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METHOD AND APPARATUS FOR MANAGING 
CLASSFILES ON DEVICES WITHOUT A FILE 

SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to the ?eld of computer ?le 
systems. 

[0003] Portions of the disclosure of this patent document 
contain material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure as it appears in the Patent and Trademark Of?ce ?le or 
records, but otherWise reserves all copyright rights Whatso 
ever. Sun, Sun Microsystems, the Sun logo, Solaris, Java, 
JavaOS, JavaStation, HotJava VieWs and all Java-based 
trademarks and logos are trademarks or registered trade 
marks of Sun Microsystems, Inc. in the United States and 
other countries. 

[0004] 2. Background 

[0005] Embedded Devices 

[0006] The use of platform independent programming 
languages, such as the JavaTM programming language, has 
been adapted for use in non traditional computing environ 
ments. These environments include limited resource 
devices, referred to as “embedded” devices and include cell 
phones, “personal digital assistants” (PDAs), smart cards, 
appliances, and other environments that may lack the num 
ber and siZe of traditional computer system resources. For 
example, such limited resource devices may have limited 
memory, reduced processing poWer, and simple or no oper 
ating systems. Such limited resources can prevent the use of 
some programming languages on the limited resource 
device. One disadvantage, for example, of embedded 
devices is the absence of a traditional ?le system. This 
creates an obstacle to the ability to access ?les required by 
a programming language and makes it dif?cult to upgrade or 
change softWare versions, applications, class?les and/or 
features of an embedded device. 

[0007] Example Embedded Device (Personal Digital 
Assistant (PDA)) 

[0008] One example of an embedded device is a PDA. 
FIG. 13 illustrates a PDA, such as the PalmPilot produced 
by 3Com Corporation. PDA device 1300 is equipped With 
touch screen display 1305, mechanical buttons (1306 and 
1307), a stylus (not shoWn), and serial port 1302. Auniversal 
asynchronous receiver transmitter (UART) 1301 is used to 
convert information from the PDA for transmission through 
serial port 1302, and to convert serial information received 
through serial port 1302. Mechanical buttons 1306 are 
provided for user input, such as for the selection of pre 
de?ned applications. Mechanical buttons 1307 are provided 
for scrolling graphics on touch screen display 1305. 

[0009] Touch screen display 1305 is separated into appli 
cation display area 1308 and user input area 1309. Appli 
cation display area 1308 displays the graphical output of the 
current application being executed by PDA device 1300. 
User input area 1309 contains softWare buttons 1310, alpha 
bet script input area 1311, and numeric script input area 
1312. SoftWare buttons 1310 are for performing system or 
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application-based selection operations. Alphabet script input 
area 1311 is used to enter alphabetical characters With the 
electronic stylus. Similarly, numeric script input area 1312 is 
used to enter numeric characters With the electronic stylus. 
Character recognition softWare Within the PDA converts 
user input in areas 1311 and 1312 into data characters. 

[0010] An advantage of platform independent program 
ming languages such as the Java programming language is 
the ability to load components of a program, such as an 
applet, at runtime. (This behavior is speci?ed in the Java 
Language Speci?cation (JLS) in section 12.2 (pages 218-9) 
and in the Java Virtual Machine Speci?cation (JVMS) in 
section 2.16.2 (page 43) and is accomplished With a class 
loader, a part of the Java virtual machine. 

[0011] Because PDAs do not typically have access to a ?le 
system (eg through a netWork connection) from Which 
class?les can be loaded, standard class loading techniques 
cannot be used. One solution is to preload class?les into a 
non-volatile memory, such as a ROM (read only memory). 
This lacks ?exibility. 

SUMMARY OF THE INVENTION 

[0012] The invention provides a method of creating and 
periodically loading a database of class?les on a non tradi 
tional computer device, such as a PDA (personal digital 
assistant), cellular telephone, pager, smartcard, Java Ring, or 
other embedded device. A resident Java virtual machine 
loads classes from this database instead of loading them 
from a ?le system. The embedded device is periodically 
updated by connecting it to a netWork or computer that 
includes a class?le source. At this time, records can be added 
to, or deleted from, the database (Where the records are 
class?les). The management of the class?le database on the 
embedded device is independent of the virtual machine on 
the embedded device. One embodiment of the invention 
comprises an embedded device With a virtual machine, a 
class?le database, a database manager, and a remote data 
base loader. The embedded device and virtual machine can 
function even When not connected to the class?le source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIGS. 1A-1C illustrate a graphical representation 
of the applications executing on an embedded device 170 
(such as a PDA) and a class?le source 100. 

[0014] FIG. 2 is a How diagram illustrating the operation 
of conduit 120 on the synching computer. 

[0015] FIG. 3 is a How diagram illustrating the synching 
operation of an embodiment of the invention. 

[0016] FIG. 4 is a How diagram illustrating the operation 
of the copying step 270 of FIGS. 2 and 3. 

[0017] FIG. 5 is a How diagram illustrating the operation 
of the copying step 430 of FIG. 4. 

[0018] FIG. 6 illustrates an embodiment of a PDA that 
includes the embedded virtual machine application. 

[0019] FIG. 7 illustrates the list of available class?les on 
the PDA When the application is invoked. 

[0020] FIG. 8 illustrates the information provided by 
selecting details in FIG. 7. 
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[0021] FIG. 9 illustrates the display When the run button 
is selected in FIG. 6. 

[0022] FIG. 10 is a How diagram illustrating the operation 
of the embedded virtual machine application When invoked 
from the applications menu. 

[0023] FIG. 11 is a How diagram illustrating an event loop 
operation. 
[0024] FIG. 12 is a How diagram illustrating the operation 
of the class manager. 

[0025] FIG. 13 is a block diagram of a personal digital 
assistant coupled to a peripheral device. 

[0026] FIG. 14 is a block diagram of a computer system 
for use With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] The invention is a method and apparatus for man 
aging class?les on a device Without a ?le system. In the 
folloWing description, numerous speci?c details are set forth 
to provide a more thorough description of embodiments of 
the invention. It Will be apparent, hoWever, to one skilled in 
the art, that the invention may be practiced Without these 
speci?c details. In other instances, Well knoWn features have 
not been described in detail so as not to obscure the 
invention. 

[0028] For purposes of illustration, embodiments of the 
invention are described herein With reference to personal 
digital assistants. Embodiments of the invention can be 
similarly applied to any form of processor driven device, 
such as digital Wallets, desktop computers, laptop comput 
ers, beepers, telephones, smart cards, Java Rings and others. 
An embodiment of the invention uses the Java programming 
language. Background on the Java programming language 
and object oriented programming is described beloW. 

[0029] Java Programming and Execution 

[0030] An embodiment of the softWare apparatus of the 
invention is implemented in the Java programming lan 
guage. The Java programming language is an object-ori 
ented programming language With each program comprising 
one or more object classes and interfaces. Unlike many 
programming languages, in Which a program is compiled 
into machine-dependent, executable program code, Java 
classes are compiled into machine independent bytecode 
class?les. Each class?le contains code and data in a plat 
form-independent format called the class?le format. The 
computer system acting as the execution vehicle supports 
the Java runtime environment. The runtime environment 
contains a program called a virtual machine, Which is 
responsible for executing the code in Java classes. 

[0031] Applications may be designed as standalone Java 
applications, or as Java “applets” Which are identi?ed by an 
applet tag in an HTML (hypertext markup language) docu 
ment, and loaded by a broWser application. The class?les 
associated With an application or applet may be stored on the 
local computing system, or on a server accessible over a 

netWork. Each class is loaded into the runtime environment, 
as needed, by the “class loader.” 

[0032] The classes of an applet are loaded on demand 
from the netWork (stored on a server), or from a local ?le 
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system, When ?rst referenced during the applet’s execution. 
The runtime environment locates and loads each class?le, 
parses the class?le format, allocates memory for the class’s 
various components, and links the class With other already 
loaded classes. This process makes the code in the class 
executable by the virtual machine. 

[0033] Java class?les may be identi?ed in applet tags 
Within an HTML (hypertext markup language) document. 
To provide a client With access to class?les from a server on 

a netWork, a Web server application is executed on the server 
to respond to HTTP (hypertext transport protocol) requests 
containing URLs (universal resource locators) to HTML 
documents, also referred to as “Web pages.” When a broWser 
application executing on a client platform receives an 
HTML document (e.g., as a result of requesting an HTML 
document by forWarding a URL to the Web server), the 
broWser application parses the HTML and automatically 
initiates the doWnload of the bytecode class?les When it 
encounters the applet tag in the HTML document. 

[0034] Memory is allocated to store and execute the 
doWnloaded applet. The allocation of memory to neW 
applets may lead to a loW memory condition as the number 
of applets in the Java runtime environment groWs. To 
resolve the loW memory condition, older, invisible applets 
(i.e., applets that are not currently visible on a display) may 
be unloaded, or “destroyed” (i.e., shutdoWn and deallo 
cated), to release memory. An applet thus destroyed can no 
longer enact user noti?cation functions When events occur 
that are relevant to the destroyed applet. 

[0035] The Java language developed by Sun Microsys 
tems has provided a Way to Write platform independent 
applications to run on the World Wide Web and provide the 
desired compatibility. Some platforms may have unique 
and/or proprietary interfaces, limited memory and display 
siZes, constrained poWer consumption, and limited physical 
space. These platform are referred to here as restrictive 
environments and represent the environment found on many 
embedded devices. A version of the Java programming 
language has been developed by JavaSoft to be used With, 
among other things, restrictive environments. A description 
of the Java programming language and the platform for 
restrictive environments can be found at Web site “http:// 
WWW.java.sun.com”. 

[0036] Object-Oriented Programming 

[0037] Object-oriented programming is a method of cre 
ating computer programs by combining certain fundamental 
building blocks, and creating relationships among and 
betWeen the building blocks. 

[0038] The building blocks in object-oriented program 
ming systems are called “objects.” An object is a program 
ming unit that groups together a data structure (one or more 
instance variables) and the operations (methods) that can use 
or affect that data. Thus, an object consists of data and one 
or more operations or procedures that can be performed on 
that data. The joining of data and operations into a unitary 
building block is called “encapsulation.” 

[0039] An object can be instructed to perform one of its 
methods When it receives a “message.” A message is a 
command or instruction sent to the object to execute a 
certain method. A message consists of a method selection 
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(e. g., method name) and a plurality of arguments. A message 
tells the receiving object What operations to perform. 

[0040] Object-oriented programming languages are pre 
dominantly based on a “class” scheme. The class-based 
object-oriented programming scheme is generally described 
in Lieberman, “Using Prototypical Objects to Implement 
Shared Behavior in Object-Oriented Systems,” OOPSLA 86 
Proceedings, September 1986, pp. 214-223. 

[0041] A class de?nes the components of an object that 
typically including the variables and methods for the class. 
A class is used to create a particular instance of itself. An 
instance of an object class includes a unique set of the 
variables de?ned for the class. Multiple instances of the 
same class can be created from a class. Each instance that is 
created from the class is said to be of the same class. 

[0042] To illustrate, an employee class can include 
“name” and “salary” instance variables and a “set_salary” 
method. Instances of the employee class can be created, or 
instantiated for each employee in an organiZation. Each 
instance is said to be of type “employee.” Each employee 
instance includes “name” and “salary” instance variables 
and the “set_salary” method. The values associated With the 
“name” and “salary” variables in each employee instance 
contain the name and salary of an employee in the organi 
Zation. A message can be sent to an employee’s employee 
instance to invoke the “set_salary” method to modify the 
employee’s salary (i.e., the value associated With the “sal 
ary” variable in the employee’s employee object). 

[0043] A hierarchy of classes can be de?ned such that a 
class de?nition has one or more subclasses. A subclass 

inherits its parent’s (and grandparent’s etc.) de?nition. Each 
subclass in the hierarchy may add to or modify the behavior 
speci?ed by its parent class. Some object-oriented program 
ming languages support multiple inheritance Where a sub 
class may inherit a class de?nition from more than one 
parent class. Other programming languages support only 
single inheritance, Where a subclass is limited to inheriting 
the class de?nition of only one parent class. The Java 
programming language also provides a mechanism knoWn 
as an “interface” Which comprises a set of constant and 
abstract method declarations. A class can implement the 
abstract methods de?ned in an interface. Both single and 
multiple inheritance are available to an interface. That is, an 
interface can inherit an interface de?nition from more than 
one parent interface. 

[0044] Limited Resource Device Virtual Machine 

[0045] A problem to be solved in providing a program 
ming language on a limited resource device is to provide a 
virtual machine that can execute on the device, and provide 
a system for serving needed class?les to the virtual machine. 
One embodiment of the invention uses a small virtual 
machine referred to as the embedded virtual machine 
(EVM). One version of the EVM takes only a feW tens of 
kilobytes (on the order of 30 to 50 kilobytes of static 
memory depending on compilation and debugging options). 
HoWever, the invention contemplates the use of EVMs of 
any siZe. The EVM supports platform-independent multi 
threading, copying garbage collection, optional quick byte 
codes, most of the non-graphical libraries in JDK 1.1. (or 
any other JDK version or any other developer kit) and other 
typical features of Java programming language. 
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[0046] An embodiment of the invention uses a version of 
EVM modi?ed to run on the PalmPilot organiZer. The 
invention is described herein in connection With its opera 
tion on the PalmPilot organiZer. HoWever, the present inven 
tion applies to any embedded device or restrictive comput 
ing environment because it has the ability to be disconnected 
from a class?le source and can operate Without a persistent 
connection to a class?le source. 

[0047] The embedded virtual machine implementation for 
the PalmPilot supports the complete Java byte code set 
(currently excluding long support), full Java class loading, 
and various PalmPilot native functions. Java class?les can 
be loaded onto the PalmPilot from a desktop PC via an 
extension to the PalmPilot synching softWare (referred to as 
HotSync in the PalmPilot environment). As the PalmPilot is 
a limited resource device, the available RAM for runtime 
classes is limited to betWeen 30 and 40 kilobytes on the 
PalmPilot. 

[0048] The PalmPilot version of the EVM is built around 
an application knoWn as the class manager. The class 
manager serves as the primary interface to classes on the 
PalmPilot, alloWing the user to see Which classes are avail 
able, launch Java applications, see details of classes, and 
delete them as necessary. Compiled class?les are moved to 
the PalmPilot using a special class conduit that communi 
cates With the class manager during a Synching operation. 
The number of classes on the PalmPilot is limited only by 
the available RAM on the PalmPilot. 

[0049] Class?le Source/Embedded Device Operation 

[0050] FIGS. 1A-1C illustrate a graphical representation 
of the applications executing on an embedded device 170 
and a class?le source 100. Referring ?rst to FIG. 1A, the 
class?le source 100 includes a directory With ?les 110, and 
a conduit 120 cooperatively coupled to a synching applica 
tion 125 (such as HotSync). The embedded device 170 
includes a virtual machine 150 (such as an embedded virtual 
machine), a class manager 160, and class?le database 165. 
The conduit 120 performs the functions of creating a con 
nection or path betWeen the embedded device and the 
class?le source so that class?les can be transferred as 

necessary betWeen the class?le source and the embedded 
device. 

[0051] The embedded device is capable of executing 
class?les found in its local class?le database Without con 
nection to the class?le source. Periodically, class?les can be 
added, modi?ed, deleted, or replaced by synching the 
embedded device to a class?le source. During operation, the 
class manager provides appropriate class?les to the virtual 
machine, even in the absence of a ?le system on the 
embedded device. 

[0052] The class?le source 100 may be a netWork, the 
World Wide Web, a single host computer, or any other system 
or environment for providing a source of class?les. The 
class?le source 100 may communicate periodically With the 
embedded device. A netWork link can typically provides 
data communication through one or more netWorks to other 
data devices, such as an embedded device. For example, a 
netWork link may provide a connection through a local 
netWork to a local server computer or to data equipment 
operated by an Internet Service Provider (ISP). ISP in turn 
can provide data communication services through the World 
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Wide packet data communication network noW commonly 
referred to as the “Internet”. Alocal netWork and the Internet 
both use electrical, electromagnetic or optical signals Which 
carry digital data streams. The signals through the various 
netWorks and the signals on a netWork link and through a 
communication interface, Which carry the digital data to and 
from the embedded device, are exemplary forms of carrier 
Waves transporting the information. 

[0053] At FIG. 1A, the embedded device 170 is assumed 
to be in temporary connection With the class?le source 100 
(eg via a synching cradle, connection to a netWork, cable, 
carrier Wave, or other communication environment) and 
initiates a synching operation by communication from the 
class manager 160 to the synching application 125. At FIG. 
1B, the conduit 120 is invoked and sends a copy of ?les 110 
(possibly including class?les) to class manager 160. At FIG. 
1C, the copy of ?les is stored on the embedded device in the 
class?le database 165. 

[0054] Remote Database Loader 

[0055] The remote database loader resides on a netWork, 
computer, or other class?le source that can be connected to 
the embedded device. For the PalmPilot, the class?le source 
is a personal computer With a connector that can be coupled 
to the PalmPilot and softWare that can communicate With the 
PalmPilot. In one embodiment, the connection softWare is a 
conduit of the PalmPilot Hot Sync application and it sends 
selected class?les from the computer to the database on the 
PalmPilot during a Hot Sync operation. Compiled class?les 
are moved from the computer system to the PalmPilot using 
a class conduit that runs on the computer system and 
communicates With the class manager during synching. 

[0056] An implementation of the Java programming lan 
guage must verify a class before executing it (see Java 
Language Speci?cation [JLS] section 12.3 and the JVMS 
section 2.16.3). The speci?cation is ?exible as to When the 
veri?cation must be performed. Since the veri?er is a 
relatively large program and separate from the virtual 
machine, it is impractical to use the veri?er on a embedded 
device. Instead, the veri?er can be run on the synching 
computer system that provides the class?les, as the class?les 
are being loaded into the database on the embedded device. 

[0057] Conduit Operation 

[0058] FIG. 2 is a How diagram illustrating the operation 
of conduit 120 on the synching computer. At decision block 
200, the argument “Is Conduit Requested?” is made. If the 
argument is false, the system loops back to block 200. If the 
argument is true, the system proceeds to decision block 210. 
At block 201 the argument “Is Conduit Uninstall 
Requested?” is made. If the argument is true, the system 
cleans up the conduit at step 220. If the argument is false, the 
system initialiZes the conduit at step 230. 

[0059] At step 240, the conduit name and version number 
are provided to the requesting application. At step 260 the 
conduit is opened. At step 270 the ?les to be moved are 
copied to the embedded device. At step 280 the conduit is 
closed. 

[0060] Synching Operation 
[0061] FIG. 3 is a How diagram illustrating the synching 
operation of an embodiment of the invention. At decision 
block 300 the argument “Are Files 110 already loaded on 
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Embedded Device?” is made. If the argument is true, the 
system stops. If the argument is false, the system registers 
conduit 120 With synching application 125 at step 310. At 
step 315 the log ?les of the embedded device and the 
synching computer are synchroniZed. 

[0062] At decision block 320 the argument “Did an Error 
Occur?” is made. If the argument is true, the conduit is 
unregistered at step 325 and the system returns to step 300. 
If the argument is false, the system sends an OpenDatabase 
command from the synching application 125 to the embed 
ded device 170 at step 330. At step 325 the logging opera 
tions are performed. At step 340 the class?le database 165 
on embedded device 170 is opened. At step 270 the ?les 110 
are copied to the class?le database 165. At step 350 all log 
?les are closed. At step 355 the class?le database is closed, 
and at step 360 the conduit is unregistered. 

[0063] FIG. 4 is a How diagram illustrating the operation 
of the copying step 270 of FIGS. 2 and 3. At step 400 the 
system obtains directory information. At step 405 the direc 
tory is scanned for unprocessed ?les. At decision block 410 
the argument “Are there Subdirectories?” is made. If the 
argument is true, all subdirectories are scanned for ?les at 
step 415. If the argument is false, the system proceeds to 
decision block 420 and the argument “Did Scan Find Any 
Unprocessed Files?” If the argument is false, the system 
exits at step 440. If the argument is true, the ?le is obtained 
at step 425. At step 430, each ?le is copied to the embedded 
device and the ?le is marked as processed at step 435. The 
system then returns to step 405. 

[0064] FIG. 5 is a How diagram illustrating the operation 
of the copying step 430 of FIG. 4. At step 500 the ?le name 
is copied into a data buffer. At step 505 the end of the ?le 
name is indicated in the data buffer. At step 510 the data 
from the ?le is copied into the data buffer.contents is sent. At 
step 515 the ?le is closed. At step 520 the data buffer is sent 
to the class?le database on the embedded device. At decision 
block 525 the argument “Did an Error Occur?” is made. If 
the argument is true, the system exits at step 535. If the 
argument is false, ?le information is Written to a log ?le at 
step 530. 

[0065] Operation of Embedded Device 

[0066] Once the ?les have been transferred to the embed 
ded device, they may be used in connection With the local 
virtual machine. An application provides displays and 
menus for selection of classes and applications. The classes 
reside in a database on the embedded device. 

[0067] Database Manager (Class Manager) 

[0068] The class manager resides on the embedded device 
and is used to provide access for the virtual machine to the 
class?les in the local database. An example of its operation 
is given here in connection With a PDA such as the PalmPi 
lot. 

[0069] The class manager and virtual machine are bundled 
together into a single PalmPilot application, With the class 
manager as the user interface. The application is a “prc” ?le 
and is installed using the PalmPilot Install Tool on an 
associated computer system. When installed, the application 
appears on the PalmPilot’s Application Menu. The class 
manager uses standard PalmPilot database system calls to 
read and delete database records (classes). PalmPilot data 
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base systems, “prc” ?les, PalmPilot HotSync operations, and 
the PalmPilot operating system and softWare developers kits 
may be found at WWW.palmpilot.com and are incorporated 
herein by reference. 

[0070] The invention has application not only to PDAs 
such as the PalmPilot, but to any embedded device as Well. 
In operation, the embedded device Will have one or more 
class?les for execution on an embedded virtual machine. 
The embedded device may be physically linked to a class?le 
source, but can operate Without a persistent electrical con 
nection to the class?le source. In addition, the invention 
contemplates operation in the absence of any link Whatso 
ever betWeen the embedded device and the class?le source. 
The link (physical or electrical), may only be required to 
update one or more executable applications on the embed 
ded device. 

[0071] The database manager displays a list of the loaded 
classes and their respective siZes. The user can select a class 
to run, at Which point the database manager starts the 
resident virtual machine. An example of the resident virtual 
machine is described in section 2.16.1 of the Java Virtual 
Machine Speci?cation (JVMS). 
[0072] Class?le Database 

[0073] The class?le database is named “database” in one 
embodiment and is implemented in the PalmPilot format for 
databases in the example shoWn. The format for PalmPilot 
databases is described WWW.palmpilot.com. The PalmPilot 
includes an application referred to as “Memory”. This 
application illustrates the number of records that are con 
tained in an application that can store multiple records. In 
the case of the database of the present invention, each record 
represents a class?le, so that the number of records dis 
played by the Memory application represents the number of 
class?les in the database. 

[0074] The operation of the class manager and the embed 
ded virtual machine on the embedded device is illustrated in 
FIGS. 6 through 12. 

[0075] FIG. 6 illustrates an embodiment of a PDA that 
includes the embedded virtual machine application. The 
embedded virtual machine application 610 appears in the 
applications menu screen 600 of the PDA. The application 
is invoked by selecting it via activation of the touch screen 
of the PDA. 

[0076] FIG. 7 illustrates the list of available class?les on 
the PDA When the application is invoked. The class ?les are 
presented in main form 700. Main form 700 displays the 
number of available classes 710, a list of the available 
classes 715, a “Run” button 720, a “details” button 725, and 
an “exit” button 730. The exit button 730 returns the user to 
the main applications menu 600 of FIG. 6. When one of the 
?les 715 has been selected, it can be run by selecting the run 
button 720, or more information about the ?le can be 
obtained by selecting the details button 725. 

[0077] FIG. 8 illustrates the information provided by 
selecting details in FIG. 7. The example illustrates the detail 
information for the ?le Dragon10. The class form 800 
provides the name ?eld 805, information ?eld 810 (With, for 
example, class siZe), a done button 815 and delete button 
820. Selecting the done button 815 returns to the main form 
of FIG. 7. Selecting the delete button 820 deletes the 
selected class. 

Nov. 22, 2001 

[0078] FIG. 9 illustrates the display When the run button 
is selected in FIG. 6. The invoke form 900 of FIG. 9 
includes a class name ?eld 905, parameters ?eld 910, 
options ?eld 915, and status ?eld 920. The invoke form also 
includes buttons “OK”, “Cancel”, and “Exit”. The class 
name ?eld 905 includes the name of the selected class. The 
parameters ?eld 910 permits, When available, the insertion 
or designation of parameters for the application to be run. 
When the verify option is selected, the system veri?es the 
class?les being executed, if a veri?er is present. When the 
verbose option is selected, a display of the methods being 
executed is provided in status ?eld 920. The OK button 
invokes the application, the cancel button returns to the main 
form 700 of FIG. 7, and the exit button returns to the 
applications screen 600 of FIG. 6. 

[0079] Embedded Virtual Machine Operation 

[0080] FIG. 10 is a How diagram illustrating the operation 
of the embedded virtual machine application When invoked 
from the applications menu. At decision block 1000 the 
argument “Is PalmOS version number less than required?” 
is made. If the argument is true, the embedded virtual 
machine application cannot be invoked. If the argument is 
false, the application is launched at step 1005. At step 1010 
the class?le database is opened. At step 1015 the main form 
700 is displayed and the event loop begins at step 1020. 

[0081] At decision block 1025 the argument “Did an 
Event Occur?” is made. If no, the system continues in the 
event loop. If yes, the system runs the event at step 1030. At 
decision block 1035 the argument “Is Application Stop 
ping?” is made. If the argument is false, the system returns 
to step 1025. If the argument is true, the system closes all 
open forms at step 1040 and closes the class?le database at 
step 1045. 

[0082] FIG. 11 is a How diagram illustrating an event loop 
operation. At decision block 1100 the argument “Is Event 
Loop Started?” is made. If the argument is true, the event 
occurs at step 1105. Decision block 1110 determines if a stop 
event Was issued. If yes, the application is terminated at step 
1111. If no, the system checks to see if the system can handle 
the event at decision block 1115. If yes, the system handles 
the event at step 1120. If no, the system checks to see of the 
menu bar can handle the event at decision block 1125. If yes, 
the menu bar handles the event at step 1130. If no, the system 
checks to see if the application can handle the event at 
decision block 1135. IF yes, the application handles the 
event at step 1140. If no, the form object handles the event 
at step 1145. 

[0083] Class Manager Operation 

[0084] FIG. 12 is a How diagram illustrating the operation 
of the class manager. At decision block 1200 the argument 
“Was Application Button 610 Depressed?” is made. If the 
argument is false, the system loops back to block 1200. If the 
argument is true, the system activates the main form 700 for 
display at step 1205. The available ?les are displayed at step 
1206. At decision block 1210 the argument “Was Run 
Button 720 Depressed?” is made. If the argument is false, 
the system proceeds to decision block 1220 to see if the 
details button 725 Was depressed. If yes, the system activates 
the class form 800 at step 1225 and displays the ?le 
information at step 1230. If no, the system loops back to 
decision block 1200. 








