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This version of "The GC Interface in the EVM" was shortened by Alex Garthwaite, and includes an
updated "Addenda, Open Issues, and Future Directions" section.  Visit www.sun.com/research/jtech/
for the full version.  

The Java Technology Research Group (originally known as Java Topics) was formed late in 1995 to
develop expertise in Java garbage collection (GC).  The founding members of the group, Guy Steele,
Derek White and Steve Heller, were joined by Ole Agesen during the summer of 1996, and we set the
goal to explore soft real−time GC, probabilistically meeting real time constraints.  We wanted to "solve
the Java GC problem," but we soon realized that Java didn’t have  a GC problem.  Java
implementations at the time were so slow that GC was not the weakest link.  We set out to build a
high−performance Java Virtual Machine (JVM) that would have a GC problem so that we could solve
it.  And we carefully designed this JVM to facilitate GC experimentation.

Soon after Christine Flood and Dave Detlefs joined the team in the fall of 1996, Ole Agesen led an
effort to overhaul the Sun JVM now known as the "Classic VM" to create a JVM known as
"ExactVM" (also known as "EVM," and eventually known as "The Sun Microsystems Laboratories
Virtual Machine for Research," or "ResearchVM").  At the center of the ExactVM was a GC interface,
designed to facilitate GC experimentation.  Alex Garthwaite, who joined the team as a summer intern
in 1997 and 1998 and a full time member in the fall of 1998, teamed up with Derek White to produce
the GC interface document (this TR).

We also joined forces with a product team whose goal was to build a high−performance JVM for the
SolarisOperating Environment. The GC interface abstraction did not cost the VM performance, and
ExactVM became Sun’s Java 2 SDK Production Release for Solaris OE, versions 1.2.2_xx,
managed by David Nelson−Gal, Borek Vokach−Brodsky, Dave Seberger (and many others), led
technically by Ole Agesen and Ross Knippel (Mario Wolczko was the initial product team technical
lead), and contributed to by scores of others.  Three years later, the ExactVM is still packaged with
Solaris and shipped as a product.

The ExactVM team was a close and highly successful collaboration between research and
development; together we investigated various aspects of Java performance and scalability, notably
synchronization, just−in−time compilation, and garbage collection.  This project was a success
disaster as the research team was drawn tightly into the product team.  David Nelson−Gal, the director
of the product side of the team, extracted a written commitment (dated 8/26/97) from the research side
of the team to remain committed to the project for at least one year.  We did that and more.

The GC interface supported various generational garbage collection configurations, the default system
being a semi−spaces young generation and a mark−compact mature generation.  We also developed
many experimental GC configurations.  As is often the case, we leveraged the momentum and energy
of summer interns:  during the summer of 1998 Alex Garthwaite and Tony Printezis, respectively,
designed and implemented incremental (a bit at a time) and concurrent (simultaneous with the Java
program) collectors.  The next summer we also explored parallel (multi−threaded, led by Christine
Flood, with help from summer intern Catherine Zhang) GC.  None of these technologies were made
widely available to customers in 1.2.2_xx.
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Within Sun, at least one other product group and a host of other research teams leveraged the GC
interface and the ExactVM to experiment or to build other JVMs.  On the product side, Borek Vokach−
Brodsky and his team built the J2ME Connected Device Configuration which contains the CVM, a
small footprint JVM based on ExactVM and the GC interface.  The following efforts were on the
research side.  Mario Wolczko derived the "Tracing JVM" for extracting and studying Java traces, and
it was licensed to nine universities and several companies.  Mick Jordan, Malcolm Atkinson (Glasgow
University), and their teams derived a JVM that implemented orthogonal persistence for the Java
platform by leveraging the GC interface; this JVM was also licensed to a number of universities.  In a
related project Laurent Daynes used the ExactVM extensively to experiment with transaction−based
isolation between applications.  Grzegorz Czajkowski and Laurent used the ExactVM to evaluate the
performance of a multi−tasking JVM prototype based on bytecode editing and to test the native
method isolation mechanism.

ExactVM source was licensed to a number of academic institutions to facilitate research, especially in
garbage collection:  UC Santa Barbara, Glasgow University, Purdue, Tokyo Institute of Technology,
Pennsylvania State University, Rice University, University of Kent, University of Waterloo,
University of Texas at Austin, Technion, Princeton, University of Cambridge, San Francisco State
University, and the University of Toronto.  The success of this program was due in large part to the
GC interface document, which was the only external documentation delivered with the ExactVM
source.  The success can be measured by the many papers and theses enabled by the program,
some of which are listed below and some of which are yet to emerge.

A second version of the GC Interface was designed by Dave Detlefs for use in the Java HotSpot
JVM and is part of Sun’s 1.4 release.  In subsequent releases, we expect that many of the
incremental, concurrent, and parallel technologies we developed will be deployed in products.  This
represents another close and successful collaboration between research and development, led
technically by Dave Detlefs on the research side, and Peter Kessler on the product side.

The current research of the team continues to build on the incremental, concurrent, and parallel
techniques developed in conjunction with the GC interface and ExactVM.  We walk the hairy edge
between research and development.

While I’ve attempted to retell the story of our GC interface and the ExactVM (they are inseparable), it
was such a broad team effort that I undoubtedly have not given adequate credit in some cases.  We
worked with many researchers and product people here at Sun.  We worked with interns, visiting
professors, and academic collaborators.  And, although I will make him uncomfortable by concluding
thus, the undisputed champion and leader of our effort was Ole Agesen, to whom we owe a great
debt.  [note to self:  send Ole a certificate of appreciation (use color printer) and a couple of pounds of
"Peet’s"]
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