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APPLICATION PROGRAM INTERFACE THAT 
CAN MAINTAIN SIMILAR LOOK AND FEEL OF A 
DISPLAYED IMAGE REGARDLESS OF WHETHER 
THE INTERFACE IS PLATFORM DEPENDENT OR 

PLATFORM INDEPENDENT 

RELATED APPLICATIONS 

[0001] This application is related to the following copend 
ing US. patent applications, ?led on even date hereWith: 
“System and Method for Encapsulating Software Compo 
nents in an Application Program Interface Using a Proxy 
Object,”“System and Method for Reducing Memory Use 
Associated With the Graphical Representation of a List 
Control,”“System and Method for Fast Drawing of Text 
Fields and Labels in a Java SWing Application Program 
Interface,”“Combining the Functionality of Multiple Text 
Controls in a Graphical User Interface,”“Inheritance of 
Background Color in a Containment Hierarchy of Objects in 
a Graphical User Interface,”“Dynamic Buffering of Graphic 
Images by a Platform Independent Application Program 
Interface,”“System and Method for Implementing a Graphi 
cal User Interface Across Dissimilar Platforms Yet Retaining 
Similar Look and Feel,” and “System and Method for 
Introducing Enhanced Features into a Java SWing Applica 
tion Program Interface,” all by Scott J. Broussard. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to computer softWare, and 
more particularly to softWare that can establish a thread 
relative look and feel of an image displayed upon a computer 
display. The softWare contains code that executes from a 
Java virtual machine to create either a platform dependent 
application program interface or a platform independent 
interface by setting a thread to display an image having the 
same look and feel regardless of Whether the interface is 
platform dependent or platform independent. 

[0004] 2. Description of the Related Art 

[0005] The continuing proliferation of faster and more 
poWerful computers has been accompanied by an increase in 
the use of graphical user interfaces. A graphical user inter 
face (or, GUI) offers many advantages over traditional 
text-based interfaces. A graphical interface may alloW mul 
tiple application programs to present output simultaneously, 
each in a distinct WindoW. Thus, it is not necessary to halt 
one application in order to interact With another. Instead of 
entering text-based commands and parameters, the user 
selects icons With a pointing device, such as a mouse. This 
is faster, easier and less error prone than making these 
selections using the keyboard. 

[0006] GUIs are based on the development of object 
oriented programming language. Object-oriented program 
ming languages are based on lines of code or “objects” that, 
When executed, produce an image upon a computer display. 
Modern object-oriented programming languages can often 
be Written and developed in a relatively short period of time. 
For example, an application Written in programming lan 
guage A may run 30% faster on a given computer than the 
same application Written in programming language B. On 
?rst impression, it Would seem that language A is superior to 
B. HoWever, the programmers using language A may need 
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tWo months to complete the application, While language B 
can be ?nished in a Week. In many cases, the additional 
speed gained by using language A is unimportant. For 
example, if the application spent most of its time Waiting on 
user input, the 30% speed improvement Would not be 
noticeable. On the other hand, the length of time required to 
Write the program is almost alWays important, since it 
re?ects development cost. This has led to introduction of 
modern object-oriented programming languages, such as 
C++ and Java. Often accompanying the neW languages are 
rapid application development (or, RAD) environments, 
Which typically combine compilers, editors, code debuggers, 
and other features in a programmer’s “toolkit” to accelerate 
application development. 
[0007] Object-oriented programming languages represent 
a neW paradigm for softWare design. Computer programs 
have traditionally been structured as a sequence of opera 
tions, Which implements an algorithm or procedure. HoW 
ever, the traditional procedural model suffers from several 
Weaknesses that limit its usefulness for modern softWare 
design. In the early days of computers, softWare programs 
Were of limited siZe and complexity. Since these programs 
Were typically Written by a small group of programmers 
(often, one individual), it Was comparatively easy to ensure 
that consistent softWare standards Were observed, and issues 
such as portability and reuse of code Were given little 
consideration. Today’s softWare programs are often huge 
composites of complex, interacting code developed by dis 
parate teams of programmers. Modern softWare develop 
ment requires coordinating the efforts of many individuals to 
develop a uni?ed, consistent body of softWare. In these 
larger, more complex softWare projects the shortcomings of 
procedural programming languages become apparent. One 
area of difficulty that emerges is in maintaining consistent 
interfaces betWeen the components of a large softWare 
program. SoftWare routines interact With each other or 
exchange data via an interface—i.e., a set of statements, 
functions, options, etc. for expressing program instructions 
and data provided by one program segment for use by a 
another program segment. For example, a printer driver may 
be called by various other routines in a program to produce 
hardcopy output. 

[0008] As noted herein, a softWare component is any 
sequence of executable code. The code can be executed from 
an operating system Which con?gures the computer or 
microprocessor. When dealing With GUIs, softWare compo 
nent can be a sequence of code lines that de?ne an image 
presented on a computer display. Thus, a sequence of code, 
deemed a softWare component, can contain instructions for 
generating an image. Such a softWare component can be 
alternatively knoWn as an “object.” For example, the GUI 
softWare component is alternatively knoWn as an object, and 
the object can provide an image upon the display When 
executed by a processor. In order to operate effectively, it is 
important that the interface betWeen softWare components 
be fully de?ned and be adhered to scrupulously. For highly 
complex and extensive programs, this can entail a great deal 
of effort and can have considerable impact on softWare 
development time. 

[0009] Code reusability is another important factor in 
modern softWare development. Time-to-market consider 
ations dictate that reuse of existing code is preferable to 
Writing neW code. For example, a programmer developing 
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software to perform spectral analysis may require a program 
to compute the Fourier transform. It may take him tWo 
Weeks to Write and debug such a program, but just tWo days 
to modify a pre-existing program for his needs. Since it is 
generally more efficient to reuse code than to recreate it, 
there has been an increasing emphasis on modularity in 
softWare design. Modular code is self-contained and has 
Well de?ned input and output parameters, alloWing it to be 
easily combined With or integrated into other code. 

[0010] The object-oriented paradigm has arisen to enable 
faster development of complex softWare programs. It 
encourages the use of consistent interfaces betWeen program 
modules, and is conducive to the creation of reusable, 
modular code. These features are highly advantageous in the 
development of large, intricate softWare programs, requiring 
the coordinated effort of several programmers. 

[0011] A departure from traditional programming lan 
guages, the object-oriented paradigm is based on objects, 
rather than procedures. The fundamental entities in an 
object-oriented programming (“OOP”) language are classes 
created by the programmer, Which possess properties appro 
priate for their intended purpose. Once a class has been 
de?ned, one or more objects can be created as instances of 
the class. Individual objects possess all the attributes of the 
class they represent. For example, a softWare component 
(e.g., a program for a GUI) might contain objects such as 
WindoWs, menus, buttons, etc. having properties such as 
color, siZe, location on screen, etc. In addition to their 
properties, objects also have methods. Methods are actions 
supported by the object, by means of Which they interact 
With other objects or respond to external events. A major 
difference betWeen OOP languages and traditional proce 
dural program languages is that the methods and properties 
of an object are encapsulated. In object-oriented program 
ming, encapsulation refers to the inclusion Within an object 
of all the resources needed for the object to function— 
basically, the method and the properties. Other objects 
adhere to these interfaces to use the object Without having to 
be concerned With hoW the object accomplishes it. This 
makes it easier to ensure that objects interface With one 
another in a consistent manner, and also protects the internal 
data of the object from unintentional corruption by other 
program components. By virtue of encapsulation, an object 
can be thought of as a self-contained atom. When an object 
is created, certain of its properties and methods are de?ned 
as “public,” and the remaining ones as “private.” Only the 
public properties and methods are accessible to other 
objects; the private properties and methods are protected. 
For example, the properties and methods of a sequence of 
code (i.e., an object) of a GUI softWare component Which 
de?nes the color of a WindoW and the menu layout can be 
accessible by another object Which de?nes another WindoW, 
menu, and scroll bar layout so that the ?rst object can be 
dependent on the second object for producing a sequence of 
WindoWs, each having its oWn property and method depen 
dent on each other. 

[0012] Encapsulation also bene?ts code reuse by simpli 
fying the manner in Which an object is accessed. For 
example, a programmer can reuse a previously created 
object having a method that performs a Fourier transform. In 
an object-oriented scenario, he simply includes the object 
de?nition in his program, and references its method When 
needed. It is generally not necessary to closely examine or 
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modify the code Within the object, since the object method 
completely de?nes the interface. Afeature of obj ect-oriented 
programming languages that further bene?ts code reusabil 
ity is inheritance. The concept of inheritance is that certain 
softWare components, or objects, can inherit the properties 
and methods of a parent softWare component, or object. 
Thus, objects of code can be developed as modular building 
blocks, With subsequent objects being children of parent 
objects. For example, a parent object When executed by a 
processor may produce an image indicative of an entire 
WindoW and When executing a child object, the child object 
produces a sub-WindoW, or template, Within the parent 
object-executed WindoW, or image. Importantly, the parent 
object can de?ne a class, and the child object can inherit the 
class (properties and methods) of the parent object. In 
addition, the child object can also take on further methods 
and properties unique to the child object class. For example, 
a “jet” class can be de?ned as a child of an existing 
“airplane” class, With added properties, such as “turbine 
velocity.” Once the subclass exists, the programmer is free 
to create neW objects With jet-like properties. 

[0013] Some objects have a graphical representation. For 
example, it is common to include buttons, checkboxes, and 
other similar “controls” in a GUI belonging to an application 
program. Images associated With these objects are displayed 
on a computer screen to alloW the user to interact With the 
application. Among the methods of such objects are display 
methods (e.g., “paintIcon”), Which can be invoked to make 
the object appear on the computer screen. When a display 
able object (i.e., object being a sequence of code) is created 
by an application program, its siZe and location With respect 
to a “layout” must typically be declared. A layout is a region 
of the screen allocated for the display of a given set of 
controls, and Within Which the arrangement and orientation 
of the controls are established. To permit a user to interact 
With the GUI, displayable controls typically include meth 
ods enabling them to respond to external events, such as 
mouse button clicks. The object code that is the recipient of 
a user event (e.g., a pointer device placed over a button 
displayed on a computer display) is referred to as the target 
object. Thus, a target object can receive method-type code 
imparted to it When a user interacts With the GUI. 

[0014] Java is a modern OOP language, designed With an 
emphasis on portability. As used herein, the term “platform” 
refers to a speci?c combination of hardWare and operating 
system. More speci?cally, a platform consists of an operat 
ing system, the computer system’s coordinating program, 
Which in turn is built on the instruction set for a processor 
or microprocessor, the hardWare that performs logic opera 
tions and manages data movement in the computer. A 
softWare program is said to be “portable” across various 
platforms if the program can run Without modi?cation on 
any of those platforms. This “Write once—run anyWhere” 
principle is the underlying philosophy behind OOP lan 
guages such as Java. 

[0015] The portability of Java depends on the presence of 
a Java virtual machine (JVM) in the target computer (i.e., the 
computer on Which the Java application is to execute). A 
JVM “translates” the generic Java code into instructions 
speci?c to the target machine (i.e., “native” code) at runtime. 
Therefore, the same Java program can run Without modi? 
cation on any computer for Which a JVM exists. 
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[0016] Since its introduction, Java has found use in many 
areas, including GUI development, Where the portability of 
Java code is highly advantageous. As used herein, the “look 
and feel” of a GUI refers to such things as the appearance, 
color and behavior of Buttons, TextFields, Listboxes, 
menus, etc. and their mouse, keyboard handling and behav 
ior. Look and feel is the generic Way in Which to describe the 
appearance of an image on a computer display to that of 
another image on a computer display. If the WindoW, icons 
contained Within the WindoW, the control menu, the general 
layout of that WindoW, and the colors of the various features 
shoWn on that WindoW are similar to that of another WindoW 
image, then the tWo images are said to have essentially the 
same look and feel. 

[0017] Often, a softWare program is intended to run on 
various machines, or under various operating systems, While 
maintaining a consistent look and feel. If the GUI is Written 
in Java, a great deal of the code can be common across 
platforms, since Java is portable. This shortens development 
time, since the developer only has to Write one version of the 
GUI code to be ported to all of the desired target machines 
or operating systems. It also improves maintainability of the 
code. When bug ?xes or feature upgrades are necessary, they 
are con?ned to one version of the code, rather than several 
machine/system-speci?c versions. 

[0018] Unfortunately, the portability of Java does not 
guarantee a completely consistent, platform-independent 
look and feel for a J ava-based GUI. This is because the GUI 
still derives some of the look and feel of the platform 
through its reliance on an application program interface 
(“API”). An API is an interface used by an application 
program to access operating system services. Therefore, API 
is an interface betWeen the application program and the 
operating system, or platform. The UIManager is a constitu 
ent of the API that contains the look and feel settings of the 
GUI. By making calls to the API, an application program can 
invoke the resources of the operating system, for example, 
to Write to the computer screen or detect the position of the 
mouse cursor, or to request the current look and feel settings. 
Traditionally, Java applications utiliZe an API knoWn as the 
abstract WindoWing toolkit (“AWT”). Using the AWT, mul 
tiple platform-speci?c implementations of each GUI com 
ponent, knoWn as component Peers, can be created. Com 
ponent Peers or softWare component Peers are object lines of 
code that contain one or more such lines unique to the 
operating system in Which the component softWare Peer is 
intended to interface. When executed, the component Peer 
Will produce an image dependent on the operating system 
since the program interface of an AWT is platform depen 
dent. Due to the platform-dependence of the interface toolkit 
or AWT, different operating systems Will have different 
AWT implementations. As a result of these dissimilarities, 
the appearance of controls (i.e., buttons, lists, checkboxes, 
etc.), created by a J ava-based GUI Will vary When the GUI 
is ported to different platforms. 

[0019] The platform-dependence of the AWT also 
increases the difficulty of enhancing and maintaining Java 
GUI application code. In order to add a neW feature to the 
GUI, for example, it is necessary to modify dissimilar code 
in the AWT for each supported platform. Moreover, it may 
be extremely difficult to obtain consistent behavior from the 
added feature, because of code differences in the platform 
speci?c AWTs. 
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[0020] Text rendering is another consideration in the 
development of a platform-neutral GUI. Various platforms 
employ diverse methods of draWing text, some of Which are 
more efficient or yield better quality than others. The native 
methods used in many AWTs can use only one font at a time, 
and do not support font searching to locate the glyphs 
(graphic symbols that provide the appearance or form for a 
character) required for accurate text rendering. Because of 
this, the consistency of the look and feel may be lost When 
the GUI is ported from a system With good text quality to 
one With poor text quality. 

[0021] Furthermore, many operating systems do not use 
unicode representations for text, making them susceptible to 
conversion errors or limited character set coverage. Unicode 
is a neW standard for associating binary codes With text or 
script characters. Of?cially called the unicode WorldWide 
Character Standard, it is a system for the interchange, 
processing, and display of Written text in all the major 
languages of the modern World. Currently, the unicode 
standard contains 34,168 distinct coded characters derived 
from 24 supported language scripts, covering the principal 
Written languages of the World. Unicode support is impor 
tant for a universal, platform-independent GUI. HoWever, 
dependence on the platform-speci?c AWT presents an 
obstacle to the use of unicode in a Java-based GUI. 

SUMMARY OF THE INVENTION 

[0022] The problems outlined above are in large part 
solved by a system, method, and computer-readable media 
for producing a platform-independent application GUI pro 
gram interface, API. The API receives an application pro 
gram and produces a softWare component (object). The 
object is GUI code that, When executed by a processor, 
produces an image on a computer display. The improved 
API can either have its oWn native code or, in contrast, can 
derive its code from an ancestor softWare component. Thus, 
in the latter example, the API has no native code, but 
borroWs or “inherits” its code from another softWare com 
ponent. 

[0023] If the API has its oWn native code, the API is said 
to be a heavyWeight softWare component. The AWT uses a 
softWare component called a Peer, Which is necessary in 
order to interface With the particular operating system, or 
platform, in Which it is coupled. 

[0024] In instances Where the API is a lightWeight soft 
Ware component, the API inherits its code from other 
components. There may be multiple softWare components 
from Which the API inherits its properties and methods. 
Those ancestor components are often referred to as “SWing” 
API softWare components and available to be borroWed 
from. 

[0025] By using the resources of SWing softWare compo 
nents in lieu of corresponding AWT components, a more 
portable, platform-neutral API can be created. The API can, 
therefore, ideally produce a softWare component (object) as 
platform independent, and Which generates an image Which 
has the same look and feel independent of the operating 
system used. Legacy applications using the AWT can be 
updated to use equivalent SWing component Peers. HoW 
ever, several complications prevent SWing from being able 
to completely or directly replace the AWT. 
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[0026] Swing components cannot directly replace AWT 
Peers, since the AWT controls created by a legacy applica 
tion are already present in a layout, and AWT controls 
generally cannot act as containers for other controls. Swing 
softWare components cannot replace the heavyweight AWT 
Peers because the SWing components are designed for a 
different role or purpose Within the system, Which typically 
cannot be modi?ed. In other Words, there are limitations 
inherent in the design of the Java JVM that are unalterable, 
and therefore this invention must Work Within those con 
straints. 

[0027] Furthermore, because SWing buffers its output, 
When several SWing components are contained Within each 
other, performance can suffer (relative to an equivalent AWT 
implementation). 
[0028] Also, SWing does not alloW the association of look 
and feel characteristics With a particular thread. This makes 
it impossible for an application to have its oWn unique look 
and feel, While the operating system under Which the appli 
cation is running maintains the global look and feel of the 
platform. 
[0029] In addition, the architecture of the JTextField and 
JPassWordField components in SWing is different from that 
of the TextField AWT component. Unless modi?ed, these 
SWing components may not function properly When used by 
the legacy application. Moreover, SWing TextField and 
Label component Peers often exhibit poorer performance 
than their AWT counterparts. 

[0030] A further consideration When evaluating SWing as 
an API for a portable GUI is the limited functionality of 
SWing. SWing lacks some of the functionality available in 
the better native GUIs (such as WindoWs®). For example, 
the WindoWs operating system provides the capability for 
application programs using text components to popup 
menus (e.g., for help-related functions) With undo/redo and 
editing support. This capability is absent from SWing text 
components, as Well as the legacy AWT. Therefore, there is 
a need for a platform-independent replacement for the AWT 
that overcomes the above-mentioned limitations of SWing. 

[0031] In vieW of these, and other considerations, it Would 
be desirable to have some means of replacing the heavy 
Weight AWT Peer classes With lightWeight Peers (such as 
those in SWing), While avoiding the problems and limita 
tions described above. 

[0032] The API having both SWing-type features and 
AWT-type features is alternatively called “AWTSWing,” and 
can be used to provide improved functionality and a more 
consistent look and feel for Java application programs. 
AWTSWing replaces the heavyWeight Peer classes in the 
AWT With lightWeight Peer classes While preserving the 
same interface. This alloWs legacy applications, Which pre 
viously relied upon the graphics resources of the AWT, to 
run Without modi?cation. AWTSWing also augments the 
functionality of SWing, so that neW applications can deploy 
a modern full-featured graphical interface. Because 
AWTSWing uses no native code for the WindoWing controls, 
it is truly portable. Therefore, the GUI for a Java application 
based on AWTSWing Will have a consistent look and feel 
regardless of Which operating system it is ported. 

[0033] According to one embodiment, a display system is 
contemplated. The display system is one applicable to a 
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computer system, and more particularly includes a display 
(i.e., computer monitor), a graphical user interface, and a 
processor. The processor can be adapted to operate from an 
operating system, such as a WindoWs-based operating sys 
tem. The processor is coupled to not only the operating 
system, but also a softWare component, during run-time of 
an application program. Thus, the application program ini 
tiates a softWare component. Alternatively, the softWare 
component can be considered as a sequence of code of the 
application program, such code being that Which produces 
an image accessible by a user via the graphical user inter 
face. When executing the softWare component by the pro 
cessor, the processor generates a ?rst image upon the display 
independent of code Within the operating system during a 
?rst time. During a second time, the executed softWare 
component emulates code that generates a second image 
upon the display dependent of code Within the operating 
system. Thus, the softWare component is contained Within 
an API as either having its oWn native code dependent on the 
operating system, or simply having a template Which can 
borroW from a parent softWare component contained Within 
a plurality of SWing components. In the former instance, the 
softWare component has code unique to the operating sys 
tem, but in the latter instance, the softWare component has 
code entirely separate from the operating system. More 
particularly, the softWare component in the latter instance, 
Would borroW code from an ancestor, SWing component 
contained Within a library of SWing components separate 
and apart from, and not dependent in any Way upon, the 
operating system or platform on Which the processor Will 
run. Advantageously, the softWare component contains an 
object Which Will have the same look and feel When 
executed by the processor and displayed on the display 
device, regardless of the operating system. Thus, the but 
tons, list boxes, scroll bars, icons, colors, shading, etc. of the 
image Will look substantially the same regardless of Whether 
the API is using a platform speci?c API (AWT-type API) or 
a platform independent API (Java SWing-type API). Fur 
thermore, the softWare component can utiliZe an AWT-type 
API or a SWing-type API either in combination, or sepa 
rately. For example, it is possible for tWo sub-components to 
use tWo different APIs, or for all sub-components to use a 
single API at one time and a different API at another time. 

[0034] According to another embodiment, a method is 
provided. The method is one Which displays an image on a 
computer display. The computer can run an application 
program that includes an API dependent on the operating 
system of the computer to cause a ?rst image to be displayed 
using the ?rst interface. Thereafter, the computer can run an 
application program With a second interface that is substan 
tially independent of the operating system, yet emulates the 
behavior of at least a part of the ?rst interface. The appli 
cation program can then be re-run to re-display the second 
image having substantially the same look and feel of the ?rst 
image. 
[0035] According to yet another embodiment, a computer 
readable storage device is presented. The storage device 
includes computer-executable code, such as an operating 
system and an application program. The application pro 
gram can execute code of a softWare component during a 
?rst time and during a second time. During the ?rst time, the 
code is executed by generating a ?rst image independent of 
executing code Within the operating system. During the 
second time, code of the softWare component is executed to 
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generate a second image dependent on executing code 
Within the operating system, Where the ?rst image can 
overWrite an image upon a display screen previous to the 
?rst image. HoWever, the ?rst image cannot overWrite the 
second image upon the display screen during the ?rst time. 
In other Words, the softWare component cannot execute an 
AWT-type API, and map the softWare component outcome 
thereof to a SWing-type API. Instead, either the AWT-type 
API is executed or the SWing-type API is executed, at tWo 
dissimilar times, not in series With one another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 

[0037] FIG. 1 illustrates a computer system capable of 
supporting a graphical use interface With a consistent look 
and feel across diverse operating systems; 

[0038] FIG. 2 illustrates in more detail the interface 
betWeen an operating system (OS) and an application pro 
gram; 

[0039] FIG. 3 illustrates hoW controls in a user interface 
are graphically represented With the AWT; 

[0040] FIG. 4 illustrates hoW controls in a user interface 
are graphically represented With SWing; 

[0041] FIG. 5 shoWs the relationship betWeen the ele 
ments of the Java Foundation Classes; 

[0042] FIGS. 6a and 6b illustrate the Z-order of graphical 
controls Within a container; 

[0043] FIG. 7 illustrates the How of event noti?cations 
and method calls in an AWT-based application program; 

[0044] FIG. 8 illustrates hoW controls in a user interface 
are graphically represented With a lightWeight replacement 
for the AWT API, embodying the system and method 
disclosed herein and referred to herein as AWTSWing; 

[0045] FIG. 9 represents the alternate use of application 
program interfaces containing heavyWeight and lightWeight 
softWare components; 

[0046] FIG. 10 shoWs the How of event noti?cations and 
method calls in an AWTSWing-based application program; 

[0047] FIG. 11 illustrates the creation, under the AWT 
API, of redundant memory arrays to store the elements of a 
list-type control; 

[0048] FIG. 12 illustrates the use, by AWTSWing, of a 
single memory array to store the elements of a list-type 
control; 

[0049] FIG. 13 represents the logic Within a fast text 
draWing method Within AWTSWing; 

[0050] FIG. 14 illustrates buffering of image data, nor 
mally performed by the SWing API; 

[0051] FIG. 15 depicts the method used by AWTSWing to 
automatically enable or disable buffering of image data, 
based on the display hardWare con?guration; 
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[0052] FIG. 16 illustrates the operation of an enhanced 
UIManager, Which supports thread-relative look and feel 
settings; 
[0053] FIG. 17 represents the alternation of tWo SWing 
controls to emulate the functionality of a legacy TextField 
control; 

[0054] FIG. 18 shoWs a ?oWchart representation of the 
logic for alternating the tWo SWing controls; and 

[0055] FIG. 19 represents a scheme for background color 
inheritance employed by AWTSWing. 

[0056] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0057] The need for rapid development of softWare pro 
grams has led to the introduction of modern object-oriented 
programming languages, such as C++. Among current OOP 
languages, Java is regarded as a “Write once—run any 
Where” language. This is because, unlike programs Written 
in traditional languages, Java programs can be run Without 
modi?cation on various different computers or under differ 
ent operating systems. HoWever, a Java application may not 
be completely portable in terms of the look and feel of its 
graphical interface. This can occur if the application makes 
use of the WindoWing resources of the platform-speci?c 
AWT. The numerous operating system-speci?c versions of 
the AWT are mutually inconsistent in regard to the graphic 
features supported and the manner in Which those features 
are implemented. 

[0058] FIG. 1 illustrates a computer 10. Computer 10 
includes a microprocessor 12 Which operates from any given 
instruction set, such as a reduced instruction set or X86 
instruction set. Coupled to processor 12 is a pointing device 
14, such as a mouse or keyboard arroW indicator. Acomputer 
display 16 is also provided for displaying images produced 
by the processor, When executing an application program. A 
memory 18 can be coupled to processor 12. Contained 
Within memory 18 may be a Java virtual machine (JVM), a 
graphical user interface (GUI), an application programming 
interface (API), operating system (OS) program, and an 
application program 

[0059] The Java JVM contains a toolkit, Which is a trans 
lator. The toolkit can be Written in Java for execution by the 
JVM via the API. Translator toolkit 20 is portable across 
multiple OS platforms, and, translates or adapts standard 
platform-independent java code to native java code. The 
toolkit de?nes the platform speci?c implementation objects 
that comprise the GUI for use by a softWare application. 

[0060] Translator toolkit 20, therefore, takes the applica 
tion program presented to the API and translates GUI 
information to a form usable by the operating system. 
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Accordingly, the translator toolkit 20 enables a softWare 
application that appears the same on all platforms. The J VM 
can then translate calls from the application into the appro 
priate system calls applicable to each host operating system. 
Importantly, the Java code can be executed by the processor 
independent of the operating system. 

[0061] FIG. 2 illustrates in more detail the interface 
betWeen an operating system (OS) 40 and an application 
program 28. The interface, knoWn as an application 
program interface 22 or API, alloWs an application program 
28 to communicate With the operating system 40 and, thus, 
enables use of the operating system’s functions. As Will be 
discussed, API 22 can either be an AWT-API or a SWing 
API. If API 22 is an AWT-API, then it contains a Peer class 
of softWare components that bridges the platform-indepen 
dent softWare component 24 With the underlying native 
graphic subsystems that are dependent on the OS 40. These 
graphic systems are utiliZed to create a visual representation, 
sometimes called an image, associated With the platform 
independent softWare component 24. The Peer classes 
Within an AWT-type API 22 contain mostly native methods 
of What Will be later knoWn as, for example, a ButtonPeer. 

[0062] If API 22 is a SWing-API, then the platform 
independent component 24 or Button is translated from 
another platform-independent implementation Within API 
22, such implementation being a SWing-application, imple 
mented as, for example, a JButtonPeer, inheriting from 
JComponentPeer. 

[0063] Regardless of Whether the API is an AWT-type or 
a SWing-type, a platform-independent implementation of an 
object is produced and, When executing that object, the 
object generates a visual representation 26 on the display, 
shoWn in FIG. 1. 

[0064] FIG. 3 illustrates the relationship betWeen a 
graphical control (a Button) used in a Java application and 
its hardWare-dependent implementation via the AWT. There 
fore, Button 30 is a subset of the object code 32 used to 
generate a visual representation upon the display. Button 30 
is, hoWever, code used to implement a control in a GUI 
environment. Such controls are describable in terms of their 
graphical attributes (i.e., their siZe and location on the 
display) and their characteristic behavior. For example, the 
graphical representation of a Button is typically a rectangu 
lar region of the display, and its behavior may comprise 
responding to a mouse click by changing its state from “off” 
to “on”, or vice-versa. Button 30 can represent an action 
Word on the display such that, When targeted by the pointer, 
the application program can be invoked. The dashed lines in 
FIG. 3 indicate inheritance. For example, the Button 30 is 
a type of Component 32. This relationship is often described 
by referring to the Button as an “instance” of the “parent” 
Component class. Actually, since every object in Java is an 
instance of a class, it is more correct to say that the Button 
class is descended from the Component class. The charac 
teristics and capabilities of the Button and Component are 
common across all platforms. HoWever, the implementation 
of the Button and Component Will depend on the particular 
machine or operating system. For example, in the applica 
tion, the programmer may have set the Background color of 
the Button to “gray.” If not, the actual appearance of the 
Button may still depend on the operating system, hoWever. 
When the application is run under the WindoWs operating 
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system, the Button may be a light, ?at gray, While on a 
computer running Unix®, “gray” may be rendered as a 
bluish, metallic gray. In each case, the graphics object may 
be displayed slightly differently, due to the fact that some of 
the visual attributes of the object are inherited from the 
operating system. In this example, the Button does not have 
a graphical representation of its oWn, and uses the graphical 
representation of the heavyWeight Peer (i.e., the native 
WindoWs or Unix graphical representation of a Button). 

[0065] Thus, the platform independent relationship 
betWeen the Button 30 and the Component 32 is mirrored in 
the platform-dependent AWT by the inheritance relationship 
betWeen the WButtonPeer 34 and the WComponentPeer 36. 
As stated earlier, the heavyWeight Peers associate each of the 
controls in the GUI of the application program (such as 
Button 30) With corresponding native graphics objects in the 
WindoWing system of the OS. These heavyWeight Peers are 
de?ned in the dynamic linked library (dll) ?le, AWT.dll 38, 
Which is speci?c to the operating system 40 (e. g., WindoWs). 
As stated above, since the AWT.dll ?le 38 is different for 
each platform, the rendering of the Button 30 may vary from 
one operating system to another. Note that the application 
programmer has virtually no control over this variability. 

[0066] A further consequence of reliance on the platform 
dependent AWT is that a great deal of effort may be required 
to change or enhance features in the graphical interface of a 
Java application, in order to ensure that the change or 
enhancement is supported in every associated AWT. Since 
the implementation of the heavyWeight Peers for Java graph 
ics components is not consistent, one operating system may 
require little effort to modify, While another may be quite 
cumbersome. 

[0067] The SWing API is an alternative to the AWT, Which 
alleviates some of the look and feel inconsistencies that arise 
When porting GUI-containing Java applications to diverse 
operating systems. SWing is part of the Java Foundation 
Classes (JFC), a set of ?ve APIs designed to assist program 
mers in developing rich-featured applications. JFC contains 
the AWT, Java 2D, Accessibility, Drag and Drop and SWing. 
SWing does not completely replace AWT, but extends it 
through the addition of a neW set of components. A subset 
of these components is analogous to the basic AWT com 
ponents. HoWever, the SWing components are lightWeight, 
as opposed to the heavyWeight components of the AWT. As 
mentioned previously, lightWeight components don’t use 
platform-speci?c implementations, but are instead Written 
entirely in Java. 

[0068] The relationship betWeen a target control created 
by an application and the SWing components that render the 
graphical representation associated With that control is rep 
resented in FIG. 4. The target component in this example is 
a SWing control, JButton 48, Which is derived from the 
SWing JComponent class 50. JComponent 50 is, in turn, a 
subclass of the AWT Component class 32. Because the 
SWing classes JButton 48 and JComponent 50 are derived 
from Component class 32, they inherit a Peer relationship 
similar to that of the heavyWeight AWT controls (as repre 
sented in FIG. 3). HoWever, in contrast to the hardWare 
dependent implementation of FIG. 3, the Peer 46 is light 
Weight, and does not reference a native graphics object from 
the operating system. Instead, a graphical representation of 
the JButton 48 is displayed in a platform-independent man 
ner by the JVM. 
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[0069] FIG. 5 illustrates the relationship betWeen Swing, 
AWT and the other JFC components. The arrangement of the 
components in FIG. 5 is intended to represent their hierar 
chical status and their membership Within the JVM class 
libraries 61. The application program 60 is at the top of the 
hierarchy, since it has access to all of the JFC resources. The 
legacy AWT 62 and the SWing API 64 are at the neXt level, 
since they are directly invoked by the application to create 
and manipulate the graphical content in its user interface. 
Note that the AWT 62 is not subsumed Within SWing 64, 
since there are some operating system dependent features 
Within the AWT that are not implemented in SWing. In 
addition to its GUI-related classes, SWing also relies on a 
collection of support classes 66. The other API’s 68 in JFC 
are also shoWn at this level. 

[0070] Unfortunately, SWing cannot be directly employed 
to eliminate the platform-dependency of the user interface in 
legacy applications that use the AWT. One reason for this is 
that straightforWard replacement of AWT Peers With SWing 
components is not possible. In Java, graphics objects, such 
as buttons, labels, sliders, etc. require a “container.” A 
container (also referred to as a “collection”) is a component 
that can group together other components and containers. A 
container forms the root component in a hierarchy of com 
ponents consisting of the container and the components 
Within it. The top-level container in a graphical display is the 
Frame. Consistent With this hierarchical relationship, the 
components Within the container are termed “children” of 
the “parent” container. Thus, graphics objects created by a 
legacy application program are children of the Frame in 
Which they appear. The arrangement of components Within 
the Frame is referred to as the “layout,” and a Frame 
typically has a layout manager that controls the visual 
placement of components in the Frame. 

[0071] The arrangement of components in a container is 
comparable to a stacking of layers, as illustrated in FIG. 6a. 
Starting With Frame 41 as the bottommost layer, controls are 
added in progressive layers, overlaying the ones beneath 
them. If the horiZontal and vertical siZe and location of the 
graphical controls are analogous to their X and Y coordi 
nates in a tWo-dimensional coordinate system, the counter 
part of this stacking order is the depth, or Z-aXis. Hence, it 
is often referred to as the “Z-order.” When one control 
overlays another, the underlying control is acting as its 
container. In FIG. 6a, the bottom layer is the Frame. Apanel 
39 is then added, by placing it on top of Frame 41. Panel 39 
is then overlaid by a label 37, teXt?eld 35 and tWo Buttons 
31 and 33, noted in the eXamples as “OK” and “Cancel.” 
Thus, the panel contains the Label, TeXtField and both 
Buttons, and is contained by the Frame. A composite vieW 
29 of the Frame, With all its children, is shoWn in FIG. 6b. 
Note that not all types of controls can serve as containers. 
For instance, Java does not permit stacking other objects on 
top of the tWo Buttons shoWn. 

[0072] In the case of a legacy application program, the 
graphics objects are associated With component Peers in the 
AWT, Which invoke the graphical resources of the operating 
system to render the screen representation associated With 
each object. It Would be desirable to replace the platform 
speci?c AWT renderings of these objects With screen rep 
resentations derived from SWing, Without modifying the 
legacy application program. A simple Way to accomplish 
this Would seem to be to merely substitute an equivalent 
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SWing control for the original heavyWeight control. HoW 
ever, in order for this to Work, the reference to the original 
component in the application program Would have to be 
altered to refer to the replacement SWing control. This 
entails modifying the legacy softWare and the rather eXten 
sive aWt.dll ?le each time a neW control must be evoked, and 
is therefore an undesirable option. 

[0073] Another apparent solution Would be to add the 
necessary SWing components to the eXisting layout, alloW 
ing them to paint over the platform-speci?c AWT renderings 
of the objects in the layout. This creates difficulties for the 
layout manager of the Frame in Which the controls are 
contained, since it results in multiple graphics objects occu 
pying the same region of the Frame. Moreover, the SWing 
components Would not “compete” successfully With the 
pre-eXisting heavyWeight components, since heavyWeight 
components typically obscure any overlapping lightWeight 
components. For example, if a lightWeight Button Were 
painted over a heavyWeight Button, the heavyWeight Button 
Would still be visible. 

[0074] Another approach Would be to adapt the use of the 
Peer mechanism, creating lightWeight Peers that, instead of 
invoking the graphics resources of the operating system, 
instead utiliZe the lightWeight SWing objects. HoWever, this 
tactic fails due to the fact that these SWing components Were 
not declared to be contained in the Frame by the legacy 
application. Since they are not children of the Frame, they 
cannot respond to events, such as mouse clicks, directed to 
the corresponding region of the screen. 

[0075] FIG. 7 represents the How of events and method 
calls in a legacy AWT-based application. A Frame 41 is 
shoWn at the top of FIG. 7, along With a complement of 
controls, including a Button 31. Also shoWn is a mouse 
cursor 43, positioned over Button 31. In a legacy AWT 
based application, Frame 41 and all of its children are native 
objects of the operating system. For eXample, if the appli 
cation Were running under the WindoWs operating system, 
the Button Would inherit its appearance (i.e., its shape, color, 
etc.) from WindoWs’ oWn look and feel. The user may click 
the mouse While the cursor is positioned as shoWn to “push” 
Button 31, to interact With the application program via the 
graphical user interface. For eXample, the application pro 
gram may be designed to respond to the “OK” Button being 
pressed by performing some calculation, displaying some 
result, etc. The loWer half of FIG. 7 shoWs a functional 
block diagram representing the How of events and method 
calls that ensue in an AWT-based GUI When the user presses 
the “OK” Button. The double arroWs going from left to right 
represent the propagation of method calls, made to the native 
graphical objects in the WindoWing system of the operating 
system. The double arroWs going from right to left represent 
the propagation of event noti?cation. A method call is a call 
or get routine to a ?le to invoke a graphical display, Whereas 
an event is a prompt to a user to interface With a displayed 
image, i.e., a user clicking or pushing a mouse button. 

[0076] When the user clicks the mouse While the cursor is 
positioned over the screen image of the Button 31, that event 
is detected by the operating system 40. The event noti?ca 
tion is relayed to the aWt.dll ?le 38, Which determines from 
the location of the mouse cursor that the region of the screen 
devoted to Button 31 Was selected When the event occurred. 
On the basis of this information, the layout manager of the 
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Frame allows the event noti?cation to be routed to the 
WButtonPeer 34, Which has a pointer back to the platform 
independent Button 30 (the ultimate target of the mouse 
click event) created by the application program, causing it to 
change state. The application Will typically contain code (an 
event handler), alloWing it to respond to this change in state. 

[0077] The application may call methods of the Button 30, 
for example, to cause it to perform some action, such as to 
resiZe or move itself. Such a method call is directed to the 
appropriate Peer object—in this case, the heavyWeight 
WButtonPeer 34. The Peer correlates this platform-indepen 
dent call With the necessary operating system-speci?c code 
in the aWt.dll 38 to implement the desired action. The 
operating system 40 then performs the requested action 
using its native graphics objects and procedures. 

[0078] As stated above, it Would be desirable to eliminate 
the operating system dependency of existing legacy Java 
applications by replacing the heavyWeight implementation 
of the graphical objects With a lightWeight, platform-inde 
pendent implementation. The SWing API Would appear to be 
capable of serving this purpose. HoWever, as pointed out in 
the preceding discussion, it is not possible to merely sub 
stitute SWing for the heavyWeight AWT API. 

[0079] A system and method is disclosed that overcomes 
the various difficulties connected With migrating legacy 
applications from the AWT to SWing. The system and 
method are embodied in a functional extension of SWing, 
referred to herein as AWTSWing. AWTSWing makes the 
platform-independent features of SWing available to AWT 
based Java applications. Furthermore, legacy AWT-based 
applications need not be modi?ed to use AWTSWing. 
AWTSWing may therefore be considered a platform-inde 
pendent version of the AWT. 

[0080] The means by Which AWTSWing succeeds in sub 
stituting SWing components for those derived from the AWT 
is a further aspect of the present system and method. Aproxy 
object is created that indicates to the SWing component that 
it is part of the same layout as the AWT-based control. The 
folloWing explanation of the manner in Which this is accom 
plished is set forth in FIG. 8, illustrating the relationship 
betWeen a Button object created by an application program 
and the corresponding elements of the AWTSWing API. 

[0081] FIG. 8 illustrates a SWing-type API 74 (region 
enclosed Within the dotted lines). In FIG. 8, Button 30 is 
derived from the Component class 32. Also, the Peer mecha 
nism links the Button object 30 With the graphics resources 
used to create and manipulate its graphic image 26, Which is 
contained Within Frame 90. HoWever, in this case, the 
JButtonPeer 82 (and the JComponentPeer 84, from Which it 
is derived) are lightWeight Peers, Written entirely in Java and 
having no dependence on the WindoWing resources of the 
operating system. Instead, the JComponentPeer 84 inter 
cepts key query commands related to the location and event 
status of the Button object 30 and routes them to a JBut 
tonProxy object 88. In the present embodiment, the folloW 
ing methods of the SWing object are intercepted and redi 
rected by the proxy object: 

[0082] 
[0083] getLocationOnScreen( ); 

[0084] getGraphics( ); 

isShoWing( ); 
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[0085] proxyRequestFocus( ); 
[0086] requestFocus( ); 
[0087] getInputContext( ); 
[0088] getLocale( ); 
[0089] nextFocus( ); 
[0090] 
[0091] 

[0092] As a result, the JButtonProxy 88 responds to key 
events, such as focus, mouse, siZing, etc., directed to the 
original AWT-based control. JButtonProxy 88 is a subclass 
of the SWing J Component class and, indirectly, of the 
J Component class, and inherits methods and properties 
thereof. HoWever, Java alloWs for customiZation (commonly 
referred to as “overriding”) of inherited methods. In par 
ticular, the getParent( ) method of the JButtonProxy identi 
?es as its parent the Frame 90 of the target Button 30. Thus, 
the JButton “thinks” it belongs in the target’s Frame, While 
the Frame knoWs nothing of the existence of the SWing 
component. Furthermore, When the Button 30 is asked to 
draW itself, the call to the draWing method of legacy AWT 
object is redirected by lightWeight Peer 84 to JButtonProxy 
88, Which accesses the draWing methods of the JButton class 
48. This invokes the platform-independent methods of 
SWing to paint the region of the screen originally allocated 
for the Button 30 in the AWT-based application. 

[0093] The substitution of lightWeight Peers, such as J But 
tonPeer 82, for the heavyWeight Peers in the AWT, is 
accomplished Without modifying the application. A utility 
Within the JVM, knoWn as the toolkit, creates a Peer object 
Whenever it is necessary to display the corresponding target 
component. The toolkit may be modi?ed so that it substi 
tutes a reference to a lightWeight Peer Whenever the legacy 
application calls for the display of a control. Since the 
lightWeight Peers are designed to interface to the application 
in exactly the same Way as the heavyWeight Peers, this 
substitution is completely transparent to the application. 

[0094] Using the techniques described above, AWTSWing 
replaces most of the heavyWeight Peers With lightWeight 
counterparts. In the present embodiment, the neW Peer 
classes are arranged in the folloWing hierarchy: 

createImage( ); 
getParent( ); 

[0095] J WindoWPeer 

[0096] J FileDialogPeer 

[0097] J PopupMenuPeer 

[0098] J MenuB arPeer 

[0099] J MenuItem 

[0100] J Menu 

[0101] J CheckBoxMenuItem 

[0102] J CanvasPeer 

[0103] J PanelPeer 

[0104] J ScrollPanelPeer 

[0105] J ComponentPeer 

[0106] J ButtonPeer 

[0107] J CheckBoxPeer 
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[0108] JchoicePeer 

[0109] JLabelPeer 

[0110] JListPeer 

[0111] JTextComponentPeer 
[0112] J TextAre aPeer 

[0113] J TextFieldPeer 

[0114] JScrollBarPeer 

[0115] There is still some native code required in 
AWTSwing, since the Swing components J Frame, JWindow 
and JDialog inherit from the windowing system’s Frame, 
Window and Dialog components, respectively. However, 
none of these components directly in?uences the look and 
feel of the user interface. 

[0116] A comparison between the heavyweight AWT API 
and the lightweight AWTSwing API is shown in FIG. 9. 
Button 30 is a graphical control used in a legacy Java 
application, which employs object code 32 to generate an 
image 26 as part of a GUI. The user interacts with the Button 
30 by pointing at, clicking on, etc. its associated image 26. 
The object code 32 is platform independent and accesses the 
platform-speci?c graphics hardware of the computer 
through either of the APIs. In the case of the heavyweight 
API 72 the interface is provided by a heavyweight Peer 36, 
while in the case of the lightweight API 74 the interface is 
provided by a lightweight Peer 84. Both Peers are platform 
independent in their interface to the object code 32, but the 
heavyweight is platform speci?c in its interface to the 
hardware and operating system of the computer, and the 
lightweight uses other platform independent interfaces 
(Swing) to perform its function without using the operating 
system. Therefore, they serve as a software translation layer 
between the portable Java application and its runtime envi 
ronment. 

[0117] In the case of the legacy AWT-type API 72, the Peer 
36 makes use of a platform speci?c library, awt.dll 38, and 
the native graphics resources of the operating system 40 to 
render the image 26. The Swing-type API 74, however, uses 
the Proxy mechanism 88, as disclosed herein, to employ the 
platform-independent graphics resources of Swing 86 to 
render the image 26. Since the lightweight Peer 84 interacts 
with the object code 32 in substantially the same way as the 
heavyweight Peer 36, the Swing-type API 74 may be sub 
stituted for the AWT-type API 72 without having to modify 
application code or the target component code 32. 

[0118] By redirecting method calls intended for the origi 
nal target to the proxy, and modifying the getParent( ) 
method to return the Frame created for the target, an 
environment is created in which the proxy functions as if it 
were part of the layout containing the original heavyweight 
AWT control. The component is then said to be “encapsu 
lated”. Encapsulation of the proxy component enables 
proper event routing and allows it to functionally replace the 
corresponding heavyweight control. The How of event noti 
?cations and method calls is explained below with reference 
to FIG. 10. 

[0119] FIG. 10 depicts a scenario like that of FIG. 7, in 
which an event is initiated by a user positioning the mouse 
cursor over the image of a Button on the screen and clicking 
the mouse button. In this case, however, we assume that the 
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user interface associated with the Button belongs to a legacy 
application employing AWTSwing, rather than the AWT. As 
explained above, Frame 41 is still a heavyweight container. 
The “OK” Button, however, now has no heavyweight coun 
terpart. As a result, the mouse-click event from the operating 
system 40 is now directed (as a generic button-click event) 
to the Frame, rather than to a heavyweight Button control. 
The layout manager of the Frame behaves as though the 
Frame still contained a heavyweight Button, however, and 
has allocated a region of the Frame for its graphical image. 
Based on the position of the mouse cursor at the time of the 
mouse-click, the Frame interprets Button 30 as the target of 
the event. Therefore, the event noti?cation is routed by 
JButtonPeer 82 (which is indistinguishable to the applica 
tion from its heavyweight counterpart), then to the JButton 
Proxy 88. Upon receiving the mouse-click event noti?ca 
tion, JButtonProxy 88 changes state (from “off” to “on,” or 
vice-versa). This state change requires that the component 
redraw itself (since the image of the Button should now 
appear to be pressed), so a redraw event is propagated back 
from JButtonProxy 88 to its parent, which the proxy inter 
prets to be Frame 41. As before, the Frame calls a light 
weight method of the JButton Swing class to redraw the 
image of Button 30 to indicate that it has been “pressed” by 
the user. Proxy 88 therefore serves two purposes: to translate 
method calls to appropriate Swing components within the 
Swing library, and to translate event calls to the appropriate 
Frame target. 

[0120] A number of signi?cant bene?ts result directly 
from the use of AWTSwing, for example, code maintain 
ability is greatly improved, since the same API is used for all 
the supported operating systems. Consequently, if a problem 
must be corrected, or a feature added, the necessary changes 
are con?ned to a single body of code. This signi?cantly 
reduces the cost of maintaining and upgrading the code. 
Consistent, high quality text drawing across all supported 
platforms is also achieved, due to the replacement of the 
diverse font rasteriZers in the various operating systems by 
the very capable T2K/Freetype font rasteriZer. This is highly 
advantageous, since the text rendering capabilities of some 
operating systems are quite poor. For instance, the Unix 
versions of the choice control, and the TextArea and Text 
Field components are severely limited and inconsistent with 
other implementations. Furthermore, many operating sys 
tems do not presently suf?ciently support Unicode text 
encoding, which can lead to problems in preserving look and 
feel in international versions of software. By implementing 
the same high quality font rasteriZer in all operating systems, 
many of such text-related compatibility issues would be 
resolved. 

[0121] Therefore, it is believed that the system and 
method disclosed herein can be used to provide a full 
featured and completely portable user interface for Java 
applications, having a consistent look and feel across all 
operating systems. Advantageously, it is not necessary to 
rewrite or modify the application, but simply replace the 
present AWT API with AWTSwing. 

[0122] In addition to the advantages of AWTSwing 
described previously, such as improved look and feel con 
sistency and code maintainability, the use of AWTSwing 
overcomes some of the problems and shortcomings inherent 
in the AWT. The legacy AWT implementation of listbox and 
choice controls incurs substantial overhead resulting from 
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the fact that redundant copies are made of lists associated 
With these controls. This problem is represented in FIG. 11. 
When a listboX 140 or choice 142 control is created by an 
application, the application stores a list of the data repre 
sented in the control. Thus, at some point in the application 
program code the list component is declared 144, resulting 
in the allocation of a memory array 146 for storage of the list 
elements. Subsequently, When the control is displayed, the 
AWT inserts the list elements into the native control (Peer 
component) as Well. This occurs When the AWT List Peer 
148 is created. Since the AWT API is heavyWeight, List Peer 
148 implements the target list 144 by referencing a corre 
sponding object in the operating system 152. To do this, the 
List Peer eXecutes a copy loop 150, in Which all of the items 
in the original memory array 146 are duplicated in a second 
array 154 accessed by the operating system 152. This 
redundant memory allocation is not a serious problem for 
short lists, but can Waste signi?cant time and system 
resources if the list is very long. In another embodiment of 
the system and method disclosed herein, this overhead is 
avoided by preventing the creation of a redundant copy of 
the list. 

[0123] SWing is founded on an architecture in Which each 
object in a user interface is comprised of three communi 
cating entities: a model, a vieW and a controller. The model 
contains the underlying logical representation of the object, 
the vieW de?nes the visual representation, and the controller 
speci?es hoW to handle user input. Unlike the AWT Peer 
classes, the SWing listboX and choice controls used by 
AWTSWing support a model that alloWs the list associated 
With the control to be stored by the client of the SWing 
component (i.e., the application). FIG. 12 illustrates this use 
of the SWing list model. As in the legacy case, upon creation 
of a listboX or choice control 144 by an application, the data 
represented in the control are stored in a memory array 146. 
When the control is displayed, a list Peer 156 is created; 
hoWever, this time it is a lightWeight AWTSWing Peer. This 
lightWeight Peer implements the control, not as a duplicate 
list obtained from the operating system, but as a lightWeight 
SWing component 160. As described above, the behavioral 
model for the SWing JList alloWs it to refer to the original 
memory array 146 reserved by the application, rather than 
creating its oWn redundant copy of the array. 

[0124] By substituting lightWeight Peers for the choice 
and listboX controls, AWTSWing alloWs the application to 
utiliZe SWing components, rather than the heavyWeight 
AWT components. This permits use of the SWing list model, 
Which obviates the need for a redundant memory array in 
Which to store the list elements. Furthermore, since the 
lightWeight Peers interact With the legacy application in a 
manner consistent With the original AWT Peers, no modi 
?cation of the application code is required to obtain this 
bene?t. 

[0125] There are a number of dif?culties that must be 
resolved in order to create a seamless replacement for the 
AWT based on the SWing API. Some of these dif?culties 
involve inherent limitations of SWing, While others relate to 
maintaining behavioral consistency With the legacy AWT 
controls. The folloWing paragraphs eXamine these issues and 
describe embodiments of the system and method disclosed 
herein that address them. 

[0126] SWing may impose some performance limitations 
When used to draW teXt or labels on a display device When 
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executing softWare components having corresponding TeX 
tField and Label code. Poor performance in these areas tends 
to be conspicuous, since the eXecution of TeXtField and 
Label code are often employed in benchmark evaluations of 
system performance. The loss in performance is mainly 
attributable to tWo factors: SWing’s overhead in draWing the 
teXt, and the priority level assigned to the teXt draWing 
operation. A further contributing factor is initialiZation of 
undo/redo support. The priority level normally assigned to 
teXt draWing events is not high. In fact, executing from a 
SWing-type API Will cause most other objects to be eXecuted 
before the API Will render teXt on the display. As a result, the 
operating system frequently suspends teXt draWing tempo 
rarily to devote processor cycles to events With higher 
priority. TeXt draWing is typically handled by a dedicated 
procedure, knoWn as a thread, Which shares the processor’s 
attention concurrently With other threads. Each time the 
processor suspends the teXt draWing thread to alloW another 
thread to eXecute, it is necessary to preserve the contents of 
registers, memory locations, etc. containing vital teXt draW 
ing information. Preserving the contents is necessary to 
restore the information needed, at a later time, to render the 
teXt draWing thread upon the display. The time lost by 
frequently saving and restoring the conteXt of the teXt 
draWing thread detracts from the performance of teXt draW 
ing in SWing. 

[0127] In a further embodiment of the system and method 
disclosed herein, a mechanism for fast teXt draWing is 
included in tWo of the AWTSWing lightWeight Peers: JTeX 
tFieldPeer and JFastLabelPeer. According to the system and 
method, the SWing components, JTeXtField and JLabel, are 
permitted to de?ne the look and feel of the TeXtField and 
Label, respectively; hoWever, they are not alloWed to draW 
the teXt. Instead, When an application directs a Label object 
to draW itself, the event noti?cation is intercepted by the 
AWTSWing Peer component, JFastLabelPeer. JFastLa 
belPeer employs its oWn custom code to draW the label, 
rather than the method belonging to the SWing object, 
J Label. This results in much faster performance. In a similar 
manner, the JTeXtFieldPeer alloWs the SWing component, 
J TeXtField, to draW the border of the TeXtField, but preemp 
tively draWs the teXt using its oWn custom code. This alloWs 
the look and feel of the TeXtField component to be deter 
mined by SWing, but signi?cantly accelerates the display of 
teXt. Once focus is given to the TeXtField, teXt draWing is 
handled by SWing in the customary manner. This alloWs the 
user to edit the content of the TeXtField, With the full support 
of SWing’s editing features. 

[0128] FIG. 13 contains a ?oWchart illustrating the under 
lying logic for the fast TeXtField and Label draWing. The 
?oWchart re?ects the consideration given to Whether a Label 
120 or a TeXtField 122 is being draWn. Labels are simple 
objects; they display teXt, but have no editing capability. 
TeXtFields, on the other hand, typically alloW the user to 
enter or change the displayed teXt, and their graphical 
representations contain borders surrounding the teXt itself, 
as Well as selection and cursor highlighting. Thus, TeXt 
Fields are more complicated objects than Labels. While it is 
fairly straightforWard to create an optimiZed teXt draWing 
routine, replacing the SWing code that draWs the entire 
TeXtField is considerably more involved. Therefore, it is 
preferable to alloW SWing to draW the TeXtField border, and 
to provide editing and undo/redo support for the TeXtField, 










