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Motiv ation

� Investigate distrib uted Java Vir tual Machine (dJVM) focusing

on long running low contention server side applications.

� Target commodity hardware , e.g. Bun yip—a 96 node cluster of

PCs.

� dJVM platf orm enables the investigation of techniques and

algorithms for suppor ting distrib ution, inc luding:

– methods for determining object placement, caching and

migration, and

– the evaluation of runtime suppor t algorithms, suc h as

distrib uted garba ge collection.
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Related Work
There are broadl y three appr oaches to the effective

implementation of distrib uted JVM:

1. Provide a solution built on top of a set of standar d JVMs,

either by:

– static transf ormation—ahead of time transf ormation, or

– dynamic transf ormation—just in time transf ormation.

2. Building a JVM on cluster enabled infrastructure , suc h as a

DSM.

3. Developing a cluster aware JVM.
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Appr oach—Design

� Maintain the standar d Java programming envir onment—Single

System Image (SSI).

� Master -slave model of class management.

� Distrib ution model:

– Execution normall y based on object location.

– Distrib ution by placement of objects (inc luding threads)

and subsequent migration.

� Independent memor y management on nodes (so far).
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Appr oach—Implementation

� Effect distrib ution thr ough transf ormation of code:

– Ideall y—

�

�

JVM
�

�
�

dJVM.

– Practical—combination of

�

and infrastructure chang es.

� Use the Jikes RVM developed by IBM Research:

– Written in Java.

– Compiles to native code .

– Integrates runtime and application code .
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Issues—Globall y Visib le Data

� JVM runtime structures have global scope in a non-distrib uted

implementation.

� Initialization must onl y occur once .

� Booting is a two phase process, before and after joining a

cluster:

– Initialization locall y.

– Coalesce global data.

– Unify type inf ormation identity .

August 2003 Peter Strazdins (with John Zigman et al) 6



A Cluster -Aware distrib uted JVM in Java

Issues—Remote Objects

� Objects are owned by a par ticular node , and given a global

identity on demand.

� References to remote objects are distinguished from those to

local objects by their form. Consequentl y, software faulting is

based on the form of a reference .

� Type inf ormation is always locall y availab le even for

references to remote objects.
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Issues—T ransf ormations
� De�ne transf ormations that appl y to:

– the construction of the JVM image,

– the transf ormation code , and

– the application code .

� Transf ormations need to be incorporated in-between the JVM

load and link sequence phases.

� Annotations to guide or direct transf orms extend the Jikes

RVM annotation model:

– Implement interfaces.

– Method thr ow lists.

– Try/Catc h bloc ks.
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Issues—Ma gic
Reference faulting requires:

� Hooks for de�ning the form of references to local and to

remote objects.

� The JVM to allo w dynamic type resolution thr ough faulting

references.

� GC must allo w mechanisms to handle faulting references.
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Issues—Threading Suppor t
� A thread resour ce is local to a node .

� Threads may take on the identity of a remote thread, acting as

a proxy.
– invoking a method on a remote object thus involves a

remote method call (RMC)

– class loading on slave nodes is done similarl y by an RMC

to the master node

� Local thread resour ces reused for correctness & perf ormance .

� As well as threads corresponding to the application, there are

threads associated with the dJVM itself
– these inc lude a comm unication thread , activ ated whene ver

a messa ge is received
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Issues—Thread Reuse
Node 1 Node 2

VM_Thread VM_ThreadA B

a.m()

c.y() b.x()
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Performance Evaluation

� Platf orm used: a 20 node Beowulf cluster (550 MHz dual PIII,

10Mb/s netw ork)

� Application: numerical integration program, 1 master and

�

slave thread

– sync hroniz ed using standar d wait() /notify()

methods

– comm unication of input / results via RMC parameter s /

return values
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Performance Evaluation – Results
� Overhead of an RMC �

�

–

	 �

 that of MPI round-trip messa ge

(�

� �


��

)

� Overhead of remote class loading & thread creation

�

– �

�



greater still

� Overheads high even when master and slave threads were run

on same node

� Parallel speedup at

���

�

�

of 5.2 (with 0.22s computation &

0.04s for 2 RMC's per integration)

� Major problem: all JVM-level threads were run on a single

kernel-le vel thread: comm unication overheads were a multiple

of a timeslice!
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Current Status
� Prototype based on Jikes RVM 2.0.2 using the baseline

compiler running on a 20 node cluster .

� Testing the prototype revealed two serious issues:

– Thread switc hing bug.

– Adverse scheduling behaviour .

� The por t to the latest version of the Jikes RVM is near

completion. In conjunction with the por t we are:

– minimizing the invasiveness of the chang es, raising as

many alterations to the bytecode level as practical, and

– incorporating modi�cations to enable the optimizing

compiler to be used.
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Future Work

� Expect (2nd) release based on Jikes 2.2.0 under GPL 11/03

– preliminar y tests indicate much better perf ormance

� Investigate:

– Placement, migration and caching policies and techniques.

– Tuning underl ying infrastructure layers.

– Incorporating Fault-tolerance for long-running applications.

– Distrib uted Garbage Collection algorithms and inter -node

contracts.

and their interactions and syner gies with each other .
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Conc lusions

� The dynamic bytecode transf ormation appr oach combined

with a JVM written in Java provides a high level of �e xibility ,

allo wing transf ormation techniques to be applied at build and

runtime .

– does have drawbac ks; more scope for very subtle bugs

� Anal ysis and transf orm techniques can be re-executed at

runtime as fur ther inf ormation comes to light.

� Identifying and addressing global data issues can be

non-trivial.

� Low level mechanisms are JVM dependent.
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� We belie ve that:

– Inter operability can be addressed with appr opriate inter -node

interfaces and contracts.

– Por tability issues can be reduced to a small number of low

level JVM speci�c modi�cations.
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