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MULTI-MONITOR, MULTI-JVM JAVA GUI 
INFRASTRUCTURE WITH LAYOUT VAXML 

BACKGROUND 

0001. The creation of Java graphics user interfaces 
(GUIs) (Java is a registered trademark of SunR) that support 
a Multi-Modal Workstation (MMW), UNIX workstation or 
Personal Computer (PC), (all generally referenced herein as 
a MMW) having one or more monitors, is currently imple 
mented with the Java Swing package. When Java was 
originally created, only the Abstract Windows Toolkit 
(AWT) library was available for working with graphics. This 
package contains a simple set of classes such as Buttons, 
TextField, Label and others. A more advanced set of classes 
is contained in the later introduced library called Swing. 
Swing, like AWT, is a package that also includes buttons, 
text fields, and other classes for providing window controls. 
Swing allows GUIs to be built using the Java Software 
Development Kit (SDK). The names of the Swing compo 
nents start with the letter J, for example, JButton, JTextField, 
JLabel, and so on. A graphics user interface GUI produced 
using Java Swing can have a “look and feel” which is either 
that of a Java platform, the native platform, or a particular 
specified platform. For instance, the GUI can be constructed 
to display a Windows(R)-based format. (Windows is a reg 
istered trademark of Microsoft Corporation in the United 
States and other countries.) 
0002. A Java virtual machine (JVM) is an abstract com 
puting machine that is responsible for hardware and oper 
ating system independence. As with a real computing 
machine, the JVM has an instruction set and it manipulates 
various areas of memory at run time. A hallmark of the JVM 
is its Small compiled code and its ability to protect users 
from malicious computer programs. The JVM is aware of a 
particular binary format and class file format without know 
ing the particulars of the programming language. The JVM 
can host a language so long as it can be expressed as a valid 
class file. Typically, a single JVM runs as a single process on 
a physical computer, workstation, etc. having one or more 
monitors. 

0003 Java GUIs that run on multiple monitors use a 
single event queue and processing thread for all of the 
displays on all of the monitors. Event handlers detect any 
action that a user takes while operating a GUI (each monitor 
provides a GUI). These actions include, but are not limited 
to, pressing a button, clicking a mouse, dragging or selecting 
a menu item, etc. Such actions will cause the JVM to handle 
(process) each singular event. As a result, no other event 
from the GUI in the MMW can be handled until processing 
of that single event is completed. Consequently, other parts 
of the GUI freeze while processing of the single event 
OCCU.S. 

0004) The “freezing” of the GUI on MMW monitors in a 
system while an event handler is processing an event on a 
particular part of the GUI is a serious limitation presented by 
Java Swing for MMWs. To overcome this problem, spawn 
ing another thread to process potentially slow event handling 
code does not solve two large problems: namely, (1) all 
display updates must be done on the event queue thread, 
causing graphic intensive processes to still freeze all of the 
GUIs across all monitors; and (2) use of multiple threads 
cannot generally be applied to third party commercial-of 
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the-shelf (COTS) software products that may be integrated 
into the GUI. Developers usually have no knowledge of how 
COTS Software is written. 

0005. In addition to the freezing of GUIs, another prob 
lem with Java Swing's single threaded nature is that GUIs 
cannot take advantage of multiple processors and therefore 
receive no performance enhancement if a multi-processor 
machine is used. 

0006. In MMW applications, the GUI is composed using 
many hierarchical containers, including the top level JFrame 
container which produces a display region that can occupy 
up to a single monitors total display Surface area, and 
further including 1 to N (N being an integer) embedded 
JPanels which produce display regions each sized and laid 
out such that they can fill the display region produced by the 
JFrame container. The container class and its Subclasses are 
often referenced without distinction between the abstraction 
and the resulting display. Such will be the case herein. 
Consequently, for ease of description, the JFrame container 
and its subclasses will not always be distinguished from the 
display produced by the JFrame container. The hierarchy of 
the GUI is flexible enough to permit containers within 
containers. Defined by each JPanel, and displayed within the 
display region produced by a JPanel, are all of the display 
regions created by the Supported widgets such as buttons, 
menus, pull-downs, scroll bars, etc., which create these 
physical manifestations on-screen by the same name. This 
hierarchy of containers and layouts along with complexity of 
managing them is made more difficult in the MMW system 
by the presence of multiple monitors. 

0007 Another requirement for MMW systems is the 
ability to dynamically change GUI displays. Evolving task 
requirements and rapid prototyping both require an easy to 
alter GUI layout despite the multiple display requirements of 
the MMW. 

0008 Changing the layout in a Java Swing GUI requires 
recompilation of the software that describes the GUI layout. 
In applications, particularly ones in which an operator 
changes function or those where he/she has to Switch from 
monitoring data to modifying data, the GUI display must 
likewise change as a result of changes in the GUI software. 
To do so using Java Swing, this requires that the GUI code 
be recompiled. 

0009. A need exists to resolve the freezing and rigid GUI 
design problems that arise in MMW GUI systems. Until 
now, no adequate solution existed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a diagram illustrating the GUI infrastruc 
ture for an MMW used in one embodiment of the invention 
to ground-truth document images in accordance with an 
embodiment of the present invention. 
0011 FIG. 2 illustrates a diagram of the Multi-Modal 
Workstation system. 
0012 FIG. 3 graphically depicts the functional diagram 
of the DisplaySurfaceController. 

0013 FIG. 4 is a diagram illustrating an embodiment of 
the invention depicting an MMW system flow where the 
display of one monitor's display is initialized. 
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0014) Applicable reference numerals have been carried 
forward. 

DETAILED DESCRIPTION 

00.15 Event handling problems of the Java Swing single 
event queue are resolved, according to one embodiment of 
the invention, by using multiple JVMs in the MMW. Since 
the Java language does not allow custom or multiple Swing 
event queues within the same JVM, one way to get a 
separate event queue in a GUI is to use a separate JVM for 
each GUI. Additionally, using multiple JVMs removes the 
performance limitation of the “single event queue for an 
entire MMW' model by instead providing an event queue 
for each GUI. This approach is applicable for use with other 
languages other than Java which define a single event queue 
with respect to a GUI. 
0016 FIG. 1 illustrates a diagram of a GUI infrastructure 
used in a MMW having multiple monitors (i.e., displays). 
The hierarchical relationship of the containers are illustrated 
as described above with respect to Monitors 132 subscripted 
from 1 to N, (N being an integer), Jframe 134, and Jpanel 
136. In one embodiment of the invention, one JVM 102 (also 
subscripted from 1 to N) is provided for each monitor 
supported by the MMW. Each display surface 104 is gov 
erned by a DisplaySurfaceController 126, a class that con 
figures the display Surface (arranges panels, pull down 
menus, buttons, etc.), manages displayed GUIComponents 
138, and disperses events to the GUIComponents 138 it has 
loaded. DisplaySurfaceController 126, in essence, controls 
the configuration of a monitor associated with a particular 
JVM. GUIComponents 138 are classes that implement the 
GUIComponentInterface (not shown). The GUICompo 
nentInterface specifies a set of operations that all displays 
have to provide to in order to work with this GUI infra 
Structure. 

0017. In one aspect of the invention, the MMW is imple 
mented by creating abstract constructs and instantiations of 
the GUI panels (i.e., creating GUI objects). Data is shared 
and passed throughout the overall GUI. It is not assumed 
that a particular GUIComponent 138, as embodied by the 
present invention, is local with respect to another GUICom 
ponent 138. The location (JVM, Monitor) of any particular 
GUIComponent is specified in the GUIConfig XML file 122 
read by LocalDisplayServer 112 at startup. LocalDisplay 
Server 112 is a class that controls access to GUIConfig XML 
file 122 and distributes event and configuration information 
to the other JVMs in the MMW system. The configuration 
chosen by LocalDisplayServer 112 is passed to each Dis 
playSurfaceController 126 allowing it to set-up communi 
cation links to each of the other DisplaySurfaceControllers 
126 and LocalDisplayServers 112. The DisplaySurfaceCon 
troller 126 is a class that controls the configuration of the 
monitor associated with a specific JVM. A helper class 
called Connector 160 handles the communications links. 
Connector 160 hides whether a communication link is to a 
remote JVM 102 or simply a reference to another “local 
connector 160 in the same JVM 102. This allows GUICom 
ponents to send and receive GUIEvents without ever need 
ing to know how the GUIEvent actually is transported. In 
one embodiment of the invention, connector 160, local 
display server 112, display surface controller 126 and 
GUIComponent 138 are maintained in JAR file 170. JAR 
file 170 enables the bundling of multiple files into a single 
archive file. It offers the following advantages: 
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0018 A) Contents of the JAR file can be digitally 
signed, allowing recognition of the signature and a 
grant of Software security privileges based on the 
signature by users. 

0019 B) The class files and associated resources of a 
JAVA appletbundled in the JAR file can be downloaded 
to a browser in a single HTTP transaction without the 
need open a new connection for each file. 

0020 C) The JAR format allows compression of files 
contained therein for efficient storage. 

0021 D) JAR file formats allow adding extensions for 
software. 

0022 E) Packages stored in JAR files can be sealed, 
meaning that all classes defined in a package are found 
in the same JAR file. 

0023 F) Information pertaining to software vendor 
and version can be held in a JAR file. 

0024 G) JAR files are a standard part to the JAVA 
platforms core API. 

0025 All communication i.e. data, commands, etc. 
between GUIComponents must be packaged in the form of 
a GUIEvent. The GUIEvent is a serializable base class that 
specific events extend to add their own fields while main 
taining the ability for the class to be serialized and sent from 
one JVM to another. Communication is contemplated over 
various media including digital wireless systems, satellite 
systems, the Internet (e.g. using TCP/IP), the public 
switched telephone network (PSTN), public data switching 
network (e.g., ATM and SONET) (PDSN) etc. Conse 
quently, according to one aspect of the invention, the loca 
tion of an individual panel of a GUI, its associated JVM, the 
number of JVMs in use, the number of monitors in use or its 
location in the MMW (monitor location, pixel range, etc) are 
not defined until runtime of the software that describes the 
GUI layout. Moreover, with this GUI infrastructure in place, 
it is possible to construct a GUI containing panels whose 
location on a specific monitor or any number of monitors is 
defined at runtime with a separate event queue for each 
display Surface. As a result, performance problems in one 
panel of the GUI are isolated to its JVM only, allowing the 
other GUI panels of the other display surfaces and their 
associated JVMs to remain responsive and functional. 
0026 GUI software runs in the background of a display 
application. When screen buttons are pushed, pull-down 
menus selected, etc., these actions are treated as events in 
event driven software, such as Java Swing. With reference 
still to FIG. 1, in an aspect of the invention, GUI layouts are 
defined in an Extensible Markup Language (XML) file 150 
maintained in persistent storage 152. Persistent storage 152 
can represent the hard drive of a workstation, a database, or 
information received from a network from a remote server. 
In another aspect of the present invention, changes to the 
layout of GUI panels and other features of a display surface 
are accomplished by altering XML file 150. GUI software 
defining a display layout need only access or load XML file 
150 to implement a change in the display layout. Defining 
GUI layouts in an XML file obviates the need to modify 
code and recompile software that describes the GUI layout 
when changes in the GUI layout are required. Once the 
change has been implemented, the GUI software need only 
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be re-launched, rather than modified and recompiled as is the 
case with the what now represents the prior art and a more 
complicated and time consuming requirement. In addition, 
with each panels location attributes described in an XML 
file, the layouts of the panels Supporting multiple operator 
roles on the MMW become much easier to manage as the 
unique layout for each role is now maintained in an XML file 
and not hard-coded in GUI software. Pursuant to one of 
many possible schemes, XML file 150 is parsed by a JVM 
upon startup of a GUI. For instance, one of the JVMs can be 
chosen on the basis of which one is the first to be placed in 
operation. Accordingly, panels are organized across all of 
the available monitors appropriately. XML file 150 will list 
the number of Screens to be used, which screen a particular 
panel will be located on, and the exact size and location of 
each panel. 

0027. The combination of panels laid out and organized 
according to that specified in an XML file together with a 
GUI infrastructure that supports multiple JVMs, thus elimi 
nating the single Swing event queue problem of the Java 
GUI development or other similarly disposed programs, 
provides, in comparison with conventional systems, a multi 
monitor display solution which requires less compilation 
time and more flexible support of different layouts required 
by various operator roles supported by a MMW system. 

0028 FIG. 2 illustrates a graphical representation of one 
embodiment of the invention showing the one workstation 
used to create the multiple JVMs. In this embodiment of the 
invention, the GUIConfig XML file can be resident in the 
permanent storage of the workstation or exist independently 
and reside in a remote location connected to the MMW by 
a communication link. In addition, FIG. 2 depicts up to N 
monitors supported by this embodiment of the invention. 

0029 FIG. 3 is a diagram which details one embodiment 
of DisplaySurfaceController 126, which is responsible for 
loading and layout of panels for its display Surface. Dis 
playSurfaceController 126 accomplishes this task through 
the use of two helper classes: Role|LayoutManager 304 and 
PanellFactory 302. Role|LayoutManager 304 selects the 
appropriate panel layout for the role as specified in the XML 
file (GUIConfig XML file 122) defining a class specifying 
the GUI configuration for the specific display based on the 
number of monitors selected by LocalDisplayServer 112 
(shown in FIG. 1) at startup. Role|LayoutManager 304 
causes each GUIComponent 138 to add itself to an empty 
JPanel 310 that Role|LayoutManager 304 has created, 
located and sized based on the layout specified in the 
GUIConfig XML file 122 for the specific GUIComponent 
308. By having the GUIComponent 308 add itself to the 
newly created empty JPanel 136 allows the GUIComponent 
138 to perform any necessary internal resizing or look and 
feel change based on the size or position of where it will be 
displayed. 

0030 Role switches are performed by moving all of the 
currently loaded GUIComponents 138 to a cache (not 
shown). As the new role’s layout is created, the cache is 
checked for an already constructed GUIComponent of a 
specific type before a new layout is loaded. After the role 
switch is complete, all GUIComponents 138 left in the cache 
are asked to un-register for events and then are destroyed by 
the JVM Garbage Collector (not shown). The JVM Garbage 
Collector is a package provided by the Java SDK. By using 
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the caching mechanism, GUIComponents that are common 
to multiple roles do not have to be reloaded every time a role 
Switch occurs. 

0031 FIG. 4 is a diagram illustrating a framework, 
according to the invention, with respect to Monitors 1 
through Monitors (M representing the index of the JVM). 
During startup, LocalDisplayServer 112 loads GUIConfig 
XML 122. LocalDisplayServer 112 starts the number of 
JVMs specified in GUIConfig XML 122 and instantiates 
DisplaySurfaceController 126 in the JVM for each display 
surface specified in the XML. The configuration and GUI 
layout chosen by the LocalDisplayServer 112 is passed to 
each DisplaySurfaceController 126. This configuration 
allows the DisplaySurfaceController 126 to set up commu 
nication links with each of the other DisplaySurfaceCon 
trollers 126 and LocalDisplayServer 112. A helper class 
called Connector 160 handles all internal JVM and external 
JVM communication links, indicated by double arrow 176. 
All incoming and outgoing GUIEvents pass through the 
Connector 160. GUIComponents 308 have access to Con 
nector 160 via DisplaySurfaceController 126, indicated by 
double arrow 175. DisplaySurfaceController 126 creates 
JPanels 136 according to the GUI Layout provided by 
LocalDisplayServer 112. 

0032 The foregoing invention has many applications, 
particularly in the fast paced world of commodities trading. 
For instance, traders could be provided with monitors that 
would display up-to-date information on selected commodi 
ties. One or more such monitors could be provided access to 
information allowing input for selecting call or put options 
based on feedback from the market. A multi-monitor, multi 
JVM system would offers increased flexibility and lower 
operational cost as compared with current systems. Another 
application within the existing infrastructure of the Internet, 
would be to provide a workstation for presenting data across 
boundaries defined by language or nation. Consequently, 
each monitor is the system could present rapidly changing 
market information while uniquely being configured accord 
ing to language and/or presentation requirements. 

0033. The foregoing multi-monitor, multi-JVM system 
additionally has far ranging applications to gaming, particu 
larly video gaming. One gaming application exists for a 
game requiring a coherent display across a multiple moni 
tors. This includes, for example, games presenting a view 
into a virtual world. These games could leverage the power 
of multiple machines with separate monitors. The multi 
monitor, mult-JVM system can provide its users multiple 
and different views of the virtual world simultaneously as a 
coherent display across all of the users’ monitors, while still 
allowing an individual user to maintain control from a single 
point. This offers low operational cost and flexibility as 
compared with competing systems. This application is par 
ticularly well Suited for use with games and gaming systems 
where players require a number of different views simulta 
neously and where they must act upon the information 
presented. 

0034). Yet another application for the multi-monitor, 
multi-JVM system according to the invention applies to the 
banking, lending and real estate industries. While perhaps 
not needing information at a rate as fast as the commodities 
industries, one implementation for the invention would be to 
provide multiple monitors presenting simultaneous streams 
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of information. For example, lending offers could adjust 
loan rates to compete with products from banks or institu 
tions where insurance, home mortgages or certificates of 
deposit (CDs) are sold using monitors displaying this infor 
mation within a system according to the invention. In 
addition, applications of this sort can also be provided in a 
closed environment offering security with controlled access 
to important data-a vital component of financial systems. 
0035. The foregoing invention is also well-suited for 
offering displays tailored to a particular language. A MMW 
according to the invention can easily Support, for instance, 
several multi-monitor GUIs, each having displays according 
to different languages, e.g. English, Swedish, Russian, Ger 
man, Japanese, Chinese, etc. 
0036) Although the invention herein has been described 
with reference to particular embodiments, it is to be under 
stood that these embodiments are merely illustrative of the 
principles and applications of the present invention. For 
instance, Microsoft(R)'s C Sharp is contemplated as a pro 
gramming language for use with the invention. It is therefore 
to be understood that numerous modifications may be made 
to the illustrative embodiments and that other arrangements 
may be devised without departing from the spirit and scope 
of the present invention as defined by the appended claims. 

1. A computing system comprising: 

a plurality of monitors; 
a computer programmed with a file that includes graphic 

user display information for configuration of visual 
content on said plurality of monitors. 

2. A computing system as recited in claim 1 wherein said 
computer comprises a workstation. 

3. A computing system as recited in claim 1 wherein said 
computer comprises a multi-modal workstation. 

4. A computing system as recited in claim 3 wherein said 
file is an extended markup language (XML) file. 

5. A computing system as recited in claim 3 wherein said 
computer is programmed according a language selected 
from the Java and C Sharp. 

6. A computing system as recited in claim 3 wherein more 
than one Java Virtual Machine (JVM) is programmed for use 
with said plurality of monitors. 

7. A computing system as recited in claim 6 wherein a 
one-to-one correspondence exist between Java Virtual 
Machines and monitors. 

8. A computing system as recited in claim 4 wherein said 
XML file defines a layout of a plurality of GUIs, each GUI 
associated with a monitor and said GUIs being capable of 
operating independently from one another. 

9. A computing system as recited in claim 4 wherein said 
XML file is comprised of GUI layout information and is 
capable of being changed without the need to re-compile 
Multi-Monitor Multi-JVM Java GUI code in connection 
with GUI layout modifications to said system. 

10. A computing system as recited in claim 3 wherein said 
workstation may be a multiprocessor workstation. 

11. A computing system as recited in claim 9 wherein said 
XML file defines the number of JVMs to be started by said 
system. 
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12. A multi-modal computing system comprising: 
a computer programmed to implement a plurality of Java 

Virtual Machines (JVMs), said plurality of JVMs defin 
ing a plurality of graphical user interfaces (GUIs) for 
use with a plurality of monitors. 

13. A multi-modal computing system as recited in claim 
12 wherein a maximum of one JVM hosts the GUI on a 
single monitor. 

14. A multi-modal computing system as recited in claim 
12 wherein said computer comprises a workstation. 

15. A multi-modal computing system as recited in claim 
12 wherein said computer is further programmed to include 
an XML file for configuring said GUIs. 

16. A multi-modal computing system as recited in claim 
12 wherein said plurality of JVMs provide event handling in 
connection with each monitor from said plurality of moni 
tOrS. 

17. A multi-modal computing system as recited in claim 
15 wherein said plurality of JVMs provide event handling in 
connection with each monitor from said plurality of moni 
tOrS. 

18. A method of Supporting multiple displays by a multi 
modal computing system comprising: 

providing a GUI configuration file for a computer used in 
connection with a workstation providing selected 
graphical user displays to a plurality of monitors; and 

parsing said file in connection with providing GUIs on 
said monitors. 

19. A method of supporting multiple displays as recited in 
claim 18 further providing a plurality of JVMs for said 
plurality of monitors. 

20. A method of Supporting multiple displays as recited in 
claim 19 further including providing event handling in each 
JVM. 

21. A method of Supporting multiple displays as recited in 
claim 19 wherein JVMs are provided to monitors on a 
maximum one-to-one basis. 

22. A method of Supporting multiple displays as recited in 
claim 18 wherein said file consists of an XML file that may 
be parsed by a Java or C-Sharp implementation. 

23. A method of Supporting multiple displays as recited in 
claim 20 wherein said file consists of an XML file that may 
be parsed by a Java or C-Sharp implementation. 

24. A method of Supporting multiple displays as recited in 
claim 19 wherein commodities trading is conducted by 
updating display information on said plurality of monitors in 
connection with feedback from commodities market activ 
ity. 

25. A method as recited in claim 24 wherein said monitors 
display information according to a language of choice. 

26. A method as recited in claim 19 wherein gaming is 
conducted by updating display information on said plurality 
of monitors in connection with feedback from gaming 
activity, each monitor reflecting the display preferences of 
an associated gamer. 

27. A method as recited in claim 19 wherein business, 
selected from the group consisting of banking, lending and 
real estate, is conducted wherein display information is 
updated based on feedback from activity in an associated 
market. 


