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Field of the Invention The present invention relates to the field of

converti ngW0 02ipyPng bet ween a software object and a st PEEUSPEYSTTanguage

obj oct's such 8YSTEV AN METHS B Ar PR R R T AR OB rGRTpF T ©
docunents. Backgr ouSGROCTURED IANGTUAGEBIENMENT BASED DOCUMENTESge (XM) is
a pared down version of Standard Generalized Markup Language (SGW) that

I s designed especially for Wb docunents. It enables designers to create
their own %&%@%&ﬁ to provide functionality not available with HTM.
For exanpl €, supports links that point to multiple docunents, as
opposed t o THE teskrtiksentiontelatds to the fiekd ef coneerting st mapnglectwesncd softwasaatject

Because XML is a formof self-describing data (al so terned structured
| anguage elaé‘ﬁéﬁ?'%c“i“ﬁg] languagge t Qfé‘%?‘]?ﬁ‘%cﬁé‘rpﬁ-‘?m?’l ar fosMARRgE ﬁ%‘”%qﬁlc"c%‘@u?i ch

dat a model gondReio8iofsSuckislfmhRbN and BxitnsiOR Mark¥e ARG TRULY RdihuRen

di ssim | ar systens a can be exposed or published as om many
ki nds of systens: |egacy COBOL prograns, databases, C++ prograns and the

like. A bu%'a ess Otj-% emthat is commonly encountered invol ves resol ving
FYABFHET BT

how to map fan XML docunent to other data formats and vice

versa. For myasinleaMakip LandgRbONML) RM fass deervetsFmadaictaRAN zenMatihgs
in an XML docunent, it may be necessary to mag its information into a Java

obj ect t hatlanguagp SONMBY thahisrlesianadregpesiailyferoWsl degumentsa Asaneblebdesignesdoest .

U S. Patent_6 5. 391 jssu e I . | . . fdi.scl oses
an’exanpl o iAo SN FhaGHE RERIGHBRGe SRl Ao alfubi S rrn, 1k o0
Java, Melt zgimsle, AML @@F@t& linke thAMbointio ahuleple dasianents, scopposeiits HTML links,
particular, a parser wal ks through an XM. docunent and builds a tree

repr esent at“{lmhqaﬁf?fé%?%duﬁ%déﬁwa%@%bri ed and anot her parser wal ks an
XML docunent and raises events with information about the docunent (e.g.,
start docunent event, start elenent vent with the nane of the el enent,
cont ent of Bebsuse Xk i3 foemn df edlfdesotibing dath (alentermedictuctered langeage elanenty in

the present description), it is used to encode rich data models. Therefore, XML is useful as a
data exchange medium between dissimilar systems. Data can be exposed or published as
XML from many kinds of systems: legacy COBOL programs, databases, C++ programs and
the like. A business problem that is commonly encountered involves resolving how to map
information from an XML document to other data formats and vice versa. For example, once
information has been exchanged between entities in an XML document, it may be necessary to
map its information into a Java object that can be used when making a database or

transactional request.

U.S. Patent 6,125,391 issued September 26, 2000 to Meltzer et al. discloses an example of an
XML/Java conversion tool. For converting from XML to Java, Meltzer et al. parse the XML
document and raise events. In particular, a parser walks through an XML document and builds
a tree representation in memory that can be queried and another parser walks an XML
document and raises events with information about the document (e.g., start document event,
start element vent with the name of the element, content of the element, end element event, end

document event, etc.).
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converting fromJava to XM., Meltzer et al. generates code that contains
accessors for each elenent. The accessor for an el enent contains a | oop,

| oopi ng f oW@eI1Par acter. The |oop contains a switch sPETASEMISThat

per forns | | I | ' build
St 11 ngBor et Ao s Ro gl Mofted 3P SedBlonds Bogq iR coflisABodslrd o

Mel t zer eteagh eleahtit Thermcckssm foroin ghement dentsinpp tvop] logping foraath chatastee The

wor king with the code . that trag@aor Java o XM All3 tégqe code in 't zer
et al. is (geRepniriaga syifch Latrpentdbat gerorps anpgiionbagedon Waatdhs ¢haraeer ise et | v,
there is : rﬁ@% 5w t ' S war e
obj ect s aﬁagﬁgﬁ?sulfgmlgg I a ggﬁgfge;e e ene%tﬁlebegeélzéélpg‘g%&l}%l{efﬁfgie:e. g%l)é(%ﬁi%htt E'g% can
be effi ci eMiltyer et alpscdubiont dods notipnayids suppertidg infastsuctBe fioraworking withethe padent i on
The di sadvant ages of .th L.or art s | zed ove are overcone acgcaqrding
to an exer@?%@‘swm %%Myéﬁél?ﬁ Wﬁeﬁgeé?%§gatlsigﬁ%?ﬁ$6#’tsﬂaftc ﬁ%‘?’edes a
common fr agewekds tf edit. meppi ng  between a docunent (e.g. an XM- docunent) and

a software object (e.g. a Java object). The framework uses a handl er that
masks how a property is obtained for mapping. This results in mapping code

t hat has common .appear.ance ,f.or bhoth directions of i N4q. nappi.n
botweon o) CERIETAP BRIET S (o amePrime b AE GRS uibpol BB Y vt KRNIt |
cont ai ned dhjedts antbebetireddanpRiRged eri®@il Haded dotirhéntsfdlg. HMTRAtcal Be effisizhilyar e
obj ect through the use of a parser (such as Docunent Object Mdel (DOM or

Si mpl e Appmlemenied wsinggtandaidigolfnt erface (API) for XML (SAX)). Mapping in

the other direction (Java to XM.) requires that the elenents of the XM

docunent be built in a particular order to ensure validity of the

resul ting Stivhmeryafierinvernfionensure this validity, an exenplary enbodi nent
bui |l ds an XM_ t | at e docunent JavaSer ver

esul iyl .
Pages TM ( 309 GisadFages o 18 priok auh Gurypss BBV Ak pY TS SHGaSINES 48 SURRIF ho
document t,ge6d Yhd dys@h éftnd ﬁ;élseﬁgﬁwﬂﬂomh& Prdvadiss oo HanfevE fir nidBing

attribute val ues. Pls we ocunented W th editor support to permt

ef fici ent hetwedne docomenit(egnan XMirddsument) amt @saftwasmotject .. eciavalobjecth Dhef f er |
or directl %ax%é)wc?rk uSe I iRdler tha r%ans]kgim% aspercr)l%lrt?ftis: obtained for mapping. This results in
mapping code that has a common appearance for both directions of mapping. A mapping
between elements of an XML document and the properties of a Java object is contained in a
mapper. A mapper maps from the XML document to a software object through the use of a
parser (such as Document Object Model (DOM) or Simple Application Programming Interface

(API) for XML (SAX)).

Maf)ping in the other direction (Java to XML) requires that the elements of the XML document
be built in a particular order to ensure validity of the resulting XML document. To ensure this
validity, an exemplary embodiment of the present invention builds an XML template
document using JavaServer Pages™ (JSP), for example. Using JSP based templates enables
tags of the document to be written in the JSP, with callbacks to get element and attribute
values. JSP is well documented with editor support to permit efficient template creation.
Further, content can be directed to a buffer, or directly to a response stream of a servlet.

In accordance with one aspect of the present invention there is provided a
computer-implemented method for converting a data structure representing a software object

to structured language elements of a document, the method comprising: (a) generating a
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In accordance with one aspect of the present invention there is provided a
conput er-i npl enented nethod for converting a data structure representing a
software object to structured |anguage el enents of a docunent, the mnethod
conpri si ngWa e10gdherating a 2 WO 02/ 101579. PCT/ US01/ 4957 PCTAISPUESTir ed

| anguage el I ; eaqidag:Bh '

sof tuare iR BieEbEpACHRRls sckbhal e AioppAREHS Bonl dOToMR: |
| anguage eétgea%,_rthé pRipeities beiag usociated (vith thesstrugturdiddapguageelemerts ofthe docinmsyt;
constructs defined by the structured | angua eqeherrents based olg t he
associ at i of¢) beinghepropeatigsy @ﬁ@ﬂ%ﬂgégn@i‘lﬂtsl‘iﬁfgﬂf‘g’t yiin¢ shruchiredlAngHage ClEmENS nt s

and (d) p ' : ; i th
The const r LS Bh P B P A B g L o
there is ppepulating tke stwhmedlanglagpelementtteiplatetdooundn withdhe/eonstragds. st r uct ur ed
| anguage el enents of a docunent to a data structure representing a
software object, the nethod conprising: (a) reading each of the structured
| anguage et EmRaEndRIwitl ShotRE HEPREtof tHeDreddft i Ventibh Mires PEcvidedtaycontpatepct ed
froma set of avalilable properties defined by the data structure of the
sof t war e obpeemented swthodfertonverting sruchized langnagaelgments 0£2 dogament t9ra datfe

docunent; and, (c opul ati ng the . pr rties { he d

representi FF@“"FH%%}?E?SF’W ME o%cgﬁﬁes’f‘?@gg gé%%flﬁma%g(%grﬁgﬁéé %%’%E’? a%/eal ues
fromthe gdacuiFEdianghdpe dkaRhBATER dicitean(®) Haemdaipg atpragerty/velepied Siont a set

i nvention there is provided a systemfor converting a software opject
cont ai ni ngofavepehle propettiss defined binsha datpstiuqiuee ohthe soffyvare pRigrt: 48%99&5?&8@“11

el ements, ¢ | Sk G 16( 0, " r
ntertace POPHEYE BB IRA S @bufe e oph iy HelroicRles S HRARS
el enent s oftridage depresentirig the seftivave oledtiwithtmkisradd aegubge dlémernd galuessiiom the
tenpl at e; gc) a mappi ng nodul e, in conmunication with the handler

i nterface, 4¢MeBbnverting properties of the software objects to structured
| anguage el enents recognized by the docunment; and (d) an output target
class, in comunication wth the mapping nodule, for witing the

st ruct ur edId sveordance eitleantlies aspenterf dheeptesent invensiop dhere is provddedpogystamfer | n

d i th, t t of. th t ] ' ' i ded
et em f or covEiRB Ao QBEs humtin R ArRTRRY 8 dRifeh] finbdl il O S0 @
to a soft V"Pah@u&[@e&?ﬁentst, IR sySuh cOmpAaAAR (ayh B8cunied) tethpliite; {6 a Handieptiteatace fuy

Sen

events repre ative of features of the
providing a representation of the structured language elements of the document based on call

backs made by the document template; (c) 2 mapping module, in communication with the
handler interface, for converting properties of the software objects to structured language
elements recognized by the document; and (d) an output target class, in communication with
the mapping module, for writing the structured language elements generated in step (c) to the

document.

In accordance with another aspect of the presént invention there is provided a system for
converting a document containing structured language elements to a software object, the
system comprising: (a) a parser for obtaining events representative of features of the
document; (b) an input source class for reading the document; (c) a content handler class, in
communication with the input source class, for implementing a buffer for the events obtained
by the parser; and (d) a mapping module, in communication with the content handler class, for

converting the events obtained by the parser to properties for the software object.
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docunent; (b) an input source class for reading the docunent; (c) a content
handl er class, in conmmunication with the input source class, for

i npl ementing a buffer for the events obtained by the parser; and (d) a
mappi ng nodNO /101579 conmuni cati on with the content handl er PETASE/495G
converting the events obtained by the parser to properties for the software
object. 3 WD 02/101579 PCT/ US01/ 49577 In accordance with anot her aspect of
t he presenin dcoordaride Gritt dfker h@eﬂro@ﬁiedﬁﬁkeﬁt imednkionl thefe is pmmbdhimnjhmi ofof t war e
obj ect having properties to a docunent gr esent ed b{?ﬁ? ctur ed q& anguage

el ements, $qTdeRiBgRSsattwaieabiest hﬂjmg(RE?Peé%Fﬁﬁ 9 dpgyRengrep to an

i nstance o c i

torpi ate yenibet MR, RADA doRbRthg (o) syPhyife e f’)ft‘gﬁaﬁ?ﬁgﬁéﬁﬁsﬁ%‘-‘% RS
docunent tan imvelpelandppéng intetface; (IHtcomailingsind gxdchting empldtedsinganinsiance dfian
accordance, wi t h anot her ect ,of the present tion there is provided a
met hod of N¥EkRAORE %fr,aangé@ E‘bﬁ?cﬁﬂﬁ}‘w@ asgp?%’éd["’t‘{}?‘%ﬂ‘ t e UTRe Beenent s to
a sof tware, 1Feﬁttemélgf§ met hod conprising: (a) supplying the docunent to an
I nstance of an invo mappi ng interface; (b) registering the mapping
interface as a content handler; (c) parsing the docunent using an instance

of an invoked rser;..and.(d pul.ating t.he war.e_o

o onor t 1 ool el hRE s RO herReHRr WP aiffenB8h R R b of 1 e

docunent t fsrRedidg@doburlé@t kentaitBdatriCuicd SanFamse dldndnity t6 fsoft@rare loBjeat; @@y dance
wi th anot her aspect of the present invention there is provided a, conputer

pr ogr am prodihed cemprisingy e synplying @aﬂacmma@t@r@twp pbainvoked mappte war e

obj ect to st Wololol gram
product  comsrEt T et RE NP R EIRat Rl s oiREIRR, (O dirff e i unitd
generati ngusangsad instahidetss ah aM@kadparsdremaill) poputatiag fhe sofewars@bject with propediesg
properties fromthe software object, the propertles bei n assom@ted wth

the str uct@ﬁswatpéwghég@c@eéwge&iem% RAERSE ARy th e(l%‘)unifé‘ tgoughsakb parér t i es,

obt ai ni ng ttgynmg ]ggfrt&?aqcby the structured | anguage el enments based on
t he associ atlon Bn*the properties and the structured | anguage

el enents; and (d) populating the structured | anguage el enment tenpl ate

d t wth t t ts. | d at h t th
present | mpCHeErBRE RERLATODeR pofl e e arattion fegc iR R Some Ry
conver ti NgnJLfHEEaRT foraldoavaasy SUATRRIcure fepfesBiRfidMRBRwhR objddbloatrbtutkat ur e

language elements of a document, the computer program product comprising computer

readable program code devices for: (a) generating a structured language element template
document; (b) reading properties from the software object, the properties being associated with
the structured language elements of the document; (c) using the properties, obtaining
constructs defined by the structured language elements based on the association between the
properties and the structured language elements; and (d) populating the structured language

element template document with the constructs.

In accordance with another aspect of the present invention there is provided a computer
program product for converting structured language elements of a document to a data structure
representing a software object, the computer program product comprising computer readable
program code devices for: (a) reading each of the structured language elements of the
document; (b) determining a property, selected from a set of available properties defined by the

data structure of the software object, associated with structured language elements of the



representing a software object, the conputer program product conprising
conput er readable program code devices for: (a) reading each of the
structured | anguage el enents of the docunent; (b) determining a property,
sel ect ed fwWene240889 of avail abl e properties defined by th&CTYSHETr uct ure

of the soft{ware ob soci ated w. h ElBage Of the
4 WO 02/1 M@&?@@W ed?f(?ﬁ%%]stq n%%%%g%%%?%tg %ﬁg‘gﬁe properties
of the dat %Wﬁts&h&ufe‘am@%%dléiﬂerﬁhﬂues)ﬁrémv&[eedocmhmﬁct with structured

| anguage e errent val ues fromthe docunent, O her aspects and features of
the present invention will becone apparent to those ordinarily skilled in
the art up review of -t L Rk f TAp ts of
the 1 nvenOmSheaRseE aR faifessh tistihiep RaRh A Bhal pPAEAT b Tge DEparmy
Descri pti ogiid ihlige £ apdngsiew of thecfolléwiap desesiptiorofagecific embediments hbther esent

I nvention wll be described . in the detai, lgﬁd description, taken in

conbi nat i ofvetion in genjaRgsioR Fath the acEeRBAYIREIBMESh: Fig. 1 is a bl ock diagram
of a conputer systemthat may be used to inplenment a nethod and apparat us
for enmbodying the invention; Fig. 2 is a block diagramillustration the

f ramewor k Beief Degfiptien dfthePeawindd and Java obj ects and vice versa; Fig. 3

is a flowchart illustrating a hod of ma a

sof t war e BB'j’ﬂ%?é ealt}gf’%ﬂ‘dteﬁl@a‘g?g&ﬁﬁ% IPreé?ntlf’iwé’ %gﬂ?f %%lb%g%{ﬁ%%ﬁlgc\l/v chart
illustrati ﬁgﬂ?&t ey & cdmlswag vathané & dpa@ﬁaaedqbamgs iiszB.i&hXI\/L docunent
using the work of Fig. 2. Detaile

Descri ption of Enbodi nents of the
Present | nvent i Blg Fisp blmcladidgmfa%@@mﬁt Bigtemebatmat hegred g’p‘P‘@?S‘E’F\‘?ntan
exanple of a_s bl e ut i in which the invention may be
i npl enent e®P® aP%&P% B@#‘WH@Q géSCI‘I bed in the general context
of conputer- exemgt 2k £blobls dibgkain iflasracibn theCammpuioek fopmagpiagbetween XMinsndn a

personal conputer, the invention can also be inplemented in conbination
with ot heﬂawwmcﬁmndﬂmwé§a General | y, program nodul es include routines,

t I
P asks o conrp A Ssa?ﬁl WPt @E&Jd&gctﬁﬁq‘%a ty Hg%)hQLdaeﬁﬁ&{t%Q%ﬁw&H "

tasks or inple }% Further, the
object using the framework of Fig. 2; and

Fig. 4 is a flow chart illustrating a method of mapping a software object to an XML

document using the framework of Fig. 2.

Détailed Description of Embodiments of the Present Invention

Fig. 1 and the associated description represent an example of a suitable computing
environment in which the invention may be implemented. While the invention will be
described in the general context of computer-executable instructions of a computer program
that runs on a personal computer, the invention can also be implemented in combination with

other program modules.

Generally, program modules include routines, programs, components, data structures and the
like that perform particular tasks or implement particular abstract data types. Further, the
present invention can also be implemented using other computer system configurations,
including hand- held devices, multiprocessor systems, microprocessor-based or programmable
consumer electronics, minicomputers, mainframe computers and the like. The invention can
also be practiced in distributed computing environments where tasks are performed by remote

processing devices that are linked through a communications network. In a distributed
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present invention can also be inplenmented using other conputer system
configurations, including hand- held devices, nultiprocessor systens,

m croprocessor - based or programmable consuner el ectronics, m niconputers,
mai nfrane YOS and the |ike. The invention can al soPEEUSPATced in
di stributed conputing environnents K f r b
processi ngcmqgggnyﬁww,@rqgrw&odm%?%Iﬁdétﬁgz@tgmgﬁgé‘%"?{)@qﬁ@?t\%ﬁi@ I?n a
di stri but er% g\ﬁ)e@gés.l01579 PCTI US01/ 49577 conputing environnent, program
nodul es may é ocated in both local and renpte nenory storage devices.
Wth reference to Fig. 1, an exenplary system 10 i ncludes a conventi onal
personal c uter 2 i nel udi Is i ; &4l BeNPpiiter 24,
and a syst wbﬁgﬂ%eg%g’ﬁ- @@ﬂ%ﬁg%pﬁﬁggﬁﬁ%ggg%ﬁakggn%gﬁgﬁfg%ncI udi ng the
syst em ey Yindfdihg aphstesbinpoasisi2ng systent meoryTs andy system buss262Baticaeplgties
several types of bus structures i.ncluding a neno b r

cont r ol | er varioussysigrA SPRPOISHLS INCHH n&ﬁﬂé&%&“ﬂ%@%%&’ ‘ﬁ%?g’é’?&g’%iﬁ J be
convent i ong| ' ,gﬁg,g . MESAudihSAmeH 6B bt &t merdite
system rrern§¥s3t/ rﬁﬁuﬁ%ﬂéﬁﬁf&ggﬁreg% n%yogr?%%nﬁﬁﬁm(rl?c\/) 28ésand régﬁtc,i_om ?hccess
menory  ( RAbtrciRr, afveriphidral usymmtl/adotablbius usingrasnof BVEESTy SEconyRIoRMUSg t he
basic routines that help to _transf I nformati on between el enents within
t he conput &Chﬁgﬁ,m%@%a}gcﬁyﬁisﬁg%’ﬁ%‘ﬁ&b‘?) is stored in the ROM 28. The
conputer 20 also includes a hard disk drive 34, magnetic disk drive 36 (to
read fromand wite to a renovable disk 38), and an Otftiﬁal di sk drive 40
(for readiThe spstéeDmeROWy 24 ficludips rsad prly mempry (RPMY L8 ARG Fapdem agieRtMeySt cal

medi a). The lves 34, .36 n t QURatdRl

i nterfaces (Etg,M) - £hesiginpy OS"IS%IQSYSV&? 95@225’ rﬂt\%/ﬁexgn%@,gbg%égoﬁ{c}hm %tncj lﬁéei r
associ at ed Ga8erh et Bétiveer@lethent{ Rhin4Bd cqmupaner 6, suab Ay diring stast-uR,d¥ age of
data, data structures, and conputer-execytable instructio for t.he.

conput er 2Gtorathia the BOM;@8.nEhe @I@utq:ﬂé_afsg lﬁ“i‘é‘leﬁé h‘@q%ﬁl%é%@sm %ﬂ 5E1|° ? iskg
known by thpse ki |l i . art ' t harantonaes ik diwdida (fohat are
readabl e bﬁ’ieég%&?%(fg?%%&%ﬁ%naertg@gb%gés%gﬁsgé%}ﬂﬁnadgh menory car és,

di gital Vi dggligh $8B- REM disk 42 ontorized frof quvaije tnothesdptieal mﬁd;ﬂ)-bih%@ré‘feéé"i 36

the dri 34, 36 and 40 and the RAM 30, . incl udi i tem 50,
one or mor andpiereeamnesietioa BETER U PERSh Pt AR BTG Bt ogr am

data 56. A user may enter commands and information into the

The drives 34, 36 and 40 and their associated computer-readable media (38, 42) provide
nonvolatile storage of data, data structures, and computer-executable instructions for the
computer 20. The storage media of Fig. 1 are merely examples and it is known by those

skilled in the art to include other types of media that are readable by a computer (e.g., magnetic

cassettes, flash memory cards, digital video disks, etc.).

A number of program modules may' be stored in the drives 34, 36 and 40 and the RAM 30,
including an operating system 50, one or more application programs 52, other program
modules 54 and program data 56. A user may enter commands and information into the
computer 20 through a keyboard 58 and an input device 60 (e.g., mouse, microphone, joystick,
game pad, satellite dish, scanner etc.) These devices (58 and 60) are connected to the
processing unit 22 through a port interface 62 (¢.g., serial port, parallel port, game port,
universal serial bus (USB) etc.) that is coupled to the bus 26. A monitor 64 or other type of
display device is also connected to the bus 26 through an interface 66 (e.g., video adapter).




conputer 20 through a keyboard 58 and an input device 60 (e.g., nouse,

m crophone, joystick, ganme pad, satellite dish, scanner etc.) These
devices (58 and 60) are connected to the processing unit 22 through a port
interface WD @A0tF7? serial port, parallel port, game port PCTUSINAPF

serial bus,(USB) etc,) that is.cQ 26 A ' t her
type of d?@ep‘foéépugeé%o daay; Qpergte i acng g‘&](grg%(%a vﬁr@ﬁrpﬁ’éﬁgﬁ\g ‘%%“?E%“tﬁgﬂ“g# e &

i nter I acezgére(@mgte, coyi%pﬁ&@s, %ﬁldms?éﬁmtﬁ 631%@1@26& Omﬁir?na@_'ﬁbidﬁ?tbx‘ 605iay bdhe

conput er may operate in a networked environnent using |l ogica

connect i onseryes, Bxpitesra pegpAevigegrether coRmOR B?tg’?ﬂ%‘lﬂflﬁ’ aé’g ng%]tygmg%kﬁ A %68,
The renote_ 0 ahe. r | t her
common net fibh i ciimen R paF ifkelafh he ofinp RLFFF altbullt R SHRMIRS ofty £ 1°
descri bed nemos) Abiagnddvicet 10ds siowaLit Bire 18¢ical abrirectingls shawn i Figl §i incluge afdopl a

menory storage device 70 is shown. The | qgi npections.shown. in Fig. 1
i ncl uée a Frég agtwork dAMET2andie ‘('"\gg\&‘)ea ?Qtwé’ﬁghg% gg g}l‘g‘a‘geﬁ‘@?mgl?n(med’%
Such net wopkic K iRl MEO¥eRes, BAtBrpROEIRIE HmipBREndthofks/ infftots AR Ritdraé- Wi de

comput er networ ks, “intranets an he I nternet. Wien used in a LAN
net wor ki ng environnent, the conputer 20 is connected to the LAN 72 through

a network [ nterface qr,agdapter. 76. .Wen used in th N |
envi r onment” oen J@M&%%ﬁ?vmnﬁ’ Icﬁ'ﬁggteﬁfon%%gnﬁ&\ﬁgé IE/ﬁ()e"?'f%el?l Teans
for establ 'ﬁ&l G ARSRhEARIQR AIEDIATT6! VRhNANEd 1, theé WAN astwookdng evéronsient, The

nodem 54, ICh may be internal ‘or external, is connected to the bus 26
t hr ough t hthepompuien2@ tyfpicey 8zludena smodem\ig ok etler means forastehlishing ogr am nodul es

depicted relative to the co r 20, 0 .0 r , stored
in the renBYEMHRIGHINS OV Srrtﬁﬁgp‘glg%t%wsﬁs. {hﬁagé%’éts ﬁ%ﬁ%@e@%’ e 61108'0 t he
present i NyRGhAIYN ek@rdB3€6brinBett®forhe Bis ahioaslsthe portigtpifag 62f hipametiorited Java
objects and from Java objects tog XM., Other data forngts are a

X | | so
suppor t ed. emgronmeatypragrammegules depicted ipdative dasthe SoMpRiss ﬁgpgp%nsv\tfm?rp@fe P& n
COBOL, C and. | ' g760nposed of prograns that reside
I n Enterpr?gcsatofé#i%F%?ﬁlgtﬁqﬂ%bsrﬁgﬁg&?%se guch as Cl CSTM (general purpose
online transaction processing software) or | MTM (I nformtion Managenent

System) . A_COBO. program uses, COBOL structures f.aor, thekr input,and.output.
There i s aDhwassiquofihgmethg °§< emﬁe@éﬁ@&%ﬁ%ﬁ%ﬁ? E&Eﬁkfc’c}we&i\‘?ﬂ(m%ﬁ’@g

present i nyspty erts?gwp&jea@&dt@o&%fa%j&tsh@mm&pﬁm adefoemats ¥ aldoo- obj ect

X mappi ng han I scussed bel ow) woul d populate a COBOL structure from
t he XM. supported. For example, many legacy business applications are written in COBOL, Cand

PL1. These applications are composed of programs that reside in Enterprise Information
Systems (EIS) such as CICS™ (general purpose online transaction processing software) or
IMS™ (Information Management System). A COBOL program uses COBOL structures for
their input and output. There is a need to map from XML to COBOL and from COBOL to
XML. The present invention can be used to perform these maps, where a XML-to-object X
mapping handler (discussed below) would populate a COBOL structure from the XML
document and an object-X-to-XML mapping handler (discussed below) would extract the data
from a COBOL structure and be used by a template to populate the XML document.

By way of background, the mapping methods of the present invention utilize the following
high level process: (a) a lexer groups characters into words or tokens that are recognized by a
particular system (termed tokenizing); (b) a parser analyses groups of tokens in order to
recognize legal language constructs; and (c) a code generator takes a set of legal language

constructs and generates executable code. The functions defined by (a)-(c) can be intermixed.
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docunent and an object-X-to-XM. mappi ng handl er (di scussed bel ow) woul d
extract the data froma COBOL structure and be used by a tenplate to

popul ate the XM. docunent. By way of background, the napping nmethods of the
present i nWen@210t572iti | i ze the following high | evel proceB€T/USEN49877 exer
groups characters into words or tokens that are recognized by a particular
system (terned tokeni zing); (b) a parser anal yses groups of tokens in order
to recognFearexhmpiel for XML ag#ava ohjsttrmapping, evedy (hmjacter imalXMJedeougient ist akes a

set of |egal | anguage construgcts ener at es execut abl e.code,, The
functions debizadH o er@ayww&%@ﬁ@%ﬁ&we& 5 SrtgEs rpReesy end tags and
PCTI USO1/ 4 or, I ' i XSHCEMhskh@s.act er
in a XM d%lrzr‘gﬁt Slecg%ﬂgﬁa ef'i{e t?%%r gtrbé?gﬂggg‘gg%gy;ﬁﬁgé% XM tolgens such
as start tAgsmoptiapierlévebst iseadfieditat aired the'taipigtiasseatehingepenifigand closi@gt okens
must be verified that they form.legal X onstructs. { a t _basic
level, it fags @rgftp?pg)@e{tﬁg%{re&rq)pe&ly S&Wé“ff%b‘?‘ﬁap‘ﬂ%tﬁ%n@m’ﬁ&“ eMig and
closing tpgfniaBsk m)mrmtsé&maa&@amm@,rdm i81s"passible efleristretthet tiENIING

ype

tag. |f Docunent Definitions (DTD) or XM. schema are avail able, then
it is possedristuctnfound dneng passing bre logel in teransf ithedd ED fon SML sebemags el &5 heingr e

|l egal in ter of .t D r X ' L] - XM..
Final 1y, ¢ Retapied O o Finalyy R prrE SRR Mool i & scelpih
sonet hi ng g@dthihg (sef6l (1.8BRap it iritdh Gava objRe®. Obj ect). Sonme of the tasks

i dentified above can be performed, at least in-part, by readily avail able
XM. parsers. XM parsers handle the | exical analysis and parsing tasks.
Two exanpl [ 8] [ t ngl 1 XM 147 vt
Applicati Oﬁoxﬁ?gg{rhg%sﬂk%gﬁ%d?%g%&n(ﬁi Ieff oéra’ %I\I/L %@b&%@%ﬂ%ﬁ?ﬂé&lf g(I:YLIL
Model ). SAparsers.eXbit pavsesehlindiéithe [eaicakanslysis avd pargihgtasks TSoEexpopls parsingvent s

et SR8 o Tk Rl RS Sy, PSR

create a g ' i EBOMPL BREurhéht OBEPKdélat represents the contents of
the XML do%ﬁéﬁt&%ée tl\ﬂg XM. par ser has 5]corrpl eted parsing, the nmenory

contains a tree of DOM objects that offers informati on about both the

truct cont ent the XM .d t. Fig. 2 il]ust ti
7 epr 6sont aSRghS ST DnsedaXABL RS LRL COMEHY SAo Sreelaba et CopfePRle™ ' ©
present i NYgRLENe Reatulérolif IBRNOpdscHOOMI Hoslineit. TReDOM AR &dni N an

I ntegration i .. .
object-model-based API. XML parsers that implement DOM create a generic object model in

memory that represents the contents of the XML document. Once the XML parser has
completed parsing, the memory contains a tree of DOM objects that offers information about

both the structure and contents of the XML document.

Fig. 2 illustrates a schematic representation of a framework 100 according to an embodiment
of the present invention. The framework 100 is shown instantiated in an integration
component 102 such as a Servlet that can be executed in the system 10 of Fig. 1. The
integration component 102 includes a parser 104 implemented using DOM or SAX, for
example, that interacts with an XML-OBJECT mapping module 106. For clarity, SAX will be
discussed as an example of the parser 104 in describing the implementation embodiments of

the present invention.

The XML-OBJECT mapping module 106 receives an input XML document 108 and generates
an output Java object 110. The integration component 102 further includes an XML document

8



conmponent 102 such as a Servlet that can be executed in the system 10 of
Fig. 1. The integration conponent 102 includes a parser 104 inplenented
using DOM or SAX, for exanple, that interacts with an XM.- OBJECT nappi ng
nmodul e 106WOR/108574rity, SAX will be discussed as an exaRpT&S8¥49%He parser
104 in desgripy ' BB Bk TAASERROsHeBNL ISP hechhdl6g Pt @BimuRicaes i on.
The XM.- ﬁé@kén}g%%@ﬁéur@o% e 106 receives gan i nput XM %’gcument 108 and
gener at es wilinaipOBIBETIAVIA, mdyjpéngt mddite 11#h & kel -KbHL meppingyaaduled24f ur t her
i ncl udes an XML docunent 8, WD, 02/ 101579 PCT/ US 77t ate nodul e 112
(e.g. base@c%wsﬁﬁmg‘j%‘@r&"f&béﬁwjdﬂeﬂﬁgeﬁ @bﬂ#ﬁ‘%ﬁ%ﬁwe muni cates wth
an OBJECT- XML mappi ng nodul e 114. The OBJECT- XML nmappi ng nodul e 114

receives an input Java object 116 and generates an output XM. docunent 118.
XML TO SORYMAHD S8 FWHRIVPRIECT WAPRINGf erence to Fig. 2, the XM.- OBJECT

mappi ng nmodule 106 | .u t f | . 3 ' sour ce
Cl a5 106 WIBXREBRFS Bt o sos g yiRe! Bppife HRARET08 nchko 1R g 20,
108; (b) acdmfionested content handler class 106-2

( XM_2xBuf f er edCont ent Handl er} for inplenenting aébu,ff r for ﬁx event
generated by t h@) grinputsours clasg 061 Qg&&?ﬁ@l’?tﬁf"ém?) geImpmYnentingfe 9)
for executin thte d”ﬁappi ng and for setting input an4,, output target

st reans; aﬁ?f%?’ﬁ? frappi ng cl ass 106-4 ( XM_2xMappi ngl npl ) that provides
met hods for mapw) BGufféred Gttt handlett clasd10640 CXvE2KkBifigred CorttergHandlgriforJava

obj ect 110. Further details of the variou$h$ﬁégé%ggﬁ%_and cl asses are
"“"Mave specific neani ngs

di scussed ivenlementinga bugleror B Xagvents ggpryate
in Java. A Jav 110613 TRBAL BMAppi2) Jor eRecting Helnppinganaffordat a
menbers and m&c@%?ﬁ?ﬂ%@@@%ﬁf?ﬁe a particul fﬂoﬁ%hjoect andga Java interface is
used to i npnieg inputtariboufpuntatgedstedaimsyandn a cl ass that inplenment them (i.e.

provi do. const ankd) bpwipre dpsp 103 CEMEgxHhboink B R TG Anah R Sl
| nterface. ahRlRe RECAMIONAIRNCIORIS BRlouaL IvhloBeorlld. et hod decl arat i ons,
but the inplenmentation of the nethods is left to the classes that inplenent

t he

Further details of the various interfaces and classes are discussed below. The terms “class”
and “interface” have specific meanings in Java. A Java class (abstract, inner or final)isa
collection of data members and methods that define a particular object and a Java interface is
used to impose certain functionality on a class that implement them (i.e. interfaces specify
what classes must do). Interfaces are also used to provide constants that can be used by the
classes that implement the interface. Interfaces contain constant variables and method
declarations, but the implementation of the methods is left to the classes that implement the

interface. A class can implement any number of interfaces.

Table M106-1 summarizes the main functions (i.e., not exhaustive) of the input source class

106- 1 (XML2xInputSource).

XML2xInputSource is used so that an XML document can be read from a byte stream, a
character stream or the XML2xBufferedContentHandler 106-2.



interface. A class can inplenent any nunber of interfaces. Table ML06-1
sumari zes the main functions (i.e., not exhaustive) of the input source
class 106- 1 (XM.2xl nput Source). XM.2xl| nput Source is used so that an XM
document cWO@H0tFAd from a byte stream a character str8&HUSII49HE
XM_2xBuf f er edCont ent Handl er 106-2. 9y @Mﬂ)@lﬁm PCT/ US01/ 49577 TABLE M
106-1 FUNCTI ON DESCRI PTI ON avai | abl t he nunber of bytes that can
be read froman input stream w t hout bl ocki ng get Buf f eredHandl er n Gets

t he SAX event_ buffered handl er Stream C Returns a byte stream

get maractw r streamreader. read () Reads the
next byte gf .dagg from this i nputyShe Rber oBbytBSthkial be kdidEFonPkn inppit from
t his input sweam rabl e MLU6- Z sumari zes the main functions (i.e., not
exhaustive) of the buffered C@MMHQEMQ@E:I ass 106-2

( XML2xBuf f er ed 7.2 al so includes a

cont ent haBeH2E ‘04. This all ows

events to g E)fgg{r@éfﬁﬂ( An examﬂl@s%ﬂ@@nems feature is useful is where

di fferent ppi ng handlers are used ftor ifferent portions of an XM
docunent . getChanatteriuenmi() on o xReHns acharagier steamm red d] ect Access Protocol

( SOAP) . TABLE:&% 2 FUNCTI O\I%T@gﬂe '&trc_@!ézggi Fiiréalﬁn‘éf & dtde h int start,
int |eng t&y cte romt XM. docunent
108: startggig(fhe start pOSItSlﬁﬁisestdffﬁlmfrgmtthsmlstmamthe nunber of

characers to read fromthe array parse () Executes SAX events in the buffer
10

Table M106-2 summarizes the main functions (i.e., not exhaustive) of the buffered content
handler class 106-2 (XML2xBufferedContentHandler). The handler class 106-2 also includes
a content handler to buffer SAX events from the parser 104. This allows events to be replayed.
An example where this feature is useful is where different mapping handlers are used for
different portions of an XML document. An implementation exémple is the Simple Object
Access Protocol (SOAP).

TABLE M106-2

FUNCTION DESCRIPTION

characters (char[] ch, int start, int length): Method comment wheré ch are characters

from the XML document 108; start is the
start position in the array; length is the

number of characers to read from the array

parse () Executes SAX events in the buffer

10



WO 02/ 101579 PCT/ US01/ 49577 SOAP is a |ightweight protocol for exchange of
information in a decentralized, distributed environnent. It is an XM
based protocol that consists of three parts: (1) an envel ope that defines
a framewor WEF@ 10888 cri bing what is in a nessage and how t BCHUSBHETT t . (2)
a_set of 8638k ?g)gwe? t bRtodK Y BRcilige SIFARARR iRh dBRRILEAL @Yrbak ned
data types; "an a convention or Tepresenting renote procedure calls
and r esponemsronfeiOAPiIsra Il dased pastoodikhat darsistsanftthredpartsc ) en steelapfe that

dat P | ope, i onal . SOAP_head d SOAP
oty Ln ¢ AFleies ACHINORK o deftBDIPGSTEL AN b Besegs AR o st niaf APtREnl er
for the eQAfc%Eghg%u@Q rteg?re%)swmstﬂ_ﬁé% 8f %ﬁ@a‘ti%nﬁiéffﬂ&fda@?pé(sh%d@ B chuRatibPNS

(i.e., not ex stive he” mappi ng rnterface 106- XM_2X Mappi ng) .
XM_2xNMappi foy representingsreniote prapgaiurecatinandaesponsesc oh SOAR medsage ian XMTE

| nput Stream TAB 106- 3 [FUNCTI cut e set| nput DESCRI PTI ON
Performs t H]%cumfﬁt&ﬁg‘l’oc“ﬁ‘éfs Wlma%?tg’g't%e& ‘%ﬁ gn\fegqpﬁaatn 9&8@%@%&‘?

docunent 1Q8nddody§OARKEER! IR tia sinRAKEE it i€ bdssible Y h dEtbréif nippinSabisdlédtor

i nput stream- i e., specifies the source of the |Input XML docunent 108
that is tothsenvelppreand thabedy. MLO6- 4 summari zes the main functions (i.e., not
exhaustive) of the mapping class 106-4 (XM.2xMappi ngl npl ). As di scussed
above in relation to the definitions of class and interface, the
XML2xMappi TehleBi106-Refinmarizee theifsia fidictiomst(i.y., ndtgkhdusti ) of theasappihgibteiface
content added to agpropr,i at e_net hods, dependi ng on docg@gﬂwﬁype )

def i ni t i on$06-6r(CMb2xMapninghviXMbsianping exeentesine RapRIpS configusation af
Java obj ecﬁeﬂﬁ)utéﬁcin? mappi ng to. 11 WO 02/ 101579 PCT/ USOL/ 49577 TABLE
MLO6- 4 '

TABLE M106-3
FUNCTIONS DESCRIPTION
execute() Performs the mapping that will create the format from

the input XML document 108. A full example of
execute() is provided below.

setlnputStream() Sets the input stream - i.e., specifies the source of the

Input XML document 108 that is to be mapped.

Table M106-4 summarizes the main functions (i.e., not exhaustive) of the mapping class 106-4
(XML2xMappingImpl). As discussed above in relation to the definitions of class and
interface, the XML2xMappingImpl class is not used directly, but is sub-classed with content
added to appropriate methods depending on document type definitions for the input XML
document 108 to be mapped from the output Java object 110 it is mapping to.
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FUNCTI ON DESCRI PTI ON EndEl enentf|l Receives notification of the end of an
el enent. The parser 104 will invoke this nethod at the end of every

el enent in the input XML docunent 108. There is a correspondi ng

start El eneMQO2ME57? for every endEl enent - event even whERTUSBUESEhent is
enpty. executef) Perforns the nappi ngag@hild create the format from the
I nput XM. docunent 108 set Docunent Locator() Recei ves an object for |ocating
the orgin of SAX docunment events. setlnputStrean) Sets the input stream

Specifies & ce for the XML at is to be mapped.

startEl e@iﬁ&éﬁéﬁe&—vﬁ—wmegi nning of an elenent. The
parser 104ghdmiekesot hi s nethod at tRegeib@HoBRcADnQF the@alof afbiemeat The t he
I nput XML docunent 108. There 1s a correspon I ng endEI emantU event for

every startEl enent() event - even QB D4ewl, : b CHIN 1A feveryt he
elenent’'s content is reported, in r e r n

endEl enent ( event. Wth reference %‘Le& Lin éﬂl&t d% e[sl B ‘il giglsa
showi ng the general steps that arecg ggpbmgggtaﬁmeﬁmgﬂdwmme@g@@mmeh%

to the software object 110 (e.g., a Java Bean): (la) obt ain an instance of

the mapping interface 106-4 (e.qg., XKD M'ie‘-‘m" idhe elgmentiyemplent | ng the
mappi ng fr to object X at st | face
ToePL e & PRrfSPes thé Mhobilly BlsEui\Gre B BR! B9, ﬁ{lz Yo

02/ 101579 PCT/ US01/ 49577 (c) t he WMXML@D&M@HO@ 4 obt ai ns an
I nstance of

regi sters ¥ i - §
content handl er class 106 2) at Sfdsauﬁéh@events

buf f er ed

setInputStream() Seis the input stream. Specifies the source for the XML
document that is to be mapped.
startElement() Receives notification of the beginning of an element.

The parser 104 invokes this method at the beginning of

every element in the input XML document 108. There
is a corresponding endElement() event for every

startElement() event - even when the element is empty.

All of the element’s content is reported. in order, before
the corresponding endElement() event.

With reference to Fig. 3, a method 300 is illustrated showing the general steps that are
performed to map the XML document 108 to the software object 110 (e.g., a Java Bean):

(a) obtain an instance of the mapping interface 106-4 (e.g., XML2XMapping) for
implementing the mapping from XML to object X at step 302,

(b) invoke the mapping interface 106-4 at step 304 and supply the input XML document 108 at
step 306;
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(d) invoke the parser 104 on the XM. docunent 108 (i.e., begin parsing the
docunent) at step 312; (e) as step (d) is perforned, call backs occur to
the mapping interface 106-4 invoking various nethods at step 314 ée.g.,
start Docun™Q 0218189t El enent, characters, endEl enent, endDB@i!iE’éWt/“,% Tetc.);
(f) in the ‘ﬁ'ﬂﬁ? 0 L ' ' rface
106-4 cr ea@ﬁé@b SO %\%?é;fq)()gf %@?ﬁ%@ng{iﬁg%fgﬁ%?%}?%ﬁ%e(? gg)?}lﬁi&'nﬁ'é?sﬁé'i‘éﬁ .
endEl enment stap80®ahd registerythe mgpping intdrface 10646 asla serttent hivardler| (e.ge buffenad content

sof t war e bject 11 te 8. The SAX API, discussed above, includes
nmany speci E?@?i%ﬁ%%ﬁ%lﬁisfe_ﬁ?’ﬁfe art. The present invention is concerned
W th creat {d)gnvke kiSsardeh 804 briibk XD dScutnentCP08 @81, bedisl baking ity kchaest) at s6ép ch

is a callback interface used by XM. parsers to notify a program of SAX
events as Bhsy are found in the XML docunent. The interface is used

w th'the 2xBuf fer edcont en | er -2 . . rce
cl ass 106- ﬁ%‘%ﬁ&l’ E‘{é %&?’“&‘?@%ﬁ‘ﬁ?"iﬂ%&&%’g kogﬁﬁ @gﬁétllﬁ%gﬁ%gﬁﬁﬁwwgt I on
class for pRtodéarsteyB1daegl, startDotubhent, fseeiElentunt 2kakEteR, dndEleient AvdDocument,
CUSTOVER', detail ed bel ow, extends the "DefaultHandler”™ to generate a

cust omer J&#%ad Bean froma customer XML document. EXAMPLE | XM.- JAVA
CUSTOMVER The: ' olppele) i X350 l:
(A custon@? 1%(% |:Stg%(y‘?eagﬂm(r}lput Qﬁ{&%—gﬂéﬂﬁn&gﬁ?ﬂ e?%gpggm pé’?{g?ﬁﬁg%&e - { e
XML2Cust onssflvedep obiget Id0at steph@lGandll er cl ass 106-2 that the parser 104 calls
back to. It .contains the ipnstructions. to_.co ruct the custaoner ohject and
establ | sh (948 eicauBlemenmeshor tF GuopRPR 0PRSS SEih B L RERH i e g ware

cl ass/int egg-g&qlégfgtgp311g?6-4 used to execute mapping from XM. to Java and
from Java to] XML or Exanple Il below); (D) customer. j ava: the out put
custoner Java Bean 110; and 13 WD 02/ 101579 PCT/ US01/ 49577 (E)

Cust oner Syppo ' ..contai.ns i.nteger constants and a hashmap..,. The hashmap
s used t o TBnaRR AR HishiBeeioope BB mafd e TR dfpBn FEefEL TR Bresti?
XM.2Cust ongyyMaiid i Bokc@MRd with creating a class that implements a “ContentHandler” interface,

which is a callback interface used by XML parsers to notify a program of SAX events as they

are found in the XML document. The interface is used with the
XML2xBufferedContentHandler class 106-2 and the XML2xInputSource class 106-1. The
SAX API also provides a “DefaultHandler” implementation class for the “ContentHandler”
interface. An example I “XML-JAVA CUSTOMER?”, detailed below, extends the

“DefaultHandler” to generate a customer Java Bean from a customer XML document,

EXAMPLE 1
XML-JAVA CUSTOMER

| The following components (detailed below) are part of example I.
(A) customer.xml: the input XML document 108 sample;
(B) XML2CustomerMapping java: the handler class 106-2 that the parser 104 calls back to. It
contains the instructions to construct the customer object and establish its values;
(C) execute.java: the program of the mapping class/interface 106-3, 106-4 used to execute
mapping from XML to Java and from Java to XML (for Example II below);

(D) customer.java: the output customer Java Bean 110; and

13



A. I nput XM. docunent (custoner.xm ) is provided bel ow. //START
custoner.xm <?xnml version=" 1.0" ?> <customer>

<Fi r st Nane>Jane</ Fi r st Nanme> <lLast Nane>Doe</ Last Name>

<Cust | d>xyWOo1R23415¢ust | d> </ custonmer> //END custoner. xm BCT/NSHAI T am

( XM_2Cust op®r, ' ' ). Wik j i ,
Const ruct (G BUEIeE Oty Gy tohin ifFect BlEhl:303 2 i e BRRERE 1 fhed o
that the emepthepaneeof fags fodintepaciondtants fos ugrioWME2CIdIroeuMabpiBEJRE.

XM_2Cust omer Mappi ng. j ava public class XM.2Cust oner Mappi ng ext ends
com xxx. xm 2xmappi ng. XM_.2xMappi ngl npl { private StringBuffer

f el dCurregt Quajnhiii ROFE FTRRENGEEstomer REW) §Egdvg&atﬂerow.( ""); private Customer

fi el dCust oner; rivate Stack ‘el enment Stac
XM_Cust oner | nf o2Recor dCust oner | nf oMapper constructor conment. public

: : v _ E
et hod comEHARE SUBPRELUBT 4" chat act er s(char (] ch, int siart. int |ength)
throws orgexml . saxsSfmExcaption { switch (this. fieldCurrentEl emrent Synbol)
{14 <customer>
<FirstName>Jane</FirstName>
<LastName>Doe</LastName>
<CustId>xyz.123</CustId>
</customer>

//END customer.xml

B. A program (XML2CustomerMapping.java), with some reductions for conciseness, to
construct the customer object and to set values into it (i.e. a handler that the event parser calls

back to) is provided below.

/ISTART XML2CustomerMapping.java
public class XML2CustomerMapping extends
com.xxX.xml2xmapping.XML2xMappingImpl {
private StringBuffer fieldCurrentQualifiedElementName =
new StringBuffer(""):
private Customer fieldCustomer;
private Stack elementStack;
* ¥MLCustomerInfo2RecordCustomerInfoMapper constructor
comment .
public XML2CustomerMapping() {
super () ;
elementStack = new Stack();
}
* characters method comment.
public void characters(char{] ch, int start, int length) throws
org.xml.sax.SAXException {
switch (this.fieldCurrentElementSymbol) ({

14



WO 02/ 101579 PCTI USOL/ 49577 case Custoner Synbol s. CUSTOVER_FI RSTNAME: case
Cust orer Synbol s. CUSTOVER LASTNAME: case Cust oner Symbol s. CUSTOVER | D
((StringBuffer)el ement Stack. | astEl ement()). append(ch, start, | en th );
break; } }WO@H8E®#nent nethod comment. public void endEl REENS 199%7ng

nanespaceURl, Stri ngcé@éaéwl@ner rc@\eafﬂ@mgh FIROVRAME :
org. xm . sax. SAXExceptlon tring s nbolhbne gnane aceURl . equal s(""))
synbol Nane = r awNane®aSeg| %5% S*Qﬁéﬁ@@ﬁﬁc B:| ocal Nane; this.

fiel dCurrent El ement Sygbel cast smust icwThussogerSynbol (synbol Nane);  // Get
the value String value = ((StringBuffer)el enmentStack. pop()).toString();

swtch (thi.fieldCurrentEl enent Synbol) { case

Cust oner Synhet &1 RYSIEMER &1 Sodi¥ddEicK. lastElement () ) .append (ch, start, leng
this.fieldCustoner.setFirstNane(value); break; } case

Cust oner SyFrBoPs CUSTOVER LASTNAME: { this.fiel dCustorrer set Last Narre(val ue);
break; } case Customer Sypbedis; CUSTOVER | D {

}

}

* endElement method comment.
public void endElement (String namespaceURI, String localName,
String rawName) throws org.xml.sax.SAXException {
String symbolName;
if (namespaceURI.equals("")) symbolName = rawName;
else symbolName = namespaceURI + " " + localName:;
this.fieldCurrentElementSymbol =
CustomerSymbols.getSymbol (symbolName) ;
// Get the value
String value =
((StringBuffer)elementStack.pop()).toString():;
switch (this.fieldCurrentElementSymbol) ({
case CustomerSymbols.CUSTOMER FIRSTNAME: {
this.fieldCustomer.setFirstName (value);

break;

case CustomerSymbols.CUSTOMER LASTNAME: {
this.fieldCustomer.setLastName (value) ;

break;

case CustomerSymbols.CUSTOMER ID: {
this.fieldCustomer.setlId(value);

break;

}
this.fieldCurrentElementSymbol = 0;
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this.fieldCustoner.setld(value); break; }

this.fieldCurrentEl enent Synbol = 0; } 15 WO 02/101579 PCT/ USQOL/ 49577 *
@eturn com xxx. connector. mappi ng. xnl . test. Cust omer public Custoner

get Cust oneMO 0210182 urn this.fiel dCustomer; } * startEl emeRETMEMWIH Tcommrent .

public voi ¢ @&aehﬁhea&atkﬁré&mé@amﬁ%%%@ x§§rtegt|@&§um§ String
rawName, org. xm .sax, Attributes atts) throws org.xnm .sax. SAXException {

String synBHPNéﬁechFoTﬁﬁn%%*b%me%dudl s("")) synbol Nane = rawName; el se

synbol Nane = napesfagetill s HritelQad¥ai@;; this. fieldCurrentEl enent Synbol =
Cust oner Synbol s. get Synbol (synbol Nane' ); el enment St ack. push( new

StringBuffér(); switch (this. fieldCurrentEl ement Synbol) { case
Cust oner SynBoksa CUSTEMER: fetidd cdninimdCust oner = new Custoner(; break; }
. //ENE%%B&%ghggggeéta£%%fgheﬁ%(%trlng namespaceURI, String localName,
String rawName, org.xml.sax.Attributes atts) throws
org.xml.sax.SAXException ({
String symbolName;
if (namespaceURI.equals("")) symbolName = rawName;
else symbolName = namespaceURI + " " + localName;
this.fieldCurrentElementSymbol =
CustomerSymbols.getSymbol (symbolName) ;
elementStack.push(new StringBuffer());
switch (this.fieldCurrentElementSymbol) {
case CustomerSymbols.CUSTOMER: (
this.fieldCustomer = new Customer():

break;

}
}
//END XML2CustomerMapping.java

C. A program (execute java), with reductions for conciseness, used to execute mapping
from XML to Java (and from Java to XML as detailed in Example IT below).

/ISTART execute.java
package com.xxx.xml2xmapping.sample.customer;
import java.io.*;
import org.xml.sax.*;
public class Execute {
* Execute constructor comment.
public Execute() {

super () ;
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C. A program (execute.java), wth reductions for conci seness, used to
execute mapping from XM. to Java (and fromJava to XM. as detailed in
Exanple Il below). //START execute.java package

com XXX. xrrmmpwmg sanpl e. custoner; inport java.io.*; PRBESE/49577

org. xm . saxs*g Pf?'tﬁe %ﬁﬁ? s Execyte { ¥ Execute constructor comment.
public ExecuteE? super 16 WO 02/ 101579 PCT/ USQOL/ 49577 * Starts the

appl i cation* €pEpaARaRTaP gBN AT LAY Hf corEeRfaRdPi AETHRGAREN S public

static voi ( t I tyons = 1;
ocus onf RS KEYEL s AL oSl sehbgly e 07

CustorrerZXNLNapﬁﬂ’ﬁgnWDiE%éﬁ'@B%&%dmﬂppl ng = new Customer 2XM.Mappi ng(; //

Create the XNLZﬁﬁﬁiéﬁgfoﬂé%mgﬁﬁlﬁﬁ“i ﬂ@ﬁ%tQ”ﬁé%XkMLb@ﬁgféﬁerMapplng(),
XM_2Cust oer Mappi ng i n Mappi ng new XM_2Cust ormer Mappi ng() ;

Cust oner 2XM_Mappih 016%@? %/ébﬁw&nﬁéﬁlseéﬁfé%ﬁﬁgz’)’(m%ppl ng(); read

in the custggggmégtxﬁLygppgggpfyraylnputStrean1|nStrean1— nul | ; try {
FilelnputStream filelnputStream = new Fileln gtSbrea cust mer . xm

byte[] byt éé Crﬁéﬁ?b?@%[%%%‘F%Eﬂ“ﬁl’r SR PR Epg) U eSheL L Ahalér

XML2CustomerMapping in Mapping = new XML2CustomerMapping():
Customer2XMLMapping outEventBasedMapping=new
Customer2XMLMapping () ;
// read in the customer.xml file
ByteArrayInputStream inStream = null;
try {
FileInputStream fileInputStream = new
FileInputStream("customer.xml");
byte[] bytes = new byte[fileInputStream.available()];
fileInputStream.read(bytes, 0,
fileInputStream.available()):;
inStream = new ByteArrayInputStream(bytes);
} catch (Exception e} {
e.printStackTrace();
}
ByteArrayOutputStream outStream = new
ByteArrayOutputStream() ;
try {
long ts = System.currentTimeMillis();
for (int i=0; i<numIterations; i++) {
// inbound mapping
// map from XML document to customer Java Bean
inStream.reset () ;
inMapping.setInputStream(inStream) ;
inMapping.execute () ;
// some execution, here a connector would be called
// get the customer object and print its contents

Customer aCustomer = inMapping.getCustomer () ;
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filelnputStreamread(bytes, 0, filelnputStreamavailable()); inStream=
new Byt eArrayl nput Streanm(bytes); } catch (Exception e) {
e.printStackTrace(); } ByteArrayQutput Stream outStream = new

Byt eAr r ay OMOA18t57@am(; try { long is = System current Ti REMUSOV4EYT.  for

(int i=0; i<num teragi,QRsy,bit)ptint IPOUNG SFRRRIHAY rFBR kiBMuEMimgeeupent to
custoner Java Bean inStreamreset Eﬁ;) I nMappi ng. setlnput Strean(inStrean);

i nMappi ng. "erEeatepersgrbFExeENRMON,) here a connector woul d be called get

the customer object gpdiphlBhitl J.Sir‘P@J[H(?fﬂaSst EHeOTRbmAKME! @FBEmENt is
i nMappi ng. get Custoner{); 17 WD '02/101579 PCT/ USQOL/ 49577

Syst em out . pAFHEEAPer; gsELaakBane o XML docunent is

"+aCust omer. get Fi r st Nagebh) oudy Eﬁmmg"wét@rﬂeﬁ( 1bastopaRRLf 80MAMt is
docunent is "+aCustoner.getlLastNane()); Systemout.println("Customer id

from XML dotakBAtomsr- 9eh&dst bier. get1d()); // Change the val ues on the
custoner obj ect aCugyogREnge! fhé St olafR% kustomer object

aCUStoner'SetLaSthbngéagggge%’setFirstName("James");
aCustomer.setLastName ("Bond") ;
aCustomer.setId("007");
// outbound mapping
// map from Java to XML
outEventBasedMapping. setCustomer (aCustomer) ;
//outEventBasedMapping.setOutputStream(outStream) ;
outEventBasedMapping. setOutputStream(System.out) ;
outEventBasedMapping.execute();

}

long te = System.currentTimeMillis();
System.out.println("Average time "+ (te-
ts)/numIterations+"ms.");
"} catch (Exception e) {

e.printStackTrace():

}
}
//END execute.java

D. A customer Java Bean (customer.java) is detailed below. A Java Bean is a reusable
component that adheres to a standard design architecture known in the art. A Bean is a class
object that may or may not be visible at run time. JavaBeans provide a component

architecture, a standard framework for developing components.

//START customer.java
package com.xXX.xml2xmapping.sample.customer;
public class Customer {

private java.lang.String fieldFirstName = new String();
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aCustoner.set1d("007"); outbound mapping map fromJava to XM

out Event BasedMappi ng. set Cust oner (aCust oner) ;

/ I out Event BasedMappi ng. set Qut put St r ean{ out St ream ;

out Event BaWsuMNHfE7hg. set Qut put St r ean( Syst em . out ) ; PCT/US01/49577

out Event BasedMappi X e{. N 10 5 uLr T i s();
Systenlout.prin??%?gzgesggé'%?%%’aéﬁ%éyté%ﬁpﬁﬁﬁﬁﬁgggﬁiongg&nggf%@ét% catch
(Exception e) {prévapei newratkiy alefdng [ ieldld FEREWeREELRG(] ava D. A

custoner Java,BeaRetC §BQE§%C£&quﬂﬁ%ﬁkﬁajled bel ow. A Java Bean is a
reusabl e conponent that adheres to a standard design architecture known in

the art. APBBaAci Sugtemas$) bbject that may or may not be visible at run
time. JavaBeansgsppayifle a conponent architecture, a standard framework for
devel opi ng conponents. //START custoner Java package

com xxx. xm!2xmappi ng. sanpl e. customer; public class Customer { private

java.l ang. 8t zbeg thel dEkssiNagepropert Bt (iav@( Lang@sYiAg) 104548,
PCT/ US01/ 49577 rivate java.lang. String fiel dLast Nane = new String();
private javi.ﬁéﬁgPSﬁr?h@ fiest¥ame MRRSEtTY W§EPe -+ cust omer construct or

coment . * @see #setFirstName
public java.lang.String getFirstName() {
return fieldFirstName;
}
* Gets the id property (java.lang.String) value.
* @return The id property value.
* @see #setld
public java.lang.String getlId() {
return fieldId;
}
* Gets the lastName property (java.lang.String) value.
* @return The lastName property value.
* @see #setLastName
public java.lang.String getlastName() {
return fieldLastName;
}
* Sets the firstName property (java.lang.String) value.
* @param firstName The new value for the property.
* @see #getFirstName
public void setFirstName(java.lang.String firstName) {
fieldFirstName = firstName;
}
* Sets the id property (java.lang.String) value.
* @param id The new value for the property.
* @see #getld
public void setld(java.lang.String id) {
fieldId = id;

/**

19



public Custoner() { super ( ; } * Gets the firstNane property
(java.lang. String) value. * @eturn The firstNanme property value. * @ee
#set First Nane public java.lang. String getFirstNane() { return

fiel dFi r st NER2/10}57% Gets the id _property (j ava. | ang. St ri nBSTARIWARSTT *

@eturn Thei §e9§09§étl’aé’@‘l{1é:lﬁe o@&%y#s( bhd , pHRbL StEaNg) | f0ust ring

getld() { return field } the "l ast Nane property

(j ava. |l ang. &t EPﬁQ?mvhﬁiﬁu*eName @l“eﬁt lﬂfeﬁ" 'M@éulea§PNaﬁ’éepP6%E?¥§vaal ue. * @ee
#set Last Name publi gobedastidie String getlastName() { return fiel dLast Nane;
} * Sets the flrstﬂla property (java.lang.String) value. * @aram
firstName PHELhew Qi ugethr s isyar-tlpng - Steiad i‘ﬁ%’f—‘lﬁ“ﬁ%’c l\fame publ i c void

set Fi rst Nane( | a¥@el @D9sShahd o= fidstMame) { fieldFirstNane = firstNane; }
* Sets the id property (java.lang.String) value. * @aram.i d The new val ue

for the préperty. * @ee #getld
}

//END customer.java

As shown in Example I, mapping from XML to Java is efficient because the parser 104

processes events for all start, element and end tags, which improves tracking of the events.

As a further example, consider expanding the single customer XML document to an array of
customers. To generate an array of customer java beans follow this procedure:

(1) use the startElement for Customers to create a vector;

(ii) in the startElement for each Customer create a Customer object; and

(iii) use the startElement, getElement, endElement events for FirstName, LastName, and
CustID to populate the Customer object, endElement for Customer to insert the Customer
object into the vector, and endElement for Customers to create an array of Customers from the

vector and set it into the Java object being working with.

A stack is maintained by the parser 104 for recursive XML structures (i.e., XML elements that
represent lists of lists). For each startElement an object is created. The stack can be used to

keep state as required. Once a child element is created it can be set into its parent object.

SOFTWARE OBJECT TO XML MAPPING
With reference to Fig. 2, the OBJECT-XML mapping module 114 includes the folowing
components:

(a) a handler interface 114-1 (X2XMILHandler) for managing parsing events;

(b) a mapping interface 114-2 (X2XMLMapping) for executing the mapping and
setting an output target stream,

(c) a mapping class 114-3 (X2XMLMappingImpl) that provides methods for mapping
from the input Java object 116 to the output XML document 118; and
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public void setld(java.lang.String id) { fieldld =id; 19 WO 02/101579
PCT/ US01/ 49577 * Sets the | ast Nane property (java.lang. String) value. *
@aram | ast Nane The new value for the property. * @ee #getlLast Nane public
voi d set Lawmongme(§ava. | ang. String | ast Nane) { fi el dLast NRAERUSOW4ET Nane; }
} //END custo h . BRITED h RO S
ef ficient becaE@Za{lﬁ‘g@lﬁé?rsgg{r]‘g%ilmgrl%z{?essesﬁ%lggﬁ‘%gﬁ%lﬁlgﬁﬂ}%%er%@p%%m
and end t adsumehi LI8.i nproves tracking of the events. As a further exanple,
consi der expanding the single customer XM. docunent to an array of
custoners. To generate an array of custoner java beans follow this

procedur e: Tidla MAQ 8- 1 fierddrBel He SBN FunkGons QIS L TRk RaubiPve§ bLMRE BarkilMateRhce (
in the startEl enent for each Customer create a Custoner object; and (ii

i
use the st hl4-E(XWSMLHagdleE)l dilne mappingaiidsleelit implemestsflur infeirface Nefirb and )
Last Nane, d,_CustlD to | te.th bj dEl
Got oner " BESHEA p RceCyly IS Schiginkd ThF HGEenE Bt 2 ket Bk tanee s or

Cust oner s @pgingaioduiRn 13 Férhasieldo&iisdn® Padited éveaf¥likb ¢he sYREAArend B eRfientstand Nt O
the Java object being working with. A stack is maintained by the parser 104

for recurstogst snelementialugres (i.e., XML el enents that represent |ists of
lists). For each startEl ement an object is created. The stack can be used
to Kkeep state as required. Once a child elenent is created it can be set
into its parent object. SOFTWARE OBJEABLHMIDIHAI MAPPI NG Wth reference to

Fig. 2, the OBJECT-XM. mappi ng nodyl e 114 |ncludes the foll ow ng

conponent SWWM#M@@&XNLMMI er) for managi ng
parsi ng events; (b) a mapping interface 114-2 (X2XM.Mappi ng) for executing
t he mappi ng and

getElementValue() Returns the value of an element. This is used when

working with simple types that are not scoped by

)

start and end element tags.

endElement() Receives notification of the end of an element. This is

used for maintaining state when working with a

complex type.
getElementA ttribute() Returns the specified attribute’s value. This is used
when working with a complex type that is scoped by
start and end element tags.
getElementRepetitions() For a repeating element, his returns the number of
‘ repetitions.
isOptional AttributePresent() Returns true if the optional attribute is present,

otherwise returns false. This is used in the XML
document template (JSP) 112 for controlling whether
name and value are generated for an optional attribute
in the XML document 118, This is used when working
with a complex type that is scoped by start and end
element tabs.

startElement() Receives notification of the beginning of an element.

This is used for maintaining state when working with

complex types.
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setting an output target stream (c) a mapping class 114-3

(X2XM_Mappi ngl npl ) that provides nmethods for mapping fromthe input Java
object 116 to the output XM. docunent 118; and 20 WD 02/ 101579

PCT/ USOL1/ 4987@/10t879 an out put target class 114-4 ( X2XM.Qut BGTVSAIY t o

I npl ement the output XM. docunent 118. Table M 14-1 summari zes the main
functions (i.e., not exhaustive) of the handler interface 114-1
(X2XM_Handl er). The nmappi ng nodul e 114 inplenents the interface 114-1 and

registers an instance with a JSP contaiper. The docunent tenplate 112 makes
cal | backsIngsnemgh a copigpichis ansatitydhat PFPVF‘??F hgea“s)’lc@ TAeg TR *&%@tﬁp@mﬂﬂs

like the s %hﬁ,f&ﬁ Pk Spdd PlotAhats (Web, 18P E
ML14-1 FMF%&I ge%lgf'enenta\fgﬁjag% e%ﬁlfr S theoval.ue('ofe an
el ement . Therelei, appletatic. Whetprovide komppneit-spesifinpéraices ph servigheomainernd2  scoped

ond of “on BRI PRPGTS T AR AT AP ARGYS E BORARH AbIBrAa e

conpl ex tyReueHehid fiRalsAbdpbhfy! AOSRebitaier i ARomaRel thavdovidés thbrdnee s val ue.
This is used when working with a conplex type that is scoped by  start and

end el emenservigessas ageriétanntainReanst dntengine thatgiterpreiseand Arqcatset{ Bhpages inkg &
returns the U{rber of repetitions. isOptional AttributePresentO Returns
true if thée'glﬁ'i onal attribute is present, otherwi se returns false. This is
used in the XM. docunent tenplate (JSP) 112 for controlling whether nane
and value are generated for an optional attribyte in the XM. docunent 118.
This i s us&d angardilfid provides a mirror (although not identical) image of parsing events to

that produced by the parser 104. In effect, the structure provided by the parser 104 is mirrored

in the path from X2XML.

When the parser 104 is implemented using SAX the events are received by the handler 106-2
(i.e., effectively a callback mechanism) that processes them. In this example, the handier

106-2 is used to populate a Java class.

When the template 112 is invoked, it calls back to the X2XMLHandler interface 114-1. The
handler 114-1 processes the callback by obtaining the requested data and maintaining the state

of parsing.

While the handler interface 114-1 is similar in terms of the various functions performed by the
XML-OBJECT mapping module 106 there are certain differences. An element name is
generated or hand coded, and is not taken from a schema with “namespace” support. The
element name can be made unique for each element. Therefore, only a name parameter is

required on the startElement and endElement methods.

When mapping is performed by the XML-OBJECT mapping module 106, the input source
class 106-1 (i.e., an XMLReader) returns the name of the element as a string. In the mapping
class/interface 106-3, 106-4 the element name is paired with a unique number. This number is
used in a switch statement to control the processing of the elements. In the OBJECT-XML
module 114, processing is optimized and coding assistance is improved by defining the
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with a conplex type that is scoped by start and end elenent tabs.

startEl enent () Receives notification of the beginning of an elenent. This
is used for maintaining state when working with conplex types. 21 WO

02/ 101579 WOM2Au83Y9 49577 I n general, a container is an enPCTAUSOMST7pr ovi des

componant SSIOHRR B oRRgee sirant PR bR of M B G KE R

servl et, apgiseintsdhstead éffs@ingdr ovi de conponent -specific services. A servlet
container is a container that provides network services over which requests
and responses are sent, decodes requests, and formats responses. A JSP
container ige srd%%ée%ﬂ@r a3l BEQHICHES 1109 AR 13 816k CER Mo RIHL ot
cont ai ner and. an eng at interprets and processes P pages into a
servl et. Xabﬁbtﬂ-laﬁdﬂxeemselh/kd 1 provides a mrror (although not i dentical)

I mmge of parsing events to that produced by the parser 104. In effect, the
structure provided by the parser 104 is mrrored in the path from X2XM..
When the p 1 1 by the
nandi er 100 R e B L o e s
them |n tbodingstylepletajled thWaﬂSﬂP achnoim Sgparﬁemeusqrmtpd@glfmmcwtmva cl ass.
When the tenplate 1

interface § rﬁmn-FH%b%lnlg&H@FgZI?gkt%%ﬁe (ivebaﬁlcaﬁag Laézgutthgqug{lfeB ﬁi H%gr%pgg ni ng the

request ed galamhisBshtsfRi DAASBIVBIPAgBEisah @k@nsi6d ofiBE vl Gervidl rtéo@nélbgy ahieh ie T
interface 114-1 is simlar in terns of the various functions perfornmed by

the XM.- OBgHENowa tpthese shillrdi i thegst. t here are certain differences. An

el enent nane is generated or hand coded, and is not taken froma schema

wi th "namespace" support. The elenment nanme can be made uni que for each

el ement . ThEFEfMddwbzynt&erﬂplﬁE Ipar—aB'PtcedzngStyleraiamjal@ed on the startEl enment
and endEl enent: nmet ho When nmappi ng %etiwgr med b t he ECT mappi ng

nmodul e 106 Callbask Wi'ﬁl??d%doﬁ?Fg’é Sta@l@é@‘i@@ %cu,meah éxﬂ‘é’i“}P PXWPShs t he
name of thgp&l ARRE hetndler | f4-1% mhiftatd \@atEPRRhE &8P XML document template 112, the

start and end tags are also coded directly so that they will be directed to the targeted output

stream. When working with a simple type, callbacks do not have to be coded, but start and end
tags should still be coded so that they will be directed to the target output stream.

If a complex or simple type is optional then isOptionalElementPresent() is used in a
conditional clause within the template 112 to control whether the optional element is

generated.

If an attribute is optional then isOptional AttributePresent(int attributeName) is used in a
complex type and a isOptionalAttributePresent(int elementName, int attributeName) in a
simple type. If the element type is a repeating simple type then determine if it contains an
optional attribute using a isOptional AttributePresent(int index, int elementName, int
attributeName) method.

For repeating elements, getElementRepetitions method is used to return the number of
repeating elements. This is used to construct a loop in the template 112 to process each
element. For simple types, the template 112 should contain the start and end tags and call a

getElementValue(int index, int elementName) to obtain the value. For complex types, since
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class/interface 106-3, 106-4 the elenent nane is paired with a uni que
nunber. This nunber is wused in a swtch statenent to control the
processing of the elenments. In the OBJECT-XM. nodule 114, processing is
optim zed WO0240th7Mg assi stance is inproved by defining tn§T®§0WU2/ 101579
PCT/ USO1/ 4 || backs
to these %;%z%us hggﬁl %@Qf;ﬁe?eﬁm %?H%S%Q?lﬁls gh?ef%m}érilgﬁé?"%’llﬁ%e er of
events in tlhmeitNadiepand mtdEta&meﬁniirﬁeﬂ, 1mdiem$rﬁNﬁxhe§ mgthi&ds. of information in
the object 116 thensel ves. The XM. docunent tenplate 112 (witten using
JavaServer Pages technology), uses the coding style detailed below JSP
technol OQYT%!@MIQH%uhﬁﬁar%?{he'n%ﬁﬁfn@E&lsf(f é”ﬂo@@ﬂiaﬁgﬁveg @ur glﬁme' ng
changing to the overall e layout wthout altering derl’

dynamni ¢ cohtde ﬁt(XZXMTaMeppmg Fthg ewmppiag attex@cbéh@-ﬂccneamﬂestﬂmndppx@ foactidret
technology those skilled in e a XM _docunent
t enpl at e 195 Swg?ﬂﬂoe\égeh%%o'ﬁﬁwltﬂﬁﬁ% eaoH‘eIrE%H’é IF%Pnt?rf?éest art
and end t agﬂ-@f&x&ﬁ'ﬁ% tHORAHIRR intdrddde AN4L 1 | Rhick BRRIERY ﬂ{em@&nent-{aﬁr%atﬁllllﬂ@@ll the
handl er 114 1 to naintain state. In the JSP XM_ docunent tenplate 112, the
start and sl metpds aeeeseary 1 goersatingitheeutpy XL dneumentdi8.wi | | be directed to
the targeted output stream Wen working with a sinple type, call backs do
not have to be coded, but start and end tags should still be coded so that
they will be directed to the target output stream If a conplex or sinple
type is optional then isOptional El ementPresent() is used in a conditional
clause within the tenplate 112 to ¢ her the optional elenent is
generated. |If an attribute is optional then isOptional AttributePresent(int
attributeNane) is used in a conplex type and a

i sOpt i onal FYNCTEONePr esent (i nt el eMBSORIAPEION Nt attri buteNane) in a sinple
type. If the elenent type is a repeating sinple type then determne if it
contains an optional attribute using a isOptional AttributePresent(int

i ndex, integkhaggnt Name, int attr'b&?@rﬁ'ﬁﬁﬁé_@ﬁ%@ f%créa?@@@%h@tﬁh&”e”ts
get El errentTTpetl fions nethod 1S used to retur e nu

el ements. This is used to constructdoanenbpl8.n the tenplate 112 to process
each

t

C

setOutputStream() ] Sets the output stream to which the output XML

document 118 will be generated.

Table M114-3 summarizes the main functions (i.e., not exhaustive) of the mapping class 114-3
(X2XMLMappingImpl). The mapping class 114-3 provides the methods for mapping from the
input Java object 116 to the output XML document 118. As discussed above in relation to the
definitions of class and interface, the X2XMLMappinglmpl class 114-3 is not used directly,
but is sub-classed with content added to appropriate methods depending on document type
definitions for the output XML document 118 to be mapped to and the input Java object 116 it

is mapping from.
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el ement. For sinple types, the tenplate 112 should contain the start and
end tags and call a getEl enentValue(int index, int elenmentNane) to obtain
t he val ue. For conplex types, since 23 WD 02/ 101579 PCT/ USOL/ 49577 state
nmust be mawa@wedt he tenplate 112 shoul d i nvoke the staPCHUSHMISTI nt

i ndex, int elenmentNane) and endEl ewex, i nt el ement Nane)

nmet hods. Table ML14-2 sunmarizes th ions (i.e., not exhaustive)
of the mapping interface 114- 2 (X2XM.-Mapping). The mapping interface
114-2 executes the mappl ng function bet ween Java and XM.) and establi shes
an out put FENGJHOL opi AESGRIBIIQNe  114-2 extends the handl er
interface 114-1, whi ch provi des the docurrent tenplate 112 call back

nmet hods necessary for generating the output XM. document 118. TABLE M 14-2
FUNCTI ON Di&cieAT!I ON execut e Per f orPefoinethemppping thabh atill vriehte thoy et XNIE

out put XML docunment 118. set Qut put StrearTf1 ¥Sets the output streamto which
t he out put XM docurrent 118 will 6’@0% $8-ed. Table ML14-3 summarizes the
mai n functions (i.e., not exhaustive) of the mapping class 114-3

( X2XM-Mappi ngl rrpl) The ITappI ng cI asss 114 3 provides the nmet hods for

mappi ng fr setutpet ] , e dwtputisgreain m “u &_L_{,' g 118. As
di scussed above in reI atl on to thed defl n| M 21? and i nterface t he
X2XMLMappi ngl mpl ¢l ass 114-3 is notIOFURtd!S & P?gene "i's sub-classed with

content added to appropriate nethods dependi ng on docunent type
definitions for the output XM. docunment 118 to be mapped to and the input
Java object 116 it is mapping from 24 WO 02/101579 PCT/ US01/ 49577 TABLE
M 14-3 FUNCTI ON DESCRI PTI ON execute Perfornms the mapping that will create
t he out put XML docunent 118.

Table M114-4 summarizes the main functions (i.e., not exhaustive) of the output target class
114-4 (X2XMLOutputTarget).

X2XMLOutputTarget class 114-4 allows the XML document 118 to be written to a byte
stream or a character stream. Class 114-4 provides optimizations, such as allowing the byte
stream to be targeted to the output stream of a serviet. Therefore, the XML document 118 is

not buffered before being written out.

TABLE M114-4

FUNCTION DESCRIPTION

close() Closes output stream and releases any system resources
associated with the stream.

flush() Flushes output stream and forces any buffered output
bytes to be written out

write() Writes bytes from a specified byte array to the output
stream
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setQut put Strean() Sets the output streamto which the output XM. docunent
118 will be generated. Table M 14-4 sunmarizes the main functions (i.e
not exhaustive) of the output target class 114-4 (X2XM.CQut put Target).
X2XM.Qut puwmtngmml ass 114-4 allows the XM. docunent 118PCUU§%1/4M17tten to

byt t
such as a PGS AR GeorthdliBlbaS 1133 b epttnll G AOS MR 0E
servlet. Tmm%ngrLIEXI%ADMMMZﬁpI%%%TWI B 11|1413ext]§r|1dsrtﬁé ?Dxm{mdleg%‘xft?elifspﬁ bid- gg
written out, - C us wite oses
163 RGleapedingie

-

out put str@h?ﬁfé’ﬁﬂ@ww elpekalass | kd implem ntaé@de?ta? ft
stream Flys tmtéltf &3quand forces any buffered output bytes to be
witten out t ytes roma specified byte array to the output stream

25 WO 02/ 101579 PCT/ USOl/ 49577 In summry, t he X2XM_.Mappi ngl rrpl class 114-3

110- 3 et oML T HEAKS 1 s ch e o8 it showiv i b Bt gt e 2

X2XM_Mappi pétdipled §0 Aap ﬂﬂe]sﬁﬁaraterﬂbie%@m(‘é gt faexamémiﬁ) ﬂ@mﬁdodumehm 8:
X2XM_Handl er interface 114 h reference to Fi a nmethod 400 is

i || ust r at efk) shigit argnsth@cegnéﬂwrtaappmgelp@rfamtl%?r@g h@mms) forp the

bt ai n an THOERRAERHE R R SRR R R 516 e g“eut"fw&f%k%%&a%%ﬁ%fpfor

I npl enent i age;t he mapping fr om | nput obj ect X 116 to the output XM docunent
118 at st e83) set the software object 116 and an output stream for the XML document 118 in the
mapping interface 114-3 at step 404;
(c) invoke the mapping interface 114-2 at step 406;
(d) create a JSP container at step 408;
(e) the mapping interface 114-2 invokes the JSP container using the JSP XML template 112
that will create the XML document 118 at step 410,
(f) the JSP container compiles and executes the JSP XML template 112 at step 412;
(g) the compiled JSP XML template 112 starts writing, at step 414, the XML document 118 to
the specified output stream (from step 404);
(h) when appropriate for element/attribute data and for start/end tags, at step 416, the compiled
JSP XML template 112 calls back to the mapping interface 114-2 to maintain state of
processing and to add data to the output XML document 118 (data is retrieved from the
software object 116;
(i) the compiled JSP XML template 112 can optionally call, at step 418, an
isOptionalElementPresent method or an isOptional AttributePresent method to determine if
certain portions of the XML document should be generated;
(j) the JSP XML template 112 calls back to a getElementRepetitions method to determine how
many times it should loop over generation of certain portions of the XML document at step
420; and
(k) the state of processing is maintained by a stack at step 422; this is useful when generating
complex types within an XML document where an array occurs, recursion occurs or a complex

type is contained within another complex type.
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402; (b) set the software object 116 and an output streamfor the XM

docunent 118 in the mapping interface 114-3 at step 404; (c) invoke the
mappi ng interface 114-2 at step 406; (d) create a JSP container at step
408; (e) tWO®RHPK™Mg i nterface 114-2 invokes the JSP cont BCRASOWAFTg t he

JSP XML tepplate 112 a 1] ] r.8akE 410
(f) the J BBW&O%{W%&%%%SC%& exec u%ﬁ%&?@g%@&%%

step 412; (igilat si@ndaed¥dinpestd bSRhoPdrser €04 Ivitiich prdcssds @vémss (at le'ast ey, coatplesd ep
414, the XM. docunent 118 to the specified out ut st ?eggieéfrom ste 404) ;

(h) when apPeepk iE arexm e,épwnl%%qs. ot S 1hgs (ot gsriiined , at
step 416, « 248 ] t

interface &%l@ar{@&% A?al n r}sﬁ%\gtz pro%{gggleﬁigfgng tgsda é&gg'?%@?gd ﬁe

out put XM owtpatouetomed XBAIL dmlmansfromtannmnemtdmaUaYMJecsoftvvare obj ect 116;
(1) the conpiled JSP XM. tenplate 112 can optionally call, at step 418, an
i sOptional El enent Present nethod or an isQOptional Attri butePresent nethod to
determine if certain portions of theyMsrdequment shoul d be generated; (j)

the JSP XML tenplate 112 calls back to a getEl enent Repetitions nethod to
determne how many times it shodMA;&IL&@@é@ﬁration of certain
portions of the XM. docunent at step 420; and (k) the state of processing
is maintained by a stack at step 422; this is useful when generating

conpl ex tymﬁéfdMomegko%ﬁpoﬁMts dﬁwaeaélowme@anafaxamﬂe Diccurs, recursi on

occurs or a conpl ex pe is contained wthin another conplex:type, WO
02/ 101579 P@ﬂmwa&éﬂamgm@ the bandleswless bl4xihat the dSK A2 salls t%‘atawe nt

tenplate 11 |
1047 whi ch AP BuE e BpSTRESnA i oBpeT1n8 o ARARACHE SRR Rl bAR 185 21
for conpl eBYcsub@er BhAtie FPdempldtet 149 Dsdults geirate dté&nity(wn XML deopuireatil 8o

primtive t pes) An exanple Il "JAVA- XML STOVER et ai |l ed, bel
gener at es CustamerBymbels-4#var containgienngianis an ?B?ﬁhﬁ"ap ngﬂ?h Biﬁé}se‘j?map
obj ect.

the names of the tags to integer constants. The JSP template 112 uses the integer constants;
and
(D) execute java: the program of the mapping class/interface 114-2, 114-3 used to execute

mapping from Java to XML and from XML to Java (as provided above as item C for Example
D).

A A program (Customer2XMLMapping.java), with some reductions of conciseness, to

construct the XML document from the input Java object.

//ISTART Customer2XMLMapping.java
package com.xxx.xﬁl2xmapping.sample.customer;
import java.util.*;
import com.ibm.xml2xmapping.util.*;
public class Customer2XMLMapping extends
com. xxx.xml2xmapping.X2XMLMappingImpl {
private Customer fieldCustomer;
/ % %
* Customer2XMLMapping constructor comment.
*/
public CustomerZXMLMapping() {
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EXAMPLE 11 JAVA- XML CUSTOVER The fol |l owi ng conponents (detailed below) are
part of exanple Il: (A) Custoner2XM_Mappi ng.java: the handler class 114-1
that the JSP 112 calls to obtain values fromthe input custoner Java

obj ect 116Wm02pdpaPat e t he out put XM. docunment 118; (B) EGEUSHMAISTsp: the
JSP tenpl ate 112,488 £¢) o generate the output XM docunent 118; (C)

Cust omer Synbol s. [ ava: contains constants and a hashmap. The hashmap is used
to map the nanksebfPageNangs P EMEEgeFPConst ants. The JSP tenpl ate 112
uses the ipteger constants; and (D) execute java: the program of the
mappi ng class/interface 114-2, 114-3 used to execute mapping fromJava to
XML and fré6fif XML to Java (as prOV|ded above as item C for Exanple I). A A

program (Cust gL 2MMROb &I BVehs meithidas edRmegduct i ons of conci seness, to
const ruct ththNL docunent fromthe input Java object. //START

Cust omer 2XM ppi ng. j ava package corn. XXxX. xn12xnapp|ng. sanpl e. custoner;

i mpor t ja\)/&ylit mtl@@@mlezﬁ&mnetp@wﬂl%m&@atngamé;I *; public class
Cust oner 2 th en conlxxx xm 2xmappi ng. XZXNLthplngIan {
private Custone W% %mdz%@P ~** * Cyst omer 2XM_Mappi ng const ruct or

coment . puinC}CUstonerZXNLthping() { 27 WD 02/101579 super ( ) ;

- . * %
fi el dPageNane=' ggs&ggﬁé jsp"; } /

}
/**
* getElementValue method comment.
*/
public String getElementValue (int name) ({
switch (name) {
case CustomerSymbols.CUSTOMER FIRSTNAME: ({
return this.fieldCustomer.getFirstName();
}
case CustomerSymbols.CUSTOMER_LASTNAME: {
return this.fieldCustomer.getLastName() ;
}
case CustomerSymbols.CUSTOMER ID: ({
return this.fieldCustomer.getId():;

}

return

e,
’

}

* getElementValue method comment.

public String getElementValue (int index, int name) {
switch (name) {
}

return "";

}

* @param aCustomer

com. XxX.xml2xmapping.sample.customer.Customer
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* get El enent Repetitions nethod comrent. public int

get El enent Repetitions(int nanme) { switch (nane) { } return O;

PCT/ US01/ 49577 } [/** * get El ement Val ue net hod comrent. public String
get El enent WO @40151% nane) { switch (nane) { case PCT/US01/49577

CustOn?rSYﬁQBi§cCLEE&»@%E&%éggmgwﬁéuéiodé%t%@ﬂstomeré {
this.fieldCustoner.getFirstNane(); } case Custoner Synbol s. CUSTOVER

LASTNAVE: { ret BRhs t RieldGestrmat shaiCugdomestName(); }  case :

Cust onmer Sypbol s. CUSTOMERID: { return this.fieldCustoner.getld(; } } return
} * getEl ement Val ue nmethod comment. public String getEl enent Val ue(i nt

I ndex, int}name) { switch (name) { } return ""; } * @aram aCustoner

//END Customer2XMLmapping.java

B. A document template (Customer.jsp), with some reductions for conciseness, in JSP for

module 112.

// START Customer.jsp

<%@ page import="com.ibm.xml2xmapping.*" %>

<%@ page
import="com.ibm.xml2xmapping.sample.customer.CustomerSymbols"
%>

<%X2XMLHandler handler =

(X2XMLHandler) request.getAttribute ("com. ibm.xml2xmapping.X2XMLH
andler");

handler.setWriter (out) ;%>

<?xml version="1.0"?>

<customer>

<FirstName><%=handler.getElementValue (CustomerSymbols.CUSTOMER
FI RSTNAME) %></FirstName>

<LastName><%=handler.getElementValue (CustomerSymbols.CUSTOMER L
AS TNAME) $></LastName>

<CustId><%=handler.getElementValue (CustomerSymbols.CUSTOMER_ID)
%> </CustId>

</customer>
//END Customer.jsp

C. A program (Customersymbols.java), with some reductions for conciseness, of a

hashmap and constants used by customer.jsp.

// START Customersymbols.java
package com.xxx.xml2xmapping.sample.customer;
import java.util.HashMap;

public class CustomerSymbols {
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com xxx. xm 2xmappi ng. sanpl e. cust oner . Cust oner 28 WO 02/ 101579 public void
set Cust oner (Custoner aCustoner) { this.fieldCustoner = aCustoner; } }

/1 END Cust oner 2XM_mappi ng. j ava PCT/ US01/ 49577 B. A docunent tenpl ate
(Cust orrer . MEPO2/10¥§79 h sone reductions for conciseness, in FPEPUSH4ISHpdul e

112. /] START Cp&b@ﬂﬂsi:&@ié‘V@ﬁhﬁ:gQLdtﬁ}mfstﬁmmJ b gjﬂ ZXWapgi Qg- | °/<>0/ <%@
[ =" i m 2 j Ng. sa e. custoner. st omer ol s" >
D e P il oy CRuR T ST TE PP ST s ToNmR. FTRSTNAME = 2;7

(X2XM.Handl er) r papese . gedéd ¢ rf ik e({momusiorerl ZXseRAuRg=>2XM.H andl er”);
handl er. set Wi ter version="1.0"7> <custoner>

éﬁut)'%ﬁ?m 0" 7> <cus
<Fi r st Name><%hBRRI LY | 5e? @ nbHiak) it QYSTOMERSTRLGI 47 CUSTOVER  FI
RSTNAME) %</ Fi r st Nesee static CustomerSymbols fieldInstance;

<Last Nanme><%-hapdl er. El nt Mal.ug( Custoner Symbol s. CUSTOMER L AS
TNANE)%></LastﬁggﬁgétgeéaSﬁﬁg% fﬁel ) yggo§¥1cglonary,
<Cust | d><%handpeivaes Ebeaeit \GHje(tCasiobiecBy /baks. CWSEHENER I D) %

</ Cust | d> $/8H§E8ﬂg£fhfééfg%%é%§§ﬁggTéjco%gtructor comment.
private CustomerSymbols() {
super () ;
this.fieldName2SymbolDictionary = new HashMap():;
this.fieldNameZSymbolDictionary.put("customer", new
Integer (CustomerSymbols.CUSTOMER) ) ;
this.fieldName2SymbolDictionary.put ("FirstName", new
Integer (CustomerSymbols.CUSTOMER FIRSTNAME) ) ;
this.fieldName2SymbolDictionary.put ("LastName”, new
Integer (CustomerSymbols.CUSTOMER LASTNAME)) ;
this.fieldName2SymbolDictionary.put ("CustId", new
Integer (CustomerSymbols.CUSTOMER ID));
}
* @Qreturn int
* @param elementName java.lang.String
public static int getSymbol (String elementName) {
if (CustomerSymbols.fieldInstance == null) {
synchronized (anObject) ({
| if (CustomerSymbols.fieldInstance == null) {

CustomerSymbols. fieldInstance = new
CustomerSymbols () ;

}

}

return
((Integer)CustomerSymbols.fieldInstance.fieldName2SymbolDiction
ar y.get (elementName)) .intValue();
}
}
// END Customersymbols.java

30



C. A program (Custonersynbol s.java), with sone reductions for conciseness,
of a hashmap and constants used by custoner.jsp. // START

Cust oner synbol s. j ava package corn. xxx. xm 2xmappi ng. sanpl e. custoner; i nport
java. util . MG publ i ¢ cl ass Custoner Synbols { 29 WO PCT/US01/49577

02/ 101579PCT/ USO1/ 49577 public static final int CUSTOVER = 1; public static
final int CUSTOVER FI RSTNAME =2; public static final int CUSTOVER LASTNAME
= 3; publ Te geiepite thef XMA) docmnerT IS TR ARyl dD custdmers sitwedibe distadsedin conjunction

Custoner Synbol s fjeldlnstance; prjvate HashMap fii Nane2Synbol Di cti onary;
private sW&PiEé‘a’G}BJeeI@tsaﬁw fé@qreys;éws@g}eé@p(w)g °¥1d€§E§8%r| nf oEl enent Synbol s
construct gpr¢@AEENLY, private Customer Synbols() { super();

this.fiel dNanme2Synbol Dicti onary = new HashMa &%; t hi f .
f1 el dNaneS)RBOLEF cOFBREPYSHIRIP At G COSh B ESYTDOLS . CUSTOMERS) 7 14+)
| nt eger (Cyst oner Synbol s. CUSTOVER));  this.

fi el dName28Synbql Di ctj on . put (" First Nane" e

| nt eger ( oﬁ%ﬁﬁ&%%%%%ﬁ?ﬁ\éﬁ'é‘%m&ﬁéwofﬁrS‘.’STOMER’ i8>
fi el dNamekgysbemh&ksti onary. put ("Last Nane", new

| nt eger (Cu tonﬁlfsjt\{nbol s. CUSTOMER LASTNAME) ); this.

fiel dNane2&yhb Tfionary. put ("Cust1d", new

| nt eger ( Cagthard Sy abeé 5B TAEENER dd)Custhmer S@hbo s nCUSTOMER _FIRSTNAM
E)$></FirstName>
<LastName>
<%=handler.getElementValue (CustomerSymbols.CUSTOMER LASTNAME
) $></LastName>
<CustId><%$=handler.getElementValue (CustomerSymbols.CUSTOMER _
ID)$></CustId> |
</customer>
<%=handler.endElement (i, CustomerSymbols.CUSTOMER) ; %>
<%}%>

The handler 114-1 determines the array size (i.e., how many loops are to be executed) and
returns in the getElementRepitions method. When the customer.jsp calls startElement with the

index and name, the handler 114-1 sets a reference to that particular customer object in the

array.

To handle recursion, the handler 114-1 uses a stack. As the object recurses, the handler 114-1
pushes onto the stack with a startElement, and pops with the endElement. The working object

is the object on top of the stack.

If an object is optional then the isOptionalElement() or isOptional Attribute() methods are used
to determine if the object exists. The processing in the customer.jsp is revised to add a
conditional statement that uses a returned boolean for one of the isOptionalxxx methods.

In summary, advantages of an exemplary embodiment of the present include:
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* @aram el ement Nane java.lang. String public static int getSynbol (String
elementNane) { if (CustonerSynbols.fieldlnstance == null) { synchronized
(anObject) ( if (CustomerSynbols.fieldl nstance == null)

Cust oner Sy MsD#2101572| dl nst ance = new Cust oner Synbol s(); } PETUSYI/A9EL ur n

( (I nt egergdy frbxatmpB oo Farhdvire for stappiog frobi &1 MIndsGiysehiob BiJatd diject and

y. get (el ement Nane) ) . i nt Val ueé})@; } } . /] END mstonersyglgg({ s.é'hava 0 WO
02/ 10157 $rorCT J2ys0bjecto AR XYL Jopunent.avhersin shefransApre Ries  SpnIef et pagss of
custoners situation. di a.conjunction wth Exanple | a sanple of
the revi 2‘8&' ac‘?fﬁ?%ﬁ[éﬁg}@%@?g&g?%&mgéd bel ow. for(int i=0; i<handler.

get El enenqbRaper idaliipnalaildble esoty @prBaXspatldf TSRERS)stintiaje the mapping methods
<%handl er. start El enent (1, Cust oner Sypbol s. CUSTOVER) ; % <cust omer >

<Fi r st Nar@SML/Japghefithe Bresejd iveBYRIA Eh| ue( Cust omer Synbol s. CUSTOMER _FI RSTNAM
E) %</ Fi r(g)tpmigfllrtgrﬁ&@ URd classes (in Java environment) that simplify the structure of the

mapping process of the present invention and makes the mapping process similar for both

mapping directions.
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<%handl er. get El enent Val ue( Cust oner Synbol s. CUSTOVER_LASTNAME %</ Last Nane>
<Cust | d><%handl er. get El enent Val ue( Cust oner Synbol s. CUSTOVER _

| D) %</ Cust | d> </ cust omer >

<%-hand| er WhePEIOEST®Nt (i , Cust oner Synbol s. CUSTOVER) ; % <% PETHRRVAIAHA er
114-1 determnes the array size (i.e., how many | oops are to be executed)
and returns in the getEl enent Repitions nethod. When the custoner.jsp calls
startEl ement with the index and nameCLABMS:handl er 114-1 sets a reference
to that particular custonmer object in the array. To handle recursion, the
handl er 114-1 uses a stack. As the object recurses, the handler 114-1
pushes onjo thg Sfpater-Ynplementsd Aefiol eorhvertinga an Strutird réphesestimif enent .
The working object™ 1s the object on top of the stack. |f an object is
optional sdfovare blejests@ptructured Bngwaga elements of a dpeunesmkthg Pethed CURPIG 0ds ar e
used to deterpine if.the objegt | St ol St i N the custoner.jsp
is revised to ge@ra@gﬁﬁ?ﬁgllm?g%eﬁ%%%ﬂh .lﬁgggs a }"eturned bool ean for
one of the i sQy)iraaalippsspeimdstants thelsoftwarewhjeyt, thegvepettieydsingfassniatedavifh the y
enbodi ment of the present include; 31 WO 02/ 101579 PCTI USOL/ 49577 (a)

provi di ngstacsuadrisnguags elomsnie of e dogPBFHg from an XML docunent to a Java
object and fr i W=Tols t hited Beodzp@mewor k
uses a handl er&Shglpgﬁn%fgggdpérﬁ%wogﬁgﬁggﬁ%ﬁygﬁggggﬁaeﬁyr%gﬁygpﬁn%pp% ng; (b) use
of readi | yleméatsbasedontthohsodiation beSvoén teer eperticks@yl thestiunreddangunge elergents;
mappi ng nmet hods (XM./Java) of the present invention; and (c) providing

i nt er f aced8dind cl asses (in Java environnent) that sinplify the structure of

the mapping p LY eRbeRNcARRtd B Bmeht VeitHTEAR PomGrup OCES S
simlar for bo{“ﬁ‘bg?r‘é‘s%‘?%%’gﬁﬁ’?‘é“%?‘?’%‘ﬁ%‘?d@sz R TR

2. The computer-implemented method of claim 1, wherein step (c) includes direct call
back to the software object to obtain properties that represent the constructs that define

structure and content of the document.

3. The computer-implemented method of claim 1, wherein step (c) includes creating an

object model that represents structure and content of the document.

4. The computer-implemented method of claim 1, wherein the structured language

elements represent Extensible Markup Language (XML) constructs.

5. The computer-implemented method of claim 1, wherein step (c) includes constructing a

loop in the template document to process repeating structures language elements.

6. A computer-implemented method for converting structured language elements of a
document to a data structure representing a software object, the method comprising:

(a) reading each of the structured language elements of the document;

(b) determining a property, selected from a set of available properties defined by the
data structure of the software object, associated with structured language elements of the

document; and

33



CLAI M5: PCT/ USO1/ 49577 1. A conputer-inplenmented nethod for converting a
data structure representing a software object to structured | anguage

el enents of a docunment, the nmethod conprising: (a) generating a structured
| anguage eMEh@A01Y®npl at e docunent; (b) readi ng properti eS3CTUSHYARE

sof tware obj eg ) ggﬂg,?d@ﬁg& g%&ntzens?;‘%%a?asé&au?é ﬁgre%&ihg tiSofiWhreWbiddt Gith

| anguage el ene using the properties, obtaining
const r uct sirideirédlangvage tlemest vales fromdh¢ dogpomwgee el enent s based on the
associ ati on between the properties and the structured | anguage el enents;
and (d) popul ating the structured | anguage el enent tenpl ate docunent with

the constguctsy h@comm?ﬁrﬁﬂgﬁg{gﬁfed n{ERloR108 Clafif 6/ WRheteid s%;p (&) iR1HAES geMdtatip N St ep

(c) includes direct ‘ca to the software obje t'o obtain properties
t hat r epreaastthdt hepresentsstuointesankicantentaffitieedocamentct ur e and content of the
docunent. 3. The conputer-inplenmented nethod of claim1l1, wherein step (c)

i ncludes creating an object nodel that represents structure and content of

the docungnt. Tfhe Hafputdimplefienicd BleBiBAVf CLAir6] Wacteiafstepl(8) ifitlideswaking iback he
structured | anguage el ements represent Extensible Markup Language (XM.)

const r uct %.a Iendlenwith engnis et repissentatrictre At ¢pstenbef the dogwment.wherein step (c)
i ncl udes constructing a loop in the tenplate docunent to process repeating
structures | anguage el enents. 6. A conputer-inplenented nethod for
converting strgddonghtdrampleagatet neiwdle chim &, wHareinrsepi(a)iocladaatantiag anict ur e
representing a software object, the method conprising: (a) reading each of
the str ucQ'Q]‘PQiéth@h@&@gﬂe&ﬂ&ﬁﬁﬁﬁwwdﬁﬁ@eﬂdg&%PmEﬁ) determining a
property, selected froma set of available properties defined by the data
structure of the software object, associated with structured |anguage

el ements 0. t hEhe cbagpwberHinplearerted neodaT clbith 57 ¥h&2€if/thiSOtcudédlanguage

POPUL | 19,0, PSR e st ML SRR RO ™

includes enforcing Document Type Definition (DTD) and XML schema standards.

11.  The computer-implemented method of claim 10, further comprising maintaining a

stack for recursive XML constructs.

12. A system for converting a software object (116) containing properties to a document
(118) defined by structured language elements, the system comprising:

(2) a document template (112);

(b) a handler interface (114-1)for providing a representation of the structured language
elements of the document (118) based on call backs made by the document template (112);

(c) a mapping module(114-2, 114-3), in communication with the handler interface
(114-1), for converting properties of the software objects (116)to structured language elements
recognized by the document (118); and

(d) an output target class (114-4), in communication with the mapping module (114-2,
114-3), for writing the structured language elements generated in step (c) to the document
(118).

13.  The system of claim 12, wherein the mapping module includes a mapping interface

(114-2) for executing the conversion of the properties to the structured language elements and
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7. The conputer-inplenmented nethod of claim®6, wherein step (a) includes
generating events that represent structure and content of the docunent. 8.
The conputer-inpl enmented nmethod of claim®6, wherein step (a) includes

cal ling balo 0xwisr9handl er wi t h events that represent str®CTAS/4MW cont ent
of the dogj rein
step (a) mg&a% S crtgatl 8 an F@&o&%ﬂg?ﬁsﬁd@ﬁaﬁﬂm thﬁéss"fgﬁ u%ﬁre and
cont ent oprowmmemmusedEjatheﬁ@pmgnpmtfme-(illmlz)enent ed nmet hod of claim®,
wherein the structured | anguage elenents represent Extensible Markup
Language (XM.) constructs and step (a) further includes enforcing Document

Type Defi pi ! @bﬁanﬁ ﬁ«ft@fﬁ% ﬁﬁg tréam is'dd buff
corrputer-lmnpl ce)?nlllaém%@nnet 0 I\flgf‘%c aim1 Q&gﬁesr co}?priﬁg?dn%sanaﬁ netral ning a

stack for recursive XM.'constructs. 12. A systemfor converting a software

St ot ur el anGEEeE A, phEeeySs SupHatareenh S elipeen Rtmmt
tenpl at e §dehd) of A RIvi@. handl er interface (114-1)for providing a

representation of the structured | anguage elenments of the docunent (118)
based on call backs made by the docunent terrpl ate (112); (c) a mappi ng

for convelt: ngths S QLSBT RS Sl ot led BBl dfat ReRptREuantts -
| anguage Maﬂ([?rﬂﬁlgudgeQM)keﬁkulaytsl he docunent (118); and (d) an out put

target clas 114-4), in comunication with the mappi ng nodul e (114-2,
114-3), for witing the structured | anguage el enents generat ed in step (c)
to the dogumen h : i ng
nodul e | ng)fjudej'is.h agy%g%()fncéﬁ ?A;gé‘slpg%@ttﬁﬂé%&m%‘ ﬁbljdgefse% P %hei&ggﬁrggﬂr si on
of the prPges(JSPy. to the structured | anguage el enents and 34 WD 02/ 101579
PCTI USOL/ 49577 for setting an output target stream of the docunent (118)
and a mapping class (114-3) for providing nmet hods used by the napping

i nterfaceg 114aa)sterhFor cb Laaeua{ 188 RohBinifi @R Rhfled NEnABE BéhehRtGIE!
streamis defl ne as %r%{f}?? ¥ eﬁe syjsEt em“g%i\gc | al n? gl\%ﬁer elﬁ t he

out put t asafprarsobjectrfi 10, tﬂe‘systwdccasprssmges ponse

(2) a parser (104) for obtaining events representative of features of the document (108);

(b) an input source class (106-1) for reading the document (108);

(c) a content handler class (106-2), in communication with the input source class
(106-1), for implementing a buffer for the events obtained by the parser (104); and

(d) a mapping module (106-3, 106-4), in communication with the content handler class
(106-2), for converting the events obtained by the parser (104) to properties for the software
object (110).

19.  The system of claim 18, wherein the mapping module includes a mapping interface
(106-4) for executing the conversion of the events to the properties and for setting an output
target stream of the software object (110) and a mapping class (106-3) for providing methods
used by the mapping interface (106-4).

20.  The system of claim 19, wherein the structured language elements represent Extensible

Markup Language (XML) constructs.
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streamof a servlet. 16. The systemof claim 12, wherein the structured

| anguage el enents represent Extensible Mrkup Language (XM.) constructs.
17. The system of claim 16, wherein the docunent tenplate is created using
JavaSer ver WPBWES79 JSP) . 18. A system for converting a do®GHaIs01/495773)

t ai ni t I h
syst om conbr 1 sfbihfEet ARAEs L ARRELek tafing PRPEARLE LRB k(s Ienea U
of f eat ur bgstoictirbeladguagaelementDle method)comprisinggut sour ce cl ass (106-1) for

di the d .(108); X t ent hand] er, cl 106-.2), i
communi cat i on () SHPRYIES THASCVE b aPiect B1eA dLanpa oy oked b ABE MBIy o
buffer for the(ﬁ%@ﬂbﬁin@!&ﬁ@ﬁb‘é@tﬁ@a Hﬁla@@ﬁsﬁﬁan(iﬁﬁﬁcé o@&gin(vgl)cedacoﬁ?amé:r;%d

nodul e (106-3, 106-4), "in comuni cation w the content handl er class
(106-2), for cehweitingthe disumentdon spasifiediontnut yearhusingthe compiled4ymplete.
properties for the software object (110). 19. The system of claim 18,
wherei n the mappi ng nodul e i ncludes a mapping interface (106-4) for

executingag.he TROMESIHSH ONclafm b1 Fuehee Bbmpligngd &hﬁil‘%"&@l@f&ﬁléﬁlaﬁﬁﬂgﬁrﬁ&f&%%i ng an
output target stream of the software object (110) and a napping cl ass

(106- 3) fanpakiofgresessingds used by the mapping interface (106-4). 20.
The system of claim 19, wherein the structured | anguage €l enents represent
Ext ensi bl e Markup Language (XM.) constructs. 35 WD 02/101579

PCTI USOL/ 2057 7TRd metBodrof ¢laith DT, fudhiey esrhprigngcatliriptands@ptivbalBdmdntrestiit
properties to document represented by structured | anguage el enents, the
met hod cofgiiod tirguehy thy campilgd templateia detgiming Hselseipd pertiops ofiihe dequameakargto an
i nvoked ngé)gé'n@&té'dr_lterface; (b) compiling and executing a tenplate using an
i nstance of “an 1 nvoked container; and (c) witing the docunent to a
specified output streamusing the conpiled tenplate. 22. The nethod of

claim?2l, further c ri.si.ng.calling back to the pi ng .interface to
mai nt ai n %‘{'ate t g@_@té?‘ﬁbm’%@fﬂ‘eﬁ' QPR RLYE an130RHeaT AtiribpteRggsent
conpri si Nghefh kirbSstARe bohpiiddaBapiaeasBRk i8S §Rblected portions of the document are to

be generated.

25.  The method of claim 21, further comprising maintaining a state of processing using a
stack when generating complex types within the document, said complex types selected from
the group consisting of: an array, recursion and a complex type being contained within another

complex type.

26.  The method of claim 25, wherein the state of the stack is maintained by call backs from
the compiled template to the mapping interface to indicate when the complex types start and

end.

27.  The method of claim 21, further comprising calling a getElementRepetitions method to

determine how many times the template loops over selected portions of the document.

28.  The method of claim 21, wherein the structured language elements represent Extensible
Markup Language (XML) constructs and the template is created using JavaServer Pages (JSP).
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met hod through the conpiled tenplate to determne if selected portions of
the docunent are to be generated. 24. The nethod of claim 21, further
conprising calling an isOptional Attri butePresent nethod through the

conpi | ed t Wp024085790 determine if sel ected portions of th@CTASHAINT? are to
be generabgd. ' £ .SLN jntaining a
state of %?’oc eé%l?\tg&ﬁ%ﬁébgan %gg{ﬂvﬁ%&l&eﬁgé %itpﬁlrélugrg@égn%’} a%( °@§ng€§ tévlglt hin the
docunent , scfawvale cljeg] the nieriscoapisinged from the group consisting of. an
array, recursion and a conplex type being contained within another conplex
type. 26. Graenbanatie depurgerdithupisistangecat an fvoked mepping Hierfap® st ack i s
mai nt ai negy)by,i&a : , i nplate to the mappi ng
interface(jot)g ﬁ%gljﬂ(,gattﬁgﬁi\%gglﬁéﬁ;{léerf%g%n%?gﬁm%dﬁgg%&l%tart and end. 27. The net hod
of cl ai m @) parsingtticedocameptrusirigrem insthrce nfarpingekted|parsenaibpet i ti ons nethod to

det er m ne, how n inmes the tenmpl.ate | Qops over, sel ected portions, of the
Gocanmont (@ @o0uRM: the HERst Shite oSSR AVg: Sior P AR iaaE clagens
el enent s ﬁﬁwdeﬁ?&ﬂme%&ﬁxﬁéﬁthhﬁugg@kuaekéxﬁmqa%rﬁaswxagiﬁféﬁﬁééuctS and the

i .
tenplate 1s created using JavaServer Pages (JSP). "36 WO 02/101579
PCT/ US01/ 49577 29. A nmethod of converting a docunent containing structured

| anguage e fs t of t ware ohject,..the nmethad conpri si ng: )

suppl yi ngﬁé'he ec‘E}FFg’ﬂ$°f mghg\?ﬁ’g}egﬁ%gte%@mﬁfdﬁ%ﬁﬁg%cﬁ%tﬁdf‘ einFelﬂ%ﬂ(d?ace; (b)
regi st eri @ectddeidiERI gi6ug UnSkARESE; ARrB RN NartRIGHR! chafablerD &idH]&ferdt Ne
docunent usg‘g an instance of an invoked parser; and (d) populating the
sof t war e @i engPogyraentpr operti es associated with structured | anguage

el enents parsed fromthe docunent through call backs nade to the mappi ng
interface. 30. The nethod of claim 29, wherein step (d) includes call backs
t 0 i nvoke3nnet hblitsmethed efilaith 30, whetdhethg srattPoaanait ahd figtElEmesindthddzcunent ,
start El enent, éparacters, ,e%gtEl enment, and endDocunent. 31. . The net hod of
cl ai m 30, SXFAWPFE by thepaanping intsacs rpatesdhgsodtars eigstent et hods executed by
the mapping interface creates the software object.

32.  The method of claim 29, wherein the endElement method executed by the mapping

interface sets the properties into the software object.

33.  The method of claim 29, wherein the structured language elements represent Extensible

Markup Language (XML) constructs.

34. A computer program product for converting a data structure representing a software
object to structured language elements of a document, the computer program product
comprising computer readable program code devices for:

(a) generating a structured language element template document;

(b) reading properties from the sofiware object, the properties being associated with the
structured language elements of the document;

(¢) using the properties, obtaining constructs defined by the structured language
elements based on the association between the properties and the structured language elements;
and

(d) populating the structured language element template document with the constructs.
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32. The nethod of claim29, wherein the endEl enent nmethod executed by the
mapping interface sets the properties into the software object. 33. The
met hod of claim 29, wherein the structured | anguage el enents represent
Ext ensi bl e WO 02400k¥7p Language (XM.) constructs. 34. A conp&CEUSHHH§FTam

product f38, COTyEdompteer prébaim pfdduttGif dlagn BEPYIRSER blep Gc)anditdes IRER caldBadkct toO
structured | anquage el enents of a docunent, the conputer Erogram pr oduct
]

conpri si ni§ thosaliwase objeetde bbiaingvers that keprseend dgicopgructsithat dalingsimetsg andy a
structure n el epent tenpl ate docunent; (b) reading properties from
t he softmgwgg%gfﬁgﬁ?c. %Eproperties bei ng associated with the structured

| anguage el enents of the docunent; (c) using the properties, obtaining
constructs defined by the structured ] an e .elenents based on the

ua
associ ati ¢ belHgsOmRuE PEresEB Produet %ﬁ@mgé\s rein stgp 61 incdudes stpating &hent s;
and (d) p j enpl at e docunent with
t he const(?rg%tt?ddg%hé%@%lg%Jth%gﬁ%épﬁ%W}gg{f%%?ﬁ%he conput er program
product of claim 34, wherein step (c) includes direct call back to the
software gbje to obtain events that. represent. the constructs that define
St Gt ur o3 hind ThESREGIHS BTORHE PAGLCHRL AT 3, WHeREn e ared HGRes flRe Rt o
claim 341re}94%§ér€£ﬂte§§iﬁfé M&h%n%%ﬁg&s(ﬂ@ﬁ%?ng&c@j obj ect nodel that

of "t he docunent.

represents” structure and cohten 37. The conputer program
product of claim 34, wherein the structured | anguage el enents represent

Ext ensi bl g, Markup Language (XM). constructs.. 38. The conputer program

ot oduct o1l a1 eSaDURH BRER BRLHECL S A JERESe . SHB 1) F RGOt EE A 1 ¢ ne
tenpl at e |deF BB tenkplate dB&RSht RO f&:ﬁea‘i&éldﬁﬁd!ﬁx@ﬁah?fh@b‘éﬂﬁleﬁﬂs.enem s. 39. A
conput er program product for converting structured language el enents of a

docunent to a data structure representing a software object, the conputer

. uc g a “the comun
Feadi ng e5in ob coREE pikbh SRRRLRE o BRI GPEOT ARG ie e T 7

document to a data structure representing a software object, the computer program product

comprising computer readable program code devices for:

(a) reading each of the structured language elements of the document;

(b) determining a property, selected from a set of available properties defined by the
data structure of the software object, associated with structured language elements of the
document; and

(c) populating the properties of the data structure representing the software object with

structured language element values from the document.

40.  The computer program product of claim 39, wherein step (a) includes generating events

that represent structure and content of the document.

41.  The computer program product of claim 39, wherein step (a) includes calling back to a

handler with events that represent structure and content of the document.

42.  The computer program product of claim 39, wherein step (a) includes creating an

object model that represents structure and content of the document.
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(b) determning a property, selected froma set of avail able properties
defined by the data structure of the software object, associated with
structured | anguage el enents of the docunent; and (c) populating the

properti esWs}0%19&78at a structure representing the softwar @ ERSEE4957H t h

t t I o
o 001 am pSauc PLeyEtsdt BEdHack Q046 Bl o O KAGH B touoied IANEAEOTBHLAL,
t hat reprepestntdxtansibler Marknp Languagn@XMI) ¢dnetrebocandestdp. (aiflirthdiifcladsaput er

program prqoduct of claim 39, wherej te ) include alling back to a
handl er wfHHrC Amegt { YRe ’é‘ét&?t(bgp'riﬁﬁ‘fﬁﬁ\’gd%%mééﬁ{l‘g‘i S-of the docunent.

42. The conputer program product of claim 39, wherein step (a) includes
creating an object nodel that represents structure and content of the
docunent . 488 OQiripites peogPE ptadadt of 4T 43, faBher Thmptising utagntaipinggrstack foroduct
of claim39, wh in the structured | anguage el enents represent Extensible
Mar kup LaW@Wé‘dﬁ%?%ﬁ@tructs and step (a) further includes enforcing
Docunent Type Definition (DTD) and XM. schema standards. 44. The conputer
program product of claim43, further conprising maintaining a stack for
recursive XML constructs. 39
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