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(57) ABSTRACT 

Systems and methods for rendering document-based user 
interface software objects are disclosed. User interface soft 
ware objects may be represented in a document object model 
on a first computer system. These objects may then be com 
municated to a second computer system on which they are 
similarly rendered through use of a document object model 
on a second computer system. A document on a first computer 
system may also be updated to reflect either user input 
through a user interface software object included in the docu 
ment, or changes induced by server side logic. The updates 
may be incrementally communicated to and rendered in a 
second computer system. Location-neutral user interface 
software objects may be developed without regard to whether 
the software object will ultimately reside on a client or server 
computer system, wherein the user interface Software object 
is equally capable of being Supported on either one of a client 
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SYSTEMS AND METHODS FORRENDERING 
AND INCREASING PORTABILITY OF 
DOCUMENT-BASED USER INTERFACE 

SOFTWARE OBJECTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a divisional application of 
co-pending U.S. patent application Ser. No. 10/877,461, filed 
Jun. 25, 2004. 

FIELD 

0002 This disclosure relates to computer programming in 
a World Wide Web environment and, more specifically, to 
systems and methods relating to a component oriented Soft 
ware design approach in a document oriented user interface 
environment. 

BACKGROUND 

0003. Current technologies for developing World Wide 
Web-related Software applications can pose significant chal 
lenges to programmers. Such challenges concern interoper 
ability, usability and maintainability. World Wide Web-re 
lated applications often require a document-oriented 
approach to designing user interfaces, while other types of 
Software applications often require a component-oriented 
design approach. As will be explained below, document-ori 
ented programming and component-oriented programming 
follow different, and sometimes conflicting, procedures. 
0004. The World WideWeb (“Web’) includes a system of 
Internet servers that Support specially formatted documents. 
The documents are often called “Web pages.” Every Web 
page is identified by a unique Uniform Resource Locator 
(“URL). Web pages are typically created in a “mark-up” 
computer language, such as HyperText Mark-up language 
(“HTML'), Extensible Mark-up Language (XML) or the 
like, that Supports links to other documents, graphics, audio, 
and video files. A "mark-up language' is a computer language 
that describes how a page should be formatted by using spe 
cialized “tags.” An HTML tag is a code element that tells a 
Web browser what to do with text. Mark-up languages also 
enable a person accessing content on the Web to jump from 
one document to another simply by clicking on links that are 
embedded within Web pages. Specialized software applica 
tions called Web browsers (“browsers’) allow users to access 
the Web, and to retrieve and interact with documents on it. 
Browsers are typically capable of parsing HTML and retriev 
ing Web pages using Hypertext Transfer Protocol (“HTTP), 
File Transfer Protocol (“FTP), and other protocols used to 
transfer information over networks. Two popular browsers 
are NETSCAPE NAVIGATOR and MICROSOFT INTER 
NET EXPLORER. Both are graphical browsers, meaning 
they can display graphics as well as text. To display graphics, 
Such as images, Software objects, and the like, the browser 
must be able to “render the graphic. A Web browser is able to 
interpret the set of mark-up language tags within a page in 
order to display the page on your screen as the page's creator 
intended it to be viewed. Unfortunately, presenting certain 
types of information, and Supporting certain interactions with 
a document pose challenges to the traditional rendering pro 
CCSSCS. 

0005 Software applications and documents that are acces 
sible on the Web are often constructed from a set of software 
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components, in accordance with a component Software devel 
opment paradigm. A "component' is typically a small binary 
object or program that performs a specific function. It is often 
designed in Such a way as to easily operate with other com 
ponents and applications. A set of interacting components 
may constitute a software application. The user interface for 
a software application may be implemented with UI compo 
nents that include a visual representation and control element 
that handles interactions between the component's represen 
tation and the user. Certain classes of UI components may 
also be represented in documents that are available via the 
Internet. Thus, when a user accesses a Web page or other 
document with his browser, the browser renders the visual 
representation of each component contained in the document 
so that the components can be displayed to the user. Compo 
nents may include controls that a user can interact with, Such 
as tables, text boxes, and other user-interactive items. A con 
trol is typically a software-based item that can be individually 
selected and manipulated by a user. 
0006 Typically, Web pages are stored on large server 
machines. These machines may be accessed by individuals 
operating Smaller client machines Such as personal comput 
ers. When a user accesses a server Web page through a 
browser installed on his client machine, the browser typically 
retrieves the page from the server, and renders the page on the 
user's own client machine, so that the page can be viewed by 
the user. If the Web page comprises component representa 
tions, each component must be rendered by the browser. 
However, when a Web page includes component representa 
tions that a user can interact with, rather than merely static 
information, the content on a page may undergo changes after 
the page and its component representations have been dis 
played to the user. For example, a Web page may include a 
table component. Whenever the user interacts with a compo 
nent representation in the server Web page. Such as by 
manipulating data in the table, that component's state must be 
updated to reflect this interaction. The state change in the 
component could trigger addition state changes that must be 
ultimately reflected in the component representation on the 
user's display Screen. These changes need to be shown to the 
user, but are often difficult to coordinate on an on-going basis, 
as a user continues to interact with the component, and com 
ponent state changes are communicated back to the server. 
Currently, many Web applications rely on fetching from the 
server, in the form of mark-up language strings, then re 
rendering an entire document upon every significant user 
event. Due to network latency and inherent rendering time, 
even the simplest updates to a component can cause signifi 
cant inefficiencies and delays. Also, side effects from the 
delays including lost input focus and scrollbar position 
between page refreshes can occur during re-rendering. These 
can lead to reduced usability from a user's perspective. The 
process of converting components to mark-up language 
strings before rendering them, as well as the process of re 
rendering an entire Web page upon user-interaction with only 
one component or portion of that page, can be tedious, cum 
berSome and time consuming. Furthermore, business logic 
state changes at the server that cause state changes in UI 
components cannot be asynchronously communicated to the 
component representation, and can only be realized when the 
page is refreshed after some user interaction with the compo 
nent representation at the client. 
0007. In order to reduce the need for interacting with 
server-based documents and engage in time-consuming re 
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rendering, Some Web applications have been designed to 
extend client-side capabilities so that updates may occur on 
the client itself. Specialized programming languages such as 
Dynamic HTML (“DHTML') and JavaScript enable some 
degree of client-side operability. DHTML refers generally to 
Web content that is capable of being changed while it is being 
viewed. JavaScript is a programming language technology, 
called a scripting language, for manipulating DHTML. Java 
Script enables Web authors to design interactive Web sites 
that include controls with which users interact. JavaScript can 
interact with HTML source code, enabling Web authors to 
enhance Web pages with dynamic interactive state. While 
usability of client-side Web applications may be improved 
through the use of DHTML and JavaScript, interoperability 
and maintenance of such Web applications have often been 
impeded by such methods. One reason for this is that JavaS 
cript is not inherently portable. As a result, incompatibilities 
between different machines in communication with one 
another can manifest when components within a document or 
application breakdown. For example, different software ven 
dors often employ incompatible standards for JavaScript 
execution, and a single vendor may often Support different 
JavaScript versions. One result of these incompatibilities is 
that JavaScript code relies on customized code for each com 
bination of supported browser vendor and software version, 
and often cannot be easily maintained on a client machine. A 
Web application may be rendered completely unusable when 
a single component fails to operate due to an incompatibility. 
0008. In short, programmers can currently face significant 
challenges when designing user interfaces for component 
based applications created for a networked Web-like environ 
ment. The ability to efficiently render updated versions of 
component-based applications and documents following user 
input to a user interface to those applications and documents 
is often significantly limited. 

SUMMARY 

0009. In one aspect of the present invention, computer 
readable media embodies instructions executable by a first 
computer system that cause the first computer system to per 
form a method of rendering a document-based user interface 
software object. The method includes representing the docu 
ment-based user interface Software object in a document 
object model that comprises a data structure for representing 
documents in the first computer system, translating the docu 
ment object model, including the representation of the docu 
ment-based user interface Software object, into computer 
readable characters, and transmitting the computer-readable 
characters to a second computer system. 
0010. In another aspect of the present invention, a method 
of rendering a document-based user interface object includes 
storing a document-based user interface object in a computer 
system, storing a document object model, that comprises a 
data structure for representing documents, in the computer 
system, and representing the document-based user interface 
object in the document object model in the computer system. 
0011. In a further aspect of the invention, a computer 
server system includes a memory system configured to 
include a document object model that comprises a data struc 
ture for representing documents on the computer server sys 
tem, and a processing system configured to communicate 
with the memory system and with a client computing system. 
The processing system is also configured to (a) receive infor 
mation, from the client computing system or from the server 
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system, that causes a change to the document object model, 
(b) identify the change to the document object model, and (c) 
communicate the identified change to the client computing 
system. 
0012. In still another aspect of the invention, a computer 
system includes a first computing system configured to com 
municate with a second computing system, a memory device 
connected to the first computing system and configured to 
store a first document object model that comprises a data 
structure for representing documents on the first computing 
system, wherein the first document object model comprises a 
replication of a second document object model that is resident 
on the second computing system, and a processor connected 
to the first computing system and configured to receive input 
from either the first or the second computing system, wherein 
the input represents a change in the first document object 
model detected by the second computing system. The proces 
sor is additionally configured to represent the received input 
in the first document object model. 
0013. In yet another aspect of the invention, a method of 
developing and deploying a location-neutral document object 
model-based user interface software object, that is capable of 
being Supported separately by each one of a client and a 
server, and that is capable of being represented in a document 
object model, includes developing software code to imple 
ment the location-neutral document object model-based user 
interface software object, wherein the development occurs in 
a manner that is not a function of whether the code will be 
deployed on a client computer system or a server computer 
system, deciding whether the software object code will be 
deployed on a client computer system or a server computer 
system, and deploying the Software object code on a type of 
computing system on which the Software object code was 
decided to be deployed. The location-neutral document 
object model-based user interface software object is capable 
of being Supported separately by each one of a client com 
puter system and server computer system and is capable of 
being represented in a document object model on the com 
puting system on which the Software object code was 
deployed. 
0014. In a further aspect of the invention, a method of 
programming a Web application having a location-neutral 
document object model-based user interface software object 
includes assembling a plurality of software objects to create a 
software application, wherein one of the plurality of software 
objects comprises the location-neutral document object 
based user interface software object that is capable of being 
deployed on both a client computing system and a server 
computing system and is capable of being represented in a 
document object model. 
0015. It is understood that other embodiments of the spe 
cific teachings herein will become readily apparent to those 
skilled in the art from the following detailed description, 
wherein it is shown and described only several embodiments 
of the teachings by way of illustration. As will be realized, the 
Subject matter of the teachings herein is capable of other and 
different embodiments and its several details are capable of 
modification in various other respects, all without departing 
from the spirit and scope of these teachings. Accordingly, the 
drawings and detailed description are to be regarded as illus 
trative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 Aspects of the disclosures herein are illustrated by 
way of example, and not by way of limitation, in the accom 
panying drawings, wherein: 
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0017 FIG. 1 is a conceptual block diagram of a prior art 
system for updating server components displayed in a web 
page on a client within a client-server architecture; 
0018 FIG. 2 is a conceptual block diagram illustrating a 
system for rendering a document-based user interface Soft 
ware object in a document object model; 
0019 FIG. 3A is a flowchart illustrating a method of ren 
dering a document-based user interface Software object in a 
document object model; 
0020 FIG. 3B is a flowchart illustrating one aspect of 
rendering a document-based user interface Software object in 
a document object model; 
0021 FIG. 4 is a conceptual block diagram illustrating a 
system for updating a document object model to reflect 
changes caused by the rendering of a document-based user 
interface software object therein; 
0022 FIG. 5 is a flowchart illustrating a method of updat 
ing a document object model to reflect changes caused by the 
rendering of a document-based user interface Software object 
therein; 
0023 FIG. 6 is a conceptual block diagram illustrating 
implementation of a location-neutral Software user interface 
object; 
0024 FIG. 7 is a flowchart illustrating a method of devel 
oping and implementing a location-neutral Software user 
interface object; and 
0025 FIG. 8 illustrates an exemplary distributed computer 
system in which the various methods, systems and computer 
readable media disclosed herein may be practiced. 

DETAILED DESCRIPTION 

0026. The detailed description set forth below in connec 
tion with the appended drawings is intended as a description 
of various embodiments of the teachings herein and is not 
intended to represent the only embodiments in which the 
teachings herein may be practiced. The detailed description 
includes specific details for the purpose of providing a thor 
ough understanding of the teachings. However, it will be 
apparent to those skilled in the art that the teachings herein 
may be practiced without these specific details. In some 
instances, well-known structures and devices are shown in 
block diagram form in order to avoid obscuring the concepts 
of the teachings herein. Acronyms and other descriptive ter 
minology may be used merely for convenience and clarity 
and are not intended to limit the scope of the teachings herein. 
0027. In the following detailed description, aspects of the 
teachings herein will be described in the context of a docu 
ment object model. While these inventive aspects may be well 
suited for use with the W3C DOM, which will be explained in 
further detail below, those skilled in the art will readily appre 
ciate that they are likewise applicable for use in various other 
document object models. Accordingly, any reference to a 
document object model is intended only to illustrate various 
aspects of the disclosures herein, with the understanding that 
Such aspects have a wide range of applications. 
0028. As described above, Web pages are typically stored 
on large server machines, which may be accessed by indi 
viduals operating Smaller client machines such as personal 
computers. When a user accesses a server Web page through 
a browser installed on his client machine, the browser typi 
cally retrieves the page from the server, and renders the page 
on the user's own client machine, so that the page can be 
viewed by the user. If the Web page comprises software 
component representations, each component representation 

Apr. 7, 2011 

must be analyzed and rendered by the browser. FIG. 1 is a 
conceptual block diagram of a prior art system for updating 
component representations in a web page that is stored on a 
server and rendered on a client within a client-server archi 
tecture. A server 100 is communicatively connected to a client 
102 via a communications network 104, such as the Internet. 
A Web page stored on the server 100 may include one or more 
components 106, 108, 110. Each component may be opera 
tively connected to a rendering engine 112, 114, 116, respec 
tively, each of which generates instructions for causing the 
components 106, 108, 110 to ultimately be rendered on the 
user's client machine 102 as a component representation 118. 
There may be a one-to-one mapping between a component on 
the server and its component representation on the client. For 
example, component representations 120, 122 and 124 may 
correspond to components 106, 108 and 110, respectively. 
Often, the type of instructions that the rendering engines 112, 
114, 116 produce will depend on the type of computer lan 
guage that the client machine 102 converses in. For example, 
Some client machines may require instructions in XML, while 
others may communicate with HTML. According to the type 
of client machine 102 requesting a document from the server 
100, a rendering engine may cause information from a com 
ponent to be represented as a string of special characters 119, 
Such as markup text language characters. Markup text 
includes but is not limited to HTML and XML. These char 
acter strings 119 are then transmitted via the network 104 to 
the client 102, where they are read by a browser 120. The 
browser 120 then reads the strings 119 and causes them to be 
rendered as component representations 118 on a display 
screen attached to the client 102. 

0029 Components 106, 108 and 110 may undergo state 
changes, as indicated by 106A, 108A, 110A. State changes 
may occur at either the client side or the server side. Some 
types of components, such as user interface components, can 
directly receive input from a user. A user interface typically 
comprises a junction between a user and a computer program. 
It may include a set of commands or menus through which a 
user communicates with a program. A command-driven inter 
face is one in which the user enters commands. A menu 
driven interface is one in which the user selects command 
choices from various menus displayed on a screen. Graphical 
user interfaces ("GUIs) may use windows, icons, and pop-up 
menus to simplify the process of interacting with a computer 
program from the perspective of a user. A Software applica 
tion's user interface Sometimes constitutes one of the most 
important parts of a computer program because it determines 
how easily a user can interact with and control the program. 
When a Web page includes component representations that a 
user can interact with, rather than merely static information, 
the content on a page may undergo changes after the page and 
its component representations have been displayed to the 
user. Whenever the user interacts with a component represen 
tation in the server Web page, such as by manipulating data in 
a table or other type of user interface control, not only must 
the component representation be reflected on the users dis 
play, but the actual server-resident component must be 
updated to reflect the state changes resulting from this inter 
action. Components may also undergo state changes at the 
server side, absent user manipulation. For example, back-end 
business logic operating on the server machine may cause a 
component to change its state. These state changes also must 
be updated on the user display. 
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0030 Coordination of state changes across the client 
server architecture are often difficult to implement. Returning 
to FIG. 1, it can be seen that web applications that rely on 
fetching from the server then re-rendering an entire document 
upon every significant user event will cause the entire Web 
page to be re-rendered every time that browser 120 receives a 
string 118 reflecting user interaction with a user interface 
component. Also, component state changes caused by server 
side logic generally cannot be reflected in the client side 
component representation asynchronously. In other words, 
even though a component state may change at the server side, 
its representation at the client side often cannot be updated 
until a user event, or user interaction with the component 
causing communication back to the server, occurs. Network 
latency and inherent rendering time can cause even the sim 
plest updates to a user interface to generate significant inef 
ficiencies and delays. In the case of server side component 
state changes, updates may be significantly delayed pending 
user input to induce an update. Thus, the ability to render an 
updated document-based user interface component represen 
tation without re-rendering the entire document or Web page 
would significantly improve update time and the overall user 
experience. 
0031. Within a computer, information is often organized 
as a set of “objects,” which will be explained in further detail 
below. When transmitted, the set of objects is sent as a “docu 
ment. A document object model comprises a specification 
establishing a common way for programmers to access a 
document as a set of objects. One example of a document 
object model is the W3C DOM specification, which is being 
developed by the World WideWeb Consortium (“W3C) and 
defines a model for document objects. The W3C DOM com 
prises a platform-neutral and language-neutral interface that 
allows Software programs and Scripts to dynamically access 
and update the content, structure and style of documents such 
as Web pages and the like. The W3C DOM comprises a 
standard set of objects for representing HTML and XML 
documents, a standard model of how these objects can be 
combined, and a standard interface for accessing and manipu 
lating them. Even after it is presented, a document can be 
further processed and the results of that processing can be 
incorporated back into the presented page, using the DOM. 
Software vendors can Support any defined document object 
model, whether the W3C DOM or another model, as an 
interface to their proprietary data structures and application 
program interfaces (APIs). Content authors, such as Web 
programmers, can write to the standard document object 
model interfaces rather than to the product-specific APIs of 
particular vendors. This increases interoperability of inde 
pendently created applications and documents on the Web. 
The W3C DOM is only one example of a document object 
model. A document object model may also include specifica 
tions for other types of mark-up languages and objects. It is to 
be understood that the term “document object model as used 
herein is not intended to be limited to the W3C DOM or to 
refer only to HTML and XML. 
0032. As explained above, “DHTML refers to Web con 
tent that changes while it is viewed. Through the use of 
JavaScript, DHTML can handle certain types of user interac 
tions locally without requiring communication of with the 
server to process state changes. For example, a button com 
ponent representation can change color when the user moves 
a mouse pointing device over the button. 
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0033 DHTML typically relies on a document object 
model, which as explained above may be a platform- and 
language-neutral interface that allows programs and Scripts to 
dynamically access and update the content, structure and 
style of documents. The document can be further processed 
and the results of that processing can be incorporated back 
into the presented page. The document object module may be 
used according to the teachings hereinto dynamically change 
the appearance of Web pages after they have been down 
loaded to a user's browser. A document object model may 
define what attributes are associated with each object, and 
how the objects and attributes can be manipulated. The term 
“object' as used herein refers generally to any software-based 
item that can be individually selected and manipulated within 
a software application. Objects may include shapes and pic 
tures that appear on a display screen and comprise the user 
interface of a software application, various types of controls, 
and less user-tangible software entities that may comprise 
other business logic within the Software application. In 
object-oriented programming, for example, an object may be 
a self-contained entity that comprises both data and proce 
dures to manipulate the data. Thus, a document object model 
may comprise a specification for how objects including, but 
not limited to, text, images, headers, or links are represented 
in a Web page. The term “attribute” refers generally to a 
language construct that programmers use to add additional 
information (e.g. metadata) to code elements. This additional 
information may extend the functionality of code elements 
such as assemblies, modules, members, types, return values 
and parameters. 
0034. In accordance with the teachings herein, document 
based user interface objects may be programmed in any of a 
number of currently known languages or other languages to 
be developed in the future. While the specification may refer 
to Java and JavaServer Faces as an exemplary language and 
framework for constructing objects for use with the teachings 
herein, it is to be understood that other languages and frame 
works are also applicable, and that the particular examples 
disclosed herein are referenced for illustrative purposes only. 
Java is a high-level object-oriented language that may be 
considered similar to C++, but simplified to eliminate lan 
guage features that have resulted in common programming 
errors. As such, Java is an example of a general purpose 
programming language with a number of features that make 
the language well suited for use on the World Wide Web. 
Small Java applications are sometimes called Java “applets' 
and can be downloaded from a Web server to run on a local 
computer by a Java-compatible browser. As explained above, 
“components' are Small binary objects or programs that per 
form a specific function and are designed in Such a way to 
easily operate with other components and applications. Java 
Source code files (files with a java extension) may be com 
piled into a format called bytecode (files with a class exten 
sion), which can then be executed by a Java interpreter. Com 
piled Java code can run on many computers because Java 
interpreters and runtime environments, known as Java Virtual 
Machines (“VMs), exist for many operating systems, 
including UNIX, the Macintosh OS, and Windows. Bytecode 
can also be converted directly into machine language instruc 
tions by a just-in-time (“JIT) compiler. 
0035) JavaServer Faces (JSF) comprises a framework 
for building Web-based user interfaces in the Java program 
ming language. JSF provides a set of standard components, 
Such as buttons, hyperlinks, checkboxes, and the like, that 
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may be represented in a document. JSF also provides a facility 
for creating custom components, and the functionality to 
process client-generated events such as those that result when 
a user changes the value in a textbox or clicks on a button in 
a user interface component. Through the use of specialized 
libraries called “RenderKits, which translate each compo 
nent into mark-up language, JSF allows component represen 
tations to be displayed on a variety of target clients when it 
knows the mark-up dialect of those clients. For example, if it 
is known that a target client communicates in HTML, a JSF 
component can operate by rendering itself in HTML for that 
target client if an appropriate HTML RenderKit is associated 
with the component. The same JSF component could also 
render itself in XML, if it were informed that the target client 
communicates in XML, and if an appropriate XML Render 
Kit were associated with the component. 
0036 JSF comprises a technology that includes a set of 
APIs and a JavaServer Pages (JSP) custom tag library. The 
APIs function to represent user interface components, man 
age their state, handle events and input validation, define page 
navigation, and Support internationalization and accessibility. 
The custom tag library provides developers with the ability to 
express a JavaServer Faces interface within a JSP page. In 
accordance with the teachings herein, document based user 
interface components may comprise JSF components, but are 
not limited to JSF. The novel concepts disclosed herein are 
applicable to other frameworks as well, and any reference 
made herein to JSF is for illustrative purposes only. 
0037 FIG. 2 is a conceptual block diagram illustrating a 
system for rendering a document-based user interface Soft 
ware object in a document object model, whereby delays and 
inefficiencies experienced in many prior art systems may be 
significantly reduced. A user at a first computer 200 may 
access a document stored on a remote computer 202 over a 
communications network 204. The computers may be part of 
a network, such as a client-server network. A client-server 
architecture is a network architecture in which each computer 
or process on the network comprises eithera client or a server. 
A server is generally a computer or device on a network that 
provides information to a client. Typically, clients are devices 
that make requests for information, and servers are devices 
that respond to the requests with information. For example, 
servers can be configured to manage network resources by 
handling resource requests. Often, servers are powerful com 
puters or processors dedicated to managing disk drives (file 
servers), printers (print servers), network traffic (network 
servers), or information resources. For example, a file server 
may be a computer and storage device dedicated to storing 
files. Any user on the network can store files on the server. A 
print server may be a computer that manages one or more 
printers, and a network server is a computer that manages 
network traffic. A database server may be a computer system 
that processes database queries. Servers are often dedicated, 
meaning that they perform no other tasks besides their server 
tasks. On multiprocessing operating systems, however, a 
single computer can execute several programs at once. A 
server in this case could refer to the program that is managing 
resources rather than the entire computer. Though servers are 
often used to manage resources as described above, a server 
may be any type of machine or device that handles requests 
from clients, and is not necessarily a machine dedicated to 
managing resources. Moreover, servers need not be larger or 

Apr. 7, 2011 

more powerful than clients. As used herein, the term "server' 
refers to any type of machine or device that responds to 
requests. 
0038 Clients, on the other hand, usually include PCs or 
workstations on which users run applications. Clients may 
rely on servers for resources, such as files, devices, and even 
processing power. More generally, a client may be a device or 
machine that relies on a server to perform some operations, or 
that queries a server for information. A client may even be an 
application that runs on a machine and relies on a server to 
perform some operations. For example, an e-mail client is an 
application that enables you to send and receive e-mail. A 
computer network that includes a server and a client in com 
munication with one another is often called client-server 
architecture. Another type of network architecture is known 
as a peer-to-peer architecture because each node in the net 
work has equivalent responsibilities. In addition to the vari 
ous examples of clients just described, a client may include 
any device that makes requests to another machine or device. 
Thus, as used herein the term "client” refers to any type of 
machine or device that makes requests AS will be recognized 
by those skilled in the art, various aspects of the teachings 
herein may apply to both client-server architectures and peer 
to-peer architectures. 
0039 Returning now to a description of FIG. 2, first com 
puter 200 may comprise a client, remote computer 202 may 
comprise a server or a second client, and communications 
network 204 may comprise the Internet. Through a browser 
206 operated on the user's computer 200, the user may 
request a document that includes one or more components 
208, 210, 212. Each component of the document must even 
tually be represented to the user during page processing, 
which is indicated by arrow 214. Component 208 is shown at 
various stages 208A, 208B, 208C, which may occurat either 
the client side or server side. As explained above, the differ 
ence in each stage of component 208 may be caused by a user 
event, initiated by input from the user interacting with com 
ponent 208 to change its state, or by logic implemented at the 
server side. For example, component 208 may comprise a 
table, and may reflect different data values at each of its states 
208A, 208B and 208C if the user interacts with the table to 
alter, add or delete the data therein. Alternatively, business 
logic operating on the server may induce updates to compo 
nent 208, causing state changes which are represented by 
states 208A, 208B, 208C. State changes within a single com 
ponent may occur after initial rendering of all components 
The updating of component 208 to reflect its various states 
that are caused by user interaction or server side logic will be 
described in further detail below. 

0040. When the document is first retrieved by browser 
206, it may be represented in the remote computer's docu 
ment object model 216. As will be understood by those skilled 
in the art, this may be accomplished, for example, by adding 
the document or a component within the document to the 
remote computer's document object model, so that it may be 
rendered on a display screen connected to the user's computer 
200. A processor 218 may then serialize the document object 
model, or translate it into computer readable characters that 
can be communicated across network 204 to the user's com 
puter 200. The serialized document object model may com 
prise an HTML string, an XML string, or other computer 
readable characters. When browser 206 receives the serial 
ized document object model, it may interpret the string and 
render the page including components 208, 210, 212, which 
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are displayed to the user as component representations 220. 
As described above, component representations 220 may 
have one-to-one correspondence to components on the server. 
For example each component representation 222, 224, 226 
may correspond to components 208, 210, 212, respectively. 
0041 At of the completion of initial page processing, the 
user may interact with one of components 208, 210, 212 via 
their component representations 220 at the client side. For 
example, a component may comprise a document-based user 
interface object, Such as a table, a data entry box, or other type 
of user interface control. As the user interacts with the com 
ponent representation from his computer 200, signals indi 
cating user events are transmitted via network to remote com 
puter 202. The signals cause a change in the state of 
component 208, so that it may comprise updated information 
entered by the user. As described above, state changes may 
also be caused by server side logic, absent user interaction at 
the client side. Various states of component 208 are indicated 
by original component 208A and user-updated components 
208B and 208C. Each time component 208 is changed, either 
by a user event, by server side logic, by a user event that 
triggers server-driven state changes, or by other mechanisms, 
the changed component may be represented in the remote 
computer's document object model 216. The updated docu 
ment object model may then be translated into computer 
readable characters by processor 218 as described above, and 
sent across communications network 204 to the user's 
browser 206 where it may be interpreted and rendered. 
0042 FIG. 3A is a flowchart illustrating a method of ren 
dering a document-based user interface Software object in a 
document object model. This and other methods may be 
implemented by the exemplary system described above. At 
block 300, the user may request a document such as a Web 
page from a remote computer. The request may then be imple 
mented by a browser operable on the user's local computer. 
The requested document may include a document-based user 
interface object. At block 302, the remote computer may 
represent the document-based user interface object in the 
emote computer's document object model. At block 304, the 
remote computer's document object model, which now 
includes information representing the document-based user 
interface object, may be translated into computer readable 
characters such as HTML, XML or other mark-up language. 
The computer readable characters may then be sent to the 
user's computer at block 306, and at block 308 the user's 
computer may incorporate the transmitted computer readable 
characters into its own document object model. Through this 
process, the document-based user interface object may be 
rendered and displayed by the user's browser on a display 
screen operatively connected to the user's computer. As the 
user interacts with the document-based user interface object, 
and causes changes in the object by doing so, those changes 
may be reflected in the remote computer's document object 
model before transmission to the user's computer. Using this 
method eliminates the need to re-process the entire page and 
recreate the document object model, when the state of a single 
object changes. 
0043 FIG. 3B is a flowchart illustrating one aspect of 
rendering a document-based user interface Software object in 
a document object model. In order to render a document 
based user interface software object in a document object 
model, the document object model should reside on a com 
puter on which the document-based user interface object is 
also stored. Thus, the computer may have a memory system 
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for storing both the document-based user interface object, and 
data that describe the document object model, as indicated at 
block 310. Those skilled in the art will recognize suitable 
types of memory systems for storing Such data. The same 
memory system, or a different memory system that is also in 
communication with the computer, may store the Software 
code which describes the document-based user interface 
object. This is indicated at block 312. Finally, at block 314, 
the document-based user interface object may be represented 
in the document object model on the computer. 
0044 FIG. 4 is a conceptual block diagram illustrating a 
system for updating a document object model to reflect 
changes caused by the rendering of a document-based user 
interface'' object therein. A user at a first computer 400 
may access a document stored on a remote computer 402 over 
a communications network 404. First computer 400 may 
comprise a client, remote computer 402 may comprise a 
server or a second client, and communications network 404 
may comprise the Internet. Through a browser 406 operated 
on the user's computer 400, the user may request a document 
that includes a component representation 409 of component 
408. Component 408 is shown at various stages 408A, 408B, 
408C, which may occur during user interaction with the com 
ponent representation of component 408, or from logic 
enacted at the server side. While a document is displayed to a 
user, these state changes may occur over time, as indicated by 
time arrow 410. The difference in each stage of component 
408 may be caused by a user event or server side logic, as 
explained above with respect to FIG. 2 and in further detail 
below. 

0045. When the document is first retrieved by browser 
406, it may be represented in the remote computer's docu 
ment object model 412. A processor 414 may then serialize 
the document object model representation, indicated at 416, 
by translating it into computer readable characters that can be 
communicated across network 404 to the user's computer 
400. The serialized document object model 416 may com 
prise an HTML string, an XML string, or other computer 
readable characters. When browser 406 receives the serial 
ized document object model, it may interpret the String, create 
its own document object model 422, and render the page 
including component 408. 
0046. After initial page processing the user may interact 
with component 408. For example, the component may com 
prise a document-based user interface object, Such as a table, 
a data entry box, or other type of user interface. As the user 
interacts with the component representation from his com 
puter 400, signals indicating user events may be transmitted 
via network to remote computer 402. The signals may cause 
a change in the state of component 408, so that the component 
includes updated information entered by the user. As 
explained above, state changes may be caused by server side 
logic, absent user interaction, as well. Various states are indi 
cated by original component 408A and user-updated compo 
nents 408B and 4080. In this alternative embodiment, each 
time component 408 is changed by a user event or server side 
logic, the change in the component may be represented in the 
remote computer's document object model 412. The repre 
sentations of these changes are indicated at regions 418 and 
420. Thus, a user event which causes component 408 to 
change from state 408A to state 408B will also cause the 
change 418 to document object model 412. Likewise, a sub 
sequent user event which causes component 408 to change 
from state 408B to state 408C will also cause the change 420 
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to document object model 412. At this point, instead of trans 
lating the entire document object model, the updated portion 
of the document object model may then translated into com 
puter readable characters by processor 414. The translated 
update may be sent across communications network 404 to 
the user's browser 406 where it may be interpreted, added to 
the client document object model 422, and rendered. There 
fore, this alternative embodiment processes only changes to 
the document object model in remote computer 402, and 
sends only the changed portions of the document object 
model to the user's computer 400 to be rendered by browser 
406. The client may also interpret the incremental state 
changes, and incorporate them into the client's document 
object model 422. 
0047 FIG.5 is a flowchart illustrating a method of updat 
ing a document object model to reflect changes caused by the 
rendering of a document-based user interface Software object 
therein. As discussed above, a user may interact with the 
document-based user interface object, or server side business 
logic may be implemented, causing a user event that changes 
the State of the component. This component state change, 
whether implemented by client side user interaction or server 
side logic, is depicted at block 500. A signal representing the 
user event is transmitted from the user's computer to a remote 
computer, Such as a server, where the document containing 
the component resides. At block 502, the document object 
model on the remote computer may be updated to represent 
the change which occurs in the user interface object due to the 
user interaction. At block 504, the change in the document 
object model may be detected. The change constitutes the 
difference in the component between its state prior to the user 
interaction and after the user interaction. The change may be 
detected at the client by comparing two versions of the docu 
ment object model, by marking the document at the server to 
indicate the changes, or by other methods that will be appar 
ent to those skilled in the art. The detected change may be 
translated to computer readable characters, such as an HTML 
or XML string, which may be sent to the user's computer at 
block 506. At block 508, a browser or other software running 
on the user's computer may incorporate the translated change 
into its own document object. The browser may then render 
the updated portion of the document-based user interface 
object as indicated at block 510, and enable it to be displayed 
in its new state to the user, without having re-rendered the 
entire document. 

0048 FIG. 6 is a conceptual block diagram illustrating 
implementation of a location-neutral Software user interface 
object. In an exemplary embodiment, the location-neutral 
software user interface object may comprise a JSF object, 
though it is to be understood that the teachings herein are not 
limited to use with JSF. Typically, JSF components operate on 
a server system, which usually has larger storage and process 
ing capacities than a client system. JSF components have 
traditionally required a robust JSF “container that includes 
software-based capabilities to support JSF components. 
Because of the amount of Support a JSF component might 
require, the JSF container is quite large, resulting in the tra 
ditional need of a server-type machine for its storage and 
operation. In an exemplary embodiment of the systems taught 
herein, a JSF container may be constructed to be smaller and 
require less storage capacity. In the exemplary embodiment, 
illustrated in FIG. 6, a client-side JSF container having only 
certain capabilities of a traditional server-side JSF container 
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may be developed and stored on a client system, thus enabling 
JSF components to operate locally on a client machine. 
0049. When the client-side JSF container of the exemplary 
embodiment is included on a client computer 600, JSF docu 
ment-based user interface components may be directly ren 
dered in the client's document object model without the need 
to interact or communicate with a remote computer. Addi 
tionally, it is unnecessary to serialize the component repre 
sentation to computer readable characters. Instead the render 
ing can occur directly into the client document object mode. 
Over time, indicated by arrow 602, a user may interact with 
the component representation and a component representa 
tion of component 604 within that page may change States 
initiated by user events. Component 604 may also change 
states due to logic operations at the server side, as described 
above. Various states of component 604 are illustrated at 
604A, 604B and 604C. The components may be supported by 
a JSF client-side container, stored in memory 606 on the 
client computer 600. A browser 608 may be resident and 
operable on the client computer 600. When component state 
changes occur, whether by user interaction or server side 
logic, the component in its new state may be rendered directly 
into the client computer's document object model 610. The 
browser may then render the component and produce output 
612, so that the component may be displayed to the user even 
as it evolves, through the user's interaction with it or through 
changes invoked at the serverside, as indicated by time arrow 
602. 

0050. In the exemplary embodiment, some features of the 
novel client container that are not present in the traditional 
server container may exclude support for JSP compilation, 
support for HTTP serving, and include simplified threading 
and security, and direct collection and control of user input by 
a controller on the client rather thana through communication 
with a servlet on the server. Threading and security may be 
simplified in the novel client container because clients typi 
cally do not experience the high Volume of requests that 
servers are designed to handle. Such requests may flow from 
users and other computers, and will therefore not be prevalent 
on a client computer that is being operated in a local environ 
ment by a single user. 
0051. Because the novel client-side container of the exem 
plary embodiment may be stored and operated on either a 
client system and provide an identical containment environ 
ment to the server-based container, software developers will 
not need to know at the time of development where the com 
ponent will ultimate reside. Prior to conceiving the systems 
taught herein, developing a component often required knowl 
edge of whether that component would need to operate on a 
server or on a client. Depending on which type of system the 
component was designed for, the code implementing that 
component could be very different. However, the exemplary 
embodiment, including a client-side container that duplicates 
the server-side containment environment, and that can be 
Supported by a client system, enables Software developers to 
create components without regard to which type of computer 
system the components will ultimately run on. This is because 
the component, no matter how it is coded by the software 
developer, can be Supported by the novel client-side con 
tainer, or the server-side container. 
0052 FIG. 7 is a flowchart illustrating a method of devel 
oping and implementing a location-neutral document object 
model-based software user interface object. This type of soft 
ware user interface object is capable of being Supported by 
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both a client and a server, and is not limited to deployment on 
either type of machine or device. Also, this type of software 
user interface object may be rendered by being represented in 
a document object model on whatever computer or device it is 
deployed on. At block 700, a software developer may write 
code to describe a document-based user interface object. This 
development is performed without regard to what kind of 
computer the object will ultimately be deployed on. The 
resultant document-based user interface object will be 
capable of being Supported on either a client system or a 
server system. After the object is developed, a decision may 
be made regarding which type of computer it will reside on: 
client or server. This decision is indicated at block 702. Then, 
at block 704, the document-based user interface object is 
deployed on the computer of the selected type. 
0053 FIG. 8 illustrates an exemplary distributed computer 
system with which the various methods, systems and com 
puter-readable media disclosed herein may be practiced. A 
first computer 800 may be communicatively connected to a 
second computer 802 through a communications network 
804 such as the Internet. First computer 800 may comprise a 
client system or a server system, and may include a memory 
system 806 and a processor 808. Second computer 802 may 
also comprise a client system or a server System, and may also 
include a memory system 810 and a processor 812. A user 
input device 814 may be communicatively connected to the 
first computer 800 to allow a user to interact with document 
based user interface components that are resident on the com 
puter's memory system 806. These interactions may be 
handled by processors 808 and 810 according to the methods 
described herein. Of course, some embodiments disclosed 
herein enable the user interactions to be handled by processor 
808 alone. The methods disclosed herein may be stored on 
computer-readable media 816 in the form of instructions 
executable by a computer to perform the methods. 
0054 The previous description of the disclosed embodi 
ments is provided to enable any person skilled in the art to 
make or use the teachings herein. Various modifications to 
these embodiments will be readily apparent to those skilled in 
the art, and the generic principles defined herein may be 
applied to other embodiments without departing from the 
spirit or scope of the teachings disclosed herein. Thus, the 
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scope of the disclosures herein is not intended to be limited to 
the embodiments shown and described, but is to be accorded 
the widest scope consistent with the general principles and 
novel features disclosed herein. 
What is claimed is: 
1. Computer-readable media embodying instructions 

executable by a first computer system that cause the first 
computer system to perform a method of rendering a docu 
ment-based user interface software object, the method com 
prising: 

representing the document-based user interface Software 
object in a document object model that comprises a data 
structure for representing documents in the first com 
puter system; 

translating the document object model, including the rep 
resentation of the document-based user interface soft 
ware object, into computer-readable characters; and 

transmitting the computer-readable characters to a second 
computer system. 

2. The computer-readable media of claim 1, wherein the 
software objects comprise HTML code. 

3. The computer-readable media of claim 1, wherein the 
software objects comprise XML code. 

4. The computer-readable media of claim 1, wherein the 
first computing system comprises a server and the second 
computer system comprises a client. 

5. The computer-readable media of claim 1, wherein the 
first computing system comprises a client. 

6. A method of rendering a document-based user interface 
object comprising: 

storing a document-based user interface object in a com 
puter system; 

storing a document object model, that comprises a data 
structure for representing documents, in the computer 
system; and 

representing the document-based user interface object in 
the document object model in the computer system. 

7. The method of claim 6, wherein the computer system 
comprises a server. 

8. The method of claim 6, wherein the computer system 
comprises a client. 


