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ABSTRACT

Both interpreters and JIT compilers have inherent problems
when used in resource-constrained mobile devices such as
mobile phones and PDAs. We propose a network-based vir-
tual machine infrastructure to offload the resource-intensive
mobile code compilation and optimization to a powerful
proxy server. This paper describes the motivation, archi-
tecture and implementation of the ProxyVM prototype sys-
tem.

1. MOTIVATION

The computing power of mobile devices suffers from two
major drawbacks compared to that of desktop machines —
battery life and memory constraints. For example, while
a typical handheld device has roughly 64 MB RAM and
16 MB ROM, the JDK 1.4 runtime library alone requires
approximately 14 MB of storage space in compressed form.
The full Java development kit amounts to well over 50 MB.
Specialized virtual machine implementations for handheld
devices exist, but due to resource limitations, they usually
just support a limited subset of the whole Java platform. Of
course, none of the above numbers include the extra memory
that running applications need. Even simple AWT applets
will consume additional 10-20 MB of RAM at runtime.

The goal of our ProxyVM architecture is to increase the
usability of handheld devices through software techniques.

In traditional virtual machines, all files associated with the
Java program execution (class files, java libraries, VM bina-
ries) are required to reside on the target device. Most virtual
machines execute bytecode using interpretation, just-in-time
compilation (JIT), ahead-of-time compilation (AOT), or a
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combination of these approaches. Each approach has advan-
tages and drawbacks with respect to mobile devices.

While interpreters have the advantage of a small memory
footprint, code interpretation is too slow to be acceptable for
many real world applications. JIT compilation breaks the
performance barriers of interpretation by compiling byte-
code to native code before execution. JIT compilation oc-
curs while a program is already running (mixed-mode exe-
cution). The application pauses whenever it needs a method
compiled and resumes execution once the native code is
available. However, building an effective JIT compiler for
a mobile device is a non-trivial task given the resource limi-
tations of handheld devices. Traditional JIT compilers such
as JikesVM [1] or the HotSpotVM [7] have a large memory
footprint. Memory saving hybrid JIT compilers typically
used in embedded systems [13] have a smaller footprint but
generate less optimized code. Besides memory consumption
the compilation time also impacts the overall execution per-
formance, since CPU power is a limited resource on hand-
held devices as well.

AOT compilation involves compiling an entire program to
native code and then executing the program. The applica-
tion need not pause for compilation during execution. While
this gives AOT an advantage over JIT, good JIT compil-
ers can sometimes produce better code than AOT compilers
based on additional profiling information obtained through
runtime monitoring.

The ProxyVM architecture captures the advantages of all
the traditional approaches while minimizing resource con-
sumption on the handheld. Using our framework, hand-
held users can, for example, request Java applets from the
internet as they normally would with a web browser on a
desktop machine. However, a powerful server infrastructure
(the proxy) intercepts Java class file requests, downloads the
bytecode and compiles all necessary classes to native code.

Unlike interpretation and JIT compilation, our framework
does not require any Java support in the form of runtime li-
braries or VM specific files on the handhelds themselves. By
pushing all compilation work onto the more powerful server,
our approach saves resources and enables optimizations that
would be too costly in terms of memory consumption and
CPU time to perform on handheld devices.
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Figure 1: The ProxyVM Framework

The remainder of this paper is organized as follows. In
Section 2 we present the ProxyVM architecture overview.
Section 3 discusses the implementation issues of the proto-
type system. Section 4 discusses related work. Section 5
presents our conclusions, while Section 6 proposes possible
future extensions.

2. INFRASTRUCTURE OVERVIEW

The ProxyVM framework enables resource-efficient mobile
code execution on handheld devices. The framework consists
of a proxy bytecode compiler on a server and a runtime
system for the handheld device.

So far we have implemented a ProxyVM prototype system,
using the Sharp Zaurus PDA as a target device. The Sharp
Zaurus is a handheld device with 64 MB of RAM, 16 MB of
ROM, and a 206 MHz StrongARM CPU.

Figure 1 shows the overview of the ProxyVM architecture.
In the current scenario, the handheld device requests a Java
program from the proxy (number 1 in Figure 1). The proxy
loads (2,3), parses and compiles all necessary class files into
native code (4) and sends the native code to the handheld
(5). Our runtime system on the handheld maps the native
code into memory and executes it. Thereafter, the program
executes without using any Java support on the handheld.
Beyond shifting compilation to the proxy, the execution of
the mobile code might also be partitioned between the proxy
and the handheld, in order to achieve less power consump-
tion and faster execution, or even possibly to break the mem-
ory limits on the handheld.

The proxy mediates all communication between the internet
and the mobile device. When the server receives a class file
request, it sends it to the code generator that in turn notifies
the class file loader. The loader searches available paths for
the class. These paths include the local file system, JAR
archives, and remote URLs.

Initially, the parser analyzes a class file and retrieves infor-
mation about the logical structure of the class. The code
generator then uses this information to create a data struc-
ture (class descriptor) that captures object oriented aspects
of the class.

After loading the main class and its dependent classes, the
code generator analyzes these classes to determine what
methods to compile. It builds a tree of callable methods
and proceeds to compile every node in the tree. The result-
ing binary code includes a minimal set of methods needed
for runtime execution. The proxy sends the binary code to
the handheld, and the handheld maps it into memory for
execution.

After mapping the code into memory, the handheld sends
the code address back to the proxy. The proxy uses this
information to update method tables so that they contain
absolute method addresses. It then sends a list of class de-
scriptors to the PDA. While executing the program the run-
time loader can refer to these class descriptors whenever it
needs object-oriented information specific to a class (e.g.,
virtual method addresses).

3. IMPLEMENTATION

In this section, we cover the implementation of the ProxyVM
prototype system. The discussion consists of two parts. Sec-
tion 3.1 to Section 3.4 cover issues specific to Java. These is-
sues include support for the Java object model, garbage col-
lection, multithreading and exception handling. Section 3.5
to Section 3.6 cover other implementation issues specific to
the ProxyVM, including selective compilation, runtime ser-
vices, and Java library support for the handheld.

3.1 Object Model

To represent object-oriented aspects of a program, the proxy
builds a list of data structures called class descriptors. Ev-



ery loaded class has its own descriptor that stores infor-
mation specific to that class. This information includes
the class instance size, super-class reference, static fields,
virtual method addresses, class initializer offset, reflection
handler offset, and interface method table offset. The proxy
sends the descriptors to the handheld after sending the bi-
nary code. The runtime system consults these descriptors
whenever it needs class-specific information, such as method
addresses. The ProxyVM compiler embeds in every object a
pointer to the associated class descriptor table. The runtime
system uses this pointer to find the virtual method table for
the class.

At compile time, every method of a class receives an off-
set in the method table. Since Java supports only single
inheritance, the offset is the same for every derived class.

As usual, interface method dispatch is more difficult. Inter-
faces are the closest approximation to multiple inheritance
in Java. An interface is a class having only abstract meth-
ods and final constants. A class implements an interface by
providing definitions for all the interface methods. A class
can implement several interfaces, and different classes can
implement the same interface method differently by giving
different definitions for the method body. Traditional strate-
gies for virtual method resolution do not apply in a straight-
forward way to interface methods. Virtual methods in Java
receive the same offset in the method tables of their defining
classes and subclasses. This consistency allows fast lookup
times. In contrast, an interface method does not necessarily
have the same offset in every implementing class’s method
table.

interface I {
public void fQ);

}s

class 4 {
public void g {};

b

class B

extends 4

implements I {
public void £() {};

}s

class C
implements I {
public void £() {};

}s

Figure 2: Example for interface method offset in-
consistency problem

Consider the example in Figure 2. Class A has a single
method g. This method takes up the first available slot
in A’s virtual method table (VMT). A has a subclass B
that additionally implements the interface I. Interface I
demands that all conforming classes implement the method
f. In B, the method f will appear in the next available
slot, which is 1, since slot 0 already contains the method g
inherited from A. If a class C' implements interface I but

does not derive from A, the method f would appear in slot
0 instead of slot 1 as was the case for B.

We handle the interface dispatch problem in our ProxyVM
using selector indexing with collision resolution [2]. Each
class has a fixed size interface method table (IMT) and every
interface method has a unique global id. Loading a class
includes hashing all the interface methods to the IMT based
on id.

Under this approach, two or more interface methods may
hash to the same IMT slot. A slot to which only one method
hashes stores a pointer to that method. A slot to which two
or more methods hash stores the address of code that the
compiler generates whenever it detects a collision.

This collision resolution code consists of pairs of compari-
son and branch instructions. The instructions compare the
called procedure’s id with the id of every method that hashes
to the IMT slot and jump to the method with matching id.

Selector indexing with collision resolution solves the prob-
lem of assigning consistent offsets to interface methods. By
allowing all interface method tables to retain a fixed size, it
also guards against the memory consumption problem. In
the average case, the cost for the collision resolution code is
negligible [2].

3.2 Garbage Collection

For shorter response times, the ProxyVM uses an incremen-
tal mark-sweep tracing garbage collector. Unlike atomic
garbage collectors, incremental collectors execute concur-
rently with the program, thereby removing the need to pause
the program for garbage collection. Our garbage collector
uses a Tricolor marking scheme with a write-barrier ap-
proach.

One problem with incremental tracing is that the reacha-
bility graph may change during tracing due to concurrent
execution of the program. The Tricolor marking scheme ad-
dresses this problem [20]. In a simple mark-sweep garbage
collection algorithm, all objects are initially white. The al-
gorithm colors reachable objects black while tracing down
the graph from the root set. The collector finally retains
all black objects and reclaims white objects. Incremental
tracing uses a third color gray, to prevent the tracing failure
that arises from graph changes. Under incremental tracing,
the reached objects are initially gray. A gray object becomes
black only after the collector traverses its internal reference
pointers. Thus there are no pointers directly from black
objects to white objects, which we call tricolor invariant.

A garbage collection algorithm can maintain the tricolor
invariant with either a read-barrier approach or a write-
barrier approach. We choose the latter, since heap writes
are far less common than heap reads, thus making write-
barrier techniques cheaper. We implement the write-barrier
by notifying the garbage collector after every PUTFIFELD
or PUTSTATIC instruction. White objects caught by the
write barrier turn gray immediately.

3.3 Threadsand Synchronization



Thread support is another essential feature of Java. A multi-
threaded environment allows independent threads to operate
on data in a shared address space. Proper communication
among threads requires synchronization mechanisms.

Java uses monitors for synchronization, thereby ensuring
that only one thread at a time can execute a critical re-
gion of code. The language supports thread functionality
through the methods of Thread and Object classes, and
support synchronization through synchronized methods and
synchronized blocks that are marked by synchronized key-
word. Every JVM must provide support for threads and
synchronization, and our implementation uses the Pthreads
library routines [4].

The Pthreads API subroutines generally provide the follow-
ing three major functions:

Thread management This group of subroutines work di-
rectly on threads - creating, detaching, joining, etc.
They also include functions to set or query thread at-
tributes.

Mutexes The second group of subroutines deal with syn-
chronization using a mutex (mutual exclusion). Mutex
routines enable creating, destroying, locking and un-
locking mutexes. They also include routines that set
or modify mutex attributes.

Condition variables This third group of subroutines deal
with condition-based communication between threads
that share a mutex. Routines to create, destroy, wait
and signal based upon specified variable values, and
routines to set or query condition variable attributes
all belong to this group.

The ProxyVM implements the Java thread functionality by
writing native wrapper procedures to invoke appropriate
Pthreads subroutines.

For thread management, a central data structure is main-
tained to hold information about all the created threads,
including their pthread handles, liveness, interrupted-ness,
current stack boundaries and local heaps'. This centralized
structure is very useful for obtaining information about a
thread that is not the current thread. It also helps services
such as the garbage collector traversing the stacks of all
threads.

Another central data structure in the ProxyVM implement-
ation is for mutexes. According to the JVM specification,
every object has its own mutex for locking and synchroniza-
tion. An object’s mutex is accessed whenever there is a syn-
chronization request using this object. While it is natural to
have a separate mutex field embedded within each object,
this would cause excessive memory overhead since only a
very low percentage of all created objects are actually used
in synchronization. Instead, we use a hash table of linked
lists with mutex elements, indexed by the instance address
of the object. To prevent unnecessary overhead, a mutex for

'Each thread has a separate heap of its own in ProxyVM
implementation.

an object is created and inserted into this mutex structure
only when an attempt is made to use it. An object’s mutex,
if it exists in the mutex structure, is destroyed when the
garbage collector reclaims the object.

3.4 Exception Handling

Java’s exception handling mechanism provides a clean way
to check for and deal with errors at runtime. Efficient ex-
ception handling is essential for performance.

Two common exception handling techniques include:

Stack cutting Set the stack pointer and the program
counter to point directly to the exception handler.

Stack unwinding Unwind the stack frame one at a time
to search for the corresponding exception handler.

The first technique can be very fast in a native implement-
ation that saves two pointers. The setjmp and longjmp in-
structions in C code are also useful for stack cutting, though
they are more expensive since they normally save and restore
necessary states [16]. To cut the stack directly to the ex-
ception handler, this technique uses a dynamically growing
linked-list of data structures representing try blocks. Upon
entering a try block, the algorithm adds a new node to the
list. Upon exiting the block, it deletes the node. Stack cut-
ting will not automatically restore the callee-saved registers
in method calls. Thus the exception handling data struc-
tures can also save these registers. Stack cutting has been
used in exception handling implementations for C++ [3] and
Ada [6].

The second technique unwinds the stack by one frame at
a time until it reaches the exception handler. It restores
callee-saved registers after each unwinding iteration. The
approach uses exception tables to find the appropriate ex-
ception handler at runtime. Stack unwinding has also been
used to implement C++ exception handling [9] and is the
model adopted by the JVM [12]. In Java, an exception ta-
ble is associated with each method if necessary. Each table
entry stores the program counter values for start and end of
the guarded t¢ry block, the program counter of the exception
handler, and the class type of the exception the exception
handler is about to catch. At runtime, when an exception
occurs, the JVM searches the exception table and directs
program execution to the exception handler. If no matching
exception handler is found, the JVM unwinds the stack by
one frame and searches the exception table at the upper
level method. This process continues until the exception is
caught by an exception handler, or until the topmost level
of method is hit and the JVM default exception handler
catches the exception.

Both techniques are not universally perfect in terms of ef-
ficiency. Stack cutting has the overhead to dynamically
maintain the linked data structure regardless of whether
the exception really happens. Stack unwinding can incur
more overhead than stack cutting if unwinding occurs sev-
eral times. Thus stack cutting is more efficient in exception
handling paths and stack unwinding is more efficient in nor-
mal paths.



In ProxyVM implementation, a modified CACAO stack un-
winding approach [10] is used, since we believe efficiency
in the normal path has the best payoff. The reason is that
exceptions are rarely raised in real world Java programs. For
example, in Java SPEC benchmarks, 5 out of 8 benchmarks
do not generate any exceptions and only 2 benchmarks gen-
erate notable exceptions [11]. By choosing the stack un-
winding approach we avoid the unnecessary penalty in the
normal path caused by stack cutting, and by choosing a
naive but fast scheme, as is used in CACAQ, we also make
the exception handling path efficient.

Our exception handling implementation uses a mechanism
similar to that of a typical JVM interpreter. Each method
has an exception table, which is searched whenever an ex-
ception is thrown. This native exception table is generated
from the Java exception table, with all the bytecode pointers
translated into native code pointers.

3.5 Seective Compilation

Selecting methods to compile is an important decision that
can significantly impact compile time and code size. It is an
especially critical decision for the ProxyVM infrastructure:
Since the proxy does all work associated with loading and
compiling classes and must also send information back to
mobile devices, it must not become a bottleneck. A naive
approach is to compile every method in every loaded class.
This approach does not scale since Java programs are full of
dependencies. When a method in one class calls a method in
another unloaded class, the JVM must load the second class,
too. Java programs often have lengthy chains of method
calls that require loading several hundred classes. This class
explosion problem is most apparent in the case of GUI pro-
grams. The statement, Frame f = new Frame( ), requires
loading over 800 classes. By no means are all methods of all
loaded classes callable. If the JVM were to compile every
method of every loaded class, it would waste time compil-
ing unused methods and in most cases the resulting binary
would be too large for the handheld device. Thus it makes
sense to compile only only callable methods. In addition, the
identification of callable methods allows the runtime system
to skip the dynamic dispatch for call sites having only one
possible target.

The ProxyVM implementation uses standard techniques to
identify methods that might be called at runtime. The ap-
proaches implemented so far include Class Hierarchy Anal-
ysis (CHA) and Rapid Type Analysis (RTA) [19]. While
these are ad hoc approaches, they are very fast since they
only require parsing the bytecode stream once. The analy-
sis results computed by CHA and RTA already allow us to
significantly minimize the number of callable methods.

When deleting uncallable methods, there are some special
cases to consider. We discuss these cases in more detail.

The JVM invokes class initializers whenever it loads a class.
These initializers assign values to static fields and execute
any user defined initialization code inside a static block. Ini-
tially the JVM invokes the class initializers of the main class
and its superclasses. Thus, the ProxyVM adds these initial-
izers to the set of callable methods after adding main. Also,
there are specific JVM instructions that prompt class ini-

tialization. These include NEW, GETSTATIC, PUTSTATIC and
INVOKESTATIC. Whenever the VM encounters these instruc-
tions, it must add the initializers of the target class and
superclasses to the set of callable methods.

The Java Native Interface (JNI) is a programming environ-
ment that allows Java and C programs to exchange informa-
tion. Generally, designers implement native methods in C
using the JNI library and store the code in a library. Since
the C code might have callbacks to Java code, the final set
of callable methods must include any Java method a native
method calls. A comprehensive but costly solution is to
parse the C library files containing native method imple-
mentations in search of callbacks to Java code. Fortunately,
these callbacks are rare, allowing us to adopt an easier solu-
tion. We add native methods to the set of callable methods
based on external information.

As mentioned above, interface methods pose an interest-
ing challenge since their resolution happens only at runtime
through the interface method table. In some cases, we can
identify the exact target of an interface method call after
deleting uncallable methods. In these cases, the runtime
system can invoke the method directly instead of using the
IMT.

3.6 Runtime services

Some bytecode instructions depend on services available
only at runtime. For example, there is no ARM instruc-
tion for integer division. Thus the proxy must compile the
division bytecode instruction into native code that calls a
C library division routine. Native methods also rely heavily
on runtime services since they are platform dependent.

Our runtime system includes C routines that, depending on
the handheld device, provide functionality that otherwise
would be unavailable. At compile time, the ProxyVM does
not know the absolute addresses of these routines, but only
the distance between the current program counter and a
special jump table that it builds to invoke the routines. The
native code for a division instruction generated by the proxy
for an ARM target then has a branch to the jump table entry
for the division runtime service.

The jump table holds an entry for each type of invoked run-
time service. An entry takes up two slots. The first slot has
an ARM instruction for jumping to the address in the second
slot. The proxy leaves the second slot empty. The runtime
system fills this slot with the runtime service address.

3.7 JavaRuntimelLibraries

Traditional VMs for embedded devices usually store their li-
braries on the target device. As a result, they must provide
stripped-down versions of these libraries that use minimal
resources of the device. Consider Sun’s PersonalJava Appli-
cation Environment, which targets miniature devices such as
cell phones. The online documentation for this runtime en-
vironment shows that numerous libraries are either optional
or not fully supported [18].

Since all Java libraries in our infrastructure reside on the
more powerful proxy, our library implementations are less
subject to resource limitations of the embedded environ-



ment. We are able to support more libraries more thor-
oughly than traditional VMs that target mobile devices. We
use the complete Sun JDK 1.3.1 versions for most libraries.
An exception is the Abstract Window Toolkit (AWT), a
fundamental library for GUI support.

To implement the AWT, we have re-engineered the version
in Kaffe[8], using the Qt-Embedded library to manipulate
the Zaurus framebuffer. This version has slightly more func-
tionality than Sun’s AWT and is also resource efficient.

4. RELATED WORK

To our knowledge, there has been little prior work on server-
based compiler infrastructures for Java. The recent work
most similar to the research we are proposing is the Mojo
virtual machine, developed at the University of Sussex [14].
The basic Mojo framework consists of a proxy server con-
taining a Java-bytecode-to-C compiler and a C compiler for
the target platform. Initially, Mojo statically compiles the
main Java class and its transitive closure to ISO-C source?.
The C source includes implementation for all class methods
and additional code that adds class-specific information to a
table of loaded classes at runtime. The loading and compila-
tion of additional classes occurs on demand during program
execution. The runtime system checks the global class table
to see if a required class has been loaded. If the class has
been loaded, the runtime system can instantiate it using the
class table information. Otherwise, the system requests the
class from the proxy, which loads and compiles the class to
C source, compiles the C source to native code and sends
the native code to the target.

While the Mojo VM reduces resource usage on the handheld
through proxy compilation, it introduces an additional over-
head by compiling class files first to C source and then to
native code. Our ProxyVM avoids this overhead by directly
compiling class files to native code and building class de-
scriptors in the process. Mojo also does not include runtime
profiling or application partitioning, which are two areas
that we intend to explore.

Another remote compilation system is the Java Compiler On
Demand (JCOD) system developed at the Silicomp Research
Institute [5]. Under this framework, a Java application is
initially downloaded to the target device, which contains a
modified version of Hewlett Packard’s Chai VM that sup-
ports dynamic profiling. The application first runs through
an interpreter. While the program is running, the VM on the
target profiles it to collect statistics on execution frequency.
When the frequency of a method call reaches a threshold,
the VM requests a remote compile server to compile that
method. In turn, the server compiles the method and sends
native code back to the target. Like Mojo, JCOD reduces re-
source usage and improves code generation by shifting com-
pilation work to a more powerful proxy. However, it incurs
the memory costs of storing a VM and required class files
on the target. Our ProxyVM avoids these costs by storing
class files and all VM related files on the proxy.

2The transitive closure of a class A consists of all classes
that A references, excluding classes loaded through the
java.lang.class. for Name() method.

There have been related efforts to build distributed virtual
machines. The Kimera project at the University of Wash-
ington is one such effort [17]. The goal of Kimera is to split
a virtual machine into functional components and distribute
these components over organization-wide network servers to
amortize the overall costs of VM services.

The Kimera VM architecture consists of static components
(verifier, security-enforcer, compiler) that execute once be-
fore a program runs, and dynamic components (network
manager, library manager, runtime type-checker) that ser-
vice a program while it is running. Static components typ-
ically reside on one or more centralized proxies that form
gateways to an organization’s local network. These proxies
append digital signatures to ensure that all code entering
an organization passes verification and security checks. The
system may redirect internally modified code to the central-
ized servers for verification.

While the Kimera architecture uses ideas similar to what
we propose (remote compilation, runtime monitoring), it
targets the local area networks of companies. Though the
framework involves partitioning at the virtual machine level,
it places less emphasis on Java application partitioning and
continuous optimization.

Kimera also does not address all issues arising in a more gen-
eral setting where the distances between servers and users
may possibly span up to several hundred miles. Our research
must consider such issues. In the scenarios we are explor-
ing, it is less efficient to spread a single JVM’s function-
ality across multiple servers, since this would significantly
increase communication costs of the interacting JVM com-
ponents. Network management is another complex issue
that we intend to address. Rather than centralizing network
services on a single server that may be thousands of miles
from the nearest handheld device, we may need to store a
complete JVM on each proxy and make devices interact with
the nearest proxy. Of course, we will also have to formulate
appropriate cost models for migrating applications between
servers in response to changing user locations.

5. CONCLUSIONS

We have presented a framework for network-based compi-
lation of Java programs for resource-constrained handheld
devices. Using this framework, a powerful proxy server inter-
cepts class file requests, downloads and verifies all necessary
class files, and compiles the bytecode to executable native
code. This approach supports the offloading of resource-
intensive compilation and optimization phases to the proxy,
so that it is not necessary to store a JIT compiler on the
handheld. At the same time server-based compilation en-
ables more sophisticated optimizations due to the additional
resources available at the proxy. With the prototype imple-
mentation of our ProxyVM we have also demonstrated that
our architecture supports a much broader set of library func-
tions for mobile device applications since the handheld only
needs to download required parts of the runtime system.

6. FUTURE WORK

We have identified three main areas that we will focus our
future work on. First, we plan to introduce a monitoring
and profiling subsystem on the handheld to enable dynamic



compilation and dynamic optimization. The revised com-
piler will also include a more sophisticated selection mecha-
nism for selecting callable methods based on Rapid Control
Flow Analysis [15], which in contrast to the currently used
techniques is flow-sensitive and promises significantly better
results. Our second major area of interest is partitioning.
Currently the whole program executes on the handheld de-
vice. Applications that are too resource intensive to exe-
cute entirely on the handheld will execute jointly on the
handheld and the more powerful proxy server. We plan to
explore various partitioning strategies for our framework to
minimize resource usage at the target device and commu-
nication costs. Finally, we intend to port our ProxyVM to
more handheld devices to prove the universal applicability
of this approach. This phase is going to target especially
highly resource-restricted devices such as mobile phones on
the one end of the spectrum and more powerful ones like
more powerful handheld devices on the other end.
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