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MECHANISM FOR AUTOMATICALLY 
ESTABLISHING CONNECTIONS BETWEEN 

EXECUTABLE COMPONENTS OF A 
HYPERTEXT-BASED APPLICATION 

FIELD OF THE INVENTION 

The present invention pertains to the ?eld of netWork 
based software. More particularly, the present invention 
relates to softWare applications that are designed for use on 
the Internet. 

BACKGROUND OF THE INVENTION 

The rapid groWth in the use of the Internet and the World 
Wide Web (“the Web”) has sparked a dramatic increase in 
the development of Internet-based softWare applications. 
Developments in Internet softWare have arisen in many 
different areas ranging from on-line shopping and banking to 
games and entertainment. Web-based tools such as Java, 
J avaBeans, and ActiveX have helped to partially bridge the 
gap betWeen the simple, text-only Web pages of the early 
Internet and sophisticated softWare applications. In 
particular, these tools alloW Web designers to include small, 
special-purpose programs (sometimes referred to as 
“applets”, “Beans”, or more generally, “components”) 
Within Web pages Written in a hypertext language, such as 
the Hypertext Mark-up Language (HTML). Thus, Web 
pages have been transformed from passive, text-only dis 
playable documents to dynamic documents that can provide 
moving graphics, video, sounds, and interactive capability. 

While progress is being made in the development of 
Internet applications, application development tools for the 
Internet still have a number of shortcomings. For example, 
conventional Web-oriented programming models such as 
Java, JavaBeans, and ActiveX are not “tier-neutral” With 
respect to the environments in Which they run. That is, the 
services upon Which such models rely tend to be very 
speci?c to the tier (e.g., client or server), operating system, 
and in some cases, hardWare. For example, While Java and 
J avaBeans do not have operating system and hardWare 
dependencies as ActiveX controls do, they must exist in an 
environment or infrastructure that provides the necessary 
services (e.g., communications, access to environment, 
parameteriZation, connectivity to external services, etc.) to 
operate. 

The surrounding environment or infrastructure in prior art 
application development systems tend to be tier-speci?c. 
The tools, mechanisms, and services available on client 
tiers, for example, are quite different from those available on 
server tiers. In heterogeneous hardWare environments, the 
server tiers may also provide signi?cantly different environ 
ments. Further, these systems do not alloW components of an 
application to be moved from one tier to another, or to be 
distributed among multiple tiers. Such capability may be 
desirable for purposes of performance, security, or broWser 
capability. 

In addition, With conventional tools, interfaces betWeen 
applets or other executable components must be custom 
coded into the hypertext document. In particular, an appli 
cation developer speci?cally “Wires” (i.e., Writes code for) 
the connections betWeen components, so that the compo 
nents can communicate With each other. This constraint 
makes it dif?cult for inexperienced programmers to create 
Web applications and causes application development to be 
a laborious, time-consuming process. 
Acommon approach to creating application development 

tools for the Web has been to retro?t existing tools With Web 
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2 
“front ends” (user interfaces). As a result, such tools are not 
ideally-suited to the development of Web applications. 
Further, retro?tted tools are not likely to adapt Well to future 
changes in the platforms, users, and types of usage of the 
Internet. 

Hence, it Would be desirable to have Internet applications 
and application development mechanisms Which overcome 
the above-mentioned disadvantages. In particular, What is 
needed is an application development mechanism that is 
speci?cally designed for development of Internet 
applications, especially Web-based applications. What is 
further needed is a single development mechanism that is 
based on a single, tier-neutral model, using Which applica 
tion developers can create application components for 
execution on any tier on a netWork, distribute application 
components across multiple tiers on a netWork, or move 
application components from tier to tier. In addition, What is 
needed is an application development mechanism Which 
alloWs Internet applications to be created faster and more 
easily by people Who have little or no programming expe 
r1ence. 

SUMMARY OF THE INVENTION 

The present invention includes a mechanism for enabling 
a user to create a softWare application. The mechanism 
comprises means for enabling the user to include a number 
of executable components in the softWare application With 
out specifying connections betWeen any of the components, 
and at least tWo of the plurality of components require such 
a connection for purposes of executing the softWare appli 
cation. The mechanism also comprises means for enabling 
the required connections to be established automatically 
during execution of the softWare application. Other features 
of the present invention Will be apparent from the accom 
panying draWings and from the detailed description Which 
folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by Way of example 
and not limitation in the ?gures of the accompanying 
draWings, in Which like references indicate similar elements 
and in Which: 

FIG. 1 illustrates a netWork arrangement by Which a Web 
server provides a client computer With access to HTML 
pages. 

FIG. 2 illustrates a computer system. 
FIG. 3 illustrates a netWork arrangement by Which a 

server computer provides a client computer With access to a 
Web-based application in accordance With the present inven 
tion. 

FIG. 4A illustrates softWare application components in 
communication With an infrastructure. 

FIG. 4B illustrates a softWare application distributed 
across multiple tiers. 

FIG. 5 is a How diagram illustrating a routine by Which a 
softWare application is invoked. 

FIG. 6 is a How diagram illustrating a routine by Which a 
component is instantiated and registered. 

FIG. 7 illustrates in greater detail the components illus 
trated in FIG. 4. 

FIG. 8A is a How diagram illustrating in greater detail 
certain steps of the routine of FIG. 6. 

FIG. 8B is a diagram illustrating three executable com 
ponents of an application being executed on three separate 
tiers. 
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FIG. 9 is a How diagram illustrating a routine by Which an 
interface betWeen tWo components is established. 

FIG. 10 is a diagram illustrating multiple executable 
components of an application being executed on multiple 
tiers. 

FIG. 11 illustrates a display screen shoWing a graphical 
user interface for assembling a softWare application. 

FIG. 12 illustrates a display screen shoWing a graphical 
user interface, using Which an end user can assemble and 
execute a customiZed application. 

DETAILED DESCRIPTION 

A mechanism for automatically establishing connections 
betWeen executable components of a hypertext-based appli 
cation is described. In the folloWing description, for pur 
poses of explanation, numerous speci?c details are set forth 
in order to provide a thorough understanding of the present 
invention. It Will be evident, hoWever, to one skilled in the 
art that the present invention may be practiced Without these 
speci?c details. In other instances, Well-knoWn structures 
and devices are shoWn in block diagram form in order to 
facilitate description of the present invention. 

The present invention includes a “tier-neutral” mecha 
nism for application assembly, using Which developers With 
little or no programming experience can easily create Web 
based applications. In other Words, using a single application 
development mechanism in accordance With the present 
invention, Web developers can create applications to run on 
any tier on a netWork or to run across multiple tiers. In this 
description, the term “tier” is used to distinguish betWeen a 
client and a server on a netWork and to distinguish betWeen 
multiple servers. 

The present invention may be carried out in one or more 
computer systems, each in response to its central processing 
unit (CPU) executing sequences of instructions contained in 
memory. That is, execution of the sequences of instructions 
contained in memory causes the computer’s CPU to perform 
steps to execute part or all of a Web-based application. As 
Will be apparent from the description Which folloWs, the 
instructions may be loaded into the computer’s memory 
from a persistent store, such as a mass storage device, and/or 
from one or more of the other computer systems 
(collectively referred to as the “host computer system”) over 
the Internet. For example, the host computer system may 
transmit a sequence of instructions to the receiving 
(“target”) computer system in response to a message trans 
mitted to the host computer system over a netWork by the 
target computer system. As the target computer system 
receives the instructions via a netWork connection, such as 
a conventional telephone modem, Ethernet adapter, Inte 
grated Services Digital Network (ISDN) adapter, or the like, 
the target computer system stores the instructions in 
memory. The target computer system may store the instruc 
tions for later execution or execute the instructions as they 
arrive over the netWork connection. The host computer 
system may also execute various aspects of the Web-based 
application. 

In some cases, instructions Which embody the present 
invention may be directly supported by the CPU of the 
executing computer. Consequently, execution of the instruc 
tions may be performed directly by that computer’s CPU. In 
other cases, the instructions may not be directly executable 
by the computer’s CPU; under these circumstances, the 
instructions may be executed by causing the CPU to execute 
an interpreter that interprets the instructions, or by causing 
the CPU to execute instructions Which convert the received 
instructions to instructions Which can be directly executed 
by the CPU. 
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4 
In alternative embodiments, hardWired circuitry may be 

used in place of, or in combination With, softWare instruc 
tions to implement the present invention. Thus, the present 
invention is not limited to any speci?c combination of 
hardWare circuitry and softWare, nor to any particular source 
for the instructions executed by a computer system. 

FIG. 1 illustrates an arrangement of processing systems 
by Which a user can broWse the World Wide Web (“the 
Web”). A client computer system 1 has a connection 3 via 
the Internet to a server computer system 2. The client system 
1 executes broWser softWare Which, in response to a user 
command, sends a request for a Hypertext Mark-up Lan 
guage (HTML) page to the server 2 using Hypertext Trans 
port Protocol (HTTP). The requested HTML page is one of 
a number of HTML pages 4 that are stored in a storage 
facility 5. The storage facility 5 may or may not be physi 
cally located on the same computer system as the server 2. 
The HTML pages 4 are functionally interconnected by 
various hypertext links and may be logically arranged in a 
tree hierarchy, as shoWn. In response to the broWser’s 
request, the server 2 retrieves the requested page and pro 
vides it to the client 1, Which then displays the page to the 
user. 

FIG. 2 is a simpli?ed block diagram of the architecture of 
a computer system, such as a conventional personal com 
puter (PC). Client system 1, server system 2, and any other 
computer system mentioned in this description may have the 
architecture of FIG. 2 or a similar architecture, except as 
stated otherWise. Numerous variations upon the overall 
con?guration illustrated in FIG. 2 are possible, hoWever, 
Within the scope of the present invention. The computer 
system of FIG. 2 includes a CPU 10, random access memory 
(RAM) 11, read-only memory (ROM) 12, and a mass 
storage device 13, all coupled to a bus 18. The bus 18 may 
actually include one or more physical buses interconnected 
by one or more adapters, bridges and/or controllers. Also 
connected to the bus 18 are a display device 14, a keyboard 
15, a pointing device 16, and a communication device 17. 
The communication device 17 provides an interface betWeen 
the illustrated computer system and the netWork connection 
3 for purposes of communicating With other computer 
systems. 
The communication device 17 may be any suitable device 

for providing digital communication over the netWork con 
nection 3, such as a conventional Ethernet or other local area 
netWork (LAN) adapter, telephone modem, ISDN adapter, 
Digital Subscriber Line (xDSL) adapter, cable television 
modem, or any other suitable device. The mass storage 
device 13 may include any suitable non-volatile medium for 
storing large amounts of data, such as a magnetic disk, a 
magneto-optical (MO) disk, a CD-ROM, CAR, CD-RW, or 
the like. The pointing device 16 may be any suitable device 
for alloWing a user to position a pointer displayed on the 
display device 14, such as a mouse, trackball, touchpad, or 
the like. Numerous variations upon the aforementioned 
components are possible Within the scope of the present 
invention. 
The present invention includes a “tier-neutral” model by 

Which Web developers can easily create Web based appli 
cations. In other Words, using a single application assembly 
mechanism of the present invention, Web developers can 
create applications for any tier and, if desired, distribute 
applications across multiple tiers. Further, the tool alloWs 
applications to be created quickly and easily by someone 
With little or no programming experience. 

Using the above-mentioned development mechanism, 
Web based applications are created from conventional 
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HTML pages in combination With certain executable “com 
ponents” and a program infrastructure, as Will be described 
beloW. The speci?c functions of the executable components 
depend upon the nature of the application but may include, 
for example, charting or spreadsheet functions, spell 
checking, and various user interface functions. The compo 
nents can be Written in Java programming language and 
implemented as Java classes. In such embodiments, the 
components can be incorporated into HTML pages using 
applet tags. Thus, an application designed according to the 
present invention includes one or more conventional HTML 
pages With one or more of these components. The compo 
nents are dynamically doWnloaded as needed When the user 
broWses to a corresponding HTML page, and the entire 
application is maintained on the server side. 

FIG. 3 illustrates one arrangement by Which the user of a 
client computer system 20a can access and execute a Web 
based application 19 created in accordance With the present 
invention. In the description Which folloWs, the present 
invention is described using the example of an application 
Which resides and executes on a Wide area netWork (WAN), 
i.e., the Internet. Note, hoWever, that the present invention 
can also be used to assemble applications Which reside and 
execute on a LAN, such as in an Intranet environment. 
Referring then to FIG. 3, the client computer system 20a 
executes broWser softWare and preferably includes a Java 
Virtual Machine (VM) 20b. The client 20a executes broWser 
softWare and communicates over the Internet With a con 

ventional Web server (hereinafter the “HTTP server”) 21a 
via a netWork connection 22 using HTTP protocol. Network 
connection 22 may be a conventional telephone link, ISDN 
link, xDSL link, cable television link, Ethernet link, or any 
other suitable communication link. The HTTP server 21a 
may include its oWn JVM 21b, as shoWn, although that is not 
necessary for purposes of the present invention. The HTMP 
server 21a may comprise any conventional Web server 
softWare, such as Netscape Enterprise Server, Microsoft 
Internet Information Server, or Apache. 

In accordance With the present invention, the netWork 
arrangement also includes a second server 24a, Which shall 
be referred to as the “application server” 24a. As Will be 
described beloW, the application server 24a performs certain 
functions associated With the present invention, such as 
assigning executable application components to appropriate 
tiers. The HTWP server 21a and the application server 24a 
may or may not be physically located on the same computer 
system. The “application server” includes a JVM 24b. The 
J VM 21b of the HTTP server 21a includes a link component 
23, Which provides a communication interface betWeen the 
HTRP server 21a and the application server 24a using 
Transport Control Protocol (TCP). The link provides a 
mechanism by Which the HTTP server 21a can delegate 
HTTP requests to the application server 24a. If the HTTP 
server 21a does not include its oWn JVM 21b, this link 
mechanism can be provided using, for example, CGI 
(Common GateWay Interface), NSAPI (Netscape Server 
Application Program Interface), or Microsoft ISAPI 
(Internet Server API). 

The HTIP server 21a and the application server 24a each 
have access to the contents of a storage facility 27. The 
storage facility 27 may or may not be physically located on 
the same computer system as the HTTP server 21a and/or 
the application server 24a. In fact, the storage facility 27 
may be located essentially anyWhere on the Internet and may 
be distributed across multiple computer systems. Further, 
the storage facility may be embodied as separate data 
repositories for the HTTP server 21a and the application 
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6 
server 24a, or one storage facility may be a subset of the 
other. Thus, the storage facility 27 is described herein as a 
single logical and physical entity only for purposes of 
simplicity. The storage facility 27 may be embodied as one 
or more conventional storage devices. 

The storage facility 27 stores a number of HTML pages 
25 and a number of executable components 26 of the present 
invention. The HTML pages 25 in combination With the 
components 26 form a Web-based application 19 in accor 
dance With the present invention. The HTML pages 25 may 
be logically arranged in a tree hierarchy, as shoWn. 
Generally, the application 19 is invoked in response to a 
request from the client 20a for an HTML page that includes 
one or more references (“tags”) to one or more of the 

components 26. Execution of the application 19 is supported 
by a programming infrastructure 28, the purpose and func 
tions of Which are described beloW. 

The components 26 of the present invention are based on 
the conventional concept of “applets”, i.e., small portions of 
executable code that can be incorporated (by reference) into 
HTML pages. The components 26 may be embodied as Java 
classes, as is assumed to be the case for purposes of this 
description. HoWever, it Will be recogniZed that the compo 
nents 26 may alternatively be implemented in another 
object-oriented language. Thus, the present invention is not 
limited to a Java implementation. Each of the components 
26 is incorporated into one or more of the HTML pages 25 
by placing an applet tag corresponding to the component 
Within the appropriate HTML page or pages. 

The application components 26 have several distinguish 
ing characteristics, hoWever, Which make them conducive to 
rapid and easy application assembly. In particular, the com 
ponents have relatively large granularity as Well as fully 
exposed controls, Which alloW the components to be used by 
all levels of users from casual page designers to application 
developers. The components differ by an order of magnitude 
in granularity from traditional applets. Because the compo 
nents tend to be inherently larger than traditional applets, 
they may encompass an entire business process or function. 
For example, a single component can be a charting compo 
nent or a spreadsheet component. 

The components 26 can execute on any tier on the 
netWork, e.g., only on the application server 24a, only on the 
client 20a, or on any available tier (e.g., one of several 
available servers). User interfaces of the components 26 are 
completely decoupled and can be rendered on different 
platforms using different languages. Further, the compo 
nents 26 have features Which alloW connections betWeen 
them to be automatically established at run time Without any 
scripting or custom coding. All components have fully 
exposed properties (e.g., applet parameters), methods, and 
events that can be controlled through script, for example. 
Alternatively, properties can be set at design time using a 
development tool or text editor and become the initial state 
of a component. If the application developer is using any 
conventional page design tool, such as Netscape Visual 
J avaScript, Microsoft FrontPage, or Net Objects Fusion, the 
property style sheets can be presented in simple dialog 
boxes, and the exposed properties, methods, and events can 
be scripted through point-and-click dialogs. 
As noted above, the components 26 can execute on any 

tier. More speci?cally, the system of the present invention 
alloWs the application developer to make an explicit choice 
of tier assignment for any component, if desired. 
Accordingly, each component can be explicitly speci?ed to 
execute on the client tier, on the server tier, or on a speci?c 
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one of multiple server tiers. Alternatively, the application 
server 24a can automatically decide on Which tier a com 
ponent is to execute, such as When no tier speci?cation is 
made for the component. This automatic tier assignment 
may be made based on, for example, available resources, 
load balancing criteria, hints, performance criteria, or other 
criteria. In that case, the application developer need not be 
concerned With the tier or tiers on Which a component should 
execute. The ability to make an automatic, dynamic tier 
assignment, therefore, provides an advantage over other 
application development systems, in Which the developer 
must explicitly choose a tier. 

Server-side components (i.e., components Which execute 
on a server tier) can be speci?ed to execute so that their 
output is rendered as HTML back into the referencing 
HTML page in place of the applet tag before the referencing 
page is provided to the client 20a. In that case, the client 20a 
receives only a conventional HTML page With no applet 
tags. 

Another important feature of the present invention is that, 
in contrast With conventional Web-based development tools, 
functional connections betWeen components of a Web appli 
cation can be established to alloW components to commu 
nicate With each other, Without the need for custom coding 
by the application developer to speci?cally “Wire” (specify) 
the connections. Thus, the tier-neutral model of the present 
invention alloWs the creation of components Which effec 
tively “snap together” automatically When the application is 
executed. This characteristic is in contrast With conventional 
programming models Which require custom coding Within 
hypertext pages to create connections betWeen applets. 
A simple example of hoW the application 19 executes is 

described noW With reference to FIG. 4A. For purposes of 
description, assume that the components 26 have been 
assigned to execute on the client tier 20a, unless stated 
otherWise. HoWever, note that many of the functions 
described beloW can also be performed in like manner by the 
application server 24a. In the example of FIG. 4A, the 
application 19 alloWs a user of the client 20a to perform a 
query upon a database (not shoWn). The result set of the 
query is to be provided by a table. Consequently, the 
components 26 include a query component 31 for receiving 
user input specifying the query and a table component 30 for 
actually querying the database and for providing a result set 
in response to the query. Note that the table component 30 
may also provide the result set to some form of output 
component (not shoWn) for displaying a chart or some other 
form of report to the user. 
At this point, it should be noted that in this description, 

certain components, methods, and routines are described as 
“performing”, “for performing”, or “responsible for” a par 
ticular fumction, or other similar language. It Will be 
recogniZed, hoWever, that it is the execution of these 
components, methods, and routines by a processor (i.e., a 
CPU) Which actually causes the function to occur. 

To perform the query upon the database, a functional 
connection 32 is required betWeen the query component 31 
and the table component 30. With conventional program 
ming models, such a connection Would be established by 
custom coding the query component 31 and/or the table 
component 30, or by custom coding an event handler in 
script or a language Which bridges the tWo components. 
HoWever, the present invention enables this connection to be 
automatically created at run time, so as to eliminate the need 
for such custom coding. This feature, Which is described 
beloW, enables Web designers With little or no programming 
experience to easily construct Webbased applications. 
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8 
In accordance With the present invention, the components 

26 also include a special-purpose component 29 referred to 
as the “director” component, as shoWn in FIG. 4A. The 
director component 29 provides various control functions 
associated With the application, Which are performed in 
conjunction With the infrastructure 28. These functions 
include maintaining registrations for the other components 
26 and maintaining certain global default parameters of the 
application 19. The director component 29, the table com 
ponent 30, and the query component 31 each have a con 
nection to the infrastructure 28. 

FIG. 4B illustrates hoW a softWare application created 
according to the present invention may be distributed across 
multiple tiers (tWo in this case). As shoWn, the infrastructure 
on one tier may have a connection to a corresponding 
infrastructure on at least one other tier. Connections 47 and 
49 betWeen application components and connection 33 are 
established across tiers. A director component and an infra 
structure are instantiated on each tier on Which a component 
is to execute, and more speci?cally, for each different 
session on each tier on Which a component is to execute. 
Thus, if an application includes both client-side components 
and server-side components, then separate director compo 
nents and infrastructure are instantiated on the client and on 
the server and, more speci?cally, on any client or server 
machine on Which a component is to execute. In the case of 
a multi-tiered application, the director component 29 is 
connected to a corresponding director component on at least 
one other tier via the infrastructures. 

Referring still to FIG. 4B, the application 19 is distributed 
betWeen the client 20a and the application server 24a. An 
infrastructure 28a is instantiated on the client 20a, While an 
essentially identical infrastructure 28b is instantiated on the 
server 24a. In this example, the components 26 of applica 
tion 19 include a query component 31, a chart component 
45, and a cube component 46, each instantiated on the client 
20a and connected to the infrastructure 28a. The compo 
nents 26 further include a director component 29b and a 
table component 30, both instantiated on the server 24a and 
connected to the infrastructure 28b. The query component 
31 is for enabling a user to input a query upon a database 
(not shoWn). The table component 30 is for communicating 
With the database and for maintaining a result set based on 
the query. The cube component 46 is for transforming 
tWo-dimensional data from the database into a multi 
dimensional representation Which supports examining slices 
or cross-sections of the data. The chart component 45 is for 
displaying the results to a user. The client 20a and server 24a 
further maintain communications infrastructures 51a and 
51b, respectively, Which manage communications over con 
nection 33. Communications infrastructure 51a has a con 
nection to the client’s main infrastructure 28a, While com 
munications infrastructure 51b has a connection to the 
server’s main infrastructure 28b and (via link 33) to com 
munications infrastructure 51a. 

In this example, connection 47 is automatically estab 
lished betWeen the query component 31 and the table 
component 30 at run time, to alloW the query component 31 
to specify to the table component 30 data that is to be 
retrieved from the database. Connection 48 is automatically 
established betWeen the chart 45 and the cube 46 at run time, 
to alloW the chart component 45 to receive data from the 
cube component 46. Further, connection 49 is automatically 
established betWeen the table component 30 and the cube 
component 46 at run time, to alloW data to be transferred 
from the table 30 to the cube 46. 
The process for invoking an application Will noW be 

described at a high level With reference to FIG. 5. In step 
























