
;e3eiJ'i  !l$%&6&TJ'I2 J AUG 2004  A METHOD AND APPARATUS DEFINING A
COMPONENT MODEL FOR CREATING DYNAMIC DOCUMENTS IN A DISTRIBUTED DATA
PROCESSING SYSTEM BACKGROUND OF THE INVENTION 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 particularly, the present invention provides a method and
apparatus for providing reusable functionality for dynamic hML documents in
a distributed data processing system. 2. Description of Related Art: The
Internet, also referred to as an "internetwork", is a set of computer
networks, possibly dissimilar, joined together by means of gateways that
handle data transfer 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. "lnternet"refers to thecollection of
networks and gateways that use the TCP/IP suite of protocols. The Internet
has become a Cultural fixture as a source of both information and
entertainment. Many businesses are creating Internet sites as an integral
part Of their marketing efforts, informing consumers of the products or
services offered by the business or providing   23 AUG 2004 2 other
information seeking to engender brand loyalty. Many federal, state, and
local government agencies are also employing Internet sites for
informational purposes. Further, the Internet is becoming increasingly
popular as a medium for commercial transactions. 



Currently, the most commonly employed method of transferring data over the
Internet is to employ the World Wide Web environment, also called simply
"the Web". In the Web environment, 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 images, audio, motion video, etc. ) . The information in
various data files is often formatted for presentation to a user by a
standard page description language, the Hypertext Markup Language (HTML).
In addition to basic presentation formatting, HTML allows developers to
specify "links" to other Web resources identified by a uniform resource
locator (URL). A URL is a special syntax identifier defining a
communications path to specific information. Each logical block of
information accessible to a client, called a "page" o= a "Web page", is
identified by a JRL. The URL provides a universal ( consistent method for
finnding and accessing this information using a v^7eb browser. F, browser
is a program capable of submitting a request for information identifien by
a URL at the client the Web is generally machine. Retrieval of informatin
on , accomplished with an HTML compatible browser. The Internet also is
widely used to transfer applications to   2 ~ ~ U G 200g 3 users using
browsers. Applications are provided on the 4Ieb through the use of scripts
and programs known as "applets", which may be embedded as objects in HTML
documents on the Web. Applets are Java programs that may be transparently
downloaded into a browser supporting Java along with the HTML pages in
which they appear. These Java programs are network and platform
independent. Through the use of documents, such as Web pages, and Web
applications, businesses and other organizations have provided applications
for use on the Web. Much of the business logic in today's Web applications
is done by a combination of scripting languages embedded in HTtvL, and Web
server extensions through Common Gateway Interface (CGI), Internet Server
Application Programming Interface (ISAPI), Java servlets, Web server
plug-ins, Distributed Component Object tModel (DCOM), Enterprise JavaBeans
(EJB), or Common Object Request Broker Architecture (CORBA) objects. This
;,resents a complex solution to web application developers because of W:e
large number c~ technologies that the developer n~:ust integrate in c-ac:
module of the application. Scripting in HT"~,L and dynamic I:TP~IL
(DHTP~"L; is ad-hoc and is ,-got based on am formal computing model. As a
result, H'i'i-iL documents that use scripting to provide business logic.
view rendering, and dynamic user interfaces are complicated, difficult to
develop, browser sensitive, difficult to maintain, and provide 1 invited
opportunity for reuse . Extensible markup language (:;~1L) i s another
markup   ~ 0 A U G 200g  language used for interchanging documents on the
6Jeb. Currently there is no standard for creating dynamic XML documents or
scripting support in XML. Extensible stylesheet language (XSL) can be used
to transform an XML 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 functionality in documents are DHTML,
Active Server Pages (ASP), Java Server Pages (,JSP) , arid Microsoft
Internet Explorer S (IE5) behaviors. DHTMJ supports ad-hoc scripting, which
can result in documents that have unpredictable structures and are
difficult to maintain. ASPS and JSPs address the same 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 JS~s, but these tools still
mix very different domains. Microsoft Corporation' s IES behaviors provide
a way to associate script functions with iCt'1L elements through Cascading
St~~1e Sheet (CSS ) style sheets . Behaviors are fragments of scripting
language declared as a CSS class. In~.rocatioii of IJ5 behavior methods
.ara implicit base;-: on an HTf1L cr Xtv^L element having the class
associated ~..~ the method. Behaviors added tc. ~"1L elements are not
consistent with their schema; . The same XML element might have completely
different and inappropriate behavior   2. 3 A U ~ 2004  inherited from some
other CSS stylesheet. Behaviors in IE5 do not support remote procedure
calls. IE5 behaviors merely let stylesheet authors associate methods,
computed properties, and/or events to any HTML or XML element, and define
them in a separate document. Therefore, it would be advantageous to have an
improved method and apparatus for providing and creating documents on a
distributed data processing system.   A U G 200g 6 SUMMARY OF THE INVENTION
The present invention provides a method and apparatus in a data processing
system for creating a dynamic electronic document in a markup language.
Static content in the markup language is placed into the electronic
document. A function invocation mechanism is placed in the electronic
document using the markup language, wherein the function invocation
mechanism includes a function name and parameters required to invoke a
function. In response to activating the function invocation mechanism, the
markup language Ue.g. XhIL) requesting the function, execution is replaced
by markup language representing the result. For example, a document in a
markup language, such as HTML, may be created and later displayed on
request that introspects the function definition and displays a form to
prompt for the input parameters for the function . When these parameters
are received, the function is invoked by posting 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 result 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 formated and returned
for presentation.. This   2 ~ AUG 200 formatting may be accomplished by
applying a stylesheet 



to the document.   ~ 0 A U G 200g  BRIEF DESCRIPTION OF THE DRAWINGS The
novel features believed characteristic of the invention are set forth in
the appended claims. The invention itself, however, as well as a preferred
mode of use, further objectives and advantages thereof, will best be
understood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the accompanying
drawings, wherein: Figure 1 depicts a pictorial representation of a
distributed data processing system in which the present invention may be
implemented; Figure 2 is a block diagram ef a data processing system that
may be implemented as a server in accordance with a preferred embodiment of
the present invention; Figure 3 is a diagram illustrating components used
in dynamic extensible markup language (DXML) documents in accordance with a
preferred embodiment of the present in~~ent ion ; Figure 4 is a diagram of
a function. definition accordance ~.,ri~h a preferred embodiment of the
present invention; Figure 5 is a diagram illustrating a document containing
a function defiritio:: i;: accordance- with a preferred embodiment of the
presei:t invention; Figure 6 ~.s a diagram illustrating code or inoking a
functi~:,:z in accordance with a preferred embodiment or the present
invention; Figure 7 is an example of code for executing native   2 ~ A U G
200 9 



functions, whose implementation is not included with the function
definition, through an execute element in accordance with a preferred
embodiment of the present invention; Figure 8 is an example of syntax for
returning an attribute value in accordance with a preferred embodiment of
the present invention; Figure 9 is a flowchart illustrating processes used
to execute a function as shown in Figure 3 in accordance with a preferred
embodiment of the present invention; Figure 10 is a diagram illustrating
data flow between various components in accordance with a preferred
embodiment of the present invention; Figure 11 is an example XML document
that imports a function definition that when used with an XSL stylesheet
may be used to display an HTML form in accordance with a preferred
embodiment of the present invention; Figures 12A and 12B are an example of
an XSL stylesheet used for rendering the XML document in Figure 11 in
accordance ,with a preferred embodiment o= the present invention Figures
13A end 13B are an illustration ~~ an XSL document containing an execute
element in accordance with a preferred embodiment of the present invention;
and Figures 14A and 14B are a diagram illustrating an XSL stylesheet for
displaying  the XML document  Figures 13A and 13B in accordance v.'itl= a
preferred embodiment cf the present invention.   2 3 AUG 200g lU DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT T. Environment With reference now
to the figures, Figure 1 depicts a pictorial representation of a
distributed data processing system in which the present invention may be
implemented. Distributed data processing system 100 is a network of
computers in which the present invention may be implemented. Distributed
data processing system 100 contains a network 102, which is the medium used
to prom de communications links between various devices and computers
connected togethe~~ ~.,~ithin distributed data processing system 100.
Network 102 may include permanent connections, such as wire or fiber optic
cables, otemporary connections made through telephone connections. In the
depicted example, a server 104 is connected to network 102 along with
storage unit 106 . Ii: addition, clients 108, 110, and 112 also are
connected to net~s~cr;. 102. These clients 108, 110, and 112 may be, for
example, personal computers or network computers. For purposes of this
application, a network computer is. ~.r-yr computer: cov..y-ed to a r~et;
.~ork, ~.:hicl= rece;.-,,es a pT-,,Jram or other application fr-oni another
c~~rvput`r coupled to t:ie net;~.~or;~. Iu the depicted exampie, server l04
provides dGta, such as boot files, operating system images, and
applications to clients 108-112. Clients 108, 110, arid i12 are clients to
serrver 104. Distributed data processirg system 100 may include additional
servers, clients, and :they devices not  



2 ~ AU G 2004 11 shown. In the depicted example, distributed data
processing system 100 is the Internet with network 102 representing a
worldwide collection of networks and gateways that use the TCP/IP suite of
protocols to communicate with one another. At the heart of the Internet is
a backbone of high-speed data communication lines between major nodes or
host computers, consisting of thousands of commercial, government,
educational and other computer systems that route data and messages. Of
course, distributed data processing system 100 also may be implemented as a
number of different types of networks, such as for example, an intranet, a
local area network (Iy~') , or a wide area network ('rIPN) . Figure 1 is
intended as an example, and not as an architectural limitation ~or the
present invention. The present invention may be implemented writing
distributed data processing system 100 to provide a component model to
distribute docu:r~ents and provide dynamic logic or functions in the
documents using reusable components. Ir these examples, the model provided
by;~ the present invention. is centered around documents and based o:~
Xt~iL. Additionally; the mode. is language neutral, location  independent,
and platform independent . Documents may be  distributed to various users
at clients, such as clients 108-112. `.'he functions may be located on
these clients or on other systems, such: as server 104. Network 102 also
may contain additional servers . DX:~1:~ documents may }~e communicated
from server-to-server for different applications.   AUG 2004 12 Referring
to Figure 2, a block diagram of a data processing system that may be
implemented as a server, such as server 104 in Figure 1, is depicted in
accordance with a preferred embodiment of the present invention. Data
processing system 200 may be a symmetric multiprocessor (SMP) system
including a plurality of processors 202 and 204 connected to system bus
206. Alternatively, a single processor system may be employed. Also
connected to system bus 206 is memory controller/cache 208, which provides
an interface to local memory 209. I/O bus bridge 210 is connected to system
bus 206 and provides an interface to I/O bus 212. Memory controiler/cache
208 and I/O bus bridge 210 may be integrated as depicted. Peripheral
component interconnect (PCI) bus bridge 214 connected to I/O bus 212
provides an interface to PCI local bus 216. A number of modems may be
connected to PCI bus 216. Typical PCI bus implementations will support four
PCI expansion slots or add-in 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 add-in boards.
Additional PCI bus bridges 222 and 224 pr~-~-ide interfaces for additional
PCI buses 226 and 228, tro-w which addit Tonal modems or network_ adapters
may be supported. In this manner, data processing system. 200 allows
connections to multiple network computers. A memory-mapped graphics adapter
230 and hard disk 232 mar   z 3 ,~ a ~ zoo4 la also be connected to I/0 bus
212 as depicted, either directly or indirectly. 



Those of ordinary skill in the art will appreciate that the hardware
depicted in Figure 2 may vary. For example, other peripheral devices, such
as optical disk drives and the like, also may be used in addition to or in
place of the rardware depicted. The depicted example is not meant to imply
architectural limitations with respect to the present invention. The data
processing system depicted in Figure 2 may be, for example, an IBM
RISC/System 6000 system, a product of International Business Machines
Corporation in Armonk, New Yor'.~c, running the Advanced Interactive
Executive (AIX) operating system. Further, the data processing system
illustrated i=~ Figure 2 also may be used to implement a client. A client
may take various forms, such as, for example, a notebook computer, a
personal digital assistant ~(PDA)~, a hand held computer, a kiosk, or a
~~eb appliance. II. DXML The prese:,:t invention recognizes that _.. order
tc~ support aLplication~, such as e-business on the 6reb, a component
rr~ode-~ encapsulating the state and behavior of reusabW components -s
needed. Withou~ a component model, client and timisines~ applicableti~~r~s
~r~ difficult and expensive to ~..~rite; as each application must mine
tl-:e data and recreate its meaning and behavior,   z 3 AUK 2004
Interoperability is compromised by applications that reinvent the meaning
of data producing silos of . automation that are difficult to integrate.
Data integrity is compromised because each application accesses raw data
and may interpret it differently. Finally, reuse is severely limited. The
component model of the present invention adds capability and functionality
in document creation in a manner that is farmiliar to developers and
consistent with common practice. '''his mechanism makes the component model
accessible to a broad authoring community. The mechanism of the present
invention keeps the roles of the document author, document schema author,
and document layout author separate to maximize the use of role-specific
skills. As used herein, "schema" is the definition of a document's
structure. The present invention focuses, in these examples, on a document
centric component model based on XML. he standard is currentlw~ present for
creatir_g dynamic XvlL documents, er scripting support in Xt~9L. XSL can be
used to transform an Xt~"L document into another XML document, but thi s is
a one-shot process . Once the tra:~s`or:natio:~ is complete, ~he resu7.t is
a static docu.ert. XSL also does not provide a:~ effective scripting
solurticn. The present invention provides a method, apparatus, and ccmouter
ir;~ple:~nented ihstructiors f-or a component m~~del for t:Le ~leb. In the
depic~ed examples, the ~~;~eb component model ~s formed from an :`CI~1L
s~`heme arl~: function 



definitions. The component model, in these examples, is   z 0 A U G 2004 15
dynamic XML (DXML). In these examples, the DXML is a combination of XML and
scripting. XML elements have a tag name, a set of attributes, and
associations with other elements including containment through their
content model and general associations through XLink and XPointer. DXML
extends XML by allowing elements to also have methods that return 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 model for the Web. In these examples, a new XNL
mechanism is used to invoke func~ions. 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
adva:~tage of the present invention is that it focuses on er.abiing XhiL
document authors to use behavior defined by scripting functions, as u.~ell
as Java a:~d other component nrodel s .~itnout requir iug teem to use
programm~~ng languages. By combining standard scripting languages in a
formal way- with XP1L, DXML meets the requirements for a Gaeb compone_=t
model as described abo~,~e . Because the t^:e~.: compe:~en~~ mc~~:el of the
present ir~~~lercior. is based on Xt~lL and implements functions usinc
comn;en scriptit.g languages, this model will be familiar tc curre::~
HTIYIL   Z ~ A U G 2004 16 authors who use tag languages and scripting. Web
application complexity is reduced, and maintainability is increased by
separating schema and logic development, business data, and rendering
instructions while integrating them though a formalized programming model.
DXML allows functions to be implemented either using scripting languages or
as native methods of some distributed service. DXML uses X1~1L to invoke
either scripts or the services of distributed components in a manner that
is independent of the component model used to implement the services. In
esse:-=ce, DXIIL creates a component model that is ideal fo-- :^1eb
applications by combining the notion of methods ~__ XML elements with
common scripting languages and re-~,ote procedure calls invoked using
XI~IL. III. Data Flow Wi th reference no~,: t~~ Figure 3 , a diagram
illustrating data flo,: used in p=~cessi=~g d~,~namic extensible markup
languages iDXI~Ir.~:~ocur;,ents is depicted in accordance with a preferred
e~-~~c~di~-nent of the present invention. In this example, client 300
accesses and requests information from server 302 through the use of DXhlL
documents . This informat i c.-. avay Ne, for example, a request to
identify overpaid ervr-~_,~ees. T':ze communication between client 300 end
server 302 ocw..rs usi;~g ~ITTP. A browser o:: client 300 is (_~ed to
generate a request for execution of a function. In particular, client 300
generates a DXI~1L document URL (step m1j ; v.hich 



2 3 ,~ U ~ 2004 17 is sent to get function 306 in server 302. This DXML
function document URL may be sent to get function 306_ through various
mechanisms. For example, a user at client 300 may select a link or
hyperlink in a Web page displayed on Web browser 304 within client 300. The
request link may be one that requests a function, such as a function
identifying overpaid employees in a company. In response to selecting such
a link, the URL associated with this particular function is returned to get
function 306. In response, get function 306 obtains the XML document used
to implement the DXML function corresponding to the URL from Web server
repository 308 within server 302 (step m2). In this case, server 302 is
configured to translate all XML documents (documents having MIME type
text/xml or applicaticr./xmlj to HT:IL using translate function 310 in
order to be displayed in browsers that are not XML/XSL enabled. All
documents are available from the repository. The particular configuration
uses depends on the irleb server used. For example, IBM 6~IebSphere
AppServer G::d servlet filtering may be used to configure the translation.
If a bro~user capable of rendering XP~IL using XSL, such as IES, is
employed, then this translation step on the server is not required. In
t'~~is case, the result of get function 306 is chained tc transia~e
function 310 (step m3j. Translate function 310 converts the DX~1: document
into an HTf1L document based cIi the instructions in the referenced XSL
styleshe~t ~:;r~ferenced in the DX:~:L document] . Thez:, this HTI~IL
dccw::~~e::t i s rerun=:ed to ~:e'~ bro~JSer 304 as the result of get
~~..111ctior. 306 (step m4) . In response to obtaining rr:e DXML function
document, this DXML document is sent ~o translate function 310,   z 3 au~
zoos 18 which translates or transforms the DXML document into an HTML
document (step m5). This is accomplished by obtaining an XSL stylesheet
from Web server repository 308 (step m3). The stylesheet is applied to the
DXML document to generate an HTML document. This HTML document is returned
by translate function 310 to get function 306 (step m6), ~~hich returns the
HTML document to the client in response to the original request. This HTML
form provides an interface through an HTML form for use in prompting a user
to input values and provides an example indicating how a DXML document may
be interpreted or introspected fer other uses. At client 300, this HTML
form is displayed in ~rleb browser 304 and is used to request parameters
required by the DXML function. At Web bro::ser 304, the HTPfL document is
displayed with and includes fields and!or prompts for values, such as job
type and the m~axim;u,-r. 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 ~. DXhIL document and a query string are sent to post function 312
(step r.17). Post function 312 is used to access documents in G^Ieb
ser~~rer rep~~sit~ry 308. Get, fui:ctio^ 3C6 and post function 312 are
illustrated a~. separate fun~~t=ins for the purposes of clearly explaining
the data flo,:used ~:~ ~. preferred embodiment of the present m~~~ention.
These co;nponents may i:~deed be the same corr~pone:~t depending on tl:e
imolementaticn or specific reau~st. This request is passed on to execute
f~_mction 314 'step m8). Execute functioli 314 is used to execute a DXML
document based on the request and the querr barameters received from post
fun~~tior; 312. Post functions are used   2 3 AUG 200g 19 to provide a
mechanism to allow access to processes within an HTTP Web server from
clients. In these . examples, the get or post functions will communicate
with the client using HTTP. HTTP requests received from a client are
translated into the appropriate form for processing within server 302.
Responses to these requests are received by the get or post functions and
translated back into an HTTP format to transfer back to client 300. In
response to receiving the request and the query parameters, execute
function 314 retrieves the appropriate DXML document from the web server
repositor~. 308 (step m9). 



Additionally, an XML schema (if any) and DXML function definition. also are
re~~ieved from Web ser~er repositcr~ 308 (step m10). Execute function 3l4
will read the DXML document. Ir_ response tc reading the DXML document,
requests to invoke functions are identified in the document markup
language. Parameters from the query are substituted into the function:
invocation markup language. After that, the function is executed and t':ze
result is placed in the DXML do~wir~ent ~..-tli markup lGncuage
representing the result of t~.e function. This replacemer:t turns the DXPdL
dccunv.e:,.t ir~t~c an Xt4L docume^.t , Next, the final form cf tt~e :~:'tL
a~curr,ent is sent to translate function 316 (step mli.. Translate
fur_ctior. 316 obtains the appropriate X:~L st~,les`-:eet from t^deb server
repository 308 (step m12). This stylesheet is applied to the XML document
to Jenerate an HTt~9:.~ document. The HTt1L document is sent tc post
function 312 (step m13 ) . This HTt~1L documemt is ~_,=.~,:s_`err~_. to
client 300 (step m14) . Ar_ client 300, r_~-,e ::T~tL c..cument contain=ng
the resul`s is displayed ~-.~itt11I1 ;:e~~ br~w.:ser 304. Additionally, the
X"~1L to HTf~t~ t_-a~:slatvon s~ep is not   ?_ ~ A (J a 200a GG required if
the browser is capable of processing XML with XSL stylesheets. _ 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 Xt~~L document in which they are used, ir.~~luded in an XML document
using an XML entity declaration, or defined in an Xt~IL schema, but not
associated with any particular element in that schema. Therefore, document
functions do not require an XML schema, but only ~~e~uire an XML document
to be well formed. The document functions, in these examples, correspond to
free functions in C++ or functions of procedural languages like C, BASIC,
JavaScript, and Ada. The decumer_t functions are also similar to class
functions of C++, Java, and Smalltalk where the class corresponds to the
document , ;~~h ~~.c'!~ represents a shared contex~ ii: which lie functions
can execute. E! C-file n~ rilefT'wC.~ Ll:nCtlo:lS cl~ a detliied u:ClT-:g
an niL can t=ave a extensor. to Xf~tL scheT.a. nler.~e~:t~ ii: X. naT,e, a
iiu;rber of attributes, un~assc;~iaticus ;.~it':~ other elements including
a centaion,~er.~~ assoc-i~,tior; ~..ith the el ementS In trt'~~lr Co: tent
(TlOde 1 alli:: I'1.':re gei:eral associatioi:s- through XLink and
.F:Fomtc~~ . DXt~IL extends the Xft~ schenua to include beha~~~ior b;,
alicwi:~g the schema author to include member functioi;s i:~ the element
2 3 A U ~ 200g 21 definition. DXML extends XML so that elements can now
correspond to UML, C++, or Java classes, or COM and CORBA objects. DXML
functions encapsulate behavior with the XML element whose state transitions
(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 tr~ese 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. Onl~ the fun~ct=cn body is language
specific. IV. Function Definition Turning next to Figure 4, an overal'i
schematic of DXML and a diagram of a function d`fimition are depicted in
accordance with a preferred e;r~~cdiment of the present invention. DXt~lL
consists of the combination ef standard XML and common scripting languages,
plus extensions to XML schema to include fu:~ct~eI1 c~e=initicns to form a
component model for the Web. Function definition 400 includes a function
narr;e 402; a rv._ctic:r. description 404, formal parameters 406, type of
re~vrr. ~ralue 408, and functlOn body 410. Formal param~~ers 405 includes.,
in these examples, the names of the ~aran~eters, the types,   2 3 A~1G 200g
22 the descriptions, and the default values. Type of return value 408, in
these examples, may be either an XML element or character data (CDATA).
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. Alternative'y, 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, a:` href attribute
of the execute element, such as that used in HTML, may be used to identify
a -emote object that implements the function. G~Tith reference next to
Figure 5, a diagram illustrating a document function is depicted in
accordance with a preferred e~:rb.^_,dime:~~~ of the present invention. In
tris example, docu~.nent fv.:=.cticn 500 is entitled "overpaidEmployees".
_:-:is document function corresponds to DX`dL function XP~:L document in
Figure 3. Document 500 conr_ains an exarnpie ~.- a d:ccwment fu:~ctior.
that could appear in any XML u~o~~wr;~~ent cr aii XML schema. Document
function 500, in this ~..ir~.ple, ~:zas six formal parameters ir: section
502 inclu.:~~:m~~ cur that are required for database access. T:~~~ rAt~~rn
..~alue in section 504 is an XML elemen~~ ;:~-~r_!a th:e ~ag r.arne
"overpaidEmployees." . T:-~e fun~cti~~,-: bcdy; in secti~~_u 506 is
c:ritten using dynamic structured ~:~"ery language ~;S~YL; as   . . 2 3 A U
G 200 23 indicated by the language attribute of the body element. If the
body contained a large number of XML  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 function execution engine has the responsibility to
determine if the types are valid for the function body language. In this
manner, DXP~IL can sups-ort m.an, other common scr~.pt;.ng languages, suct:
as, for example, JavaScript, VBScript, Java, REX.X, and Perl. Jlement
member functions are similarly defined in an XflL schema. The difference
betv:~een element member functions and doc~amen~ functions is that by
associating the fu:~ctio:l with an element, the context of the function
includes its containing ele~r~e:~t, including its attributes and c~cntent
model, and the invocation. of the function is rewired to appear as a child
of the element in ~h~hic:~ the tunct:on is defined. Since DXML uses XN:L tc
define fm:ctions, DXf~1L is extens ible . Implemer:ta t i ons r~~as;~
include addi `iona l meth-data as. attribute er ccntcn~ ^:no~~;el
extel:sio:~s tc DXf~~L. Applications that are r.o~ a,.vare of these
extensions would just ignore the additional elements, as 



2 ~ AU G 200g G 'Z is the convention in XML. The invocation of functions is
described in the_ following section. A11 functions are invoked in DXML
documents 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, or 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 Xf~iL elements must be invoked in the
context of a parent element that has the returned ~~InL element as a child
~n its content model in order to pr~~d~_:ce a ~al i d XML document as the
resul t . I f the DXItL document has n c document type definition (DTDGr
XI1L sc:~~ema, then the returned XML element may appear as the child of any
XbIJ element, as the document must only be ~,~:ell formed. If the function
returns C~~ATrL, thin ~he data may appear ir. any Xt~lL element that allows
parsed character data ( PCDrTA) in the co:~tent mc:iel Gf the element .
PCDATr can be tine content of tl=a ele-nent _:~ XIir~. lternati-~el~.;.,
the data may be used to pro.ri~~~e ta.G -~a'.u~ ct an attribute. Tlie
actual XfL sy ntax to~ ~... ~._inJ DX:9L iunctious Shc:11C1 ~e ~GrlS;s~eClt
t.'lth m~c.'1 l:~Snls tc=- ln,JG~:lng ~~~mGt~ procedure calls from clie~it
to se--~,~e~~ G~c~lica~ions using XML to w:arshal the method, its
paranw~ters, and the return   z ~ ~ a ~ zoos 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 necessar~ namespace information); (2) a reference to an
object implementing the function if the function; is implemented as a
distributed ser~,rice; and (3) values for the actual parameters. V.
Function Invocation ~~~ith reference now to Figure 6, a diagram
illustrating code for invokinc a tunction is c;epicted in acccrdance YJlth
a preferred embodiment of the present invention. Function invocation o00
in~~okes f~nctioi: 500 in Figure 5. This example in~~okes the ~u::cticn 500
in tl~e context of a practice in n deartnlent . D~~1L al_o~:;s the query
parameters c~ the re:;uest uni~~ersai rescv~~~e identifier (URI) to be used
as ;part of tl~e context of t DXh9L r:~ethod. In the examp_e, th` -.alue of
t:~e ;ob parameter is provided by tre ;ob t.:aramete~~ of the recuest UPI.
For example, /,~ 7 , 1-,-r r'.. r http: /~ someDOmain, ompanyStatistics. j
~...-aL%:NA~~R,~salary~=1,!   



2 ~S A~~G 200g 2~ 0000. The salary parameter value is a constant in this
case. On execution of the DXML document, the execute element in section 602
is replaced by the results of the function, in this case an
"overpaidEmployees" element containing information about managers who make
over $100,000. Native functions are supported by using an execute element
having, if necessary, an additional href attribute whose value is the ;JRI
of an RMI, CORBA, cr DCOM object, and invoking the method on the native
object. Turning next to Figure 7, an example of code for executing native
functions through an execute element is depicted in accordance with a
prererred embodiment of the present invention. Execute element 700, in this
example, provides for invocation of native functions. in this example,
iiop://someDomain/aCompany is the L'RI referring to an instance of a class
that izas the method overpaidEmployees. This type of invocation. mechanism
makes invoking scripting functions and functions o-r ether objects
identical other than ~:~hare the function: is implemented. Document authors
carp nov.define simple functions of their cwn using SuL, ~avaScript, Ja-~a,
~r any other scriptir:g language sup;~:~rtec by a DX.t~lL a^a~le~~ Web
server. Fddit~cnally~, docunvent authJrs also can access functions, such as
those e~ Enterprise J~z~~aBaar=s and COM obj ects . This access m~ `:~ be
a~`compi ishecus ing exactlr the same simple mechanis.~~s . The fur~ct ion
interface of the prese:rt invention is still defined as   2 3 AU G 200g G
DXML function. The DXML function is invoked using XPdL. The only
differences are that the bod~ 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 brcvs~ser p~~ug-in or applet, on the server using C~~I
or a ser,~~let or any other Web server extension mechanism, or invoked
through XML document object model (DOUf) in an application program. A servl
et is a small application: written. in ,lava that runs on an Internet cr
intranet HTTP h~eb server. A client 4Ieb browser ma~ be extende d using a
plug-in or ~ava applet to execute a DXi1L docu~,ent red~!cina t::e lead in
the server. The semal:tics of execution are the same regardless of the
location at ~;.~i:i~c:~r the DXt~1L document is executed. The di~~erence in
the iocati~c:^ of DXvIL decurr~ent execution is in perforrrmnce. Ir tre
processing in the DX.~fL functions is si~rt~le scripting,, or aCCesS tO
d-Strlbllted Services, ti:C ~x,t'~L GOCllrl'.eIlt ~=c.:i be executed on the
c~ierit ~.~ith no loss i_-: performance. t:owev,~er , iL the DXtIL
functions acre ss da~a t:~:at is already present on t:~~e server; it ~wv.~e
better to execute the DXML documents closer tc the data to in'.prove   ?_ 3
A U G 2004 28 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 ~~~eb
browsers including CGI programs, servlets, or Pdeb server plug-ins. A
client program may also directly execute DX61 



functions . DXML extends the Xf~IL DOI9 interface by including document
anti element methods that return DOt~1 for XML elements or CDATA
representing the function return value. The client application can then
execute these methods to obtain their results. This mechanism al'o~r,~s
programmers to reuse the business logic contained in DXhIL documents
written in various scripting languages within their programs. 6^;hen a
DXIriL fLnction executes, the function executes in a context that provides
additional information to the function. T't:e function context includes:
!lj the document query parameters, its document context; .;2j the parent
element of the execute element, its dynamic context; and (3j the element
this functiCU is a member c its lexical context. '.'he Values o= the query
parameter: are a~:ailab~'e i:~ the DXP~IL function e~ecuticn language using
tPe co_m~entic:~ of receding ~~1-:~e p q~~~,,: i.-rameter name ~.~~ltfi a
CClCn as used by .zoS~ V~ r1aI71s In J~YL.. If the fu~mtvon ~s implemented
as a script, t~:en t fu:~ction has access to the DOM of the parent e'~eme;
.r ir: which the fui:ction is executed. I` th` functio.: is an   z ~ ,~ a ~
200 G9 element member function, the function has an additional context
including the DOM for the containing element,. the elements 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" (~,IM) 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 "crakes up" the document by invoking the contained DXML function
invocations to restart the collaborat~cns and possibly changing the state
of the document. 6dith reference now to Figure 9, a `loVrchart illustrating
processes used it Gn execute function, such as execute function 314 in
Figure 3, _~ depicted in accordance Grith a preferred embodiment of the
present invention. The process begins 'oy rece~vi ng a auery (step 900) . A
DXML documer_t is obtained from a source and read based on the q~aer~_
!step 902) . 'The sc~~rce m.ay b, for example, a ;eb server repository
contavrmg documents. Tl:e functions in the DXML docum`:~t are found i;step
904; . Parameters from a auery are sub=titute~: into the functions r;step
906) . "'he ~unc~ions ct:ntair_ing the substituted parameters are
exec>_:~ed (s=ep 908). The results from the execution of t:~:e func~ions
replace tlc   2 ~ A U G 200g invocations of the functions in the DXML
document (step 9l0). 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 request 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 ma~ take various forms, such as the media found
in network l02 in Figure 1. The request is sent o-~er comm~unicGtions
channel 1006 using a protocol understood b;Y both client 1002 and server
1004. Server 1004 may use backend services 1008 to fully respond to the
request (step p3). Backend see-ices 1008 will return a result to ser~~er
1004 (step p4). Backend services 1008, in this example, n:ay include a
legacy c~rocess or s~~~stem. Access to this legacy system may be used to
sat-s~v.- part or all cf the request depenainc on t~e impiem~n~at~on. This
legacy system may be lo~~ated on server 1004 or on another server. The
request and the busi:~ess logic on server 



2 ~ AUu 200a 31 1004 is used to specify how such a delegation may occur in
satisfying or responding to the request. Server 1004 will create a response
and transmit it back to client 1002 using communications channel 1006 (step
p5). 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 HTf~IL statements or as
complex as performing calculations, 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,
;rith a simple 4~eb appl ication, a user agent 1000 in the form of a user
enters a URL for an HT:W page using client 1002, whic:n~ is a :veb browser.
The 4^;eb browser uses I-iTTP tc communicate t:~e request to server 1004,
which is a HTTP Web server over TCP/IP. The request is processed bv~ an
HTTP Web serve, ~.vhich translates the URL to a pathname of a file ors the
ser~~e~ . No additional processing using backer_~services 1008 is required.
The web ser,rer sends the response back to the client again using HTTP. The
requesting '.~eb bro~rrser displays the HTf~iL nac.e to the ~_iser. For a
sllgh~l,J fllOre compleX eX:~fTli~'_e, th a user, llSir;g a Web brcwser,
provides query pararr~~ters using an HTI~1L fo=rr: that is sent tc the
C^,'eb ser-~..er us-:~g aI~ H'TTP POST' o~~~cr an SS:~ connectioi:. The
4veb server ~~_-~ces.ses the POST request b;~ ~nvo:King a :'~I script,
r:'tvi~~h connects to backend services 1008 in the forT, of a backend
database   2 3 All ~ 200g J G 



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-Gbject Request Broker Protocol (IIOP) to an EJB enabled Web server.
The EJB on the Web server represents a distributed business object that
provides the requested ser~~ice by invoking a command bean that
communicates to a Customer Information Control System (CICS) application
running on an multiple virtual storage (MVS) system using Message Queue
Series (MQSeries). MQSeries is messaging middleware from International
Business ttachines Corporation (IBM) that allows programs to communicate
with eacr other across all IBM platforms, 6r~indocNS , Vt~:S, and a variety
of (TNIX plat forms . Tr i s midd'~eware prorides a common interface, such
as an API, that programs are written to. The command bean returns the
resu'~t as an Xw".L document, v._r~ch vs sent ba~~k to tl:e Java applet
re:nni:~g in the client vleb ':.rewser. The client vveb bro`~.-ser uses an
XSL stv.lesheet ) Xf~lL parser, and XS:~ processor to render the document
in a manner appropriate for the client device. DXf~iL introduces the
opportm:~ ty fo_- additi oval patterns that both ~`nl~an~ce the pw..~er of
`rleb applicatio :s while simplifying the m implementation.   z 3 a ~,r ~
2Q(~~ s3 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 ofer HTTP to a DXML enabled Web server.
The Web server accesses the requested DXh9L 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 6~deb 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 is to
access or query a database. The user, using a 47eb bro~-:ser, submits a
request usinc an i~Tt~IL form by sending the request o~er HTTP to a DXNIL
enable~~ 4~eb server . The L;eb server accesses the requested DXML dccumen~
and executes tine document, which executes DXfW f~~~:=ctions that access a
backend database system tc obtain the requested data. The response document
is sent back tc the clier_t Y;eb   2 ~ A! ! G 200g 34 browser, which uses
an XSL stylesheet, XML parser, and XSL processor or Java applet to render
the document in some 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. DXb?L can be used to invoke these
services and capture the results into a compos~~te 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 car, be
recursively executed as a DXML document for furt:ner refinement. VI.
Examples for DXML Implementation C^~itt: reference noV.~ to Figures 11-14B,
code 



illustrating an example DXML implementation is depicted in accordance
a~itt; a preferred em~~cdiment of the present invention. These examples
in,fol~.~~ tine use of a document. function, st:ch as the document
fu:~:~tion -ound in document 500 i Figure 5 . This document f~.:r.~ct i o::
vs a dynamic XML (DXML or .dxml! document that co:i~ains a document   2 3
AU G 200g 35 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 its 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 . X"~1:~
document 1100 includes XML document 500 i:~ Figure 5 as an external entity,
and specifies an XSL stylesheet 1200 in Figures 12A 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 alio~~~ the function. to be
specified in a separate document so that it can be easily reused and to
separate what the function is fro;n r~o~.~ it is ~~iewed. This document
also i~. an exa;~,ple of a technique for rendering the same docume^t :,;ith
different XSL style sheets. With reference now to Figures 12A and 12B, an
example of an XSL stylesheet used _or rendering the Xt~tL dccu~r~ent in
Figure 11 i s depictec ~ r~ accordance ~f.~vt~ a preferred embodiment o~
the prese::~ ic,:~,.ention. XS~ stylesheet 1200 is a Tore details: example
of .ar; XSL stylesheet used it Figure 3. XS~ stylesheet 1200 is the   2 3
AUG 200g 30' XSL stylesheet used for rendering XML document 1100,
overpaidEmployees.xml, to obtain values for the input parameters. In this
example, XSL stylesheet l200 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 included 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 it accordance u.~ith a preferred embodiment of
the present invention. ~;ML document 1300 is an example of a dynamic XI~iL
document used in Figure 3. In this example, XML document l300 contains
company information including departments and practices. XML document l300
contains an execute elemenr_ that executes the overpaidEmployees function
for a practice. An XML execute element (defined by DX"~tL; is embedded in
the Xf1L d~~,~ur:zent in section 1302. 



When the docmr~ent is processed, This element ~.~ill be replaced by its
results which ~~:ili be an overpaidEm.ployees element containing the
results o~ the ruer,,% translated t~ ~:(`1L. T:11 ~Xi-~L functions return
X."~1L elemenr_s, although ttie elements cuic 's~e as simple as PCDA-A (a
simp~~e cr~ara: ter string; . I^Iith ref`ren~ce r:oNto Figures 14A and 14B,
a diagrarl illustrat~rg an XSL s.tyleshee~ r:o_- displaying the X;~1L
document in Figures 13A and 13B is dep-~cted ~n accordance with a preferred
embodiment of th:e present invention.   2 3 ~U G 2004 37 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 overpaid employees. In these examples, servlets may be used to
provide ,rarious 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 handling XML and XSL directly. Further, a
DXI~1L servlet processes dynamic XI~1L documents by removing the function
elements, and replacing the execute elements wish their result XML element
or PCDATA. The DXML servlet may be used to support many scripting
languages. The ser~~~let outputs t:~e or~;~inai document after replacing
execute elements v~ith their results. In the DXh1L servlet, the ~alue of an
actual parameter i.n an execute element may contain :vari~:blerdanue" in
order to indicate tr:at the ~alue should :~~ obtained from the sir:~ilarlv
named parameter from the document query string. T':m~s, the present
inventioi= prc~~ides a method, apparar~~:s, a_~d computer implemented
ins~~uctio^a for reusable com~~onents for use in ~: dccunne_~:. The present
lnVe:ZtlCn i~;eludes a document centric architecture iu u.~hic:n logic or
functions used to build applications or   2 3 AU a 200 j$ dynamic documents
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 documen~ author only
uses XML. The interfaces for the methods and the invocation of ~he methods
are both defined using Xi~IL. Only the function body, or its
implementation, is language dependent. Further, the DXML functions of the
present in~entior.s can be defined in an X11L sc~!-mma, rather than being
i:~cluded in the document itse~!f. Further, implicit in~~~ocation of
methods, as in LEA behaviors, is avoided through the use of direct
fu:~cti~.~r. invocation. These ad~.-antages are provided thrcugt~ she
formal c._^,.-nponent model described above for DXP~iL in ~Yhic't: DXML
defines and executes functions using XML. This   2 3 A U G 2004 mechanism
is in contrast to having a scripting language execute the function
directly. 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 ef the present invention unifies existing distributed
object component models like CORBA, EuB, and DCOM, and makes the services
of these distributed component models available to XML document authors
through Xf1L. 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 an^ a variety of forms
and that the present invention app~~es equally regardless of the particular
t~pe of sicnal bearing media actually used to care:, out the
distrib~.itio:~. F,xamples of computer ~~eadabie media include
recordable-type media s~_:cu a flepp~;~ disc, a hard disk drive, a ~~f~l,
CD-ROMs, D`~,~D-R~;;I~ls, an~~ transmiss~o:~-type media such as digital and
analog communications links, v,~ired or ::~ireles~ com.municatic ns lin)cs
usinc, transmission forms such as, for example, radio frequency and light
wa`fe ~rai:smissions. ~he   ~` 3 AUG 200g 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 is not intended
to be exhaustive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to these of ordinary skill in
the art. For example, althoug, the depicted examples are illustrated using
XML, the present invention may be implemented using other markup languages.
As another example, the invocation of functio=~s may be accomplished
through the XML execute element. another approach would be to use an Xr1L
document language like sOAF to execute the functions. The embodiment was
chosen and described in order tc best explain the principles of the
in,"ention, the practical application, and to enable others of ordinary
skill in the ar` to undersr_and the in~lentio:~ for various. em~odiments
~::ith ~~ario~,~s r~cdificatio:zs as are suited to the particular use
ccn~e-r:plated . `i'he particular docurr~er.~ language used in the examples
above was ches.en because cf its. sim.plic-~v, tc exp~ain t:r~e concepts of
DXr~IL. Ir, addition, n~.~=y~ ot!:er relGted technologies that might be
empl:~v.;~ea i:i D:r~IL lice ~~O~,C and Xh~L Sc:zema5.   ~ 3 AUG 200g 41 



VIE 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 d5mamic 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 dy~l~amic electronic document, invoking a function; and replacing the
filnction 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, fornlal parameters, and a function
body. 3. The method of claim 2, wherein the tilnction is located in a
second dynamic electronic document. 4. The method of Cl~llll 2, wherein the
f1111CL1011 body comprises a language attribute, and wherein the language
attribute identifies a language in which the function is written.  



3 A U G 200a 42 5. The method of claim 4, v'herein the language attribute
is script and the function body further includes instructions in script. 6.
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, n'herein 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 filnction 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
sel-~'let, and an appllcatlon. 12. l~Il eleCtl'OnlC dOCll(llellt SyStelll
fOl' llSe 111 a data prOCeSSIIlg SyStelll, the eleCtl'OI11C document
SyStelll COIllpl'LSlllg: a function; and   2 3 AUG 2004 43 an electronic
document, wherein the electronic document includes: content in a markup
language; and a function invocation mechanism written in the markup
language, v-herein, in response to an activation of the filnction
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
ful-ther 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 dymamic electronic document in a markup language, the data
processing SyStelll COlllpl'lSlllg: first placing means for placing static
content in the markup language into the electronic document; and second
placing means for placing a fU11Ct1017 111voCat1011 I11eC11a111S117 IIl the
electronic. document using the Illal'hllp l~lllgllelge, wherein the
function invocation   2 3 I~ ~~ 0 ZOO~r 



44 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 fimction body is empty and wherein the function is
implemented outside of the dymamic electronic document. 22. The data
processing system of claim 16, wherein the function invocation mechanism
includes a reference to an object implementing the flll7Ct1011.   



~ 0 AUG 20D4 45 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 instnlctions 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 sen~let, 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 instnlction.s for placing a function
invocation mechanism in the electronic document using the markup language,
wherein the fimction invocation mechanism is configured to invoke a
f1111Ct1011 alld a result of the fimction replaces the function invocation
mechanism in the electronic document. .A N3.A@(l.A
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