
key. Data iterator functions are typically used by business processes which return a
summary list of entity descriptions to a client. A sequence is shown in Fig. 6. This

10  diagram introduces a data iterator object class. This object iterates across a selection
of business entity objects based on selection criteria encoded within the data iterator
object itself. Each business entity object selected 1s passed to optional filters which
may apply further selection criteria, and passes the resulting business entity objects to
optional operations.

15
Complex business functions implemented by business process objects may use any
combination of other business process objects and business entity objects. The
business process objects are arbitrarily complex and by their nature can not be
algorithmically generated. However, these types of functions include the same type

20  of business interface layer processing as other types and this may be partly generated

by the system infrastructure. A diagram is shown in Fig. 7.

__ It will be appreciated that the invention provides a structured and highly automated
25 method for generating a client/server system. It allows the business logic to be
created and also modified in a simple and effective manner by modification of the
meta model. This logic is then propagated by the method to generate the required
server and client system functionality. The business logic is automatically encoded

on the server side and so avoids the prior problems related to encoding in client

30 applications. The client structure of CORBA middleware below user interface
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The invention is not limited to the embodiments described but may be varied in

construction and detail within the scope of the claims.
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developing a meta model of objects defining required processing logic;

a model generator automatically transforming the meta model into an
application model of objects required for the data processing system;

10
a code generator automatically transforming the application model to a server
by generating code for the application model objects;

an interface definidon generator automatically generating an interface

15 definition client representation, and a client interface generator automatically
transforming said representation into code for client interfaces to server
functions;

completing & client by developing client user interface code; and

loading the server and client code onto a hardware platform to complete a
client /server data processing system,
2. A method a5 claimed in claim 1, wherein the meta model comprises process

25 and entity objects developed in a ¢ase environment.

3. A method as claimed in claims 1 or 2, wherein the model generator executes

mappings between meta model domains and application model domains.
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5.

10,

A method as claimed in any preceding claim, wherein the application model
comprisesis

an interface layer of objects;
a business object layer of objects; and
a data access layer of objects.

A method as claimed in claim 5, wherein a separate code generator

transforms each layer of the application model.

A method as claimed in claim 6, wherein cach code gencrator performs a
semantic analysis of objects in the associated application model layer ané uses

code templates to generate code.

A method as claimed in claim 7, wherein the code templates include facilities
for data inserts, data updates, singleton, and cursor-based reads, and

A method as claimed in any preceding claim, whetein the client interface

generator generates mapping objects and CORBA stubs,

A method as claimed in claim 9, wherein the mapping objects map user
interface widgets to the CORBA stubs.

el) - 10u%<& ()-f10%& ()-3 @O0%& ()-fc ccccc{c}cj K@ 105
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12. A method as claimed in claims 10 or 11, wherein the mapping objects are
5 operable to perfonn data validation.

13. A method as claimed in any of claims 10 to 12, wherein the mapping objects
are operable to perform data conversion from user interface text to Java IDL

mappings.
10
14. A method as claimed in any of claims 10 to 13, wherein the mapping objects
are operable to use converted data to access the server.
15, A method as claimed in any preceding claim, wherein the client interface
15 generator parses the interface definition client representation to determine

services offered by the server to the client.

16, A method as claimed in any preceding claim, further comprising the step of
generating rules for the server interface and business object layers by using a
20 framework comprising a high-level graphical editor which allows a user to
develop rules in a rule language, and a generator which generates source code

from the rule language.

17. A method as claimed in claim 16, wherein the executable section comprises
25 mathematical functions and tracing functions linking rate outputs back to
high-level rule definition in the editor, and the editor generates a display of

rule evidence, reasoning, and a result.

18. A client/server data processing system comprising:

30
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a business object layer comprising entity objects representing business
entities such as an organisation and process objects representing
5 business processes, the process objects comprising means for

meanipulating business entity objects in a business-specific manmner,

an interface layer of objects providing a middleware client interface to
the process objects of the business object layer, and for interacting with
10 external middleware components, and

a data aceess layer of objects for persistent access to relational database

15 wherein rules of the server are structured in hierarchies, each hierarchy

relating to a business entity; and
a client comprising:-

20 client interfaces to server functions, said interfaces commprising
middieware stubs and mapping objects for mapping uvser interface
widgets to middleware stubs, and

client interfaces.

25
19. A computer program product comprising server and client software code for

providing 2 systemn as claimed in claim 19 when loaded in digital computers,



