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Java is a high-level language that Sun, Java’s creator, likes to characterize with the slogan “write once, run anywhere.”  It is a simple, object oriented, and highly portable because it is an interpreted language.  Java .class files are run through a Java Virtual Machine (JVM), which takes Java byte code and Just-In-Time (JIT) compiles it into the host computer’s machine language.


The Java language has a lot of potential for corporate use.  Since the language is so simple and so similar to C++ just about anyone can learn to use it in a few days, its object oriented nature promotes code reuse, and thanks to the JVM it runs on almost every platform.  The bottom line for most businesses is that Java promotes faster and cheaper code development.


Fast and cheap is exactly what embedded computer system manufacturers want.  In recent years, embedded systems (computers embedded within another product) have gone from be 4-bit controllers to 8-bit and 16-bit controllers.  And as the demand for more functionality in these products grows, 32-bit and 64-bit controllers are expected.  Since embedded system manufacturers often use several different types of processors and have production runs in the millions, it is essential for these businesses to have cost efficient software development.  


Java sounds like it could be the answer for embedded systems, but there are still problems with the Java environment that need to be dealt with.  In the first presentation I will review, “Challenges to Embedded Java” (1998), Charlie McDowell of the University of California Santa Cruz attempts to point out and suggest ways to fix Java’s shortcomings.  After that I will review the technical overview of Sun’s Embedded Java to see how they have addressed some of the issues McDowell raised.

Challenges to Embedded Java


McDowell assumes that Java is superior to C and C++ from a software engineering perspective because it is easier to develop and maintain, and because it is highly portable.  In the embedded systems arena, however, it has four major shortcomings: memory requirements, speed of execution, automatic garbage collection, and real-time support.


The Java platform consists of two parts: the Java Application Programming Interface (API) and the JVM.  Just storing these two can eat up a significant portion of an embedded system’s memory.  In JDK1.1, the API was larger than 9 MB, and the JVM could be anywhere from 300 to 800 KB depending on your machine.  In addition, there is also some memory overhead involved in garbage collection.


There are several properties of interpreted languages that make them slower to execute than compiled languages.  Since code is compiled as it runs, late binding will cause some runtime overhead.  Dynamic dispatch of methods is another cause of the Java slowdown.  Also, the garbage collection routine requires processor time to run, slowing down the execution of the program.


One of Java’s features that makes it so simple is the automatic garbage collection, but as you’ve already heard it has several drawbacks.  Garbage collection puts extra pressure on memory and the processor, and generally results in slow performance.  This is especially problematic for real-time applications, which make up a significant portion of the embedded systems market.


Finally, real-time systems have several needs that present forms of Java don’t address.  There is still some difficulty measuring CPU time and memory usage, and it is difficult to predict the worst case execution time of many applications.  Java needs better ways to enforce time and space budgets, and real-time garbage collection.


Due to all of these drawbacks, Sun’s Java has gone unchallenged.  Microsoft, Hewlett Packard, NewMonics, Transvirtual, and many others have developed their own versions of embedded Java, often with improvements relevant to embedded systems.  Although these new versions usually end up in a courtroom instead of a consumer product, McDowell has done a thorough comparison of several top competitors.  UCSC has also developed their own version of embedded Java, called JN, which attempts to implement some of the suggestions made in the presentation.


All the different versions of embedded Java addressed the memory problem by only including a subset of the API.  Usually this managed to shrink class file storage space down to about 2 MB, but in some cases, such as JN, the resultant API needed only 300 KB.  In order to speed up run time, many of the new JVMs only support final and static methods, eliminating dynamic dispatch.  In all cases except NewMonics’ PERC, automatic garbage collection was done away with.  PERC has features that budget memory to real-time “activities”, and uses an incremental copying collector to achieve real-time garbage collection.


The significance of all this is both good and bad.  In the real world, embedded applications are generally required to perform a specialized task, often in real-time.  With new competitors to Sun’s embedded Java coming out all the time, it offers more options to manufacturers that are specialized to the needs of their particular embedded system.  The down side of this is that specialization often requires changes to the Java API, threatening to do away with the portability that makes Java such an attractive commercial language.  This problem of trading portability for specialization is one that is still being resolved, often by Sun’s lawyers instead programmers.

Technical Overview of Embedded Java Technology


Sun isn’t totally oblivious to the needs of embedded system manufacturers.  In the last year Sun has released its new Embedded Java standards, which are much more lenient than the former standards, and also address many of the key criticisms.  


One the most important changes Sun has made is to allow embedded Java platforms to use a configurable set of class libraries instead of the entire Java API.  This is what most of Sun’s competitors have been doing anyway, but this change in essence makes the use of reduced API legal in commercial products.  Sun has also made the JVM configurable, allowing for more specialization.


Additionally, Sun has released three tools for programming embedded applications.  The JavaFilter, which looks at program elements and produces a list of required classes, fields, and methods.  The JavaCodeCompact performs optimizations to reduce memory space and runtime.  The JavaDataCompact effectively performs the same task as the JavaCodeCompact with associated data files.  The process of creating embedded applications with these tools is as follows: 


First you write and compile your .java with any of the free Java development tools available.  You feed these classes as well as the Java API into the JavaFilter tool to produce to create a list of only the necessary API classes and methods.


Next you feed this list and the application classes into the JavaCodeCompact.  This produces data structures represented in C code.


Finally, the data structures are compiled on the devices native C compiler, and the resulting objects are linked into a compact, executable image and placed in the devices ROM.  This allows applications to execute much faster, and allows the development process to continue to be platform independent.

Conclusion


Java offers solutions to the unique challenges of embedded systems, but also poses new problems.  As embedded software gets more complicated, the need for efficient software development will grow.  But due to the nature of many embedded devices, it is important that performance not be sacrificed for cheaper development.  Sun’s new Embedded Java standard is step in the right direction, but it would not have been developed unless other companies continued to develop alternatives.  The key to the future success of embedded Java is to allow this competition to continue, resulting in new ways of improving performance, but also to periodically update the standard so that Java does not loose its portability.  Without portability, you might as well be programming in C++. 

