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down version of Standard Generalized Markup Language (SGW) that is

desi gned especially for Wb docunents. It enables designers to create
their owntieldsafdhe lvgntilys to provide functionality not available with HTM.

For exa e . i i . [

opposed t BheR I RERH {cfues 8 e BlGbE BAAki T e O TR Bfect
Because XMd d gntfred Pngliags @ldmeiied6dunkingnd ai parfiahiaototies Isdtwekat wirds
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an exanple of an XM./Java conversion tool. For converting from XM to
Java, Mel¢erple XML, supportsdinks thakivbint tlooultipie deenohentaj sseoppesadite HTML links,

parti cul ar ﬁ ng\ir%er wal ks t rou%h an XML docunent and builds a tree
represent‘é(’é“iC o7 FPLPRERESYShOmE Cet g ter i ed and anot her parser wal ks an

XML docunment and raises events with information about the document (e.g.,
start docunent event, start elenent vent with the nane of the el enent,
cont ent oBedahse XMHANBRt fprre ofl sef-deveribing ent(alse rimed oructeretl [@geage, elehenty in 1

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

Mabping 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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to structured | anguage el enents of a docunent, the nethod conprising: (a)
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providing a representation of the structured language elements of the document based on call
backs made by the document template; (¢) a 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 (¢) 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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by the parser; and (d) a mapping nodule, in comunication with the content
handl er class, for converting the events obtained by the parser to
properti esofeenotshe software object. 3 WD 02/ 101579 PCT/ US®RTLIASBU#9571 n
accordance with another aspect of the present invention there is provided a
met hod of converting a software object having properties to a docunent
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popul ati ng the software object with properties associated with structured
| anguage el enents parsed fromthe docunent through call backs nade to the
mappi ng ilnkeddrddee with AetRf Sprcr\Whd presdnoimenti@smetis plovided aRh&RENbf
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obj ect, the properties being associated with the structured 1anguage
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el ement s
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 thg 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



docunent; (b) determning a property, selected froma set of avail able
properties defined by the data structure of the software object,
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the invention; Fig. 2 is a block diagramillustration the framework for
mappi ng between XML and Java objects and vice versa; Fig. 3 is a flow
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personal conputer, ‘the i1nvention can al so be inplenmented in conbination
with other prigraisaldeit disgra@eitlostztion thefragewmkdfiodmapeing hetwede XMbtpdes,
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i nvention can gl,sg; 6%*1%&15@9& Rl f&ﬂna@ﬁiﬁ‘lﬁ‘éh@(ME)@bﬁﬂént to a software
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Fig. 4 is a flow chart illustrating a method of mapping a software object to an XML

document using the framework of Fig. 2.

Detailed 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

5



consuner el ectronics, mniconputers, mainframe conputers and the |ike. The
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renovabl e and an optical disk drive 40 (for reading a CD- ROM
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to the

The drives 34, 36 and 40 and their associated computer-readable media (38, 42) provide
nonvolatile storaée 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 (e.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).



processing unit 22 through a port interface 62 (e.g., serial port, parallel
port, ganme port, wuniversal serial bus (USB) etc.) that is coupled to the
bus 26. Avomildwre 64 or ot her type of display device is &csasoomsetted to
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(gener al FUFPBRENRIGSHEN MogH aéfPlsﬁgﬁ?la%%%@ﬁﬂ%CO&ﬁ%@e?f o B L may
(T'nf or mat oo, Ma ARG TBRAbSYShEstorAIBide 70r OJr am uses COBOL structures for
their input and output. There’is a need to map from XM. to COBOL and from

COBOL to XM.. The present invention can be used to performthese maps,

where a XM.-to:-object X i ng handl er. (di scussed bel woul opul ate a

COROL ot 1 GEAionr GiR mABORIR he e Regt St 15 RS bSO R BT gE

handl er i | : a cture
(ﬁ%ﬁ%ﬁg‘%ﬁ g%& Sty o shiAcdie Lot 2 oL AR arSHIEY

and be use e to popul ate ocunent .
supported. For example, many legacy business applications are written in COBOL, C and

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 exiract 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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By way of background, the mappi ng nethods of the present invention utilize
the following high |evel process: (a) a | exer groups characters into words
or tokenswDhatio®re recogni zed by a particul ar system (tepPegdSookesnt zi ng) ;

(b) a parser anal yses groups of tokens in order to recognize |egal

| anguage constructs; and (c) a code generator takes a set of |egal |anguage
const r uctigyr aRgnHIeNRE XNE 18 X8aWh ‘c&g@%&_ﬁ%ev@ hhtaoet pasOVIe HbdesbnPs () - (C)

can be intermxed. 7 WO 02/101579 /[ US01/ 49577 For exanple, for XM to

Java obj entlymepipionder te venognizh dagab XML fokens s asisian tagst propertiem ahy tagsl and

order to yecognjze le XM, tokens such as.start tags, .pr rties, end
tags and ACSCLOBT SHED DFHERSISOHSY DREHE %&thwﬁvgrlgga? %M REASTUfSy
forml egal e?%st%%&%tlé\}éﬁﬁﬁ's vefifie@HIPa 0P8 't%glh%ﬁk trnaa!ééhh‘é%j%ﬁ/eﬂ]dgfdn%‘%l&sﬂ?gt al l

of the taggli ng has matchi ng opening and cl properties

ar e propeagsyandtthaipiopeeds are frogeriypenctagdiaghe dfenbeaagreftDotyment Dafei ni ti ons
(DTD) or XM. .schema_are_avail abl e, thepaéit is.possible to ensgre that the
XM condestingtians( bl WaYhgchumaitg gvatable tyait is Rossthledo gruterdBatireXHil xm

schema a ' Ll o . Fpal ' '

he oL Giimestondellitng Vg A81IGEA i Mems BLARID of Rp@UEnGUMAINEDY
a Java obyébiogrmeSNMLoFitdle, thadkia cofied in thd XdvR coaanttie uprtd acsoathlisat

| east in-part, by readily available XML parsers. XM parsers handle the

| exi cal aAEeiagIEhY (parBamg ntaglava obigstexanpl e parsing standards are the
SAX and DOM API's (SAX - Sinple Application Progranmng Interface (API) for
XM.; DOM - Docunent Object Mddel). SAX is event-based. XM parsers that

i mpl ementSoafo RO BiRS Rlepifdt shokb ain bopdrRemedtt ldast idiphfteberadieatiasis Xaund
in the parsed XML docunent. The DOM APl is an object-nodel -based API. XM

par sers tiaggers. mpVdmasteroomdte thedaxics! gratsis andateyes taplsd lwe exanmderbaryinghat
represents t.he contents, of nt . ce the XM par.setr has

Conp et e Bk A thE ReS by s (A TS Phute ARt i peb Bhg I Btee <

i nf or mat i @PIRREKMLIOON t DRceher@vie® Macontents of the XM. docunent.
Fig. 2 illustrates a schematic representation of a framework 100 accordi ng

to an enbodi nent of the present invention. The framework 100 i s shown

i nstanti .In an inte ion onent uch as a Servlet that can be
execut ed T i eBbieh SaThpoRpy A Sngen NS AT B CEREON Errespa 0
i ncl udes @rrPRKERAUIFoIIPIANEPISH ¥RITNG RO TRAYOM 8P is an

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
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exanple, that interacts with an XM.- OBJECT mappi ng nodul e 106. For clarity,
SAX wi Il be discussed as an exanple of the parser 104 in describing the
i npl enentwpicenoBADOdi ments of the present invention. The PKMUSOBIBECT

i dul e 10 j i npute XM :
out put . Sl raafond FE o et PSR e e toe RGBSR AR oRE
XM docungpan @Bm@&m%ﬁ%fpif 4§01/ 495¥%J OBTBUNLXWVE. Meppthemblgle(184g.

based on JavaServer PagesTM - JSP technol ogy) that conmunicates wth an
OBJECT- Xvtceivap ph mputrbaial @bject 416 FivbgaDBRRES RV uradl. dgcumeiillé8.114 recei ves
an input Java object 116 and generates an output XM docunent 118. XML TO
SOFTWARE OBJECT MAPPI NG Wth reference to Fig. 2, the XM.- OBJECT mappi ng

nmodul e 168 eerlire barkewngppseponents: (a) an input source class
106-1 (X%/@gx np%t?Source) for 1nmplenenting the input XML docunent 108; (b)

a buf f er adith ceftrente todtigl 2 thac XEsOBIBCZ miativiixBadile d 86 Gstidsathesnbowing f or
i npl ementing a buffer for SAX events generated by the parser 104; (c) a
mappi ng iCATPPRHEEE 106- 3 (XM_2xMappi ng) for executing the mapping and for

setting input |<?f3°‘?‘3 AR de ALY 065 r@?}%@g@ggsﬂg%%é‘omﬁﬁérﬂ&tﬁlg%ﬁém%ﬁﬁxyﬁ

( XM_2xMappi ng at provides ne ing fromthe I nput
docunent dbedémé@ 10Be out put Java object 110. Further details of the various
interfaces and cl asses are di scussed bel ow,_. The t‘gtrfms(é"cl as

<F

A "o.an
"interface" hdbka Byderd contpidiandigsclass 198va(XMLI%H %@t?lggé{“?lﬁlat?r i nner
or final). i .col | L A Qfx gRe s that define a
parti cul zirrnpg jeélg ggr?glﬁtg{ g)gva I g?eg]?sf%é?el I gsoyﬁls}gggf'?%ﬂ%ose certain
functional ity (@ mappiagsnteifade 106 @OENLxVappng) foeexdenting fleapappipemidifpr  what
cl asses nust do). Interfaces are also used to provide constants that can be
used by tshéingdhpis gadovipat targep pleshett 28the interface. Interfaces contain

corstant, var 98 eI L e B O B g
| pl ements@AYhdTHAREXMVES ddciiRhf BI3aS thl @b MObjdctauommar i zes the main
functions (i.e., not exhaustive) of the input source class
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) is a
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 (XML2xTnputSource).

XML2xInputSource is used so that an XML document can be read from a byte stream, a

character stream or the XML2xBufferedContentHandler 106-2.



106- 1 (XM.2x| nput Source). XM.2xl nput Source is used so that an XML docunent
can be read froma byte stream a character streamor the

XML2x Buf fwped@arstent Handl er 106-2. 9 WO 02/ 101579 PCT/ USOPLCAABSEV495STABLE M
106-1 FUNCTI ON DESCRI PTI ON avai | ablm t he nunber of bytes that can
be read froman input streamwtho . get Buf feredHandl er O Gets
the SAX event buffered handler. getByteStream O Returns a byte stream

get Character Stream Returns a character streamreader. read O Reads the next
byte of dEMECTIOM this input BPESERMRTIORNKi p O Ski ps bytes of i nput fromthis

I nput strea bl e N1106 2 sumar i i n f nct| ons (4 ot
% 1 q 4B be zea f'rom an 1nput

(Xl\/L2xBufferedContent Handl er stremew 'bﬁ{ckﬁﬂ ass 106-2 aI so includes a
content handler to buffer Ax_é_e‘m_'fr_o_m_t‘ﬁé‘parser 104. This allows
events t qefBuffepdidpeiier ) An_ex@aplie ShKrevetttidfefeidiandleri s useful is where
di fferent mappl ng handlers are used for different portions of an XM
docunent .£¢ a8 & ée $LANIS| np| e Cbj ect  Access Prot ocol

( SOAP) . Tﬁ@%@%@t&% ggiNCTI' %BE%%%%%CQNS%&%&% ers (char[] ch, int
start, i racters fromthe XM
docunent 2B() start is the sRedds thosdxt bow of datfenathiainpbesghim. i S t he
nunber of characers to read fromthe array arse () Executes SAX events in
t he buf f eskip @0 WO 02/ 101579 PBKips byiey aftinpdt fragmiins mpufstrgaght wei ght pr ot ocol

for exchange of information in a decentralized, distributed

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 where 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
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environment. It is an XM. based protocol that consists of three parts: (1)
an envel ope that defines a franework for describing what is in a nessage
and how twoproeesss it; (2) a set of encoding rules for erpramssi/mg77

i nstances appl.icatiqn-defined data types,; and (3) .a conventi.on. far

repr esents(ﬁépﬁg%glémﬁf‘%ﬁgm}?@l %qugha&ﬁa OFQM@QSH Adgﬁ&ﬁa?@ s%‘@félbluge%an XML
docunent iTsi Hggé@ﬂﬁ BB ) i

header, aér?gﬁgnﬁ%gisl&g{so%glgt %%AP bodg)/f.&imn thiogﬁgt;é'? Eg]'?igeo%%&i' ?Bitagggg‘ggli%gﬁgt to

use a di fdefinens framppiorigfondastiribingfalrat it ine reensedeoane fomdtotrecdsody(2) Zabl «f
MLO6- 3 summar.izes the main functions (i

.e.,. nat __exhaustive) of the mapping
i nt er f acePNCa@pe rales SayeERIgesIRg Mgtrncerol zambpw&e@@éfae@p% énfﬂé’ﬁ iSRG Veign

allows ¢ ' Eon, L g@?[

DESCRI PTI eggéesc utﬁrg]l)eﬁ{géer #%?%U?%%%lg’%gg%%a&tgﬁa? \%@) %@_%?Ses%@%e ormat from
t he i nputdoXivineiobatmntistO®f a nfarduloly 8@APENeclope, s 0@itiha (SOAB heuden adéd bel ow.
setlnput Stream Sets the input stream- i. specifies the source of the

put str. €. .
| nput  XMMersiatars SO ARDBodshdn this sitgtien, irissnssbletansea et mapninghiendsr forie
mai n functj [ 1, xhaustive) of the mapping class 106-4
(XMZxNaStE;%lég‘g‘ferléﬂe)a.%d,&gggécggussed above in relation to the definitions of
class and interface, the XM.2xMappi ngl npl class is not used directly, but

i s sub-classed with content added to appropriate nmethods dependi ng on
docunent TapleMl&pinsuniraarizes dre mpia fiupgsions e, nog schanetivee) eOthemeappegiaispi@ee f r om

th t put ject 11Q ity i ' t 1 WD 02/ 101579 PCTLUSO1/ 49577
TABLE M10K: EONE B or P SRR stsdice e e i AT OF e
end of anheipetteamhe parser 104 will invoke this nethod at the end of

every elenment in the input XM. docunent 108. There is a corresponding
startEl enent() event for every endEl enent

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
(XML2xMappinglmpl). 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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- event even when the elenent is enpty. execute) Perforns the mapping that
W ll create the format from the input XM. docunent 108

set DocunewpDloeaetsay () Recei ves an object for |ocating the @Cgiusooios8AX
docunent events. setlnputStreanD S R % h t stream Specifies the
source for the XM. docunent that |i—P%L§g?@§gped. start El enent () Receives
notification of the beginning of an elenent. The parser 104 i nvokes this
nmet hod at_the beginning of every el errent in the input XM. docunent 108.

- even v
\M:Ee e ] ‘ CCELVES NofITlCs t an ¢ t € h

reported,
reference to Fig. 3, a met hod 300 ﬂa?sek'lbdv'%ﬁ ﬁ%v%ﬁeﬁﬁof%ﬂGdfaPﬁe%&'%f@«}eﬁteps
that are perfornmed to map the XM. docunent 1()8 to the software object 110
(e.g., a Java Bean): (a) obtain ' XNe doewpemd OBnflbefedee 106- 4
(e.g., XM.2XMapping) for inplenenting the ma ect X at
step 302; (b) invoke the mapping i¥H&e, FE Uit nent
i nput XM. docunent 108 at step 308yeddevi¥PudRh HR1E2e RS rg@g_é/ 49577 (c) t he
mappi ng i nterface 106-4 obtains aﬁ_t—a'h_t_é_b_é'ml ns (e.g., the
parser 1G@#ycut() step 308 and reqi SReefosmt te mamindidai wilkbertsae ehelfofimd fagn a
content handler (e.g., buffered content handl er class 106-2) at step 310;

(d) invoke the parser 104 on the Py 19%  pegin parsing the
document )@, iR oodtor() (&) as Stgp Ll 51’?0?9‘3&&81{ 1564 1ngctﬁ<l: l)z,qlﬂ?&gARC Cur to
the mapping TNLerface 106-4 TTnvoki ng vVari ous  MetHho Step- 314 ,

start Docunent, startEl enent, char akbtamsnt eeaslEl enent , endDocunent et c );

setInputStream() Sets the input stream. Specifies the source for the XMI,

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;

12



(f) in the startDocunent and/or startEl enent nethods the mapping interface
106-4 creates the software object 110 at step 316; and (g) in the
endEl emrerworeetitisd t he mappi ng interface 106-4 sets the el @c#niSoi/ 507 t he

ft i t 110 at. st 18. . The .SAX API di b i |
oo (e ik Sioa b -7 Bt an Rl P v PR E e B i e IO R o
wth cr ea&éﬁ‘ﬂ)S?an@'r??&eﬁsﬁﬁé mia hg RBirSced 06PN Lok dhfiler (b%t, %ﬁf@fé@cgr&ﬁxéﬁi‘ ch

is a callback interface used by XM. parsers to notify a program of
event s ashanflley clasy D6k Quatdtepi310he XML docunent. The interface is used with'

the XM.2xBufferedConte ngdl | ass 106-.2 .and t he XM 2x| nput Sour.ce cl ass
106- 1 T el Bpipatket D40 e ot B Rari B el pathsE e Rebe S p
for the "{fgntentHandl er" interface. An exanple | "XM.-JAVA CUSTOMVER',
detai |l ed befl ow, extends the "DefaultHandl er" to generate a custonmer Java
Bean f r onfepascaiist @iy pexfdrmedycatibatks dexiaiPitiie mappiivg intéfske COGTONERR ing harious
ot over RS E b eboen, G0 o585 Bt Sapocumen
XI\/LZOJstcg@yl\/appi ng.java: the handler class 106-2 that the parser 104 calls
back to. 1t” contains the instructions to construct the custoner object and
est abl i sHf) inshe/sthuti®scunidd)t ark/eciel eaneat methedpthe giappingfintelfecab(dpd ogates the
class/interface 106-3, 106-4 used to execute mapping from XM. to Java and
from JavaoftyasebieqtdiO eksemP K rnd bel ow); (D) customer.java: the out put

cust omer X . / .
Cust onrer g%@ngﬁ@é}lg%torﬁ%}g?%é%%g g‘élﬁ%%f% é%g }i(lrf]) 'S séﬁﬁ‘ﬁéﬁéﬁ%ﬁ%ﬁ ﬁ;ét g ?ther%oé‘:t a&h map
is used tdbjechBpo higepBUBLs of tags to integer constants for use in
XML2Cust onmer Mappi ng.j ava. A. Input XM. docunent (custoner.xm ) is provided

bel ow. //START custoner.xm <?xm version=" 1. O ?> <custoner>
<First Nanﬁ%%ﬂﬁl 5i§éul§ksié59 eﬁaove, includes many specifications known in the art. The present

invention is concerned 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 I
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
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<Last Nane>Doe</ Last Name> <Custld>xyz. 123</Custld> </custonmer> //END
custoner.xm B. A program ( XM_2Cust oner Mappi ng. java), wth sone reductions
for conciweri)eﬂmsn o] const ruct the custoner obj ect and toPs@USVEIGEs into

i dl t th I ded I
| START M SST BN AL, AP OB Copr LS S £ Bt Bl BT Beehe
COM XXX. Y ZHERRRENEF %P@-@EM%?&' d@ﬂkt@ﬂﬂs £or e Y KNEL S sk HBBNdpBng java.
fieldCurrentQualifiedEleznentName = new StringBuffer(""); pri vate Cust oner

fieldCustoner; pri vat e Stack el errent Stack; *

XM_Cust oner | nf.02R st one InfoMa r constr ctor coment. public
XM_2Cust dhrer MNP doélg‘ﬁ‘ﬁ’éﬁ'éuwém Si%ré’wdﬁ ER™st ack(; } * characters

met hod conment. public void characters(char[] ch, int start, int |ength)
throws org.xm .sax. SAXException { switch (this. fieldCurrentEl enent Synbol)
{ 14 V\D/LSZ]NRTJIB&QoﬁéfI’thBOl/ 49577 case Custoner Synbol s. CUSTOVER FI RSTNAME:
case Custone ynbol S. CUSJa LASTNAI\/E case Custoner Synbol s. CUSTOVER | D:
((Stri nglﬁrf )T et Ast El enent ()) . append(ch, start, | eng

<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;
* XMLCustomerInfoZRecordCustomerInfoMapper 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



th break; } } endEl enent nethod comrent. public void endEl ement (String
nanmespaceURI, String | ocal Name, String rawNane) throws
org. xm . sww.03AXExcepti on { String synbol Nanme; if (nanespa®eURISOEegpsat s(""))

synbol Nane = rawNa C v + | ocal Nane;
this. fieldCurrentE emnéf%g%%ﬁ{gpgg/%g?%n%{r}%@gﬁsﬁg%Eﬁn%or(synbol Nane) ;
/'l Get the value Steasg VabuemsrSymbols.CUSTOMER LASTNAME:
((StrlngBuffer)eIe t 0 LoStr g/ ch (thi

el dourrent B omereeys gﬁl?t‘?m%‘(é% nbOTS L9 l\rﬂr%%r@c:USTowER FI RSTNAME: {
this.fiel dCustoner. setFirstNanme(val ue); br eak } case

Set L oot nabiRes et R PERIN sk e kR ﬂﬁ?f 3. QEBSeRERD BEAFE 1R,

fiel dCthtmre)r set | d(val ue); break; } } th| s. fieldCurrentEl enment Synbol
0; .

break;

}
* 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.setId(value);

break;

}
this.fieldCurrentElementSymbol = 0;
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} 15 WD 02/ 101579 PCT/ USO1/ 49577 * @eturn _
com XxxX. connect or. mappi ng. xni . test. Custoner public Custoner getCustomer()
{ return wbiog/16152¢ dCustoner; } * startEl enment net hod conPemtusopwsii c void

start El engn 1ng a ri Stri I awNane,

org. xm . saxééﬁ%lgu%%g%ﬁ?é?gt r%J%vca?L%?%P%ﬁ?%%@g%&b%%%ﬁg%%r{ String
synbol Nar@bl fc (Rasespar e Customés() ")) synbol Nfarer: ravaarrF; el genb I
symbol Nane = nagespac .+ Nane; this. fieldCurrentEl enent Synbol =
Cust oner Synbol 's. ge%ﬁ%]% (?y%%?@rr% “7 el enent St ack. push( new
StringBuffer()); switch (this. fieldCurrentEl ementSynbol) { case

Cust onrer Sypb 1K R this. fiel dCustomer = new Custoner(; break; }
} O} I/El\%%ﬁ%s oner }f) (ijn%(? Va'T A program (execute.java), with

reduct i onsufbtc conid senesti] esedt { Bt eXeg ut EmeBPHEAIRT | r ovr XM 1 Scdananéand
[rom Javaeh o 2. andeLatbed L Srammle L, bel oW, L[ START, execut . ave
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 XMIL2CustomerMapping.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 II below).

//START 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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inmport java.io.*; inmport org.xn .sax.*; public class Execute { * Execute
constructor coment. public Execute() { super(; } 16 WO 02/101579
PCT/ USO1/w097/i01579 St arts t he appl ication. * @aram args amCarusay4sf7

command- | i pe ar tic void main(java. Iang String[] args) {
int numter a%l O%#é’é"f{‘}ié ?ﬁg %%rlear Mappi ng i nMappi ng = new

XI\/LZOJston’br@@qmparmg@qs msann&yzmcﬁbmwng DuhEvengBaeBdB/appi ng = new

Cust oner 2 p| n eat e ndI er and t he

Giat oner AT Tar o 1 3R Sta /0 St RKBDIAGE T HE MABRE Rof ES R

XML2Cust onrer Mappt ng@imIt&ust boes 2$(|VLNB.ppI ng out Event Basedlvappi ng=new

Cust omrer 2XM. ad in the customner. i .

Byt oA T eyl npUC ST B FASEEaRP LU TISEE G5 (- &1 KPL Qe PEgRereDping ()
filel nput Strem&tmzfmméppuh@twam cUBkosBMapping; = hywe[] bytes = new

byte[fil el n$ut Str avai | abl e(]; filelnputStreamread(bytes, O,
filel nput$tste %QEPQ@%%P@W? ) inStream = new Byt eArrayl nput St r eam( byt es) ;

} catch (Excepid®©d €le{XML2Customer handler and the Customer2XML handler
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 () ;

17



e. printStackTrace(; } ByteArrayQutput Stream out Stream = new
ByteArrayQutput Stream(; try { long is = SystemcurrentTineMIlis(; for
(int i=0;wDo2aesrer ati ons; i ++) { I inbound mappi ng // mwap/dSoomsxXVL
docunent to custone aya Be a .

i nMappi ng. set | nput S'é}f %il\l ﬂ‘é? %n? ppl nrglaég?egﬁ IéI( XML/ Fogg%nt +S
execution':+dirausztarnenngetFmrsmamd be; caIIed /1 get the custoner obj ect and
print its contents t oner , aCust . get 7 .\V\O
0% 101578 PCTI US01/ FEBS95 Sbc BhLOat Ry FREENCERPr SFORafit FOHIRRE adEunent
is "+aCustooestgetFl gestMaseine ( System out . pr| ntl n("Last nanme from XIVL
docunent is "+aCustorrer get Last Narrgé} X S\t/stemot rintln("Custoner
from XML docunent igYst -GFQCBEFOHEFHE Id?)1 OfF L Ch na oph&MraPGEY TSR Tt Pré
cust oner @t&@@@to@@s eneq . ($et Fi rst Narre("Jarres")

aCust oner . set Last Na "Bond" - aCustoner.set1d("007"); outbound mapping
/1 map fromJava to I\EhaBE?E{&Eﬁt %ﬁ%@ﬁ%ﬁﬁl EB%EP@E@F@HEPP&@G&ONH)

aCustomer.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) /numlIterations+"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.xmlZ2xmapping.sample.customer;
public class Customer ({

private java.lang.String fieldFirstName = new String();
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/ I out Event BasedMappi ng. set Qut put St r ean{ out St ream ;
out Event BasedMappi ng. set Qut put St rean{ System out);
out Event BasoadNusp® ng. execute(; } long to = System curr entPCrmsM/udsrs O,

Systemout. println(.Average,tine +§L e- -t s)/lnu erations+"@s. ), (} .catch
Cxcopt i on &) PrrBenf) R dlaaasstyhe i oot heRd celet SEriby b A
custonmer Java Beavateustoaeiangva)ringdéiaitizd behow. SArdagd)Bean is a

reusabl e *c§£gonent that adheres to a standard design architecture known in
the art. A BRAhCTETaCePEEEUCHBl eCP™RAF - may or may not be visible at run

time. JaveBeans punevbdera)conponent architecture, a standard framework for
devel opi ng cogonent .|/ START custpmer.j ava package .
com xxx. xm 2x %?ﬁé. sanpl e. custoner; public class Custoner { private
java.lang; String fiel dFirstName = new String(); 18 WD 02/101579
PCT/ US01/ fg(gg{ private jcava. I ang. gt ri ng,fifel d.a'gSt. Nanme = nsw String();
private javeStang st FiA§CNRBEIPACReREY SERVAgLany - ehstBer VEGHSt r uct or
comrent.  puplieufLHStRERE( ) stngMBeptopekty #BLSethe firstName property
(ava-tang, S LL0% L85! Sstname
public java.lang.String getFirstName () {
return fieldFirstName;
}
* Gets the id property (java.lang.String) value.
* @return The id property value.
* @see #setId
public java.lang.String getId() {
return fieldId;
}
* Gets the lastName property (java.lang.String) wvalue.
* @return The lastName property value.
* @see #setlLastName
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 voild setlId(java.lang.String id) {
fieldId = id;

/**
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* @eturn The firstNane property value. * @ee #setFirstNanme public
java.lang. String getFirstNanme() { return fieldFirstName; } * Gets the id
property wWpagaoisang. String) value. * @eturn The id prop@cmyusSoaiaser * @Bee

#setld publigc java.lang. String getld _return fieldld; * Cets the
st Nanb. oF oFeHEy Bty abe TS R FTngs Y aliav" Y4Rg o0 B HhGhe 7 hlE N
property val@eardm @eetises Lois¢ Naoe pablé cfpavené apgoSerting get Last Name() {
return fiel dl ast n?egf%% * Sets the firstNanme property (java.lang. String)

val ue. * T3 9 W% Re new value for the property. * @ee
#get Fi r stiNetsel pudi@ yot Oa setidne 5§ Nasre{ oy ast angg St stigahey st Name)

fiel dFirstNane_= firstName;, } _* ts the id property (java.lang. String)
value. * @Jargﬁi‘aﬂ%&?fgﬁv T/ajr%u%gs%met he property. * @ee #getld public
void setld(java.lang. String id) { fieldld =id;, } ~**

}

//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 following
components:

(a) a handler interface 114-1 (X2XMLHandler) 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 (X2XMLMappinglmpl) that provides methods for mapping
from the input Java object 116 to the output XML document 118; and
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19 WO 02/101579 PCT/ US01/ 49577 * Sets the |astNane property
(java.lang. String) value. * @aram | ast Name The new val ue for the property.
* @ee #gwOltagomName public void setlLast Nane(java. | ang St r ipeg/usasydNane) {

mappi ng. {1 om 4.4 v aRbaectclar | (4 ERE RHEEER THENTaf S SReht hpgBRML

events f QdocahkntSti& t, el enent and end tags, which inproves tracking of the
events. As a further exanple, consider expanding the single custonmer XM
docunent to an array of custoners. To generate an array of custoner java
beans fol procedure e the . startEl ement f oners_to
create a tﬁﬂét %ﬁﬁ'( u}mpquteﬁglesrp%p célﬁﬁﬁ{ -S> Pt @ﬁ@HSt@ﬁ%PgW@%Eﬁh@%‘tnéelg‘ce
Cust omer Qb eetixMMahliict) THRSndfhehShalilEN eERblend t el gaent
events for Fi ?gt Nane, aes)t Nane, @ c?SIhCust IDto Sr(glp ate ac%:us Erarlgr

obj ect, englﬂteesrmmnsthme Vdtls & OB corttainem sBretdochie@usiplagr 1 lzmnpleastca]l bheksttb ehe
vector, and endEl f.or omers to reate n.arr of Custoners from
the vect®PP: él?‘ﬁjmgg{ﬁqum f?ﬁt&?stcﬁjt@cﬂr%%t Igigje &Velﬁéil ﬂ]&ﬁaﬁlﬁﬁl SRR elemeptsand s
mai nt ai neg oBYad HEmPRANBERle. 104 for recursive XM structures (i.e., XM

el enent s that represent lists of lists). For each startEl ement an object
is created. The stack can be used to keep state as required. Once a child
elenent is created it can be set into_its parent object. SOFTWARE OBJECT
TO XML MAPPING Wth reference to Fi §ABRE MAM-GBIECT- XML mappi ng nodul e 114

i ncl udes OW ng conponent s dler interface 114-1
(X2XI\/LI—IaII N T .SDEéékIP"‘H’ b) a mapping interface 114-2

(X2XM-Mappi ng) for executing the mapping and setting an output target

stream (c class 114-3 (X2XM.Mappi ngl npl ) that provides nethods
for rmppi(gezElement alu% lgeturns the \E)arl)ue c?f arrrlpelgment Thlps 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.

getElementAdttribute() 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.
1sOptional 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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fromthe input Java object 116 to the output XM. docunent 118; and 20 WO
02/ 101579 PCT/ US01/ 49577 (d) an output target class 114-4
(X2XM_Qutwotozaoged ) to i npl ement the output XML docunent PCIAISoTadsie M
14-1 summari zes the main functions (i.e., not exhaustive) of the handler
interface 114-1 (X2XM.Handl er). The mappi ng nodul e 114 inpl enments the
interface 114-1 and registers an instance with a JSP contai ner. The
docunent tenplate 112 makes call backs to the napping nodule 114 for basic
docunent Inekadrellaeventner isi dneentityethst movidemiifeeryde afianeg@nerit scenty, dapboygednt an

el enent value.  TABLE M 14-1 FUN ON DESCRI PTI et El enent

Ret ur ns 38 YR SEVicsH 0f0mMRaents Cﬂ%reiage lag%snfaﬁg\' W&S@Eﬁ@%ﬂ?ﬁ@%ﬂ%’
types th €, t nt ()
rone: ves el REPBRHYidcRhAbn IS Rl SrARENA SaTR: SR AT

mai nt ai nicogtasieatieat phevidesarckworl servides averceinph eequestpand @qﬁdﬁlse@rmasdktt,t deichdidse O
Returns the s eC|f|ed attribute's value. This is usnti_j1 w%rkl ng wwth a
attpéggl est

corrp: ex tiesishard fosmasspRantsy. ASTSEr qonigiper dhp cottaing; € same
E f
Pepot i 11 onbicesia bsBRcphAlneul PRERHIHS! R Sl proBiopt i bl ORET ©

at tri but eepgetpr esent, ot hervm se returns false. This is used in the XM
docurnent tenplate (JSP) 112 for controlling whether name and val ue are
generated for an optional attribute in the XML docunent 118. This is used

when wor kgt 152 6% aL Y PRk DAk Sleh GRP R AN SEALE ofPss BB verftl BTEN

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 handler

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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start El enent O Receives notification of the beginning of an elenent. This
is used for maintaining state when working with conplex types. 21 WO

02/ 101579wWB@TAUSAL/ 49577 I n general, a container is an enPCryusShhats7pr ovi des
life cycle managenent, .securit depl oynent ... and_ ryntinme.services to
conponent STPHEREC T ah FRAGTSERTG dEFRE BHbEE Rt EC pitise jgeer
servlet, apphek iRt&adorishfiesprovi 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 is a container that _ proyjdes the sa ervices as_a

Senv et it Gl exie ghegret Phaett piL] prert 4R A oL Beepetoni fRges
into a sgfydele migMseandl er 114-1 provides a mirror (although not
identical) i mge 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.. n.the parser 104 is.inplemented using SAX the events are
recei ved A%}P yﬁ@ fReHEcat teméa-ta?l% (written yspigokay pRcay sy Pasestesnologyrdisethe s m

t hat proc . i @g%t i o]
popul at e %ﬁ@@éﬁﬁgﬁg%géﬁgﬂgﬁsgﬁg en@P%%gﬁﬁgggﬁégpﬁﬁéﬁgﬁ%mﬁﬁmgg ?hback to
t he X2XMddasgtien enatli@p fchaeidd #-the ovdiall phigridy@it withéutlalRriag dxsesletlfi@gcal | back

by obtaining the requested data and nai ntaining the state of parsing.
Wi | e t hedymargn emtont dveagwentages isap efesioarof ithe taga Servist techaolpay.ivaiieh is

function ggpﬁ ae 1 XM - ECT mappi ng nodul e 106 there are certain
di fferenz‘ggff(&n e gt}%g%etstlglr}gegé%i S a?génerat ed or hand coded, and is not taken

froma schema with "namespace" support. The el enent name can be nade
uni que for each elenent. Therefore, only a name parameter is required on
t he st art El emetLaieduserdterapliatet Idet hdowdingherie mepmiilag i s performed by the

XM.- OBJE 0PI N e .10 t he i,nput .source cJl S -1 (i,.e an

X Readery e FRREHE P EE Bt fieni Mt ARL0R et ARG ot ediymrig

cl ass/ i ntei§ al®wd @6 hdnd18PFr41 tdRaRtLNBEl. TATR JSP PRIl Ridudiehleplid AL the

nunber. This nunber is wused in a switch statenent to control the

pr ocessi rifarbfind ¢nsl tegearealss codled ditestlpBy B@Tthewill 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 isOptional AttributePresent(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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nodul e 114, processing is optim zed and codi ng assistance is inproved by
defining the 22 WO 02/ 101579 PCT/ US01/ 49577 el enent nanme as an i nteger
const ant .wOhenefser e, cal | backs to these nmethods use i nteg®CT/Usongtsant s

i nstead q rings. .The order of evepts in.th andl interface 114-1
mrrors t aééoru {;l?e lgﬁlrﬁiaﬁ‘f‘%{tﬂﬁﬁ%aﬁen?? ﬁ@oul(gﬂ}vgg‘f H‘ffgaﬁ@%@ﬁ%‘ggexrﬁ@ XML
document diengiNt@e ldnd didBldh@RiMShdst, TRVRIRMG IS a8880dsechnol ogy), uses the
coding style detailed bel ow. JSP technology separates the user interface

fromcontent generation enabling changing to the overall page |ayout
ext ensi on ST V2 SanHeRF i W AR Bt ( CaRpER RSP e SRR FEgErSe
Killed imngt i ' I
skilled im4 Q%XQXMLM%@H%? Wﬂ%@ﬁaﬁpﬁ{gghﬁﬁc&m_z e%e%{ﬁﬁ%‘%@é ﬁg%@%%! h%f@égnp e

Cal | backs are coded for the start a tags o ocu and for
conpl ex t(ygwesen Javhiasd AV bhand ¢seabhisindlaroufi tatgdt etresn NTht mappiaf entetfacet he ISP
XML docu t.t te 112, th start and end tags are also coded directly
so t hat {Eﬁgyz %%%Pfsglée Eﬁﬂ%iﬁeee@ar%%% ltlﬁ'eht“élﬂ r@Hld%&’S@PCU@?ffté%mPla‘Wﬂéﬂ 9@Br ki ng
with a si : b g1out start and end

t ags Shogﬁg&§¥?¥P§ggﬁ%%%ggﬁg%n%ﬁgﬁf%ﬁggﬁﬁf%ﬁﬂ%go |r2g gg to the target
output stream |If a conplex or sinple type is optional then

i sOptional El ementPresent() is used in a conditional clause within the
tenplate 112 to control whether the optional elenent is generated. If an
attribute is optional then isttionﬁkﬁiﬁﬁﬁgﬁégPresent(int attributeNane) is
used in a conplex type and a isOpt ut ePresent (i nt el enment Nane,
int attributeNanme) in a sinple type. If the elenment type is a repeating

sinple type then determne if it contains an optional attribute using a
isttionﬁﬁEﬂEEKB&LeELesenL@LnL_Lndﬂﬁiiﬂﬁﬂlﬁhbnenthbne, int attributeNane)
nmet hod. For repeating el enents, getEl enent Repetitions nethod is used to
return the nunber of repeating elenents. This is used to construct a | oop
in the tespuad(p 112 to process eaqhfofth@iRMhapphill thel Wil Gedty BRDutfld ML
tenplate 112 should contain the start and end tags and call a

get El ement Val ue(int index, int el eoermdidid$. to obtain the val ue. For
conpl ex types, since

setOQutputStream() ‘ 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
(X2XMLMappinglmpl). 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 X2XMLMappingImpl! 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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23 WO 02/ 101579 PCT/ US01/ 49577 state nust be maintained the tenplate 112
shoul d i nvoke the startEl enent(int index, int elenentNane) and

endEl emrenwpioatioismadex, int el ement Nane) nmethods. Table M PETAISOUMITAT | zes
the main functions (i.e., not exhauitiﬁiilgﬁ ;he mappi ng i nterface 114- 2
(X2XM_Mappi ng) . The mapping interfa Xecut es the mapping function
(between Java and XM.) and establishes an output target stream The mappi ng
interface 114-2 extends the handler interface 114-1, which provides the
docurment HIENETEON 112 call back nPERGRIPTI@Nssary for generating the

out put XML docunent 118. TABLE M 14-2 FUNCTI ON DESCRI PTI ON execut e()
Perforns the mapping that wll create the output XM. docunent 118.

SeLOUI PUIRERRTL) Sets {he out bul S@RTAmIAED uk g PULR oy docn!
118 wi I | "be generated. Ta -3 S I
not exhaustive) of the mappi ng cl adsubb4t BlS. ( X2XM_Mappi ngl npl ). The mappi ng
class 114-3 provides the nethods for mapping fromthe input Java object
116 to the output XM. docunent 118. As discussed above in relation to the
defini ti qag } g ‘uﬁ)&%ﬂ'B i's not
used directry, D T op

nmet hods dependi ng on docunent typedocdmfenmntg@msbégﬁheltakw out put XI\/L docunent
118 to be mapped to and the input Java object 116 it is nmapping from 24
WO 02/ 101579 PCT/ USO1/ 49577 TABLE M 14-3 FUNCTI ON DESCRI PTI ON execut e)
Performs the mapping that will create the output XM. docunent 118.
setQutput Strean) Sets the output streamto which the output XM. docunent
118 will be generat ed.

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 servlet. 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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Table M 14-4 summarizes the main functions (i.e., not exhaustive) of the
output target class 114-4 (X2XM.Qut put Target). X2XM.Qut put Target cl ass
114- 4 al lwe2t1tis7XM. docunent 118 to be witten to a byt ePCIUSemmISoT a

byre st rBamroba 3P satutiereRERSER: S Erb e e 2RV Fne unone, -
the XM dogunenge j@ﬁMEMeclﬁﬂh% BHéERE 944 bk BRI XEXMIIHAR: fHerfaclABLE M
14-4 FUNCTI ON DESCRI PTI close() O oses output stream and rel eases

anysyst entheegfore; thesX288E Mippirgtnnl ¢lhsst Id-Sim@eaments thesh¢thodd defined irothe put
stream a s .any buffer output bytes to be witten out wite()
Wites b%%%mdgeri‘ﬁg@i‘cfeﬁe@ﬂbyte array to the output stream 25 WD
02/101579 PCT/ US01/ 49577 In summary, the X2XM.Mappi ngl npl class 114-3

i npl ements the X2XM_.Mapping interface 114-2. The X2XM.Mappi ng interface

114-2 extWﬁhseﬁemce(B))@igl—mmihahod Aﬂ@tsfiﬁuﬂralelﬂsl@wing‘ﬁﬂae peficvalestepk itheat are

X2XM_Mappi ngl cl as nts th t hods defined in the
XZXMHaE(F;)He ”E%@rmala 6159 Wfre efes et lavaisap) {9 tha X %Lﬁ%%@f‘dub%f is

| 1 ust t r pth
sof tvar o by San dpJEsplte 8 ﬁ‘be“lﬁ’épﬁé BREEROR B e SRR B ()
obt ai n arimiphesheaning tid mapEngdippi ingut cm;m Karks th1ke utpet XIML do2¥MeMBI8i A glepf Or

i npl enentjng the mapping frominput object X 116 to the output XM docurrent
118 at st”@gé 402; (b) set the software object 116 and an out put stream for

.t he XM. ﬁgf&é@ﬁ{gso%ré Bbj %aq 16%@%89@1%% Ina%)gth]e]#%@ cr e egtpl llé\llglgle((:g%t ai ner

i nvoke t mappi ng | Nt ertace
at step 40&ipitgehntdrivee MipPiangicp @04y f ace 114-2 | nvokes the J SP cont ai ner
using t he(c)‘]1§an)olZ(el\{clﬁet1§ar£ginagtlgte%f%ge 114-2 at step 406;
(d) create a JSP container at step 408;
(¢) 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;
(1) 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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that will create the XM. docunent 118 at step 410; (f) the JSP contai ner
conpil es and executes the JSP XM. tenplate 112 at step 412; (g) the
conpi | ed wBR2XM57¢ enpl ate 112 starts witing, at step 414pcrhsoMMs7docunent

For of enMEPRIE HPBURSR St taptrs 7 LA RBRG! PRgLAL M2 il Afade hah o

conpi | ed g 56 %%‘%da}c%r RipBlea %ﬁg E%lsérslOt@fiﬁﬁidcg?)rééégseg@\‘?&ﬁ@@lt |A4Ghf @ffpidd4-2 to

mai ntain state essi to ad a to the output XM. docunent
118 ( dat abjsts)effor examaplé,rfonvdnysex §pks, warteandizng ¢4gs bh6t bé cdetlifrotaeqmiddddr JSP

XML tenpl ate 112 can optional Ly, I 418, an .

i SOpt | onaA IS FS e o X AREH Jﬁ%@éﬁfﬁ?@i ¢ SRSl s SROTREE ABA o
determ ne..j j i Tent uld be generated; (j)
the JSP Mﬁ%tecﬁrgrjglt@*eﬁ%a%% stgrggﬁyt%g&;éusgé}%ﬂmr% egeti tions nethod to
determine how nmany times it should | oop over generation of certain

portions of the XM. docunent at step__420; and (k) the state of processing
is maintained by a stack at step 4221?X1AM]:§LE§I useful when generating

conpl ex types within an XM docﬁ@ﬁA'ggﬂﬁr$%%Mﬂ§y occurs, recursion
occurs or a conmplex type is co i her conplex type. 26 WO
02/ 101579 PCT/ US01/ 49577 WMapping fromJava to XM. uses the XM. docunent

tenplate 112, which is coded with_ simlar standards inposed by the parser
104, whi cFhefielewingeomnpagnts ({eiailed dslom)asn Parboiperplolj ect s). For exanpl e,

or 1 m 1 v ek Vi BE RS e iR HZ05 ] PRI ghfin
gener at eSy ks R MelinsiTuGoRkr vk &g}%@unmb r}%F@l@ieﬁh& Beght XNE! @RmehAVES;
object. EXAWPLE Il JAVA- XML CUSTOVER The foll ow ng conponents (detailed

bel ow) ar(@)pastomef jspx dreplSE templater) 1 2ssd emgan2idkd i ppipuy XMy docuntrat ha$idl er

| 114- hat t P.112 lls t t ai | the.i
custoner (AL s T8 SORBTACUNTE DUpETRAR: GBE LS Frged } Bye
(]:_ljlj_g LOMer . ¢he RamEd6r tlSRgh SRl cdnkeintss athe ISP ISRFTRRT 18 20 REs BH TR er hhstARE UMENt

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 (Customer2XMILMapping.java), with some reductions of conciseness, to

construct the XML document from the input Java object.

//ISTART Customer2XMLMapping.java
package com.xxx.xml2xmapping.sample.customer;
import java.util.*;
import com.ibm.xml2xmapping.util.*;
public class Customer2XMLMapping extends
com. xxx.xml2xmapping.X2XMLMappingImpl {
private Customer fieldCustomer;
/ * %
* CustomerZXMLMapping constructor comment.
*/
public Customer2XMLMapping() {
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(C CustonerSynbols.java: contains constants and a hashmap. The hashmap is
used to map the nanes of the tags to integer constants. The JSP tenpl ate
112 uses Wb@zhaﬁseﬁger constants; and (D) execute.java: thecprusgt/aasvof the
mappi ng cl ass%?e pce 114-2, 114-3 used to execute mapping fromJava to
XML and from Java (as provided above as item C for Exanple 1). A A
program ( Cust ofies XM dbpprerg’ favadmeni 1dp%ome reducti ons of conci seness, to
construct, the XML docunent fromthe input Java object. //START

Cust oner Z}XI\/LI\/B.ppI ng java package corn. xxx.xnl 2xnmappi ng. sanpl e. custoner;
import jadfgiutil.*; inmport comibm xm 2xmapping. util.*; public class

Cust omer 2XM. com xxx.. xol 2xnmappi ng. X2XM.Mappi ngl npl {
private mst%?rﬁﬁ%ﬁ?%ﬁwns matho%%%ﬂ’%?’éxmwa ppi ng construct or
coment . mbl i c Custoner2XM_Mapping O { 27 WO 02/101579 PCT/ USQ01/ 49577
super(); fi dPa cust oner et El ement Repetitions

met hod ¢ q‘b bg?EE}We@%%ﬁ%%ﬁ%%&ﬂl%ﬁg% nt name) { switch
(nane) { } r&iwur’rn:k@ (ndme) {

}
return 0;
}
/**
* 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 "";

}

* getElementValue method comment.

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

}

LAAR 1
14

return

}

* @param aCustomer
com. XxX.xXmlZ2xmapping.sample.customer.Customer
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[** * get El ement Val ue nmethod comment. public String getEl ement Val ue(i nt
nane) { switch (nanme) { case Custoner Synbol s. CUSTOVER FI RSTNAME: { return
this.fielwOuwstiorsey . get First Name(); } case Custoner Synbol CCUSTONER

LASTNAME: r et t i St t ;, } case
Cust oner é)ydn%lorcg&&i&g%%%%@&?&’f%@%‘f%mgﬁl %ﬁ%%it mer.getld(; } }
return } * ga@%mww;mmd zonwemner publ ic String -
get El enengal ue(int index, int nane) { switch (name) { } return }

@par am aCust oner com xxx. xm 2xmappi ng. sanpl e. cust oner. Custoner 28 WD
02/ 101579 PCT/ USOL/ 49577 public void set Custonmer (Custoner aCustoner) ({

this.fi el/ﬁi%ﬁ t(%@%&ne?ﬂ?ﬁt%%g%gijavi J

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

module 112.

/I START Customer.jsp

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

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

o\

<%3X2XMLHandler handler =

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

handler.setWriter (out) ;%>

<?xml version="1.0"?2>

<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.

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

public class CustomerSymbols {
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/1 END Cust omer 2XM.mappi ng. j ava B. A docunent tenplate (Custoner.jsp), with
some reductions for conciseness, in JSP for nodule 112. // START
Cust omer . wOm240@&page i nport="com i bm xm 2xmappi ng. *" 0> PCH@PHYST7

i mpor t =" com i by o 2XPRPPL NG; SAIPL £ EYSTONER- — st omer Synbol s
<oX2XM_Handl er handl er =

( X2XM_Hand| er ))p@eiiest Siget A t £ibat e{ T ofVUSDHOYRRI RXREPPANE. X2XM.H andl er");

F1 ot Namo>codhandl er” GorEF Sraut Vat b ( CORTSHer eyl ATbieTovER P
RSTNAME) 0></ Fipwt Nedrestatic final int CUSTOMER ID = 4;

sLast Nane><9&hand) er. agt H et YAl Hel QUst oer Syobel 5. CUSTOMER L AS

TNAME) 0></ Last'Nanme> .
<Cust | d><o=hareitiera yet HE shent Val ebd)Cusé pienSynbdt 51 GUSTOVER |1 D) %
</Custld> </c

(Cust oner synb sﬁﬁt\r/%)s,{%\ﬁ\l?? é%ségggr.@f%%g?p\ é"ggéﬁim%‘éhééé,.of a hashnmap
and const’arﬁ&hmmt]bﬁﬁmémretrsqukpolé /cﬁé{?’?@iﬁmﬁ?‘ggﬁh}agyapggfrgge
gloglséxaé%%’;%%%%ﬁg%g%@%%%gﬁ%fL57|9mF)>CT/ USO1/ 49577 public static
final int CUSEQYER 6 A,
this.fieldName2SymbolDictionary = new HashMap () ;
this.fieldNameZSymbolDictionary.put("customer", new
Integer (CustomerSymbols.CUSTOMER) ) ;
this.fieldName2SymbolDictionary.put ("FirstName", new
Integer(CustomerSymbols.CUSTOMER_FIRSTNAME));
this.fieldNameZSymbolDictionary.put("LastName", new
Integer(CustomerSymbols.CUSTOMER_LASTNAME));
this.fieldName2SymbolDictionary.put ("CustId", new
Integer (CustomerSymbols.CUSTOMER ID));
}
* @return 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
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public static final int CUSTOVER FI RSTNAME = 2; public static final int
CUSTOVER LASTNAME = 3; public static final int CUSTOVER ID = 4; private
stati c ClwpepmoSynbol s fiel dl nstance; private HashMap PCT/US01/49577

fi el dName2Synbol Di ctionary; private static Object anCbject = new Object(;
* Cust oner | nf oEl enent Synbol s constructor conment. private

Cust onerfy gihetadd the ([XURREuRent for the ity bf @lseNere aRMabe dlcGdsk®RACHjImABNY
HashMap(); this.fiel dNanme2Synbol Di ct1onary. put (" custoner™, new

| nt eger (VOs Evaraplsy aiseinpleQiSROEREY customer.jsp is provided below:

thi3.fi %}S\I{alg@n% %nan_ol Di ctionary. put ("FirstNane", new

I nt eger r'Synbol s. CUSTOMER FI RSTNAME) ) :
t hi s. fi el <dNandR2Sy ot T eténnReys plt {Sha s Nanetie r Sxgwpols . CUSTOMERS) ; i++4)
I nt eger (Cust oner Synbol s. CUSTOVER LASTNAME) ) ;
this.fiel dName2Synbol Di cti onary. put ("Custld", new
| nt eger (Cxtsdrodies 1SystheotsE CSTOVER ¢l ) ome #S y@1ed L ICTSTOMERPAEam el ement Name
java.lang. Stri n%gr?publ ic static int getSynbol (String elenentNane) { if
(Cust omer SIS i el dl nstance == null) { synchronized (anOoject) { if
(Cust onmet Syt sudd el dl nstance == null) { CustonerSynbol s.fieldl nstance =
new Custo rSa/nboI s(; f g %
<%=handler.getElemén Value(CustomerSymbols.CUSTOMER_FIRSTNAM
E)$></FirstName>
<LastName>
<%=handler.getElementValue (CustomerSymbols.CUSTOMER LASTNAME
) $></LastName>
<CustId><%=handler.getElementValue (CustomerSymbols.CUSTOMER
ID)$></CustId> |
</customer>
<%=handler.endElement (i, CustomerSymbols.CUSTOMER) ; %>

<%1%>

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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return ((lInteger)CustonerSynbols.fieldlnstance.fiel dName2Synbol Diction ar
y.get (el ementNane)).intValue(; } } END Custonersynbols.java 30 WO

02/ 101579wWB@Thused/ 49577 To generate the XML docunent for PChaISar/uesy7 of

cust orre § VECHE‘% b QBmH SR S&EFbrk Por 51 ﬂi’ﬂg:frbﬁlrhn XMUHO%?S@&@H(! 18 alJata SE58RI840f

t he rev BcPcus oner.|jSp IS provi ow. for(int i=0

i <handl #6mgekakh eﬁjeattﬂené(MLl(?@nmﬁéiusvvhemnﬁhaﬁammmma)ldlﬁmh)ﬂ méisks

<%handl er. start El enent (i, Qust oner Synbol s. CUSTOVER) ; % <cust omer >

<Fi r st mapr%wﬁaﬁab@me@&@%&' Val ue( Cust omer Synbol s. CUSTOVER FI RSTNAM
E) %</ Fj L % I ol s.
0% RSB HARbRTRs IERADE bR er, S8 GERRNRIHE ALY R

<Cust | dpfrhRes) Erthe E&mmﬁﬁ{@i wad Cust onmrer Synbol s. CUSTOMER | D) o></ Cust| d>
</ custoner> <% handl er. endEl enent (i, Cust oner Synbol s. STOVER) ; <% %
The han@) eroviding inteiéacer ARhelgssehEn df yagpvpaRert Tt simpbify hersyurty B‘? e to be

d
cust omobapBR exfoPls e psetEnEhin RTFRAEG R nﬁ%%%ﬁ R e 1141

sets a ﬁﬁf)ﬁhg@g@cﬂ@st hat particul ar custoner object in the array.
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To handl e recursion, the handler 114-1 uses a stack. As the object
recurses, the handler 114-1 pushes onto the stack with a startEl enent, and
pops w t hwoDhe/1ersael ement. The wor ki ng object is the objeecTarsot/ags7pf the
stack. If an object is optional then the isOptional El enent() or

isOptional Attribute() nmethods are used to determine if the object exists.
The processing in the custoner.|sp iesLnevissed to add a conditional
statement that uses a returned bool ean for one of the isQOptional xxx

nmet hods. In summary, advantages of an exenplary enbodi nent of the present

include:, 31 WD 02/101579 PCT/ USQ1/ 49577 i di - Kk
For mapding A RARCRID RBERir Mot S5 ShR%P R 47 0h oc
to an X%ﬁ%&%@é& to WRRHGEA 14nBEade ATRMY & AGRSnRnt) @dhethod bahpiiiaks how a

property 1s obtalned for mapping; (b) use of readily available tools (e.g.
SAX parser, JSPienemtingstsantiuziddatgvegerelppienigemptatoderumerivl / Java) of the
present invention;, and (a%ep oviding interfaces and classes (in.J
envi ronment ) (EhEpdivgRseR StfrFfEn &< ﬁ?gtf”lﬁfee&@?&t tﬁg PrORERS? ﬁﬁmﬁ 8C é’lsage@ﬁtl e
present | ' o8 G fRRIeRE process sinmilar for both nmapping
B Toct 1 o B B e, B P o v 1 A
conput er - i npl(eyesihgtherrbpendest obtampensinmgs defthet dydhe sivctired laagiagsent i ng a
software object to structured | anguage el ements of a, docunent the1 matthpd
conpr i siekynents hysed ondhagssagiaonshst et e 8rAPSHIS ae;fgtf@ stieted langyagy glements,
docunent; .(b) reading properties fromthe software object, the properties
bei ng asdélgci ated with the structured | anguage el enents of the docunent;
(c) using thedppopastiiese setitaiedlaguenndémerttemplefe doedmbyt wittethstcongtugtsed
| anguage el enents based on the association between the properties and the
structured | anguage el enents; and (d) popul ating the structured | anguage
el ement tenplate docunment .wit he ructs : sbdeLenment ed
P e e bl PR AT AL hein ey AERMLS bk cTR

met hod of cl a ?ep I'rec
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 elemeﬁts of the

document; and
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back to the software object to obtain properties that represent the
constructs that define structure and content of the docunent. 3. The
conput er -wopkamsnt ed net hod of claim 1, wherein step (c) PREIUSdE$95CT eat i ng

an object nodel that represents rycture and content .of the dgcunent. 4.
The comput er PR THEDTOG Sk it e g R e PG e guage
el ement S, 60f89 nggE@Rﬁhﬁﬂﬁh&ﬁ%%hyﬂmk@@ﬁﬂéﬁ?.(XWL) constructs. 5. The
conmput er -1 npl enented nethod of claim1, wherein step (c) includes

constructing a loop in the tenplate docunent to process repeating
structures | apguage el enenpts. 6. C ter-inpl emented .net hod for .
convert i7ng stﬂ\ﬁ&f’g’rpé‘?rﬂ%‘ﬁ . ﬁffgéﬁléh%cﬁ‘g&f%‘fn G W ?:‘Hﬁ{?ﬁt(gtlnaéd?fa%eﬁe@fm%ct ure
" epr eserbL gy AR EnBfik St cohlic FREBABoGRARY | sing: (&) reading each of
the structure nguage el enments of the docunment; (b) determ ning a

property, selected froma set of available properties defined by the data

structure of the software object, associated wth structured | anguage
el enent $- of tihe coppuisramplementedInetigd pbylaign & Mehepeairstopda) indyges qalling back

popul at it&‘gR&H@gﬁ&@{?@&éﬂé&@aﬂegﬁe@&t gﬁ‘ﬁ&ur%tal}lggf)ﬂtreﬁt gfthe 8(?(}?112&6. pg the sof tware

object w ure angtiage el ement ues tfrom ocunent. 7. The
conput er-i npl enented nethod of claim®6, wherein step (a) includes

generating events that represent structure and content of the docunent. 8.
The comput er -Thepsoaweiereaplenichisd mefthed ef daig 6.wearan stept@pnelajles geatingas

cal ling bac t handl er with events.that..represent structure and content
of the §S& ﬁ’@‘ﬂfl& tge.lt r"rﬂé“@@%’iﬁ‘f@ﬁ?’f?ﬁ Oélmf)fé%’eﬁgf%%}ﬂbf claim®6, wherein

step (a) includes creating an object nodel that represents structure and
content of the docunent. 10. The conputer-inplenented nmethod of claimbé,
wher ei n 10he skhewompuitsg-ilmalemeatpd mesh lainy @priesseinthesiushwedblangwdge kup

Language, ( X constructs, te a) f r includes. en cj.ng Docunent
Type. Dorl RO EBTY oo Bl pae e SMiakeoniies e s (aPRinRe
conput enysd s eIRALRL DoRhResk Rflpe@éﬂnmoko({)”[fw AnASIME QTR S §tBHaRR Nt ai ni ng a
stack for recursive XM constructs. 12." A systemfor converting a software
obj ect (116) containing properties to a docunent

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:

(a) 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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(118) defined by structured |anguage el enents, the systemconprising: (a) a
docunent tenplate (112); (b) a handler interface (114-1)for providing a
representwnioenoBi t he structured | anguage el enents of thecakasomressr7 (118)

based on. call back de by the.docunent t | ate (112); C pi ng
rodul e T2y ine R Mg Rk S BTl G TR Bt it 1 BaTRRE 0%
for Con%ﬁéﬁﬂﬁﬁrﬂaﬁﬂﬁﬁké&ﬁyﬂkrﬁﬁﬁmﬁﬂB&%@E@GQQREPtS (116)to structured

| anguagé el enments recognized by the docunent "(118); and (d) an out put

target class (114-4), in conmmunication with the mapping nodul e (114-2,
114-3), for iting the struyctured | anguage el ements nerated j.n step (c)
to the ddourmaic Sygteme! Claim 1Rl bERTBEL Brast SEOR SRBRE 7 & B Happi ng
nodul e includes a mapping interface (114-2) for executing the conversion
of the properties to the structured | anguage el enents and 34 WD 02/ 101579
PCT/ US01/5495 7The sfystemstctaimd 3awhenetrpthe otipugtrges strexamsakfintbatoespanse (118)
and a mappi ng cIan (114-3) for providing nethods used by the mapping

i nt er f acde@RPias§Iviets  The system of claim 13, wherein the output target
streamis defined as a buffer. 15. The systemof claim 13, wherein the
output target streamis defined as a response streamof a servlet. 16. The

syst em df6. cl aih® sidemwifeliinr 2 Wherein the kit drel] dguagelehaerdpseseIasitle

Ext ensi bl e Markup Language (XM.) constructs. 17. The system of claim 16,
wher ei n Markup banghsge (X¥Hpcapsructs. cr eat ed usi ng JavaServer Pages (JSP). 18.
A system for converting a docunent (108) containing structured | anguage
elements to a software object (110), the systemconprising: (a) a parser

(104) far. obtRienyfigmeenis I6ephesathadbMend dngsakiiesesbd Lfigg loeeReE
(108); (b) an input source class (106-1) for reading the docunent (108);

(c) a cdlgenSHandl er class (106-2), in communication with the input source
class (106-1), for inplenenting a buffer for the events obtained by the
parser (104); and (d) a mapping nodul e (106-3, 106-4), in communication
W th t hggcontepfsidia it Bhv&tiAS 8§ document (108) containing structured language elements to a

software object (110), the system comprising:

(a) 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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(106-2), for converting the events obtained by the parser (104) to
properties for the software object (110). 19. The system of claim 18,
wher ei n tWe meaprng nodul e i ncl udes a mappi ng interface @ECOArSH)/4950T

ti th th t t d f tt
out put ar got TGN B eS & RGP £Vish) RO IS UGHA SRR Eae
(106-3) HykrubiuRMd 1%@&5@%%% thd @RI cdnllRisiRPPI Ng i nterface (106-4). 20.

The system of claim 18, wherein the structured | anguage el enents represent
Extensi ble Nar Swplyllal@aag‘@wémmb)eccmmmﬂamcs of 36 iIMOkO hibPpimg Interface;

PCT/ US01/ 4957 A od of conpverting a software_object havin
properties tcfg)a coRd H%ﬁleé]?@?ﬁ}l%%?,{eg@ atﬁyglggﬁﬁﬁstﬁn@ﬂof%@d%“épﬁn@ngﬁ ad { he
met hod conpr i) wﬁunéﬁbecﬁwxﬂ%ﬂﬂtea shOGHSPOLEA ORISR thOoHiidREARRR, Of an
i nvoked mapping i nterface; |ng xecutl ng a tenplate using an
i nstance of an |nvoked cont a| ner and (c) witing the docunent to a

speci fi e out usi n the conpiled tenplate. 22. The nethod of
claim 212 fur érle E%Cﬁﬁf)f élrrha durther cgmpaisie calling badaiogha gapping intarece to

mai nt ai ng. 23. The nmethod of claim21, further

conpri srrhrltaaht%g ?[ESPQ%%?% ti onal El ement Present net hod thr ough the conpil ed
tenplate to determne if selected portions of the docunent are to be
generated. 24. The nethod of claim 21, further conprising calling an

i sOpt i orfal At thesnetbed ekdaim 2 b compssige celiag @w&n‘f@aa R sseng

determ t er ate 5.
The ot At S50 BEESsRR R Rl Ve R T R g SR AE G anc S
processibegenched. @ stack when generating conplex types within the
docunent, said conplex types selected from the group consisting of. an
array, recur si on and a conpl ex type being contained within another conplex
type. [ stat

et M b LR e T o R R e N R

i nterfaggethei !hﬁgig‘ﬁaﬁ@cdﬁﬁﬁ[bdtt@ﬁpfa%k@%rmeﬁ s3éd pdidhns SMHle 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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27. The nethod of claim 21, further conprising calling a
get El enent Repetitions nethod to determ ne how many tines the tenplate
| oops ovewoleliersted portions of the docunent. 28. The net rod/usbi/edsai m 21,

wher ei h t I I ts | t t ib Mar k
Languzod i) oK fieb EHE Entr o e LRl O en g pltde b1
Pages ( Xk&Rvare ctfecV\h® AelibbeohPGigUS01/ 49577  29. A nethod of converting a

docunent containing structured |anguage elements to a software object, the
met hod dahpipplyingthe dayursenspd i mgtanbeoifacuneked mapparg intesfaiesice of an i nvoked

mappi ng jnterface; b) .registering the jng interface as a content
haggl e?;d’{1 15 %it]ﬁeg&‘?ﬁ}é‘nﬁggmtas §Pﬂ§n§?%%ﬁi’?§?ance of an invoked parser;
and (d) (Q}J;Pakle léiﬁg %Iﬁgiokﬂﬁewsﬁﬁ’ﬁathn&Qﬁ%(ﬁffa}‘l"iiﬁ\n)ﬁgﬁ g&@&l L associated with

structur anguage el enents parse romt ocufrent through call backs

made t o (theomigipigrilge saftvearé abject 8ith pibipertier bdsociatefl withadtimclRed lahgugt ledicaps (d)
i ncl udes cal,| ba%ks to i nvoke metlgods sel ected fromthe group consisting

of . st afRiS5e fioehthe dopymen through call bagks mads to the mappEgdRterfaceand endDocunrent .

31. The nethod of claim 30, wherein the startDocunent and startEl enent

met hods executed by the mapping interface creates the software object. 32.

The net 136d ofThelmdtho@8f clutne2%iwheiréie sepdE i@omass daltyaclkt ©Xeedkeeskthydst he
mappi ng Jjnterface sets the properties into the software object. 33. The
met hod~ Sflesteafiprpdic ghpiy msistngok t farHpesuEgnt, siarbiayecnt| chawatess, cedflowenit

Ext ensi %gengﬁg&%penltanguage (XM.) constructs. 34. A conputer program
product tor converting a data structure representing a software object to

structured | anguage el enents of a docurent, the conputer program product
conpri sing conputer readable program code devices for: (a) generating a

st ruct uréd | diguegibodoitaim 39, evhsirein eheditartPasntment 4)d statlemgnionahedst i es from
t he sof tyar ¢ b'tglct t he .Bi?%erti es @gig@ ass ci?t ed with the structured

| anguage™ &l 14 612PPHS * FeHEX e &Y SEEVHG A°HE  properti es, obt ai ni ng
constructs defined by the structured | anguage elenents based on the

associ ati on between the properties and the structured | anguage el enents;
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 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.
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and (d) populating the structured | anguage el enent tenplate docunent with
the constructs. 37 WD 02/101579 PCT/ US01/ 49577 35. The conputer program
product oWoakadrsv84, wherein step (c) includes direct cal lPChask1/49507 t he
sof t war @s0bj i : r : t fine
e e R
cl ai m 34¢ thetrefteiare cjeq t¢ ohtainesknid et espeaknitfe adnstrabis €l defskedtnichaé and
represents structuyre and content of the docunent. 37. The conputer program
product centent ¢fithe documgibr ei n the structured | anguage el enents represent
Ext ensi bl e Mar kup Language (XM.) constructs. 38. The conputer program
product of claim 34, wherein step (c) includes constructing a loop in the
t enpl at g6doc amerbmipated hALES pfRREBd  dgmsI4L %Etéﬁrﬁﬁglb B GtdaRs et afiBphs. 39, A
conput er _program product for converting structured | anguage el enments of a
docunentobiest modeltthat sepraventh sérucepy anslaenfengofiths dpewesnd. obj ect, the conput er
program product conprising conputer readabl e program code devices for: (a)
readi ng each of the structured | anguage el ements of the docunent; (b)

det er mi 3i7ng erherc@ﬁ?ﬁfey pro@drt F RRlcf SR FetvnefeipitdishatihR bR Liesedef | ned
by the data structure of the software object, associated with structured

| anguagecretsenelittensobletMakup bengrept (XMl cémsjruptopul ati ng t he properties of
the data structure representing the software object with structured

| anguage el enent val ues fromthe docunent. 40. The conputer program product

of cl ai AR39, ( | n i ent
ot Tt T and e e B b e e e e e T o
cl ai m 3%opviheéheiempitte jodum)ent teprockss rapabtingngrucacss language biengher wi th events

that represent structure and content of the docunent. 42. The conputer
program product of claim 39, wherein step (a) includes creating an object

nodel t ?gt Pﬁ{@%ﬁ%@géé{aﬁcﬁﬂm&t ?&Qoﬁ%ﬁiﬁggu&f’[urt&:@ ?angﬂgglé@é}ﬁentg’(?f 2O

02/ 1015
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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43. The conputer program product of claim 39, wherein the structured
| anguage el enents represent Extensible Markup Language (XM.) constructs
and st ep wa)2fiursther includes enforcing Docunent Type Defcmiusooms(DTD) and

XML sch stgndards, 44. The c r. ogr.am. pr,oduct, of, clai m43, further
compri sty ek NCAMR I PO STt il E R S faingclements
represent Extensible Markup Language (XML) constructs and step (a) further includes
enforcing Document Type Definition (DTD) and XML schema standards.

44.  The computer program product of claim 43, further comprising maintaining a stack for

recursive XML constructs.
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