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COVPONENT MODEL FOR CREATI NG DYNAM C DOCUMENTS | N A DI STRI BUTEDY 2004
PROCESSI NG SYSTEM BACKGROUND OF THE | NVENTI ON 1. Technical Field: The

present invention relates generally to an inproved data processing system

and in particular to a nethod and apparatus for creating- dynﬂmmwummmMMHWN
Still nmore particularly, the present invention provides a net

apparatus for providing reusable functionality for dynam c hM dog&mﬁnts in
a distributed data processing system 2. Description of Related Art

Internet, also referred to as an "internetwork", is a set ome Mm wmm
net wor ks, possibly dissimlar, joined together by neans of g
handl e data transfer and the conversion of nmessages fromthe sendcng:

network Over the protocols used by the receiving network (with packets if
necessary. \Wen capitalized, the term "Internet"refers to thecollection of

net wor ks and gat eways that use_the / o] The | nternet
has become a CUIPupéFHPPxfﬁPeA%%A%Féﬁiﬁgg‘ hEpﬁ?ggﬁa i on and
entertainnment. Manpobtsi PERSERERT ENC ITEANAMIT bmb@MBHmssENes as- an integral
part O their marketing efforts, inform ng_con t he products or
services offered by 9thEE§FﬁB§§DOPA¥ﬁ(Rﬁé%%ifr%Gn§&§E£§2004 ot her

i nformation seeking to engender brand onalty Many federal, state, and

| ocal governnent agencies are al so enplo Internet sites for

i nformational pur poses. Fﬁ%ﬁ%@pUNPh@Flﬁﬁé ENEIYEcom ng i ncreasingly
popul ar as a nedium for comrercial transactions.

1. Technical Field:

The present invention relates generally to an
improved data processing system and in particular to a
method and apparatus for creating dynamic documents.
Still more parcticularly, the present inventicn provides a
method and apparatus for providing reusable functicnality
for dynamic XML documents in & distributed data

processing systerm.

2. Description of Related Art:

The Internet, alsco referred to as an "internetwork",

i3

is a set of computer networks, pcssibly dissimilar, joined

together by means of gateways that handle data t sfer

and the conversion of messages from the sending network

over the protocols used by the receiving network (with

[

packets if necessary}. When capitalized, the term
"Internet" refers to the collection of necworks and
gaceways that use the TC?/IP suite 0of protocole.

The Internet has become a cultural [ixture as a
source of borh informatzion and entertalnment. Many
busiresses are creating Internet s:tes as an incegral part
of their marketing efforts, informing consumers of the

products or services offered by the business or providing



Currently, the nost conmonly enpl oyed nethod of transferring d%ﬁE/HJ@rZUB&
I'ntternet is to enploy the Wrld Wde Wb environnent, also called sinply
"the Web". In the Wb environnment, servers and clients effect data
transactions using the Hypertext Transfer Protocol (HTTP), a known protocol
for handling the transfer of various data entities or files (e. g., text,
still graphic inmges, audio, notion video, etc. ) . The information in
various data files is often formatted for presentation to a user by a
standard page description |anguage, tRhe Hypertext Markup Language (HTM.).
In addition to basic presentation formatting, HTM. all ows devel opers to
specify "links" to other Web resources identified by a uniformresource

|l ocator (URL). A URL is a special syntax identifier defining a

comuni cations path to specific information. Each |ogical bl ock of
information accessible to a client, called a "page" o= a "Wb page", is

identifieddherd ilRlormbi€olRe@k Dy des cqgent¥er sadnd onslitst.enMamet hod f or
finnding and accessing this information using a v*7eb browser. F, browser

i s a progri@feda@iablsé 36F  sabfi teFdy WILGHESE FIFRT M Drikit i%0FS denti fien by
a URL at thescljenf the Neb Lscgenetalily rmebisgal @fg@@. of informatin
on , acconplished w th an HTM. conpatible browser. The Internet also is

wi del y usdthttdetrr.andfeed nappheeat s dresamng 2nereag) iy HOMPEB lggeP§ usi ng

br owsers. | i, i i | eb through the use of scripts
and progréﬁggﬁﬁgﬁﬁ‘§ESF§%§F5§§¥%q%%?%%“%ggnéé enbedded as objects in HTM
docunents on t hBinkEmtlAppltbesmase Jewecrpryogmadsyehanemrgd sef transparent |y
downl oaded i nto a hrowser _su rt | opg, wi the HIMy es in

whi ch the&”ﬁﬁﬁ%ﬁ??”fﬁ%ggtﬁaggggr%g?g%é%§?§%n85m5¥kéa Hgglatfof%?g

i ndependentidel Wweruigihtihenuset of a toe ursitesl, ssuphy ast Mébvgiages,Inrand Wb
applications, businesses and ot her orgggfzgtiops hE s @ngLded appl i cations
for use orthe'SRIEMNIORTER t ha®b(Rih Co4PE P n°t odfay' € Veb appl i cati ons
i's done by & s Ratd il SEEI Pipee d:anguageseenbesidechbl n(HITYL, and Wb
server extensions through Comopn (at eway Interfgce %{IH%;. Int%{net Server
Appl i cati oh 'PrOYE SRATRFOEnEeF T BRI ITSAPIDE, tIA0ESRr Ut X, 1 WD SS&Fver
plug-ins, Distridutad Gamponeny Obieet, tMadel o¢BOOM , idiarprise JavaBeans
(EJB), or Common (bj ect Request Broker Architecture (CORBA). objects. This
-, resent s a&onpl X isvl Gtid6A  t BLeb: apPld datPER2HEVRI UpefE use of We
large ”U”%{]t?fillee%h@ 0gices thahathey develepeenpat Ush ddtegrale in c-ac:
nodul e of the application. Scripting in HI"~ L and dynamc |:TP~IL
(DHTP~"L; g adstwolant tage, dgetrbasedh orrameBer male chmpii iy nodel . As a
result, H i icil document s bhal use, SEidaling cboyRE oV de. husiness, | ogi c.

vi ew r endering, andxﬁy am c user interfaces are conplicated, difficult to
devel op, bfomssrt sensitiMie aldbkbi delvelemeumicet abACL and" protd 'deél invit ed
opportunity for reuse . Extensible. parkup, l.an (;e5dl)-d s another
markup =~ ~ %h%FLV??Zﬁﬁﬁnﬂfgﬁgﬁgaéghgga ﬂgraiﬁgg?gﬁgnéfﬁék%ocunents on the
6Jeb. Currentdtyot herer)i s no UrtLandasdsferir eatnicng dgaam €M docunent s or
scripting S%Fport in XM.. Extensible stngsheet,Laggugge SXSL can be used
to transf oRft &R XME dECHHERC A APES aidther® XMEdoetndht S  But-This is a

one- shot pgOCESEog MCE ikt Lanshes Lt Ok iz derebltheoresal terts, a static
docunent. XSL al sO does not provide an effective scripting solution. Sone
proposed neehhei sas" faore proviadi' Hghf Bage | onal i3gNiAL46e ukent s/idre DHTM,,
Active Seryer Pages (AS Java server Pages (.S ~arkd.-M crosoft

| nt er net Ek%?oggg %F%Y 455%ﬁ%ﬁf§?§.?DHf%%%Suggdrﬁétga?hgglscripting, whi ch
can resul t £i AQ deg uaednt scddrati thave i enpn dirctrabire ustngcé uvels and are
difficult go mai nt ai n. ASPS and JSES adﬂrggﬁxﬁhg %?”EuB&QpiﬁQﬁePUt t hr ough

rowsexr. A browser is a prcgram

request for information identifiez by & URL at the client
machine. Retrieval cf informaticn on the Web is generally
accomplished with an HTML-compat:nle browser. The

Internet also is widely used to transfer appilications to



t he use of tenplate | anguages. ASPS and JSPs require the docunegtﬁapphgrzﬁ@
swit.ch into the programm ng domain to i nvoke functions. HTM. au hor Aé 4
tools help sinplify the devel opnment of ASPS and JS~s, but these tools stil

m x very different domains. Mcrosoft Corporation' s |IES behaviors provide

a way to associate script functions with iCt'1L el ements through Cascadi ng
St ~~1e Sheet (CSS ) style sheets . Behaviors are fragnments of scripting

| anguage declared as a CSS class. In~.rocatioii of 1J5 behavior nethods

.ara implicit base;-: on an HIf 1L cr X¢v~L el enent having the cl ass
associated ~..~ the method. Behaviors added tc. ~"1L el enents are not
consistent with their schema; . The sane XM. el enent m ght have conpletely

di fferent and i nappropriate behavi or 2. 3 AU~ 2004 inherited from sone
ot her CSS styl esheet. Behaviors in | E5 do not support renote procedure
calls. IE5 behaviors nerely let stylesheet authors associate nethods,
conput ed puspest uesngabtbwseryvents to any HTML or XM el enent, and define
themin a separate_docunent. Therefore, it uld ?g $gyanhagﬁous to have an
i nproved met hod*BRASBPAPAFUSTE oPTPY VA HIHY SaiTd YEPe &t FRYF8ot fielitS on a

di stributedrdataipracasdi pgo§yeheMmnow 44 Ca2RNe 6 SUMMARY QEy THE | NVENTI ON
The present invention provides a nethod and apparatus in a data processing

system f or cePedEPAgaE BPAGAFE &l ekt orfiec dsctfe ©hea "fRr kup | anguage.
Static CO”BE?&etQ Lbe FRLkUB baPgHa0ENA S lyaeRd chahaphheneh gctronic
docunent. A"function invocation nmechanismi's placed in the electronic
document usSpPrgleohdepnikiup Rahyodager swer@rinchdavgnéticas Watbcabeon
mechani sm | u unct i ggﬂz r anglers ;Lequited, Lasi pyoke a
function. Fﬁﬁﬁeggéﬁgegﬁo%gégﬁvgﬁggg ég?ung?%bﬁ Pﬁvocgti n-mec anism the
mar kup | angeagerkeagd XhkLforequedépergddrte function, execution is replaced
by mar kup Iangu%ggoﬁegr%ﬁenting é&ﬁ%ﬂé- F%Eh?é%”%%%’ a docugpgt in a

h
mar kup | anguage, 'SUCh ‘as BThvES %%yg%e Creat'ed and “Tat er ?gSFayed on
request thatbi abpospectsnshebfinncs ens defd nidriecon candndizapiays Bafermto

pronpt for the. input rameters for the function. . en these paraneters
are receiVBH?VﬂHEBfﬁﬁggFSﬁt?gnFn%%ﬁeﬁs%ynbdsfi%ﬁch ygﬂﬁQsPttBhgnother XML

docunent thatihevekesgtbeifhunetihons Thep fameticen lioast hiss dexanpleai s i nvoked
by retrieving a docunent containing. marku Iiﬁﬁyage regue;ting t he function
i nvocat | onCOPPAERRGOrhE paFanBt efs t #P 4R IREETSN, and EkecBtfng the
function. The cesuklt Exemhsthgsexgeutd@dindhefruncti anceephaces the
request tc invoke the function with the markup | anguage result representing
the retur nédGal uéntsraet FrevdsclipBhicHayot HewBe orgat 88 aRACF et ur ned
for pfese”R§%h?@o; Egbé segvieégp;%gg éé%&ggtﬂﬂu%—q%%,b%iggggggkééhed by
appl ying a styl esheet

Component Object Model (DCOM), Enterprise JavaBeans

(EJB), or Common Object Request Broker Architecture

X scluticn to Web

0]

(CORBA) objects. This presents a compl
application developers because of the large number of

technologies that the developer must integrate in each

module of the application. Scripting in HTML and dynamic
ETML (DHTML} 1is ad-hoc and is not based on any formal
computing model. As a result, HTML documents that use
scripting to provide business logic, view rendering, and
dynamic user interfaces are ccmpl:cated, difficult to
develop, browser sensitive, rfficult tc maintzin, and

provide limited opportunity for reuse.

Extensible markup language (¥ML) is another markup



to the docunent.
novel
t he appended cl ai ns
node of use,

~ 0 AU G 200g BRIEF DESCRI PTI ON OF THE DRAW
features believed characteristic of the

i
. The invention itself,

however,
further objectives and advant ages t hereof,

nvention are set f
as wel |
will

Sl 2004

as a preferred
best be

understood by reference to the follow ng detail ed description of an
illustrative enbodi nent when read in conjunction with the acconpanyi ng

drawi ngs, wherein:

Figure 1 depicts a, pictorial

representation of a

di stributed data processing systemin“which the present invention may be
i npl enented; Figure 2 is a block diagramef a data processing systemthat

may be inplenented as a server
i nvention;

t he present

i n accordance w
Figure 3 is a diagramil

th a preferred enbodi nent of
| ustrating conponents used

in dynam c extensible markup | anguage (DXM.) docunents in accordance with a

preferred enbodi nent of the present

i n~~ent

i on

Figure 4 is a diagram of

a functiofangefgs tise degoraancehangind L \BresTter rat tditbdtfithent of the

pr esent iqxﬁg%%gﬂ?igﬂgﬂ%F;é LS a

a function

dhagrans

I
dance- mnt%

accor

] RAt cont ai ni ng
Rt of the

a pre

presei:t idogentargs, o gerep8 ingssapdeagramiML ustixidnyg dede or inoking a
functi~:, .z L 3ccordance wt ngPreégréeq%seéHf’%do' TRl 3o 48 P RERENT

I nventi on; ﬁigure i$ A 2exXa eo e for executing native 2 ~AUG
200 9 document into another XML document, but this is a

one-shot process. Once the transformation is done, the

result is a static document. XSL also does not provide

an effective scripting solution.
Some proposed mechanisms for providing

in documents are DHTML, Active Server Pages (ASP), Java

Server Pages (JSP), and Microsoft Internet Explorer 5

(IES) behaviors. DHTIML supports ad-hoc scripting, which

can result in documents that have unpredictable

structures and are difficult tc maintazn.

ASPs and JSPs address the gsame problem, but through

the use of template languages. ASPs and JSPs require the

document author to switch into the programming domain to

invoke functions. HTML authoring tools &help simplify the

development of ASPs and JSPs, but these tools still mix

very different domains.

Microsoft Corporation’s IES behaviors provide a way

tc associate script functions with XML elements through

Cascacing Style Sheet {(CS8S) style sheets. Behaviors are

)
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consistent with their schema. 2 XML element might

have completely different and inappropriate behavicr

functionality



functi ons, whose inplementation is not included with the function

definition, through an execute elenent in accordance with a prefezr%dALJU 2004
enbodi ment of the present invention; Figure 8 is an exanple of syntax for
returning an attribute value in accordance with a preferred enbodi nent of

the present invention; Figure 9 is a flowhart illustrating processes used
to execute a function as shown in Figure 3 in accordance with a preferred
enbodi ment of the present invention; Figure 10 is a diagramillustrating

data fl ow between various conponents ith accordance with a preferred

enbodi mrent of the present invention; Figure 11 is an exanple XM. docunent
that inports a function definition that when used with an XSL styl esheet
may be used to display an HTM. formin accordance with a preferred

enbodi ment of the present invention; Figures 12A and 12B are an exanpl e of
an XSL styl esheet used for renderlng t he XML docunent in Figure 11 in
accor dancel nhf ¥ htod pfeplr pete erfidtrdi STt s6¥ 1eRBepE eseRENan@RS i B Fi gur es
13A end 13B.arg, o&'%‘ﬁ%ﬁé'? gte AR XS dacugent copkaiolag, A execut e
el ement in accordance reterred enbodi nent of the present 1nvention;
and F|gureseﬂawyahdt1AEyEw$h@emhauphmna bbastnaten@eahodEl s@w@m@@@et for

di splayin t he XM_ docunent i es 13A 13B ord nce v,'itl=a
bt oFer L ed BRUCATIART - (P IRE (et Condant PO e AEEERERN S beTal L D
DESCRI PTI @émgr&mﬁm@ﬁm MoNUmEént Envi ronment W t h ref erence now
to the figures, ure 1 depicts pictorial representation of a

di stri buted daf%b%g E%E%inﬂP§§§ﬂéhFFnaﬂﬁﬁeﬁa?ﬁﬁuﬁr%%e%?v?n@%nt|on may be

i mpl ement eghp Eheddl i it 106l daid@ Y RGeSSIsNgosysteM d08y i sn@ aet ey of
conputers in which the present invention may be inplenmented. Distributed
dat a procedRFHEEBYSt ¥ A 0D Tontaites danét %Pke%?“gvﬁ’%ems t he nedi um used
to prom de comuni cations |inks between various devices and conputers
connected togethe~~ ~.,~ithin distributed data processi ng system 100.

Net work 102 may incl ude permanent connections, such as wire or fiber optic
cabl es, otenporary connections nmade through tel ephone connections. In the
depi cted exanple, a server 104 is connected to network 102 along with
storage unit 106 . li: addition, clients 108, 110, and 112 also are
connected to net~s~cr;. 102. These clients 108, 110, and 112 may be, for
exanpl e, personal conmputers or network conputers. For purposes of this

application, a network conputer is. ~.r-yr conputer: cov..y-ed to a r~et;
.~ork, ~.:hicl=rece;.-,,es a pT-,,Jramor other application fr-oni another
c~~rvput r coupled to t:ie net;~. ~or;~. lu the depicted exanpie, server |04

provi des d&a, such as boot files, operating systeminages, and
applications to clients 108-112. Cients 108, 110, arid i12 are clients to
serrver 104. Distributed data processirg system 100 nmay i ncl ude additi onal
servers, clients, and :they devices not



2'~ AU G 2004 11 shown. In the depicted exanple, distributed data
processi ng system 100 is the Internet with network 102 represent |2n§ AUG 2004_
wor | dwi de col | ection of networks and gateways that use the TCP/IP suite o
protocols to communicate with one another. At the heart of the Internet is
a backbone of high-speed data conmunication |ines between maj or nodes or
host conputers, consisting of thousands of conmercial, governnent,
educational and other conputer systens that route data and nessages. O
course, distributed data processing system 100 al so may be inplenented as a
nunber of different types of networks, such as for exanple, an intranet, a
| ocal area network (ly~'") , or a wwde area network ('rIPN) . Figure 1 is
i ntended as an exanple, and not as an architectural limtation ~or the
present invention. The present invention may be inplenented witing
di stributed data processing system 100 to provi de a conponent nodel to
di stribute docu:r~ents andspraxkdeoryrean mvangizoNor functions in the
docunent s usi ng reusabl e conponents. Ir these exanples, the nodel provided
by; ~ the present invention. is centered around docunents and based o: ~
Xt~i L. Additionald ¥rd& cmMd@ent $ohapsyagee Nedtdalhod @eat i on i ndependent,
and pl atformindepéndent . Documents may be distributed to various users
at client siprsuctt s igl icentes 2108084251y fesFemcdo s afdyt e 3 ocat ed on
these cli e s, Al QN LINRK Y SLEMReoB UER: 2 3R SEIY Alarkfiha MOt WaLk 1102 al S
may contain additional servers . DX ~1:~ docunents rmay "} ~e communi cat ed
f r om ser verorttergerivert Heomagikiibe i enguagel i catiarssd intAUGHR004 12 Referring
to Figure 2, bl ack di agram of ,a . Pr oC i.ng y be
i mpl ement eeéeé:s 2er v&ejorc,ug"s?ﬁ%h ab ggg\gg%gﬁoﬁ%%gﬁﬁ&e%ﬂaﬁg% eg?'ct ed in
accor danceMiddn airpreferaled cephadi dentment tielipr egentmanieent i on. Dat a
processi ng system 200 nmay be a %mmtri C. rrul%process r_(SMP) system

S

| ncl udi ng R B i (0T Br 5EEsSBPS 202 M 704 Torlhe

colécted o syst em bus

206. Alternatiwaly.a & sidtdlcd paReessarpsyshem rayrdogiien ayed. Al so
connected to system bus 206 is nenory controller/cache 208, which provides
an interfddw e 1IN Gy 209. 1/ 0 bus bridge 210 is connected to system
bus 206 and prom dess M ddter hacevheihd Qo hiise 2l 1 dYenmBws centonoi | er/ cache
208 and 1/0O bus bridge 210 may be integrated as depicted. Peripheral
conponent tigfttEEidhedthy Penkibud 2pprage 2449 cofflectsf1Se 98 bis 212
provides an,jntenface 40 RY jlocabiBuga2d6. A uheinplagwdens may be
connected to PCl bus 216. Typical PC bus inplenentations will support four
PCl expansicpresiottsimor tadd-resuéonne€psr sxa@htmn ciGWwies!d idks t o net wor k
conputers 108-112 in Figure 1 royi t hrough, node and networ k
adapt er ZiﬁrﬁiourPn(Zalcatne%lat ’Péluclhggél Qgﬂgzqf%\dt roél}grgh add-in [)ﬂgge%s.

Addi ti onaldiR@1 s biri dgesi1e222 cand 284rpspect$ daid Muardtaces for addi ti onal
PCl buses 226 and 228, tro-w.which addit Tonal nodens .qr. nefwork_ adapters
may be supported:tdh T el angﬁmpF%c%ysosTpntgd{oyrstvglrﬁ 0 al | ows
connect i onsy tondid Ad pl - netongriiaccaBpUt eRBen A e Iyemapped graphi cs adapt er

230 and hard disk 232 mar ~z 3 ,~a ~ 7004 |la also be connected to I/0 bus
212 as depict®d/c®i tH&r ISty 16r 1 HAIFechy yposting a request to
another XML document that invokes the function. The

function in this example is invoked by retrieving a
document containing markup language requesting the
function invocation, placing the parameters into the
function, and executing the function. The resulc from
the execution of the function replaces the request tc
invoke the function with the markup language result
representing the returned value(s). The document may

then be formatted and returned for presentation. This



Those-of ordinary skill in the art will appreciate that the hardware
depicted in Figure 2 may vary. For exanple, other peripheral de9it D
as optical disk drives and the like, also may be used in additigﬁ’?gugf?ﬁ 4
pl ace of the rardware depicted. The depicted exanple is not neant to inply
architectural limtations with respect to the present invention. The data
processi ng systemdepicted in Figure 2 may be, for exanple, an | BM

RI SC/ Syst em 6000 system a product of International Business Machines
Corporation in Arnonk, New Yor'.~c, running the Advanced |nteractive
Executive (Al X) operating system Further, the data processing system
illustrated i=~ Figure 2 also may be used to inplenent a client. A client
may take various forns, such as, for exanple, a notebook computer, a
personal digital assistant ~(PDA)~, a hand held conputer, a kiosk, or a
~~eb appliance. Il. DXM. The prese:,:t invention recognizes that _.. order
t c~ supporforalapltiicat in@y~ bes uchoapleshadi hesspolhy ire Hrely;l eshemyponent
rr~ode- ~ encaggygﬁ%gn t he state and behavi or of reusabW conponents -s

needed. Wthdi SYent nodel, client and tinisines~ applicabl eti ~~r~s
~r~ difficult and expensive to ~..~rite; as each application nmust m ne
tl-:e data and recreate its neani ng and behavi or, z 3 ALK 2004

Interoperability is conprom sed by applications that reinvent the neaning
of data producing silos of . automation that are difficult to integrate.
Data integrity is conprom sed because each application accesses raw data
and may interpret it differently. Finally, reuse is severely limted. The
conponent nodel of the present invention adds capability and functionality
in docunent creation in a manner that is farmliar to devel opers and
consistent with conmon practice. '''his nmechani sm makes the conponent nodel
accessible to a broad authoring community. The nechani sm of the present

i nvention keeps the roles of the docunent author, docunent schema aut hor,
and docunent |ayout author separate to maxim ze the use of role-specific
skills. As used herein, "schema" is the definition of a docunent's
structure. The present invention focuses, in these exanples, on a docunent
centric conponent nodel based on XM.. he standard is currentlw- present for
creatir_g dynam c XvlL docunents, er scripting support in Xt~9L. XSL can be
used to transforman Xt~"L docunment into another XM docunent, but thi s is
a one-shot process . Once the tra:~s or:natio:~ is conplete, ~he resu7.t is
a static docu.ert. XSL al so does not provide a:~ effective scripting
solurticn. The present invention provides a nmethod, apparatus, and ccnouter
ir;~ple:~nented i hstructiors f-or a conponent m~~del for t:Le ~leb. In the
depi c~ed exanpl es, the ~~; ~eb conponent nodel ~s formed froman : Cl~1L

s~ henme arl~: function



definitions. The conponent nodel, in these exanples, is z 0 A@@W&ﬁ@r
dynamic XML (DXM.). In these exanples, the DXM. is a conbi nati on of

scripting. XM. el enents have a tag nanme, a set of attributes, and

associ ations with other elenents including containnment through their

content nodel and general associations through XLink and XPoi nter. DXM
extends XM. by allowi ng elenents to al so have nethods that return either
other XML el enents or character data. DXM. conbi nes extensions to an XM
schema for defining nethods on XML el ements, conmon scripting | anguages for
specifying the inplenmentation |logic of the el enent nmethods, sinple object
access protocol (SQCAP) for function invocation, and XM. to define a
docunent centered component nodel for the Web. In these exanples, a new XNL
mechanismis used to invoke func~ions. O course, SOAP and ot her known
function invocation nmechanisns may be used for function invocation in
accordance with a pref efFEdF TR OFt REEpPRABANGF nvent i on. One

adva: ~tage of the present invention is that it focuses on er.abiing XhilL
docunent authors_ to use behavior defined by scripting functions, as u.-~ell
as Java a:~d ot hel® dEhFonema tr6dePed 1expe ngliR ra efors ¥4 gy afeemet o use

pr ogr amm-~ngJguagese B cohichi ng %B@ngﬁﬁgné&ﬁlcp%éﬁgs.l angpages in a
formal way- with XP1L, DXM. neets the requirenents for a Gaeb conpone_=t
nodel as dedt¥idiedPrabdseld . 'Becaese BRevwell eas :a qumpie rerd-wate~ofel of the
present ir~— ergj i Xt=lL.and inplements functi.ons usinc
com; en scrulspét'i tﬁlgr%lrhzfr#gu%a %s%j%qff%igsahgd% V%\nmf?g%sé ﬁ?ﬁ??{ir Wi Lo bEPE: - ~
HTIYIL  Zbe Ande@2004 1§ avtfloeacehoouskeet &gl 1@ngiages aanddsscri pting. Wb
application, comnl exit Oifs redgged and mai nt ai pabi | i t% i S increased by
separ ati ng Scheng and 156gice deverspREATS BT IHE Water &3S dAder i ng

i nstructi orenghirce iiont egrat ichg theambhoughy ad forive]d zeghgHqgr.anmm ng nodel .
DXM. al | ows funct,ions éo be . i rrgl enent ed ei.ther using scri ptFi ng | anguages or
as native nmethods 95 sdn8Hi Stri Hutist TAdi EEPTERRRC Hskd XI-FL to i nvoke

ei ther scriditss rabuthe setyi sescodsdipldiishuted, companats Jiasanpanner that

i s i ndependent of the conponent nodel used to inplenent the services. In
esse: - =ce, ‘BXFPL 16Pe8f¥sPa tBrpYifdttedindel that is ideal fo-- :~leb

appl i cations by rgemienbngst e, notik ofy Of HBLROYS s XM &l AMRNts with
common scripting l'anguages and re-~, ot'e procedure ¢ S 1 nvoked using
XI~IL. 111 sYBaea Fhew Wyt he r eferereg edoss: 2t serEgume a3 cordadiagr am

|11 ustrating.datagthos; Usedubds AErEessl Frd Oz, 1AM G, extensl bl e mar kup

| anguages i DXl ~Ir.~:~ocur;,ents is depicted in accor dance wth a preferred
e~- ~~c~di ~- nent Féugrige 3phesentiiravent i bhusd e ttiiss cexgpleat schiseat 300

accesses a S I roat Lo r erver_ 30 rough the use of DXhlL
docunent s EQTE??&I{%%;COF%EIE?‘F?%EEH%\%}é\ggnl\%rggfuoargeex@% e, Q%CFgﬁﬁégtl?o

i dentify owerpaiddneeviith, aepsefdtrree eammlinicat ican thet weeaeeki ent 300 end
server 302 ocw. .rs usi;~g ~ITTP. A browser o:: client 300 is (_~ed to
generate a FPEqi&dt™ For execution of a function. In particular, client 300

generates a DX rigugecunent aURLa{si@P-Md suedlicehdefinicion -n
accordance with a preferred embodiment of the present
invention;

Figure 5 1s a diagram illustrating a documert
containing a function cdefinition in accordance with a
preferred embodiment of the present invention;

Figure 6 1s a diagram illustracting code Zor invcking
a function in accordance with a preferred embcdiment of
the present invention;

Figure 7 is an example of code for executing native



2:'3 ,~U~ 2004 17 is sent to get function 306 in server 302. Th'&jgﬁga
functi on document URL may be sent to get function 306_ through var?d 2004
mechani snms. For exanple, a user at client 300 nay select a |ink or
hyperlink in a Web page di spl ayed on Wb browser 304 within client 300. The
request link may be one that requests a function, such as a function
identifying overpaid enployees in a conpany. In response to selecting such
a link, the URL associated with this particular function is returned to get
function 306. In response, get functi®n 306 obtains the XM. docunent used
to inplenment the DXM. function corresponding to the URL from Wb server
repository 308 within server 302 (step n2). In this case, server 302 is
configured to translate all XM. docunents (docunents having M ME type
text/xm or applicaticr./xmj to HT:IL using translate function 310 in
order to be displayed in browsers that are not XM/ XSL enabl ed. Al

docunent s rapecdvakl abheskr ompt Bee fi€POSIA Ory .notha rRafidegUlv@k hCORET gur ati on
uses depends on the irleb server used. For exanple, |BM 6~IebSphere

AppSer ver f@ncdiser GeELNLELPBY | AYr pRgD b IBEFUE €IFMedlr é0t he transl ati on
It a be*'gé%raaﬂéQ' &10h seggsﬁépge&agome@& X3l e 12UchedsntES, is

enpl oyed, then this translation step on the server is not required. In
t'~~i s caseyvehheonesult of get function 306 is chained tc transia-~e
function 310 (step_nBj,. .Transla nct i I - ~1: docunent
into an HTf 1L %68§ﬁ§n? bSsed ¢ %g?L% ?%§§$ﬁ%%$3%§n¥%tkﬁgaggfggenced XSL
styl eshe~tttributer eated in theobBXancd wicdunentreferteez embbHisehd| ~I L

dccw. : ~~e: . t h s rerun=:ed to ~.e'~ bro~JSer 304 as the result of get

~~. . 111ct Por NS08 ESEBE MAYS iRt esponse to obtaining rr:e DXML function
docunent, thi srDXMredocupsent riswsRAtt ~Dl Tusistate fpiekisers3tBed z 3 au~
zo0s 18 which translates or transforns the DXM. document into an HTM
docunent (8t EFERBFE Thit§NFE1GRcORPFISRE Thy TS i g AFCRSEREGI esheet
from Wb geryer reposkt-any-3084(step &B)che hg siaHesheehiiisnapplied to the
DXM. docunent to generate an HTML docunment. This HTM. docunent is returned
by transl ate f@Aetiren1810sts geedfanctl bis B0¢ & 35%6)-1°¥~hi ch returns the
HTM. dOCUgg@twefe% _tvla%i%yse%mhenéﬁ@mmeaé&rt&henc%r Ldichala pedyesteqThis HTM
formprovides an interface through an HTML formfor use in pronpting a user
to i nput eabodsmemd provhdeprancexamptentiwicati ng how a DXM. docunent nay

be interpreted_or introspected u Lient rsthis HTM
formis displa&éguf% }?|2§ %ﬁoﬁ%gﬁpg%zﬁgkg |snﬁ?%d%{%%rgggggfsparaneters
requi red hynthecbDXNe ffiuictibonthAt Wébn brosd sertl8G4, %he sHYRPEEhdetunent is
di splayed with and i.ncludes fields o ronpts. far, valu suych as job
type and {fhe eafﬁﬁﬁugfrQ*EBﬁSFy?“Tﬁgg% %?é?dgpéﬁ'cg%%ﬁgfsﬁﬁﬁ§ %ave been
derived fpemficrtieaspatbidigehheot unnt ioredefd nirtveon iamg generated by the XSL
styl esheet. In response to a user input to this HIM d ment, a request
for ~ DxhlL dEdGWERt and altuéfy StTidy FrEBent”+t &Yb%@ function 312
(step r. 1E)c-yl|:e)%$-.teefturﬂi%teidomoglgehﬁeﬂ§@@ t 19 aggesHAeerents riguet! eb
ser~~rer rep~~sit~ry 308. Get, fui:ctio® 3C6 and post function 312 are
i|lustratéd a0 asepadarec natit 2 RECFRFreheBHPISEY 6F ¢hEarly expl ai ni ng
the data f|Q. \used ch-3onRreferred embodi ment of the present m-~-~ention.
These co; nponents may i:~deed be the sane corr~pone: ~t depending on tl:e

i mol enent at i cn FéguspecilBifc andad3dt arFhis requeastatiismpadsed dHt o execute
f~_nction 314 'step nB). Execute functioli,_s is used to execute a DXM
docunent BASET S fﬁé‘ﬁé&ﬁé§taandAfhé“%u%?$'%éﬁa%éfé?ghggégévegkfron1post
fun~~tior;a 312fcRastd funetiionsrane usedpre2=13: AUG<200grL9 atr@ provi de a
mechanismto al | ow access to processes within an HITP Weh server from
clients. In théd@uresxaipl 68 ¢AB gEE dr st unctiFrns wid *Cormmuni cat e
with the cldjrent . ysing HIER, HUIB1 EoaHEeSE Se raeei ved fdomia ¢libeptsare
translated into'the appropriate formfor processing w thin server 302.
Responses 13¢ thesd 3fequestscarencecei vieds by ¢ et o peseftuféti ons and
translated back into an HITP format to transfer back to client 300. In
response to receiving the request and the query paraneters, execute
function 314 retrieves the appropriate DXM. docunent fromthe web server

repositor~. 308 (step nD).



Additionally, an XML schema (if any) and DXM. function definitiof. g&@giﬁbﬁ
re~~i eved from Wb ser~er repositcr~ 308 (step nml0). Execute fu ta 4
will read the DXML docunent. Ir_ response tc reading the DXM. docunent,
requests to invoke functions are identified in the docunent markup

| anguage. Paraneters fromthe query are substituted into the function:

i nvocation markup | anguage. After that, the function is executed and t'

result is placed in the DXML do~wir~ent ~..-tli nmarkup | Ghcuage
representing the result of t~. e functt%n. This replacener:t turns the DXPdL
dccunv.e:,.t ir~t~c an Xt4L docune”.t , Next, the final formcf tt~e :~"tL
a~curr,ent is sent to translate function 316 (step mi.. Translate

fur _ctior. 316 obtains the appropriate X ~L st~,les -:eet fromt~deb server
repository 308 (step ml2). This stylesheet is applied to the XM. docunent
to Jenerate an HTt~9:.~ docunent. The HTt1lL docunent is sent tc post
function 312 ( SAESAIHED PESCRKPEIBNT@ELTH®CRRﬁﬁﬁRREP-EEBQDIME§T‘err~ . to
client 300 (step nml4) . Ar_client 300, r_~,e ::T~tL c..cunment contain=ng
the resul "s is displayed ~-.~ittl11l1 ;:e~~ br~w. : ser 304. Additionally, the
X'~1L to HIf ~t ~Edviworngdnat von s~ep is not ? ~A(J a200a GGrequired if
the browser is capable of processing XML with XSL stylesheets _ The DXM
nodel of the present invention defines both docunent (or "free") functions
and el ement menberh frureldeens. nBoctdeitic fliRtiHeens Fageré uncidmins st hat do not
bel ong to any el enment. These functions stand, al one and have a context
def i ned byPtHeOTHR RS SSRIRAF EAN t Hey? 4HETrAPOkED AP tHEGSSEdfFal

par anet er s, d e hgs g raxanphesprdosiimenty didnehi aa? sani el Sefdcead either in
the Xt~~L document in which they are used, ir. uded in an XM. docunent
using an XMsentlityedigeltar REPERSS BRI defiaeed 1A AR XtRFLvagh&fa, but not
associ at ed_ [t cul %§Q; t ,SC Ther ef ore, docunent
functlons(ﬁyééﬁé$%qﬁfrﬁlgﬁ S é? t'ﬂﬁ%ggﬁoé ﬁ%gqﬂ?re an XM. document
to be wel | ifipkereehterfhe db@@wehuté@n@aﬁ&nﬂiocﬁﬁsﬂﬁ@s%Y%%%wﬂﬂék correspond to
free functlggg in Ct+ Q functions, of, procedurals; LQHQQQ§Q§)|IKG C, BASIC,
JavaScri pt, nd Ada: ¢décungt f functions are also simlar to class
functions pfo&Bde dhmmmnlamdlsnalltmkk wwﬂwasntN@rcbassdewmﬁesg@mﬁs to the
docurment , ;~~h ~~.c'!~ gepresents aﬁgh h Eed J ich lie functions
can execut%om%#t?fﬁuqo&“ﬁ ER) EPTERSE A r%éu lSl é RPEed 5T 1 i ed wadT-:g
an ni L canptsaves eneXxdensar 1000 %&t&dr$¢hﬁﬂnay mhetude~p&rm}fwwx naT, e, a
iiu;rber of attributes, un assc;~iaticus ;.~it':~ other elenents including
a cent ai onCUERe I e oEHCE, ol ITE OF ti Hfe B EnBAPE T Tt ~~Ir Co: tent
(TIOde 1 af by riryl codre@8bnélr ahddsseh ald @le1sphbhE otghh X kqsand

. F: Font c~~ %»Q-% L extends the Xft~ schenua to include beha~~~ior b;,
alicwi:~g the sEhehiie Miftthor o sFARPLEe FretidereT didt iH6i CEHFE < he %l ement
2 3 AU~ 200921 gof inidi00- DXMopxiends Xbsso that @b anei s can now
correspond to UML, C++, or Java classes, or COM and CORBA objects. DXM
functions ehcalpts&llbﬁ&a Helfavieoe WLE hatire XML ‘SNereREdwhpsee State transiti ons
(i. .,the ement's |ife-cycl t u ffegts ws XM to
be used to® %scr?%e séfﬁicgﬁ 3§%thgf%ébngadggoﬁhsegéthJoéiﬁ@lt% to script
t oget her tpersowaratdrgrutefrst beseesesyvk cesrrhy edecunént autthosss tod sol ve sone

busi ness problen1 d connunlcate the result to sone other(ptogran1or
dlsplay it Phs a@@ ?ﬂ?ﬁﬁ?er nefwork computer 1s ary computer,

coupled to a network, which receives a program cr other
application from another computer couplea to the network.
In the depicted exampie, server 104 prov:des data, such as
bcot files, operating system images, ana applications to
cliencs 108-112. Clienzs 108, 110, and 112 are clients Lo
server 104. Distributed daca processing system 100 wmay

inciude additicnal servers, cl:ents, and other devices not



In tr~ese exanples, functions are described using XM. as nuch as possible
in order to make themeasy to introspect, sinple to use by XM @d@g@§@}2004
aut hors, and | anguage neutral. Onl~ the fun~ct=cn body is | anguage
specific. IV. Function Definition Turning next to Figure 4, an overal'
schematic of DXML and a diagramof a function d fimtion are depicted in
accordance with a preferred e;r~~cdinent of the present invention. DXt~lL
consi sts of the combination ef standard XM. and conmmon scripting | anguages,
pl us extensions to XML schema to inclide fu:~ct~ell c~e=initicns to forma
conponent nodel for the Web. Function definition 400 includes a function
narr;e 402; a rv. _ctic:r. description 404, formal paraneters 406, type of
re~vrr. ~ralue 408, and functl On body 410. Fornmal param-~ers 405 i ncl udes.,
in these exanples, the nanes of the ~aran~eters, the types, 2 3 A~1G 200g
22 the descriptions, and the default values. Type of return value 408, in

t hese exampioes,. may beeeﬁéﬁemtéﬂ1éﬁﬂmp&benﬁmstntb@mada&mﬁw dat a ( CDATA).
Function nanes nay be scoped an XM. nanespace, while fug@tlon par amet er

names ar e RFQGEFHY £HELF nl:?q o’nS ilteh TREPERSE hét ameE ward 498oci at ed.

Function hegeAtRciRY hNEOHOG, S& 191 1eBSEHHCEHE ORSLUdrid@raunction is
i npl emented using a scripting | anguage. Alternative'y, function body 410

may be enmiAFSvRYPh&EPRENEEE oS STGEFPe FEAEBAOEI REIRIES 159 this case, the
function nRynRE & @eCURBAtoAMNGIdeR A N Wi EheCRSLrd tsr Nae is sufficient to
identify its inplenentation to a server. In _other cases, a:  href attribute
of the exdmiegnélterent, bagihrns athrioliseaerd M, Comyieatded to i dentify
a -emte QUG dhdkeh L eOEMSadNG.l UBEE] B0pp(Edid N dlalensg pext to
Figure 5, a diagramillustrating a docunent %nctlon IS depicted in
accordanc@hmudan@sppéfeome@t@&akt)gbvedmmen5~~e©¢c4mBMpﬂe§@@tonhventlon In
trls exanpkg Qcuz nent fy. .= ﬁ%hfn 590 LS eﬂtéégqgs o] Qr%aldEanoyees

‘i's dolURENC SFulder o cbrresponé% o E&P%L unction XP-:C décument in
Flgure 3. dkynﬂanxeaoaacanpr@uéEsumg eyarnapi 206, also duagcweent fu: ~ctior.

t hat coul d appear any XM. u~o~~w_; ~<ent _cr_aii X , Docunent
function 5 %W?“tﬁg 2874 ?um?ﬁr of G ELEEFRT 1 YR Méfﬁ%ﬁfﬂ?f ir: section
502 inC|u:mﬂﬁxGkrf@&rekhﬂﬁl@f&ﬂf@ﬁﬁhﬁﬁdthé tdatabase-acees®rkT. ~~~ rAt ~~rn

~alue in section 504 is an XML el e r
"overpa|dE.(fH:ﬁ-“t?yeé%"'a wige_ ~%??Lﬂ?§ﬂ9rk ”ANEcd§lg?ﬂaébdfi*ntgqgﬁg
ciritten ugi ng dynamhe  SERUCIAY edy =26k Yiapguage rimitlicdSsor- - 2 3 A U
G 200 23 indicated by the | anguage attrlbute of the body elenent. If the
body contaﬁﬁ%dH§Sﬁ@ﬂgénMaﬁ%e¢nof XM. characters that nust be escaped, it
may be conveni egl, 10.8AGL0sE, LS &P '\E/Etb@ {ppeLhon body dna CDATA secti on.
If the function 1s inplenented as an A, DCOM obj ect, then the
| anguage ahﬁﬂﬂbQFGEWOdbdahBNQ?¢3ﬁ§n@aﬁN€tbﬁa@PQeﬁoIﬁﬁﬁ”ﬂheabody woul d be
enpty as t Jp i I N eani;ng. ng of the formal
paraneter(%ﬁgégggﬁgﬁﬁﬁgﬁrBgééﬁ?ggﬂﬁrg ?ggggégr% %E%lned by the function
body | angubgeirbut ldgscr bbefumsiimgisXMn, cha thisnexanplse,nd hkeupabaaet er types
are taken fron1S§L Th €. fupctlon eXﬁputiQBQenganf has it e respgn3|blllty to
det er mi ne S HRE Types [ar 8"VAT i GF & *the T Enktion BHody angdage: In this
manner, DXReder¢annsdpsiont i @hteatddiebreaniodosefent ;andg Hkaaguages, suct:
as, for exanpl e, JavaScrlpt VBScrlpt Java, REX X, and Perl. Jlenent
menber furiSt i"Sis afddsrarnatly: dér medei-n anl XPFLAEE SR The di ff er ence
bet v: ~een | emant, r{%@b?l&rwmﬁt'm fﬁ@qrg% anehrefungt i oms,duschhat by
associating the fu:~ctio:l wth an"elenment, the context of the function
i ncl udes |W&y’¢@npaBMrmgHeeé~¢®1¥anlO4Sn@L@@Pngt|¢5¢QﬂQﬂw Bucds aand c~cnt ent
nodel , and ,the.invocatiogn. of the function ig t ar as a child
of the eleneﬁi |n%§%~%lg ~ the tuncton is” de d{ |ﬁ%é%%§%[ uses XN:L tc
defi ne frnaﬂuamm% cbXbrlbther extensnd, blsech haptenewrtro% | W&msomk~a5'~

include addi “iona | meth- datgaf attribute er cqyé?n =l
ext el : si 0::02 3 SOXF3YL CORpPHT HIG TS PHaf Sar 857 : o~ &5?@ P fhese

ext ensi ong WoWed dowshinhi gREES f:he, addiki-onal selerents; @S ferent

applications.



2~ AU G200g G'Z is the convention in XM.. The invocation of f}ﬂ@%ﬁ S IS
described in the_ follow ng section. All functions are invoked i‘n %ZUUI,.
docunents by using XM., not the | anguage used to inplenent the function.

The XML docunent author never has to know anythi ng about the inplenentation
of the function, the |anguage it was witten in, or whether its witten in
a scripting |Ianguage or inplenented as a distributed service. Wien a DXM
docunent is accessed, the function invocations in the docunent are executed
and replaced with their result. Al fl&hctions return either and XM el enent
or CDATA. Functions that return Xi~i L elenents nust be invoked in the

context of a parent elenent that has the returned ~~InL elenent as a child
~n its content nodel in order to pr~~d~_:ce a ~al i d XM. docunent as the
resul t . I f the DXItL docunent has n c docunent type definition (DID&G

XI'1L sc: ~~ema, then the returned XM. el ement nmay appear as the child of any

Xbl J el enment, a&ddie idOCURERLgHBST2 O Wwilkek~dtagtamfef rediadaf the function
returns C~~ATrL, thin ~he data may appear ir. any Xt~ L el enent that allows
parsed chatmRasssigg sYELPODETAY T3y thfe @B1ePERtSH2S & & e el enent

PCDATr can, g, tidg50Rt-enbs0fth7ai &l & N8Rt deprcedd m dd@rdante~el ~. ; .,
the data may be used to pro.ri~~~e ta.G-~a'.u~ ct an attribute. Tlie
actual Xflwigh gt @xeferred, embodipgnipeD|thieyREEFBYS SHETECE ~e ~G' |1 S; s~ed t

t. Tth mcy L | =S 46 5vhPanl God N BT syvhhecedure calls fromeclie~it
to se--~, ~C%a~t—]~a &’éﬁ%a&?oﬁg ueé?:lng XML yt oew arsgﬁal the nethod, its
par anw~t ermsyl @it ddes spet (BMP) gystem gincladdsgval BEUTrahe Y mfocati on used in

t he exanples is not nt_to eci f S f djdtributed function
3 invocati%ﬁce&ﬁorﬁa?ﬁgr 2B 2e>§<£rr% %Iyeo?atel?jggoi %9%% d@l‘E)se ci)(s)stn'e in the context
of dynanm cadactHmitelyThe exagleforamissefr thetbtuncdy ore iswdeatdon synt ax,

in these exanpl es, corresponds as nuc possible to existing XML renote

procedur e &£519 GRIFSFAEAN GO SXgEEH RS ﬁ?gsé@ﬁ?m%bBroker, or Wb Interface

Descri pti opsdanguage GWhBLY 08l nwiel hierpprides theifitkietd@n dondocalion is in
XM. and includes at least (1) the nane of the function to execut e
(i ncl udi ng" AR N EtEssarl<OnaHeshatdds m ot et CORTECESY & refeidhés®to an

obj ect i np} ggremd ng-dhecbungt i gRetfadda-d unet bas; 2i3. i npdesmnted as a
di stributed ser~,rice; and 53) val ues for the actual gararret ers. V.

Function | eeeeErl s /cacheh 2P 8f eRente® noww t3 1EP§urL® 6724 i agr am
illTustrati grgt%é‘aorag Ruekipgga tunction is c;epicted in acccrdance YJIth
embodi

a preferre ment of "the present invention. Function invocation o000
i n~~okes f~ncti®ériB00-aln cFigarens. 1Tk ECENER € PFhL-BResPETHISu: : cticn 500
intl-e COQ{EX% éﬁeé%éﬁ“%%t&98_bﬂsnzﬂfaéﬁéﬂfﬁyé anPrdby BlcOto $cthe query

paraneters c~ € re:;uest uni~~ersal rescv~~~e identifier (URI) to be used
as ;part ofotdrebwortlext of nhmbxhobf rmedartrodiayl het henexarp! €° tHT - . al ue of

i b PRLETELEY R 08 Bl fpish ke slpfleccuset U
~...-aL% NAooR pealatperzlicdn slots or add-i1n connectors.

Communications links to network computers 108-112 in

Figure 1 may be provided through modem 218 and network

adapter 220 connected to PCI local bus 216 through adc-in

boards.

Additiocnal PCI bus bridges 222 and 224 provide
interfaces for additional PCI buses 226 and 228, from
which additional modems or networ< adapters may be
supported. In this manner, data processing system 200
allows connections to multiple necwork computers. A

memory-mapped graphics adapter 230 and hard disk 232 may



2 ~S A~~G 200g 2~ 0000. The salary paraneter value is a constantzi% A\hﬁ[}gg 4
case. On execution of the DXM. docunent, the execute elenent in section 9
is replaced by the results of the function, in this case an
"over pai dEnpl oyees" el enent contai ning informati on about managers who nake
over $100,000. Native functions are supported by using an execute el enent
having, if necessary, an additional href attribute whose value is the ;JR
of an RM, CORBA, cr DCOM object, and invoking the nethod on the native
object. Turning next to Figure 7, an exanple of code for executing native
functions through an execute element is depicted in accordance wth a
prererred enbodi nent of the present invention. Execute elenent 700, in this
exanpl e, provides for invocation of native functions. in this exanple,
iiop://someDomai n/faConpany is the L'Rl referring to an instance of a class
that izas the nmethod overpai dEnpl oyees. This type of invocation. mechani sm
makes i nvokilsg Her cphihagtédinoct i oits barsd 2fAnes | desi o-ad  eeheheobj ect s
i denti cal %%Q%Etﬁhag ~i~Q§{eégfe function: is inplenented. Docunent authors
carp nov. define sVone FOnctions of their cwn usi ng SuL, ~avaScript, Ja--~a,
~r any ot her scrhplier o§ batguage dil1l~inr tRe byt awiX tappkeatacke~~ Wb
server. Fddit~cnal|¥~, docunvent aut hJdrs al so can access functions, such as
those e~ EM@fprigendiduanBLAFRictady 10O apFe ect™@Y, ViYs akeBss m- @~ be
a~ conpi '%@@ﬁqﬁiel,ngtﬁéﬁcééfiﬁﬂlﬁﬁa@%vibg_@! esi@shaNichcieal. albe fur~ct ion
interface of the prese:rt_invention is still defined as 2 3 AU G 200g G
DXM. f unct i9gRVeFhenBxXMe f bilet i ohl S Ry BRedS €@ Hy a0 10TheC off yin
differencegate bhatnkheapdsrd igPkYq . hashe | allguagesRakbye"icand the
docunent aut hor provides the name of an appropriate service provider. DXM
functi ons TPat Meentr ACCOATE ad xdli@y thgalis étn o2 (prasvs dé thakaeretor
attributes.. W, nc . to Figure 8, an exanple of syntax for
ret urning éBA%inégggéﬁctgﬁﬂgﬁ%g%kordance with a preferred enbodi ment of
the present invéit dataAcnonbesief syayrsmedesicied whi ¢ghigbX®l2f wagti ons nmay
be executed. For exanpl t he function y. be executed.on the
ol ent . usi 152 En SR Leset phgr s /87 Sk S T R R Vg ng o
or a ser, ~dfetinokerany iotherzVinssr vRarchextensdarorechaniianprasnk nvoked
t hrough XM._docunent obj ect del . (DOU) _in an application program A servl
ot PoTa omEE G50 CALTBSS i 14 P 2o, FRbR TRt G G Coh 4n TAEDF ner o
intranet HBEPR-Arebgosepveem. A mli@rtr 4keb biowsgrodmsibe exkeade d using a
plug-in or ~ava applet to execute a DXi 1L docu~,ent red~!cina t::e lead in
the server llTHStsengr: ticBiHtr execdtiCofaydr Bt e S dite 1FOG&FENESE of the
llocation ate1yienti i aCcriethen Xzl dACURBDT chSheXxecuteds The di ~~erence in
the iocati~c:”™ of DXvlL decurr~ent execution is in perforrrmmce. Ir tre
processi ng samehe DX, RPLebonlt fonsutsr sia~medsengdr dpeithgl, or aCCesS tO
d-Stribllt TV GeSprblt C o Xu b he AL L1 8l T 7565 xgcuted on the
c~ierit ~.%%fﬁ%ﬁ§ “oggnﬁ;lchérbgr#%ncef %é%ﬂé&ﬁ~e#igsﬁt ?ﬁegbﬁggL
functions agme isgicda~a t:~:at is already present on t:~~e server; it ~w.~e
better to execute the DXM. docunents closer tc the data to in'.prove ? 3
A U G 2004 28 performance. An "at" attribute of the executed el enent can be
used by thamocwxent author to,specify where the function should be
executed. The default is to execute on the server. DXM. docunents can be
executed on the server using any of the mechanisnms for extending ~~~eb
browsers includif@ GS:sRLEIL AEL: 8] Websni 0L s Pdel: servetepl ug-ins. A
client programnmay al so directly execute DX61

support applications, such as e-business on the Web, a

component model encapsulating the state and kbehavior of
reusable components s needed. Withou: a component model,

d4ifficult and

I

client and busliness app.lcatlons arv
expensive Lo write, as each appllcation must mine the

data anc recreate its meaning and behavior.



functions . DXM. extends the Xf~IL DO9 interface by including docunent
anti elenent nethods that return DOt~1 for XML el enents or CDA
"representing the function return value. The client applicati on?§§$%£004
execute these nethods to obtain their results. This mechanismal' o~r, ~s
programmers to reuse the business logic contained in DxhlL docunents
witten in various scripting |anguages within their prograns. 6”; hen a
DXIriL fLnction executes, the functi on, executes in a context that provides
additional information to the function. T t:e function context includes:

I'l'j the document query paraneters, its docunent context; .;2j the parent

el emrent of the execute elenent, its dynam c context; and (3] the el enent
this functiCUis a nenber c its |exical context. '.'he Values o= the query
paraneter: are a~:ailab~"e i:~ the DXP~IL function e~ecuticn | anguage using
tPe co_m-entic:~ of receding ~~1-:~e p gq~~~,,: i.-raneter name ~.~~ltfi a
CC Cn as UgdduspersAds-livy AsaF?TBreRigey|by agpkite ipns &dt~s i npl enent ed
as a scri ct~en. t fu . ~ctiagn_ ha o - - t he parent e' ~ene;
.r ir: whic lr%vﬁenecf t}ihecﬁegﬁrllhg 8?6@%?%d§§(l§d&€lh&é1%’ulﬁgt\% gﬂff: i's an zZ ~,~a -~
200 @ el emsmmateyert agnetreodl £ heuiunte i rcdmRtan ad@ita onal cont ext

i ncl udi ng t rHe far, the contalni I t : ts attributes, and
content node e.gDrlqrgyt hi's nglgg?mtlﬁggD%E&fl%:g |%k}15i elulgeagﬂgjgl conmput e dynani c
content farcddesecontaal miang XMi ebhenentermnek aity difeoatintdy .of this function
appears within an instance of the.containing XM el enent. Another way to
use DXM iFsmtag‘lé'dd EYIfug S ﬁef’Sr?(M/?(gﬂltb‘? Wwsers that is used as an XM
"Virtual Machingle (cordpdhehe @xeeut er dynandte e daswilcs addshe client.

Thi s mechani sm supports |ive, active docupnents as a snapshot of the :

per si st entCatadtid 16y &ncolfMBEE T BR2 bt Lol T sl HtG Hy Elteits 1MAécessi ng t he
document "grakes Rt tihe rdecuREnt c Byainvokidgs they contaidted cD¥MeLf unction
invocations to restart the collaborat~cns and possibly changing the state
of the dociffsn DBWHAH Ceef eFBhEeMAGHAR DS TRIFES d-heq CI@ERart il lustrating
processes 4 L EX9eUL8 LUBCLLAN,, SHEH; 85 &xeetl& funeghion 314 in
Figure 3, ~ depict ecf in accordance Gith a preferred énbodi nent of the
present i mearitardem Te threopasseheginsenpyon dexend g ad@sr pE(shep 900) . A
DXM. docuner I S abtained_fr S dJ <the g~aer~_
Istep 902)%@4%“3 SGEJE%Pc@é %Ogg%?tfg?ﬁ%ﬁ%np e%&:’ ;ie}ﬁis?g)rc\%grewrgeposi tory

cont avr ng dogunenrts.hol sephuncti onsmanimhee DXM. Wocum . ~t are found i;step
904; . Parameters froma ayery are sub=titute~ jnto the . functions r;step
906) . "'H& ~%’rf’e°~ﬁcdnfslccts.kﬁﬁéﬁr_i g tRe subsT it ut & PaFaneter§Car e

exec>_: ~edid 57ep i208)of Thacrasuhtssf eonudtherexecution of t:~:e func~ions
replace tlc 2 ~ A UG?200g invocations of the functions in the DXM
document (st ep B0 eFsE DXNY 2BbE ahreh? S BRTONES” drf' S0 dGCenERr 8f't er

execut i on HOfgdhe.dfdinNcidn@ri cARXNbnEREUIBAL] i1Sad@t wmedi(step 912) with the
process termnating thereafter. Wth reference now to Figure 10, a diagram
i || ustratiFipRE fisow Beeneer VAFFBUS Eohporehtsd shdemiict 6L n accor dance
with a preferned embodi @%@tipgfin%hguﬁ'[)@f_s@n{n')EWI?.nt o). dan thi ssexanpl e, user
agent 1000 initiates a request for service (step pl). User agent 1000 is
typi cal | y o progessdweat €fLodochinent 1002, aThe qregiBstddcomeiat ed by user
agent 100Q_ represents a desired service provi y b _server. User
agent 1000 ‘hay ‘take i foé‘FérSl%‘OEoPﬁﬁTei%JCh %%f(g]?%}ebetx%r?p\%@go,l%%t\&ér or

anot her app i€eatdloite Thing request ikSapsosesseatbdynaeld entxs10@2sand typically
sent to server 1004 through conmunications channel 1006 (step p2).

Communi catiHs thantiélV 11606 \n8LEEake VT aff otk 87 M- Wuch -as the media found
in network |02 4. F,gure 1 The k8qUESEyi Se SeNtnORR!, GYPRIURLEE i ons
channel 1006 using a protocol understood b;Y both client 1002 and server
1004. Serverd IQ0Purey uselbackend seevieeslao98ian F Wdiparesipond to the
request (step p3). Backend see-ices 1008 wi il turn a rnesylt to ser~~er
1004 (step pd). ﬁalcEe'Ln” 'Js“gjr'vi ggsgﬁﬁoéiﬁg?ﬁ“ Tliesi%ﬁainep‘l’e,th%: gytbi ncl ude a

| egacy C~rOeess1e0ft Smoredt @m fAccedsftomt du sKiflegacyensy stremfnmy thenused t o
sat-s~v.- part or all cf the request depenainc gn t~e inpi.em-n~at~on. This
| egacy syscfeefrﬁrﬁéfod@'l oThst §8m89”§8Fv@?gﬁgoﬁ%r&ber?eah%(tag‘:&lle§er ver. The

request and the busi:~ess | ogic on server



2'~ AUu 200a 31 1004 is used to specify how such a del egation occur in
sati-sfying or responding to the request. Server 1004 w || crea?gyégﬁﬂj ﬁ@ 4
and transmt it back to client 1002 using comuni cati ons channel 1006 (step
p5). Cient 1002 will then process the request for user agent 1000 (step
p6). This processing may include displaying the data returned to the user.
This display may be as sinple as interpreting HIf~IL statenents or as
conpl ex as perform ng cal cul ati ons, sorting operations, or other
mani pul ati ons of the data. AlternatlvéPy, the data returned in the response
may be used by another application |ocated on client 1002. For exanple,
;rith a sinple 4~eb appl ication, a user agent 1000 in the formof a user
enters a URL for an HT: Wpage using client 1002, whic:n~ is a :veb browser.
The 4”~;eb browser uses |-i TTP tc comrunicate t:~e request to server 1004,
which is a HITP Wb server over TCP/IP. The request is processed bv~ an
HTTP Web S@fVemic i, chogMIans | atres Helse BRBmpbea, paltlhn@ﬁféh ofsa@file ors the

ser~~e~ . No additional processjn u3|n bac i's required.
The web sefOTRIN&eH %é‘%sﬁﬁ%s% t}é)&% E%c?l en g%zrllarll\peg% ng HTTP. The
requesti n ?~r¢§m@roar5§@roﬂlasdﬂmcte&e bﬂiﬁi*‘bbsﬁaﬂaelcblﬁ)stxheth i ser. For a

I

sl 1 gh~l, Oe conpleX eX:~fTli~ e, th a useL IIS|rh$ a Wb brcwser,
-prOV|des qm@m@rpgl%m¢m£@e#@?lﬂﬂ%ﬂ?z%?WQ?PDTEnFot FougRatPFE sent tc the

CY,'eb ser-s,. 80 Ussact Ald iR 1PE@EocdatiehsaBhsSugh connectaed 1 . The
4veb server ~~_-~ces.ses the POST request b;~ ~nvo:King a :'~I scrlpt

'tvi ~~h xpPohects. tonwhN@ﬂﬁﬂyb?V@@e§W1@GQOWhnEh§lFB?¢tS of® 2 htkend’
database havg @%khod@oggag £éturn either other XML elements or

character data. DXML combines extensions to an XML
schema for defining methods on XML elements, common
scripting languages for specifying the implementation
logic of the element methods, simple object access
protocol (SOAP) for function invocation, and XML to
define a document centered component mcdel for the Web.
In these examples, a new XML mechanism is used to invoke
funccions. Of course, SOAP and other known function
invocation mechanisms may be used for function invocation
in accordance with a preferred embodiment of the present
invention.

One advantage of the present invention is that it
focuses on enabling XML document authors to use behavior
defined by scripting functions, as well as Java and other
componrent models without requiring them to use
programming languages

By comrbining standard scripting languages in a
formal way with XML, DXML meets the requirements for a
Web component model as described above. Because the Web
component mccdel of the present irvention is based on XML
and implements functions using commen scripting

languages, this model will be familiar to current HTML



server' to execute an SQ query. The CA script receives resultg Qn&c&;?g
backend dat abase server and fornmulates the results in an HTM. table, 04
is sent back to the client through the Wb server, again using HITP over
SSL where it is rendered by the requesting Wb browser. In a nore conpl ex
exanpl e, the user, using a Web browser running on a hand-hel d PDA, provides
a query through an HTML form This query is sent as a request over Internet
| nt er - Gbj ect Request Broker Protocol ¥810P) to an EJB enabl ed Wb server.
The EJB on the Wb server represents a distributed business object that
provi des the requested ser~~ice by invoking a command bean t hat

comuni cates to a Custoner Information Control System (CICS) application
running on an nmultiple virtual storage (MWS) system usi ng Message Queue
Series (MXeries). MXeries is nessaging m ddl eware from I nternational

Busi ness taddivinresyhComyger atgohafiyBiMyed hatd aldrows ipgogrdad t o comuni cate

W th eacr r ross. all IBMplatforms,. 6r~i.ndocNS ., Vi~ S, and a variety
of (TN X 6&%$gf5$%§9{ %p?e§1%$dhs¥€ﬁ%%§kbr8P9d8513§8%ﬂﬁnﬁlf%¥e+?ace, such
as an API inchatagedodpyaseparet Wigt $emerta.arbhé cgaméaadebeanenef urns t he

resu’ ~t as an XW'.Ialgocunegtf Vs r-ch vs sent ba~~k tg tl:e Java appl et

re: nni : ~g W RS ScIPERY  HPBbT S RITRiRE i PSS CEEPBAL WNEB bro ~. -ser uses an
XSL stv. | esheefrak iXg-lkhepatBéhigh andf X&ial ie@C pE68ah@i igNHed1 he docunent
in a manner appraopriate for the client device. DXf~i L introduces the

oppor t m ~PPYf G LLoyGditRChyans paP t 2% ns R ismens6ehe Lt hiptanséRedt he pw. . ~er of
“rleb appldcgatjeQ nes 19hiLeg85 MBL1 fyi Mg the qochorkesentaqton.  z 3 a ~ 1 ~
2Q(~~ s3 User preferences cover a broad spectrum of subject areas

i ncl udi ng 3iEer ix&esl 62Tde9f ce BNl wie chdlagreingpkeseidoemi n i nt erest,
user interfage (U |-oaks ;£eel Vel «af ' f these
preferencéﬁﬁggﬁgbékéfggligﬂgh%TidD%sﬂgT%?E§éﬁ? %%fbg#é?égggﬁé%s when
accessi ngWMnedodlmentis. infdepeheentsiefudtiiconsmppnegt neeéssanyed o:cal cul at e
the conte f e q e M. cunent _based, on_user _preferences or to
calculateqt é%FFthtégygggﬁ%g?éto ﬁgéfh"ﬁﬁwL%gg%uﬁgﬁ g%% the server can be
used to pecimpomeritesededl cobat ionsdedd tiypi ¢ab papl ecathoghtbpe a user,

usi ng a Wb br.owser _runni on_a hand-held subm tting. a request using
an HTM. f &) nl&@n&%ﬁgn?ﬁgo?e%ﬁe@?ghﬁié ﬂ#T?gétSEﬁm%&Rﬁ gh@bled Wb server.
The Wb seiv@icraceespes ntheangauest ethdDXxh9kbrdoguseaiuand-gxegutes the
docunent, which uses infornmation about the user agent to access user

pr ef er ence<VEE<Eal'édrgt é¥the response XML document contents. The response
docunent is sent back to the client 6~deb browser, which uses an XSL

styl esheet, XM parser, and XSL processor to render the docunent in the
manner speédiii &3y FLR¥ user preferences. Another common use of DXML is to
access or query a database. The user, using a 47eb bro~-:ser, submts a
request usinc an i ~Tt~IL form by sending the request o~er HITP to a DXNIL
enabl e~~ 4~eb SetverefeThact; ebv ser Vislrgwmecéssesdt heramwquest ed DXML dccunen~

and executqs {d-nedocuprePk. £ W, chs executes DXEWE~apr 56t bons that access a
backend database systemtc obtain the requested data, The response docunent
is sent baCKSCHHE EPFEFPtI¥oepros 2 XAy [OR BEBYS 34° bEoser<d whi ch uses
an XSL styjlesheetrdaXbe patses,paate XSd proceéssent onf Java appdeatic t o render

t he docu .n.some p i at pnner,.. As avior . onmes nore preval ent
on the vgggkﬁ8§1§§p|i§§tﬁggé %@%“%%Quiﬁaﬁréaﬁﬁg %%ﬁ%ag§% ‘publ i shed servi ces
obt ai ned BEaESitrt enfPgBAE 1eal e etiyiife. 3PRb2Lreadh behesed: t@f i nvoke these
services anshcapiirenthe resultsnidt@ conpossat erXMedogunent, The search
engi ne woul d | ocate DXM. docunents containing functions that provide
adverti sed S§&FFiCcéS. 1TRBTT UACTT ONP et iShit-P8ARoul 67Be ext ended to provide
addi ti onalcomfuariration bekeekeywoi<s. Fdtatnaoukdvbe msedoto.facilitate the
search. Once the glient finds a collection of desired services, a DXM
document c¢an be used to invoke the services and collect the results into a
target XML or BXWrodeeunment<lihits doturmentedahoestherabe processed by an
XSL styl esheglesto shranstonm dhe, docungpt. -i-at o thepdesiced form or car, be
recursively executed as a DXM. docunent for furt:ner refinement. VI.

Exanpl es Fﬁﬂeixwﬁopnﬁﬁéﬁéﬁf%ﬁi%WP%%LJQQQUTﬁéFeFEHCéSE%Rﬂmlto gt es 11- 14B,
code



illustrating an exanple DXM. i nplenentation is depicted in accorgg 2g$
a~itt; a preferred em~cdi nent of the present invention. These e gg 812004

in,fol~ ~~ tine use of a docunent. function, st:ch as the docunent

fu:~ ~tion -ound in docunment 500 i Figure 5 . This docunent f~.:r.~ct i o0::
vs a dynamic XML (DXM. or .dxml! document that co:i~ains a docunent 2 3
AU G 200g 35 function definition for querying an SQ. dat abase | ooking for
enpl oyees that are overpaid with respect to their. job responsibilities.
The function is defined in an XM. fungtion elenment. The function definition
includes its formal paranmeters, their types, descriptions, and default

val ues. The function body in this case is witten in SQ.. Wth reference
now to Figure 11, an exanple XM. docunent used to display an HTM. formis
depicted in accordance with a preferred enbodi nent of the present

i nvention. The XM. docunent in Figure 11 includes the function defined in

document. L100°1 nol Gate. sul- Gortim 800 o gﬂbg;zéﬁgﬁﬁgé%t ernal entity.
1

and specifP@@tbﬁnxéﬁcgm?m%§ﬁﬁéﬂm326ﬁ3Fﬁnﬁléﬁrg 4°12B8°Y0 render the
function @ﬁr@@ghﬂﬁ&ri@u§1&é&héﬁxgm§tingny&kam@léoratheefoahal par anet ers.

The reason_for t e three docu I| h c to be
speci fi ed“th®8ts g§§r3?§ %%%%ne hatﬁgggcégn l§a§|&§ﬂr%%§gd and to

separat e dhaplahedfqncWebanQW$¢m }P%-W}thianlP§nt B&Red. THRi s docunent

al so i~ G&8e~ 1!911@ HL apd e&h@'@&b@c f&rqde%m@ebl Agntbeosaneudncase’t :,;ith
di fferent %L style sheets, Wth ref erqg om/to Flgur§§ é éﬁand 12B, an
cC

exanpl e of §HHXSEO§t&F%§Eb§¥lﬁ%éﬁvefﬁa% O §the Xt ~r~ent in
Fi gure 111h sedgpneéeCO~se}eaccmgdanﬁeEFHJJWI~t@epH8Peﬁﬁé@Céﬁb%ﬂlnent o~

t he prese sty gsheet, 200 isca fererdataibs: exanple
of .ar; P g?Ehggla%f%ulgure 3. §S~ stileshegt 1200 is the 2 3

AUG 200g 305 XSL stylesheet used for rendering XM. docunent 1100,
over pai dEnpl oyeas r¥Bbonke, ohtai fuvet ies Far e inspuhepdMameters. In this

exanpl e, XSL stylesheet |200 does no aye the ukl, driver, user, and
password f 8F&W§¥§r§sﬁ d PustPusEe h%?glgghhuL% val ues. Qther style sheets

may be usedrtesgospliiag thethapURL paF¥aneier <50t REPPGAELFEN PR sone ot her
way, or the functienecoubd beckpchrded im @n oXMasdocurentrwidh other

functions, including functions tha dat J Lning next to
Fi gures 1SRY&REFS t&ntFFPﬁg?FStl%% %¥i<§(§ﬂ%gg Bﬁgkﬁmgggtalnlng an

execut e ehew&mg NsMaepwaeueKt/amto@da@@@i%Faﬁ4qfﬂ%ﬁﬁreﬁérﬁg&“enbodlnent of
the presenf; %V% n%ﬂate1WthQEHHE@io1§9th&naQxﬁ&%ﬂ@h%pabyacdynanlc Xl ~i L

docunent used ure 3. hi s exaqg E%pL é@ﬁun%%h gontalns
conpany |hﬁ%ﬁ&%ﬁﬁsoﬁ aﬁcﬁﬁélﬁ@tdéﬁéf¥n% QR or Aot ¢8S ”ﬁﬁL décument | 300
contai Nns aR-AXedllke felaMene_ r%bableﬁeputeBhéfpanmmenﬁ@wdEnployees function

for a practice. An XM execute e fhhed oy, X =g, | $cenbedded in
the Xf1L EOPEAFZEACT NoS6cT %3 gh a8 - -

example, IBM Webbphﬂre AppServer and servlet filtering
may be used to configure the tra nslation.

If a browser capable of rendering XML using XSi,
such as IES, is employed, then this translation step on
the server is not required. In this case, the result of
get function 306 is chained tc trans.aze function 310
(step m3). Translate function 310 convercs the DXML
document into an HTMIL, document based on the instructions
in the referenced XSL stylesheet (referenced in the DXML
document) . Then, this HTML dccument 1s returned to Web
browser 304 as the result of get function 306 (step m4 )

In response to obtaining the DXML function document,

this DXML document is sent to translate function 310,



When the docnr~ent is processed, This elenent ~. ~ill be rEpIaC233?¥QDBS
results which ~~:ili be an overpai dEm pl oyees el enent cont ai ni 2004
results o~ the ruer,,%translated t~ ~:( 1L. T:11 ~Xi-~L functions return
X."~1L el enenr_s, although ttie elenents cuic 's~e as sinple as PCDA-A (a
sinmp~~e cr~ara: ter string; . I”lith ref ren~ce r:oNto Figures 14A and 14B,
a diagrarl illustrat~rg an XSL s.tyleshee~ r:o0_- displaying the X ~1L
docurent in Figures 13A and 13B is dep-~cted ~n accordance with a preferred
enbodi ment of th:e present invention.18 2 3 ~U G 2004 37 XSL styl esheet
1400 is a nore detailed exanple of the XSL styl esheet used in Figure 3. XSL
styl esheet 1400 is an XSL styl esheet for displaying XM. docunent 1300 in
Figures 13A and 13B, conpanyStatistics.dxm, after XML docunent 1300 has
been processed. XSL styl esheet 1400 displays a sinple report of the
conpani es, their nanmes and descriptions, and for one practice, gives a

tabl e of oyglpPai dr-SAP SYESSor |y Ahase rexanp! esyL SEsatheire nRytbenused to
provide ,rarious functions. For_ exanple, .a servl for.translating XM. to
enpggﬁéd

HTM. usi ngHBAL XSPCUR§Tbs higetP %) 1S reMBR ¥ XM as” HTM. for Weéb
browsers tggtaanhengokncaprbdey isthandlfirng ¥éb sedvedSlrefiasadtdny. Further, a
DXl ~1L ser t ocesses ' | ik rdogu S bYr & emmvigygqt he function
el enent s, ghg #g%Fgcwag'tﬁgﬁ%g%§ﬁégq%%§ngntgsg}s their result XM el ement
or PCDATA. dFhem@iXN teegoherarmyabélTEedorsmeipporthha ®eri pti ng

| anguages. 3dhgnsRE ~15l £bt QUAPULS, ttre@isQhte~EOALL dacWENttafdear repl aci ng
execute elenents v-~i heir results. .In_the vl idg ~alue of an
act ual pargHﬁFEFOP.thn %&%%dTg)eﬂéﬁéh rﬁ%§r80ﬁgé%ﬁ§ﬁ@§fﬁ%?blerdanue" in
order to indichteclieat therespemssioultde: orighbal neel¥§Tm the sir:~ilarlv

nanmed paranet er of QMytle H9EHMBAL, Qe St ht Bgfade | tiSoudeapreseant
i nventioi = prc~~ldes a nethod, apparar~~:s d conpyt er iqplenented

: ar~ a -~
i ns~~uct i of&rfofOFeti§5ble BHATR t% 6 GSe TRUS: VEettnnd' : . The present
| nVe: Zt | Cnpiroiveliwdeanaedanpient neerring aoehit BSYUr@o¢wnent-Hiay P9 ogi ¢ or

functions used_to il d_a I 'gﬂﬁjq{ 2h3rAlJs a5 200, § $-dydhrani ¢ docunent s
are providéﬁ%FﬁpgegéﬁngF ?§L§ﬁ?%% t he fggfc of fanitions are reusable in

many diffeB@At GbéenEAME. ITRRoLYIAIHE ASE oF BRRLPTAYEfe HehiTied exanpl es,
Web appl i cati gRecorpl @%hti¥st Spk essad byreseparat bpgcsehexrel, | ogic

devel opnment,, dat a, angéggggeéingséns%&yc%%%nﬁTMEu§ﬁ%%ﬁQ§&E{g i npl ement ed

usi ng scri ptiag *Pangu r“hat?Ve 1anguages in is used to

i nvoke t he dfispdtiveds witheahdvovat iére ofialidesenfunEt PEAEPTS fPdependent of
the nEChan%%qb%%stthig@'%@BnEyﬁgeaﬁd”Hﬂé @Aximum salary. These

fields and prompts may have been derived from

introspecting the function definition and generated by

the XSL stylesheet. In response to a user input to this

HTML document, a request for a DXML document and a query

string are senc to post functicn 312 (step m7). Post

funcrion 312 is used to access documencs in Web server

repository 308. Get function 306 and post function 312

are illustrated . separate functicns for the purposes of

Q)
163}

clearly explaining the data flow used in a preferred
embodiment of the present invention. Tnhnese COMPONENts
may indeed be the same component depending on the
implementation or specific request. This request 1s
passed on to execute function 314 (step m8) .

Execute function 314 is used to execute a DXML
document based on the request and the gquery parameters

received from post function 312. Post functions are used



As shown above, the Web application devel opnent of the present application
all ows for adding behavior to markup | anguages. The nechani sm o Bhaé1@5§004
present invention avoids the use of tenplate |anguages, as in ASP an .
by providing active docunents based on a conponent nodel as descri bed
above. In this manner, a docunent author does not have to switch into a
programm ng domain to i nvoke functions. Wth DXM., the docunen~ author only
uses XML. The interfaces for the nethods and the invocation of ~he nethods
are both defined using Xi~IL. Only thé&% unction body, or its

i npl ementation, is |anguage dependent. Further, the DXML functions of the
present in~entior.s can be defined in an X11L sc~!-mm, rather than being
i:~cluded in the docunent itse~!f. Further, inplicit in~~~ocation of

nmet hods, as in LEA behaviors, is avoided through the use of direct
fu:~cti~.~r. invocation. These ad~.-antages are provided thrcugt~ she
formal c._ %o pRBORAAt xNREehadessrided 1ahoweckes DXPpirbcéssedhic't: DXM
defines and_ executes ctions using XM.  Thi 2 2004 mechani sm
is in conttas lPoaﬁay&ﬁg gegc??5¥?%g cg%éﬁégé%3Xecaae€¥%%giunction
directly. kmambilssmanhergefunctpest degicdrignisoniahdcPiveeaErbh Wi'e? | anguage

| ndependent , .FURGLLPNS €AY RerFEt Mo GleaXMs el erBAL Selihatogoatri buted to
their scope. Using a fornmal conponent nodel enhances_t he Fse of scripting,
c

e
| anguages, C3iiBPEi Rrés LHBRANRRED dBVET I iPPTRRI 1 REEPECE ct ®4r separati on
bet ween t hgrdeedsent se¢hriA asther ,3dbcumrespoasthoty ahdsdocunent | ayout

roles. The nodel ef the present inv ion it .Stk distri but ed
obj ect conp&iEht “"fodéfs THke’ Afggié%ba% %8%%1?ghgk%gggsé§%e servi ces

of these ditsensbated beapohrehe aDdETE HdiMPablte fE2RRECHORARENEC aut hor s
through Xf lhiechi B9oi MPOAt aRtpbAsAOiE tdati vahigl entheepuesensndnvient i on has
been described in the context of a fully functi,onipg. cessing
system thOSETEF PEralMiarySskFIFCn®t %F%%fmvﬁﬁﬁ g%g?ég?é?ep%_at t he
processes abpirberpresenkMindentihent af o apgbMebofebErngrdPSEridiYed in a
formof a goRpyterrgadable medium of instructions an® a variety of forns
and that the preseﬁkllnvention app~~es equ%LIyﬁrggardle§§1ﬁf the particul ar
t~pe of sicnal BE&rirRg AedYa adttah|SFisd Ud éare: 2R5ub the

di strib~. i tfi@ctioh xamphesiof sbapuint reweddalide fmedi Hebnekuder
recordabl e-type .nmedi a.Sz_;CU.. P~ e« Al SC, hard di hve, a ~~f~l,
CD- ROVE, Drg%gﬁ}Rgry|§?§,(§§;§ %%§E5n1%§%t:%ifégeeﬁggtg§gug%has digital and
anal og conmesicc aticomEML ARSUMINE} el oFe SBALSel 8 Le@EAuRPEabf e ns 1in) cs
usi nc, trapsmseien ferpmessdChoasnvéies Bxamiles nadi adknegdeadyiand |i ght
wa fe ~rai:snmissions. ~he  ~ .3 AUG 2009, Cf ot a ja may take
the form cédéd FSHTECS "Rat8r 6™ décoded %E§%§§#%§ Iggg%ighg ggg%?cular dat a
processi ng axystseins tEhetddsenipt Eba BNt heopriedese CiipveARFEHPhas been
present ed ﬁgﬁmﬁgﬁﬁgse§fQErith%Er@ﬁéoﬂnﬁﬂﬂxﬁﬁi%rEﬁbeﬂedaHddiShQOt i nt ended
to be exhaustrve™or limted to the jnvention in the formdisclosed. Many
modi fi cati GR&Vaid Wabildteend PwilF BéM%dﬁ%T§ﬁ¥“tS‘fﬁeggréFpordinary skill in
the art. Faexame ecpakthaugngt bee depscted exampliesicareni. | | iistpat ed usi ng
XM., the present invention be il ement.ed .using okher 5 Up: | anguages.
As anot her "&X: @ﬁﬁgF‘fhéUFH§gg§figﬁhggifhndfrb:~s n%?’%ggaggggglfshed

t hrough the XM Nexacuttéeelfément [oanot hetiapptoacty “\GH d ‘Be S£68 us8 an Xr 1L
docunent | anguage Jd ke SOABt g1exesutg whe funeatirens.ceThererhodi nent was
chosen and described in order tc best explair Lngogrka%%phg% of the

in, "ention,3iheradtS & ApPrPRALTbh, “dnd to Enabl e "t Rer's “of ordinary
skill in thewaer tepmdecsty,_and theepnelznt i oih=f et wWasihegs. 1ém-odi nent s
~:ith ~~ario=~,.~s, r~cdifi iQ.zs as_.are sui 1 t ot hewpaptbLehlar  use
ccn~e-r:p|5%%&l?d“Fﬁhéhﬁa%?%c%?égmagéué§éﬁ?f%ggangaamg”usgd ?n ?Ee exanpl es
above was dhes @hibetausenct iist sensi vy ppPe- AHNGC B pdi nSCeP~e concepts of
DXr~I'L. 11, @addi tiQn,g Rrvr=Ysc0kkner i ket Q.eddachnelogilesnthabom ght be
enpl:~v.;~ea 1:i Dir~IL lice ~~O~-,C andFXhﬁ$M§c:zen35. ~ 3.AUG 200g 41

(step ml4) . At client 300, the =17 document containiig

the results is displayed within ¥Web browser 304.

Additionally, the XML to HTML rranslation step is not



A
VIE CtAIM 1. A nmethod in a data processing systemfor creating Zaddﬁr{a&@l 2004
el ectroni c docunent in a markup | anguage, the nmethod conprising the data
processi ng system i npl enented steps of: placing static content in the

mar kup | anguage into the d5mam c el ectroni ¢ docunent; placing a function

i nvocati on nmechanismin the dynam c el ectronic docunent using the markup

| anguage; in response to activation of the function invocation nechanismin
t he dy~l ~am c el ectroni c docunment, invaking a function; and replacing the
filnction invocation nechanismin the“dynanic el ectronic docunent with a
result fromthe function. 2. The nmethod of claim 1 further conprising:
defining the function using a function definition in which the function
definition includes a function name, fornlal paraneters, and a function
body. 3. The method of claim2, wherein the tilnction is located in a

second dynami c el ectronic docunent. 4. The nethod of G ~lIIl 2, wherein the
f1111CL1011eHBdYeEoipr FBesbrovaay ey amabrlieb ofe praads abhes eXML t Wethanguage
attribute kdentt{iesnactanguage in which the function is witten.

The DXML model of the present invention defines both

document (or "free") functions and element member
functions. Document functions are functions that do not
belong to any element. These functions stand alone and

have a context defined by the document in which they are
invoked and their actual parameters. In these examples,
document functions can be defined either in the XML
document in which they are used, inrncluded in an XML
document using an XML entity declaraticn, or defined in
an XML schema, but not associated with any particular
element in that schema. Therefore, document fqnctions co
not require an XML schema, but only reguire an XML
document to be well formed.

The document functions, in these examples,
correspond to free functions ir C++ or functions of
procedural languages like C, BASIC, JavaScript, and Ada.
The documert functicns are also similar tc class
functions of C++, Java, and Smalltalk where the class
corresponds to the document, which represents a shared
context in which the functicns can execute.

Element member functions are defined using an
extension to XML schema. Elements in XML can have a
name, a numnber of attributes, and asscclaticons with cther
elements including & containmert assoc:iatlcon with the
elements in their content model and meore general
associations through XLink and XPcinter. DXML extcends
the XML schema to include behavior by allcwing the schema

author to include member functions in the element



3 AU G 200a 42 5. The nethod of claim4, v' herein the | angua@eqapygd
is script and the function body further includes instructignsgfﬁ k@l$gﬁﬁﬁ%.
The nethod of claim4, wherein the | anguage attribute is native and the
function body is enpty and wherein the function is inplenented outside of
the dynami c el ectronic docunent. 7. The nmethod of claim 1, n'herein the
function invocation mechani smincludes a reference to an object

i npl enenting the function. 8. The nethod of claim1, wherein the markup

| anguage i s extensi ble markup | anguage. 9. The nethod of claim 1, wherein
the function includes instructions witten in script. 10. The method of
claiml, wherein the filnctionis witten in a |anguage other than a
scripting | anguage enbedded in the markup | anguage. 11. The nethod of claim
1, wherein the function is inplenented in one of a plug-in, an applet, a

sel:~'|et and an appllcatlon. 12. |I~I|l eleCl'"OnlC dOCI(llellt SyStell
fd IISed%%qut%ha PGSRt bhds St edd lohache 1ekeqil’ Ghhlodocunent
SyStelll CAll LSIIIg: a function; and 2 3 AUG 2004 43 an electronlc

docunent , C@Wéﬁépﬁn@héoepyétrﬁmrc goclAehtclias@eidesT oMt 8RE FRREAnar kup
| anguage; gda o UNgkn e, YOS BhE O IREIANISMHMLL8R I/ chhengar kup

| anguage, herei'n, Tn response to an activation of the filnction
|nvocat|omMmeeh@me&mlwhbeefanateonran81tlons (i.e., the element's

life-cycle) the function effects. This allows XML to be
used to describe services on the Web and to use XML
documents to script together the invocation of these
services by document authors to solve some business
problem and communicate the result to some other program
or display it in a Web browser.

In these examples, functions are described using XML
as much as possible in order to make them easy to
introspect, simple to use by XML document authors, and
language neutral. Only the function body is language

specific.
Iv. Function Definition

Turning next to Figure 4, an overal. schematic of
DXML and a diagram of a function definition are depicted
in accordance with a preferred embodiment of the present
invention. DXML consists of the combination cf standard
XML and commen scripting languages, plus extensions to
XMT, schema to include function definitions to form a
component model for the Web. Function definition 400
includes a furction name 402, a functicrn description 404,
formal parameters 406, type of recurrn value 408, and
function body 410. Fcrmal paramecers 406 includes, 1n

these examples, the names of the parameters, the types,



invocation mechanismcalls the function and a result fromthe 24&@@U@h2 4
repl aces the function invocation nechanismin the el ectronic docunent. Qg.
The el ectronic docunent systemof claim12, wherein the el ectronic docunent
is located on a first data processing system and wherein the function is a
remote function located on a second data processing systemrenote to the
first data processing system 14. The el ectronic docunent system of claim
12, wherein the electronic docunent is a first electronic docunment and
ful-ther conprising: a second el ectrodic docunent witten in the markup

| anguage, wherein the function is located in the electronic docunent. 15.
The el ectroni c docunent systemof claim 12 further conprising: a styl esheet
used to present the electronic docunent. 16. A data processing system for
creating a dymami c el ectronic docunent in a markup |anguage, the data
processing SyStelll CAllpl'ISIIIg: first placing means for placing static

content incftheggprkup: } aRIVAGRY | O ddraalestnansc dogpaest ; rengrsecond
pl aci ng nmeans for placing a fUl1lCt 1017 111voCat 1011 111eCl1a111S117 11l the

el ectroni cvabioeufeBt 8 Rgesheexamrlies I3V OF| PgFPergel Hikrein the
function I VOGALL OBy cBaBalter a£LQ@HaTA) . Function names may be

scoped by an XML namespace, while function parameter
names are scoped by the function with which the names are
associated. Function body 410 may include script
instructions if the function is implemented using a
scripting language. Alternatively, function body 410 may
be empty if the function is implemented elsewhere. In
this case, the function may be a document function in
which case its name is sufficient to identify its
implementation to a server. In other cases, an href
attribute of the execute element, such as that used in
HTML, may be used to identify a remote object that
implements the function.

With reference next to Figure 5, a diagram
illustrating a document function is depicted 1in
accordance with a preferred embocdiment of the present
invention. In this example, document functicn 500 is
entitled “overpaidEmployees”. This document function
corresponds to DXML function XML document in Figure 3.

Document 500 contains an example <% a document function
that could appear in any XML document or an XML schema.
Document functiocn 500, in this example, has six formal

parameters in secticn 502 including Iour that are

Th= return value 1n

U

3"

2 CCes

0]

required for database

¢

lement witii Che cag name

(D

3

section 504 is an XML

-

"overpaidEmployees". The function body 1n gsection 506 1s

n

5
written using dynamic structured guery language {SQL) a



44 mechanismis configured to invoke a function and a result fromthe
function replaces the function invocation nmechanismin the electr ﬁ?dQU[BZDD4
docunment. 17. The data processing systemof claim16 further conprising:
defining means for defining the function in which the function includes a
function name, formal paranmeters, and a function body. 18. The data
processing systemof claim17, wherein the function is located in a second
dynam c el ectronic docunent. 19. The data processing systemof claim 17,

wherein the function body conprises a 4d3anguage attri bute,

and wherein the

| anguage attribute identifies a |anguage in which the function is witten.
20. The data processing systemof claim19, wherein the |anguage attribute
is script and the function body further includes instructions in script.
21. The data processing systemof claim19. wherein the |anguage attribute
is native and the finction body is enpty and wherein the function is

i npl enent ed out-side of, the dunBiLgeehectivni £ HJOcuRHody22]lehbar dat a
processing system of c¢laim 16, "whérein the function invocation nechani sm

i ncl udes a ref efldnddiet doglty clojnsetnpaph eherdd Ny iee AL K&t 1011.

characters that must be escaped, it may be convenient to

enclose the complete function body in a CDATA section.

If the function is implemented as an EJB, CORBA,

or DCOM

object, then the language attribute would have the value

"native", and the body would be empty as the

implementation is done elsewhere. The meaning of the

formal parameter types and their permissible types are

defined by the function body language but described using

XML. In this example, the parameter types are taken from

SQL. The furction execution engine has the

responsibility to determine if the types are valid for

the function body language.

In this manner, DXML can support many cther common

scripting languages, such as, ftor example, JavaScript,

VBScript, Java, REXX, and Perl. Zlement member functions

are similarly defined in an XML schema. The difference

between element member functions and document functions

is that by associating the function with an elemenctc, che

context of the function includes its containing

including its attributes and content model, and

invocation of the function is recuired Lo appear
child of the element in which the function is defi

Since DXML uses XML tc define functions, DXML 1is

elementc,

the

extensible. Implementations may 1nclude additicnal
meta-data ag attribute or content model extensions to
DXML. Applications that are not aware of these

extensions would just ignore the additicnal elements, as



~*0 AUG 20D4 45 23. The data processing systemof claim 16, wherein the

mar kup | anguage i s extensi ble markup | anguage. 24. The data proc i
system of claim 16, wherein the function includes instnlctions mﬁfttgﬁugh2004

script. 25. The data processing systemof claim 16, wherein the function is
witten in a | anguage other than the markup | anguage. 26. The data
processi ng system of claim 16, wherein the function is inplenented in one
of a plug-in, an applet, a sen~let, and,an application. 27. A conputer
program product in a conputer readabl e“fediumfor creating an electronic
docunent in a markup | anguage, the conputer program product conpri sing:
first instructions for placing static content in the markup | anguage into
the el ectronic docunent; and second instnlction.s for placing a function

i nvocation mechanismin the el ectronic docunent using the markup |anguage,
wherein the finction invocation mechanismis configured to invoke a
f1111Ct 10111 @l Hae acpesention ih&Mi-ntti on repl aces the function invocation

mechanl st b LNCrRL eehi 00l & HO UM C BB 8@t abribed in the.

. AQB. A3CY( . Af 3. Al ,l.AY.A.AﬁT.A{Y.A YI.A.A @A3l.A

.AF. AfF. A . PSLIDBYLA, ¥eAQFE. A@IAl fANCAIANSABBe AMRVOKY. i AMMIA( . AF. AL A A

- AR AAFY 'Aﬁég%ﬁgngs by using XML, not the language used to
implement the function. The XML document author never
has to know anything about the implementation of the
function, the language it was written in, oxr whether its
written in a scripting language or implemented as a
distributed service. When a DXML document is accessed,
the function invocations in the document are executed and
replaced with their result. All functions return either
and XML element or CDATA. Functions that return XML
elements must be invoked in the context of a parent
element that has the returned XML eiement as a child :in
its content model in order to prcduce a valid XML
document as the result. If the DXML document has nc
document type definition (DTD} or XML schema, then the
returned XML element may appear as the child of any XML
element, as the document must only be well formed. If
the functicn returns CDATA, then the data may appear in
any XML element that aliows parsed character data

(ECDATA) in the content mcdel ©f the elemenc. PCDATA

>

can be the content of the slement 1n XML. Alcernatively,

[
9]
—~

the data may be used to provide the valus ©
attribute.
Y invoxing DXML functions

The actu

@]

1 XML syntax f

0

Vi)

1

stent with mechanisms fcr invoking remote

[N

should be cons

[}

procedure calls from client to server applications using

XML to marshal the method, its parameters, and the return



.A s :b_"~RS\ 6de

t'v45Y| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&aU] c&a] c&a] ca] ca] cg]%zﬁ\Uéﬁ QQ[M
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa]c(a! YZ_"cdl m %& 2 367

}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
]calcalcalcalcalcalcalcaljcajcaljcal7 gr t uv w

[\
w

value. The invocation used in the examples is not meant
to specify a new syntax for distributed function
invocation, but rather an example of how it could be done
in the context of dynamic documents. The exact format of
the function invocation syntax, in these examples,
corresponds as much as possible to existing XML remote
procedure call marshaling languages like SOAP, WebBroker,
or Web Interface Description Language (WIDL). In other
words, the function invocation is in XML and includes at
least (1) the name of the function to execute (including
any necessary namespace information); (2) a reference to
an object implementing the function if the function 1is
implemented as a distributed service; and (3) values for

the actual parameters.

V. Function Invocation

With reference now to Figure 6, a diagram
illustrating code for invoking a function is depicted in
accecrdance with a preferred ewrbodiment of the present
invention. Function invocation 600 invokes function 500
ir Figure 5. This example invokes the functicen 500 in
rhe context of a practice in a department. DXML allows
the query parameters of the request universal resource
identifier (URI) to be used as part of the context of the
DXML method. In the exampie, the vaiue of the job
parameter 1s provided by the jcb parameter of the request
URTI. For example,

http://someDomain/companyStatistics?job=MANAGER&salary=10
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access functions, such as those cI Enterprise JavaBeans
and COM objects. This access may be accomplished using
exactly the same simple mechanisms. The function

interface of the present invention is still defired as a
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DXML function. The DXML function is invoked using XML.
The only differences are that the body is empty, has.
language="native", and the document author provides the
name of an appropriate service provider.

DXML functions that return CDATA also may be used to
provide values for attributes. With reference next to
Figure 8, an example of syntax for returning CDATA is
depicted in accordance with a preferred embodiment of the
present invention.

A number of ways exist in which DXML functions may
be executed. For example, these DXML functions may be
executed on the client using a Web browser plug-in or
applet, on the server using CGI or a servlet or any other
Web server extension mechanism, or invcocked throuagh XML
document object model (DOM) in an application program. &
servlet is a small appilication written in Java that runs
on an Internet cr intranet HTTP Web server.

A client Web browser may be extended using a plug-in
or Java applet to execute a DXML document reducing the
load in the server. The semantics cf executlon are the
same regardless of the location at which the DXML
document is executed. The difiference in the location of
DXML dccument executlion is in performance. If the

processing in the DXML functions is simple scripting, or

o
i)

DXML cdocument can

®

access to dirstributed services, tn

executed on the client with nc loss in performance.

o1

Al
03}

However, 1if the DXML functions access daca th

0

already present on the server, it may De better ¢

execute the DXML documents clocser to the data to improve
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performance. An “at” attribute of the executed element
can be used by the document author to specify where the
function should be executed. The default is to execute
on the server.

DXML documents can be executed on the server using
any of the mechanisms for extending Web browsers
including CGI programs, servlets, or Web server plug-ins.
A client program may also directly execute DXML
functions. DXML extends the XML DOM interface by
including document and element methods that return DOM
for XML elements or CDATA representing the function
return value. The client application can then execute
these methods to obtain their results. This mechanism
allows programmers to reuse the business logic contained
in DXML documents written in various scripting languages
within their programs.

When a DXML function executes, the function executes
in a context that provides additional information to the
function. The function context ircludes: (1) the
document query parameters, its document context; {2) the
parent element of the execute element, 1ts dynamic
context; and (3) the element this function is a member of
its lexical context. The values of the guery parameters

are avallable in the DXML functiocn executicn language

using the conventiocn of preceding the guery parameter
name with a colon as used by hos:t variables in SQL If
the function :s implemented as a script, then the

function has access to the DOM of the parent element in

which the function is executed. If the Zunction is an
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element member function, the function has an additional
context including the DOM for the containing element, the
element’s attributes, and content model. In this case,
the DXML function is used to compute dynamic content for
the containing XML element, and any invocation of this
function appears within an instance of the containing XML
element.

Another way to use DXML is to add a plug-in to
XML/XSL browsers that is used as an XML “Virtual Machine"
(VM) to execute dynamic XML documents on the client.

This mechanism supports live, active documents as a
snapshot of the persistent state of a collection of
collaborating elements. Accessing the document "wakes
up" the document by invoking the contained DXML function
invocations to restart the collaborat:cns and possibly
changing the state of the document.

With reference now to Figure 9, a flowchart
illustrating processes used in an execute function, such
as execute function 314 in Figure 3, 15 depicted in
accordance with a preferred embodiment of the present
invention. The process begins by receirving a gquery {(step
900). A DXML document is obtained from a source and read
based on the guery {(step 902). The scurce may be, for
example, a Web server repository containing documents.
The functions in the DXML documen:t are fcunc (step 504} .
Parameters from a guery are subscilitutei into the
functions {step 906). The ZIunctions contailning the
substituted parameters are executed (szep $08). The

results from the execution of the functions replace the
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invocations of the functions in the DXML document (step
910) . The DXML document becomes an XML document after
execution of the function. An XML document is returned
(step 912) with the process terminating thereafter.

With reference now to Figure 10, a diagram
illustrating data flow between various components is
depicted in accordance with a preferred embodiment of the
present invention. In this example, user agent 1000
initiates a reguest for service (step pl). User agent
1000 is typically a process located on client 1002. The
request formulated by user agent 1000 represents a
desired service provided by a Web server. User agent
1000 may take different forms, such as, for example, a
user or another application.

This request is processed by client 1002 and
typically sent to server 1004 through communications
channel 1006 (step p2). Communications channel 1006 may
take various forms, such as the media found in network
102 in Figure 1. The reguest is sent over communications
channel 1006 using a protoco: understood by both client
1002 and server 1004. Server 1004 may use backend
services 1008 to fully respond to the request (step p3!}.
Backend services 1008 will return a result to server 1004
(step p4). Backend services 1008, 1n this example, may
include a legacy process or system. Access to this
legacy system may be used to sat.sfy part or all cof the
request depending on the implementat:ion. This legacy
system may be located on server 1004 or on another

server. The request and the business logic on server

G 2004
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1004 is used to specify how such a delegation may occur
in satisfying or responding tc the request.

Server 1004 will create a response and transmit it
back to client 1002 using communicatiocns channel 1006
(step pb5). Client 1002 will then process the request for
user agent 1000 (step p6). This processing may include
displaying the data returned to the user. This display
may be as simple as interpreting HTML statements or as
complex as performing calculatilons, sorting operations,
or other manipulations of the data. Alternatively, the
data returned in the response may be used by another
application located on client 1002.

For example, with a simple Web application, a user
agent 1000 in the form cf a user enters a URL for an HTML
page using client 1002, which is a2 Web browser. The Web
browser uses HTTP to communicate the request to server
1004, which is a HTTP Web server cver TCP/IP. The
request 1s processed by an HTTP Web serve
translates the URL to a pathname of a file on the server.
No additional processing using backend services 1008 1is
required. The Web server sends the response back to the
client again using HTTP. The requesting Web browser
dispiays the HTML pace to the user.

For a slightly more complex example, the user, using a

g0}

Web browser, provides guery paramsters using an ETML form

that 1s sent 2o the Web server us-ng an HTTEP POST over an

(e}

SS. connection. The Web server processes the POST
request by invoking e CGI script, which connects to

backend services 1008 in the form of a backend database
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server to execute an SQL query. The CGI script receives
results from the backend database server and formulates
the results in an HTML table, which is sent back to the
client through the Web server, again using HTTP over SSL
where it is rendered by the requesting Web browser.

In a more complex example, the user, using a Web
browser running on a hand-held PDA, provides a query
through an HTML form. This query is sent as a request
over Internet Inter-Object Request Broker Protocol (IIOP)
to an EJB enabled Wek server. The EJB on the Web server
represents a distributed business object that provides
the requested service by invoking a command bean that
communicates to a Customer Information Control System
(CICS) application running on an rultiple virtual storage
(MVS) system using Message Queue Series {(MQSeries) .
MOSeries is messaging middleware from International
Business Machines Corporation (IBM) that allows programs
to communicate with each other across all IBM platforms,
Windows, VMS, and a variety of UNIX platforms. This
middleware provides & common interface, such as an API,
that programs are written to. The command bean returns
the result as an XML document, wnhich is sent back to the
Java applet running in the client Web browser. The
client Welb browser uses an XSL stylesheet, XML parser,
and XSiL processor to render the document in a manner
appropriate for the client device.

DXML introduces che opportun:ty for additiona-
patterns that both enhance the power of Web applications

while simplifying their implementation.
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User preferences cover a broad spectrum of subject
areas including, for example, device display
characteristics, domain interest, user interface (UI)
look-and-feel, and level of detail. Many of these
preferences can be simply handled by different XSL style
sheets when accessing XML documents. In other situations
it is necessary to calculate the contents of the
requested XML document based on user preferences or to
calculate the right stylesheet to use. A DXML document
on the server can be used to perform these calculations.
A typical pattern might be a user, using a Web browser
running on a hand-held PDA submitting a request using an
HTML form by sending the request over HTTP to a DXML
enabled Web server. The Web server accesses the
requested DXML document and executes the document, which
uses information about the user agent to access user
preferences to calculate the response XML document
contents. The response document is sent back to the
client Web browser, which uses an XSL stylesheet, XML
parser, and XSL processor to render the document in the
manner specified by the user preferences.

Another common use of DXML 1s to access or guery a
datakbase. The user, using a Web pbrowser, submits a
request using an HTML form by sending the request over
HTTP to a DXML enabled Web server. The Web server
accesses the reguested DXML document and executes the
document, which executes DXML functions that access a
backend database system tc obtain the reguested data.

The response document is gent back tc the client Web
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browser, which uses an XSL stylesheet, XML parser, and
XSL processor or Java applet to render the document in
gsome appropriate manner.

As behavior becomes more prevalent on the Web, Web
applications may be dynamically bound to published
services obtained by an intelligent search engine. DXML
can be used to invoke these services and capture the
results into a composite XML document. The search engine
would locate DXML documents containing functions that
provide advertised services. The function definition
would be extended to provide additional information like
keywords that could be used to facilitate the search.
Once the client finds a collection of desired services, a
DXML document can be used to invoke the services and
collect the results into a target XML or DXML document.
This document can either be processed by an XSL
stylesheet to transform the document into the desired
form, or can be recursively executed as a DXML document

for further refinement.

VI. Examples for DXML Implementation

With reference now to Figures 11-14B, code

M
oy

illustratirg an example DXML implementation is depicted

in accordance with a preferred embodiment of the present

invention. These examples involve the use of a document
function, such as the document function Zound 1n document
500 in Figure 5. This document function is a dynamic XML

(DXML or .dxml) document that contains a document
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function definition for querying an SQL database looking
for employees that are overpaid with respect to their. job
responsibilities. The function is defined in an XML
function element. The function definition includes 1its
formal parameters, their types, descriptions, and default
values. The function body in this case is written in
SQL.

With reference now to Figure 11, an example XML
document used to display an HTML form is depicted in
accordance with a preferred embodiment of the present
invention. The XML document in Figure 11 includes the
function defined in Figure 5 as a convenience for
function reuse in the example. XML document 1100
includes XML document 500 in Figure 5 as an external
entity, and specifies an XSL stylesheet 1200 in Figures
122A and 12B to render the function as an HTML form for
requesting values for the formal parameters. The reason
for these three documents is to allow the function to be
specified in a separate document so that it can be easily
reused and to separate what the function is from now it
is viewed. This document also is an example of a
technique for rendering the same document with different
XSL style sheets.

Wicth reference now to Figures 12A and 12B, an
example of an XSL stylesheet used Ifor rendering the XML
document in Figure 11 is depictec in accordance with a
preferred embodiment of the present invention. XSL
stylesheet 1200 ics a wmore detaillea example of an XSL

stylesheet used ir Figure 3. XSI stylesheet 1200 1s the
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XSL stylesheet used for rendering XML document 1100,
overpaidEmployees.xml, to obtain values for the input
parameters. In this example, XSL stylesheet 1200 does
not display the url, driver, user, and password
parameters and just uses their default values. Other
style sheets may be used to display the input parameters
for the function in some other way, or the function could
be inclpded in an XML document with other functions,
including functions that validate the inputs,

Turning next to Figures 13A and 13B, an illustration
of an XML document containing an execute element is
depicted in accordance with a preferred embodiment of the
present invention. XML document 1300 is an example of a
dynamic XML document used in Figure 3. 1In this example,
XML document 1300 contains company information including
departments and practices. XML document 1300 contains an
execute element that executes the overpaidEmployees
function for a practice. An XML execute element (defined
by DXML) 1is embedded in the XML document in section 1302.

When the document is processed, this element will be
replaced by its results which will be an
overpaldEmployees element containing the results of the
gquery translated to XML. All DXWML functions return XML
elements, although the elements cculd e as simple as
PCDATA (a simple character string;.

With reference row to Figures 14A and 14B, a diagram
1llustrating an XSL stylesheet for displaying the XML
document in Figures 13A and 13B is depicted in accordance

with a preferred embodiment of the present invention.
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XSL stylesheet 1400 is a more detailed example of the XSL
stylesheet used in Figure 3. XSL stylesheet 1400 is an
XSL stylesheet for displaying XML document 1300 in
Figures 13A and 13B, companyStatistics.dxml, after XML
document 1300 has been processed. XSL stylesheet 1400
displays a simple report of the companies, their names
and descriptions, and for one practice, gives a table of
overpald employees. In these examples, servliets may be
used to provide various functions. For example, a
servlet for translating XML to HTML using an XSL
stylesheet is employed to render the XML as HTML for Web
browsers that are not capable of handliing XML and XSL
directly.

Further, a DXML servlet processes dynamic XML
documents by removing the function elements, and
replacing the execute elements with their result XML
element or PCDATA. The DXML servlet may be used to
support many scripting languages. The servlet outputs
the origina. document after replacing execute elements
with their results. In the DXML servlet, the value of an
actual parameter 1n an execute eiement may contain
“:variableName” in order to indicate that the wvalue
should be obtained from the similarly named parameter
from the document query string.

Thus, the present invention provides a method,
apparatus, and computer implemented instructions for
reusable components for use in & document. The present
inventicn includes a document centric architecture in

which logic or functions used to kuild applications or
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dynamic documentg are provided in a manner in which the
logic or functions are reusable in many different
documents. Through the use of DXML in the depicted
examples, Web application complexity is reduced by
separating schema, logic development, data, and rendering
instructions. Functions are implemented using scripting
languages or native languages in which XML is used to
invoke the functions. The invocation of these functions
"is independent of the mechanism used to implement the
function.

As shown above, the Web application development of
the present application allows for adding behavior to
markup languages. The mechanism of the present invention
avoids the use of template languages, as in ASP and JSP,
by providing active documents based on a component model
as described above. In this manner, a document author
does not have to switch into a programming domain to
invoke functions. With DXML, the document author only
uses XML. The interfaces for the methods and the
invocation of the methods are both defined using XML.
Only the function body, or 1its 1implementation, 1s
language dependert. Further, the DXML functions of the
present inventions can be defined in an XML schema,
rather than being included in the document itself.
Further, implicit invocation of methods, as in IES
behaviors, 1s avo:ded through the use of direct function
invocation. These advantages are provided through che
formal ccmponent medel described above for DXML in which

DXML defines and executes functions using XML. This
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mechanism is in contrast to having a scripting language
execute the function directiy. In this manner, function
declaration and invocation are language independent.

Functions can be methods of XML elements that
contributed to their scope. Using a formal component
model enhances the use of scripting languages, simplifies
document development, and keeps a clear separation
between the document schema author, document author, and
document layout roles. The model of the present
invention unifies existing distributed object component
models like CORBAZA, EJB, and DCOM, and makes the services
of these distributed component models available to XML
document authors through XML.

It is important to note that while the present
invention has been described in the context of a fully
functioning data processing system, those of ordinary
skill in the art will appreciate that the processes of
the present invention are capable of being distributed in
a form of a computer readable medium of instructions and
a variety of forms and that the present invention appiies
equally regardless of the particular type of signal
bearing media actually used to carry out the
distributicn. gExamples of computer readable media
include recordable-type media such a fleppy disc, a hard
disk drive, a RAM, CD-ROMs, DVD-RCMs, and
transmission-type media such as digital and analog

3 comnunicaticns
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communications links, wired or wirel

uch , for example,
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links using cransmission forms

radio frequency and light wave transmissions. The



10< 10<3s6 10%& ()-3Y4 "10%& ()-3010%& () - 3-

"10%& () - 3y) 10%& ()-s) P}A?2YNC 10 10#3" 10%08' ()- "10%08 ()- 4" 1%9%@%1 2004
4" 10%08' () -1 4" 10%008' ()-,! ¥d0% O' O&' ()-| PXcbUH, 10 110kk10kk10kk d 6
"109KK& ()--6 "10%08 ()--0 "10%0& ()- &) 3" 10%08 () - F¥S10%08 () - QsdEUH;, 10
110kk3 F'109%& ()- SL109%& ()- &LOY%& ()- 109 ()-10% ()- Y% 109 () - bGIEUH, 10
110KKY "109& ()-Ff 109%& ()-3LF"109%& ()- F33"109%& ()- 3

10%: () - 3F" 10%& () - &ol dEUH, 10 110kkYQ " 10% ()-

computer readable media may take the form coded formats
that are decoded for actual use in a particular data -
processing system.

The description of the present invention has been
presented for purposes of illustration and description,
and 1s not intended to be exhaustive or limited to the
invention in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in
the art. For example, although the depicted examples are
illustrated using XML, the present invention may be
implemented using other markup languages. As another
example, the invocation of functions may be accomplished
through the XML execute element. Another approach would
be o use an XML document language like SOAP to execute
the functions. The embodiment was chosen and described
in order to best explain the principles of the invention,
the practical application, and toc enable others of
ordinary skill in the art to understand the invention for
various embodiments with various rncodifications as are
suited to the particular use contemplated. The
particular document larnguage used in the examples above

was chosen pbecause cf its simplicizy to explain the

b~

concepts of DXML. In addition, m ated

i

ay other re
1

technologies that might be emplcocyed in DXML like SOAF and

XML Schemas.
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WE CLAIM:

1. A method in a data processing system for creating a dynamic electronic document

in a markup language, the method comprising the data processing system implemented

steps of:

placing static content in the markup language into the dynamic electronic

document;

placing a function invocation mechanism in the dynamic electronic document

using the markup language;

in response to activation of the function invocation mechanism in the dynamic

electronic document, invoking a function; and

replacing the function invocation mechanism in the dynamic electronic document

with a result from the function.

2. The method of claim 1 further comprising:

defining the function using a function definition in which the function definition

includes a function name, formal parameters, and a function body.

3. The method of claim 2, wherein the function is located in a second dynamic

electronic document.

4. The method of claim 2, wherein the function body comprises a language attribute,

and wherein the language attribute identifies a language in which the function is written.
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The method of claim 4, wherein the language attribute is script and the function

body further includes instructions in script.

0. The method of claim 4, wherein the language attribute is native and the function
body is empty and wherein the function is implemented outside of the dynamic electronic

document.

7. The method of claim 1, wherein the function invocation mechanism includes a

reference to an object implementing the function.

8. The method of claim 1, wherein the markup language is extensible markup
language.

9. The method of claim 1, wherein the function includes instructions written in
script.

10. The method of claim 1, wherein the function is written in a language other than a

scripting language embedded in the markup language.

11. The method of claim 1, wherein the function is implemented in one of a plug-in,

an applet, a servlet, and an apphcation.

12. An electronic document system for use in a data processing system, the electronic
document system comprising:

a function; and
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a function invocation mechanism written in the markup language,
wherein, in response to an activation of the function invocation mechanism, the function
invocation mechanism calls the function and a result from the function replaces the

function invocation mechanism in the electronic document.

13. The electronic document system of claim 12, wherein the electronic document is
located on a first data processing system and wherein the function is a remote function

located on a second data processing system remote to the first data processing system.,

14. The electronic document system of claim 12, wherein the electronic document is a
first electronic document and further comprising:
a second electronic document written in the markup language, wherein the

function is located in the electronic document.

15. The electronic document system of claim 12 further comprising:

a stylesheet used to present the electronic document.

16. A data processing system for creating a dynamic electronic document in a markup
language, the data processing system comprising:

first placing means for placing static content in the markup language into the
electronic document; and

second placing means for placing a function invocation mechanism in the

electronic document using the markup language, wherein the function invocation
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mechanism is configured to invoke a function and a result from the function replaces the

function invocation mechanism in the electronic document.

17. The data processing system of claim 16 further comprising:
defining means for defining the function in which the function includes a function

name, formal parameters, and a function body.

18. The data processing system of claim 17, wherein the function is located in a

second dynamic electronic document.

19. The data processing system of claim 17, wherein the function body comprises a
language attribute, and wherein the language attribute identifies a language in which the

function is written.

20. The data processing system of claim 19, wherein the language attribute is script

and the function body further includes instructions in script.

21. The data processing system of claim 19, wherein the language attribute is native
and the function body is empty and wherein the function is implemented outside of the

dynamic electronic document.

22. The data processing system of claim 10, wherein the function invocation

mechanism includes a reference to an object implementing the function.
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23, The data processing system of claim 16, wherein the markup language is
extensible markup language.

24. The data processing system of claim 16, wherein the function includes
instructions written in script.

25. The data processing system of claim 16, wherein the function is written in a
language other than the markup language.

26. The data processing system of claim 16, wherein the function is implemented in

one of a plug-in, an applet, a servlet, and an application.

27. A computer program product in a computer readable medium for creating an
electronic document in a markup language, the computer program product comprising:

first instructions for placing static content in the markup language into the
electronic document; and

second instructions for placing a function invocation mechanism in the electronic
document using the markup language, wherein the function invocation mechanism is
configured to invoke a function and a result of the function replaces the function

invocation mechanism in the electronic document.



